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\1 I. BBeneHHe 
3a~oBo-oÓMeHHHe peaKqHlI a~oHoB li ~erKHX lIOHOB.C ~aMH sa 

rroc~e~HHe ro~ CTa~ BamHHM,~HcTpYMeHToMlIcc~enOBaHHH KaR CTPYRTypH 
~ep, TaR H MexaHH3Ma pea~. B ~aCTHOCTlI, 60~illOH rrporpecc ~OCTHr
KyT B peaKI.J;HR:X rrpa rrpOMeJKYTO"lffilIX SHeprIDIX ~aCTJiIIl; ( :p 100 MsB). Ror
na nOMHHHPYromH~ BKrr~ B CeqeHHe B oó~acTH HH3KHX sHeprHH B036y~eHHR 

xnep Ex ~ ~F li npa HeÓOJ!I:lilllIX nepenaxax IIMIIyJIDca p ~ PF naIOT rrpa
MHe KB8snyITPyrlIe npoueccH. B HH~3HBHHX crreRTpax H8 M~HX yr~ax óun 

OTRpUT HOBRn KITacc C~HH-H30CnHHOBHX pesoHaHcoB, B qaCTHOCTlI raMOB 
Te~epoBcIrnx pesonaHcoB,H YCTaHo~eHO WH3H~ecRoe HBneHHe rrO~8~eHRff 

CHAU CITHH-HSOCllHHOBHX rrenexo,oB B oó~acTH ~x ~ 30 MsB no CpaBHeHRID 
c oóo~oqe~ pacqeTaMH7I~2 • 8TH Hcc~enOBaHHH cymecTBeHHO rrponBlIHY
~ Hame rrOHHMaHHe s~eRTOB MHOrOqaCTH~X B036y~eHHH B HH3ROSHepre
THqeCKHX crreKTpax, a Ta~e,po~ ieSOHHHX OÓMeHHHX TOROB, li HeHY~oH
HHX CTerreHe~ CBOÓO~ B .f1APaxl3,4 • B peaKUHHX rrpH rrpOMeEYTO"lffiHX 3Hep
rRffX llo~~eHR HOBHe B~HHe CBe~eHRff K8R 06 s~eRTHBHHX B3aHMOneHcTBH
HX HY~OHOB B anpax, TaR H o ~~OH-~ePHUX BS aHMOne MCTBRflX , oco6eH
HO B crnrn-R30CIrnHOBOM RaHaJIe' • 

Boasmoe BHHM8HRe aa nocnenaae rons ITpHMeKJm TBue peBKD;RB c 
rrO~H30B8HHHMH rryqxaMH, B KOTOpHX HSMe~C1 aHa~3HpYromHe crrocoó
HOCTH li Kos~eHTH rrepenaqn CllHHOBOfi nO~HsaUHH. 8TH Be~~HH 

OqeH1 ~BcTBHTe~HH IillK R ~eTa~ Mexa~3Ma pea~, TaR H R CTPYR
Type H,IJ;epHHX B036Y2K,IJ;e!Url1. M3Mepemm R03~eHTOB rrepe~a~ CImHOBOH 
rro~pH3aURH B rrpHHUHrre naIDT B03MO~HOCTb rrpOBO~Tb My~bTHllO~bHRH aHa
~3 B C~OillHOM cneKTpe, a rrpH H3BeCTHOH CTpYRType ~epHUX B036~e

HlIH-n03BO~T H3yqaTb lIHnRB~a.n:b~e KOMITOHeHTli HY~OH-H,IJ;epHUX aw
WeRTHBHHX B3alIMOnenCTBlIn. 

B nOKnane oÓcy~aIDTcH rrOc~enHne nOCT~eHHH B TeOpeTlIqeCKHX H 
8RcrrepRMeHTaJIDHliX Hcc~enOBaHHHX 3apH,IJ;OBO-06MeHHliX peaKLUIH rrpH rrpOMe
)KyTOi{flliX SHeprIDDC. 

2. MImpocKo:rmqeCICOe ormcamre 3apg,n;oBo-o6MeHHHx pearo:rID1: 
~ rrO~qeHHH H3 H3MepeHHHx HH~ID3HBHHX 3HepreTHqeClrnX crreK

TpOB CTPYKTYPHOH HHwopMaUHH o pacrrpene~eHRH CH~ rrepexOnOB pa3~q
HHX ~~~DTHrro~bHocTefr, ocoÓeHHo B CurrOillHOM crreKjPe RnepHHX B03óy~e
HHll , ÓhI.Jrn pa3BHTH MYIRpOCROrm~eClme MoneJfJlI./5- 7 • 06~.m ,lJ,JI.l1 anx JIB

~TCR c~e~~He OcHOBHHe rrpenrro~o~eHRff: 
-{, 

{Ol)kÁ"ll -, l;~I.oill HHC~! 
~I íln~r..(;li:JX MtCJ~ll()BaOO~ 
tI hMt=..rll..i~""~u A 



i) npa OTHOCRTeJThHO MaJIHX 3HepI'IDIX BosÓYiK,Il;eHH:f1: H,lU)a ( Ex ~ ê.F 
~OMMHRPYromHH BKn~ B ce~eHRe peaKUHn ~aroT o~HocTyrreH~aTHe rrpOneccH 
RBa3Hynpyroro pacceRHRH, KOTopHe O~CHBaIDTCR B nMllY~I.CHOM npHÓ~e

HIDi HCKaJKeHHhtX BO~H ( DWIA) 81 
lZ) B Ka~eCTBe 8~eKTRBHoro Hy~oH-~epHoro BSaHMO~eHCTBHR HC

noasayerca eaaacaaee OT snepraa t - MaTPH,oe NN -BsalIMo~eiícTBHe, 
rrapaMeTplIsoBaHHoe no ~aHHBM ~soBoro aHa~sa 9/; 

i i I) Bos6YJlUl:eHIDI anpa OIrnCllBaIOTCR B M1IKpOCKorm:~eCKOM nonxone c 
y~eToM a~eKTlIBHHX BSaHMO~e~CTBHH B ~e B MeTo~e c;ry~aHHoií ~3H (C~) 

RAH TeoplIR KOHe~ ~epMlI-CHCTeM (TK~C); npR aTOM OÓaqHO BKrrID~aIDTCR 

BKna~ Bcex ~aCT~O-~~O~X nepeXO~OB c rrepe.n;a~efi opÓIITa~~Horo MO-
MeHTa O ~ L. ~ 5 II cnzna $ = O,I (T. e. BosÓY]K,Il;eHID:I c nOJIHHM 

r 7T =MOMeHTOM H ~eTHOCT:bIO 0+, 1+, 0-, 1-, ... 4-). 
MCK~eHH&e BOJIH& oÓ~o BH~C~T ~ weHOMeHOJIOrn~ec/oro onTH~eCKoro 

nOTeHURaJIa. HaHÓo~ee ~aCTO ncrrOJII.syroT rrapaMeTpH3auRH 10,11/ orrTII~ec
Koro nOTeHqHana rro ~aHHHM OÓ yrr~rol pacceHHHH rrpoToHoB. 

OCHoBHoe pas~~e MO~eJIeM -7 KacaeTcH CTPYKT~P.HHX pac~eToB rre
pexo~HHx ITJIOTHOCTen RAepHHx Bosóy~eHHfi. B paóoTax / 7 HCrrOJI»syeTcB 
MeTO~ ~ c aW<I>eKTIIBHHMH BsallMO.n;eiícTBIDUJIl1 TT+S - Me30HHoro QÓMeHa 
H .n;orrOJIHHTeJII.HOrO JIO~HOrO BsaHMO~eficTBRH lia~ay-MHr.n;ana B CTIHH-HSO
CImHOBOM KaHaJIe. 

CaMOCOrJI8COBaHHHif MeTO)J XapTpn-4?OKa c yrrpOme,llHHMH • CIDIaMn 

CKHpMa HCrrOJI»3YIDTca B pa6oTel 6/ • HaKOHen, B paÓOTax /Y/ CTpYKTypa 
Bosóy~eHHií OllHCHBaeToR B TK~ c a~eKTHBHHMM Bsal'IMo.n;eficTBRRMH B Cill'lH
HSOOITHHOBOM RaHaJIe, BKnm~ammHMM JIORaJIbHOe OTTaJIKKBaHEe ~a~ay-MHr.n;aJIa 

iI /~RT.HI'RBamryID aMlI.1lllTY.n;y o.n;HormOHHoro oÓMeHa (CM. OCTaJI:bHOe Oil1'IcaHRe 
B 2/ ) . BazHO OTMeTETI., ~o OHJIOBl:le WYHlanrn H rrepexonnue TIJIOTHOCTR B 

aTOM rro~xo~e B~C~ToR Ha nORROM ~.-~. óaSHce, T.e. c TO~ yqe
TOM o;ItHo~aoTFmoro ROHTlfHYYMB.. 06wm:o rroJIY"lam ,I:O!CltpeTR30BaHHI:rli CIIeKTp 
BOSÓ~eHHM ~o~epHero RAPa H ~ K~oro B03óy~eHHa Bht~CJIHIDT yrJIO

BHe pacrrpe.n;eJIeHHR peaKqHH. ~ rro;ryqeHHH HenpepHBHoro HHKJIID3HBHOro 
aHepreTH~eCKoro CIIeKTpa HeHTpOHOB pac~eTHHe CeqeHHff ~ 3~aHHoro yr
JIa e paSM1:lBaM' cseprxoã c lf?yH~ Bpeãra-Barnepa, 'lJTO na <peHOMe
HOJIOrR'lJeCKOM ypoBHe COOTBeTcTByeT ~eltTY OBRSR qaCTH'lJHO-~poqflHX 

Bosóy~eHRn c MHororrapHhtMH (cnp8~OBHe mHPHHH). B paóoTe/ 5 HCrrOJIDSO
B~C:& aC11IMMeTpHtIHHe cpyHKIUm Epef1:Ta-Bnrnepa o SaMC.HlItHMH OT SHepI'Im 
IIDIpmtaMB: , 'tITO nOSBOJIRJIO nepeMeCTRT:b 9HalJETeJI:bHYID ~OJOO CKJIH rrepexo
~OB B BHCOROSHepreTH~eCKYID oÔJIaCT:b BosóyxneHHií, TaK 'lJTO B HHSKOSHep
reT~~eCRO~ 06JIaCTH OCTaJIac:b HeoÓXO~CTI. B OCJIaÓJIeHHH CHJIH nepexonOB 
npoepHO aa 15 %. BKJl1I)~eHHe CMSR 'lJ.-~. B03óyx;n;emrli c B03óYJK,D;eHHeM 

L1 -R30Óapa-HY:tqIoHHaJI .n;IipRB. Y1Ke .n;a.eT 3aMeT~/e~T paoxernoro 
ce~eHHH no opaBHeHHID o aKcrrePKMeHTOM. B paóoTe HOrrOJI»30BaJIaCI. rroc

2 . 

TOHHHaJI ~ Bcex COCTOHHllM illllpnHa paSMHTllH 2 MaB. C~e~aH BHBO~ o He
OcíXO,n;xrMOCTli oCJIacíJIeHMíI rT-rrepexo.n;oB 13 ooaacra Ex ~ 20 MsB rrpJtuVlepHo na 
35 %. HaKoHeu, B pacíoTax /7/ llCrrOJIh30BaJIHCh CHIVlM8Tpll'lJHHe WYH~ Epefr
Ta-BHrHepa c saBlicRmMMll OT 3HeprHYI illllpHHa~~, rro~6llpaeMHMH TaK, 'lJTocíH 
HaHJIY~Vl ocípa30M OIIHcaTh HadJI~aIDmMeCR B crr8KTpax CTPYKTYPH 13 od~ac-

Tll Ex ~ 20 MaB. 
B Ka~eCTBe rrp~Jaepa Ha pRc.I,2 rr0K338HH pac~eTH 8HepreTYI~écRlix
 

CITeKTpOB HefiTpoHoB nJIH (p,n) -peaKUHM Ha 90z, li 2 
08P8 rrpli E =
 p 

= 200 M9B 11 sICcrrepíMeHTaJThHHe ~aHHHe , JIIOÓe3HO rrpe~OCTaBJIeHHhIe ,IJ;-pOM 
E.ro~e (CM. Ta~e 1/). B TK~C oCJIacíJIeHHe CllJIH CITMH-YISOCITHHOBllX rre
pexonos orraouaaerca c rrOMOlJU,IO weHOMeHOJIOI'H~eCI{OH 13eJIll'tllIHlI JIOI\8JILHOrO 

I3/ •aapana KBaS1'I'llaCTID.J; e'lfrrrJ no OTHomeH1UO K I10.íJ.RM a: t: -clll\J1MerrpJrn/

KB~paT 8TOM BeJm~HlI BXO~T 13 BepoRTHoCTh JIrodoro crrnH-H80CITllH0130rO 
rrepexo,IJ;a, a TaIOKe co~ep~TcR B H3013eKTOpHlIX K01mOHeHTax MarHHTHHX MO
MeHTOB H ~rr-rrepeXO,IJ;~B. B 'lJaCTHOCTH, ~ rT-rrepeXO,IJ;OB er~~LJ xapaKTe
pli3yeT ,n;O~IO npasana CYMM 3 (/v'- Z) , I\.OTopaR HC'liepmmaeTCR: ~aCTn1ffiO
.1UiIpolffiofi BeTB:DlO BoscíYiK,Il;eHJ!Iu. B ce~eHMe (p,n )-pea:K1Uill ,IJ;JI.H CIrn:H-<!Jmmo
B.bIX rrepeXO,IJ;OB e:[vZ"] BXO,Il;HT K8I< BHellImrti: !ÍlaKTop,H ero Be.Jlli'lllHa non
oapanacs MS YCJIOIDT.fI HaH;ry\IlUerO orntcanaa ID1:3K08Hepre'l'kItIeCrWl1 ~aCTM HH
RJIJ03liBHOro onexrpa . TIoICa3aHHHe aa pRC.I peSYJI.hTaTj rroJIY~eHH n!m: efJErl)= 
= 0,8 rrpn ncrrOJI:bSOBaHlin orrTHJecKoro rrOTeHUllaJIa/I I . C OI1THtIeCKKM no
TeHIJ;Ha.JIojIQ/ B paóorra!7 ,14 rro;ry~aJlliCh ceseuza npnnepno na 25 %BH
me. PaC'lJ8TH WIR 208 pg (pHc.2) nposezteus c orrTH~eClmJIII nOTeHUHa
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PRc.I. 3HepreTH~eCKHe CTIeKTpU HellTpOHOB ~R: pea~HH ~r(p,n) Ali 
rrpn Ep = 200 MaB. IIOI\.8.3aHU napnaansaue BI\Jla,rw B rrOJIHOe ce
~eHHe (cnnoumue Jll!lUm:) 1+-nepexonon, xsoõapaaanorosoro O+-B03
cíYJK,1J;emm, CIrn:H-.wmOJILHlIX (t =: I) rrepeXO,IJ;OB, a TaKJKe cyrvnvrapHUÍ1: 
WoH l1epeXO,IJ;OB C/.> O. Pacaer rrpOBe~eH,IJ;JIR: I[~r] =0,8. 
CKoppeKTHpOBaHH1te axcnepnaearam.aue ,IJ;alIII1Ie/I (JIOMaHhle RpRBHe) 
cíllJIH JIIDcíe3Ho npe,IJ;OcTaBJIeH1t ~-pOM K.ro~e. ~ 
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PRc .2.	 To JKe, 'lTO aa pHC. I, ,rr.IDl peaKI.J;I-u'I .zoa Pt (p,n) 20BBI
 
npn Ep = 200 MaB. (Pacxer c OnTl'I'leCIlliM noTeHI.UiaJIot!IO/ )
 

JIm/I O/. QneHK8i ef,[6'Cl ~ 0,8 HeIlJIOXO cororacyerca c .n:aHHID.lli,no

JIY:qeHHHM11 JIS aaanasa fl-pacna.n;a I'I MI-nepexo.n:oB• 

Hal.IlJI paoxeru noxaaaza , 'lTO O,lJJWoTyrreH'laTW MexaHJISM (p,n) - pe

aKUHH npa Ep ~ 100 MaB n03BOJUIeT xopouio onacars Ha6.JIIO,IJ;aeMbIe cnex-
TpbI BIlJIOTJ.> ,I(O aHeprM~ B03Ó~eHJIH ~ 20 MaB. BbIm.e no aHeprHJI TeOpeTJI

xecxae Oe'leHIDI OnOTeMBTl'I'leOIlli HIDKe IHwnepRMeHTa.n::bHbIX. O,TI,HaKO npn 
ep[crz:.] = r BbI'lliOJIeHHOe HHTerpaJI:bHOe cexeaae no BoeMY noxaaaano

'MY sa pac , 1,2 nHTepEany O ~ - Qpn ~ 40 MaB xopomo coraacyerca c 

aKOnepHMeHTaJ1J.>HbIM, T. e. ecna "l'I3mnneR" Oe'leHIDI E 06JIaOTH O ~ - Qpn 
~ 20 .M3B nepeMeOTl'ITJ.> E BbIilleJIe~u~ro 06JIaOTb, TO OAHocTyneH'laTbI~ Me

X8HH3M cnocooea 06MOHRTb necs Ha6JIIO)l;aeMI:lli cnercrp BTIJIOTJ.>,I(O - Q pn ~ 

~ 40 MaB. TaRoe nepeMem~I{He rrpOJIOXO~T npH B3aHMO,I(efioTBRJI 'l.-,I(. B03

6y~eHJIH c ·6oJIee OJIOJKHbIMR MHororrapHbIMJI 3/ 11 WJISM'leOKH oTpamaeToH B Be

mI'lHHe elj. [trz} . KOHe'tJHO , aCIxIJeRThl oOJIaÓJIeHlUl CHJIH Cill'IH-HSOOill'IHOBbIX 

rrepeXo,I(oB, CBHsaHHhle c 06MeHHbIMH Me30HHhlMH ~OKa1m JI 6apJIOHHHMH pe30

HaHca~47, TaKJKe MoryT ,I(aBaTb BIOI8.IJ: B ett[õr] , ' O,I(HaKO noxa HeT yde

~TeJIJ.>HHX KOJIH'leOTBeHHbIX oueHOK l'IX B ope,I(HHX H T~eJIhlX H.IJ:Pax. 

Ha pRc.I,2 nOKa3aHbI napnnaJIbHbIe BKJIa~ B ce'leHHe rrepexo.n:oB pas
li

Jm~mx MYJIbTRnOJIbHOoTeti. lLorvnttIJIpyI<JII.Uri1: BKJI8.IJ: na MaJIbIX yrotax ,I(aIOT 1+
 

rT-rrepexo,I(u, a <floH .IUJYI'HX MYJIbTHrrOJ1J.>HOc~eti L » O MaJI npn e· = 0
0, 

HO
 

6UCTpO uapacraer c ·yrJIOM. IIpJI e = 4;56 B cncxrpe Y'JKe XOpOIIIO Bl'I,I(eH
 

Oill'IH-,zumOJI:bHbIM ( L = I) peSOHaHC B OÓJIaOTH 20 ~ - Qpn ~ 30 MaB,
 

4. 

oópa30BaHHlIM oyrl11/fapHIDvrn: BI\.JIa,I(mJlIi B03ÓYJK,Il;eIlli11 c JTr = 0-, 1- H 2-. 
OTMeTHIvI, 'lTO auaJIOrH1Ifme Ita'leCTBeHHbIe BbIBO,I(H lTOJIY-qClIH n B paco

Ta!5,6/. 

3. ~OB8HHH c I10JI.ffpH30BaHHbIIvIVI rrpOTOH8Mll 

He~8BHlle Hcc~e~OBaHMH o nOJIHpH30BaHHbllilli ~poToHaMH/I5/ ,I(8AR 

I1PHMbIe CBH,JJ;eTeJILCTBa o ~OMHHaHTHOCTH ClrnH~JIHrrOBbIX I1epeXO~OB B crreK

rpax peaKI(HH aa MaJIbIX yrorax. MSMepmracb nonepe-nraa nOJIJipli38.I.J;IIf..fI P, 
BbIJIeTaromHX HeHTpoHoB, CBHsaHHaH o nOJI.ffpJISaUReM jO,' Ha~eTa~~x npo

TOHOB (rrOXITpJI30BaHHHx nepneH~KYJIHpHO nnOCKOcTM peaI~ll) 'lepes Koaw

WJII"ÇITeHTbI lJNN (IJ) nepenasn crraaosoã rrOJUIpH3ar]Jm COOTHomeHHeM 

p" =Z>NN (O~) Pi . Koa@)m.meHThl VNAI I1PM~IaroT xapanrepacrasecxxe 
3Ha'leHHH .IJ:JIH pasJIH~ux rrepeXO,I(OB c llepe~a'leH OpÓHTaJIJ.>Horo MOMeHT8 

t H CIIDHé~ S = O,I. Ilpocrue ou;eHIDI noayxena B npH6JIIDK8illIM IIJIOC

BOJIH/ I 61 KHX 

+1 J ,1=0	 B036YJK,IJ;eHMH 
HOpMaJILHOM 

o , S=t,t-=J 'leTHOCTM 
(I)7)IIN(O/ =
 

-J/(2J+1), t=J-l OIrnH-<PJnmo-

Bhle B03cJYiK,I(eHIDI 

-(:r+t)/(2J"+i), Á -r-s 

113 (1)	 CJIe;rJyeT, '!TO ;rr,JI.li 0+ -COOTOHHJIH 2'JNN :: +1, ,I(JIH 0--Bos6YJK,IJ;eHHM 

lJNN = -I, )J,JIJI r' I'I'-rrepexonoa .l)NN = -1/3 II T.A • .1J.JrH ncex CIrnH
cfurnnoBhlx nepeXO,I(OB 2)"'N = - 1/3. 3rI'H OueHKl'I xopomo nO~'l'BepJK,I(a
mCH 'tlHCJIeHH1I1m pao'leTawtI 7/ , nponenonasaa B pamcax nozrxoaa 6/. t' 

BeJIH'qHHa 7JN N CBH3aHa o BepOHTHOCTLIO ,g nepesopora crraaa 
HyKnOHa rrpJI Bos6YiK,I(eHHJI 

S = (i -1))1# )/.2 ,	 (2) 

o rrOMOmbIO KOTOpoíi nOJIHoe Ce'leHlle .IJ:JIH HeI1oXITpli30BaHHoro ny'IKa paS,I(e

MeTOH na cesesae c nepenoporoa ornrna () S II cesenae ocs nepesopo
Ta omlHa (i(I-S) , TaK lITO 

(J1)NN:= U-(f-S) - <r S .	 (3) 

3KcrrepRMeHTaJIóHbIe pacnpeneaenaa M.ff (j$ , (j(f -5) H ZlNN o6wrn:o 

OTpoRT,yope~HHH TIO~eHHHe OTIBRTpU no 8RepreTKqeCRou.y KHTepBany I MaB, 
'qTOÓH . ROKJlll:)'qHTJ:, peaxae craraxecsse rJ!.nY,!\T,YaIUm. rA 
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Ha OCHOBe MMRpOCROITH~eCKOrO llo~xo~a /7/ HaMH rrpoBe~eHH pac~eTu 
,cooTBeTcTBY~X pacrrpe;ieJIeIDIll ,Il).[.f! peaKIJ;Im .9OZr (p,n) 9°/{8 npa e; = 
= 160 MaB H 4BCo(p,n) ~C npn Ep =135 MaB H rrOJIY~eHHUe pe3YJI:DTaTlil 
BMeCTe .C aRCrrepHMeHTaJI:DHlilMM ~aHHHMH H3 pa60T/I5,17,18/npKBe~eBH Ha 
Ha PHC.3íl R B Ta6~e.HcrrOJID30BaJICR orrTH~eCKHll rrOTeHUHaJI B rrapaMeTpH
3aL~H /1 • Pac~eTH llORa3aJIH, ~TO rrpE: e~[~LJ = 0,8 TeopHff xoporno 
orracsrsae'r Ha6.JIIO,ll;aeMHe B pacnpeneneanax a-S H(rll-$) CTPYKTYPlil B 06
JIaCTH O ~ - ()pn ~ 20 MaB, rrpil~eM rrpaB:HJI:DHO BocrrpOH3BO~T COOT
HomeHHe HHTerpa~HlilX BKJI~OB rrepeXO~OB 6e3 rrepeBopOTa CllllHa E: c rrepe
BOpOTOM cnnaa JCS"(1-S) / Sa-.J' z 2/3. OTMeTHM, 1JT0 c pOCTOM ynna

O aTo OTHorneHHe 3aMeTHO paCTeT, ~OCTHraH B ~Zr rrpH B = 120 3Ha
~e}lliH % 0,9. 8TY TegneHUffID 6~0 lIHTepeCHO rrpOBepHT:D aRcrrepHMeHTaJI:DHO. 
Xopomee COrJIaCHe pac~eTOB c aKCrrepE:MBHTaJI:DHHMM ~aHHHMH rroJIY~eHo H'~ 

'TI /	 "I ' 90
pacrrpe~eJIeHHR ~N)VIO/. B HH3RoaHepreTH~eCRO:H 06JIaCTlI ClleKTpa i:r 
(p:ltw.3) ~OMHImpyeT 1+-Bos6YAAeHHe ( -(}pn ~ 9 M3B), ~TO H onpeneaa
er 3Ha~eIme JJNII! ~ -0,3. Taxoe xe aaaneaae Z)NN xapaxrepno H wm 
Bcell 06JIaCTH rTP (13 ~ - r;pn ~ 20 MaB). B oxpecraocra VIAC ( 
-~ 12 MaB) cxaasaaerca BJrnRHile OICPYJKaIOllJ;LIX ero 1+-B03y6JK,IJ;eImH, rroaa

lPE:c.3.	 BH'tlliCJIeHHlile (CTIJIOI11HHe JDZ[Hmr) li 9ICCnepHMeHTaJI:DHHe' (rHcTOrpaMM1l)
 
pacrrpeneneaaa Õ s ,(j(I-$) H DNN ,IT)IJI peaRIUIlI 9OZr (p/n)90lIt
 
npn Ep = 160 MaB II yrJI8 Bem = 00. (CM.TeKCT).
 

~ 

90z rlp,n )90Nb 

Ep "160 M3B 
ecm=o· 

LIJ 30 20 10 o 
-Qpn, M3B 

10	 _ • _, 

~ '"Ca(p,n)"Sc 
:I: Ep =135 M3B 
p,5 Elc.m=O· 
tJ 

<, 
\O 
:E 

01.0 ""1W'~-~- -iJ- -- lã '~~ 

02 

cio . 

n~
 ~
 
-Qpn,M3B 

PHc.4. To xe , ~TO lIa plIc.3, 
,n;JI.ff peaxnaa 4'Ca(p,fI) "8$c 
npz Ep = 135 MaB. 

Ta6mma.	 HHTerpaJIDHHe ce~eID'IH.(p,n) peaIID;IIH ua pa3JIHtIHHX 
y~aCTRaX cnexrpa !l ()pn (B ezi. M6H/cp. ), Bwrn:CJIeH
Hue npn el~lJ =0.8. JLaHH napnaansuae BKJIa,IJ;li 1+(!J = 
= O) nepoxcnon, cYMMapHIlli WOH I. » O nepexonoa, rrOJIlIHe 

l 
cexeana Gt ' a trax JKe ornouenae BKJIa~OB nepexonos 
6e3 nepeaopora cmma cr-(1-$) MC nepenoporox erra
na ()S . 

t1Qpn 6(t+) tze«: ot «a-er/es 
(r'liaB) l,O reop, sxcn, reop, -axcn, 

90Zr (p,n) 90Nt , Ep = 160 MaB, Bem ::: 00 

0-10 10,1 1,0 11,5 10,3 0,58 0,5 
O - 20 48,4 4,5 57,2 62 0,64 0,67 
O - 40 56,4 20,4 81,9 125 0,66 0,71 

90Zr (p,n)90IV! , Ep == 160, MaB, Bem == 60 

O - 10 3,0 2,3 5,4 0,73 
O - 20 14,7 16,7 3'2,8 0,79 
O - 40 18,7 48,5 69,0 0,82 

48 f8$Co (p,n)	 c, Ep := 135 MaB, &em = 00 

0-5 9,0 0,7 9,9 10 0,50 
O - 15	 50,1 3,~ 59,0 72 0,b3 
0-40	 00,4 17,5 84,4 136 0,64 

~8 (. )"8$ E = 135 M3B, '= 60
Co p,n	 c , p 

0-5 4,3 2,0 6,4 
O - 15 24,.2 11,0 38,2 
O - 40 30,7 38,2 72,4 

f)cm 

0,58 
0,70 
0,72 

JKa:I<J:nRX 3Ha~eHHe l>NN no ~ 0,3 , no cpasaeamc c ouenxoã +1 ,IT,JIIl 

H30JIHpOBaHHoro pe30HaHca. B 06JIaCTH 20-30 MaB pacrrpe~eJIeHlle Z>N# 

orrpe~eJI.fIeTc.H ROHRYpeHI.J;E:en BKJI~OB CIDI:DHO lPpaI'MeIITlIpOBaHHHx 2--nepexo
~OB, 0- -pesouaaca ( B oRpeCTHOCTE: - (}pff27 MaB, ,Z)NNz -1), 3+....pesoaanca 
( c ueHTpOH,nOM npa - (}pnz, 26 MaB, Z>NN~ -0,3) .YI "xaocra" TIP, ,n;JI.ff RO
ropsx 1JN N <: O, H <ppaI'MeHTlIIpOBaHHbIX l--rrepexo~oB c ~NN > O. Cpe.IJ:llI 
rrOCJIe~HMX, O~HaRO, 3aMeTHHH BKJIa~ ~aeT ~:D CrrlIH-.IJ:lIIrrOJI:DHHH l--pe30HaHc, 

\./l'
Ii 
I' I, 

rrpe~clCa3lilBaervn,ti1 reopaeü B OI{peCTHOcTU -I}pn';{,28 ril13B (1)NN (OC) Z, +0,3). 
IIpIWYTcTBlIIe B6JIH3H aero 0-00 li 3+-pesoaaacos co cpaBHUMbIME: no BeJIH~He 

CeqeHHJIMH rrpI-IBO,II;HT R CYMI/lapHOMY OTpHuaTeJIDHOMY tJN N B OI{peCTHOCTlI 
r--pe30HaHca. O~HaRO Ha6~~a~eCR B aRcnepMMeHTaJIDHOM pacrrpe~eJIeHHH ~ 
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l>NN . CTPYKTYPll npa - Qpn';' 22 MsB SH81TIne.JIbHO Jry'IDIe 0:rm:CUB8IO'rCR: Teo
p:vret1, ecza 0--pesoaasc nepe,n;mnryT:D B OéJI8CT:D - (}pn ~ 32 MsB (rryHK

TlIpHaR: JllIHHH H8 plIc.3). 8TO CBY~eTeJI:DCTByeT o BHCOKOK ~BcTBHTe~:DHOCTH 

p8crrpe~e~eHHH ~NN K sHepreTlI~ecKoMY rro~o~eHRID pe30H8HcOB, HMe~IX 
HHTeJ:'p8~:DHOe cexenae cJ z I Mé/cp. 38MeTl-1M, ~TO YK8S8HHhIH cnanr na 
5 MsB 0-..pe30H8Hca npaI\T1'1~ecIlli He MeHR:eT pacnpeneneaaâ ~ S H rs(t-S). 
B OéJIaCTIi - t)pn "'7 30 MsB npencxasuaaeaue TeOpl:'Ieí1 3Ha'leHlUI ZJNN (0°) 
Ma.JTI:il, ~TO CBR:3aHO c BJIH.R:IrneM 2+· FI. 3-.nepexo,n;oB c l)NN > O. Crnm
Irna,n;PynO~:DHblll pe30RaHC, COrJIaCHO pac~eTaM, JIORannsyeTCR: B OKpeCTHOC-
TH - C1pn -Z 36 MaB. 

Pac~eTH nOKa3a~I, 'lTO pacrrpe,n;eJIeHlIR: 1)NAI ,n;OBOJI:DHO 3aMeTHO MeHff
ID'l'CR: c yrJIOM 8 (CM. PHc.5), rrp1'1~eM H3MeHeHHR:, CB.R:3aHHbIe co c,n;mirOM 
0--pe30HaHca,Ta~e xapaKTepHHM oépa30M MeH.R:IDTCR c pOCTOM yrJIa (rrYHR
THpHbIe JI:HHH1'1). Bce aTO rro,n;'tIepIlliBae'l' B8JKHOCT:D aKcnep1'1MeHT8~:DHhIX 1'13Me
peHHH rrp1'1 g> 00 II rr03BOJIReT H~eR:TbCR: lI3~eK8Th MS T8KHX p8crrpe,n;e
JIeH1'1fi HOBHe CBe,n;eHHH o ~~JI:DT1'1nOJI:DHOM COCTaBe B CnJIOmHOM crreRTpe. 

AH8JIOr1'1'tJH:hIe 3aK.i1IO~eHIDI nOJIy~eHhI 1'1 npa aaanaae peaxnaa ~gCa(PJn) 

~g;rc (CM. plIc.4). OTMeTliM TOJI:DRO, 'tITO pacxo~eHMe TeOpRH li 8Rcrre
pHMeHTa npa - flpn = 1-2 MaB, no-;armma:oMY, CBR38HO c TeM, 'lTO npen-
CRaSHBaeMoe s,n;eCh TeoplIeft ce~eHHe B03éy~eHHH 2+"YPOBIlR (E~=I,I4 MaB) 
oRasuaaeTcH @M () = 00 B HeCRO.il"DKO pas MeH1>ille ::lKcrrepHMeHTaJI:D
uoã onenxa /18/. 11: XOTJI ;rI..71H. nero TeOpeT1'1'leCROe suaxeaae 2)NN (0°) ~ 

+1, HO B pe3YJI:DTaTe ycpe,n;HeHRff no 8HepreTR'tJecKoMY HHTepB8JIY no ce
~emno ,n;OMH:HHpyeT 3+-BoaéYJK.1J,eHHe ( Ex = 0,62 MaB), ;IJ)IH. xoropcro 

f)~w (0°) Z -0,55. O'leBR,n;Ho, aeooxonaa .n;orrOJIllliTeJI:DHHH ananás CTPYR'r, ~8 . 
TYPH 2+-B03éYJK,IJ;elllLfI B Se. 

~ 90"".0"0,.,0.2	 Ep=160M3B
 
O ecm~oo
 

-O.2 ----, ...._-;'/ , <. " .........
 

, , I ~ 
o.2~m=ef' 

O /;~r<--f\~ 
-0.2 --, ......._-;'/ ~ 0

! 

~ ~m·'t j
~~!:~
 

40 30 20 10 
-Qpn, 1hB 

I 

I 

Pac, 5. BwmCJI8HHH8 npB e1-J~~l= 

0,8 pacI.!Pe,1l;e.n8JiWl JJNK (B) A1Ul pe
aKIJJ4K h~"'(Pln) §0,A/& npa Ep = 
=I60 MaB. IJymcTllpOM nORa38H1i pacs. 

O	 
npe,lte.n:emm npa C,1tBHI'e' 0-- "'peSOHaH
oa B 06JIaOT:& - Qp'" = '·32 MaB. 
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I
I 4.SaKJIID'tIeHl1e
 

I lIpoBe,n;eHHbIH HaMXI aaanas ,n;8HHbIX no (PJ n) -pearomIDJI npa upcxe

EYTO~UX SHeprl'IJIX nOR838JI rrpHMeHKMOCT:D HMIIYJI:DCHOrO rrpHé~eH1'IR: HC
\
 

I R8JKeHHHX BOJIH H MHRpOCROTIH'leCKOrO OITECaHl'I.R: CTPYRTYPH B03éy~eHl:'IM B
 
T~C. OTMeTHM. ~TO y,n;OBJI8TBOpMTeJI:DHO OllECbIBaIDTCR 'He TOJI:DRO HHKJIID3HB

HHe cnexrps H8 MaJIbIX yrorax B OéJIaCT1'1 - Qpn,,(, 30 MsB, HO 1'1 coaee ,n;e


,I 
, T8JIDHHe pacrrpe,n;eJIeHR.R:, nOJIY~eHHble B peaKUH.R:x c nOJIJIpH30BaHHHMH rrpo

!
I' 

TOHaMR. MO~HO C~T8T:D xopomo YCTaHOBJIeHHblM, ~TO ,n;O~lliHlIpyromIJIM BI{JIa~ 
I B cneKTpbI B Hl:'I3R03HepreTll~ecRoH OéJIaCTH ,n;aIDT rT-rrepexo~, rrpR~eM eCT:D
 

l
 

He06xo~MOCT:D OCJIa6JIRT:D CHJIY CllHH-H30CIIHHOBbIX nepexo,n;oB BaTOM 06JIac
T1'1 rrpHMepHO Ha 1/3, ~TO OIIHCHBaeTCR: B T~C ~eHOMeHOJIOrH~eCKofi BeJill
"tlliHo:tí e?[tr,j ~ O~8. B HHTerpaJThHOM ce'tIemm B OéJIBCTH O ~- fJpn ! 40 MaB 
rrpH e = 00 ,n;oMHHHPyeT BKJIa,n; Cill1H-WJIETIOBHX nepexo~oB, np1'1~eM 
OTHomelille (J(t-S)/crS ~ 2/3, 0,n;H8KO OHO pacrer c () 

COrJIaCHO TKWC OCJIaéJIeHlIe CHJIH CrrFl.H-H30CITHHOBHX rrepexo,n;OB ,n;o~
HO HMeT:D YHHBepCaJI:DHHH xapaRTep. B 'laCTHOCTH, ~R: rT ~ -rrepexo,n;OB 
STO s~peKTHBHO COOTBeTcTByeT rrepeHopMMpOBRe ROHCTaHTU cJIa60ro aKcH
aJI:DHO-BeltTOpHoro B38l'IMo,n;e:tícTBHR 3A - GA =el [G" L J.iA ~ I, ~TO lCOp,O
mo H3BeCTHO HS aHa~3a 8Rcrrep1'1MeHT8JI:DHHX ~aHHHX (cM.,HarrpHMep,/197). 
lIepeHOpMHpyeTcH B .R:,n;epnoll cpe,n;e M ROHCTaHTa /.7jVAI - B3aHMo,n;eMcTBHR:: 
3"NN- G"NN :: e'l[CíL..73 T1NN. 8TH nepeHOpMPIpOBKR XOHCTaHT BB!tHH, 

HarrpHMep, rrpH o~eHKe BKJIa~a nnOHHoro MeXBHZ3MB B EMC-a~ex~20/. 

JIOKaJThHIlt1 sapan 2'llcrr) BXO,1ijfT B H30BeRTopHyID'tIaCT:D oneparopa 
MI-rrepexo,n;oB R B~R:eT H8 ce~eH1'1R HX B03éy~eHH.R: B HeyrrpyroM paCceR:

4B c 90:7 2DS pll HlIH rrpOTOHOB. AH8JIH3, rrpOBe,n;eHHbIHu 

~ o, ~r R b, rrO~3a/, 

'tITO npz t>/aLJ~ 0,8 reopza xopomo cornacyerca c ,n;a~HHM1'I no (p,p') 21 • 
~H3H~eclrn BeJilI'tIHHa e'l!cr-r} y'tIHThIBaeT sqxpeltTbI B H1'13RosHepreTH-qec,,:, 

ImX 'tJ:.-,IJ;. cnexrpax, CBJI3aHHHe HaR c MHOrOrrapHHM:H BoséYJK,IJ;eHl1.iINM, T8R I

C HeHYKJIOHjHMt:t CTerreH.IDIM CBoéo.IJ:H (Me30HHHe oéMeHHHe TOIGl: H 68pHOHHlIe 
pe30HaHC:hI) 12,13/. CB.R:3:D ~T,n;. B03éy~eHMM c ~iorOrrapHHMn npHBo~T K 
crrps,n;oBoH ~~iHe peSOHaHCOB H ~p8rMeHTaanM CHJIH rrepeXO~OB no cneRTpy 
Boséy~eH1'1H • 8TO 6bIJIO rro,n;TBep~eHO B He~aBHHx p8c~eTax crreKTpOB 
peami SOZr (p.n) npa Ep = 200 MaB c y~eToM 2p2h - B03éy~e
HHH 22 • Ka~ecTBeHHNe o~eHIG{ BKn~8 ~~xcTyrreH~aTHx rrpO~8CCOB B ce~e~ 
HHH· peaKUKH 6ann rrpOBe,n;eHU B paéoT8x 3/ H c,n;eJIaH BbIBO,n; O ero Ma
~OCTR B OCíJIaCTlI - Qpn~ 25 MsB npa {) =00. 8TO nonrnepsnaer Ha,n;eiK
HOCT:D O~eHRl'I BeJlli~HH . Btt[CJr] ~ 0,8. 

HaJIn~e BKJIana rT-rrepexo,n;oB .B Hepe30HaHcHo~ 'tIaCTH CITJIOillHOrO crreK
Tpa BHllie rTP TIORa R:BJI.R:eTCR BeC:DMa Heorrpe,n;eJIeHHHM. ITOMKMO MeXaHR3M8 
CBJI3H 'l.-,n;. B03éy~eIll1M c MHOrOnapHhIMH orrpe,n;eJIeHHYID pOJIb MorYT CI:.Ir
paJ:D I! -KQPpeJIRUl'IFI. B OCHOBHOM COCTO.R:Hlill, He BI\JIID~eHHlIe B ~ MJIH TRPC. 

J
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B pa60Te/24/ OTMe~a~OCb, ~TO B RAPax c SaMKHYTHMH 060~O~I~MH M 
A/=2? TaKMe ROppe~HUMM rrpMBO~T R rrOHBAeHMID ~OrrO~HMTe~bHOll 

CHJThI rT-rrepeXO~OB B 06~aCTH aneprnã BosC5YJK,IJ;eHIDí ~X ~ tF . Pe
l1leHMIO ::3TOrO nonpoca, a T8ICKe Ha~e)KHOll ~eHTl!/ÍlMI~I~l'I CTIMH-MY~bTHrrOJlb

HHX peSOHaHOOB B CfillOI1lHOM CII8RTpe, HaCOMHeHHO, 6Y~T crroco6CTBOB8Tb 
::3RCIIepMMeHTa~bHHe H3MepemLff nOJIHOrO naoopa RO::3/Íl/ÍlIDJ;l1:eHTOB Dy' nepe
~a'tffi rrOJl.fIpM3ar.m:ll npa paS.IDPIIUlX yrorax [) 

B SBKJIlU'qemm anropu B1lpa.iKaIOT C5~aro~apHOCTb ,n;-PY E. EaHry, B COT
PY~HHlreCTBe c I\OTOpHM lIOJIY~eH p.H,J~ IlpMBe.n:eHHbIX pe3Y~bTaTOB, a raxxe 
.n;-py K.ro~e M npoó, P. Ma,IWfi sa rrpenocraaaenae ::3RCrrepMMeH'l'a~bHhIX nas
nax, 
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HET nH nPOBEnOB B BAmEA BHBnHOTEKE? 
B~ MO~eTe nonyQHTb no nOQTe nepeqHcneHH~e HH•e KHHrH, 

ecnH OHH He C~H 9BKB3BH~ paHee. 
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I .ll17-84-850 

1111-85-791 
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114-85-851 

.U3,4,17-86-747 

.ll1,2-86-668 
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TPYA~ Me~AYHBPOAHOA mxon~-ceMHHapa no 
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3apnp;oBo-o6MeHHbie peaK:u;HH 
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AaeTCH o63op Hccn~oBaHHH CITHHOBhlX B036~eHHH np;ep 
B (p, n)-peaK:u;HHX rrpH npoMe~yToqHwx 3HeprHnx. PaccMoTpeHW 
npo6neMbi OITHCaHHH ITORHPH3a:u;HOHHhlX xapaKTepHCTHK H MeXaHH3-
Ma peaK:u;HH. OcHOBHoe BHHMaHHe yp;eneHo o6c~eHHro 3KCnepH
MeHTanhHOH HH$OpMaiJ;HH 0 CTpyKType KaK AHCKpeTHhlX CITHHOBhlX 
COCTOHHHH, TaK H pegoHaHCOB B CITnOWHOM crreKTpe H ee ~Kpo
CKOITHqecKOMY aHanH3Y Ha OCHOBe TeOpHH KOHeqHhlX ~epMH-CH
CTeM. 

Pa6oTa BbmonHeHa B Jia6opaTopHH TeopeTHqecKOH $H3HKH 
OIDIM. 
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Review of nuclear spin investigations in (p,n)-reac·
tions at intermediate energies is given. Problems of des
cribing polarization characteristics and reaction mecha
nisms are considered. Experimental information on nuclear 
structure of discrete spinstates and resonances in conti
nuum, and its microscopic analysis in theory of finite 
Fermi-systems are discussed. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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