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0 BKJ!Al!E HECIIAPEHH00 llACTIIW B l!E~OPIIA@~ 

s.E.BepnOBIIq II D.H.HOBIIKOB 

~IISHKO-TBXHIIqeCKIIn IIHCTRTYT HK, A.~.Ho~ ~H CCCP 

B paOOTB /I/ 0HDO 1!0Ka3aH0 0 qTo 8KC1!8piiU6HTaDDHH6 SHaqeHBH lHYTPBHHIIX KB~pynODDHHX 

UOU6HTOB CbHeqeTHHX AB~puHpOBaRHHX HABP B H6KOTOpHX cnyqasx.cymlCTBeHHO OTllllqaoTCH OT SHa~ 

qeHH~ Q0npeAW6CTBYOWHX 1!0 UaCCOBOyY qHCJY A qeTHO - qeTHHX ftA6p, 9TO OTDHqHe IIHOPAa AOCTII

raeT "'10 - 2Q%, B BBJIIIqHHa c.JA+~) B OAHIIX CJYqaRX OODDme Q0(A) 0 B APYPHX - 116HDIJI6, B OonD

mou KOJIHqecTBB cnyqaeB STOPO pasnuquft BOOOwe HB Ha0DOAa6TCH 0 II B npeAenaX norpemHOCTen SHa

qeullft Q~A+ 1) II Q (A) CoBn~aDT, 
BeJII!quuy BKJISAa IIQ0(A+~).~+ 1)-Q~J, 00YCDOBD8HHOPO A00aB1!6HH811 K qeTHo-qeTHOyY OCTOBY 

HecnapeHHOA qaCTIIqH 1 UO&HO O~BHIITD KOJIIIq~cTBBHHO, paccqHTaB 3HaqtHIIft paBHOBBCHHX A~OpUa

~~~ £<:') II f.~A+i) COC8AHHX ftA6p, .l\Jift STOA ~BDH YA00Hee Bcero IIC1!0ID SOBSTD 118TOA UIIHHKHSaQHII 

cyUUH OAHoqacTBqHHX aHeprul! /2/. UenecooopasHoCTD 11cnonDSOBaHHR :Toro ueTOAa, He yqiiTHBBO

•ero cnapiiBaTBnDHO~ II KYDOBOBCKOI! 8HeprBH 0 onp8ABXR8TCH TBM 0 qTO npH onpeABJIBHIIH paSHOCTH 

paBHOBBCHYX AB~opuanaA 6fo=EJA+i)_E~A) cyuuapHHe BBDHqHHH STHX ABJX S~KTOB 0YAYT BHqaTaTD

CH,II1TBK KBK OHH noqTII OAIIHaKOBH B COCBAHHX HAPBX1 HX BKJiaAOII B IBJIIIqi!By 6f0 UO&HO npe

He6peqh, HBUII MHHHMII311pOBB1!BCb cyuua ABa&AH BHpO&ABHHHX OABOqacTMqftHX SHeprHI! 1 COOTB8TCTBYD

WIIX np6AJI0&8BHOily B paOoTe /3/ PBUIIJihTOHBaHY 
• • M 2. :1. .,. "* ["2 ~ z H:TK+ ~w0 (c)r (1+eP2 (Cos9l) -Cts -D t - <e>o6n 1), 

PA8 W0 (f) - OCnHJIJIHTOpHaft qacTOTa, E. - napaueTp A8~opuan1111 0 C H D -napalleTpH, OAHBaKOBH8 AJ!ft 

BCBX 000110qeK OAHOTIIDHHX HyKJIOHOB B IICCJ18AY811011 ftApe; qneB (til) COOJI ,3aKp8DJift8T paCCTOli

HHe MB&AY ~8HTPBUH THKBCTH AByx COCBABIIX oOonoqeK. YpOBBH npOTOHOa H BBI!TpOBOB npll 8Baqe

HIIRX ~= 0; O,I; 0,2; 0,3; 0,4 II 0,5 OHJIH npoTaOynllpOBBHH B.B. lla!K8BIIq611, .l\JIH oOnaCTI 

p6AK036116JihHHX HABP napaueTp C OpancH paBHWl - 0,I274t\W0 KaK A.IH B6ATpOHOB 0 TaK I .U:ll 

npoTOHOB, a napaueTp D - paBHHM - 0,03822'h.W0 Allft npoTOHOB H - O,ll2675ttW., .u:a Hei!TpoBOB. 

llo STIIM AaHHHM HBUII 0HDII paccqHTaBH 3HaqeBIIH f., Ai!H HAep, y K<ITOpYX H3B8CTHH SKCD6pK

M6HT8JibHH6 BBJIIIqHBH KBaAPYDOnDBHX MOM8BTOB /I/. B TB0JIHne DPBACTa:meHH TeopeTneCKBe I 

8KcnepiiM8HTBJibHHB aaaqeHIIft llC0 HeqeTBHX If npeAmeCTBYIDmHX qeTHHX ftAt:p, Sa HCKJ!Oqe&IIBII ftA8p 
153 Eu. u

191Ir A00aBJI6HII8 necnapeHHO~ qacTH~H K qeTHo-qeTHOMY OCTt•BY He DPIIBOA!IT K H3118H6-

HIIO HaOopa KOH~BrypanHI! DOA 1!0B8pXHOCThO ~pUll, llOSTOyY H8116H6HBe paBHOB8CHOI! AB~OpllanHH 

neDIIKOU 00YC1IOB1!8HO xapaKTepou 1!0JillpllaaniiH STOll qacTIInel! OCTOBa, 1 eu Kpyqe OplleHTKpOBaHa 

op011Tallh 0 KOTOpyo "aacenHeT" qacTHQa, Tell 00nhme STO 113118HeHII8. Ec1111 HecnapeBHaH qacTHna 
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aacenH6T ropHSOHTBR»Hym Jp6HTaR», TO EU3E8HH06 ee ~068ER6HH614 CU6~6HH6 IIHHHUYUOE KPHEUX 

cyuuapHOII SHeprHH lf(E) HB {O~HTCH E npe~enax TO'IHOCTH i!HTepnORIU.\HH 3H8'16HRI! Eo , n03TOIIY ~RH 

paaHocTell llE.o ~aHU Ton» \0 sepxaHe npe~enu. Eon»moe 113MeHeHII!e aHa'!eHHH Eo B tl>i Jt- no cpaE

H6BHD c
190

Qs B03HHK86T 31 C'I6T BKRD'I6HHH H6CKORbKHX KPYTUX npOTOHHUX K H611TpOHHUX Op6HTanell 

no~ ITOB6pXHOCTbD ~epUH. raKH6 H3146H6HHH B Ha6ope KOH~HrypaUHII HERRIDTCH B6Cbll8 xapaKTepHUIIH 

~RR l!~ep, HBXO~l!~XCH B nepexO~HUX o6naCTl!X HRH Benocpe~CTB6HHO npHMUKam~HX K BHM /3/. K 

TaKOro THna R~paM OTBOr.R ref! 
153 fu. H 

191 Jr /4, 5/. 

Ma T86RHUU BH~HO, GTO Hli66TCf! xopomee cornacHe M6E~ 3KCnepKM6BTan»HUUH H T60p6TII'I6C

KHIIH 3H8'16BHHIIK 4£.,, ~ai!IIHIII! BBRI!'IHHY EKRa~a BecnapeHHOrO HYKliOHa B ~e~OpliBUKm R,!lpa. 

~ a T e p a T y p a : 

I. S.E.EepROBH'I, D.H.HOEHKOB. Mas. AH CCCP, cep.¢Ha., 3I 287 {!967) 

2. B,Mottelson, s.c .Nilsson, Kgl Dan,Vid,Selsk,Mat-Fys. Skrifter, 1, N8 (1959) 

3. S.E.EepnoBa'l. llic»ua B peAaKuam IBT~, IY, 28! {!966) 

4. S.E.EepnoBK'I. M:s, AH CCCP, cep.¢as. 29,2!77 (!965) 

5, 8,E.EepJIOBH'I, fl; epHaH iflHSKKa, 5, BHD, 5 (!967) 
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Ta6nua 

A+1l(Qlf[Nni!AJ) + A'f.' 4Eo 1!eope1!. 41:0 8KCDep. 

I53Eu (5/2+ /4!3/ P ) t !52 Sm 0.0!5 e.o245 

I55t;Q. (3/2-/521/n ) + !54 Gd. < o.or 0.0067 

I57Gd(3/2-/52I/n) t !56 Ga. < o.or -0.00~ 

159rs (3/2+ /4II/p > • 158 Gd. < O.OI o.oo55 

I6IDy (5/2+/642/n ) t !60 Dy O.OI o.02Iro 

!63 Dy (5/2-/523/ n ) + !62 Dy <O.OI -0.0028 

165 Ho (7/2-/523/p ) + 164 Dy < O.OI -0.0047 

167 Er(7/2+/6-33/n ) t 
166 Er < o.or o.oo35 

173 Y& (5/2-/5!2/ n ) t 172 Y6 < O.OI -a.oory 

I75Lu(7/2+/404/p) t I74 Y6. -0.02 -0.0205 

I77Lu (7/2+/404/p ) "176 Y6 -0.02 -a.o3r8 
177 Hf (7 /2-/514/ n ) t 

176 Hf -0.02 -0.0227 

I79Hf (9/2+/624/n ) t I78 Hf <O.OI -0.00!7 

I8Ira (7/2+/404/p) + I80Hf -0.02 -0.02!6 

I87Re (5/2+/402/p ) + I86W -0.02 -o.026r4 

I89os (3/2-/512/n > • rssos <. O.OI -o.oosr2 

I9IJt" (3/2+/402/p ) + I900s -0.04 -().0396 
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1. 

POTA@OHHbiE YPOBH!d C K = 0 

B.ll. !bualtliOB 

neHHarpa~cKHit rocy~apcTaeaa~l yaMaepcaTeT 

B pa6oTe /I/ O~liJ aaA~eao, qTo npM pacn~e170Lu a 170Y6 BoaOyz~a~ca.!~coao pacnolio

zeaa~e ( > !.5 llaB) yp JBHH 1 HII6DII,H6 CnHH 0- B I+, npaqe11 ~lift H6KOT0pb1X ypOBHell CO CflHHOII I+ 

BBTOPH npe~nOliBrBDT K•O+. llOHBlieHHe TaKHX ypoaaelt I= K = o- B I= i, K = o+ ~0 aeKOTopol 

CTeneHH HenpMBHqao,Ta ( KBK qa111e BCero B qeTHo-qeTHbiX H,ltpax HBdliD~BliHCI> ypOBBH ] = 0 1 2 1 4 1 ••• 

K = o+ (ocaoaaaa H j3- Bi!dpaQI!OHHaa noliocu) H I= I,3,5 K = o- (OKTynoli:r.aaa nolioca). B 

aacTOHIIleA aalleTae ~ae rca aoauozaaa IIHTepnpeTal\I!H ypoaa~ll I= I,3,5, ••• K = o+ 11 I= 0,2,4 ••• 

K = 0-. nna OdbHCHBHH~ CJIIIBCTBOBBHHH THKIIX noJIOC IIOJ:HO paCCIIOTp6TI> CTpyKTypy BHyTpeaaell BOli

HOBOII ~YHKI\1111 C K = C. 

Bo-nepa~x, IIOJ:HO lierao noaaaaT:r., qro rpe6oaaa11e 

(I) 

npHBO~I!T K XOpomo H3I6CTHOIIJ B~ BOliHOBOII ~YHKI\1111 ~e~Oplli!pOB3HHOrO H,ltpa: 

(2) 

B ~opllyliax (I), (2) ·r - onepaTop odpa•eaaa ape11eaa, P, - onepaTop noaopoTa aoapyr aayT
Ji 

peaHell OCII 1 nepneH~HIYliHpHOI! OCM Cl!lllleTpHH.(-) - qeTHOCTI> BOliHOBOII ~YHKI\I!Ho ~838 C~epl!qec-

KD: ~YBKI\HII B~dpaaa 1 o Kouoay H illopua. 

Bo-BTOpbiX, BHYTJ·6HHHH BOJIHOBBH ~YHKI\HH C K = 0, OTB8q8DIIIBH COCTOHHMD ~BYX KB83Hq8cTHI\ 

HB p83HbiX ypOBHHX (~ ,fi) O~HOqBCTHqaoll CXell~, IIOJ:eT dHTI> 38nHC8H8 KBK COdCTB8HB8H ~YHK-

1\HH onepaTopa T • 

(3) 

TaKHII odpaao11, fl0liH8:! BOliHOBBH ~yHKI\HH ~e~piiHpOBBHBOrO H.l\PB H1188T BM 

("o/.)I = NDI "(p:(-)Iii) 
:t M MO} 2 . (4) 

Kaz~BB Haj± 8BTHCH~18TpHqaa no OTBOWeHHD K nepeCTBHOBKBII KOOp~HHBT qacTHI\. ECJIH O~HoqacrHq

HHe COCTOBHBB OTJIMqanca TOJII>KO 3BBKOII np06KI\IIM ~ (KBK STO,nO-BH~~IIOIIJ,HIIeeT lleCTO ~lift OC

HOBHbiX COCTOHHBII), Tl B03110J:HO TOJI:r.KO COCTOHHH8 JCt • fda (4) Cli8~8T 1 qTO npM nOJIOJ:I!Tell:r.

HOI! ( 0TpHI\8T8JI:r.HOII) l8THOCTB COCTOHHMH qeuw (aeqeTHW) CfiHBBII oneqaeT ( o/+) ~ 1 8 88-

qeTB~II ( qeTHblll) CnBH ill-( 1¥._ fn 
Tenep:r. IIOJ:HO np 4B6CTII aaqecTBeHH~e COOdp81:8HIIH OTHOCI!TeJI:r.HO aaeprMM COCTOHHIIII ( If!: ) ~. 

ECJIII ~OnyCTHTI> 1 qTQ )CTHTOqHble Cl!li~ HOCHT B OCHOBHOII IIJliDTHriOJI:r. - IIJlii>TI!fiOJII>HHI! xapaKTep, 

ro 



TO M9TOA KBB3H60SOHHOrO OnHCBHHH KOHH9KTHBH~X COCTOHHH~ /2/ npHBJAHT K COCTOHHHHU, HU9D~M 

nono~HT6HbHYD BpeKeHHYD qeTHOCTb ( TO eCTb cynepnoaHUHR COCTOHHH~ J(+) - j3 - BH6paUHOH~ 

~ H OKTYITOHbH~K ypoBHHK, ~X 3HeprHH uo•eT 6~Tb 3HaqHT9HbHO nOH~~eHB no cp8BH9HHD C 3Hep

rHe~ ABYXKBB3HqacTHqHOPO pac~enneHHH, B pBUKBX 3TO" MOA9HH COCTO~HHR C OTPHU8T9HbHO;i Bpe

M9HHOn qeTHOCTbD He KOnneKTHBH3HpOB8H~ H HX SHeprHH B036Y~A8HHH rv2 MaB, 

TaKHM o6paaou,cocTOffHHH c K = o+ H I= 1,3,5, ••. H c K = c- I= 0,2,4, ••• uoryT 6~Th 

HHTepnpeTHpOBBH~ KaK HBYXKB83Hq8CTHqH~e COCTORHHH C OTPHU8T9HbHO~ BpeM9HHO~ qeTHOCTbD BHYT

peHHe" BonHoBo~ WYHKUHH, 

n H r e p a T y p a : 

I. H.A.BoHq-QcuonoBcKaH, H.Bpaan, E.n.rpHropbeB, H.r.sa"ueEa, H.RHnTaK, B.M.THWHH, 

H.Yp6aHeu. llpenpHHT OMH~ P6-3452, noKnan Ha coBe~aHHH no RAepHo~ cneKrpocKonHH 

H T90pHH HApa, Ay6Ha11967, 

2. B.r.conoBbeB. llpenpHHT P-1973 OMHM AyOHa, 1965. 
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UA~~TH~E MOMEHT~ HE~PMHPOBAHHNX HAEP 

Yt~eT OCTBTO'IHOrO B382YOAB«CTBHR KB83Ht18CTHq B paMKBX ~eopHB KOHetiHYX ~pMB-aHCTeK 

003BOHReT 06~RCJ!HTb yUeHbmeHR6 3~KTHBHHX CnHHOBHX rHpouarHRTHHX OTHOmeHHI no Cp8BH6HKD C 

RX 3HatleHHRUH AXR CB060AHHX ftYKHOHOB. 

YarHHTHHR UOUBHT He'!eraoro ~pa UOKBT 6HTb BHPBKBH qepea 3~6KTHBHH6 DOXR 1 B03HHKB~He 

H2 onepa:ropOB CDHHB H op6Hr8XDHOrO UOUeHTB npH yqere BSBHUOABICTBHR ueBAf KB83Hti8CT~UBMH • 

.llnR ~pa c K ¢ Y.z 101eeu: 

.JA-;gR·l + K~1 {(qf-9R.)V[l'fJAoAo+(9f-q~~.JV[S[]AoA/ 
;-{9 ~ -9 R.) V [e~n]AoAo + (q~ -91l) V[So"~) A, A.} 

(I) 

(2) 

BaaHMOAe«cTBHe ue•AY :aaaHtlaCTHUBUH T B cnyqae uarHHTHHX uouearoa COABPliiiT cKopoc!HYe, 

CIIIIHOBI>Ie H CniiH-Op6HT8XbHH l cxaraewe 1 xapaKTepH3Y61W6 KOHCT8HT8MII TeOpHR f 1 , q 0 ;}C COOT

B6TCTBeHHO. MOBHO DOK838Tb; 'ITO B cnyqae t!HCTI>IX OCUHXXRTOpHHX COCTOHHIII U8TpBqftHe SDeMeHTI>I 

CKOpOCTHHX H ClliiH-Op6HT8Hb!I>IX B3811UOABRCTBH« UBXI>I no cpaBHeHB~ CO ClliiHOBHM qneHOM KaK 

A-y, 
~~+!, TBK 'ITO AnR l8CCM8TpHB8eUHX 060XO'IBK /Jf= 4-6/ AOCTBTO'IHO Yt111THB8Tb TODDHO 

CDHHOBY~ 'IBCTb B38HMOAeiCT!HR MeliAJ KB83Ht18CTHU8UH. Ma yCXOBHR KBXH6pOBO'IHOA BHB8PHBHTHQ

CTH II S8KOH8 COXpaHeHHR np•JeKUHH H8 OJb CHUioleTpHH ~pa YAaeTCH HaltTH RBHI>IIt BHA Bepmr.H 
/1 w /1 w 
V[t:0], V[ S0 ] • coorao:IeHHe uew HHMH 

(3) 

A 1\ 

rAe yw H E - ABYXP~HI>In uaTpHIJ).I B H30TOlliltlecKou npocTpaHCTBe. lis AHaroHBXDHOCTII /3/ 

B .A - npeACTBBX6HllH H BHA<t ypaBHBHHR (2) CXeAJeT BHBHOrii'IHOe COOTHOIDeHI!B AJIR TOtiHHX Bep

mHH, 'ITO 003BOXHeT ynpOCTJJ"b BUpazeHI!e (I), Bl>lp83BB op6HTBXDHOe none qepea CnHHOBOO. B 

peayXbTBTe. BHyrpeHHBC rHpuuarHIITHOe OTHOID6Hl!e 9~< AHR OCHOBHOrO COCTORHRR BJtPB npHHliM88T 

'ITO nep8XOAHT B li3BBCTH06 l·I>IP811[eHH8 IIHXbCCOHa npH BI>IKJJBltleHHH B3811MOAelicTBHl! UBXAJ KB8311-

'18CTIIU8Uil. 
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llepeHOpMHpOBKB cpeAHero SHaqeBHH npo8KUHH CDHHa, oqeBHAHO, 3KlHB8X8HTH8 nepeHOpMHpOB

Ke CDHHOBOrO rHpOMBrHHTBOrO OTHOW8HHH 9S B ~puyxe HHADCCOHa COrlBCHO paBeHCTBY 

(9~-ge)(So)AoAo =( 9: -q:) V [S:] AoAo + (q;- 9e11
) V [ );] Ao Ao • 

0npe~eneHH8H TBKHM 06pa30M B8XHqHHB paCC'IHTUBBeTCff KBK B KBB<HKX8CcaqecKOK npHClXKZe-

HHH, TBK H TOqHO 88 3BM. B KB88HKn8CCHqecKOK npa6XKK8HHH HS-Sa KOr€peHTHOrO RKXa~a OTA8Xh

HHX cnaraeMHX H CyvMHpOBBHBH B /2/ no Cl6CKOB8'1HOMY qacny COCTOHHH~ KOKBO O&ftABT» BeKOTOpOe 

38BUW8HBe 3~KT8 CDHBOBO~ BOXHpH38QHH DO Cp8BH6BH~ C SKCnepaMeHTO~. 0AHaKO, KBK BHAHO 13 

raonaQU I, BU'IacneBHue orao•eBBH 9s3CfXP / 9s Cl!CTevarHqecKa npeBumallT aKcnepHII8HTBXhHHe 

3HaqeHHH, 6CJII DOX»30B8ToCH 8BB'IeHHHMH KOHCTBBT CDHHOBOrO B88BMOAegCTBHH, nonyqeHBHKH Tpoan

Kl!M B XOAeneM npB BU'IHCX8HHH MarHHTHHX MOM8HTOB c¢epaqeCKHX Hnep: 

-ntt _ pp . np 9o -qo =L 9o =0, (4) 

qHCX8HHOe pemeHBe ypaBH8HHH (2) HB 9BM npHBOAHT K 8H8JIOrHqHOMy peayabTary. B DOXHPHSBQHOH

HY~ CYMKY B. (2) ABIO'f BKJIBA BC8 COCTOHHIIH .AA' , y KOTOpbiX CDHHU II '13THOCTII OAl!HaHOBU: 

5G •Q' 
1 

jj = if I • MoZHO COKpaTHT» nOpfiAOK CHCT8MU B ~Ba paaa, e }Jill yqecn, qTo B DOJIH-

piiSBUHOHHOil cyue OTCYTCTByeT COCTOHHHe, 38HR'roe H8'16THHK HyKJIOHOM, H BOCDOJibSOBBTDCH CBOil

CTBBMH CIIMM8TPIIH YPBBH8HHH. B IITOre, ~JIR HA8P C aeqeTHUII HellTpOHOII pewanac» CIICT8Ma TPHA

QHT» AeBHTOrO DOpBAKa, a Aliff HA8P C HeqeTHUII npOTOHOII- ABH~QBT» BO:oiiOro. PesyXDTBTU 

pacqera C KOHCTBHTBIIII (4) BPIIB8~8HU B Tp8Tb811 CTOJI6!.(e TBOJIHQU. 

MOliHO ynyqmHT» COrX8CI!8 C 3KCD8pi'IM8HTOM (lf-ll CTOJI08!.\),ecnll B IC l'leCTB8 KOIICTBHT CDHHO

BOro B381'1KOJ181lCTBHH BSHTo 3H8'18HIIH 

q:";qoPP=~8 g;P.o 
KB83HKJIBCCHq8CKOe npl!6XHXeBHe K 3T~M KOHCTaHTaM, Ita~ H Oli1'!~3JIOCo 0 JlteT H8KOTOpoe 38BUW8HHB 

3~peKTB CDHHOBO~ DOXHpHSB!.(HH (BTOpO~ CTOJI6en B TB6XH!.(e I). AnH Cp8B!BHHH B nepBOM CTOn6~e 

llpHBOJIRTCH 9~9s t DOJiyqeHHHB B 3TOM npi'!0JIKI8Hi1H C KOHCTBIITBIIl! (·>). OKCnepHK8HT8JioHUB 

SH3'!eHI!R 9/~9s JIBHbl B DRTOM CTOX6ne. 

IJ 



TaCimn1a I 

9.DbeKTHBHH6 CRHHOBHe rHpOU8rHHTHH6 OTHOmeHHH AnH HeqeTHO-M8CCOBRX ffAep B 
od.iiacTH !53(, A (, 179. 

l!Apo I 2 3 4 Iii 

I53Eu 0,735 0,500 0,847±0,0!2 0,656±0,021 0,59IT{),004 !!) 
0,635±0,004 

I59T& 0,754 0,534 0,84I±<J,OII 0,638±0,034 0,697±0,028 

I65Ho 0,772 0,555 0,849±<J,OII 0,644±<J,027 0,691±0,042 

17\u 0,725 0,488 0,874±<J,OIO 0,691±<J,028 0,578±<J,008 

155Gd 0,761 0,522 0,847 0,6!3 0,599±<J,029 

I57Cd 0,761 0,522 0,847 0,6!3 0,678±<J,024 

16I JJy 0,792 0,566 0,847 0,629 0,7!4±0,085 

163Dy 0,720 0,448 0,866 0,682 0,507±<J,OI3 

167Er' 0,773 0,538 0,!334 0,608 0,6I5±<J,022 

173y.5 0,729 0,490 0,840 0,618 U,796±<J,U33 

177
Hf 0,693 0,420 0,878±<J,008 0,700±<J,02U 0,512±0,032 

179Hf 0,77! 0,531 0,876±<J,008 0,684±<J,022 0,528±<J,031 
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ll~CKH 8~EKTOB B~ClliErO llDPflgKA B PA3PElliEHH~X f3 - llEPEXOJlAX , 
M.Cy60TOBII'! 

Kaqie.npa :mcnepHI.IeHTaJIJ>HOl! qiii311KH yHi!BepcHTeTa HLI. M. KmpH-CKJIO,no scKol! 
· RD6JIHH (llonJ>ma) 

B CJJyqae paapeweHHh!X /J- nepeXO,llOB C H806h!'!HO ClOJI])WHI.Iil 3H81!8HIIR~II ~ fi: I.IOlltHO l!C-

K8Tb P03MO~Hy~ npH1.18Cl> H,llepHh!X 1.18Tpli1!Hh!X 3.ll81.18HTOB Bh!CWero llOpH,llK8 aanp3Ta, OC068HHO BTO-

poro. Cne.nyD~He 1.18TpK'!Hh!8 3.ll81.18HTh! H8,ll0 HI.I8TJ> B Bl!,lly B paCCI.I8Tpl!B881.101.1 ~Jiy'!ae: 

llepexo.nu 

paapemeHHh!e .llBYXKPBTHO aanpe~eHHh!e 

JL~-r , J Lr5r: ' J~ "L ' 

Jl ' 
JQ_ fr', J6rz 

' J(Q·r)r, 

R,j ' T,j ' A if , 5 i.jiC ' 

-----\ 
llycnR Oel03H8'188T pa,n11yc R,llpa, V- CKOpOCTl> HYKJIOHOB B H,npe, p - KOllii'!€CTBO ,llBil;E8Hl!R 31!8KT-

POH8,6. Cpe,n11 118Tpll1!Hh!X 3JI8118HTOB ,llByXKp8THOrO aanpe~eHIIH T01!bKO f c ( 5!, f~X !:' II j (!2 ·!:) r 
8CTJ> nopR,llK8 B81!11'!11Hh! V-p·R II HB,llO Y'18CTJ> IIX BJIIIHHII8 HB 3Hepr8TII1!8CK08 pacnpe,ne1!8HII8 jB -

1!8CTIIU, qJOpY-waKTOp II yr1IOBh!e KOppe1!HUIIIIJ'-r • BKJI8,ll OCT8JlJ>Hh!X H,ll8pHh!l 1.18Tp1!1!riHX 3JJelleH-

TOB cpaBHIIT81IJ>HO H8601!l>WOl!, nopfl,llKB B81!11'111Hh! (pRY~ • B H8p8JJf!TIIBIICTCKO~ annpOKCIIIIB.UIIII 38BIICII

MOCTJ> 1.18llt,lly MaTplll!Hh!llll 31!81.18HT811l! paapeweHHUX II ,n~yXKpBTHO aanpemeHHh!X jS - nepeXO,llOB -

cJiet\YJOmaR /2,5/; 

hd;r ~ + z4~i\ fr"' + fo "'Zl\R f I 
f Ltsr ~ 1M J 2 + lo 1\"' z Rrz [ Q 

J~xr ~-k[(i +ftp -.An.)]£+ }(!:•12.)] 

M- 1.1acca noKof! Hy.KnoHa, A= I+ (W;2,~) A1/ 5.z-I'"' 1. uapaMeTp? aaBHCHT aT yrno-
- 0 ( 

Bh!X aHa'!eHHl! H.nepHol! B01IHOBol! qiyHKUIIII 11 onpe,nenaeTCH o6ono'le'!HOl! 11o,ne1IID H,llpa, a aKcne-

PIIIIeHTa1IJ>Ho - 113 3HB'I8HIIH !'1ft . 

Jrz "'~R2].!. ' f2~'"2 ~jRz JQ • Jr~·.r).r: ~ jrzR2Jo. 
BKJIB,ll MBTpii'!HliX 31!81.18HTO:e f,. 2 'J!i_r 2 II J!fx r - cpaBHIIT81ll>BO BeelOJJJ>WOll. TaKze I fil 2<<1 {21~ 
8 lf~l 3H8QIIT81!J>HO ll0Hl!llt8HO, Tor,na, llPIIHIIMBH BO BHIIM8HI!8 BCe Bllme Up8,ll10llt8HHh!e 3H8Q8HIIB 

fl,nepHliX I.IBTpllqHNX 3Jl8Y8HTOB, llOJIY1!881.1 H3 Oelllll!X qiopMyJI MOpi!T8 /I/ c.ne,nylmyD qiopwy.ny K03qi-
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A,_~ [-~(:!A -3) -t- ~~ (3 -~) -t-~ (Wo-W)(I+f)]· ?R2·~· Fz ( HjjJF2.(1.Lj2 j1)x 

x{!(i +r) +~ (ci l.) 
2 +c<ZR(-~( 5W+6) + wio-w (?A -4?+2)+A? 1~~ n-l 

Fn(LL)~j6) KOEHO BUpiSHTh qepes Koa~H~HeHTU KneC5ma-ropaoaa H PaKa. 

STa ~OpKylla H3"aeHa B paC50T8 BBTOpa /4/, npeaCT8BliH8T H8KOT~poe 06o6~6HH8 ~OpKyliH, 

nonyqeHHO~ B paC50T8 /3/ (oC5e ~OpyYliH Ha~aeHH H838BHCHKO apyr OT apyra B I965 r.). 

JlliH fl(lf > I0 aolllltHB H8C5llll,JIBThCH 38K8THBH 8CHKK8Tpl!H B yrliOBHX KOppel!H~HHX fi -/ • 
B oC5nacTH aHaqeaH" I · ~ I~ I < 200 TeopeTIIqecKaH ~pKyna A 2 aonxaa C5UTh xopowo corJiacoBaHa c 

aKcnepwueHTBllhHUMH 3H3qeHIIHKII A2 , Koraa ~ BHqiiCl!HBTCH 113 aaaqeHHH ~ft . EcJIH aeT sToro 

COrJIBCOBBHIIfl - STO OC03HaqaeT, qTo npHHHTO H8COOTBBTCTB8HH08 3HaqeHII8 napaMeTpa q • ECllll 

TBK, TO B03KOE8H a~eKT B3aHKHOrO YHIIqTOE8HIIH fiaBPHHX KBTpHqHHX 3ll8KBHTOB BHCwero nopaaKa 

aanpeTa. 

~ 11 T e p a T y p a 

I~ M.Morita, P~rs.Rev., 113, 1584, 1959. 

2. M.Morita, Nu:l.Phys., 14, 106, 1959. 

3. M.Morita, su,plement of Progr. Th. Phys., Nr.26, 1963. 

4. M.Subotowicz, Badanie jadrowych element6w macierzowych w rozpadzie 

}) niektorrch pierwiastk6w ziem rzadkich, Lublin, 1966. 

5. Z.Grabowski, R.S.Raghavan, R.M.Steffen, Phys. Rev., 139, B24, 1965. 
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K BOIIPOCY 0 KOJJJIEKTIIBHO~ MOJ\EJ!il Cll.ilbHO JlE~OPMilPOBAHHI:U. ~ 

EpaEHH A.B. H nopHcoE r.A. 

CapaTOECKHll l'ocy,napCTEBHI!blll YHHEBpCiiTBT 

B KOnneKTHEHOll MO.ZJ;ena Eopa H MO!TBnbCOH8 /I/ H B ee paanaqHHx B8p4aHTaX,paCCUOTPBHH~ 

A.C. ,l\8Bil,li;OBHII H r.Y. PIIJ!IIITnOBHU /2/ II A.C. JlaB!l)(OBHll II A.A. lJa6aHOM /J.', npe.nnoJiaraJlOCb,qro 

pBEHOBBCHaH ~OpMa H.ZJ;pa 6nH3K8 K C~pHqecKoll, a OTKJ!OHBHHH OT HBB Manu. lepBoe TpB60BaHHB 

HBnHJ!OCb cyweCTBBHHHM: 

a) npl! paCCMOTpBHHI! rpaHHqHoro ycnoBHH, KOTOpoe B 3TOU cnyqae 6p8!0Cb B BH.ZJ;B 

o<P 1 dR 
J<:: Ro = dt ' (I) 

r.ne cp = l-A"' ( fJ 2 Y2A- noTeHJ:(Han, onpe,nenRIOIIlMtl cKopocTh .ZJ;BHJKBHIIH Jlni.ZJ; mcTH, a R = Ro ( i + 

+ .f d._,._ Y :1.)<.. - pa.nHYC a,npa 11 Ro - ero paBHOBBCHoe aHaqeHHe; 6) npH lblqHcJleHHII KHHBTHqec-

Koij 3HeprHH,KOr,na HHTerpHpOBBHHB no p8.ZJ;H,YCY BBJlOCb B npe,nenax OT 0 .ZJ;O l'o • 3TO np1!6JlKE8HH8 

BepHO ,llJlR R,llep, c5JlH3KIIX K C~epllqecKIIU. 0)1H8KO, 8CJll! HUBTD B BII.ZJ;Y CllnbH• l )IB~OpUHpOB8HHHe 

R)lpa, TO OT STOrO npB)IITOnOit8HHH H806XO.ZJ;IIUO OTKa38TbCH. 3a,naqeA H8CTOR~>ll pa60TH II RBJ!HeTCH 

nocTp06HH6 T8KOrO BH,liOH3MBHBHHH KOJlJlBKTHBHOll UO.ZJ;BJlH, KOTOpOe CB060)1HO liT BHW8YKB38HHOro 

npi!Cinl!aeHHR. ECJ!M p8BHOBBCH8H ~Oplla R.ZJ;pa 3H8qi!T6nbHO OTJl)!qaeTCR OT CWeJlHqecKoll, TO BUeCTO 

(!) HB06XO,li1MO nHC8Tb 

9ux.d. cp <fUU'- F IF ~o oF/ 
t>t r,o , (2) 

r~te F~z-Ro(l+]a.!tY2A) ,ifl=J.BA(i;,)
2
Y2 )<. 11 

a)< II B A - 3HaqeHIIH oCp H A.)< ,cooTBeTCTBBHHO B CHCTBIIB KOOp.ZJ;RHaT, ltBCTKO CBff38HHOI1 c 

RIIPOII. rpaHHqHoe ycnoBHe {2) np11 no,liCTBHOBKB B Hero '1' a F npi!BO.ZJ;IIT K l paBHBHIIIJ ,nnR B_p , 
KOTOpoe RIIBBT BH,ll: 

J BJt { 2~M +(ii\) Y.t(2200/20)]; a}<' [(2 + _}(}1'){22J"j(,; 2 v) + 

+h1(3+)C )(Z.-}<)( 3 -}< ')(2 + }1'/(22.}< + 1.f<' -! v) + 

... f~(J-}<) (2 ... .Jt)(3 + fi 1)( 2-J£'}(22.)4. _,)<.I + t v>n = 

=-R;tiL w~<(2v 1 1J..:I2v)cx. 1 +d.} 
I(V' II 11 1 

(3) 

r)le Wit R Jo:{K =~·f·f - COCTBBnHIOIIUI6 yrnOBOiit CKOpOCTH H KOII8HT8 KOnaqeCTBH .ZJ;BIIXBHKfl B CI!

C'r611e, &eCTKO CBR3HHH0ll C H.ZJ;pou, 8 (j1,j2 ,m,m2 /jm - KOSiW/HJ:(HBHTN Kne6wa-rop.ZJ;OH8. 

fipH BUqHCJ!BHHH KHHBTHqecKOll SHeprHH HHTerpHpOBSHMB no PB.llHYCY He06XO,llHIIJ B6CTII B npe)I6Jl8X 

OT 0 )10 R =Ro(l+jfafiYt)() t TOrAB OCT8B11HllCH HHTerpan no T6Jl6CHOUY yrny KOII:BT OblTh 3an11cau 
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KB!C EK~H; ~~o 1 B...., B~ J ( 1 +~~a-"'' y 2.)<') s {( 4- (If v) y2;J zv-

-J(y(3-)<-J:Z+}<-J(3+11)(2-IIJ Yo Y,; + 
"' <-}<- 1 2 + 1 

(4) 

PacCIIO!pli.U H8HCiOJI88 ni OCTO II CJIJ'IBII aiCCH8Jil.HO-CI'IIIII8TpH'IHOro ll,llp8 ( a 1 = a_ 1 • a.:t • a_.t =~ Oo ·0~ 

Tor,na, 8CJIH OCI> S HBni8BHTI> no OCH BPBIIIBH.I'Ill (Wf ~w , wrz~wf=O\To YPBBHBHHB (3) ne

pel!,liBT B 

{ Bfl { z8.4 11 + frr )"'~2 (2200/20)[2 (22fl 0/20) +~I' 6( 3 + pJ ( z -;4(22_,.4 +1-112 v)+ (5) 

+~V6(3-jt)(2+_,:z}{22JL-11/21JJ] a.o} = R![t-w(2v1Jrl2v)ao +a v] 

Pewafl ypaBHBHHll (5), IIOJIY'IBBII ,ll;Jill B-"' BHPBllBHHll: Bz=B_2 =0 

8 = 
8 

= ~.,_Rd w(201J~;/2-1)ao , 
-f i 2-(2-)112_ i 

'tlf 7 ao 

R~ a. 
(6) 

z(1- (~) Yz ia 411 7 • 
B~UOJIHHH B (4) ~HTerp!pOBBHHB no TBJIBCHOIIY yrJiy H HCnOJII>3YH \6), nOJIY'I~II BUpBliBHBB ,liJIH KH

HBT~qecKOl! aaepr~H 

r.ne 

B; (f3) l'i z + 
fKw = r 

3 B f32. cp (f3) wz 
z 

F(t)= 

q> (J)= 

1 
+ o,8tD8 p + 1,5651J3z + o,s492 ft 3 +o, tB76J34 +0,0183 p' 

(1- 0,0901j3)2 

i+ o,4DSSJ3 + 1,4252f32 +D,4291fi 3 +o,t6t9p4-ro,ot5tF 
(f- 0,0450 f)2 

(7) 

(8) 

(9) 

Ecn~ paBHOBecaoe aaa• BHI!e }30 11 OTKJIOHeHI!e OT aero Aft =f>-Po MOliHO noJIOlltllTI> npHCiJIH3HTBJII>HO 

paBHUII HYJIIl, TO F(f.>): CfJ(.f>) = i II B~p8ll8HI'!B (7) nepeXO,lll!T B TO, KOTOpoe OUJIO HCITOJ!lo30BBHO 

B paCioTe A.C • .llaB~.llOJia H r.<l>. <I>IIJIHnnoBB /2/. IlpHOaBHB K t7) noTBHW18JII>HYil aHepr.l'lll V(p} 11 

COB8Pil8ll OCi~'IHUII nyT'lll nepeXO,ll 0! KJIBCCH'IBCKOrO B~pazeHHH K KBBHTOBOIIJ jl,2j, noJiy'IHII ypaB

H8HB8 WpB,liHHrepa 

(!OJ 

(II) 
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~HH TOro, '!TOO~ OU6HHT» nony'leHH~e peayn»TaT~ B nepBOM npH6HHE6HHH,lpe~nonOZKM, 'ITO OTKno

H6HHH OT p8BHOB6CHO~ ~OpM~ Man~, TaK 'ITO MOZHO npe6nHZ6HHO 3anHC8T» 

(!2) 

a 

(I3) 

B aTOM cnyqae ypaBH6HH6 (!Q) pewaeTCH TO'lHO. BOHHOBUe ~YHKU~B BMe~T TOT ze BH~, 'ITO B B 

pa60T6 /2/, a 3HeprHH MOE6T 6UT» npe~CTBBH6Ha CH6AY~we" ~OpMyno" 

(!4) 

r~e 

(!5) 

(!6) 

a U HSXO~IITCH 83 ypaBH6HBH 

Hv (- i)L1h ) =O I (I7) 

r~e Hu(x) - ~YHKUBH 9p»HTa /2/ a }<-J=)l-(4-(f"~'1 ripe (Bo~£ , Je(r3o)~1 a ilioPIIY-

na (!4) nepeXO~HT B ~OpMyny A.C.na~~OBa H r.~.~HHHnnoBa /2/. flpH 3'~0M OKa3WB86TCH 0 'ITO 

aaepreH aaBl!CIIT oT Tpex napa.JieTpoB ~W0 , .fo a X , a ae or ~By:;, KaK B pa6oore /2/. 

0~H8KO, B TeOpHII ~8Bhi~OBB-4MHnnoBa HeB03MOZHO onpe~eHilTD 
1
AJ0 , a CX•!~OBaTen»BO, H CTaTH'l6C

KI!" KBa)lpynOJI»HU" MOil6HT Q , HCnOH»3JH ~BHH~e ~H 3Heprll"' HBn~wl!e•:H Bal!6onee TO'l~l!. 

flpH onpe~eneHHH~o I! Q npKXO~HTCH HCnOJI»30BaTD ll6Hee Ha~ezHUe SKCne:>Bil6HTan»HU6 CB6~6HIIH 

no B6pOHTHOCTHM nepexo~a ll6ZAJ 2+ H 0+ COCTOHHHHMI!. B npe~naraeMOM l:e BapHaHT6 B CHnJ SSBB

CIIMOCTH Je OT /J 0 3!8 B6HH'lHHa, a Cli6~0BaTen»HO, H Q., llOryT 6~TD on:>e~eJI6Hhl no 6oJiee TO'l~ 

3BepreTH'l6CKHil ~aHHhiM. 

n 11 T e p a or y p a : 

I, A.Bohr, Kong. Danske Vidensk. Selsk., Kat-Fys. Medd., 26, N'4 (1952). 
A.Bobr and B.Mottelson, 2?, N16 (1953). 

2. A.c.naBhi~OB, r.~.~anennoB, 19T~,33,723 (!957) 

3, A.S.Davydov, A.A.Chaban, Nucl. Phys. 20, 499 (1960) 
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" 0 B03EYIAEHHUX COClOHHHHX HEqETHOrO HlPA,BHEWHHB HYKAOH KOTOPOrO HAXOnHTCH 
B COCTOHHHH ,( = 9!2=--."------------------

Ber.~aaoB P.E., EeneHDKBi B.M., WapanoB W, 

HHCT~ TYT R,ltepaol! ljn!3HKH All Ya. CC P 

B pe6oTe /1/ npH p8CCY0Tp8HHH Bp8~ST8»DBO-Q,l!ROqscTHqRUX COCTORHHI! seqeTRHX R,lt8p C US

noll B88KCH8»DHOCTDm nOKS3fHO,qTO nOC»BAOB8TB»DHOCTH CnBHOB H SHeprHB B036YKABHHUX COCTOR

HHI! onpe,l!BHRD!CR OAHBU fi8J8M8TpOM~, KOTOpHI! X8p8KT8pH8yeT CBH8D Bp8~8HHI! C O,l!HOqacTH~HHYH 

BOS6yK,lt8HHRUH, 

B STOll E8 pe6oTe HCCl.8,l!OB8»CR cnyqel! RA~p, A»R KOTOpUX napeueTp f npHHHU88T TOHDKO no

HOZHT8»DHHe SHSqeHHR, T,e »H60 BH8WHBI! HYKHOR npe,l!CT8B»RBT 00601! ,l!HpKy, 8 KB8APYDOHDHHI! 

UOU8HT RAPS DO»OEHT8»DHHI! HH60 BH8WHHI! HYK»OH - qscTHU8, KBS,ltpynO»DHHI! UOU8HT OTpHUST8»L

HHI!, 

B pe60T8 /2/ p8CCMBT:>HB8»CR cnyqel! RA8p, A»R KOTOpOrO napaMeTp npHHHY88T TOHDKO OTpH

U8T8HDHHe SHaqeHHR, T,e, .IH60 BHBWHHI! HYK»OH-,l!HpKa, a KBBAPYDO»DHNI! UOUBHT OTPHU8T8»DHNI!, 

HHH BH8WHHI! HYKHOH-qecTHU·l, KBBAPYDO»DHNI! UOMBHT - nonOKHTB»DHHI!. B YKSSSHHNX pa60T8X HCC»e

AOB8HH aeqeTHUB RAPS, CDHI OCHOBHOrO COCTORHHR KOToporo pSB8H 5/2 H 7/2. Cnyqal! RA8P1 HU8D

~HX B OCHOBBOU COCTORHHH lnHH 9/2 A»R ABYX BHmeyK83SHHHX cnyqseB A»R H860»DWKX SHSqeHHI! 

CnHHOB (~~ 9/2) BOS6yK,ltlHHHX COCTORHBi!,pSCCUSTpHB8»CR B pe60T8 /3/. 

B ASHHOI! pS60T8 BHqa:neHH DOC»8AOB8T8»DHOCTB CnHBOB H aaeprHH B036YKA8HHUX BpS~8T8»DBO

O,l!HOqecTHqHUX COCTORBHI! Rlq8THUX RA8p, CnHH OCBOBBOrO COCTORHBR KOTOpUX p8B8H 9/2 A»R 60»D

WBX SHeqeHHI! CilHHOB ( J :; 17/2) BOS6YZA8HHUX COCTORBHI!. 

PacqeT n~KSSHBaeT, qro npB ~<0 ABZ8 C8MH8 RBZ8l!mBe BOS6YZA8HHH8 COCTORHBR aeqeTBHX 

RA8P B0?6~e Re o6paaymT npOCTym Bp~8T8»DHym nonocy, COOTB8TCTBy~m 8,ltB868THq8CKOi T80pHH 

BP8B8TB»DHUX COCTORBHI! AHR aKCH8HDHQ-CHMY8TpBqecKKX RA8p, llep8M8Tp )f onp8,lt8nR8TCR H8 OT

BOWBHII! SHeprHH nepBUX A~yX B086yz,lt8HHUX ypoBR81! O,l!BH8KOBOI! qeTHOCTH COOTB8TCTBYQ~HX R,lt8p, 

Bp8~8T8»DRQ-O,l!HOqactKqaue COCTORBBR aeqeTHOrO HAPS X8p8KTepaaymTCR qacn&YH J B (; , 

TBK KBK K8Z,l!OyY 3H8q8HBm fiOHHOrO UOY8HT8 J = l/2, 3/2,,,, 6y,lt8T COOTB8TCTBOB8TD HBCKO»DKO 

ssepreTKqecKHX ypoasel, {Sanaqaeuux BHA8Kcou ~ = 1,2 ••• 

'" 3HaR saepraa ypoaae~ E,~, nerKo auqacnHTD Koa~auaeHTH AK , onpe,lte»Rm~He aonsoBue 

WYHKUHH B036yZ,lt8HHHX COC~OHHBA aeqeTHOrO R,ltpa, 8 88T8M UOZHO HSI!TK BepORTHOCTH SHepreTaqec

KBX nepeXOAOB U8B,lty STBUI COCTORHBRUB, B pa60T8 /3/ npH pacqeTe E 2-nepeXOAOB He yqBTHB8-

»B BKnB,lt BHemsero HyKnOH! B npHB8A8BHym B8pOBTHOCTD nepeXO,lt8, 3TO AOQYCTBUO, KOr,lta BH8WHBU 

HYK»OHOY RBnReTCR Hei!TpOI H ~K»8AOU ero B E 2-nepeXO,lt8 MOZHO npeHe6p8qD, 

B ABHHOI! CT8TD8 BUql:cneHU npBB8A8HBH8 B8pOHTHOCTB aneKTpBqecKBX KB8APYDO»DHHX nepexo

AOB M8ZAJ B036yZ,lt8BHUUB lip8~T8»DBQ-O,l!HOq8CTBqBUKB COCTOHHHRUB C yqeTOU BKn8,lt8 BHB.Hero 

ayK»OH8 /5/. 
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ITpHBO~RTCR QHCneHH~e 3H8Q6HHH rrpHB6~6HHHX B6p0HTHOCT6~ an6KTpHQ6C£KX KB8APYDOH~HHX nepexo

~OB K6X~ BOadyM~BHH~MH COCTORHHHKH ~ep, HM6~HX CnHH OCHOBHOrO )QCTOHHHR 9/2 H 388Q6HHH 

~ = 1 0,50. 

0TM6THM 1 QTO BKna~ KoppenHnHOH~X qneHOB BE 2-nepeXO~~, KOTlp~e B~fiHC8~ 0T~6~H0 1 

BO KHOrHX cnyqaRX cy~6CTB6H6H. 

¥8CQ6T~ npoBO~HnHc~ HH 3BY Y-20. ITpH pacqeT8X 6~n HCDOnD30BH:i HOB~i KBTOA ~H H8XOK

~6HHR COdCTB6HH~X 3H8Q6HH~ H C06CTB6HHHX B6KTOpOB K8TpHn~, p8SBHT!i~ B p860T6 /6/ 88 6836 

T60pHH Henpep~BH~X ~po6e~. 3TOT M6TO~ D03BOnReT 3H8QHT6~HO C0Kp8"HT~ 06~6K BYQBCnHT6~HOI 

p860T~. 

] H T e p 8 T y p 8 : 

I. A.C.n8B~~o~, P.A.C8pA8pHH, 13T~, 40, I429 (1961) 

2. IU,ill8punoB, BecTHHK MrY, cep.~~a. acTp. I,38 (I963) 

3. ill,illapanoB, MaB. AH YaCCP, cep.~H3.-M8T, 2,93 (1963) 

4. P.A.Cap~apHH, BecTHHK MrY, cep.~Ha.acTp. 4,18 (1963) 

5. G,Graeffe, G.W.Tang., C.D.Coryell and G,E.Gordon, 

Phys. Rev., 149, 884 (1966). 

6. r.PyTHCX8yaep, AnropHTK Q8CTH~X H p83HOCTeM, MMR, 1960. 

21 



TAE.lllU.\I:l 'il!CJ!EHHbiX 31lA 'lEH~fl fiP~BE.llEHHbiX BEPOHTHOCTE~ 8J!EKTPOI.IAI'H~THI1X nEPEXO.llOB 

-------!H~A~IICHOBE MO]!EJ!~ H~JlbCCOHA 

:ier.ataHoB P.E., EeneHJ>Klll! B.M., Ca<IJapoB P.X. 
I!HC111TYT H,llepuol! if!H311KH AH Ya. CCP 

B nocneAHHe IO neT IO).leJIJ> HHJIJ>ccoua 113 npe).lYeTa cyry6o TeopeTuqecKoro auaqeHHR npeB

paTHJiacJ> B 06~e).lOCTYnHHI! H3HK 06Cf.K).l8HHH 3KCUepHYeHT8Jil>H~X ).l8HHHX. TenepJ> npHHHTO npHBO).lHTI> 

cp8BH8HII8 3KCnepHU8HTHJII>!HX peayJIJ>T8TOB H8 OCHOB8 UO).leJIH HHJIJ>CCOH8. 

0).lH8K0 0 ).lO CHX UOp 18 OUJ6JIIIKOBHHH UO).lp06Hble T86JIH!1H qucJieHHblll: 3HaqeHHI!1 Upi!Be).le:iHbiX 

BepORTHOCTel! 3JI8KTpouarH~THbiX nepeXO).lOB 113-38 CJIOEHOCTH H TPYA08KKOCTH pacqeTa. HBKH COCT8B

JI8Hbl TaKHe UO).lp06Hble 1 yHaBepcaJIJ>HHe T86JIIIUb1 1 rAe npoBe~eHbl pacqeTbl C yqeTOII CBepxTeKyqax 

nonpaBoR. 

PacqeTH npoBe~eHu ~nH ~eiflopuupoBaHHux H,llep peAKoaeueJIJ>HOI! 11 aaypaHoBol! o6nacTel!. 

MH orpauuqHJIHCJ> 8 (~JIR rpoTOHHbiX nepexoAOB) 11 IO ( A4A uei!TpOHHbiX nepexo).lOB) ypoBHRUH cpe).l

uero ITOJIR ~JIR pe~KOaeue!J>HOI! 06JiaCTII, a AJIH 38Jp8HOBOi o6JiaCTH 6 H 9 ypOBHRUII ).lJIR npOTOHHbiX 

11 uei!Tpouuux nepexo~oB cooTBeTCTBeHHo. bbiJia ~cnoJIJ>30BaHa yToqueuuaa nocne~oBaTeXLHOCTI>.ypoB

uel! HHJII.ccoua ;r;. 
TaK K8K B 3KCIIepliUtHT8X H86JI~).l8DTCH JIHWI> HII3KOB036y.K).leHHbl8 ypOBHII,qiiQ48HHbl8 pacqeTbl 

npoBO).liiJIIICJ> TOJihKO AJIH IepexoAOB 113 .l\~HIIOro ypoBHH I! IO 6JIII3Jie&a~ yposuell. llbl orpaHBqii

JIHCJ> IIYJihTlln01ll>HC>CTHUH ; lfiJIOTb ).(0 .A = 4. 

PacqeTbl npoBOAIIJIIICJ. AJIH ;l.le<lJopMat\11" tz = Lf,5,6 (li = 0,2; 0,25; 0,3). 

0T).l8Jil>HO npiiBO).lRTC:I TaKJKe Jl8CI!eTbl npnot:,•eHH!lX BepORTHOCTell aJieKTpouarHHTHblll: nepeXO~OB 

).lJift ~ HeliTpOHHHX op6HT: 660+ 1 6~1+ I 521+, KOTOpWe H8XOAftTCft BB Kpam o6X8CTI ~apopuaq1111. 

/1.JIH HHX p8C'I8Tbl UpOBO).lll.liiCb Upl AeljJO!JIId!.(liH.ll ~ " 2,4,6. 

38BIICHUOCTI> OT uac:OBOro I!KCJI3 BbiJieJieHa OT~enJ>H0 1 q:ro A8X88T H8WII T86XIqbl JHIB8pCaBJ>

HHIIH1 T.e. ).l8HH!le pacqe ~Il IIOT.HO llpi!L!eHIITh AXIl JIIl6oro H,llpa BBJTpll 06XBCTell CIIXLHOI! Aetopua

!11111. 

B CJiyqae MI-nepexo~oB qMcneuHue pacl!eTu npoBeAe~ AJIR auaqeuHll KonneKTIBHoro r~~po•ar

HIITHoro OTHPW8HIIH gR" 0,2; 0,3; 0,4 AJIR RpOTOHH!lX nepeXO~OB I 9R" 0,3;0,~; 0,5 Aaft HeiTpoH• 

Hblll: nepexo~oB. 

BeJII!quuu np11Be~euu :iX BepoRTHOcTell ABHbl I! 8.ltlllll!qax e2 6apu ) .A • 
Rt 

CBcpxTeKylllaR noupa BKa aneKTpollarHI!TIIblll nepexo).lou Qpa c onpe~eneBHblll N (IJIII l ) 

pacCqiiT8HH C yl!eTOII aqqeKTa 6XOKMpOBKII. MeTOAI!KB pacqeTOB CB6pXT6K~ UOUPBBOK 8H&Roraqua 

TOII 1 KOTOpaft IICUOJ!b3J8'CR B pa60T8X B.r.CoJIOBI>8B8 I COTPYAIIIIKOB. 
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HaKH Taxze npoBeAeHH pacqeT~ npHBeAeHHHX BepOHTHOCTel axeKTPOKartHTHNX nepexoAOB c 

HCllOK&30B8HH6M BOXHOBNX ~YHK~HI A6~0pMMpOB8HHOrO fiApa, COOTB6TCTBY~ 8HHSOTPOHHOMf llOT6H

~axy CaKcoaa-ByAC8 /2/ 1 KOTOpHI B 60X&W61 CT6U6HB COOTB6TCTBY6T peanlHOI CHTY8UHH. PacqeTH 

npoBeAeH~ AnH A6~0PMBPOB8HHNX HAep peAKoaeMeK&aol o6nacTH B6nasa A= lBS. llpoBeAeaHoe cpaB

HeHae STKX pesyK&T8TOB C COOTB6TCTBY~~HMH BenaqHHaMB llO HHnbCCOftY llOK138AO, qTo OHM M6HbW6 

HMAbCCOHOBCKHX H8 !-2 UOPHAKB. 

B sacToa~ee BP6MH saMH ony6xHKoBaHH pacqeTH AXH npaBeAeHHHX BepOIT8ocTel aneaTpoMar

HHTHNX nepeXOAOB BB OCHOBe MOA6XH HHnbCCOH8 AXH HA6P p6AftOS6M6llbHOI O(ll8CTH /3/. PesyX&T8-

TH ae pacqeTOB AllH HA6p saypaHOBOi 06ll8CTH 88 OCHOBe MOA6llH HHK&CCOH8 H HA6p p6Aft036M6K&

HOI o6naCTH 88 OCHOB6 llOT68UH8A8 C8KCOHa-ByAC8 6YAYT ony6XHKOB8HH B 6IKKalmee Bp6MB. 

! a T e p a T y p a : 

I. B.r.CoXOBb6B - BnHHHH6 napHNX KOppenH~I CBepxnpOBOAH~ero THll~ H8 CBOICTB8 

8TOKBHX ftA6p 1 rocaTOKH3A8T, 1963 r. 

2. A,Paessler, R,Sheline. Pbys. Rev., 148, N3, 1003 (1966). 

3. P.E. Eera8BOB, B.M.EeneHbKHI, P.X.C~poB, llpenpRBT HH~ AH Ya.CCP,P-Q?638, 

Ta.xesT, 1967 r. 

23 



l 

" 0 llJIAHAX COo.li.AHiffi CIIICTE!W .ll11H 1/lCCJIEJ(OBAHI/Ifl 1/130TOUOB,HAXOJ(flllll/1Xt.;f! Jll\JIEKO OT UOJIOCbl 
t.;TAEIIIJihHOCTid B !'EliUlE " 1)1'! - Urz.e- 11 C IIY1!KO!I IlPOTOHOB CI/IIL\POUI1KJ!OTPOHA Jlf!U 01/lfUI" 

r.Yyaeona,lHU OHHH 

~nH ~anaHeUmero paSBHTHH TeopHH H~pa He06XO~HKO HaKonKeHHe BC8 HOBNX H 6onee TOQHHX 

SKcnepHMeHTanDHNX ~aHHHX 0 cno&HHX ~pax. Uo&BO OKH~8Th paSBHTHH B ~BYX H8Up8BnBBBHX: 

I. ilonyqeHH8 6onee TOQHHX HB~OpM8UHU 06 HSBeCTHHX yze B HaCTO~ee Bp6MH ~pa1,c noMOmbD 

UpHMeHBHHH donee yCQJ.epWeHCTBOB8HHOR H3MepHTeHbHO~ TeXHHKH H HOBHX npHeMOBj 

2. Kccne~OB8HHe Re~eHTH~HUHPOBaHHHX ~0 CHX nap ~ep, npH UpHMeRBRHB npeUH3HOHHHX 

MBTO~OB HCCHe~OBaHKH, 

He~eHTH~HUKpOBSHRHB ~pa MOKHO OK~RTb ~aneKO OT nHHHH CTa6HnhROCTH B WHPOKOU nonoce 

Me~ nHBBHMB c ayneHIMII aaepriiHMH csaae nocne~HHX ayanoaoB: B p : B n ; 0 • l!ecno aeea-

BBCTHHX AO CHX nop HEOTOUOB ~an8KO Up8BHm8eT QKCnO HSBeCTHHX, l/lccne~OB8HH6 ~ep HMeBHO STBX 

asoronoB npe~cTaBnae1 6onamo~ HHTepec ~na paaBHTHR Teopmm a~pa /I,2/. Bcrpeqamrca,o~aaao 

6onamHe 3KCnepHM6HT8~bHH6 Tpy~HOCTH, CBRSaHHHB C HX M8nHM 8H8QBHH8M nepH0~8 nonyp8CU8Aa. 

ilpeo~oneHHe STHX rpy~UQCTeU B H8CTOHmee Bp6MH HBHHBTCH OCHOBHOn 3~aqeK /3/. 

CeaxpouHKnorpoa J!Hn Olllfll/1, ycaopaQlHU npoToHH ~o aaepree oaono 680 UaB,HBnHerca MO~ 

cpe~CTBOM ~nH nonyqeEHH U0~06HHX HSOTOUOB. 06 STOM CB~erenaCTByer,npeKAB BCBr~OnHT nocne~

HBX ner: S~eca 6HHH i~eHTH~HUHPOBaHH 60nDB6 50 ROBHX HSOTOUOB. CHaxpOUIIKnorpOH UOSBOnHBT 

nonyqua K8K HeKtpOH J~e(j>IIUHTHHB IISOTOHH (peaKUHll r.nyC50KOrO OTIIIBUJIBHHH), TRK II RBi!poRO

H86WTOqHHe HSOTOUH (I68KUHll ~eneHI!H THKB~HX a~eMeHTOB) B EHPOKIIX upe~enax auaqeazn r K A. 
BHCOKOSHepreTBQeCK08 ~eneHHe nOBBOnHeT nonyqeaae H8iTpOR01!86HTOqxyx HSOTOUOB B o6naCTH A, 
HenepeKpHBaeMOU HHSKCSHepreTI!QeCKHM ~en6HH8M. 

ilepe~ paap860TKCU npoeKTHOrO Sa~aHIIH JC!aHOBKII, UOSBOnHDmBU nonyqeHHB H npeuHSIIOHH08 

CDeKTpOMeTpHqecKoe HCCne~OB8HH6 KOpOTKOKIIBYIIIIIX HSOTOUO~ 6YnH OUBHBHH OKII~ae~He aKTHBHOCTH. 

Ha pee. I H~o6pallteaw cKopoCTII o6paaoBaRHH ~ep ( Boi ) IISOTonoB Hf , no.nyqae~Hx np11 oonyqeau 

TCL - MHWBHH, K RKTIIlHOCTH (A) 3THX ae HSOTOUOB Ha KOnneKTOpe Macc-cenap8TOpa. ilpH OUeHK8 

6YnH npHMBHeHH ceqeHiH 06paSOBaHHH HS pa60T /4,5/. KOHHQBCTBO 06nyqaeMOrO BBm8CTB8 COOTBBT

CTByeT O,I MOna, HHTtHCKBHOCTh nyqaa npOTOHOB - I MKa. IIIRTBHCHBHOCTh BByTpBRHero npoTOHHOrO 

nyqaa COCTaBnHeT B H<CTOHmee BpeMH f ~Hyrp~ 2,3 MKa, IIBTeHCI!BHOCTb BH8WH6rO nyqaa ~,I 

MKa. Oa~aeTcH B 6mu aamee speMH noBHweaHe I 'H~rp• a raue noBumeu11e If.Hew~o 50% I,H!f,; noc

neAnee sa cqer UOBHIIIEHI!H a~KTHBHOCTH BUBOA8. OpoeKT peKOHCTPYKUKII CI!RXPOUHKnOTpOHB npe

~CMaTpHBaer UOBHW6Hi8 r,Hew.~O 50 MKa. 9~KTIIBHOCTD IIBBneqeHIIH npOAJKTOB peBKUHU II paSAe-

neHHfl npHBHKRnJIICh pal HYMII 8 • n C J) o: IQ-2 • 
. u 

1113 pec.I BH~HO, QTO OK~ae~He 8KTHBROCTI! AOCTRTQqfiH ~H npOBBABHllll npeUI!SIIORHHX 113MB-
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peHIIIi yze c 11118DI!liiMCH B HaCTORI!lee :spell!! TOKDil. Aanee Bll.llHD, 'ITO aKTII:mocu peaKo na,llaeT, 

KOr,lla nepiiO,ll ROJiypacna,lla HB IIHOrO IIBH:&me t '1611 l!pBill! TpaHCflOpTB l!,llep (: l,li6C:& c5biJIO npiiH!ITO 

aHa'!eHIIe T,.p = IO ceK, nep110.11 nonypacnB,lla Hella:seCTHbiX 113DTono:s Hf c5biJI : •pyc5o oqeHeH). 

ilpe,liCT8l!JI!!BT IIHTepec OT:BBT HB l!Onpoc, RaK ,li8JIBKO OT flOJIOCbl CT8c511J:DHOCTII IIOlltHO ll,liTII npe,ll

naraeuoli TBXHIIKoll. 113 p11c.I Bll,l!,Ho, 'ITO npe no:BblllleHIIII Tg11e .liD 50 liRa JaosuoaHo Oy.lleT npeqi!-

3IIOHHoe IICCJIB,liOl!BHI!B 1!30TOflOB, Y.liBJIBHHbiX HB 20 B,liiiHII!l OT DOJIOCbl CTBCIIJI:&HOCTII. CymeCTl!BH

Hblll ~KTOPOII !!l!JI!IDTC!I 3,liBC:& l!03110ZHOCTII p83,liBJIBHII!! COC6,liHIIX 1130TODO:B 18 118CC-cenapaTope. 

Ha p11c.2, :B3RTOII 113 pac5oTbl /61, H3oc5paaeH TIIDII'!Hblll Kacc-cneKTp, nony'IB!Hblll np11 paapemanmell 

cnococ5HOCTII nopl!,liKa 1000. BH.liHD, 'ITO npl!uecH coce,liHI!X 1130Tono:s- nopn~Ka 10-3• ITo 3TOli 

npii'II!He, Hanpi!Mep, Tpy,liHO npoBeCTII CTporoe IICCJIB,liOBBHII€ 1130TOna l 6IHf nonyqaeMoro B yCJIOBII

HX, npiiHHTbiX np11 Ol(8HKe aKTIIBHOCTII. 

ilpOeKT C03,liBHII!! YCTBHOBKII l!,liBpHOli cneKTPOIIBTPIIII HB ny'IKB npOTOHOE (yCTBHOl!KB HCH!illl) 

npeJIYCMaTpl!:saeT .lll!B aTana: 

l. COS,liBHIIB II nep:BOH8'18JI:&HYD YCT8HO:BKY uacc-cenapaTopa H8 nep:BOII 3T8Ze 3,li8HB!I CIIHXPO

!liiKJIOTpOH8 B TB'IBHII6 .lll!YX JIBT, fiO,liKJIIO'IBHI!B 118CC-cenapaTopa B p6llllll 11 OIL - tine 11 C ny'IKOII 

npOTOHOl! ,liJI!I H30T0fl0l! C nepi!O,liOII nonypacna,lla I MIIHyTa II c50JI:&me. 3TO orpaHH'IBHIIe CB!!38HO C 

BpeueHeU1HeOOXO,liHIIblll ,liJI!I XIIIIII'I6CKOrO l!bl,li6JI6HII!I 1130TOflOl! IICCJI6JIYBIIOrO aneiiBHTB. TpaHCflOpT 

llllll!BHBli OCYI!l6CTBJI!I6TC!I B STOll nepBOII 3T8flB nHeBUOflO'ITOli, pBOOTBIOIJlBli Jl:3 l! H8CTO!!I!l6B Bp611!1, 

Bpeu!l Tp8HCflOpTIIpOBKII IIIIWBHB HB paCCTO!IHIIB 80 M6TpO:B COCT8BJI!!6T 4 CeK, 

2. YCTBHO:BKY 3TOro K6 IIBCC-cenapaTOpa 11 On- fine 11 C ny'IKOII nporOHOl! CIIHXPO!liiKJID

TpOHB ,liJI!I IICCJ16,liOBBHII!I 1130TOflOB C nepiiO,liOM nonypacna,lla 0,1 CeK II OO~Illl. PaauemeHII6 YCTBHO:B

KII npeJIYCIIBTplll!BBTC!! B 3,liBHIIII, KOTOpoe CTpOIITC!! l! paiiKBX peKOHCTPYR!lHII CIIHxpO!lHKJIOTPOHB, 

Ha pHC. 3 flOK838H 3CKII3 nnaHa 3,li8HII!! CIIHxpOUIIKJIOTpOHB DOCJIB peROH:TpJK!lllll. 11aoc5pazeHO 

npe,liBBPIITBJI:&HOe npe,liCT8BJIBHIIe, 'ITO OC008HHO KBCBBTC!! 381Jl11Tbl Sa JIO:BJIUKO:t nyqKa flpOTOHOl! II 

paauellleHII!I cneKTpoueTpoB. OOopy,llo:saHI!e nep:soro aT ana eaoc5pazeHo B npaB• •II qacr11 aT oro ze 

3CKI!3B, XOT!I OHO Oy,lleT npe,liCTBBJiflTbCH BO BpBM!I peKOHCTpJR!lllll. 

0CHOBHblllll TPY.liHOCT!IIIII npll C03,li8HIIII JCTBHOBKII i!CHAilil l!O BTOpOU 3Ta;Ie ill!ll!IIOTC!I: 

I, 11HTeHCIIBHbl0 fiOTOK c5biCTpbiX HBilTpOHO:B, B03HIIK8DIIIIIH l! IIIIWBHH. 

2. Pac50T8 UIIWBHII, XIIIIII'IBCKOli annapaTypbl II IIOHHOrO IICTO'IHIIK8 IIBCC .. cenapaTopa B YCJIOBIIRX 

60JI:&WIIX HHT6HCIIBHOCT60 p8,liii8~110HHOro Oc51ly'leHII!!. 

nn!l 3811111Tbl CflBKTpoueTpOB OT HB0TpOHOB CTpOHTCH TOJICTB!I THI:BJIOc5BTOIH8H CTBHa. ilpO,llyKTU 

pe8Kl(Hil HBOc5XO,liKMO TP8HCflOPTHpOB8T:& qepea Hee B BH,lle YSKOrO II nap8lli1BJilHOrO ny'!Ka MOHOB 

H30TOflOB p83,liBJIHBIIOrO 3JiiiiBHTS l! 8HBJIII3llpy~l!liiR llarHIIT, 
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PACITAl! 
86 Y 

H.M.ABTOHbBBa, E.n.rpnrop:&eB, A.B.3onOT8BHH, r.c.KaT~XHH, A.~.IIpJT8COB8, 

R.Bpaan, fi.JIHnTaK, fi.Yp6aaeu. 

JlrY, Ollfllll 

4BH:&m H8CTO~B~ pa60T~ 6~HO YTOqBBHHB SHeprH~ H KB8HTOB~X X8p8KTJpHCTHK ypOBHeij H HH

TBHCHBHOCTB~ nepeXO;llOB B 
86 

Sr • 

IlpHKBHRBKN~ llHHHH;llpHqecKHg ~(Li)-;llBTBKTOp HKBH pa6oqn~ 06~eu 12,) CM~ IDHPKH8 HHHH~ 

H8 DOHOBHHB B~COT~ COCT8BHRn8 5-7 KSB B HCCHB;llyBKOM ;llH8D330HB SHeprHM ~- nyqeK. 

liCTOqHHKH 6~HH nonyqea~ nyTBK o6nyqeBHR K8;llKHBBOM MHWBHH npOTOH8iH C SHeprKBM 660 Maa 

H8 CKHXPOUKKHOTpOHB Ullflll. IITTpKBBaR qip8K!l.i!R DpO;llyKTOB 06nyqeHKi! OT;llBIHH8C:b OT ,1.1pyrKX ane

YBHTOB YBTO;llOM pacnpe;llBHKTBH:bHO~ XpOUOTOrpa~KK Ba nopHCTOY ~ToponnaCTl 4 - 6HC-AH 2 - STHH

reKCHHOpTOqiOCqiOpHOM KHCXOTOM B KaqeCTBB HBDO;llBHZHO~ qias~. 

BKX8;ll OT DpKKBCHHX H30TODOB T~8TBX:bHO yqKT~B8XCR npH onpe;~~enBHHH SHeprHK H OTHOCHTBX:b

HHX HHTBHCHBBOCTB~ nepeXO;llOB B 865r • Cna;ll8HHB HHTBBCHBHOCTBM XHHH~ 6~XO npOCHBEBHO B Teqe

HHB aecaon:&KHX nepno;~~oa nonypacna;~~a 86 Y • nonyqeaa~e saaqeHHR aaeprll ~ f- nepexo;~~oa K I!X 

OTHOCHTBH:bH~B HHTBHCHBHOCTH DOKB~BH~ B T86HHI.(B I. AHR cpaBHBHKi! 3;llBC:b EB npHBO;lli!TCR ;ll8HH~e 

ns ;~~pyri!X pa6oT /I,2,3/. 

l!Hi! Ollp6;llBH6HHH KOS~HI.(KBHTOB BHYTPBHHBM KOHBBpCHK HCllOH:b30B8JIHC; saaqeHHH OTHOCKTBX:&

H~X HHTBHCHBHOCTB~ KOHBBPCHOHHNX 3JIBKTpOROB 1 onpe;~~eneHHHB B pa60T8X /[ 1 2 1 3/. HopUMpOBK8 

npoH3BO;llHH8C:b DO TBOpBTHqBCKHK K03i!iiPH!lHBHT8M KOHBBpCHH E2 nepeXO;llOB c:K(fZ) C nepaorO,BTO

poro K TpBT:&ero BOS6yK;llBHHNX ypOBHBM. B T86HH!lB 2 npHBO;llHTCH 3KCDBPKMlHT8HbH~e saaqeHHR o(~ 

H BNBO;llN 0 YyH:&THllOH:bHOCTK nepeXO;llOB. 

Ha puc. I nso6palleaa npe;~~naraeual! aaun cxeua pacna;~~a 86 Y • B ocao eaou oaa cornacyeTcR 

cocxeuoR pacna;~~a, npe;~~nolleHao~ B pa6oTe /3/. B CBRSK c 6onee ToqaNYK ~auepeHHHKH aaeprn~ 

~- nepeXO;llOB yToqaeH~ DOHOllBBHi! HBCKOJ!:bKHX ypOBHBM. Onpe;~~enBHH~B H8iH K03i!iiPHUHBHT~ BHyT

pBHHB~ KOHBBPCHH KHOrHX nepeXO;llOB DOSBOHHJ!H ODpB;llBJ!HT:b HX yYJ!:bTHDOJ!:bHJCTH 1 a TaKEB YTOqHHTb 

CDHHH H qeTHOCTH ypOBHB~. XapaKTBpHO~ OC06BHHOCT:bD ypOBHB~ ~RBJ!HBTC~ 0TpHI.(8TBJ!:bH8H HX qeT

HOCT:b (KpOUB Tpex nepB~ BOS6yll;llBHHNX COCTOIIHII~). Ilpli onpe;~~eneHHH W;(t ;llJ!H SJ!BKTpOHHOrO 

88XBST8 11CD0Xb30B8J!OC:b TBOPBTHqecKOB aaaqeHHB Kj;5+ ;llHH paapemeHHHX lllpeXO;llOB. 

JI H T e p a T y p a 

l. F.Konijn (1958) I NRC 60-52 

2. T.Tamasak1 1 H.Ikegami, li.Sakai; Nucl.Phys. 30;68 (1962) 

3. B.van N?ijen, W.Laurens, H. van Kruyten, A.H.Wa~stra; Nucl. ~cys. 63 (1965) 241-262. 
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TaC!n11na I 

9HBpr111 II OTHOCIIT6Jil>Hbl6 !(!jteHCWOC'll '/t- .IJ'!Bii !
6 Y 

E~,K3B I KOHIIH 
/6/ 

HllaaaKII HolieH llaw11 )(aHHble 
/7/ /8/ 

B KB8HT8X HB 
Na1 NaJ Na'J 'Je (Lt) roO p8Cll8)(0B 

I. 
""Z 

I90.tixxjf"; 

:> .. 
,.0,44 ~0,35 

220.tlX/ , 0,07 ~0,06 

307.11 7. 1,10,6 6,2,10,5 

33I.tlXX/ '0,7 ~0,6 

443.tl I58.tro 17,14 23,2.tl,2 I8,6.ti ,0 

45B.ti ,o,24 ,O,I' 

5I4.tiXX/ <30,0 <24,0 

458.tiX/ 0,24 O,I, 

5BI.ti 

609.tiXX/ 

62B.ti 

646.ti 

IO~ 1 5,4;t0,4 4,3;t0,3 

45.t.7 >::2 .;r,6 

I49.t,6 38,0.ti,8 30,4.ti,I 

32;t6 I3,1.tO,, II,O.tO, 7 

704.tl I 15 65.t6 17,14 8.t3 6.t2 

?II.ti 4,0,10,3 3,2,10,2 

77B.ti I I4 86.t6 25.t5 I8.t5 I4.t4 

BI?.tlx/ ,:;I,O ' o,a 
836.tl I7.tl0 9' 5.t2 ,0 10,5,10,8 8,4,10,6 

958.tiX/ ~0,88 .; 0, 7 

I026.ti 

I076.ti 
I3.t6} 4,7j;0,4 3,8,10,3 

roo no roo 82,0 

Il42.tiX/ ~r.o ~ 0,8 

II52.ti I 39 

II59.t2X/ 
40 } 38,I.ti,8 30,5.tl,5 

43.t8 ~5,4 ~4,3 

I255.ti 3 I,5.ti,O 2,3j;0,2 I,B.t0,2 

I348.tl I "'5 4 6,0.tl,5 4,6j;0,4 3,7,10,3 

I789.ti .-r,5 <> I,2 I 
IBOO.t2 4,5.ti,5 2 ,2j;0,2 I, 76j;0,2 

I 
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.:: 

IS~~ I 12.tl 
l887,t2X/ 49 

1920.±2 Il.t1 

2007,t2 

2568;t2 5 4 

(2612,t2) 

(2618,t2) 

(2645,t2) 

280I,t3 0,3 

2874,t!:> 0,8 

2960,tiO 

3090,tiO 0,4 

3300 0,7 0,2 

3750 0,06 

3860 

.. 
22,t5 

29.t6 

5,5,tl,O 

1,0,t30 

0,2,t0,1 

0,2±.0,1 

O,B,tO,O~ 

0,06j;0,06 

OpoxoueHze !'Sfili.I 

21, 7,tl,I 

~o,5 

27,3,tl,3 

~ 2,7 

2,8j;0,2 

1,55j;0,12 

0,63,t0,08 

0,24j;0,04 

0,30j;0,09 

0,55,tO,IO 

0,17j;O,I3 

0,22j;O,II 

I 

17. 7j;0,8 

~0,4 

21,9,tl,2 

~ 2,16 

2,24j;0,2 

1,24j;O,I 

0,5I,t0,7 

O,I9j;0,03 

0,24j;0,07 

0,44,t0,12 

O,I4j;O,II 

O,IB,tO,IO 

X/ llepi!OAH Cil8ABHHR HHT6HCHBHOCT62 oTHX lii!HH" onpe~eli6HH C 60llbWU" norpeWHOCTbD 
I npBH8Ali6KHOCTb HX K p8Cll8AY ~y npeAll0liOXHT6llbHB. 

XX/ 9!'1! liHHHH H8~l!DA8lii!C~ B cneK!'pe Sli6KTpOHOB BHJTpeHH6" KOHB6pC~H. 
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f0 KBB 

!90.t! 

252.t! 

307±! 

33!±! 

443±! 

5!4±! 

58!±1 

609,t! 

628.t! 

646±! 
704±1 

?II.ti 

778.ti 

836.ti 

~026±1 

!076±1 

II59.t2 

II52.ti 

1255.ti 

I348.ti 

I789.ti} 
1,' 

!800±2 ;; ~ 

I854,t2 

I920.t2 

2568±2 

,; 

l
fll 
; 

l 

TaC5JIIIUa 2 

KoatPt tii!III8HTH KOHBepc~<~ll 11 IIYJII>TIInoJIJ>HocT~<~ nepeXO/.\OB B 
16 Sz • 

1" Ha 106 
pac1 iB/.\OB It o{"-x !04 BHBO/.\ 0 yYJll>'l'llllOJ!l>-

---
/6,8/ 

Ha !00 pac- HOC Til 

/?/ na;l.\oB /6,8/ /?/ UO HBWIIII /9/ 
iiaHHblll 

!072 39( !±3 <:0,35 ~3100 HIIO E2 

!4 ~ I,I >!3 •JIKJC5aH 

!35 6,2,t0,5 22 EI 

66 ,0,6 ~!09 E2 

343 I8~ .ti? I8,6.ti,O IS IO,I EI EI 

242 !2~ ±II .;24 ~IO > 5,2I JIDclaH 

!07 6E ±? 4,3±0,3 24,8 15,3 MI,E2 

16 2< ±3 "'I,6 ~9,9 41!3,4 E2,M1 

246 14~ ·±? 30,4±1,5 8,1 4,78 EI(IH) EI 

!76 III >±? II,O±O,? 15,9 !0,'7 E2,MI M1,E2 

160 17' l±? 6.t2 26,6 28,3 E2,Ml l.II,E2 

21 I8. t3 3,2±0,2 6,5 5,63 E1,(E2,MI} 

I87 14±4 !3,3 E2 MI MI,E2 

41 8,4±0,6 4,88 E1(E2,M1} EI 

I? 3,8,t03 4,44 E2,M1 E1 

346 82,0 4,33 E2 npiiHHTO MI,E2 

I4 ~4,3 ;;. 3,31 E2, MI 

II? 30,5.ti,5 3,96 E2 npiiHIITO M1,E2 

4,2 !,8±0,2 2,34 E2,MI 

!0,3 3,7,t0,3 2, 79 E2,M1 

2,2 .;1,2 }-2,96 ;;. 0,73 EI 
!,76 

27 !7,7±0,8 !,45 E2 npiiHHTO MI,E2 

2! 2!,9±1,2 0,93 EI(E2,MI) E1 

2 2,24±0,2 0,87 E2,MI EI 

---------- -----
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I 

cnEKTP r- JIY'!E~i 1'130TOnOB 
93 Tc (2175 q) H 

94 Tc (419 ql) 

fl~Bpaan, I.C,KaTiiXMH, M. K, Hl!Kl!TIIH, I.J, ll,no)(KOnaeB, il, YpOaHeU 

JII'Y, O!tlflll 

Cnearp f- ny11ell ilaoronoB Tc - I!JpaKitiiH l!Ccne,lloBaH c llOIIOIII.bll t- cnearp~lle:rpa c 9e- (Ll)-

,lle:rearopoll, o6belloll 5 c113 , Ollflll. llaorollli no1iy'!B1IIIC» no peaa~H rny6oaoro o:r~enxeHHH npH 

oCxy'!eHHH Cd lll!WeHH llfOToaalll! Ep; 660 IISB. llallepeHHH, aaqarlie qepea 4 qaca nocxe KOHita o6-

1Iy'!eHHa,npoBO/.lH1IHC» nepliO,llli\I€CKI! ll T€'!6HH6 3 CyTOK, 

B cneK:rpe ;r- nyqell 11ao:ronoa Tc- I!JpaKitllll ll/.l6HTIII!JIIIUIPOBaHii f- xy'lll pacna,lla 
95 Tc 

(20 '1): 204,0; 686, 767,5; 839; 948,6 ll I074 KSB ll p8Cll8,ll8 96 TC (4,3 ,llH.): 314,2; 4)~ 0 5; 
461; 780,0; 814,0; 851,0; 1092; 1127; 1200; 1442 H 1500 KSB. 3Ha\leHliH SHepri!ll ll OTHOCHTen»

Hiie HHT€HCHBHOCTll (- ~yqel! cornacy~TCH C ,ll8HHiiiiH pa60T /1,2/. 

Cnex:rp f - nyqell 
93 Tc (2 I 75 q,) 

93'1' 
no 113116HeHllll IIHT€lCIIBHOCTII (- nyqell BO BpelleHII Hall,lleHii t- 1IY'Ill pacna,lla iC TI/2 

(2, 7,±D,I) qaca. 
93'1' 

3Ha'!eHI!H aaeprlll! I OTHOCIITe1!DHiie IIHTeHCHBHOCTI! (- Xy'!ell p8Cll8,ll8 JC npiiB6,ll6Hii ll 

T861il!l.le I B cpaBHeHIIH ; ,llaHHiillll pa6oTii /3/. 1" - nyqell ISO, 700 KSB /4/ HBIIII He Ha61ill,llaxoc». 

B H8'!81ie ll3llepeHI!I 38116\16Hii '(- 1IY'!ll 390 KSB paCllB/.18 
93mTc (43 llliH,). 

B '(- Cll€KTpe 93T,) H811/.l6HO llHTh HOBiiX nepeXO,llOB: I72; I382; I522; I540 M I7I1 KSB. 

Ha pliC. I npliBO,lliiTCH c:tella pacna;D,a 
93Tc C BOSIIOI:Hiill paalle~eHIIell H80XIl,ll86llliX H81111 nepeXO;li.OB. 

K 
llCXO,llH liS 3H8\I€HHi IIHTeHCHBHOCTell (- Xy\lell ll :reopeTII\I€CKIIX 3HS'!eHHII p~ ,ll1IH paapeWeH-

HiiX nepexo,llOB paoo:rli ;;; , oueHeHbl B61iii'III!Hii ~ ft /.l1IH B03IIOXHiiX Be neil pacn8,lla 
93ic. 3Ha'!e

HHH lD<Jft. yKaal:lBaDT Ha p:tapemeHHiili THn nepexo,llOB np11 pacna,lle 
93 Tc (ell. pile. I). 

3TH ,llSHHii€ 0 COBIIe<:THO C cy~eCTBOBSHII€11 (- rrepeXOAOB !363, 1478 II 1522 KSB, llOSBOJIII-

IlT rrpe,lliiOXOXIIU, \ITO C<l0Tll€TCTBYDU1116 B030Y:I/.l€HHiie COCTOHHIIH H,llp8 
93Mo l!llellT CIIIIHii II \leT-

93 
HOCTh 7 /2+ + 9/2+, T,K CIIHH OCHOBHOro COCTOHHIIH H,llpa <12. Mo

5
l- 5/2+ onpe,llexaeTCH, COr1!8CHO 

CX€11€ :.!a~epa, 51-11 HeliT)lOHOII 0 H8XO,llHIJIIIIICH B COCTOHHIIIl Q5jz , no BCel! llll,lliiiiOCTH, rrepBOe BOS-

6yX,ll6HH08 COCTOHHII8 H;li.Jl8 g
3Mo COOTB€TCTByeT O,llHO'!SCTII'!HOJIY BOSOyll,lleHHil II XapaKTepHSyeTCH 

Cfii!HOII 9 /2+ 1 YpOBHII H,ll]JS 93Mo C SHeprllllllll 24I0,29Q3 II 3074 KSB BepOHTHO, IIII€1DT KB8HT0Biie 
93T • xapaKTepiiCTIIKII OT 7/2+ ;li.O II/2+, ec~ll IIO~araTb Clll!H OCHOBHOrO COCT0HHHH H~pa C Y/2 

corxacHiiM c ~aHHUMI! oa5oTu /3/. 

g~T 
CneKTp r- JIY\Ielt c (419 \1,) 

B crreKTpe r- nyt elt 1130TOfiOB Tc- I!JpaKI.(Illl yCT8HOBn6Hii XIIHIIII, IIHT6HCIIBHOCTD KOTOpliX 

I!SIIeHHeTCH c nepllO/.lOII I oxypacrra,lla 94 Tc I 
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8HeprHH H O'lHOCI!'reJI:&Hhle IIHTeHCHBHOCTII f- llj''lel! paCDa,lJ,8 
94 

''c IlpiiBe;lleHhl B 'l86Jl11Ue II 

B cpaBHeHHH C ;118HHhiUII pa60Thl /6/. He H86J!D)I88TCH 1'- Jly'lell C SHe)rHel! (434±1) KSB /6/ 0 HO 

CYII\8CTBYI>T 0- llj''IH 449,5 KSB. no BC8l! BH;IIHUOCTll 0 8BTOphl p860Thl /6/ OWH68MCf! npH H]leHTHiflH

K31.\llll '( 434 HS-38 HHJIH'IHf! IlpHMecel! ;~~pyriiX HSOTOIIOB Tc B HX l!eTO'IH 4Ke. 

no HSUeHeHIID OTHOmeHI!f! IIHT8HCHBHOCTell (872,5 H o704,0 BO BleUeHH yCT8HOBJI8H0 0 'ITO B 

H8'18Jl8 llSMepeHHil (872,5 COOTBeTCTByeT '(- J!Y'IBU pacna;~~a 94 Tc(4,9 '1) H
94

mTC(52 UHH). d
JlyqeJl C SHeprHel! 340 K8B /4/ He H86JID;li8J!OC:&. 

HauH YTO'IH8Hhl SHS'IeHHf! SHeprlll! paHee H3BeeTHbiX (- J!y'lel! 
94 "c II 06Hapy:W:eHO meeT:& HOBHX 

'(- nepexo;~~o:s (cu.Ta6Jihli.Y II). Ha p11e. 2 npHBOAIITCH cxeua pacna;~~1 94 Tc e y'leTou HOBhiX ne

pexo;~~o:s. np11 nocrpoeHdll cxeubl pacna;~~a Y'IHThiB8J!HC:& ;~~aHHhle pa6oThl 16/ o cyll\eCTBoBaHHH nHKDB 

cyuu npH SHeprllf!X 31'10, 3360 H 3880 KSB • 

.l\JIH B03UO:W:HhiX B8TBeli p8Cll3,ll8 94 Tc onpe;~~eneHbl B8JlH'IHHhl Uxj f!; (cu. pile. 2), HCXO,llf! HS 

3H3'18HIIIi IIHT8HCIIBHOCTII (- JlyqeJl II T80p8TII'18CKIIX OTHOW8HH~ ~~ />/ 0 KOTOpble yK83hiB8DT HB 

pa3pemeHHbll! Tlln nepeXO;IIOB npH pacna,lle 
94 Tc • CJI8,1lOB8TeJl:&HO, 3113'1 ~HHH Cllii!IOB II '18'1'HOC'lh ypOB

Hel! H,llpa 94 Mo C SHeprHHUII 2427,5 KSB H Bblme, BepoHTHO, 0'1' 5+ ,1!0 J+, e'IHT8H 0 'ITO CllHH OeHOB

HOrO COCTOHHIIH H,llpa 
90 TC 6+ IIJIH 7+ /6/. 

PaBeHeTBO (B npe,llenaX OWH60K) IIHTeHCllBHOCTel! (- JlyqeJl K3CKl,1!8 851-704-872,5 KSB 

yKaShiBaeT Ha U3J!YD BepoHTHOeU jJ- !!epeX0,1!8 Ha ypo:seH:& 1576 0 5 KS ~ ( 4 +) HAPS 
94

MO npH paen3,1le 

94Tc. CJI8,1lOBaTeJ!:&H0 0 113 BOSUO:W:HhiX no U0,1!8J!II 060J!O'IeK 3H8'18HIIl! C04H8 OCHOBHOrO COeTOHHHH 

MPH 94 Tc- 5,6,7, - CIIIIH, paBHbll! 5, uoxeT 6b1Th IICKJ!I)'!eH. 

CyllleCTEOB8HIIe K3CK8,1!3 '( 743 - r 8~>1 Me:W:,lly ypOBHHIIII 3170 - 24 ~8 (6+) - 1576,5 KSB ( 4+) 

II npauoro f-nepeX0,1!3 I593 KSB U8E,lly ypOBHf!UH 3170 II 1576,5 KSB 10K83hiB88T 0 'ITO KB8HT0Bhl8 

xapaKTepi!CTIIKII B03ClYll,lleHHOrO COCTOHHHH HAPS 94Mo 3170 K3B 5+ IIJII! 61'. 

ABTOpbl Bblpaza~T ClXaro,llapHOCTh E.n.rpHrop:&eBy 33 npOHBJ!811Hbl~ I!HTepec K H3eTOHme~ pa

OOTe, ].X.EaTIICTy, ].~.npoTaCOBO" II A.]. MapTbiHOBY aa IIOMOII\h B pl60Te. ABTOpbl IlpH3H3T8Xh

H~ E.C.~eJienoBy II H.Yp6aHuy 38 BHIIU3HI!e II C0,1!8~CTBII6 npOB8A8HIID STOll pacJOTbl. 

Tac5ili!Ua I 

8Heprl!ll II OTHOCIITBJihHble HHT8HCIIBHOCTII r- nyqel! pacD8.ll8 93Tc. 

no pa6oore /3/ I 

Er (KaB) OTH.IIH"r. 

I 860±2o 4±1,5 

, n5o±IO IOO 

I 1490+10 50±5 

Hamil .llBHHble 

E '( (KBB) 

172±2 

-
1363±1 

1382±2 

I 147B;tl,5 

35 

)TH.IIHT. 

1,0;t0,4 

IOO 

I ,O;t0,2 
12 ,O,;t0,8 



no pa6oTe , 

Er (Ka:s) 

I490;tiO 

2030;t30 
2440;t30 

'3/ 

OTH.IIHT. 

50;t5 

0,5'1.±0,15 
0,55;tO,I5 

Hamil ,naHable 

Ef (K3B) OTH,IIHT6H, 

I522;tl,5 38,0;t3,0 
I540;t3 I,2;tO,I5 
I7II;t3 0,6;tO,I 

- -
24IO;t5 0,4;tO,I 

Ta6n11na n 

Saepr1111 11 oraocllreJThable I!HTeHCIIBHOCTII (- nyqelt pacna,lla 94 Tc. 

no p< 

E r (1 

702,2;t0 

849,4;t0 

870, 7;t0 

I600;tiOO 

. 

. 
• 

Clore 

3B) 

7X/ 

?X/ 

?X/ 

/6/ 

OTH, IIHT, 

5 ± 3 

roo 

I94;tiO 

5 ± 3 

Hamw ,llBHHHe 

E( (KaB) OTH,IIHT. 

(232) "'0,6 

292;t1 0,6;tO,I 

449. 5.±0, 7 3,6;t0,4 

532,0;ti 2,5;t0,4 

704,0;t0,8 roo 
743,0;tl,5 I,6;t0,3 

85I,O;ti,O 98;t5 

872,5;ti,O IOO;t5 

9I7,0;ti,O 7 ,5.±0,4 

I5IO;t2 0,9;tO,I5 

I593;t2 2,5;t0,3 

X/ Saepr1111 t- Jiy'le!l, Halt,lJ.eHHble l!O Cl!6KTpy KOHB6pCIIOHHbiX 3JICKTPOHOB. 

~ 11 T e p a T y p a 

·I. R.Cesareo, H.Larghoff, A,Flammersfeld, Zeitschr.f,Phys. 121 1 426 1 1966 

2. B.A.Aree:s, H.Bp:an, H.~llnraK, B.K.Malt,llaHmK, H.Ypeiaaen, A.M.~eOKTIICTOB 

Ma:s. AH CCCP, ctp.W113, 3I, ~ IO, !967. 

3. G,B,Vingiani, s.~onaro, R.A,Ricci, R.van Lieshout, Nuevo Cim. £2, 729, 1962, 

4. B.C.E, Nwosu, M, L.Pool. Bull. Am. Phys. Soc. 2• 501, 19o4, 

5. P.F.Zweifel. P1ys. Re•1, 107, 329, 1957. 

6. Y.H.Hamhlton, K. >.G.Lobner, A.R.Sattlcr, R,van Lieshout. Physica. ZQ, 1802, 1964. 
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9~ 7' 
¥3 : S"O 

307'1 --------.---.....-- Q-:::.320/J 
2903 

2410 

%j%+f522 
f.t+ f470 

~i %-+ 1363 

o/,1+- 0 

ft+660; (,5"%; e 2-V% (.5;3) 

fi+7as; 48%i c'li~% (~7) 

g+ 82.0; 12, a%; E 53 •y (11,8} 

Pac. I. Cxe11a pacnaAa 93 Tc (2, 75 '~~·) 
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PACIIA11 !02 Rh., I02m Rh 11 IOI Rh 

H.M.AHTOH:&e:ea, E.li.I'pKrop:&e:e, A.B.SOJIOTSBIIH, M.K.Hi!KIITIIH, M.J.1.Co:ei,Oll 
H.BpsaJI, H.RllnTaK, H.Yp6aue~ 

Reul!Hrpa~cKKil rocy~apcT:eeuuYK yuK:eepcuTeT,011HJ.1. 

IISBeCTHY ~Ba IISOUepHYX COCTOHHIIfi !02 Rh. C nepHO~SUII ITOJiypacna~a 2: 0 .li;Hel! II OKOJIO 3 

JleT. B pesyJI:&TaTe j/- pacna~a HJIH Sli8KTpOHHOrO 38XB8T8 3TIIX i!SOUep"OB liOS6yll:,ll;8ilTCH ypOBHII 

'18TKo-qeTuoro MPS I02 Ru. • llsyqeu11e cneKTpa (- nyqell 11souepo:e po.nKu np1 •IISBO.li;HJIOC:& c no

IIOIIU>Il Ge(li)-~eTeKTOpOB KOSHCKSJII.HOrO Tlll18 C qyBCTBIIT8JII.HYU 06:&811011 5 CU: K !2, 5 cu3 II C pas

peweKH8U OKOllO 5 KSB. friCTO'IHIIKII 0YllK 110JIY'I8HY B pesyll:&T8T8 06lly'I9HIIH CtpeOpllHOI! Kllll KS.ll;lllle

BOII UIIWeHII 11pOTOH8UII C sueprHell 660 USB HS CIIHXpO~IIKJIOTpOHe Oii!HI! C noc::e~IOIIliUI XIIUI!I!eCKIIll 

BY,ll;eJieHIIeU pO,ll;lleBOII 4Jp6KU1111. frlsuepeHIIll npOIISBO~IIJIIIC:& qepes 3 ro~a ITOCJII• ITOJiy'leHIIll :J,li;HOrO 

113 IICTO'IHIIKOB II qepes 3 U8C!l~8 110CJI8 110JIY'I8HIIfl ~pyroro. PSSJIII'I!IIe B cnei:Tpax SSKJiil'ISJIOC:& B 

TOll, 'ITO IIHT8HCIIBHOCTII HeKOTOpYX r- llHHKII, B TOll 'IHCll6 (475 KSB, B 11 c:BeJ:eU 11 IICTO'IHI!Ke 

OK838RIICb BYWe, '1811 B 11 CTBPOU11
, CJie,li;OB8T6llbHO, B 11 CBeli!8U 11 ll.:lTO'IHHKe co;;epll!aJICll 2I0-,2:eeBHb!ll 

102 R h. ' B pacna.ne KOTOporo H8K60Jiee RpKO npO!lBJIR8TCH r- JIIIHIIR 4?5 Ka:•. B T86JIII~e I npl1Be

,li;8Hbl .naHHble o cneKTpe '(- nyqel! I02 R h • Suepr1111 nepexo~oB xopowo co:ena, iSKJT c .naHHb!UK paOOTY 

POCliiHSOHa II ,ll;p. /I/, Bbii10JIH8HHOil Ha ITOJiynpOBO.l(HI!KOBOU cnei{TpolleTpe CO ,. CT8pb1U 11 npenapaTOU. 

00Hapy:reHII TSKJte HOB!Ie nepeXO.l(ll. 11!3 l1SUepeHllll IIHTeHCliBHOCTeli aneKTpOHO: 1 BHyTpeHHell KOHBep

Cilll II f- Jly'leil B pacJOTe /2/ CJie~eT, 'ITO Bee K03iMJII~IIeHTbl BHyTpeHHell J:OHBepCIIII COOTBeTCT

BYDT l.!I IIJIII E2 nepexo.nau. YTO'!HeHIIe cneKTpa r- ny'lell He l.teHHeT BllllO.l(a 1\ uyn:&TIIITOJII.HOCTHX 

nepexo.no:e. llony'leHHIIe .naHHIIe xopowo no.li;TBepz.naDT cxeuy pacna.na TpeXJieTJ,ero cocTOllHIIH I02 Rh., 
nBe HOB~e lliiHIIII 345 K3B II 414 K3ll pasue~eHII ll 3TOA cxeue. BBO.l(IITCH HOllllll ypoBeH:& C 3Heprll

elt 1797 KSB. Xapai{Tepi!CTIIKK 2+ ypoBHeli C 3HepriiRUII 475 K3ll II II02 K3B 02 Ru ycT8HOBJI6Hbl B 

npe~HIIX pa60T8X, B KOTOpiiX 113Y'I8JIOC:& KYJIOHOBCKOe BOSCly~~eHIIe /3,4,5/. 

Ypo:eeH:& !873 KllB paapl!Jt88TCH TOJI:&KO HS COCTOHHI!e II06 KllB 4+, II HOI Hero npOIICXO.l(IIT 

aneKTPOHHb!A saxBaT B I02 Rh.. Y'lllTII:Ball 3Heprl!l0 ypo:BHR, no auanor1111 c pR;tou ~pyr11x '!eTHo-'!eT

HWC fi,D.ep B STOll 06JI8CTII, ypOBHil 1873 K3B CJie.nyeT 11piii111C8Tb CITIIH II '16TH•>CT:& 6+, 3TOUY He 

UpOTHBOpeqaT pesyJibTSTH OITIITOB ITO yrllOBb!U Koppellll~IIHU, XOTR CBKII 8BTOpii /2/ ~8JI8ilT ~pyrolt 

BilBO~ 113 peayJI:&TSTOB 113118p8HIIi.\. Pa60T~ /2,4/ Clb!JIII Bb!UOllH8Hbl, KOr,ll;a CX61111 pacna.na TpeXJieT

HerO II ~BYXCOT,li;H6llHOro i!SOU6pOB He 611JIII e~e Ho.l{e~HO yCT8HOBJ16HII, YpOB6d:& 1521 KSB paSp111:88T

CR (- nepeXO,li;SUII H8 COCTORHIIfl THUS 2+ II 4+, II HeT '(- !1ep8XO,ll;8 HS OCH•IBHOe COCTOHHIIeiQ2 Ru.. 
1\SHHI.te 00 yrJIOBIIX KOppeJifl~llfiX K8CK8)(8 f ~0 1Ho - ( 475 D03BOJIHilT IICKJIKl'lll":& 3HaqeHIIH 4 t II C,ll;e

JiaTh llllBO.ll;, 'ITO CDIIH ypd'BHH paBCH 3. 0T ~YTG'~BIIC nepeXJ!la C ypOBHR 1873 K3B 6 + Ha 3TO COCTOR

Hi!e COOTBGTCTBJ6T Bh!Clp811HIIU xapaitTep~CT>!KaM 3'. 



f. 
I 

0~H03H8qHo ycTaHBBXHBlDTCH K XapaKTepKCTKKH 5+ ypOBHH 22!8 KSB no cnocoOy ero paap~

KH H no peaynbTBTaY eawepe!H~ yrnoB~x Koppena~en (III2- (631 1 4 /. 

YpOB8Hb !797 KSB BBO~ITCH no 00HapyzeHH~Y B HBCTOH~KX H3YepeHHHX TpeY cna0~ t'- nepexo

~8Y, Hs ~BYX B03YOE~X 3H8!8HH~ xapaKT8pHCTHK 3+ HXH 4+, nocne~aee K8E8TCH npe~noqTHTBXb

He~, TBK K8K B ~pyrax ~pac 00HqHO He 00HapyEKBa8TCH ~Ba ypOBHH THna 3+ H8 0XH3KOY paCCTOH

H~H, 8 3HaqeHK8 4+, KpOMC ~oro, COOTBBTCTByeT YO~BXH H88KCHaXbHHX ~ep, 

hanaac HHTeHCHBHOCTe~ (- nepexo~oB,BOSHHKam~ex npe pacna~e TpexneT~ero 102 Rh,noKaaH~ 
BaeT, qTQ HHT8HCHBHO 38C8X!DTCH Sa cqeT 3X8KTpOHHOrO 3aXBaTa TOXbKO ~Ba BepXHHX ypOBHH, Ha 

3THX ~8HHHX Cne~yeT, qTQ nJH pacnaAe TpexneTHero H30Yepa B030y&AaDTCH ypOBHH C BHCOKKY CnH

HOY 5+ H 6+, H CnHH 3TOrO 130Mepa paBSH 6+, TaK KaK H8T 3X8KTpOHHOrO aaxBaTa Ha ypOBHH 4+, 

IT03TOYY KOMnOH8HTH cneKTpa C rpaHHqHHYH 3H8prHHYH 1295 KSB H 820 KSB, HAJ~H8 H8 OCHOBH08 H 

nepBoe B036YJ[~8HH08 COCTOli IH8 I02RU.,OTHOCHTCH K pacna~ 2!0-~HSBHOrO !02 Rh , B HaCTOH~ee 
Bp8YH HeT ~BHHHX 06 SHeprHI pacna~a TpexneTHero !02Rhe H8B03YO~HO pemHTb, K8KO~ H3 ~BYX 
ypOBHen STOrO H30Tona OCHOlHon, a KBKO~- B030y&~8HHH~. 

H3 CX8YH pacna~a (pHc.I) BH~HO, qTo Ha OCHOBHOe COCTOHHH8 I02Rue~yT XHWb ~Ba ~nepe
XO~a. ITpHHKKBH HX CYYKBPHYl HHTBHCKBHOCTb aa100 B~HHHU, KH nonyqey HHTBHCHBHOCTH BCBX ne

pexo~OB B npoueaTax aa pacna~ TpexneTaero I02 Rh. 3TH qecna yKasaa~ aa cxewe pacna~a. DT
cm~a CXe~yeT, qTQ Ha COCTCHHH8 1873 KSB H~eT 33%, a Ha 22!8 KSB - 61% pacn~OB ~OXrOEHBy

IJlBrO H30Yepa. 

3aeprHH pacna~a ~ByxcoT~HeBaoro 102~h paBHa 2317 KSB. ITpeaewaa TaKym ae aaeprem pac

na~a ~XH TpexneTaero I02Rh,woxao nonyqeTb, qTo Beneqeaa ~ft = 6,2 ~na saxBaTa Ha Bepx

BHI! ypOBBHb H ~ft= 7,9 )XR aaXBaTa aa ypoB8Hb 1873 K3B, 3aeprHH pacna~a ae li0JI[8T O~Tb 
Kel!bme 2270, TaK KaK aTo rpi!Beno 6H K oqeab wanowy aaaqeal!m ~ft<5,3 ~nR nepexo;1<a aa ypo

BBHb 2218 KSB, YBeneqea11e aaepree pacna;1<a aa 200 KSB npeBe;l<eT K Benl!ql!ae ~ /t = 7 ,3. ITo

nyqeaH~e OUBHKH 4ft /J- nepeXO~IB HB ;1<pyr11e ypOBHH, yKa3aHHii8 Ha PHC.1, nO;l<TB8pll~aiOT 
SaKnmqeaee, qTO CllHH H qeJHOCTb TpexneTHero COCTOHHHH I02 R~ 6+, 

Hs cneKTpa (- nyqt It "cBeaero" ecToqaeKa102 Rh. cne~eT, qTo pacna;1< ;l<ByxcoT~HeBHoro 
IOZRft npOHCXO~IIT Ha ypaBI H 475 KSB z+ II II02 KSB 2+, YCT8HOBn8HO TBKEB, qTo npOHCXO;l<HT 

pacn~ Ha nepB08 B036yll;1<81 HOe COCTOf!HHB I02Rft , SHeprHfl KOTOporo 558 KSB 6HX8 H8;1<aBHO ycTa

HOBXBHa B pa6oTe /6/. Ha jHC. 6 npiiBB;l<BHa cxewa pacna;l<a l<BYXCOT;l<HBBHOro COCTOf!HHH 102 Rh. 
~XH. onpe;l<BXBHHfl MHTBHCHBHCCTen B8TB81t pacna;1<a 6~XII HCnOXb30BaHH 3H8prHII H HHT8HCHBHOCTII 

p+ B p- KownoaeHT cnnomHOJ o cneKTpa no paCioTe /2/ I(,&+ 1295): I(ft + 820): !(:(3- H50) 

16,2:6,3:29,6 H T60p8THqecKH8 3HaqeHI!H K;fp+ ~Xfl COOTB8TCTBYD~HX BBTBB~ ~+- pacnS;l<a, a 

TBKae ycTaHOFX6HHH8 B HaCjQHIJlelt pa60T8 HHT8HCHBHOCTH (-nyqeA,B03HI!KaD~X npll pacna;l<e ABYX

COTAHBBHOrO I02Rh, ITonyqt HHH6 peayXbTSTH n03BOXHDT C;1<8XaTb B~BO;l<, qTo cnHH H qeTHOCTb 
102Rh IHnll 1+. 
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r.!a ypOBHell '16TH0-'18THOrO H,llpai02Ru. IIOliHO BH,ll6JIIIT:& 11 0CHOBHYil° K38311-pOT81{110HHYil DOJIO

cy: 0+, 2+, 4+, 6+, MOliHO npe,llDOJIOliiiT:& TBKlle, 'ITO ypOBHII: 2+, 3+, (4+) II 5+ OTHOCHTCH K ,llpy

ro~ DOJIOCe, TaK KSK BCe nepsXO,llU 116ll,lly BTIIIIII ypOBHHilll llll61lT CiOJI:&Wyll DJI!Be,lleHHyll BepOHTHOCT:&, 

'1811 nepeXO,llU HS 11 0CHOBflYil0 DOJIOCY • 8TH DOJIOCU IIOliHO CODOCTBBIIT:& C 11 HO pii8JI:&H0~ 11 II 11 8HOU8JI:&

HOM11 pOTBI{IIOHHUIIII DOJIOCHWM DO IIO,ll8JIII B8aKCH8JI:&HUX HAep. 0,llBaKO, TSKaH IIHTepnpeT81{11H HBJIHeT

CH JIIIW:& Dpe,llDOJIOli6HII611 0 ~TO H8 BUCOTe 1,5-2 IISB Clle,llyer OXK,ll8T:& DOHBJI€HKH ypOBHeK AByx4aCTI!q

HOI! npHpO,llU 0 II HaCiJIIl,ll88UU6 COCTOHHIIR IIOryT OKa3aT:&CH HlleHHO TBKIIIIII y~OBHHIIII. 

KOJIJieKTHBHSR npllpO,lla nepBUX B03Ciyll,lleHHUX ypOBHell TilDa 2+ BO IIHOIIIX 'leTH0-'18THUX H,llpax 

YCTBHOBJieHa HS OCHOBSHIIII 3H8'111T8JI:&HOrO yCKopeHIIR E2-nepeXO,llOB HS OCHCBHUe ypoBHK, EJIH3KIIe 

CBO~CTBS B PHA6 HA6P 11, no-BH,llHIIOIIY 0 0,lliiHaKOBYil KOJIJI8KTIIBHyll npllpO,lly ~1161lT BTopue ypoBHII 

TIIDS 2+ II COCTOHHIIH CO CDIIHOU II 'ISTHOCT:&Il 3+, B TSCiJIIIUS 2 npiiBO,llRTCR 3Heprllll KOJIJieKTIIBHUX 

ypOBHell ,llJIH PHAS HAep II OTHOWSHIIH DpiiB8,ll8HHUX BSpOHTHOCTell K2-nepeX010B HB HlllleJiella~lle ypOB

HII, llp11 aTOll ,llenaeTcH npe,llnono•ealle, 'ITO llyJI:&THnon:&HOCTII acex nepexo)OB E2. Ta6n11ua 2 no

Kaauaaer, 'ITO CBOIICTBS 102Ru DOXOllll Ha CBOI!CTBS pHAa COCe,llHHX flA6p, Eo!ee ,ll8T8JI:&HUII 8HaJIII3 

B03110li8H Dpll yTO'IH8HIIII JIYli:&TIIDOJI:&HOCTsl! nspeXO,llOB II yCTBHOBJieHIIII BpeleH li113HII ypOBHell, 

K pacnaAY nRTIIJieTaero IOIRu. OTHOCHTCH 5 nepexoAoB (raCiJIIII{a I), ;aepr1111 11 HHTeHCHBHOCTII 

KOTOpUX ClUJIII onpe,lleJieHU B paCloTe ft!BSHCB II ,llp. /II/. K 'IIICJIY 3THX nept XO,llOB OTHOCIITC'I ( 422, 

HO OTHomeHI!e It (422) : I'( (325} = 0,020 B pHClOTe /II/ B 4,4 p&aa 111 Hhme, '1811 oKaaanoc:& 

B HaWIIX 113UepeHHHX (0,087), 0TCil,lt8 UOliHO C,ll6JI8T:& BUBO,ll, 'ITO CiOJI:&WaR '.aCT:& IIHT8HCIIIlHOCTII 

Ir(422) npiiHBAJieliiiT nepexoAY a I02 Ru.. 
CJiaCiue r- JIIIHIIII c 3Hspr11Hilll 167 K3B II I?I K3B IIOryT npiiHB,llJI8llB' ':& KaK pacna,llV IOIRh. 

'l'BK II ID2 R\\ • 

llony'leHHue ABHHue o pacnB,lle I 01Rn nOATaepll,llallT cxeJIY pacnB,lla aT••ro llaorona,npe,llnozea

HYil KBaBCOU II AP· /II/. 

Asropu BUpallallT CiJiaro,llapHOC'l':& B.O.Cepreeay sa DOJI83HUe OClCYliAeHIR II ].~.llpOTaCOBOI! II 

D.H.llO,llKOnaeBy Sa DOIIOm:& B 113UepeHIIHX. 

R 11 T e p a T y p a 

I; R.L.Robinson, P,H.Stelson, F.K.McGowan, J,L,Ford, W.T.Milner, Nucl.Phys. 74, 281.1965. 
2. K.Hisataki, J.P~s. Soc. Japan, 16, 1280 1961. 

3. J.M.Temmer, N.P.Heydenburg. P~s. Rev. ~04, 967 1956 

4,P.H.Stelson, F.K.llcGowan. P~s. Rev. 121, 209 1961 .• 

5; P.H.Stelson, F.K.McGowan. Bull.Amer. P~s.soc. 2, 267, 1957. 

6, P.Charoenhwan. I.R.Ricbardson. Nucl. P~s. A94, 417 1967· 

?. R. Cesareo, H.T.anghoff, A.Flammersf'eld. Z.Pb,ys. 197, 426 1')66, 
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B. H.M. AHTOHhBBB, I.Bpaan, E.C.AzenenoB, r.c.KaT~XHH, a.~HITTBK, ~.~.llpOTBCOBB, 

B.E.CMHpHOB, a.YJ6aaeu. 

llporpaUUB H T83H:~ 17 e•ero~HOrO COB6~8HHH no H~epHO~.CITBKTpOCKOITHH H CTpyKType 

BTOMHOrO ~pa, crp.35. XaphKOB (1967) 

9. a.Bpaan, E.ll.rpll ~OpbeB, r.C.KBTbiXHH, fl.~IIITTBK, fi.Yp6BHBQ • .l\Ol!JIB~ HB HBCTOH!ll611 

COBB~BHHK. 

IO. a.BpaaJI, E.IT.rp~<~'opheB, A.B.3oJioTaBIIH, r.c.KaTbiXIIH, H.~llnTaK, ~.Yp6aHeu. 

~aB. AH CCCP, ceJ.~IIa.3I (I967) 

II. J.S.Evans, R.A.~aumann. Phys. Rev. 140, 3B, 559 1965. 
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Tac5JII!UH I 

9aeprl!l! I! OTHOCI!TeJil>Hhle IIHTeHCidBHOCTI'I nepeXO,llOB, BllaHI'IKHBlllll'IX 
npll pacna.zte 101Rit 1'1 

102Rh. 

Er It- "eTa phil!" 1r 
l'ICTQqHI'IK 

I26,7±0,5x 54,3;t2,2 

I67;t2xx 0,3±0,1 

17I±2xx 0,3;tO,I 

I97,7;t0,5x 60,6±2,8 

295±2x 0,6±0,2 

325;t0,7x II,5.±<J,4 

345±1 0,88±0,14 

4I4,5.±<J, 7 2,2j;0,2 

418,0;t0,5 I2,4.±<J,5 

422,0;t0,7 1,0±0,2 

475,0;t0,5 IOO 

558;tiXXX 0,5±0,3 

627,5;t0,7 7,1;ti,2 

63I,3;t0,5 56,7±2,4 

694;t0,7 I ,9±0,6 

698,0;t0,5 45,1±2,0 

767,2;t0,5 35,1±1,5 

I046,0;t0,5 32,1±1,5 

II02,5±0,5 5,0j;0,3 

1II2,0±0,5 17,1±0,9 

!324±3 0,35±0,15 

x) llepexo.zthl OTHOCHTCH K pacna.ztY I01Rh 

"cBelll'll!" 
l'ICTQqHI'IK 

3,7j;0,9 

29;t0,9 

I3,8j;0,9 

2;ti 

I83 

8,2;ti,5 

9,3±2,2 

55,2;t3,3 

38,4;t5,5 

34,8;t1,8 

II,O;t0,6 

I6,3;t2,6 

4I8,2;t0,5 

475,2;t0,5 

628,1±0,5 

631,6.:!:,0,5 

698,0±0,5 

767.6.:!:,0,5 

I047,2;t0,7 

II03,3±0,7 

III3,2.±<J, 7 

XX ) llepexo.ztll uoryT OTHOCI'ITl>CH K pacna,lly I01Rh. 14Jl14 102R \ 
xxx) llepexo.zt B 102 Pd.. , 
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TaOnHua 2 

CBoltcTBB HIIEH~x ypoBHell 102 Ru. 11 pH,lla coce.nHIIX R.nep. 

fl.zlpo 9< 
4 
It, M roo 102 104 • 106 

' 
0 

54 44 Ru. 56 44Ru 58 46Rct. 58 46R:i6o 
-

E (22 ) 

E (2r) 
1,92 2,53 2,34 2,42 2,205 

LJ.ll_ 
E (21) 

2,09 - 2,33 2,40 2,405 

!.._(§1_ 3,14 - 3,95 (3,94) -
E (21) 

LJl.L 
E (21) 

2,54 3,50 3,20 3,28 3,04 

B (E2; 22 - 21) 
89 IS 19 I7 40 

B (E2, 22 -o) 

B (E2,3 --. 22 ) 18 26 31 53 41 
B (E2,3 _., 21) 

B ~E2 1 3 ---. 4 l 
B (E2,3 _,. 22 ) 

3,8 - 0,21 0,41 0,52 

i 
CchiJIK8 !71 i /5/ l!aCTII!ll(all /9/ /IO/ 

i pa6oTa 
- ---

44 



Q- 2320 :z~~ 

5+ 2218 

Jl "' <:! 

"" 

~II "' ~ 
•I• 

'of~ 
6+ 1873 

WJ 1797 
"' <t 

~ 
\() 

3+ 1521 

::~ ~ ~I 
<0 

"' .., 
~~ Si ~ ['.. 

'0 ..,.,. 
~ <t ,.._ 

4 + 1106 

2• H02 

i:' 
~ ... 
'<) ;J; 

... 
"' ... -, 

10 

2 • 475 ----Lf--1--L----j"'--.__, 

~ «l 
" ~ '-' ... "' <:( "' 

"' "' "" 
... .,. 
<t ~ 

0+ 0 ; ; ; ; ; ; ; I ) J 7 J J ) ) ) ;'; / ) ; ; J 
1l12 

4~ Russ 

102 
45Rh57 

~---rr....,..,,.. 6+ 3zoaa. 

iii I» j - 1+ 2108H 

... 

\ 
';:. 

~ 
" "' ':;) 

«i 
'-' 

"' 
~I 

102Pd 
~6 56 

558 2+ 

0 o• 

P~c. I. Cxeua pacna,na .llBYX ~30148pHb1X COCTOHHilll IQZRh., B CKOOKax yJ:aaaHbl llHTCHCilBHOCTil 

nep~xo.noB, B03HilKaDmllx np11 pacna,ne 210-,nHeBHoro 113014epa. 
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CITE~TPOCKOIT~H ~HnMH-II7 

Ee~aaoa P.E., CaOwpoB X.C., CanHxdaeB K.T., Xo~•aeB M.M. 
nacTHTYT H~epaom ~HSHKH AH Ys.CCP 

B B e ~ e H II e. 

~0 H8CTOA~ero BpBKBHH S8Tpy~HBH8 KHTepnpeTa~HH CBOWCTB OKOno~arHqeCKHX ftABp,K KOTOpUK 
no q11cny npOTOHOB OTHOCHTC~ H I!Ccne~euoe HBIIH RAPO !~~Jn 68 , T.K. K HHII He npKIIBHI!I.'hl 113-

BBCTHhiB IIO~BnK H~Bp. CEO~CrBa STOre H~pa l!syqani!Ch 8BTOp8111! /!,2/, HO ~0 CI!X nap KBBHTOEhiB 

xapaKTBpi!CTI!KI! ECBX B036ya~BHHhiX ypOBHBU, sa I!CKnDqBHHBK H3011BPHOrO COCTOHHHH 3!0 KSE OCTB

nKCh HBYCTBHOEnBHHhllll! O~H03HaqHo. ~A yCTBHOBnBHI!ff npi!pO~hl EOS6y~BHHHX ypOEHB~ I!IIBBT 60n»

moe SHaqeHHB 3HaHHB BpBIIBH •H3HI! I! KB8HTOBhiX xapaKTBpi!CTI!K 3TI!X ypOBHBU. ilOSTOyY HBIIH 6hlnl! 

EhlnOnHBHhl 3KCnBpi!UBHThl no 1!311BpBHI!D EpBIIBH EI!SHI! ypOBHBU 588,658, 747 I! !890 KBE, a TaKae 

1( - 'h yrnOBO~ KOppenH~I!I! KBCKB~OE (!306-274) KSB 1! (90-345) K3E II7j~. 

~SIIBpBHI!ff npoBO~I!ni!Ch Ha C~BOBHHOK C~I!HTHnnH~I!OHHOII cneKTpOIIBTpe COEna~BHH~,OnHCaHHOII 

HBIII! paaee B /3/, r~e I!CnOnDSYBTCH npeo6paSOB8TBnD BpBIIBHI! B BllnnHTY~Y Tl!na Eenna. 

KcToqHHK 147Cd nonyqanl! oOnyqeHI!BM odorameuuoro ~o 90% aaoTona 116Cd B noToKe renno

BHX HBRTpOHOE KH~ AH YaCCF. BpeKeHa HH3HH. BpeMeHa EH3HH BOady~eHHHX ypOEHeU, KPOIIB ypoB

HH 747 K3B1 H3118peHH HaiiH !nepBhiB. ~nH 1!311BPBHHH EpBIIBHH EI!3HI! ypoBHH 588 K3B perHCTpl!pOE8XH 

COEflaABHHH f- KBBHTOB !3C5 H 274 KSB. CnBKTpOIIBTphl COCTOHnH 1!3 Kpi!CTBnnOB CTHn»6BH8 C ~

TOYIIHOHI!TBnHIIH ~3Y-36. 

06pa00TK8 3KCnOHBH~HSHhHO~ BBTBI! IIBTO~OII HBI!IIBHDWI!X KBB~paTOE ~BBT 

TI/Z (~88 HSB) = (0,L0z0,05) X I0-9 CBK. 

Hs 1!311BpBHI!H COBnaABEI!~ anBKTPOHOB fo- cnBKTpa C rpaaHqHoR aHeprKeU !~10 KSB, KOTOp~e 

perHCTpHpOBBniiCh TOHKHII K~I!CTannOII CTBnh6BH8, C f - nyqaUH 435 K3B H811H onpe~eneHO BpeUH 

EIIBHH ypoEHR '141 KBB. PaJllla-nyqH perKCTpHpOB8n11Ch KPKCTBnXOK iO~HCTOrO H8Tpi!H. 06pa60TK8 

peaynDTBTOB Aana aaaqeHae nep11o~a nonypacnaAa: 

(4,82zO,I) X I0-9 CBH., 

qTo aaxo~KTCR B xopowe11 ccrnacHH c peayn»TaTOII /2/, r~e nonyqeHo auaqeHHe 

TI/Z = (7~7 KSB) (4,9 i 0,2 ) x ro-9 ceK. 

BpeiiH ZH3HK ypOBHH IE90 K3B H3116p8HO perHCTpB~I!e~ COBna~BHK~ 118E~ aneKTPOHBUHft-cneKT

pa C rpaHHqHQ~ aHeprHe~ 6EQ K3B C 1)- KB8HT8KH !306 KoB. B aTOll cnyqae f- nyqH ~eTBKTHpo-
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BBXHCb KpHcTaxxou CTHnbOeaa pasuepou 40x40MK. Ms aaKnona Bpeueaaoro cneKTpa onpeneneno: 

T112 (I890 K3B) = (0,42jp,06)xi0-9 CBK. 

HBKH CABXBHB HOIWTK8 H3KBpBHHII nepHOAB nonypacnana ypOBHII 658 ~BB UBTOAOII j6-'f - J
CvBH8ABHHg, BUCTpUe COBH8ABHHII ocy~eCTBniiXHCb KBKAY ~- KB8HT8KH 90 H 345 K3B, BeT8-ABTBK

TOp CnyllHn AXR BUABXBHHII1'- '( KBCKBAB (90-345) K3B H HCKXlJ'lBHHII Bl i!IIHHII npyrHX HHTBHCiiBHUX 

f- ( K8CK8AOB. 

raU¥8-KBBHTU perHCTpi!pOBBXHCb KpV.CTBXXOU i!OAKCTOrO H8Tpilll. 00p<60TK8 HOXY'lBHHUX pesynb

TBTOB AHnB CXBAJ~BB 3HB'lBHHB BpBUBHH Ei13HH: 

TI/2 (657 K3B) = (55,0 ± 2,0) X I0-9 CBK 

t....:...r: yrnOBBII KOppenHqHH. HaMil HCCXBAOB8H8 '(- ~ yrnOB!II KOppenHUKH KBCKBnOB 

(I306-274) K3B M (90-345) KSB. PesynhTBTU i!CCXBAOBBHHH yrnOBOU KOpp~nR~MK npBACTBBnHBK B 

BHnB WHKUKH: 

Wl9) =I +G2A2 P2. (Cos e) +G4 A4 P4 (Cos 8), 

rne G2 H G4-~KTopu ocnaOneaa~ as-sa KOHe'lHOCTH BBnH'lHH Tenecnux ~rnoa cneKTpoueTpoB. 

llonpBBKa H8 p8CCBRHHB UBEAJ ABT'li!K814il He Y'lHTUBBXBCb, T,K, OHB OK838X8Cb HB cy~eCTBeH

HOA, llocne 00pa00TKH pesynbTBTOB MBTOAOK HBHUBHbWiiX KBBAPBTOB K BBejBHHH nonpaBOK,~YHKUKH 

KOppenH~HH KBCKanOB (I306-274) K3B K (90-345) K3B HMBIJT BHA: 

I 

W(B) =I+ (0,25jp,03) P2 (Cos 9) 

W(B) =I - (0,33±0,04) P2 (Cos 9) 

+ (0,007jp,003) P4 (C1sS) 

+ (0,006.tfi,02) P4- (C!Js9) 

COOTBBTCTBBHHO, 'ITO HOATBBpiABBT pesynhTBTU /I,2/. 

MCXOAR H3 3H8'lBHHU KBBHTOBUX xapaKTepHCTHK OCHOBHOrO COCTORHHR H BBXH'lHH ~~t 

,-nepeXOAOB II7U1 H8 ypOBHH 588, 658, 747 K I890 K3B II7Jn, BTHK CO!TORHHRK MOXHO npaniiCBTh 

OAHO HS CXBAYll~X SHB'lBHHK CHBHOB H 'lBTHOCTBU: 

I- 3--,--
2 2 

( .....!±' ..2.±...) H _2:_ 
2 2 2 

a 113011BpHOKy COCTOIIHHll 3I0 K3B - + . 
' 

A pesynbTBTU iiCCXeAOBBHHII yrnOBOH KOppenH~ K8CK8A8 (I306-274: K3B H03BODII~ npHnH-

CBTh ypOBHIIII !890, 588, 310 K3B TOnhKO cneAJ~e HOCXBAOhBTBnhHOCTH CnHHOB: 

__£: (1.12,EI) ....I: (E2,f>II) L 
;>--2-2 
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II Jill Z (112,EI) 
2 

...£ 
2 

(EZ,III) _I_-
2 

Pe3JJI1T8T~ IICCJI6~0B8lllfl yrJIOBO~ KOppeJIR~IIW K8CK8~8 (9Q-345) K3B D03BOJIHDT npi!DHC8T1 

ypOBHHM 747,658 II 3I0 K3B TOJlhKO CJie~D~D DOCJie~OB8T6~1HOCTh CDIIHOB: 

_3_ :EI,!AZ) ...£ (~ L 
2 2 2 

n 11 T e p a T y p a : 

1; Manucaso H,V, and Arns R.G. Nucl. Ph,ys. 68, (504) 1965. 

2. Pand.haripande v.~. et, ol, Phys, Rev. 143 (140~ 1966. 

3. l:ierlltaHOB P ,li. , rJ>a~~W6B JJ.,A. II ~p. "3JieKTpOMarHIITH~e nepexo~~ B R~pax" 113~. 

"rPaH" TauJKeHT 19E 6 r. CTp.204 
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0 CXEME PACITAAA I25xe --. I25 I 

E,]D~aeescKH, H.KoBHHUKH, H.Xsa~escKa, B. ilruHOJpCKH, B.Knnupa 

HHCTHTYT ~epH~ HCCHe~OBHHH~, CBepK 

~.ITouopCKH- YHHRepcHT8T HU. M.KDpM-GKHO~OBCKOi, ADOHMH 

BoaOyK~eHH~e cocToHHMH B I 25r nonyqaDTCH wa I 25 Xe nyTew K-aarnaTa H noaaTpoaaoro 

pacna~a. HH3K03HepreTHqecKBe ypOBHH H nepexo~N H3 HHX xopomo HCCHBIOH8HN. Ha OCHOHHHIB pa-

00T /1,2/ H3BBCTH~ CITBHN, speMeHa KM3HH 3TMX COCTOHHH~ H yYH»THITOK,HOCTH nepeXOAOB. H3BeCT

HO THKKe, qTO 3TH COCTOHHhR MMBDT, B OCHOBHOM, ~OHOHH~~ xap8KTep. ) Oonee BNCOKHX COcrOftBBK[ 

(BNWB 243 K3B) HM8DTCH HBITOHHNe H HBTOqHNB ~8HHN6, 

Hccne~OBHHHB 3TOrO H30TOIT8 npOHOAHHOC» Ha repMHHHBROM H KpeMHIBBOM A8TeKTOpax, a~ 

Ha HO~HCTOM HHTpHH M HHTpaueHe. Ha OCHOHHHHM H3MepeHH~ npOCTNX cne\TpOB H cneKTPOB COB~&

HHM MOEHO ONHO JCTHHOBHTb cxewy pacnSAa 125Xe --- 1251 (pHc.I). 

Cuaqana MN 00HapyzHnH cy~eCTBOBHHHe n03HTpOHHOrO HanyqeHHH. HlMBpHH cneKTp COBn~&Hal 

IT03HTpOHOB C K-KOHBepCMOHHO~ HMHHeM nepeXOA8 243 K3B1 JA8HOCb JCT8H)3HT» nOBHYD 3HepraD pac

IT8A8 l2SXe ---I25I, KOTOpaH paHHHBTCR q = l845z20 K33, 

ITo H3UepeHHHM peHTrBHOBCKOrO H rauua-ManyqeHHH H8 KpBMHHBHOM 4 repM8HKBHOM ABTBKTOpax 

MOEHO O~HO onpeABBHTb ~OHD pacna~a H8 OCHOHHO~ JPOB6Hb H H030JEABHiNB COCTOHHHR 125! 9 B 

TBII C8MNM onpeAeHHTb BBHHqHHbl ~ ft . 
H8 OCIIOBHOii yposeH» I 2 SI (4), 3TO CBH~BTBB»CTHYBT 0 TOM, K- aaxBaT He npoacxoAHT 

qTO CITMH OCHOBHOrO COCTOHHHR I25xe __ ( ¥> 

n w T e p a T y p a 

I. J.a. Geiger and F.Brown. Conference on the Role of Atc~i~ Electrons 1n 

Nuclear Transformations. Warsaw 1963. 

2. E,]D~aeeBCKH~, H.KOHHBUKH~, M.MomHHCKH0, MaTepMan~ ABBRTOrJ COB8~8HMH no aA8pBol 

CITBKTpOCKOnHH, HB~TpOHHO-AB~HURT~ H30TOITOH H TeOpMH ~e~O~MMpOB8HH~ HA8p, 

~y6Ha (I966). 
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HH3KO~ElAWHE YPOBHM B I36Ba. 

~. EeqBap~, H.Bpaan, H.~HnTaK, H. Yp6aHe~ 
JfHq>, OJAHil 

B nocne~aee BpeMH 6onhmoe BH~MaHHe y~enaeTcH HayqeH~ID CTPYK~ypu c¢ep~qecKHX a~ep: 

3To qacTHqHo o6ycnoJneHo TeM,qTo npocTaa ¢eHOMeHonor~qecKaa Mo~enh B~opau~oHHhlX cocTOHHHH 

He ~aeT XOpornero cornaC~H CBOHX npe~CK838HH~ C 3KCnepHM8HTOM. BO MHOcHX H~pax, B TOM qHcne 

H B qeTHo-qeTHh!X H30Tonax Ba, He Ha6JIID~anHCh ypoBHil, coo~'BeTCTBJIOU\H l ~Byx¢oHOHHOMy Tptm

JieTy. l103TOMY Cp8BH8HI!f! C npe~CK838HHHMH 3TOI! MO;l\8Jlll 33Tpy]J,Helihl. 

HL!3I\Onellt81!\H8 ypoBHl'! B H;npe I36Ba. HaOniD;naJ!HCh np11 ;!ayqeHl'!H pacna 13 I36Cs , H I36La[ZJ. 

TaK K3K OCHOBH08 COCTOHHHe I36Cs ( TI;z=I2,9g+l ) HMeeT CI1HH 5+, TO !1plf } - p3CJ13~e 38Ce

i!H!OTCH BI3
6Ba TOnhKO ypoBHL! c BbiCOKHM CI1HHOM. Tipll p3CTia)lei36 La co CTIHHOM r+ (TI;z=IO 

MHH) 38C8i!H!OTCH TOnhKO OCHOBHOe H nepBoe B030JlK~8HHOe COCTOHHHe I 36Ea. AOTIOnHHT8nhHb!8 

~3HHbl8 0 HH3KOil8lK81!\IlX ypOBHHX MOlKHO .ll3BJ!eqh H3 ll3MepeHili1 t- Jiyqell !1pH 33XB3T8 HeltTpOHOB. 

B !13MepeHllHX ClleKTpOB '(- nyqeli npH pe30H3HCHOM 38XB8Te He0TpOH JB Mhl H30li!O;l\8nll Cll8KTp 

·f- nyqeti OT allepnm 400 K3B ~0 lJHeprHH CBH3l! He0Tp0H3 B a;npe I 36Bc, paBHOJ.I 9.II0 KSB. 

vlsMepeHL!H npoBr•ll~illiCh c noMOI!\hiC nonynpoBO.IIH~KoBoro Ge(L~)- ,11eTeKTopa ; qyBCTBIITen~>Hhlll oo:&e

MOM "'12 CM
3 

H paspemeHH811 ~0 5+6 KSB B cr<naCTil HH3Kl1X 3Heprlll1 B ,l\3HH lM peJKHMe pa6o'rb!. AnH 

38TIL!CH Cll8KTPOB B 4.096 8MI1nHTJ~Hb!X H r'.8 Bpe1!8HHb!X KaHallaX HCI10Jlh30 JanCH MHOrOM8pHb!ll 8H8-

ilH38TOp c n311HThJO Ha 11arHHTHOi1 neHTe /3/. H3MepeH!lH npoBO~Iliii!CI> H3 ll myJihCHOM Oh!CTpou 

peaKTOpe Okii'!Vl. 

8w:prHH H !llHTeHCIIBHOC1'11 H30Jl!0~88Mb!X H8Ml1 iiHHHli npHBO~HTCfl B T86 !l1U8 I. JlorpelliHOCTh 

onps,'\e.neHL!H "mTeHCI!lJHOCTO~ neJKL!T B npe~eJrax .i 20%. EonhmaH rrorpemHoc ~I> ooycnonneHa npHMe

HeiHmM 'rO!!CTOrO 06paal.(8, liorpemHOC'I'b B Ollp8;"8Jl8HHH SHeprHtl MHrKHX r · nyqeJ.t .i l K3B. 

Ha p11c. I rrpv:B0)1l!TCR yqacroK HM3KOsHepreTr.F!ecKoro crreKTp3 ('- nyqell H3 peaoa:mca <:4,5 sB, 

C!IIIH !'OTJ[JOL'O paBeH I. H3 OCHOB8 llOnyqeHHhlX 3!:eprllll MHrKHX H llteCTKIIX '(- iJYqeil H Cp3BHe~ 

Hila cnei\'rpoB pesoEaHCOB c paaHbiMH 3H3qermaMII! cnliHOB (Ta6n.2) 6Hna ~o ronHeHa cxe113 yponHeil 

136BQ. qeTHOCTb COCTOHHllll onpe;nenHeTCH H8 OCHOBe OTHOCIIT8nhHhlX ~HT6H)~BHOCTe~ lK8CTK~X Gr
nepexo~oB, l!,Z\.Yl~HX na 3TV. ypOBH~ 1!3 33XB3THOrO CCCTOHHHH B pR~e peacH lHCOB. Ha pHC. 2 npH-. 

BO~I!j~Cff CXeMa ypoBHel! I36Ba , TIGC'rpoeHH3H H8 OCHOBe H8ll!HX .C,:JHHbiX. B JTOM CX8Me npOllJI!\8Hb! 

COCTOHHHR C BIICOKHM 3HaqeHl!8M Cllllll8, KOTOplle Ha6m0~3RilCh Tip I! p3CTI3~G I 36 Cs /I/. 

B HalllllX H3Mepel!H!1X qeTKO IlpOHBJ!HeTCH COCTOHHHe CO CllllHOM z+ npH ;meprHH I55I K3B, KO

TOpOe onpe~eneHO H8 OCHOBe Ha6niD~38MOrO H8MIIl nepeX0~3 113 3aXB8THOrO )0CTOHHl'!H CO CTil'!HOM 

no 1:1pexo~8M c 3lleprHe0 155I K3B ll 733 KBB. 
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0THOW8HH6 rrpHB6~8HHHX B6JOHTHOCTell STHX rrepexo~OB B rrpe~rrOXOM8HHH, qTQ HX MYXbTHITOXbHOCTb 

E2 B (E2, z~ ~ 2t )= 5 ~ CBH~8T8XbCTBY8T 0 KOXX8KTHBHOM xapaKTepe 3TOro ypOBHH, TBK KaK 
+ + ' 

oRo ~xk§~e ~2o~oQe~HHM 3o MHOrHx qeTHo-qeTHHX rr~pax;no Ha6nro~aeuouy Haua cna6ouy rrepexo~ 
C SHeprHell 7.532 KSB H rr~pexo~ 760 KSB MOXHO BB8CTH ypOB8Hb C SHeprHell !578 K3B, KOTOpouy 

UH npHITHCHB88U CITHH 0+. )~HBKO H8 OCHOB8 rronyqeHHHX peayXbTBTOB H8Xb3H ITOXHOCTbiD HCKXIDqHTb 

npHITHC8HH8 STOMY ypOBHID )ITHH8 2+, HO OTCYTCTBH8 nepexo~a C SHepraell !578 H rrepexo~a 7532 

K3B B pe30HBHC8X 82 H 88 3B CO 3HaqeHM8M CITHHB 2+, rOBOpHT B ITOXb3Y 3H~qeHHH CITHH8 0+ ypOB

HH !578. B TaKOU cxyqae iOEHO ypOBHH !55! K3B, !578 KSB H ypoBeHb !868 K3B CO CITHHOM 4+ 

cqHTBTb qneHBUH ~BYXWOHOiHOrO TPHITXeTa. 0~H8KO 60XbW08 p8CCTOHHH8 M8E~ ypOBHHMH 2+ H 4+ 

~BHHOrO TpMITH6TB CHHE88T ~8X6C006p83HOCTb TBKOll HHTeprrpeTB~HH. norrOXHHT8XbHH6 CB8~8HMH 

•oaeT ~an H86JIIl~eaHe ne:Jexo~a 4f - 2~ c anepr11ell 307 KSB, HOTopHn He norrax B o6nacn aa

mHX H3U8p8HIIll. Ha pHC.3 :pBBHHB88TCH ITOXOE8HH8 ypOBH8ll B 134Ba M !36Ba • E~HHH~H WKBJIH aHep

rHII IT0~06pal111 TBK 1 qTQ ITJXOE6HM8 rrepBHX B036yE~8HHblX ypOBH8ll COBITB~88T. 3ai48THO xopowee 

CXO~CTBO ITOJIOX8HHH ypOBH~II 2~ H 4f B STHX ~pax. 

0 xapaKTepe BB8~8HH>X H3MH 6onee Bb!COKHX COCTOHHHII, OTI!eqeHHHX H8 pac.2 3B63~QqKo~, 

H8XD3H noKa c~exaTb onpe~exeHHblX aaKxroqeHHII. Cxe~yeT TeJibKO OTUeTHTb, qTo ypoBeHb 2222 K3B 

MOEHO O~H03HaqHo BB8CTH ~a OCHOB8 H86XID~aeuoro B8CTKOro nepexo~a H pa3pHE8IDillHX ero nepe

XO~OB !404 H 67! KSB, H~fillHX H8 ypOBHH 2+. 0H UOE8T pa3pH~8TbCH T8KE6 rrepexo~OM 2222 KSB 

H8 OCHOBHOe COCTOHHHe. C~HBKO 3TOT CJia6Hl! rrepexo~, 38M8THHll B HBWKX H3UepeHHHX, 140~6T ITOX

BOCTbiD ITpHH8~X8E8Tb 38XB1TY H811TpOHOB H8 BC~OpO~e, KOTOpbiii B 60XbWOM KOJIHq8CTB6 CO~epEBX

CH B rrpHM8HH8MOM o6paa~e OKHCHB~ B BH~e CBH3BHHOI! BO~H. YpOBHH 3431±5 K3B H 3504±5 KSB 

BBe~eHH TOJibKO HB OCHOBBiHH HB6XID~BeUHX ~6CTKHX rrepexo~OBo 

TaCiXHiiB I 

i1HT6HCMBH JCTH MHI'KHX (- nyqell B p630HBHC8 24,5 SB 

Er- rr Er rr Er [t' I 
641 

650 I 
66! I 

318 100 !668 5,5 

I )50 9,0 !7!4 1,8 
~35 5,6 !752 !,4 

I 

67! 6,2 I 262 6,0 !821 4,0 
681 I 3!! 3,6 1968 4,5 
696 I 55! 1,8 2048 3,8 
708 I ~04 2,7 2080 4,7 
7!7 I 5!5 II,O 2222 

733 !4,0 I 573 4,2 2404 4,5 
748 I,I I 580. 4,8 24!8 4,5 
760 4.8 I 5!1 1,5 

~-
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Ta6JIIl!iH 2 

3aceJieHHOCTb HH3KHX ypOBHeM C paaH~UH CnHHHUH B Tpex ~e30H8HC8X 
no HHTeHCHBHOC!HM pa3pHKaiD~Hx HX nepexo~oB. ~HTeHCHBHCCTil npHBe~eaH 
no oTaomeHHD K nepexo~ 8!8 KaB. 

CUIIH 2"" (O"") 2"" 4"" 4"" !,2 0,!,2 2"" YPOBHH 2 I I 2 

~ E 733 760 8!8 rosa !235 ! !262 I3II ISSI 

124, S(I) 14,0 4,8 IOO 9,0 ' 5,6 6,0 3,6 II,S 

~2,88(2"") 9,3 ,5,0 roo 16,0 9,0 4,0 4,0 8,0 

ro6 (I"") !3,0 6,0 roo ro,s 6,0 5,5 I 3,8 II,O 

JJ 11 T e p a T y p a 

l. Fujio.ta et al, Nucl • Pb,ys. A95, 571 (I96I) 

2 •. R.Girgis, R. van Lieshout, Nucl. Pb,ys. I2, 204 (!959) 

3. H,Yp6aaeu, H.Bp3aJI, H.JJHnTaK. ITpenpHHT O~HH E-22!4 (!965; 
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(0,1,2)-------+-~--3504. 

( 0, 1,2) 3431 .. 

( 1,2)+ 
(0,1,2l 

(1,2) 
4+. 

4+ 

+ 

-~ 

~ 

~ 

~ ~ 

~ ~ ~ 

tg ~ 
~ 

~ ~ ~ ~ ~ ~ 

-tuBa 

2222• 
2130. 

2080• 
2055 

1868 

1578 .. 
1551• 

818 

0 

PHc.2. CxeMa ypOBHe~ H~pa 136Ba. 
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4+ -1969 

-1772 

-1641 .(1,2t 2222 
-1570 (0,1,2)+ 2130 

(1,2}"' 2080 

4"' 
4+ 2055 

-1401 4+ 1868 

(~} -1167 (()'j 1578 
2+ 1551 

2+ - 604,6 2+------------- 818 

o+ -0---- o+--------------- 0 

-tl't Ba 1l68a 

PHc.3. CpaBHeHHe nonoEeHHH HHSKoneEamHx Boa6yE~eHH~x ypoBHe~ . . 

B H~pax134Ba HI36.Bct- B OTHOCHTen:bH~X e~HHHU8X. 
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HCCKE~OBAHME YrlOBUX KOPPElRUl~ EETA-rAMMA B EETt-PACTI~ 
14

;, Ce u ____,. 1~ Pr u. Ji 1 ~1 c, 79 ~ '~.Ba. 76 

Kawe;npa 3KCrrepHMeHTBHbHOU WH3KKK YHKBepcxreTa Mapxx KvpH-CKHOAOBCKII JID6JIIIB, TIOJII>K8 

a) '~: Ce 83 - 'i~ Prg:~, 
Pacna;np 44te->141

Pr HHTepeceH no AB:fll. rrpH'IHHBII: 

I), B HSttTpOHHOII OI50JIO'IH8 118T8pi!HCKOrO RAPS 11
'
1Ce HSXOAI!TCR 83 ,'IBCri!I(bl, OAHH H:fKJIOH BHe 

38MKH:fTOI! OI50JIO'IHH, AO'Iepa~e R;npol4lpr H1188T 38MRH:fTYD HenTpOHHYD o6o~O'IKy, IToaTOII.y HAPO 

~te rrpe;nCT8BJII!8T C060I! 150JiblliOI! HHTepec AJIR OAHO'ISCTH'IHOtt MOA8JIII, 

2), B R;npax 439 La H 1~Pr Cyii(8CTB:f8T IIBTepecHaH IIHB8pCftH OCHOBHOro K nepBoro B0315:fK~eHHO

ro COCTOHHI!ll: 

ilAPO Cni!Hbl COCTOHHHII 

fJCHOBHOrO B0315Ylll\8HHOrO 

~~~la.s2 7/2+ 5/2+ 

'1~ Pr-s2. 5/2+ 7/2+ 

E't' (K3B) 

I65(11I) 

I45(11I+E2) 

I,47 

1,82 

Y AO'IepHero H;npa I4Ice ITOCJI8 fi-pacna;na l 4Ipr Hai5JID;n8eTCH HHBepCHH CIT!HB,KOTOpaH CBH38H8 C 

38ITOHH8HH811 ITpOTOHHOl! Oi50JIO'IKII (~j1.z )p • 

B rrpe;nJiaraewoll pa6oTe llbl I!CCJie;noBaJIH yrJIOBble KoppeJIHUIIH }- rrepExo;na ( ~o =447 KaB, 

67%, ~ft. = 6,9) co cJieAJIOmHII r-:- nepexo;nou Er= 145 KaB; rrocne;noB< T8JibHocu CnHHoB: 

f7/2- 7 ~ 7/2+ -rd.5/2+. 3ToT rrepexo;n o;nHOKpaTHo aarrpemeHHbll. no HallepeHHl!ll ,llltoH

coHa II .l\lteHCeHa /I/ wopii~KTOp C(vv) B 3TOII nepexo;ne He 0Ti!II'I88TCH Qj TBKOl! ll8 B8JIII'II!Hbl ~JIH 

paapeweHHbiX rrepexo;noB, C(vv)= I. 

3TOT f.> - nepeXO;l( 6biJI IICCi!8;l(OB8H B pai50T8 /2/ 118TO;l(OM yri!OBbiX KC ppeHfl!.(ll~ ft- Hy'lel!,Bbi

Cbli!88Mb!X ITOi!RpH30B8HHbiMII !!APBMII 141 Ce. 1'13 COOTHOlli8HIIH l\BYX 113 lli8CTII M< Tpi!'IHbiX 3JI8M8HTOB (co

OTHOW8H1!8 Y•J!\,/lJr J,OHII /2/ ITOi!Y'Illli!lll y,.,30, 3H81!8Hl1e XOpOWO COri!BCOB<HO C T80plleli 
eve (conserved vector wrrent hypotheses). 

B H8CTOI'!.eli pa:5oTe I!CCII8AOB8H8Cb 8CIIMII8Tpi!R Az B yri!OBOll Koppem ljllll p- r: 
N (W,9) = 1 + A2Pz(Cos8). 

~auepeH~R rrpoBo;nl!i!I!Cb Ha ycTaHOBKe, onHcaHHoli B pa6oTe /3/ c 3JIBKTPDIBIIII p c aaepr11e~ E = 

300 KSB, ilOCJie 06015JIIBHI!fl 15oJiee 45,000 COBna;neHIIli 1111 ITOJIY'IIIJIII A =-0.018.±0,005, 

3Ta Koppei!RU~H paHbwe ~allepaJiacb ;nBa paaa: Py;naKOBbiM /4 I ( A=O, ( '06.±0, 020) 11 rpyrrrroli 

.1\oi!TtJa /5/ (A ,.. O.:t.0,006). Ha11~ noJiy'IIIJIOCb llaJioe OTPIIUaTeJibHoe aHatJeii!e aHH3DTpOnlll!: 
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A = - 0,018 ± 0,005 
11CCJI8,110B8HI!H npO,Z\OJIJKaK TCH no 1!3M8p8HI!HM yrJIOBbiX KOppeJIRUII" J>-fC KpyroB0£1 ll011Hp1!38UI!8~. 

6) 134 Cs -- 13+ Ba 
55 79 5& 78 

HaMil I!CC118,110B8JII!Cb yrJ OBh!e KoppeJIRUI!I! J!>- r B }?> - nepexo;~~e ( Eo= 652 KSB, 75~ 5%, to~ ft ~ 
= 8,8) 1!3 OCHOBHOPO Cl C'rOF!llii!H 

134CS(4t) Ha B030yJK,I18HHllti ypOB8Hl> 1401 K3BI3
4 Ba. (Clli!H 4+) 

co CJJeAYIOJJ11!M nepexo;w~ f ( Et = 796,4 K3B, E2). 8Hepri!R j!J- aneKTPOHOB E = 420 K3B su.nena

nacn M8PHIITHblM MOI!OXpO!aTOpOM /3/ C TOHK0£1 1IIIH30ti. YrliOBbl8 KOpp81IHUIII! p - ( 1!3M8pi11II!Cb 

OblCTpO - MC,I1JI8HHO~ CXfMO~ C 256 - K8H3Jibl!llM 8H8111138TOpOM. 

TaK KaK W<.Jft = f ,8 3TOf'O pa3p8W8HHOPO nepexo.na H806hi\IHO ClOJibWO~, MOlltHO Olltii,I13TD,11TO 

cylJ1eCTByeT a.necn npiiMECb MaTpii1!HllX sneMeHTOB nepexo.nos~ Bblcwero nopH;~~Ka aanpera, I!M8HHO

BTOpOl'O. HeilTpOHHO-llPlTOHHaH KOIII!illlrYP8UIIR 3TOPO H.npa /6/ CJ18;IIYIOII\8H: {d,;2\ll (~f,z)p • K H8llT

pOHHOI!y COCTOH!!I!JO B03~ OlltHll fl]JIIIII8CII: S 'fz•ci Sh II 9"Yz a K npOTOHHOMy - d.sjzl! d3fz. 11CCJ18;~~J8-

Mhliii nepeXO,I1 jb H8 MOJK81 np01130>iTII 1!8]J83 l'JI3BHhl8 COCT3BJIRIOli\118 ( d})n -~ ( 91'
2

), T8K !\UK 

TOl',Z\8 nepeXO,Z\ 6Ull Obi IBYXKP3THO 33il]J8Jl18H. JTO 3HU1!11T, 'ITO j!J- nepexo.n npOI!CX0,111!T qepe3 

M8llbl8 nplllM8C~ K H8UT]Jl HHbJM COC'rOHHIIHM. TaK 11 06bHCHHJOT :JTOT 38M8,llJ18HHbll\ IT8p8XO,ll B paooTe 

/7/. 

C1!11T8H, 'ITO npil <TOM j>- nepexo:z~e B03MOlltHbi IT]JIIMBCII 1!3Tp111!HhiX 3JI8M8HTOB .Bllcmero IIOPM

!!8 33ilp8T3 1 MOXHO OXII;IIET1 331118TH08 OTKJIOH81!118 K03~WI!UI!8!1T3 3111!00Tp0ililil A YPJIOBbiX KOppeJIH

Uilll j> - Q' OT I!JJIH, HE K ,Z\OJIJKHO OhlTD ;IIJIH pa3pemeHHhiX II!,- nepeXO,llOB. Mll ITDJIY'Ii!Jiil: 

A = - 0,0013 ± 0,0068. 

B pa6oTe /7/ ,Z\JIH STOll KOppeliHUilll nonyqeHO A22= 0,001 ± 0,003, peayilnTaT1 flOXO~il~ Ha Haw. 

TeopeTI!1!8CK111l aHElli13 3Toro pe3yJII>TaTa npo.non~aerca. 

] 11 T e p a T y p a : 

I. J.T.Jones, .~<:,~.Jensen, Ph;ys. Rev., 97, 1031, 1955. 

2. R.W.Hayward, D.D.Hoppes, Proc. of the Rutherford Jubilee Intern. Conference 

in Manch!'ster, London, 1961, P• 725. 

3, M.Subotowicz, J.Kuranc, E. Krupa, Folia Soc.Sci.Lubl., 2, 110-116, 1962 

4. B. II Py,~taKOB , J.bB. AH CCCP, 21t, H24, 1960. 
5, P.Doutsch, Gr•nacs, Lipnik, J.Phys. et Radium, 22, o62, 1961. 

6. E,H,Bellamy, L.F.Smith, Phil. Mag., 44, 33, 1953. 

7. Z.W.Grabowski R.S.Raghavan, R.M.Steffen, Ph;ys. Rev., 139, 324, 1965, 
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ll011CKVI HOBUX YPOBHE~ VI Yr]OBUE KOPPE]ff@VI 3 140 La. 

ll.BaBpUruyK, T.roBopeK, K.KpyKoBcKa 

(Kawe~pa 3KCnep~M8HT.WH3HH~ JHHB8pCHT8T8 M.K~pH-CHnO~OF~KO~, ]~ORHH, 

non»wa) 

3a nocne~H88 Bp8MH llOHBIIInHCb ~Be paCiOTU no raMMa-cneKTpy 140 lc. , HSM8peHHOMy C ITOMOIIU>~ 
repMaHH8BUX raMMa-~eTeKTopoB. B paCioTe AHTOHbeBo~ H ~p. no 140La coc6wanoc», qTo o6Hapy~eHo 
BOC814b HOBbiX nepexO~OB, HO ITO KpallHel\ 11epe H8CKORbKO H3 HHX 118 flO~j B8p;K~8HO B pa60T8 l~aK

ABH8RbCB. flo ~BHHblll AHTOHb8BOll H ~p.CJlli8CTBJIDT, M8;K~y npoqHu,nepexc~bl 498 H 661 KSB,qTo 

il03BORH8T CJ~HTb 0 CJlli8CTBOBBHHH ypOBHH 660 KSB. 

Mu llbiTBRHCb npOB8pHTb 3TO npe~nOR0~8HH8 118TO~OII COBil8~8HHll. C ilOIIOllibiD CUHHTHRRHUHOH

HOll JCT8110BKH HBIIH H3148pHRCH Cll8KTp rBMIIa-nyqell, COBIT8~8~lliHX C nepe;:O~OII 163 K3B. P83JRbT8T 

npe~CTBBJI8H HB pHC. I. ViHT8HCHBHOCTb OOHapy~eHHOrO ITHKB 495 KSB CO: 'R8CHB B8R11qHH8, ~BHHOll 

B pa60T8 AHTOHb8BOll Ill ~p. Eumr npHHHThl cneU118RbHhl8 118phl BO H308J(8Hll8 p83l!hiX 3WW8KTOB, HCK8-

KB~lliHX Cfl8KTp. B ITOJ!b3J H8lli8ro, ITOK8 npe~B8pHT8JibHOro p83JRbT8TB, f BH~8T8RbCTBJVT TBK~e 

H3118p8HHH CTpy6ne no p88KUHH 139 La(a,p) 140~,r~e BBO~HTCH ypOB8Hb 658 HSB. 

HBIIH JTOqHeHU HBlliH npeZHHe p83JJibT8TU ~RH yrJIOBUX HOpp8JIHUHll .'811118 H3JiyqeHHll 140La 

HBCK~ (437+424)-30 HSB A2 = 0,006z9,020 

A4 = O,OIOfP,040 ~ 

HBCHB~ 537-14-30 KSB A2 = 0,044±0,009 

A4 = 0,007z9,020 

Peayn»TaTu no~TBep•~a~ npe~noJioEeHHe o qHcTo ~HnOJibHOM xapaKTepe 3cex ocymecTBJIHIDlliHXCH 

nepexo~oB. 
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PHc.I. CrreKTp (- nyqe~, COBITaAaiD~MX C rrepexOAOM 163 KSB. 
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llaoMepHble cocTOIIHHll np11 pacnB)Ie KopoTKOEHBYIUIIX ll3oTonoB 140 Sm , 1 H Sm, 140 Pm. 

0 pacna.l{e ll3oTona142 Pm 

P.ApnbT, r.Myal!Onb, r.nwpennep, X.lliTpJCHbl~. ~.Xp~CTCB 

OIIHII, r.~I5Ha 

EbinH HayqeHbl 11- cneKTpbl, B03llHH8DIUll6 npll pacna.l{e H30TOnOB 140 ~tn, 141 Stn H 142~mt H 

HaK.l{eH pll.l{ 1(- nepexo.l{oB. ITepHO.l{bl nonypacna.l{a 140Snt 11 
141 Sn1 15blnH cnpe.l{eneHbl Henocpe.l{cTBeH

HO no cna.l{y I!HT8HCIIBHOCTH f - nHHH!l H f'":_ cneKTpy. 113 nonyqeHHbiX .!{8~ HbiX H no 8H8nOrl!l'l C CO

C8.l{HHIIH ll.l{PBIIH cne.l{JeT CJIU8CTBJB8HI'I8 li30118PHbiX COCTOIIHII!l B ll.l{pax 140fm, 14lprn , 141Sm 

fiepHO.l{bl nonypacna.l{a OCHOBHbiX COCTOIIHH!l 140Prn 1'1 
141SmoueHHB8DTCll pafHbiiiH M8Hblli8 10 C8K II 

116Hblli8 I0 IIIIH., COOTB8TCTB8HHO. fiepi!O.l{bl nonypacna.l{a 1130118p0ll 140Pm, 141Pm II 141Sm COCT8B

HIIDT (6zl) MIIH.,~ 10-7 ceK, H (21z1) IIIIH, COOTB8TCTB8HHO. Ha pHc. 1 II 2 11306paaeHbl npe.l{nona

I'88Mbl8 cxeMbl pacr.a.l{a. KaK noKa3biB8DT peaynbTBTbl li3MepeHllll fo+- 't - coBna.l{eHI!l1 up11 pacna.l{e 
142Pm fo- pacna.l{OM aacen!leTCll ypoBeHb 1572 K3B 1130Tona 142Nci, 

1'1-1 
62. Sm 79 
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22m 
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"" lJ.J [£ +] .o TTTT1TTTTTT7 ?Ti11 I II rrn Y2 
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Pdc.i. TI~eanOAHraeMBR CXBMB pncna.l{a 
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I47 9- <I>AKTOPbl B03.EYIJLEHHI:lX COCTOHHIIli Sm 

E.EazeK, P.EpoAa, B.Banvc~, H.ran~qeBcKH, P.Kynecca, M.P~6H~a, A.:I.Xp~HKeBHq, 

~HCTHTYT H~epHO~ ~H3HKH B KpaKOBe. 
~HCTIITYT ~H311KII HrennaHCKoro YHIIBepCHTeTa B r(paKOB· :, 

~HTerpaH~H~~ MeTa~ yrnoBa" (- ( KappenH~l111, Ba3MymeHHO~ BH6lli!HU YBrHHTH~M ITOHeM, 

6~H IICITOH~30B8H ~HH anpe~eneHH!l Q- ~aKTOpOB B036yuenH~X CaCTa!lH Ill I2I KSB II 198 KSB 
147~.06~qHHe H3MepeHIIH ~nil yrna I35a 6~n11 Ma~ll~ll~llpoBaH~ rrpi!MeHeiiieM TeXHIIKII cyMuapHHX 

COBITa~eHIIIl, KaTopaH a~HaBpeMeHHa ~aeT peayn~T8T~ ~HH yrHOB + I35a I - I35a II TBKIIM a6pa-

30M !lBH!leTCH p8BHa~eHHall CXeMe 113YepeHII~ C TpeM!l cqeTqHK8UH, KpoMe Taro, rraCKOH~Ky (-f 

K8CK8~H 678 K3B - I2I KSB II 6QI K3B - 198 KSB, rrpaxo~Hmi!6 qepea 1131yqaeM~e rrpauezyTaqHHe 

CaCTaHHIIH, liMe~ a~IIH8KaBHe rranH~e SHeprllil (799 K3B), -MeTa~ CYMMlpH~X CaBrra~eHIIH IT03BO

H!l6T a~HaBpelleHHa B~ITaHHIITb 113MepeHIIH ~ - ~8KTOpOB ~HH o6ai!X COCTO '!HIIll, 

Pa~IIOBKTIIBH~u IICToqHIIKOII 6Hn BO~HH~ pacT Bop xnopiiCTora eBparrll' ( Eu. Ct 3 ) • ilpi!MeBH

nac~ IIBrHIITHOe none H=I8.3±0.3 K3. ilpH HCITOH~3aBaHHII H8~~8Hl!HX SK~rrep1!116HT8H~HHX 3Haqe-
l (l2i) (198 

Hllll K031J.l<jlll~lleHTOB yrHOBOll KappeHHL\1111 Dz = 0.065±0.002 II !J2 . = 0.04I,:t0.002, 113BeCT-

H~X BpeMeH uaHH 'r121 = (0.48j;0.04) HceK 11 ~9t (1.90±0.06) HCeH /I/ 11 aHaqeHHH rrapaMar

HHTHa~ rrarrpaBKII j3 = I.I6 /2/, rranyqeHa 

a = 0.26 + O.I7 H 
11~21 - <a198= - 0.19 ± 0.07 

06a 9 - ~KTapa cymeCTBeHH~II a6p83all aTHI!qaiDTCH OT O~HaqacrllqHHX 3HaqeHI!~ 

~HH HecrrapeHHara HellTpaHa. Ha aCHaBe Teapi!ll KIICCHI!Hrepa II CopeHCeHa /3/ 6~HH B~qHCHeHH 

KB831!qacTI!qHHe 3HaqeHI!H 9qp II a~Ha~aHaHH~e rrarrpaBKII ~f'' PeayHbTST~ ITpHBe~eH~ B T86HII~e 

I. 
Ta6nH~a l 

CacTaRHH!l qsp 9 q,p 9-1 I 9reop f}31CCn 

I2I K3B, 5/2- 0.55 0.300 - 0.124 

I 
- u.u94 - 0.24±0.I7 

I~B K3B, 3/2- I.27 -0.700 O.U3U O.IIB - o.I9;t0.07 

KB8311'l8CTIIQHHe 3H3'l6HII!l q - ~8KTOpaB 9o,p B~'ll!Cn n:\Cb rrpll ITOl al!lll a~HQq8CTI!qHall 

ljJopMyn~ cne~DI!IIIII aGpaaau: arrpe~en!IHCH :.rjHf•"KTlo!BH~Il g- ljJaKTop g,~lf"f' H3 TeapeTHqecKara 
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147 omm c1106 
SH8llBHI!R 9qp ,liJIR OCHO:IHOro COCTORHI!R Sm(9s"TT/9s • 0.5f ) II nOJIYllBHHOe 

3HallBHHB IICnOIIbSOBaJIOC:, AJIR paC'IlBT8 9qp ~KTOpOB BOS6yZ,li6HKHX COCTORHI!~. 

CpaBHBHI!B 3KCnepii:IBHT8JibHHX II TBOpBTI!llSCKIIX 3H8~SHIIU yKa3HBaBT H8 Cy~BCTBSHHyro pOJib 

O,liHOWOHOHHOrO BKJia,lla. 

R H T e p a T y p a 

I. 3.E.EepJIOBIIll, ~.K.~·ces, B.B.~JibiiH, B.B.HHKHTHH, M.K.Hi!KIITIIH. ~as. AH CCCP, Cep.¢11a. 

26, 22I (1962) 

2. C.Gunther, I.Lindg~,n, Paramagnetic Effects, Perturbed, Angular Correlations, p.357, 
Amsterdam 1964. 

3. L.S.Kisslinger, R.A,Sorensen, Rev. Mod. Phys. 22 1 853 1963. 
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l'l3MEPEHHH YrJIOB!iX KOPPEJIH!!ftll [-KBAHTOB 
147ElA. p~ 

M.B.l\.IHMeH:ro:acKaH, A.A.CopoKIIH 

HayqHO-IICCJJ8,llOB8'1'6JI:hCKd HBCTIITYT H,i(8pHon <jllll3llKi· MI'Y 

H,apa 
147 Eu 11 149 Eu. neaaor Ha rpaHI!!1e o<lJJBCTII ,neljlop~o~aua~, " XE paK:rep Boaoyll:,neHIIH B 

HIIX IIM68T CnOli:HN~ II ,llO CIIX nop H8BNHCH6HHN~ X8p8KTep, XOTn 1/lX CX8'N ypOBH8M B HBCTOH~ee 

BpeMH ,llOBOJlbHO ITO,llpOOHO H3Yl!8HN /I-3/. C 3TO~ TO'!KII apeHIIH BB&HNMII ONJIII ON ,ll8HHU8 0 MarHHT

BNX MOU8HT8X B030Yll:,ll8HHNX COCTORHHK 3TIIX H,ll8p. ITepBN8 B030Yll:,ll8HHN6 COCTOHHIIR - 229 K3B B 

147E\A. 11 !50 K3B B 149 Eu. - HMSilT 1\0CTBTO'!HO 60JibWHe BpeueHa &ii3HH /I/, 'l'l'o6u mc uarHHTHNe 

MOM8HTN MOPnll ONTb 113M8P8HN M8TO,llOM B03MY~BHHO~ yrJIOBO~ KOppeJIH!jllll. 

C ljBnbiD BNHCHBHIIH TBKO~ B03MOli:HOCTH HBM~ O~nll 113Mep8HN yrnOBNE Kopp8JIH!jlll/l pH,na KBCKa-

1\0B, npoXOI\R~IIX qepea aTII ypoBHII: 396 - 229 KaB B 147Eu. 11 346 - I~ 0 K3B a 789 - ISO K3B 

B 149Eu.. lllauepeHIIH npoli3BO.lllllll!Ch Ha cneKTpouerpe coBna,neHHV. c KpHCTBJIJIOII Na_ J ( JT 
II paapeWBIJil\1111 BpeueHet.l CX8Mbl COBna,ne;mn T = 8 X ro-8 ceK. B K8'!8( TBe IIC'rO'IHJ/lKOB IICIT0Jlb30B8-

Jl8Cb r8,llOJIIIHIIeBaH ljlp8K!jllH, BN,neneHH8H 113 T8ETanOJJO~ MIIW8HI! (CIIHXpO!IIKnOTpOH OV!f!ll, Ep660 li3B), 

B BH.lle BO,nHoro pacrBopa naKTaTa Gci Hill! racTnopa XJIOpiiCToro GeL B f C£. Ilepe,i( >~aMepePI!fi!lll 

KOppenRUIIH 113MCpRili!Ch CIT8KTpN COBn3,i(8HI!H I! COPIJ8CHO 11M BHOCI!ni!Cb C< OTB8TCTBY~m11e ITODp8BKH 

Ha BKna,i( ,npyr~tx KacKa,noB, 1\0ilro~IIIBY~IIX np11uecert, Ha pacna.n 11 T • .l\. :eaynhra:ru, nonyqeHHNe 

li8TO.l\Oll HBI!M8HbWIIX KB81\PBTOB, ITOK838HN B Taonllije. 

fl.npo K8CK8,ll IICTO'IHIIK 

147 Eu. 396-229 K3B JlaKT. Gd. 

6 H20 

149 Et.t 346-!50 K3B Jlau. Ga 
6 1420 

149Eu 789-!50 K3B JlaKT. Gd B 

H2 0 

-'.'- Gd ce3 6Hce 

. 
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Ta6niiU1 • 

I-(0,02_±l 

- (0,008: 

I-(0,03_±l 

+(0,05,t0 

1+(0,029; 

-(0,03;t0 

I+(O,Oij;! 

+(0,05,t0 

\1/(8)=1+(0,02 

+(0,00 

1,0I) Pt(Cos8) ----1
1 :0,018) P4 (Cos 8) 

1,01) P2 (Cos 8) 
02) P~r(CosB) 

:O,OJS) P2 (Cos8) 
03) P4(Cos8~ 

l,024)P2(Cos8) 
05) P,. (Cos 8) 

:,tO,OIB) Pz(Cos8) 

;,t0,035)P4 {Cos B) 



To, 'ITO yrJIOB8ll 3HII30TpOITII: I He B03pOCJI3 npll nepeBO)Ie IICTO'IHII!Ca B paCTBOp XJIOPII.ll3, n03BOJIR8T, 

nO-BII)IllMOUJ, KCKJI~'ii!Tb B03110MHOCTb OCJI36JI8HI!R 1!3UepeHHUX KOppeJIRUHn 3R C'i8T 33BIICR~ero OT 

Bp8118HK KBU)IpynOJibHOfO B38.1110)18~CTBI!R. 

KaK Bll)IHO 113 T36JII!UU, KOppeJIRUI!ll )IJIR BCeX Tpex K8CK3)10B nO'iTII 1!30TpOnHU, II l!~epeHI!R 

118fHI!THUX UOMeHTOB COCTOHH 1n 229 K3B B I 47fu. I! ISO K3B BI49fu. 118TO,i\3l!ll I!HTerpaJibHOll IIJII! 

)IM~epeHUll8JibHO~ KOppeJIRUI!I B M8fHI!THOM noJie BPR.ll Jill B03MO~H~. 

KacKa)l~ 396-229 K3B B 147Eu. M 346 - ISO K3B BI49fu COOTB8TCTBY~T O)IHon II TOll ~e no-

CJI8)10B8T8JibHOCTI! Cni!HOB 11 12 - 7/2 S/2. 11pll )IDnymeHIIll, 'ITO nep~XO.l\h 'i96 K3B I! 

346 K3B RBJiflmCfl 'IIIICTO KB3 \pynOJibHbll!ll (MZ), )IJIR nepeXO,Z\OB C:29 K3B II ISO l\3B !iOJJyqaeu CM8Cll 

IIYJibTllllOJie~ ('18,S,:t0,6)% M1 + (I,S,:t0,6)% E2 (0 >0) 11 (99,:t0,5)% uii + (l,:t0,?) 1; E2 ( 0 > 0 ), 

COOTB8TCTB8HHO, B COfJJ8Cllll C ,Z\8HHbiMII BHJTpeHHell KOHBepCI!II /l-)/. (8CJJI! .1\0llJCTI!Tb B nepexo

.l\8X 396 I! 346 K3B llpiiiiiCCh i8CKOJibKI!X npOU8HTOB UJJJbTI!ITO~bHOCTI! ~3, 3Tll OTHOWtHIIH CMecei. Me· 

HH~TCfl, HO H83H8'ii!TCJJ1HO). W (8) )IJIH K8CK8)13 'ltl9-IS0 K3B llpll )18HHOli CUCCI! MJJJ!.TI!ITOJI6it ne

peXO.l\8 ISO K3B 11 .ZIJ!fl uynbT~nonbHOCTH nepexo.11a 789 K3B EZ /3/ )lonycKaeT .ZIJifl cniiHa ypoBHR 

939 K3B 3H8'1CHIIC 7/2 II 9/2 II I!CKJI~'i8CT 3H8'1CHI!C 5/2. 

B 3uKJJ~'iCHIIC aBTOpbl E>ipa]j[8KJT 6Jiaro)lapHOCTb B.C. :::nllliCJIKJ 38 llliTCpCC K pnDOTe, (.H. 

rpoiiOBJ 3a npe)IOCTaBJJCHIIC B031!0lltHOCTI! nOJIJ'iCHIIR IIC'rO'iH111{QB 11 H. A. Jle6e)leBy 38 cJOJibWJ~ IT0-

11011\b B 113rOTOBJI8HIIll I!CTO'IHI!KOB. 

ABTOpN Gnaro)lapH~ T8HKC H.C.UblraHKOBO~ I! r.B.bonOTOBY 3a ITOIIO~b B 113MepeHI1HX. 

Jl I! T e p a T y p a 

I. E.C • .lllltenenon, Jl.ii.l1eKep, B.O.CepreeB. "CxeMb! pacna)(a pui\11031(TY.BlWX Ri<ep". 

k13)1.AH CCCP- M-JI, (I963). 

2. M.IT.ABOTIIHa, E.IT.IpMropbeB, A.H.3oJioT8BHH, B.O.CepreeB, B.l.Tep-HepceRHU, 

H.Bp3aJJ, H.A.Jie6e)eB, H.J!HnTaK, H.fp6aHcu. k13B. AH CXP, ccp.<Pll3.30,I292 (I966) 

3. M.l1.ABOTHHa, E.IT.lpKrOpbeB, A.B.BonoTaBIIH, B.D.GepreeB, H.bpaan, R.JlllnTaK, H.A. 

Jle6e)IBB, R.Yp6aHel. k1aB. AH CCCP, cep.~ll3.30, 1304, (1966). 
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!.ICCJ!E,llOHHHE KOHBEPCidOHHiiX SJIEKTPOHOB H (-JIYI!E~ 149 
Eu. 

r.ld.C!i'IIIKOB, O.j.KOBpftriiH, B.H.qeKaHOB, II.C.BOAOnHBCKHH II A.~.HoBropOAOB 

YaCTHTYT HAepaoU WH3BKII tH Kaa.CCP 

llpoaeAeHN IICCJIMDBHHR fcneKorpe. 
149 Eu aa nonynpoB0/1HIIKDBOM Ge(U)-cneKTpoMeorpe " 

cneKT pa 3n8KTpDHOB BHY' pea nell KOHBepci!il HH MHrHHTHOM ;s- CIT8KTPOM8Tpe C ABYXKpHTHOH WOHYCII

pOBKOll HH yrOJI TfYz ( "1.0 = 500 Mil). 

BnepBNe i13M8p8HN !OHBepCi!OHHNe JIIIHIIII nepexOAOll 251 K3B II c8I K3ll 11 O!IP8A8JICHN K031jli))II

Uli8HT!i IlHyTpeaaell KOHBt PCIIII ~K AJIH HHX. MyJihTIIITOJil>HOCT~ YKH3HHHNX nepeXOAOB MI + E2. 

Onpe;lleneHhl uynhTHi OJihHOCTII Bcex nepexoADB a H;llpe 149 Sm • BN'IHCJieHN aepoHTHDCTII aJieK

TpoHHoro 3HXBHTH Ha YP' BHH 149Sm. B Ta6ni!U8 I ;l!HHN BN'IIICJI8HHN8 KOSW\llllliii8HTN Bl!yTp8HH81l KOH

B8pC1111 c{K 11 IIYJIJ>THno: hHOCTH nepexo;l!OB a 
149 Sm . 

JliiHl'lfl 

Cll8KT-I [I J 
pa 

K '13 IO 

KI78 2 

K203 0,3 

K25I -
K254 22 

K277 roo 
K281 -
K327 70 

K350 3,4 

K505 2,2 

K528 1,6 

K536 0,2 

Ta6n11ua I 

KoaljlljJI![\118HTbl BllyTpeHHell KOHBepCMII o(K II Mynl>TIIllOJihHOCTII nepexo;l!OB B I~9Sm • 

ce 

I 

HHHH 
pa6oTa 

40 

3 

0,9 

3,6 

IOO 

0,68 

78 

3,0 

2,3 

1,6 

O,I5 

--

I r 
-

15 

6, 

2, 

5, 

2I8 

122 

7, 

144 

125 

20C 

195 

.jf 
) 

,lf 

) 

jf 

) 

,2 

17 ~ 

3KCnepHII6Hr. 

[9] 
;z{HHHH 
pa60TE 

- 2,7 

0,29 0,47 

0,13 -
- O,I8 

0,102 O,II 

0,082 0,082 

- 0,098 

0,49 0,053 

0,27 0,024 

O,OII O,OII 

0,0082 0,0082 

O,OII8 0,0089 

8aaqea11e ci.K 
T80peT11'18CK. MynnBnoni>HoCTJ> 

B03MOliH. IlPIIHIIT!ie 
EI E2 III 112 3HH'IeH. 3HH'I8HIIll 

0,47 2,3 3,I 33 III + E2 III + E2 

0,06 0,7 0,35 2,1 III + E2 III + E2 

0,047 0,13 O,I2 1,6 III + E2 IH + E2 

0,019 0,08 O,II 0,5 III + F2 M1 + E2 

0,019 0,07 O,I ~,48 t.U94%+6%E2 94%111+6~ 

0,8I7 0,06 0,085 0,43 MI MI 

0,017 0,06 0,085 0,43 lfl+E2, III MI + E2 

0,0089 0,029 0,048 O,I7 III If I 

0,0089 0,029 0,046 O,I8 E2(11l+E2) E2 

0,0037 O,OI O,OI8 0,06 E2(1fl+E2) MI + E2 

0,0034 0,0095 0,017 0,05 E2 E2 

0,0034 0,0092 O,OI6 0,05 E2(1fl+E2) III + E2 

K558 0,24 0,2 22, 9* O,OI05 0,0038 0,0034 0,0087 0,015 0,047 E2(11I+E2) III+E2 

~ no pa6oTe 9 . 

flAPUidAJ!l HliE llEPI'!OiJbl llOJIYPACllAJ!OB AJ!h<PA-IISOTOllOB I5I T& 11 149 T6 

H.KopYII~KIIl, r.HellOAHII'IHHCKIIll, 3.C:raxypa, K.3y6ep II A.Ey;ll3HK 

I'IHCTII!y:r H;ll€pHO~ WII311KII, KpaKOB. 
I'IHCTHTcT i))llaBKII HrennoacKoro YHBBepCH!e:ra, KpaKOB. 

11apnHanbH!ie nePHc ;liN nonypacnH;l!OB auljJa-HaoronoB 151TJn I 49 T6 onpeAeJian•ci> no ono•e-
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HHID HHTeHCHBHOCTei RHHK" HOHB6pcHOHHHX 3ReHTpOHOB, HCllyCH88M~ R~paMH, B03HHH8ID~HMH liOCRe 

11x am;wa-pacna~a 11 nocne aneHTPOHHoro aaxBaTa. BeTEl! pacna~oB , .JIR 3TIIx >~aoTonoB noKasaH~> 

Ha p1w.I. B cnyqae >~soTona 151 Tb , 'IIICRO R~ep 151cd , B03HHK<.ID~IIx 11a 151 TB nyTeM aneK

TpoHHoro saxBaTa
1 
onpe~eRRJIOCI> no HHTeHCIIBHOCTH KOHBepCIIOHHOll RJCHHII K-IOS,I H3B B 151 Gd , 

l!IICJio R,Ziep 147 Eu , B03HIIHaiDmiiX nocJie ani>!l>a-pacna~a ISI Tf>, onlle~eRRJIOCI> no HHTBHCIIBHOCTH 

JWHBepcHOHHOii Rlllillll K-197;4 HaB, B03HKKaiDmell B 147 Sm . VIa 3TOi BBRII'IHHbl onpe,UeJIRROCI> 

cooTHO!lleHHe ~"'- • flo,l(o6Hw oCipaaoM nonyqaJIOCI> cooTHO!lleH.IIe A o( ~JIR 149 TIJ. B cJiyqae 

151 lllot 147 Atot 
Tt'l J'IHT!>Banacb BOSMOJKHOCTI> ero noJiy'leHIIR v.s Tf> • VlsMe P< HIIR BBJIIICb c f!OMOIQI>ID 6oJII>-

moro 6eTa-CIT8KTpDI'pa!l>a C O~HOpO~H~ M8I'HIITHhlM f!OJI8M, 38~8HHHM J:OCTORHHUMII M8I'HIIT3MII, npll 

paspemaiDme" crrocoOHocTII 0,04%- 0,06%1). VlcTO'IHKHOM HBJIRnacb T< pCiHeBaR wpaHUIIR, B~eneH
HaR 113 npoi\YHTOB oelny<~eHHR Ta. npoTOHaiiH c aHeprlleii 660 MaB2 ). llony<~eHHLI8 coorHomeHHR 

A~ J\o( . T npllB61\8Hl¥ B Taeln.I. ltlcnoJII>3YR H3MepeHH!¥8 coorHomeHIIR Atot ,Mhl Bhi'IIICJJI!JJII npK-

Be~e~~t~>e IllRpHHbl 8RDlPa-p8CIT81\8 s z II W8HTOpbl sanpeTa - r;" ~Jill ~ liOMI!HYThiX 1130TOflOB ( Ta6JJ. 2). 

3xcnepRM6HT8RI>HN8 COOTHO!ll6HIIR Ae.. 
A tot 

IBOTOll 3aepri!H ;\ <{ (H8CTOHI!l8H A~ (1\pyrKe 
K8B Ttot paeloTa) Atot aBTOphl) 

I5IT~ 340915 (51I,5)xl0-6 

3 x ro-6 

(4,8±0,5)xi0-6 

3,3xio-5 

I49n 3967t3 0,210,06 

0,1 

O,H 

O,I6f.0,04 

Ta6n11qa I 

~RR lSI "b II 149 Tf> 

M! 

c{ 

X-JIY' 

d. 113 

oi' 113 

--=6:. 
8.3 

~ 
llOJI.< 

+ 

~·o~ onpe~8R8lliiH II aBTOp!¥ 

TOT II ~p. 3 • 4 ) 

MaK¢epJiaH5) 

151 T~ rpoMoB 11 ~p. 6) 
Tli9T& 

KTIIB. 

TaOJIK!!a 2 
flpiiBBI\6HHHe wllpiiHhl al!J>4la-pacna~a S2

11 dlaKTOP~> oanpeTa-F , BbiYIICJieHHhle ~JIH 
aJID!Pa-pacnai\OB ISIT6 11 

149Tb 

lolao>ron ~,: M3B) 

HaCTORIJiaH .liPYI'IIe 
uaeloTa 8BtODN 

I5IT~ I,II~Io-3 
0,6lxl0-3 

0,6Ixl0-3 

I.I9xl0-3 

~aKTOP aanpeTa 

HaCTOHi118H 
pa._6oTa 

75 

?I 

IIPYI'He 
8BT0Pb! 

139 

136 

-

JliiTepaTypa 

PacMycceH10) 

ToT 11 liP· 4 ) 

MaH~PepnaH5 ) 



f::\ E.C. 0 E.C. r;;:\ 
. ~ 120d \::!) 18.2h \!!) 

r 
r::;'\ E.G. r;;::\ E.C. ~G 
~ 25d \J 35h ~ 

~ E.C. ~ E.C. ~ v 9.Jd v 4.1h \..J r 
(S 9~6~ s 

P11c.I. 3e~:Biti pacna,n;OB AJIJI U30TOilOB ISIT6 t-~I 49 T6 • 
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llaOTOIT 02 (Ma:B) <l>aKTOD aanneTa 
HacTOHutall :ztpyrHe H3CTOHUl3H ;ztpyrHe JII!TepaTypa 

paCioTa 3llTDpb! paonTa 3BT0pb! 

I49TfJ I ,37xro-2 5,72 

I,l4xi0-2 7,44 PacuycceHIO) 

I,l5xl0-Z 6,83 I TOT II :ztp. 4) 
I 
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PACI1AJl 

E.l1.rpHrOphell, A.B.3onoTallHH, B.O.Cepreell, M.ll.COllijOB, H.Bpaan, H.A.neCie;zteB, 
H.nHnTaK, H.YpCiaaeu, 11.11.AuHTpHell, H.H.KpacHoll, D.r.CellacrhHHOB 

.II rY, OllHil, <1>31'!. 

1965. 

llayqeaHe pa;ztH03KTHllHOrO pacna:zta15IcQ CiblnO npe:ztnpHHHTO ll CBH3~ C B3EHOCThiD yCT3HOBne

HIIH CllOllCTB ypOllH8ll H;ztpa 151Eu. , HaJCO)IH!ll8rDCH ll npOM8EyTO'IHOil oCina JTH uell,l(y KpyrllbiMII II )18· 

WOPMHPOll3HHb!MH H)lpaMH. 

llcTO'IHHKH 151 Gd CiblnH nonyqeabl no peaKUHII 151Eu( d, 2n) 151Gd aa UHKJIOTPOHe <I>Hai!

Ko-aHepreTH'!ecKoro HHC!HTyTa npl'l aHeprHH )lellTOHOB 21 llaB. AKTIIllHOC rh 151 Gd cocTaBmma 

"'I uC. 

llccne)IOB3HH8 CITeKTpa aneKTpOHOll BHyTpeHHBll KOHllepCHH npOBO)IHnJCh Ha MarHHTHOM CIT8KTpO

M8Tpe THna iiVz C ITpHCiOpHb!M paapemeHHeM 0,17%, ( - ny'IH HCCne)IJBanHCh H3 nonynpOBO)IHII

KOBb!X Ge(Li)- )leTeKTopax KOaKcHanhHoro THna c 'IYBCTllHTenhHb!M oCil>eM JM 5 cu3 H 12 cu3• flony-

'leHHb!ll cneKTP (- n~ell ISI-153 GdL noKaaaH Ha pHc.I, a )laHHble o5 aHeprHHX nepexO)IOll H 

HHTeHCHBHOCTHX (-nyqell H KOHllepCHOHHb!X aneKTpOHOB npe;ztCTallneHH B raCinHU8 l. 3)18Ch Ee npii

Jle)leHbl peaynhT3Tbl paCiOT rpoMOll3 H )lp.(I) H Xapuaua II Jlp.(Z). llHTeH)IIllHOCTH CHnhHb!X nepexo

)IOll B paCiOTe(l) CinHaKH K 1!31BIIM peaynhT3T3M 0 HO )lnH pH;zta cna6b!X neplXO)IOB 33M8THO OTnH'I3IDT-
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Cll. Ir (196,5} B H8CT0111{81! pa60T8 B 4 paaa 118HJ>me, '1811 B(I) • 0TCil,lla CJI8,11yeT, '!'.rO E3 nepe

X0,/1 C ypOBHII 196,5 KaB, Il/2- Ha OCHOBH08 COCTOIIHH8 151 Gd. 5/2-t (pHc.2) B 1,5 paaa yCKo

pea OTHOCHT8JI])H0 0,/IHO'Iat:TH'IHOI'O 3Ha'I8HHII.llpHII8pHO TaK ]1[8 yCKOp8HH COOTB8TCTBy~H8 E3 nepe

XO,IIhl B COC8,11HHX 11,11pax l'-7Eu, H l49Eu, (3). 

B peayJIJ>TaTe YTO'IHt:HHII aueprHH nepexo,11a 353,2z0,2 K9B llbl He MOX811 aanpaBHrh ero c 

ypoBHII 350,1 K3B B OCHO:IH08 COCTOIIHHe, HBK 3TO 6biJIO C,118JI8HO B pa60T8(l}. 

B Cll8KTpax (-Jiy'llli H KOHB8pCHOHH~ 9JI8KTpOHOB 06HapyEeH HOBhlli ~peX0,/1 C 3H8PI'illll 

331,5 K3B. llO 9THII .IIBYII nepeXO,IIall BBO,IIHTCII HOBbll! ypOB8Hl> C 3H8pi'H81! 353,2 K3B (pHc.2). 

BnepBhle o6HapYJKeHHI e '( -nepexo)lbl 93,9; 269,5; 295,8; 339 u 345 K3B llaJIOHHT8,!CHBHbl, 

H IIX npHHa,n;JielltHOCTJ> pam a,11y 151 Gd. Tpe6yeT npoBepKH. 

YTO'IH8HH8 HHT8HCHBIOCTell f -Jiy'leli H KOHB8pCHOHH~ 9JI8KTpOHOB npHB8JIO K 60JI88 TO'I

Hblll ~Ha'I8HHKII KO~W~I81TOB KOHB8pcHH H IIYJil>THllOJil>HOCT8H nepeXO,IIOB. JTH ,llaHHhl8 npHB8.118Hhl 

B Ta6JIHqe 2. 0HH ll03BOJifllT npHnHCaTb ypoBHIIII 260,6K3B H 307,5 K3B xapaKT8pHCTHKH 5/2-t HJIH 

7/2-t. 0TaomeaHe npHBe)le!H~ BepoHTHOcTeli III nepexo,IIOB c 9THX ypoBH81! Ha nepBoe Boa6y~eH

H08 7/2-t H Ha OCHOBHOS COCTOIIHI48 5/2-t CHJIJ>HO OTJIH'IallTCII: 

B(MI; 260,6 -. 22,6) 

B(MI; 260,6 ~ 0 ) 

B(Mlj 307,5- 22,6} 
B(III; 307,5 -o) 

= 3,1, 

= O,II. 

Ma Ta6JIHqbl 2 CJI8,11yET, 'ITO llyJIJ>THllOJIJ>HOCTl> nepeXO,IIa 328,5 K3B- El. aTO COI'JiaCy8TCII 

C npHllHC8HI4811 ypOBHil 35C,I K3B xapaKT8pHCTHK 9/2-(2 , 3). 

MHT8HCilBHOCTJ> B03UCIJ[H0I'O El ll8peXO,IIa 222 K3B C ypOBHII 243,5 K3B (7/2-) Ha ll8pB08 B03-

6yE,118HH08 COCTOHHH8 2l,o5 K9B, 7/2- 0'18Hl> 118Jia. llpHBC,II8HHall BBpOHTHOCTJ> 3TOI'O nepeXO,IIa 60-

JI88 '1811 B 500 pa3 118Hl>mE, '1811 nepeXO,IIa 243,5 K3B, H.IIY~8I'O Ha OCHOBH08 COCTOHHH8: 

B(EI; 243,5 ~ 0) 500, 
ll(EI; 243,5 ~ 22,6} 

'ITO IIOX8T H81!TH 06~HCH8cl48 B pa3JIH'IHOI! CTpyKType OCHOBHOI'O H ll8pBOI'O B036y~8HBOI'O ypOB

Heli I5IEu. 0TueTHII O.IIHBKO, 'ITO BepoHTHOCTl> E2-nepexo,~~a ue~y 3THIIH ypoBHIIIIH 7/2-t H 5/2-t 

B 80 pa3 npeBblmaeT O,IIHOGaCTH'Ill08 3Ha'I8HH8 (3}. 

Jll!TepaTypa 

1. K.H.rpoiiOB, B.B.KyaaeqoB, ll.HeuoB, o.E.HHJil>C8H, O.CKl!JI6pallT, B.H.~OIIHHbiX, ~.XpHCTOB. 

OHHM, P-6-3127 (JJ.y<lna,I%7). 

2. B.Harmatz, T. Handley . NLfcl. Phys. 8!, 481 (!966) 

3. t.l.ll.ABOTHna, E.l1.fpHropJ>eB, A.B.:JonoTaBliH, .il.O.CepreeB,H.Bpaan, H.JlllnTaK,H.A.;1e6e.lleB, 
H.Yp6aHeu. li3H. AH CCP, cep.cjll!a.T.30, !i 8, CTp.I304 (I%6). 



i': G (K3B) 
JliiHIIR 

2I,55j;0,05 Lr 
Lz 
L3 

':!3,9j;O,Ia) K 
I06,60:t0,09 K 
I53,60j;0,06 K 
I74,79j;0,03 K 
196,5± O,I K 

222 K 
239,lj;O,I K 
243,49j;0,08 K 
260,6j;0,2 K 
269,5.:ti,oa) -
286,l-t-0,2 K 
296 ±-Ia) -
307,5j;O,I5 K 
328,5j;0,3 K 
33I,5tl,O K 
339 t-Ia) -
345 ~ Ia) -
353,2j;0,2 

T.tCiJIIIga I 
8Heprllll II IIHTeHCIIBHOCTII f-nepexo~OB B pacna~e l5lG~ 

k 
Haw11 rpoiiOB II 
~aHHble ~p(I) 

I280.:t200 
I36.:t30 700.:ti40 
I08.:t20 

"'0,2 
I,4j;0,2 2,I3j;0,42 

53.:t2 54,9j;5,6 
IOO IOO 

O,IOj;0,02 -
0,08j;0,02 0,35±~}10 

- ..... o,r 
o,241o,o2 -
2,4 j;D,I 2,38j;0,24 
0,09j;0,02 O,I2j;0,04 

- -
O,I2.:tO,OI <0,28 

- -
I,5j;0,2 I,36j;O,I4 
o,ozo1o,ooz -
<0,005 -

- -
- -

0,003.:tO,OOI -

Xapuau 11 HaWII 
XaH~JIII(Z) ~aHHb18 

590 
IOO 
64 

1,3 
49 207±5 

IOO IOO 
0,3 <0,6(0 
- -
- ~0,25 

0,25 3,lj;0,4 
4,1 I85.:t5 
0,19 I,3j;O,I 
- 0,09j;O,• 

0,21 2,9j;0,2 
- 0,20j;O, 

2,3 33,5.:tll 
. 0,027 2,6j;0,2 

- 0,30j;O, 
- O,I5j;O, 
- 0,08j;O, 
- 4,4,t0,2 

--~1~r-------------

,3 )Ci) 

l2 

)4 

l6 
)3 
l2 

rpoiiOB II 
~p. (I) 

"' 50 
2II,5.:t3I, 7 

IOO 
I,27j;0,32 

0,3 

194,0±29,0 
I,8j;0,7 

2,9j;0,7 

34,5j;5,2 
I,88j;0,50 

3,87j;I,OO 

a) nepexo~u He paaueweHbl B cxeue ypoBHe~ 
TeJI:DHa. 

l::>l, Eu. • V!x npiiHa~nelltHOCT:E> p lCna~y I5Ja. npe~nOJIOllll-
0) viHTeHCIIBHOCT:D ~- Jiyqe~ 196,_5 KSB Bbl'll'ICJieHa no IIHT8HCIIBHOCTII KOHB lpciiOHHWC 3Jl8KTpOHOB 

(11CnOJI:D30BaHO 3HaqeHII8 otk(J>3) =-0,61). 
B) CorJiaCHO pa60T8(I)' yKaaaHHaH IIHT8HCIIBHOCT:D OTHOCIITCR K nepexo~y ~25 KSB. B HaCTOR!IIeil 

paCioTe nepexo~a 22::> KSB He oCiHapyllteHo. 

MyJI:DTIInOJI:DHOCTII r-nepexo~OB B pacna~e 151 GGL 
raCinHua 2 

E f (K3B) d.. .ro3(aKcn.) c(K. 103 ( Teop.) BbllO~ 0 MyJI:DTIInOJI:D-
iC. E1 E2 MI M2 HOC Til 

153,60 4. 75j;20 76 345 470 2950 MI t <12% E2 
174,79 1850 52 215 310 1850 [M.~] 
238,1 I42.:t20 23 87 132 640 M. t< 20% E2 
243,49 24 i 2 22,5 82 125 600 E: t < O,I% M2 
260,6 I25.:t20 19 68 107 490 M: t <I% E2 
286,1 77.:tiO 15 52 84 370 M. -t-<50% E2 . 
307.5 83.:ti5 12,3 42 72 280 M. -t- <10% E2 
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:n.) of. 10-s- c i'eoo. 
BHao~ o wyn~i'Bnon~-

EI E2 III 112 HOCi'B 

328,5 14±3 10,5 36 59 230 EI +< 3% ll2 • 
331,5 ~ 30 10,2 35 58 225 EI; EI +<ID:' 112 (E2) 
353,3 ol'L = 1,3±<J,3 .lL =I,I5 4,7 6,3 30 EI +<2% 112 

11 d,_. 103 = C 1K/1f'; 1: = 1850. lfHT6HCHBHOCTII KOHB6poBOHHiiX aneKi'pOHOB 1K B (- nY'leil 

I f' B3Hi'li no HamHII .ztaliHbiK B 6/tHHHUHX !a6nBU!i I. 

~:nAn H30JlEPOB 154T& c TI/2 = 8 q. a 21 q. 

A.Pl.Ea~acKy-CHH: 'YPIIHY, ll.rpeqecey 1 B.A.I!oaecxy, I!.UHi'HKY, T.HSmKYIIJIY 
l!a•:!nyi' ai'owaoll /f!HSHKH A~enH CPP 

Hsowep!i 154Tb nonyqnnHc~ Hs peaKnHB Eu 151 (.( , n) T6 154 o6nyqeaBeK umeaz 113 o6o-

ra111eaaoro H30i'Ona 151!!'it cJ..- 'ISC!HUSKB E.c = 15 llaB aa UBKJ!Oi'poae. HawepRJIIIC~ r- r- -COB-

n~eBIIll &a CIIJIBi'KJIJIIIIIJIOH.!OK CnenpOKMpe COBn~el!llll. UOJIY'16Bii BOBH8 ;li8BB!i8 OUOCU6UBO 

JtaC~IUIX r- nepeXO~OB, H Ha OCHOB6 STIIX ~SBBiiX npe;~~naraei'Cll npe~Bapnen&aH CX6118. B08-

6y:K,lleHH!iX ypOBHeil 154 Gd 

O PACI!A1!E 455 J>y ....,. •ss T6 

l!.llpcHK, :1.3aoncKHII, B.raai'aBHq, I!.EypHaa 
HHCTHTyi' ~epaliX liCCJie~OB&BBII, PBeK 1 qccp 

B aaCTOHmell pa6oTe 13Y'ISJICII pacn~ •
55 Dy - 455 rr, npll nowo.. Ge ( li) - cnexi'pollei'pa 

it cneKTpoKeTpa r- r- - ·:OBn~eliHII c .zteTeK'rOpOK Ge(LL)-Ge(LL)uGe(Ll) - NaJ (~l ). B JtaqecT

Be IIHOrOKaHaJI~HOro aHaJIHISTOpa 6b1JI HCITOJI~30BSH 4096-KaHanH!iil SHSJIH36TOp, IT03BOJIH~Bil pa-

60TST~ B O~HOIIepHOII (409i KSHSJIOB) H ~ByxepHOII (64x64 KSHSJIOB) peKHKHX. 

Pa~HOSKTHBHbiK HCTO'IIHKOU CJiyEHJI npenapaT itHCnpo3Hll 1 B~6JI6HH!iil UOBi'OpBO XpoKSTOrpa~B

qecKHII CITOC060U H3 /flpaKU Ill IJO H30TOITOB npll 06Jiyq6HHB TaHTSJia npoTOHauH C Ep = 660 llsB &a 

CliHXpoUliXJIOTpoHe OI!HI!. I! !i'O'IHI!K co.ztepKSJI npaKTH'IeCKI! O~IIH i'OJI~Ko 1!30TOn 155 Dy • 
CneKTPbl 1 -KBaHTOB I!Ccne~oBaJIIIC:E. c noyo~ll Ge ( Li ) - ~ereKTopoa c ;qyBCunenH!iU 

o6~euou OT I,5 itO 7,2 cu 1
, I!Ue~x paspemeHHe Ha JII!HliHX B o6JiaCTH IOOO KaB B cpe~ae• 5KaB. 

455 
PeaynTaT!i 113Y'leHllll r-cJeKTpOB Dy npHBe.zteHbl B Ta6JIBU6 I. Cpe~Hllll norpemHOCi'~ yKasaa-

HiiX OTHOCIITeJI:E.HbiX IIHTeHC !BHOCi'ell (- nyqel! COCi'SBJIH6T ~ 2()% 

HCUOJI:b3YH ~aHH!ie paiOT(l,2 ) 06 Oi'HOCBTeJI:E.HbiX IIHT6HCHBHOCTIIX KOHB6poHOBHiiX 8JI6KTpoHOB 

I5'
5Dy 1 Uli onpe~eJIHJIII 10 Hamllll .ztaHHbiU UYJI:E.TIIITOJI:E.HOCTII nepexO~OB (cu.Ta6Jio1). 
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Ta6nHua I 

E r rroni>Hocu!! 1 r 1 ; llyJII>Tll- II ' I I llyJII>Tll
noJibHOC!h 

65,47 
90,32 

I 55' 78 
161,43 
I84,53 
205,52 
226,92 
271,27 
403 
4IO 
432,95 
439 
45I ,65 
484,I 
498,65 
508,30 
549,60 
571,15 
576 
640,85 
655 
664,00 
678,20 
683,70 
695,0 
720,60 
726,0 
745,00 

23,5 
18,5 

2,7 
13.7 
46,8 
6,5 

1000 
24,0 
I,83 
0,56 
7,2 
0,89 
I,59 

II,84 
23,3 
4I,2* 
II,82 
2,37 

III + E2 
E2 +III 
E2(+ III) 
EI( +M2) 
EI 
E2 
EI 
E2? 
III ? 

MI 
EI ? 
III, 112 
loll 
III ( +E2) 
(EI) 
III 
E2 

2,72 
16,351 E2 
4,83 III 

29,20 
2,6 

III 
MI(+E2) 

4,23 E2(+11I) 
3,78 
2,67 III 
4,40 112 

II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 

760,50 
812,55 
825 
835,05 
841,15 
848,70 
891 
905,15 
928,IO 
938 
981 
999,20 
IOII 
I063 
1067 
I088,90 
IIOO 
III7 
II55,05 
II66 
1244 
1253,8 
1296,5 
1305 

II 1317 
II 
:: 1332 
!! 1338,6 
:: 1348,7 
II 

1,68 
5,19 

2,87 
5,20 
3,35 
5,65 

30,10 
7,62 
5,75 
2,26 

36,00 
5,71 
5,75 
7,26 

42,40 
2,26 
7,42 

34,20 
24,5 
2,4 

15,0 
1,69 
2,26 
2,69 
1,33 
6,48 
I,74 

lol2 
loi1(+E2) 

lol2 
III + E2 
III 
E2(+MI) 
E2 
loll 

EI 
Ill? 

EI 

EI 
EI 

EI 

EI 
EI 
EI ? 
EI 
E1 

11 
I3E8 
13f7 
13~1 

1415,8 
14; 8,5 
1410 
14~0 

14! 1,4 
:: I4~ 4,3 
!! I5l I 
:: r5;6 
II 151·8 
II 

II 15' 9 
II 
II 

II 
II 
II 
II 
II 
II 
II 

II 
II 
II 
II 

II 
II 
II 
II 
II 
II 
II 
II 

!I 
II 
II 

" II 
II 

II 
II 
II 

15~·9 

16:0,8 
16::8 
W·3 
16h5 
16115 
17: 3 
17::6 
17':0 
17'13 
I8tl0 
I8li8 
19.~0 

I9'i4 

II,78 
2,71 
3,30 
4,76 
6,21 
3,39 
1,88 
9,01 
8,91 
3, 72 
1,71 
2,04 
1,76 
5,12 
0,39 
1,66 
1,9 

12,8 
1,81 
0,55 
0,52 
0,58 
1,01 
0,35 
0,31 
0,29 
0,31 

EI 
EI? 

E1 
E2 

EI 
EI ? 
EI,E2 
loll+E2 

III 
EI 

EI,E2 
EI,E2 
EI 

!f lla CyJIIIB)HOrO ITHKB ~ 508 + 1 511 6Wl0 Bb1'1!8HB HHT8HCHBBOCTD r 511 , 3BHilCTBOBBHHBH 1!3 

pa60TH(
3 

no onpe,lleJieHHil I K227/r • 

CneKTpH coBna,lleHH~ 6biJIH nony'I~HH c Ge (Li)- ,llereKropaKJ c o6~eMoll 7,5 cll3• llpH Hc

noJII>30BBHIIII ,lleTeKropa NQJ ( rt ) llli npHMeBRJIII Kpl!craJIJI paaMepoJ! 38x38 llM. Paapemalll!lee Bpe-

MR CX81lbl COBITB,ll8HH!l COCTBBJIRJIO: 2'1:: = Ixi0-7 CeK. CxeMa IT03B0Jil JIB perHCTpHpOBBTI> COBITB,ll8-

HIIH IIBlK.llY f - KBBHTBIIII npaKTII'18CKH C ITOCTOHBHO~ atMteKTIIBHOCTl ,IJ, HB'!IIH3fl C 3Heprll~ ov150 

K3B. 

C ,llOCTOBepHOCTI>Il 6HJIH H,lleHTHWI!UI!pDBaHU COBITB,ll8HI!fl 118lK.llY (-KBBHTBIII! CJI8.llYillllHX 3Hep-

r11~ (B K3B): 

(65-90) ciooo,Io9o) 

(184) (641,812, 905, 1392, 1481-1494) 

(227) (664, 835, 928, 1438) 
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Ha OCHOBBHRB no~yqeHHHX COBnSABHBl H 6a~aHCa aaeprll [i,2) 1 a ~aKXB IH!BHCHBHOCTel 

nepexoAOB npeA~araerca cxeua pacnaAa I5~pHc.I). EyxBol "A" >6osaaqea~ ypOBHH, BBe

ABBBYe aa OCHOB8 nonyqeHBHX COBnSABHII. 0Up8A8R8HB8 uy~bTBnOX&H>CT&J.l n03BORHBO npHnBCBTb 

KBaH!OB~e xapaK!OpiiCTIKII B8KOTOPWI COCTOHHBIIII. Jly~b!IIUOX&HOpTI! 18p8XO,l(OB 1 liPKBe.ztBHH~e HH 

pKC.I B CK06Kax, npo!HBQpeqa~ npHUHCBB~ KBaHTOBWI XHpaKT8pHCTIKaM. (B STKX CXyqBHX HRB 

KH!BHCHBHOC!H KOHB&pcKOBHHX SX8KTpoHOB onpe,ll8X8H~ HenpaBKBDH0 1 IBH COOTBOTCTBY~He nepe

XO~ pacnoxaraDrCH B ApyrHX MBC!ax CX8~ pacna,lla). BBBABHH~ HHIH ypOBOHb C SHeprHel 250 

KSB MOZHO 6~XO 6~ OTO&ABC!BH!bC HHALCCOHOBCKHM COCTOSHKeM 7/2- :523). 

J!B'!'epa!ypa 

I. Persson L., Ryde H., Ark Fys ?§. 397 (1964) 

2. H.3BOX&CKH. AHccepra~a OHRH, ny6aa,I963 r. 

3. EacBBB A.C. rpoMOB K.R., ~~enoB E.C., lexeB I.T., EaqeB ~.l.,lloposoB B.A., 
noKnaA HB Im COB8~HHHH no HABPHOJ.l cneKTpoCKOnHH B KlleBe, l96Sr. 

CBORCTBA YPOBHER 162 Dy 
E.n.rp.ropLeB 

JleoarpaACDI rocp.apcTBBHBHI ;yBRB8PCKT8! 

I. Cl:ell8. YI!OBHell 

B pa60TBX Ropreaceaa • AP· (I) H xaPMBTnB • AP. (2) 6~0 n)Kasaao, qfo npH pacnSAe 
162 m Ho B086Y&AB8TCB AByxnasnellrpoaaoe COCTOHHIIB B i&2. Dy c I II = 5-' n 523 ,j, + 

+ n 642t C saepriell !lj86,6 K8B 1 KO!Opoe paap!m8.8TCH El nepeXO,llH Ill Ha ypOBHH OCHOBHOJ.l po

TBqBOHHOI UO~OC~ (pic.I). 3Bepriii f'- nepeXOAOB (Ta6XKnH I) 6N«K ~oqaeH~ nyTeM BH8C8HKH 

liOUpaBOK B ABBBK8 paOOTH (I) UO OOHapyzeHBOMy CICTBIH!KqeCKOMY )TKHOHBHHD nonyqeHHNX B 

(I) aaeprii r- nepexOJ(OB B 
166 E?. OT O~ee roqHHX saaqeaaa ( 3 '4) ( PKC .2). Y~oqaeao 

!BJCZe aaaqeue SH&prii I576,5 KSB PDTBliKOHBOrO COC!OHHIIH C llf = 6-, K = 5, KOTOpoe Clbi

BO llpBAIOZ8BO lleKepoM BB OCHOBRRII B~ICX8HHOro MOM8H!H KH8PlJIIM (5). B H8,l(BBH81! pa6o~e 
(6) 162. l\ 

my.n~a • AP· OYD yc~aaoBJleBK saeprii ypo1111el '(- Bll6palJIIOHROI! nonce~ B JJY • Ha 

JPOBn 4+ • s+ a~ol nonocs Bono aanpaBI!b rpM nepexoJ(a •a raC5JiqK I (pac. I). llepexo~ 

393 1 6 113ll li0J(!B8JIIIAB8! C~8C!JIOJI8.U8 po!aqBOBBOro ypoBBH 1576,5 KSB. 

2. ·AaaniB cxe& 

B COO!B8!C!BII CO CX8MOI paCUBJ(a (pac.I) I J(8H~B ~BdniUti I MOKHO flOXyqHTb ~OUOHHK

!8HBB8 CB8A8HIH• 0 CJIOI!C!BBX ll,llpa I62 ])y • 
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I. JlapalleTpiX CII8WIIB8JIIIH nOJIOC C pa3JIII'IHIXIIII KBHHTOBWII 'IIICJIHIIII 11K11 ,Z[liH ypOBHH 5-. 

0TCTYI1ll8HIIH OT npaBII:i IIHTSHCIIBHOCTell ( -nepeXO,llOB 1 ll.llYll(IIX Ha ypOBHII O,llHOl! pOTH[111-· 

OHHOI! nOJIOCH, 06~HCHHDTCH npiiii8CHIIII COCTOHHHII C ,llpyrllllll KB8HTOBWII 'IIICJIHIIII 11K11 , MI!Xal!-

JIOBW BIXB8,ll8HIX ljJOpllyJIH KaJ: ,llliH paapeWSHHHX no "K", THK II ,llliH aanpemeHHHX (- n;pexo-

,llOB ( 7). OTaowea11e npiiBe.n• ·HHHX BepOHTHocxell EI nepexo,llOB c ypoBHH I486,6 KaB Ha ypoBHII 

OCHOBHOI! noJIOCH paBHO no 7) 

B (Eij5-,5- 6+,0) = ~ 5II- II60)
2 

·(I+ I2Bf = 0 , 83 (. I+ I2aJ
2 

• 

B (EI;5-,5 -4+,0) <5II- II40/ I- IOa7 I- IOa-} 

r,lle 11a 11 - napaMeTp CIISWIIB<IHIIH ypoBH8l1, 

113 3KCnepiiM8HTH CJ!S.ll:'ST 1 'lTO 3TO OTHOW8HII8 paBHO 1.34, YpaBH8HII8 111188T ,llBa pemeHII!I 

a1 = 0,011; a2 = 3 91, BTO 108 pemeHIIS CJ!IIWKOII BSJ!IIKO ,llliH nonpaBO'IHOrO 'IJ!SHH II OCTHSTCH 

nepBoe: 

a ( K = 5 -- K = o ) = o, on. 

~H nepeXO,llOB Ha ypOlHII (- B116p8[1110HHOl1 nOJIOCH 11118811 

I B (EI; 5-,5 -5+, 2) (513 -Ij52) 2 

B (EI; 5-,5 ~4+,2) (513 - 1142> 2 
I 

0' 79 -,-I---I-O~a ):-':l2.-
( I - 10a)2 

8KCnepiiii8HTalll>H08 3HH'I8HII<' OTHOWSHIIH p8BHO I ,Sl ,OTKY.l\8 

a1 (K = 5 ~ K = 2) = 0,028; K = 5 - K = 2) = 0,17 . 

06a 3H8'18HIIH 38118THO BHWS, '1811 napalleTp CII8WIIB8HIIH ,llliH nepeXO,llOB H3 OCHOBHym nOJIOCy, 

2. TiepiiO,Z! noJiypacna,l[l ypoBHH 1576,5 xaB 6-,5. 

~JIH 0[18HKII nepi!O,llH n>llypacna,lla ypOBHH 6-,5 MOEHO npe,llnOJIOEIITl>, 'ITO BHYTP8HHIIII 

KB8,llpynOJil>HHll IIOIISHT ypOBI8H pOT8[1110HHOl! llOJIOCIX 0 K=5 T8KOI! E8 1 K8K y OCHOBHOI! nOJIOCIX 

Q00 = 7,4 6apa. Tor,lla ne JHO.ll nonypacna,lla no oraomea11m K E2 '(- nepexo,lly 89,9 KaB pa- · 

BSH 

r .. (89 9) - 5 >8 • ro-I4 < 6 I 5 o I 5 5 >2 = 6.1 • ro-9c8K. 
0 

' - (15/16 rr) e.i!. Q. ~ 
II no OTHOIII8Hllm K (- n8plXO,lly 393,8 K3B 

Tr (393 8) = 6 r.ro- 1 • Ir ' 89 • 9 > .= I,66 • ro-
9
cex. · · Ir (393,8) 

~HKTOp 38118,llll8HIIH no 0THOB8HIIm K O,llH0'18CTII'IHOl! 0[18HK8 paBeH 

~ = 5 • ro5• 

llepHO,ll nollypacna,lla ypOBHH 1576,5 K3B npll C,ll8!!8HHIIX npe,llnOJIOESHIIHX ,llOJ!ESH paBHHTl>CH 

I0-9ceK, 

3, llepHO,Z[ noJiy~Cna,l[H ypOBHH 1486,6 K3B 5-,5. 

<I>OpllyJIIX JAIIxai!JIOBa y~06J:IIX ,llliH BIX'IIICJISHIIH B8p0HTH0CT8ll J!OOOrO 113 n8peXO,llOB, il,llyii(IIX 

IISll,lly ypOBH.lDIII ,llByX nOJIOC, 8Cllll li3B8CTHR B8pORTHOCTl> XOTl> O,llHOrO 113 HIIX1 THK KaK IIHT

pii'IHIIS 3ll8118HTIX II IIX O,ll ~HaKOBH, llo BH'IIICJISHHOIIY n8pl!O,lly noJiypacna,lla 1' ("(393 ,8) onpe

)18llllll Tf (303, 7) 
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Tt"(303,7; 5,5- 5,2) 

Tf(393,8; 6,5 __,. 6,2) 

(6!3- !)52) 2 

(513- rjsz) 2 

l..!.!.....:...l 
lL...2.! 

IO! • 2! 
(I -I2a (K=5- K=2)] 2ll 

IT"":8r 

xf 393.8)
3 

\ 303,7 . 

~cnonbaya rrepaoe aaaqeaae a(K=5 ~ K=2) 0,028, rrony'lllll Tf(303,7)=I,( • ro-BceK 11 rre-

pliO~ rronypacrra~a COCTOHHIIH !486,6 K3B. 

4. 0THOWBHIIB 113Tp11'1HWI: 3JI8JIBHTOB rrepeXO)!OBo ll.l!YII!HX HH B110paU110HHYII II 

OCHOBHYD rrO.l\OCbl 

0THOWBHIIB rrpi!BB,l!BHHWI: BBPOHTHOCTell rre pexo~OB Ha ypoBHII BIIOpaqiiOHHI :x II OCHOBHOll llOJIOC 

33lliiCHB38TCH B B~B: 

2 
II(K=5 _,. K=:~) B(EI; 5-,5 -..4+,2) (513-I 142) 2 

B (EI ;5- ,5 - 4+ ,0) = (5II-I 140) 2 
IO! .2! 

01.8! 

10!.4! 

0!.61 
X 

M(K=5- K=ll) 

Jr-roa (K=5 -> K=2) ] 
2 

lr-roa (K=5 -> K=O) ] 
= I,87.I,49.I0-3.o,65 ·[ M (K=S -K=2)12 

M (K=S - K=O) 

3~8Cb 11Cll0Jib30BHHH Hall,l!BHHHB rrapaueTpbl 11 311
• 3KCll8piiiiBHT ,l!38T BBJIII'IHHy J,86, OTKy~a 

[
M (K = 5 - K = 2) ]2 = 475 
M (K = 5 - K = 0) 

np11B8~8HHH8 BBPORTHOCTII 'IBTblp8lJ[~bl 33llp81UBHI!WI: ITO 11 K11 (- rrepeXO.lPB OK333JIIICb JIBH:&-

me llpiiBB,l!BHHHX BBPORTHOCTBll ~B3ll[,l!bl 33rrpe~CHHNX rrepeXO~OB. 0~1!1111 113 B0310lJ[HWI: OCibHCHBHHM 

aToro ljlaKTa IIOlKeT 6uTD H3JIII'IIle cpe.n11 ypoaaeli 162 Dy B oeinacTII "'I ,5 !13] OKTyrroJibHoro BIICi

paqi!OHHOro ypoBHH I lf , K = 5- ,0. TaKol! ypoBeHb dh!JI aaiJ,l!eH rrp11 aaepr1111 1520 K3B(II). ~3-
Ba K-3arrpeTa oa CJiado BoadylK,l!aeTCH B fo- pacrra~e I62m Ho. 

~HOr~a Ollpe~BRHIDT ljlaKTOp TOpMOlKBHIIH Ha B,l!IIHIIUY 3arrpemBHHOCTII 

j - F - -v- . r~e v=l6K-Li 
~RH rrepexo~OB H8 ypOBHII r- llO.l\OCN f = !000; ~RH nepeXO~OB Ha ypOBHII OCHOBHOI! llOROCH 

f= 75. HyJI[HO OTMBTIITb, 'ITO dOJibWell 33TOpiiOJI[eHHOCTII 0- nepeXO~OB HE ypoBHII (- llOROCbl 

COOTBBTCTByeT dOJibWIIll napalleTp CJI81!111BBHIIH liD 11K11
• 

B HBKOTOpNX COC8,l!HIIX '18THD-'18THHX H,l!paX Ha6JI~3JII!Cb COCTOHHIIH C CTPIIU3T8JibHOll '18THO

CTbll, C KOTOpHX ~yT EI (- nepeXO,l!N Ha ypoBHII OCHOBHOll II 0- BIICipaUJ OHHOll llOJIOC • .l\JIR 

3TIIX nepexo~OB T31(J1[8 IIOJI[HO onpe~eRIITb OTHOWBHI!e llp11B8,l!8HHHX BepORTHOC•~ll II 113Tpii'IHWI: aJie-

118HTOB nepeXO,l!OB Ha YPO,BHII (- llOROCH II OCHOBHOI! llOROCH. ~3 T36JIIIUN ;· BII~HO, 'ITO B 162 Dy 
OTHOWBHIIB rrpi!BB~BHIIHX BepORTHOCTell B(E!; K = S - K=2 ) 118HbWe, '1811 ;iRH 3HaROrii'IHWI: ne-

B(EI; K - 5 --,. K=O) 
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pexo~OB B 
166 Er • Ja3Cipoc B BenHqHHax OIHOBeHHl KaTpHqHYX a~eKeHIOB nepexo~OB B COCeA

HHX n~pax oqeub aetHX. 

ABrop nupaxaer O~aroAapuocr:o B.M.Mxxal~oay 3a no~e3uae oOcy~eRRs. 

·TaO~•~ I 

E( 

80,7 
89,9 
95,2 

185,2 
188,8 
265,6 
276,0 
283,2 
303,7 
386,9 
393,2 
425,3 
445,7 
558,3 

r. 

>540 

L/1,-12 
5 5 
340 
4,5 

"'0,5 
3,5 
50 

0,55 
"'0,17 

0,33 
0,45 

"'0,2· 
CJ!a6. 

MyJibTK!lOJII.-
HOC It 

E2 
E2( +M1) 

-
E2 
-
-
-

E2 
EI* 

-
E1* 
E1* 

-
-
--------

II Mynunon.-
1(11 Er 1• II HOCTL 

II 

- n 797,3 cnaO. -
12 II 938,3 

II 
1,4 EI 

- ll 997,7 Cli8.Ci. -
1740 1021,0 .. o,2 -II 

- II 1032,5 cnaCi. -II 
II 1II2,3 .. o,2 -- ll 

- II II31,6 cnaCi. -II 

91Qi 1UU,9 1,44 EI 
39 !! 1229,8 0,2 -
- ii 1238,1 0,2 -

44 ll 1248,1 cnaCi. -
70 II 1291 ,o cnaCi. -
- !! 1331,6 CJIBCi. -

-:JL 1337,9 <v0,4 -
-
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H;;po YpOBeH:O 
t(K L- ~ 2+) a (K-;:- o+ 

B(E1;1~-. 1t(K=2l lM(K~-K=2lf 
E, 1v,K B(E1 ;li-+ I1 (K=O) (K~--.K=O) 

I62.Dy 1487, 5-,5 t1=o,o2B O,OII 5-42 0,86 475 

t2=0,I7 ~ 
166Er 1664, 5-,5 t1=o,oo33 - ; -~2 <10 .c 1700 

t2=-o, 71 -o 

I69I, 5-,5 .t1=-0, oo3o - ::.....,. '+2 
5,3 1900 

tz= -o,8o ~ 
I784, 6-,6 0,28 

6 _ 6
2 70 5 

r::;bQ 1.16.10 

!824, 6-,6 0,31 - 6-62 67 I .14.105 
~ 

16c;:;r- 1095, 4-,4 a1= -0,015 - 4-42 
s.3 • ro4 

az= 0,275 4 ~40 
220 

1543, 3-,31 0,48 a1 = 0,090 3-32 6,5 58 a2 = 0,34 
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-
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B03EY!J!EHH~E COCTOHHYIH R,[PA I 55 Gd. 
H.KopUHI\KHil, r. lleBO~HHqaHCKHil, 3. CTaxypa, K.3yoep H A.Ey. \3l!K. 

~HCTHTyT ~epHoil wwaHKH B KpaKoBe 
YIHCTHTyT Wft3HKH Hre;nnOHCKOro YHHB8pCHT8T3 B KpaKOBe. 

ITpw nouomw uarHHTHOro 6eTa-cneKTporpawa THna ~aHuwa wayqeH cneKrp KOHBepcwoHHux ~neK

TpOHoB, COITpoBO~SD!ljKX pacn~ I 55Tb ~ I55 ~cL , B HHTepBane 3HeprH~ 8 K3B )J.O 600 K3B. Paa

peW8HH8 npa6opa <v0,04%. ToqHOCTD onpc:ieneHiiH 3Heprw~ a;neKTPOHOB nyqm J O,I KsB. ToqHoCTD 113-

uepeHHH OTHOCIITBJIDHUX IIHTBHCIIBHOCTeli K: HB8pc110HHUX JIHHHH<v40%, a ~JIH RI!HIIil_,uano OTRI!qaiJ!ljHX

CH no 3HepriiHM H HHT8HCHBHOCTHM 1 lQ% - 15%. 

HcToqHHKOU c;nyaHna Tep6aeBaH wpaKI\IIH, B~eneHHaH xpouaTorpawwqe}KHM ueTo~ou wa TaHTa

;noBoll UHW8HH, o6;nyqell!i0H npOTOH8MII C 3HeprHe~ 660 MoB Ha CHHXpoi\HMO rpoHe O~H. ~~8HTHWHK8-

I\IIH KOHB8pCHOHHUX JIIIHHll, npHHaAli8Ea!ljKX pacnaAy I 55Tb, npOK3BO~Hli8Cb Ha OCHOBaHIIH HX 3H8p

rall, HHT8HCIIBHOCTell II nepHO~OB no;nypacna~a. 

PeayJIDTaTU H3U8peHHll npHBe~eHU B T86JIHI\8 I. Kpoue nepeXO~OB,H3E3CTHUX ~0 CHX nap, B 

HaCTOHmell pa00T8 Hali~BHO 13 HOBUX nepeXO~OB, H3 KOTOpHX 6 BKJIIJqeHO E CXeUy pacn~a, ITOKa

aaHHYil Ha pKc.l, rrOCTpoeHHYIJ Ha OCHOBe cxeuu,npe~liOEeHHOH B pa6oTe( 3 ). 

!Ia OCHOBaHHH peayliDTa!OB H8C'r0Rll\8ll pa60TU 1 a Ta!Cle H3B8CTHUX JIMrepaTypHUX ~aHHHX (06-

30p HCfiOJIL30B8HHUX H8MH ~aHH~: HaXO~HTCH B pa60T8(I)~ npe~;naraeTCR HOB8H HHTepnpeTSI\HR 

CXBUU ypOBHell H.llpEl I 55Gd. • ilpi! STOll IIHTepnpeTBI\IIH yqHTiiBa6TCH KOpHOJ HCOBO B3aHUO)IellCTBH8 

ue~y HHnbCCOHOBCKHIII! •COCTORHHRD 5/2+ [642), 3/2+ [651] H I/2+ [660], a Ta!Cle BoaHUo~ellCT.IIIB 

UeX)Iy COCTOHHIIHMH, pasnaqBDmiiUHCH KBaHTOBiiM qacnou OCI\HllliHTOpa HS A/I= 2. fio;nyqeHHHil HS 
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3KcnepHI4BHTa llaTpllt!HLill 3li8KBBT BSaiiKO,liBIICTBBH <3/2+ [402)IH5\ 3/2+ [651])::::6 KSB COrllacy-

8TCR C ITpeACKa3aBBHUH &O,liBJIH HM~bCCOHa.rpyOHB O~BHKH KaTpKt!HLIX BJIBK8HTOB KOpHOXHCO!OrO BSa

HIIO,li8~CTBIIR ITpHBO,liHT K SBat!BHBH»8 1,5-J paaa UeHbWHU, qe11 BH'IMCJIBBBHe ITO UO,li6HM HMHbCCOHa • . 
Ope,llllaraeKaH B HaCTO~BI paOOTB KHTeprrpeTaUHH CXBKLI pacrra,~~a npB,liCTaBHeHa HH pMc.I, 

rrpllt!BY ,llliH ypoBHBll CO CliOZHOll CTpyKTypol yK&SHHa TOllbKO CaMaH OOllbBHH KOUITOHBHTH. 

ABTOpu BHpai[HIJ'f rJyOOKyll OnarO,liHpHOCTb C.Orase, 3.EoxHalU(ouy II fi.IHliH'IY sa ,liHCKJCCHII 

Ill ITOYOIIU> B OOCyK,l!BHI'IH ]'e3yli:&TaTOB, K.fl.rpouOBY II B.A.XaJIKMHY sa ITjle,liOfTaBJIBHIIB llCTO'IHHKOB 

Tep6HH, H.A.]ede,liBBY 3< BU,li8JIBHH8 Tep6HH HS TaHTaliOBO~ KHW8HH
1

H COTpy,liHHKaM PaJIHOXHYH'I8C

KOli JiadopaTOpiiB Iff!~ B J.paKOB8 sa ITOMDI!ll> B HSrOTOBJI8HHH HCTO'IHHKOB. 

TadliH~a I 

CrreKTp KOHBepCIOHHUX 3JIBKTPOHOB, B03HilKHIJI!lHX npH pacna,lle lS5T!'J- IS5Gd_ 

1a6ora Xap11aT~ II ,lip. (2) ~MHrep 111( 3) 
.111. 

3Hepr11H llHT8HCHBHOCTI'I KOHBBpGIIOHHLIX JIIIHilll a) Mylii>TIIn. 3Hep- lfHTeH- 3HBprHH l!yJII>TH 
rrepexoJia 

(K3B) K LI I 
- nepexoJia rMH ne CIIBHOCTl nepexo ITOJ!hH. 

·ii Lm Mr Mrr Mj N rexo,lla K-KOHB. )Ia nepex 
K3B) JIHHBII (K3B) ,lla 

o-

I 2 3 5 6 7 8 9 IO II 12 I3 14 

- 12,7 d) -
18,75 18,75 l;=IOO 18,75 ~l+E2 

2I,03 2T,O L~ 70 2I,O E2 
- 26,65 L!= 20 26,5 EI 

3I,5I 31,43 L.= 35 31,43 E2 

- 39,83 Lf.=4,5 -
- 40,7 L1cnadafl 40,7 (EI) 

45,32 37,2 5,5 ,5 45,3 LI= 57 45,3 E1 
58,0 :~<II 58,0 Lr =4,6 58,0 EI 
59,63r) 8,2 l) B) - -
60,03 168 4 . ,5 40,2 32,9 7,9 7,9 7,4 III/E2=29 60,0 l[ =210 60 ~I+E2 

.ll) 60,3 Lj = 5 60,3 E2 
- - 66,53) 
- - 76,03) 
- 79,2 "' 4 79,2 (EI) 
- 80,9 <t<2,8 80,9 (EI) 

86,0 ~360 B) 86,0 "'IO 86,0 III 
86,57 ~065 217 4 ,I 60,8 43,7 .. 8,9 -<14,2 II,O EI 86,5 1480 86,5 EI 
99,03 24,0 3,8 2 9B III(+E2) 99,0 28 9960 I+E2 

IOl,I6 62,0 8,3 UI(+E2) IOI,I5 65 101,15 III 
- r) IOI,6 cna6aH 101,6 

102,61 .ll) 4,6 - -
103,38 JI) 8,3 - -
105,32 IOOO roo 2' 2 ,3 23,0 22,3 ,6,2 4,5 5,1 EI 105,3 1000 105,3 EI 
IIB,I (0,9B) II8,0 "'0,9 II8,0 (EI) 
120,023) <2,8B) 120,5 tti,6 120,5 EI 

- - 130 
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I 2 3 4 5 6 7 8 9 IO II 12 I3 14 

138,273) 7,8 138 2 3,5 138,2 EI-t112) 
146,14 3,0 146 0 f:JJa6aH 146,0 E2 
148,66 260 31,6 2,9 1,24 8,0 2,4 M1/E2~<:30 148 .65 290 148,6" 111-tE2 
. 150,6 ~ 7, 7B) 150 ,6 2 150,6 E2 
158,62 2,9 <I,7B)0,9 0,7 E2 I 58 ,6 4 158,6 (E2) 
160,56 46,0 7,8 fo,9 1,3 IU( -tE2) 160 ,5 65 160,5 E2 
161,30 192 24,5 4,4 2,8 5,4 1,6 MI/E2•8 .I6I ,3 230 161,3 111-tE2 
162,62 2,9 - -
163,30 336 43,8 3,0 I,O 6,6 2,6 MI/E2=80 I63 ,3 390 163,3 loll 
I75,34 ~3 0,7 I75 ,2 3 175,2 EI 
I80,09 375 43,1 3,9 I,5 9,7 2,6 MI/E2t.~:35 I80 ,I 490 180,1 III 
IB1, 79 4,9 1,5 I8I ,6 "'7 181,6 
I8I,96 6,I 0,9 B) B) !<0,6B) I82, 05 7!:7 182,0~ 

I93,28s 0,36 - -
200,48 I,3e) - 200 EI 
206,55 p.o,n 0,2 - -
208,0 7,I I,I 0,2B). 0,26 ~0,2 MI( -tE2) 208, 0 8,5 208,0 E2 
208,61 fo,33 - -

- - ~I6 EI 
220,09 3,6 220, 0 -;,:3 220 (E2) 
220,77 I5,6 3,1 220, 6 2I 220,6 (Ml-tE2) 
227,00 3,6 0,32 226, 8 6,2 226,8 MI 
232,39 0,7 - 233,5 EI 
239,5I 4,2 0,59 ,0,2 Ml-tE2 23S 45 8,5 239,4 MI 
242,853 fo,4 - -
246,363 fo,3 -
248,643 foo,6 -

-
248 

261,343 0,62 - -
262,35ll 82,8 9,I 0,4 ,;:2,0 1"0,5 MI 26<' 45 130 262,4~ M1 
268,6 I,I 26E 7 <3,5 268,7 EI 
281,08 2,0 !'(l,26 281' I <:4,2 28I,I E2 
287,05 3,4 0,53 pO,I5 28E 9 5,9 286,9 MI 
- - 308 (EI) 

3IO,I3a ft0,36 - -
321,98 fto,69 321, 8 I,8 32I,8 f.IITE2 
340,79 I0,2 0,8 34(. 8 I2 340,8 14ITE2 

- - 361 
367,33 1,24 . -
367 '70 0,78 3K, 6 3,5 367,6 EI 
370,72 I,I 371. 0 I,9 371,0 III 

- .. 380 
- .. 384,2 
- . .. 391,3 (E2) 
- .. 395 

402,01 f.o,3 40;:, 3 0,6 402,3 MI 
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? 

I 2 3 4 5 6 7 8 9 10 II 12 13 14 

408,79 a) "'0,3 402,3 0,6 402,3 III 
- - 428 EI 
- - 447 • (E2) 
- 45I,3 O,I5 451,3 lll+E2 

454,88 ::>0,2 454,8 cna<laH 454,8 lll+E2 
- - 488 (EI) 
- 50I,8 O,I5 50I,8 
- 505,9 0,07 '505,9 EI+M2 
- - 513 

I - - 532,5 E2 
I - - 542,5 

- - 555 E2 
- 559,9 io 0,46 559,9 III 
- 588,2 "' 0,2 588,2 EO+E2 
- 592,8 0,6 592,8 EO+E2 
- - 6I0,5 
- 6I5,5 0,075 615,5 III 
- - 648 
- 706,2 ..:0,07 706,2 
- 715,3 <>:0,05 -

ilP~MEqAH~H: a). HHTBH(HBHOCTb KOHBepCHOHHO~ JIHHHH K-105,32 K3B rrpHHHTa aa !0008JIHHH~; 
6). H8Ha0jJOJiaeUHR rrepeXOJI 12,7 KSB <lull BB8J18H B CXBMY pacrrana XapMaT~OM H 

J!p.(2 ) JIJIH ITOJiyqeHHH O<JiaHCa HHTBHCHBHOCTH JlliH ypOBHH 118 KSBi 
a) KOHBepcHOHHaH JHHHH He paapemSHa OT npyro~ HaKJianuaanme~cH JIHHHH; 
r) JIHHHH L:r- 5~ ,63 KaB paHee 6bllla rrpHHHTa aa JIHHHIO K-101,6 Kaa; 
Jl) JIIIHIIH K-102,61 KaB 11 K-103,38 KSB Ob!JIII paHee rrpi!HHTbl aa Lj[ H Li[- KOHBepcnoH

HUe JIHHHH nepeXOJIH 60,: KSB, HO OTHOW8HH8 HX HHT8HCHBHOCT8~ He COOTBBTCTByeT T80peTHqec
KOMY aHaqeHI!IO L ii I Lm JlliH mo6oil uymmmoJI:&HOCTH nepexona; 

e) I!HTeHCHBHOCTb-JHHIIH K-200,48 KSB rronyq~Ha na auqi!THHIIH JIHHHII LT- 158,62 KSB OT 
CJIOlltHOrO ITI!Ka. l1HT8HCIIJ HOCTb l1 - 158,62 KSB Bb!qHCJiel!a 113 IIHT8HCIIBHOCTe!1 J!pyrHX KOHBep
CI!OHJWX JIIIHHM STOrO IT8J8XOJIH 9 ;CJIH npHHHTh ero MJllbTIITIOJibHOCTh KHK E2, 

K) IIHTBHCIIBHOCTII !OHB8pCIIOHHb!X JIHHHH rrepeXOJIH 262,35 KSB ITOJiyqeHbl TIOCJie BbJqi!TaHHH OT 
CJIOlltHb!X ITIIKOB IIHTBHCHBIOCTBi\ COOTBBTCTBYIOilli!X !(OHBBPCIIOHHb!X JIIIHH~ rrepeXOJ!a 262,45 K3B H 
pacnana 156re, - 156 Gd ; 

a) JIIIHIIH ae paaMeueHa B cxeue pacnana,npi!BBJIBHHO" Ha p11c.1. 

R 11 r e p a T y p a 

l.j.Korm1ck1, !I.:11e·:•orln czaAski, Z.Stachura, K.Zuber and A.Budziak, 

Excited states of 15:Gd nucleus. Submitted for publication in Nuclear Phys. 

2. B.Harmatz, T.H.Handley and ).W.MiheL.ich. Phys. Rev. 128, 1186 , 1962. 

3. M.Finger, P.Galan, M.Kuznetsova, ].Liptak, J.Urbanec and J.Vrzal. Preprint J.I.N.R., 

E- 2908 (1966). 
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CXW PACllAl!A 165Tm 

B,Kyp~eBHq, 3,Uopoa, E.ill,HKnbCeH, 3,llpe~6Km 

HHCTHTYT ~epHHX KCCne~OB8HH~ 0 BapmaBa 

Pacna~ 165Trn ~0 CKX nop HCCne~OBanCH B HBCKOnbKHX pa6oTax(l-7), UenbD HHCTOH!lle~ pa-
60Tbl HBnRnOCb ITOJiyqeHI' e HOBbiX ~8HHbiX 06 ypoBHHX 165E1" nyTell H3llepeHHR e- "( COBIT~BHKil 
np11 nOI!OillH 6.}1 3a3op1 oro fo ··cneKTpO!.teTpa c KJlHCTannou 7,6. 7,6 c,l • N a1 ~nR ~eTeKIIiiK 
d -KBHHTOB, Ge(lL) -l BTSKTOp npi1119HRJICII .ztnl! (- (- COBll8.,li8HII~ K ~nH 113llepeHKR llpDCTO

ro 0-cneKTpa, 113 KOTCporo nonyqeHbl OTHOCIITBnbHbiB KHTSHCKBHOCTK /"-nepexO.ztOB, 

Ha OnHTB llO.ltTBBPIHJI8Cb OCHOBHHR qaCTb CXBIIbl pacna~a, npe.ztnOEBHHHR Xap118T~OII( 1 ), B 

KOTOpyro HBTOpbi ~o68B0' HO BBBJIH cne,!(y!OIJlHB HOB!l8 ypOBHH (pi!c,1): 5/2 Hnll 7/2 - 477 K3B 0 

3/2 +58~ K3B, 5/2 + 105 K3B 0 1/2 + 745 K3B, 3/2- 962 K3B 0 3/2 + 1031 K3B 0 l/2 KJIII 3/2-

II03 K3B, I/2 11n11 3/2 - 1289 K3B, 1/2 HnK 3/2 + 1412 K3B, Tp11 113 3TKX ypOB!Iell 6blnll He3a

BIICIIIIO yCTBHOBJIBH!l B "BKY!llBII ro~y B pa60T8X )\lltBJ!BllOBa II 3BOnbCKOil(6, 7), BBO~HTCR pDT8~11-
0l!HHR rroJioca, rrocTpoeJiHBH Ha ypoBne I/2 + [660] +(vi.&T" c aaepruell 507 K3B (pHc.2). Cni!H 

3TOrO COCTORHHR ycTBHIIBJIBH HB OCHOB8 llynbTIIl!OJibHOC~H E2-rrepexo.zta C 3Heprllell 460 K3B 

( elK= (l,7.±.0,7).I0-;' ]. llapaii9Tp A o6paTHO rrpO!!OP!IliOHBJIBH IIOIIBHTY I!Hep~llll ~JIR 3TOII rro

noc!l 11 paBeH IS ,4 KaB. []apaMeTp paaBH3Jtll a = 0 ,BI. 

~HTBp!!peTa~IIH H8lOT8~110HHbiX ypOBHBil OCHOBaHB HB Cp8BHBHIIII C COCB~HIIIIII H.ztpaiiii(B) II HH 

cpaBHBHIIII C pacqeTBMII HepOTB~IIOHHbiX ypOBHBil ~BWOPMIIpOBaHHbiX ~ep C HeqeTH~ A9), rnaBH!lB 

KOII!IOHBHT!l HepOTB~IIOH!hcr ypOBHB~ !!pHBe~BH!l B TaOni!UB I. 

Ta6nHua I 

3KC!I9 liMB T CTpyKTypa 3Hepri!H 0 K3B K 
0 5/2 5/2 - [52~ 

47 5/2+ 5/2 + [64 
243 3/2- 3/2 - [5211 
297 1/2- 1/2 - [521 5/2 - [523) + Q (22) 
477 5/2 IIJ!ll I /2 
507 1/2 + 1/2 + ~601 ~ 5/2 + [642] + Q. (22) 
589 I/2 IIJIII 1/2 (~~~ :[Sf~] 608 5/2 -
745 1/2 + 1/2 + ~6601· 5~2 + [642J + Q. (22) 1020 3/2 + 651 + (22) 
854 3/2 + 3/2 + ~651~ 460 (B) 
920 1/2 - (5/2 - 523 + Q (22). 3/2 - [521) + Q. (22) 910 

I03I 3/2 + 
ll03 I/2 HnH 3/2- ~3/2 -~52~+ >22), 5~2 - 523 + Q (22) 1050 
1289 1/2 11m'! 3/2- 1/2 - 51 • 5 2 - 51 + Q. (22) 1300 
1412 1/2 IIJIH 3/2+ 3/2 - 521 + (l 30) 1400 
1427 3/2+ 1/2 +[41 P + ?/£ - [523] P + 5/2 -[523]n 

92 



'J3 



I<'TT • 112 +ROTATIONAL BAND 

7427----·-,----------- ~+ 

7037 312 or 5/2 + 

505.5 

589.4 

507.7 

384. 

356.3 

297.2 

47.2 

-- 512 1/2• 
3/2 1/2• 

1/2 1/2+ [66o] r- vib 

5/2 1/2-
3/2 1/2-

1/2 1/2- [52~ 

-~-----------512 5/2+ [642) 

0 5/2 S/2- [523j 

165Er 

PliC. ''. 'lacr, cxe:.tu pacna,n;a, CBa3aHHM c I/:'+ [ 6601 + t vibr 

poranwoHHOA nonocon. 
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7, B,JBOR»CKB H ~p. ITporpauua H T83HC~ XYIT COB8~8HMH ITO H~epHO~ CIT8KTpOCKOnHH H 
CTpyKType 8TOMHOrO H~pa, Xap»KOB 0 I967r, 

B. c.w.Reich and M,E,Bunker, 
XYI Cose~aHII8 no H~epHOii CllSKTpOCKOniiH H C1'pyKType BTOMHOro i!~pa, IJOCKBB,I%6r, 

9, V,G,Soloviev et al, Report E4 3051 JINR, Dubna 1965, 

K-~30MEP 166111 Yb 
P.ApnnT, !,!eneB, B.KanHHHHKOB, 3,Manex, r.MyaHORb, H.HeHO!, 3.YCM8HOB8, 

X.IIITpyc~~ 
O~H~ 

06HBPJE8H8 paHee H8H3B8CTH8H KOPOTKO~HBy~aH BKTHBHOCTb B VTTep6H8BOH WPBK~H, H~8H-

THWH~HpoB8HH8H xax uaouepHoe cocTOHHHe 166
Tn Y& ITepHo~ nonJpacn~a orrpe~eneH paBHUM 

(18t.2) MHH, ~~8HTHijJIIKB~HH rrpose~eHa no reHST11'!8CKOii CB!l311 C !18! O'IKOW 166 m + 166Y6-
166 Tu - 166 E1" • VITTep6uesal! ljlpax~HH xpouaTorpaqlll'leCKH sw enHnacn H3 npo~yKTOB rny-

6oxoro pac~errneHHH,nony'leHHbiX rrpH o6nyqeHHH Ta-MH1118HH Ha c HI!Xpc ~xnoTpoHe B Te'leHHe 10 

UHH, ~H HCCR8~0BBHHH reHSTH'ISCKOii CB!l3H Y6 ~ li~ rrpOBO~HRCCb BW~8R8HH8 ~0'18pHe~ 8K

THBHOCTH(1) H p83~8R8HH8 1130U8pHbiX H~ep( 2 ) ,C HCITOilb30B8H118M pe! K~HII C!IHJIJIBP,)lB-'!aJIMSpca BO 

WTBJIO~BHHHOBbiX KOMITJI8KCax, 

ITpH HCCR8~0B8HHH ~enO'IKH 166 Hf - 166 Lu. - HadJJJJ~BJIHt:b ~0-MHHYTH~e H 7-48COB~8 
aKTHBHOCTH, xorop~e OTHOCHTCH coorBercrseHHO 166m Y!l. H H 61u (3). 

~ccne~oBaHIIe rauua-cnexTpoB nposo~unocb Ha rauua-cneKTPOM! T pe c Ge( L) - ~eTeKTo

pou C 'IYBCTBIIT8RbHUM 061>8UOM 4,8 cu3 II paap81118IO~eli CITOC06HOCTbll 6 HoB HB Jli'IHI!i! 60co (E<f= 

= 1332 K3B), ~!l periiCTpa~HH H o6pa00TKII CIT8KTpOB IICIT0Rb30B8H8 4096-J\aHoRI\Ha!l C~CT€118 1 
CBH38HHaH C 8BM MIIHCK-2' 4), 

" 
J!HTepaTypa 

I. W. Herr, Z. Natu.rforschu.n9 Sa (!950) 629 
2. W.Herr, l.Naturforschun9 9a (i954) !SO 
3. P.ApnbT 11 ~p. ~ORna~ na X Cose~BHIIII no H~epHoll cnexTpocKanii.I, .i(y6Ha, I%7 r. 

4, r.~.3a6HRRIIH, ~.3Bon»cRHl! 11 ~p. ~oRna~ na XYIT CoBe~aHIIH no I~epnoH cnexrpocxonMH 
II CTPYKType BTOIIHOrO H~pa XapbKOB 0 I967r, 

HOBblE ~30TOITbl 167 Ht , 166Ht 11 166 Lu 
P.ApnbT, 3,ManeR, r.r~y3110Rb, r.ITijlpenrrep, X.IIIT JyCHb!ii 

P~IIOXI!MH'16,CKI!U M8TOI\OU 1!8 OCHOBS reH8TIIqeC!toll CBH311 C ~0 18pBi!MH 1!30TOITaMH raljJHMH

RJOT8~118U, IITTep611eu II TyJrHSII 6Wll! 06HapylK8Hb! HOBble HellTpOHO~eljl 111HTHbl8 1!30TO!lbl 167Hf , 16~f, 
ITepi!O~bl ITOJiypacna~a paBHbl COOTB8TCTB8HHO: 

167 Hf - (1,9t.0,2)1111! 0 
166 Hf -(5,3+0~7)MHH,AR

TIIBHOCT»,y6b1BBJOD18!1 c nep11o~OM noJiypacrra~a (3,3t.02)MHH rrpHrrHChiBleTcH H30Tony Tb Lu , 
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~CCJIEl!OBAHIIE ~3JlytiEHitllil ltl3 PACUAM lti30MEPOB 198n it! lti30TOUA 
199

rt 

~.A.A~pe3B, B.P.BypKHCTPOB, C.il.KapeqKafi, H.H.KpaCHOB 

ltlacT4TYT ~epao~ ~HSHKH AH Kaa. CCP 

Boz6yllt,l\6HHhle COCTOHIIHH 198H9 H3 pacmma 198Tt H rgsm Tt li3Y'I8Jll!C:& B pH,!le pac50T(l-6). 

B CJiyqae pacna.l(a 198Tt '!CCJ!6,!(0B8HHH npOBO,l(HJ!liC:& B OCHOBHOI! no 3Jl6KTpDH811 KOHBepCllll. 0.l(Ha-

KO BO BC6X pac5oTax HHTeH' :l!BHOCTII KOHBepcHOHHh!X 3JieKTpOHOB He npl!BO.l(HTCH II C0061JlaiOTCH Jllllll:& 

3Hepr~H COOTBeTCTBYIDIIIIIX :'aKKa-nepeXO.l(OB. raKM8-li3Jiy'!eHHe 198Tt li3Y'I8l!OC:& paaee TOll:&KO 

CQHHTHJ!J!HQIIOHHh!Kll cneKTp1111eTpaKH ( 2 , 3 ). B He,!laBHe~ pac5o:re\ 3 ) COOc511(aeTCH, 'ITO raMMa-lly'!H 

198TC.. HCCJ!e.l(OB8JIIIC:& TaK:!e ITO ljiOT03JleKTpOHall, HO ,l(aHHh!X 06 HHTBHCHBHOCTHX 8BT0phl( 3 ) He 

llpiiBO,!lllT. 

Pacna,!l 199TC.. H3y'!a lOll B OCHOBHOM no 3Jl8KTpOHaM BHyTpeHHe~ KOHBepcliH( 7 ,B) • C QeJI:&JO 

liOJ!y'!BHHll ~OliOJ!HHTBll:&Hh!X CB8,!(8Hll~ 0 pacna~e H30IIepOB 198TL H H30TOlla 199Tt HaMH llpHBe-

.l(BHbl H3MepeHliH ClleKTpDB toHBBpGHOHHb!X 3JieKTpOHOB ll cneKTpOB ralll!a-Jiy•Ielt. /tlallepeHIIH raMMa

cneKTpOB npoBO.l(HJII!c:& Ha I le ( Li. )-cneKTpoueTpe c KPIICTaJIJioM .l(HaMeTpOM "'2 CM H TOJJilliiHOii 

'IYBCTBHTeJI:&Horo cJioH "'5 MM. CneKTpoueTp I!MeJI paapemea11e "'6 KSB no JJHHHII 662 KaB 137 Cs • 

AHaJIH3 llllllyJI:&COB npOII3BO\HliCH Ha aaaJII!aaTope Altl-256. 

l[JIH aHepreTI!'!ecKoll ~pa,!lyllpOBKH cneKTpoMeTpa HcnoJJI>aoBaJIIIc:& I'ISOTOnH II4 Jn, ~03H~ , 

1.57cs , 22 Na , 144Pr , 60co 1'1 124.56. ,l.lonoJIHI'ITeJII>Ho .llJJH rpa~yl'lpOBKI'I HcnoJJ:osoBaJJIIc:& 

T3Kllte nepeXO.l(hl 4Il ,6; 12 J2 II 2039 K3B 198Tt , a He prl'lll ItoTOph!X li3BeCTHhl C xopomel1 TO'!HO

CT:&JD. rpaAyHpOBKa no OTHJCHTeJJ:&HOii 3~8KTHBH00Tll cneKTpOMBTpa K rauua-Jiy'!aM npoBO,l(IIJiac:& 

Ha TeX 3T3JIOHHh!X H30TOnac, B cneKTpe KOTOph!X HM68TCH He M6Hee 2-X raMM3-JII'!HIIIi C H3B8CTHOM 

OTHOCHTBJI:&HOll HHTeHCHBHOlT:&JO. 

/tlaMepeHHH KOHBBpCl!(IHHb!X cneKTpOB npOBO,l(HJ!HCb H8 MarHHTHOM j>-cneKTpOMeTpe Jf'{2 npH 

paspeweHHH no HMnyncy (IT 0,3 .l(O 0,6 %. 

raMMa-cnBKTpbl H3Y'IhJIHC:& B oc5JJaCTH 3HeprHii 70 -t 3000 K3B. CneKTphl KOHBBPCHOHHh!X 3JICK

Tp0HOB li3MBPHJJHC:& B OCiJJUCTH 400 -t 1400 K3B B CJiy'!ae I9STC , 11 30 -t 600 K3B B CJJy'!ae 199-re. 
ilpHHa.l(JIBlKHOCT:& (- JJMHH.i Hs.oTonau 198re , 199re. onpe,!lBJIHJJaci> no nepHo.lly non.vpacna.na. 
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Kccne:nyellble 1130TOII!l 198 •198mTfll 199Ttnony'!IIJIIICI> no peaKUIIH~ 197.11.u (d ,xn)198Te, , 

:99TC. 11 I 98,I 99H~ ( p, n) 198TL 199Tt.. rrp11 o6ny'!eHIII! aonoTo~ MIIUOHII ,(-qacTII!1aun 11 PTJT

Hoi·i Mlllll€1111 llpOTOHUllll C llOCJI€1\YIOllliiM pal(IIOXIIMII'!8CKIIII paal(8Jl8HI!811. ~ €T0l(I1Ka BL!ii8J!CHIIH Olli!Ca

Ha B pa6oTe( 9). 3Hepr11H npOTOHOB - 10 MaB, 3Hepr11H d- '!aCTill1 Mel f!JlaC:b OT 40 !{0 25 Man. 

06ny'!e!II!H npoBO.lli!JII!C:b Ha no.llyTopaueTpOBLIX UI!KJIOTpOHax lUI~ AH Kaa. CCP 11 '<1>311. 

Bcero 6blJIO 113Y'l8HO 6 IICTO'!HI!KOB TaJIJlllH, JlOJIY'!CHHblX 113 PT:/THC i1 Mlllli8HII, II 15 IICTO'!Hl1-

KOB 113 30.il01'0ii llllill8HI!. i13M8p€1!11H Ha<Hllli.!Jli!C:b, B Cp8JIH8M, CITyCTH [[( I!TOpG qace> TIOCI!C OlWH'l:;

!a!fl oonyqemm. 
3Kcnepl!lleHTaJihl!blC ;.;e3yJihTaTbl; ran.ll~!A 198 

PecyJI:OTaT!l 113118p8HMll 3Heprllil ll OTHOCllT8JihH!lX :IHTSHCI1BHOCT8!1 raMMa-~yqe)IJ 113 pacn;ct· 

l ~BTf BII8CT8 C .z;aHHWIII .l(pyrHX aBTOpOB nDIIBe)lOHb! E TaOJIIIU€ l. 

3HeOrllll II 0THOCIIT8JlhHbiO IIHTOl!CiiBHOCTII )"-nyqel! 190 Tt Ta6J.l ~ 
------Er (K3B) J c~· ( OTH. 

CaKall (3) rynTa (2) ilaCTOHlllaH paeioTa llaCTOHIUaH I aeioTa 
- j c. ) ------z;--

--
21'1,7 -- 2IY_ti G,OOO~_tU,< '· 02 
~55,4 - 25o_tl O,OOI4_t0,0l C3 
~41 - ... -
2'+7,4 - (<'47_tl) -
4II,6 410 41? n ' - 4,1? 

- - (527_t3) O,OIG .:t. .. ~~~ l_•j 

587,3 - 587_t2 O,OU'i 
5j5 595_t2 0,007 
635 650 634.:t2 2,5 _t 0,4 
676,9 673_tl I ,5 ::t 0,2 

}* :,67 

758,7 756_t2 0,42_t0,09 
772,4 772.:t3 0,04 
7~0,5 787.:t2 0,1 

79'7,5 79B:tl 0,07 

- (833.:tl) O,II.:tO,Oo 

- 895;t2 O,IB.:t0,03 

- 920;!:,3 0,25;t0,04 

943 940_t2 0,23;t0,05 

- %0.:t3 O,l3j;0,03 
1009,9 I006.:tl 0,63,:tO,l2 

10'<4,9 I046,:t1 O,l2;t0,03 
1070,7 1080 I067,:ti O,I2.:t0,04 
1088,2 IOB6.:ti 0,37,:t0,03 

} C,l3 

Il37 ,4 II35;t2 O,l7,:t0,03 

1202,3 1200 1202 I . I 

1253 I253.:t5 0,12,:t0,02 

1315 I3I3_t2 0,74,:t0,04 
BS9 I357-t2 0,21,:t0,02 
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_l 2 3 4 5 

1405,5 1404 0,1 
1422,6 I 1421 i 1422±1 1,3±0,1 1,1 
1437,3 1439±2 0,29±0,03 . 
11+49 1448±2 0929±0,07 
1492 1491±2 0,53±0,04 

- 1519±1 0,22±0,06 
1562 1562±2 0,14±0,02 
1596,1 1595±2 0,4±0,1 . 
16I3,I - -

- 1630±3 0,17±0,06 
1660,3 1659±3 0,23±0,04 
1722,8 1720±2 0,37±0,07 
1768 1764 0,63±0,03 
1799,4 1794.±1 905 
1832,7 1832±1 0,58±0,02 
1858 1852±3 0,13±0,01 

- 1902±1 0,39±0,06 
1953 
2039,4 I 20I0j 

1953±5 0,16±0,02 
,50 2039 1,5± o,1 0,7 

2071 2071±1 0,12±0,02 
- (2102±2) 0,08±0,02 

2150 2146±3 0,09±0,01 
2170 2170±2 0,042±0,007 
2188 2188±2 0,32±0,07 
2280 2283±2 0,16±0,02 
2367 2367±3 O,II±0,02 
- 2426±3 0,13±0,02 
- 2462±2 0,07 

2476 l I 2450;! 
2495 

,50 2477±2 0,21±0,02 } 0,25 
2496±2 0,25±0,03 
2540±4 0,06±0,02 
2558±4 0,05±0,02 
2621±4 0,077±0,006 
2670±7 0,033±0,010 

26:14 - -
2730±10 o,o4 ± o,or 

278( :!:,50 { 2762±4 0,025±0,002 } 0,08 
2815±5 O,IO ±O,Oi 

2856±6 0,04±0,01 
(2880±6) 0,030±0,008 

I" J CiW6KUX ;IKU3UHL! 8H8j:PI'II'I rrepCXOi\_OB, H8 I'II\8HTI'IIj)I'II:(I'Ip0BUHHbiX ITO rrepi'IOI\Y JJOJiypaCilB.l1U. 

B 06JiaCTI'I aHepri!l! 800.:.1000 K3B Oc5HapYJK8Hbl HOB!le ra.MMa-nepeXO,l\ll (833), 895, 920 1'1 960 

!C~'l • .o 06JI'!CTI'I 1600 1'1 1900 K3B 06Hapy)i(8H1i CIIJI:OHb!8 rrepeXOI\bl 1630 II 1902 K3B. KpOM8 TOPO, 

:.!I!OPO I!OBb!X nepeXO,Z{OB H a6JIJO,l\UCTCH B 06JIUCT!A OT 2 ,1!0 3 M3B. }.(JIH IIJIJI!OCTpaaJlll Ha pi!C .I 

ccp11BCJ1BH 3Kcnepi'I1.\CHTaJI:o ~bli1 raMMa-crreKTP 
198n. 
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B KOHBepCIIOHHOM CJI8KTpe HaOJl!O,Z\aOTCH Jll'IHIIH C 3H8prll8H 523,8 J:3B, KOTOpyJO Mbl IIHTepnpe

TilpyeM KaK K-!!llHllJO raMMa-nepeJCo)(a 607 JC3B. 

B OCl!laCTII 3Heprl'lli 3J!CJCTp0!10D 830 -t 880 K3B Ha6!1JO)(aJOTCH ,lLB8 J I!Hl'll'l, KOTOphle Mbl OT01l(,IL8CT

BJIH8M c K-Jll'!HI1HMII r-nepeXO!lOB ';124, 941 K3B. 

l 9Btn TaJI!Il'J~. llpll llCCJIC,~OBaHl'Jll raMMa-cneKTpOB HaelJJJO)(aeTCH pH) raMMa-nepeXO,lLOB, KOTOpue 

pacna,L\aJOTCH C nepl'!O)(OM OT I ,4 40 2 qaCOB, JTl'J raMMa-!ll'!Hill'l Mbl OTHC CllM K pacna)(y I 9Bm T~ , 

nepl'!O)( no!!ypacna,ILa KOToporo, corJiacHo ( 4), paneH I, 7 qaca. ilaHI!ble o6 sHeprl'IHX 11 llHTBHCllBHO

cTRX 3Tl'IX rre pexO,ILOB npl'ID8)1CHbl D Ta6!!l'!U•~ 2. 

3Hepr>!ll 11 ll!lTeHCiiBHOCTII r-aMMa-Jiyqei\ 113 pacrra)(a I98 rnTt 

Er' Jr 
K3B OTH. 8/~YIH .. 

153 i 2 0,022 i 0,008 

225 i 2 0,16 i O,OI 

2o3 i I 0,63 i 0,06 

412 0,'14 i 0,03 

444 i 3 0,065 i 0,015 

587 i 2 I I 

I 654 i 2 I I,O i O,I 

Ta6Jillua 2 

qac 

2 
1,8 

2 
I,7 

I,8 

1,9 

I,4 

199TaJIJTllii. ?e3yJibT3Tbl l'I3MepeHllH 3Heprl'lii l'l llHTeHCllBHOCTeM KO !BepcllOHHhiX 3!18KTPOHOB 11 

MHTCHCIIBIIOCTe~i ruMMa-JJyqeii 199T{, npl!B8/l8Hbl B Ta6JI,3, iACIIOJib3YH IT lJIY<I8HHll8 )(aHHbl8 I!O YlHT8H

Cllll\IOCTmi 3JJeKTpOIIOR H raMMu-Jiyqeti, Mbl npOl'I3B8Jill O'.l8HKY MyJJbTIII!OJIJHOCT8A Ha0JJ!J)1a8Mb\X raMMa

ll8p8X0)10B. 

3Heprllll l'l liHTeHCll:JHOCTl'l ;['- JJyqe~ IIJ JWHBCpCI10HHblX 3Jl8KTpOHOB 
199 MYJJbTI1TIOJ!bHOCTJII nepexo)IOB 'Te 

Ta6JII1!ja 3 

Er jet< J; "-• JKpn. ~IC.TI op. \,1yJ!bTI1!l. 110 d..._ 

K3B 0Ta.,J)(. I OTH. 8)111H. xro-1 :ro-1 

158 ,5±0 ,2 0,2:1 0,50 i 0,07 2,2 2,9 B2 

195,5±0,1 CJ,I4 O,CJ70 i O,OI4 7,5 IO MI 

208,2 2,05 I 7,73 7,73 89% Ml+II% ]<;2 

247,4±0,1 l,U 0,6 i O,I 6,3 5,2 m 
284,3 0,2ll 0,23 i 0,05 3,3 3,5 MI 

333,7 (' ,IC O,I7 i 0,04 2,2 2,3 MI 
402,6±0,2 S,04I O,I2 i 0,03 I,3 1,4 MI 

455,0±0,2 0,1~ 0,85 i O,I3 0,83 1,0 MI 

'192,1±0,7 0,018 O,I7 i 0,02 0,41 
( ( 

0~52 M1 (E3) 
• 2) 

0!.\BHKa npOH3B8)18H8 C paBH8Hl1811 3KCI!8pl1M8HTaJII>HbiX l'l T80p8Tl'JqeCKllX K02 jl1PIIl1Jil8HTOB KOHB8pCl'lll d.K 

.ILJIH MYJibTI1110JihHOcreii EI, E2, fi3, ~II, M2, M3. 3a JiliHl'IJO c H3EeCTHOtl IYJ!I>Tl1noJibHocnn ([>lJ% Ml+ 

II%B;~) (7) npi!HJIIMaJJcl! rrepexo)( 208 K3B, ITonyqenHble EbiBO.lLbl o MyJibTllrrc JibHOCTHX Ta!(ll(e npl1B8.1\8Hhl 

B Ta6JI.3. 
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'!. IO.A.AH,l(pCeB, b.P.EyoM !CTpOBa G.IT.Kapel.(KaH, A.H.U!illliH. 11CCJI81\0BaHII8 113JIJ"l8Hllli, corrpo-

BOJK,l(aiOillliX pacna)1 TBJI .. llll 200 (i~OKJ!a,l( Ha HaCTOHmeM COB8E(BH1111), 

l1CCJ!Jo:;.!OBAJUIE L13JIY1JliHL1;;, COITPO!lOMAlJll!llX PACI1A,ll TA]]I1H ZOO 

lO,A.J\H,l(peeB, ll.P.EypMIICTpOB, C.IT.Kap8L(KaH, A,V],ljUIIhiH 

VlHCTIITfT Hl\epHot: lj>li311Kll AH Kaa.CCP 

Pacna,ll ZOO '!'f. IICCJI ),l(OBBJ!Cll B pll;'\C paOOT(l-5 ). Hai!ClOJiee nOJIHhl8 CBCJ:i8Hllll ClbJJIII IIOJiy-

'18Hbl B He,l(aBHeii pa6oTe CiKaH 11 .liP· ( 5). Ha ocHOBe noJiy'leHHUX ,l(BHHux ouJia npe!(Jio•;eHa cxeMa 

pacna,l(a ZOOrc, • 

c !18JIJ>IO yTOqHCI!llll ~~llllllX no pacna!(y ZOOT{. HaMil ClUJIII li3Y'I8Hbl cneKTPhl r- Jiyqeii c 

IIOMOII(J>IO noJiynpOBO,l(HIIKOBCrO repMaHII8BD-JIIITII8BOro CIT8KTpoM8Tpa II CII8KTpb1 KOHBepCIIOilllhiX 

3JI8KTPOHOB C ITOL!OmJ>IO L!ai HIITHOrO ji-Cn6KTPOM8Tpa :i"of2 npll paap81il8Hllll 0,Z5% 110 I!MIIyJIJ>Cy. 

llO.!(pOClHbl6 CB6,l(8HIIH 0 xapaJ\T6p11CTIIKBX IIOJiynpOBO.!(HIIKOBOrO CIT8KTpOMCTpa, a TaiCie 0 

rpal\yllpOBKe ITO 3Heprllll I OTIIOCIIT8Jil>HOII alj>!{lCKTIIBHOCTII npiiB6A8Hhl B pa6oTe(6 ). 

raMMB-CII8KTphl ZOOT: IICCJI6)10BBHhl B vllJiaCTII 60-ZOOO K3B 1 CIT8KTpbl KOHB8pCIIOHHbiX 3JI6K-

Tp0HOB ii3Y'ICHbl B o6JiaCTI IOQ-1600 K3B. ITpi!HB)IJielJ[HOCTJ> rawa-nepexo.!(OB 1!30Tony ZOOT(, onpe

,l(6JIHJiacJ> no nep11011y IIOJicPaCnUAa II no Xli1411'18CKO~ npi!Ha)IJI6XHOCTII, 

11ccJie)(yeMhlil 1130Ton zoore. noJiy'laJICH no peaKIIIIHM ZOOH9 (p,n) Z00 Tf. 11 197.Ru(<>L,n) 

Z
00

Tt np~ o6Jiy<~eHIIII MllteHII pTyTII npoToHaull IO MaB 11 MllmeHII aoJioTa ~- qacTIIUaMII Z5 Man 

Ha IIIIKJIOTpoHe ~H~ AH Ka: ,CCP. B Ka'I6CTB6 pTyTHOll MIIW6Hll 11CnOJIJ>30BaJIIICJ> pa3JIII4Hbl8 XIIUH'I8C

l(ll8 coe,l(IIHeHIIH PTYTII - 'teTaJIJIII'IecKaH pTyn, H~O , Hq.~.ce2. .Bee IIHmeHII oKoJio 2 rpaMJ~on • .UJIII 

06Jiy'l81!llll d..- qacTill.(aMI! I!CnOJIJ>30BaJiaCJ> 30JIOTaH l{!OJIJ>ra TOJimliHOII 10 MIIKpOH II Be COM -v·0,05 

rpai.!Ma, ITOCJI6 06Jiy'leHI!ll npOBO.l(IIJIOCJ> pa,1LllOXIIM11'16CK08 Bbll\8JI6Hll6 ZOO 1'{ .• 

Jlpll B~A8JI6Hllll TaJIJilll IICnOJ!b30BaJII!CJ> B CO'I8TaHIIII U8TO.l(bl 1.(6M8HTaUIIIl ll llOHOOClM6HHOll 

xpoMarorpa(jlllll. 06Jiy'leiiH Ill OKIICJ> pTyTII pacTBOPHJiaCJ> B UIIHI!MaJIJ>HOU KOJ!Jl'l8CTBe H Cf. (I: 3), a 

OcJJiyqeJIHaH 30JIOTB!I !{lOJIJ>'a- B uapCKOH BOI\K6 C ITOCJ!e,l(yJOmliM y.!(aJieHil8M a30THO~ KllCJIOTbl, 0a

T8M npOBO.I(IIJIUCJ> lj8M811Ta {llR TaJIJIIIR .l(ByKpaTHbiM no OTHOWeHIIIJ K Becy MIIW6HII K0Jli!48CTBOM MeA

BOra nopOGina R T8t!e!llle ~-X MIIHyT, a OCTaBmllliCH paCTBOp :jlliJIJ>TpoBaJICH. P33)(8JI81!116 Cu. (IT) 11 
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'l't (ill), OKIICJieH!IbiX nocJie ueYenTal(llll XJIOpou, npoBO.zti!JIOC:b 113 2M no H C ~ pacTnopon na xpo

llarorpa$MqecKoA KOJIOHKe, 3anOJIHeHHOH aHIIOHIITOM ~aysKC-1 B Ce'- ~OPM<. ~Op611pOBaHHHij Ha 

c11oJie Te (m) aJIIOIIpo:BaJICH cyec:~>IO o,IM N2H20H·HCe + NH 4 0H (I:J). BHXo.zt TaJI-

JIIIH f18qiiH8JICH llOCJie nepBOrO CBOClO,llHOrO OcJ:he!la. AKTI'IBHOCT:b ero BbH aJKI!BaJiaCb :CJJieKTpOJIII-

3011 3JIIOaT8 Ha llJI8Tl'IHOBYIO nO,llJIOlKKy. 

Bcero 6HJIO 113y'leHO 6 l!CTOI!Hl'IKOB 200 Te , noJiy'!ei!HbiX !13 pTyTH!,i1 hll'IIIIeHl'l, 1'1 3 IICTO'!IIl'I

Ka 113 30JIOTOH J.!IIWeHII. flsllepeHIIH H8'111118JIIIC:b cnyCTH CJ'TKII nOCJie OKOH'I!HIIH 06Jiy'leHIIH. 

SKcnepKIIeHTaJI:bHHe peSYX:I>Tarw 

PesyJI:bT8TY IISIIepeRIIA 3HeprHA II OTHOCHTeJI:bHHX IIHTeHCIIBHOCTeU r!LIKa-Jiy'leA npiiBe.zteHY B 

T86JIII!(8 I. AnH CC8BH8HIIH Tall Ke npHBe.zteHY ,ll8HHYe .ztpyrHX 8BTOpoB. 3KcnepKIIeHT8Jl:bHYU cneKTP 

r- nyqeA noKasaa Ha p11c.1~,6,B. B o6nacr11 aaepraA 70Q-800 KaB aa6J~anrcH HOBYe nepexo

AH 750 II 764 K3B. B 06JI8CTII"' I700 K3B H86JI~81lTCH HOBY8 nepeXO,llH 16L 2 II 1682 K3B. 

-
I~ Er __ (KaB) 'j_s-_ (! TH. EtJl.) 
nn CamA (5) rynTa (3) HacTOH1118H HacTOHJil8H 

paClOT8 pa6oTa Ca1aR (5) rynTa (3) 

__!_ 2 3 4 5 6 7 

I. II4,5 - '0,5 
2. 133,5 134 'I 
3. 200,I - -
4. 227,0 230.t,3 '0,4 
5. 250,9 25I I,CJ±0,3 
6. 272,1 - -
7. 276,I - -
B. 288,6 289 0,4±<J,2 
9. 309,I 309.t,I 0,5±0,15 

IO. 338,1 338 0,5.tO,I 
II. 368,0 368 368 100 I£0±20 roo 
12. 388,5 387±1 0,9.t,0,3 
13. 399,6 400±2 o, 7.t0,3 
14. 477,0 48I.tl o, 7.t0,2 
15. 520,7 521 ,0,9 
16. 545,I 542±2 1,2±0,4 
17. 555,0 560.t,2 ,0,8 
lB. 579,4 579 579±2 I9.t2 I4 18±2 
19. 591,4 59I.t2 o, 75±0,06 
20. 6II, 7 609.tl O,B.tO,I 
21. 629,0 628±2 I ,6.t0,4 I I O.t0,2 
22. 660,5 660.t,I 3,6.t0,5 I, 5.t0,3 
23. 690,0 • 680 687±2 I ,5.t0,2 6 
24. 700,5 70l.ti 2,6.t0,3 } I,O.t0,4 
25. 712,3 709.ti I,O.t0,4 
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26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
51. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
61. 
62. 
63. 
64. 
65. 
66. 
67. 

2 

771,7 
781 
786,2 
828,6 

886,6 
898,0 
939 

I013,I 
1028,7 
1054,9 
1002,7 
IIIZ 
II3I 
II69 
1206,8 
1227,0 
1254,0 
I264,8 
1275,2 
1320 
I34I,4 
1364,8 
I409,9 
1478,6 . 

1516,71 
1569 
1593 
1604,1 

1718,3 
I745,0 
1760,0 
1862,2 
1899,8 
1920,0 
1%6,3 
I990,7} 
20I2,0 

3 

787 
829 

(947) 

1207 
I227 

1364 

15I7 

I600;t20 

I720;t20 

I900;t20 

2000;t20 

4 

750;t5 
764.:!:,5 
776j). 
78I.:t2 } 
786;t2 
829 
865.:!:,3 
887.:t.I 
903.:!:,3 
940.:!:,3 

1013.:!:,2 
1030.:!:,3 
I054;t2 
1087;t3 
III2.:t2 
II34.:t2 
I!74;t3 
I207 
1228;t1 
I256.:t2 
1263.:t.I 
I274.:t2 
1315.:!:,3 
1342.:!:,4 
1366±.1 
I4IO.:t.I 
I470±.2 
I5I6.:t1 
I567.:t4 
1595.:t.I } 
I604;t1 
1642.:!:,4 
I682;t3 
I714;t3 
1737.:t3 
1760±.1 
1863±.5 
I907;t4 
1920±.4 
I966±.2 
I99I.:t3 
2020 

5 

I ,4;t0,4 
I,5±.0,4 

' I 
3,2.:!:,0,4 

I5;t3 
I,6;t0,7 
4,2;t0,5 
I,3;t0,6 
I,9;t0,7 

"'I,8 
"'1,9 
I ,5±.0,4 
"' 2 
3,0;ti 
I,7f.0,4 
45.:t.IO 
4,5±.0,8 
2,6±.0,7 
5 ,6;t0,8} 
7.:t.I 

I 
2,8j;,0,9 
8.:!:,2 
2,3±.0,6 
4;t.I 
7,0.:!:,:::,5 
0,9;t0,2 

2,3±.0,8 

0,6.:!:,0,1 
0,6f.O,I 
I ,2±.0,2 
I,I±.0,4 
I ,I±.0,2 
0,3;t.O,I 
0 ,4;t0, I 
0,3.:!:,0,I 
0,3±.0,1 
"'0,01 } 
"'0,3 

b 'I 

1,8.:t0,3 I 3,I;t0,4 

10,4f.0,5 11,4f.I,2 

jo,64;t0,2 
1,1.:!:,0,2 

(I) 

40z2 } 1 35±.4 
6,9;t0, 7 

1,2;t0,4 

1,2±.0,4 
5,4;t0,4 
2,2j;,0,4 

5,I.:!:,0,3 

5,3.:!:,0,6 

4,5;t0,5 

0,70±.0,251 0,32±.0,06 

0,9;t0,2 0,39.:!:,0,08 

0,12±.0,03 

0,08±.0,02 

Pesyn~TaT~ H3KBp3HH~ CUBKTpOB KOHBBpCHOHHHX sneKTpOHOB npHBB~BH~ B Ta6nHUB 2. Ha 

pHc.2 ~RA HnRDCTpaUHM npHBB~eH 9KCnepHKBHTaR~~H CUBKTp anBKTpoHOB KOHBBpcHH. B o6naCTH 

"'100 K9B Ha6n~aeTCfl RHHKH C 3HBPrHe~ Be = 111,5 K3B 0 KOTOpyD K~ HHTepnpeTHpyey KaK K-
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3HeprHH H BHTeHCBBHOCTB KOHBepCBOHH~ aneKTpOHOB 200Tt • ]10Hlll!a 2 

;: ~~~ Je fll,lleHTI!!pl!- II ll~ Ee(KaB) Je (OTH Ee (KaB II !Ill (OTH.C,ll). Kal.ll!ll II- !Ill 
II 

C,ll.) 'll\eHTJlrVII-
Kal.lllff 

I 2 3 4 I I 2 3 II 4 
II 

25. 577,6 O,OI2 I. 33,47 - KII6,6 II 
II K660,7 

2. 52,22 - K133,5 II 26. 704,6 0,005 II 
II 

3. II 27. 745,5 0,027 II 

K787,7 
K828,6 

4. I46,3 O,I6 K229,4 II 28. 769,0 o;ooi II 
II 

5. I68,5 0,054 K25I,6 II 29. 803,9 O,OOI 
II 

L783,8 
' 

) ]{887 ,o 
6. 213,8 0,010 l228,6 II 30. 8I5,2 -II 

7. 2I9,2 0,006 ? II 
31. 828,0 0,000 II 

II 

K898,3 
3 !J83I ,G 

8. 226,7 0,013 !{309,8 II 32. II23, 7 0,067 
9. 236,7 l25I ,5 II 

33. II44,6 0,005 - II 
II 

KI206,8 
s KI227,7 

IO. 257,5 0,0095 K340,6 II 34. II83,4 0,002 II I KI266,5 
II. 274,4 O,OI8 L289,3 II 35. II9I, 7 -

II 
I2. 284,8 I K367,9 II 36. II9I,7 -II 

LI206,5 ' 
' 

KI274,8 ! 

13. 304,4 0,0079 K387,5 II 
~?. I204,6 0,002 II 

II 
I4. 338,7. - M342,3 II 38. I2I2,3 0,000 II 

) lli208,2 I 

I 7 LI227 ,I I 

IS. 352,7 0,45 L367,5 II 39. 1280,3 0,004 II 
II 

I6. 364,3 O,I4 1A367 ,9 II 40. I283,4 0,004 II 

3 KI363,4 
; KI366,5 

I7. 38I ,2 0,0029 lA384,8 II 4I. 1324,8 O,OOI II 

IS. 478,0 0,0034 K56I,I II 
42. 1349,6 o,ooo II 

II 

t Kl40? ,9 
; LI364,4 

I9. 496,3 o,n K579,4 II 43. 1352,5 0,000 II 

20. 508,7 0,0055 K59I,8 II 
44. I429,0 0,000 II 

II 
21. 513,9 0,0027 '? II 45. I433,9 0,003 II 

; LI367 ,3 
1 KI5I2 ,I 
; KI5I7 ,0 

22. 545,2 0,0069 K628,3 II 46. I503,4 0,000 II 
II 

23. 548,0 0,0029 ? II 47. I523,4 O,OOI II 

7 Ll5I8,2 
) KI606,5 

24. 565,2 G,013 LSBO,O II 
II 

---·~----- - L------ [I 

Hl!Hl!IO rrepeXO,lla I94,6 KaB. llcpeXO,ll 1364 KaB B HaWHX H3MepeHHIIX llpOH3HffCTCll KaK ,llBOHI!Oii C 

3HeprHHKH I364,4 K3B ll I367,3 K3B. 

fl1CTI01Il>3Yff IIOJiyqe:ll!!le ;,aHH!le 00 liHTCHCliBHOCTAX KOHBepcliOHHh!X 3 iei!TpOHOB ll rawa-Jiyqeii, 

K!l !IpOH3BeHH Ol.leHKY uyHbiBTIOHbHOCieR Hadn~aeK!lX rawa-rrepeXO,llOB.O,eHKa npOli3BO,lll!HaCI. 

CpaBHCHHeK 3KCneplllleHTaHI.HtU KOai)}qJlll.lHeHTOB KO!IHCpCHH C TCOpOTllqecKIMI! <i-oc ,llHR MYJil>Tli!IOJI:b

HOCTCii EI, E2, E3, III, M2, J.l3. 0a Jil!HliiO c H3BecTuoil uyJILTHTIOJILHOCT ;ro np11mmancH nepeXOli 

368 K3B 1 uyJILTHTIOJIDHOCTl> KOTOporo,cornaCHO padoTe (4), E2. 

lJOJiyqei!H!le B!lBO.llbl 0 uyJII.Tl!TIOJ!l>HOCTIIX rauua-nepeXO,llOB llpllBCI\CH' B TaOJI!II.(C 3. 

B aar~nqeHBe asropbl 6naro,llapHT o.~.KospHrHHa H r.ll.CuqllKOBa a1 npe,llOCTaBJieHlle 

p -crreKTpoKeTpa ,llJIH !IpoBe,lleHHll qacTH H3KepeHBH. 
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J.lyJII>IIIIIOJILHOCTII '(- rrepeXO,IIOB ;>QQT( • TaCiJIII!j8 3 

-
No Er<KaB) Je._OTH.E E,!\. :Jr OTH.e,n. ,?.. K 3HCll. o(_ K T80p. ~bJI:J11fOJI. 
I 2 3 4 s 6 7 

I. 230 I,6(-I; ; ~ 4( -3) >I,6(-2) 4,6(-2) EI 
2. 2SI S,4(-2; ' I,0(-2) 2,I(-I) 2, 7(-I) E3 J 

3. 309 I,3(-2; 5,0(-3) I,O(-I) I,7(-I); 6,0(-2) E3,E2 
4. 338 9,S(-3; J 5,0(-3) 7,4(-2) 4,8(-2) E2 
s. 387 7,9(-3; 9(-3) 3,4(-2) 3,S(-2) E2 
6. S79 I,I(-I; J I ,9( -I) 2,3(-2) I,4(-2) E2 
7. S9I 5,S(-3; 7,S(-3) 2,8(-2) 5(-2)-I,3(-2) MI-E2 
8. 628 6,9(-3; I,6(-2) I,7(-2) 1,2(-2)-4,2(-2) E2-MI 
9. 660 I,2(-2; 3,6(-2) I,3(-2) I,I(-2)-3,7(-2) E2-MI 

IO. 786 S,I(-3; 3,2(-2) 6,I(-3) 7,6(-3) E2 
II. 829 2,7(-2; I,S(-I) 7,0(-3) 6,8(-3)-2,1(-2) E2-MI 
I2. 887 I ,0(-3; 4,2(-2) 9,4(-4) 2,4(-3) (EI) 
I3. 898 7,S(-3; I,3(-2) 2,3(-2) I,7(-2)-S,9(-3) III-E2 
I4. I207 6,7(-2; 4,S(-I) S,9(-3) 8,0(-3) MI 
IS. I227 5,3(-3; 4,S(-2) 4,7(-3) 7,8(-3)-3,3(-3) MI-E2 
I6. I266 2,7(-3; 5,6(-2) I,9(-3) I,3(-3);3,I(-3)-7,2(-3) EI,E2-MI 
I7. 1366 4,8(-3: 8(-2) 2,3(-3) 2,7(-3) E2 
IB. I408 I,4(-3; 2,3(-2) 2,4(-3) 2,S(-3) E2 
I9. ISIS 3,6(-3; 7,0(-2) 2,0(-3) 2,2(-3) E2 
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0 "KBA311BPAII!ATEJ!hHHX" IIOJIOCAX B H)lPE I
50.Sm. 

3,H,Jlype, Jl,K,IleKep, II.T.IIpoKOijlneB 

CneKTp tWHBepCIIOHHhlX aJJeKTPOHOB, llcnycKael!blX np11 3axBaTe Tei1Jio::blx HeiiTpOHOB nr,pa1111 

149 Sm, IICCJie)IOBaJICH c noMOlllniO }-cneKTporpa(jla, B 113MepeHIIRX llcno::naoBaHbt MllllleHII 113 

OKIICII Cal!apllf!, o6ora[[!8HII8 KOTOporO COCTaBl!f!8T 9S,7 %. 
Ilp11 rpa)lyllpOBKe cneKTporpaljla no aHepriiHM IICI!OJin30BaHbl TO'!Hble sna'leHIIH a11epr11i1 :f

Jiyqe~ ISO Srn, KOTOpb!e onpe)leJieHbl Ha KpiiCTaJI)IIIIjlpaK~IIOHHOM cneKTPOMe' pe(I), B o6JiaCTII 

:'JHeprllll KOHBepCIIOHHb!X 3ll0KTPOHOB OT 3S ;1(0 940 K3B 06HapyiK8HO 2S0 JIIIJ:IIii, 3Ha'I8HIIH 3Heprllll 

KOTOphlx, ll.l\8HTIIWIIKa!IIIR, OTHOCIITeJJnHbte IIHTel!CIIBHOCTII 11 MYllnTIIIIOJinHOC"II nepexonoB npiiBe)le

Hil B pa60Te( 2 ), Bee llOJiyl!eHHil€ B Cll8KTpe JIIIHIIII OTH8C8llbl K R!(py ISO ~m. 
Ha OCHOB8 llOJiy'leH!IblX pe3yllnTaTOB B i(aHHblX 113M8p8HIIHX l1 B 60Jiee paHHIIX paOOTaX, a 

TaKiKe 113 Cp3Bi!6HIIf! OTHOW8HIIii npiiBC)ICHHhlX B8p0RTHOCT8H nepeXO)IOB MCiKi ,Y ypOBHf!llll pa3JI:1'J.HhlX 

noJioc B RJ~pax IS2sm 11 IS2 qd., npe)IJJaraeTcR cxe11a B036YJK.l\8HHb!X cocTo. m11!1 ISO Sm. KOTopaR 

COCTOIIT 113 4 11KBa311Bpall(aTel!nHblX 11 llOl!OC C K 1r = 0+, llOJIOCbl C K iJ = 2+ II llOl!OCbl C Kif= 0-. 

"KBa311Bpall(aTeJinHaf! 11 llOJIOCa C Kli = 0+ II E
0 

= 829 K3B BB8)18Ha aBTOpalll BrrepBh!e, 

JI 11 T e p a T y p a 
I. R.K. Smither, Phys. Rev. !50, 964, 1966. 
2. Il,T, IlpOKO(j!MB, M.K.EaJJO!(IIC, H.H.Eep311Hn, B.A.EoH)IapeHKO, H.,ll.Kpa!ep, 3.H.Jlype,r.JI.Pea

BaR, Jl.lfi.CIIIIOHOBa, ATJiaC Cll8KTpOB KOHB8pCIIOHHblX 3JI8KTpOHOB, I!CllyCJ:aeMblX npll 3UXB3Te 
Telll!OBblX H€1\TpOHOB f!)lp3lolll C A !43 -t 197 II CX8llbl Pa.z\113!1110H!IUX nepm O)IOB, 113)1-BO 11 3i!HaT

H811 ,1967. 
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~K3J!YlffiHiffi K3 PEA!Q\Im 76 Se (n.J) 77se 

A.M.IepeCTOBoR, K.A.KOHAYPOB,D.E.RorHHOB 

1TH Hu.A.P.Ho¢¢e AH CCCP 

Bo3ClyzxeHH!le ypoBHf 77 Se 1!3BeCTH!l 113 ft±- pacna.J~a 77As /I/ H 77Br /2/, 

peaKQHll 76 Se(dp)'i7Se !3/, 76Se(n()77Se /4/ H KYJIOHOBCKOro B03ClY~XeHHII /5, 6/. 

HaCTO!I~a!l paeloTa ncCB!I~eHa IICCJleAOBaHHD B03ClYZAeHH!lX COCTOIIHHR 77 Se , noJiyqam~XCII 
B peaKQHII 76.Se(nf)77se , B qacTHOCTII, rex ypoaHell 77 Se , o KOTopux ( 113 on!lTOB no 

KYJIOHOBCKOyY B030yzxeHHJ) 113BeCTHO, QTO IIX HeJlb3!1 HHTepnpeii!pOBaib KaK OClOJIOqeqHQUOAeJib

H!le COCTO!IHII!I HeqeTHOll !Ba3HqaCTI!Qil, CorJiaCHO COBpeueHH!lU npeACTaBJleHIIIIU,3TII ypOBHII IIHTep

npeTIIPYDTCII KaK pe3yJlbT~T B3aiiUOAencTBHII HeqeiHOll KBa3HqacTHQ!l C KBaxpynOJlbH!lV ¢0HOHOU

KOJIJieKTHBH!lU B03ClysxeHII!U QeTHO-QeTHOrO "OCTOBa", COOTBeTCIBYD~ero IIAPY CeJieHa-76, 

nn11 xocrnzeHHII noc1 aaneHHOll 38J!aqH nccnexoBaJICII aecb t - cnenp peaKQHH 76 Se ( n.t) 

77 Se , QTO n03BOJIHl!C COCTaBHTb CXeuy YPOBHell '/'~OT 0 AO 1800 K3B II Bll!ICHIITb CBJI3b vez-

AY HHVII qepe3 3JleKTpOUaJHIITH!le nepeXOX!l. 

11ccnexoaamur npoae;,eH!l Ha auaexeHHOV ropl!30HTal!bHOM rryqxe peaxTopa BBP-M 

9TK IIV.A.9. ;ioljxpe AH CtCP C nJJOTHOCTbD nOTOKa TenJIOBLlX sei!TpoHOB B palloHe VllmeHII nopl!AKa 

ro7 HeliTpoHoa/cu2ceK. MlmeHbD CJiyPJIII 50 vr oClora~eHHoro (75:11) cene~a-'16. !'auva-H3JiyqeHIIe 

perncTpllpOBaJIOCb Ge ( Lt) - cqerq11xau11, 113roTOBJieHH!lUII rpynnoll nonynpoaoxHIIKOBLlX xeTeKTO

poa tPIIJJI!aJia if?TK: KOaKCIILJlbHLlV (paeloqllll OCl'OeU 8 cv3) II ITJIOCKIIIl (padoql!ll OCl'OeM 2 c113), 

B TaC!JIHQe npexcraa;:eH!I 3aepr1111 11 IIHTeHCilBHOCTII aadnmxae1111x rauva-nepexoxoa. AOcoJIDTHaH 

OWIIClKa npH onpexeneH.IIH :•HeprHH nepeXOAOB AO 500 K3B COCTaBJI!18T I K3B; B OdJiaCTII 500-1800 K3B 

3Ta OWIIC!Ka pasHa 2 K3B, II B OC!JlaCTII 5 + 7 V3B OHa pasHa 6 K3B. 

I!HT8HCIIBHOCTH HaC!JlliAaeii!IX rauva-JIIIHHII (B KBaHTaX Ha 100 3axaaqeHH!lX H8llTpOHOB) onpexe

JleHLl C norpemBOCTbD! ~1:11, ljTO OC!YCJIOBJI8HO C!OJlbWOII H8TOljHQCTbD CB8A8HHR 0 BLlXOA8 17,5 -Ce-

KYBAHOrO H30vepa 77Se 0THOCIIT8JlbH!le HHI8HCHBHOCTH 3THX JIHHIIll onpexeJieH!l HaVII C IOQ-

HOCTbD ! IO:Ii. 

Ha OCHOBaHHII DOJlyq•!HHOII liH¢QpuaQIIH COCiaBJleHa cxeua ypOBHell 77Se 

M8li:AY HHVH.(pHc.I). 

11 rauva-nepexoxoa 

IlpH aHaJIH3e CXell!l 'ldpa~aet Ha cedi! BHIIMaHHe TOT ¢aKT, qTo O - nepeXOX!l C ypOBHell 

1188, 1412, 1618 II 1823 K3B HAJT B OCHOBHOV Ha ypOBHH 238, 249 II 521 K3B, AJIII KOTOpLlX BeJIH-

qxHa ~aJB gH§Ga~g~:~it~HRa) » I, 'ITO roaopiiT o 3HaqnenbHOM BKJiale a ux crpyKTypy 

B03ClYli:XeHHII qeiHO-QeiHO'O "OCTOBa". B OCHOBHOV COCTO!IHHH HeqeTHOrO !!Apa, COrJlaCHO BCeM Blld

panHOHHLlU TeOpHliV, ¢080!11 OTCYTCTBYDT, D03IOMY VOli:HO npexrroJIOli:HTb, qro B CTpyKTypy ypOBHell 

II88, 1618 II 1823 BXOAH r qocJIO ¢oHOHOB > I. 
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ABaJIH3 B03KOli!IHX BellrpOHBYX COCTOI!Bllll B DO,II060JIO'IK8 1'{9/2 ll np.IIBJI8'18HHe X!lBBYX 

o aaceJieBHH .11 pacnaAe yposaeD 161,5 (7/2+), 175 .11 300 K3B noasoJII!er npHnucar& HK noJioz•

reJibHYD '19THOCTb .II CDliBY 7/2, 9/2. 

Ha OCBOBe nocrpoeHBOII CXeKY ypOBHell 77Se 
11,11pe: 7417! 6 K3B. 

onpe,JteJieHa auepr•~ CBII3.11 seP.rposa B 3TOK 

B 3aKJID'IeHHe BYpazaeK OJiaro,JtapHOCTb WHmK.IIHOII r.A., roJIKK~BOII r.H. R ilycrosollry A.K. 

aa HarorosJieuHe cqer'!HKOB, a raxze corpy,JtHHKaK or,JteJia axcnJiyaraux• aa oOecneqesHe Oecne

peOoAsoA paOoTB peaxropa. 

TaOJI!ma 

n 3Heprlll nepexo,Jta\ lfllreHCHBHOCTb )fof 3seprHII nepexo,~~a 
nn B K3ll . B KBaHrax nn B K3B 

me !lt!!nt'f. 

IDITeHCliBHOCTb 
B KBaHTaX 

too MJtBat. 

I. 88 2,0 17. 889 
2. 125 0,7 18. 950 
3. 139 I 5,2 19. IOII 

I 4. 
161 I 

5. 199 
6. 238 

6,2 20. 
2,8 21, 

15,4 22. 

II79 
1206 
1303 

3,6 
1,3 
1,5 
1,4 
2,8 
2,9 
0,7 
5,3 
3,0 
3,4 
2,4 
5,5 
1,8 
0,8 
2,8 
0,7 
I,I 
J '7 

7. 249 4,3 23. 1380 
8. 282 0,7 24. 1414 
9. 296 2,2 25. 1581 
10. 438 2,2 26. 7417 
II. 521 12,1 27. 7I78 
12. 569 

I 
1,4 28. 6596 

13. 580 2,0 29. 6409 
14. 649 0,7 30. 6230 

755 1,8 3!. 6008 
16. 819 1,7 32. 5908 

i 33. 5793 'j 
l_ ' 

34. 5593 

---
n ~ T e p a r y p a: 

I. B,Sara:f, T,Varma, C,Mandeville Phys,Rev • .2?_, 848, 1216 (1953' 

~ • S,Monaro. Nuovo Cimento, 2Q, 1379 (1963) 

3. B,Maeefield, R.Middleton, D,Pullen, Nucl.l'bys, 44-, y:·j (196?) 

4. B.Kinsey, G,Bartolomew. Can.T.Phys. 2.1. ·1051 (1953) 

5. R,Robinson, F.McGowan, P.Stelson. Phys.Rev • .:J.S:Z, 1573 (1'Jb2) 

6. JI.C.AH,Jtpeea, JI,H. raJibnepiiH, A.3. I!JihiiCOB, ll.X.fleyderr' 'il.H. tJyi y:ICB, ·~e311C!l ,IIOKJia)I;OB 

XVD COBemaHl!i! no 11,11€pHOl! cneKTpOCKODIIII II C!pyr>Type aTQIIHOr'O S!)tp!, :\apbROB,25 IIHBap!!
:~ ¢e~panR .. IJ67 r., 
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PE30HAHCHOE PACCEillll!E rAIIJIA-JIYl!Eil HIDlTPOHHOro 3AXJ3ATA HA JU!PAX lji!HKA 

EeF.~aHOB P.E., AxpapOB C.M., MHpBaXHAOB M.M. 

KHCTHTYT HA6PHOII ~H3HKH AH Y3.CCP 

PaHee HMIH COOdll{aJIOCb /I/ 0 pe3yJIDTaTaX HCCJieAOBaHHII BIICOKOBO::dy:a:AeHHHX COCTOHHHI! 

NL, Cd H P& lleTO,ItOII pe3oaaacnoro pacceHHHJI ralllla-JIY'Iel! aell.rpo! aoro 3axsara Fe 

( n , ( ). JlpO,ItOJIJ:aJI 3TH 3KCneplllleHTII,IIII OdBapy:a:HJII! pe30BaBCHIIII 3C(jleKT Ba HApax ln C 

IICTOt!BHKOII PB c rl , r ) . 
ralllla-Jiyt!H llOJiyqaJIHCb llOIIell{eBHell CBHBUOBOrO I!CTOt!HHKa B ropH3CBTaH&HIII! KaHan peaKTO

pa, Ha pacceHBaTeJI& llaAaJI ysxo KOJ!JIIllll!posaHBHII nyqox rawa-Jiytlel!. J·acceliHHHe pacceHBaTeJiel! 

ra~~~~a-Jiy'IH noJt yr.11011 "'!35° K naJtaDDteiiY nyqxy perHcTpHposaJIHCb xpHc TaJIJIOII Na 'J ( T t 
,ltHallelpOII ll BIICOTOI! 70 IIII,COe,JtHHeHBIIK C ~3Y-52 , CBHHUOBBII 3KpaH TCJIII{HHOH 30 Cll. 3aii{HII{aJI 

JteTeKTOp OT llpHIIOrO llYt!Ka. n.11a ylleB&meHHJI 3arpy3KH annaparypH HYnYJbCallll llaJIOI! 3HeprHH 

II 3amHTII OT Hei!TpOHOB nepeA KpHCTaJIJIOII llOIIell{aJICH ~I!JibTp, COCTOJIII{HI! 113 1,5 Cll P8 II 6 Cll 

dOP-nap~HHa. B Kat!eCTBe pacceHBaTeJiel! HCilOJib30BaJII!Cb llJiaCTHHII 113 li!HKa II lleAH (AJIJI cpaB

HeHHJI) pa311epa1111 2,5 X IJ X 26 0113 II 2,I X IJ X 26 0113 COOTBeTCTBetHO. KOHTpOJibHIIIIH H311e

peHHJIIIH d!IJIO ycTaHOBJieHO, 'ITO pe3yJibTHPYDIIti!IIH CHrHaJialll! JIBJIJIDTCJI rflllla-Jiy'IH OT CBIIHUOBOrO 

HCTOtiHBKa, B npoqecce 3KCll6p11116HTa ClleHa paCC611BaTeJiel! llp01!3BO,ItHJiaCb KaJ:.1t116 20 IIHHyT, 

BuJIO npO,IteJiaHO 20 cepHI! C UHHKOBBII II lle,ltHHII pacceHBaTeJIJIIIII, Ka:a:JtaH cepi!JI BKJIDt!aJia B ced~ 

50 nap H H3116PJIJiaCb JtBOe cyTOK, K311epeHHH npl! HH3XOI! TellnepaType (/8°K) , KOIIHaTHOII !611-

nepaType H c HarpeBaHHell npoH3B0.1tHJIHCb nonepe11eHHO. 

PacceJIHHOe H3JiyqeHI!e perHCTpllpOBaJIOCb C llOIIOIItbD IIHOrOKaHaJibBOIO aHaJII!3aTopa llllllYJib

COB. nJIJI aHaJIH3a cpaBHHBaJICfl cnexTp pacceJIHHOro 113JiyqeHIIJI OT pacce~BaTeJiel! 113 Zn II Cu 

B OdJiaCTI! cjlOTOlli!Ka 7,38 M3B. BeJII!tlllBa pe30HaHCBOrO :$fleKTa COCTaBJI~eT "' 751>. 

K311epeHHJI pacceJIBHOrO 113Jiyt!eHIIJI c JtPYrHIIII pacceHBaTeJIJIIIH ( M9 ' Af ' s~ ' K ' Ca ' v '<4' 

Fe, Co , Cd , Sn , Te , W 11 P& ) 3alleTHoro pe3oaaacaoro 3qpena or CBHHUOBoro 

HCTO'IHI!Ka He ,ltaJII!. 

CneKTp 3aXBaTa TellJIOBIIX Hei!TpOHOB JI,Jtpalll! CBHHUa 207p6 HaHdc nee npocr I 2 I . 113 

t!6TBpex CTadHJibHIIX 1130TOllOB CBHHUa OCHOBHOII BKJIRJt B 3~6KTI!BHOe Cet~eHHe norJIOII{6HHJI Ten-

JIOBIIX Hei!TpOHOB 6CT6CTB6H!!OI! CII6CbD BHOCHT 207 Pf> , Cet!elllle KOTOporO paBHO (0, 70 :!;. 0,03) 

dapH. B r- cnexrpe208 P6 I 2 I OdHapy:a:eHa TOJibKO t- JII!Hilll, COOTB6TCTBYDII!EIJI nepeXOJtY B 

OCHOBHOe COCTOHHHe; ee aOCOJIDTHal! llHTeHCilBHOCTb paBHa npi!dllii3RTeJibH~ OJtHOJIY ~OTOHY Ha 

3axsar. CYJ~~~apHaH HH!eHci!BHOCTb ocraJI&HIIX JIIIHHII B cnexrpe 208 Pb ~peuedpeJ:IIIIO llaJia no 

CpaBH6HHD C nepeXOAOII B OCHOBHOe COCTOJIHHe. TaKOI! nepeXO,It, llO-BIIJtii~JIIY, Hal!dOJiee IIHT6HCIIB6H 

11 B ll,ltpaX 207 p~ II 205 pf> , XOTH B nOCJI6JtH611 CJiyqae B O- cne npe OdHapy:a:eHa JtBa,Jt-

qaTD OJtHa JIHHHH /2/. '!HCJI6HHBe pacqeT!I BllllOJIBJIJIHCb ,ltJifl '(- JIIIHIIII 7, 38 M3B CBIIHUa - 208. 
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C ~eJILI) Onpe,JJ;eJieHI!:£ CDI!Ha B03C!yll,II;9HHOrO COCTOI!HIIII BHDOJIHIIJICSI 3KCnepi!M8HT no 113J'I8HKI) 

yrnoBoR 3aBHCI!MocTI! pe311HaHcHoro paccesHHI! npH yrnax I35°z 90~ UKHXOBHA pacceHBaTeJIL 

pacnonaranc11 no,~~; yrnou ·~0 Mell,ll;y ero aopKaJILil 1 aanpaBneaaeK nyqra. H3Kepeaao~oTaomeaBe 

(I,4!. O,I5) cornacyerc:r c JtiiDOJI&aoll npHpo,~~;oA nepexo,~~;a W (135° ),/W ( I90°). I,5, no 

DO,II;TBepX,JJ;aeT H3BeCTHHII !8KT 0 'ITO 11,11;p0 ~3 ZCXO,II;HOrO COCTOI!HBSI B OOHOBHOK COBepmaeT EI KI -

11 peze E2 - nepexo~. :•eaoaaac,no-BzJtiiKOKY, H3-3a KaJIOCTZ co,~~;epzaazs ~Hra-67 BH3BaB ae 

IlK, a 'leTHO-'IeTH!lM 1130TIIDOM. TOr,JJ;a B03dyz,JJ;eHHOe COCTOSHHe ,llOJillBO DaTI> CDIB I. 0,11;BaR0 0 

H3-3a OTCYTCTBHS ,JJ;aHH!lX 0 BHCOKOpaCDOJIOlleHHHX COCTOI!HHSX 1130TODOB ln B8B03KOllHO peBITL 0 

KOTOpllll 113 'leTHO-'IeTHilX H30TODOB ~HKa SIBJISeTCSI OTBeTCTB8HHHK 3a pe30BaHCo 

H3 3KCnepHKeHTaJibHilll Kpi!BOII CJie,JJ;YeT, 'ITO H3 IICXO,llHOrO ypOBHSI I llletOt KeCtO nepeXOlli 

Ba OCHOBHOe COCTOI!HIIe H eJie-3aKeTH!lll Ha COCtOIIHI!e C 3HepraeA I JaB. 3TO D03BOJISet BaM 3al• 

JIIJ'IIITI>, 'ITO Hae!JIIl,JJ;a9Wll pe30BaHC ,llNill9H dHTb OTHeCeH R '18TH0-'18l'IIOII)' 1130TODJ 64 lrt Ul 

66zn ,68zn. 

:lqxjleKTIIBROe Ce'leHIII! < 0 pp > , KOTOpoe paCC'IIITHBaJIOCL B npe,JJ;DOJIOlleB .. ,ltiiDOJILROrO 

yrnoaoro pacnpe,llenea•s, Hali,JJ;eHo paBHilK (33!. 4,5) Md JlJIS 7,38 M3B pe3oaaaca sa ~Hie. 

AHaJIH3 reweparypaoro a<xjlena B oCSnacTII 78° + 475° K ,llae:r 3Haqeal!e 8 = (9!. I,5) 3B. 

nn11 onpe,JJ;eJieHHS HC':RHHOrO 3Ha'leHHS napUI!aJibHOII mllpi!Hil nepeXO,JJ;a B OCBOBHOe COCtOSHI8 

W IICDOJib30BaJIH KeTO,II; C!KODOrJIO~eHHS 1 3aRJIIl'laDm&liCS B IICCJie,JJ;OBaHI!I DOrJIOII!eBIII pe30BaRCBO

ro 113JiyqeHI!ll pe30HaHCHilH norJIOTI!TeJiello, HaXO,II;III!IIKCII Kez,JJ;Y IICTO'IIIJIKOK I paccenateJieK. 

TOJIII!IIHW norno:rnen"ll H:il ~HKa 11 Ke,ltll no,~~;C!apa.ucL TaRRK oCSpaaox, q:roOH oc.lae!Jieaae 

' - Jlyqell C 3Heprllell '' ,64 M3B Hepe30HaHCHOro IICTO'IHI!Ka 56 Fe ( n , f ) COrJiaCOBaJIOCJ. 

C tO'IHOCT~ He C!oJiee I~ • 3ateK H3Kepi!JIOCb OCJiaC!JieHIIe pe30HaHCHOrO 3~eKta DOfJIO!It81SKI 

113' UJIHRa II Ki,ltll. Pe30HaliCHOe norJIOII!eHI!e B DOrJIOTHteJie 113 UI!HXa Hali,JteHO paHH!oiJI (IO,~I,5)-. 

HaXO,IIIIK 0 'ITO napUII!cJILHal! mllpi!Ha II BpeKI! D3HII ypOBHII ,II;JIII nepeXO,lla B OCBOBHOe COCTOS

HIIe COOTBeTCTBeHHO paBHII: 

ro = (0,58!,0,I:~) 3B, ~ ( ) -I5 ~0 = I,I3!,0,22 • IO cer. 

,.. I I -I8 <I>opKJJia Ballcxonl)ia ,11;aer ,II;JII! 3Toro nepexo,~~;a t.,.O'OJtiiHO'I. = , 0 ceK. TaKD oe!pa30ll 

EI - nepexo,~~; c 7,38 K3B (I) ypoBHII 64 t:n oxa3HBaeTCI! aa,~~;epmHHHK npaxepao sa :rp1 nops,llRa. 

n • T e p a T y p a: 

I. P.E.EerzaaoB , A.A. lcllaKOB nAH YaCCP, Blln.Jio 3 I967 r. 

2. n.B.I'pomea,A.M.neKII.Il'>B, B.H. Jiyneaxo, B.H. nenexoB. Auac cner:rpos raoa-.1yqe1t pa.a•

a~oBIIoro 3axBara renJIOllllJt aell:rpoaoB, M., I958 • 
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B.A.EoH~apeHKO, IT.T.ITpOKO¢beB 

WP AH liars .CCP 

Crpyxrypa soaOyz~eHHHX ypoBHe~ 169 Yb paHee accne~ouaxacb npz p'- pacna~e 169Lu 

(I) , r~e O~H03HaQHO H~eHTH¢HqHpOBaHH HHJlbCCOHOBCKHe op0HTH 7/2+(633j , I/2-[52!) ,_ 

5/2-(5!2) , 5/2-(523), a TaKJ:e H~~eHO etne HeCKOJlbKO ypOBHe~ He <:OBC lll HCHOA npHpO~ll. !1pa 

H3YQ8HIIH peaKqall (d., p) PI (d., 1:) [21 0llJlO ITO~TBepx~eHO Cy!lleCTBOBaHile 3TiiX COCTOl!HHll H 00-

HapyJ:eHO MHOrO HOBllX, H3 HiiX 3/2- [52!), I/2-[5!0] ycTaHOBJleHll H~e:rno H 5/2+[642) KeHee 

Ha~eJ:HO. 

ITPH pa~aqaoHHOK aaxsare Hel!rpouos !!~paKH 168 Y6 CllnbHO soaOyz,,allTCH cocrol!Hilll c ua-

nHKH CITHHaKH I/2, 3/2, 5/2, HanpOTiiB1 npH j3 +- pacna~e XOpOmO 3ace; :llllTCll COCTOl!HHll CO 

CITHHaKH 5/2, 7/2, 9/2. IT03TOJIY cpaBHeHHe cneRTpOB H HHTeHCIIBHOCTel! n"pexo~OB, 3aperiiCTpzpo

BaHHIIX B paaJIIIQHHX cnocoelax B03Ciyz~eHHH 169 Yl> , no3BOJI!IeT pa3BI!Tb c: :eJIY ypoBHe". 

1/laMepeiii!H CfleKTpOB IIOHBepCHOHHblX 3Jl8KTpOHOB npOBO.l\IIJIIIC:O H8 CITeKj porpaljie C paapewelll!eM 

0,07-0,3% C MI!WeHHMII pa3JIHQHOll TOJimiiHll,060rameHHllMII 168 Y& AD 4~~.B ~HTepBaJie 40-l500K3B 

CIHJlO 3aperacrpllpOBaHO OKOJlO 70 JlHHHH KOHBepCHOHHllX 3JleKTpOHOB, OTHOCI~XC!I K 169 Yb a 

raue 3HaqueJlbHoe qzcno JlHIII!ll, npi!Ha~nexamax 150 Sm , I56 , I58 Gd , :69 Tm , I75 Yb 

CHJlbHHe JIHHIIII 63, 75, I44, I57 H I65 K3B oOn~allT aHanorHQHliK cccrasou JIYllbTHITOJlbHO

cTH, QTO H paHee HCCJle~OB8HHll8 ITpll ~+- pacna~e 169 Lu, IT03TOIIY OHi OTHeceHH K pa3pll~Ke 
spamarenbHO~ nonocu 1/2-[52~ • Xopomo HaOnll~aercH raKJ:e paapa~Ka spemarenbHHX yposHell 

ITOJIOC 5/2- (5!2] H 5/2- (523) , AJIH KOTOpllX HHTeHCHBHOCTH B BeTBHX cornacyllTCH C HCCJle

~OBaHH!IMH fot pacna~a. 

Haneloxee CHJlbHHe nepexo~ 570, 572, 590, 623, 634, 7I9 H 76I K3E uoryr OHTb ronbKO 

M1 - rrepexo~ao, II~YtnHKH Ha HHJ:HHe BpatnaTeJlbHHe YPOBHH C MaJlllKH CITHH8MH. ITpHKeHeHHe KOM

OHHa~HOHHOrO rrpHHql!na K 3THK rrepexo~aK il K Clonee cnaelllK JlHHIIHM IT03BQ]ReT Bll~8JlHTb ABe Bpa

JIIateJib!Ve ITOnOCII (cv.pHc.). !1HTeHCHBHOCTH rrepexo~OB CBH~erenbCTBYilT, qro 3HaQeHHH K 3THX 

ITO!OC ~OJIJ:HH 6HTb 3/2 H 1/2. PoraqHOHHHe KOHCTaHTII paBHII !2,3 K3B H !3,3 K3B ( Ct = 0,038) 

COOTB8TCTB8HHO. 3TH 3HaqeHIIR KOHCTaHT XOpOmO COrJlaCyDTCH C ~aHHHKH padOTll (2) 

CHJlbHII~ nepexo~ 590 K3B THIT8 M! KOJ:eT H~TH B OCHOBHOe COCTOHHHe ~ ypOBHH C xapaKTepe

CTHKOA 5/2+, Haelnll~aeuoro B peaKqi!H (~, t );B03MOJ:HH« BpatnaTeJlbHllR ypJBeHb 7/2+ HaXO~HTC!I 

npH 3HeprHH 64I KB. llmn!H K 641 HaKJla~Baerca Hal 590, IT03TOIIY He 1101:3! CIHTb BH~eneua B 

KOHBepCHOHHOII cneKTpe. 
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ITpHweqaTe~&HHK HB~ReTcn Had~»~eHHe o~HoxpaTHo aanpe•eHHHX no K YI-nepexo~oB we.~ 
nO~OCaKH 5/2-(523) H 1/2- [521] • YqeT KOpi!OJ!I!COBa CK8111tBaHHH C B03JIOJ:HHKH COCTORHII.IIKIII 

Klr = 3/2- III,B nepByD oqepe,Jtb, C 3/2- [521],no3BO~H8T 001'>HCHIIIU Had~D,Il~eKHe iiHTei'CHBHOCTIII 

nepeXO~OB. PacqeT C ljlyHKUHJIKIII Hll~bCCOHa np111 Yl_ = 6 , 911. = 0,4 H 9;: = -3,0 np!IIBO~T X 

XOpomewy COr~aCIID HHT8HCHBHOCTea, ec~lll B8~JIIqHHY KaTplllqHOrO 3~8K8HTa KOpi!OJ!HCODa B3ai!KO
ft_2. 

~eiiCTBHII BHdpan paBHoll A 512 312 = 0,8 --- K3B CooTBeTCTBYDIII~e HI!JlbCCOHOBCKOe 
' 2-J 

3Haqene ~n ~ = 6 paBHO 0,896. 

OcTa~bHHe nepexo~ KOJ:HO paawecTI!Tb noKa weHee H~e:.:Ho, o~Haxo JeKOTOpHe xopomo cor

~acyDTCII C 1113KepeHHRKH[3]zecTKHX li- ~yqeU. 

TadJ111111a 

ITpi!BS,l\eHHble aepoRTHOCTII M L -nepexo~OB K8li:~Y ypoBHRKIII no~oc 3/~-(5211 Ill I/2- [521j 

I[- If E 't' (K~B) 

3/2- 1/2 234,6 

3/2-3/2 572,5 

3/2-5/2 560,1 

5/2- 3/2 634 

5/2-5/2 622,7 

5/2-7/2 478,3 

7/2-5/2 706,9 

7/2-7/2 563,2 

7/2- 9/2 542 

H 111 T e p a T y p a: 

3Kcn. 

1,8 

1,0 

0,63 

-
1,0 

0,22 

..:0,9 

1,0 

<0,5 

·--'-

Teop. 

1,55 

1,0 · 

0,25 

0,87 

I,O 

0,31 

o, 75 

1,0 

0,35 

I. E.C.)l:.:e~enoB, B.K. ITeKep, B.O. CepreeB. Cxew pacn~a pa~oaxTHBHI'X n~ep. 

H3A. AH CCCP M-B. 1963. 

2. D.G.Burke, B.Zeidman,B.Elbek, B.Jlerskind and M.Olesen. r~at.Fys.Me ld.Oan.Vid.Selsk. 

J5, No 2 (I 966) 

3. IT.MaHijlpacc. qaCTHOe CObdmeHHe. 
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B03EY!J!HIIDI IIPOC'll: X OJlHOl!ACTif!IHHX COCTOl1HID! B PEAKUKHX ( n p B 

BU3BAHHHX HEilTPOIIAIIH C 3HEPrHEA !4 !laB 

HHCTBTyT HJepHHX BCCSe~OB8BBI B Ka¢e~p~ ¢H3HKH aTOKHOrO R~pa 
Bap•aacKoro yaHaepcarera 

llo~po6HHI aHaHB3 pe:yn~>TaTOB 3KCnepHKeHTOB, BHDORHeHHHX C DOMO.b» ~apHKeBHHX qacTH~, 

npOB3Be~eHHHA B CaKHe &:OXOK, lHHeTOK, UIH~po H rapapa (I) DOK83aH, QTO B H~epHHX peaKQB

RX, BH3B8HHHX 3TKUX Q8CTI~, B036YK~8»TCR OTHOCITeHbHO npoCTUe COCTOHBBR KOHeQHOrO H~pa, 

KOTOpue BeOKB~8HHO XOpOm< ODHCUBa»TCH 060SOQ8QHOI K0~6Hb». llpHQHH8 OC06eHHO ClnbHOro B03-

0~6BBR B pe8KQBHX COCT<RHHI C DpOCTOI CTpyKrypoA He OQeHb RCH8 B H8CTOR.ee apeKH B 

H~aeTCH B O~HCBeBHH. 

Hayqas aaeprernecKJie pacnpe~eJieHHH 3apneHBHX qacTB~ 13 peaKQBII, BU3BaHHHX OucrpuiiH 

BeltpoBaKB, KU H86JI»~B B HeKOTOpHX cnyqaax qeTKBe DBKH , KOTOpHe DpOHBJIHJIHCb ,l;aKe npH 

aaepraax,cooraercray~x ao30y~eHBHK Koaeqaoro a~pa annor~> ~o 6 llaa. 

'!axaH crpynypa HaO;:»AanaCb Ha!IH B cneKTpe npOTOHOB B3 peaK~I l 22Te(n.,p) 122 Sb 

• a cnexrpe o<.- qacr1n II:'> peaa~BH I59T~ ( n.,..:.) !56 E «- • 

Cnenp nporonoa 13 peaKUHII 122 Te t n, Pl 122 5b 13uepanca c nouo•~>» a,~;epHHx 3KYJ!b-

cal .UH yrROB Bnepe~ ( 8 < 60°) ( 2) 

Peaynuaru B3KepeHil: npe,~;craaneHH aa pHc. I. 

3,~;ec~> aa oc11 aOc~c" ornoKeHa aaeprHH ao 30YK~eau E,.. xoaeqnoro a~pa 122 Sf!. 

Bnllon ~o aaeprHB E* = ,;,5 Kaa aaOJI»~»Tca ron~>KO nporoau 13 B3yqaeuoll peaK~B. Bume 

:lTOli 3BeprHB B03KOKHO R8.111QHe o(,- qacTHU, ~el!TOBOB B npOTOHOB H3 peaKI(HH ( t1. , o(.) , 

(n ,d.) H (n,np). 

Ha pHc. I npe~cTaBJI•lHa raK:re nnoraocn o~oqacrnHHx nellrpoHHHX ypoaneA s~pa 122 S b, 

paCCQBTaHH8R Ba OCHOB8HIIII IIO,I;eJIH HHllbCCOHa f 3 J • llap8Keip ~eljlopua~BB 5 npHHHT paBHHK 

O,I, COUaCHO C 3KCnepl!lle:IT8JibHOll BeJIHQHROll KB~pynOJII>BOro MOIIeHTa H~pa 122Sb [ 4J 

CpaBBBBaH DOJIO:reHHH KaKCBifYKOB 3TOII paccqHT8HHOA DJIOTHOCTH H 3KCDepiKeHT8JibBOro 

CDeKtpa, Ba0n»~eK ~OBO.IbHO XOpomee COBDa~eHHe KeK,I;y HHIIH ARR 3HeprHH B030YK~eHHR 00Jib

Be 2 Kaa. 3ro coana,~;eaae no3aonaer npe~ono:rar~> cne~»~ll uexaaH3K peaxnaH, Koropas ae,~;er 

K 311HCCHB rpynnH DpOTOHOJ, 0003HaqeHHOII OyKBOII AHa pHC.!: HaJieTa»~ll HellrpoH BU011Baer 

nporoa 13 a~pa 122 Te , JaHHMM o~HH H3 o~aoqacnqHHx ypoaaell a KOHeqao11 ll,ll;pe. 

Hanaqae rpynnH B a 13uepaeuou cneKrpe nporonoa npe~noROKHTeRbHo oO~acHaeTca o~Ho

apelleHHHII B030yJQeHHeM ~nroro npOTOHa Ha O~HH 113 paCDOJIOKeHHIIX BHme O,IIHOQaCTHQHUX ypOBReA. 

Taxaa B03MO:rBOCTb COrJiacreTCH C H3BeCTHO~ CTpyKTYPOK H~pal22Te , y KOTOporo HKeDTCH BHe 

3aKKHyTO~ 000JIOQKI ~Ba nJOTOHa, CBH3aHHUe ,IIOBOJibHO CHJibHO CI!JiaKII cnapHBaHBR, 

lc'U 
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B cneKTpe ci.,- qacmn. 
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3HepreTII'Iecxoe pacnpe,~;eJieHMe .:. - qacren &3 peaxn1111 I59 T& ( n , cl. ) 156Eu. 113Ke-

PHJIOCb noJiynpoBO»!HKOBill(l! ,llerenopallll .lJIH yrJIOB snepe,ll ( 8 < 60') ( 5 J • Ha p11c .2 yxa3Mil 

pe3yJibTaT!l H3KepeHIIR. XOTH CTal'I!CTKQ8CKI!e Omi!OKII ,li;OBOJibHO dOJibmHE,B CneKTpe cl- qacTHU 

npOHBJIHDTCJl qeTKO BllpazeHHil8 ni!KII. C~e,~;yer OTMBTHTb, Ql'O Cl'aTHCT~QBCKHe norpemHOCTH B 3TOK 

axcnepeueHre np11wepHo B ,~;sa pa3a veHbme, ~eK B ,llpyrllx, ,llO c11x nOJ onydnHKOBaHHil~pe3yJibTa

rax no cneKTpaK ri- - qacr11n 113 peaxn1111 ( n , "'- ) , Bll3BaHHilX 011c rplll(l! HeRrpoHal(l! Ha uze

.llllX Jl.lt~X. 

Ha pHc.3 noKa3aHa fiJIOl'HOCl'b OJtHOQaCTHqHilX HeUTpOHHilX ypoBHe~ KOHeqHOro HJtpa 156 £u_ , 

nonyqeHHaH no KO,IlBJIII Hl!.llbCCOHa c na~werpov JtB~OpKaUI!II S = 0,3. ~rpenxaw oOo3HaQeHil 

nO.IIOZBHHJl fiBKOB, HaOJIDJtaeKilX B cnexrpe oC- qacTI!U. KaK BHJtHO, COBnaJtBHI!e 3Jt9Cb JtOBOJibHO 

xopomee. 

B 3TOK CJiyqae OC009HHO CHJibHOB B030YZJtBHI!B O,li;HOqaCTI!qHilX YPOBHBR HaXOJti!T CBOB OO~HC

HBHHe B TOY, qro HaJieTaD~R HBRTpOH BllOHBaeT DC- qacTHUY 113 HJtpa KI!MBHH. 3aTeK H82TpOH 

fiOJtXBaTilBaeTCH Ha OJti!H H3 OlHOqacrHqHilX ypOBHeR KOHeqHoro HJtpa. 

B !!TOre MOKHO CKa3aTb, qro B peaKUHHX, Bll3BaHHilX 0UCTpllKI! HearpOHaKI!, IIKBDT KBCTO CH.IIb

Hile B030YZJt8HI!Jl npOCl'llX COCTOHHIIR KOHeqHoro HJtpa. KapTI!Ha 3JtBCb fiO(OZa Ha Ha0JIDJtaByYD B pe

aKUI!HX, Bll3BaHHilX 3apHZ8HHilKI! QaCTI!UaKI!. 

B CJiyqae peaKUI!I! C HBRTpOHaKII 31'0 HBJI8HI!8 Od~HCHHBTCH KBXaHI!3MOK H3yqael(llX peaKUHH. 

n 11 r e p a r y p a: 

1. C.Bloch, N.Cindro, S.Harar, preprint CEN Saclay (1967) 

2. J.Turkiewicz, Phys. Rev. ~. 570 ( 1962) 

3~ S.C.Nilsson, Kgl. Danske Vid, Selsk. Mat.-fys.Mcdd, ~' No 16 (1955) 

4. F.Pipkin, Phys. Rev. j_g, 935 (1958) 

5o M.Jaskbla, W.Osatiewicz, J.Tur1iewicz, Z,Wilhelmi, Rep. IlJ 596/PL (1965) 
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113Yl!EHJ..IE ITPOUECCOB ~PArLEHTA@J..I ITOJl ll§ACTBIIEM BbiCOK03HEPrlll!HbiX ITPOTOHOB C ITOIIIOII!Dll 

TPEKOBOA METOAMKII 

JI.JI.KawJ:apoB, JI.LI.reHaeB8, A.K.Jl8BPYXIIH8 

J..IHCTHTYT reoxHIII!I! 11 aHaJIHTi!"'!eCKOII XIIIIHil 1111. B.H.BepH8,l!CKoro AH CCCP 

J..ICCJie,l!OBaHiiH npO,!!yKTOB 13aHIIO,l!eiiCTBHH npOT)HOB BYCOKiiX 3HeprB~ C p83JI~'IHYIII! 3JI6116HT8KB 

III!W6HI! npOBO,l!HTCH H8HOOJiee mtpOKO pa,l!BOXKIII!'IeCKHMI! 116TO,l!8111!. B ,l!8HHOII p860T6 npBBO,l!HTOH 

peayJihT8TY npe,l!B8pi!T8JibHYX OIYTOB no BYHCHeHBD B03110KHOCTI! npl!lleHeHI!H TpeKOBOII lleTO,l!MKI! 

/I/ ,l!JIH KayqeHHH paonpe,l!8JI8HIH no 11800811 II yrJI811 BYJieTa npO,!!yKTOB peaKUHII, npOTeKBDmi!X no,!! 

,l!ei!CTBI!811 npOTOHOB BYOOKI!X 31epr11~ HB 3JielleHTBX-IIHWeHHX B WKpOKOII I!HTepBaJie BTOIIHYX B6COB. 

MeTOAHKa Hccne,l!oBaHKH CBOAIIJilch K cJieAYDme»:J:. ITnaoTHHKK Af , Ni , ./Uo-, W u Pt TOJimKHoll 

~0,1+21111 paauemBJII! B OTOnKy ~ ,l!eTeKTOpBIIK TpeKOB, B KB'IeOTBe KOTOpYX iiCnOJib30B8JII! nneHKY 

JI8BCBH8 TOJimiiEO~~lU IlK. Top~eBaH III!WeHb 6YJI8 npKrOTOBJieHa aneKTpOJiiiTII'IeCKil H8 Hi!KeJieBOil 

nO,l!JIOKKe il illleJI8 TOJimKHy 85 ~Krjc112 • 06Jiy'leHHe npOBO,l!KJiil H8 BYBe,l!6HHOII ny'!Ke npOTOHOB 

( Ep =660 MaB) CIIHXPOUKKJIOTpoHa OJ..!frn IIHrerpaJibHYII nOTOKOII¢=1,2.!0!2 pjc~. 3aTell nneHKI! 

JI8BC8H8 Tp8BI!JIII B 40% p-pe KOH npil 43°C B Te'!eHHe 75 IIIIH. ITO,l!C'IeT II 1!311epeHil6 xapaKTepi!CTiiK 

TpeKOB npoBOAKJII! c noiiOWbD cnTH'IecKoro IIHKpocKon8 np11 l30D-KpaTHOII yBeJIH'IeHKK. H8 pRe. I 

llpKBe,l!eHY 1111KpQ¢OTOrp8~1!1! Tf6KOB OCKOJIKOB ,l!6JI6HKH II npO,!!yKTOB p8CmenneHIIH III!W6H6~ TOpKH, 

nJiaTIIHY II IIOJII!O,l!CH8. 

PeayJihT8TY 1!31.!epeHI!H O!HOBHbiX XBpBKTepiiCTI!K rpeKOB npe,l!CTBBJieHY B TBDJII!Ue, 1!3 KOTOpOil 

Bl!,l!HO, 'ITO ope,!!Hlll! ,l!IIBIIeTp jpeKOB IIOHOTOHHO 113116HHeTCH OT 1,5 IlK ,l!O 0,5 MK npl! ylleHbWeHKI! 

BTOIIHOro BeCa III!WeHII OT 230 ,l!O 30. BeJIH'IKHbl 118KCIIIIBJibHYX ,l!JIIIH TpeKOB II OTHOCI!TeJibHOe 'II!CJIO 

TpeKoB, npHXOAHWeecH Ha HHTc pBaJI AJIHH &R = 2 UK, nonyqeHbl 113 rpa~i'IKOB aaBHCIIIIOCTH AN I ~>R. 
OT.AJII!H TpeKOB, npKBe,l!eHHbiX H8 pKC. 2. JlJIH OCKOJIKOB ,l!eJieHHH TOpiiH, AJIIIHbl TpeKOB KOTOpbiX 

H8XO,l!HTCH B IIHTepBaJie OT 12 IlK ,!10 I9 IlK, BeJII!'II!H8 
4 "lAR ~ 0,12 IIK/8T.e,l!.II8CCbl. 3TO 

n03BOJIHeT npll toR~ 0,5 IlK i'1:111epaTh ,l!Kql¢lepeHUB8JibH08 p8cnpe,l!eJieHKe npO,!!yKTOB ,l!eJieHKH THJI:e

JibiX anelleHTOB no 118cca11 c T• •'IHOCThD fl. A ~ 4 aT.e,l!.Kaccbl. B o6nacr11 anelleHTOB-IIKmeHell c 

A ll! IOO ' c TO'IHOCTbiO A = 10 aT.e,l!.uaccu. 

JlJIH 3JieKTpOJII!TI!'!eCKOrO CJIOH TOpiiH 6YJI8 nO,l!C'IKT8H8 nJIOTHOCTb TpeKOB ( p1h)' 1!3 KOTOpOil 

onpe,!!eJIHJIK a~KTHB~oe ceqe 111e ,l!eJieHKH no \IKJpllyJie: ff(p,f] • 2fr~t ftzN~ , r.11e 'l.- a*KTHB

HOCTh perKCTp8UIIH TpeKOB OCCOJIKOB ,l!eJieHHH, onpe,l!eJieHH8H C nOIIO~I) 3T8JIOHHOrO I!CTO'IHIKa~*~ 
I! paBH8H 0,8,a N- 'IIICJI) BTOIIOB TOpi!H Hal C~. lllmeHI. ITOJIY'16HH8H .liJIR rpeKOB C .liJIIHOII 

OOJibWe I2 IlK 0cl!f}= (0,4.±.0,1) .6apH,IIeCKOJihKO HOe BeJII!'II!Hbl ce'!eHilH ,l!eJieHilH TOpllH (0,6.±. 

z0,05 68pH), onpe~eneHHO~ K>HhWHHilll /2/. 
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II* MI'JW6H:b nn 

I Topl'ln 

2 flnaTI'JHa 

3 Bon:~>ljipau 

4 Moml(lAeH 

5 HI'IK6H:b 

6 Amoui'!Hllll 

OeHOBHNe xapaKTepHeTKKH TpeKOB llPOAYKTOB B3aHUOAeaerBHH 
npoTOHOB e fp = 660 MaB e paanHqHNUH sneueHTauH 

A CpeAHI'Iil MaKe. 0THOei'JT6H:bH06 41'JeHO Tpe 
aTOU. A1'18U6Tp ~HHHa llHT6PBaH )IHI'IH 
Bee TpeKa TteKa 2f- 4+ 6+ 8+ (UK) MK) -4UK b UK 8 UK I 0 

WB 

IlK 

232 I,S.:!:.O, 19 - - 2 4 

I95 1,3.±0, 14 IO 33 27 17 

I84 I,I.±O, I3 IO 43 16 I7 

96 I,O.±O, 8 60 35 5 -
59 0,8.±0, 7 33 63 4 -
27 0,5.:!:.0, 6 57 43 - -

(%) Ha 

IO- >I2 12 UK UK 

33 61 

7 6 

IO 4 

- -
- -
- -

YrROB06 paenpe)I6H6HI'J6 TpeKOB OT UI'JWeHell TOpHa, BOR:bljipaua, UORI'J6~eHa ll HI'IK6HR 0 npeAeTaB

R6HH06 H8 pue.3, 6NRO nonyqeHO 1'13 H3U6p6HHR ARHH ropi'J30HT8R:bHOil H BepruKaR:bHOil npoeK~Kil Kaz

AOrO TpeKa 1'1 BN41'JeH6HHR yrna HaKHOHa TpeKa K HanpaBH6HK~ naAa~~ero fl(qKa npOTOHOB. BHAHO, 

qTo BO BC6X enyqaRX HB6R~Aa6TCR U8Kei'JUB~:bH06 qucno Tp6KOB,npHXOAR~66)R Ha yrHN B HHT6pBBR6 

45+60°, 4TO UOM6T 6NT:b eBR3BHO C eoo6~6HH6U RAPBU UHWeHell eKopoeTI'J ITlpeue~eHHR no uanpaBH6-

HH~ ITBAB~~HX npOTOHOB. 

f!ORY46HHN6 npeAB8pHT6H:bHN6 )IBHHNe yKa3NB8~T H8 B03UO~HOCT:b HCITOI:b30B8HHH TpeKOBOrO 

M6TOAa )IRH HCCH6AOB8HHH UaCCOBOrO pacnpeA6R6HI'J~ npOJIYKTOB B381'JU0)16~)TBHR BNCOKOSHepruqHNX 

npOTOHOB e pasnaqHNUH SR6U6HTBUH. 
] H T e p a T y p a 

I. P.B. PrLce. R.M. Walker , J AppL. Phys. 33,3407 (!962) 

2. B.A.KOH:bWHH, E.C.YaTyeeBaq, B.~.PerymeBCKBil. H)lepHaa ljJB3BKB, ~.~ 4, 682 (1965 r.) 

Pue.I. MuKpoljioTorpaljiuu TpeKOB npoJ~yKToB BsauuoAelleTBHR npoTOHCB ( Ep= 660 MaB) e 

~HW8HRUH TOPHR, nnaTHHN H UOHH6)18H8, 
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PHC.3. YrROBOO pacrrpe~eneHHe TpeKOB OT MHW8Helt TOpHH, 
BOR:OriJpaYa, YOJIHc5~eHa H HHK8JIH. 
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AHAJIII3 CEqEHIHl OEPA30BAHI'IH ITPOJ!YKTOB PAC!llETIJIEHIIH HJ!EP PA3HbiX 3JIEMEHTOB fiPOTOHAMII 

C El' = 0,1 + 24 raB 

A.K.JiaBpyx~aa, P.II.KyaaeuoBa 

IIHCT~TYT reoxHMHH H aHaHHTH'l8CKO" XHMHH 
HM, Bepaa~cxoro AH CCCP 

J\nH YCTBHOBH8HHH 3BKOHOM8pHOCTen C8'l8H~n o6p830BBHHH npOAYKTJB pacwenneHHH 8TOMH~X 

~ep O~cTpNu~ npoToHaM~ npoBe~eH aHan~a axcnep~ueHTBXbH~ ~aHH~x,aoxy'leHH~x npH o6xyqeaH~ 

At (A=27), V (A=5I), Mn (A=55), Fe (A=56), Co (A=59), A9 (A=I07,IJ9), Pr (A=I4I) npoTOHa

~~~ c aHepr~e~ oT 0,05 ~o 24 raB. 

lilayqaxacb saBHCHMOCTb napaueTpoB R (xapaxTepH3Y~WH~ rnHpHHY iaccoBoro pacnpe~exeHHH) 

~ P (yrxoBon xoalj)tjJIIUHeHT saBHCHMOCTH ln. 6(A) =f(A) oT A IIIIW', A 
1 
po~ 11 EP) B ypaBHeHI'IIl, 

npe~HOE8HHOU B pa0oTe /If: 

6(A,l)=Kexp[PA-RIZ-SAt-TA 2 /"], (I) 

r~e ~= 5/4 oTpamaeT OTKHOHeHHe uaccoBoro pacnpe~eneHHH or raycc)BCKoro. Ero npHMeH~uocTb 

~oxaaaaa aau11 paaee npH aaaHHae npo~yKTOB pacwenneHHH Fe u Pr npcroHaull c Ep= 0,66 raB 

/2/. 
ENxo noxaaaao, 'ITO aa~nyqruee corxac~e BenHqHH!I 6 pacq, c 6 axcn. ~ocTHraeTcH npH 

yqeTe saBHc~uocT~ napaueTpa R OT A npo~'KoTopaH uoEeT O~Tb npe~cTaBneHa B BH~e: 

R =f1,8A-~~~ 
(2) 

B HBCTOHWe~ paOOTe BHBXH3 npo~yKTOB pacwenneHHH H~ep fe,Pr npJTOHBMH C Ep=660 MaB/5/ 

noxaaax, 'lTO .aTa aaB~CHUOCTb aa116oxee peaxo npoliBHHeTCH np~ pacwen ~eHIIII Hl\ep c A=275t- 60. 

J\BTBHbH~~ BH8Xll3 SKCnep~UeHTBHbH~X ~BHH~X 0 C8'18HHHX 00p83018HIIH npo~yKTOB H~ep 

AL(Ep = 390+28000 llaB), V ( Ep= 170+240 llaB), Mn (Ep"'I70 MaB), =e (Ep = 340+24000 MaB), 

Co ( Ep = I7Q-370 llaB), As ( Ep = 170 llaB) , Y ( Ep = 240 MaB) ,J g( Ep = 480 iA:3B) 11 In 

(Ep= 2,900 M3B) (CII,Ta0x.I H 2) no3BOHM yToqH~Tb 38BHCIIIIOCTb ncpaKeTpaPoT A MIIW,'Halt

~eHHYD HBKH B /2/, YCT8HOBH8HO, 'ITO 38BHCHKOCTb napaueTpa p IIOEej 6!1Tb B!lpSEeHa ypaBH8Hllell: 

-Q. 

P=2AMww ·q,., (3) 
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r;~~e a.= O,I725, a q, - BblpalltaeT ljiyHK!1iiOHaJII>HYD aaBHCHIIOCTJ> nap811eorpa P oor E p • 

BB8;118Hi18 B yp-e (3) II:IOJtiiT8llH, OTpB.Jt81lill8rO 38BHCIIIIOCTD Jl OT ~., R08BOJIHJIO ROJIY'IIITD 

:lHB'IIITellbHO llY'IIllee corl!acll•' 118ll:zl1 6 pacq. 11 6 axcn., 1!611 B pa60Te /I/, AAH ll,ll;ep c pas

I!WI A. TaK,Hanpi!Mep, MH Irt cpe;~~aee saa'!eHI!e o axcnjo pac = I,37.tCJ,75 (cll.ora6~.I), B 

TO Bp8MH K8K B /I/ COOTB8T• :TByiOmee 3H8'18Hl!e paBHO Lf,ll .tCJ,94. KaK 11b1 YK83biB8llH B /2/J ()ea 

3TOA nonpaBKil BOo6me H6B03:10lltHO npi1118HIITb ypaBH8HH8 (I) K ORIIC8HBD 88KOHOIIepHOCT6A,H80l!D

;1188IIbiX ;lll!H npo~yKTOB pacme lll8HIIH H;llep npa380;11HII8 /4/. 

0CHOBH08 BHII118Hl!8 y;~~e.IeHO Banpocy YTO'IHBHKH 88BHCHIIOCTB D8p811eTp8 P flT Ep. lBHHYe 

T86JI.I H 2 ROK83blB8DT, 'ITO B Oi5ll8CTII Ep ~ 0,17 raB cnpaBe)Uina 38BHCBIIOCTbP"f(Ep),Hal.lleH-

H8H B pa6ore /1/ p,6£-c Al1Hf~[0•••••• (4a), p,d. ;IUIH f >fo .......... (4Cl), 

r:z~e b = 20.:t7, C = 0, 77.:t0 ,06, d. = 0,056.tCJ,003 E0 = 2IOO llaB. nna CloJiee HIIBKIIX auep

rHA H86l!IO;li811JTCH 3H8'111T8llbHle OTKJIOH8HIIH 6 3KCR/ 6 paC'I •. OT 6;1111HIIi1H (CII.T86J1.3). 3TO IIO-

li8T 6b1Tb o6ycllOBllBHo PH:ziOII npii'IHH: I) BIIA ljiyHKQHA P=f ( Ep) B o6Jiacu HIISKIIX aaeprHA oT-

JIII'!aeTCH OT H8~;118HHbiX B pa)oTe /I/ ;IIJIH lllllpOKOrO 3HepreTII'16CKOrO IIHTepB8JI8j2) K8CK8;11HO-i!CR8· 

pi!T8llnH8H MO;ll8lln HyKllOH-H;lllpHbiX BS8iiii0;116ACTBHA He B COCTOHHIIH ORHC8Tb 38KOHOII8pHOCTII H;llep

HbiX peaK~il~ npil Ep< IOO MaJ. lJIH BbiHCHeHIIH aToro Bonpoca aeo6xo;~~1111 ;~~eoraJibaYH aHaJIBB paaHbiX 

Ti!ROB H;116pHblX peaK~il~ ;llllH l)l8p B llli!pOKOII HHTepBaJie SH8'18HHH A. YCT8ROBJI6BI6 HKIReA aaepre

Ti1'16CKOA rpaHII~bl npi!M8HIIMO:TII K8CK8;11HO-HCnapi!T8JibHOA 110)16JIB npe;IICT8BJIH6T 60JibmaH TeapeTII

qecKIIA iiHTepec l!JIH BblRBll8HiR npllpO;llbl H;118pHblX B3811110;116HCTBBA B npOIIBKYTO'IHOR 06JI8CTH 3Bep

ri!ll (roo-30 MaB), r,11e :topllllli1311 cocTaBHaro HApa, na-BH)IHIIOJIY, yae ae HrpaeT CioJibmoA poJIH. 
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Ta6JII'!II8 I 

3Ha'I8HI'IH 6 aKcn/ 6 pac'l. .l!JIH npo.z~yKTOB pacmenneHI'lH ll.li"P npoToHalll'l 
c Ep ~ 600 MaB 

MlaoTon 6 aKcn/ 6 pacq llaooron 6 aKcn/ 6 pacq H: lOT On oaKen/ 6 pac~ 

Al, P 28000 MaB /7 I Fe,p 2400 MaB /9/ It ., p 2900 MaB /IO/ 

?NI3 0,6I7 26Fe55 I,435 
9 fiB 0,579 Fe 52 I,II2 

uNo.22 I,I48 25Mn54 0,437 

Na24 0,7I2 
Mn52 0,556 

Al,p IOOOO MaB /6/ 24Cr5I 0,7I3 

~N I3 
cr4B 0,437 

0,799 
23 V49 

~ps 0,7I2 
0,5~5 y48 

uNa22 0,97I 
0,823 

22T[45 0,634 
7\[p 5700 MaB /6/ 2Isc48 0,378 
f7 N I3 0,888 Sc 47 0,34I 
19fiB 0,737 Sc46 0,395 
nNa22 I,993 Sc 43 0,329 
Na24 0,9 I9K 43 0,500 
AI~ 2200 MaB /5/ K 42 0,402 nN n 1--

0,940 I 2Mg28 I,690 
9F I8 0,682 nNa24 0,65I 
nNa22 I,405 J(a22 0, 704 

28N;65 2,059 
Ni66 I,BIO 

29Cu67 2,05 

30ztt72 0,966 

3I(ia66 I,35I 
Ga67 0,699 
Ga 72 1.696 
Ga73 1,833 

32ce66 0,595 
Ge67 0,823 

33As7I 1,389 
As72 0,848 
As74 I,223 

34se72 !,739 

Na24 O,BI2 Fe,P 730 MaB /8/ 

Ato IOOO-I400 MaB /5/ 25Mn52 0,663 

bN I3 0,850 I9K 43 0,2I9 
l9 F IS 0,68! K42 0,807 
ntfa.22 I,58I I7CL39 0,490 
J(a24 0,736 Ct,38 0,579 
At-e- 660 llaB 131 a36 0,772 

bN 13 I,059 (L34 0,7II 
19F I8 0,696 13Al,26 0,836 
nNa22 . 

I,3II nNa.22 0,788 
Na.24 0.526 
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Ta6JII!l1a 2 

3Ha'!eHI!R 0 3KCil 1 6 paC'!. )l.JIH npO)l.JKTOB pac!lleilJieHI!H H,llep np11 660 M3B-"' 

Ep~ I70 MaB 

~30Ton 6aKcn I 6 pac'! ~30'1:0ll 6 3KCIT/ 6 pac'!. i-130TOIT 0 3KCil/ 6 paC'!. 

AL,P 390-420 MaB /5 

7N I3 0,90I 
9 F I8 0,764 
nNa22 I,4I2 

Na24 0 397 
YzP I70 MaB {)2 

23 v 48 0,385 
v 47 0,342 

22Ti45 0,657 
2ISc48 0,694 

Sc 47 0,578 
sc 46 0,449 
sc44 0,643 
sc43 0,622 

2oCa 45 0,558 
I9K 43 I,3I7 

K42 0,980 

I7Ct39 I,56I 
a38 I,460 
a34 0,313 

I6 s 35 I,377 

IS p 33 2,353 
p 32 I,434 

I4Si3I 3,72I 

I 2Mg27 4,510 
nNa24 4800 

V, p I87 MaB (II 

23V 48 0,526 
y47 0,466 

22 r,· 45 0,859 
12Isc48 0,9I6 

sc47 0,824 

~~:: 
0,794 
0,925 

rfa.45 0,926 
9 K 43 I.596 

1(42 I,I24 
CL 34+38 0;545 -- IS P 32 I,842 r?Ct 39 . I,6I2 I4Si 3! 7 905 CL 38 1,507 Fe,p 340 MaB (I3/ C£34 0,279 

165 35 1,393 25nn52 0,684 
IS p 33 0,983 

Hn5I 0,8!7 --
14 si 31 24cz 51 0,880 -- I2 fll~27 

2,857 
Cz 49 I,236 3,200 

nNa24 3,297 
Ct'+8 0,9!7 

23y49 2,458 
v. P 240 MaB In/ y48 0,875 

23 V48 0,530 y47 0, 770 
22Ti45 2,I05 22Ti45 I,572 
2Isc47 I,054 2ISc48 0,388 

sc46 0,532 Sc47 0,270 
Sc44 I,090 sc46 0,439 

20ea4s 0,584 20ea45 0,388 
I9 K43 2,4II I9 K 43 0,589 

K42 2,48 
1(42 0,407 

17ct34 4,6I5 17ct39 0,326 
I6 s 35 0,7!6 

Cl 38 0,409 
IS p 33 I,667 I6 s 35 0,417 

p 32 1,836 15 p 32 0,067 
I2Mq28 I4,06 14Si3I 0,889. 

rr.Nil24 0,5!3 
Mn P !70 MDB tiif Na22 0 749 

2sMn52 0,633 •.P M3B 12 

Mn5I 0,649 27 Co 58 0,505 
24cz49 I,2I9 Co 56 !,389 

Ct48 0,696 Co 55 I,536 

- 23y48 0,958 26 r:e52 0,900 

-- V47 0,888 25Mn56 0,475 
22 Ti45 2,969 Mn.52 3,I77 
2rSc48 0,52! Mn5I 2,262 

sc47 0,827 24cr49 3,684 
sc46 0,931 cr48 1,423 
Sc 44+43 I,088 y48 3,0I5 

2oili45 1,064 23y47 2,043 
19 K43 1,414 22 Ti45 4,383 

1<: 42 I,1l32 ncL39 0,866 
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rsc48 0,78! 
sc47 !,6!7 
sc46 !,654 

:9 K43 !,244 
K42 2,395 

[5 p32 7,643 
Cl39 !,76 

17 
o:P MSB 1'1/ 

27Co 54 2,537 
Fe 57 1,564 

2
" 1€56 0,327 

Fe 54 2,139 

25Mn55 2,717 
Mn53 1,383 
Mnso· 0, 789 
Ct 53 0,359 

24c1 52 0,893 
Ct 50 3,157 
cz48 0,787 

23v 52 0,246 
v 51 0,7!! 
v 50 1,668 

50 1,080 
Ti 

22yl49 1,435 
Ti48 1,422 
Ti47 0,996 
T<46 1,453 

2rsc4B 0,986 
sc47 2,054 
sc46 1.824 
Sc45 I.239 

2oca46 0,429 
(a44 1,659 
(a_ 43 2,357 

As,P 170 MsB !lit 

32Ge7l 1,062 
Ge69 0,907 
Ge68 1,458 
Ge67 0,648 

3rG'a 72 .0,355 
Ga'?O 1,166 

I 

ea.68 0,769 
eo._67 I,6II 
Ga_66 !,52! 

ln69 0,968 
30 67 0,695 29Cu 

cu64 !,327 
Gu6I !,344 
w.6o 1,236 
Ni66 0,204 

28 Ni65 0,498 

27co 61 1,527 
26 Fe 59 0,755 

25Mn56 I 260 

Y,P, 240 MsB liS/ 

38 sr87 0,483 
sr85 1,471 
Sr83 1,083 
Sr82 0,906 

37R686 2,061 
R684 8,426 
R682-t-81 0,929 

36 1(r79 l,:!U8 
Kr77 5,873 
Kr76 5,963 

35sr80 2,200 
sr77 0,704 
sr76 1,083 
Br75 2,605 

34se73 3,240 
se.72 2,799 

33As74 1,036 
As72 1,273 
As ?I 1,907 

32r;e77 !,III 
Ge7l 3 039 
Aq,P 480 MsB 1161 

46Pdl00 1,380 

44Ru97 0,716 
Ru95 1,595 

4tfo90 2,278 

4ozr89 0,959 
zr88 1,168 
lr86 1,351 
y 88 

39 
0,173 

131 
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38 Sr82 
37 Rb 84 
35 Br 77 

Br 76 
ar75 

34 Se 72 
33 As 74 

As72 
As7I 

32 Ge7l 
Ge69 
Ge68 

1.427 
0,477 
0,539 
0,637 
1,418 
0,846_ 
9,19 
0,313 
0,21 
0,742 
0,189 
0,448 



TaCimn~a 3 

3Ha'!eHHe 6 aKcn/ 6 pac11. :z\JIH npo,llyKTOB pacmenneHHH H;llep npoToHa!ll! Ep< I70 llaB 

VI30TOn 6 SKCn/ 0 paC'I VlaoTon 6aKcn/ 6pac11. VlaoTon 6' aKcn/ 6'pac 

At, P I20 Ma:s /4/ Fe,p ISO MaB /I9/ As P 49 MSB }I2/ 

34 Se 72 ?N I3 I3.052 25 Mr, 52 0,453 0,367 
9FIB 2.2I3 Mn5I I,090 33 As72 I,5I8 

24Cr SI As71 . 
3,500 uNa22 I.5I8 I,OOS 

Na24 0.216 ·- Cr" 49 2,006 32 Ge 7I 2,302 
V,P 48 MaB /18/ Cr 48 1,276 Ge69 4,82'> 

23 v 49 1,234 Ge68 3,In 23y48 0,689 v 48 1,746 31 Go.72 0,254 y47 0,382 v 47 3,418 ea?o 4,409 22TL45 0,714 
22 rc: 45 4,639 Ga68 I,949 21sc47 0,840 
21 sc 47 0,407 Gu-67 0,444 sc46 3,615 Sc46 0,784 30 rn 69 0,9!9 Sc43 3,395 Sc44 !,473 29 Cu 67 1,743 K 43 3 333 ·- S'c43 46,9 Cu64 0,409 V P 70 llaB./!8/ ·- 20 ca 47 0,!84 28 Ni66 0,!06 23y48 I,I62 Ca 45 0,702 Nt65 0 048 y47 !,99! !9 k. 43 0,728 As,p !03 IISB /I2.L 

22 TL 45 1,465 K 42 0,605 
34 Se 72 0,2II 21sc48 O,II9 I? Cl 39 2,234 
33 As 72 0,!27 Sc47 0,586 s 35 5,3!7 As 7I 0,506 Sc46 0,686 I6 32Ce 7I 0,!53 Sc44 !,922 !5 p 33 5,778 Ce 69 0,237 sc43 5,137 !5 p 32 9,259 G£68 0,335 I?et39 0,441 I4 SC: 31 9,703 c;.e67 0,209 et38 0,167 I2 M9 28 54,3 3I Ca. 72 O,I55 Ct34 7 547 -- II Na24 !78,54 Ca.70 0,4!5 V,P roo MaB /II/ . _ NQ22 223 88 Cc:t68 0,64! 

23y48 0,45! Co, P 60 MaB .11.6/ Ga67 1,292 221'( 45 I,033 27 Co 58 0,600 Ga 66 I,I75 
2rsc 47 0,736 Co 56 2,430 30 ln 69 0,282 sc46 0,402 Co 55 0,847 t:n 65 0,86I sc44 0,847 26 r:e 52 0,0055 29 Cu 67 0,464 2oCa.45 0,290 25 Mn56 0,339 Cu 64 I,I83 I91( 43 0,883 Mn 52 0 57I U<6I 0,584 K42 !,846 .co,p IOO MaB /16/ 28 ('1;66 0,627 I?Cl39 9,230 

27Co 58 0,636 
('/j65 O,I7I cz3B 2,!95 

Co 56 2,345 27 Co 6! 0,894 
I6S 35 15,795 Co 55 3,072 ·-

26 Fe 52 1,038 
25 Mn 56 5,885 

Mrt5I 5,358 
I _____ ----
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IIPI11AEHEH!IIE <!>JIYOPECijE 1@!11 ( '( - X ) JIY'!EI!i K X11Mlil'iECKOMY AHA.illi3Y 8JIEMEHTOB PEJ!KI1X 8Jo:IAiiJlb 

M.CrOoTOBHq, M.XneOoBcKa, K.KpyKoBcKa 

Kawe~pa sxcnepHu.¢naHKH yHHBepcHTeTa M.Kmpa-Gxno~oBcKo~, JlmOnHH, Tionhma 

AHanas sneueHTOB pe.n ~Hx seuenh ueTO.l\OU IPJ!yopecl.leHJ.IHH X- nyqe~ Oun BnepBile peaJIHSOBBH 

B I955 r. /I/ npH ynoTpeOrreHHH OClllqH!lX peHTrCHOBCKHX yCTBHOBOK. B CpBBHeHHH C OClllqH!lU OITTHqec

KHU 3)(11CCHOBBilU cneKtpou, JUBKTpll K H J1 oqe!!D npoCTile, HO TOqH!l~ 8H8JIH3 CUBCH pe~IC: 38U8J!D 

Dpe,liCT8B.llK8T H8KOT0plle SKJnepHU8HT8.llDHil8 Tpy~HOCTH, TBK K8K Kp8" DOrJIO~CHHK COBD8~86T C 

iPJiyopecQeHTHilUH cneKTpanhHilUH nHHKKUH. Kpoue Toro,HaOnm,llaeTcR e~e ,liBB c~e.~~~x ~KTopa,sa

TPY.liHH~X TOqH!l~ 8H8HH3: 

I) n~a~ee HsnyqeHMe X, norno~aeuoe B Oonee rnyOoKHx cnoHX Hccne~euoro o0p83J.IB,npHBO

~HT K B03HHKHOBCHHm $nYOI8C1.18HTHOrO H3~qeHHR, KOTOpOe norno~aeTCR qacTHqHO BepXHHUH CHORUH 

00p831.18 B Kp86BO~ qaCTH CDCKTpa. 8TO H3118HH8T pacnpe~C.ll6HH8 DO HHTCHCKBHOCTH HCC.lle~euoro 

IPJ!yopeCJ.ICHTHOrO H3nyqeHHf X, 

2) HaClnm~aeTCH ceneHTHBHOe nornoweHKC HCCne~euoro H3~qeHHR X ,llpyrHUH 8TOUBKB 1 H8XD

,Z\R~CR B oopasl.le, Kanpvuep,nHHHK LftLTYnHR (I463 A) nornowaeTcR ceneKTHBHO xpaeu nornowe

HHK Lii. apOHK (1482 A), HOTOpll~ HBXO.l\HTCK B Hccne~euou oOpasQe. 

B nocne.naHe ro.nll p€3BKBaeTcK aHanHTHqecxaa TexKHKa accne.noBaHHR aeHaBecTHilX aneueHTOB 

ueTo.nou ~PJiyopecQeHUHH B c onacu X, ynoTpeonaa HCTOqijKKII .'!'- Xp /2,3/ .nnK oonyqeHIIK Hccne~e

UilX oOpaauoB. llpa cneUH€HhHO no,Z~oOpaHHou pacceHHaTene nonyqaeu ueTo~ou ~PJ!yopeclleHqHII (- Xp 

noqTH IIOHOxpOU8TK'IHil8 KB€HTil Xp, 3H8prHH KOTOpllX H8XO,Z\HTCR B OCl.llBCTK 3HeprHII Kp8H nornowe

HHH IICC.lle~euoro 3JI8U8HT!. Tor.na npOII30~8T ceneKTIIBHOC nornoweHIIC 3JI8118HTOII 113l!Y'I8HIIK Xp 

OT paccei!BaTena, a o6JIY1!1ellll~ aneueHT cTaHeT HCTO'IHHKou perHcTpHpyeuoro ~~yopecqearuoro 

113HY'ICHIIR Xo • 

'iTOOil nony'IHTh 00.llhl08 COOTHOW6HH8 KHTCHCKBHOCTe~ xapBKTepHCTK'IBCKKX X0 Jiyqe" K o6we

uy perHcTpapyeuouy x. H3JyqeHam 113 accne~euoro oopaaua, nepe.11 CI.IHHta~nHr~oHHHU ,lletexropou 

3TOrO H3~Y118HHK DOMemaeTCHDOAXOAH~D ¢HHbTp.0H DOA0HpaeTCn IaK,'ITOOil 3HeprHH Kp8H ero no~o

Cil norno~eHHH Ollna Heunm·o Hlll[e 3Hepr11H K,- X0 aany'leHHR Kccne~euoro sneMeHTa. 

'iyBCTBilTB.llDHOCTh 3T!rO IIBTO~a 0Dp8,li8HR8T COOTHOmeHHe KHTeHCHBHOCTH perHCTpKpyeuoro 

K- Xo - 113HY118HIIH OT KCCJIC) ye11oro 3.ll~II8HT8 K IIHT8HCHBHOCTK Xp-113JiyqeHHR. 

YnoTpeonenae aToll y( TaHoBKH c asoTonou 170 rm KaK raua-HCTO'IHIIKOU ( Er = 84 KaB 

D03BOHR8T 8H8.llll31!p0B8Th t:O,lll!qecTBO CUeCI! 3.ll8118HTOB pe~KX 38118.llh ~0 2%, 'IIICHO DpOTOHOB KD

TOpllX p83.llll'I88TCR H8 2. 

HCCJI8,ll0B8HM8 C.ll8~D~X B03110KHOCTC~ OITHC8HHOrO IICTO~a XHIIH'IeCKOPO 8H8.llll38 npO~OHK88TCH. 
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PACnAJl 104m A~, 

H.Bpaan, E.n. rpllrOpbeB, r.c.RaTWCIIH, .H.llHIITaK, .H.Yp<laHelj, 

OI!Hitl, JleaH·irpa.ztcKHII rocy.ztapcueHI!lill yai!BepcHrer. 

ltlccne,llOBSHHe CII6KTP'l r- Jiyl!ell 104m A9 ( Ty2. = 66 IIIIH) Ilp0113BO,llHJIOCb H8 IIOJIYIIPOBO,llHII

KOBOII f- cneKTpolleTpe c Ge(Li) .zteTeKTopoll KOaKCIIBJ!bHoro r11na c l!YBCTBIITeJIJ>HI>III OCi'l>eiiOII 5 c113 

II pa3peweHH811 4,5- 6 K3l, ilpenapaT!>I I04rnAq Cii>IJIII IIOJiyQeH!>I IIJT611 OCiJiyli6HIIH OKIICII K8,llii11H npo

TOH81111 C 3HeprHel! 660 Mal C IIOCJie,lly~~~~ Bl>l,ll8Jl8HII611 WPBK!11111 cepe6pa 113 IIIIW8HII. BKJI8,ll B CII6KTp 

r- Jiyllell OT ,llpyriiX 1130~0IIOB cepeCipa YliiiTI>IB8JICH 110 116pi!O,ll811 CD8,ll8HIIH IIHTeHCIIBHOCT8ll JIIIHII!l II 

113B6CTHI>III 113 JIIITepaTypHI>IC ~SHHI>IX 3HepriiHII 1(- nepeXO,llOB 3TIIX H,llep, 

iloJiyl!eHH~e B HSCTOH\8~ paCioTe 3Heprllll II OTHOCIIT8JlbHI>I6 IIHT8HCIIBHOCTII r- Jiyllell Ilpi!B8,ll8H~ 

B T80Jlll!18 l B Cp8BH8HIIII : pe3yJibT8T81111 paCiOTI>I /I/. 

ilp11 H8lliiiX 113llepeHIIHC IlpOHBJIHJICH He TOJibKO paCIIS,ll H30116pHOrO COCTOHHIIH I04mAg CO CDII

HOII 5+, HO II pacna,ll OCHOlHOrO COCTOHHIIH I04A~, KOTOpOIIy IIPIIIIIICBH CIIIIH z+, Pacna,ll OCHOBHOrO 

COCTOHHIIH IIPOIICXO,llHT npe!MymeCTB8HHO ll8pe3 nepBI>Il! B036yE,ll8HHI>Ill ypOB8Hb II IIOE8T ll,llTII B CJIB-

00~ 11epe II H8 Cionee BNCOtlle COCTOHHHH C HII3KIIII 3H8li8H11811 CniiHB, HB,llO OTII6TI!Tb, liTO COCTOH

HHH co 3HBli8HIIell cn11Ha I" 4 Ciy.ztyT aacenanca TOJI:bKO H3 1!30IIepHoro cocTOHHIIH I04m Ag. TioaTo

IIY ,llJIH HOpllllpOBKII IIHT8HClBHOCTH KOHBepCIIOHH~X 3JI8KTpOHOB H81111 OI>IJIO IICnOJI:bSOBBHO T60p8TIIli6C

K08 3H8li6HII8 K03W~II!1118HTl BHYTP8HH8~ KOHB8PCIIII 113B8CTHOrO E2-nepeXO,ll8 766,5 K3B (4+-- z+), 

11, T8KIIII OCipa30II, Ci~JIII 01p8,ll8JI8HN 3KCI18pii118HT8Jl:bH~e 3H8li8HHHoCKOCT8JlbHI>IX nepeXO,llOB, ,llJIH 

KOTOp~X 11116~CH ,ll8HHI>I6 Ol IIHTeHCIIBHOCTRX KOHBepCHOHHI>IX 3JI8KTpOHOB, ft!HT8HCIIBHOCTH KOHBepCII

OHHHX 3Jl8KTpOHOB B3HTI>I 113 paCiOTI>I /2/, ft13 Cp8BH8HIIH IIOJIYli8HHI>IX 3KCnep1!118HT8JlbHHX rLI( C T60pe

TIIl!8CKIIII~ (p11c.I) Bll,llHO, liTO BCe nepeXO,ll~ OTHOCHTCH K THny E2 IIJIII MI, Eon:bWOe OTKJIOH8HII8 38 

npe.zteJI norpewHOCTII B onp3,ll8JieH~II o(~Kc ,llJIH Jl~HIIII 555,5 K3B, KOTOpyD(38B8,llOMO THnB E2)110~HO 
OCi'I>HCHHT:b pa3JIIIliHI>IIIII Ilp11~8CHIIII OCHOBHOrO COCTOHH~H I04A9 B HCTOqHIIKSX, HCnOn:b30B8HHW{ ,llJIH 

113Mep6HIIH ~- JiyqeU II KJHBepc~OHHI>IX aneKTpOHOB, HeCKOn:bKO Y.lliiBIIT8Jl:bHO CiOJI:bW08 OTKJIOH8HII8 
/ 3KC Teop 
~K ~ ~K ,llJIH nepeXOA1 444 K3B, KOTOpOe HBU IIOKa He J,ll8JIOCD OCi'I>HCHIITb, ITo p8311eweH~D B 

cxeue nepexo.zt 444 K3B .ztonEeH Ci!>IT:b TUna E2 HJIH ~I. 

0CHOBO~ ,llJIH llOCTpoe~IIH CX811H p8CII8,ll8 CJIJEIInH ,llBHH!>Ie no J(-f' COBII8,ll8HHRII /2/ ~ COBna

,ll8H~e 3HepriiH npRIIHX II K3CK8,llHHX nepeXO,llOB H HHTeHCIIBHOCTII (i- Jiyl!el!, ilepBH8 ,llBB B036yE,ll8H

HW{ ypOBHR CO CnHH811H 2+ Cii>IJIII H3B8CTHU 113 KYJIOHOBCKOrO B036yz.zteHHH I04p~ H H~ p8CII8,ll8 
104Ph. Ha cxeue pacn8,lla puc.2 npiiBe.zteHH yTOliHeHHHe aaepru11 3THX ypoBH~~. Oco6eHHO BBXHO aTo 

,llJIH BTOporo ypOBHH 2+ C 3Heprllel! I340,5 K3B, T8K K8K ~a p8CCTOHHIIII TOJI:bKO 18,5 K3B OT Hero 

pacnonoEeH ypoBeH:b 4+, 

lJ6 



Ha BUCOT8 1~20 KSB HBXO~HTCH COCTOHHH8, 11148~11188 OHH3KH8 CBO"CTBB B pH~8 COC8~HHX H~ep. 

H8HOOH88 B8p0HTHU8 KBBHTOB~C XapaKTCpHCTHKH 3THX ypOBH811 3+, O~HBK< H8HB3H HCKR~qHTB H 3Ha

qeHHH 4+. llrO SHeprHH OOUqHQ B 3-5,~ pa38 !1p8BUW88T 3H8prH/O nepBorc BOS0JlK~811HOrO JPOBHH, II 

X8p8KT8p pa3pH~KH OJ!II30K B 
104Pd. H COC8,l{HHX H~paX. 9Hepri1Jl! H npe~!H ·R8r80l!lle KB8HTOBbl8 xapaK

T8jJHCTHKH 60R88 BUCOK!o!X ypOBHell yK838Hbl !18 cxewe pacna~a pnc.2. 

B pSOOT8 /3/ !1pHBO,!Ilo!TCH JPOB8HB 1792 K3B ll R,llpe 104 PJ, KOTOp!.ll 38C8!1H8TCH }3-- nepexo

~014 r.pH pacna~e OCHOBHOI'O COCTOHHHH 
104 Rh , HMC/Owero CI1HH I+. ~OT ypoB8HB pa3pKE88TCH ne

pexo~OW 1236 K~B, H~JIIIHII H8 118jJBb!ll B030Jl!~8HHUl! ypOB8Hb 
104 Pd • B I BWHX H3148p8HH!!X Wbl H86-

R/O~anH CRBO~ll nep8XOA 1238 KSB, IIHT8HCHBHOCTB KOTOporo y6~B8CT C fi(pHO~OII 110nypacna~a OCHOB

HOro coeTOHHlo!H IO'+ Ag ( '1'y2. = 29 w~o~H), KOTopull ,nOIIJ:8H ll ·raKoll cnyqt e pa3pH)([8TB ypoBeHI> co 

3H848HH814 enHH8 I,2 IIRH 3. Mbi eqv.raew, qTQ 3TO TOT :re 1<8p8XO.ll, KOTC pbltl H80RIO~aeTCfl ll pacna

/\8 
1041(ft • TaK KBK B HaWi!X H3!AepeHHRX paapeW8Hi18 G£(/.i)•Cfi8KTpOM'3Tp< Jiy4UJe, IIU 11Pill1Hel>E8811 

BTOIIY ypOBH!O 3H8'18Hll8 3Heprl111 1793 K3B. Hall6onee B8p0i!THU8 xapaKTeJI!eTHKH ypOBHH- 2+. 

Ha pile. 3 11PHB8,l\eHbl B03ClJllr,l\CHHU8 JpOBHll H~ep ilaJIJI8~HH. 3Heprl1> Bb!p8lt8Hbl B e~I!HH!jaX 

3Hepr~!~ nepBUX ypoBHell z+. CpaBHI1BalOTCH CBO!lCTJla ypOBHell J02pd • IOl, Pd._ ' I06pd 11 lOB pd._ 

~ayl!aBrnllecR Hall~ B pa6oTe /4/ 106Pd 11 n HaCTORwell paCioTe I04PJ v.uEIOT OoJiee OoraTblll cneKTP 

ll036JIK,l\8HRb!X ypOll!Je~ 11, B OCHOBHOM, _OHH cpaBHHBaiOTel! 148lli\J C06oti. r OJ!Jl8KTHBHbi8 ypOBHH BU

I\8JI8Hbi JU!pHUM~ Jll1Hilffl411. Bll)ICH !IR&EHh<~ XO~ ypOBP.ell OT H~pa K MPY. < 8CHJll!llB88T BHHM8HHil cjJBKT, 

1TO JB8Ril481!llD 3Heprll~ JpOBH8M z+ H 3+ eOOTB8TCTBJ8T JM8HhW8HH8 3HfpT111l ypOBHell 4+. 

fipH HameM aHaRI!3e IIHTeHGilEHocTell npe~IIOJJaraercH, qTo nee nepe) o~hi E2. ConoeraBJl8HHe 

B T36JIH!j8 2 npi!Be,neHHbiX B8pOHTHOCTel\ nepeXO~OB B 104ft/ 1i I06 fh' 11CKa3UB88T, 4TO OTHOW8HIIl! 

('\JlH3KI! M8;K~J eo6o~ ,l!RH 8H31!0rH'IHUX nepexo.~OB C JpOEHHMI! 2+ I! 3+, 31 0 HBJIH8TCH I(06aB01lHUW 

~OKa3aTem,CTBOII IIHTepnpeT31.\Illl ypoBHH 1220 K3B CO CI1HHOM 3+ K3K KOJIJ 8KTHJlHOrO COeTOHHHH. 
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Er [K36J 

Ta6JIHUH I 

SaeprHH r- nejBXOAOB,OTHOCHTBKbHHe HHT6HCHBHOCTH SJIBKTPOHOB 
BHyTpeHHe~ KOHl6pCHH, 1f- nyqea, KOS~HUHBHTH KOHBBpCHH H 

HYibTHnOJibHOCTH nepexoAOB B I04P~. 

r~ 
% aa 
j!8Cll8.!! 

fr[K36] Ir Er(Ka&J ~~ aa acn8,ll 

. 
HaTneil H Ap.2 HamH AHHHble AHApeeB H AP· I 

I6?;t4 

262.t3 

355.t3 
443.t3 
4?8.t8 

556.t3 
62I;t4 

?4?.t? 

?6?.t4 

854.t5 

938.t5 
I0?4.t? 

I263.t? 
I343.:t8 

I529.t8 

I623.t8 

52.t2,5 

I6,2.ti,6 
I9,?.ti,9 
?,4.±2,2 

2?0 
II,6.ti, I 

I0,8.t5,4 

IOO.t2,? 

I8.t0,8 

2?,8.ti,I 
2,4z.0,5 

2,4.±0,5 
4,3.±0,5 

2, ?.t<J,5 

I,96.t<J,38 

204.:t2 0,? 

289.ti,5 I,5.t0,2 
362.ti,5 I,5.t0,2 
444.ti,O I, 5.t<J,2 
~<?9.ti,O I,8.t<J,2 
498.ti,5 0,8.±0,3 
555,5.t0,5 92.t5 556.:t2 92 
622.ti,5 3, ?.t<J,8 622.:ti 4,I.t<J,5 
660.ti 0,9.t0,2 
69?.ti 0,9.t<J,2 
?04.t1,5 0,6.±0,2 
?40.±0,5 6,0.t<J,6 
?58.t0,5 8,6.±0,6 
?66,5.t<J,5 62,0.t3,0 ?6I.t2 50.t? 
?85.t0,5 8,6.±0,6 ?80.ti 5,6.t<J,6 
840.ti,O I,2;t0,2 833.ti 2,0.±0,5 
85?,5.ti,O IO,O.t1,5 854 I3.ti 

. 862,5.ti,O ? ,4.ti,O 
8?I.t2 0,6.tO,I 
90? ,5.t<J,5 4,4.t<J,4 90I.t1 2,8.ti,4 
923.ti,5 9 920.ti 
926;ti,5 9 14.t2 

94I,3.t0,5 22,0.ti,6 936.t2 21_±4 
I0?6.ti 2,3;t0,2 I0?2.:t3 I, ?;t0,2 
II03.t1 0,8z.0,2 
II21.ti I,4.t0,2 
I238.tl 
I264,5;t0,5 5,?.t<J,5 I263.t1 3,8.t<J,? 
I340,5.t0,5 8,0z.0,5 I343.:ti 5,0.t<J,9 
I450.ti I,4.t<J,2 
1S25,5.t<J,5 8,3.t<J,? I525.tl 5,8.t0,? 
1598.ti 1,4.±0,2 
1624, 5.t<J, 5 5' 5.t<J, 5 !623 4,8;t0,? 

IJS 

IBbiBOA 
3 10 ftYJ!b 

"( . /0 ITII.ITOKb 
HOCTII 

II.t2,~ MI;JS2 
I3.t3,5 

4,I.t2,C lll;E2 

2,9.t<J,2 E2 
3,I;ti, III;E2 

I,8.ti, E2 

1,6.t<J,04 E2 

·I,O.t<J,2 
MI;E2 

I,2.t0,15 III;E2 
I,O.t<J,4 M1;E2 

0,4.t<J,16 III;E2 
0,6z.0,1 E2 

0,33.t<J,09 E2 

I 
0, 35.t<J, 1.2 E2 



E t'[K3b] % HB ET[K3~]% HB E.t(K9&] lf pacnM pacna_A cL ·10
3 

BhiBO,ll 
o IIYilb-

- • TllllOJib-
HaTJiell 11 ,np. 2 Hallll! ,naHHhle AH,npeeB 11 ,np. I HOCTI! 

I . 1635.±1 0,4.±0,1 
1762.±1 0,5.±0,1 

! 
I 

1806±IO 1,70.±0,35 1780±0,5 4,2±0,4 1776±2 4,0.±0,7 0,4±0,I4 MI;E2 
1784.±2,0 0,4.±0,1 
1812±1 1,1.±0,2 
1889±1 I ,0.±0, 2 

' 

1984±2 0,3±0,I5 
2905±6 0,25±0,( 

I 

6 I 
TaCIJIIIU8 2 

0THoweHI!H npi!Be,neHH~X BepoBTHOCTell nepexo.noB B IC 4p~ 11 106Pd. 

0THOW6H116 I04 IOE Pd. 
46 Pd 58 4E 60 

B (E2; 22-- 2f) IS 40 
B (E2;2~ - o+) 

B (E2; 3+ ~ 2~) 53 4I 
B (E2; 3+ - 2f} 

B (E2; 3+ - 42) I6 22 
B <Ez; 3+ -zv 
--- -- -
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...f._ 

~.5~ 
4'3' 
:1(4'} 
3'4' 2'f4' 

3'4' 6' 4'5'6,' 

3'4' t· 
4' 

:1(4'} 
' ' 3'(4') ' 

4' - -~ 

', z; 

z; __ . 

o 1 o' "'='-----,,.,....-------:-:-:::-------:-::::---
- 102 Pd 104Pcl 106Pcl 1oaPc/ 

PHc.3. CpaBHE:HMe SHeprHi1 HHJKHHX ypOBHeti B R){pax fl8JIJia~HH. 

I42 



CITIICOK ~OKRAAOB, 

ITPEACTABJIEHH!:lX HA X COBEIUAIDIE ITO H~PHO~ CITEKTPOCKOIH1li1 HEi!TPOHO~<I>IU.\IlTHblX 
ll30TOITOB II TEOPilll AE<I>OPMIIPOBAHHUX HAEP 

I. M.Cy60TOBIIq, H.KypaH~, H.CaxHHbCKII 
l·•I Ce 111lccJie.n;oBaHIIe yrJI<iBNX KoppeJil!~llll 6eTa-ralllla B CieTa-pacna.n;e ~ 8 83 II I34 cs -- I34sa. , 

55" 79 5b 78 

141 py-
59 82 

2. 3.BIIJI:DreJibMH, B.rpoxyJII>CKH, rr.~e~OBCKII, A.Map~HHOBCKH,K.CaBeJ:, ll.CJie.l{HHCKa. 
111l30UepHHe OTHOWeHHH II OOJIHNe ceqeHIIH peaK~IIII 59 CO(n,2n)ncp1..Co, 58 Ni(n,pJ 5"~·mfO 
11 

59 Co (!", n) 58 ~-m. Co . 11 

3. A.AO.n;yuaJIHKOB, ll.A.n;au, H.BpaaJI, B.rHaTOBHq, K.rpouoB, M.Kyau··~oBa, B.KyaHe~oB, 
H.RIInTaK, B. Mopo30B, r.MyaHOilb, H.YpCiaHe~, M.<I>IIHrep, B.qyMII!. 
"O pacna.n;e 166 Tm 11 

4. H. BpaaJI, rr.ranaH, T.raJiaHOBa, H.RHnTBK, H.YpCiaue~. M.<I>HHrep. 
1111CcJie.n;oBaHI!e pacna.n;a 160 Tf> ~ I60Dy :• 

5. r.ll.CHqHKOB, O.A.KoBpllriiH, B.H.qeKBHOB, ll.C.Bo.n;oJISXCKall, A.<I>.HoBropo.n;oB. 
111lCCJie.l{OBBHHe KOHBepCIIOHHNX 31leKTpOHOB II ;)- Jiyqei1 l 49EU 11 

6. H.BaBpNmyK, T.roBopeK, K.KpyKoBcKa. 
11 llOIICKII HOBNX ypoBHell 11 yrJioBue KoppeJil!~llll B 140 La. 11 

7. ll.A.n;au, K.C.ToT, P.A.Mallep. 
,Pacna.n; 147eu.. Ha ypoBHII H?Sm." 

8. A.C.~aBu.n;oB, B.ll.OBqapeHKO. 
11 9JieKTpllqecKIIe KBa.n;pynOilbHHe UOUeHTH nepBHX 2 + COCTO!IHI'Il.l qel HHX H.l{ep". 

9. E.A.n;auoBaq, E.MHcJieK, K.PeraH:DCKH, 3.Cyi!KOBCKII , A.3rJIIIHI>CKII. 
11BHyTpeHHee TOPII03Hoe 11anyqeH11e np11 aJieKTPOHHOU aaxBaTe B I4: Sm• 

10. H.TypKeBwq, 3.BIIIl:DPeJII>MH, M.HcKyJia, B.OcaKeBaq. 
11BoaCiyE.n;eHI!e npocTHX O.l{HQqacTHqHHX COCTOI!HIIil B peaK~III!X (n,, [1-) II ( n , c/. ) , BH3BBH
HHX Hei!TpOHBIIII C 3Heprlleil 14 M3B 11 

II. P.E.EerEaHOB, B.M.EeneHI>KHII, P.X.Ca~poB. 
"TaCiJIH~ qHCJl8HHNX 3HBqeHIIII npiiBe.n;eHHNX BepOl!THOCTell 3JleKTpc~arHIITHNX nepexo.n;OB 

HB OCHOBe UO.l{eJIH HHill>CCOH8. 11 

I2. B.E.Keneq11~, R.n.PanonopT. 
11PacqeT ypOBHell cpe.n;Hero OOJ!ll H.n;ep C yqeTOU HellOKBilbHOrO OOTei~Halla11 

I3. IT.fanau, M.H.Ky3He~oBa, M.<!>IIHrep, H.~pcHK 

"MeTO.l{ OCipaCioTflll . .n;ByXUepHHX COeKTPOB COBna.n;eHIIII II era npiiUeHe ille K 8H81lii3Y {- ( 
COBna.n;eHIIII HB Ge(Li.) - ,ll8T8KTOpax npa p8COB,lle l55n n. 
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14. B.Kyp~eBR'I, 3.Mopos,E.lli. HMnbceH, J. ITpeAORw. 
"Cxeua pacrrl;na 165Tm "· 

15. P.ApnbT, ~.[eneB, B.KanRHHRHOB, o.ManeH, r.Mys~onh, H.HeHOB, 3.YCMaHOBa, 
X.WTpyCHb!A. 
"K-1!30Mep I 36 m Y1> " 

16. A.K.AaBpyXRi8, P.~.KysHe~OB8 
11 AH8RR3 C81!'JHI1li 00p830B8HIIH rrpo)lyHTOB p8Cl!18IIR8HIIH H)IGp p83Hb!X 3Jl8M8HTOB 

rrpoToHBMI! ; Ep = 0 ,I .;. 24 faB". 

17. H.BpsaJI, E. 1.fpllrOpbeB, f.C.KaTb!XI!H, H.AIIIITBH, H.YpOaHe~.· 
"Pacna;n I04m A9 '! 

IS. H.KopMII~KI!~, r.HeBO)IHII1!8HCKII~t 3.CTaxypa, K.3y6ep, A.Ey;n3HH 
"Bos6y:"')I8HH ~e COCTOHHIIH H;llpa 55 Gci 11

• 

19. Y.XareMSHH, A.AH)IpeeB, P.K3CTHep~ IT.Maawpac, B.MaliJIIIHr, ~.CTapll. 

"Q - sanpe111eHHbl~ rrepexo;n B 17cTm" 

20. ~.~pCI!K, ~.3BOJ!bGKRHt B.fHBTOBR'I, ~.EypRaH. 
"0 pacrra;ne I 55 Jly-> 55 T1:> 

21. A.llirraneK, ~.PesaHHa, ~.~paRa, A.MarnTaJIKa. 
"0 pacrra;ne 127 Cs " 

22. E.C.,lllltenerrcB, B.E.Tep-HepcecHH~, C.A.IIlecTorraJioBa " 0 pacrra;ne 170 Lu. I " 

23. A.W.Ea;neCKJ-GHHrypaHy, M.fpeqecHy, B.A.HoHecKy, H.ITRTRKy, T.HsmKy~y. 
"Pacrra;n R3CMepoB 54Tb c T112 = 8 11 1'1 21 q "· 

24. B.A.EananaEB, E.c.n~enerroB, A.~.Me;nBe;neB, B.E.Tep-HepcecHH~, ~.~.YqenaTKI'IH, 
C.A.IIlecTOl!EnoBa. 
"HoBble ;naHHie o crreKTpe sneKTPOHOB BHYTPBHHeli KOHBepcl'!l'! 1'130TorroB 169-172 Lu " 

25. B.l{.BI!TMBH, H.Bpsan, E.C.,llllteJiel!OB, H.AI'Il!TBH, A.H.Me;nBe;neB, A.H.MOCHBI'IH, 
H.Ypc5aHe~,~. JI.r.uapll~blaa. 

"Pacrra;n 7u1 ~ , 7 As 1'1 72As 

26. Jl.H.MecommBIIJm, .~.li!eJieB, B.r.Kanl!HHIIKOB, H.JII!rrTaK, Y.HasapoB, H.Yp6aHe~. 

"O pacrra;ne 141 No!. - 141 Pr "· 

27. 

28. 

P.ApJibT, r.My31'10Jlh, r.IT~iperrnep, X.lliTpyCHblli, l{.Xpl!CTOB. 
"VI30116pH!i8 gOQTOHHllH li,Pll pacrra;ne KOpOTKOlKRBYl111'IX i130TOl!OB 140Sm,141Sm, I40pm 
"0 pacna,n;e K30TOna I42Pm" 

M.B. KJI11MGH~·OBCJWH, A.A.CopOKliH. 
"1/lsMepeH~e yrJIOBbiX l\OppeJIH~i1 t- KB8HTOB 147Eu. II 

149Eu. "• 

29. JI.H.A6ecaJI1WBRnH, l.leneB, H.r.Kan~~HHHKOB, H.ARrrTaH, Y.Ha3apoB, H.Yp6aHe~. 
"0 ~eno'!Ke pacrra;na 140 Nd. ~ I 40!'r ~ 140ce". 
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30. S.E.EepnoBI!'l, IO.H.Honi!KOB. 
11 0 BKJJ8)1B HecnapeHHOil qacTI!Ub! B )181jJOp!.!alji!JO lli1P2" 

31. S.E.Eepnon~q, B.B.AyKaweB~4. 
11 06 1!3MBpBHI'IIl BpBMBH llt1!3HI! ypoBHei\ B Ili!KOCBKYHI\HOI! )11!3I133 JHB C IlOI!OII\hiO T8XHI!K!! 

COBI18)18HI!f.l", 

32. M.ll.AnoTI!Ha, E.ll.I'pllropheB, A.B.8onoTaBHH, B.O.CepreeB, M Vl.COH!10B, R.Bpaan, 

H.A.]e6e)1eB, A.AIInTaK, A.Yp6aHeu. 
11 l1CCH8)10B8HI!e p3Cl18i18 1130TOHOB llpOM8Tf!eBOt! ijlpaKUIIII" 

33. H.M. AHTOHbeBa, E.ll.fpl!ropbeB, A.B.30110T3BI!H, r.c. KaTb!XII !, Jl.<l>. llpoTaCOBa, 

H.l3p3a.1!, H. AII!1T8K, A. Yp08HBl\. 

"Pacna)1 86 Y 

34. H.Bp3a.1!, r.c.KaTUXIIH, M.K.HIIKI!TI!H, iC.H.I!OiiKOnaeB, >l.YpOaH J!j 
11CneKTP f- nyqe~ 113pTonon 93 Tc (2, 75 't) 94 Tc( u, ~'1-) ." 

35, r.A.<I>e)10CBBB, ].ll.MocKancBa, E.A.Wep60BCKIIB. 

"l'lccne)10B8HI!e pacll\enneHI!Il ll)lep f, Mg.AL,SL 
npOTOHOB Bb!COiti!X 3HBpri!B". 

c ljJparMeH raMv, ITO/\ )(e BcTB>leM 

36. A.XBall\eBcKa, K.A.I'anpvmoB, B.Kyw, M.llli!MQaK. 
11 HeKOTOpb!e CBoiilcTBa cxeuu ·pacna11a ZSI Fm I! 2S2 Fm ". 

37. E.ll. I'pl!ropbeB. 

"CnollcTBa ypoBHeiil 162 Dy " 

38. A.B.EpaBIIH, r.A.Eopi!COB. 
11 i( BOllpOCY 0 K0.1!JJ8KTI!BHOM M0)18JJII CI!JlbHO i1BQJOpMHpOB8HHb!X f!~ep". 

39. E.ll. I'pllropben, A.B. 3o.7!0T3BIIH, B.O. CepreeB, M.~. COB!10B, A.Bp3an, H.A.lle6e)1eB, 

A. Jl~nTaK~ A. Yp6aHBU, n.n. nu~Tp~eB, H.H. KpaCHOB, ~.r. :eaaCTbRHOB. 

"Pacna11 I 1 GeL 11
• 

40. H.M. AHTOHbeJJa, E.ll. fplllrOpbeB, A.B.3o.JIOTBBI1H, :~.K.HIIIKI!TJ/li, M.L'I.COBUOB, 

A.Bp3an, A. lllllnTaK~ A. Yp6aHe~. 

"Pacnail 102 Rn ' 102m.Rh, ror Rlt " 

41. H.A.EoHq-OcMonoBcKaH, fi.Bp3aJJ, E.fl. I'pllrOpbeB, H.i'.3atii1BEl, A.AIIlnTaK, B.r. Tl!lll11H, 

A.Yp6aHe~. 
11 Pacna11 

170 Lu. " 

42. E.M.MrHaTeHKO. 
11 MeT0)1b! "cyxol! 11 XIIIM~I! )1Hll 6I>CTporo p33)1B.JI8HI'lf! 3.JI8118HTOB np11 pa60TG C ycK0p>iTBli8M 

B pelKI!Me " on - [i.ne 

43, S.E. Eepno~11q, B.K.TapacoB. 
11 0 pO.JII! 3ijlijleKT8 OT)18tjl! npl! llO.JiyqeH~~ 1!30TOITOB C llOMOmJ;JO f.gSK!jJ/lll rny60KOro OTII\Bll-
JJ8HJ/l!l B CIICTGMe 11 On - C.~ ne 11 , 
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44. 8.H.Hype, H.K,TieKep, TI.T.TipoKOWD8B, 
11 0 KB8311Bpam JTenDHbiX nonocax B H;llpe 150 Sm :• 

45. ~.A.AH;llpeeB, l,P,EypMIICTPOB, C,TI,KapeuKall, H.H. KpacHOB, 
11 Vlccne~oBanlll 113ny'leH111l 113 pacna~a IISOMepoB I9B Tt 111 IIBOTOna 199 T~ " 

46. B.A.EoH~apeHKJ, TI.T.TipoKOWD8B. 
11YpoBHII, na6n J~aeuble B peaKUIIII 168 Y& ( rt , e 

47, B. KypueBII'I, :I.Mopoa, E,illiiii~T HlliiDCeH, 3.TipellCilllm. 
"CxeMa pacmqa 165Tm" 

48. E.!~aeeBcKIII, H. KoBHaUKII, H,XBa~eBcKa, B.TimJII6opcKII, B.KJIHMpa, D.TioMopCKII. 
11 0 cxeMe pac11a~a 125 Xe -- 1251 :• 

49. M. 3eJIIIHCK8 - nwa6e, 
11 U11¢poBaH np<rpaMMa ~Jill ~llaroHanllsaUIIII B 11o~eJI11 HIIJIDCOHa B CIIC'l'eMe I'IIP-AUOH!' 

50. M. Cy6oTOBII'I, M.Xne6oBcKa, K. KpyKoBcKa. 
II Tipi!MeHeHI!e q nyopecueHUIIII ( r- X ) Jiy'lell K Xllllii'I8CKOily 8H8JIII3Y 3JI81l8HTOB 
pe;llKIIX aeMeJID' 

51. A.c.qepHblmoB, H.TI.PanonopT. 
11 MarHIITHble ucMeHTbl ~ewopullpoBaHHbiX ~ep: 

52. ~.A.AH;llpeeB, E.P. EypMIICTpOB, c.n.KapeuKall, A.~.llb!Ub!H. 

" VlccJie;llOB8HIIe 113JIY'I8HIIIl, conpoBOll~ail~x pacna.n 'l'BJIJIHH 20011
• 

53. A.A. A6~MaJIIIKJB, A.A.A6~paaaKoB, K.H.rpoMoB, 
11El-nepexo.ztbl npll pa3pll~Ke YPOBHH 531,5 K3B B 167Er " 

54. M. Cy60TOBII'I. 
11 TIOI!CKII 3~8KT )B BbiCmero ITOpll.ztKa B pa3pP.W8HHWC j3- nepeXO;ll8X11 

55. K.H.rpoMOB, 
11 10 neT C0Tpy;lliii'I8CTB8 B o6naCTII ll;ll8pHOil CIT8KTpOCKOHIIII B8l'l'pOBO.zte~~'l'BHX 1130-
TOITOB, nonyqae lbiX Ha Ci1HXpOL{IIKnOTpOH8 ]JffTI 11 , 

56. B.r.CoJIOBDeB. 
11CTpyKTypa H8plT8l{IIOHHbiX COCTOHHIIll ;ll8WOPili1POB8HHbiX H.ztep", 

57. ~.A.rapeeB, c n.MBaHoBa, E.H.KaJIIIHKIIH. 
11 0;llHO'I8CTII'IHbl8 COCTOHHIIH ;ll8¢0pllllpOB8HHbiX ~ep B npll6]]11ll8HIIII KOH8'1HOrO HOT8Hljii8JI8 
c pasllhiTblll Kpan11," 

58. E.J\Oil'l .• 
11V1CHOJID30B8HII8 BHyTp8HHIIX ll8rHIITHbiX HOJiell .!till! IIICCJI8;llOB8HIIll B031lyU(eBHbiX yrJIOBbiX 
KoppenHUIIH B ~.pax p8;llK038118JIDHbiX 3JI8118HTOB: 
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59, B.M. CTpyTHHCKH«. 
"OCioJIO'IKII B 1\8\llOPIIHpOBBHHHX H)\pax." 

60. H.A. ]eCiel\eB. 
"HeKoTopHe BonpocH ynyqweHHH MeTOI\HKH BHI\eJieHHH nerKHX naH18HHJIOB 113 oCiJiy'leHHoro 
ranoJIHHHH". 

6I. IO~B.HopceeB. 

"!lepcneKTHBH HCnOJib30B8HHH ypaHoBoil loii!W8HI! JIJIH noJiy'leHHR llniiTpOHOII36IiTO'IHWC 
K30TOflOB." 

62. r.lllj>pennep 
111'!CnOJib30BBHH8 lj>TBJIOI(IIBHI!HOBbiX KOIInJI8KCOB peJjK0381o18JibHbiX 1JJ!lii8HTOB B PBJ!IIOXIIIIHII:' 

63. 3.ManeK, E.~oHoBH'I, H.r.Sa«l(eBa. 
" 9KCTpaKI(IIH Re ( IY) 113 pacTBopoB KIICJIOT ." 

64. B.!yK, 9,Kpyna. 
11 ~CCJI8JIOB8HHe !>- cneKTpoB H cneKTpoB I' - r - COBnaneHHli B ISS E u_ 

65. JI. Hun~>ceH. 

"Pacnal\ IS3 Tb 

66. ~.EeqBBp&, H.Bpaan, fi.]unTBK, H.YpCiaHeu. 
11 1!i!3KOJI8llt811l118 ypOBHII B I 36 BCI. II 

67. n.T:r.o11 , E.Sn~>CieK. 
11 PeBKI(llll CTpllllTI!Hra II llO)\XBBTB HB 1!30TOnax ranoJII!HIIff". 

68. M.E.Ba~XBHCKIIII, ],K,lleKep. 
" 0 B03liOJtHOII cyl!leCTBOBBHIIII " KBB31!poTBI\IIOHHHX nonoc" B II4 Ccl.'' 

69. B.B.EaCiHKQB, 
"HeKoTopHe npoCiJiellii Me30HHOII TeopHH cornacoBaHHoro HnepHoro noTeHI(HaJia." 

70. P.ApJII>T, 3,MaJieK~ r.MJ3i!Ollb, r.llf~ennep, X.IDTpyCH!iil, 
"HoBHe 1!30TonH I 7 Hf , I66 Hf , 6 Lu. ". 

?I. A.A. ACinypaaaKoB, H.Bpaan, K.H.rpo~o~oB, !.leneB, B.r.KaJIHHH!KDB, H.]HnTaK, 
]I! ~aH-fHH, ~.H. YyxTaCHioloB, Y.K.HaaapoB, fi.YpCiaHeu. 
11 0 pacna11e ISS Ho 11 

72. H.H.Eepai!Hb, li.T.llpoKOij>beB, r.].PeaBBH. 
" CneKTp KOHBepCIIOHHHX aJieKTpOHOB, HCnyCK88111iX npl! 38XBBT8 i8liTpOHOB RJ!pBIIH 
I56 Gd 11, 

73, P.B.]XoJioc, E.E.EBJII>Ciyl(eB. 
11KBBJ!pynoJibillie IIOIIeHTii Bo3CiYliJ18HHiiX 2-t- COCTOHHHil B Clj>ep!!<i8C\IIX HJjpax" 
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74. JI.K.IleKep. 
11 0 CBOLICTB8X 11 cljlepH'I8CKHX11 '16TH0-'!8THb!X A,Zl8p 11 

75. B.C.EyTL\BB, JI(,JI(EJieB, B.r.KaJIHHHI'IKOB, fi,Jll'!nTaK, A.B.Ky.npABQeBa, <I>.MonHap, 

Y.K.Ha3apoB, rt.~p6aHel.\. 
11 HoBble .naHHh!e c pacna.ne 138 Pr-

76. A.M. EepecToBo~, M.A.KoH.nypoB, ~.E.JlorHHOB. 

11 raMua-l'!anyqeHI!e 113 peaKLli'IV. 76 se ( n, 0 ) 77 Se 11 

77. M.r.YpHH, .n.<~>.3<-pe 11KHii. 
11AH8Jl01'0Bb/6 COC"Oi!HIIA II IIX B036JIIt.1(8HII8 B H8KOTOpbiX A.1(8pHb!X peaK[.\Ilf!X11 

78, Bp3a1!, E.!l.rpHrc~:oeB H .np. 
11M3y'!eHHe H3oTonn 143 Pm , 144 Pm , 146 Pm H 147 Pm 11 

79, X.P.hwcceHrep, JI. ~IOHXOB. 
11 IlapHb18 KOpp6JIA 'I'IH C J'16TOM p - ri 

80. JI.MIOHXOB, X.Erap 
118¢1jl6KTH CII8pi'IB8 ll'lf! 1'1 .1(61jJOpM8L\J,II'I B fl.l(p8X C 38MKHJTb!MI'I 060J!O'I!WMI'I 11 • 

81. M.X.Jleu6epr, E.Jl.E11p6paep, B.Vt.VtcaKOB. 
11PacqeTb! 3HB'IBHHl B (MI) B pauKax TeopHH Mllr.nana." 

82. 9. BI'IJihl'Bilh!ll'l, B rpoxyJihCKI'I, II • .llel.\OBCKH, A. Mapl.\H!lOBCKH, t(.CI!BBK. 

" CBepxreKy'II'IB 31 J¢eKTb! B nJIOTHOCTH fl.l(epHb!X ypoBHe~11 

83, r.MJ3HOJih, 
11 0 I1Jl8H8X C03.1(8l1Hf! CI'ICT8Mb! .l(Jlfl HCC1!8.1(0B8HI'Ifl H30TOI10B, H8XO.l(flli\IIXCR .1(81!6KO OT UO

JIOCb! cTa6[,!JihHOCTli, B pel!II'!Me 11 on - l.ine' c ny'IKOM Ilf!OTOHOB CI'IHXpOL\HKJIOTpoHa Jlf!O OMflll" 

84, H.!'. 3alll.leBa. 
11 DblCTpble XHMI'I'I8C!I'I8 M8TO.llhi,I'ICI10Jlh3J811b/6 .1\ilfl Bb1.1(6Jl8HIIA p8.1(H08KTHBHb/X 3Jl8116HTOB11 • 

85. r.IO.Eallep. 
11 0 nepcneKTilB8X HCIIOJ!h30B8HIIf! KOIII1Jl6KCOH8TOB pe.l(K0361181!bHbiX 3Jl8118HTOB .l(Jlf! 
peWBHIIH H8KOT0pb!> 38.1(8'1 npenap8Tl!BHOI! p8.1(110XI!I(HH 11 

86. JI.JI.KawKapoB. JI.~.reHaeBa, A.K.JlaBpyxHHa. 
11M3J'18HH8 I1POLI8CC OB l)!parM8HT8L\HH llO.l( .nel!CTBH8M Bb!COK03H8pl'll'IHbiX npoTOHOB C 
IIOIIOIIU>IO Tp8KOBOI! 116TO.l(IIKH," 
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WI. M.Il.A.BOTI'!Ha, B.Jl • .l\OKYBOBa~ liLJire;reB~ H.f.KaJUIHHI'IKOB, H.Jli'I~Ta (, Y.Ha3apoB, fl.Yp6aHe!1 
"IIOBhJe l13HHhl8 o pacrra;'\e l.:>9Nct 1'1 I57Nctn. 

htL Ji(.JKeneB, B.r.Ka;mHHHKoB, f!,J!HrrTaK, Ji.K,fleKep 

"06 !;!30M8pHb!X COCTOflHI'IHX Tl'lll3 I"~~-~ftlljz) B I~6Ncl77 137 
ll 59 Pv 78' 

IIOBhlil 1'130TOn 1g3 Nd 7G ", 

89. P.E.ne~aHou, B.M.EeneH~KI'I«, lli.ill3pHnoB 

"0 B030YlKi18HHb!X COCTOHHI!RX Hel!eTHOro Hl1P3, BH81!'HI'Ii1 HYKJIO!I JOTOpOrO H8X0l11'1TCH B 

COCTOHHl111 J =9/2 11 

90. ll.M.MI'IxaiiiiOB. 

·"PoTaJ,HOIIHhlO YPOPIIII c K = 0 ". 

91. P,b,EcrJKaHOB, X.C.Ca61!pOE, K. T.CallllXOaeB, M,;,t,Xal1lK3<lB 

"CTJO!(TpOCKOlliiH IIH;'\I'IH - il'/ " 

92. E.EoJKeK, P.Epo11a, B.Banrocn, ff.ronnqeBCKI'I~ P.Kynecca, 
" I} - ljJaKTOpb! B03ClYJK;'\8HHIDC COCTOHHIIll 14 ' Snt 

93. fi.KopMI'IL\KIIll, r.HeBOl1HIIqaHCKIIi1, 8.CTaxypa, K.8y6ep l'! A.Eyl13fK. 
"flapL\113JIBHble nepi!Ol1bl nonypacna;'IOB anncjJa-1130TonoB 151Tb YI l 49T6 " 

94. P.E.EerJKSHOB, C.M.AxpapoB, M.M.MHpB8Xill10B. 
"Pe3olfaHCHoe pacceHHHe raMMa-nyqell HeilTpOHHoro 3axBa'ra na Ll1pax L\III!Ka". 
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