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1. BBelle"HHe 

/1 2/" B pa6oTax ' Ha npllMepe. npoToH- H 1r ·-Me30H-sinepHhIX ·B3 

CTBHH HaMH 6hmO IlOKa3aHO, 'ITO B paMKaX MOJ:lenn BHyTpHSIAepHbC 

/:lOB, Y'lllTh!BaJOIUeii Ampcpy3HOCTb rpaHHl1hl srnpa-MHIIl8HH, B CO'l8TaHHII 

TO'lHO KOppeKTHhIM MOAenttpoBaHHeM CTOnKHOBennii 'laCTHl1 C BHyTpI 

MIi HyKnoHaMH. ( oco6eHHO KOI:'J:{a J:{eno KacaeTCSI neynpyl:'HX CTOnKH 

MO)KHO nony'lHTb xopoIIIee COI:'nactte pac'leTHhIX II 3KcnepttMeHTan~ 

nH'lHH. 3aMeTHhie paCX0)KJ:{8HHSI C OilhITOM HM8IOT MeCTO nHIIIb npn 

naneTa!OIUHX 'laCTHl1 T ~ 5 faB. 

KaK y)Ke non'lepKnsanocb panee 11 - 41 , aTH paCXO)KJ:leHnsr, np 

IUH8CSI npe)KJ:{e BC81:'0 B xapaKT8pHCTHKaX HH3K03Hepl:'eTH'leCKOii KO!v 

KaCKa/:lHh!X "IaCTHl1, CBIIJ:leTenbCTBYIOT 06 H3MeHeHHH MeXaHH3Ma SIJ:l8PH 

l1HH npn: T ~ 5 fas n ceiiqac paccMaTpHB8TbCSI ne 6yAyT. Ilannas 

IlOCBSIIUeHa C II CT e Ma TH 'I e CK OM y nccneJ:{OBaHHIO xapaKTepHCTHK 

rttX CTOnKHOBeHHll C sinpaMH HyKnOHOB H 1T-Me30HOB B TOH o6naCTII anep 

cnpaseAnHBhI pacqeTbI no o6hI'lHOil: KaCKaAnoil: MOJ:tenn. B nacTosrme, 

TaKoe HccnenosanHe npencTasnsreTcsr TeM 6onee neo6xoAHMhIM, 'ITO 

Hble 3KCnepHM8HTanbHbie A8HHhie 3J:l8Cb BeChMa 6e.t{Hhl H paspo3Hell 

BpeMSI KaK 3H8HHe xapaKTepHCTHK srnepHblX B3aHMOneil:CTBHH SIBnSieTCS 

IIIeHHo neo6xoAHMhrM Ansr peIIIeHHSI psrAa npaKTH'leCKHX saJ:ta'l ( pacq, 

A!I811HOHHOH 3alUHTbI ycKOp!ITeneii H KOCMH'leCKHX KOpa6neii 15 ,6 I' nc 

MOIUHbIX HeiiTpOHHhIX IlOTOKOB /7 /, C03J:{aHHe ,, Me30HH~IX" cpa6pHK 181 
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I. BBeae-Hne 

/1 2/ B pa6oTaX I Ha rrprrMepe. IIpOTOH- H TT ·-Me30H-srnepHb!X 'B38HMOneii-

CTBHll HaMH 6bmo IIOKa3aHo, 'ITO B paMKaX MO.((enu BHyTpHSI.((epHbIX KBCKa

noB, Y'IIITb!BaJOllleii nmjicpy3HOCTb rpaHHUbl srnpa-MrrllleHH, B CO'leTaHHH C nocTa

TO'IHO KOppeKTHb!M Mo.nenupoBaHHeM CTOnKHOBeHHll 'laCTHU C BHYTPII Sl.((epHbI

MH HyKnoHaMII (oco6euuo Kor.na .neno KacaeTcSI ueynpyrIIx cTonKHOBeHIIiiJ, 

MO)KHO rrony'IIITb xopo111ee cornacIIe pac'leTHhIX H 8KCIIepIIMeHTanbHhlX Be-

nH'IIIII, 3aMeTHbie paCXQ)K.((eHIIS! c OIIbITOM HMeIOT MeCTO nIIlllb IIpII SHepI'IISIX 

HaneTaIOlllIIX '18CTHU T 

KaK y)Ke IIO.(('lepKHBanocb pauee 
11 - 41 ' 8TII paCXO)K.((eHIISI, IIpOSIBnSIIO

llllleCsr npe)K.((e BCero B xapaKTepHCTHKaX HH3K08HepreTII'leCKOll KOMIIOHeHTbl 

KaCK8llHbIX 'laCTHU, CBrrneTenbCTBYIOT 06 II3MeHeHIIII MeXaHII3Ma srnepHOll peaK

UIIII IIPII T ~ 5 faB II ceii'laC paccMaTpIIBaTbCSI He 6y.nyT. ilaHHaSI pa6oTa 

IIOCBsrmeHa C II CT e Ma T II 'I e CK OM y IICCne.noBaHIIIO xapaKTepIICTIIK ueynpy

I'HX CTOnKHOBeHIIH C Sl.((paMII HyKnOHOB II 1T-Me30HOB B TOH o6nacTII SHepI'IIH, I'Ae 

cnpaBe.QnIIBbl pac'leTbl no o6bI'IHOll KBCKa.((HOll MO.[lenII, B HaCTOSilllee BpeMSI 

TaKoe IIccneAOBaHIIe npe.QcTaBnsreTCSI TeM 6onee ueo6xo.nIIMbIM, 'ITO II3BecT

Hbie 9KCIIepIIMeHTanhHbie AaHHbie 3.[leCb BeCbMa 6e.QHbl II pa3p03HeHbl, B TO 

BpeMSI KaK 3H8HHe xapaKTepHCTIIK SI.QepHbIX B3EIIIMO.[leUCTBIIll SIBnsreTCSI COBep

llleHHO ueo6xo.nIIMbIM An SI perueHIIsr p sr.na npaK TII'leCKIIX 3a.Qa'I ( pac'leThI pa

AHBUIIOHHoii: 38111HTbl yCKOpIITeneii: II KOCMII'leCKIIX KOpa6neii: !B,BI' nony'leHIIe 

MOlllHbIX Heii:TpOHHbIX IIOTOKOB /7 /, C03.((8HIIe "Me30HHblX
11 

cpa6pIIK 181 II T.n.). 
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nocKOnbKY cpaBHeHHe C OCHOBHbIMH H3BeCTHbIMH cefi"laC SKCnepHMeHTanbHbl

MH naHHblMH 6binO yNrn BbIITOnHeHO B HalllHX pa6oTaX / 1,2 /. Mb! OI'paHH"IHMCSI 

conocTaBneHHeM pac"leTHb!X naHHbIX C peaynbTaTaMH Bbl"llfCneHHfi npyI'HX aB

TOpOB, DpH STOM OCHOBHOe BHHMaHHe Mb! ynenHM SHepI'eTH"leCKOM o6naCTH 

T >"' 0,4 faB, I'ne cy111eCTBeHHbl npouecCbi po)KneHHSI 7T -Me30HOB, O6naCTb 

MeHblllttX aHepI'Hfi BeCbMa nonpo6Ho HccnenoBanacb paHee 19,10/, 

.Bee yKa3aHHbie nanee HeTO"IHOCTH pac"leTHb!X naHHblX SIBnSIIOTCSI "IHCTO 

CTaTHCTH"leCKHMH, 

3necb H Beane nanee T - KHHeTH"leCKaSI SHepI'HSI nepBH"IHOfi "laCTHUbl 

B na6opaTOpHofi ClfCTeMe KOopnttHaT. 

KacKanHbIMH Mb! nanee BCeI'na 6yneM H83bIBaTb "laCTHllbI, o6pa30BaB

IIIHeCSI B xone KaCKanHofi CTanHH npouecca H He BK n 10 "I a 10 m He "laCTHU, 

06paay10mttXCSI B peaynhTaTe pacnana Boa6y)KneHHOI'O Mpa-ocTaTKa l"Hcna

pttTenbHbIX" "laCTHU). 

2. CoCT8B JI MHOJKeCTBeHHOCTb BTOpH'IHbIX t/8CTJlll 

Ma pHC, 1 BHnHo, "ITO cpenHee "IHCno HyKnOHOB ~A=; +n 
P n 

, Bbl-

6ttTbIX lf,3 Sinpa BblCOKOSHepI'eTH"leCKHM npoTOHOM, noBOnbHO 6bICTp0 pacTeT 

C yBentt"leHtteM aHepI'Hlf nepBH"IHOI'0 npoTOHa If MaCCOBOI'O."IHCna SIApa-MHWe

HH, CnaGaSI 38BHCHMOCTb HMeeT MeCTO nttlllb B o6naCTH T ;: 0,1-0,3, I'lle 

ti.A;; 2-2,5, CpaBHHTenbHbie pac"leTbI noKaaanH, "ITO cna6aSI aHepI'eTtt"leCKaSI 

3aBHCHMOCTb tJ. A B aTofi o6nacTH o6~SICHSieTCSI cpaBHHTenbHO cna6oii: aHep-

I'eTH"leCKOll 3aBHCHMOCTb!O ce"leHHll aneMeHTapHbIX B3aHMonefiCTBHll If KOM

neHCHpy!OlllHM gefiCTBHeM npuHUHna Dayntt. He"lyBCTBHTenbHOCTb BemI"IHHbl 

ti. A K "IHCny HyKnOHOB B Sigpe-MHllleHH o6ycnoBneHa TeM, "ITO "IHCno CTOnK

HOBeHHll - a, cnenoB·aTenbHO, If "IHCno KaCK8llHbIX HyKnOHOB, 06paay10mHXCSI 

BHYTPH Sinpa - XOTSI If B03pacTaeT nptt yBentt"leHHH paaMepOB Sillpa, O~HaKO 

yMeHbllleHHe aHepI'ttH, npHXOllSillleficSI Ha onttH KaCKanHblll HyKnOH, npHBOnttT· 

K TOMy, "ITO "laCTb o6pa30BaBIIIHXCSI "laCTHU BHOBb noI'nomaeTCSI SIApOM, 

Cnegye'I'. OTMeTHTb, "ITO KaK HalllH pac"leTbI, BbiITOnHeHHble HeCKOnbKO 

neT Hasan B paMKax ynpomeHHofi Monentt 
191 , TaK H Gonee noanHtte H BecbMa 

neTanbHbie Bbl"IHCneHHSI EepTHH~ /lOt TaK)Ke YK83b!B8IOT Ha O"leHb cna6y10 
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38BliC!iMOCTb ~ A OT A np!i T ;;· 0,2 faB Ii M0H0T0HH0e B03paCT8Hlie Kp!i,-

·Bb!X KA( T) Tlpli nepeX0/le K 6onblliliM aHepI'liSIM, 0/lH8K0 B pa6oTe MeTpo-

/11/ -nonHca Ii /lp. KPliBhie ~ A ( T) /lnSI ypaHa, pyTeHHSI Ii amoMHHliSI nepece-

KaIOTCSI B 0611aCTli T "" 1 faB,· 'ITO, no HallieMy MHeHHIO, SIBnSieTCSI cne/lCTB!i-

eM HeT0'IH0CTli paC'leT0B B pa6oTe 
1111 • 

Bbillie nopora p0)K/leHliSI 77 -Me30H0B Kp!iB8SI ~ A ( T) 6hICTpO B03pacTa

·eT np!i yBenH'leHlili T , fl 0-Bli/lliMOMY, HeB03M0)KH0 0/lH0BpeMeHH0 /lnSI BCeX 

aHepr!ifi T ~ 0,5 faB Ii /lnSI Bcex SI/lep a Ty 38B1iC!iM0CTb cpaKTOp!i30B8Tb B 

B u ne A A ,. Aa T f3 M 6 1 r u,-, '-' , bl M0)KeM nHllib 0TMeTHTb, 'ITO B 0 naCT!i T < 8B 

38BliCliM0CTb f1 A OT MaCC0B0I'0 'IHCna SIJlpa-MHllieHli cna6ee, 'leM At/~ 

B TO BpeMSI K8K np!i 6onblliHX aHepI'HSIX nepBH'IH0I'0 np0T0Ha aTa 38BHCHM0CTb 

SIBnSieTCSI 6onee CHnbH0fi;. HanpnMep, npn T"" 3 faB noKa3aTenb a C0CTaB

nsi:eT y)Ke 0Kono 0,4. 3HepreTH'leCKaSI 38BHCHM0CTb ~ A B cnyqae TSI)KenhIX 

SI/lep SIBnSieTCSI 3aMeTH0 6onee CHnbHOfi, 'leM npH .ManhIX 3Ha'leHl!SIX A ( T.e. 

KOaq>q>HUHeHT /3 pacTeT npH yBenH'leHHH A ) • 

0TH Bh!B0/lbl 0TnH'laIOTCSI OT pesynbT8T0B, H3n0)KeHHhIX B pa6oTe MeT

pononuca H llP, t 11 I' I'/le nO/l'lepKHBanacb o·l'HOCHTenbHO cna6asi: 38BHCHM0CTb 

'IHCna Bb!6HTh!X HyKn0H0B OT' M8CC0B0I'0 'IHCna A /la)Ke npu T "" 2 faB, 

flpli'll'.!Ha paCX0)K/leHHfi o6ycnoBneHa, B0-nepBbIX, TeM, 'ITO B pa6oTe MeTpo

rronuca H llP, ucnonb30Banacb BeCbMa rpy6asi: SI/lepHaSI M0/lenb, a,B0-BT0pb!X t 

'ITO B /l8HH0M cnyqae Han5onee cymecTBeHH0' npHMeHeHHeM B pa6oTe /ll/ 

qpe3Bbl'l8HH0 yrrpomeHH0I'0 M0/lenbH0I'0 n0/lX0/la K 0IIHC8Hl!IO npoueccoB Heyrr

pyroro B381iMO/leficTB!iSI aneMeHTapHb!X '18CTHU BHYTPli SI/lpa ( 6onee no/lp06-

H0 CM. 06 aT0M B pa6oTax /1-3,121), 

OTMe'leHHhie Bhlllie 3aK0H0MepH0CTli M0)KH0 npocne/lHTb Ii Ha p!iC, 2, 

I'/le 0T/lenbH0 npe/lCTaBneHhl cpe/lHlie '11'.!Cna K8CK8/lHhlX rrp0T0H0B H HefiTpo

H0B, KaK Bli/lH0, 38BHC!iM0CTb Bh!X0/la HefiTpOHOB OT M8CC0B0I'0 'IHCna SI/lpa

MlillieHH 6onee pe3Kasi:, 'leM /lnSI rrp0T0H0B, 'ITO CBSI38H0 co 3H8'11iT8JlbHb!M 

. H36b!TKOM HefiTp0H0B 3 TSI)KenhIX SI/lpax; 8T0MY )1(8 acpcpeKTY crroco6cTByeT 

6onblliee 3Ha'leHHe ,Ce'l8HHSI n-p B38HMO/leHCTBHSI no cpaBHeHHIO C Ce'leHHSI-

MH n -n Ii p -p CT0nKHOBeHl!fi, 

OTHOllieHHe cpe/lHero 'IHCna K8CK8JlHbIX HefiTp0HOB K cpe/lHeMy 'IHCJiy 

rrp0T0H0B ( ii / ii p) pacTeT C yBeJIH'leHHeM T ·; CTerreHb pocTa SIBJISieT-
' n 

CSI HeCK0JlbK0 6onblliefi B cnyqae neI'KHX SI/lep. l1 HTepecHo, 'ITO rrpn aHepI'l:lli 
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T "' 5 raa e noeraTo'lHO xopometi TO'lHoeThIO (ii /n- ) ~· (A-Z)/Z . Cpaa-
n P 

H·eim:e e pesynhTaTaMU Merporronuea ll AP, /l l / II0Ka3hIBaeT eueTeMaTU'lee-

KOe paeX0MJleHue. Tipu T< 1 raa 8TO paeXOMAeHue B epenHeM eoeTaBnHeT 

oKono 40%. B oonaeru T ;; • 1-2 raa Hamn na HHhie u naHHhie 1111 eornacy-

10re.11 yMe saMeTHO ny'lme, 

KpoMe OTMe'leHHhIX yMe Bbillle rrpll'lHH, Ha aenU'lllHy OTHOllleHU.11 (nn/n p J 

3aMeTHO anu.11eT Bbl0Op BenU'lHHhl 3il:epruu o6pe3aHUH, KOTOpblll y Hae ll B 

paoore Merporronuea u np. ohm pasnu'lHhIM, 

Ha pue. 3 rrpuaeneHhI cpenHue quena rr -MesoHoB, p0Mua10muxc.11 B He-

yrrpyroM rrp0T0H-.IIUepHOM B3aUMOAeiiCTBllll, ctiyHKUllH n ( T) pe3K0 B03pacra-
17 

er rrpu 

na A 

T ~ 0,3 raa ll rrpaKTU'leCKll ITO'lTll He 3aBueuT OT Maeeoaoro 'Ille-

B oonaCTll T ;; (0,6-3) faB e xopometi TO'lHOCTb!O MOMH0 C'lllTBTb 1 

'ITO n = 0,47 T 1
•3 ; rrpu 6onhlllllX 8Hepru.11x ererreHh pocra Hee-

TT 

KOnhK0 II0HUMaeTeH. BbI'lHCneHH.11 Merporronuca, BbIIIOnHeHHbie rrpu T = 0;46 

ll 1,84 raa, eornaey10re.11 e pesynhTaTaMU HaCTO.ll!llell paoOTbl, OnHaKO 8T0 

eornaeue, II0-BllAHM0My, H0eHT B HeKOTOpoti ererreHU eny'laHHblll xapaKTep, 

II0CK0nhKY Me30HHaH K0MIIOHeHTa .11nepHoro KBCKana y Hae ll B paoore Ill/ 

paeequraHa rrpu eymeeTBeHH0 pa3nU'lHbIX rrpenrronoMeHU.IIX, KaK BHAH0 H3 

roro Me puc, 3, 6nU3KllMll K pesynbTaTaM Merporronuca OKa3h1Ba10rc.11 u pac

rrpeneneHu.11 TT -Me30H0B rro 3ap51Jl0Bb!M C0CTOHHllHM, ocooeHHO rrpu Bhieo

KHX aHepru.11x. CneuyeT II0A'lepKHyTh, 'ITO B OTnH'lHe OT rronH0ll MHOMeCTBeH

H0eTu ;;-
17 

epenH.11.11 MH0MeeTBeHH0eTb TT + - H 17 -Me30HOB 3aMeTH0 

saaue11T OT A I rrpu'leM 8Ta 3aBHeHMOeTb 0Ka3bIBaeTeH COBepllleHH0 pas-

nH'lHOll nnH rr + - H TT- -Me30H0B: "ii + yobIBaeT, a tt - paeTeT e A. 
. TT TT 

-=-
TaKoe rroaeneHue n eTaH0BUTe.11 II0H.IITH0, eenu y'leeTb 8HepreTU'leCKoe 

rroBeAeHue rrapuuanhHhIX ee'leHuti pOMAeHU.11 TT :t -Me30H0B ll 'lHCno KaCKan

HbIX HyKnOHOB, acpcpeKTHBHO · y'laeTBYIOlllHX B pOMAeHUH nuoHOB ( noenenHee, 

O'leBHAH0, rrporropUHOHanhHO n H n CM, pile, 2 ), 
n P 

ilucpcpepeHuuanhHhie paenpeneneHu.11 Heyrrpyrux rrporoH-.11nepHhIX B3a11Mo-

neticraui1 rro L'i.A u n rroKa3aHhl Ha puc. 4 u 5. Paenpeueneuue W(n
17 

), 
TT 

IT0-BllJlllMOMY' 6nu3KO K rryaecouoaeK0MYi pacrrpeneneHue w ( L'i. A) oonaua-

er 6onee 'leTK0 BbipaMeHllbIM MaKeuMyMOM ll nnuHHblM 8Keno11eHUUanhllbIM 

"xaoeroM". C poeTOM T ll A MaKCllMYM cpyHKUllll 'W( ~A) ymup.11eTeH 

ll eMemaeTC.11 B CT0pouy 66nblllllX 3Ha'leHllll L'i. A. 
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B KaqeCTBe unnIDCTpaUHH Ha puc. 8 npencTaBneHO COBMeCTHOe pacnpe-

neneHHe no 

1UU Ru 
pOM 

/::i. Z H t::i.A nnSI Heynpyl'HX B3aHMOneiiCTBHii npoTOHOB C Sin-

npH 9Hepl'HH T = 880 MaB. 

TTpH 3aMeHe nepBuqHbIX npOTOHOB HeiiTpO!IaMH cpenHee qucno noTepSIH-

HhIX HyKnOHOB /::i. A npaKTIIqeCKH OCTaeTCSI HSII3MeHHbIM ( CM. Taon. 1). 

3aMeTHOe pa3nHqHe B H3O_TonuqecKOM COCTaBe BTOpHqHbIX HyKnOHOB o6ycnoB

neHO "aqiqieKTOM BbDKHBaHHSI
11 

nepBHqHoii 'laCTHUbl B Heynpyl'HX aneMeHTap

HbIX B3aHMOneiiCTBHSIX BHYTPII srnpa. 

l·'.136bITOK B·TopuqHhIX HyKnOHOB Toii )Ke npuponhl, qTo H nepBHqHbiii HYK-

noH, rpy6o M'O)KHO nonO)KHTb paBHblM 1 ( 1 - T/ ) , I'ne TJ - npommaeMOCTb 

gnpa no oTHOll!eHHID K nepBHqHoii qacTnue. B cnyqae Hnpa 
100 Ru Bennqu

Ha T/ 
N nponeTOB = 0,35, 3Ta oueHKa col'nacyeTCSI c pe3ynh-

N 6pocaHnii 

TaTaMII pacqeTa MHO)KeCTBeHHOCTlI qaCTIIU, npHBeneHHb!MH B Ta6n. 1 x/. 

'lfTo KacaeTC.II cpenHeii MHO)KeCTBeHHOCTlI Tr -Me3OHOB, TO OHa cna6o 

3aBHCHT OT 113OToncnnHa HaneTaIDII(el'O HyKnoHa; B o6naCTH Bb!COKHX 9Hepnrii 

TaKaSI )Ke cna6asr 3aBIICIIMOCTb HMeeT MeCTO H nnSI cpenHeii MHO)KeCTBeHHOC

TII Tr -Me3OHOB C onpeneneHHb!M 3HaKOM 3apSina. 

3. YrnoBbie pacnpeaeneHHH 

YI'nOBble pacupeneneHH.II UpOTOHOB, HeiiTpOHOB H Tr -Me3OHOB, o6pa-

30BaBUJHXC.5I UpH Heynpyl'IIX UpOTOH-srnepHbIX CTOnKHOBeHII.IIX, ITpHBeneHbl Ha 

puc. 7 H 8. 

KaK BHnHo, nmjiqiepeHuuanbHOe ceqeHHe da I dU HMeeT SipKo Bb1pa)KeH

Hb1ii MOKCHMYM B HanpaBneHHH nBH)KeHH.II uepBIIqHoii qaCTHUbl, TTpu 9TOM CTe

neHh KonnuMaUHH qaCTHU TeM 6onbll!e, 'leM nepqe srnpo-MHllleHh; 8TO SIBnsr

eTCSI OTpa)KeHHeM Toro qiaKTa, qTo B TSI)KenbIX Hnpax 6bICTpbie qacTIIUbI,. o6-

pa3OB8Bllll!eCSI BHYTPII Hnpa, upe)Kne qeM ycneBBIDT BhliiTI! H3 Hero, ncnbITbIBa

IDT 6onblllee ql!cno CTOnKHOBeHHii. 

xi 
C11e,oyeT no,oqepKHYTb H BO3MOlliHOCTb IlOCTa!IOBKH o6paTHOll 38,0a•nr: pa3-

11H'll!e B 'IHClle BTOpH'IHhIX npoTOHOB HllH Hefi_TpOHOB,KOTOpoe noKa3b!B8IOT Oilbl

Thl C nepBH'IHh!MH npoToHaMH H HeHTpOH8MHi IlO3BOJIHeT cy.oHTb O npo3paq

HOCTH H.opa no OTHOWeHHIO K HYK11OH8M, 
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C poCTOM 9HepI'lHI nepB11'lHOI'O HyKnOHa aH11SOTpon1151 yrn6B_OI'O pacnpe

AeneHl151 AnH' BTOP11'1HhIX HeiiTpOHO.B 11 npoTOHOB yMeHbll!aeTCH. H anplIMep, np!I' 

T = 0,66 faB OTHOIIl0HII0 'll1Cna npoTOHOB, BhineTaIOIIIIIX BnepeA, K 'llICny 

. npoTOHOB, BhineTaIOIII11X B aanHIOIO nonyccpepy' paBHO 6 ,2 II 4, 1 COOTB0TCTBeH

HO AnH HASP anIOMIIH1151 II ypana. B TO )1(0 Bp0MH np1I 9Hepr1m nepB11'lHOI'O 

npOTOHa T ·= 3,2 f9B 9TH OTHOIII0HIIH paBHbl COOTB0TCTB0HHO 4,3 II 2~5. 

'ITO ,np11MepHO B nonTopa pasa M0Hbllle, 'ISM nplI T = 0,66 faB. 0AHaKO 

YM0Hhlll0HII0 aH11SoTpon1I11 yrnoBOI'O pacnpeAeneHIIH He 03Ha'laeT YM0Hblll0Hl151 

'l11Cna qaCTIIU, BhrneTaIOIIIl1X B nepeAHIOIO nonyccpepy, noCKOnhKY nonHoe q11cno 

pO)KAaIOIIIIIXCH KaCKaAHblX qaCTIIU pacTeT C 9Hepr11eii T . Ll.eiiCTBl1T0nhHO, 

np11 nepeXOA0 OT -T = 0,66 f"9B K T == 3,2 f9B q11cno npoTOHOB, BbineTaJO-

llllIX B nepeAHIOIO nonyccpepy' B03pacTaeT C 1,85 AO 3,09 AnH anIOMl1H1151 II C 

1,72 AO 4,65 AnH :ypaHa. 

tfTO KacaeTCH aHl130TpOn1I1I pO)KAaIOIIIIIXCH TT -M030HOB, TO OHa MOHO

TOHHO B03pacTaeT np11 yBen1I'l0HII11 9Hepr1111 T • 3To HenocpenCTB0HHO CBH

SaHO C poCTOM aHl130TpOn1I11 yrnoBOI'O pacnpeneneHIIH n110HOB B aneMeHTap

HbIX TT- N CTOnKHOB0HIIHX. 

0TM0'10HHhle CBOMCTBa yrnOBbIX pacnpeneneHIIM cnenyIOT TaK)K0 113 pac

CMOTpeHIIH 9HepreTII'l0CKOM 3aBIICl1MOCTII cpenHero yrna BhlneTa BTOpl1'lHhlX 

'laCTl1U () (cM, p11c. 9). 

B cny'lae, Korna 60M6apn1Ipy10meii: 'laCTIIU0M HBnHeTCH HeiiTpOH, He TOnb

KO coxpaHHIOTCH Bee 0611rne 3aKOHOM0pHOCTII B yrnOBb!X pacnpeneneHIIHX BTO

PII'lHb!X 'laCTl1U, OTM0'10HHb!0 nnH npoTOH- HnepHb!X CTOnKHOB0HIIM, HO na6n10- . 

AaeTcH na)Ke KOnlI'l0CTBennoe c0Bnanen1Ie, no Kpaiineii Mepe nnH Ben1I'l11H, 

ycpenneHHb!X no KOH0'lllb!M sapHAOBbIM COCTOHHIIHM, HanplIMep, nnH B3aHMO

neiiCTBl151 HeihpoHoB c HnpoM 
100Ru np11 T = 0,66; 1,87 II 3,2 faB cpen-

HII0 yrnhI BhWeTa HyKnOl!OB H TT -Me30HOB COCTaBnHIOT COOTB0TCTB0Hll0! 

() N = 60,3°:t 1,5°; 65,30± 1,40 6~,0 O± 1,60 II 0 TT = 83,2:t 4,6°; 72,5±2,8°; 

67,2 :!:_2,5°. 

3TII 3lla'lell1IH O'l0Hh xopolllo no)KaTCH- lla nyHKTIIpllbl0 KPIIBbie, np1IBe.-. 

neHllb!e Ha PIIC. 9 nnH cnyqa51 npOTOll-Hnepllb!X peaKUIIM, t.JaCTb pesynhTaTO:B, 

nony'leHHhIX npyI'IIMn: aBTopaMII, np1IBenena na p1Ic. 7 11 8. ,UaHHh!0 pasn1I'l-. 

Hh!X rpynn aBTOPOB Bno,rae ynoBneTBOPIITenhHO cornacyIOTCH Me)Kny co6oii 

KaK nnH cny'laH_HyKnOHOB, TaK 11 nnH cny'laH TT -M030HOB, 
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Cnen.yeT non.'IepKHYTb, 'ITO 5nH30CTb yrnOBb!X xapaKTepllCTHK HyKnoH

smepHbIX B3aHMOileHCTBHH, paCC'IHTaHHbIX npu pasnu'!Hb!X Mon.enbHbIX npen.no

noMeHHHX, CBHileTenbCTByeT O cna5oii 3aBHCHMOCTll n.u¢¢epeHuuanbHoro ce-

qeHHH '<la/dO OT napaMeTpoB KacKailHOH Mon.enu; orrpen.enmomuM ¢aK-

TOpOM B n.aHHOM cnyqae HBnHeTCH KHHeMaTHKa B3aUMOileHCTBHH, a llX n.eTa

nu - B 'IaCTHOCTH, BHil B CHCTeMe ueHTpa Mace yrnOBbIX pacnpen.eneHHH qac

THU, pOM)la!OlllHXCH BO BHyTpHHilepHbIX 77- N H N-N CTOnKHOBeUUHX, - OKa-

3b!Ba!OTCH cpaBHUTenbHO ManocymecTBeHUb!Mll. 

4. 3sepreTH'IeCKHe pacIIpeaeneHHH 

3uepreTH'IeCKHe-cneKTpbl BTOpH'IHbIX HyKnOHOB, KaK 9TO BHilHO H3 puc. 10, 

npOCTHpaIOTCH BnnOTb ilO. 3Ha'IeHHH, no'ITH paBHbIX 9HeprHH HaneTa10me-

ro npoToHa T • TTpu 9TOM 6b!CTpoe y5bJBaHHe BblXOila BTOPH'IHb!X HYKIIU-

HOB no Mepe yBenn'IeHHH ux 9Heprun S- 3aMen.nHeTCH rrpu 3Ha'!eHHHX 5", 
5nnsKux KT , 'ITO CBH3aHO c BKnan.oM npouecCOB Tuna KBa3UCB050ilHOro" 

pacceHHHH. BnonHe ecTeCTBeHHO, 'ITO BKnan. KBa3UCB05on.Horo pacceHHHH sa

M8THee npOHBnHeTCH n.nH BTOPH'IHbIX 'IaCTHU TOH Me npHpOilbI, 'ITO H HaneTa!O

maH 'IaCTHUa, 

C yMeHbllieHHeM pa3MepoB HD.pa cneKTpbl HyKnOHOB H 77 -MG3OHOB lcM, 

puc. 11) CTaHOBHTCH 5onee MeCTKHMH, 3To o5ycnoBneHO TOH Me rrpH'IHHOH, 

'ITO u o5cyMn.aBmeecH Bblllie HBneHHe yBenu'IeHHH KOnnuMaUITll 'IaCTllU npu 

nepexon.e K nerKHM Hn.paM. 

AHanortt'IHbie saKOHOMepHOCTH HMe!OT MeCTO 1-1 n.nH Hn.epHbIX peaKUHH, 

HHI-IUHHpyeMbIX HefiTpoUaMU, 

B Ka'IeCTBe rrp1-1Mepa B Ta6n. 2 rrprrBeUeHo cpaBHeHne pesynhTaToB pacqe

Ta cpeilHHX KHHeMaTH'IeCKHX auepruH BTOpl-l'IHbIX 'IaCTHU, pOMileHHbIX Ha Hilpe 

pyTeHHH npOTOHaMH H HelTpoHaMH. 

Cnen.yeT OTMeTUTb, 'ITO npOTOHbl HMe!OT 5onee BblCOKllG 3Ha'!eHUH j" 

no cpaBHeHHIO C HeHTpOHaMH, o5pa30BaHHbIMH B auanorH'!HbIX ycnOBI-IHX, 3.ro 

pa3nH'IHe CBH3aHO C 5onbmeH BenH'II-IHOI 9Hepruu o5pe3aHUH n.nH npOTOHOB, 

CpaBHHBaH HalliH peGynbTaTbl C Bbl'IHCneHHHMl-1 n.pyrux aBTOpOB, cnen.yeT 

rrpeMn.e Bcero OTMeTHTb, 'ITO npeue5peMeHne n.u¢¢y3HOcTbIO smepHol rpaHn-
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Ubl npHBOllHT K cymeCTBeHHOMY 38Hll)!<eHmo BKnana npouecCOB KB83HCB06on

HOI'O pacce51HH51 HyKnOHOB (cp., Hanp11Mep, C H8JIJHMH pesynbTaTbl .MeTpo-

non11ca II np. np11 T = 1,84 faB Ha p11c. 10). 

3aMeTHhJe pacXO)KlleHH51 B qiopMe cneKTpOB Ha6monaIOTC51 np11 conocTaB

neHHH pac'l'.eTOB H8111HX H neHHCOBa II np. FlS/ nn51 T = 0,66 fsB. 3To, CB51-

3aHO, no-BHllHMOMY, C HenocTaTO'lHO KOppeKTHbIM y'leTOM npouecCOB OTpa

)KeHH51 H npenoMneHH51, 'ITO H npuBeno K 3Ha'lHTenbHO 6onee )KeCTKOMY cneKT-

py BTOPH'lHbIX HyKnOHOB B pa6oTe 7t37_ 

B cneKTpbl Ha p11c. 10 naJOT BKnan BCe HyKnOHbl He38BHCHMO OT TOI'O, 

B KaKOll peaKUHH OHH o6pa30Ban11cb. OnHaKO BnonHe 51CHO, 'ITO, Hanp11Mep, 

HyKnOHhI, o6pa30BaBJIJHeC51 np11 rny6oKOM pacmenneHHH Mpa, 6ynyT HMeTb 

cneKTP, 3Ha'lHTeJibHO OTnH'laJOJIJHllC51 OT cneKTpa B
0

TOPH'lHbIX HyKnOHOB B ne

_p11qiep11'leCKHX CTOnKHOBeHH51X HaneTaIOJIJefi 'laCTHUbl C 511lPOM. 3To o6'b51CH51-

eT, IlO'leMy cneKTpbl 'laCTHU B peaKUH51X, ,conpOBO)K)laIOJIJHXC51 noTepefi 

pa3nH'lHOI'O 'lHCJia HyKnOHOB, cunhHO pa3nH'laIOTC51 no CB08ll qJOpMe. J,13 puc. 12, 
· " 7.00 

rne B Ka'leCTBe np11Mepa paccMoTpeH cny'lal:I pacmenneHH51 511lpa Ru 

HyKnoHaMH C 9Hepr11efi 660 MaB, . xopomo BllllHO, 'ITO B o6naCTH :r > 0,5 f9B 

naJOT BKnan nHJIJb peaKUHH C L'i. A= 1 II 2' HMeIOJIJHe xapaKTep KBa3HCB06on-

aoro pacce51HH51. C yBen11'leH0eM L'i. A cneKTp HYKJIOHOB CT8HOBHTC51 BCe 6onee 

M51I'KHM, npu 9TOM K8)Kll0MY 3Ha'leHHIO L'i.A COOTB8T<?TByeT CB051 M8KCHManh

Ha51 9HepI'H51 cneKTpa. TaK, npH Bbi6HB8HHH necsi:TH II 6onbJIJeI'O. 'lHCna HyK

noHOB HX 9HepI'eTH'leCKHll cneKTp He npoCTHpaeTC51 nanee 150-200 MsB. 

06pamaeT Ha ce651 BHHMaHHe, 'ITO B npoTOH-511lepHbIX peaKUH51X C orrpe

neneHHb!M 3H8'lem1eM L'i. A qiopMa cneKTpOB npoTOHOB OKa3bJBaeTC5I B8CbMa 

6JIH3K0ll K qiopMe HefiTpOHHbIX cneKTpOB, HO nn5I HefiTpOH-511lepHbIX peaKUHfi; 

TO )Ke CaMoe Ha6nIO)l8eTC5I llJ15I 3ap5!1lOBOConpmKeHHbIX BTOpH'lHb!X '!aCTHU. 

B cneKTpe 17 -Me30HOB MO)KHO TaK)K8 3aMeTHTb HeKOTopy10 CTpyKTy

py, KOTopa5I np05!Bn5leTC5! 6onee 'leTKO, ecn11 paCCMOTpeTb 9HepI'eTH'IeCKHe 

cneKTPbl IlHOHOB, BbineTaIOJIJHX B sanaHHblll HHTepBan yrnoB L'i. 8 . 

KaK BI11lHO 113 puc. 13 II 14, npu BCeX 3Ha'IeHH5IX T B cneKTpe 17 -

M830HOB, BbineTaIOJIJHX Bnepen, HMeIOTC5I OT'leTnHBO Bbipa)K8HHbie MHIIHMYMbl 

npu 5' "" 0,2 f9B H :r"' 0,6 fsB. 3TH MHHI1MYMbl 5!Bn5!IOTC5! np51Mb!M cnen-

CTBI1eM pe30H8HCHOI'O B03paCT8HH5I ce'!eHHll 17- N B38HMO)leHCTBHll np11 

9THX 3Ha'lemrnx 9HepI'Hll. E CTeCTB8HHO, 'ITO pe30HaHCHa5! CTpyKTypa 9Hepre-
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Tll'I0CKOll 3aBHCHMOCTH cetreHHll Tr- N B3aHMOil0llCTBHll CHnhHee CKa3hJBaeTC51 

Ha rmoHaX, BbineTa1011mx B nepenHIOIO nonyccpepy, T,K. Tr -Me3OHbl B 8TOM 

cnytrae B cpenHeM npOXOil51T B 51npe 6onbll!Oll nyTb, TTo 8TO.ll )1(0 11pll'I!fH0 CTpyK

Typa B crreKTpax, rr -Me3oHoB cttnbHee rrpo51Bn51eTC51 B cny•rne B3aHMo

neHCTBHH C T5l)l(enbIMH 51npaMH, 

Boo61!Je f'OBOp51, M83OHHb18 crreKTpbl non)l(Hbl OTpa)l(aTb TaK)l(8 pe3OHaHC

Hbie MaKCHMYMbl B cetreHH51X rr-N CTOlIKHOBeHH.ll rrpn 6onee Bb!COKHX 8Hepf'H51X, 

onHaKo OOllbl!JO.ll Illar no 8Heprnn po)KnaIOl!JIIXC51 M83OHOB ~ 5 ' HCTIOllb.'.3O

aaHHbl.ll rrpn pactrerax, MacKnpyeT 8TOT acpcpeKT, 

8lIH51HHe pe3OHaHCHO.ll CTpyKTypbl Tr- N cetreHHll 11pOCll8)1(HBaeTC51 ll B 

HHTerpallbHblX 8HepreTH'I8CKHX pacrrpeneneHH51X TIHQHOB, oco5eHHO B cnytrae 

TmirnllbIX 51nep, XOT51, KOH0'IHO, acpcpeKT Bbipa)l(eH 3ileCb 3aMeTHO cna5ee ( CM,, 

HanpnMep, f'HCTorpaMMY Ha pnc. 11, OT HOC 511l!YIOC51 K cnytra!O B3aHMoneiicT-

BH51 c 51npoM 
238 U npn T = 1,8 faB). 

Bee CKa3aHHOe OTHOCHTC51 KaK K rrpOTOH-, TaK. ll K fieHTpOH-srnepHbIM 

B3aHMOil0.llCTBH51M (cp, pnc, 13 ll 14). 

l.JTO KacaeTC51 8HepreTH'I0CKHX crreKTpOB HyKnOHOB, BbllleTaIOII.{HX non 

onpeneneHHbIMH yrnaMn, TO e.cIHHCT'?eHHO.ll oco5eHHOCTblO B HHX 51Bll51e't'c51 

Halllltrlle ITH Ka KBa3HCBOOOJ1HOf'O pacce51Hll51 ( C nepe3ap51.cIKO.ll n:nn 6e3 Hee), 

C yBellntreHHeM yrna BbineTa HyKlIOHOB 8TOT ITHK Ylllllp51eTCSI ll C.llBHf'aeTC51 

B CTopoHy MeHbll!HX 3HatreHH.ll 5 . 
Bee 8TO xopOll!O Bll.llHO Ha npnMepe B3aHMO.l18HCTBH51 npOTOHOB ll He.ll-

100Ru 
TPOHOB C 51.llPOM npn 8Heprn:n 660 MaB; pe3YllbTaTbl pactreTOB Jlll51 

aroro cnytra51 npnBe.cieHhl Ha pnc. 15 H 16. 

5. 3nepI'HH B036y»meHHH 

XapaKTep 3aBHCHMOCTH cpeaHe.ll 3Heprn:n B03OY)l(J10HH51 OCTaTO'IHOf'O 

51npa E* or aHeprnn nepBHtrHoro nporoHa noKa3aH na pnc. ~7. 

Htt3K08HepreTH'I8CKa51 o5naCTb npn6l!H3HTel!bHO ITOCTO51HHhlX 3Hatrenn:R 

E *(.T ') , KaK H B cnytrae aaBHCHMOCTH ~A(T) , o5b51CH51eTc51 ocna5ne

HHeM C poCTOM T KOMU0HCHpy10mero aeRCTBH51 npHHUµna ITaynn II cna-

6oR 8HepreTH'I8CKOR 3aBHCHMOCTb!O cetrelrnR BHYTPH51.ciepHbIX N-N B3alIMO-
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Aeii:cTBuii:. YBenuqeHue sttaqeHuii: E* no Mepe nepexoAa K 6onee TSDKenhIM 

SIApaM o6ycnoBneHO TeM, qTo npu 9TOM BHyTpHSIAepHblll KaCKaA CTaHOBllTCSI 

Bee 6onee u 6onee pa3BHTbIM, 

Bb1cTpb1ii pocT cpeAHeii: aHepruu Bos6ylliAemrn npu T -~ (0,4-0,5) fae. 

OTpalliaeT B03pacTa10my10 porn, HOBOI'O MeXaHU3Ma B030Y)KA0HliSI Hnpa, a liMeH-

HO, B036ylliAeHHSI 3a cqeT nornomeHHSI SIApOM 

CSI B XOAe BHYTPHSIAepHoro KaCKaAa, 

17 -Me30HOB, o6pa3oBaBllIHX-

0TMeqeHHbie oco6eHHOCTH MO)KHO npocneAHTh u Ha p!3CnpeAeneHHSIX no 

aHepruu Bos6ylliAeHHSI W ( E *) 

puc. 18-20. 

' npuBeAeHHb!X AnSI pasnuqHb!X MHll!eHeii: Ha 

Ms puc. 18-20 TaKllie BliAHo, qTo pacnpeAeneHHe auepruu Bos6ylliAeHHSI 

SIBnSieTCSI AOBOnbl!O llIHpOKHM H npocTupaeTCSI BnnOTb AO 3HaqeHHll E~ = 

= (0,25-0,50) T Aallie npu T;; 3 faBj npu MeHhllIHX auepI'HSIX nepBHqHoii: 

qacnm.hI BenuquHa E * / T Ha 11 XBOCTe" pacnpeAeneHHSI OKa3hIBaeTCSI ell!,p 

6onbll!eii:. 

06pall!aeT Ha ce6SI BHHMaHue nOAbeM KPHBblX \V ( E *) B o6naCTH ManbJX 

B036YlliAeHHll, 8TOT qJaKT TeCHO CBSI3aH C /lHqJqJy3HOCTb!O SI/lepuoii: rpaHUUbl 

H noTeuuuana SIApaj T.K. HMeHHO KB83HCB060AHbJe B38HMO/leMCTBHSI· Ha nepu

qiepuu Sl/lpa npHBOASIT K cna60B036y)KAeHHblM' OCTaToqHblM srnpaM. BKnall TaKl!X 

B3al!MO/leHCTBHll HaCTOnhKO cymeCTBeHeH, qTo no cpaBH0HHIO C BbJqucneHHSIMH 

6e3 yqeTa AHqJqJY3HOCTH oqeHh 3aMeTHO MeHSI0TCSI He TOnhKO xapaKTep pac

npeJleneHHSI w ( E *) ' HO Aallie H cpe/lHue 3Haqel!HSI 9Hepruu B036y)l{A0HHSI, 

Ilnsr cpaBHeHHSI Ha puc. 18-20 HaHeceHbl pesynhTaTbI MeTpononuca u 

AP, /ff< nonyqeHHhle B 'npe/lnOnOlli0HHH pe3KOM rpaHHUbl Slllpa-Mttll!eHH j cpen-

Hue 3HaqeHHSI 

Mb! BHAHM 1 

E * ' B3SITbie 113 TOM )1(0 pa60Tbl / 11 /' noKa3aHbl Ha puc. 17. 

qTo AaHHbie pa6oTbI /1 l / Ansr E * cucTeMaTuqecKH npeBbI-

.lllaIOT nonyqeHHble HaMu, oco6eHHO B cnyqae TSillienhIX SI/lep. 

ca oo6me rOBOp SI, TaKOe pacXOlli/leHue MO)!(HO 6binO OlliHA8Th yllie Ha oc-

HOBaHHH cpaBHeHUSI npuBe/leHHblX Bblllle pesynhTaTOB llnSI cpe/lHeit MHOllieCT

BeHHOCTH qacTHU, KOTOpbie HMeIOT COBepll!eHHO pasnuqHoe noBe/leHue y HaC 

u B pa6oTe /1 l /. 

K AHIPqJY3HOCTH rpaHHUbl OKa3bIBaeTCSI oco6eHHO qyBCTBl!TenhHOH BblCO

KOSHepreTuqecKaSI qacTh cne1apa W ( E * ) npu T < 300 MaB, T.K. nepexon 

K MO/lenu Slllpa ·c pe3KHM KpaeM 3aMeTHO 3aBb!ll!aeT nonIO co6hITHll, npHBOASl

lllHX K o6pa3oBaHHIO COCTaBHOI'O Sl/lpa. 
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Ha pHC, 18-20 Ha npHMepe B3aHMOJl9ll:CTBHSI npOTOHa C 9Hepr-Heil: 660 MaB 

noKa3aHo, KaKyIO pOnh HI'paeT yqeT. npoueccoB _Me30Hoo5pa30BaHHSI, KaK BHJl

Ho. npeHe5pe)KeHHe npoueccoM PO)KJleHHSI 7T -Me30HOB npn:BOJlHT K saHH

)KeHHIO aHepI'HH Bos5y)KJl9HHSI .QCT8TQqHbIX SIJlep, TeM 5onee .cymeCTBeHHOMy, 

qeM ner-qe SIJlPO-MHllleHh. 8TOT BblBOJl_ peSKO ,_paCXOJlHTCSI C pesyJihT8T8MH 

• . / 13/ . . 28 
pa60TbI_ neHHCOBa H Jlp,. 1 nonyqeHHblMH B cnyqae B3aHMOJl0ll'.CTBllSI p+ Si, 

I'Jle OTMeqaJiaCh npaKTHq_eCKH nonHaSI He'lyBCTBHT0llhHOCTh B9llll'H!Hbl E* 
K y'leTy p0)KJl0HHSI 7T -Me30HOB ( CM, pHC, 18). KaK y)Ke yrrOMHHanocb BbIUie, 

BOSMQ)KHO, qTQ npnquHa 9TOI'O CBSISaHa C-HeKoppeKTHbIM yqeTOM npoueccoB 

OTpa)KeHHSI n: rrpenoMneHHSI qaCTHU, 

100 
Ha PHC, 21 Ha rrpnMepe SIJlpa Ru IIOKaSaHo, HS qer-o CKna]lbJBaIOTCSI 

CYMMapHbie cneKTpbl Bos5y)KJl9HHSI OCTaToqHb!X SI]lep, B KaKOil: aHepI'eTH'IeCKOil: 

o5naCTH JlaIOT 5onhllllill: BKllaJl pasnHqHbI0 SIJlepHbJe peaKUllH. 

11HTepecHo OTMeTHTh, qTQ B ·cnyqae peaKUHH c BbI5n:BaHHeM JlByX HyK-

llOHOB (cM., HanpnMep, cnyqafi npH T 660 MaB) pacrrpeAeneHHe W ( E *) 

n:MeeT qeTKO Bbipa)KeHHhiii MaKCHMYM npn E *~ 150 MaB. CToJih 5onhlllHe 

B035y)KJl0HHSI npH_ nepHcpepHqeCKHX CTOnKHOBeHHSIX C SIJlPOM (!).A=2) o5ycnoB

neHbl nor-nomeHHeM 7T -Me30Ha, o5pa30BaBllleI'OCSI B pesynhTaTe N-N B3aHMO

Jl9ll:CTBHSI; o5 9TOM I'OBOPllT TaK)Ke Ii nono~eHHe MaKCHMyMa _B pacnpeneneHHH, 

BeChMa 5nH3KOe K aHepI'HH nOKOSI 7T -MeSOHa. TIO Mepe yBenn<ieHHSI qHCJla 

BbI5HTbIX HyKnOHOB 9TOT .MaKCHMYM paSM8Sb!B80TCSI, H JlllSI JlOCTaTO'lHO 5onb-

lllHX 3HaqeHn:ii !).A 

xapaKTep. 

pacnpeAeneHne W ( E *J rrpn:o5peTaeT CTaTHCTHqeCKllll 

0TMeqeHHbl0 oco5eHHOCTll MQ)KHQ SaMeTHTh Ii B o5naCTH 5onhIIIllX 9Hep

I'HH nepBHqHQI'O npoToHa. 0JlH8KO npu 9TOM Heo5XOJlllMO IIOMHHTh I 'ITO npH 

5onhlllHX T BOSMQ)KHQ nor-nomeHHe MPOM 5onee qeM OJlHOI'O rr -MeSoHa, 

BcneACTBllH qer-o pacnpeJleJieHHSI JlJISI onpeAeneHHOI'O qncna !). A npno5peTa

IOT ,BeCbMa npnqyJlllHBblil: BHJl ( CM •. pnc. 21). 
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ITono.lKeHue MaKCHMyMa B cneKTpe W( E*) Ami peaKUHil: c ~A =2 He 

38BHCHT OT Tuna RApa-MlllliQHll, OJ:lHaKO BblCOK09HepreTHqecKHil: CKnOH MaK

CHMyMa OKa3bIBaeTC51 3aMeTHO 6onee nonOI'llM J:(nR TR.lKenhIX RAep. C yBenn

qeHHeM L). A KpllBhie W( E *) B cnyqae TR.lKenbIX RJ:leP CTaHOB5ITC51 Bee 

6onee ilonornMn: 6onbrnoe qncno cTonKHOBeHnii:, KOTopoe' ncnhITbIBaIOT KaCKaA

Hhie HyKnOHhl B TR.lKenhIX RJ:lpax, npuAaeT pacnpeAeneHHRM no E * CTaTHC

TllqecKnil: xapaKTep, 

6. YrnoBOH M0MBHT H HMIIYJibC 0CT8T0t/H0I'0 RJJ.pa 

Ha pnc, 22 u 23 noKa3aHa auepreTuqecKan 3aBIICIIMOCTb cpemiero yr-

noBOI'O MOMeHTa M H cpeAHero HMnynbca P Mpa, ocTaBrnerocn nocne 

npOXO.lKAeHIIR KaCKaJ:lHOil: CT8J:lllll B3aHMOJ:leil:CTBIIR. B o6rnux qepTaX o6e Kpll-

Bhie - KaK M ( 1) , TaK rr P ( T) - rrMeIOT TOT .lKe xapaKTep, qTo rr 3ann-

CHMOCTb cpeAHeil: 9Heprrrrr B036y.lKJ:leHll51 .~ * = E * ( T) ( CM, PHC, 17). 

ilmpcpepeHurranbHhie pacnpeAeneHll51 W ( M) rr W ( P) 6nuaKrr no cpopMe 

J:lpyr K Jlpyry ll, ITO-BHJ:lllMOMY, MOI'yT 6hITb onrrcaHbl pacnpeneneHllRMH Trrna 

ITyaccoHa (cM, prrc. 24 rr 25). 

CnenyeT OTMeTHTb 6onbrnlle a6comoTHhie 3HaqeHll51 M H p ' KOTO-

pbie MOI'yT HMeTb OCTaToqHbJe 51/:lpa, oco6eHHO B cnyqae B3allMOJ:leil:CTBll51 

C Tm1<enhIMll MHllieHRMH. TaK, nprr T = 3 f9B cpenurril: MOMeHT RApa, o6pa-

3OBaBIIJeI'OC51 B peaynbTaTe peaKUIIH pt 238 U , COCTaBn51eT 2ot , HO OKO

no .10% 06paay10urnxc51 51J:lep HMeIOT M >4ot. TaKHe 3HaqeHH51 y.lKe BnonHe 

cpaBHllMbl C yrnOBb!Mll MOMeHTaMrr, KOTOpbie llMeIOT 51J:(pa, . o6pa30B8HHhie 

B peaKUll51X C .T51.lKenbIMll HOHaMrr. 

H annqne ,CTOnb 6onbllillX yrnoBbIX MOMeHTOB nprrBOJ:lllT K cymeCTBeHHoil: 

acuMMeTpHH pacnana nnep n crrcTeMe ueHTpa Mace u, cnenonaTenbHo, nomK

Ho 3aMeTHhIM o6pa30M BnH51Tb Ha xapaKTepHCTHKll ucnapHTenbHhIX qaCTllU, 

OCKOnKOB J:(eneHll51 ll nponyKTOB cpparMeHTaUllll 51J:(ep, 
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Bollb!lllle 3Ha'leHHSI llMilYIIbCOB OCTaTO'IHhlX SI/lep p e!lle 6011ee yBeJIH

'IHBaIOT aHH30Tponuro npo/lyKTOB pacna/la B 11a6opaTOpHOfi CllCTeMe KOOpllHHaT, 

B cpe/lHeM yrJIOBOfi MOMeHT ll llMilYIIbC Sl/lpa-ocTaTKa B03pacTaIOT,npn 

yBeJin'leHHll KaK 'IHCJia noTepSIHHhIX HyKJIOHOB ~ A I TaK ll 9Heprnu B036y:lK

)leHHSI E * • 11 HTepecHo, 'ITO KOppeJISIUllll 9THX BeJIH'lllH C ~ A n E* He 

3aBHCSIT OT S!/lpa-MUllleHn ll KHHeTn'leCKOfi 9Heprnn nepBH'IHOrO npoTOHa ll 

MoryT 6hITb annpOKCHMHpOBaHbl Bb!pa:lKeHHSIMH: 

- 0,8 
M = 1,6 (t, A) 

' ~ 
0,85 j 

P =U,09(t,A) 

- 0 4 
M = 16 ( E *) ' , 

- 0 5 
p - l ?/ Ji' *l • 

rile 9Heprn.H E * aa/laeTCSI B f9a, 

ripnMepb! TaKHX KOppensiunfi npHBe/leHbl Ha pnc. 26,27; npn 9TOM /lJlSI 

601Ib1Uefi aarJI.H/lHOCTll 3Ha'leHHSI M n P 

e)lHHHUaX MaKCHM8JlbHOr_o MOMeHTa M max 

onpe/leJieHHhIX KaK 

Bbipa:lKeHhl COOTBeTCTBeHHO B 

H M8KCHM8JlbHOr_o HMilYIIbCa p 
max 

r)le R - pami:yc Sl/lpa,. OilJ?elleJISieMh!H KaK _pa/lnyc, Ha KOTOPOM IlJIOTHOCTb 

.IIllepHofi MaTepnH yMeHblllaeTC.II B CTO paa no cpaaHeHHIO C IlJIOTHOCTblO B 

ueHTpe SI/lpa, 

Mb1 paccMoTpenn noae/leHne a6co1110THhIX aenn'IHH yrnoaoro MOMeHTa 

H HMilYIIbCa Sl/lpa-ocTaTKa, ripe/lCTaBJieHne 06 yrnoaofi HanpaaneHHOCTll 9THX 

100 
Bellll'IHH )laeT PHC, 28, r)le a Ka'leCTBe npttMepa paccMOTpeHhl Sl/lpa Ru. 

J,13 9TOro pHC, BH/lHO, 'ITO npaKTH'leCKH BCSI 38BHCHMOCTb BeKTOpOB M ll 
➔ 

p OT 9Heprntt B036Y:lK/leHHSI ll 'lllCJia BhI6HThIX HYKIIOHOB CBSI3aHa C KOMilO-

HeHTaMn M .J. n Pl I • 3aanCHMOCTb KOMnoHeHT M I I n P .J. or aenn'lu:H 

n E* aecbMa cna6asi. 
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Ha puc. 29 Bbl'lIICneHHble HaMII JUi<p<pepeHUIIanbHbie pacnpe.ueneHIUI no 

npo.uonbHOll KOMnOHeHTe IIMnynbca H.Upa-ocTaTKa cpaBHIIBaIOTCH C Bbl'IIICne

HHHMII ITopuna /1 41 , OCHOBaHHbIMII Ha pesynbTaTax pa60Tbl MeTpononuca II 

.up. 1 I I I. -KaK BII.UHo, pacnpe.ueneHHH us pa60Tb1 114/ 6onee )KeCTKIIe, npu

'leM pacxo~.ueHue BospacTaeT npu nepexo.ue K 6onee TH)Kenh1M HnpaM, Hanpu-,; 

Mep, npu T = 0,46 fsB HaMII nony'leHo cpe.uHee 3Ha'IeHIIe P II =190!8 MsB/c / 
100 _ 238 

.unH H.npa Ru u PII = 276±11 MsB/c nm1 smpa U ; sTo cymecr-

BeHHO lIU)Ke COOTBeTCTBYIOIUIIX 3Ha'leHuii: 275±50 u 385±50 MsB/c, npoBO.UII

MbIX B pa6oTe 1141• 

CpaBHeHue c pesynbTaTaMu ITopuna 1141 B cnyqae pacnpe.ueneHuii: no 

nonepe'IHOMY IIMnynhcy ( CM, pue. 30) .uaeT aHanorli'IHYIO KapTnHy: uawu pac

npe.ueneHIIH w ( pl ) 3aMeTHO 6onee MHI"'KIIe, 

Bee STU paCX0)K,1leHIIH uenIIKOM CBH3aHbl C .uucpcpysHOCTbIO H.UepHOH rpa

HIIUbl, KOTOpa.11 He Y'IHTbIBanacb B pa6oTe MeTpononuca u .up. / l l /, CTonKHO

BeHIIH naneTa10meii: 'laCTIIUbl C nepuqiepueii: .11.upa npUBO.UHT K o6pa30BaHHIO 

OCTaTO'IHb!X .ll.1lep C ManbIM 3Ha'leHHeM uMnynbca OT.Ua'IH; OTHOCUTenbHblll 

BKna.u TaKUX B3aIIM0.1leHCTBHll 6onbllie B cny'lae T.H)Kenb!X H.uep • 

B pa6oTe ileHucoBa 1151 .uu¢¢ysHocTb H.Uepnoii: rpa~IIUbI 6bma y'!Tena, 

o.uHaKo, KaK 9To BU.OHO us puc, 29, sna'IeHIIH P II nony'lellbI eme 6onhWIIMII, 

'IeM y f1 opuna; ITpII'lIIHa 9TOI"'O CB.H3al!a C HeTO'Illb!M y'leTOM scpcpeKTOB OTpa

)Kel!IIH II npenoMneHIIH, o 'IeM y)Ke ynoMunanocb BbIIlle, 

TeM He Me!lee, HeCMOTp.11 Ha TO, 'ITO pacnpe.ueneHHH w ( pll ) ,•Bbl-

'IIICnellllble pasmi:'lllb!MII aBTOpaMII, saMeTHO pasnu'laIOTCH Me)K.uy 

penHUIIII cpe.uHero sna'leHu.11 P II c 9Heprueii: Bos6y)K.1leHIIH E* 

10Tc.11 B xopoilleM cornacuu (cM, puc. 31). 

co6oii:, Kop

oKa3hIBa-

Ha puc. 32 Bbl'IHCneHHaH HaMII 3aBIICHMOCTb cpe.uHero yrnOBOI"'O MOMeH-

Ta OCTaTO'IHOI"'O .11.upa M OT. SHepruu_ B036y)K,1leHU.11 E * cpaBHUBaeTCH C 

/16; . 
pesynhTaTaMII pac'leTa Lien II .up. , BbIIIOnHeHHOI"'O B npe.unono)KeHIIHX, 

6nII3KHX K HaWIIM. XoTH xapaKTep 3aBIICIIMOCTeJ:i O.UIIHaKOB, a6comoTHble 3Ha-
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'10Hll SI M ' paCC'lliT8HHbl0 B paooTe 1161, IlO'ITH B):\B00 npeBOCXOASIT Ha-

nm. 8To ooycnoBneHo TeMu ynpo,rneHHSIMH 1 KOTOpb1e ucnonh30Bam1cb B pa

ooTe /l6/x/ 

BenH'lliHbl M u P , a •TaK:1Ke ux npoaonbHbl~ u nonepe'!Hb1e KOM-

noaeHTbl COBepll!eHHO He 'IYBCTBliTenbHbl K npupoae nepBli'IHOii: 'IBCTHUbl, 'ITO 

nnmocTpupyeTCSI /:\8HHblMH, npHB0A0HHblMH B Taon. 3. 

7. BsaHMoneitc T'BHe 1l -MeSOHOB C H.apl:lMH 

p aanH'lll0 CBOHCTB HeynpyI'HX ITH OH- ll HyKnoH-.IIAepHblX B38HMOAeii:CTBHii: 

ooycnoBneHO B OCHOBHOM pa3nH'Ili0M CBOHCTB aneMeHT8pHblX 1T - N ll N - N 

CTOnKHOBeH11ii:. 8TO OOCTOSITenbCTBO npOSIBnsteTCSI K8K npu aeoonbll!HX, T8K ll 

npu 0'10Hb BblCOKHX 9HepI'liSIX. 

Ha PHC. 33-36 IlOKa3aHa 38BHCliMOCTb MH0)1{0CTB0HHOCTH BTOPH'IHblX 

'18CTHU paanu'IHblX copTOB, oop830B8HHblX npu HeynpyI'HX CTonKHOB0Hll51X nuo-

HOB C 51/:\PBMH, OT 9HepI'Hll T ll MaCCOBOI'O 'IHCna MP8-Mlllll0Hll A, 

CpaBHeHne puc. 33 c pnc. 1 noKaabrnaeT, 'ITO KpHBb1e KA/=~A(T) 

anH llliOH-SIAepHblX peaKUHH HeO)l{HABHHO xopolllo, J:\8)1{0 no aocomoTH:t,IM 3H8'10-

Hll51M, COI'nacyIOTCSI C COOTB0TCTBY!Olll0H 38BHC!iMOCTb!O B cny'Iae B38HMOAeii:

CTB1ill npOTOH nnroc 51/:\pO. ITp!i 9HepI'H51X B HeCKOnbKO COT0H MaB MO)l{HO Obi

no Obi 0)1{ll/:\8Tb, 'ITO 'IliCno noTep51HHb!X HyKnOHOB oy,neT oonbll!HM B cny'Iae, 

KOI',Q8 nepB!i'IHOii: 'I8CTHUeii: 51BnSieTC51 npoToH. OaHaKO HanH'Ill8 cttnbHblX peao-· 

xi . 
McxonH 113 u11nBHARB'leCKOll Cl!MMeTplill aana'IJI HyKnoH-HnepHoro CTOnKHO-

BeHl!H, B pa6orax /lO,l 6 / npennonar.anocb, 'ITO nepBJl'IHBH qaCTJIUa BCe.rna 

H8XO,QJITCH B nnoCKOCTJI ¢=0 • 3To onpaBnaHo, Korna neno KacaeTCH T8KliX 

xapaKTepJICTJIK, KBK MHO)KeCTBeHHOCTb '18CTJIU, JIX yrnoBbJe JI 9HepreTJl'leCKJle 

pacnpeneneHJIH JI T.n., noCKOnbKy BCe 9TJI xapaKTepJICTJIKJI He 38BJICHT HBHhIM 

Olli)830M OT TO'IKJI BXona '18CTJIUbl B Hnpo. OnHaKo 9TO He TBK B OTHO!lleHJIJI 

M , YrnoBOll MoMeHT Hnpa B K8)Kll0M oTnenbHOM HyKnOH-HnepHOM CTOnKHO-

BeHJIII Bbl'IJICnHnCH no cpopMyne 

M=Mo-~l\l 1 aa[;f]-L[? p ], 
0 , 0 I I • 

rne r ➔ - panJ1yC-BeKTOp BXO,Q8 ( JlnJI BbIXOll8) '18CTJIUbl B H,QpO, p - ee 

JIMnynbC; JIHlleKCbi O Ii i OTHOCHTCH COOTBeTCTBeHHO K nepBJl'IHOll JI BTO-

PJl'IHhlM '18CTJIU8M, f1p11 ycpenHeHJIII no 6onbll!OMY q11cny B3811MOllellCTBl!ll 

M a o6pamaeTCH B Hynb B s11ny CJIMMeTpJIJI, onHaKO, ecn11 JICnonb30B8Tb 

npennono)KeHJle ¢ = O , To M <FPP I, o. (3necb f - cpenHJ1fi napaMerp coyna-

peH11H qacTJIUhI c HnpoM), BTopofi qneH cpopMynb1 LI\I Y Hae JI B pa-

6oTax /l0, 161 Olll!HBKOB, 
1 
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HaHCOB B Ce'lemrnx TT- N B3aHMOA0llCTBHll, KOTOpbie KpOMe TOI'O eme 3Ha'ln:

TeJlbHO ynmp5I!OTC5I 6naI'OAapg cpepMH0BCKOMY ABH)K0HHIO BHYTPH5IA0pHbIX HyK

JlOHOB, npHBOAHT K TOMy,. 'ITO acpcpeKTHBHO C0'10HH5I TT- N B3aHMOA0llCTBHll 

OKa3hlB8IOTC5I 6ciJ:JblllHMlf, 'leM Ce'leHHSI N-N B3aHMOA0llCTBHll, B pesyJibTaTe 

nepBH'IHblll TT -Me30H n:cnhIThIBaeT 60Jiblllee 'IHCJlO CTOJlKHOB0HHll BHyTpn: 

51Apa; o6pa30BaBlllH0C5I npn: 8TOM HYKJIOHbl OTAa'IH If KOMrteHCIIPYIOT "nn:rnHn:ti" 

HyKJIOH H3 npoTOH-SIAepHbIX CTOJlKHOB0HHll, 

K OMneHcaun:eti o6b5ICH5I0TC5I TaK)Ke 6Jllf30CTb KpHBhlX ~A ( T) AJ15I nn:oH

n: HyKJlOH -SIAepHbIX CTOJlKHOBeHHll npn: Bb!COKHX 8H0pI'H5IX, KOI'Aa CTaHOB5ITC5I 

cymeCTBeHHbIMH npoueCCbl HHTeHCHBHOI'O M030H006pa30BaHn:SI, OAHaKO xapaK

Tep KOMneHcaun:n: 3AeCb APYI'Oll, Ilpn: paBHhIX 3H8''I0HH5IX 9HepI'Hlf T MHO)KeCT

BeHHOCTb BTOpH'IHhIX 'laCTHU, pO)KAa!OlllHXCSI B Heynpyrn:x TT-N B38HMOAeti

CTBH5IX, 60Jlbllle, '10M B CJiy'lae CTOJ1KHOB0HH5I ABYX HYKfOHOB, ilOCKOJibKY aTa 

MH0)K0CTB0HHOCTb onpeA0Jl5IeTC5I B OCHOBHOM TOH 9Heprueti B CHCTeMe ueHTpa 

J 
Mace, KOTopag MO)KeT 6hITb 3aTpa'leHa Ha o6pa30BaHn:e BTOpH'IHhIX ttaCTHU, 

0AHaKO aTa "n:36hITO'IHa5I" MH0)K9CTB0HHOCTb B ilIIOH-M0PHOM B3aIIMOAeticT

BIIII KOMneHCIIpyeTCSI M0HblllIIM 'IIICJIOM CTOJ1KHOB0Hllll, KOTOpoe n:cnhIThIBaeT 

n110H BHYTPII SIApa, T,K, npu BbICOKlfX aHepI'IISIX Ce'leHn:e a TTN < a NN 

MsoTOilll'l0CKIIll COCTaB noTepSIHHhlX SIApOM HyKJIOHOB, KaK 8TO BIIAHO 

113 p11c. 34, 3aMeTHO OTJlII'laeTCSI OT IIM0I01ll0I'O M0CTO B cny'lae npOTOH•HAep

HhIX CTOJIKHOBeHIIll ( p11c. 2). 3AeCb SlBHO CKa3bIBaeTCH BJlllHHIIe TOI'O o6CT05I-

T0JlbCTBa, 'l}'O Ha'laJibHhie sapHAOBbie COCTOSlHIISI B peaKUlfHX TT + 5IApO II' 

p + HAPO pa3JIII'IHhI, TI o Mepe BospacTaHlfH aHeprm1 T , 6naroAapg ocna6-

neHIIIO II30TOilII'leCKOll 3aBIICII.MOCTII CIIJlbHbIX B3alfMOA0llCTBlfll, pa3JIII'III0• r.so,,,,, 

TOlllf'10CKOI'O COCTaBa BTOPlf'IHhIX 'laCTIIU B mwH- II HyKJlOH-HAepHbIX B3aIIMO

A0llCTBII5IX HIIBenupyeTCSl, Ilp11 9TOM xapaKT0pIICTIIKII n110H-11AepHb!X B381IMO

A0llCTBIIll 'ilpI16JlI1)KaIOTCSl K ac11MnTOTII'leCKOMY 3Ha'leHHIO ( "n In p)::: ( A - z) /Z 

CBepxy' B TO BpeMSI KaK B npoTOHHh!X peaKUIIHX TaKOe np116J11I)K0H1Ie rrpo11cxo

AllT CHU3y, 

Ha MH0)K0CTB0HHOCTII pO)KAa!OlllIIXCSI illlOHOB O'leHb 3aMeTHO CKa3hIBaeT

CSl np11p0Aa nepBll'IHOll '18CTIIUhI: AJISI illlOH-SIAepHb!X peaKUIIll a6coJIIOTHbie 

3Ha'l0Hllll ii TT CllCTeMaTil'10CKII, Ha 0,5-0,8' OKa3hIB8IOTC5I 60JiblllllMII, 'leM 

B cny'lae B3attMOAeticTBilll ·HyKJIOH+HApo; B saBUCIIMOCTII ii' l T J npocJie)Kll-
TT 

BaeTCSI BJIIIHHIIe CTpyKTYPhI Ce'leHn:ll TT- N B3aIIMOA0HCTBilH, ocobeHHO B 
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paiioHe T ,,,0,2 II T ~ 0,6 fsB; B n1IoH- II HyKnoH-SI)lepHblX CTOnKHOBeHIISIX 

cymeCTBeHHO paamprneTCSI aapSI/lOBblll COCT8B BTOPIPIHb!X 17 -Me3OHOB, 

3,aBIICIIMOCTb cpe)lHero 1:rncna pO)KJl8!01IllIXCSI 'IaCTIIU OT M8CCOBOI'O 'IIICna 

SI/lpa-M1IllleH1I /l_OBOnhHO cna6aSI, a B o6naCTII Bb!COKIIX sHeprlill 9T8 38BIICII

MOCTb 6n1I3Ka K TOH, KOTOpaSI Ha6mo)laeTCSI B npOTOHHbIX peaKUII51X, IlpH 

T ;;o; 1 fsB c )lOCTaTO'IHO xopoweii: CTenellbIO TO'IHOCTH n 77 =l ,5A-0,03 

[T (fsB) l O,B • BaaHMO)leficTBll51 77 -Me3OHOB c 51/lfl8MH nplI sHeprlISIX HH)Ke 

/10/ 
nopora PO)K)leHH:51 n1IOHOB 6binlI paccMoTpeHhl BepTIIHH B pa6oTax • Hall!H 

Jl8HHhle no Bb!XO/ly Heii:TpOHOB HaXOll.51TCSI B HennoxoM cornaCHII C peaynhTa

TOM 9TOll pa6oThI, OJlH8KO IIM0IOT MeCTO 3aMeTHbie paanH'IH:51 B Bh!XO)le 77 -

Me3OHOB, oco6eHHO np0: T = 300 MsB, B03M0)KHO, 3)l0Cb npOS;BnSieTCSI He

KOTopoe paan0:'I1Ie B BhI6ope Me3OH-SIJlepHOI'O noTeHu0:ana y Hae H B pa6o

Tax BepTHHH, a np0: T = 300 MsB T8K)Ke H TOT cpaKT, 'ITO B pa6oTax t lOt 

He y'IIITb1Ban0:ch npouecChl Me30HOo6pa30B8HHSI, 

ITplI 6onbll!IIX 9Hepr1ISIX Mb! MO)KeM cpaBHIITb H8ll!H pesynhT8Tbl cpaKTII-

'IeCKII C /l8HHblMII pa60Tbl 1171 n1I~b B O/lHOH TO'IKe: ansi SI.[{pa 
100

Ru npH 

T 1,5 fsB, Pac'IeT B a Toil: pa6oTe BbmonHeH no Moaen1I MeTponon1Ica1111 • 

ITony'IeHHbie npH 9TOM cpeJlHHe MHO)K0CTBeHHOCTH npOTOHOB II Heii:TpOHOB 

n p = 2,52± 0,08 II n n = 4,34:!: 0, 11 OK83b!B8IOTCSI JlOBOnbHO 6n1I3KIIMH K Ha

ll!IIM 3H8'IeHIISIMII D P 2 ,84± 0,04 II ll n = 5,04± 0,07, HO HeCKOnbKO Mettbllle 

IIX, ny'Illle cornacyeTC51 MHO)KeCTBeHHOCTb 77 -Me3OHOB: B pa6oTe / 17 / rro

ny'IeHo ;;-17+ "'. 0,20±0,02, ii 77- = 0,91±0,05 II ;;-170= 0,88±0,05, a HBllllI )laH

Hbie COOTBeTCTB0HHO COCTaBnSIIOT 0,27± 0,01; 0,84± 0,07 II 0,65± 0,06, 

cj)opMa 9HepreTII'IeCKIIX cneKTpOB HyKnOHOB, BhI61ITblX II3 smpa 77 -Me-

3OH8MII, IIMeeT BeChMa npocTOll BII/l II He o6na)laeT KBKOfi-n1I60 38M0THOll 
J 

CTpyKTypoii (CM. PRC, 37 II 38). Eonbll!yIO 'I8CTb 9TIIX cneKTPOB MO)KHo on1I-

C8Tb 9KCnoHeHUIIanhHO y6bIB8IOmeii: cpyHKUIIefi, cnaa KOTopoii: 3aMe)ln51eTCSI 

no Mepe yBen1I'IeHHSI 9Hepr'IIII nepBH'IHOI'O 17 -Me3oHa. KaK H cne/lOBano O)KH

/l8Tb, cneKTpbl HyKnOHOB CMSII''I8IOTC51 npn nepexoae K 6onee T51)K0nbIM Sl/l

paM, 'ITO CT8HOBIITCSI oco6eHHO 3aMeTHblM nplI 6onbll!IIX 3Ha'IeHIISIX T. 

8HepreTH'I0CKII0 cneKTpbl npoTOHOB II Heii:TpOHOB npaKTII'IeCKll He paa

n1I'I8IOTCSI M0)KJlY co6oii, TaK, HanpnMep, nplI T = 0,4 fsB 9TH crreKTpbI MO)K

Ho anrrpOKCIIMIIPOB8Tb sKcnoHeHTOH C OJlHHaKOBhlM noKa3aTeneM, KOTOphlfi 
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ll3MeHsreTcsr OT -7,0 JlO -9,0, npH nepexoJle oT SI/lpa 
27 Al K SiilPY 

23 
S u. 

To )Ke caMOe llMeeT MeCTO ll Ilpll 6onb!llllX SHepI'HSIX, IlOKa3aTenh 9KCilOHeH

Tbl OK83bIBaeTCSI 0/lllHflKOBblM JlnSI npOTOHOB ll )lnsr HefiTpOHOB, YMeHh!llaeTCH 

nHlllh ero a6comoTHoe 3Ha'IeH11e (np11 T = 1,87 rsB sTOT noKa3aTenh paBeH 

27 238 
-1,7 )lnsr SI/lpa Al ll .,.2,7 )lnsr SIJlpa U ). 

PesynhT8Tbl Bbl'IHCneHl'lli MeTpononHca 111 / ll BepTllHl'l /lO/ )lOBOnhHO 

6nH3K11 K H81llllM, XOTSI B • Bb!COK09HepI'eTH'IeCKOfi qaCTl'l HyKnOHHblX cneKTPOB 

Ha6mo)laIOTCSI HeKOTOpb1e OTKnOHeHl'lSI ( CM. p11c. 37 ll 38). 

11HTepeCHO OTMeTHTh, 'ITO cneKTpbl HyKnOHOB B p'eaKU11SIX c 6onhlllllM 

'111CnOM noTepSIHHblX HyKnOHOB tt. A >8) npaKTl'l'IeCKl'l He 38BllCSIT OT np11po-

/lbl nepBll'IHOfi qaCTllUbl ( CM. p11c. 39 ll pllC, 11, 12) X/. 

PacnpeJleneHl'lSI KHHeTH'IeCKOfi 9Hepr1111 BTOpll'IHbIX TT -Me30HOB noKa-

38Hbl Ha pllC, 40. Mb! BllJlllM, 'ITO npll 9HepI'llSIX TT -Me30HOB '.f • 6n113K11X 

K 3HaqeHl'llO nepB11'IHOfi SHepI'llll T' OT'IeTnl1BO npOSIBnsreTCSI MaKCl'lMYM, 

CB£13aHHhlli C KB83llCB060)lHhlM pacceSIHl'leM nepB11'IHOI'O TT -Me3oHa. B 

0Tn11q11e OT npoTOH-SIJlepHbIX 'peaKu~fi HamI'Il'le CTpyKTYPbI B Ce'IeHHSIX TT- N 

B3811MO)lefiCTBl1li 'IeTKO nposrBnSieTCSI Jla)Ke B l'lHTerpanhHbIX cneKTpax. 

EcTeCTBeHHO, 'ITO cneKTpbl TT -Me30HOB, o6pa30B8Bllll1XCSI npll B3811MO

)leliCTB11SIX C neI'KllMl1 H)lpaMl'l, OK83bIB8lOTC£1 6onee ')KeCTKl1Ml1. p asn11q11e n110H-

HhlX cneKTpOB, nony'IeHHhlX Ilpll llCCneJlOB8Hl'lll B38llMO)lefiCTBl'lfi C neI'Kll-

Mll 11 TH)Kenb!Mll SI)lp8Mll, yBenH'IllBaeTCSI C yBenH'IeHHeM 9Hepr1m nepBl1'IHOI'O 

TT -Me3oHa, TaK, np11 T = 0,56; 1,87 11 4,5 rsB 3Ha'IeH11sr cpeJlHefi sHeprH11 

BTOPll'IHbIX Ill'lOHOB j' )lnSI B381'lMOJleficTBl1SI C SiilPOM 
27 Al paBHbl 

COOTBeTCTBeHHO 0,246± 0,011; 0,436±0,018 ll 0,560~0,020 rsB, 'ITO 3aMeTHO 

BbI!lle COOTBeTCTBYIOIUl'lX 3Ha<ieHl'lli )lnsr SIJlpa ypaHa 0,20± 0,013, 0,302± 0,011 

ll 0,350± 0,017 rsB. 

CpaBHl'lBaSI paCC'IllTaHHble HaMl'l IlllOHHbie cneKTpbl C pesynhTaTaMl'l pa-

6oT /11,17/, cne)lyeT IlO)l'IepKHYTh Hanll'I11e nHKa KBa3HCB060)lHOI'O pacceHH11£1 

TT -Me30HOB B Ha~ll~ cneKTpax; 9TOT IlllK Henb3£1 nonyq11Th, ecnll He npll

H11MaTb BO BHl1MaH11e ill1cp<py3HOCTh SI)lepHofi rpaHl1UbI. 

xi 
CneAyeT OTM8Tl1Tb, 'lTO,nO-BHA11MOMY, 6yAeT 6onee npaBHnbHbIM, ecn11 

xapaKT8pl1CTHK8M IlHOH-SIAepHbIX B38llMOA8HCTBHll C 38A8HHblM 3H8'l8Hl!eM 

/",, A CT8BUTb B COOTBeTCTBHe xapaKTepuCTliKH npoTOH-SIAepHblX peaKUliH C 

'lHCnOM noTepSIHHbIX Hy Kn OH OB ( L',. A+ l ). 
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Cne)lC_TBH0M CnHlllKOM ( CM. peaynbTaTbl 

npOKCHMaUHH xapaKTepHCTHK Heynpyr-rrx 17- N 

HOH B pa6oTe i 111 , HBnHeTCH 6onee CHnhHOe, 

Kpy Ha pHc, 40) r-py6ofi an

B3aHMOJleficTBHfi, HCITOnh30BaH

'10M B HalllHX pac'leTax, npOHB-

neHHe B SHepI'eTH'10CKHX cneKTpax ·BTOpH'IHbIX 1T -M030HOB CTpyKTypbl TT- N 

C0'10HHfi. 

Ha PHC, 41 npHB0Jl0Hbl paC'l0THbl0 yr-nOBbl0 pacnpe)leneHHH BTOPll'IHblX 

'laCTHU. 06pamaeT Ha ce6H BHHMaHHe 0'10Hb cna6aH 3aBHCHMOCTb yr-nOBbJX 

pacnpeneneHHH HyKnOHOB OT SHepI'HH nepBH'IHOI'O 1T -M030Ha; STH pacnpeJle

neHHH OKa3bJBaJOTCH npaKTH'l0CKH OJlHHaKOBbIMII JlnH npoTOHOB H HefiTpOHOB. 

AHanOI'H'IHO paCCMOTpeHHOMy BbJllle cny'laJO npoTOH-MepHbIX_ B3aHMOJl0HCTBHH 

Ha6nJO)laeTCH 6onee crrnhHaH KonnHMaUHH HyKnOHOB, o6pa30BaHHbIX Ha neI'KHX 

Mpax. MO)KHO C'IHTaTh, 'ITO BO BCefi o6naCTli SHepr-n:fi OT HeCKOnhKHX Jl0-

CHTKOB MsB JlO T;; 5 fsB KOS<pcprrurreHT aHH30TpOilHH yr-nOBbIX pacnpe)leneHHH 

HyKnOHOB B npe.o.enax 10%-ofi TO'IHOCTH 3aBHCHT TOnbKO nHlllb OT THna HJlpa

MHll10HH, B 'laCTHOCTH, nnH ·_anJOMHHIIH OH paBeH 2,6, a )lnH ypaHa - 2,0. 

Pe3KO aHH30TpOilHbIMH OKa3bJBaJOTCH yr-nOBbl0 pacnpe)leneHHH BTOpH'IHbIX 

1T -Me30HOB, 11 3Jl0Cb Ha6nJO)laeTCH 6onee CHnbHaH HanpaBneHHOCTb BbineTa 

'laCTHU Bnepe)l )lnH neI'KHX HJlep, rrpH STOM B0CbMa '10TKO npocne)KHBaeTCH 

yBenH'l0HHe KonnrrMaUHH 1T -M030HOB C pocTOM SHepr-rrrr rrepBH'IHOI'O IlHOHa. 

HanprrMep, npH yBenH'ISHHH sHepr-Hrr OT T = 0,4 fsB JlO T ;'; 2 fsB Koscpcprr

UHeHT aHH30TpOilHH B cny'lae B3aHMO)l0HCTBHH C HJlpOM 27 Al B03paCTaeT 

OT 3,l_no 3,7; B TO )KS Bp0MH JlnH ypaHOBOH MHll10HH KOS<p<pHUHSHT aHH30Tpo

IlHH OCTaeTCH paBHbIM npH6nH3HTenbHO 1,9 nprr BCeX 3Ha'leHHHX T~ (0,4-2 )fsB. 

B cny'lae B3aHMO)l0HCTBHH IlHOH+ HJlPO cpeJlHHe SHepI'HH B036y)KA0HHH oc

TaTO'IHbIX HJlep CIICT0MaTH'l0CKli OKa3bJBaJOTCH 6onee Bb!COKHMH, 'ISM B cny

'lae npoTOH-HJlepHblX B3aHMOJl0HCTBHfi, O)lHaKO C pOCTOM SHepI'HH T paa

nH'IHH H0CKOnhKO cr-na)KHBaJOTCH lcp. p11c. 42 H 17). TaKoe IlOB0Jl0HH0 sHep

I'lill E * CBH3aHO C 6~nblllliM 'IHCnOM TT -M030HOB, pO)KJlaJOJUHXCH B XO)le 

IlHOH-HJl0pHbIX peaKUHfi, 'laCTb STHX M030HOB nor-nomaeTCH HJlpOM, :'ITO cpaay 

)1(0 cymeCTB0HHO yBenH'IHBaeT SHepI'HJO B036Y)KJl0HIIH. HacKOnbKO cymeCTBeH

HO scpcpeKT rror-nomeHHH pO)K)laJOIUHXCH B XO)le KaCKa)la M030HOB CKa3bJBaeTCH 

Ha B036y)KJl0HHH OCTaTO'IHbIX HJlep, xoporno BHJlHO TaK)Ke H3 pHC. 43, f'IJ.0 

IlOKa3aHO, KaK ¢opM1-1pyeTCH cneKTp SHepI'HH Boa6y)l(Jl0HHH B 3aBHCHMOCTH OT 

'lrrcna TepH0MbIX HJlPOM HyKnOHOB ii A . 
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Cne}:lyeT OTMeTHTh TaK)Ke 6mrnoCTh, pacrrpeJ:lenemdl:, IIOKa3aHHblX Ha 

pHc. 43, K COOTBeTcTBYIOIUHM pacrrpe,leneHHSIM PHC. 21, paCC'IHTaHHblM J:lnSI 

IIpOTOH-SIJ:lepHbIX B3BHMOJ:le:il:CTBHM (CM. IIpHMe'IaHHe Ha CTp. 31 }. 

s·- pa6oTe /17 I IIpHBeJ:leHbl peaynhTBTbl pac'IeTOB IIO MO,lenH MeTporro

n_HCa J:lnSI peaKUHH 77- + 100Ru rrpH T = 1,5 faB. B sTo:il: pa6oTe rrony'Ie

Ha cpe,lHSISI aHepI'HSI, E * = 247:!; 25 MaB, 'ITO xoporno nOlKHTCSI Ha Harny KpH

BYIO E- *( T) • 0AHaKo a To cornacne, IIO-BHJ:lHMoMy, HMeeT cny'Ia:il:Hb1:il: xa

paKTep, T.K. SIJ:lepHaSI MO,lenh, a TaKlKe xapaKTepHCTHKH aneMeHTapHb!X 77- N 

nN-N B3aHMOJ:le:il:CTBHM (oco6eHHO ,lnSI rrpoueccoB pOlKJ:leHHSI Me30HOB) B 

HaIIlHX paC'IeTaX H B pa6oTe 1171 OTnH'IaIOTCSI BeCbMa cyIUeCTBeHHO, 

'LJTO KacaeTCSI yrnOBOI'O MOMeHTa H HMIIynhca OCTaTO'IHOI'O S!J:lpa, TO 

aHepreTH'IeCKaSI aaBHCHMOCTh cpeJ:lHHX BenH'IHH M ( T) H P( T) B o6mnx 'Iep-

Tax Ta: )Ke• caMaSI,, 'ITO H J:lnSI SHepI'HH B030Y)KJ:leHHSI E*(T) ' H 6nH3Ka 

K TOMy, 'ITO HMeeT MeCTO B cny'Iae IIpOTOH-SIJ:lepHbIX B3aHMOJ:leiicTBH:il:. 

C xoporne:il: TO'IHOCThIO MOlKHO C'IHTaTh, 'ITO rrpH T > 1 faB BenH'IHHa 

cpeJ:lHe!"O MOMeHTa H cpe,lHeI'O HMIIynhCa S!J:lpa-ocTaTKa He 3aBHCSIT OT THIIa 

'IaCTHUbl, HHHUHHpyrome:il: BHyTpHSIJ:lepHb!M KaCKaJ:l. 

KaK H B cny'Iae IIpOTOH-SIJ:lepHbIX B3aHMOJ:le:il:CTBH:il:, CBS13h cpeJ:lHHX Be

nH'IHH M H P c 'IHcnoM rroTepSIHHhlX HyKnoHoB ~ A H aHeprne:il: Boa

oy)KJ:leHHSI OCTaTO'IHOI'O S!J:lpa MO)KeT Ob_!Th armpoKCHMHpOBaHa CTeIIeHHb!MH 

Bbipa)KeHHSIMH 

M ~ 3,5 ( l'1A) 
0,44 

0 ,5 6 
P ~ 0,17 (~:\) 

- 0 37 
M ~ 12, 7 ( E *) ' 

_ 0,43 
P ~ l,O(E*) 

I 
t 

an11 l'1 A> (2-3 ), 

nn11 E * > 0, '2 fsa, 

I'J:le SHepI'HSI E * Bb!palKeHa B faB. TaKaSI anrrpoKCHMaUHSI IlpHI'OJ:lHa /J,nSI BCeX 

SIJ:lep c 27 < A < 238 BO BCeM paCCMOTpeHHOM HHTepBane 9Heprn:il: 

nepBH'IHOI"O 77- -Me30Ha OT HeCKOnhKHX "tleCSITKOB MaB /J.0 T,;'5 faB. 

06mn:il: xapaKTep 3aBHCHMOCTH IIPOJ:lOnhHb!X H nonepe'IHb!X KOMIIOHeHT 

B0KTOpOB M H p OT, BenH'IHH ~ A HE* ' KaK STO BHJ:lHO H3 p0c. 46 

H 47' TaK)Ke OCTaeTCSI npn6nH3HTenhHO TeM )Ke, ''ITO H B cny'Iae npOTOH-
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fl;:tepHb!X peaKUHfi, XOTfl 38BHCIIMOCTb BHJl8 KOppenf!UHOHHb!X KpHBb!X OT rrep-

BnqHofi aHepr1I1I T HeCKOnbKO HHafl. 

ITp!IB9Jl9HHhie Jl8HHhie Jl810T JlOCTaToqHo rronHoe rrpeJlCTaBneHne O KaC

K8JlHOM 'MexaHII3Me B381{MOJlefiCTBIIll BbICOK08HepreTHqecKIIX qaCTIIU C HJlpaMII. 

CpaBHeH!Ie C pe3ynbT8T8MII JlpyrlIX aBTOpOB IIOK83bIBaeT, qTo MHorne 

xapaKTep!ICTIIKII BTOp!IqHbIX qaCTIIU JlOBOnbHO qyBCTBIITenbHbl K JleTan.11M Kac

K8JlHOll MOJlenlI, H, rrpe)KJle BCero, K yqeTy Jl!Icjlcpy3HOCTH .IIJlepHoil: rpaHIIUhI. 

ITp!IBeJleHHLie Bblllle Jl8HHhle He BKn10qa10T BKnaJla qaCTIIU, o6pa3yIO!IlHX

C.II IIplI pacIIaJle B036y)KJl9HHb!X OCTaToqHb!X Mep, II He yqlITbIB810T rrpouecCOB 

JleneH!Ifl f!Jlep. 3r'II BOIIpOCbl 6yJlyT paCCMOTpeHbl B OTJlenbHbIX pa6oTaX. 
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T, raa 

!Jepau•rnag 
'IBCTHUB 

0,66 

n 

PyKonHcb nocrynHna B H3AarenbCKHH oraen 

14 Mall 1970 !'Olla, 

Ta5nuua I 
Cpe,llHSISI MHO>KecraeHHOCTb qacTHU, otSpaaoaaHHbIX 

Ha stnpe too Ru HeHTpOHaMH H rrp_oTOHBMH C KH

HeTnqecKoft aaeprHefi T 

I,84 

• p n p 

3,2 

n p 

0 • 3,I5 ± O,IO 2,34 ± 0,05 5,38 ± 0,22 4,73 ± O,I7 8,65 ± 0,48 7,43 ± 0;43 

Dp I,59 ± 0,05 2,25 ± 0,05 3,47 ± O,I4 3,68 ± O,I35,6I ± 0,3I 6,0I ± 0,35 

&\ 4,7~ ± O,I5 4,59 ± O,IO 8,85 ± 0,36 8,4I ± 0,30 I4,3 ± 0,8 I3,I5± 0,8 

ii,,o 0,!08 ±o,003 0,!22±0,002 0,392±o,OI6 o,435±0,0I7 0,875±o,049 0,9IO±o,05I 

.ii,,- O,I5I ±o,005 0,052±o,OOI 0,432±0.,0IB O,I38±o,006 O, 794±o,0{f5 O, 742±o,042 

n~ 0,088 :#0,003 0,068±o,002 0,305±o,OI2 0,226±o,009 0,62□±□ ,035 0,692±o,039 
1T . . . - • 

ii,, o,347 ±o,on o,2,.2±o,005 r,129±0,045 o,Bo ±0,008 2,29 ±o,BO 2,34 ± o,I3 
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T, r:e>a 

ITepBH'IHaB 
'IBCTHUB 

'.T 
n 

rp 
5_N 

'.f,,o 

j' -
" 

,f"+ 
,'.f 

1T 

T, r,,a 

ITepBH'IHaB 
'18CTHU8 

Ta6nHua 2 
CpenHHe 3HaqeHHH xuHeTHqecxoil 9Hepru:H qacTHU 

(e Mae), o6pa30BaHHblX ~PH HeynpyrHx B3BHMO.UeikTBHSlX 

npOTOHa H aearpoHa C Sl.llPOM 100Ru IIPH aaepf'HH T 

0,66 I,84 3,2 

n p n p • 

99 ± 3 86 ± 2 I4I ± 6 II3 ±5 !39 ± 8 

93 ± 3 124 ± 3 122 ± 5 195 ± 8 120 ± 7 

97 ± 4 ros·± 2 I33 ± 5 149 ± 6 I3I ± 7 

73 ± 2 IIO ± 3 206 ± 8 264 ± IO 274 ± IS 

!02 ± 4 IOS ± 2 208 ± 8 275 ± II 208.± :i:2 

99 ± 3 BI± 2 204 ± 8 178 ± 7 283 ± I7 

92 ~ 3 I02 ± 2 206 ± 8 253 ± II 260 ± I4 

Ta6nHua 3 

Yrnoehie MOMeHTbI (a 8llHHHU8X t ) H 

HMnynbCbI stllep-orna~ut (a Mae/c), o6pa30B8BllIHXCSl 

npu CTOnKHOB8HHSlX npOTOHOB H HefiTpOHOB le MPOM 
100 

Ru T - aaeprasr nepaaqHoro HyxnoHa 

p 

IOI± 6 

195 ± II 

143 ± 8 

262 ± I4 

238 ± I3 

222 ± I2 

242 ± I3 

0,66 I,84 3,2 

• p n p n p 

6,3 ± 0,2 6,6 ± O,I 8,6 ± 0,3 8,4 :I: 0,3 12,4 ± 0,7 II,8 ± 0,6 

5,2 ± 0,2 5,4 ± O,I ' 7,o± o,3 6,8 ± 0,3 I0,3 :I: 0,6 9,9 :I: 0,5 
.. 

2,9 ± o,r 3,o ~ o,r 4,0 ± 0,2 3,9 ± 0,2 4,8 ± 0,3 4,9 ± 0,3 

422 :t: I4 427 ± 8 64I ± 25 6I5 ± 24 900 :I: 50 778 ± 42 

258 ± 8 272 :t: 6 399 :I: I6 390 ± I6 523 :t: 29 484 ± 27 

273 ± 9 260 :I: 5 430 ± I8 321 :t: IS 553 ± 3I 500 ± 28 
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Pn:c. 1. Cpe/lHee '1HCno K8CK81lHb!X HyKnOHOB, BbI6HTb!X H3 ~mep rrpoTOH8MH 

C 9Hepr-n:eii T • KBa.rlp8TbI, Tpeyr-onhHIIKII II KPY)KKII OTHOCSITCSI COOTB8TCTBeH

HO K Mp_aM amoMIIHHSI, pyTeHIISI II ypaHa. TiplI 3TOM CBeTnbrMH 3H8'1K8Mll OT

M8'18Hb! peaynbTaTbl pac11eTa MeTporronnca II ap. 1111 , 38llITPIIXOBaHHb!Mll -

HallIII peaynhT8TbI. 
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20 50 {00 200 20 so 100 200 A 

Puc. 2. CpeJJ.H.II.II MH0)1(8CTB8HHOCTb KaCKaJJ.HbIX npOTOHOB u HefiTpOHOB, o6pa-

30B8BWUXC.1I0 npu Heyrrpyrux B3aUMOJJ.efiCTBU.IIX npoTOHOB C paanuqHbIMU .IIJJ.pa-

MU. 4ucna oKono KpUBhIX yKa3hIBaIOT saepru10 nepBuqaoro rrpoTona T B 

fSB, TiyHKTUPOM HaHeCeHbl peay~bTaTbl pacqeTa BepTUHU /10/ o.n.11 T = 0,2 
u 0,3 fsB ( COOTBeTCTBeHHO HU)KH.II.II u BepXH.II.II KpUBbie). 
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P11c. 3. Cpe)lHSHI MHOlKeCTBeHHOCTh 77 -Me30HOB, p0lK)l8JO!llHXCSI IIpH Heyrrpy-

I"OM rrpoTOH-SI)lepHOM B38HMO)lefiCTBHH; n - IIOJIHOe 'IHCno IIHOHOB BCeX 

3HaKoB (; = ii ++ii -+ ii 0.) • T.:f.11cna
77 

oKono KPHBhIX yKa3hIBaIOT aHep-
rr rr rr rr 

I"HIO rrepBH'IHbIX rrpoTOHOB T B faB. CBeTnbIMH 3H8'1K8MH HaHeCeHhl pesynb-

TaTbl Bbl'IHCneHHll Merporronnca n llP, /l l / -
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