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~TOB036y.neHHe H30MepoB ftn8p - M8TO~, IT03BOnft~ rronyqaTb ~p­
MBUH~ 0 B3SHMO~eftCTBHH ~TOHOB C ft~BMH H CTpYKType ftn8p B o6n8CTH AO­
rroporOBHX BHeprmt ;l1,Jilf peBKUHft C BHn8TOM HYKnOHOB, B H8KOTOpHX ft,llpBX 
npH BTHX BH8prHRX H86~8DTCR MHHH-p830HBHCH B nOnHOM ceqeHHH pacCeft­
HHft ~TOHOB, B03MOICHO, KBK npoRBJieHHe npoM81CYTOqHOft CTpYKTYJIH [ 1 , 2 1 , 

~TOB036YJCA8HH8 H30M8pHHX ypoBHeft npH AOnoporOBHX BHeprHRX npoHC­
XOAHT nyTeM B036y.neHHR H9KOTOpHX neiCBUIHX BHW9 no BHeprHH YpDBH9ft 
ft~B, TBK H83HB88MHX BKTHBBUHOHHHX COCTORHHft(AC ), llonHoe ceqeHHe pac­
ceHHHft ~TOHOB HB BTHX AC AOni!HO 6HTb B8nHKO( 6onbWHe napUHan&HHe mH­
pHHH r0 Anft npRMHX nepeXOAOB B OCHOBH09 COCTOHHHe H npeo6nBA8~8ft ponb 
KOMIIOH8HT E1, N1 nH60 E2). B peayn&TBTe npRMoro HnH KBCKB,D;HOro r-nepe­
XOAOB B036yi(AeHHe BTHX ypoBReft qac~o nepeA89TCft H30M9pROMY COCTOR­
HH~. H30MepH08 OTROW9HH9 r

180
/ r TSKICe AOni!HO 6YTb H9 Mano; 3A8Cb r

180 
- CYMM8 napUHBnbHHX mKpHH Anft nPRMOro H KBCK8~ nepeXOAOB B H30M9p­
H08 COCTORHH9, r - nOnHBft WHpHH8 BTOrO AC. 

nna OAHRoqaoro AC CO CnHHOM H qeTROCTbm J~ nonaoe ceqeHHe ~TO­
B036yi(AeHHft H30Mepaoro COCTOHHHR 

I0 t.od.E = r iao r- 1 f0 tJd.E, 

rAe fotJd.E - nonaoe ceqeHHe pacceRHHR r - KBSHTOB Ra AC c ~. EcnH 
BHeprH~ E H3M9pRTb B MBB, a napUHan&Hym mHpHHY COCTORHHe r0 - B BB, TO 

fotJd.E = 3,85·E-2 ·g·r0 , (1) 

B 8AHHHI.l8X M6H•MBB, 3~9Cb g • ~. J - CIIHII OCHOBHOro COCTOftJIHff, 
2Jo+ 1 o 

llpH HOOn9AOBBHHH npoueoca ~TOB036YICA9HHff H30M9pHoro COOTOffHHft T­
KBBHTBMH R9DpepHBHOro Crr8KTp8 0 p83nBqHHMH BHaqeHHRMH rpSHMqHOft BH9p­
rHH Erp MOIHO nony~Tb rno6an&Rym KapTHHy pacnpeAeneHHR AC R8 HHTepBa­
ne H3M8H9IGUI ~· IJpe,nnonaraeTCR, qTo B BOB6YICA8HHH HBOMepa qepea OAH­
Hoqaoe AO HS BC9X ~TOHOB CnBKTp8 yqaoTBY8T MOHOXpoMBTB 0 BH9prHeft H 
WHpHHOft nHHHH, onpe~enReMHMH AO. BnepBYe H30Mep 81 Br no TBKOft M8TOAH­
Ke RB6~anoR B (3] npH ~ > 5 MBB. 
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TOJilllHHB MHII16H6'£t-pa,II;KBTOpoB TOpM03HOrO HanyqeHHR 06Yqao Cp8BHHM8 
ITO B8~6 C p8,11;KBUHOHHO'£t AnHHO'£t. B BTOM cnyqae CKOpDCTb o6pa30BSHHH 
H30Mepa qepea OAHROqaoe AC C BHeprHe'£\ E B 38BHCHMOCTH OT ~ npH HOp­
MHpOBK6 H8 qHCnO YCKOpeHHHX sneKTpDHOB p8CT8T npRMO IIpOITOPUHOHMbHO 
(Erp - E) B H6KOTOpHX ITpeAenax Erp - E ~ 1 MBB, BOCIIpOHBBOAR 38BHCH­

MOCTb ITnO~B,II;K MOHOXpDMBTH C SHeprHe'£\ E OT Erp, ITOBTOMY B HHT6pBBJIBX 
M61!AY COC8,mn!MH AC BBBHCHMOCTb CKOpDCTH o6pa30BBHHR HBOMepa OT Erp 
rrpeACT8BnH8TCH 0Tp63KBMH npHMHX [4,51. 

B H8KOTOpHX fiAPBX( B OCHOBHOM C AOJirOEKBYmHMH H30M8pHHMH COCTOH­
HHRMH ) , AnH KOTOpHX rrono:aceHHe AC YCT8HOBJI8HO B CIT8KTpBX ypoBHe'£\ npH 
BHeprHHX B036YJCA8HHH, rAe ITJIOTHOCTb YpDBHe'£\ B8JIHKB, paCITpeA8JI8HHH AC 
06H8PYIICKBB~T, T8M He M8Hee, H8CTBTHCTHqecKH'£\ xapaKTep [5,61. llpocTHe 
OU8HKH ITOKBBHBB~T,qTO Anft cnyqaft, KOrAB HB HHT8pBane BHeprHH B 1 MaB 
HMeeTcH O,D;HO AC, AnH xapaKTepHHX aaaqeHHft Jo iso dE N 1 0 MK6 · MaB H 
riso/ r N 0,01. B8nHqJiH8 fotJdE N 1 M6 ·MsB. Toro IC8 nopH,IJ,KB B8nHqHH8 
noJIHoro ceqeHHH pacceHHHH - peaynbTBT nopeaueBoA BKCTpBITOJIRUHH rHrBHT­
cKoro ~OnbHOro p830HBHCB - rrocne HHTerpHpOBBHHH ITO HHTepBany B 1 MsB. 

TeM CBMHM 06o3HaqaeTCH KOppenHUHH M8J!AY ITOJIOIC8HH6M AC H Hepery­
nHpHOCTHMH THITB MHHH-p830HBHCOB B p8,11;KBUHOHHOI CHnOBO'£\ ~YHKUHH (~). 
C p8,11;KBUHOHHO'£t CHnO'£\ CBH38HO ITOJIHOS ceqeHHe p8CC8HHHH Ot , ycpe,D;H8HH08 
no AOCTBTOqHO 6onbWOMY HHT8pBany BHeprHH [71: 

a-= 1 ,15·107 ·E-2 .r-.n-1 
t 0 ' 

rAe r- H D - cpe,D;HHe AnH ypoBHel C ABHHHMH ~; CYMMHpoBBHHe BHIIOJIH8HO 
0 

no CITHHBM J = J
0

, J
0

±1 AnH ~OnbHHX nepeXOAOB; Ot - B M6 , E - B MsB. 
Ha OCHOBe AOCTynHOI ~pMBUHH 0 ~ [8,91 MOICHO OU8HHTb OI!H,l{88M!iA 
BKn8A E1- JIH6o M1-MYJibTHITOneft KBK npHM8pHO paBHHI. 

BoBMOICHOI npJiqHHOI HeperynHpHOCTeft B ~ B ,nonoporOBOft o6nBCTH 
SHeprmt MOrnH (ly 6HTb H8KOTOpHe npoM8JCYT0~8 CTpYKTypH C 38M8THHM 
BKJIBAOM O,ll;HOKBB3Hqac~ KOMITOH8HT 1 nerKO B036YJCAB~CH E1 (M1 )-nepe­
XOABMH H3 OCHOBHOro COCTOHHHH [2,101. 

B ITOJibBY HB~H 60JibWHX O,D;HOKB83JiqBCTzqHHX KOMITOH6HT B BOJIHOBHX 
~yaKUHHX AC CBHA6T8JibCTBYJlT cnyqaH BOB6y:IK,IJ;eHHH H8KOTOpHX AC B peBKUHHX 
cpHBa. HeKoTopHe ypoBHH 1 67 Er, 17'11!, 1 97 Au, HBJiftllltH8CH AC AnH ~To­
BOB6YEABHHH H30M8pHHX COCTOHHHI B BTHX H~BX [61, B036YJ(A8nHCb TBDS B 
peaKUHHX cpHBB 166Er(d,p) [ 11 1, 17~! (d,p) [ 121, 196pt (3He ,d) [ 131. 

Vl3M8p8HHR BHITOJIHftnHCb HB HMITYJibCHOM 6831C8JI63HOM 68TBTpoH6 Jfi'Y, 
rAe p83BHB88TCH M8TOAHK8 nOCJI8HMilYJibCHOI perHCTpBUHH T-CIT8KTpoB H30M6-
poB B HHT8pBBJIBX Bp8M8HH MSI!AY HMOyJibCBMH o(lnyqeHHft MHW8H8A. 3TO pac­
mHpH8T KpYr Hccne,nyeMHX ~ep aa cqeT HAsP c KOpoTKOZHBymHMH HBOMepHHMH 
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COCTOHHHRMH. YK838HH8H M8T0~8 CO~ep~T TPY~OCTH, ITOK8 CyEa~e B03-
MOZHOCTR H800p8 xopome2 CTBTRCTRKR. STO CBR38HO C HeOOXO~OCTbD orpa­

~eHRH sarpysKR ~eTeKTOp8 pacceHHHHM RS~yqeHReM OT YCKOpRTe~H. 

Yc~OBRH R3MepeHR2 ~H 91 Br ON~ B OCHOBHOM T9MR Ee, K8K R B paOo­

Te [141, r~e Rsyqa~OCb ~TOBOSOy~eHRe R30Mepa 181 Ta. Tipe~apRT9~bHNe 
pesy~bTBTN R3MepeHR2 orry0~0B8HN B [151. OO~yqaeMSH MRmeHb H3 X~OpHC­

TOrO OpoMB T0~02 3 r/cM2 RM9~8 ITOITepeqHNe p83MepN 135•135 MM. Pe­

rHCTpB~H !-CITeKTpoB Be~8Cb CUHHUHR~H~OHHNM CITeKTpoMeTpoM BO BpeMeHHOM 

OKHe ~Te~bHOCTbD 70 MKC C 38~epKK02 OTHOCRTe~bHO RMrry~bCB RS~yqeHRH 

yCKOpRTe~H HB 25 MKC. Tio CpBBHeHHD C [141 ITO Kpa2He2 Mepe TpR ~KTOpa 

( 38MeTHO MeHbmee ceqeHRe 06p830B8HRH RSOMepa 81 Br, Oo~ee "MHrKR2" !­

CITeKTp H30Mepa, 60~bmee BpeMH EH3HR) C~eCTBeHHO ITOHR3H~ CKOpoCTb H8-

6opa ~pMB~. B H8CTO~ee BpeMR 38M9THOe ITOBNmeHRe TOqsOCTH R3Mepe­

HR2 Oes KaqecTBeHHoro RSMeHeHRR MeTO~ He rrpe~CTS~ReTCR B03MOKHNM. 

38BHCRMOCTb CKOpoCTR 06p830B8HRR H30Mepa, OUeHRB8eM02 ITO IT~0~8~ 

~-~ 260 R 276 KBB R3 CITeKTpa pa3pR~ H30Mepa, OT Erp TOpM03HOro 

CITeKTpa rrpe~CTBB~eHa Ha pRC.1. HopMHpOBKB BNITO~eHa H8 38pR~ YCKOpeH­

HNX a~eKTpoHOB, 38TOpMOZeHHNX BO BHyTpeHHe2 MRmeHR. C yqeTOM ITOrpemHOC­

Te2 H3MepeHRR ITO RS~OMY rp8(liHKa BHeprHR AC orrpe~e~eHB pBBH02 3, 45 ± 

± 0,15 MaB. 8TOT ypoBeHb( R~ rpyrrrra 6~3KO paCITO~OEeHHNX ypoBHe2) RB­

~R9TCH e~CTBeHHNM CH~bHNM AC HSOMepa 81 Br B RHTepBa~e 3+4 MaB BHepre­

TRqecKoro CITeKTpB R~B. 0UeHK8 ceqeHRR B030y~eHRH R30M9pHoro COCTOR­

HRH qepes BTOT ypoBeHb rrpRBO~T K Be~e Jo
180

dE N 5 MKO ·MaB. 

BO~bW8H ITorpemHOCTb 9T02 Be~( C ToqsoCTbD ~0 MHOZHTe~H 2) r~BB­

HNM 00p830M ecTb C~e~CTBRe TOro, qTo ~OIIIB~b MOHOXpoMBTN C 9H9prHe2 

3,45 MaB BN~C~R~8Cb C RCITO~b30BBHReM ~BHHNX p860TN [161, 8 He R3MepH­
~8Cb, KBK B [51. 

8b1XOA, OTH.8A. 
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Puc. 1 

CIWpocmt> o6pa8o&:rH.t.151 1.1.80AW­

pa 81 Br 13 OIIIH.. eCJ. 13 sa8u­

ctLAIOcmu om Erp mop.A~o31Weo 

cnei:aTipa 

V!SOTOITN 0poM8 ITpRH8~9E8T K ITepeXO~ R~8M, y KOTOpNX CITeKTp 

B036y~eHHNX COCTORHR2 OT~qaeTCH MHOrooOpasReM CB02CTB. CBe~eHRR 06 

ypoBHHX rrpoMeEyToqHNx aHeprR2 ITO~yqeHN r~aBHNM oOpasoM HS peaKUR2 
80Se( 3He,d) [17,181 R 80Se(a, p2n) [191. CITeKTpocKOUHqeCKRe xapaKTepR­

CTHKR H82~eHHNX B HHT9pBa~e 3+4 MaB ypoBHe2 B OCHOBHOM He R3B9CTHN, R 

3TO He IT03BO~HeT OTO~eCTBRTb 00HapylKeHHoe HBMR AC C KBKRM-~60 H3 

3THX ypoBHe2. 

,n.nH orrpe~e~eHRR CTPYKTYPH AC MN paccqzTa~ ciTeKTp aos6y~eHRR 

~30TOIT8 81 Br B 3HepreTHqeCKOM HHTepaa~e 3,0+4,5 MaB B p8MK8X KBaszqac­

TRqHo- ~HOHH02 MO~e~ (R~) H~8 [21 ,22). BO~OBNe ~YHK~ OCHOBHOrO 

H B036y~eHHNX COCTORHR2 HeqeTHOrO R~B RMeDT B~ 

lbv(JM) = 0~ {a~+ l D~i(Jv) [ a;m Q~ .... i JJK} '»o' (2) 

A-.... 1 

r~e a;m - oiTepaTop po~eHRR KBaszqacTHUN He ypoaHe cpe~ero ITO~R c 

KB8HTOBNMR qzc~aMR j,m; Q~ .... i - orrepaTOp po~eHRR ~HOH8 C MOMeHTOM A, 
rrpoeK~e2 ~ R ITOpR~OBNM HOMepoM 1; ib0 - KB83Hq8CTR~2 R ~HOHHH2 B8-

KYYM. ik>HOHN B RCIIM ITO~qHHRIOTCR 6030HHNM KOMMYT8~0HHNM COOTHOWeHRRM H 

~pMRpYIOTCR B ~e ~e2Ho2 KOM0RH8~ IT8p KB83Rq8CT~ OITep8TOpoB. 

Ro~eHTN 0~ R D~1 (JV) ~H V-COCTOHHRH C aHeprze2 ~~ , MOMeHTOM J R 

rrpoeK~e2 M orrpe~e~RIOTCR R3 pemeHRR COOTBeTCTBy~ero CSKY~RpHOrO ypaB­

HeHRR [21 ). Bee ~C~eHHNe pacqeTN ON~ BNITO~eHN C HCITO~b30BBHReM rrpo­

rpaMMN PHOQUS [231. 

TipR OITHCBHRR HeqeTHNX R~ep B RCIJM He HCITO~b3YIOTCR KSKHe-~00 no~­

roHO~e IT8p8M9Tpb1, KpoMe TeX, qTo IT0~6Hp810TCH ~H ITp8B~bHOrO OITHC8-

HRR COCe~ero qeTHo-qeTHOrO OCTOB8. ,n.nR 81 Br B KaqeCTBe OCTOB8 Opa~Cb 
H30TOITN 80Se ~H qacTzqsux B036y~eHR2 R 82Kr ~H ~qHNX B030y~e­
HH2. TiapaMeTpN ~KTRBHNX OCTSTOqsux CH~, reHepHpy~ ~HOHHNe B03-

6y~eHRR, IT0~0Hp8~Cb TBKRM o6p830M, qT06bl rrpaBR~bHO OITHCNB8Tb ITO~OlKe­

HRe R BepoRTHOCTH B036y~eHRR 9KCITepRMeHT8~bHO RSBeCTHNX HR3KO~elK8mHX 

cocToHHR2 £241. TaKo2 ciToco6 orrpe~e~eHRH c~ ocTaToqsoro B38HMO~e2cT­

BHR IT03BO~ReT ~CHpOB8Tb ero H30CK8~HpHyiO KOMITOH9HTy. OTHOWeHRe C~ 

H30CK8~HpH02 KOMITOHeHTN K H30BeKTOpH02 KOMITOHeHTe Orrpe~enRROCb ITO ITO­

~OlK9HHIO rHrBHTCKOrO ~O~bHOrO pe30H8C8, H ITOCKO~bKY pa~8RbHU2 ~PM­

~KTOp OCTBTOqHNX CHR BN6Hp8~CR B B~e ITpoR3B0~02 OT Cpe~ero ITORH, 

BTO OTHOWeHRe ~CRpoB8~0Cb ~R BCeX MY~bTHITOnbHOCTe2. B BO~OB02 

~YHK~ (2) rrpH ~CReHHNX pacqeTSX RCITO~b30B8~Cb ~HORN 1 ±, 2±, 
3±, 4 +, 5-, 6+. TiapaMeTpN cpe~ero ITO~R 6p8~Cb B COOTBeTCTBHH C 

ITapaMeTpHsa~e2 pa6oTN [25J. 
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Ta6.tt.Ltl0. CneHmp 8oa6y:ttOe1tH.!:JX cocmoAAt.Lil. tl.8omona 
81 

Br 8 3HEpeemu'ieCJWM 
unmepBa.te 3,0+4,5 M3B, 8oa6y:tt0ae~ HOU6o.tee uxmeHcuBHo 8 pe­
<l.Klii.Lt.L C -y-K8aHJnciMU, U 81UOiJ 8 ti.X' cmpyHmypy K&l3u'«lCmU'iHOtl (a+) 

KOAITJ.OHEHm!i U KOAITJ.OHEH111 K&l3u'«lCmt.Lt10 + (/JoHOH (a+ Q + ) 

KOHS'IHOS E OJ •J 
a+ X Ilepexo.n i f a+ Q+ 

COCTOHHHS (MaB) (Mel ·MBB) 

5/2+ 3,18 E1 0,375 2d5/2 (12 ,9%) 1g9/2·2~ (83,0%) 

1 /2+ 3,65 E1 0,094 281/2(4,34%) 1!5/2*3~(94,9%) 

3/2+ 3,75 E1 0,002 1d3/2 (2,11%) 2!5/2·3~(66,6%) 

5/2+ 3,91 E1 0,007 1d5/2(0,49%) 1!5/2*3~(83,9%) 

1/2- 3,97 E2 0,002 2p1/2(0,01%) 2p3/2·2~(99,9%) 

3/2- 3,97 E2 0,005 2p3/2(0,01%) 2p3/2·2~(99,9%) 
-3/2 4,04 M1 0,043 2p3/2(0,38%) 2p3/2*1~(99,0%) 

1/2- 4,18 M1 0,014 2p1/2(0,78%) 2p3/2·1~(99,0%) 
-

3/2 4,27 M1 0,002 2p3/2 (0,21%) 2p1/2*1~(99,3%) 

3/2+ 4,28 E1 0,003 2d3/2(0,97%) 2p3/2*3~(60,8%) 

512+ 4,29 E1 0,018 2d5/2(0,46%) 1p3/2*3~(51 ,7%) 

0CHOBHHM COCTOHHHSM 81 Br f!B~HSTCH ypoBSHb 3/2-. TaK KBK 9~9KTpo­
MBPHHTHH9 rrepeXO.ll!i H8 AC H,eyT rrpeHMYIUSCTBSHHO 38 C'IST E1-, M1- RJJH 

E2-KOMITOH8HT, MH p8CC'I~T8~ CIT8KTp COCTOfl~ C MOM9HT8~ 1/2±, 3/2± ~ 
5/2± B YKB38HHOM 9HepreT~'I9CKOM ~TepB8~9. IlOMHMO ITO~O~SHHfl ~ CTpyKTY­

pH 9THX COCTOfl~ MH paCCMOTpe~ TBKme Be~q~ C9'19HHfl (1) HX B03ClyE­

.l\9HHH -y-KB8HT8~ ~3 OCHOBHOPO COCTOfiHHfl. COCTOHHHH, X8p8KT9p~3Y6MH9 

HB~ClO~bill~ 3H8'19HHfl~ BS~'I~HH C9'19HHfl B03Cly~SHHfl ~3 OCHOBHOPO 

COCTOHHHH OJ J , rrp~B9.!\9HH B T8Cl~ue. B T86~U9 TBKme rrp9.!\CT8~9H 
i. f 

BK~a,n B CTpyKTypy COCTOfl~ O,nHOKB83~'18CT~'IHO~ KOMITOHSHTH(a+) ~ r~aB-
HO~ KOMITOHSHTH KB83~'18CT~U8 + qcHOH (a+Q+). 

KaK ITOK83HB8~T H8ill~ p8C'I9TH,B 81 Br B 9HepreT~'I9CKOM ~TepB8~9 3,0+ 

+4,5 MaB pacrrO~OESHH B OCHOBHOM COCTOHHHH C M8~0~ rrpRMSCb~ O,nHOKB83H­

'18CTH'IHO~ KOMITOHSHTH B HOp~BKY BO~OBO~ ~YHK~ (2). TSM CBMHM B8-

~9HTHH9 rrepeXO.ll!i OK83HB8~TCH C~~bHO ITO.l\BB~S~. KOMTIOHSHTH, COOTBST­

CTBy~e IT9p9XO.l\8M C o6MSHOM KO~SKTHBHHMH qcHOH~, RMSIDIUHMH 38M9THY~ 
BS~'IHHY B(E(M)A), TBKES ITO.l\BB~SHH. IlpH'IHHH ITO.l\8~9HHH 'l:HCTO 9H9pr9TH­

'l:8CKHe. Ko~~SKTHBHH~ 2~-qcHOH RM99T C~OM MB~Y~ BHSprH~ B036Y~9HHH 

6 
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.1\~fl HCC~e.nyeMoro HHT9pB8~8, B TO Bp9Mfl KBK 1+-qcHOH, ¢cpMHp~ M1 -
p930H8HC, p8CITO~OE8H C~OM BHCOKO, TBK ES KBK H HHZ8AmH9, .!\BEe H9K0~­
~9KTHBHH9, 1--~HOHH. ~CK~'I8HH9M fiB~fi~TCfl COCTOHHHS C J~=5/2+ HE = 

X 
= 3,18 MaB H B HSKOTOpo~ CT9H8HH COCTOHHHS C J~=1/2+ HE= 3,65 MaB C 

X 
38M9THHM BK~B.l\OM B HOp~BKY BO~OBOft ~YHK~ (2) O,nHOKB83H'l:8CTH'l:HOft 

KOMTIOHSHTH. 
OCTBHOBHMCfl 6o~ee rro.npo6HO HB 5/2+-cOCTOHHHH C E = 3,18 MeB. Be-x 

p0fiTHOCTb SrO B036yE,n9HHfl H3 OCHOBHOPO COCTOHHHfl COCTB~fi8T 0,03 e2 ·~2 

~ orrpe.ne~f!eTcfl ~c~'I~Te~bHO O.l\HO'IBCTH'l:HHM E1-rrepexo.noM 3/2- _. 5/2+. 

~T9p8CHHM ~KTOM fiB~fiSTCfl 3.1\SCb CBMB BS~'l:HHB O.l\HOKB83H'l:8CTH'l:HOft KOM­

ITOHSHTH B BTOM COCTOHHHH. ne~O B TOM, 'ITO O,nHOKB83H'l:8CTH'IHHft ypoBSHb 

~(2d512 ) p8CITO~OE9H rOp83.!\0 BHWS ITO BHSpr~, B HCITO~b3Y9MOM HB~ 0.1\HO­

'l:BCTH'l:HOM ITOT8HUH8~9 OH HM99T BHSpr~ 7,1 MeB, 0.1\HBKO 38 C'IST B38HMO­

,neftCTBHfl KB83H'I8CTH'l:HOft KOMTIOHSHTH H KOMTIOHSHT KB83H'I8CTHU8 + qcHOH B 

BO~OBOft ~YHK~ (2) '18CTb C~, H 38M9TH8fl 99 'IBCTb, OTIU9~fi9TCH B 

o6nBCTb HH3KHX BHSprzft. 3TO HBr~fl.nHO .1\SMOHCTpHpYST pHC. 2, HB KOTOpoM 

ITpe.l\CT8~9H8 CH~OB8fl ~YHKUHfl pacrrpe,ne~SHHfl C~ BTOft KOMITOHSHTH. 

HH3K0~9EBII!Hft ITHK B YK838HHOM pacrrpe,ne~e~ H 066CIT9'l:HB89T cymeCTBOB8-

HH9 AC, o6HapymeHHoro B eKcrrepHMSHTe. EIUe O.l\HHM .noao,noM, rroMHMo 6o~b­

moa BS~'I~ C9'19HHfl B03ClYE.n9HHfl, B ITOnbSY TOPO, 'ITO HMSHHO COCTOHHHS 

C Ex= 3,18 MaB fl~fiSTCfl TSM CBMHM ~Tepecy~ HBC AC cnyEHT rnBBHBfl 

KOMITOHSHTB KB83H'I8CTHUB + ~HOH C B~B.l\OM 60~69 80%. KB83H'l:8CTH'l:H8fl 99 

'IBCTb HM89T KBBHTOBH8 'l:HC~B 9/2+, BTO 03H8'188T XOpomy~ CBfl3b C H30M9p­

HHM COCTOHHH8M 9/2+, perHCTpHpYSMHM B 9KCIT9pHM9HT9. 

t c2 -1 0,8 2ds12 ,M38 

0,6 

0,4 

0,2 

0 
0 2 4 6 8 

Ex, M:~B 
10 12 

Puc.2 

Ctuo&l$1. ~USI rx:wnpeae.teHUS~ 

CU.tbl olJHOK6a3U'«lCmU'iHOtl 2d5 !2 

KOAITJ.OHEHm!i 6 ti.80TnOne 81 Br 

HaTepeCHO Cp8BHHTb CHny BTOrO ITO cymeCTBY 0.1\HO'IBCTH'l:HOPO E1-p930-
H8HC8 HB ypoBHS 5/2+ C E = 3,18 MeB C cznoft BKCTpBITOnHpOBBHHOrO rH­

x 
raHTCKOPO p830HBHCB B 81 Br HB HHTSpBan BHSpr~ 3+4 MeB. !Op9HU9BB 38-

BHCHMOCTb C9'19HHH rHrBHTCKOrO pesOHBHCB, rrpo,nonESHHBfl B BTY OO~BCTb 
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sHeprHH, npHBo~T K cne~mmeA oueHKe HHTerpana ITonHoro ceqeHHH pacceH­
HHH H8 HHT9pBane 3+4 MsB: fotdE = 0,7 M6 ·MsB. EHH3K09 3HaqeHHe ~H 
STOA Be~ ITOnyqaeTCH H C SKCTparrOnHQHeA 9KCITepHM9HT8nbHHX ~aHHHX 
~H ~ H~a 79Br B HHT9pBane SHeprHA 1-KBBHTOB 8+10 MsB [20]. 0TCID~8 
cne~eT, qTo npe~CK83HB89MHA E1-p930H8HC OT~89TCH BHCOKOA KOHUeHTpa­
UK9A CHnH, ITOCKOnbKY CHn8 BaneHTHOrO E1-ITepexo~a H3 OCHOBHOrO COCTOH­
HHH H8 ypoBHb 5/2+ C Ex= 3,18 MsB OK83HB89TCH cpaBHHM8 ITO B9~9 C 
CHnOA rHrBHTCKOrO p930HBHC8, rrpoCYMMJIPOBBHHOA ITO HHTepBany B 1 MsB. 

PacCMOTpHM T9IT9pb paCIT8~ COCTOHHHH 5/2+ C Ex= 3,18 MsB H8 H30M9p­
H09 COCTOHHH9 9/2+. B HamHX pacqeTax C BOnHOBOA ~YHKUH9A (2) HHmaAmee 
9/2+ -cocToHHHe HMeeT sHeprHID Bo36y:wc,neHHH E = 1 , 63 MsB; B ero CTPYKTYPY 

X 

OCHOBHOA BKna~ ~8IDT KB83~8CT~8H KOMITOH9HT8 1g912 - 64~ H KOMITOH9HT8 
[ 1 Sg;2 2~] - 3~. EcnH, O~BKO, B BOnHOBYIO ~YHKUHID OCHOBHOro H B036YlK­
~eHHHX COCTOHHHA ~068BHTb qneHll ..a+Q+Q+, KBK STO ~enaeTCH B [22], 
SH9prHH STOro COCTOHHHH ITOHHlK89TCH ~0 Be~ Ex= 0,87 MsB, C~9CT­

B9HHO npH6nl!lK8HCb K SKCIT9pHM9HT8nbHOMY 3HaqeHHJO, npH STOM ITOnOlK9HH9 AC 
5/2+ 38M9THO H9 M9HH9TCH. llpHMOA ITepexo~ M9Jc,nY paCCM8TpHB89MHMH H8MH 
5/2+-H 9/2+-COCTOHHHHMH ~9T H8 90~ 38 cqeT 06M9H8 KonneKTHBHHM 2~-~­
HOHOM H COCT8BnH9T B(E2T) = 386 e2 ·~4 • ~CITOnb3YH STO 3HaqeHH9 B(E2y), 
MOKHO OU9HHTb H30M9pH09 OTHOW9HH9, ITOnaraH, qTo B r

180 
OCHOBHOA BKn8~ 

~aeT ITpHMOA KonneKTHBHHA ITepexo~ B H30M9pH09 COCTOHHHe, a B r - ITpHMOA 
IT9p9XO~ B OCHOBH09 COCTOHHH9, T.e. r = r0 • B STHX npe,nrronOlK9HHHX ITOny­
qaeM, qTo r

1 
;r = 6·10-2 • oueHKa ·BenHqHHH ITOnHoro ceqeHHH o6paaoBaHHH 

so 
H~a B H30MepHOM COCTOHHHH qepe3 ypoB9Hb 5/2+ C Ex= 3,18 MsB C STHM 
r iso/r COCT8MHeT fo iso dE = 20 MK6 • MsB, qTo He rrpoTHBopeqHT OUeHKe 
ceqeHHH, H3MeqeHHoro H3 SKCIT9pHM9HT8. 

~TO KacaeTCH ypoBHH 1/2+c SHeprHeA 3,65 MsB, ceqeHHe B036Y~9HHH 
KOTOporo, K8K cne~eT H3 T86BUH, B qeTUpe p838 M9HbW9, qeM ypoBHH C 
Ex= 3,18 MsB, BKna~ ero B ITOnH09 ceqeHHe ~TOB036y~eHHH H30MepHoro 
COCTOHHHH ~OnE9H 6HTb ITp9He6peEKMO M8nHM, ITOCKOnbKY OH CHnbHO OT~8-
6TCH OT H30M9pHoro COCTOHHHH ITO CITHHY( dJ = 4) H ITO CTPYKType BOnHO­
BOA ~YHKUHH· 

MeTO~ ~TOB036y~6HHH H30M6pHHX COCTOHHHA H~ep l-KBBHT8MH TOpM03-
Horo HsnyqeHHH sn6KTpOHOB ITpHr0~6H ~H HCCn9~0B8HHH H6KOTOpHX rrpoMezy­
TO~ CTpYKTyp B ~OITOporoBOA 06nacTH, B036y~aeMHX 1-ITepexo~aMH ManoA 
MYnbTHITOnbHOCTH. Knacc HCCn6~9MHX H~ep MOlKHO paCWHpHTb 38 cqeT ~ep C 
KOpoTKOEKBYmHMH H30M9pHllMH COCTOHHHHMH. 

llpH ~TOBOS6y:wc,neHHH HSOMepHoro COCTOHHHH 9/2+,Ex = 536 KSB,B 81 Br 
H86niD~86TCH 6~CTB9HH09 CHnbH09 AC C SHeprHeA 3,45 ± 0,15 MsB Ha BC9M 
HCCn6~0B8HHOM HHT6pBane SHeprHA B036Y~9HHH H~8 3+4 MsB. 

8 

B paMKaX KB83HqacT~O - ~HOHHOA M0~9nH STO AC HHTeprrpeTHpYSTCH 
K8K HeKOTOpaH ITpOM9lKYTOqHaH CTpYKTypa: rrpoCTOe COCTOHHH9 5/2+ C Ex = 

3,18 MsB H BOnHOBOA ~YHKUH9A, co~eplKameA KB83HqacTH~YID KOMITOH9HTY 
2d512 C BKna~OM 13~ H KOMITOH9HTY KB83HqaCTHU8 + ~HOH [ 1 g

912 
2~] C 

BKn8~0M 83~. llepBBH KOMITOH9HT8 HBnHeTCH rny60KO OTmerrneHHHM ~arMSHTOM 
KB83HqacTHqHoro COCTOHHHH 2d512 , KB83HqacTHqH8H SHeprHH KOTOporo paBHS 
7,1 MsB. Ban6HTHHA ITepexo~ rrpoTOH8 HS OCHOBHOro COCTOHHHH HMH9TCH 
rrpHqHHoA CHnbHOro BOS6ylK~eHHH YPOBHH rrpH pacceHHHH r-KBBHTOB c B(E1 ,A)= 
= 0,03 e2 ·~. 3a cqaT rnaBHOA KOMITOHeHTH BOnHOBOA ~YHKUHH 8KTHB8UHOH­
HOe COCTOHHHe OK83HBBeTCH XOpoWO CBH38HHllM C H30M9pHHM COCTOHHH9M. 

BHno 6H HHT9p9CHO rrpocne~Tb ITOBe~eHHe CHnOBOA ~YHKUHH COCTOHHHH 
2d512 B COC9~ HeqeTHHX H~BX. 3acnylKHB86T BHHMBHHH B03MOlKHOCTb ITpH­
MOrO Ha6niD~8HHH YpoBHH 5/2+ C SHeprHeA Ex B 0Kp9CTHOCTH 3,5 MsB H 
r 0 N 0, 7 sB B peaKUHHX yrrpyroro pocceHHHH ~TOHOB nH6o Heyrrpyroro 
p8CC6HHHH Sn6KTpoHOB npH M8nHX IT6p6~8B86MHX HMITynbC8X. 

Jltunepamypa 

1. Laszewski R.M. and Axel P.- Phys.Rev., 1979, v.C19, p.342. 
2. Zurmuhl U. et al. - Phys.Lett., 1982, v.114B, p.99. 
3. Duffield R.B. and Vegors S.H. - Phys.Rev., 1958, v.112, p.1958. 
4. Burkhardt J.L. et al. - Phys.Rev., 1955, v.100, p.199. 
5. Booth E.C. and Brownson J. - Nucl.Phys., 1967, v.A98, p.529. 
6. Johnson W.T.K. and Chertok B.T. - Phys.Rev.Lett., 1970, v.25,p.599. 
7. Axel P. et al. - Phys.Rev., 1970, v.C2, p.689. 
8. lloiToB D.n. - MaTepHanu 18 SHMHeA wKonu ]MH~. ~ •• ~~. 1983, c.22. 
9. Kopecky J. - Proc. 3rd Int.Symp.on Neutron Capture Gamma-ray 

Spectr., Upton, New York, 1978, p.665. 
10. llOITOB D.ll. H ~·- HsB.AH CCCP, cep.¢Ms., 1985, T.49, c.91. 
11. Harlan R.A. and Sheline R.K. - Phys.Rev., 1968, v.168, p.1373. 
12. Vergnes M.N. and Sheline R.K. - Phys.Rev., 1963, v.132, p.1736. 
13. Munger M.L.and Peterson R.J. - Nucl.Phys., 1978, v.A303, p.199. 
14. ~6eHCKHA A.ll., ~69HCKHR B.ll.H BoAKoBa E.A. - H3B.AH CCCP, cep. 

¢Ms., 1987, T.51, c.40. 
15. ~6eHCKHR A.IT., ~69HCKHR B.IT. H BoAKoBa E.A. - Te3HCH ~0Kn.38 

CoBem. ITO H~9pH.CIT6KTp. H CTPYKT.aT.H~a. R., HaYKB, 1988, c.318. 
16. Sandifer C.W. and Taherzadeh M. -IEEE Trans.Nucl.Sci., 1968, 

v. NS-15, p.336. 

9 



I 

17. Zumbro J.D. et al. - Nucl.Phys., 1983, v.A393, p.15. 
18. Evans K.R. and Ajzenberg-Selove F.- Nucl.Phys., 1967, v.A102, 

p.237. 
19. Funke 1. et al. - Zeitschri!t !Ur Physik, 1986, v.A324, p.127. 
20. WeOeKO K.B. H ~· - T93HCH ~OKn. 37 CoBem. ITO R~epH. CIT9KTp. H 

CTPYKT. aT. R~a. H.,HBYKB, 1987, c.309. 
21. B~oBHH A.~ .• eo~oBbeB B.r. -a~. 1983, T.14, c.237; 

BopoHOB B.B., Co~OBb9B B.r. -a~. 1983, T.14, c.1381. 
22. Gales S., Stoyanov Ch., Vdovin A.I. - Phys. Rep., 1988, v.166, 

No.3 ,p. 125; 
B~OBHH A.~. H ~· -a~, 1985, T.16, c.245; 
Soloviev V.G. et al.- Nucl. Phys., 1980, A342, p.261. 

23. CTORHOB q,, qaH 3yA KxHoHr.- ITperrpHHT OMH~, P4-81-234, ~OHa, 1981. 
24. Endt P.M. -Atomic data and nucl. data tables, 1979, v.23, p.547. 
25. qerrypHoB B.A. - H~. 1967, T.6, c.955; 

Takeuchi K., Moldauer P.A. - Phys. Lett., 1969, v.28B, p.384. 

PyKOITHCb ITOCTY~B B H3~BT9~bCK~ OT~9~ 
17 MapTa 1989 ro~a 

10 

nyoeHCKHA A.IT. H AP· P4-89-180 
AHoManHH a 3HepreTHqecKoH 3aBHCHMOCTH cKopocTH 
o6pa30BaHHH H30Mepa 81 Br npH ~OTOB030~eHHH 
KaK npOHBneHHe npOM~yToqHoA CTpyKTyp~ HApa 

ITpH B036~eHHH H30MepHoro .cOCTOHHHH 9/2+ /Ex=536 K3B, 
T1j~=36 MKC/ HAPa 81 Br TOpM03H~ H3nyqeHHeM 3neKTpOHOB Ha 
O~AaeTCH aHOManHH B 3aBHCHMOCTH CKOpOCTH o6pa30BaHHH H30 
Mepa oT rpaHHqHoA 3HepruH Erp a HHTepaane 3f4 M3B. 3Ta 
aHOManHH HHTepnpeTHpyeTCH KaK HanHqHe CHnbHOrO aKTHBa~H­
OHHOrO ypoBHH c 3HeprHeH 3,45+0,15 M3B. B paMKax KBa3Hqac 
THqHo-~oHOHHOH MOAenH HApa o6Hap~eHa npoM~yToqHaH CTPYK 
Typa- COCTOHHHe C Jn:5/2+, Ex=3,18 M3B H BOnHOBOA ~YHK­
~eH, COAep~a~eH KBa3HqacTHqHYID KOMnOHeHTY 2d5/2 C BKna­
AOM 13% H KOMnOHeHTY KBa3HqacTH~a+~OHOH [lg1j92t) C BKna­
AOM 83%, KOTOpaH OAHOBpeMeH~O ooecneqHBaeT pe30HaHC B non 
HOM ceqeHHH pacceHHHH H XOpOWO CBH3WBaeT ero C H30MepHb~ 
COCTOHHHeM, 

Pa6oTa BbmonHeHa B naoopaTOPHH TeopeTHqecKOH ~H3HKH 
OIDT.Ji. 

llpenpHHT 061oe.llHHeHHOrO HHCTHTyTa RJlepHbiX HCcne.QOBaHHH.,Ily6Ha 1989 

ITepeBOA O.C.BHHorpaAOBOH 

Dubenskij A.P. et.al. P4-89-180 
The Anomaly in the Energy Dependence of the 
Yield of the Isomer in 81 Br by Photo-Excitation 
as the Manifestation of ~uclear Intermediate Structure. 

The anomaly in the yield of the isomer in 81 Br with 
J~=9/2+, Ex=536 keV and T1; 2=36 ~s bremsstrahlung-produ­
ced is observed as a function of the boundary energy Eb 
in the energy range 3f4 MeV. This anomaly is interpreted 
as the excitation of the activated state with the energy 
3.45+0,15 MeV. The intermediate structure- the excited 
state with Jn=5/2+, Ex=3.18 MeV and the wave function 
with 13% contribution of the quasiparticle component 
2ds/2 and 83% contribution of the quasiparticle+phonon 
component [lg9/22t], which provides the resonance in the 
total cross section and well linked to the isomer state -
is obtained in the framework of the quasiparticle-phonon 
model. .
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