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I. B Haille~ TIPe~nyieH pa60Te /1/ Ha OCHOBe pe~TKBHcTCKOH MOne~ 
KeCTKHX cjYnapeHH~ 2-4 6un TIpOBeneH aHa~a HOBHX aKCTIepHMeHTa~~HHX 
naHHHX /5 o peaK~H IH(d,p)X, Hcc~enOBaBilleHcR TIpH Ha~~~HOM HMrry~~ce 
neHTpoHoB 9 raB/c H yr~e HcrrycKaHHR BTOpH~HHX TIpOTOHOB 0,139 pane B 
MOne~ xeCTKHX CTo~KHoBeHHH, RB~meHCR oAHHM Ha BapHaHToB pe~TKBH
CTCKoro HMTIy~~cHoro TIpH6~xeHHR /6,7/, TIpo~eccy IH(d,p)X B o6~acTH 
60~~WMX rrOTIepe~HHX HMllY~~COB TIpOTOHOB COTIOCTaB~eTCR ~eftHMaHoBcKaR 

nHarpaMMa, TIOKaaaHHaR Ha pHC. I. 3nec~ B H A - Ha~eTaDmHa neHTpOH H 

I
/

B 

R 

PHC. I.	 OCHoBHaR UHarpaMMa MOAe~ &eCTKHX CTo~HoBeHHa ~ peaKnKR 
IH(d,p)X. 060aHa~eHHR paa~cHHDTéR B TeKCTe. 

npoTOH-MHWe Hb COOTBeTCTBeHHO, ):J - HYK~oH-crreKTaTop, C - peracrpa
pyeMHA npoToH. HMTIY~bcHoe pacnpeAe~eHHe HYK~OHOB B neaTpoHe xapaKTe
pH3yeTcR B paccMaTpKBaeMOa MOne~ c rrOMOmbD CTPYKTYPHOa WYHKuaH 
G&/.5 ( ~ , I T ), rne '! - nOM npoaoaaaoro HMllY~:bca n!aTpOHa, YHOCHM8JI 
HYK~OHOM B CHCTeM8 6eCKOHe~Horo HMITY~:bca neaTpOHa, f T' - TIonepe~HHI 

HMITY~bC HYK~OHa. C TO~HOCTDD no KHHeMaTaqeCKHX MHOERTe~ea CTPYKTypHYD 
WYHKURD MOZHO TpaKTOBaT~ KaK BO~OBYD WYHK~ neaTpOHa B CHCTeMe ero 
6eCKOHe~Horo RMITY~:bca/6,7/. 
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EC~H MOne~b ~eCTKRX cOynapeHHa npaB~bHO OTpa~eT ~HaMHKY npo
necca ~parMeHTaI.UiH pe~.llTHBHCTcmtx neilTpOHOB B 06JIaCTH 60~DUIl1X none
pe~Hax HMnY~bCOB BTOpH~HHX npOTOHOB, TO nsy~eHne aToro npo~ecca npH 
SHa~eHH.llX ~, cyuiecraeaao npeasmaouax ~ o :11II 1/2, n03BOJI.R~, B npaana
ne , nO~Y~HTb He3aBHCHMYIO HH~opMa~IO o ~YHK~R G-,g/B ( 'i' ~1') R, c~e
nOBaTe~bHO, CBeneHHH O CTpYKType nenTpOHa B TO~ oo~aCTH RHHeMaTH~ec

RHX nepeMeHHHX, rne npHMeHHMOCTb Hepe~THBHcTCRoi1 BO~HOBOi1 wym{~H 

eme He YCTaHOB~eHa. 

rrpOo~eMa HneHTH~HRaURR Mexa~3/0B .llnepHax pe'R~~ .llBJl.ReTC.ll 
nOCTaTO~HO C~OmHoi1, noaTOMY aH~3 I naHHax paooTu 5 no HeOOXOnH
MOCTH HOC~ npoOHui1 xapaRTep. OCHoBHue pesY~bTaTu aToro aH~sa CBO
U.llTC.ll R c~enYIOmeMY. 

(I). MOne~b ~eCTRHX coynapeHHi1 B ~e~OM ynOB~eTBopHTe~bHO OllM
CUBaeT HM~Y~bCHUH cneRTp npOTOHOB OT peaRI.4illi l H(d,p)X, HaMepeHH.I:i~ B 
pacore /5/ • 

(2). PaSYMHOe cor~aCHe c aRCnepHMeHTanbHHMM naHHHMH ynaeTC.ll 
nO~~HTb co CTPYRTYPHOH WYHRUHe~ nei1TpoHa * ,oT~~aIOmei1C.ll OT CTPYK
TypHax WYHRlU:'Ii1, BUBeneHH1iX. H3 HepeJlflTlrnHCTCRH.Y. BO~HOBwt: ll>YH1{~i1 

nei1TpoHa (TaRHx, RaR ll>YH1{~ AH.ll nOTe~a~a Pei1na c M.llrRHM ROpOM 9/ 
~ AH.ll napHEcKoro nOTeauaana /10/). KpOMe Toro, ORaaa~OCb, ~TO 
HMny~bcioe pacnpene~eHHe HYK~OHOB B nei1TpoHe, BUTeRaIOmee HS naHHHX 
paooTu 5/, cor~acyeTC.ll c pacn~ene~eHHeM, HaB~e~eHHUM Ha naHHax 00 
HH1{~SHBHOH peaRURR 2H(e , e' )X /1 /. aTO o~o pac~eHeHo RaR YKaaaane 
Ha TO, ~TO OOU~HO Hcno~bsyeMue rrOTeHlU:'Ia~bHUe MOne~ HYR~OH-HYR~OHHoro 

BSaKMOnei1cTBRff He naIOT npaBH~b~Oro KMny~bcHoro pacnpene~eHH.ll HYK~OHOB 

B neHTpOHe npH OO~blliRX KMny~bcax BHYTpeHHero gBRKeHR.ll. 
llo~~eHHHe peSY~bTaT~ HaBOA.flT Ha ~C~b, Bo-nepBax, norrUTaTbC.ll c 

nOMO~IO HaHneHHOH weHOMeHo~orR~eCROa CTPYKTYPHOH ~YHRURH OllHcaTb 
naHHue O npyrHx peaRuaRX c y~acTHeM nei1TpoHa, BO-BTOpax, Oo~ee 

neTanbHO Hcc~enOBaTb BOSMOEHHe npH~HH, rrpHBOnnmae R pacxO~neHRIO 

peaY~bTaTOB pac~eTOB, B~O~HeHHHX o HcnO~b80BaHHeM ~eHOMeHo~orH~eCROH 

* aTa CTPYRTYPHEij ~HRUWI IdMeeT TOT ae BHA, ~TO 11 WYHRItWI, ZO
nO~baOBaHHaa B paooTe 3 ~ OllMcaHH.ll HHRnIDSRBHOrO cneRTpa npoToHoB, 
HcnYl11eHH!lX non yr~oM 2,50 B peaxnaa I2C(d,P.áX npa Ha~a.n:bHol RHHe
TKqeCKOH aHeprHE nelTpoHoB 2,1 raB/HYKHOH 7 /, HO OT~~aeTCH OT Hee 
SHa~eHHRMH napaMeTpOBi B na.n::bHelmeM 6yneM HaSHBaTb ee ~eHOMeHo~orH

~ecKol CTPYKTYPHOI ~YHKUHeH,B ~T~e OT ~YHRUJ!I, no~eHHHX 113 Hepe
~THBZCTCKHX BO~OBHX ~YHR~I nelTpOHa. 

2 

H "Hepe~THBHCTCRHX" CTpYRTypHax WYHK~H. aTO paCXOlltneHHe, ROHe~HO, 

He 00.ll3aTe~bRO CBHneTe~bcTByeT rrpOTHB Hepe~.llTHBHCTCRHX rrOTeH~a~bHUX 

MOne~e~: HarrpHMep, MOEeT ORaSaTbC.ll, ~TO ~eHOMeHo~orH~eCRa.ll CTpYRTYP
naa ll>YHR~.ll a~eRTKBHO Y~HT1:ffiaeT BR~an npyrRX, OT~~Hax OT noxasaa
HOro aa pHC. I, MexaanaMOB peaxnza (cL,p) • 

B HaCTO.llmei1 paOOTe Ha~neHHa.ll paHee /1/ WeHoMeHo~orR~eCR8.ll 
CTpYKTypHa.ll ll>YHR~ ne~TpoHa Hcno~bsyeTC.ll ~.ll OllHCaHH.ll crreRTpOB 
npOTOHOB, BWIeTaIOlllIDC B peaR~ lH5d,P)X rron Hy'~eBHM yr~oM rrpH 
Ha~a~bHHX HMrrY~bcax neHTpoHoB 5,75/12 H 9,1 faB/c 713/ . KpoMe Toro, 
B YC~OBH.llX aRCrrepKMeHTa /5/ o~eHHBaeTC.ll BK~an B IdMnY~bcHHI crreRTp 
rrpoToHoB, OOyc~oB~eHHuH BOSoYlltneHlleM llMOHHax cTeneHei1 CBOOOnu B 
nponecce <lipaI'MeHTa~H nei1TpoHoB, a HMeHHO, 'lm~aWi OT nHarpaMM, 
rroR,aaHHux Ha pHC. 2. aTH MexaHHsMu yae paccMaTpHBa~cb B ~TepaTY
pe 14,15/, HO B cyuecraexxo APyrHx KmIeMaT~eCKme YC~OBH.llX: YRaaHBa
~OCb Ha sHa~HTe~bHYIO me pO~b B npo~ecce ~paI'MeHTaURH nei1TpoHoB rron O~ 
OTMeTIdM, ~TO B paccMaTpKBaeMYID HaMR RHHeMaTH~ecKYIO oo~acTb SaMeTHHi1 
BR~an MorYT naTb TO~bRO lUiarpaMMH c BOSOYllneHHeM naoaasx creneaéã 
CBOOOnu. KaR HeTpyUHo yoelUiTbC.ll, OCHOBHOI BR~an nHarpaMM c oOMeHoM 
THXe~ ~aCTH~aMH (H, B ~aCTHOCTH, URarpaMMU UBYKpaTHoro paCCe.llHRH) 
HaXOgHTC.ll B oo~acTH MeHbUll1X SHa~eHRH HMTIY~bCOB perHcTpnpyeMax 
rrpoToHoB. 

B B c 

x xR R 

oa 

PRc. 2.	 MexaImaMH peaxuaa l H(d. ,p)X c BOSOYEneHHeM llHOHHUX 
cTerreHel cBOOOaa. 

2. Ilpz BHtmCJIeHJm BR~anOB nHarpaMM, rrORasaHHUX aa pzc, 2, B 
peaznan l H(d, ,p)X OYtei npanepsasarsca OCHOBHHX npennoaoaeaaã, npa
H.llTUX B paooTax /14, 5. TaR, ~ lUiarpaMMH c rrepepacceHHHeM llHOHa 
(pHO. 2a) HYK~OHH nei1TpoHa C~TaIOTC.ll HaX0A.lllllRMMC.ll Ha MaccoBoH rroBepx
HOCTH R "aaMOpOllteHHUMM", a npOMellYTO~HHe llHOHU '- WRSn~eCKHMH. 

B c~ae naarpaMMU c rror~OmeHHeM npOMellYTO~Horo llHOHa HYK~OHOM
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crreRTaTopOM (pMC. 20) rrpenno~araeTcR, ~TO HMITY~bcHoe pacrrpene~eHHe 

HYR~OHOB neHTpoHa RB~eTCR ropa3no OHcTpee MeHRIDme~CR WYHR~eH, ~eM 

8MllHHTyna pO~neHHR ilHOHOB B HYR~OH-HYR~OHHHX coynapeRnRX. B aTRX 
rrpMO~~eRnRX MHBapnaHTHH8 nn~epeHnn~bHHe ce~eHRR anR rrpoueccoB, 
rrORasaHHHX Ha pMC. 2a, 20, naIDTCR COOTBeTCTBeHHO BHpa~eHMRMR c

'!rtI4X. XIt\Q.ll.. 

E.	 d.6 - ~ N JJí· d.G' cLG' ECo q., d., lf eix.
 
c riC - l.InR"m . d.~ d.Jl q,'t'~ q,/E -q./co~eh:' , (I)
 

o x"..." 

dS ~~ I I" ( oL~)' ~	 (2)
Ec 01.. ê =- s rn It p. J"Jt (q, }~,) E d,~ I . 

3nec:h E G!6 I d.€i - MHBapHaHTHoe UH~epeHUHa~:hHOe cexeaae poaneaaa 
naoaa B HYR~OH-HYR~OHHOM B3aHMOneHCTBHM, d.6' I íiQ - nH~epeHUHa~:hHOe 

cexeaxe yrrpyroro ilHOH-HYR~oHHoro paCCeRHHR, ~ - ROHCTaHTa ilHOH
HYR~oHHOro BSaHMOneHCTBHR (~t 14Jt. = 14,7), 9;~ - RBanpaT xerapex
HMrrY~:hca BMpTya~:hHOrO ilHOHa, ~ H ~ - TpeXMepHHH HMrrY~:hC H aHeprHR 
IIpOMelltYTO~HOrO lIHOHa, q.,' M E' - TpeXMepHHH HMrrY~:hC M aaepraa ROHe~
soro naoaa (pHC. 2a), ~N = 2m( EQ + m), m. M P: - MaCCH HYR~OHa M 
TIHOHa COOTBeTCTBeHHO, Eo - aHeprHR HYR~OHa-MHllieHH B CMCTeMe IIOROR 
neHTpOHa, I/R~- CpenHee 3Ha~eHHe OOpaTHOrO RBanpaTa panRyca neHTpO
aa, X::: 2 m~1/1N' q,l - npoexuaa HMrrY~:hCa rrpOMelltYTO~HOrO naoaa aa 
HarrpaB~eHHe rr~a, ~ - aSHMYTa~:hHHH yro~ B~eTa rrpOMelltYTO~HOrO 

llHOHa, a - yro~ Melltny perMcTpHpyeMHM rrpOTOHOM H ROHe~HHM ilHOHOM, ê 
H Ec - TpeXMepHH:ti HMrrY~:hC n aHeprHR perHcTpHpyeMoro rrpOTOHa. Ce~eHHe 

poaneaaa npoaeayroxnoro rraoaa B N - N B3aHMOne~CTBHH (t d.,GIri<>; ): 
MOUHWHUHpOBaHHoe c y~eToM H3MeHeHHR waSOBoro OO~eMa Hs-sa BHpTya~:h
HOCTM aToro ilHOHa, naeTCR BHpallteHHeM (5), 

I == J~(r) e):-p (ioLr') ar' ,	 (3) 

1> ( t' ) - BO~HOBaR WYHRI.J;HR neilTpoHa, eX.:: E ( E c. - m.. - E.. )1 q,.. Ilpa 
B~Hc~eHHH BR~ana nHarpaMMH pRC. 2a lIpOBO~OC:h CYMMHpOBaHHe BR~anOB 

OT ncex BOSMOEHWC KaH~OB peaxnaã N N -+ Jt NN H Jt N ... rt N , a erra
HOBHME a~eRTaMR lIpeHeoperanoc:h. B Ra~eCTBe nH~epeRUH~:hHHX ce~eHHil 

~d.6'/d..~ H <16' loln MCrrO~:hSOBMHC]) napaeerpasauaa COOTBeTCTBYIDIIlli!X 
aRCrrepHMeHTa~:hHHX Be~~HH, rrpMBeneHHHe B rrp~OllteHHH. TaM llte rrpKBeneHH 
BHpallteHHR ~ orrpene~eHHR rrpene~OB RHTerpHpOBaHHR B (I). 

HaHoo~ee cymecTBeHHHe Heorrpene~eHHocTH BOSHHKaIDT lIpH Buqac~eHEH 

BR~aA8 AHarpaMMH pRC. 26. OHM CBRsaHH c TeM, ~TO B KHTepecyromeil Hac 

4. 

RHHeMaTM~eCROH oo~aCTH rrpOMelltYTO~HHe rrHOHH RB~TCR CM~:hHO HeWMSM~ec

RHYH.HarrpHMep,~ ~aHHHX,OTHOC~XCR K yr~ HSMepeRRa 0,139 pa~,Be~H
qBHa ~~ ~ rrpoMe~To~oro rrRORa ~OCTRraeT 3Ha~eHHR - 0,4 (raB/c)2. 
Y~eT BHpTYaH:hHOCTH rrHOHa rrpOH3BO~TCR nyTeM BBe~eHHR WOPM
waRTopa sn (~~), weHoMeHo~or~ecRM o.rrn:cuaaIDmero RaR BHeMaCCOBOCT:h 
ilHOHa B ooeHX BepillHHax AHarp8MMH pHC. 20, TaR M óT~He TO~Horo 

rrporraraTopa ITHOHa OT rrporraraTopa B rrO~HOM rrpMO~MllteHHM. B pac~eTax 

MCIIO~:hSOBa~aC:h WYHRI.J;HR 

:TJ! ('ltr'") = 9r-2..1(I0,f-'J., - q,,~) , (4) 

ycrrelliHo IIpHMeHeHHaR B iHa~se Aa~epeHUHa~:hHHX ce~eHH~ 1161 M lIO~pH
saUHOHHHX a~eRToB 117 B peaRI.J;HRX oopaSOBaHHR ilHOHOB B HYR~OH
HYR~OHHHX BSaHMOne~cTBHRX. B Ra~ecTBe UH~epeHUHa~:hHOrO ce~eHHR POllt
neHHR ilHOHOB, BxoARmero B WOPMY~y (2), HCrrO~:hSOBa~OC:h orrpene~eHHHM 

oopasoM MOnR~HUHpoBaHHoe ce~eHHe oopaSOBaHHR pea~:hHHX ITHOHOB: 

oLG) I _ Li 6' cp (; ) 
(~----:::;; - E -. -.	 (5)

oLq, d..~ ~NN LOV) 

rne <Ptt~ (~) - wasoBIDl OO':heM MR a:BYX HYR~OHOB B ROHe~HOM COCTORHHH 
X npa sagaHHoM SHa~eHHH nepe naaaoro HMrrY~:hca ~ ,a <P (~) - wasoBH~ 
OO~eMaTHx Me HYK~OHOB rrpH YC~OBHH, ~TO ~~rrY~:hC ~ rrepeHOCHTCR rrMOHOM 
c Macco~, orrpene~eMO~ saROHOM coxpaHeHHR ~eTHpeXHMrry~:hCa B 'BeplliHHe 
rror~OmeHnR ITHOHa HYR~OHOM. B oo~aCTH, RHHeMaTH~eCRH HenOCTyrrHo~ anR 

pOlltneHMR WHSR~eCRHx ITHOHOB, HCrrO~:hSOBa~aC:h rrpouenypa aHa~THqeCROrO 

rrpOnO~lIeHIDI xaanpara 8MllHHTY1lhl M2. pOlKneHIDI peaasaax ITHOHOB B HeWH
SH~eCRYID OO~aCT:h. JTa aRCTpalIO~RUâR rrpOMSBOna~aC:h Ha OCHOBe rrapaMeT

~ J - PHS8UHH Be~~HHH M :: ( s ~E) I d..~ )1<pNN(q, ) RaR WYHR~ lIepeMeHHHX 
~ HI~ IB OOJlaCTH 0,9 < X:f <. 0,99 H· 0< I <-}'T 1<. 0,7 raB/c (CM. 
npaaoaeaae ) • 

ITOM1fMO Toro, ~TO HaCTORIllli~ aaaaaa rrpOBOJnL]ICR anR cyuiecrneaao 
HHUX RRHeMaTH~eCRHx YC~OBH~, ~eM pac~eTH, BHIIo~eHHHe B paooTe 115/ , 
APyrKMR OT~aIDmHMH HX MOMeHT8MH RB~TCR BHOOp BHna WOpM~RTopa 

1"3t(tt,p.) H MOnR~aIi;HR cexeaaa HHR~SHBHOro poaneaaa ilHOHOB, Y~HTH
BaIDmBR paCmHpeHHe ~SOBoro OO':heMa ABYx HYR~OHOB Hs-sa BMpTya~:hHOCTH 

naoaa, 
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3. IIp11 ouease BKJIanOB naarpaMM, rrpep,CTaBJIRIOIm:lX paSJliPIH.ble 
MexaHMSM.bl peaK~R, CJIeaYeT, Bo06me rOBopH. C~RTaTDCH c BOSMOEHOCTDD 
RHTe~epeH~' aMllJIMTYP" OTHOCHIm:lXCH K nRarpaMMaM c OUHHaKOB.blMH 
KOHe~H.blMH COCTOHHHHMH. TaK, HanpHMep, He06xo~0 ~TUBaTD HHTe~e

peHqaD aMllHHTYP, ~ UHarpaMM pRC. I 11 pRC. 26 HJIH!te aMllJIHTyn nJIH 
uaarpaMM pRC. 2a R pRC. I, Korna RS HREHe~ BepWHH.bl nOCJIellHe~ nna
rpaMM.bl nonOJIHMTeJIDHO RcnYCKaeTCH llROH. IIoCKOJIDKY, OnHaKO, B HaCTOHmee 
BpeMH OTCYTCTByeT KaKOI-JIH60 pasYMH~ cnoc06 onpeneJIeHMH OTHOCR
TeJIDHOa ~as.bl 3THX aMllJIHTyn, orpa~CH pacCMOTpeHMeM HaH60JIee 
npocroro cJIY~aH, xorza 3Ta ~asa pasaa Jt/2. 

Ha pRC. 3 pesYJIDTaT.bl pac~eToB llH~epeH~aJIDHOrO ce~eHHH peaK~ 

IH(d,p)X AnH Ha~aJIDHOrO HMllYJIDCa ne!TpoHoB 9 faB/c 11 yrJIa RcnycKaHHH 
rrpoToHoB 0.139 pan CpaBHHBaDTCH c aKCrrepHMeHTaJIDHHMK naHHHMH. 3gecD 
urpaxoaoã KpRBO! 2 noxasaa BKJIan parpaMMli pRC. I, BINRCJIeHH.bl! c 
~eHOMeHOJIOrR~ecKo! CTPYKTYPHO! ~YHK~e~ pa60T.bl /17 B rrpenrrOJIOaeHKH. 
~TO B HMEHe! BepillHHe aTO! naarpaMM.bl KMeeT MeCTO TOJIDKO yrrpyroe p-p 
pacceHHHe. KpRBO! 3 rrOKasaH BKJIa, HeynpyrRx rrpoueCCOB B HHaHel 
BepillHHe aTo! UHarpaMMli, Ha!neHHHI B 1/. KpRB.ble 4 R 5 npenCTaB~T 
BKJIalJ,H uaarpaMM pRC. 2a R pRC. 20 cooTBeTcTBeHHo. a KpHBOA I no
KasaHa CYMMa Bcex YKasaHHHX BKJIanOB. 

11s pRC. 3 BRnHO, ~TO BKJIalJ,H ltRarpaMM. ~RT.blBl.lJ)IUKX Bos6yaneHJ4e 
llHOHHHX cTeneHe! cB060~. B ueJIOM HeBeJIHKR R CpaBHRM.bl p BKHaAoM OT 
rrpoueccoB MesoHo06pasoBaHHH B HHEHe! BepmKHe naarpaMMli pRO. I. 
MaRCHMaJIDHOe SHa~eHHe BKJIaAa 37% nOCTRraeTCH rrpR 5.1 faB/c. H B096me, 
aTH BKJI8lJ,H rrpeBWllaJJT 30% TOJI:bKO B zarepaaae llMnyJIDCOB OT 4.8 no 
5,4 raB/c.TaRm4 oopasoJl,mmOJIHeHHHe pac~eTll nO,I(TBepx.D;8DT BHBO,I( o TOM, 
~TO HSMepeHJ46 HMTIYJIDOHHX cneKTpOB rrpO~OHOB. HcnycKaeMRX c 60JIDmKMH 
nonepe~HHMH EMrrYJIDC8MH BO BSaHMonelcTBHHX peJIHTHBRC~CKHX neATpoHOB c 
HAPara. JIBJIHeTCH a~eKTHBJ!bIM openOTBOM Rs~eHIDl CTPYKTYPHoI lPYHR~ 

nelTpOHa B 06JIaCTH MaJIRX MeaHYKJIOHHRX paccToHHHA. 

4. B pa60Te /1/ yae OTMe~anOCD. ~TO aKOnepHMeHTaJI:bHHe naHH.ble o 
cnearpe nporoaoa, acnycxaeasx nOA yrJIOM 0.139 pan B peaR~ IH(c1. .p)I 
npa 9 feE/c o ae y'p,aeTCH 0.rmC8T:b c nOMOlIU»1l OTPYRTYpHRX ~YHK~A. B.YlIe
n8HHioIX R3 HepeJIJlTB.BHOTOlOU BOJIH01Ua WHKUBI gelTpoHa. HacTOJlIl!HA 
aHaHK8 nOR88HBaeT. ~TO BHllOJ1HeHHH8 pao~8TH BKJIanOB lJ,HarpaMM o BOsOya
n8HH8M DHoHHHXcT8n8H81 CBOOO~ He M8HBmT aToro 8aK~eHHH. 

lia pHO. 4 npHBep,8HW p88YJI:bTaTIi B.blqHCJIeHHI npoToHHoro oneRTpa c 
IrICnOJ!Ã80B8HH8M "X8p8JUlTJ4BHOTORJIX" CTPYRTYPHHX WYHK~. K.PJIBwe 3. 4 H 
5 aa .PIc. 4 OOOT:B8TOTlIYJ)T. RaK H H8. pHO. 3. BRJI8ltSM W48rpaMM pHO. I o 
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PRC. 3.	 MMnYJIDCHIi! cneKTp rrpoToHoB, saperRcTpRpOBaHH.blX' rron yrJIOM 
0,139 pap, BO BSi~one!CTBRHX ne!TpoHoB c HMnYJIDCOM 9 raB/c c 
anp8Mli aonopona 5. lllTpmc.oBaH KpHBaH 2 - BRJIan !tHarpaMM.bl 
pRC. I, BjqRCJIeHHHI c ~eHOMeHOJIOrR~ecKQ! CTpYKTYPHO! ~YHKqHe! 

paõoru /1 B npennoaoaeaaa, ~TO' B HMEHe! BepWHHe aTo! naa
rpaMM.bl HM8eT MeCTO TOJIDKO yrrpyroe p-p pacceHHRe, RpHBeH 3
BKJIan Heyrrpyrax rrpoueccoB B HREHe! BepIDKH8 jJ,HarpaMM.bl pRC. I, 
RpHB.ble 4 R 5 - BKJIajJ,.b[ URarp8MM pRC. 2a R pRC. 26 COOTBeT
cTBeHHo, KpHBaH I - cy.MMa Bcex YRasaHHHX BKJIanOB. 

HeynpyrRMH npOueCCaMM B HHEHe! BepmHHe, pRC. 2a R pRC. 26. lllTPRXOBO~ 

KpKBO! 2 rrORasaH BKJIan naarpaMM.bl pRC. I c ynpyrHM pacceHHHeM B HREHe! 
B6pillHHe, BHj!8,eHH.blA co CTPYKTypHO! ~YHKqHe!. oTBe~aDme! rrapREcKoMY 
rroTe~any ,a KpHBO! I rrORasaHa cy.MMa Bcex rrepe~RCJIeHH.blX 
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BK~anOB. KpRBaR 6 npenCTaB~eT aHa~OrR~HYID cYMMY B c~ae B~c~eHKa 

co CTPYKTYPHOH !IJYHKj1ea, nOJIY"tleHHoi1: R3 BOJIHOBOi1: !IJYHKqHR ne:t.lTpoHa [1,J1H. 

nOTeHqHaJIa PeRna 19 . 
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PRC. 4.	 To ae , "tlTO R aa pRC. 3. llITPRXOBaR KpRBaR 2 - BK~an nmarpaM
MH pIW. 1 c ynpyrHM pacceaaaea B Hl:IllHel BeplIIRHe, BJ:l1mcJIeHH1lÚi 
co CTPYKTYPHO:t.l iPYHKqHeA [1,J1H. napzacxorc nOTeHqHaJIa, xpasaa 3 
BKJIan HeynpyrRX npoueccoB B Hl:IEHe:t.l ~epWIDle ln'IarpaMMH PHQ. 1, 
KpnHe 4 H 5 - BKJIanH WiarpaMM pRC. 2a R pKC. 20, KpHBSH 1
cYMMa scex YKa3aHHHX BKJIanOB, KpRBaR 6 - cy-MMa 9TKX se BKJIa
nOB B c~ae BJ:lqRC~eHI:I:A co CTPYKTypHOA iPYHKqHe:t.l ~ rrOTeHqHa
JIa Pe:t.lnao 

6 

M3 pRC. 4 BRUHO, "tlTO HH OUHH R3 BapRaHTOB paC"tleTOB c Hepe~TR
BRCTCKKMH BOJIHOBUMH WYHKqHHMH He BocnpOH3BonRT BHCOKOHMrrYJInCHYID 
"tlaCTn npOTOHHoro cneKTpa, rne ooa BapHaHTa pa3JIM"tlaIDTCR TaKite Me~nY 

COOOR. OTCIDAa CJIenYeT, "tlTO nonHTKR cKoppeKTRpoBaTn pe3YJInTaTH, nOJIY
"tlaeMHe c HepeJIRTHBRCTCKHMH BOJIHOBHMH WYHKqHHMH, nyTeM goOaBJIeHRR11 BK~ana "6q,-KoMnoHeHTH" gO~l1tHH npnOnRTn K CRJInHOR 3aBRCHMOCTR BeJIM
"tlRHH aToro BKJIaAa OT KOHKpeTHoro BRna RCnOJIn3yeMoR BOJIHOBOM WYHKUHR.J; 

50 B HMriYJInCHHi1: cnexrp nporoaon, RcnYCKaeMWC B nponecce Wpar-· 
MeHTaURR neaTpOHOB Ha Rgpax BOnOpOna nog 00, onpeneJIRIDmaR BK~ag gaIDT 
npOTOHH-cneKTaTopH (Ha AnarpaMMe pRC. 1 OHH 0003Ha"tleHH KaK ~aCTR~ 

J ). vlIrnapRaHTHoe lU'illJiPepeH$laJInHOe ceseaae RcnycKiHIDi npOTOHOB-cneK
TaTopOB non HYJIeBHM yrJIOM MOl1tHO 3aITRCaTn B BRne 14 

olb n.p,)	 - a. (6)r -40

~o---:;'= NG't (~ X\Tr/B(X,j->T:O) Ter-) f(t). 
d,~ 

SneCn N - HOPMHpOBO"tlHHa MHOlltRTe~n, X=:( 1>0 + ~3 )/(B Q + B 3 ) , 

6';ru/) - n~JIHoe cexeaae n, - p B3mIMOne:t.1:cTBM, ~' = .( Bo - )->0 + m.) 2" 

(B 3 - ~3) - KBaJ:U)aT noaaoã 8Hepro B CHCTeMe ueHTpa Macc B3aRMO
nelCTBYIDmwc xacrar; B HHEHeit aepuraae nRarpaMMH pRO. 1, G-1'/.B ( 'X, , FT) 
CTpYKTypHaR iPYHK~ geaTpOHa ~ HYKJIOHa ~, HaXo~erOCR Ha MaccOBOa 

lo 1. 1. nosepxaocra, .t:ll ( Bo- f->o) - (B3 - f-'3) - KBanpaT HHliapHaHTHo:t.l 
MaCCH HYKJIOHa t, .HaxOMmerOCH BHe MaccoBoI nOBepXHocTR, cIJYHKUHR 
f (t2.) aozaaa MOAH~pOBaTn cexeaae 6 fP (~') c y-qeTOM BHpTyaJIll
HOCTH He:t.lTpoHa, a cIJYHKqH.R: 

T(~) =:V~'(!.'-LJm,2.)'/[1tt\,({-x)B'31 (7) 

rrporrOp~OHaJIllHaH OTHomeHHD KHBapHaHTHHX rrOTOROB CTaJIRHBa~~CR qac
THU, oOecne~aeT oopa~eIDIe B HYJlb RHBapRàHTHoro URcIJcIJepeHURaJIDHOrO 
cexeaaa (6) peannaa l H(ci. ,p(O°»X aa RKHeMaTR"tleCKOI rpaaaue , 

CJIenYeT oTMeTRTn, xrc BeJIH'tUllia .x MOllteT OHTll onpeneneaa raxae 
cOOTHomeHHeM ;x. = ( ~ o - ~,3 )1(Bo - B3 ), xro COOTBeTCTBOBaJIO OH 
rrpOTHBOnOJIOKHOMY HanpaBJIeHHD UBREeHHH CRCTeMH OeCKOHellHOrO HMllYJInca. 
BOSMOKHOe WR3KqeCKOe HCTOJlKOBaHI:Ie aTol HeOgH03HallHOCTK OOCYKnaJIOCn B 
paooTe 1187. 

I Paoxera no cIJo.PMYJI8 (6) rrpoBOURJIHCn B npennOJIOlKeHIDiX, llTO: 
(a) ce-qeHRH B3aRMOneAcTBRJI peaJIllHHX K BHPTYaJlbHHX HeaTpOHOB c npoTo

I HaMH OftIDiaROBH ('I'. e. f (t,1) 1); (cS) CTpYKTypHaR !IJYHKUHH (;.'/13 (i ,~1')11II 
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OOBna14aeT o WyHKI.U1eit f;.g/B ( '3 ' ê'T) WIH BHeMaOOOBOrÓ HYKJIOHa t; 
B paO~eTaX HOnOJInSOBaJIaOn WYHR~, HaR14eHHaH HS 8HanHS8 14aHHHX o P,eiR
1J,illi IH(d, ,p)X npa 9 faBio H yrJIe acnycsaaaa nporoaon 0,139 pan II • 

n.p I	 •B l\a~eOTBe bt (~) HOnOJInSOBaJIaOn napaMeTpHS~R aHepreT~eOl\oR 

SaBHOHMOOTH npHBe14eHHHX B 1191 al\OnepHMeHTaJInHHX 14aHHHX o noJIHHX oe

~eHHRX n.. - P pBOOeRHHR. r 
PesYJInT8TU B~HOJIeHHR HMnYJInOHHX Onel\TpOB npoToHoB BMeOTe o al\o (t .nepRjeHTBJInHHMH 148HHUMH nBi HB~aJInHUX HMUYJIn08X ne~TpoHoB 5,75 112/ , 

II9,1 131 H 17,8 faBio 12 nOI\BSaHU I\pHBHMH I, 2 H 3 H8 pIfO. 5. (Ra 
l'i 

aTOM pHOYHRe WIR OOBMemeHHR MBI\OHMYMOB Onel\TpOB npH 5,75 H 9,1 faBio 
14aHHUe npH :5,75 faBio YMHoEeHu Ha 1\0a~~eHT 1,6.) TeM Ee WTpHXOBO~ .~ ; 
I\pHBoI 4 nrra OpaBHeHHR nOl\aSaH Onel\Tp npoToHoB rrpH 9,1 raB/o, 
B~OJIeHHU~ o "liepeJIRTHBHOTOI\OR" OTPYI\TYPHOI WYIm:uael, nOJJ.YlleHHOR HS 
BOJIHOBO~.WYHI\I.U1H 14elTpOHa WIH IlapHEOI\OrO nOTeHI.U1aJI8. KpHBue 5 H 6 00
OTBeTOTBYDT BI\JI8naM j:tM8rpaMM pHO. 28 H pHO. 2ó npH 9,1 faBio•. I 

lls pHO. 5 BHj:tHO, ~TO HMeeT MeOTO 1\8~eOTBeHHoe OOrJIaOHe Me~~ 'i 
al\OnepKMeHT8JInHHMH n8HHUMa H peSYJInT8TaMH p8C~eTOB o weHOMeHOJIOrH~eO
I\oa OTPY:KTYPHO~ <PYH:KUHea. Pa3.7m~HR B noaeneaaa I\pHBHX I, 2 H 3 B 
BUOOI\OHMIIYJInOHO~ ~80TK oneKTp8 OÓYOJIOBJIeHU HMeHHO ~eTOM aHepreTHqeO
1\01 _ SaBHOllIMOOTH nOJIHOrO cexeaaa /1, - P p800e.mIIDI H BJIIDnmeM WYHRI.U1R 
3= (f-' ). BHj:tHO TaRlte, ~TO .p80~eTHUe I\pHBUe npOXOURT HeOI\OJInl\O lrnEe 
al\OnepHMeHTaJInHUX SH8~eHRI B OÓJI80TH M8ROKMYM8 OIlel\Tp8 H Bume HX B 
OÓJI80TH HMIIYJIpOOB 0,15 - 0,3 faBio B OHOTeMe rrOI\OR ne~TpOH8. 3TH 
p80XOltnemm MorYT ÓUTn OÓYOJIOBJIeHH l\aR YK838HHHMR BHWe IlpHÓ~lteHKRMK, 

0}4eJI8HHbIMH npa BJ:lqHOJIeH:WiX no Wa.PMYJIe (6), T81\ H, B03MOKHO, He}400Ta
TO~HO TOqHoI X -SaBHOHMOOTnID HOrrOJInSyeMoI OTPY:KTypHOI WYHK:uRR. 

PeSYJI~T8TH p80~eTOB npOTOHHoro OIleI\Tp8, BUIlOJIHe,HHX o Il8PHItOKO~ 
BOJIHOBOI WYImI.U1el, 1\81\ aTO yate OTMe~aJIOOn B P8ÓOTax 13,21/, He}400T8
TO~HO xopomo BoonpoHsBoURT al\OIlepKMeH~aJInHHe n8HHHe. npH 9,1 faBio B 
OÓJI80TH RMTIYJInOOB 0,2 - 0,45 faBio B OHOTeMe IlOI\OR nelTpoH8, rrp~eM 

al\OrrepKMeHTaJInHHe naHHHe JIeEaT B aTOM 0JIY~8e Bume p80~eTHoI I\pHBO~. 

ll3 PHOYHR8 BHj:tHO, ~TO IIYTeM ~eT8 BM8nOB ):(H8rpaMM o IlpOMe1tYTO~HliM 

ITHOHOM HeJInSa rrOJIHOOTnID YOTp8lrnTn aTO p80XOltneHKe, TaR 1\81\ 'BRJI8n 
aK8rpaMMH o nOrJIOmeHHeM llHOH8, rrpeBHmaD~1 BI\JI8n UM8rpaMMH o rrepep80
oeHHHeM ITHOH8, 01\8SHB8eTOR oymeoTBeHHHM ~mD B nOBOJInHO Y31\01 OÓJI80TH 
HMIIYJInOOB 0.,1 - 0,3 faBio B OHOTeMe nOl\o, neITp'oH8. OTMeTlIM., ~TO aTH 
pesYJInT8TH He rrOnTBeplt~T BUBOnOB P8ÓOT 14,151 o TOM, ~TO p80XOltne
HHe Meltl1Y al\OrrepHMeHTaJInHl:lMH W1HHJ&l1I o peaxnaa 1H(d, ,p(OO»X npa 
9,1 faBio H peSYJInT8TaMH p80~eTOB o HepenRTKBKOTOI\KMH BOJIHOBUMI! 
<PYHKI.J;WIMH MOItHO I4eJmROM YOTp8HHTn S8 O~eT MexaHRSMOB o IlpoMeayTo~ 

IlHOHOM. CJIenyeT TaRae HMeTn B BH~, ~TO H3-S8 OpaBImMOOTH BI\JI8nOB 
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·PHO. 5.	 &mYJInOHHe orrel\TPi rwOTOHOB iOIIYmeHHHX non 00 B pe8KI~ 
~H(d,p)X rrpH 5,75 12/, 9,1 113 H 17,8 faBio 120/, B OHOTeMe 

rrOl\oa neaTpOH8. KpHEHe I, 2 R 3 - pe3YJInT8TH p8o~eToB no 
~PMY~e (6) AHH H8~aJInHHX HMIIYJI~OOB nelTpoHoB 5,75, 9,1 , 
17,8 faBio, oooTBeTo~BeHHo, co OTPYKTypHOa ~YHK~el P8óoTH/ 1 • 
KpJlIBliJI 4 - páO'tleT rrpm 9,1 fa}3/o o " HepeJIRTli'IBKOTOl\ol" 

~TPYKTYPHOA WYHR:uael, rro~eHHoA RS BOJIHOBOA WYHKUKR neATpoH8 
~ rrapKKOI\OrO rrOTe~ana. KpHBHe 5 H 6 - BI\JI8nH j:tH8rpaMM 
pHO. 2a H pHO. 2ó npR 9,1 faBio. 

Wilar,paMM pRO. I H 'pRO. 2ó B OÓJI80Tn nporoaaoro cnexrpa BÓJIKal! 
0,2 f8~/o HHTe~epe~oHHHe a~el\TH MorYT l!rpaT~ SaeOL B8KHYD pOJIL, 
11 das JU ~eT8 T.pYltHO OAeJI8Tã orrpana~eHHhIe 8aJ(JW'tleKIIJI o 1\8'tlaOTBe ona
OBRaR 8KorrepaueHT8JInHHX AaHHHX rrpH 9,1 faBio ~ yrJI8 H8ÓJIDneHlIH 0 0• 

3 

1 

9. I faBio 

i· 5 . 75 raB/o 

1 -

+ - 17 • 8 rSB/o 

l.H(d,p(OO)JX 

6 

-1 
10 

0.4 0.6 
s. rsB/o 
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6. B HacToRme~ pa60Te pac~eTH RMrrY~bcHax crreKTpoB rrpoToHoB, 
RcrrycKaeMax B peaKUKR IH(cL,p)X rrpR 9 raB/c KaK B 06~acTR 60~blliHX 
(8 = 0,139 pan) , TaK R Hy~eBax rrÓrrepe~Hax RMrrY~bCOB rrpOTOHOB (O = 00), 
BHllO~HeHH ~R peaK~.pa3HHX MeXaHRSMOB rrpOTeKaHRH 

CRTya~R OKaSHBaeTCR 60~ee rrpocTol ~ 60~blliRX rrOrrepe~Hax RM
rrY~bCOB BTOpR~HHX rrpOTOHOB. B aTOM c~ae BK~an naarpaMM C Bos6ymne
HMeM llROHHax CTerreHe~ CB060~ (pRC. 2) OKaSHBaeTCR SHa~RTe~bHO MeHb
umM, ~eM sxaan OCHOBHOR nnarpaMMH MOne.lIR lKeCTKRX coynapeHRR (pRC. I). 
IToaToMY naHHHe o BHCOKOnMrrY~bCHHX ~aCTHX crreKTpoB rrpoToHoB, RcrrycKaé
MHX C 60~blliliMH rrorrepe~HHMn RMrrY~bCaMn BO BsaRMOneHcTBRHX pe~TnBRCT
CKHX neRTpoHoB C RnpaMR, yn06Ho RcrrO~bSOBaTb ~ Rsy~eHRR CTpYKTypH 
ne~TpoHa. 

B c~ae Hy~eBax rrorrepe~Hax KMny~bCOB BTOpR~HHX rrpoToHoB cRTya
~R CK~aAHBaeTCR He CTO~b Onn03Ha~HO. Snecb RcrrO~bSOBaHRe weHoMeHo~o

rR~ecKoR CTPYKTYPHOR WYHK~R neRTpoHa rrOSBo~eT Ka~ecTBeHHo, C TO~
HOCTbID no HeKoTopax neTa~eR, BocrrpoRsBecTR aKCrrepnMeHTa~bHHe crreKTpH 
rrpoToHoB-crreKTaTopoB "rrpR 5,75 R 9,1 raB/c. OnnaKo rrpR 9,1 raB/c 
BK~an MexaHRsMa C rror~omeHHeM HYK~OHOM-CrreKTaTopOM BRpTya~bHoro llROHa 
(nnarpaMMa pRO. 26), nOM11lllipYIDJUH~ no cpaBHeHHID C BK~anOM MexaHHsa C 
rrepepaCCeHHReM llROHa (~arpaMMa.pRc. 2a), B YSKol KRHeMaT~ecKOn 06
~aCTR ( <1.t ~ 0,2 raB/c, .tl.. í} -:: 0,08 raB/c B CRCTeMe rrOKOR nelTpoHa) 
CTaHOBRTCR CpaBHRMHM c BK~anOM OCHOBHoro MexaHRsMa (nRarpaMMa pRC. I), 
R BOSHnKaeT Borrpoc o He06xoURMoCTR ~eTa KHTepwepe~ aM~TYn, 

OTBe~aIDmax YKasaHHHM nnarpaMMaM. He rrpOBenH COOTBeTCTBYDmKX pac~eTOB, 

TPYAHO Cne~aTb orrpene~eHHHe SaK~~eHnH o cor~aCHH Me~AY TeopRe~ R 
aKcrrepRMeHTOM BO BceM nMllY~bCHOMRcc~enOBaHHOM KHTepB~e. 

TaKRM 06pa30M, rro~~elllie HOBax aKcrrepRMeHTa~bHHX naHHHX o cheKT
pax rrpOTOHOB, zcnycxaeaax B peasrtaax A(d. ,p)X non HeCKOJlbKnMR yr~aMR 
Ha6JIIOnelmH, B YC~OBRHX, xor-na BK~a1Ul MexaHRsMoB O Bos6Y1ltneHHeM rraos
HHX CTerreHe~ OB060nH HeBe~~R, 6~0 6H KpalHe rro~eSHO aITR RSBie~eHRR 

RHWOPMa~RO CTPYKTYPHOR WYHK~ neRTpOHa. 

ABTOp.bl C~RTaIOT CBORM rrpMTlWM nO~rOM BHpa3RTb 6~arOnapHOCTb 

rrpoweccoPY M.r.MemepHKOBY sa rrOnnepEKY pa60Ta R ~eHHHe COBeTH, a 
TaK1lte r.~.~HKaCOBY sa 06cY1ltneHne pesY~bTaToB. 

12 

I1PI1JIOJlfEIillE 

PaOOMOTpeHRe KRHeMaTRKR rrpoBo~~OCh B CRCTeMe rrOKOR neRTpoHa. 
SaKoHH coxpaHeHHR aHeprHH R RMrrY~bca E 06eRx BeplliRHaX nnarpaMMH pRO. 
za rrpRBOnRT K c~enyIDmMM ypaBHellliHM: 

I 

~1, m1. + 2, ~ m '}., 1: + ( 0..2.,_ 1.) <}2.:l :: qr';. + r 2, 1 (8 ) 

~ ! 
m,'- - ~m.( ~c - m,) - ~IÔ - m,E, + ~T· PT := o 1 (9) 

i
rne ~ = I - M x/ ~ N ,M'J- RHBapRaHTHaR Macca aeperacrpapyeeax ~aOTRU, 

a...= 2Pom/ 1N , Po - HMIlY~bC rrpOTOHa-MRmeHM B CRCTêMe rrOKOR AeliTpOHa, 
9fT - rrorrepe~HaR KOMrrOHeHTa RMllY~bca rrpOMelKYTO~Horo llMOHa, 
Ô:: (Ec-m,)a... -P'l' p~ R P1' - npononsaaa R nonepexaaa KOMIlOHeHTH 
RMITY~hoa peracrpapvexoro nporoaa, p. - xacce naoaa, llCKJIIO~RB q.l; R3 (8) 

R (9), IlO~yqRM ypaBHelllie 

(i_o..1.)[U_~l.) p~ (AP.)~1f + b.:L] 4,1.T 

(Ia) 
- ~ (1 - o:1.) t q,T PT ~ If + .t:L - (~m A ) t == o 

rne
 

g = (1-a..2.)(H-'t)m,.(E c - ""' ) + Q..'t»'t-A ;
 

trtM ~ 
R3 xopneã yp8.BHeRRR (10) q,T H '\-'1' ,HaRneHHHX npa MaKORMa~bHOM 

saaxeaaa Be.1llNJdHH ~ tM.l( ""' I - 4 m..t / -$ N , M01ltHO onpe neJlliTb npene~H 

HHTerpRpOBaHM X~1l. R Xm<t.x. 

BapXHHI rrpene~ HHTerpRpOBaHRH rro aSnMYTa~bHOMY yr~y 

IJ ltWlJL :: ~ CO!! [ B...; J - Ov"'I(~ 1~ P'1 )] , (11) 

rne 

B = ~ ~~ (Ec - m + pi) + 1 ( Ec. - rn.) - ';1 rtW.X .0./ ( t - o}') , 

HaXOAHTCR ZS YC~OBKR: coanaaeaas npenezoa aarerpaponaaaa rro x, PeUIeRRe 
CHCTeMa ypanHemr:t! (8), (9) OTHOCHTe~bHO ~ npa 
rpoMosAKO, rr08TOMY BCR 06~acTb HHTerpRpoBaHKH 
~e ~aCTR, ~ KOTOp.blX rrpH6XKE8HHO crrpaBe~.bl 

<ti: ::: (9t\ - ~z.m,a. + r~)/(im~) 

sa p,B.HHOM J( C~UIKOM 

rro x 6~a pas6HTa Ha 
c~enyIDma8 COOTHomeHHH: 

1 (12) 

C}1: :: ~m./u-~) - (tt:T -t- y-l. )/(1tn~) . (13) 
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M3 (12) H (13) nnH Ra~nOH H3 nonOo~acTen no~~a~TCH c~egyIDmRe ypaBHe
HHH g~H	 onpege~eHMR ~: 

~ 1. (oi. 2. _	 L.) b,.1 p~ CA>~~ ~) - l ~ [ (1 p; W12, f - 0<.) ~ 

-YA(Ec.-m)p~~.tCfJ + f'~ =. 0,	 (14) 

~ :: [x 5N / (1 m2.)] / t1/(i _Q.) - [ 11 p~ CQ"\2.cf + ~~y(!'. ,q \ 

- PT~~Jt,/(1~;l.)}	 (15)t 

rue 

r:J.. =(EC-m+pl)~+'A2., 

~ :: X ~ N c:1./ m. + 1 (Ec.- m.) • 

llepenneM Tenepb R Borrpocy rrapaMeTpH3aUHH na~epe~aHbHHX ce~e

HHn oLb / d.,n H t d.b/ci~' BXO WIUlliX B B.blpa~eHIDi (I) H (5). B c~~ae 
perHCTpamPi npoToHoB non 00 OCHOBHOn BR~an B nH~epe~a~bHoe ce~eIme 
peaR~ lH(~ ,p)X OOyc~oB~eH rrpOMeEYTO~H.blMH nHOHaMH c RMllY~bCaMH, 
cooTBeTCTB~mRMH oopa30BaHHD pe30HaHcHoro COCTO~ N*(3/2,3/2) B 
yrrpyroM rmOH-HYK~OHHOM pacceaaaa, B aTOM c~y~ae BAac~eTax 1J,1IR aenz
~HH.bl ~~/dJl HcrrO~b30BaHaCb rrpeAnOEeHHaH B paOoTe 4/ napaMeTpH3aUHH 
aRCrrepHMeHTanbH.blX naHHHX o Jr- N pacceRHRK B Oa~aCTR HMrrY~bCOB 

rrROHOB OT °~o 0,7 faB/c.B c~yqae yr~a perucTp8UKH rrpoToHoB 0,139 pa~ 

BamHS TO~KO rrpoMeXYTOqHHe rrHOHH c KMrry~CaNH,O~mHMa,~eM 0,7 faB/c. 
3~ecb .IVIH rr0JIY"ieHHJ:t Bempmmr elE> / ois}' 6wm HcnO~b30BaHH 

pe3Y~bTaThl ~30Boro aaaàaaa 118HH.blX o rt - N QacceJIHID! B ooaacra 
HMllY~bCOB 0,7 - 1,7 faB/c /22/. llO~~eHH.ble B /227 Roa~KUHeHThl C~ 
paaaoseaaa na~epe~aHnHOrO ceseaaa etb/ otn no rrOmmOMaM JIeaaHnpa 
allllpORCKMHpOB~Cb B.blpa!teHHRMM 

~ ~ 

Cn. =E (A. + B.T) + E Ki,exp {-(T - Tt)2/(2C?)} , (16)
1.'= i l. 1. i= i 1. 

rne A t , B~ , Kt , Ti., C i. - napaaerpu, onpeueaaeaae B npoIJ;ecce 
annpoxcaaauaa, a T - RWieTH~eCRaH aaeprza naoaa, .IVm I'moHOB c 
mvmY~bCa.MH, OO~lIllIMH, -qeM 1,7 faB/c, nallXPepeHUK}iJIbH.ble cexeaaa Jr - N 
pacceHHKa B BHnerrapaMeTpH30B~Cb 

d..6(Jt+P)/cLn.::a.ç;(Jt-P)/clJ2= (0,2 + 4,64'IO-3exp(7,67C059» Ma/Cp, 

<i~(JCp 4> Jt°n)/d.O. = (0,01 + 4,3 'IO-3exp(3,84 c.o5B» MO/Cp. (17) 
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OTMeTHM, ~TO BR~an llHOHOB c RMnY~bCaMM oo~ee 1,7 fsB/c B pe3Y~bTH
pYIDmee ce~eHHe HeBe~R. 

MHBapHaHTHo~ ce~eHHe HHR~3HBHOro pOEneHHH llHOHOB B rrpOToH-Hy:K
~OHHHX coynapeHRHX B~C~OCb H3 COOTHomeHHH 

!\ EQ,6'/ d,~ =df. e a.6' (pp~Jt+ X)/ d,q: (18) 

rue E d,,, (p P.... "'+X)/ <:Lq, - npaseneaaaa B pacore /23/ napaaerpaaauaa 
HHR~3HBHOro oe-qeHHR pOxneHIDi llHOHOB B p-p cOYA8peImHX, a ~ - RO
a~eHTll, no~eHHlle Ha OCHOBe MOne~ OroHOllHOHHoro oOMeHa B npenrro
aoaeaza, tITO B n -N paccerraaa nOMHHHpYIDT aMIIJIRTYAhI c k130CllHHOM 3/2: 

peaI{UIDI ~ 

P,P -+ n"p ri. 1/8 
pn, -+ ]ti' n.n, 1/16 
pn -+ nOpn... 1/2 
pn.- ]CpP 1/16 

~ aKoTpano~ KBa~aTa aMTIARTYUll pOEneHRH ITMOHOB B H8WH3H
~ecRYID oó~aoTL HonO~30B~Cb BllpaEeHRH 

( ~aO ' 98 ) eX'p {-IO (X3=-I )} eXP {- ( 6 ' 3 - 5~)q,1} npz X~>i,

{ 
M2 

M2 ::& (19) 
M2(i -O, 98)exp{- (6,3 - 5xf )( 'ltT -~T~)} npa XJ:~ 1, 

1Irrne ~ a	 q,'tt / q. 1MM. - OTHOWeIme HMIIY~bca naoaa ;K MaRCRMa~bHO B03MO~HOMY 
}	 ero KMny~~oy B OHOTeMe IJ;eHTpa Macc BSaHMOne~cTBYIDmax HYR~OHOB, a 

ct.T~ BJ:NRoJUt8Toa npa !::& 0,00.

I 
. BeJmlI1'I1Ul opanHero ocparaoro RBaAPaTa panayca ne~TpoHa rrpIDmMa

aacs 'p8l3HOa O,D61 Ma-I , RaR aTO naDT Bwmc~eHRR: c BOJIHOBO~ !IJYHRIJ;E:e~ 
XnrrbTeH8 O n8paM8TpaMR oL = 45~8 MaB Ia: ~ = 237,2 MaB. C~enyeT 

OTM8TRTb, ~TO BHtIRO~eHHR C pasHHMH BOJIHOB.blMH ~YHRIJ;KHMH rrpHBogHT, 
Bo06me rOBopn, K pasHHM 3Ha-qeHHRM oópaTHoro RBa~aTa panRYc~ ne~TpoHa 

(Hanpmdep, MJI BOJIHOBo:tl ~YHRqIDi, oTBe~aJOmeit rrOTem~ XaMalUl
IAEOHOTOH8, IIoJIYll8aTM aaaxeaae 1/R"'::& 0,0273 Mó- 24) • aTO, RO

RellRO, nono.mmT8JIbHO CHHliB.eT HanellHocTb OIJ;eHRli BR~ana MexaHH3Ma c 
nepepaOOemDa8M npOMeIYTO'tlHOrO ITHOHa (p1'Ic. 2a). 

l~ 

001 
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A*rHpeH n.c. H AP. P2-87-417 
K aonpocy 06 onHcaHHH peaK14HH IH(d.p)X 
npH	 penRTHBHcTCKHX 3HeprHRx AeHTpoHoB 

\ 

AnR pasnH4HWX MeXaHH3MOB npOTeKaHHR peaK14HH IH(d.p)X npH 9 r3B/c B~non-
HeHW paC4eTW HMnynbcHwx cneKTpOB npOTOHOB, HcnycKae~x KaK c 60nbwHMH, TaK 
H c HyneBWMH nonepe4HYMH HMnynbCaMH /yrn~ perHcTP~HH' npOTOHOB 0,139 H O paA 
cooTBeTcToeHHo/. nOKasaHo, 4TO B cnY4ae 60nbwHx nonepe4HWX HMnynbcoo BTOPH4
H~X npOTOHOB AHarpaM~ c B036Y*AeHHeM nHOHH~X CTeneHeH cBo60~ Aa~T B ~enOM 

HeSHa4HTenbHwe nonpaBKH K pesynbTaTaM, nanY4eHH~M B MOAenH *eCTKHX COYAape
HHH; HanpOTHB, AnR yrna perHCTpa14HH 00 B o6naCTH HMnynbcoB BTOpH4H~X npOTO
HOB 0,1+0,3 r3B/c /0 CHCTeMe nOKOR AeHTpoHa/ BKnaA~ npo~ec~a npRMOH ~parMeH
Ta~HH H MoxaHHaMOB c 00s6Y*AeHHeM nHOHH~X. CTeneHeH CBo60A~ cpaBHHM~ no BenH
.4HHe,H npH pOCCMOTpeHHH Bonpoca 06 aAeKBaTHOCTH TeOpeTHQeCKOrO onHcaHHR 
cneAyéT C4HTOTbCA c B03MO*HOCTbO HHTep~epeH14HH aMnnHTYA pa3nH4H~X MexaHH3
MOB paCCMQTPHDOeMOH peaK14HH. 

Pa60TO D~nonHeHa B n~60paTopHH B~4HcnHTenbHo~ TeXHHKH H aBToMaTH3a14HH 
OH~H. 

npanpHJIT 06"~HHeHHOrOHHCTHTyr& RJlepublx IiccneAoBSHHH. .uy6U8 1987 

nepeeOA IlDTOpOB 

Azh~irey	 L.S. et ai. P2-87~417 
On	 the Descrlptlon of the 1H(d,p)X ReactTon 
at	 Relatlvlstlc Energles of Deuterons 

Calculatlons of the momentum spactra of protons, emltted both wlth lar
ge and zero transversal momenta In the 1H{d,p)X reactlon (the detectlon 
angles of protons are 0.139 and O rad, respectlvely), have been performed 
for dlfferent reactlon mechanlsms. In the cas~ of the large'transversal 
momento the graphs wlth the excltatlon of the plon degrees of freedom on 
the whole yleld only m~nor correctlons to the results obtalned In the hard 
scatterlng modelo On the contrary, for zero angles of the secondary proton 
emlsslon the dlrect deuteron fragmentatlon and the mechanlsm wlth the excl
tatlon of the plon degrees of freedom turns out to glve approxlmately the 
same contrlbutlons in' the momentum Interval of secondary protons 0.1~ 

-0.3 GeV/c (In the rest frame of the deuteron), and the posslbll Ity of the 
Interference of the ampl1tudes for dlfferent reactlon mechanlsms should be 
taken Into account. 

The Investlgatlon has been performed at the Laboratory of Computlng 
Techn Iques ando Automat lon, J INR. 
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