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1. BBE,liEHHE 

B HacToR~ee apeMR HaKonneH 6onbWOH 3Kcnep~MeHTanbH~H MaTe
p~an 0 CBOHCTBaX HeaHanorOB~X npOTOHH~X pe30HaHCOB: ~X 3Hepr~RX, 

KBaHTOB~X xapaKTep~CT~KaX, W~P~HaX, 0AHaKO 0 CTpyKType 3T~X pe-
30HaHCOB noKa ~aaecTHO Mano. C4~Tanocb, 4TO HeaHanoroa~e npo
TOHH~e pe30HaHC~, TaK *e KaK ~ HeHTpOHH~e, ~Me~T CTaT~CT~4ec

K~H xapaKTep. B TO •e apeMR ecTb AaHHwe, yKaa~aa~~e Ha HecTa
T~CT~4ecK~H xapaKTep 3T~X pe30HaHCOB/l/. 

npRM~M AOKa3aTenbCTBOM HecTaT~CT~4eCKOH np~POA~ HeaHanoroB~X 
npOTOHH~X peaoHaHCOB 6~no 6~ 06Hapy*eH~e npoMe*YT04HOH CTpyKTy
p~ B Ce4eH~RX peaK~~H C npOTOHaM~/2/. npocTeHwee ee npORBneH~e -
Han~4~e MaKC~MyMa B pacnpeAeneH~~ KBaAPaTOB np~BeAeHH~X W~P~H 
pe30HaHCOB B 3aB~C~MOCTH OT 3Hepr~H B036y*AeHHR. 0AHaKO TaKHe 
MaKCHMYM~ a npHBeAeHH~x ~HP~Hax o6Hapy•eH~ He 6~n~/3-S/. B pac
npeAeneH~Rx npOTOHH~X WHP~H OT4eTnHBO npORBnR~TCR TOnbKO aHano
roa~e COCTORH~R. TaKaA *e C~Tya~HA Ha6n~AaeTCA ~ AnA y-w~p~H. 

B pa6oTe/6 / 6~n npoaeAeH aHan~a 3HaKa cMec~ B1 cnHHOB~x Ka
Hanoa a peaK~HH Heynpyroro pacceAH~A nooTOHOB Ha 44cA w~yu~
HHe yrnoa~x pacnpeAeneHHH Heynpyro pacceAHH~x npoTOHOB H no
cneAy~ero y-Hany4eHHA noaaonHno aaTopaM pa6oT~/6/ CAenaTb 
B~BOA 0 Han~4HH HeCTaT~CT~4eCKHX 3~eKTOB B o6naCTH 3HeprHH 

:~o~~~~ac:~n~H!:7+ 2,8 H3B. 0AHaKo ~HTepnpeTa~HA 3T~x 3~eKTOB 

B /7/6~n npeAnO*eH MeTOA no~CKa npoMe*yT04HOH CTPYKTyp~, 
OCHOBaHH~H Ha aHan~3e 3HaKa BenH4HH CMeC~ MynbT~nOnbHOCTeH ~ 

AnA y-pacnaAa peaoHaHcoa. 6~no noKa3aHo, 4TO ecn~ y-nepexoA~ 
c PRAa peaoHaHcoa OA~HaKoaoro cn~Ha H 4eTHOCTH Ha onpeAeneHH~e 
YPOBHH RAPa HMeOT OAHHaKOB~e 3HaK~, TO TaKaA KOppenA~HR 8 3Ha
KaX 03Ha4aeT cy~eCTBOBaHHe npoMe*YT04HOH CTPYKTyp~. 

3TOT B~BOA CAenaH Ha OCHOBe aHanH3a aenH4~H~ 

¢• arc tg~/a. /1/ 
-·--

r ne a- v'r<E2>. Cor"aCHO v ,/.. ~ - •• CTaT~CT~4eCKO~ TeOpH~ AnA aenH4HH~ ~ 

v'r(Mt) 
paaHoaepOATH~ ace 3Ha4eHHA a HHTepaane yrnoa 1- .!L,+ .!..~Ha6noAae-

2 2 
MWe OTKnOHeHHA OT TaKoro pacnpeAeneHHA CB~AeTenbCTBY~T 0 HanH-
4~H npoMe*YT04HOH CTPYKTypw. BenH4HHW H 3HaKH B onpeAenAOTCR 
a peaynbTaTe H3MepeHHH yrnoawx pacnpeAeneH~H y-nepexOAOB a 
peaK~HH (p.y).HA~eH 4epea pe30HaHCW C~~L~I~RApa. 
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AHam13 3HaKoB 8 e peaK1.11111 60 Ni (p, y )61 Cu A11R y -nepexoAOB 
c pe3oHaHcoe e 61 Cu Ha ypoeHI1 3Toro RAPa c 113BeCTHWMI1 KBaHToew
MH XapaKTepi1CTI1KaMI1 noKa3a11 1 4TO B npOTOHHWX pe30HaHCaX CO 
cni1HOM 3/2- e 61 Cu cyutecTeyeT npoMeiKyT04HaR CTPYKTypa 171• Koc
eeHHWM nOATBepiKAeHI1eM Ha1111411R npoMeiKyT04HOH CTPYKTYPW 6W1111 AaH
HWe 113Y4eHI1R MHOIKeCTBeHHOCTI1 y-pacnaAa HeaHa110rOBWX npOTOHHWX 
pe3oHaHcoe/8~ B pa6oTe/8/ 6w11o noKa3aHo, 4TO MHOIKeCTBeHHOCTb 
pacnaAa npOTOHHWX pe30HaHCOB B 61 Cu HeBe1111Ka 11 Ma110 MeHReTCR 
c 3Heprl1eH. 

B/7/ 3~~eKT npORB11eHI1R npoMeiKyT04HOH CTPYKTypw 6w11 11HTep
npeTI1POBaH KaK pacnpeAe11eHI1e c1111w rl1raHTCKoro pe3oHaHca faMoea
Te1111epa no pe30HaHCHWM COCTORHI1RM 6o11ee C1101KHOH ~OPMW~ ~0 
nORB11eHI1R pa60TW/7/ AeTa11bHO 11CC11eAOBa1111Cb 111160 KOCBeHHWe 3~
~eKTW, CBR3aHHWe C CYuteCTBOBaHI1eM rl1raHTCKOrO pe30HaHca faMOBa
Te1111epa/1/, 111160 npo1.1eccw sace11eHI1R 3Toro pe3oHaHca e npRMWX 
3aPRAOB006MeHHWX peaK1.111RX (p,n) B KOHe4HOM RAPe npl1 3Heprl111 
npOTOHOB OT 1 00 AO 200 t13B / 9/. 6bl110 o6HapyiKeHO /9/ 1 4TO Wl1pi1HW 
pe3oHaHcoe faMoea-Te1111epa cocTaB11R~T 2-4 M3B. Bo3HI1KaeT eonpoc: 
MOryT ~11 Ha611~AaTbCR KOMnOHeHTbl TOHKOH CTPYKTYPbl pe30HaHca fa
MOBa-Te1111epa np11 B036yiKAeHI1RX B COCTaBHOM RApe, B peaK1.111RX 3a
XBaTa npoTOHOB 11 ynpyroro 111111 Heynpyroro 11x pacceRHI1R.npl1 pac
npeAe11eHI111 c1111w pe3oHaHca faMoea-Tennepa no pe3oHaHcaM co
cTaBHoro RAPa CO C1101KHOH CTPYKTYPOH /o6pa30BaHI1e TOHKOH CTpyK
Typw pe3oHaHca faMoea-Te11nepa/ A0111KHa Ha6n~AaTbCR npoMeiKyT04HaR 
CTPYKTypa e npoTOHHWX pe3oHaHcax. 0AHaKo nocK011bKY xapaKTepHwe 
~Jitl 1-'t:;sUMdM~Ut:l idMUsa-leslilepa WI1PI1HW COCTaB11R~T £-'+ M3U 1 

TO Ha611~AeHI1e TaKOH npoMeiKyT04HOH CTpyKTypbl OKa3WBaeTCR 3aTpyA
HI1Te11bHWM C ~Kcnepi1MeHTa11bHOH T04KI1 3peHI1R. no3TOMY e/7/ 11 6bl11 
npeA110IKeH HOBWH cnoco6 11AeHTI1~11Ka1.11111 WI1POKO pacnpeAeneHHWX npo
MeiKYT04HbiX CTpyKTYP B peaK1.11111 paA11ai.II10HHOrO 3axeaTa npOTOHOB. 

B HaCTORuteH pa6oTe npeAnPI1HRTbl 11CC11eAOBaHI1R CTPYKTypw npo
TOHHbiX pe30HaHCOB 1 npORBilR~uteHCR B peaK1.111RX B3ai1MOAeHCTBI1R npo
TOHOB C 58•62Ni • 

.2. lo1CCJlE~OBAHio1E PE30HAHCOB, B03Hio1KAIOI.Uio1X B PEAKUioi.RX 
58Ni(p,y) 11 58Nt(p,p'y) 

Ycnoei1R 3Kcnepi1MeHTa 

B HccneeyeMwx peaK1.111RX npoToHw ycKOPR1111Cb 311eKTpocTaTH4ecKI1M 
reHepaTopoM Jla6opaTop1111 HeHTPOHHOH ~H3HKI1 Olo1fllo1. M11weHH 58 Ni 
/95% o6orauteHI1R/ 11Me1111 T0~11HY 10-20 MKr/cM2, y-H311y4eHI1e pe
ri1CTPHPOBa110Cb Oe(Li) -eeTeKTopoM o6DeMoM 40 cM3 c 3HepreTH4ec
K11M pa3peweHHeM 8 K3B enR y-ni1HHH c 3Heprl1eH 7 M3B. B peaKLIHI1 
(p,y) np11 eaHHOH 3Heprl111 npOTOHOB 113MepR1111Cb y-cneKTPW noe 
yrnaMI1 0°, 30°, 60° 11 90° K Hanpae11eH11~ naea~ero ny4Ka. B peaK-
1.111H (p,p'y) HHTeHCI1BHOCTb y-nepexoea onpeeenR11acb enR 10 yrnoe 
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B 11HTepeane OT 0° AO 90°. 0AHOBpeMeHHO onpeAe11R1111Cb 11HTeHCI1B
HOCTb ny4Ka npOTOHOB 11 11HTerpa11bHaR 11HTeHCI1BHOCTb y-ny4eH, 3a
peri1CTPI1POBaHHWX KPI1CTa11110M Nai(Tl),pacnonoiKeHHWM noA yrnoM 
90° K nY4KY 1 4TO n03B011R110 HOPMI1POBaTb 11HTeHCI1BHOCTb KaK Ha 
411C110 npoweAW11X 4epe3 M11WeHb npoTOHOB 1 TaK 11 Ha 411C110 11CnyuteH
HWX 113 M11WeHI1 y-KBaHTOB. HaMI1 6W110 113y4eHO 28 pe30HaHCOB B 
peaK1.11111 ( p, y) 11 8 pe3oHaHcoe e peaK1.11111 ( p, p 'y). 

OnpeAeneHI1e cni1HOB pe3oHaHcoe e (p,y) -peaK1.11111 

~R onpeAe11eHI1R CMeceH MY11bTI1n011bHOCTeH y-nepeXOAOB HaM 
6W110 Heo6XOA11MO 3HaTb Cni1HW pe30HaHCOB 1 B036yiKAaeMWX B 59 Cu. 
3Ha4eHI1R cni1HOB PRAa pe3oHaHcoe npi1BeAeHw e pa6oTel 101. OH11 on
peAeneHw Ha OCHOBaHI111 pe3y11bTaTOB 113MepeHI1R aHI130TpOnl111 y -
11311Y4eHI1R B npeAn0110IKeHI111 1 4TO ace y-nepeXOAW RB11R~TCR 411CTWMI1 
A11n011bHWMI1 nepexoAaMI1. Cni1Hbl 7 pe3oHaHcoe paHee He 6wn11 113-
eecTHW. ~R onpeAeneHI1R cn11Hoe pe3oHaHcoe Mbl 113Y4111111 yrnoeble 
pacnpeAe11eHI1R y-nepeXOAOB C pe30HaHCOB Ha 113BeCTHble ypOBHI1 
59 Cu CO C11eAY~Ilti1MI1 3Hepri1RMI1 /K3B/ 11 Cni1HaMI1: 0, 3/2-; 491, 
112_; 912, 5/r; 1398, 712-; 1868, 712-, 512; 1987, 512-; 
2265, 3/2-; 2318, 1/2-; 2324, 3/2; 2707, 5/2; 3025, 3/2; 3116, 
5/2. 

B pe3ynbTaTe 113MepeHI1R yrnoewx pacnpeAe11eHI1H onpeAe11R1111Cb 
K03~~111.111eHTW pa3110IKeHI1R A 2 11 A 4 np11 noni1HOMax IleiKaHAPa. ~nR 
KaiKeoro yr11oeoro pacnpeeeneHI1R 6wna nocTpoeHa eeni1411Ha x 2 

B 3aBI1C11MOCTI1 OT CMeCI1 MY11bTI1n011bHOCTeH ~ B y-nepexoee C 113y-
4aeMoro pe3oHaHca Ha 113BeCTHbiH ypoeeHb 59 Cu. Yrnoeoe pacnpeee
neHI1e enR oeHoro nepexoea 4acTo He no3eonReT oeHo3Ha4HO onpe
eeni1Tb cn11H pe3oHaHca. OeHaKo e cny4ae, Korea 6wn11 3aperl1cTpl1-
poeaHw HecK011bKO nepexoeoe, coeMeCTHWH aHa11113 yrnoewx pacnpeee·· 
neHI1H enR 3TI1X nepexoeoe no3B011R11 6o11ee T04Ho ycTaHOBI1Tb cn11H 
pe30HaHCa. np11 OnpeeeneHI111 4eTHOCTI1 pe30HaHCa 11Cn011b30Ba11CR TOT 
~aKT, 4TO B eaHHOH o6naCTI1 3Hepri1H He 6bl110 o6HapyiKeHO CMeCI1 
E 1- 11 M 2 -nepexoeoe, e To IKe epeMR nony4eHHwe HaMI1 3Ha4eHI1R 8 
oT 11H4a1111Cb oT HY11R, 4TO roeop11no o Ha11114HH cMeCH E 2- 11 M 1-nepe
xoeoe. OnpeeeneHHWe TaK11M o6pa3oM cnHHW H 4eTHOCTI1 pe3oHaHcoe 
B peaKI.IHH (p,y) np11eeeeHW B Ta6n.1 HapReY C eaHHWMH pa60TW /10/. 

AHa11113 cMeceH MY11bTHnonbHOCTeH y-nepexoeoe 
B peaKI.IHI1 58Ni(p,y) 

noi1CK npoMeiKyT04HOH CTpyKTYPbl npOI13BOeH11CR enR pe30HaHCOB 
CO Cni1HOM 3/2- B 0611aCTI1 3Hepri1H npOTOHOB OT 2120 eo 3460 K38, 
aHa11H3Hpoea11HCb TaKIKe pe3oHaHcw, cn11H KOTopwx onpeeenRncR Heoe
H03Ha4Ho /B TeX C11y4aRX 1 Korea MW He MOr11H Ha OCHOBe HaWI1X 
113MepeH11H cee11aTb ew6op MeiKAY cni1HaMI1 3/2 11 5/2, Mw 11cnonb
soeanH 3Ha4eHI1e 3/2/. 
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B Ta6n.2 npHBeAeH~ 3Ha4eHHR 8, onpeAeneHH~e HaMH. 3aMeTHM, 
4TO npH B~4HcneHHH eenH4HH~ 8 nony4aiOTCR ABa 3Ha4eHHR. 11a 
$H3H4eCKHX coo6pa*eHHH MO*HO OT6pOCHTb 3Ha4eHHe 8, COOTBeT
CTBYIO~ee n04TH 4HCTOMY E2 -nepeXOAY, TaK KaK era HCnonb30BaHHe 
npHBOAHT K HenpaBAonoAo6Ho 6onbWHM aHa4eHHRM B(E2).TaKHM o6pa
aoM, M~ nony4aeM 8 c onpeAeneHH~M 3HaKOM. 

nepeXOA~ 3/2- -3/2-. AnR BCeX 25 HCCneAOBaHH~X nepeXOAOB 3TOrO 
THna B HHTepeane 3HeprHH npoTOHOB Ep = 2130-3450 K38 eenH4HHa 
8 oKaaanacb nono*HTenbHOH. 0AHaKo, no AaHH~M pa6oT~ 1121, cMecb 
MynbTHnOnbHOCTeH AnR pacnaAa peaoHaHca 1883 K38 HMeeT APYrOH 
aHaK.To *e caMoe Ha6niOAaeTcR AnR peaoHaHca 1424 K3B.HaMH 6~no 
npoeeAeHo KOHTpOnbHOe H3MepeHHe y-pacnaAa peaoHaHca 1883 K3B H 
nony4eHo 3Ha4eHHe 8 = -0,25, 4TO e npeAenax norpewHoCTH coena
AaeT C 8 = -0, 18 H3 pa6oT~ /12/ • C T04KH apeHHR onpeAeneHHR 
npOMe*YT04HOH CTPYKTYP~ 113/ KaK HapyweHHR npeAnOno*eHHH CTaTHC-
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pH4Haro 3neMeHTa npH nepexoAe 
Tennepa. 

PacnpeAeneHHe senHqHHW 
cp= arc tg(8 I a) Afl.R. pacnaAa 25 
peSOHaHCOB 3/2- B peaKQHH 
5BNi( p, y) 59 Cu. IlyHKTHpHa.R nHHH.R -
pacnpeAeneHHe cornacHo cTaTHCTn
qecxoH: MOAenH. 

TH4eCKOH MOAenH B flOKaflH30BaH
HOH 3HepreTH4ecKOH o6nacTH AaH
H~H peaynbTaT MO*eT 6~Tb noH~T 
KaK B~XOA aa npeAen~ 3TOH o6nac
TH. BTopoe o6D~CHeHHe 3Toro 
3~eKTa - B H3MeHeHHH 3HaKa MaT-

4epe3 ~eHTP peaoHaHca faMoea-

Ha PHCYHKe npHBeAeHo pacnpeAeneHHe aenH4HH 8, B~4HcneHH~X 
no <!>opMyne I 1 I ( 1 I a = 1, 42) An~ 25 Ha6n10AaeM~x y-nepexoAOB. 
nyHKTHpHa~ flHHH~ COOTBeTCTByeT paBHOMepHOMY pacnpeAeneHHIO, npeA
CKa3biBaeMOMY CTaTHCTH4eCKOH MOAeflbiO. BHAHO, 4TO HMeeTC~ pe3KOe 
paanH4He Me*AY npeACTaeneHH~MH pacnpeAeneHH~MH, npe*Ae acero 
H3-3a OTCYTCTBH~ OTPH~aTeflbH~X 3Ha4eHHH 8. 

nepexOA 3/'L.- - 1 12-. BenH4HHa CMeceH 8 Afl~ 
ypoBeHb 491 K3B 1112-1 no a6COfliOTHOMY 3Ha4eHHIO 
B 9 cny4a~x nony4eH~ nono*HTeflbH~e 3Ha4eHH~ 8 . 

nepeXOAOB Ha 
6nH3Ka K 0. 
OcTanbH~e 4 cny-

4a~ a npeAenax norpewHocTeH He npoTHBope4aT 3TOMY 3HaKy. 
nepexOA~ 312- - 512-. H3 16 H3Y4eHH~X pacnpeAeneHHH TaKara 

THna a 13 cny4a~x nony4eH OTPH~aTenbH~H 3HaK 8. B Tpex cny4a~x, 
Afl~ KOTOp~X 3HaK 8 OKa3aflC~ nOflO*HTeflbH~M, norpeWHOCTH H3Me
peHHH 04eHb aenHKH, TaK 4TO 3TH AaHH~e Heflb3~ C4HTaTb 3Ha4~M~
MH Afl~ B03Pa*eHHH npOTHB npeAnOflO*eHH~ 0 HaflH4HH npoMe*yT04-
HOH CTPYKTyp~. 

PeaoHaHc~ a peaKI.\HH (p, p 'y) Ha 58 Ni 

B AaHHOH pa6oTe M~ npoaenH TaK*e aHanH3 yrnoeoro pacnpeAe
neHH~ y-nepexoAa 2+-o+ a 58Nt,nony4a~eroc~ aa c4eT Heynpyroro 
pacce~HH~ npOTOHOB. B/6/ 6~no noKa3aHo, 4TO, HCCfleAY~ yrnoeoe 
pacnpeAeneHHe Heynpyro pacce~HH~x npoToHOB H nocneAy~ero 
y -nepexoAa 1 MO*HO Ha OCHOBe ABYX ypaBHeHHH onpeAeflHTb 81 lcMeCb 
cnHHOB~X KaHanoal B pe3aHaHCaX CO CnHHOM 312-. 0AHaKO Afl~ cny-
4a~ pe3oHaHcoa co cnHHOM 512- AOCTaT04HO yrnoaoro pacnpeAeneHH~ 
y -nepexoAa, TaK KaK B 3TOM Cfly4ae ABa ypaeHeHH~ Afl~ 81 MO*HO 
nony4HTb, Hcnonb3Y~ onpeAeneHH~e H3 yrnoeoro pacnpeAeneHH~ A2-
H A4 -Ko3~H~HeHT~ npH nonHHOMax ~e*aHApa. M~ HccneAoeanH yrno
a~e pacnpeAeneHH~ raMMa-ny4eH nepexOAOB Afl~ 8 peaoHaHcoe, H3 
HHX ABa 12831 H 2938 K3BI HMeiOT cnHH 312~. CnHH OCTaflbH~X 
onpeAenHTb noKa He YAanocb. 

B Ta6n. 3 npHBeAeH~ K03~H~HeHT~ A2 H A 4 An~ H3MepeHH~x peao
HaHcoa. 
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Ta6nHQa 3 

~· 2631 2938 3134 3385 3453 3506 3?50 3fKf7 

A2 p,2I(I2} 0,06(12} -C,33(I3} -C,24(11) -0,73(14} -C,60(14} -0,~(16} -C,?2 

A4 0 0 -C,2I(I3} -C,24(16} 0,40(14} -C,2?(13} 0,27(12} 0,23(12} 

3. HCC~EAOBAHHE PE30HAHCOB, B03HHK~HX B PEAKUH" 62Ni(p,y) 

YcnoeH~ 3KcnepHMeHTa 

PeaoHaHc~ 63cu aoa6y*AanHcb a peaK~HH 62 Ni(f,y).MHweHH 62 Ni 
195,6% o6ora~eHH~I HMenH Ton~HHY 10-20 MKrlcM • Yrnoe~e pacnpe
AeneHH~ H3Mep~nHCb TaK *e, KaK H B peaK~HH (p,y) Ha 58 Ni.<!>OHQ
B~e yCflOBH~ n03BOflHflH Afl~ pe30HaHCOB 63 Cu H3MepHTb MHO*eCTBeH
HOCTb y-pacnaAa. npH H3MepeHHH MHO*eCTBeHHOCTH HCnOflb30BaflHCb 
ABa C~HHTHflfl~~HOHH~X AeTeKTOpa, OAHH pa3MepOM 100x100 MM 2, BTO
POH - 150x100 MM2. 

MeTOAHKa onpeAeneHH~ MHO*eCTBeHHOCTeH y-ny4eH An~ peaoHaHcoa 
onHcaHa noApo6Ho a pa6oTel81. HaMH 6~nH H3y4eH~ yrnoe~e pacnpe
AeneHH~ An~ 19 peaoHaHcoa a o6nacTH 3HeprHH EP = 2230 + 2730 K3B 
H H3MepeHa MHO*eCTBeHHOCTb Afl~ 12 HaHOOnee CHflbH~X pe30HaHCOB 
a o6nacTH 3HeprHH E p = 2490 + 2917 K3B. An~ onpeAeneHH~ cnHHOB 
peaoHaHCOB B 63 Cu HCCfleAOBaflHCb y -nepeXOA~ Ha CfleAY~He YPOBHH: 
o, 312-; 668, 112-; 962, 512-; 141o, 512-; 1547, 312- H 2012, 
312-. nony4eHH~e HaMH CnHH~ npHBeAeH~ B Ta6n.4. 

Ta6nnQa 4 

~. JrJi ~. J'K ~. JrJi 

2231 3/2-. 5/2 2584 3/2-. 5/2 2682 3/2- 5/2 
2238 3/2- 2613 3/2- 5/2 2690 3/2-
2251 3/2-. 5/2 2620 3-/2- 5/2 2696 3/2-
2268 3/2- 2635 3/2~):5/2 2?10 3/2-

I 2 
22?5 I/2 + 5/2 2642 3/2- 2?22 3/2- (I/2. 5/2) 
2285 I/2 + 5/2 26?5 3/2- 2730 3/2-
2512 5/2 3/2-
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AHanH3 cMeceH MYnbTHnonbHOCTeH y-nepexoaoa 

TaK *e, KaK H B cny4ae C 58Ni, noHCK npoMe*YT04HOH CTPYKTYP~ 
npoH3BOAHnCR anR peaoHaHcoa co cnHHOM 312-, yrnoa~e pacnpeaene
HHR KOTOP~X 6~nH H3y4eH~ HaMH. 8 AaHH~H aHanH3 BKn04eH~ TaK*e 
pe30HaHC~, CnHH KOTOp~X onpeaenRnCR HeOAH03Ha4HO, 

8 Ta6n.5 npHaeaeH~ 8 CMeCH MynbTHnOnbHOCTeH AnR H3y4eHH~X 
nepexoaoa. B~6op HaHMeHbwero 8 aenancR Ha Tex *e ocHoaaHHRX, 
4TO H AnR 58Ni. 

nepeXOA~ 312- - 312-. AnR BCeX 28 nepeXOAOB B o6naCTH 3HeprHH 
oT 2230 ao'2730 K3B nony4eHo nono*HTenbHoe 3Ha4eHHe 8. 

nepexoa~ 312-- 112~ H3 9 3Ha4eHHH 8 TOnbKO TpH 3Ha4HTenbHO 
oTnH4a~TCR oT HynR. 3To nepexoa~ Ha ypoaeHb 668 K3B 1112-1 c pe
aoHaHcoa 2512 K3B 1312-, 5121, 2584 K3B 13/2-, 5121 I 8 -oTpH
I.IaTenbHol H c peaoHaHca 2642 K3B 1312-1 I 8 -nono*HTenbHol. 
nocKOnbKY CnHH~ pe30HaHCOB 2512 H 2584 K38 onpeaeneH~ HeOAHO
~Ha4HO,paCXO*AeHHe B 3HaKe 8 He MO*eT CnY*HTb OCHOBaHHeM AnR 
OT6pac~BaHHR rHnOTe3~ 0 npoMe*YT04HOH CTPYKType, Heo6XOAHMO 
OTMeTHTb, 4TO 3HaK 8 AnR pe30HaHCa 2643 K38 COBnaaaeT CO 3HaKOM 
8 anR nepexoaoa 3/2- - 112- e 59 Cu. 

nepexoa~ 312-- 512~ H3 10 nepexoaoa 3TOro THna TOnbKO anR 
aayx nepexoaoa aenH4HH~ 8 oTnH4H~ oT HynR. 3HaK 8 coanaaaeT 
co 3HaKoM, nony4eHH~M anR 59 Cu. 

Hay4eHHe MHO*eCTBeHHOCTH pacnaaa peaoHaHcoa e 63Cu 

nocKOnbKY MeTO~HKa H3MepeHHR MHO*eCTBeHHOCTH C noM~b~ 
ABYX CI.IHHTHnnRI.IHOHH~X KPHCTannoB noapo6HO OnHCaHa 8/B/,M~ npH
aeaeM TOnbKO OKOH4aTenbHY~ ~OpMyny: 

+ 1, 

rae MP - MHO*eC.TBeHHOCTb raMMa-ny4eH pacnaaa peaoHaHca, N1 , N2 -
OAHH04H~H C4eT B nepBOM H BTOPOM KPHCTanne, NcoBn~ 4HCno aape
rHCTPHP08aHH~X C08naaeHHH, El H t 2 - 3~~eKTH8HOCTH KPHCTann08 
c y4eToM TenecHoro yrna. AnR HOPMHP08KH 3~eKTH8HOCTeH Hcnonb-
3o8ancR peaoHaHc c Ep= 2659 K38, cxeMa pacnaaa KOToporo xopowo 
H38eCTHa/l4/, 8~4HCneHHaR no 3TOH CXeMe pacnaaa MHO*eCT8eHHOCTb 
y -pacnaaa peaoHaHca 2659 K3B pa8Ha 2,117. B Ta6n.6 npH8eaeH~ 
MHO*eCT8eH~OCTH pacnaaa pe30HaHCOB 8 06naCTH 3HeprHH npOTOH08 
oT 2495 ao 2917 K3B. PoeT 18 cpeaHeMI MHO*eCT8eHHOCTH pacnaaa 
pe30HaHCOB 8 63Cu no cpa8HeHH~ c61Cu, 8HAHMO, C8R3aH C y8enH4e
HHeM 3HeprHH 8036y*AeHHR H nnOTHOCTH COCTORHHH, 

8 

Lf'\ 

Ill 

J 
Ill 
H 

• , 
J. 

0 

~ -

- II) (f) II) U) co 1-11-1 1-11-1 s 8' b' 
cf 0 cf 
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Ta6JIHQa 6 

~3. ~ ~3. ~ ~- ~ 

2495 2.9(6) 2659 2,II7 2728 3.2(10) 

2504 2.8(10) 2675 2,8(6) 2779 4.0(6) 

2512 2.6(4) 2686 3.1(5) 2BfY7 3.5(7) 

2612 3.3(9) 27II 2.7(6) 2917 2.8(6) 

4. 06CY~~EHHE PE3YnbTATOB 

~aHH~e AnR CMeC~ MynbT~nOnbHOCTeH nepeXOAOB C pe30HaHCOB, 
B OC06eHHOCT~ AnR nepeXOAOB 3/2-- 3/2-, roBOPRT 0 Han~4~~ RBHO 
B~pa~eHHOrO HeCTaT~CT~4eCKOrO BKnaAa B CTPY.KTypy npOTOHH~X pe-
30HaHCOB KaK AnR 59Cu, TaK ~ AnR 63 Cu, B/?l noAo6H~H 3~eKT 
6~n o6Hapy~eH AnR 61 Cu. CoenaAeH~e 3HaKoe 8 e 3T~x RAPaX yKaa~
eaeT, B~A~MO, Ha CXOACTBO npoMe~yT04HOH CTpyKTyp~ B H~X. B /7/ 
3TOT 3~eKT oODRCHRnCR Han~4~eM pe30HaHCa raMOBa-Tennepa /TOH
KaR CTPYKTypa pe30HaHca raMoea-Tennepa/. B HaCTOR~eH pa6oTe 
MO~eT 6~Tb B~AB~HyTo aHanor~4HOe o6DRCHeH~e. B /1/ npoBOA~n~cb 
..::,'4,;;"""" lluJoumt::HI'111 l.lt:~oHaHca laMoea-1 ennepa e ~3oTonax Liu. UH~ 
CAenaH~ B CXeMaT~4eCKOH MOAen~ C Y4eTOM OCTaT04HOrO B3a~MOAeH
CTB~R raMOBa-Tennepa. np~ 3Ha4eH~~ KOHCTaHT~ cn~H-~30Cn~HOBOrO 
B3a~MOAeHCTB~R Gl = 0,7-0,9 M3B pe30HaHC raMoea-Tennepa ·oKa3~
eaeTCR B6n~3~ ~n~ H~~e /Ha 1-2 M3B/ aHanora OCHOBHOrO COCTORH~R. 
CpaeHeH~e peaynbTaToe pac4eToe c AaHH~M~ paan~4H~x 3Kcnep~MeH
Toe e paMKax cxeMaT~4ecKoH MOAen~ I 15/ noKa3biBaeT, 4To 3Ha4eH~e 
G 1 = Go= 1 M3B /npeAen cynepMynbT~nneTHOH c~MMeTp~~/ oKaa~
eaeTcR 6onee npeAn04T~TenbH~M. B 3ToM cny4ae peaoHaHc faMoea
Tennepa 6yAeT pacnono~eH e6n~a~ ~n~ e~we /Ha 1-2 M3B/ cooTeeT
CTBY~~ero aHanora. OTMeT~M, 4TO e pac4eTax 111 He Y4~T~eanacb 
KOH~~rypa~~R f7/2-f5/2, He cy~ecTeeHHaR np~ y-pacnaAe aHanoroe, 
a np~ B~4~cneH~~ c~cTeMaT~4ecK~x TeHAeH~~H e pacnpeAeneH~~ c~n~ 
B GT e pa6oTe 1151 Y4~T~ean~cb ece KOH~~rypa~~~. nocKonbKY w~p~-
H~ pe30HaHca raMoea-Tennepa COCTaBnR~T 3-4 M3B, MO~HO CAenaTb 
B~BOA 0 B03MO~HOM npORBneH~~ ero TOHKOH CTPYKTyp~ B ~3y4eHHOH 
B AaHHOH pa6oTe o6nacT~ 3Hepr~H B036Y~AeH~R. HHTepeCHO OTMeT~Tb, 
4TO B ~3y4aeM~X HaM~ RApax pe3oHaHC raMoea-Tennepa OKa3~BaeTCR 
6n~3K~M no 3Hepr~~ K aHanory OCHOBHOrO COCTORH~R, B OTn~4~e OT 
c~Tya~~~ e 6onee TR~en~x RApax, rAe oH pacnono~eH Ha HecKonbKO 
M3B e~we aHanora. BoaMo~Ho, 4To HecTaT~CTH4eCK~H 3~eKT noeeAe
H~R 3HaKa CMec~ cn~Hoe KaHanoe, o6Hapy~eHH~H e/6/ Ha 44ca, TaK~e 
o6DRCHReTCR Han~4~eM npoMe~yT04HOH CTPYKTYP~ THna pe30HaHCa 
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raMoea-Tennepa. OTMeT~M TaK~e. 4TO B03MO~Ha C~Tya~HR, KOrAa 3HaK 
CMeC~ 8 MO~eT ~3MeHHTbCR np~ nepeXOAe no 3Hepr~~ B036y~eH~R 
cocTaeHoro RAPa 4epea ~eHTP r~raHTCKoro peaoHaHca. CornacHo 
MOAen~ TOHKOH CTPYKTYP~ /!6/ 3HaK aMnn~TYA~ CMeW~BaH~R ABYX KOH
~~rypa~~H, OAHa ~3 KOTop~x pacnpeAeneHa no 3Hepr~~. a eTopaR 
pacnono~eHa np~ 3Hepr~~ E0 , MeHReTcR np~ nepexoAe 4epea 3TY 
3Hepr~~. no3TOMy, ecn~ npeAnOnO*HTb 1 4TO Ka~aR H3 MynbTHnOnb
HOCTeH CBR3aHa CO CBOeH npOCTOH KOH~Hrypa~HeH, 3HaK 8 6yAeT 
pa3nH4H~M, B 3aBHCHMOCTH OT nono*eHHR pe30HaHCa OTHOCHTenbHO EO! 

B cny4ae pacnpeAeneHHR npocToH KOH~Hrypa~HH no cno~H~M ecTecT
eeHHO npeAnOnO*HTb, 4TO CMeCb MynbTHnOnbHOCTeH o6ycnoeneHa 
nepeXOAaMH C npOCTOH KOH~Hrypa~HH H H3MeHeHHR 3HaKa npH E0 
npOHCXOAHTb He 6yAeT, 

HeAaBHO noRBHnacb pa6oTa/ 171, e KOTOPOH H3MepeHa eenH4HHa 
BGT e (p,n) -peaK~HH Ha58 Ni npH 6onbWHX 3HeprHRX npoToHoe. EcnH 
npeAnOnO*HTb, 4TO Ao6aeneHHe He4eTHOro HeHTPOHa cy~eCTBeHHO He 
H3MeHHT pacnpeAeneHHe BGT'TO B 59 Cu MO*HO O*HAaTb nepeoro 
MaKCHMyMa Ha B~COTe 1 KOTOpaR Ha 0,9 M3B B~We aHanora OCHOBHOrO 
COCTORHHR 1 T.e, Ha B~COTe 4,8 M38 1 4TO COOTBeTCTByeT pe30HaHCY 
EP = 1424 K3B /o6nacTb npHMeHeHHR 3HaKa 8/. CneAY~HH MaKCHMYM 
AOn*eH 6~Tb Ha B~COTe - 7, 4 M3B no 3HeprHH B036Y*AeHHR, TO eCTb 
e o6nacTH, rAe npoeoAHnHCb H3MepeHHR Heynpyroro pacceRH~R aeTo
paMH AaHHOH pa6oT~. 

6onbWaR 4aCTb B GTAnR 58 Cu CKOH~eHTPHPOBaHa B o6naCTH 1 KOTOpaR 
Ha 9-13 M3B B~We aHanoroeoro COCTORH~R. 3TO CBR3aHO C 6onbWOH 
cHnOH M 1-peaoHaHca e H30Tonax Ni H eoa6y~eHHeM aHanora Ml -
pe30HaHca B H30TOnax Cu , a TaK*e Cy~eCTBeHH~M BKnaAOM KOH~H
rypa~HH c T = 2. npH nepeXOAe K 6onee TR~en~M H30TonaM Cu CHna 
aHanora Ml-peaoHaHca AOn*Ha ocTaeaTbCR npHMepHo OAHHaKoBoH, 
a CHna co6CTBeHHO pe30HaHca raMOBa-Tennepa e6nH3H aHanora OCHOB
HOrO COCTORHHR AOn*Ha yeenH4HBaTbCR H3-3a yeenH4eHHR HeHTpOHHOrO 
H36~TKa. 
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PyKon~cb nocTyn~na e ~3AaTenbcK~H OTAen 
21 OKT~6p~ 1983 roAa. 

K~T O.E. MAP· PlS-83-736 
HCCneA0.8HMe CTPYKTypw peSOHaHCoa B peaK~MRX B3aMMOAeHCTBMR npoTOHOB 
c 11AP8- 58Nt M 62 Nt npM HM3KMX 3ttePrMIIX 

3KCnePMMeHT&n~HO o6HapyweHa npcMe.yT~HBR CTpyKTypa npoTOHHWX pe30HaHCOB, 
npoiiB/VIIIIIIIBIICII B TOM, '4TO OTHOCMTeti~HWe 3HaKM 8 CMeCM MYfi~TMnOflbHOCTeH y
pacnaAa peSOHaHCoe QAMH8KOBW, 8e11M'4MH8 M 3HaK 8 onpeAefiR~TCR Ha OCHOBe aHa
fiM3a yr.no.wx pac"PeAene-A y-nepexQAoa a peaK~MIIX 58Nt(p,yf9Cu M 62 Ni(p,y) 
63 cu '4epea peaOHaHCw cocTaaHOro f!Apa • .11tu1 58 Nt May..eHW TaK•e yr110awe pac
np~ene""" y-nepexQAoe a peaK~MM 58 Ni(p,p'y) ..epea peaoHaHcw a 59 Cu ,a AfiR 
62 Nt - ~ecTaeHHOCT~ y-nepexQAoe B peaK~MM 62Nt(p,y). 3TH AaHHwe He npo
TMBOpe'48T 8W8QAY 0 C~eCTBOaa-M n~yT~HOA CTPYKTypw.3~eKT npORBfleHMR 
nPDMe*YT~HQA CTPYKTypw MHTepnpeTMpyeTCII KaK pacnpeAefleHMe CMnlol rMraHTCKOrO 
pe30HaHCa faMO&a-Tennepa no pe30HaHCHWM COCTORHMRM 6onee CIIO*HOH ~pMW. 

Pa6oTa awnonHeHa a na6opaTOPMM HeHTPOHHOH ~M3MKM OHRH. 

KT•ft ·O.E. et at. PlS-83-736 
Investigation of Resonance Structure in the Interact ions of Protons 
with saNi and 62Nt Nuclei Reactions at Low Energies 

An Intermediate structure of proton resonances has been experimentally 
observed that manifests Itself as relative signs of 8 of the mixture of 
multlpolarltles of resonance y -decay appeared t o be the same. The value 
and sign 8 are determined on the basis of analysis of angu lar di s tributions 
of y-transltlons through the resonance of a compound-nuc l eus in the 
58Nt(p, y) 59 Cu and 62Nt(p, y)63 Cu react ions . For 58 Ni angu I ar dis t r i but Ions 
of y-transitions have been studied in the 58 Ni(p,p'y) reaction through a 
resonances In 59 Cu, as well as multiplicity of y-transitions in the 
62Nt(p,y) reaction. These data do not contradict to the conclusion as to 
the Intermediate structure existence . This structure is interpreted as 
a distribution of the strength of the Gamov-Teller resonance over the 
resonance states of a more comp l icated structure. 

The investigation has been performed at the Laboratory of Neutron Physics 
JINR. 
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nepeaQA O.C.BMHOrPaAOBoM 


