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8 ony6nui<o8aHHOH pauee pa6oTc /J / 6bJJJo noKa 'HliiO, 4To ,l.lBoiiuoc 

paCCCJIHHC 'laCTHU HrpaeT CYIUCCTBCIIII)'IO poJJb U $opMHpOBUHHH CC4c-

HHH da/dT1 tlfl 1 dD. 2 peaKUHH ptf·I'P" npu f 0 =660M'lB 

- I 1· 1· I 8 YCJJ08HJIX CHMMCTPH4HOH KHIICMaTHKH . ()pi ~ flp! . pl -· pl , . 

HacTOJIIUCC coo6menuc JI8JJRCTCJI npolloJJA<CHHcM ·noii pa6oThJ 

H CO.llCp)I(HT pC3)'JibTaTbl 8hi'IHCJICHHJI 'lHCpl·cnt4CCKHX CIICKTpOB H IIOp

MaJJbHOH KOMOOHCHTbl OOJJJIPH3UUHH OpOTOIIOB. ],l.lCCb HCCJJC,I.l08aHa TaK)I(C 

3aBHCHMOCTb yKa3aHHbiX BCJIH'IHII OT BH,ila llOJIIIOOOH I~YIIKUHH OCH08HOJ'O 

COCTOJIHHJI ,l.lCHTpoua. 

KaK H panbme, Bbi'IHCJJCHIIJI npooonn;Jucb B paMKax HMny.rJbcnoro 

npu6JJH)I(CHHR c y'leToM ncpcpacccJJIHtJI na"lcTaJontcn lfaCTHUbJ Ha 
HYKJJOHaX ,l.lCJfTpoua. 8KJJU..lOM /) -BOJIIIbl B OCIIOBIIOC COCTOJJHHC ,l.lCHTpOIIU 

Mbl npeue6pcranu, YlfltTbJBaJJ pcJyJJt.TaTbJ paoo1 .'-;.r./, r·.1c 6hi.'10 no

Ka3aHo, 'ITO CC Y'ICT JIHIUb HC3Jia'IHTCJJbHO H1MCHJICT 8CJIH4HHhl ,l.lH·

.epeHUHaJJbHhiX CClfCHHH 'lTOH pcaKUHH. 

8 Ka4eCT8C 80JIH08biX .YHKUHH .lJ.CHTpolla npH np08C;.{CUHH pacqc·J 08 

HCOOJJb308aJJHCb: 

I. cl>yHKUHJJ XKmbTena 6e·J Kopa c napaMcTpaMH 

u = 1:1,8 M "l8 H 
I I 

f3 = :>.II u '
6

' 

2. cl>yHKUHJI XJOJJbTena 6eJ Kopa c napar.tcTpaMH 

u = -16 •. !.< M 38 H 

I I 

{J =· I.(.) I •tt I 
71

. 

3. cl>yHKUHH XJOnhTena c KopoM 
I I 

MCTp08 u • {J, r c 1 7: 

4. ~YHKUHJI XaMa.na- ,ll)I(OHCToua 

OpH pa3!JH4HbH 3Ha'ICHHJIX napa-

hi 
I I 

5. cl>yHKUHJI MaK ru I 7! 

3 



H 

111 
Ebrno noKa3aHo, 'ITO Bbi'IHcneHHbie 3Ha'IeHHH ce'IeHHH 

da 
Sp(Mp. M 

2 -+ __,. _. --+ 1n 

16·(2rr) ·\p I·E(p -p -p) 
0 0 1 2 

+ 
) 

nony'IaiOTCH 6nH3KHMH Me)l(_ny co6oH: ,nnH BOJlHOBbiX <iJYHKUHH 11,2 I 
H /3,4,5/. Il03TOMY B ,naJlbHeHWeM llpHBOAHTCH pe3yJ1bTaTbi, llOJly'IeHHbie 

npH' Hcnonb30BaHHH o,nHoH: <ilYHKUHH 6e3 Kopa /<l!YHKUHH 2/ H o,nHoH: 

<iJyHKUHH C KOpOM /<iJyHKUHH 4/. 
YrnoBaH 3aBHCHMOCTb Ce'IeHHH AJ1H CHMMeTpH'IHOH KHHeMaTHKH 

npuae,neHa Ha l"c. 1. BHMO, 'ITO peJynbTaTbi Bbi'IHCneHHH c BOJlHOBbiMH 

<iJyHKUHHMH /2 H 141 3aMeTHO pa3J1H'IaiOTCH AJ1H TaKHX yrnOB, KOr,na 

KHHeMaTHKa AOCTaTO'IHO CHJlbHO OTJlH'IaeTCH OT KHHe.MaTHKH ynpyroro 

;) p - pacceHHHH. KaK 6bmo noKa3aHo B I 1< 3TO cooTBeTCTByeT o6nacTH, 

~,ne 3Ha'IHTeJ1bHbiH BKJla,n B Ce'IeHHe peaKUHH BHOC11T npon;eCCbl ,nBOHHO

ro.pacceHHHH. 

0TMeTHM, 'ITO pe3ynLTaTbi Hawux Bhi'IHC,JieHHH c <ilYHKUHeH: XaMa.U.bi

,LI;)I(OHCTOHa npaKTH'IeCKH coana,naiO'F c pe3ynbTaTaMH pac'IeToB Yon

neca /5~ BblllOJ1HeHHbiX B paMKaX npH6J1H)I(eHHH rnay6epa C TO.H ~e 
<iJyHKUHeH H C y'IeTOM D -BOJ1Hbl OCHOBHOrO COCTOHHHH ,neH:TpOHa. 

3HepreTH'IeCKHe ClleKTPbi llpOTOHOB npH 'IeTblpex pa3J1H'IHbiX yr.rrax 

BbmeTa npuae,neHbi Ha puc. 2, 3. BH,nHo, 'ITO ucnonh30BaHHe pa3HbiX 

BHAOB 8onHOBOH ¢YHKUHH .neH:TpoHa npHBOAHT K I<a'IeCTBeHHO OJUIOTHn

HbiM, HO KOJlH'IeCTBeHHO AOBOJll>HO CH.JlbHO pa3J1H'IalOII..J;HMCH 3HepreTH

'IeCKHM JaBHCHMOCTHM .nu¢<llepeHuuanbHbiX ce'IeHHH. Ilpu yrne ·ahrneTa 

npoTOHa () < 56 ° Jl.C. B. CTiei<Tpe Bbl,nenHIOTCH TpH llHI<a, Cpe,nHHH H3 

KOTOPbiX B OCHOBHOM o6ycJWBJJeH o.r:moi<paTHhiM, a I<paH::t~He - ABOHHbiM 

pacceHHHeM. Ponb ABOHHOro pacceHHHH O'IeHb Mana npH e, = 41 ° ' 
KOr,na ClleKTp B OCHOBHOM <lJopMHpyeTCH KBa3HynpyrHM p p-pacceHHHeM, 

H B03pacTaeT no Mepe Toro, I<aK I<HHeMaTHI<a cTaHoBJITCH ace 6onee 

HeynpyroH:. IlpH e = 56° BKJiaJJ. o,nHoKpaTHoro pacceHHHH n:a.naeT .no 

npeHe6pe)I(HMO MaJlOH BeJ1H'IHHbl. 

IlHK, paCHOJ10)1(eHHbiH B6J1H3H MaKCHMaJ1bHO B03MO)I(HOH /MH ,naHHo

ro yrna/ :JHeprHH npoToHa,_o6ycnoaneH TeM, 'ITO npu 3THX yc,JIOBHHX 

ABe ,npyrHe 'IaCTHUbl /npoTOH H He~TpOH/ BbiJleTaiOT C MaJ1biM OTHO

CHTeJlbHblM HMHYJ1bCOMI21.B 3aHMO,neHCTBHe TaKHX. qa~THU, KaK 6biJ10 
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noKaJaHo M.Hr,IJ,anoM I J! H BaTCOHOM I 4: HOCHT peJoHaHCHhiH xapaKTep, 

H 3TO ITPHBO)J,HT K ITOHBneHHIO BCnneCKa B 3HepreTH'IeCKOH 3aBHCHMOCTH 

AH4>4JepeHn;HanhHhiX ·ce'leHHH. MexaHHJM ero o6pa3oBaHHH CBHJaH 

C B3aHMO,IJ,eHCTBHeM 'laCTHU B KOHe'IHOM COCTOHHHH H nHUib KOnH'IeCT

BeHHO JaBHCHT OT HcnonhJyeMoil )J.nH ero oimcaHHH MO,!J,enH /HanpHMep, 

,IJ,OITYIUeHHe cymeCTBOBaHHH nHIIIb ,IJ,BOHHbiX nepepacceHHHH HnH TaK)I(e 

nepepacceHHHH BbiCIIIeH Kpa THOCTH/. 

PaJ)J,eneHHe o6nacTeil 3HepreTH'IecKoro cneKTpa da I d T1 dO 1 

onpe,!J,enseMhiX BKna)J,aMH O)J,HO- H )J.ByKpaTHhiX COy,!J,apeHHH, 6hlnO 

06Hapy)l(eHO B OIThiTaX C reoMeTpHeH, THITH'IHOH )J.nH H3y'leHHH HHKni0-

3HBHbiX npqu~ccoB, npH HMnynhcax Ha'lanhHhix npoTOHOB 19,2 I sl H 

24 r3B/C / 9/ H 6bin() 06'bHCHeHO B paMKaX TeOpHH rnay6epa ls-Io/. 
PacCMOTpeHHhiH HaMH cnyqaif OTHOCHTCH K ,!J,pyroif reoMeTpHH 3KCnepH

MeHTa H K TaKOH o6naCTH 3HeprHH, r)J,e ITPHMeHHMOCTb MO,!J,enH rnay6e

pa coMHHTenbHa , a HCnohbJoBaHHoe B yKaJaHHhiX pa6oTax I s-1 o/ 
OITHCaHHe HyKnOH-HyKnOHHOrO pacceHHHH HenpHMeHHMO. 

3aBHCHMOCTH HOpManbHOH KOMITOHeHTbl ITOnHpH3aUHH ITpOTOHa OT 

ero 3HeprHH Bbi'IHCnHnHCb )J.nH TeX )l(e yrnoB BhineTa, 'ITO H 3HepreTH

qecKHe cneKTPhi. lihmo ycTaHoBneHo, 'ITO Po CHnhHO JaBHCHT OT 

3HeprHH npOTOHa H ITPH BCeX yrnax BhineTa, KPOMe () = 41 ° , MO)I(HO 

Bhi)J,enHTb o6naCTH, r,IJ,e BenH'IHHbl nonHpH3aUHH, COOTBeTCTBYIOIUHe 

HCITOnb30BaHHID 4JyHKUHH /2/ H /4/, 3Ha'IHTenbHO /HHOr,IJ,a ,IJ,a)l(e ITO 

JHa:Ky I paJnH'IaiDTCH. 

YrnoBaH JaBHCHMOCTh nonHpHJaUHH B cnyqae CHMMeTpH'IHOH KHHe

MaTHKH npHBe,IJ,eHa Ha pHc. 4. BHAHO, 'ITO H B 3TOM cnyqae JHa'leHHH 

P0 ,lJ,nH pa3HhiX BOnHOBhix li>YHKUHH AeiiTpOHa coBna,IJ,aroT B6nH3H 

() = 41° H CHnbHO paJnH'IaiOTCH ITPH YMneHHH OT 3TOH TO'IKH. 

OcHOBHhiMH peJynhTaTaMH HacTosmeil pa6oThi cne,IJ,yeT C'IHTaTh 

cne,IJ,yiOmHe, ,IJ,onycKaiOmHe 3KcnepHMeHTanbHYIO npoBepKy, nono)l(eHHH. 

1. IlpH OITpe,!J,eneHHbiX ycnOBHHX /yrnbi BhineTa H 3HeprHH BTOpHq

HhiX npOTOHOB/ BKna,IJ,bl O)J,HOKpaTHOro H )J.~yKpaTHOrO COy,!J,apeHHH 

,IJ,OBOnbHO 'leTKO pa3)J.enHIOTCH npH BCeX HCITOnh30BaHHbiX BOnHOBhiX 

4JYHKUHHX ,IJ,eHTpOHa. 

2. 3HaqeHHH ITOnHpH3aUHH CHnbHO 3aBHCHT OT TOro, KaKaH HCITOnb-

30BanaCb llpH Bhi'IHCneHHH BOnHOBaH 4JyHKUHH ,IJ,eHTpOHa /onHChiBaiOIUaH 

B3aHMO)J,eHCTBHe C KOpOM HnH 6e3 Hero/. 

ABTOphi Bhipa)l(aiOT CBOIO 6naro,!J,apHOCTh JI.M.JianH,IJ,ycy, A. B. Tapa

coBy, li.3.KonenHOBH'IY Ja noneJHbie o6cy)I(,IJ,eHHH JaTpoHyThiX Bpa6oTe 

BonpocoB H M. K. Kynb,IJ,)I(aHoBy Ja noMOIUh npH no,IJ,rOTOBKe pa6oThi 

K neqaTH. 
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25 30 35 40 45 50 55 9p,apaa. 
Puc. 1. CpaaHeHHe pacqeTHoro ceqeHHH c 3KcnepHMeHTOM. 9- 3Kcne
PHMeHTanLHLie pe3ynLTaTLI I 6/, cnnonmaH KpuaaH - pe3ynLTaTLI 
pacqeTa C BOnHOBOH dJyHKUHeH .u.eiiTpOHa /2/, llYHKTHpHaH nHHHfl -
TO )Ke C dJYHKUHeii /4/. 
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B = 1:\ = 28° 1 02 

200 300 400 Tp,Mev 

Puc. 2. 3uepreTHlJeCKHe cneKTpbi npOTOHOB ,IJ;nH el = 02 = 28 ° H 
01 = 0 2 = .J.J 

0
, CllnOIUHaH KpHBaH - peJynbTaTbl paClJeTa C BOnHOBOH 

ciJyHKUHeH ,IJ;eHTpoua /4/, llYHKTHpHaH - TO :>Ke C ciJYHKUHeH /2/. 
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0 200 

PHc. 3. 3HepreT·H\IeCKHe cneKTPhi npoToHoB .D.JHI 8 1 = 8 2 = 52 ° H 
e, = () 2 = 56°. CnnouiHa.ll. KPHBa.ll. - pe3ynbTaTbl pa.cq~:ra c 'aonHOBOH 
<PYHKU.Heii .D.eiiTpoaa J 4/, llY.HKTHpHaH - To. )l{e c <PYHKU.Heii /2/. · 
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Pac. 4. 3aepreTH1JecKaJI 3aancnMoCTb nonJipH3aUHH Po- NUI CltMMeTpH'I
no:ii KHHeMaTHKH: CDJIOWHaJI KPHBaJI - pe3yJILTaTbl pac'leTa C BOJIHOBOH 
tJ>YHKJlHeii ,neiiTpOHa /2/, DYHKTHpHaJI - TO >Ke C tJ>YHKUHeii /4/. 
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