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I.BBe,t(eHRe 

Pemunm (p,n) rtpn rrpOMeii{YTOtlHbIX eueprnax rrpOTOHOB (Ep~I'OO ''''!8B) 

c ycnexou vrcnOJIb3yroTCH B lIoc/e,lume rO,UbI ,IJ)IR: UCCJIe,UOBaHIDI 3apR:.ILO
1Bo-o6M8HHblX R',UepHHX B03éYlR,lJ;eHllM/ • C TeOpeTH"lleCKoti TO'tIKJI apenna 8Tll 

peamnm npllBJIeltaTeJI:bHbl TeM, "llTO npa M8.JIbIX nepenaxax aneprmr (Ex~Ep/2) 
OHM onpe,IJ;eJIHJOTCH! rrpR:MbIM o,nHOCTYrreH'tIaTHM MexalIll3M0M rrepe3apR:.ILKll' 11: 

norrycxaor cpaBHMTeJI:bHO npocroe orracanne B pauxax UMIIYJI:bCHOrO npadmr
'ltOIlIDI c HCRaJKeHHbl!'<lli BOJIHa'r'Jlli (Z>WIA) . B Ka11eCTBe aQxgeKT~BIIOro 
B38HMo,n:etlcTBllR: HaJIeTaIOO\erO HYKJIOHa c HYKJIOHaMM R.n;pa-MIDU8Hll llcrro.JI:b3Y

IDT J<OMTIJIeRCHYIO t - MaTpllUY, Hali.ueHHYIO na aEaJIl1:3a cnoõomroro HYK

JIOH-HYI\JIOHHOrO pacceanaa npa COOTBeTCTBYIOll{eti ~EeprMM /2/. Omrooryneu
'tIaTuf1 xaparcrep paccaarpaaaesoro npouecca Q3ita"llae'l', 'tITO rrpll fAaJIHX ~ 

OCHOBHYro pOJI:b B HeM. .n;OJIJKHa llrpaT:b BeTB:b 3apR.iKeHHblX 'tIaCTll'tJHo-.n;UpOlffihIX 

B03éy~eHllH, ~ orrn:caHHR ROTOp'OH xoporno rrpllcrrocodJIeHhI MeTO~ Teopllll 

ROHeWhIX iPepMl:l-CiCTeM (TK~C)/37. IIoJIY'tJeHHaR: .:3TllMll MeTo.n;aMll C'I'pYRTYP

HaR: llHWoPMa~4 éblJIa llCnOJI:b30BaHa Ha~lli ~aHeB ~R: ~laJIH3a peaY~ 
(p, ~ ) npa Ep = 200 MaR na 90Zr II 20 P& 5-7. OcrroBHofi HHTe

pec B TaROM aHaJIM3e rrpe.n;cTBBJIR:JIH .n;aHHue rrpll MaJIUX YI'JIaX,ROrropuü .n;a

IOT YHllRaJI:bHYIO B03MO]KHOCT:b OI:LelmT:b llH'rerpa.JI:bHYIO CllJIY Hll3Ro:.:mepreTll'tIeC

IlliX raMOB-TeJIJIepOBCIllix {fT) ~acTll'tJHO-,IJ;blpO'tJHblX rrepexenon II M3 cpasue
HRH ~e c DéoJIo'tIe'tJHH~m pac~eTa~m yTO'tJHHT:b Bem!~!HY JIORaJI:bHOrO 38.pR,IJ;a 

RBa3ll11aCTID..\ e,[f"z] rro O.THOrn8HllIO R CID!H-ll30Cffi!HOBOMY rrOJIIO. Ksanpar 

aroro aapana onpene.naer .n;OJIIO, npaxonmnyoca na KBa3H'tJaC.Il!ll'tJHYIO Be\l.'B:b 

BG3dYJK.nemrn B rrOJIHOM OTRJffiRe JI,IJ;pa H8. rrOJIJl (T'z: - Cll~.1f·4eTpllll, B xac-r

HOCTll, .n;OJIIO OT npasana CYMM ...3'(N-?) , HBJIHIOIl.\erOCH iOJeJI:bHO-He3aBM

CID<!blM B npocrpancrae 'tlliCTO HYI\JIOHHUX CTerreHeft CJ3odo,ItH 8 . 
B. TeopeTllllecIllix paõorax, rrOCBmUeHHbIX 3qx.'2eRTY ocaaoxenaa 'CllJIH rI'

rrepexo~oB, MO~HO BCTpeTR1:b ~o HeRoTOpOn·cTerreHRrrpOTllBop~llllBue YTBep

~eHHR o rrpOflBReHRH 3Toro a~eRTa B HaÓJIID.n;aeMHX llHRJII03RBHBX HeMTpoH

HHX cnexrpax {p, n )-pearonrn. Ilponeneu I<paTKllM, CpaBID'ITeJI:bHhIfi -B.HaJrn3 

HMeIDIl.\HXCH pa6oT. 

.. ---"-~ 
Itn.tAJAIJ'. ltl.tl'Ü KHCrUTYlI 
;ll":Jtln~x ~r ~ .1~;XD1Um8m . 

6l·~í:":~rr«-·TEKA 



Pacue ru, lIp~BC.IJ.CHEl-IC B paoorax 16,71, noxasanx, xro lJrllTCJJ103HDlIhlS 

CI1e~TpbI HeMTpoHoB M3 pet'-:.('J~}n: ( P> ri );!a VlaJThlX yrJl6.X xopouio cmrca
BaIOTCH HélIlJet'1 Mo.ueJI.LIV B OÓJI8CTl1 ::meprI1ti B03CíYJK,Uerm:~ EX ~ 2G llteD npI1 

3HalleH11I1 €r[rr] = 0,8 • DY...JI2,IT, T8H30piIbIX lt1 CnI1H-OpOl1'rOJ1flIlhlX oaara
e!v11IX t - M3TpMlLlI ,18 !','l8.JibIX yr.nax , laR jOI<33hIIlBIOT onoincr, lIOBeJrnK, 

I1 B pacverax cnexrpon npn 0-;;;, o" 11M B 5-7 npeuedpernncot., lJoJtAc B3:K

HblM JIE.HJ1eTCH BKJIa.n oõneunux npoueccoa rnrra npanoro Dl:ldrmOlIUJ't rrctlTpo

HOB ( p,pn ) , Ko'ropbIe YlJ:YITbIB8JIB:CI:> B rrceB,UonO'l'OlllLW1Jl!3IlOM npnóJOOKC
HI111 /91. I1anaFlIeTpbI OrrTl11I8CKOrO rrOTeH~MaJIa npn BhIrOJlOIl~1t UOT\mIteHHhIX 

I O •BOJIH no BXO;Hm,'1 11 BbIXO,IT,HOM KélH8JIaX CípaJilIeI:> 113/ CTPYlt'rYPIlHe pacxe
Tbl npoBo,UUJIlfCI:> H8 no.nuon lIaC'l'YIllHO-,Ul:JpOlIHOM Cía3YIOO, O 'l'OI(JlhlM Y'4eTOLi 

IWHTlfHYYI.la, .IJ.JT.JI pea..'IUCT:HlIeCKOrO rrOTeHIJ;MaJIa Dy~ca-CnttCOlla, rrcnoõpau
noro TaK, lITOÓH rrp8BlfJILHO onncnaanacs o,n;HOlIaCTYI't{IihfO xnp01tTQP:rrCTlfRM 

paccrvraTpI1:BaeMhIX Mep. B ~PyrI1x paÓOT8.X HalfCíoJIee noJIIlO pnoqM~TpeIIa pe

aI\UM gogr(p Ali rrpn E = 200 r/18B 111 ,12/ . B rmdoTo II I lfCrrOJII:>
Jn)90 p 

30BaHhI Te JKe rrplfóJnDK8IIl1JI npa pacxere C811eIU1t1:, /TO! IlllMH, MO napanerpa 
onTlflleCKoro rrOTeHnMaJIa Óp8JIYtCI:> HeCrrOJIbKO nHhIMH I3 _ CT~YTtTYP8 B03óy)K

,nemlhIX COCTOJlHlfM OIT1WblBaJIaCI:> 13 ;·,1e,To,ne Xaprpn-õoxa O O!ft1Iorvm ClalpMa S/Il . 
KpoMe Toro, B OTJllitrne OT./5 - '7/, rze rrOJIHOCTI:>ro YlffiTtmO.nOR oq8CTI1111IO

,nhIpO'illhIH KOHTlfHYYM, B 1111 lfcrro..'Ió30BaJIOCI:> .IJ:l1CKpeT~30DOIII100 B cóepa
lIeCKOM "aumxc" KOH011:rypaHlfOHrI08 npocrpancrao , HeCMOTpn 110 BTn paana
'lIDI, paCC1Il'ITaHHl:le rrOJIHbI8 ce1l6Him na MaJIblX yrJI8X, npor!IlTR7PIJIPOBaHlIhle 

rro Ex' OKa3aJIlfCI:> ÓJIM3KUMH I~ pe3y.i'II:>Ta'I'/~1 HaIlH1X pactIo'L'Ol/) • 113 cpaB

HelIlffi c 8IwrrepmvleH'l'8JII:>Hhli,lli ,lI,8HHHr:m B .LII TaKiK8 o,unJTflU mmo.n;, tITO npn

Mepr'lo I13 CVlJIbI rT-nepexot\OB "TepHeTC.fI" B HH3KOSHeproTvt~nCTcott cõnac
T11 Ex :!{; 25 I/IaB. 3'1'0 oororacyerca c (JaKTOpOM rro,UaBJ!OHWl ~'!rr]= (a t)2 
crrlfH-lf30CITMHOBOM B8TBM ~epHlIX Boa6y~eHlt1M rrpM MaJIhlX no~oJat{ax 4-11M

rry..nsca. K HGCROJII:>IW 11HlIM BblBd,lI,aVI rrpIDlIJll1 anropu paCíOThI I 2 • CTPYKTYP

nue pacveru oim npOBO,IJ;A.iI!1 na orpaunnetntou ó8311ce 'tlaOTX'lqyrO-,ublpO'tlIlblX 

KOI!cp'nrypaUI1M (Ex ~ -3'1; w ) co B3mn.'J0,n;eí1c'rBlfeM TT+! - oOMerr8 B') I/ IrJ 
(t' Z' - KaHaJIe. Ilpx paC1I8T8 CetLeHI1H, B OTJII1lJ:1fe OT .npy:rnx pnõor , -n


YlJ:1fThU38JlliCI:> nce IWJ.irrOlre:ITlI t - ~liaTplITlbI, 13KJIro'tlaR OOMOHHbTe ar!!IIJtnTY


,nhI, Oe3 nepexona I{ rrc813,n;orrO'I'eHiU13JTh110MY rrpI1ÓJIIDKeHIno. I3aJ:moe oT.ID'IlJ:J1:e
 

3aKJIIO~mJIOCD TaF.JKe 13 rrpnL1elwmuI nponcnypu CBepTIlli c cazsuo acnr.1r'.teTp:r.tI


HhIl..rn: ópeüT-BlfrHepOBCIllil'JU pacnpc,H,eJIeHI1.HMM ,IT,JIJI rro.rryllem1fI nenpepsnturx
 

lfHKJII03lfBHHX cnercrpon HetITpoHoR, dnaronapa lIeuy cyu.\ecTB8HllaR ,UOJIR ClfJIbI
 

Hlf3Iw8HepreTlIlIeClm;( nepexj1lOB nepenemanacs B CTOPOHY ÓOJlbnrnX Ex. B
 
pe3~JII:>TaTe aaropa pacoru ~21 npmunn K 13bIBO.ny Ó B03J.A0.1ltHOCTYI OITMCaTb
 

HI13KostI8preTlf'tlecl<yío 't{êlCTI:> UeÜ'I'pOHHhlX onexrpon rtpn yr.nax f) ~ oo rrOlITM.
 

Oe3 B-Be.n;em1.H KaIllix-IDIÓO (·~)aI<TOpOB OCJIaÓJIemUI (nonycxaercn x 15% oozaõ

nenae B OÓJIaCTK.. &pn~ 40 MsB. 

2 

.IJ.Jm npoacuenaa caryanaa rpeoyercs aaamss B03MO)KHO õonee IlI11pOKO

PO Kpyra ~aHHhIx, B TOM' llnCJIe rrOJIBI1BlliMXCH B caMoe rrOCJIe~Hee Bpe~m. B 
lIaCTHOCT11, ÓOJII:>rnOH 11HTepec rrpe~CTaBJI.HIDT 8KcrreplfMeHTaJII:>HbIe llCCJIe.n;OBa

/ I41 MsB.mm peaxuxa ....cO' (p,n)49$c npn Ep = 134 lf 160 
B ID'IX y,n;aJIocI:> BbI,UeJII1Tb IrnKl1:, OTBelIaI<Il\He B03óYii\1leHlfIO cocroauaã HI13KO

nezamero M;yJII:>T11ITJIeTa, rrpaaannexamero KOH«I}írypaIWJ1 (1T-/~2' v./~~-j,) 
Ha aTOM cpaBHHTeJII:>HO rrpOCTOM CJIYlIae MOJKHO rrpOBepI1TI:> HM8JKHOCTI:> Teo

pe-nrsecxoro ncnxona ,IWlfI OITlfCaHIDI KaK CTPYI<TYpU 3ap.H.llOBO-oÓMeHHhIX B03

ÓY'lQJ;eI-llill,TaK lf MexaH113Ma peal\UIDi. I1HTepeCHYIO .n;orrOJIllliTeJIbHYIO lfH~OpMaUHK1 

MOJKHO lf3BJIé% 11 ns .n;aHHblX, rrOJIY/eHHHX B He.n;aBHlfX ( 13, n )-aKCrreplfMeH

Tax c rrOJIRp1130BaHHbIMM rrpoToHaMM 15-17/. B STlfX 8KcrrepRMeHTax ÓhUTII H3

MepeHhI aHaJI11311pYKKU11e cnocoõnocra Ay npz ~ = 134 MaB lf Koa@Hl..U1eH

TbI rrepe.n;a~ CII11HOBOH rro~pHsaUHH 1)NN nplfMepHo rrplf TOll JKe sHepr11M 

(~= 135 M8R). AHaJIlf3Y Bcell cOBoKyrrHOCTI1 aTlfX .n;aHHhIX lf rrOCBíIll.(eHa Hac

TO.Hl.I.(aJI pacora •. 

2. B030Y?K.IJ;eHlfe CBH3aHHbIX cocTommfi 

PesYJII:>TaThI pacxe'ra B TK~ sHeprnll COCTOJIlllill M;yJIbTllITJIeTa ( "'/~, 
IJli- 1 

) lf MaTplf1IHhIX aJIeMeHTOB RX B03Cíy~eH11R B rroJI.HX ~$' == 
'Z r l [a1, >:.J:rr_ npaseneas B TaÓJI.I. 

Taó.mru;a I 
Xapaxrepacrmca COCTOJIIlliR M;yJII:>HIIIJIeTa (ff/~, lJ/~-1) J 4',S'~ 
MaTp11'tlli!iIe 8JI8MeHTbI nepexonos /1,.]' .n;aHI::l MJI BHemHHX rroJIen 

Tfy:s =r L[()Sx ~]7r: ($= DJ t) 

Ex (48$(') (MaB) M:~~-((J)~l )
JTr (LS) 

-Te-o-p-WI-t SKCnepHMeHT (IpIh)! TI{c<1J 

6+ (60) o O 3,49-101 2,35-101
 

5+ (41) 0,37 0,131 1,83-105 0,78-105
 

4+ (40) 0,18 0,252 7,6-104 3,2 - 104
 

3+ (21) 0,49 0,622 260 94
 
7+ (6I) 1,08 1,096 2,81"108 2 - 108
 

2+ (20) O,72 1,143 205 61
 
1+ (OI) 2,0 2,52 0,82 0,173
 
0+ (DO) 7,6 6,69 0,637 0,61
 

KaK B11,TI;HO M3 TaÓJI. I, BKJIID~eIllie 8~eKTHBHhlX B3aHMo.n;eftcTBHtt, T.e. 

Y~8T rroJIRpM3a~ ~peAhI , C~HO MeHR8T MYJIbTHrrOJIbHbIe MaTpH'tllibIe 3JIe

3 



1':18HTbI B030Y.iK,UeHllff paccuarpanaensx COCT0.H:1111Í1. OCOOeHHO 38MOTHbr a(9
[f.JeI<TlI rrOJmp1138mrH ,IJ;AA COC'l'OHH1'IM C lilaJIHMl1 J (KpOMe 0+), mIJIa xoropsx 
nepeueutae-rca B OOJIaC'rl, pe30H8nCGB B CrrJ101llHOM cnercrpe , 

TIOJ!Y'l{eHHhle B CTPYI{TypHlIX paC'l{8T8X nepexcnnue rurOTHOCTH paCCMBTpn

B8eMh1X COCTOHHltM: acno.n.aoaanacs .n:aJ188 ,1J,.JIH pac-re ra ,nJ!I(Ix'PepoHUHOJIlllIbrX 

ce't1emrtl :I1X B030YAA8H:I1H B pe.am.J;:I1l1 ts:n ) npz E = 134 H 160 MeB. 
p 

PaC'tIeT rrpOBO,IJ;HJ1CH B par.n<ix 1J'rfI/A c t - M8.TpH'lIHbIM D30HMo,not-tCTBIiI

eM, napcaerpaaoaamum B .2/,1J,.JIH E = 140 M3B. B rrpRMoM l<nllOJIO ytn1Thl
p 

BaJlliCl> itenrpansnue 11 T-C1I30pH118 I{or.moneHTlI t - MnTpHl~hl, n n odMeH

HOM - TOJ11JI\O ueHTp8JlbHbI8 CHJlbI, CBornu:l1eCH R JIORanllIIhI1vT V - OHJIBM B 

rrceB,IJ;OnOTeHUl'IaJ1l>HOM .npUÓJ1M}lW;ml1 /9 ..Crnm-Op0l1T8JILIlbrMH H OdMOJlHblr'llH 

Te1I30pHlIr.1l1 CIiIJ18MI1 npeneõper.mr , TIap8M8Tpll ormrsecxoro rlO'I'nmtHOJtO ,IJ,JIH 

nxonnoro 11 BblXO~Horo R8H8J10B õpanacr, 113 /13/. onacarmco npMdJIHJlteHIiI8 

oy.n:er.l H83bIB8Tl> c-rr8n.napTHbrIil. 

I31r'tI:l1CJ1eHHble ,n;Ilr':rpepeHlU18J1l>Hble Ce'l{eHl1H nORa3aHbI IIn pl1o. I-4 D Cp8B~ 

HeHIDi c 3RCnep:l1MelIT8J1l>Hilllll1 .n:aHHbIr.II1 :113 /14/. Ce'tIeHHR ,IJ;JlII H~odap-alre.JIO
ronoro COCTOHHIiIH 0+ (HAC), IWE BlI,Ir;HO :113 pnc ,r, xopomo otrnO~Df.lIOTOJI c 

nepeXO.IU!HMI1 rrJIOTHOCTHMlI TKcW 6e3 BCHY..l1:X nonroao-max nnpOMOTpon .llJIR 

ooeax 3HeprHi1. 110CKOJll>RY HeT OCOO1tX rrp:l1~H covneaaraort I '{'ro SIr .D:J1H 

MAG' paCC'llMTHBaeTCH .uOBO,;'Il>HO Ha.n:eJKHO, TO TaIWe cOrJUlOMO Onlll,nOTeJIóCTBY

er o ,nBYX BaJKHbIX MOMeilT2X. Bo-rrepsax, peaKIJ;IDI nepe3apnrutV'! (p, n ) 
npa rrpOMe"JKYT01ffihlX 8HeprIDIX .n:eílCTBHT8JIl>HO onpeneaaerca npSlMblM MeXaHH3

MOM, OTBe'l{aKmI1M HfillTYJ1l>CHorJJy rrpHO.JOOKeHHIO. Bo-BTOPblX, nOIlTpOJI1:JHbIe H30

nexropnse ROMrrOH8HThI t:. - Ma TpID:J;bI , xoropue .n:Ol\1l11mpyrO'I' npH 130S0YiK

,Ir;eHHH MAC, CJ1800 3aBUCHT OT 3HeprH:I1 rrpoToHi B HsytraoMOM ,1tl-fonaSOHe Eu 
H B TOM BH,Ue, "KaR OHl1 n8pmJleTpU30B3Hbl B /2 , ne TpodYIDT mn<OI\O~ zrono.n
Hl1TeJ1l>HOM rrepeHOp~1l1pOBKH. 

Ha pHC. 2 rrOr\.838HH paCC'tI:l1T8HHble B cT8H.n:apTHoM npHMIDIteHHlI ,nm,xpe
petnmansnue Ce'tI81Um .D:J1H COCTOHIlIDI r+ (2,52 rfl8B) rtpn ,llnyx aneprnsx E ' 

p 
BH,r:r;Ho t 'l{TO B TK~ I10J1Y'l{8eTCH xopomee OI1l1CaHHe 8RCrrepl-UI1011TOJIT,HhlX ztau
nux, ocoõeimo npa MaJIHX O ,083 RaRlIx-J1l160 ,Ir;OnoJtIlWl'Om,IlUx nonro
HO'l{HHX napauerpoa, .uOCT8TOqJIQ Y'l{eCTl> JIID.I1:b "ecrecrnenusn" (!181<TOP reopax 

l!,2[trT] , . 
Ha pHC. 3 noxaaauu yrJ10BHe pacnpcnenenaa ;IIlIJI cocronnxü OH0r,1aJIl>HOH 

'l{eTHOCTIiI 3+ 11: 5+, B03'óYjf{JLaeMbIX B (p, n )-peamnns npH E = 134 UsE, 
p 

a T8IDKe .D:JIH B030YJK.U8eMOrO B TOti JKe pearoraa COCTORHHR HOpMBJT1:>HOtt 'lWT

HOCTH 4+, H8XO,IVIlllerOCH rrOÓJIH30CTH or yponua 5+ (B rrp's,neJI8X axcnopauen
TaJ1:bHOrO paspeurenaa, KOTopoe 0l:J.,'I0 ue JIY'lffile 3201mB 714/). fur.llHO, 'l{TO 

cexeaxe .IVIH YPOBHH 4+ ,1J,.JIH ncex yrJ10B na O,Ir;l1:H - nna nopxnxa MeH:bUIe, 

'l{eM ,Ir;JlR OOCTOHHHH aHOMaJ1l>HOM 'l{eTHOCTH, II rr03To~~ BpR.ll; nH OHO MOJKeT CY

mec.;rBeHHO CKa3aTl>CR na 113BJ1eRaeMOM :113 8RcrreplIMeHTa pacnpezteneicra ,1J,.JIH 

4 

epa l14Ma B 

'llcatp.nJ48Sc 

': 1·~"'2.52MaB 

10" 

~v~ _ •.<-.... ~--

1)1 r 

'6fJ 

~IlCa lp.n148Sc:

O'IAS 

Ep. ll4'MaB.., 

p.,1' 

~ 
'O'
::!!. 

I 
1)"' 

• 5 lO 15 20 25 3D (f'... "_ '1. I 
o -s '0 15 20 -is JO~""rpa.n. -ecm,rpa.zt. .. 

PYL.c.I 
PHc..2 

YrJIOB1te pacrrpe;n:e.,1er-nm ae1:TpOHOn 
YrJIom.[~ p2.crrpe~T(eJIeH:I1.R:He}iTpOHOB 

U3 peaYlUnr ~f('..o.(AI1)·8$~ ,Zt.nH 
M3pe-2:'I(H:r <-BC'-tlJP,I1) 4'I'c 

H300apaH8JlOrOBOrO CaCTGmmH 0+ 
MJI- COCT')5IIrWl r' <'2,52 :,iai3) rrpu

(6,67 M3B) rrpH Ep= r34 H 160 M3B. 
~p, = r:34 11 160 ;',lGB. CrrJ1Ol:IHble 

:r:prmcre - pnCqCT G nepexo.n:Hoi:J: rurOT

HOCTl>ID T:@C 11 c Y'l{e'I'OM JIOlWJ1l>HOro 

38pJI.nc3 efl[cr-z) = 0,8, lliTpHXO

Bhle - ,LL,il:H ~Tai1 J\OHCIJHryparmH 

("/~z ,''/IT~) c HopWrpOB01{-

HbIM ({léJKTOpor.r N = 0,14 , na RO-

TOPlIÍ: yr,mOJlWeTCH ár/tI.f1 , 'l{TOOhI 

ono COErraJIO c 3IWrreprnVreHTaJ1l>H1IM 

rrpn O = 00 (,Ir;J1JI Ep = 134 IJl3B). 

2 
YPOBHH 5+. BBe1(eIDre c)aRTopa e;[(T?'j = (tJ, 8) ,Ir;J1JI YPOBHR 3+ 3a

r-,reTHO YoI1y'l{lllaeT COrJ1aCHe c 3RcrrepHMeHTOrJl (B OI<pec'THocnr MaRCllll1;yMa ce
0
 

'l{eHllH npa , % 15 , r.n:e ono, rrO-BH,1JJ1MOMY, WJ.HOOJ1ee Ha,nell{HO H3BJIeKaeT


oCR :11:3 HeiiTpOHHhIX CIIeRTpOB), BO ,Ir;J1JI YPOBH.fi 3HalJe5+ rrpe.n:rrOlJT:I1:TeJThHee 

5 



___ 110° 
rfJ, 

'8coIP,nl48~ 
Ep·,3LMaB

211 30
(i3)/. \.o .- _A #A 

1tt4

rs'

1 I.8coIPJ't"sc 

"" 
~ .. 

fr 
~ 
~. rp••lIaB 

t 

ec.m,rpB,lI.. 
tiO 

~ Pnc.3 
Yr.rroBble pacnpO,n.OJIOIl11lt nefiTpoHOB as 

:lI'JIOBbI€ pacnpe,ILeJIeHHH HCÜTEO
peam.unt "'Ca(p, ,,)"~~C B03óYJK)leHn

HO-B US peamurn: ,UCq (p,n) 'Sr: 
eM oo~neT~ eocTomlRn 7+. lliTpll:XOBbIe

~ COCToHm~~ 3+, 5+ M 4+npM 
1<pHBbl6 - pao'toT ;I.JIIl ,rCTOn ltOH(DH-

Ep = 134 II13B~ GnJIOUlHhlC 1tpn
rypElu;~m (1T/'11" vf~tI. ) npz I-1Op

BbIe - .paC'IeT npn efJ. [crl'] = I, 
r-vmpOBOtlHOM ~)e!tTOpO N = 0,6, CTIJIorn

lliTpl1XOBbI8 - npa e<J la- 1:'J = o,e. 
HLl8 - pec'toT c nopoXo,ltl1wm TIJIOTHOC

TJIMlt TW:JC npa (!f/.[trTJ :: I, TO'Ie'I

HbIe - ce~eime ~ OOCTO~HllR 2

( YlvlHO)KeHHOe H8 I/Ia). 

mie ef/[riJ= L AmurorH'IHOe r U B HeKOTOPOM crJlblcJIe do.noe C~:DHOe YT

Bep~eHne. MOEHO c~eJIaTb, ec~ OÓpaTHT:DCH R BbIGTpOeHHOMY COC~oHHMro 
r, ,IJ,Jm KOToporo paC'I8T B CT8H,ILapTHOM rrpnÓJIMJKeHHH c rrepexo~Ho:t1 TIJIOT

HOCT:Dro ~~ ~aeT c~erKa 38H1UK8HH08 no cpaBHeHHID c 3KcnepHMeHToM ~W
4 

g,epeHl.4HaJI:DH08 C8'IeHHe, ltaK 3TO nOKa3aHO crrJIOlIlHbIlvfiI I<pll:BbIMll ua pHC. , 
eT,

ne BRJIIO'IaIQll.lllMll: B ceÓfl BHernID'Ifl 0aRTOp e; [cr-T} . CJIemr o,uHaKo, 

ll:MeT:D B BHmr~1KaK nOKa3blBaeT paC'I8T c 'IHCTffi,m ROHwnrypaURH1~
(n:../ /2 , Vfil~ ) r" , npa TO'IHOI.1 Y'IeTe TeH30pUhtX 06MeHHbI.X KOIA

7nOHeHT t _ rmaTpnu ce'IeHHH B MBRCllMYMax AnJI COCTOflHHM 3+.5+ H ra 
MoryT BospacTR ua 15-30%, 'Iro ,ILeJIaeT STl'I: B:ElBO,II.bI MeHee onpe}l;8JI8HU1:ThM 

6 

(rroztpoõnee cM.HillKe). I1pn Ex Z 1,1 M3B, RaIe< Bn,UHO 11S pll:c.4, B yrJIO
0BOM pacnpenexenan B OÓ~aCTll: O ~ (} ~ 20 Haó~FO,rr;aeTCJI MaRcnMYM l 

npozcxoxaenae xoroporo HMKaK ne CBJI3anO c B03óYJlmeHneM ypOBHR 7+. 

llepBbI11 RaH,Ull,UaT lia 3arrOJIHeIDIe ôTOM. OÓJIaCTM - paCnOJIOIli.eHHOe PMOM COC

TOHHMe 2+ (~ = 1,14 I,IsB) l xoropoe n3-3a JWHeQSOrO paspeuieuaa HeB03

MOiKHO OT.neJUlIT:D OT 7+. Ge'IeHAA BosóYiK,IJ;eHYIR aroro COCTOJIHHflt . nonysen
mle B CTan,IJ,apTHoM rrpI1ÓJIIDKeHI1M c nepexcnnoã nJ10THOC'I':DIO TI\(dC, noxasans 
OT,Ue~:DHO na pnc.4, CTIJIOlilHI:lMYI KpMBbl1JM. :Bn,rr;rfO, 'ITO o~ npOXO,lUIT 3aMeT

no ~e 3KCrr8pI1MeHTa~bHblx TO'IeR. CJIe~eT, npaB,rr;a, gTMeTHTb, 'ITO B 

3TOM c.ny1iae BaJKUyro-po-JI:D MOryT nrpaT:D oÓrvternible renaopnae CI1JIhI: pac

'Ie.'t c 'lllCTOM. KonêDnryparmefi (no fT/2 , ,,/;.,;) rrOJ\<'3.3aJI, 'ITO ax yqeT YBe
0JIRllliBaeT ek-/tl1Z B znrepaaae yr~oB 4°!G () ~ 20 B 2 - 2,5 pa-

sa, Bnezteuno raxoro fIJ2KTopa rrOSBOJIHeT õo.nee HJIll: MeHee onxcars npanaíi 
CI\JIOH MaF.CMMy~.1a, HO ne OÓJIaCT:D MaJIllX yrJIOB O k I) ~ 100. MOiKHO 

nanee npe.unOJIO;JCHT:D, 'ITO 113-sa KOnetlliOro paapemenna M sqxpeRToB éPpar

MeHTaIU'm B OÓJIaCTb ~ BÓJlliSn cocroaana 7+ nonanaer nexoropaa ,rr;OJIR CI1

JIbI 2--nepexonon (B 4 Se , COrJIaCHO .naHHbIM /18/, HMeeTCJI IleCROJIbIW 

2--ypoaneã B ll:HTepBa~e 3HeprHH I, 4 ~ Ex 0,13:3) -s 3,4). B HilllIeM pac
'IeTe ypOBBHb 2- no.ny'IaeTCSI npa Ex = 3,8 rAsB. )locTaT01ffiO BSRT:D npn

MepHo 1/10 OT Ce'IeHHH era Bos6YiK,IJ;eHHJI, rro~Y'IeHHOrO c rrepexo,UHofi ~OT

HOCT.bFO TKÇJC, tITOÓbl pasYMHo BocrrponsBecTH ,n:aHHble B HHTepBa~e yr~oB 

4o .,,< li' ~ 200 • O,nHâKO xon Ce'IeHIDI B OÓJIaCT11 caaax Ma~blX yr~oB 
0".< 4 QÓMCIlMT:D ne ynaerca, 

C ~eJI:DID onemor TOtlliOCTll: crannaprnoro rrpMÓJmiK~r:r MIl rrpOBeJIM pac
'I8TH ce'IeHI1fI .TI:JIJI "tffiCTllX ROHepIH'YPa.rulli (TT/~/2 , 1//~2) c nOJIHUM Y'IéTOr:1 

scex Rm.mOHeHT t - MaTpllUI:l (RpOMe crran-opõaraxsasx) , B CJIYtIae 

COCTOHHll:ll HOpMa~:DHOll 'IeTHOCT11 CrrmWBaJI 'IaCTb nepexonaoã ~OTHOcTn 

1;:S c:I= L 11 $::: I ,IJ;JI.R: 8THX ROH~ll:ryparmH OTCYTcTByeT, ll: uen
TpaJI:DHHe crraaosae 11 TeH30pHue CMJIhI B npmlOfI KaH8.JI8 H8 ,IJ,aIOT BKJIa,I.(8 

B cexeuae. TIOSTOMY CJIe,IJyeT O:lKI1,I.(aT:D SaMeT"iWrO BJmJIHIDI oÓMeHHbIx KOM

rrOHeHT t - M8.TPMIlI:l Ha yrJIOBbIe pacnpe.ueJIeHl1.fI, ocoóeHHo npn HeROTO

pllX xapaKTepHbIX nepe,uaBaeM1lX ll:MTI~JIbCax. nefcTBHTe~Ho,To~ paC'IeT 

c BKnIDtIeHHeM OÓyeHHHX neHTpan:DHHX K TeH30pHHX C~ no CpSBReHKD co CT8H

.IlapTHIiM. npBóJ:IDsHHeu llpJmOJU!T K c.ne~ :R3UeHeImm.f:,Ir,JUI COCTOHHHH 0+ 
(MAe) npa f) .:6 100 C8'I8rme npaR'I'H'IéCI\H ne nenaeroa, a rrpa ÓOJI:DIIlHX 

yrJIax OHO B03paCTaeT B cpe~eM Ha 30%, ~ COCTOHHI1M 2+, 4+ ~ 6+ 

TIpl! f) ~ 00 Ce'Ie1:lliR YMeH:DIll8.IOTCH npI1MepHO na 30%, a B·oÓJIaCTli rJIaBHHX 

MaKcHMYMoB d~/rlSl.. aospacraer ,B HeCROJli>KO· paa: npnaepao B 2 (2+; O 
~ 120), B 4 (4+; 8~ 220) l! B 6pa3 (6+; (j~ 320). B CBJI9R c aTRM 

rrOKa3aHHHe Ha pnc.3 li 4 ceqeHI1Rdr/~J2 ~ 4+-ll 2+~YPoBHen, no

Bll,IlJfMOMY, B MaRcHMYMax CMJI:DHO saHIDKeHhI. YBeJllitIeHHe HX BRJl8~a c yxe
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I	 ~ 

TOU! naãneunax eVaI\TOPOB. CJIaÓO CI\a3HBaeTCíI, O,nHaIW, na yr.trOBOM pacrrpe

.ne.JIemU'I ME KOf,fiJIeI\ca C Ev ~ O,13 :',lsB, HO ,ll)IR I<or,1IIJI8KCa C· E. % 
~ x 

zI,I M8B~ KaK y~e YKa3WBaJIOCh, B rrp~Hu~rre rr03BOJIHeT 06bHCHHTb I1JIBBHWV 

CKJIüH rrepBoro Ha6JIro,naeMoro MaKCHMYMa. 

3r)IJeKTbI TOlffioro ;/'18'1'8. ooueunux B3Enn.m.n;eíticTBMn B CJIYtI3C CoCTORHJÜÍ 

éJ.lIOr'.IélJlbI!oH 'ICTHOCTH C IWHetl:urypalJ,HHMu ( rrf~2' ~/~;:I. ), .1" .:: I'", 
3+, 5+, 7+ 01::a3bIBaIOTCJI CYI~iccTBeH:IO M8H}'II1HMl1 11: óOJIee perYJIRpHHI.M , 

4eM ,lVIR HOpM8JIb!Wft 'Ie'rlIOCTloI. JLnR YPOBlIR 1+ craunaprnoe rrpJ1:ÓJI11iKOn11e 

paooraer Ol.WHb xoporuo .n;o yrJIOB () z ro", naaee nrrJIOTb no O ~ 400 , '1'8

1-:011: pacxe-r nacr yn6JIM'I8Hl1'O Ce40HJ1:R na ~ 20% • .1Lm 3+ -COCTOE:lYIRot-IdtZ 

nospac'rae'r lia I.-raJIbIX yr'nax () ~ 50 aa ~. 30%, nanee p23JIlr41!e YL1eHb
0,IUaeTC.H,iI B OÓJIaCTM rJIE:.DHoro I:1a}tm,u/i'JM8, tJ ~ 15 pOCT COCT8BJIReT 

15%. BCJlli OÓp8T1'1TnCR 1\ pnc .a, TO oruexennan TCH,neHl.ij1í1 pOCTa Ce'IeiUm 

npn TO'tJHOM Y'IeT8 oCíueHHbIX (TeH30pHbIX) B3a11Mo.n;enCTB1'1n TOJr:óIW YJrlj'41J1l'IT 

CorJIaCJW uanax paC'IeTOB npa e'l [<r7:J= O,8 c 3IccrrepHMeIITOU, ocooen-
HO B OÓoJ1aC'1''fII MaJIblX yrJIOB. MR 5+- H 7+-COCTORllH\:i no CpaBlIeHl1IO co 

cTBH.n;apTHEUJI rrpnCí.1I}DKCtmeril 3:»)e'i'~'rLI TO'IJIOrO Y'18TO oonexa 32MeTHbI na 
MaJI.bIX yrJI3X ~ ~ 6°, rute CetIC!IUR BCCbHa MBJIl,l (YBüJllItrnBaIOT MX Há 30

40%), naneo pa3JIJf'IHc' yr.1Ci-IblJlf18TCR. 13 OÓJI2CTM M8ItClofMYl\10B yrJIOB.bIX pac
rrpe~eJIeH1üÍ t ~ 25 II 35

0) 
CC4eHIDI B03pacnUOT HEI 20-30%. M01i\HO OJIG'I

naTI>, 4'1'0 M noxaaannse na pUC. J VI 4 TeOp8THtI8Clrne Ce'1eHl1R .llJIR coe
TORffiIM: 5+ 11 7+ TaI01W B03P,WTYT H2 20-30% B OÓJIaCTH r.18I\CID:1YMa, 11 

CI1JIOlllHhIe lcpHBDle OY.II;yT rrpo XO,IU'ITb CJIerRa nsme sIccnepUMeHT8JIDHHX TOtIerc. 

T8KaR aeonpcneaennocra pacxera B C04eTaHHH C OTCYTcTBHeM Ha.n;eiKHo~1 

Hopr,mpOBIrn TeH30pH.bIX CHJI H8 rr03BOJIReT c.n;eJI8Tb 0,nH03H8tIlIhltt BhIBO.n; o 

He06xo,nHMOCTM OCJIaÓJI8HHR CHoJ1hI Ct' ~ - nepexonos B STH COCTORHYiR. 

,UorrOJIHMTeJIbHl:lM TeCTOM paccjsarpxaaenotí MO,n€JU1 MOryT cJIymITb MC

CJIe,n;OBaHKH c rrOJIRpH30naHHblLlli rrpOTOHaMH, B tIaCTHOCT1'1, H3MCp8lUIR aIIa-

JIH3MPYICJ.UeÜ cnocoõaocra A~ . BwrnCJI8HHDle .lVlFI p~8 ,It}'[CRPOTHl:lX ypcn

Héi1: aHaJJll3HPy.We cnocoõnocru aa pac • 5 cpasaaaaorca C axcrtepmaeurans
HIDilM ,naHHl:lMJ/

1 5 
• 13 ueJIOM rroJIytIOHO TOJIbRO l<atIeCTBeHHOO COOTBeTCTBli8 

paCtIeTOB c OIIHTHHMH ;:v::mHw.rn. OCHOBHOM rrpHtrnIIott 3'1'01'0 íIBJUreTCR .n;o

BOJII>HO Bl:lCORaJI lIYBCTBHTeJIbHOCTb Ay K 3aBHC.RIn1iM 0'1' CrIHHa ROMrrOHeH-

TaM t:. - MaTpH1Ul li orrnrtecsoro rrOTeHUMaJIa. OTHOCliT8JIbllO CJIaÓee 38

BliCHMOCTb 0'1' CTPYRTYPIIl:lX xapaKTepHCTI1K (0'1' CDOpr-lhI nepexomtax IlJIOT

B/ I5/HOCTeii).	 B ~aCTHOCTM, xar: rrOKa3aJIH HaIIIM pacxeru li! 8bInOJIHeHHble 

nepexonos )l;JIJI COCTORH1üi r+ 1'I 3+, 
'ITO coornercrayc-r 3H8'IeHHI'J e~~7:f 

0,8. ,UeJI2TIJ BHBO,n, 4'1'0 e9{tr"Lj.r 
c pOCTOM MOf,18IITa -( nepenasaeeoro 
H~myJT.DCa) H3 paCCMOTpeHllli 5+~li 

[ 
7+-YPOBHeli, rrpe,n;CTaBJIReTCR rrORa 

rrpeJKJJ:eBpeMeHHbIM, T.R. CetIeHHe 

B030YJK,II;8HH~i 3T1'1X YPOBHeí1 orrpe

.n;eJIRe"TCR	 rJIaBHIDlr OÓP830M T8H

30pHbIIvIU Ror,moneHTat·,lli t - Ma '1'

pliUbI, Hop~mpOBR8 KOTOpMX H8 

CTOJID uanexna, lemo( .n;JIR ueurpans
HblX ROMrrOHeHT. I{ TOMY )K8 Y'ieT 

OÓM8:1HhlX TeH30pHblX B3a1'1Mo,neMCTBMll 

HpMBO;n:l1T	 R B0'3pácTaIU1IO cetI8Imil 

3+-, 5+- H	 7+-COCTORHlIH B MaEcH

N!yMax yrJIOBbIX pacnpe,neJI8HMll H3 

20-30%, tITO Be.neT K HeOÓXO,IJ,MMOC

'1'11 BBe,nemur sapana e,[(f"z]<r. TIo 

cyuecrny H80ÓXO,IUIMl:l ,norrOJnUITeJIb

HHe 8KcnepHM8HT8JIbHhIe nauuue o 
MaTpHtIIIhlX SJIef:t8HTax nepe XO,nOB 

)J,JIR nscrpoeunux cocroanaã. 0'1' 

I.teTYIM TaIOKe, tITO reopaa rrpe,II';CI{8.

3l:lBaeT MaJIl:le CetIeHRH B03óy~eHHR 

.Q' 

20 30 ec~, O 

rpaa. 
o 10 

Q.2 

Ay 

Ay 
as 

-Q21 

.as~~-o..",:--,--,L---..."J'---~~ 

Puc.s 
AHa:íH3JYPYIO'J~HC CrrOC06HOCTM .!VIR 

pee.K!LVlI1 ·'Ca(p,n)"'$c: npa Ep 
= 1:34 :.133 c B03CíYJK,ILe1llieM COCTO

.. . / .p ,I -1) 1T 
R,íHl: l'iIYJlb7l!TIJIeTa ("+ ~2 ,"i17Q }J = 
= 1+, S+, 3+ ti 7+. 

JfpOBaeíi 2+, 4+ li 6+ pacceatpxaaenoro trj.1b't'HIrJI8T::l, tITO cornacyerca c 

slwrrepliMeBTaJII>Hl:ll,lli ,naHHHMJ1. He06wCHeHHHIJ1 noxa OCTaeTCR Ce'IeIDIe B03

ÓYiK,Il;6HIDI	 na nepemurx yrvrax B OÓJIaCTH Ex ~ I,I ;·,1s13. CITO KaCaeTCR ana

Jlli3liPYDIlHX cnocoõnocreã Ay , TO nx pacnpeztcxenna MOI"JT CJIyJK1iTb

\	 XOpOIlilIM TeCTOM cxopee MexalUI3Ma H MO,n8JD1 MeplIo'X peaxnan, He1K8Jlli 

CTpYRTypH anepnsx B03GYJK.n;eHH;r • 

3.3HepreTUtIeCKlIe crreI\TpDl He}tTpoHoB 

Crr8KTpH nellTpoHoB rrpe.n;cTaBJIRIOT COCíOH HeRorepeHTHYIO cyurr·f;Y BKJIa,I\OB 
-	 " 0'1' B036YjjÇ[(emUI nepexonos C pa3Jlli'IHl:lMlII ~ • EWIM ytITeHl:l ace B03ÓYjK

BaJKHYIO POJIb lirpaIOT OÓMeHHl:le TeH30pHl:l8 H crraa-opoaransuue CIfJIlI, ue ,nemm B lUITepBaJIe O ~ Ex ~ 40 M3B C jTr = 0+, 0-, 1+, 1-, ••• , 
Y'1TeHHl:le	 B paCqeTaX, rrORa3aHHHX Ha pHc.5. 7+, ,naKlI.l1ié CROJIbRO-llliÓy.n;b 3aMeTHl:le CetIemUi na MéMHX yrvrax, llepexon

SaKHM 06pa30M , M3 paccnorpeaaa Ce'IeHHH B03ÓY1K.UeHIDI YPOBHCi! mole IlJIOTHOCTH - e.IUIHcTB81I1HIH CTPYRTYPHl:lf.r 3JI8HeHT, HeOÓXO.IUIMl:l:Íi1: ,IJ,JIJ1 
MYJIbTliIL7I eTa ("'/~/2' "'f~; ) t.10Y.CH0 cnenart, cJIe.n:yIOl.lme BHBOJUl. Bec

JI 
pacxera ·ce1I8mrn B pamcax o.n;nOcTyÍIeH'iaTOrO MexaHli3Ma - HaXO,JJ;HJlliCb 

cnopna HeOÓXO,nIDJIOCTI> OCJIaOJIeHHR npaaepao na 1/3 CMJIH CIllilI-(>JillrrOBHX 1'13 pellieHY~ ypaBReIlliil T~C Ha rrOJIHOM tIaCTli~ro-,nblpOqrIOM Óa3lice. B 06
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~ei1 CJImi\HOCTH ,IJ,.JIR nOCTpOeHllíI CneRTpOB Hei1TpoHoB ÓbIJIO ,Y'tlTeHO OROJIO 
íi11 
ti)100 CBH3BHHlIX H peSOm,:,ÜCTIbIX COCTOHHHH. 

PaCC1ll1:TaHHlIeCneKTpbI HetlTponoB na yrOJI f} = 00 rrpHe,[rr.]= O~8 
~ 

p. 
o,llJIH E- = 134 I'I 160 Ll8.B ncnaaaau na pRC. 5 H 6 B cpaBHeHHH c sxcnepa <,p 

M6HTaJIbHbIMl1: ,namI1lNlli, I{Q'ropbIe HaM JIIOÓeSHO npencranaan P .r'1a,etl (~ = ~10 
= 134 M3B, cM.TaKiKe 1I 4/ ) H ICro,n;e,,(E = 160 r.~3B, CM..rasxe 19/). Teo W 

'U 

peTH'tleCKHe RpHBlIe rrOJIY'tleHhI uY'l'eM cj'MMHp0E!am1.R Blora,n;OB OT ncex (s=IOO) ~
p 

:!2. 
COC'1'OflHllM:, cBepHYTbIX c Ópei-ÍT-BItrrrrepOBCIlliMYí pacnpeztenemcn...lIf. \O 

"b5 
ITpH 3TOM rrOMJ~MO 3Iterrepm.18HTaJIIJJIOro paspeuieaaa H pacnanxux. lill1p:HH ,n;OJ.DK


UH Y~TlIBaTbCH TaI~e li cnpe,n;OBlIe lliHpYíHhI, BOSfD1R8Icrmae Hs-sa CB.FISH \
 
rrpOCTbIX 'tlaCTH'tIHO-,IJ;1IpO'tlHlIX COCTOHHHH c ÓOJIee CJIOJKHhlNM. B nacroantee
 

spena H8'l' aanexnax W~'l'O;n,OB pacxera raxax lIllipnH, H rr03TOlVIY IIJlH BhIHYJK


,n;eHbI HX BhIÓnpaTb, orrapancs lia ,n;aHHhle 8I-:cnepHr.reHTB. ~!s pMC. 5,6 Bllf,..TJ;HO,
 

'tl"ro p8.ClIeT npaBMJIbHO nocnpoasnonnr CTPYI{TYPHble ocooenaocrn HaÓ..mona


enax CrreKTpOB TI OÓJIac'rI1 Ex' 20 í.I3B, S8 HCKJIIO'tl81IllGM I1H-TepBaJIa Ex ~
 

7- - 9 r.'13:3, rrpllIvlHIWIClUcro E HAC, rne HaÓJIro;nEwTcR .norrOJItmT8JIbHlIM M2I{


CllIvIYM, rroHBJ.LffiOllUülcH rrO-BJI,IJ:JH/lor·,.jJT, B pesYJIbT8T8 clJparMeHTamm raMOB


TeJIJIepOBGlWrO peaonanca. ~{OJHl'tl8CTBeHHbIe xapaxrepacraxa I1HTerpaJIbHlIX
 

Ce'tleHHH ,n8HhI B '1'aÓ.7I. 2. l'ls 3To~1 '1'aÓJTI1Ubr H HS pnc , 5,6 BIU(HO, xro B
 

cnexrpax HefITpoHOB na yro,a () = 00 ,n;oMlumpyIO'1' raacs-rezneposcxae
 
nepexomr, ,ILaICJ.l.{J1e ~ 80% nOJIHOrO paoc-nrrannoro Ce'tleHMJI ,U.lIJI acero
 

,JJ;YIarr8S0H8 - Qpn ~ 40 ;,bB. TIpH e'ifrrlJ :::: 0,8, B OÓJI8CTM MaJIlIX nepe


,na'tl 3Hepn1:H, - Qpn ~ 5 :,1313, narerpansnue Ce'tleHIDI O'tleHh xoponio COrJI8


CYlOTCH c 3KcrrepMr1'18H'1'OH. B C~1C)~YICU.teM- ,JJ;YI8rraSOHe, - aP" :::: 5-15 M3B, B
 

IWTOpoM OCHOBHYlO pOJIh nrpaer rTP, paCC1ll1:'1'8HH08 cexenxe OI{aShlBaeTC.fI
 

npanepno H8 20% IDIJKe 3r<cnepmrer-rTa.,1J:bHOro,. a .IJ:aJIee pacxoxnenae YBeJrn


1ll1BaeTCH , T8R 'tlTO B .JU1ana30He - Qpn = 15-40 M8B pacveraoe ce'tle


HHe COC'1'8B.!"IJIeT MeHee rrOJIOBllIIbI 0'1' 8KcnepHMeHT8JIbHoro. 3'1'0 CBM,UeTeJIb


) 
'i 

cTByeT o TOM, B HSY'tlaeM.UX peaRUAAX rrOMI-lMO npaaoro BOSÓYJK.neHAA 'tlac

Tl1'tlHO-):(hlpO'tl1Ih!X ROHíIJHryP8UMi~ no nepe pocra Ex nce ÓOJIee BaJKHYlO pOJIb 

l!rp8roT KaIllie-TO .IJ:PYI'He , ÓOJIee cJIOJKHhIe nponeccu. B 'tlaCTHOCTll, HHKaK 

HeJIbSH MCKJ1IOtrnTb BI\JI8.,I( f'.morO'tlaCTM'tlHO-MHoro.zu,rpO"tlIIhlX B03 ÓYJK,IJ;eHHÜ B 

,n;O'tlepHeM Mpe. HHTepecHo OTMe'l'lITb, 'tlTO KOCBeHHO B rroJThsy TaKofi TO'tlRM 

SpelrnR cBll,n;e'1'eJIbCTByeT cJIe,n;yromee HaÓJIID.neHHe • ECJII1 He BBO.IJ;H'1'h WaRTOp 

e,2[õl:] • TO pacc-raramrue anrerpaasaue ce'tlemill npa (} = 00 COC-

TaBJIT ~ 126 MÓ JIpH \ = 134 M3B II X 140 MÓ npz Fp = 160 M3B, 

'tlTO xopomo corvracyerca c rrO.l1HHI.-ID HaÓJIIO,naeMhlMVI Ce'tleHIDIMVI. ~ 136 H 

~ 143 M6, rrpoHH'1'erpHpoBaHHbIMVl rro BceMY ,JJ;I1ana30HY Ex 0'1' O ,JJ;0 ~ 40 MsB,. 
CYiTyau;k1fl BbrrJIfl,JJ;H'1' TaR, X8K ecJII1 ÓhI 'tlaC'1'b Ce'tleH11.FI ,.., (1- ej[(['"ll ) 
BCJIe.hcTBl!e aexoropcro Mexam!J:3Ma ÓhIJIa "oroõpana" lIS HH~K03HepreTR'tleC

Rofi OÓJIaCTHM pacrrpe;neJIeH3· 60JIee HJII1 MeHee paBHOMepHO BHllie rTP B l!H

L8Ca (p,n ) 48SC
 

Ep=134 MaB
 
ecm=O~ 
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repsane no Ex nopanxa :=mepnrM (;)epr·.rn. 1\.HélJIOrHtIllbl8 H8.ÓJIlOl(8JIYtR GhW1M cn,e-

JIaHhI paxee ~3 OIlBJIR3D. (p, n )-peaxuna na 90 lt- 11 20Sp8 /7, II/ • 

4. !(oacTx:ommoHThl nepe,rr;a'tlli nOJIRpH38g:vm 

BBJKHYIO IJIHCpOpMaUlflO o pacnpenexennn CI1~1hI pa3Jm'I;~bIX ncpcxonon, a 

TaIQKe o aeynpyrnx epOpMrDa.R'1'OpaX anpa B 06JIaC'l'M cn.nounoro cnexrpa MOJK

HO nOJIY'tll1Tb 11.3 axcnepaaeuroa c rrQJIflpI130EaHHbIMl1 rrpOTOHaMI1, n IWTOPblX 

H3r,1epRIOTCR ne TOJIbKO cexenna, HO n rrOJIRpH38.UIDI B'1'Op11'IHhix 'llaC'1'JIU. B 
no CJIezuree BpeMFI "ÓbIJI BbInOJIHeH pR,rr; Tam1:X ::mcnepMMe:iTOB~ B TONI 'llI1C.TIC 

,IT,JIR ( p, n )-peavcU11:tí: npa npoMeiKYTO'IHUX anepraax, 3. pa60Ta:!16,17/ . , 6wrn M3MepeHhl cexenaa peaICIUm '8Ca(p,n)"Btc npn Ep= 135 i'.18:3, 
H,I(yJ1leli RaR c nepenoporon crnma (j$ ,TnK 11: 6('3 nepesopora c m·E-ia , 

«a-s) (snecs $ - BepoH'1'HoC'1'b cmn·{-{QJIlma). Y,n06HO BBeCTM TaK 

na3DIBaeMhtM IW8cWmUMeHT nepena-m Ilo.1JHpa3élUHJ1 /JI'IN = I - 2 ~ .. no 'CBO

8MY onpenexenan 8'1'0'1' K08Qxp1p.lHeHT 3aY.JIlO'I8H B npenezax - I ~ 1)I'IN ~ I. 
Ero IIJ:H00pMa'1'MBHocTb onpeztexacrca TeT-.T OÕCTOJITeJIb-C'1'BOr-A, tITO 3HaI: I1 Be

JllrtlliHa .l>NN' B onpene.nermoâ Mepe xapaxvepaayor 'I8THOCTb 11 f/IYJIbTHTIOJIb

HOCTb COCTOHHHH, B036YiK.Il:jer,'1Oro B peaxmra. ~13 cnofíCTB CJIMi'lIeTplm aM

rrJllí'1'y,nhI peamum c.7Ie,rr;yeT 17/, B 'IaCTEOC'l'lI, 'ITO /)NII';:: -1 .lJ,JUI f" 
= 0- 11 DN,v = +1,UJIJI j'"= Q+. B 06UleI,] CJIY'tJ:8e D036YJ.i..Ue~lJn:) COcTORIUrt: 

2,Hor.télJILHOM 'IeTHOcTH OTBe'Iae'1' 2)NN < O, 2. n ..'~:r COC70Rmr;r HOprJl8JIbHOX 

'lle'1'HOCTH 1)NN ~ o. 13 rtJIOCIWBOJIHOBOM :-IpH(íJr!L~C:-i;'1}r l:JIJI CJI'J'IaH COCTOR

Jm'n émor.laJIbHO~ 'tJ:8THOCTM npn nepesapanxc !I2< yro~1 f) = 00 113-3a zto

MlnIHpYIOIlJ,e~l p'OJIH nenrpansaax ,WMrrorreaT t - r.[tTpmU·l npn rrpOr:JEiK'J'l'O'I

nux 8HepnIRX MOJKHO rro~1y'tJ:UTb 60JIee xccrroc Orp2EH'Iem.JW 1JNN (p()):6 
~ - 1/3, npH'I8M p2.BeHCTBo anccr, ,rr;OCTHrnCTCH .lJ,JJ'1 r2MOB-T.eJIJICpOBCKMX 

uepexonon. Y'I8T HCI;:a;KeHI1~, BHOCH~.lhlX B ron 'IHC.JIC 11 crrn:I-op6HTa~'IbHOH 

tIaCTbIO ormrsecxoro nOT8IIUHaJI8, XOT.í1 H Bai;WH, HO no I'.leHJIeT oõmero BbI

Bo,rr;a/I 7/, tITO ,rr;M aHOMaJIb!IOH 'IeTHOCTH DNII ((l)~o; 8'1'0 crrpaBe.TI,JIHBO, 

no Kpa~iHefl Mepe, ,nJIR c.nY'IaR rrpRMo:a onuoc'ryrreirsa Toi,i nepesapR,rr;Iill, orra

CbIBaeMot'r- B Hrmy.TIbCHOM rrpH6Y.l'IJKeHHH npn rrp0I.1eJKYTOtIIIhIX aneprnax rrpOTOHOB. 

Ila pac , 7 npanenenu paCC'I;1:T8)[HHe Ce'ICiiHR c nepcaoporon M 6e3 ne

00penopo'ra cmma na yro,n M 3HaJeH; ~N (0°) B cpaBHeHJIM c 8Kcrre

pm;TeRT8J1bHhIMI1 ,rr;aHHhIMH 113 paooru 17 • PaC'IeT ~$ M fT(l-$) BblrrOJIHeH 

B crannaprnoa np:H6JlliiKelillH c BKJIIO'IeHI1er·.l scex COC'1'OHHID1, RaK M npa pac

'Ie'Í'e cnexrpoa HellTpoHOB, c Y'IeTOM rex JKe cnpcnonux IIII1pHH. BhI'llMcJIe

tllie 1JNN rrpoBo.JJ:MJIOCb xepea 3TH ce'tJ:eHI1H nOHIrTepB8JIbHO c niaron I M8B, 

RaR 81'0 ,rr;eJIaJIOCb npn nocrpoemcr 81<crrepHMeHTaJIbHOH rl1CTOrpaMMhI. 

Ilpexne scero OTMe'1'HM pa3Jlli'tll1e paCC'llJIT3HHhlX 11: 8I<crrepHMeHTaJIbHhIX 

3H3'IellliM 'lJN/II B llHTepnaJIe - Qpn = 1-2 iJ3B. COrJI8CHO cnexrpocsomrsec

13 
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o!_ .-F'i!?~ ::~ - .~ .- ""! 

~ "Ca(p, n) <&Sc 
::>; Ep=135MllB 
{;5 Elc.m=O· 
~. 
~ 

Pac , 7. Bnepxy - ce-qeHllR" peamunf 
~alo (p, n} I,8,{'r npz Ep = 135 IJ1:3B 

00:H8 yrOJI 9 = IIl.TpHXOBaR KpHBaH - ce

-qenI1e c rrepenoporox crraaa (f'S ), 
lliTpHxnYHRTHp - 683 nepeBopOTa CTIHHa 
( 6" (f - g ) }, CTIJIOlllHaH KpHBaR 

CYMMapnoe ce-qeHHe. BHl'I3Y - KoacM!mn1'eHT 

nepe~a'lH nO~M3auHM B CpaBneHHM c 3KC

rrePMMeHToM!177 (CN. TeKcT). 

KHM ~aHHHM 3~eC:b HaXO~TCH ~CRpeTHHe ypOBHM 3+, 7+ H 2+ MYJIbTHTIJIe

Ta ("/~~,.vI7~;) M 2--COcTomme (Ex = 1,4 MsB). )J.Jm scex YPo"BHeft 
BeJIlfllliHa D (()U) <O, I{pOMe 2+ cOCTàHHMH , ,IJ;JI.H xcroporo BH'lHCJI~HHOe

NN 
anasenae f)NN (0'1 ~ I. Orntaxo no BeJIlllllme ce-qeHIDI ,n;OMHHHpyeT 3+-
CQCTOHHHe ( D

KN 
(0°) = -0,55), H B pe3YJ1bTaTe 6peMT-BHrHepOBCKQro 

pa3MHTHH ypoBHell H ycpe~HeHHH no SHepreTH-qeCKOMY HHTepBaJIY nOJIY-qaeM 

snaxeaae 1)NN (~()) ~ - 0,3, B TO BpeMli I{aI{ aKCnepMMeHTaJI:bHOe snaxe
HHe 4N(fJ")~0,23. OTMeTHM, -qTO eC·JIH,n.rm 2+-GOCTOHHHH BMeCTO reope-
TIllleCKOro cexeaaa (J'(OD) ~ 0,05 'M6 Icp rrpmUIT:b anaxeaae õ(D()) 
~ 0,25 M6 /cp, KOTopoe cooTBeTcTByeT npHBe~eHHoll B pa60Te /14/ Be

JIH'lMHe ce-qeHHH ~JIH KOMITJIeKCa Ex ~ 1,1 MsB, TO pac-qeTHoe SHa~em'Ie JONH 

((/j Z 0,15. TaKHM 06p830M, B' paccMaTpMBaeMoM HHTepB8JIe Qpn rrOJIOJmTeJIb

aoe 3Ha-qeHHe f)NN ' rrO-BM,1U1MOMY, CBHsaHO c Bos6YJK,IJ;eHHeM 2+"ypOBHH, 

O~HaKO TeopIDI noxa na MO.iKe T 06'hHCHHTb cTOJIb 60JIbrnyIO BeJIH'lMHY Ha6JIIO

,n;aer~'IOro ce-qeHHH. «(o") , KaK y'iKe OTMe-qaJIOCb asnre , 
Ms pMc.7 B~HO, -qTO TeopHH xopomo BocrrpoH3Bo,1U1T Ha6~aeMoe SHa

-qeHMe 1)NN B 06JIaCTM H306Çl.p-aHaJIOrOBOro 0+ -pe30HaHca ( - apn = 7-:
/-;8 MaB), a TaIOKe Ka-qecTBeHHhIM xapaxrep paonpeztexenaa MP, ~OMHHHPY

mero B MJiTepBaJIe 9 ~ - Qpn" 18 MaB. TeopeTM-qecKoe noseneirae ~N,v 
B oxpecruocra - Qpn ~ 20 MaB B OCHOBHOM orrpenenaerca BKJIMOM 0-.1I 

2--pesoaancoa, a TaKJKe 1+ -pesonanca B oxpecmocnr - 'lpn ~21 MaB. 

BHrne rro anepraa a6coJIIOTliOe SHa-qeHHe f)NN saMeTHO YMeHbmaeTCH, -qTO 

06YCJIOBJIeHO BKJIMaMH 1- ($ = 1)·pesoHaHca (- Qpn ~23 MaB), pana 
wparMeHTHpoBaHHHX 2+.pe30HaHcoB, O+.pesoHaHca (-Opn ~ 28 MaB), ~a 
3-	 - psaoaaacos B onpecrnoora -(Jp"f::35 MaB• .1J.m:I scex aTlIX pescaaacoa 

'PNN (O') "7 O. KOHKYPMpyI<lIt1Ill BKJIa~ B DNN ~aIOT wparMeHTHpo-
BaHHhIe 3+·pesoHaHcH, 1+ ( ~ = 2).pesoHaHc (- Qpn ~ 29 MaB), BH

COl\oaHepreTlI-qecKHH "XBOCT" rTP H ~. B6JIHSH - (}pn % 40 MaB BeJIH'lHHa 
t>NN OIDITb nOHIDKaeTC.fI sa cxer BKJIMOB 2- ( L = 3) H 3+ 

( L = 4) CHJIhHO paaaurux no cnexrpy pesonancoa. 

14 

D l(OJ10M DI~'UtOJrnlI1l00 pacnponenenxe [)NN no cnexrpy B036YJmemrt\. 

HeITJTOXO OOI'JTOCYOTCIl c ::mcrrepHM8HT8..7IbHhIM. OTM8'1':M:!Jl, -qTO B O'l'JU1:<rn:e Ori' 

nejl'rpOHllClI'O onoxrpe pacnpeneneirae DNN ,JJ;OBOJII,IIO 38M8THO MeHHeTCH c 

H3MOlICmWlIt BHepreTM\leCIWrO nOJIaJ!teHMH OT,JJ;CJIbHbIX peSOHanCOB c crrOO) 
~ I Md I cp , STO xcpoiuo BM,n;HO HEl pMC.7, rne rrYHKTMpoM nonasano 

pucnpenexe:me 2>NN nOCJIe C)J;BMra 0- - pesonanca B oOJÍacTb - (}pn 
= 27 MaI3 • 

.llo nexoropoã c renena nOJIy-qeHIlb1e pesYJIJ:,T8Tl:l HBJillIOTCHY,IJ;MBHTeJIJ:,

HhIMH. JJ,eticTBHTeJIbHO, TeOpMH. HenJIOXO OO'.DHCHHeT Ha6JIIO,n;ael'vThIe I1HF'..JII03'HB

nue HeHTpoHHble cnexrpa B HMqROaHepreTM'qec~wH OOJI8.CTH B036YJK.neHMM 

- Qpn ~ 15 - 20 MaB, a mare Ha6JIIO,n;aeTcH CI!CTer.1aTM-qeCKoe npenunemre 
oxcnepxnenransuux ce-qelmi1: uan pac-qeTHbI!víH. B pacnpeneaeaaa Z>NN ' O~H8.

KO, ne BM,n;HO Talwll xapaxrepac'nrsecxoã rpanmia :vI Ica-qeCTBelmoe corora
CMe pacxuroa li orrhITHHX ,n;aHHhIX MMeeTCH 11:8. ncen HHTepBaJIe SHeprJ.1:M 

B036y~eHl1:ti. B npanmrne 113. aroro r'110.iKHO cnexars BbIBo,n;hI: I) npn - r;fn '?
15 M8B ~OrrOJImrTeJIbHhIti BKJIa,n; B anepreravecxae Heí1TpoHHhIe cnexrpu na
IOT TaIDW npOIJ;eCChI, ,n;JIH ICOTOphIX (f"$ M ~ rt-S) npaxepno O,IJ;l'IHaKOBhI; 

2) xapaKTepMcTM-qeclwH CTPYKTypa pacnpé,n;eJIeHlill 2>HN B MHTepBaJIe sHep

rni1 O~ - Qpn ~ 40 MaB onpcnenacrca B OCHOBHOM Be'rBbIO -qacTM-qHo-,UblpO-q

HhIX B036y~elmM. 

rrpe~CTaBJIHeTCH B8.iKHO~ 1lyBcTBMTeJIJ:,HocTb pacrrpeneJIeHHH l)NIV K Ma

MeHeillIIO sHepreTM-qecIW:H JIOIWJIH3aUID1 OT~eJIbHhIX pe30H2HcOB c ce-qeIDfeu 

B036YJK,IJ;emill (j /;J IM6 /cp • KOTOpaR B npnnuzne rrpencrasnaer HOBYIO B03

MO)KHOCTb pacnraóponxa HaOJIIO,IJ;aerl'iHx CTPYICTYP B CnJIOlIlHOM enexrpe , ococen
HO, ecza 6Y~YT cne.nanu M3MepeHIDI 1)NN MH pa3JI:H-qHhIX yrJIOB•. 
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fapooD ~.A. H Ae. p4-87-540 
AHan~Q POIK"HH °Ca(p, n)ijD9c npH npOMom~TO~HWX 
3HOprHA)( H QTP~ICTypa nAtfPHbI)( DapAAoDo-o15MOHHb!X 
[I0:J~YIllAOH"''' 

npOaaAQH IHanHD pOaK~HH ~aCQ(p. n) 4DSc np~ 3Hepr~Ax npOTOHOB E = 134 
H 160 M~O a MH"pOC"OnH~CCKOM nO~XOAC, o6beA~HA~~eM HMnynbcHoe np~gn~~eHHe ~c
KQlKaHH~)( aonH (OWIA) co CTPYKTYPHO~ ~H$OpMa4He~ o 3apAAoBo-o6MeHH~x B036Y~Ae
HHnx. non~4oHHo~ D TOOpHH KOHe~H~X $epM~-C~CTeM /TKC~/. 8~4~cneH~ yrnoB~e 

pacnpOAonOHHA H aHan~3~py~~~e cnoc06HoCT~ AnA COCTOAH~~ MynbT~nneTa (nf7/2,
vr;)a) c J" • 0+ - 7+, a TaK~e ~HKn~3~BH~e cneKTp~ H K03$$~~~eHT~ nepeAa4H 
cnHHoBo~ nanAp~3a4~~ Ha Man~x yrnax B A~ana30He O ~ - O- ~ 40 M3B. npH 
- Qpn ~ 20 M38 B~4~cneHH~e CeqeH~A OKa3bIBa~'TCR c~CTeMaT~Uec~~ MeHbwe axcnepw
MeHTanbH~X, 4TO cB~AeTenbCTayeT, nO-B~A~MOMY, o B03paCTa~~e~ panH HeoAHOCTY
neH4aT~X npo~eccoa no Mepe pocTa 3Hepr~~ B036Y~AeH~A AApa-MHweH~. 06cY~AaeT

CA 4yBcTB~TenbHacTb pacnpeAeneH~~ Ka3$$~~HeHToB nepeAa4~ nonAp~3a4~~ K x~paK
Tep~cTHKaM B036Y~AaeM~x pe30HaHCoB. 

Pa60Ta BblnonHeHêjl B Jlaõoparopaa r eoper avecxoã $~3HK~ mUH1. 

Ilpenpaar 06'beilHlleHHoro HHCTHTYT8 anepasrx accnenosaaaã. Jly6H8 1987 

neoeaoA O.C.8~HorpaAoBo~ 

Gareev F.A. et ai. p4-B7-S40 
Analysis of the 48 Ca (p , n)~BSc R~actlon at 
Intermediate Ener~ies and	 the Structure of Charge-
Exchange	 Excl~atlons 

Analysis af the 4B Ca (.p , n)49 Sc reactlon at proton energles Ep = 134 t-1eV 
and 160 MeV was made in mlcroscapic approach connecting dlstorted wave im
pulse approximatlon wlth str~cture information on charge-exchange excitations 
obtained in the theory of finite-fermi systems. Anqu l ar d l s t rl bu t l ons , analy
sing pawer for the ( lT f7/2 ' vf7Ad rnul t l p l e t of stateswlth J" = 0+- 7+, ando, 
inclusive neutrôn spectra and polarlzatlon transfer coefflclents at small 
angles wlthln t'he Os -.Q.PD ~·40 MeV range have been ca l-cu l a t ed . At -Qpn~20 MeV 
the calculated cross secttons were systematically lower than the experimen
tal ones. That rnight be due to tncreasing rol~ of multlstep process with 
i ncr eas-lnq excltatlon energy. Connec t Ion of po l ar l za t Ion t ransfer coefflci 
ent óistrlbutions wlth the characteristics of exclted resonances Is dl~us
sed. 

The investigation has been p~rformed at the l~boratory of Theoretlcal 
Physfcs, JINR. 
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