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IlpoueccN 38XB8T8 MJOOHOB 8TOMHNMl1 a;n;paMH HBJIHIDTCH B8~HNM 

llCToqHHKOM 11H4JOPM8Ullll KBK O np11po;n;e CJI86oro B38HMO;nelCT]lIUJ, 

T8K HO CTpyKType 8TOMlillX H;n;ep. COBP8M8HH08 OilHC8HH8 3Tl1X npo

ueccoB Oaa.ipyeTCH Ha raMHJibTOHH8H8 MIDOH-H;n;epeoro B88HMO,ll8ICTBHH. 

Ilp11 nocTp08HllH raMl1JlbTOHl18H8 HCilOJib80B8H uenul pa;n; rHilOT88 113 

cl>H8HKH 8JI8M8HTapHNX qacTHU: rHnoTeaa oo yHHBepcaJibHOM B38HMO

;n;elcTBl1H ~epu.i/1/, o coxpaeee,111 B8KTopeoro12/ H qacT11qeoro cox

paeeHHH 8KCH8JIDHOro TOKOB/3/_ Bee 3TH rHnOT83N H8WJI11 CE08 OT

pa:areHH8 B paaJrnqaux qJieHax .. aqirI>eKTHBHoro MlOOH-n;n;epHoro raMl1JID

TOHHaeaf4/. IloaToMy aa;n;aqa noJiyqea11a 11Hqiopuau.i.i o np11po;n;e cJia

ooro B38HMO;n;elcTBHH CBO;llHTCH K ;ll8T8JIDHOMY 11ayqee11ID CTPYKTypN 

34JqJ8KTHBHOro raMHJIDTOH118H8 B38llMO;ll81CTBl1ll, T • e. npaKT !fl!eCK ·r -

K ycTaHOBJieHHID qrmJJeHHLlX aeaqeHII!! KOHCTaHT naa·•nO,Jt8:;

CTBWll. 

O;n;HllX 3KcnepHM8HT8JibHNX ,ll8HHNX O CKOPOCTl1 38XB8T8 MIDOHOB 

CBOdO,llHNM npOTOHOM 

/A- -t- p - -71-+ \I (I) 

H8l{OCT8TO'lHO ;111:H ;ll8T8JIDHOro 8H8Jil138 CTPYKTYPN raMHJibTOHl18H8, 

ll Il08TOMY B03HHK88T eeo6XO,llllMOCTD 11CTIOJID30B8TD ,llJIH 3TOI ueJill 

nepeXOl{N B CJIOllrHNX H,llpax. B nocne;n;tteM CJiy'lae OTKPNB8IDTCfl B03-

MOXHOCTl1 l{Jlll 113MepeHllll 60JIDWero 'll1CJI8 xapaKTep11CTl1K npouecca. 

Ilp11 HHTepnpeTaUHl1 peayJIDT8TOB 113MepeHl1ll p83Jil1'lHNX xapaKTepHCTHK 

38XB8T8 MIDOHOB CJIOllrHNMH H,llp8Ml1 TIOJIOllr8H118 OCJIO~Hfl8TCH H83H8Hl18M 

TOqHNX 3H8'l8Hl11 ll,llepHNX MaTpllqewx 3JI8M8HTOB. 0Hll 06N'lHO BNqllc

JillIDTCH B paMK8X TeX llJill llHNX Mo;n;eJiel, OaaHpyIDmllXCfl Ha KOHKP8THNX 

npe;ncTaBJI8HllllX O CTpyKType H,llpa. IloaTOMY C TOqKll apeHllH onpe-
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AeJieHllfl KOHCTBHT B38HMOAeficTBlifl H8H6OJibIDHfi HHTepec npe'ACT6B

JIHeT HayqeHlie Ml0-38XB8T8 B JierKHX fl'APBX, CTPJKTypa KOTOPhlX· 

Jiyqme HCCJie;l!OB6Ha. 

C APJron CTOPOHhl, npouecchl 38XB8T8 MlOOHOB BTOMHhlMll H;l!PBMH 

MoryT 6b1Tb HCTOqHHKOM llHqJOPMSUHH Ho CTPYKType H;llpa. lopomo 

li3BeCTHhlM np;niepoM TaKoro_ PO'A8 flBJIHeTCH llhlHBneHHe 'AOMllHHpyromett 

POJIH KOJIJieJ(THBHhlX COCTOHHHtt H;llpa B npou.ecce' Ml0-38XB8Ta/5/. 

Bonpocu, paccMOTpeHHhle B HBCTOHmefi ;llllCcepTSUHH, MO~HO 

YCJIOBHO paa;lleJIHU Ha TPll rpynnhl. K nepBott OTHOCHTCH Bonpochl, 

CBH38HHble C qucTO H;llepHofi 38;llaqett ~ HCCJie;l!OB8HlleM xapaKTepHCTllK 

HettTpoH-HettTpOHJfOil CHCTeMhl,O6paay10mettcH B peayJIUaTe nornomeHHH 

MIOOHOB .:inJTpOHOI!, ttccJieAOB8Hlle xapaKTepllCTHK 6blCTPhlX qacTHU 

(HefiTPOHOB, npoTOHOB) B npouecce aaxBaTa MIOOHOB CJIO~HhlMll H;llp8MH 

OTHOCliTCH KO BTOpott rpynne. B 3TOM CJiyqae OCHOBHOfi Bonpoc CBH-

38H C HCCJie;l!OBBHlleM a~eKTOB, _o6ycJIOBJleHHhlX HecoxpaHeHHeM qeT

HOCTli B CJI86b1X B88liMOAettcTBllHX. HaKOHeu, TpeTbfl rpynna BOITPOCOB 

OTHOCllTCH R qlli8l1Re 8JI8M8HTapHhlX qacTllU ll CBH88H8 C liCCJle;l!OB8HHeM 

paaJIHqHhlX xapaKTepHCTHK napUH8JlbHhlX nepeXO;l!OB npH 88XB8Te MIOOHOB. 

I'JI8BH8fl npo6JleMa B 3TOM CJlyqae - npoBepRa OCHOBHhlX IlOJIO~eHHtt 

TeopHli CJl8OblX B38llMOAeficTBHtt. ~HccepTaUHH COCTOHT ll3 BBe;lleHHH, 

IlflTH rJiaB H 88KJIJOqeHHH. 

B nepBott rJiaBe KP8TKO ll8J18raeTCH TeopHH B38HMOAefiCTBllfl 

j"--Me80HOD C 8TOMHhlMH H:l!P8Mlle Ilpouecchl ITOrJ1omeHHH MIOOHOB 8TOM

HhlMH HAPBMH OilllChlB8lOTCH B paMKaX MlOOH-HAepHoro raMHJ!bTOHHBHa 

B38HMOAefiCTBHH/4/ 
R 
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r;lle B OT;lleJlbHYIO rpynny Bbl;lleJieHbl peJIHTHBHCTCKHe qJieHhl, nponop

UllOH8JlbHble llMilJJibCY HJKJIOHOD Pt· B H;llpe __,. ~ ' 

I _,. A· --' P· 
hvef(,) = /JA(J MN +jv0 /VI~ (3) 

KoHcTattThl <Iv, <f4 H CP onpe;lleJieHhl cJ1e'AJI01J1HM oopaaoM: 

Gv =:;, (1 + u ) 
V 2.MN .,J 

GA= (/4 -(f}v+J,.,,,,,)2':.:,v .> 

<3p = [({}-p-J4 )- (jv+:JNl)J/;'( .> 

r;lle £~ - 8HeprHH HefiTJ)HHO. KOHCT8HThl /Iv H 9-IV/ qmRCHpylOTCH 

corJiaCHO rHITOTeae coxpaHeHHH B8RTOpHoro TORa/2/, a fl-p H .!f4 

BapbHPJIOTCH. 

Bo BTopofi rJ1aBe Ha OCHOBe raMHJlbTOHHaHa (2) paCCMOTpeH 

npouecc norJiomeHHH MJOOHOB ,l\e:iTpOHCJA 

j - + d - --n + /n + v • (4) 

XapaRTepHhlM ;l!JIH 8Toro npouecca HBJIHeTCfl npHCYTCTBHe KBR B Ha

qaJlbHOM, TBR H B ROHeqHQM COCTOHHHH TOJlbRO :l!BYX CHJ!bHOB38HMO

;lleficTBYIOIJ1HX qacTHU, qTo ITO3BOJIHeT CROHUeHTPHPOB8Tb BHHMBHHe 

Ha !!3ytlCH!m CHCTeMbl ;l!BJX HettTpOHOB. 

0;l!HOtt H3 qJJH;ll8MeHT8JlbHhlX BeJIHqHH, xapaRTepH3Jl01J1HX :llBYX

HyRJIOHHYIO CHCTeMy, HBJIHeTCH ;l!JIHHa pacceHHHH H a~eRTHBHhlfi pa;l!HJC 

B38HMO;llettcTBHH • B CJiyqae (P-F) H (11-f} CHCTeM ;l!JIHHa pacceHHHH 

H3BJl8RaeTcH Henocpe;l!CTBeHHO HS 8RcnepHMeHT8JlbHhlX ABHHhlX no 

pacceHHHIO npoTOHOB H HefiTpOHOB Ha npOTOHaX. B CJiyqae (,-n--n) 
CHCT8Mhl 8T8 HHqJOpMBUHH o6uqHo H3BJieKaeTCH Ha fl'AePHhlX peaKUHtt 

THna Cl,-+ fJ -,, /3 + 2-n' 
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a, B caMoe rroCJre;nHee BpeMH, T8Kll!e H us rrpouecca "ii - + ol. ➔ f-1- 2-n • 

O;nHaKO B rrepetJHCJI8HHl1X CJiyqaHX ;QJIH onpe;neJieHHH ;nRHHl1 pac

G8HHHH Heooxo;nHMO HCITOJIL30B8TL ;norroJIHHT8JILHl1e TeopeTH'l8CKHe 

cooOpall!eHHH, '!TO BHOCHT onpe;neJieHHYJO norpelliHOCTL B KOH8'1Hl1fi pe

ayJILT8T. TI03TOMY H3YtJ8HHe peaKUHH (4), KOTOpoe He CBR3aHO C 

T8KOl'I npoOJJeMOH, npe;ncT8BJIH8T 3H8tJHT8JILHl1fi HHTepec. B pH;ne B8'/1.Y

mux JiaOopaTOpHfi MHpa yll!e 381TJI8HHPOB8Hl1 COOTB8TCTBy10mue 3Kcne

PHM8HT8JILHI18 HCCJie;noB8HHH, a, CJie;noBaTeJILHO, B03HHK88T HeoOxo

;nHMOCTL 1);8T8JILHOro TeopeTHtJ8CKOI'O 8H8JIH38 3TOfi peaKUHH. 

HccJie;noBaHHe npouecca (4) noKaaaJio, tJTo rro;n M8JIHMH yrJiaMH 

pasJieTa HeilTpOHOB B3aHMO.n;eilCTBRe B KOHeqHQM COCTOHHHH CHJ!bHO CKa-
' 

a;rnaeTcn Ha .n;a:!J1;JepeHu,!aJJ1,H11x :meprcT;1qecrrnx cneKTpax Hei1TpOHOB 

cl/Ip. 

dp,df2.~ • r, , 
lla n :c. l no:rne •eHw ne3''JibTaT11 nactJeTa/ '"."81.n;m;x'1epeHuaan1,Hr.X 

.,, ..: A • .) ~ ]:' 

dlli= 
CKOPOCTeil 'i1P,dR, npouecca (4) npH yrJie paaJieTa HettTpOHOB, 

paDHOl.l (9::: 0 ° • 3H8l!8HHIO a11.,"' - !6, 7 fP M COOTB8TCTBY8T 

B38HMO;neficTBHe B KOH8'1HOM COCTOHHHH, OITHCl1B88MOe IlOT8HUH8JIOM 

Pefi;na/9/. npyrHe 3H8l!BHHH a»,,., COOTB8TCTBYIOT npH0JIHll!8HHIO, 

YllHTUBaIOmeuy B38HM01];8ilCTBH8 TOJILKO B 8-BOJIHe OTHOCHT8J!LHOrO 

;nBHll!8HHH HefiTpOHOE. B3aHMO;nettCTBHe Mell!;ny HeilTpoHaMH CHJILHee 

CK8311B88TCH 88 cneKTpax HertTpOHOB npn P1 = 50 MaB/c' qTo COOT

B8TCTByeT MHHHM8JILHl1M 3HeprHHM nx OT HOC HTeJJbHOrO ~BHlK8Hl!H • 

C pOCTOM yrJia 0 B38HMO;nettCTBl'l8 B KOH8tJHOM COCTOHHHH 

OCJI80eBaeT. 3TO MOll!HO rrpocJI81];HTL Ha puc.2, r;ne npune;neHH BUX0'/1.11 

HettTpOHOB npu WHKCHponaHHOM aHatJeHHH HMnyJILca P1 = 50 MaB/c 

K8K WYHKUHH yrJia p831!8T8 e . 3;necL ll!e ITOKa3aHa 38BHCHMOCTL 

c{ II F OT B81IH'IHHl1 KOHCT8HTl1 HH]lYUHPOB8HHOro nceB]lOCitaJIHpHoro 
otP1 afl, 

B38HMO;neficTBHH {Ip. A6cOJIIOTHl1e 3H8'18HHH ]lHq>WepeHUH81ILHOil CKO-

poCTH 38BHCHT OT KOHKP8THOro Bl16opa KOHCTBHT B38HMO;neficTBHH. 

4 

f 

i 

I 
r 

P.ic. I. .I;nc;,pepeHunan1, H11il 
cf AF 

cneKTP HeilTpOHOB ~ 

[ cex-
1 • cTepa.)4-I • U!aB/ct1 ] , 

paaJieTaIOII!l!XCH rro.n; yrJIOM 

6)= 00' npu paairnqHEJX :matJe-

mmx nenrFrnH!.l lt,,,,; 

~f/9A:: 
2--,,.t::M"' 

'I, .. -,. -rn,/ 

~ 
~dp,<1'i, 

J.si,1 

\\\a 
JO~ll 
2.s1 ,XI 

~ 
1 

fi•50HeV/c 

I g,,•BS 
1'jp•l0 
Jgpc•6JJ 

J!.!y111.. 
O.ff\dPtttfl, 

.... ...... 
, .. 

3.0 

,. 

,.o 

1.5}-

,.01-

o.s 

a
l- -1sF 
!J --- -1,F 

\ P,•50HeVfc 

, st 
, or 

I 

os~'-~~~~~~-

\ gp•lO 

\ ..!!_,rr, -t6F 
005~ \ -1,F 

\ 
\ 
:,. 

" 

r; ', ,, 
9•0° ,, 

I, 
I· 
:1 (lM 

- -ffF ,I -·- -ll..1F , , --- -14F 
11 
t I 
I I 
I I 
I I ,~ : l dp,dR:1 

I I 
I I ,.o I l 
I I 

~ I as I 
I 

I I 
I I 
I I 
I i! 

20 ,o 

' I O.f~~t 

~ 
dfJ, d.pi 

I 
I 

,o~ \ P,•50MeV/c 

\ 9P•7.0 

I 
\ a,., 
\ --t6F 

0.5~ '\ \ --- -1ff 

\ 
~ 

~-

6!> P,(Mev/cJ 

BO Pt(Mlvft) 

20- ,o 6Ci 10 fl° 20 ,a ,;o Bo ,9• 20 ,a so 10 e• 
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OTHOCllTeJJbHHe 3HaqeHllH 'AllqJ<pepeHQllaJJbHliX CKopocTeil 

j F ✓. ). _ (dll,:;/ap,ct.n,)8 ,K.. 
,a,n1 -

{),K ( dll,, / dp, dfl,)&~ JC=1c,,.,1.., 
(5) 

npaKTuqecKH He aaBHCHT OT 'AeTaJJbHOil CTPYKTYPH raMllJJbTOHHaHa 

cnaooro B3aHMO'AeilcTBHH. PeaKo OCJJaOeBaeT aaEllCllMOCTb HOT xapaK

Tepa aaceneHHH ypoBHeil CBepXTOHKOil CTPYKTYPH Me3O'AeilTepHH. Be

JmquHa 1:,K. (am,} TeM CHJJbHee 3aB:ICi!T OT 'AJlllHli pacceHHHH a,,,,,,, , 
qeM OOJJbllie llMnyJJbC ~ OTHOCllT6JJbHOrO 'ABHJlteHllH 'ABYX HettTpOHOB. 

C yBeJJuqeHHeM yrna BRllHHHe B3allMO'AeilcTBllH B KOHeqHOM COCTOHHllH 

Ha / ;,I( (a,,,,..,) T8KJ!te yMeHbIII8eTCH • Tamrn oOpaaoM ,aa'Aaqa onpe

'AeneHllH 'AJJllHli (-1'1--n}- pacceHHHH npll aaxBaTe MIOOHOB ,n;etlrpOHO!.I 

CBHaaHa c npeQH3llOHHHM uaMepeHHeM nenuq11HH X; K. (a,,,,,_,,) B 
CJ 

OOJJaGTH MaJJHX yrJJOB H MaJJHX OTHOCHT6JJbHliX llMilyJJbCOB. 

AHaJJoruqHyIO HHWOpMaQHIO MOJltHO H3BJJeqb H8 cneKTPOB HeilTPOHOB, 

npollHTerpHpoBaHHHX no HMilYJJbCY npu WHKCHPOB8HHOM 3HaqeHllH yrna 0. 
3aBHCllMOCTb OTHOilleHllH 

4 ( ) _ (d11"' /ctf'2, )a 
l & a,wn -

(dllF /c1n, )8= 0 ° 
(6) 

OT Q,,,,,,_, CJl8Oee, qeM 8H8JJOrHqHaH 3aBllCllMOCTb BeJJHqHHli 1:x: (a...,,,,,J, 
O'AH8KO npc l!IAY11\8CTDO t?.e aaKJJJOqaeTCH 1l TOM, qTo ee ll3MepeHHe He 

cBHSaHo c uauepeHueM HMnynbca HeilTpoHoB. B npuauune, 3TOT waKT 

MOJlteT ynpoCTllTb IlOCT8HOBKY COOTBeTCTBYIOll\ero 3KcnepHMeHTa. 

TpeTbH rnaBa IlOCllHll\eHa HCCJJe'AOll8HHIO xapaKTepHCTllK HeilTPOH

HOro K8H8JJa npu aaXBaTe MIOOHOll CJJOJltHHMll aTOMHHMH H'AP8Mll. Ha 

npHMepe npoueccoB (4) H 

/-_,_ 4lle -, ~H + --n-+ v (7) 
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~ 
l 

llCCJJe'AOBaHH/IO-I3/ 3HepreTuqecKlle cneKTpli HeilTpOHOB, llX yrJJOBHe 

pacnpe'AeJJeHHH 

d11 
dE 

~ 1 -+ .../._ {E} I}{',,-., {9 J (8) 

a TaKJite IlOJJHaH CKOPOCTb npouecca. B WOpMyJJe (8) a{{£)- KO3ql(pH

UlleHT aCllMMeTpHH yrJJOBOro pacnpe'AeJJeHHH HeilTpOHOB, f}.,_ - CTe

neHb IlOJJHPH8aUHH MIOOHOB, a (:) - yron Mel!t'AY HanpanneHHeM BWieTa 

HeilTpoHa H CilHHa MIOOHa. 

Ilporpecc B OilHCaHHH HeilTPOHHoro KaHaJJa CBH38H C yqeTOM 

cne'AYIOll\HX waKTopoB: 

I) B3aHMO'AeilcTBHH 1l KOHeqHOM COCTOHHHllj 

2) peJJHTllllHCTCKllX qJJeHOll (3) MIOOH-H'AepHoro rallllJJbTOHHaHa 

(2); 

3) KoppeKTHOro onucaHllH H'AepHott CTOPOHH npouecca. 

~CCJJe'AOBaHHe BJJHHHHH 3THX W8KTOPO1l Ha xapaKTepHCTHKll Hett

TPOHHoro KaHaJJa B cnyqae npouecca (7) IlOK838JJO/IO-I2/, qTo 3Hep

reTHqecKHil cneKTP HeilTPOHOB CTaHOBllTCH Oonee MHrKllM, npH 3TOM 

'AOJJH BliCOKO3HepreTHqecKllX HeilTpOHOll yMeHbrnaeTCH. Koa~uuueHT 

acllMMeTpllll YrJJOBOro. pacnpe'AeJJemrn. HeilTPOHOB o/_ {£) HMeeT Jjecua 

CJJOlltHYIO aaBllCllMOCTb KaK OT xapaKTepa B3aHMO'AeilCTllHH 1l KOHeqHoM 

COCTOHHHH, TaK HOT 'AeTanen CTPYKTYPH MIOOH-H'AepHoro raMHJJbTO

HH8H8 (2) • 

Bee 3TH BliBO~ MoryT DliTb npoBepeHH C BliCOKOil CTeneHblO 

ToqHoC~H npll paccMoTpeHllll 88XB8T8 MIOOHOB ,n;etiTpOH0!.!(4). B 3TOM 

cnyqae Y'A8eTCH H8OelltaTb MHOrHX npuOJJHJlteHHil, HeH3DelltHliX npH HC

cJJe'AOBaHHH Oonee CJJOJKHHX H'Aep. PeayJJbTaTH pacqeTa/II 'I3/ :rnep_; 

reTHqecKoil 88BHCHMOCTH KO3~HUHeHT8 yrJJoBoro pacnpe'AeJJeHHH Heil

TPOHOB 1l cnyqae aaxBaTa MIOOHOB H3 'AYDJJeTHoro COCTOHHHH Meao

'AeilTepHH npHBe'AeHH H8 pHc.3. YqeT B88HMO'AeilCTBHH B KOHeqHOM 
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PHc. 3. 3HepreTHqecKaH 38BHCHMOCTD K031flqlHI!H8HT8 8CHMM8TPHH 

yrnoBoro pacnpe]leJieHHH HeltTPOHOB d~jE}.KpHDaH I -

CKOPOCTHble qneHH onymeHbl, 2 - yqTeHH CKOPOCTHble qJieHbl~ 

nponopnHOH8JI»Hble P; • 3 - yqTeJW Bee CKOPOCTHble 

qneHH, 4 - yqTeHH CKOPOCTHble qJieHbl, ITJIOCKOBOJIHOBOe 

npH6JIHX8HHe. 

r:J.F 

PlfC • 11 • 3HepreT Jftl 8CKfl:SI aa-

B IlC ,IMOCl'» K03!p~l!l-ll!8Hl'a Qlf 

ac:urue:rp1m yrJIOBoro pac- 02 

1, 2 • ol. •ta 
3,i' - .C. 7/J 

np~)teJieHnSI Heltl'pOHOBo(F(E). 01 1 \l ;f't 1 1.,4 -, r "i 

CxopOCl'Hble qJieHbl yql'eHbl. ··0.2 

Itp1rnaSI I ii 2 ITOJiyqeHbl C ·0.4 

yqeTOM~-KOWIOH8Hl'bl B BOJI-

HOBOlt cflYHKI!ll.l ,ll8ltTpOHa; ·0.8 

J 11 4-6ea yqel'a 2-KoM-
10 20 JO E,,(M,B) 

IlOH8HTflo 
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COCTORHHH (KPHBhle I,2 H 3) HapymaeT ITJI8BHYIO 8Hepre:rnqecxyIO 38-

EHCHMOCT» ol .. 12. {E), xap8KT8PHYIO ]lJifJ IlJIOCKOBOJIHOBOro npHWIHJKeHHH 

(KpHB8fJ 4). 

AaaJins BKJia]la paaJinqaux 'tJJieHoB raMHJI»TOHHaHa (2) n wopMH

ponamrn BHepreTnqecxolt aaBHCHMOCTH a·cl!MMeTpHH d.,1,._ {E) :,,Ka31:rnaeT 

H8 cymeCTBOB8HHe Tpex xapaKTepHHX OOJIBCTelt {pHc.3,KPHBhle I,2,3). 

Ilpn ~HeprHHX ]lO IO MaB 8CHMMeTpHH ooycJIOBJieHa rJI8BHhlMH qJieHSMH 

MIOOH-H]lepHoro raMHJI»TOHH8H8 H ~ Toll JKe o6JI8CTH OTPHI!8T8JI»H8. B 

OCiJI8CTH 3Heprnlt OT IO MaB JlO 20 MaB BeJIHqHH8 ol.. "'h. (E) ITOJIO

XHT8JI»H8 H OCHOBHOlt 13KJI8Jt ooycJIOBJieH HHTepqiepeHI!Heli M8lKJlY peJIHTl'l

llHCTCKHMH H rJI8BHblMH lJJl8H8MH, a npH E;, 20 MaB - KB8JlP8T8MH 

peJIHTHBHCTCKHX qJieHOB (3). 

B J{Hccep:ral!HH IlOK838HO, qTo Jl8JKe M8Jible KOMITOHeHTbl OCHOBHOPO 

COCTOHHHH HJlP8-MHW8HH, HO cop;epxamne BblCOKHe opCiHT8JI»Hble MOM8HTbl 

oqeH» cymecTBeHHbl npn OilHCSHHH 8CHMM8TPHH BblCOK03Hepr~THqecKHX 

HelTPOHOB. TaK, yqeT ;[) -KOMilOHeHTbl OCHOBHoro COCTOHHHH )teHTpoaa 

{ ~~ =6, 5Q,11/9/) -rpaacwop1.mpyeT ll8JIHtIHHY d "/2. (E) B 06JI8CTH 

BHeprMlt BHme IO MaB (puc.4,KpHBble•I ll 3), a d.3/2.(£} - no Bcelt 

o6JI8CUI aaeprHlt (pHc.4, KPHBbl8 2 H 4). IlpH 3'tOM BblXO]l M81tJI8HHlil 

Helt,:poHOB c1;;p= yweH»W88TCH, a 6b1CTPHX - YB8JIHqHB88TCH. 

IlpH HCCJI8]lOB8HHH HHTe~pax»HOlt :xapaKT8pHCTHKH - IlOJIHOlt CKO

POC'tH nponecca j\ F-yCT8HOBJieHo, q,:o yqe:r B38HIIO:l(e'1cTBH1! B KOHe'I-

HOM COCTOHHHH -y:eeJIH'IHB88T CKOPOCT» l\~12. H8 I4%,a /\ 'l.z-Ha 
~~ ~ ~ 

21% JVIH cnyqafi norJiomeHHH MDOHOB AeltTpOHOM.B cxyqae Rp;pa /.le 

COOTB8TC'tBYIDmHA BKJI8:l(,B/\ B 3aBHCIWOCT~ Ol' xapaxl'epa B3aru.io.itenc:rn~a 

ll KOHeqHQII COCTOHHHH COCT8BJIH8T 16 - 124%. BKJI8:I( p8JIH'rHBHCTCKHX 

qJieHOll MIOOH-HJl8PHOro ra11HJI»TOHH8H8 paBeH 2% :l(JIH /\ r2 H 

6% 1tJIH JI Vz B CJiyqae ;itellTpOHa H ~ 30% B cJiytiae "lie • 
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IlOJIHaH CKOPOCTb npouecca 3aBl1CHT TaKJKe OT .neTanen CTPYKTy

phl BOJIHOBhlX WYHKuun. Manaa :/J -KoMnoHeHTa B BOJIHoBott WYHKUHH 

.n.elr:,ona y1.1eHbI:IaeT Ha 7% cKopocn npouecca /\ 112. 11 yBeJIH'llHBaeT 

HC.CTOJlbKff JKe (\31.z, • ' 

/\
ltHe , -I 

'0KOH'll8T8JibHh!e 3Ha'lleHHH nontton CKOPOCTH 38XE8T8 - = 449ceK , 

/\~,_ = 380 ceK-I H /\ i,. = II ceK-~ H8XO.llHTCH B xopoweM 

cornacm1 C l1Mel01lll1Ml1CH :::mcnep11MeHTaJibHh!Ml1 .naHHh!M11/\ ¥Ii, :;:363±75 ceK-I 

/ 14/ H /\ ~,. = 445±60 oeK-I/I5/ , a rn:ue ,Iipyrll1m TeopeTaqec:ic11w1 

racqernw! l 6/. 

B qeTEepToil rnaBe tta npHMepe·· npouecca 

!"'- + 
16 0 - 4 'C+ p + \l (9) 

paGC!.!OTpeH npo,TOHHhli! K8H8JI B MJ0-38Xll8Te. B npocTeilw11x npe.nnono

JKeHHHX pacC'lll1Th!BaeTCH 3HepreT11qecKHil cneKTP H, 8CHMMeTpl1H yrnonoro 

pacnpe.neneHHH npoT~HOB/I?/. B . .nnccepT8UHH nOK838HO, 'lTO H B 

cnyqae BhlJieTa. npoTOHOB npH 38Xll8Te nonHpl130BaHHh!X MIOOHOB B03Hl1-

KaeT 8Cl1MM8TPHH yrJioEoro pacnpe.neneHHH. 0.llH8KO B OTJIH'lHe OT cnyqaa 

aeilTpoHoB/IB/ :icosww11uuettT acHMMeTpHH o:icash!BaeTcH MaJihlM no a6co

JIJOTHOH BeJIHqHHe H npOTHBOnOJIOJKHhlM no 3HaKy. Ilo3TOMY H86JIIO.ll8HHe 

8Cl1MM8TPl1H npOTOHOB Ha 3Kcnep11MeHTe npe.ncT8BJIHeT oqeab CJIOJKHYIO 

sa.naqy. AcHMMeTpl1ll npoTOHOB ooycJIOBJieHa rnaBHh!Ml1 qJieHaMH MJOOH-R.llep

HOro raMHJibTOHHaHa (2). 

IlHTaH rnaBa .llHCcepT8UHH nOCBHIJleHa HCCJI8.llOB8HHIO,KOHCT8HT 

ll3811MO.lleilcTBHH MIOOH-R.ll8PHOro raMHJibTOHHaHa. 

IlpoBe.nea/19/ COBM8CTllhlil 8H8Jil13 TeopeTH'l8CKl1X 11 3KcnepHMeH

TaJibHh!X .naHHh!X no nOJIHOH CKOPOCTl1 saxBaTa,MIOOHOB CBOOO.llHhlM npo

TOHOM (I) .l1 ,IieiiTPOHOJl( 4) l1 ycTaHOBJieHa oOnaCTb .nonycTHMh!X 3H8'1l8HHil 

.llJlfl KOHCT8HThl HH.llYU11POB8HHOro nceB.llOCK8JIHPHOro B38HMO.ll8i!CTBl1H fjp 

TaK,npH 3 .. 1cJ/f!;oJ = -I~24 
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-Z! ~ ~P/fj,f•} 7,,,-9, 

H - 9 7/ fip /!JvfP) ~ -1tJ , 

ecn11 

ec;u1 

6' e,, e, = ,, v-1 , 
(; C., fJc "'- -t, v 3, 

qTo H8XO.llHTCH B oqeHb xopoweM cornaCHl1 C BeJil1'll1H8Ml1, npe.ncKa-

3b!Bael,!L!l!;! oOmen Teop,:e11. ETo osaaqaeT, 'lTO runoTeah!, nonoxettm.ie 

B OCHOBY nocTpoeHHH Teop1111 nenTon-aitpOHHoro B3811MOiteiicTBl1R,B 

uenou npaBHJibHhl. 

B ,miccepT8UH11 IlOK838HO, 'lTO 60JiblliOtt HHTepec npel(CT8BJIH8'1' 

113MepeHHe OTHOWeHHH CKopocTeil /I+ /il - B CJiyqae 1.1esoiteitTep1m. 

OHO 38ll11Cl1T B OCHOBHOM TOJibKO OT OTHOIJl8Hl1H 9P/jll H 1(88'1' 

yHHKaJibHYIO ll03MOJKHOCTb 8aWHKCl1POB8Tb 3TO 3aaqeH11e. 

Hesan11c11My10 11Hwop1.1au1110 o KOHCTaHTax cnaOoro Bsa111.10.nettcTBHH 

MOJKHO, noJiy'll1Tb, lfCCJie,Iiysl xapaKT8pl!CT:!li::1 1mp4l!aJibHh!X nepe

XOl(Oll np11 38XBaTe MIOOHOB CJIOJKHhlMl1 Hl(p8Ml1. IlpoBeiteHHhlH B .llHCCep

T8UH11 8H8Jil13 napu11aJibHhlX nepexol(OB B Hitpax Ip-oOonoqK111
20•211 

Bh!HBHJI TOJibKO l(B8 nepexoita : 

)"- + uB - "0 Bc (2 j 5,, 9,;MaB)--,. V, 

,1,1-_,_,1i(N - ""C (2-,., 7.0iM,8) + V 
/ ,, ) ' 

l(JIH KOTOPhlX BJIHHHHe Hl(epttoil CTPYKTYPhl OK83h!B88TCH MHHl1M8JibHIDI. 

YCT8HOBJI8HO, 'llTO O'l'HOllieHHe cKopocTeil ~~- B 3THX npoueccax 

npaKTHqecKH 88BMCl1T TOJibKO OT B6Jil1'll1H KOHCT8HT B38HMO.llettcTBHH, 

B ~8CTHOCTH, f/p • 

ll 

nnH napUH8JlbHliX nepeXOl(OB 

r-~ 4-B - 4013e {2~ 5", 9b Mi>/3)-+l)--, ?Of3ef0
7

) -,.,r, 
14-·~ -1,N - 6c ( 5/2; o,1-s-M)8}+v -? .,>c (f2-, J-r r 
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paccMoTpeHu Koaq>qjm:urnHTbl t -Y-KoppeJilUll111/ZZ/. 0l{HaKo MaJiocn 

no a6coJIIOTHOfi BeJI11q11He 8Tl1X xapaKTepHCTHK, a T8KEe CJia6aH qyBCT

BHTeJibHOCTb K B8JI11q11He ';/P I no Been BepoHTHOCTH, He MoryT )'l8Tb 

HOEYIO 11HWOPM8Ulll0 0 KOHCTaHTaX MIOOH-H)lepHoro raMllJibTOHllaHa. 

-! 3fiKJIJOlleH:rn np11Be)leHa KpaTKaH CBO)!Ka OCHOBHHX, nony11eHHblX 

peayJibTaTOB. Tipll 8TOM no)lqepKllBaeTCH BaEHOCTb )l8JibHettm11x 8Kcne

p11MeHT8JlbHUX llCCJie)lOB8Hlltt npouecca H)lepHoro MIO-aaXBaTa MaJIOHyK

JIOHHblMll H)lepHblMH CHCTeMaMll. 

OCHOBHLie peayJibTaTbl JlllCCepT8UHll JlOKJia)'lblBaJIHCb Ha :XXl 11 :XXY 

HceCOil3H1lX COBel!laHIUIX no a,tepHO>i cneKTpOCKOmrn If CTpy-RType a;,;pa 

(MOCKBa, 1971 H ]eHllHrpa)'l, 1975), Ha IY MeE)lyHapOJ!HOtt KOHIDepeH

UHll no WH811Ke BblCOKllX 8Hepr11tt H CTPYKType H)lpa (nyGHa, 1971), 

Ha MeE)lyHapOJ!HOtt KOHWepeHUHH no U8Jl0HYKJIOHHLIM npo6JI8U8U B ~H3HK8 

H)lpa 11 aneMeHTapHblX qacTHU (KaH8Jl8, 1974), H8 MeE)'lyHapOJ!HOtt 

KOHWepeHUllH no TeopHH JierqattmllX H,D;ep (~CCP, 1974) H 6LIJIH ony6JIH

KOB8Hbl B CJie,D;yIOIIll1X pa6oTaX: 

A.Il.EyXBOCTOB, B.A.BapT8HHH, r.E.noroTapb, H.n.nonoB, A.M. 

~aTpqHH, P.A.9paMEHH. Acta Phyeica Polonica, ,!U, 375 (1972). 

IlporpaMMa H T88HCbl J!OKJI8,D;OB :XXI Bceco10aHoro COBemaHHH no H,D;ep

Hott cneKTPOCKOnHH 11 CTPYKType H,D;pa, CTp.270,MocKna, I97I; 

lY MeEllYHapo,D;HaH KOH~epeHUHH no w11a11Ke BLICOKHX aHeprHtt 11 cTpyK

Type H,D;pa, cTp.110, OMHM nI-5988, nyGHa,1971. 

B.A.BapTaHHH, r.E.noroTapb, P.A.9paMJKHH. B c6opHHK8 CTaTett 

'"MCCJI8,D;OB8HHH no KBaHTOBOtt Teop1111 MHoroqacTHqHLJX CHCTeM~, 

CTp. 32 ,"illTHliHUa", K11m11HeB,197I. 
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A.P.Bukhvostov, S.Ciechanowicz, G.E.Dogotar, R.A.Eramzhyan, 

N.P.Popov, V.A.Vartanyan. Acta Phys. Polonica, 

M, 495 (1973). 

r.E.noroTapb, ID.A.CaJiraHHK, P.A.~paMJKHH. B cOopHHKe CTaTefi 

"CTaTHCTl1'1eCKHe MeTOJlLI MCCJie,D;oBamrn CllCTeM MHOrllX qacTHU 11
1 

CTp. 73, "lliTHHHUa", RHlilHHeB, 1973. 

R.A.Eramzhyan,, G.E.Dogotar, Yu.A.Salganic. Proc. Int. Conf. 

on Few Body Problems in Nuclear and Particle Physics, 

P• 412,Canada,1975. 

G.E.Dogotar, R.A.Eramzhyan, Yu.A.Salganic, 

Czechoslovak J. Phys., ~. 276 

(1975). 

r.E.noroTapb, ID.A.CanraHHK, P.A.9paMEHH. E~. ~. 472 (1975). 

r.E.noroTap», ID.A.CaJ1ran11K, P.A.SpaMJKHH. ITporpaMMa 11 TeSHCbl ,D;OK

Jia,D;OB YJ..Y BcecoIOaHoro COBemaHllH no H,D;epHofi cneKTPOCKOnllll H 

CTPYKType H,D;pa, CTp. 26I; ]eHllHrpa,D;,!975. 

r.E.noroTapb, P.A.SpaMJKHH. B c60PHHKe CTaTefi "06paaonaHH8 H 

pacna,D; B080YEJl8HHblX H,D;ep", CTp. 3, "lllTHllHUa", KlllilllHeB, 1976. 

r.E.noroTapb, P.A.9paMEHH. IlpenpHHT OMHM P2-9582, 

ny6Ha,I976 • 

r.E.noroTapb, P.A.SpaMEHH. CooOmeHHH OMHM P2-9469, 

.Ily6Ha ,1976. 

r.E.JloroTapb, ID.A.CaJ1raH11K, P.A.CaKaen. CooomeHlfe OVIH0, 
P2-9753, Jly6Ha,I~76. 
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