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0,ItHHM U3 OJ16,ItCTBUJI H6COXpaH6Hilii qeTHOCTH B CJiac!UX · ~3amto

,It6ltCTBHiiX iiBJlii6TCii cy~eCTBOBaHH6 6CHYM6TpHH_B yrJIOBOM pacnpe,Ite

Jl6HlU! H6liTpOBOB, Oc!pa30BaBWHXCH B pe3yAI>TaTe 3aXBaTa' llOJillpH30-

B6HHWC OTp~aTeJibH!lX J.IIJOHOB MPaMH. liH!il!U CJIOB&!H, AHcMJepeH!U16Jlb

H6ll BepoaTliocn nponecca c;w-, V ft) B. cJiyqae 3axBa~a uDoHoB ·. aeno-

JiapH30BaHHWH SI,npaMH MoiB:eT c5un3anucaHaB BH){e 

J3W . ·;_ 
dE.rA.G.. -

~!,;., J{i + t; o< tE.,.) Cb!. e} ' 
r.~te Pr - cTeneBI> noJiapH3aitHH saxBaThiBaeMb!X MJOOHOB;-

.. 

(I) 

B - yroJI uex,ny HanpaBJieHHeM BUJieTa He.!ITPOH~ 11 HanpaBJieHH~ 

eu nOJIHPH3aitHH MDOHHoro nyqKa, 

E h. ... 3HeprHa H6ltTpoHa~ a BemiqHHil o( ( E,.) Ha3ImaeT_Cll acHM-

MeTpHelt yrJioBoro pacnpe.~teJieHHa· HeliTpoHoa. TeopeTHqecKHif aHaJIH3 

nepBUX. 3KCnepHM6HTaJibH!lX ,Ita~HUX /I-S/ no 6CHMM6TpHH n~bBO,llMC~ 
B CJI6AJIO~HX npHc!Jimt6HHiiX: 

l. JicnOJib30BaJICii 3q¢6KTHBHL!ll MDOH - HYKJIOHHUll :rauHJII.TO.-~H-
6HJ'--3aXBaTa, n~JiyqeH~~n / pauKax TeopHH ymmepcaJII>Horo <J?epMH~ 

B?aHMO.~teHCTBHH (Y<PB) I 7 
c yqeTOM runoTe3u coxpaHeHHii BeKTOpHo-

. r. )·lsi G · · 
ro TOKa. \CVC H · -HHBapHaHTHOCTH CHJlbHUX B3aHMO,It6ltCTBHlt • 

n. llpH OllHCaHHH B36HMOA6ttCTBHli~~Me30HOD c H,ItpaMH l1CilOJib-

3~BaJIOCb HUllYJibCHOe npHc!Jilm6HH6 no CJiac!OyY B36HMOA6liCTBHD • 

lli. 3aXBaTUBaeMhltt r--M630H CqHTaJICll H6IJ6JiiiTHBlfCTCKHM~ 

IY. B noJiyqeHHOM 3tMJeKTHBHOM MDOH-a.~tepHOM rauHJibTOHHaHe 

OTc!paCHBaJIHCb BCe qJieHU nepBOrO.H c!OJiee BUCOKHX llOIJiiAKOB llO.OTHO

meHHD P}lnp , r.~te P -m.myJII>C HYKJIOHa B a.~tpe, a Jnp -"ero .wcca. 
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'E~HHCTBeHHOe HCKnDIJeHHe COCTaBnanH ~neau, CO~epxamHe 3~eKTHB

HYD ncen-~oc&anapuyv KOHcTau:ry cB~3H Gp fgf • ·3:ro ooycnosneuo 

ClOn:bmelt ,no CpaBHeHl!D CO ~CelJH _ OCTM:bHIDJH_ KOHCTaHTa.MH CBS!3H t 

ne~:~~q~on Gp. ·· 

Y. PeaKUHa Cf'-, J) Jt.) paccua:rpunanacy,. B pauKax npauoro ue

xaHU,3Ma npouecca •. , 

· ,EcnH B pauKaX nepeq:~~cneHHux•np:~~ClnHxeHHlt npeueelpeqy, cnHH

opOH:ranl>HIDJ B3aHMO~eltCTBKeU Me~y BHnetaD~HM HeltTpOHOM.H H~poM ~ 

. ocTaTKOM, To: nupa.JKeune .nna acHMMe_TPHH. ·yrnonoro pacnpe~eneuua 

rpaKTOpH3yeTca: 

d..(E"J= o<H ,P(E"), (2) 

rAe O(H -:- actnJMeTpHa yrnonoro pacnpe,n;enemm npM:r-~3axna:re 

Ha nOKOlllllHXCll. npOTOH6X. (BO,li;OpO~H6H 6C1tJ.MMeTpHa) '·' (£,.)- HeKH11 
. ~ ' ' . 

g~epHHll ¢6KTOp. M3 ¢K3UIJ8CKHX COOClpaxeHHll cne,J\yeT, 'ITO ,1\0JIEHH 

BhlnOnHaT:bCll ycnOBHH: 

/d.}l/ ~ 1 I{ ljfE~~Jls1. 

AHaJIH3 3KcnepuueuTanLHhiX ,naHHhiX B paMKax TaKoro no,J\XOAa no:rpeelo

Ban nepecMoTpa Aonymeu:~~n, neza•HX B ocnone namHX.npe,nctannenun 

Oel 3JieMeHTapl!OM 6KTe: nonyqaDIJlHeCa COOTHOmeHHli MeZ,~ty KOHCT6HTa-. 

MH CBH3H cnaeloro B36HMO,J\eltC7BKll pe3KO pacxo.-ruiiCJ./IO/ C npe,l\CK6-

3aHHhiMH Ha OCHOBe runOTe3 eVe H qaCTHIJHOrO COXP6HeHHSl aKCRM:b- . 

Horo TOKa /II-I2/ (HnR xe B p~6X ,ll;HCnepCHOHHhiX COOTHOmeHHlt/I
3/) 

. n He ~POTHBOpeqaJlliDI.H ,li;6HHWL onu:ra no ~ -pacna,JJ;y. YKa3aHHHtl 

~KT nocTaBHJI Ha noBeCTKY ,li;Hll BOnpoc 0 donee Tl!laTeJILHOM 6HMH3e 

¢6KTOpOB, KOTOphle uoryT OK63aTLCa cy~ec:rneHHhiMH npH nccne,J\OB6HHH 

xapaK:repuCTHK HellTpOHHOrO K6HaJI6. OT 3axBaTa OTpHUaTenl>HhiX MDOHOB 

MPaMH. TaKOMY auann3y H nocnamena nacToamaa AHccep:ran:~~a. 
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. BO BBE,W:HM!t oelcyJ[.I(eua c:~~:ryau:~~a, _cnoxKnmaaca KO npeMeHH, 
< ' ••• • • • -. • ' • -·· ·, - : ; • "." 

KOr~a ClHnH H6'16TH paeloTU, nonozeHHHe B OCHOBY ~HCCepT6UHK, ·npo-
-. - - ~·: . . - '. .-,!-. . · .. •· .. -~ " . 

Be,ll;eH a;mnK3 npHClma:eHHlt, HCllOJI:D30B6BlllHXCll ,li;O 'cmc nop npH H3Y-

qeu~H n~ottElCCa sr;vn) R ~sn~xeua. n~orpaMMa HCCJie,JJ;oiau~n~ . 

peanusa~~ll Ko!opon,~ocBal!lellhl nocn~,nyD~He : rnaim. · · .- • ·· 
;.···· .,-' . 

B nepnon rnane pacclloTpeua cpopJ.i:any,uaa TeopHa pearuiHn . 

(ft"",VfL). B .nononueune _K nplielnHXeH~llM 1:-1Y yqTeHu TaK ~~3II;~·~.;~e 
"CKOpOCTHhle" qneH~ B 3qipeKTHBIIOM l!DOH~H,li;CpHOU rru!HR:bTOHHa~e : 
(~neHhl. nepnoro nopa.n;Ka no OTH~meHUID pj/11p )/l';/ .. )uJM~;y,JJ;a 
peaKUHif c,r;v11..) sam~:caua B paulci.x np~IOro.uexau:~~.sua .npouecca, 

nocKonLKY ua:~~ClonLmnn HHTepec npe,ncTannan:r xapai~Tepnc:rnKn Clucl:pux 
" ..._ . . . ~- - . . . . . 

He~trponon. BKna,JJ; pe3ouaucuoro. uexaunsua,. aBnaDllleroca onpe.neJiaD!llHil 

npH ~- ~ 15 M3B, ~ pa~·cMaTpHnaeMolt oelnacTn 3Hepnn npeueelp~x~o 
Man! 

B BhlpaxeHHH ,nna KBa,JJ;paTa awnnHTYAhl npouecca y,l\epzaHhl nee 

qneuhl, KBa.n;paTHIJHhle no "CKOpOCTHIDJ" /IS;_1?/ , T ~e. npCillOPUHOHM:b

HHe J <}P/mpl> }2 , necJ.IOTPll ua To, qTo B 3¢¢eKTunnoM lliioH~M~PHOM · 
raMHJILTOHnaue onymeuLi qneuhl nopa.nK,a ( P /Jnp )~ Yitasauuoe oelcToa

TeJILCTBO DH3B6HO TOM, 'ITO BKJia,ll; B ,J\H¢¢epeHUHMLHYD nepOllTHOCT:b . . . 2 - . . . 

paccMaTpHBaeMoro npouecca qneuon BHAa <-j{?/J11,-} Y>Mnor~ M.imhme, 

qeM BKna.n qJienon, nponopu:~~ouanLHHX J <Jpjfr,p)>/2.. :.JTo nonoJien:~~e 
Bnocne,JJ;CTB_HU ClhiJIO DO,IttBepx.:tteHO Henocpe,n:CTBBHHW pacqe:rOK1

18
/ •. 

Ha OCH\)Be H~nOJib30Baima .uynLTHnOJI:bllhiX pa3noiH:eHH11 ,Itnll ~ell- . 

TpOHHOit BOJIHhl :1! )(Jill BOJIHOBO£{ ¢YHKUUH,- OUHCilBaiDJllell OTHOCHTeJI:bHOO 

,1\BHJ:enKe ·HellTpoua H a:,~tpa;_ocTaTKa, a TaKXe reueanoruqeCKHX pa3Jio

llteHHll ,1\na BOJIHOBHX ¢YHKUHll H61JaJI:bHOf0 H KOHeiJIJOrO a,ll;ep Bl:lpallteHUH 

.-' 

5 



i 

)VIH si,~tepHhiX 1!aTpWIHLIX '::~118M8HTOB CBe.i\eHhl K CJMMaM, BKJIDQaD!llHM 
• ! ; ;;·. • " : ; • :._ ~ ; - • ' ; : - : ' • -' ' • . • ·-. • 1 • .... ·• :· .• 

B ceOSI ~Ha1lbHLI8 .HI!Terpa1ILI. . ... , 

' 
B pesyJILTaTe no11yqeau nee aeooxo,~tKWLie 311eMea:ru .lt11H nocrpo-

• . • o • • • • - • ' . I ~ •, ·, I '" ·~ • 

emm uaTpHULI nJIOTHOCTH KOH8QHOrO COCTOSIHHH WlH 1 ·,HHWH C110BaMH, 

AJ!fi·HaxoxieHHH 11DOLIX xapaKTCpHCTHK OhiCTPLIX aettTpOHOB 'a'npouec

ce cr-) ~ }t, )'. •; 

BO BTOPO~ rllABE _paccu~~-~~H npouecc lf"JPit) 
saxBaTa ,.,~-Me;OHOB SI~pOM '4ne~ ':r.e. pe~KUHH .. ·, .,, ... · . . .,_.:,• ' ., :.. . : y 

... , . ·. ·""""' + ."H~ - .3H -rn -r , 
) ,• 

na npHMepe 

. (3) 

· · •.. llpo~~~Jiusnponanu :mepre:ruqecKni1 cneK±p u acuMuerpua yrJio-. 
• .' - ' • ' . ' . ;-x.._ - . , . ; ' ~ . "• : •. • ; 

nora pacnpBJte11eHHB. Buoop nanepnoM nane i1ccne.~tonaHHtt Mpa 
11

He '~., KaiJ~b!ae' hcxoiaoro ooycilciB11SH
1 
CTpeuireiiHeM· CBeCTH K MHHH

Myli.y aeonpe.~te.iieunocn Mepnon cToponu s~aqH. PeaKUHH (3) y~on-

JI8TBOp8CT yKa3aHHOMy.: ycJIOBHJlo'; 0CHOBHOlt BKJI~ B _ B011HO~ble ¢YHKUHH 

ll.D;~p .4He~ H 3H. ~alllT. llOJI~IOCT:blO, CHMM8TpHQHhl8 $-COCTOllHH!!, H,-

q:ro cy~ecraenHo ,: BKJI~- ::JTHX S :-- cocTosnnn .ltOCTa:roqno aeJIHK, · 

OH COCTaBJIStet: 6011ee 9Q%; '!{\TOLlY li:8 · aJib~Ja-qaCTHUa. SIBJI1!8TCR·· ,l{Ba'llt)thl 

MarHtieCKH!l MPOM. 3To·nosB011ReT na,n;eSITLCR, qro saKOHOMepnocTH, 

KOTOphle y~aCTCfi ·nOAMBTHT~ B nponecce (3), OKaXYTCP. cnpaB8,1t11HBLI-

, MH H n cJiyqae,r--saxaa:ra ua oonee rsxenux R,l\pax, o:rnocHTeJibHO 

KOTOpLIX'mleeTCll 3KCllCpHMCHTaJibHaHHHiPopMe,uH8. JteJIO B TOll, QTO 

- IDA8101JlH8CH B OOCTOllDl88 Bp8MH OllUTHLie • .n;aHHLI8 OTHOCHTCll B OCHO!lHOM 

. K R.~tpro! c 3aMKHYTLIMH ooonoqKa.MH H1IH no,~tooonoqKaMH. TaKH1! o6pa3ou, . . .4. ·' ·.·- ' - . 
SI,~tpo He HBJIRBTCR tlcr.niOqHTeJILHO y,~toOHLIM .ll11ll uccJie.l{oBaHHll OO'DeK-

- ' . ''. .. .4 . ' .. -
-TOM. Hpoue T~ro, SI.D;pO; H HC HM88T CBSI3aHHLIX B030Yl[,IJ;~HHLIX O)tHO-

qacTHQHUX COCTOSIHHlt. 3TO ll03BOJISI8T H8.,1l;8!!TbCSI KaqeCTB8HHO OllHCaTb 

TaKllte H liH3K03HepreTHQeCKY10 0011aCTb neltTpOHHOfO Cll8KTpa. 

6 
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B3a~9~ettc;BH8 B KOHeqHOY COCTOHHRH MBXAY H8~TpOHOM H 

MPOY~ocTaTKoJ.i yqHTW!aeTca nocpe.~tcrnoY onTHqecKoro noreau~a.Jia • 

noc11e.JinHe. pesy.I!Ltatu ana.JIH3a nsamio.~tenc.l:nHn HYK11onon c Jierqatt

mro.m H.ltpaMH /Igf ~OBOpslT Q TOM,. QTO OilTHti8CKaH U0~8Jib MOli:BT 

<lLITL ycnemito npm.~eneaa ·,~tJia · omtcaaHH pacceHmiH HYK~OHOB aa rpex

qacTHtiHIDC SI,ItpaX, 

Ha. pRe. I npHBe~emr · ;esy~LTaru HccJie~onaHHtt ·II? I , npone.n;ea-. 

HLIX B pa3JIHqHLIX npH011Hli:8HHHX, acRM~eTpMH yrJIOBOrO pacnpe.n;e11eHH!! 

c;l. (£) Hllny11LCa OTlfOCH;e11J.HOfO ,lt-BHXeHH!! HBr!Tpo~a H H,~tpa TPHTHH 

ttaK t!JYHKUHH sneprmt E HX or_HocH:re11bHO.~o· ~nueaHst. HpoMe :roro ,n 

aHaJIOrHqHLIX npH011HXeHHRX npoaHa.JIH3HpOBaH 3HepreTHQ8CKHit cneK:rp 

/-{ ltax mx~.R rolt :ae alieprHH E • .Hcuo~- q:ro ec11H 

npeneopeqb HMllYJIDCOM S,~tpa-ocTaTKa, KaK 3TO OOLIQI!_O H ,lt811~8TC8 1 TO. , ... 

yKa3aHHHe xapaK:repHCTHKH. npouecca coBnaXyT c·xapaKtepHCTHKaMH. 

netttponon. B pacc~aTpHaaeMoM 6Jiyqae, o.~tnruco, Taioe · npHOnKXenHe 

MOli:eT .oKasancs CJIHlliKOM rpy6w BBH.ItY roro, qro Macca st.n;pa-ocTarKa 
. ., . ,"-

uana. 

0CHOBHLI8 BLIBO.D;LI,· !!B118D!llHeCll CJie.D;CTBH8M npOB8,1\8HHOrO aHa11H3a, 

MOXHO cclJOpMJ11~0BaTL C11e.llYlOIIIHM oopasou /I5;_I7/ • . . . 

~CKOpOCTHUC n qJieHbl ::Jq:¢8KTHBHOrO MKlOH-II.D;epHOfO. raMHJibTOHH~Ha . 
cyJIIeCTB8HHUM oopasoM onpe.n;eJIRlllT acHMMe:rpHD yrJioaoro pacnpe.n;eJieHHa 

of.(E): ytJeT "CKOpOCTHhiX" Q118H0,!3 npHBO)tHT K. COBepmeHHO HHOMJ xapaK

Tepy 3aBHCHMOCTH acHMMeTpHH OT ::JHeprHH no·cpaBH8HHlll C p83Y11LTaTa

J.!H, ll01IYQCHHUMH B npHOJIH:S:8~HH, He npHHHMaDIII8M BO BHIDlaHH8 yKa3aH- · 

Hhl8 QJI8HUj 6011ee :roro, 3HaK aCHWAeTpHH H3M8HaeTCll Ha npOTHBOllOJIO:S:

Hhllt (cpaBHH KpHBhle I H 2 Ha pHc.I). 0TM8THM 1 QTO llO,ItOOHhllt. KaqeCT-

7 
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0,4 
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or,>·~- __ . A ~ 

· 10 20 ·< 30 40 :· so 60 c,MeV 

ACHliMCTpHlt yrJIOBOrO pacnpe,llCJICHHlt mmy JlLCa OTHOCHTeJIL

HOro ,li;BHl!teHRlt ReltTp()Ha H lt,ll;pa TPHTHlt. KpHBble: 
. ..... -· . 

I - nnocKoBOJIHOaoe· I!PHt1Jimitenue; 

2 - nJIOCIWBOJIHOBOe npH6JlHJ:eHHe, "CKOpOCTHHC" t!JICHbl 

onyl!lenu; 
·: . . 

3- yqTaH!l.B3a!4MO,l\CltCTBHe B KOHet!HOM COCTOltHHH H 

"CKOpOCTH!.le" t!JlBHllj 

4 - yqreHO B3aHMO,lleltCTBHe .B KOHet!HOM COCTOHHHH, 

11CKOpOCTHU6" t!JieHH ony!lleHU. 

. 8 

1/ 

'. 

BeltHUlt sqipeKT HC ro.ieeT; J..tecTa ripH aliaJiH:Je ilponecca {j~,_J) Ji) 1 

imnoJiiieRilo¥ i3 iio,~~;eJili_ +epa-r&3a· /I8,20/ 

Binli.Ji "cKi>pocT~X"- tixeHOB B 'lteCTKYD traCTh snepreTJ1qecKoro 

cneKrpa. J'f · ~KtisH~aeTcii ·senH~; ~peHe_op~xeli1ie ; nun ilpMBo;uiT 

K sa.MeTHOMY yi.ienblneimli BliXo.n:a ditc'ipi.IX iien!poHoa. Henocpe,llcrBeH;_ · 

H!.le pesyJILTat&'npHBC,li;CHU B 'iaOJIHUC I~ 

3aepriia oTnocH:.:. 
.TeJILHOrO ,14BI4li!:C
HHlt t Jla:B '· · ·. · 

BKJia.ll B .:mepre;.. 

~ ' ' 

10. 20 

TRt!CCKHlt cneKTp, 77 71 
06yCJIOBHCHH!.llt ' 
liCCitOpOC'l;HWl.f 
qJteHa.MH \B _%), 

3Q· .. 40 
. ~ ~--:;_ ,., 

64 54 

Ta6XH~ Io 

50 60 70 
. ·-~- .. ,,< 

37 ... 26. I8 
,.: 

....·.· 
<'"f 

Heot1XO)(ID!O yKa3aTL; tlTO_ B TCX CJtyttaltX 1 KOr,l\a OCHOBHOlt Bitna,Il; B 

nponecc ,1\aDT nepexO.J\Il nep_Boro sanpeta, ponL ."cKopocTHllX" qne- . 

HOB OCOt1CHHO BCJIHKao . 

YqeT B3aHYO,ll;eiCTBHlt B KOHat!HOM COCTOHHHH weZ,lJ;Y HCltTPQHOK 

n liApou-ocTaTKOY npHBO.l\HT K noltBJteRHD "cRJILHOtt".aaBHcHUOCTM 

acJDOteTpHH yrJIOBOrO pac.npe,ll;eJIBHKSl OT :JHeprHHj acHWLeTpKSl CTaHO- · 

BHTClt ocUHJIJtHPYilil\elt ljlyttKUHel aHeprHH (cY•KPHBYil 3 Ha pHc.I). 

BeJIHt!HHa acHUYeTpHH OKa3aJlaCb BCJIHKa JlXmL ,li;Jilt 6Uctpi.IX HCltTpOHOB. 

0TMBTHM; tlTO B paYKaX HCUOJIL3YCKOrO npHt1JIHJ:CHHlt HCB031lOJ:Ha 

ljlaKTOpH3aUHlt K03qipHUHBHTa acHilYeTpHH (cK.2). _3to 03Haqaet t B 

qacTHOCTH
1 

tlTO HBBBpHU BCC Bl.IBO,li;U, KOTOp!.le ,14CJiaJIHCL B CBOe 
\ . . . . . . . . . . ~ . '· 

• Bpe:u:a Ha OCHOBC HCOOJlL30BaHHlt npe,li;CTaBJICHHsi (2) ,1\Jllt K03qipHUHCHTa 

acHMJleTpHH. 
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YtreT B3a.i!1IO.JteJtcnHH B xoHetrHOM COCTOHHHH CYillB~TBBHHO. TpaHC

cpOP!fMPYBT :mepreTMtreCitM:t CTIBKTp 00 cpaBHBHIUl C HO_JiytreHHWl .B :'f. 
nJiocxoBOJIHOBou,npnclJIMXeHuR. Tax,ecJIK B MOCXOJIOJIHOBOll pactre:re 

BHXO)t HliltTpOHOB MH,ltep TpHTMH C :mepr:wen OTHOCJ.JTEiJI:&HOrO ,ItBittB

HHli, cloJI:&~~~ 20 ll~Il,,!1;c;a~JIIteT ~1.'~~~ 36% o:r noJIHo~~ B peax~HH 
(3), TO yqe:r MCK8XeHMli CHmtaeT.3T:(.IlHtPPY .It~ 12~1~~. 

ITpH :reo'pe±Hilecxou aaaJIHse acmtMeTpHH yrJionoro pacnpe~eJieHHa 
... . ... .. . . . .. ··-· .. . ( •···. . .. 

HeltTpOHO~ ,H 3Hep;oenrqecxoro. COBK,Tpa B nponecce <r-,_1) ~J HB.,Oclx,·o~ ·. 

,IIH!.! O)tHOBpeueHHHn_ytreT H "CKOJlOCTHHX" trJieHOB :$PeKTHBHOrO MIOOH .. 

li,ItepHoro raMHJI:&TOHMaHa H B3aHMO,It8ltCTBHll· B KOHBtrHOM COCTOSIHHM 

MBllt.ltY Hen:rpoaou H M·pou-oc:ra:rxou. PoJI:& oOOHX ynoMSIHYT!iX cpax:ropon

BaJKHa, YtrBT lfX npHBO.D;HT K KatreCTBeHHO HOBW4 3qtlleKTW4.< ,· . ' . 

· .B TPEThELl rJIABE. paccMa:rpmnae:rcSI BJIHSIHHe yqe:r~ Kop~;xo~eitc:rsy
IOll!ltX HYKJIOH--HYKJIOHHbllC II:OppeJISIUHn ()lxac.TpOBCKOrO THHa) Ha acmrneT

:inoo yrJioBoro IXJ.Cnpe,n.eJieHHaOl(E) H 3Hepre:rMtrecxHn cne:K:rp · ·-dJ:' 
D peaKUHH '(3) .>oril.ir. MCCJIBAOBaHiia peainiin cr, p)' rAe' yqeT xopoTK0-

1•\. I ' ,!'·' • , · - . . . _ . . 
ABllCTBYIOll!HX KOppeJIHUHH HYKJIOHOB OKa3UBaeTCSI HB06XO,ItHMW4")tJill OOH-

CaHHSI npouec~ca npu saeprHsrx rawa-xBaHTOB, ooJI:&mHx 30 ·llaB, ·sxcne

pmieHTaJibHue ,l\aHHue no Buxo;zy 3apaxeHHUX -qac:rHtt B .npoueccax 

a.nepaoro ft'73axP.aT.a, a :raue ,D;OBOJibHO CHJibHasr saBHCHl40C:r:& acHWe:r- . 

P¥H )'rJioBoro pacnpe.neJieHHSI -HeR:rpoHoB o:r · yrJia ue:m:.n;y ~~anpaBJIBHMSIMH 

B~e:ra HBltTpOH8 M 'HeaTpltHO B peaKUHS!X Cf-:", V)t.), ·-: ,CT8BS!T BOnpoc. ~ 

0 HB00XO,D;HMOCTH MCCJie)tOBaHHS! BJII!liHHS! ynOMS!HYTUX KOppeJIHUHlt H8 

xapaKTepHCTHKH npouecca · 3a.XB8T8 r--Me30HOB S!.JtJlaMH. 

' P~a~~~a (3)' ·paccuo:r'peui{ B :reX'ie c'rumx npHclmmeliHSix, tr:ro 
{ ·o • ·~ . • .. ' • • ~- rt . ' 

H B npe,lJ;Ii,JU'IllBn rJiaBe·, HO OpH 3TOl! HBKOppeJIHPOBaHHHB BOJIHOBI:.IB .-

~Y~KUi~ 'a~ep ~e H 3H 3ruJeHeHu; no " .l(iac:rpony, x"oppeJIHpOBaH,;. . 

~l. 10 

;{ 

I , .. 

j 

HlwH 121 I . • IToJiyti~HHIIe ·~'a ~yJiua:ru / 2 2 / no 3BOJia~:r 3aKJIIOttHT:& cJie-

AYDl!lee. 

YtreT KOpOTKO~encTBYDlllHx~HYKJIOH•HYKJIOHHUX KOppeJISIUHM npHBO~HT 

K HeKo:ropoMy H~~HBHIID acrowe':rpHH yrJio~oro p~c-npeAeJieHHJI o((E) 
+ - ( ~ • • - ' • • • • < • ~ -·-. -. • • -

B 00JiacTH )t0CT8TO'IH~ BUCOKJIX-3HeprHll E, XOTll KatteCTBeHHUX H3lle:_ 

HBHHM B xo.n;e acHi!MBTpHH KaK ¢IYHKUHH 3HBPrHH _E He B03HHKaeT _ 

(yqeT B3aHMO,D;e:tCTBHS! B KOHB'IHOM COCTOS!H~H, HaUpHMep, .n;ae:r, KaK 

yKa3uBanoc:&; ·xa~tecneaHo aonul!· 3ci;xlJex;- n~ 'c:PaBaeaHD c OJiocxoBo;.. 
-- --"· --_ .• . _.J' 

HOB_UM npH6Jiu_eaneM). 

YtteT KOppe11SIUHlt Jlxac:rpOBCKOrO THna 3aMCTHO H3MBHsteT :m:eCTKYD 

qac:r.:r, :lHepre:Hqecxoro ~:n,ex:rpa. ;: , ·YB~~Htt~~~ nuxo~ cluc:r~~x 
JlenT!JOHOB. 110JI.HaSI CKOJlOCT:& npouecca npH 3TOM npaKTHl.IBCKll He Me

HlieTCSI. 
·-:.·· 

Cyl!lBCTBeHHOll KOMneacal{HH BJIMS!HHJI B3aHJIO,D;encTBHS! B KOH~trHOM 

COCTOS!HHH Me:m:~y He!l:rpOHOM H S!,D;pOM-OCTaTKOM H KOpOTKO,ltCllCTBYIOlllHX

KOppeJxH~Hn ·He ripouc:xo.n;HT. l\3Y'IBHHe peaxuun ( i, p) .nae:r. 'npuMepu 

niJOTHBonoJio:m:iiolt cH!yanHn. 

11pu H3YIJBHHH aCHMMBTpHH yrJIOBOro pacnpe~eJIBHHS! MOJI!:HO, UO-B~M~ .. · . .. . . - . . . . . -. 

MOlly, Ha nepBOM 3Tane He npHHHMaT:& BO BHHJAaHHB KOpOTKO,D;encTBYilll!He 

KOppeJISIUHH HYKJIOHOB. EOJiee Ka:reropH'IHhle B!IBO)thl MOJICHO Oy.n;eT C)teJiaTb, 

KOr,D;a UOS!BS!TCS! Ha,D;BJI!:H!ie 3KCnep~eHTaJibllhiB .I\aHHUB no, aCHMMetpHH 
. . - .. 

B nucoxo3aepre:r1Necxon o,..6Jiacu, npHtreM omH6KH onu:ra cly.ny:r ·.nocTa--

TO'IHO MaJIU. 

l!ETBEPTAR rJIABA .ItHCcep:raunu nOBliillena aHaJilt3Y c:renBHI1 nOJIS!pH-

3aUHM H~ntpo~on n npouecce Cf'-,vJt)_, npone~e~~~~~Y no-~peZHell; Ha • 

npHMepe peaKUHH (3). ITpH 3TOM paCCMOtpeHu·npudJIHXBHHH, KOTOphle 
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yxe McnoJIJ>30BMHCL·_~ npe,l{ll,ll;ynulx rJiaBa~ npu risytteHHH,_3Heprerkttec

ioro crieKTpa a acma1erpHH yrJioiloro p:~.cnpe,l{eJIEiHH.Il~ CoBi.iecTJtoe 

Hccne)loBaHne pa3nntiHliX xapaxTepncl:_HK. O,I{Horo· .H roro xe npotiecca 
. . : ·-· .-' .. ------·- • I.:. •. . ., 

B e;u!IioM no){xo.:te no3Bo1Iri Jiyttme naHan era oclioBJi:lie 3aKo~01!8p-

HOCTM. 
; ~ 

CreneHL nonapM3anMH HettrpoHOB onpe){enaerca KaK 

Ll = ~ (~3J)/¥~J. (4)' 

npn 3TOM OCh ;i CllCTBMbl KOOp){M~B.T napanneJibHa CiiHHY 3B.XBB.TblBB.B:- . 

MOrO MIDOHB., J ...=wrpuua n1IO~HOCTH CHCT8Mll-B KOH8.t!HOM COCTO.IlHHH,, 

~,~n3Becraaa MarpHna naynri• ·• 

Ha pHC •2 · H 3 npHBe.n;eHbl pe3yJILTEi.f!i pacttera c'ieneiiH no~apH3a

nHH .Ll (E) B peaKUHH (3) B 3B.BHcmtocrH ot 3ilepnnt E o!iloclirenLaoro 

~BlllKBHHll ilenrpoHa li u~ !pHTHa I2J/ • OcHOBHHe noJiytteHHHe Bimo-· 

,l{bl CJIB,I{YIOlllHB. 

CreneHJ>·nonSipn3anHH H~ltTpOHOB A (E) H acHMMeTpHst yrnoBoro 

pacnpe,l{eJI~HHll~(E) onpe,neJISIIOTCll pa31IHt!H11YH KOM6~HannaMH KOHCTB.HT 

CBSI3H cJia6oro B3B.nMO)\BltCTBHSI H SI){B:PHHX MB.T:PHt!HblX 31!8M8HTOB. 

TaKHM o6pa3ou, H3Ytteline yKa3aHHliX·xapaKTepHCTHK nponecca nosBonst

er nonyttaTh B38.HMO,I{OUOJI~S!IDIJlYIO HH~pManHD 0 HeM. 
':--.. 

Cren~HL nonapnsauHn HenrpoHOB cy~ecTBBHHHM o6pa30M onpe){e

JISietcst 11CKOpOCTHblLIH 11 t!1IBHB.MH 3!WJBKTHBHOrO UIOOH-SI,li;BpliOrO raJ.IHJib:-_ 

TOHJ.!B.Ha (eM. KpH:rilie I H 3 Ha pHc.2). Ytter ynoustHYTl!X ttJieHOB 

npHBO){nr K H3MeHaHHD sHaKa crenean nonSipH3annH. HanOMHKM, ttro 
~ . - . - . . 

B.HaJIOrHttHHlt KB.t!BCTB8HHHlt 3~BKT HU8BT KBCTO npH pB.CCMOTpBHHH 

acmni:er.pnu yrJionoro pacnpe,l{eneHHst 0.. (E) •. 

12 

· PHC.2; 

PMC. 3. 

·. 6 t· .~ ... _ I 1 , I I , d :1) I i 0.2 . . . .,. . . -

·a.a - . 
•_-; ' ~- ~~ . 

ad 
0,8 ' ~ -~--..;. :. 

-'; .. . 
0 15_ .... 30. 45 60, E,MeV 

CreneHL nonSipn3B.nMH HenrpoHoB B peaKnHH 4He' .ljwj YJ&)3H 

· C ytteTOM B38.HM0){8ltCTBHSI. B KOHBt!HOM ,COCTOriltHH •• _. 

KpHBue: 

I - pactJ~T· c ,y_qero:u tt1IBH<J~. nopMIW. I;' •: · 

2 - c yqeroY ttJieHOB~ nopuKa P/Jnp ; 1. 

3 - C yqeTOY ·(a pauxax HCU01Ib3yeMOrO npH61IKX8HHR) 

ttneHOB nopst,l(KB. ( P/1Hp)2.. 

~-r-~~-r~--r-~~~~-. 

0.2 

::~~ ....... --~~····'J 
0,8 

[ 
0 15 30 45 60,EMeV 

CTeneHL nonSipM3B.nHH nenrpoHOB c peaKURH 
4

He ~1~~)3H. 
KpHBiol8: 

I- nJIOCKOBonHoBoe npH6JIKZeHKe;· 

2 -pactteT B UCKB.J:8HHliXBOnHax; 

3 - pactteT B HCKaJ:8HHblX BOJIHB.X C yqeTOM KOpOTKO,I{ell-. 

CTBYDlllHX HyxJOH-HYKJIOHHblX KOppeJISIUHR • 
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YqeT B3aMMO.ItOtiCTB~H B KO-HetJHO:M COCTOHHHH Mex,n;y H9ll+POHOI! 
- ; - • < ••• • '·. 

n H.!IPOM-:-ocrarKOM_ ropai.Ito cnallee_ CKa3uBaerca- iia. crenean nonapH.,-

aaunH aenrpoHoB, aexeJIH Ha acH:MMeTpHH FJIOBoro pacnpe.IteJiei!I!H• 

3aMeTMM 1 O)lHaKo, 'l+O. CTe_neH:b ."OJillpH3aU~ OKaiHBaeTCH _ qyBCTBHTOJI:b

UOlt K B9JU1t!IIH9 CfiHH-:-OP611T8J!:bHOrO B3aHMO.It9llCTBM.fio 

Yqer KOpoTKO,It9HCTBYDmHX HYKJIOH-HYKJIOHHUX KOppeHattHlt nxacT

POBCKOro :nma np¥BO.!IHT K 3aM9THW.l KOJIH'l9CTB9HHh!l,( H3119H9~HHllM B 

:mepreTH'l9CKOlt 3aBH<i~OCTH CT9fi9HH fiOJillpH3attHH ll!iCTp!:lX H911TpOHOB 

(cM.pHc~3)~ 

l3 IIHTO~ rnADE npone~eHO paccJ~OTP9HHO npouecca saxBaTa nOJIH

pnsonaHH!lX .1'-_l!O~OHOB Ha lloJiee THl!COJIOIJ H.Itpe 160 •. .lf3yqaHHCl> KaHa

Jl!:l1 npHBO.ItHI!lHO K ollpa30BaHHD H,Itpa 15 ;V B onpe,It9Jl9HHOM KOHOI.{HQM 

COCTOHHHit:- B OCHOBHO!.! ('i11 
=I/[). H B HH3KOJI9lltai!IHX B03ClYl!C.It9HHUX-

(3/2-:", E = 6,3 MsB; I/2+ H 5/2+, E = 5,33 M:lB). Ananus npoBe.IteH 

c yqeroM pesyn:&Taron 1 nonyt~eHH!lX B npe.Itl:l,liYII{HX rnanax; paccuorpe-. 

Hll 3HeprOTH'lOCKHlt CnOKTp H aCRMM9TpHll yrJIOBOrO pacnpe,ItOJIOHHJl· B_ 

Kal!t,l(OJ.I ·113 UCC]IO.!IYOMLIX KaHaJIOB. llal!tHOCT:b yqera B pa.MitaX HCnOJI:&3y.,. 

9MOrO npndJIHJCOHHH "CKOpOCTH!lX" 'lJIOHOB 3qxp9KTHBHOrO MIOOH-MOPHOrO 
. ,h . . -

B3aHMO.IteltcTBHll yxe ycr_aHoBJieHa, 11 3.!19C:&· a:ror Bonpoc ne odcyx,Itaer~ 

Cll. Bo_JIHOBaa ¢YHKttHH OCHOBHOro CO~TOHHHll a,Itpa ~60_ 3anHCaHa C • . . . ' ' ' 

YllOTOM npHMOCH .ItBYX'laCTH'lHO-.ItBYX.It!:lpO'lH!lX KOH~HrypaUHlt K .ItBal!t,It!:l 
; . ;. 

MarHtJ~CKOMY OCTO BY • OcH(lBHOe. COCTOi1HHO H COCTOllliHO 3/2-; 

E = 6, 3 M3B H.It_l)8. l-5 /'1_ paccuarpHBaJIHc:& CKaK lJHCTO __ .niJpoqaue 1 a 

. ~y<lJieT aaoMaJI:&Hol1 tJOTHOCTH (I/2+ It 5/2+ 1 E = 51 33 M3n) JlMOOT 

crpyitrypy .nne .nupKH - o.nua qacruua. TaKHM oOpasoi.!, nopexo.~tu 

Ha paccMarpHBae.Mue yponnH· auoMaJI:&uon qoraocTH ll.i\pa 15/V ~yr 
sa C'l9T .ItBYXllaCTli'lHO_:ABYX.ItllPO'lHWc npH.Mocelt B BOJIHOBOlt ¢YHKnHH 

14 

-,--• 

a.n;pa } 6o. ;.B3amtO.It9ltCTBH9 B · KOHO'lHOM COCTOHHHH li9JUY HeltrpoHOM 

H H.ltpOM-OCTaTKOM no-:-npOltHOliJ Y-'ll'!TNBaJI,OC:b B paMKaX ,OHTH'lOCKOlt • 

MO.ItOJIH• B ~ qerBep:rou naparpa¢e · naron rnanu paccuorpeH 3qxpeKT 

BJIHRHHSI HCfiOJl:b30BaHHH HJJfi:KOHeqHOU rny<lHHij (noremtHaJI By,Itca

CwtCOHtl.) ;JtJia om!CaHHSI cBasaliawc cocrosmnn HYKJIOHOB n a)lpe Ha 

H3yqaeuue xapa:KrepHCTHKH npOJlecca .1""7 -3aXBara. B nOCJIO)IIIOM_ napa

rpa¢9· npoaHaJIH3HpOBaHa CBH3:b BeJJH'lHH .l{JIH acnMMeipHH yrJIOBOrO . . ' . . . '• 

pacnpe,IteJieHHSI aenrpnao 11 acHMMerpnn yrnoBoro· pacnpe)leJieHHa HM-
~ •' • ' • • • ... > • ' •• ; t ' . . . .. . ; ' . ~ • ' " ., 

nyn:&ca oraocHren:&aoro ABHllteHHH nenrpoHa 11 a.npa ocrarr.a, Koropue 
•.· . ~ . . . ' ' - ' . 

od!:ltJHO nonyqaiOT nPH reopermqecKOM onHcaHHn nponecca (/"f"", J) )f., ) , . ' . . ,,; . . ., ~ 

c BeJIHqHHO~l acH.MilerpHH yrnoaoro pacnpe.neneHHH Heltrponon, H3!.!epae-. .·- ·- . . . '. - . . f .... 

uolt.3Kcnepnuenr~~Ho •• 

OcaollHHe. nonyqeaHue pesyJJI.raru 'uoryr Oun cqlOpJAynnpoaaau .-

cne.ItYDlliHU o6paaou / 24-26/ • . - . 

BsaiDLo.ltettcrBne B.Ko~elltiO¥ ?ocroaHHH yelltAy HeltrpoHoM H a.npoM-
. ~ -

OCTaTKOM npHBO,ItHI K llOJiee. CHJl:bHOtt_ 3aBHCID.IOCIH 3HepreTHqecKHX, .. ' 
~. ·_ 

cneKTpOB OfE . H aCH!AM9TpHH yrJIOBOrO p~cnpe.nene~~III,o({£) OI 

3HeprHH 1 . no cpanaemn> C pe3yJil>IaTaMH 1 noJiytJeHHhlMH B fiJIOCKOBO]IHOBOM' 

npH6JIHl!COHHH. ilpH_3IOM B-3aBHCHMOCIH-aCH:MM9IpHH OI 3HeprHHHa6JIJO

,l{aeTCH>H9KOIOpaa CipyKrypa TRna OCUHJIJIRUHII. ilORBHBilUIOCH. COBCOM 

He,l{aBHO npe,l\BapHICJILH!:le 3KCnepHM9HiaJI:bH!:l9,,ll;aHHU9-JKa3uBaDI Ha 

IDI9HHO IaKyD IeH).\9l!JlHil B none~e;IHH acW.U.WipHH/2?-2B/. YKa3aHHOC 

CBOitCTBO aCHJ.!I.I.eTpHl! OKa3UBa9TCll .l{OBOJI:bHO YCIOl1'lHBh!M no OIHOlliOHHIO . . ·- ·, 

K uaMeHeHHD napauerpoa onrH,liecKoro noreannana, onHCHBalll!lero B3rutKo-

AelcTBHe B XOHeqHQll COCTOllHHH. 

ilpH pacCllOTpeHHH xapaKrepHCTIDt llJlOUecca ~)V!L), COOTB9T

CTBYD11iHX· CHTYaUHH, KOr,Ita He perHCTJlHpYOICll H,ll;pO-OCTaiOK B Onpe-

-,.;~ .. --- r' 
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,JJ;OJIOHHOM COCTOHHHH, ot1napylltHBaeTC.Il 3aMOTl_la.R~ KOMnencat(HII oco6en

HOCTelt,·HMOBDIRXL!8CTO B 3nepreTHtJeCKOil llOBe,JJ;eHHHpaccL!atpRBae-. : 

MhiX xapaKTepuc:rHK B Krut,JJ;OM us .. Kananoa. TaKl11! ot1pasou, pernc:rpa

UHII l!oiiTpOHHhiX xapaK.:repifc:rHK nponecca na coBna,JJ;~IIH.Il c ra.MMa~ .. 
Kaaurauu, Koropw.m · ailcBetmBae·rca oc:ramueec.R (A:-I) II,ll;po, no:mo- .. 

mii Bll.RBWrL ·xapaK:repuue: ocooeunoc:ru npouecca, liTO sa:rpy,JJ;neno 

npR Menee ,JJ;eTaJibHOM paCCMOTIJOHHHo 

Ucnci1IL3i.fl nciremuui.n By,JJ;ca..;CaKCOHa,BSa.MeH no:renunana rapuo;. 

HlilJecr~ci~o. OCUl111JIHTOpa ,ll;RII onncaHHfl CB.R3aHHI1X COCTOJiHHti HYKJIOHOB 

B JI,ll;pC no-hpelltllOMJ: .MOliCHO,.ylJHThiBM B3ali1!0,ll;8i!CTBH8 BKOH8lJHOM 

COCTOillllut, ll011]lJHTL OCUH111lilUHH B 3aBRCIDAOCTH aCHIAMOTJlHH. yrJIOBOro 

pacnpe,JJ;enennH c<(E) or sneprnn. Tipn 3TOM cy~ecrBeHHllX nsMeueunn . . 

:mepreTUlJ8CKOrO cneKTpa ff ne npO-UCXO,lU'IT • 

Ilpu JW--3aXBaTe Ha ,ll;OCTaTOlJHO T.flie1!h!X H,D;pax acHMMeTpHil yr-

1!0BOrO pacripe,JJ;enennH neltTponoB n acHMMerpna yrnoBoro pacnpe,JJ;e-

JleHRII HMnyJILCfl OTHOCHTOJIL.HOro• ,ll;BHlltOHHil HOltTpOHa U H,ll;pa..;OCTaTKa, 

B31lThle B·.·COOTBeTCTBYDlllRX TOlJKaX .no 3HeprnHM,- CYIIt6CTB6HHO ne: 

OUHlJallTCilo liCKJIJOlJOHllO cocraBJ!JillT CJiylJan·, Kor.n;a 3TH aCl11!MOTPHH 

OlJOHL MaJill llJ!H OlJOHL pe3KO H3MOHHDTCH. .J(JUJ ·_r--saxnaTa na 

nerqaltt~ux H.n;pax B auanornlJHh!X cnylJaHx coxpauaercH;. no-BH,D;llMOMy, 

KattOCTBOHHOe CXO)I;CTBO yKa3aHHhiX xapaKTepllCTl'IK. 
;· ', > • ) 

B 3AIUU.J1.fEHUU npnne.n;ena KpaTK8.1I CBO)I;Ka OCHOBHblX TIOJIJliOHHhlX 
. . . ,. . . . I . 

pesyJILTaTOB. Ilpu 3TOM HO)I;lJOpKuBaOTCII BalltHOCTL 3KCll6pHMOHTOB. 

na coB~a.n;euua B .n;aJILnenmeu uccne,JJ;oBanuu nponecca SJ;)I;epuoro 

tt-:..saxna:ra. 

OCHOBHhle pesyJILT8.Thl .n;uccepTat(HH ~OKJia)l;hiBaJIHCL na XX e~e
ro,JJ;HOM coBel!lamm no H.n;epuon cneKrpcicKorirm H crpyK:rype arouuoro 
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H)tpa (Jieu1mrpa.n;~ ~I970r.), na. IY Mex.nynapo)tnolt Kont!Jepeunun· 

no cpH3HKe BllCC)ItHX 3itepru£t u 'c:i:pyKType a.n;pac(,Uyoua, 1971), 

na I . BceCOD3HOlt. KOHrpepenumC "flAepJiue · peaK~HH. npu. BhiCOKRX. , . 

3Heprllnx" (Tt1HJIHCH, I972r.) H'61lJIH onyOJIHKOBaHJl,B paoo:rax, 
/I5-r7; 22-26/ • · · · · · ' · · · · · · · ' · · · 
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