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COBPEYEHHOE COCTOHHIIE YE30HHOA TEOPII~ 

B.B • .E 

JJT<l> l 

B TeqeHKB yKe TPB.ztUBTB xer ~HSHKII ro:sopHT o weso 

KO :S ROCJIB,llHBe Tpll rOAB AOCTHrHyT CYII\BCTB6HHWA npor pe 

118 BYKXOH-ByKJIOBHOrO B38HIIO,ZteltCT:SIIH. 9TOT nporpecc CB 

IIBHTBJI»HOrO 00HapyKBBIIH PHAB THKeJIWX R,llBpHOaKTH:SHWX II 

,YCTBHO:SJIBBKBII KX C:SOitCT:S: 118CC, Cni!HOB, qeTHOCTeA H ,ll 

BBl!RBTCR paBBIITIIe HO:SWX !BOpeTHqeCKIIX 116TO,ll0B HCCJIB~O 

C OTKPNTI!ell HO:SWX KB30HO:S CTBJIO oqeBH~HWK, qTo B 

Jr -11eaoso:s :sayTpeaacc ( r ~ I, 5 <P) o6nacn HYKJIOH-H. 

H6YABqy. HeOClXO,lliiiiO BKJIDqKT» B paCCKOTpeHHe THM6JIW6 K• 

qell nKOHN. ~Opll8l!hHO 3TO IIOKeT Cl WT» C~6Jl6HO B6C»II8 np 

HO:S C IIB30HaiiK 36nKCNB86TCH B BKAB cyKKN no :SCBII 11630: 

(I) Hint = L V4Tf a . 't' r. 't' If. , L 
L ~ L 1.. L 

. oro w 3,zteC» gi - KO~C18HT6 C:SRBK L K630H6 C H.YKJIOBOK; T I 

30HHWit onepaTopw; rl - KBTPKU8, BRA KOTOpoA 36BHCHT 0 ~ 

V47f BBO,ztiiTCH .ztJIH y,zto6cr:sa. BcR CJIOKHOCT» 38KJIDq8eTcR 1 

Ha R3WKe )IK6rp81111Holl TeXHIIKH IIOKHO CK636TI., qTo Sa,ztaqa 

CTOIIT B CYKIIIIPOB8HIIII :scex Cll6~D~KX B3 (I) AHBrpaiiK C 

HYKJIOHBIIII. B HBCTOH~ee BpeiiR HBT Cnoco6a pemHT» STY 3! 

'iBHHe KOHeqHNII qKCXOII AI!Brpallll npHBO,liKT K HB:SepHHII pel 

:S0311.Y.eHelt K CIIX»HWII :S3611110AeACTBKRK. ilOSTOII,Y aeoOXO,lll 

~e BWATK 86 p6KKH TBOPKK B0311Y~BHHA. 

B COBpelleHHOA TBOpKB R,llepawx CKJI nonyqKJ!B paB:SKTf 

llpiiOJIHKeHKe OBE ( one -6os on eKchange) S8Kl!DqaeTcR :s cy& 

CO,liBpK8JilBitCH :S ,llM6rpa1111ax UpOCTeltwero :SH,ll6
0 

,lll!H CYIIII~ 

,llllarpallll, KOTOpaR cqlt!8BTCR Onpe,ztBl!RD~Bit. 
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COBPEUEHHOE COCTOHHKE YESOHHO~ TEOPHH ffAEPH~ CKR 

B.B.EaClKKOB 

J!T<l> Ulll!l! 

B TB'IBHHB yze TPHllnBTH JIBT ¢H3HKII rOBOpHT 0 11€30HHOII npHpOJ!,€ HJ!,BpHbiX Cl!ll. 0J!,HaKO TOliD

KO B fi0Cli8J!,HB€ TpK rOJ!,8 J!,OCTBrHyT CJmBCTBBHHhlll nporpecc B J!,BI\CTBHTBJIDHOII nOHI!Il8HIII! IIBX8HII3-

Il8 HYKliOH-HYKliOBHOrO B38HilOJ!,BIICTBIIH, 9TOT nporpecc CBH38H B nepBy~ oqepeJ!,D C ¢8KT01l 3KCnepll

llB8T8l!D80rO OClHapyKBHKH pH,lla TDBJ!biX H,ll€p808KTIIBH!a II€30HOB (ITKOHHbiX pe30HaHCOB 1• g,w ... )ll 

JCT880Bli€811Bil 111: CBOI\CTB: MaCe, CITII80B, 4€THOCTBII II J!,pyri!X KBaHTOBhiX 411CBJI. BTopoll ITpii411HOII . 
H~HBTCH paSBIITI!€ 80Bia TBOp€TII4€CKIIX IIBTOJ!,OB HCCJI€J!,OB88HH liBJXHJKliOHHOII npo6JI€llbl. 

C OTKpbi~H€11 HOBbiX llB30HOB CT8ll0 04€BI!J!,Hhlll, 4TO BC€ fiOnhiTKI! Ofii!C8TD C fiOilO~~ OAHIIX 

JT -11€30808 BnyTp€88~~ ( T ~ I, 5 tp) oClnaCTD HYKJI08-HYKli08HOro B38illlOJ!, BIIC TBI!R 00p€4€Hhl Ha 

8€yJ!,aqy, Heo6XOJ!,HIIO BKJI~'IIITD B paCCilOTp€81!€ THM€Jibl€ ll€30Hhl, 06JI8J!,a~l!ll!€ APYPI!Ill! CBOIICTBaMII, 

4€1l nHOHbl. ~OpllaJIDHO STO llOZBT 6biTD CJ!,BJiaBO BBCDila npOCTO: ralliiJIDTOHIIaH B3ai!IIOJ!,€1\CTBKH 8YKJIO

HOB C ll€S08811H aanHChiBaBTCH B BIIJ!,€ CJllllbl no BCBil 11€308811 

(I) 

3J!,BCD gi - KO.HCTBHTa CBliSH L oro ll€30Ba C nyKJI08011i 'f I! lf/ - COOTBBTCTBBHHO HYKliOHHhlll II ll€-

30HHbll\ ouepaTOphl; rl - ll8Tpllna, Bl!ll KOTOpOI\ 3aBIICIIT OT Cfii!Ha II 4€THOCTI! ll€3088i KOS~I!UI!BHT 

V47f BBOJ!,IITCll J!,JIH YliOClCTBa. BcH CJIOZ80CTD 38KJI~48€TCll B peweHIIII 38A841! C TaKI!Il falli!JIDTOHI!8HOII. 

Ha R3h1Ke AKarp8lOllloA TBXHIIKI! IIOKHO CKa3aTD, 4TO 3aJ!,a'la OITKCBHIIH ynpyroro N N pacceHHI!H co

CTOIIT B CYilllilpOB8HHK BCBX Cli€J!.Y~~IIX B3 (I) J!,llarpallll C liBYilH BXOJ!,HIIIillll! I! liBYilH BI>IXOliHI!IIIllH 

HYKJI0881lil. B H8CTOHI!I8€ Bp€11!1 HBT cnoco6a PBIIIIITD STY 38J!,84J T04HO. C J!,pyro~ CTOpOHhl, orpaHH

qeHII€ KOH€4Hblll 4HCBOil J!,llarpallll npiiBOJ!,HT K 88BepHhlll peayl!DTaTall BBIIJ!.Y Henpllll€811llOCTI! T€0pi!H 

B03~€BBII K CIIJIDHblll B38l!llOJ!,€1\CTBHiill. ITOSTOJlY 8B06XOJ!,Bll0 IICITOJID30BaTD np1!6BI!.I€HIIH•n03BOBHD

~8 Bbi~TH sa p811KII TeOplll! B031lJmBHKI\, 

B COBP€1l€8HOA TeOpiiB HJ!,BpHbl% CKJI fiOBJ'lllliH paSBIITKe llOJ!,Bllll OJ!,HOII8308HOro OCllleHa (QBE) • 

ilpiiClliHZB811e OBE ( one-6oson exchanpe)aaKn~qaeTCH B CYI!I8CTBBHHOK HcnoJID30BaHI!II 11H¢op11an1111, 

COJ!,epza~eACH B J!,llarpallll8X llpOCTellwero BIIJ!,a, J!,JIH CJilllllpOBa81!H 6€CKOHe4HOA fiOJ!,COBOKYnHOC!II 

llll8rp8llll 0 KOTOpaH C4B~aBTCH OnpeJ!,BJI~meR, 
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B 3aBWCWKOCTW OT npWK8HH8KOPO KaTeKaTWqecKOPO WOpKBRH3118 paanwqanr CReAY~~He YO~enw: 

!) no:reH~HBRbHBH KO~eRb O~H06030HHOro o6uesa (OBEP), 2) KO~enw O~H06030HHOro BKRa~a (OBEC), 

3) ue:ro~ ~HcnepCWOHH~ COOTHOW8HW"· MCXO~HHY nyHKTOY K8X~O" H3 HMX HBRH8TCH 60pHOBCKaH 

aunnw:ry~a pacceHHHA, o:rseqaD~aA nepsouy nop~KY Teopww Boauy~eHw~ no B3awuo~eV.cTBH~ (I) 

(21 B(~,p)= L 
L 

p y p+q_ 
/-...__'fi 

-p -p -q, 
AYnRHTy~a (2) K0!8T 6HTb pa3nozeHB no nap~HBDbHHK BORHaK 

(3) 8 (~d5) =[ (2L +1)&L(E)PL (Cos9) 
L 

rl 3a~aqax HYKROH-HYKROHHOrO pacceRHMH MCKOKHKW B8RHq~HaYW HBHHDTCH 06HqHO nap~MaRbHHe aunnM-

TY~H WRM WB3H paCC8HHWH. Cy~eCTB8HHO, qTO B (~1 p) M 6(E) HBRR~TCH qwcTO B8~8CTB8HH~YW. 

~o~enb OBEP oCHOBHBaeTcH Ha npe~nono!eHHH,qTu NN B3BMYo~e~cTBwe uoxeT 6HTb onwcaKo 

C nOMOmbD HepenHTWBI1CTCKOrO ypaHH8HI1R llipe~HHrepa C H8KOTOpHM nOT8HU11BnOK, TBKI1M, qTO ero 

00pHOBCK08 npl16ni1!8HI1e npHBO~HT K BKIIRWTy~e (2). Toqsoe pemeHHe YPBBHeHHH llipe~I1Hrepa C 

STHK noTeH~HBDOK 6y~eT OTBe48Tb TOr~a 6eCKOHeqHo" HTepa~H ~HarpaYK O~HOYe30HHOro 06YeHa, 

TO eCTb neCTHKqHOyY npw6nHXeHHD ~RH aYnRHTY~H pacceRHHH. llo:reH~Han onpe~enHeTCH npH STOY 

KBH wypbe-o6paa 6opHoBcKo" aunnwTy~H no nepe~aqe wunynbca 

(4) V(r,p)=jei<p~B{ct,f5)d 3 tt · 

AYnRHTy~a (2) HBnHeTCH penHTHBHCTCKO~, nOSTOYY BHp8X8HHe (4) CO~ep!HT peRRTHBHCTCK11e no

npaBKW, npwso~A~we K 3BBI1cwuocTw noTeH~wana oT aHeprwl1 /!, 2/. llonyqaDmw~cH noTeH~wan OBEP, 

KaK oKa3HsaeTCR, Ka4eCTB8HHO o6bRCHH8T see H3BeCTHH8 xapaKT8pHH8 qepTH wesoMeHonorl1qecKHX 

noTeH~HBROB, B TOM 411Cne OTTBRKHBBHWe Ha uan~x paCCTOAHWRX, CI1RbHY~ KOpOTK0~8~CTBYDmJ~ 

L 5 - CBH3b 11 np11THX8H11e s a Gonbwwx paccTOAHWHX. 0TTanKI1BaHwe o6ecne4HBB8TCH o6ueHOY He~:r

panbH~III1 B8KTOpHH YH ( W 1 'f' ) 11830H81111 H WII88T BH~ nOT8HU118HOB iOKBBH, a He TB8p~Oil cep~~e

BWHU, 4TO cornacyeTCH CO CTPYKTypo~ HYKHOHB,CR8AYD~8il 113 OnHTOB no paCC8HHHD 6HCTp~ 3ReKT

pOHOB. MII8~WBHCA 3BBWCHYOCTb OT 3H8pPHH KOMn8HCHpJ8T JII8HbW8HH8 CTBTH48CKOPO OTTBRKI1BBHHH. 

npwT~8HH8 BH3~B88TCH 06Y8HOII PHnOT8TH48CKHY H8ilTpanbHHY CKBRHpHUY 6 - Y830HOY C Y8HbW81l 

Maceo~. KaK K0! 8T 6HTb nOK838HO, 3T8 rHnOT838 WBKTH48CKH COOTB8TCTBY8T yqeTy He TORbKO R8CT

HW4HHX ~warpaYK, Ho w ~warpauu c nepeceKa~mHM11CH V - Ye30HHHIIH nMHHHYH . 

B YO~enHX OBEC, H83HBa811~X e~e Y0~8RHYI1 HBHO~ YHMT8pi138~11H 0 HCKOYBH JHHTBPHBR aYnRI1Ty~a 

~ (£)= t e i.JL(£)5in cSL(£) , r~e I<- BORHOBOil B8KT0p H cS/£)- WB38 pacceRHHR, nonyqaeTCH 

113 .ae~ecTB8HHoii &L (E) Henocpe~CTB8HHO, 6e3 peweHHH ypaBH8HHil. TaK, B "uo~enw peanbHOli qacTw" 

6 

nonarae:rc11 be=Rehe=fCosrfeSinlfe; B "uo~en., cl!Ryc! 

B ,,lrO,ItenH :raareaca" {;l = n e ( 1 + i-k ft e} - -1 ~ 
BBpHBHTa OBEC npe~cTaBJ!f!~TCH B8Cbll8 HCKJCCTB8HHH 

BecTaouy B Teopww non11 npi!OnueHHJO K - YaTpl'l'.{hl, . 

B KOTOp~ npouezyTOqH~e 
HyKnOHH nexaT Ha 3Hepr• 

nepepacceHHHe ~113H48CKHX HyKnOHOB, KaK ITOK83~Bae: 

8TCH 6onee ITpe~IT04TIIT8HbHOA T8K!e TipH OTIHCBHHH 3r 

~I!CnepcnoHHHe COOTHOilleHHR npe~CTBBRHIOT HaHGC 

B npltnO!eHuw K aa~aqe N N B3auuo~ellcT:si!H OHI! nocn 

Imhl (E)-K/he {E)/
2 

B HHTerpane no ~l!31!qecKo~ o 

3uqecKoll o6naCTH HB 60pHOBCKyD BYITRI!Ty~ 5~(£) np 

HCKOMOll aunnnTy~~ ht(£). 3To YPBBH8HHe pewaeTcR q 

PaccMOTp8 HHhl8 BHWe M0~8JIH npi!MeHHRIICb ~RH BH. 

ne 0 <: [A•6 ~ 300 MaB, Bapbl!pyeKHuw napaueTpau11 RB; 

Horo M830Ha ;U0 . Bee uo~en11 ~aDT xopowee onHcaHM! 

KOHCTBHThl CBH311 B p8RRTHBHCTCKIIX YO~enHX OBEC / 3/ 

cornacyDTCR ~pyr c ~pyrou . McnonbayeuaR B pa6oTe;: 

RllqHH8 g w 2., qTO 06bHCHR8TCR HeyqeTOY penRTHBHCTCK 

3HeprHH /l,
2
/. PenHT11BHCTCKI!~ ITO~XO~ n03BOnHeT C T 

TBK~e B3811Y0~8ACTBH8 HYKROHOB C BHTHHYKHOHaMH/4/. 

~nH nepexo~a OT ~BJXHyKHOHHOH aa~aq11 K H~py H 

H~ll no~xo~. B 4BCTHOCTH, HB OCHOB8 YO~enw OBEP y~a' 
B CIICTeue He It + He +. i~O!I[HO Ha~eHTbCH, 4To aT a Mo~· 
CornaCOBBHHOKy B38HII0~8ilCTBHIO HyKnOHOB B H~pe. 

Jl H T 8 p a T 

I. D.Y.Wong. Nuo1.Pbys , l11t 212 (1964) . 

2. B. B.Ba6HKOB . ~epHaH WH3HKa, ~ , J26 (1965). 

3 . JI . C. Az r wpeA , B. H, qH!HKOB . flpenpnHT OHffH P-2. 

4. 

s. 
6. 

J. S. Ba11 , A. Sc ott i , D.! .Wong, Phys . Rev . ,l; 

R.A.Bryan, B.L.Soott. Phrs.Rev, 111, B4J4 ( 

T.W.Preis t. Nuovo Cimento,1Z, 166 (1965) . 
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~opuanllaua paanllqaDT cne~DII\116 uo~enll: 

:oBEP), 2) uo~eJIII O~H06030HHOro BKJia~a (OBEC), 

JYHKTOU Ka%~0" 113 HIIX HBJIH6TCH 6opHOBCKaH 

Boauy"'eHli~ no B3a~uo~e~CTBMD (I) ;,y Teoplll! "' 

l>HbiU BOJIHaU 

P (Cos8) 
l 

;I! B6JII!qliHaMli HBJIHIJTCH 06blqHO napu~aJII>Hble aunnll

q,, p) H b (E) HBJIHDTCH qliCTO B611\6CTBeHHbiUI'l. 

111, qTu N N saa~Mo~ewcTB~e MOlleT 6HTI> onHca Ho 

•epa C H6KOTOpbiU nOT6HU118JIOU, TaKI'lll, 'lTO ero 

:2). ToqHoe pemeHHe ypasHeH HH IDpe~HHrepa c 

l'lHO" HTepaUHII ~Harpauu o~HoueaoHHoro o6ueHa, 

• pacceHHHH. lloTeHUliaJI onpe~eJIH6T CR npH 3TOU 

uy Bblpall6HHe (4) CO~epllliT penRTHBHCTCKH6 no-

/1,2/ llonyqaDII\I!HCR noTeHu~an OBEP, OT 3Hepr11H • 

asecTHHe xapaxTepHHe qepTbl ~eHoueHonor~qecxHx 

biX p8CCTORH~RX, C~Jil>HYD KOpOTKO~encTBYDII\YD 

.HliRX. 0TTaJIK~BaHH6 o6ecneql1BaeTCR 06UeHOII He~T

eT Bli~ noTeH u~anos ~KaBH, a He TBep~on cep~ue-

B no pacceRH~il 6HCTP~ anexTcne~DII\e~ 113 onbiTO 

CT8Tli'leCKOrO OTTaJIKliBaHliR. !eHcl'lpyeT yueHhWeHlie 

6 OHOU C ueHhWe" 1 He~TpanhHblll cxanRpHbiU - uea 

eTy He TOJihKO JieCTla ~aKTI'l'leCKli COOTBeTCTByeT yq 

IM~CH jj - ue aOHHblllli JIHHIIHUII . 

1 RBHO~ YHI1Tap113aUI111, 11CKOUaH yHHTapHaH aMllnliTy~a 

6 f£)- ~aaa pacceHHHH, nonyqaeTCH Jii BeKTOP II L ~, 
11 

eweHHH ypasHeHI1n . Tax, B "uo~enl1 peanhHon qacTli 

6 

noJiaraercJI be=Rehe=fCoslfeSinlfe; B "uo.nen .. CliHyca" b,=lhtl =~Sino~; 
BnlfO,lleJIII TaRreHca" !J£ = n t ( f + i.k ft e)- J ~ -k ~ Je . t: CJIH nepBHe ,!tBa 

Bapl18HTa OBEC npe~cTaBJJRDTCR sechua IICKYCCTBeHHblll~, TO I.!O~e Jih TaHre!IC8 OTBe\laeT XOpOWO 113-

B6CTHOII,Y B TeOpi!ll nonH npl16Jil!lleHIID K - UaTpl!!,bl, KOr,lla CYUIIIIP.)'DTCH BCe JltCT hi!4HbiC ltl1a rpal.lllbl, 

B KOTOp~ npollellyTO'lHIJe HYKJIOHbl nelK8T Ha aHeprCTI1'leCKOl! noBepXHOCTI!, TO ecn npOIICXO,llliT 

nepepacceHHHe ~1!311\lecKKX HyxnoHos. Kax noxaablsaeT cneu11anhHbln aHan11a 131, a Ta uoltenh HBJIR

eTcH 6onee npe~nO'lTI1T6Jil>HOn T8Kil6 npll Oni1CaHI!II i'lKCn6pi1UeHTaJil>HbiX ~aHHbiX. 

nHcnepCIIOHHble COOTHOWeHIIR npe~CT8BJIHDT Ha1!6onee o6mH~ HH CTpyueHT KBaHTOBO l! Teop~i! nOJIH. 

B np11nozeHI!I! K aal(aqe NN B38HMO~e~cTBHH OHI1 nocne l!cqp~osaHIIR ycnoBI!H yHHTapHOCTII 

Im h( (E)- Klhe {E)/
2 

B IIHTerpane no ~ll311'lecKol! oCinaCTH aHeprH~ 11 aaueHH I!HTerpana no He~H-
3HQecKo~ o6naCTI! Ha 6opHOBCKYD au nJJI!TY~ b~(E) npeBp811\BDTCH B I!HTerpanbHOe ypaBH6HI!e ~nR 
HCKOIIOM allnnHTY~bi ht([). 8TO ypaBH6HHe pewaeTCH QIICJ16HHblll o6pa30II / 4/. 

P8CCII0Tp6HHIJ6 BbiWe IIO~enH llp1!116HHJIHCb ltJIR 8H8JI1!38 HYKJIOH-HyKnOHHOrO paCC6HH~R B IIIIT6pBa

Jie Q ~ [ AA6' 300 fAa B. Baph~pyellbllll! napaueTpa1111 HBJIHJII1Cb KOHCT8HTbl CBH31! g, II IIHCCa CKanHp

HOrO 11630Ha )l({ • Bee IIO~eJJI! l(aiOT XOpowee OniiCaH~e ~83 pacceHHI!H ,llJIR e ~ 1 npli,(lil"<:<500 MaB. 

KOHCTBHTbl CBH3~ B penRTI1B~CTCKIIX IIOl(eJJHX OBEC / 3/ II lt~CnepCHOHHbiX COOTHOWeHI!HX/4/ XOpOWO 

cornacyiOTCH ltpyr c ltPyroM. ll cnonhayeMaR B pa6oTe/5/ uo~enh OBEP npnBo~~T K aaBIJWeHHo~ ne

JII!'l~He 8 w2., 'ITO 06:hHCHHeTCR H6Y'l6TOU penHTIIBI!CTCKOro 31~~6KT8 38B~Cl1110CT~ noTeHU11aJJa OT 

aHeprllll /L,
2

/ . PenHTHB~CTCK~~ nol(xo~ noaBonHeT c TeUI! ze ('leTIJpbiiR) napaueTpaul! onl!caTb 

TBKie B3ai1MO~e~CTBI!e HYKJIOHOB C aHTIIHYKliOHallll/4/. 

nnH nepeXOlt8 OT ~BYXHYKJIOHHO~ 3al(a'!ll K H~py Ha~6onee y~o6eH, GCT6CTB6HH0
1 

llOTeH~I!aJib
Hbl~ nol(XOlt . B 'laCTHOCTI1 , Ha ocHoBe IIOltenll OBEP YltBeTcR/6/ xopowo on~caTh Baa~I.!Olte~cTs~e 
B CHC Teue He t + He •. iJ olltHO HalteRTI>cR, liTO aT a MOltenb noaBOJil1T TaKJKe ltaTh o6:~>HcHeHHe cauo

cornacoBaHHouy B3aiiMO~e~CTBI!il HyKJIOHOB B Hl(pe . 

R II T e p a T y p a 

I. D.Y.Wong. Nuo1.Phys. , 55, 212 ( 1964) . 

2. B. B. Ea6l1K OB . ~epHaJI ~H3HRa , ~ , 326 (1965). 

3 . R.C.Az r11peR , B. 11 .41!lli!KOB. Tipenp~HT OllHM P- 2584 , ny6Ha, 1966. 

4. J.S.Ba11, A. Scott i , D . ~ .Wong . Phys . Rev.,~ , 1000 (196b ). 

5. R.A.Bryan, B.L.Scott. Pbys.Rev, 1J5, B4J4 ( 1964) 

6. T.W.Preist. Nuevo Cimento,n, 166 ( 1965) . 
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KBAAPYITOR1H~ MOMEHT~ A$¢0PM~POBAHHijX H]EP 

8.E.EepnOEK4 K n . H. HOEHKOE 

PRAKa aanonaeHKa YPOBHell, aaxo~a~xca no~ noBepx 

38CellaD~II HHCXO~~D OpdHTBI!L, .li.OilZeR YBellH'IHBa 

no cpaaaeHRD c 'lerasw. 
~K3KKO-TeXHK4eCKK~ KHCTKTYT KK. A.~. ~o~e AH CCCP 

lBRRHe TBdHHQN llO~TBep~DT 3TO 38KI!DqeRHI 

Hec~epH4HOCTl> ~pa OnpeAenHeTCH E38KKOAe~CTEKeK C OCTO BOK BHeW HKX HYKHOHOE 1 KOTOpoe 

E CBO~ Qqepe~I> 38BKCKT OT O~H048CTK4H~ xapaKTepHCTKK nocne~HKX. fl03 TOKY npe~CTHEHHeT KHTe

pec 8H8nK3 38BHCKKOCTK BeHK4HH~ paBHOBeCHO~ ~e~OpKa~KK OT CBO~CTB Op6HT EH6WHKX HyKnOHOE. 

HaKOonee AOCTOBepH~ KCT04HKKOK CEe~eHKH 0 BHyTpeHHKX KEa~pynoni>~X KOKeHTHX ( ~O ) 

HBHH~TCH BepOHTHOCTH aneKTPK4eCKKX KE8~pynon»~X nepexo~OB ( £2 ) KeZAY ypOEHHKK pOTH~HOH

HOn nonce~. 0~H8KO ll0Hl>30BBTI>CH COOTHOWeHKHKK rK~pO~KH8KK4eCKOH KO~enK ~HH onpeAeneHKH 

3Ha'leHKII Q.0 H3 3K Cne pl!lleHT81ll> HbiX llpKBe~eHH~X BepOHTHOCTeH nepexo~OB 8 (£2) KOZHO TOHDKO B 

cnyqae 4K CT~X pOTHUKOHHbiX nepeXOAOE . B HK~Hell pOTHUKOHHOU nepexo~e,HAYmeK H8 OCHOEHOe COCTOH

.HKe, npKlle Cb 1 o6y C1l OBJleHJI8 H KOpKOnKCOB~IL B38HMO~ei'I CTBKell l COCTBEnl!eT He donee I,5% (ell. I),, 

K e~ liOJluo npeHe6pe4I> . flpv. 3TOM ~JlH onpe~eneHKH B(£2) He r pe6ye Tcl! 3HaHKl! napa11erpa paaEeTE

neHKH (1-ne pexo~a Ha npnMO~ K KHCKa~H~II , BHOCHWero donhWY~ He TO'IHOCTl> B pac'leT~. BenK'IHHH 

B (£2) BaEewKBanKch no Bpe Me HHUII K KynoHOECKHM ~a HHhlll. 
Ha pzcyRxe npoBe,ll.eRo cpasReRKe nonyqeHIIlX 3xcnepaweHTal!hR~X aRa4eRill Q. 0 )!;liB ae'leTIIHX 

H~ep C TeopeTK4eCKKILK 1 p8CC4KT8HHbiiiH llO MeTOAY KKHKMK38ijKH cy~ O~HO'I8CTK4H~ 3HeprKll (38-

qepHeHHble T04KK) ( 2/ H 3Ha4eHKHUH 1 B~4KCHeHH~MH C yqeTOll CKH Cll8pKB8HHH K KynOHOBCKOrO E38-

KliO,ll.eiiCT BKH / 2/ (KpyiKK). (CpaBHeHKe ,ll.nH qeTHilX H~ep 61l1l0 npo~enaHO B pa6ore /4/).CnnomH~K 
nHKKHIIK coe~HHeHil T04KH 1 COOTBeTCTBY~mHe ~- CT86K1ll>Hilll H~pall. KaK BH~HO H3 pKCYHKa, Tpy~HO 

ll01lHpK38UHH OCTOBa. 

C ueni>~ ~eTanhHOro K3Y48HHH 3TOrO 3~8KT8 E T36H HU8 npoBeAeHo cpaEHeHHe EHyTpeHHHX 

KEBAPYllOHl>H~ YOIIeHTOE He4eTHilX K npeAweCTBY~WHX 4eTH0-4eTHilX HAep ; llOA HHAeKCOU H,ll.pa 

3BllHC8H8 COOTB8TCTEY~maH e11y EeJH14KH3 Q0 • 

IJeraoe Qo 

I52sm 

5.875 

I54Gd 

6.3I7 

I56Gd 

6.79Io 

I58Gd 

7.2orr 

I60Dy 

6.659 

5& 
Via CBOHCTB OABO'I8CTH4BOil CX€Mbl cneAYeT 1 4TO ecnH HecnapeHH~~ HYKHOB aacenHeT BOCXOAHmy~ 

7.65Io 
H84eTHOrO H~pa AOn~Ha 6~ Tl> MeHI>We, '!ell y npe~-op61!T8nl>,TO paEHOB8CH8R ~eljiopMBUHH 

WeCTEY~lllero 4eTH0-4eTHOro, E npe~ nOHO;~t eHK K 1 'ITO He'leTHill,l HYI<nOH He lleHHeT cymecT~eHHO no-

8 

I72yf> 

7 .B5rr 

CpaaHeHHe aHa'leHHll Q, 

HeqerHoe S2[Nnlll] Qo 
--& 

.I53fu p 5/2+/4I3/ 

6 .56I3 -
I55Gd n 3/2-/52I/ 

6. 50I5 -
I57ca 

Tl 3/2-152I/ 

6.5ai5 -
I59Tb p 3/2+/4II/ 

7.409 -
I6IDy 

Tl 5/2+/642/ I 

7.2430 6 

I63Dy p 5/2-/523/ I 

7.I2?~ 
6 

I65Ho 
n 7/2-/523/ II 

7.56II e 
I67Er n 712+/633/ IS 

7.80!2 (: 

I73Yb 
n 5/2-/5I2/ 

7.7720 

" 



lPOBAHHbiX Mr;P 

3.E.EepnoBH4 H ~.H.HOBHKOB 

~e~CTBKeM C OC TOBOM BHeWHKX HYKROHOB 1 KOTOpoe 

aK:repHCTHH nocne~HKX. noa:rowy npe~c:raBnReT HHTe-

~e~opwanKK OT CBO~CTB op6KT BH8WHKX HyKnOHOB. 

IK~ 0 BHyTpeHHKX KB8ApynonDHHX MOM6HT8X ( ~O ) 

lnDHHX nepexo~oB ( E 2 ) wea;!IY ypoBHRMK potanHoH

IRMH rH~pO~HH8MK'leCKO~ MO~enH ~nR onpeAeneHHR 

xX BepORTHOCTe~ nepeXOAOB 8 (£2) MOltHO TOHKO B 

HeM pOT8UKOHH OU nepeXO~e,K)IY~eM R8 OCHOBHOe COCTOR

a~MO~ei\CTBKeM l cocTaBnReT He 6onee 1,5% (cw.I) ,, 

eneHHR B(E2)He Tpe6yeTcR aHaHKR napaweTpa paa»eTB

HOCRwero 6onDWY~ HeTO'lHOCTD B pacqeTH. BenH'liiHH 

ICK HI.l ;118HHHII. 
·qeHKHX 3Kcnep1111eHTa.llbRIIX aaaqea•ll Q.0 .J.llll aeqeUHX 
ro;ny IIK H KM~38UKII CYIIMII O~HO'l8CTK'lHIIX 3HeprH~ (aa-

PIIAKa 3anonneHHR ypoBHell ' H8XOAB~XCR llOA DOBepXHOCTD» ~epKK 3aC8JIR»~ll HICXOAfi~~ opOITaJib, • HaoOopot, He'letH!Ill HYEJIOH, 
no ,lOJilteH yaenaqHBaTb paBHOB8CHY» A~~nv.nv 

CpaBHeHID C qetl!!l)(. "'<"'r-..-D H8'l8THOrO R,J;pa 

JlaHHHe TaOJIHUII n O,J;TB8plt,laDT 3TO 3aKJIDQeH!le. 

l!eraoe Q0 

152sm 

5.875 

158Gd 

7 .20n 

CpaBReHHe 3HaqeaHll Q, 

Heqernoe Q[Nn A] 
Qo f 

a. 

•153Eu p 5/2+/4!3/ 

6.5613 

155Gct n 3/2-/521/ 

6.5015 

157Gd 11 3/2-/521/ 

6.5815 

159Tb p 3/2+/4II/ 

7.409. 

161Dy n 5/2./642/ 

Taouga 

'leiHHX H a eqeTHHX SAep 

l!e:rnoe Qo Het~etaoeQ[Nn1 11] 
Q. 

174 Yb 175Lu p 7/2./404/ 

7.65IO 7.2014 

176 Yb 177lu 1' 712+ /404/ 

7 .42w 6.5023 

176 Hf 177Hl n 7/2-/514/ 

7.4416 6.8216 

178H/ I79Hf n 9/2./624/ 

6.888 6.8519 

180111 181Ta. p 7/2./404/ 

T~~c~~~uo~.x~nw~~u~~~~~ --~~~----~~~~~:===~---~~~-----~~~-------
opR~T ee rna~Koro xoAa ~ nyt~we nepe~a~:r o6~~ TeH-

162
ny 

;HHIIIIII C yqeTOII Cllll cnapHB8HIR H KYROHOBCKOrO B38-

qe THIIX R;nep 6Hll0 npo~enaHO B pa6oTe /
4
/) . CnnOWHIIIIH 

1 - cTa6HnDHHII R~pall. KaK BH~Ho K3 pacyHKa, TPY~Ho 7.2430 6.8410 6.2017 

163Dy p 5/2-/523/ 186w 187 Re p 5/2./402/ 

np~ cymy~ BepXH6~ KpKBO~, H6 yqHTHB8~~e2 cnapKB8- 7.198 ~~~HO~HT~He~~~MO~~~O~~~B --~~;----~~~-~~:::~---~~~-----~~~-------164.Dy 

7.1219 6.0210 5.3045 

I65Ho n 7/2-/523/ raaos 189 os tl 3/2-/512/ 

~~eKT8 B Ta6nKUe npoBeAeHO cpaBHeHKe BHyTpeHHKX 

: TBY~W~X qeTHO-'le THHX R~ep; nOll KH~eKCOII R~pa 

lo· 
T, qTQ ecn~ HecnapeHH~~ HYKROH aacenReT BOCXO~RWY~ 

:~ , 4TO He'!eTHHI\ HYllnOH He lleHReT cymecT~eHHO no-

8 

7.5:316 

7.6510 

172y& 

7.85n 

7.56n 

I67Er 

7.8012 

173Yb 

7.7720 

( 5.089) 4.8540 

n 7/2+/633/ 190os 191rz p 3/2./402/ 

( 5.15)15 3.8715 

n 5/2-/512/ 



L 

!lpOTOH!We op61!T8llll p 7 /2-t /404/, p 5/2-t /402/ II p 3/2-t /402/ - KpyTO :SOCXO,llflll\118, II fiM COOT

:aeTCT:ayeT yueH:&weHIIe K:aa.ztpynon:&uoro MoueHTa, Ha<lnll.ztBDII\eecR :a fl.l(pax 
17

' • 
171 

L u , "
1Ta 1-1 

191 I '1 • 

Hel!eTHblll HellTpOH :a fl.l(pe 111 Dy 11 Ca,l(IITCfl 11 Ha KPJTO Cn8,l(81li!IYIJ opi511T8Jllo n 5/2-t /642/ (cu/"-/ ), 

11 KBa.ztpynomHhlll uoueHT aT oro R.ztpa 15oJ!lome, qeu y npe.ztwecnyJOI!Iero l!eTHoro 
160 D y. Ilapannen:&

Hblll CCII .zteWOPII8UIIH opOHT8llfll4 p 3/2-~"/411/, p 7/2-/523/, 0 9/2-~"/624/ II n 3/2-/512/ COOT:SeT

CT:BJilT co:ana.ztaDII\IIe :a npe.ztenax norpewHocTell aHal!eHIIR pa:aHo:aecHhiX .ztewopuaullll Hel!eTHbiX 
151 Tb, 

1u Ho , 111 Hf lA 
119 Oa 11 npe.ztwecTBYDIIIHX l!eTHbiX R.ztep. HellTpOHHhle opi511T8JIII n 7 /2-t /633/, 

n 5/2-/523/ , n 3/2-/521/ 11 n 5/2-/512/ f!l4ellT ueoon:&woll HaKJIOH :a oi5JiacTII noJIOliCIITeJI:&HbiX 
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norpeWHOCTf!X 3Hal!eHIIK KB8,llpynoJI:&HbiX IIOIIeHTOB, .ztOCTIIr81011\IIX HeCKOJI:&KKX npoueHTOB, 3TO 113lleHe-

HIIe He ooHapy!tiiBaeTCR (R.ztpa 
1u , 1 s1 6d , 1~' Dy, 101 f>t "' 

113 Yb ).llcKJID'IeHIIe 11s o6111ell npocJie-

~~:eHHoll 38KOHOIIepHOCTI! COCT8BJIReT R.ztpO 155 
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aHal!eHIIR Q0 B 1
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HEKOTO~E CBO~CTBA HEqETHaX flAEP TIEPEX04HO~ OEnACT~ B PA~OHE OCMMH 

S.E.EepJJOBI!q 

~opua fiAep nepeXOAH~ 06JJ8CTea ODPCABJJHeTCH KOHKypeHQ~ea KHOri!X ~aKTOpOB: CBOKCTB8KI! 

C8KOCOrJJ8COB8HHOrO DOJJH, a TaKKe cnapHBaTeJJ»H~KI! H KBaApynoJJ»~KI! CI!JiaKI!. Toqs~a yqeT BCeX 

3THX ~8KTOpOB npeACTBBJJHeT CJJOEHYD SaAaqy. 

HeKOTOp~e OC06eHHOCTH 1 OAHaK0 1 uoryT 6~T» KaqecTBeHHO nOHHT~ HCXOAH 1!3 csoncTB ypOBHen 

CaKOCOrJJBCOBBHHOrO nOJJH. TaK,HanpHuep, Ha6JJDABD~HKCH CKaqKoo6pa3H~K nepeXOA ~Op~ fiApa OT 

c~pHqecKon K B~r~Hyro« B o6nacrH qHcen aeKrpoaoB 88-90,no-BHAHKOKJ, orpaaaeT nepecrpo«ay 

npoTOHHHX ypOBHeK B6JJH3H noBepXHOCTI! ~pUll, CBH3aHHJD C BKJJDqeaHeK CDBAaD~HX HHJJ»CCOHOBCKI!X 

op6Hrane« I/2 - /5507, 3/2 - /541/ H 5/2 - /532/, B~OAH~Hx Ha yana h11; 2
• Bee ueKTpouu.~e 

op6HTaJJH B6JJH31! N = 90 OKa3~BaDTCH cnaABDmi!MH l l! ll03TOyY AOQBBJJeHHe JJD60K nap~ HeKTpOHOB 

cnOC06CTByeT oue~eHHD MHHHUJK8 DOJJHO~ 3Hepr~H B CTOpOHY 60JJ»WHX Ae~OpY8QHK. 0AHaKO cnapHBa

TeJJ»H~e CHJJ~ (OC06eHHO y qeTHo-qeTH~X HAep) uoryT CKOMneHCI!pOBaT» 3TOT 3~KT,I! HApO OCTaeT

Cn C~pHqeCKHK AO Tex nop,nOKa qHCJJO He~TpOHOB AOCTHrHeT Kpi!THqecKoro 3HaqeHHH 1 COOTBeTCTBYD

~ero TaKOyY CABHry YHHHMyMa, np~ KOTOpOM BKJJDqaiDTCH yKa3aHH~e cnaAaD~He npOTOHH~e op61!TaJJI!. 

TaK KaK npl! A06aBJJeHHI! nOCJieAHe~ nap~ He ~TpOHOD q~CJJO HYKJJOHOB Ha cnaAaiDmHX op6HTaJJHX BOapa

CTaOT OAHOBpeueHHO H8 60JJ»moe qi!CJJO (2 He~TpOHB H 6 npOTOHOB)ypeayJJ»THpym~ee cue~eHHe KHHI!Ky

Ua 3Heprl!l! AOJJXHO 6HTb TBK~e 3Haqi!TeJJbH~M, qTQ I! COOTBBTCTByeT CKa~oo6pa3HOYJ BOSpaCTBHHD 

AeiPopKBL(HH. 

B nepeXOAHO~ 06JJBCTI! npHU~KaDweK K Ae~opMI!pOBaHHHY HApaM peAKOSeMeJJ»HO~ rpyn~ CO CTO

po~ 60JJ»WHX MBCCOB~X qHceJJ I! ITPOTOHH~e I! aenTpOHH~e op61!TBJJH OKa3~BaDTCH BOCXOAH~HMI! 1 D03TO

Yy A068BJJeHHe HJKJJOHOB o6ei!X rpynn MO~eT CnOC06CTBOB8Tb TOJJbKO nocTeneHHOKJ yueHbWeHHD Ae~op

MaQHH. Sro cornacyercR c xopowo HSBeCTH~Y ~aKTOK nnaBaoro yueabweHHR Ae~opuanHH c pocTou A 
y RAep 3TO~ 06JJaCTH. 

B nepexOAH~x o6nacTHX, rAe aaeprHR Ae~opuaQHH cpaBHHMa c aueprHeK cnapHBaHHR,cy~ecTBO

BaHHe B OAHOM I! TOY Ee HAPS COCTORHI!K C p83HQij ¢0p110~ /1,2/ npeACTBBJJReTCR oco6eHHO BepORTH~U. 

1\JJH ~RBJJeHHR TBKHX COCl'ORHHK 60JJbWJD nouo~ UOll:eT OKa3aTD HayqeaHe BepORTHOCTeK f3 I! d
neptlXOAOB /1/. 

B liOAeJJH 060JJQqeK OCHOBBh!e II nepB~e B036Y~AeHH~e COCTORHI!R 193l1t 1 
493Au. 1 

4
'

5 Au. 1 
491Au 

HAeHTHijiHQHpyllTCH K8K COCTOHHHR 2 d 3/2 H 3 5y
2 

COOTBeTCTBeHHO; B H80TOD8X 201 TL I 
20

J TL H zos TL 

nocJJeAOBaTeJJbHOCTb 3THX COCTORHHn npOTI!BOnOJJOli:HaR. MarBHTH~e AHnOJ!bH~e nepeXOA~ THna 

2 d Jk =3 S<fl OTHOCRTCR K KJJBCCJ e - aanpeweHH~X. 

l c 

Ha pHCYHKe R300paxeHM KB3AP8Tll 2KCnepauesr 

AJIH Ml-nepeXOAOB BO BCBX BOC»KH HApax, a B TaO; 

m2 
TIOp. t B~qi!CJJeHH~e UeTOAOU npHIIell!HBaHHR K COCT• 

\IBHHHMII CeH»epi!TH 5 = 3 AJJH npOTOHOB I! 5 = 2 , 

B OTJJHqHe OT MHOEBCTBa nepeXOAOB, I!Ye~~I!X n 

BCBrAa YA8BTCH nOA06paT» OAHY I!Jill HBCKOJJ»KO KOHW 

2 2 ) \IBHHe m ""P cornacyerca c m '"'" , AJJH scex nepexoA 

CH B CPBAHell Ha nOpfiAOK ClOJJbWB m2
1"'" • 0TCDAa 

He MoryT 6~T» OTHeCeH~ K OAHOqaCTl!qH~M nepeXOABII 

IIPHAHH I! 30JJOT8 3HaqeHHB m2>Hcn pacTeT, B B 1!30 

oelpaayeTCH OrqeTJJH~n M8KCI!MJM Ha AHarpaMMe pHC) 

~SOTOIThl T8JIJIHB HBnocpeACTBeHHO npHMHK81JT K A 

·llx ~p~ He B~3~Baer COKHeHHll. 0AHaKO B036Y~AeH 

POAJ. 8TO xopomo DOATBBpaASBTCH Tell 06CTOHTeJJbCT 

(TaK lite KaK II DepeXO,llll'l'2~ -~~ l!lleiOT TBKHe Ee y 

KaK II E2-· nepeXOA~ THna 2•-o• B COOTBBTCTBJIO~lll 

II Ol'HO!lleHHH npHBBA8HHHX BepOHTHOCTe~ (2-nepeXOAC 

6JJH3KI! K BAHHI!Qe (Ta6nHQa 2). flocneAHee 06CTORTE 

nepeXOAOB XOpOll!O COrJJSCJDTCH C ~HOMeHOJJOrH\IeCB 

ilOCKOJJbKJ SHaqeHIIH U8TpHqHliX aneueHTOB Ml-nepexc 

AH~ID BBTB» Ha AHarpauye(cw.pac.)awecre c aaaqe~ 

Kl!pOBSHHHX /5/ HSOTOnax HPHAHH, ecTeCTBeHHO npeJ 

AB~OpMHPOBa~,no Kp8llHen uepe B OCHOB~X COCTORl 

JJBCHB SHaqeHHJl BBPOHTHOCTeK Ml-nepeXOAOB C paC\1€ 

BO BTOpoll rpa~e T86JJHQll 2, AJJH 111I'f. H 11' Au onpeAE 

CKOrO B036JZABHHH nepBNX Bpa~aTeJJbH~X ypOBHB ij ~ 

HHHU KOUeHTOB HHepnHH. 

He60JJDWOB YCKOPBHI!e Ml-nepeXOAOB OTHOCI!TBJ!l 

npi!Cj'TCTBIIBU B OCHOBHOU COCTOHHIIH 3j2 r /402/ npl 

OCHOB8HHHX H6 OAHOqacrHqH~X ypOBHRX l/2~00/, Tal 

li8Dftl! BSOTODOB 30JJOT8 cnerKa yMeHbW8DTCH 1 3He p: 

npHU8CB AOJJRHO 0UJJO CTaHOBHTbCB U8Hbme • 

. YcKopeHHH £2- nepexoAQB 1/i"._3J2+TaKEe pac· 

j'B8JJHqeHHH HX KOJJJI8KTIIB1!3Soi!H. ~ B 8TOM CJJyqae 

npHMecea. 

I3 



PEXOJ!HQf,j OEJIACTI'I B PAIAOHE OCM>IH 

3.E.Eepl!OBII'I 

CR KOHKypeHQHea YHOri!X ~KTOpOB: CBoacTBBMH 

Yl! H KB~pynOli~HHKI! CHllaKH, TO'IHN~ Y'I8T BC8X 

K8'18CTB8HHO nOHRTN HCXO~R 1!3 CBO~CTB ypOBHea 

D~H"CR CK8'1K006p83HN" nepexo~ ~OpUH ~pa OT 

JOB 88-90,no-B~HYowy, OTpaxaeT nepecTpo~y 

!38HHYD C BKliD'18HH6M cna~aD~X Hl!li~CCOHOBCKHX 

'532/, BNXO~R~HX H3 Y'Slla h '11/2. • Bee H8"TpOHH!ie 

II n03TOMJ ~OQ8Bli8HHe liD60~ napN H8~TpOHOB 

. cTopoHy 6oll~wKX ~e~opuanua. O~HaKo cnapeBa

YT CKOMlleHCHpOBBT~ 3TOT 3~KT,H R~po OCT88T

~OCTHrHeT KpHTH'IeCKOrO BHa'leHHR,COOTBeTCTBYD

DTCR YK8'38HH~e cna~aD~e llpOTOHHN8 op6HT8l!H. 

'IHCliO HYKliOHOB H8 Cna~aD~X op6HT8l!RX BOSpa-

1! 6 npOTOHOB),peayX~THpyD~ee CMe~eHHe MHHI!yY

~ COOTBeTCTBY8T CK8'1K006paaHOMY B03p8CT8HHD 

JOBSHH NM ~paw pe~Koaeuel!~Bon rpynDN co cTo

>HHNe Op6HT8lll! OK83NB8DTCR BOCXO~RwHMH,nOaTo

:TBOB8T~ TOllbKO nOCTeneHHOMJ yMeH~W8HHD ~e~op-

1 nllaBHoro yueH:&WeHHR ~e~opuaQHH c pocTou A 

HI! Cp8BHHM8 C 3Heprue~ cnapHB8HHR,CYlli8CTBO

OpMO~ /1,2/ npe~CTaBl!R8TCR OC068HHO B6pORTHNM, 

eT OK838Tb 113Y'I8HIIe B8pORTHOCTea ~ II d-

~HHNe COCTORHHR 193ltt 1 
1

g
1A U 1 

115 Au 1 
197Au. 

3eTCTB8HHOi B HSOTOnax 201 TL I 
203 JL 1-1 usTL 

J , MarHHTHNe ~HllO~HNe nepeXOAN THll8 

Ha pKCYIKe I306paJ:el!i KB8Jtp8TN ~KCDeplllleHTM:&BMX IIB.Tpi'IIUX 3JielleHTOB m2 
'"'" 

~~~ MI-nepeXO~OB BO BCeX BOC~MH ~pax, a B T86l!HQ8 I npHBe~eHN W TeopeTH'IeCKHe 3Ha'leHzH 

m\,.p. , BN'IHClleHHUe MeTO~OM npuMeWHBaHHH K COCTOHHHHM IIO~el!H 060liO'IeK,KOHWHrypaQHll C 'SHB

'IeHHRMH CeB~epHTH 5 = 3 ~l!H llpOTOHOB H 5 = 2 ~l!H H8~TpOHOB /3/ • 

B OTliH'IHe OT MHOI8CTB8 nepeXO~OB, HM8Dlli11X npupo~,6l!H3KYD K O~HO'I8CTH'IHO" ( ~l!R HIX 

BCer~a y~aeTCH no~o6paT~ O~Hy IIlii! H8CKOli~KO KOH~I!rypaQHll MO~el!H 060li0'18K, ~l!R KOTOp!iX 3Ha

qeaHe m~••p corJiacyeTca c m;.,.), ~l!H Bcex nepexo~OB paccllaTpHBaeMo~ rpynn~ m 2uap oKaauBaeT

ca B cpe~Hell HB nop~oK Ool!:&we m2,.,n 0TCKJ~a cne~eT, 'ITO Bee paccMaTpHBaeLWe MI-nepexo~ 

He MOryT 6NTb OTHeCeHN K O~H0'18CTH'IH!ill nepeXOA8M B c~epuqecKOM H~pe. KpoMe TOrO,B H30TOllaX 

IIPII~HH H 30l!OTa '3H8'1eHHe mZ >Ken pacT eT, a B H'SOTOnax T8lll!Hll OHO na~ae •r C pOCTOII A, T8K 'ITO 

o6paayeTCH OT'IeTl!IIBNa IIBKCIIIIYM Ha ~HarpauMe pHCYHKa . 

II30TODN Ta/IJIHH Henocpe~CTBeHHO npHM!iKallT K ~Ba.JK~N 148rH'18CKOIIY H~py Pb 20:u cwepi!'IHOCTD 

·ux WOPIIN He B!iBiiBaeT COMHeHH~. O~HaKo Boa6yx~eHHiie ypoBHH, no-BH~HIIOIIY, HMeDT WO HOHHYD npu

po~. 8To xopomo uo~TBepx~aeTcR Tell o6cTOHTen:&CTBOII, 'ITO £2 KounoHeHTN nepexo~oB 7'z • - Yz'" 
(taK xe KaK II nepeXO.D,N 5/2• -~~ HMeiOT T8KI!e lite YCKOpeHHH OTHOCHTellbHO e~HHIIUbl Ba~CCKonwa 

KaK II E2- nepeXO~Ii THna 2•-0• B COOTB8TCTBYIDlliHX !!J1p8X-QCTOB8X ( 200 Hg , 202 Hg , 20
" Hg 

B (E 2)3;,•-'b.' 
II OTHOWeHIIH npHBe~eHHNX BepORTHOCTetl E2-nepexo~OB B IIBOTOnax TMIIHllll PTYTH (F = B(EZ)2+ -o•) 

6l!HSKH K e~HHHQe (Ta6liHQa 2). nocJie~Hee o6CTOHTen~c~Bo,a TaKxe Cllli~HaR aaTopuoxeHHOCT~ MI

nepexo~oB xopomo corl!acymcR c ~HolleHolloruqecKoll uo~en~D "BoaClyx,ll,eHHR ocToBa" 141. 

fiOCKO~Ky '3H8'1eHHH 118TpH'IHiiX anelleHTOB MI-nepexo~OB B H30TOnax 30l!OT8 o6paayiOT O~Hy BOCXO

~HWYIO BeTBb Ha ~HarpBIIIIe(cll,pBc.)BMecre C 3H8'1eHHRMH 118Tpii'IH!iX sneMeHTOB nepeXO~OB B ~e~op

MI!pOBaHHiiX /5/ HaoTonax Hpii~HR, ecTeCTBeHHO npe~nOl!Oli[HT~, 'ITO 1n ALL , 195 Au , 19'Au T8Kll[e 

.D,e~OpllllpOBaHN,nO KpaRHell 11epe B OCHOBH!iX COCTOHHIIHX, 06 STOll Ie rOBOpi!T II K8'1eCTB8HHOe COr

l!aCHe SHa'leHI!ll BepoHTHOCTe~ MI-nepexo~oB c pac'!eTaiiH no HHII:&ccosy.Ae¢opuanuu, npuae.D,eHHHe 

BO nopoll rpa~e Ta6JIHQ!i 2, ~JIR 111I'f. H 111 Au onpe~eneH!i no npi!Be~eHHNII BepoRTHOCTHII KYliOHOB

CKOrO B0'36yi~8HHR nepB!iX Bpaw8T8HbHiiX ypOBHe~ 5/2+ /6/, a ~JIH OCTali~HiiX ~ep - DO OTHOWe

HHKM MOM8HTOB HH8PUIIH. 

He6o~moe ycKopeuue MI-nepexo~oB OTHOCI!Tel!bHO pacqeTa no Hun~ccoHy ue~aa oClbRCHIITb 

npHCYTCTBHeM B OCHOBHOII COCTOHHI!H 3j2 + /402/ npHIIeCH BpalllaTe~HiiX COCTORHII" CO CnHHOII 3/2, 

OCHOB8HHiiX H8 O~HO'I8CTI!qH!iX ypOBHRX I/2~00/, T8K KaK npH YB8liH'IeHIIII MaCCOBOrO 'IHClla ~e~Op-

118~1! H'SOTOnOB 30l!OT8 cnerKa ylleH~lli810TCH, 3HeprHH BTOp~X ypOBHe~ 3k• HeCKOllbKO paCTYT,H 

npallecll ~ommo O!ll!O ctanoauncH ueHhwe. 

YcKopeHIIH E2 - nepexo,Z~oB 1j{._ Jj/ TaKxe pacTyT c uaccoBNM '!Hcnoll,'ITO CBH~eTellbCTByeT o6 

yBenH'IeHHH IIX KOlllleKTIIBII38QHH. II B STOll CJiyqae pOCT ycKopeHHH He COrnacyeTCH C yueHbW8H118M 

np1111eceR. 



B CBHSH C YK83oHHUKH 38Tpy~H6HHHMH BBXHyD pOnD HrpaDT ~8HHH6 6eTa-pacna~a. EeTa-nepe-
- 111 -til 

XO~ nepBoro 3anpe~eHHH C OCHOBHHX (nO-BHAKMOyY 1 CWBPH'IBCKHX) COCTORHH~ ~2 HSOTOllOB Hg, Hg~ 

m H9 Ha OCHOBHHe COCTOHHHH o/z + COOTBBTCTBYD~ H30TOllOB 30JIOT8 BB 06HapyaeHH,XOTH CJDIB

CTBYDT KOHHypHpy~e 6eTa-nepexO~U Ha ~pyrHe COCTOHHHH. 3TO HBJIHeTCH CHJILHHM apryMeHTOM B 

ITOJIL3y ~e~pMHpOBBHHOCTH llOCJie~HHX. 

EeTa-rrepexo~H THITB 1/2-- ~+ Ha ypOBHll '"Au If 
11~U HlleDT 3Ha'leHHH log ft ~ paBHHe COOTBBTCTBBH

HO 6 ,3 H 5 , 9 . ;,janHe 3H8'16HHH logft 38CT3BJIHIJT npe~nOJIOII[HTL, 'ITO B COCTOHHHliX '1/2+ o6a 5TH 

BApa,raK ae K8K H POAHTeJILCKKe,06Jia~aDT c¢epH'Ie CKOH WOPIIO~. B npe~nOJIOli6HHM,'ITO H y ~1Au 

B COCTOHHHH 4ft+ lbOplla cwepii'I6CK8H,yMeHDWeHH6 Sa~epaeK paCCM8TpHB86lii>IX 0- nepe:X:O~OB B Tpe:z 

M30Torrax aonoTa c pocToM A ecTecTBeHHO o6~HCHHeTcH yueHDweHMeM pa3JIM'IMH wopu ~ep B nepBHX 

B036yii[~6HHHX (CWBPK'IeCKHX) H B OCHOBHUX COCTOHHHHX (~eWopMBQMH KOTOpHX na~aeT C pOCTOM 

A; Ta6n. 2). 

Jle-lllaJIHT OnHCHBae'l H~po mAU /4/ B 110~6JIH BOS6yllt~BHHH oCTOBa M, B '18CTHOCTH,06~HCHH

eT SKCrrepMIIeHTBnDHOe 3H8'16HMe IIBrHMTHOrO IIOIIeHTB COCTOHHMH 4j2+ ( .)'- Jl(f:n . = 0,37,t0,05li.M .), 

MOliHO ~118TL 1 'ITO ypOBHH Y2+ B H30TOllliX 30JIOT8 (KaK B BTOpHe ypoBHH J/2+) npe~CTBBJIHDT 

KOIIllOHBHTH ~OHOHHOrO KB~pynneTa, 06paSOB8HHOrO HS CBHSH npOTOHa B COCTOHHHH 351k C WOHD

HOII 2+ 'IBTHD-'IeTHOrO OCTOBB, B TO BPBIIH KaK OCHOBHHe COCTOHHHH- HHJIDCCOHOBCKHe COCTOHHHB 

3f2+ /402/ c gooTBBTCTBYil~HIIH Bpa~aTeJIDHHMH ypoBHHIIH. PeaKoe BoapacTaHHe s~epaKH M4-nepexo

~OB B K30TOllliX 30JIOT8 ITO cpaBHBHHil C COOTBBTCTBYil~ nepexo~OII B ~3[~ (Ta6JI,J),no-B~HIIOIIY, 

rOBOpHT 0 TOll, 'ITO COCTOHHKe +liz 1j mi"'. npe~CTBBJIHBT HMJIDCCOHOBCKOe COCTOHHHB 11/2-/505/ 1 

TOr~a KaK Y K30TOUOB 30JIOT8 3TO COCTOHHHB c¢epK'IBCKOe. CWepK'IHOCTL COCTOHHK~ flj2- B K80TD

nax sonoTa cornacyeTCH c ~aHHHIIM 6eTa-pacrra~a. CKnDHoe BoapacTeHKe a~epaKM £3 - nepexo~oB 

1Y2----s;: B MSOTOllliX 30JIOT8 C pOCTOM A, B03110XHO,CBH3880 C a~eKTOII rrapHHX KOppeJIHUM~, KOTD

pH~ B CJiyqae SJieKTpM'IBCKHX nepexo~OB O'leHL pe3KO 38BllCllT OT napaMeTpOB ypOBHB~ CBIIOCOrJIBCO-

BBHHOro ITOJIH,B 'IBCTHOCTM,OT XHIIH'IeCKOrO llOTeHUHBJie CHCTeMH. 

~.11.PD 

19t I .... 
~!JI 

.~t.., 
• ~93 

Au,. 
195 AIL '1 

-ff'A 
20f IL 7f 

It ff 

zOJn 11 

2M TL 
t1 

Ta6JillUa I 

MarpM'IHHe aneuearu npoTOHHHX MI-nepexo~oB 

n."-rt" F MOWKVH) m2
3l<Cn m2 aop. 

4ft+-%_+ 3,3.!03 0,0083 0,!58 
0,!45 

.. 1,7.I03 0,0!6 0,!52 

" 2,5.!03 0,012 0,!93 

" 8,4.!02 0,033 0,201 

" 4,2.I02 0,066 0,!94 
3/z+-iJz+ 3,9.Io2 0,072 0,484 

" 1,04. ro3 0,026 0,4!5 

" 2,4.!03 0,0!2 0,357 

----- ----

!4 

' 
: 

CBO~CTBB M!- M E2- rrepeXO~OB 

aonoTa M rannKH 

>I.D; po 

1f1h 

~S3h 

mAu 

116Au 

1nAu 

mTL 

IDJ TL 

!IS TL 

0 Sa11ennH Yl 
MomKOBCK. 1 

0,!4 3 , 3.I03 

0,12 1 , 7 . I03 

O,IO 2,5 .103 

0,09 8 ,4.Io2 

0,08 4,2,!02 

0 3,9.102 

0 !,04.!03 

0 2,4.I03 

CBO~CTBa M4- M ES- IT 
Hp~HH II SOJIOT 

liJ\po 3a~eplltKM M4 

MolliK. H 

I9I I.. -
193h 16 

!93 Au. 4,2.!03 2, 

!95 Au 5,7.I03 3 , 

!97 Au > 7.!02 >4. 



maym ponb urpanr ~aHH~e 6eTa-pacna~a. BeTa-nepe-

- "' .WI W»owy,c~epeqecKHX) cocTORHHH V: eaoTonoB Hg, Hg
1 

rm~ esoTonoB aonoTa ae o6aapyzeHH,xora c~e-

4e COCTORHHH. 9TO HBnHeTCH CHnLHHK apryMeHTOM B 

\iL U 
1
"Au IIMemT SHaqeHHH log ft ~ paBHbie COOTB6TCTBeH

lDT npe,llnOHOIIU!TL, qro B COCTOHHIIHX 'Y2 + o6a 8TH 

16peqecaotl ~opuoll. B npe.nnoJiozeaHH,qro 11 y "'Au. 

11e sa.nepa:ea paccuarpeaae~ 0 - nepexo.noa B rpex 

caaeTcH yueHLmeaHeu paaneqea ~opu H,llep B nepaax 

CTOHHHHX (.ne~pMalji!H KOTOp~ na.naer C pOCTOK 

),ll6HK BOS6yz~6HIIH oCTOB8 11 1 B qaCTHOCTH 1 06~HCHH

feHTa COCTOIIHHH 4/2+ ( .f'- J'"n . = 0,37;t(J,0511.M .), 

t SOHOTa (K8H II BTOpiie ypOBHH 3jl! +) npe~CT8BJIHDT 

10r0 H3 CBH8ll npOTOH8 B COCTOIIHIIH 35-tk C ~HQ

OCHOBHH8 COCTOIIHHH- HHnbCCOHOBCKH6 COCTOI!Hllll 

YPOBHHMH, PeaKoe B03paCT8l!He 88,ll8pzKH 114-nepexo

CTBYDIIIHM nepexo~OM B m['t (Ta6JI,3) 1nO-BH,lliiMOyY, 

e~CTaBJili6T HIIJILCCOHOBCKOe COCTOliHHe 11/z- /505/
1 

3pllqecKoe. C¢epHqHOCTL COCTOl!Hlltl ~~2- B HBOTQ-

1. CHJILHoe aoapacTaHHe aa.nepzKH £3 - nepexo.noB 

EBO,CBH3aHO C 3~KTOM napHHX KOppeJIH~Htl 1 HOTQ

lSKO aaBIICHT or napaueorpoa ypoBHeH cauocornaco-

1!1HaJia CHCT6Mii, 

Ta6neqa I 

OTOHH~ MI-nepeXO.llOB 

m2
3KCn m2rup. 

0,0083 O,I58 
O,I45 

O,OI6 O,I52 
O,OI2 O,I93 
0,033 0,20I 
0,066 U,I94 
0,072 0,484 
0,026 0,4I5 
O,OI2 0,357 

' 
; 

Ta6n11qa 2 

CBOtlCTBa MI- II E2- nepeXO.llOB B aeqeTH~ li80TOnax HpH,llHH, 
sonora H TaJJ.IIKH 

>1.21, po 

mh 

19Jh 

mAu 

1S5Au 

"'?Au 

ZOiTL 

IDJ TL 

mn 

0 SanenuH III YcaoneHHH E2 
MomKOBCK . HHJILCC. BatlcK. Hl!nLcc. 

O,I4 3,3.103 2,4 10(76) I7 

O,I2 I , 7.103 I ,O 10(6I) I2 

0,10 2,5 .103 I,3 I2(9I) I9 

0,09 8,4. Io2 0, 4 I9(57) 32 

0,08 4,2,102 0, 2 20(37) 36 

0 3,9.102 - I7,5(I7, 5) -
0 I,04.103 - 9,I(I2) -

0 2,4.103 - 7(7) -

Ta6Jieqa 3 

Caotlcraa M4- 11 ES- nepexo.noa a aeqera~ HSOTonax 
IIPHJliiH H sonora 

H.npo 3a.nepXKH M4 Sa.nepue E3 
Bat! ca. 

MomK. HHJILCC. 

I9Ih - - I5,4 

I93 h I6 II -
I93 Au. 4,2.103 2,9.I03 32 

I95 Au. 5,7.I03 3,6.103 8.Io2 

I97 Au. > 7.I02 >4.I02 2,3.I03 

IS 

~OBOH 

0,29 

0, 33 

0, 39 

0, 67 

I, I 

0, 9 

0, 8 

I,04 
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B03EYIJ!EHHbiE OH YPOBHrl C~EPr!'lECIGIX qETHQ-qETHbiX fl.l!EP 

P.E.EerzaHOB, C.JI.PaKOBIIJ:1KIIll 

HBCTBTyr RA8PHOI ~»SBXH AK~eKKH Hayx YsO.CCP 

B HHCTOH~ee BpeKH HHeeTCH HeCKonDKO HO~enell /l-6/ ~na OUIICHHIIH CBOl!CTB C~pl!'leCKIIX 

a~ep. Ho, HeCHOTpa HB 11X 'IBCTII'IH~ll ycnex, KBZeTCH, 'ITO ~0 CIIX nop He ~OCTI!rHJTO HCHoro UO

HI!HaHHH np11p0~~ aTI!X ~ep, B CBHaH C aTI!H OC060e 3HH'I6HIIe npH06peTaeT CI!CTeHHTHBHqHH 

3KCnepi!U6HT8RbH~ ~HHH~. 

B HSCTORIII,ell pa6ore C06paHH B CBCTei!HTISBpoBaHB ASBHHe 0 0+l B036YKAeHHHX ypoBBSX '18TBO

'I6THHX Rlep C A ~ !52, Ha He06XO~KOCTb qero YX83HBHnOCb B pa60T8X /5,6/ • C 3XCUepBH8H

THnbHOR TO'IXI speHHR taxoro · pOAa CBCTei!HT~eCXHI 8Banl3 XaKeTCR 0'18Hb CBOeBpeKeBBHH B Ha

CTOR.XR KOK8HT, Tax KaK HHOZ8CTBO 0+! ypoBBel 06BapyzeHB H6AaBBO 13 3XCU6piK8BTOB UO se

ynpyro»y pacceRHHm sapazeHHHX 'ISCTHU H RA6PHHX peaKUKA. 

PaCCHOTpeHI!e 0+1 BOB6y~eHH~ ypOBHel! B 3HBIICIIKOCTII OT A HCHO JK83~BHeT HH 6onDmym 

ueperynapuocrb. ~aze ~na IIBOTonoB O,IJ;Horo aneweHTa raxaa ueperynapuocTb coxpaHaerca,ror,IJ;a 

KSK ~na ypOBHH 21 H 4+ Ha6nD,IJ;HeTCH UASBHOe HSUeHeHHe, 

0THOWeHI!e aHepri!ll 0+ 1 BOB6yz,IJ;eHHOrO COCTOHHIIH K aHeprBII nepBoro 2: COCTOHHBH yKa3H

B88T HB paani!'IHJD npi!pOAJ ypOBHel!. MOZHO B~eni!Tb TpB rpynn~ ~ep, ,IJ;na KOTOPHX 

(I) 
~ 
£1(2• 

=1-+-1,5, 

K aToll rpynne fiAep OTHOCHTCH B OCHOBHOK HHrii'ISCKHe ~pa,COCTOHHBH KOTOpHX B 60nDmBHCTB8 

cnyqaeB B~aBaH~ soa6yz,IJ;eHBeu qacrBu B aanonHeHHHX o6onoqxax BnH no,IJ;o6onoqxax. 

£ (a -t1) 
(2) 1,5 < £1 (2 •) < 2,5 

CD,IJ;H OTBOCIITCH 6onbWHHCTBO H,IJ;ep, QtiCOCTOHHIIH KOTOp~X Horyr B03HIIK8Tb KSK ~OHOHHHS BOB6yz

,IJ;eHI!H, 

{3) ~ 3 

B ny rpynny HAep sxo,IJ;ar B ocHOBHOH ~e!Popwi!poBaHHHe (20Ne,,. Mg , 21 Si , _,.C-t ,S' Fe ). 

•0,IJ;H8KO HeCKORbJW J)111B)\lrenbHO, 'ITO K aTOll rpynne OTHOCHTCH 

18 

ll,ll;pa 1/12. Ru B .,. Pd, ,IJ;na xoropHX B o6nacr11 ,IJ;Byx!P< 

YPOBBell. 1) 

~ OrHomeHHe f 
1 

(2•) B aaBHCHwocrll or Log N 

noqeq&~e 8~KT~, 'ITO UO,li;TB8pZ,IJ;aer TO'IKY apeH: 

BKnD'I88T 'ISCTH~ BHe aanonHeHHOll 060RO'IKH. B 
ASHHHe e111,e B warH'IeCKHX HAPax 50 Ti 11 Ho Po 
Boro 2-t ypoBHa. 

J\Jia 90% Ha 50 cnyqaeB B~UORHH8TCH COOTHO 

0,1R £(0+1) 
o,57 e >-( +J > o,3s 

f1 2 
rAe R = f2. fz~ 

f1 2 
, KOTOpoe HOZeT UOHO'Ib B npe 

( CH, pHC:fHO!t), 

J1 II T e p 

I. G.Sh&rff-Go1dbaber, J.Weneser. P~s.R 

2. L.W11eta, M.Jean. Pbra.ReY., 102,788 

3, B.J.Raa. PbTa.ReY., ~,1116 (1959); 

4 • . A.K.Kerman, C.M.Shakin. PbTa.Lett., 1 

5. A.C.~aB~AOB. HsB. 'AH CCCP, cep11a IP113. 

~. 792 {1965); 28, !5?8 (1964); 

B.~.QsqapeHKO. Yxp. !PIIa.a., IO, 486 

6. E.llorrenbcoH. B c6."CTpoeHHe ~pa". M . 

T.Ta•ura, T.Udagawa. Pragr.Theor.Phys 

lfuol.Pbra., 5J, 

C.T.EenaeB, B.r.3eneBI!HCKi!ll. M3B. AH 

L.S.Kisa11nger, R.A.Sorensen. ReY.Kod 



P.E.Eenasos, C. JI .PasoBIIW<IIll 

!psoR ~»3BRB AK~eKKII aayx Yad.CCP 

~enel! /1-6/ AnH ODIICBHIIH CBOl!CTB C~pllqecsax 

2B8TCH , qTQ AO CIIX nap He AOC TIIrHyTO HCBOro no

:oCloe asaqes11e npHoClpeTaeT cHcTewaTIIaa~H 

iRH ~aBHYe 0 0+1 B03dYKA8RHYX ypossax qerso-

ro YR83YB8AOCb B paOOTRX /5 , 6/. C 3RCnepBK8B

~eCRHR 8B8AH3 X6X8TCH oqesb CB08Bp8118BBWK B Ha-

3R oOaapyzeHH se~asso •a axcnepxwesTOB no se

nlx peax~R. 

l 38BIIC HMOCTH OT A HCHO YK83YBB8T HB ClOXLmym 

:wesTa TBKBH seperynHpsocT» coxpassercs,rorna 

B3118H8Hll8, 

ICTOHHIIH K 3HeprBII nepsoro 2: COCTO!IHIIH 1KB3Y

i8nBT» TpH rpynnw HAep, AnH KOTOPHX 

:qeCKHe HAPB,COCTOHHHH KOTOpYX B ClOXLmHHCTBe 

:esHYX odono'IKax IIJIH nonoClono'IKax. 

IIH KOTOpYX woryr B03HIIKBT» KBK ~OHOHHYB BOSClyz-

IIPOBBHHYe e"Ne' •• Mg ' 21 Si ' J+c't ' 5
' Fe ). 

ynne OTHOCHTCH 

18 

BAPB 'ID2. RuB ... Pd, AnH KO'fopwx B oClnaCTII ABYX~HOHHOro TpllnneTa H86JIJOABIOTCH JIYCl•leTbl z; a 4+ 

ypossel!, 

O!Hoaesae -ff,;; B aasllcHwocTII OT log N ( N - q11cno sel!TpoHoB) HcHo o6HapyusaeT oClo

noqeqswe S~KTY, qro DOATBBPBAB8T Toqsy 3p8HIIH, qTQ Bll6pB~IIOHH08 ,IIBHB8HIIe npHH~HDIIBJI»HO 

BIIJimQBBT QBCTB~ BH8 aanonHeHHOl! OClOnO'IKII, B CBH311 C 3TIIM MOBHO npeAnOJIO~HT», qTQ H8HBClJI~ 

JIBHRHe Bille B warHQBCKIIX HAPBX so TL II 
210 Po BoaClyZA8HHYe o+ 1 YPOBHII OBIIABIOTCR B0JII1311 nep

l!Oro z+ YPOl!HH. 

:llnH 9()% 118 50 cnyqaes BYDOJIHR8TCH COOTHOmeHIIB 

~1R £(0+~ O?R 
0,57 e >-( +J > 0,38 e ' 

£1 2 
r,11e R: ~ , KOTOpoe IIOB8T DOMOQ» B llp8ACKB3BHIIII HOBYX, 81118 HeHBClJIJ0,118HHWC 0t1 ypOBHel! £1 (2T) 
( CM, pi!CYHOK), 

Jl 11 T e p a T y p a 
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3, B,J.Ras. Pb7a.Rey., ~,1116 (1959); 2622 (196J) 

4. •.K.Kerman, C.II.Shakin. Pb7a.Lett., l• 151 (1962), 

s. A.C.~aBYAOB. Has. AH CCCP, cepiiR ~11a ., 23, 792 (1959) ; 

~. 792 (1965); 28, 1578 (1964)i 
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0 IJPIIPOAE CTIOHTAHHO llEJ!HIJ!IIXCH Jd3014EPOB 

D.n.raarpcKn«, E.H.YapKoB, A.A.llneae, C.M.ilonnKaaoa, 
X.llllrKJiayccea 

JIHP mum: 

HBJieH88 cnOHTaHHOrO ~BJI8HHH 83 H30M8pH!lX COCTOHBHU H~ep TpaacypaHOB!lX 3JI8MBHTOB Cl!lno 

OTKPtiTO B J!HP QHfiM B 1961 rOAr• K HaCTO~euy BpeUBH8 H3BBCTHO 7 cnOHTBHHO ~BJIH~CH H30MepOB 

c nep8o~8KH nonypacn~a OT 10-
7 

C8K ~0 2,5 MMH. 0cHOBHaH OCOC5BHHOCTh 3THX COCTOHHHU - aao

M8JihHO MaJIOe BpeMH BH3HH no OTHOWBHHD K CnOHTaHHOyY ~eneHHD. Hanpsuep, B cnyqae HSOTOnOB 

Atn cnoaraaaoe ~eneaae xa 8aouepH!lX cocToaann ycKopeao ae ueaee qeu B 1o2° pas. TaKoe Clonh

moe YBBJ!Hqeaae BepOHTHOCTH CnOHT8HHOro ~eneHHH MOBBT ClllTh CBH38HO nHClO C B!lCOKO« aaeprseU 

xaouepaoro ypoaaa (ae ueaee 3 Ysa), nn6o c ocoelo« Koa~nrypaQnen HyKnoaoa, cnocoelcray~~en 

~6JI8BBm. HaouepB!le ypOBHB C TBKOU B!lCOHOU aaepr8eU 06!lqao CBH3aH!l C paSp!lBOM H8CKOJ!bKHX 

nap ByKnOHOB (TaK88 COCTOHHHH HaC5n~~8JIHCh B QBnOM p~e H~ep). 0~H8KO TBKHB ypOBH8 X8p8KTe

PB3ymTCH ManHM nOB!lW6HH6M BepOHTHOCTH CnOHTaHHOro ~eneHHR. 3TO Cl!lnO ITO~TBep&~BHO 88 OIT!lTB 

B cnyqae ~pa 
2
..,Cm • B STOW ~pe H30KBpHHU YPOBBHh CO CITHHOU 6+ 8 aaeprse« 1,04 Yaa BM8BT 

BBpOHTHOCTh CITOBTBHHOrO ~eneHHH, ITOB!lWBHHYD ITO CpBBHBHH~ C OCHOBH!lM COCTOHHHBM He Clonee qey 
a 105 pas. 

lnR OC5~CH8BBH OCOC58HHOCTe« CITOHT8HHOro ~eneHHH H3 H30WBPH!lX COCTOHHHn HB06XO~HMO B 

nepaym oqepeJ!b ITOJiyq8Th CBB~BHHH 0 X8p8KT8pHCTHK8X 3THX COCTOHHHU (06 SHeprHH 8 CITHH8 ypoa

ae«). Cnoaraaaoe ~eneaee ae noaaonaer cy~HTh o TBKHX caoncTaax ypoaaen, a noncKH ~pyrnx 
QYT8A pasp~KB STHX COCTOHBHU ( oG - HnH o- nepexo~!l) OK838nHCh CleaycnemH!lMH. IJOSTOMy 

8~HBCTBBHH!lM 8CTOqij8KOM CBB~BBHU 0 CBOUC~B8X CITOHT8HHO ~enR~XCR H30M~pOB RBnR~TCH ~epH!le 
P88KnRH, DpHBO~~Be K STHM COOTORHHRM. 

CDHB B80Kepaoro COCTORHHR MO&HO OUeHHTh 83 BensqHH!l H30WBpHoro OTHOWBHHH (OTHOWBHHR 

ceqeB8A OC5pa30B8BBH ~pa B H30MBpHOU H OCHOBHOU COCTORHHRX). Jdsouepa!le OTHOWBHHR Cl!lnH HS

KBpeB!l B PB8KITHRX C TBITJIOB!lUH H Cl!lCTpllUH HBUTpOH8U8, npOTOH8MH, ~enTOH8MH H HOHBUH ~8 
Oaaa8Jioch, qro naouepa!le oraomeana nuecr oqeah uany~ aennqsay. Taaaa uanaa aensquaa nao

uepaoro OTBOB8BBH OCl!lqao COOTBBTCTBYBT ClOnhWOyY aaaqeHHD CITHB8 H30Uepaoro ypOBBH. 0~H8KO 
06p~aer B8 ceela BBIKaBBe B TOT ~T, QTO H30Uepa!le OTHOWBHHH OCT8CfCH npaKTHQBCKH ITOCTOHH

BHKI ~a Bcex Bccne~oaaaa!lX peaKQHU (apoue peaauns c rennoB!l~ ~enrpoaaun), xora BHocnu~e 
Ba~a wowearu cy~ecraeaao pasnsqa~,a c pocTou BHoc~uoro MoueaTa naouepaoe oraomeHHe ~on~
ao PBCTB. nnH CPBBHBHHH ~ .. 

u~na aawepeau KaouepH!le OTHoweana a Tex ae peaauaax a cnyqae a~pa 
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196Au , r~e ~ueeTCH ~30M8pH06 COCTOHHHe CO CnHHOM !2-, flpH 3TOM OK838ROCh, 'ITO H30UepHH6 OTHQ

W8KMH paCTJT C pOCTOU BHOCMMOrO B H~pO MOU8HT8, 

Ha OCKOBBK~~ TBKOrO IIOB8~8HMH M30UepHHX OTHOWeHMK UOKHO npe~nOROKKTh, 'ITO CnHH CnOH

T8FHO ~enRwerOCR M30116pa MBJ!, Manoe 3HBI!eHMe 1130UepHOrO OTHOWBHIIH IIO:IeT ClHU CBHSBHO C He

OClHI!HO~ npMpO~O~ MSOUe pHOrO COCTOHHIIR (BOSIIOKHO !C 60RhWO~ ~e~opU8ij116K ~pa B STOW COCTORBHIIl 

~ - nepexo~H HB TBKOe COCTOHHIIe uoryT ClHTh 3BIIe~neHH no Cp8BH6HIID C nepeX0~8MB B OCKOB

HOe COCTOHHIIe, MBJIBH Ben~'IIIHB IISOUepHoro OT80WeKHH MOKeT 06~HCHHThCH H BHCOKO« S8eprB~K 

K30M8pKoro ypOBKH, flo pacqerau B.3ouepa B A.OpOKO~heBB npll SHeprBH ypOBHH 2,8 YsB B peax

ijiiHX 242 Pu ( d , 2 n) H 2A m IIOJIYII86TCR 113UepeH80e 88 OIIHTe 1130Uep8oe OT80W6HII6 ( 4,!0-4), 

8HeprMD 1130UepHoro COCTORRIIH MOKHO Oij6811Th liS nopora pe8Kijl!ll 0 npi!BO~Ril\eK K STONY CO

CTOHHHD, C.EhiipHXOJ!hMOM II B,A,KapHBYXOBHM Clun 1131lepeH nopor peaxuiiB 241Pu(p,2n ) 240 Am , 
KOTOpH" OK838RCH pBBHHil 3,2±9,4 MsB. Ecn11 C'IKTBTh CniiH H30ilepHOrO COCTOHHHH llBnHM, TO STB 

Benll'lll88 Cln~3K8 K 3Heprllll 1130MepHoro ypOBHR, 

TaKIIU OClpa30il,COBOKynHOCTh SKCnep~lleHTBRhHHX ~BHHHX no H~epHHII peaKuiiHII, npHBO~H~ 

K CIIOHT8HHO ~eRHII\IIIlCH 1130IIepall,npiiBO~IIT K 38KRDI!eH~D 0 IIBJ!Oil CniiHe II BHCOKO« SHeprHH STHX 

C OCTOHHH~. TaKIIe CBO"CTBB 1130UepHHX COCTOHHHA 1103BORHVT 06~HCHIITh IIOBHWe8HJD BepOHTHOCTh 

CIIOHT8HHOrO ~ e n eHIIH . Ho npH 3TOU OCTaeTCH OTKpHT~II BOnpoc 0 60RhWOII sanpeTe ~JIH 

pexo~OB C 3TOrO ypOBHH. 

0 B03MO!HOCTI1 CYUJE:CTBEflHOro nOBbi i!I EHt-lfl CBETOClUibl H PA3PEIIIAD!IlE~ COOCOEHOCT~ 

~OKYC iiPYIOII!IIX JlH~PAKUi10HHbiX COEKTPOMETPOB B CBfi3H C 3AJ!A lJE~ OE HCCJIEJIOBAHHH 
rAMMA-GnEKTPOB J!E:iTPOHOJlE•HIUIITHUX H30TOnOB 

O .~.Cy11ClaeB 

·P~311KO -reX8H'leCKIIA ~ H C TIIT YT HM,A, <!> . Ho<jxjle AH CCCP. 

'('- ne-

Kp~CTann-~H~pBKU~OHHHe rauua-cneKTpouerpu 06n~BDT 113BeCTHHilll npeHIIYII\eCTBallH BHCOKOrO 

paaperneHHH H npeU1!3HOHHOCT~. 3TH npei!UJII\eCTBB 0C06eHHO HpKO npOHBJIHDTCH B OClRBCTH CpBBHH

TenhHO MHrKoro rallll8- H3RYI!eHHH ( 50 < E < 500 K3B), r~e B HBCTOHII\ee BpeUH ~~~~p8KUH08HH6 

npH60pH ( WOKyc~pyDwHe cneKTpOMeTpH no J\DMOHAJ /!/) C TO'IKH apeHHH H83BBHHHX napalleTpOB He 

HUe DT KOHKypea~~H. noaTOMY npe~CTBBRH8TCH ecTeCTBeHHO~ MHCJ!h npiiUeH8Th KX ~nH HCCne~OBB

HIIH CROXHHX rauua-cneKTpOB HeATpOHOAe~HUHtHHX 1130TOnOB, nonyqaellHX B peBKUHH rny60KOrO 

pacwenneHHH C nocneAJDII\1111 XHUHI!eCKHM ~pBKUIIOHHpOBBHHell, 

O~HBKO , ecnH cpaBHHTh napaUeTpH THnH'lHOrO COBpeueHHOro cneKTpOileTpB Tllna J\DYOHAB C 

~ByXIleTpOBHU ~OKYCH~Il paCCTOHHII61l! 
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3aeprHH !00 KSB 

Paapeme8He O,I~ 

CBeToc11na I mc/nll8 
(118KCBK8RhBBH 8KTHB80CTh 

HCTO'IHHKB 88 nBHIID,8e06-
XO~KII8H ~nH ee RSilepe8HH) 

Toqaocn O,OOI~ 

C aeo6XOAIIIIYIIII ~JIH pemeHBH nOCTBBJ!eHHO« 3HAB'III, TO 

CTB 11 paapemeHHR (nocne~aee - B MHrRoA o6nacr11 pac 

oClna~aeT ae~ocraroqHHII paapemeaBeu B paAoHe I M3B 

rocHJ!oA. CBeTOCIIJI8 ~onaaa ClYTh yBenHqeaa no KpaAHe 

AOBBKBH CTBnl B08MOKBHIIH npH HY86 ~OCTH:IHIIHX aKTH! 

llpe~K6TOM AHHHOH pa60TY HBJIH6TCH H3JIOK6HHe T~ 

pYX oco6eaaocTe« nponecca AB~PBKUIIH Ha ynpyro ~e~c 

B08MOK80CTh C~6CTB68HOI'O O~HOBp8118HHOrO nOBHWeHBf 

llapalleTpH ~KYCHpyc~ero AByxK6TpOBOro cneKTpOileTp! 

npH 11Cnon~80B8HHH 8TBX OCOCleHHOCTeH, cneAJDII\He: 

SaeprHH 

PaapemeHBe 

CB6TOCHJI8 

TOI!HOCTD 

roo KaB 

O,OI~ 

O,I mc/m 

0,00!~ 

~Opll8 B MBPBB8 nKHIIB ~OKYCHpyc~ero CI16KTpOile 

TO'IHHKa- 'L , anepTypaoH a6ep,1anHell "La n 11 oco6or 

8B6M HOpUBJ!hHHX nonepeqHYX Cel!eHHA (OTPBEBDII\HX nn 

HOI! 11080KPHCT8JIJ!K'I6CKOI! IIJIBCTHHH, HBBBBHHOA 8Billl 

YCJIOBBH 

(I) 11.L...n. ~I[' < A L 110><. . 

~OCTHKHKOrO npll A0CTBT0'180« TO'IHOCTH H3rOTOBneHHR 

IICTO'lHIIKOB, pemac~ei CTBHOBHTCH JIOKBnDHBH a6eppau 

PBHY nKHHe, BupaaeHHe ~nH noxanhHOA aCleppauHII B y 

~e /3/: 

(2) t.-9Ao~: ~ = 2kL + 
9 a a~ 

r~e K•a*- a+~a3/2 (a.3r~)- raK Has~BaellH« t 
55 v~ 9 55 

B~paaaeuuA B oel~ell CJ!yqae aaHacrponHH qepea Kou n< 

6ae11oro Kpl!cTanna, 
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Y I2-. llpH l!TOY OKS3BnOCD, qTO K30YepHH6 OTHQ-

raomeaKn Yoaao npe~nono&KTD, qTo cnBH cnoa

aoyepaoro OTHOW6HHR KO&eT 0YTD CBRSSBO C He

)!C 00nDmoa ~e~OpKSijK6! ~pa B l!TOK COCTORBHBl 

aaYe~neHY no cpaBaeHHD c nepexo~aKB B ocaoB

eHKR KO&eT 00~RCHHTDCH I BYCOKO! SHeprH~! 

JKO~DeBa npK aaeprKK ypoBBR 2,8 UaB B peaa-

aa onYTe uaoKepaoe oraomeaHe (4.I0-4). 

b HS nopora peSKUKH, npBBO~R~e~ K STOKY CO

~allepeH nopor peaKUKH Hlpu ( p, 2 n ) 240 Am , 
3TD CnKH K30116pHOrO COCTORHHR IISnYK, TO l!TS 

iYX ~BHHYX no R~epHHK peSKUHHII, npHBO~H~ 

04eHKD 0 YanOII CnKH6 H BYCOKoa aHeprHH STHX 

l03BOnRDT 06~RCHKTD nOBYW6HHYD BepORTHOCTD 

>TYY Bonpoc o 6onDmo11 sanpeTe ~~H 

3ETOCHJ!bl 1>1 PA3PEIWl!UE0 CllOCOEHOCTII 
3 B CBH31l C 3An!qEA OE IICCJIEJ!OBAHIIII 
ronoB 

O.ll.Cy116aes 

M.A . <J> . lloljxjle AH CCCP . 

1(- ne-

o6n~SDT K3B6CTHYIIH npeKKy~eCTBSIIH BYCOKOrO 

lC06eHHO HpKO npOHBnHDTCH B o6naCTH CpSBHK

) K3B) , r~e B HSCTOH~ee BpeiiR ~~~~pSKUHOBHH6 

'I/) C TOqKK apeHKR H83BSHHYX napaii6TpOB He 

lCTBeHHO~ IIYCnD npHIIeHHTb HX ~nH KCCne~OBS-

K30TOnOB, nonyqaeYYX B peaKUHH rny6oKoro 

JOB8HK611. 

COBpeii6HHOrO cneKTpolleTpa THna ~Dt.IO~S C 

9aeprHR IOO Kl!B IOOO KBB 

PaapemeaHe O,I% I% 
CseTomma I me /nKH IOO me /nHH 

(KSKCHKS!bHBR SKTHBBOCTb 
KCTOqHHK8 HS JHHHD,He06-
XO~HKSR ~~H ee HSIIepeHHH) 

Toqaocn O,OOI% O,OI% 
c aeo6xo~HKYKB ~~~ pemeHHH nocTasneaHo~ a~aqK, TO BH~Ho, qTo npH Bnonae ~ocTaToqaon Toqao

CTH H paapemeHHH (nocne~aee - B KHrKoU o6nacTH paccKaTpHBSeKoro ~Hanaaoaa saeprHU) npM6op 

o6na~S6T B6~0CT8TOqHYK paapemeBHell B pa90B6 I M3B H, rnaBHOe,COBepmeBHO He~OCTSTOqaoa CB6-

TOCBnO!. CseToc~na ~onaaa 6YTb ysenHqeaa no Kpaaaen 11epe aa nop~oK ~~H Toro, qTo6Y accne

~OBSHHH CTSnB BOSKOBHYKH npM HYHe ~OCTH&HKYX aKTHBHOCTHX 00pS3UOB. 

llpe~KeTOK ~SHB09 pa60TY HBnH6TCH H3!0&6BHe TeOpHK K SKCnepHKeBTSnDBSH npoBepKS H6KOTO

pHX OCo66HBOCT6! npouecca ~~~paKUHH HS ynpyro ~e~pKHpOBSBBYX KOHOKpKCTannax, OTKPYBSD~ 

B08KOBHOCTb C~eCTBeBHOrO O~BOBpelleHHOrO nOBYWeHHR paape~aDwelt cnocoOHOCTK H CB6TOCI!nY. 

OapaKeTpY ~KYCHPYD~ero ~ByxMeTpOBOro cneKTpOIIeTpa no ~DAIOH)Iy, KOTOpY e IIOryT 6YTD ~OCTKrHyTY 

npH HCnOJD80B8HHH STHX oco6eaaocTe9, cne~JD~e: 

SaeprHH IOO KaB IOOO KSB 

PaapeweHBe O,OI% O,I% 
CBeToc~na O,I me/niH IO me /nHH 

ToqaoCTb O,OOI% 0,003% 

~OpKa I WIPIHS JHHKH ~OKYCHpyDmero cneKTpOIIeTpa THna ~DMOH~S onpe~enHeTCH TOJ~H09 BC

TOqHBKS- 'i:' , anepTypaon a6eppanHell 6 Lan H oco6oro po~a a6eppanKen, cBaaaaaoa c llcKpKsne

BI6K HOpiiBnDHYX nonepeqHYX ceqeaHa (OTpSKSDWHX nnOCKOCTea) npH ynpyroll H3rH6e 8HH80TpOn

BOlt KOBOKpHCTBAnHqecKOil nnaCTHHY, H83B8HHOa BBKH nOKBnDHOlt -a LAOK . /Z, 3/. llpH BYnOnHeBHH 

ycnOBHH 

(I) 

~OCTH&IKOrO npH nOCTSTOqftoU TOqBOCTK H3rOTOBneHHH K H3rH08 KpKCTSnna H HCnOnbSOBSHHH TOHKKX 

HCTOqftKKOB, pemaDmell CTBHOBHTCH noKBnDHSH a0epp8UHH,nO~HOCTbV onpe~enHD~aH B 3TOK cnyqae WB- · 

PIHY XKHHH. BYpazeHHe ~~H JOKBAbHO~ aOeppSUHK B yrnOBYX e~HHHUBX IIOKeT 6YTb 38ITH CSHO B BH-

,ll6 /31: 

OaeMoro KPKCTanna, 
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ueTpa), 

9- PBAHYC !1HHHHAPB, no KOTOpouy HSOrHyT KpHCTann (WOKJCHOB paccTOHHHB cneKTpo- OIOlJO! . HBDOCP6AC!B6HHO •a BHpSK6RBH A»H BHTB! 

(COOTHOmeR•e !,29 ), KO!Opoe uocne J'IB!B BCTBCTBE 

L - TOH~HHB KpHCTBHHH'IBCKO~ DnBCTHHKH, 

\J- co6cTBBHHBH mHpKHa AHWPBKnHoaaoro uaKCKMYUB , npM paccuaTpHBBBUHX Ton~HHax 

( L = I uu) H saeprHHX (IOO < E < IOOO KaB) npaKTH'IBCKH pallHBH npHHe pacnpeAeneHIIH no 

yrnau 6nOKOB U03BHKR KpHCTanna. nna DnBCTHH H3 BCTBCTBBHHOr O ODTH'IBCKOrO KBapna C HOpUBmr 

HHUH CB'IBHHRUH,COBnBABD~IIUH C DnOCKOCTRUH I340, npKUBHHTBnbHO K KOTOpHU DpOBBABHO ABH~HeR

mee paCCUOTpBHHB, \¥ 06H'IHO HBSHT B npBAB»BX 0,5 - I • 

Bu6paB UBTBpHan KpMCTBnna, OTpBZBD~B DnOCKOCTH H HX nOHOZBHHB OTHOCHTBH~HO rpBHBR 

nnacTHHY, uu Teu cauuu saAaeu ueznnocKOCTHoe paccTOHHHe d , cTpyKTypHHR ¢BKrop F B napa

ueTp Y , T.e. BCB napaueTpH, XapaKTBpHSJD~B npO!jBCC AHWPBK11Hll HB nnDCKOU (He BBOrHJTOII) 

KpHCTBnne (cu.HanpHUep,/4/). 0AHBKO KOSW¢H11HBHT k OK83HBBBTCH B STHX ycnOBHHX OTHOCHTB!~ 
HO CB060AHYU H,UBHHft ero (npH HBM3UBHHHX d 1 F , \¥ ),aKcnepHUBHTBTOp nonyqaBT BOSUOZHOCTi 

CYI!lBC'r.'BHHO BnHHU HB npO!jBCC AHWpBK!111H HB ynpyro HSOrHyTOII KPKCTanne / 5/ . 

PaCCUOTpHU (pHC.I) npRIIOyron~HHR 6HOK, BHpBSBHHH~ H3 UOHOKpiiCTBHHB KBBP11B TBK, 'ITO C 

60KOBYIIH rpaHRIIK COBnBABDT DnOCKOCTII I340,'1BCTO HCnon~SyBUYB B AH¢pBK!1110HHO~ CnBKTpOCKOflZH, 

KoaW¢1111iiBHT i!SrH68 k 38BHCHT OT Opi!BHTB!ji!H BHp838HHYX DnBCTHH no yrny 'f , XOTH BCB OCTB~ 

HYB napaliBTpH ( d 1 F 
1 

\¥ H nonOMBHi!B OTpBKBDIIlHX nnOCKOCTB~ OTHOCi!TBH~HO rpaael! DnBCTHHH) 

OCTBDTCR npil STOll HBH3UBHHHUH / 5 ,3/: 

(3) 
1 (a3•0ss-o.naH)cos'f + (a~5 a3.-a •• a35 ) sinop 

k=-2 ( .2.)' ( ,. f. l) 2 f a3,aH -a3+ s•n'f+ a~;5a33 -a3+a 35 stn 2 'f+ ~o33 a55 -a3~ cos 'f 

06H'IHO IICnOlliSJBTCR npOCTBIImHI\ cpe3 C 'f = 0 . llOACTBBl!RR B COOTHOIDBHIIB (3) TB6JIM'IHHB 388'18· 

HHR ynpyrHX nOCTORHHYX HBapna (cu.HanpMMBp,/6/), npeo6pa30B8HHYB B COOTBBTCTBKil C nepeXOAOK 

OT i!CXOAHYX KpKCTBll»OrpBWM'IBCKHX KOOPAI!HBT K KOOPAIIHBTBU DnBCTHHH, HBXOAIIII npl! 9 = 200 CK: 

k = I,83.I0-4 Cli-I II A»R mHpi!HY lli!HHH: 

A.9 •2kl + 'W= [3,7 + (0,2 +0,5)].1o-5(f'AA) . 

llOABBHRD~BH 'IBCT~ mHpMHY o6yCllOBHBHB l!OKBH~HOI! a6epp8!jHBII 38 C'IBT HCKpMBHBHHH OTpaxBDIIlHX 

DnOCKOCTBII. BKHBA C06CTB6HHOI! IIOSBH'IHOCTK COCTBBliRBT l!KIDi 0,~~ · 5 = 6 - I4% B 33BKCliUO

CTH OT mHpHHH U038HKH BH6paHKOro SK3BllnnRp8 KpMCTanna. 

ECllH BH6paT~ yron 'f K3 JCHOBHll k = 0 (B ,llBHHOM Cl!yqae STOUJ JCHOBHD JAOBliBTBOpHBT 

asaqeHHe 'f = I0°54,5•) ,To np11 HcnoniSOBBHHM TaKoll UllaCTHHH B AMWPBK!1HOHHOY raMUa-cneKTpo 

U6Tpe mHpHHB l!HHHH 6yABT OnPBAP-llRT~CR TOlliKO ~ H YOKHO O~HABTi DOBHIDBHHll paapBWBHHH B 

"(! 2K(O)L f\J = 8,5 - I9,5 paa. 
\J 

lll!OIIlBAi HHHHK (HHTerpaR~RHI\ K03W¢HqHeHT OTpBMBHKH) B paCCIIBTpMBBBIIOU ,lli!BnBSOHe SHeprHI 

He 3BBHCHT OT K03¢WM!1HBHTB H3rM68 /?, 3/ , DOSTOUJ cyMeHHB l!HHHH 6y,llBT conpOBOXABTiCll OAHOBp~ 
lleHHHU (npOnOp!1KOH8ll~HYII) JBBRH'IBHHeU 'IMCHB C'IBTOB HB IIBKCHIIJMB . llocneAHBB J TBBPMAeHHB 

24 

(4) [ 
p F r-!1-a 't -.A] -

C05..7& 0 V 

TBKHU o~paao11 , np• •cno•~aoBaHKI nnacrasu 

pac!B O~HOBp6116HHO K8K paspema~-BH CUOC06HOCTb 

nns TOrO, 'I!O~H npoBepH!~ T60pHm AH¢paK~HH 

C!eR, OAHOBp611BHHO YTO'IHIIB OKHABBII~R KOa¢WH!1HBB 

1111 •sxepanll 8KCnepKU6HTBnbHO. ~3 IIOHOKpP. 

HY ( CK.pHC.l ) AB6 OAHBBKOB~B DnBCTRHH 50x30XI,C 

HO , IIJIBCTHHH ~WIK Ul!OCKOnapanJIBnbHHUH C TO'IHOC~ 

MI~BaHM Ba niOCKOCT~ C TO'IHOCTbm 2-3 UOIOCH ~ 

IIBKJO' BHnyKliMII H BOrHYTblll !1HliHI!JipH'16CKHIII CTBnbl 

Komya /B/ , ynpyro K3rH6BRCb no ABYXIIBTPOBOIIJ P' 

l!OCi OTHUID6HH6 Ul!O.BABII peHTreHOBCKHX K~·- liM 

IC! O'IHHKB , CBHTHX npH HCnon~SOBBHBH cpaBHHBBBIIH 

s ('1' • 0) 
S(., = i O'SO') = Il , 4. B YCHOBHHX ABHHOrO on~TB TB 

5( '1' •0) 2K(O)L+W 
(5) S('f• 10°5D') 2k(~o•so')LtW 

r Ae r(o) H r (10°501) - '1HCHB C'IBTOB HB IIBKCHIIJUBX 

SHeprHH [ = 23 K8B B ABHHHX JCl!OBHHX COOTBBTC 

COOTHOID6HI'!6 ! , 37 ), KOrAB r(O)•r(10° 50'),..1/ 2 

BBHHO ABB!X): 

(6) \fJKcn =: 
2k(O)L + W 
2K(1 0' SO ' )L +'W I3KCn 

T.e. 3HB'I6HI!6 KOSW¢ilqHBHTB BYHrpuma , KOTOp~l! 

UBKY c K (10'50 1)a ~a¢paaqHOHH~II c neKTpouerp 

TBK, qro~H BHnOnHHHOC~ ycnOBHB ( I ). 

B 38KRD'I6HH6 Cl!BAJBT SBIIBTHT~, 'ITO BHnon 

C K jOr 0 , KOTOpoe Tenep~ 38UHW BTCH B BI!AB: 

ALAn'"'t" ~j\.1 1 r. e. Al-An 

'X) B03UOKHOB OTK»OHBHHB OT J CllOBHR r (O) · 
Cfl !OnbKO K r(10°50 ' ) >r(Q) il COOTHOIDBHHB ' 
B BII.JI.B! . 

1 
_ 2k(O) L+ 1J 

h~c~- Z I< (10° 50') L t \o 



pouy HSOrHyT KpHCTBDD (~OKYCHOe PBCCT OfiHHe Cn6KTpo- CIC~C!. aenocpe~CTBCHHO KS BHpa.eBBfi ~Dfi HHT6HCHBHOCTH Ha KaKCBM1MC r (CK,/7/ Kn• /3/ 

(COO!HOmea•e !,29 }, KOTOpOe nocne yqe!a 6CT6CTB6HHO~ U038HqHOCTB npHHHKB6T BH~: 

IIJIBCTHHKH, 

~UHOHHOrO KBKCHMyUa, npH paCCUBTpHBBCUHX TOll~HHax 

JO KaB) npaKTzqecKH paBHaa mepeHe pacnpe~eneaza no 

}THH Ha 6CT6CTB6HHOrO OnTHqeCKOrO KBBPUB C HOpMan!• 

lH I340 , DpHU6HHT6XbHO K KOTOpUK npoBe~eHO ~6DbHeA

l~6llBX 0,5 - I • 

me DDOCKOCTH H HX nono•eHH6 OTHOCHT6DbBO rpaae« 

:THOe paccToaaae d , CTPYKTYPHH« ~axTop F H napa

IYilllllle npouecc ~H~pBKUHK HB nJJOCKOU (He HBOrftYTOU ) 

oa~HUH6HT k OK83HBB6TCfi B STHX ycnOBHfiX OTHOCHT6D~ 

d, F, ~ ),aKcnepeueHTaTop nonyqae! BOsuozHOCTb 

HB ynpyro HSOrHyTOM KpHCT6DD6 /5/, 

OK, BHp6SBHHH~ H3 MOHOKpHCTBDDB KBBPUB TaH, qTO C 

Q, qacTO HCnOllbByeuue B ~H~pBKUHOHHO~ Cn6KTpOCKODEH, 

UHH BHp636HHHX nllBCTHH no yrny 'f , XOTH BC6 OCTB~ 

Tpa•all~HX nllOCKOCT6~ OTHOCHT6llbHO rpaHeA IIJIBCTHHH) 

= 0 . fiO~CTBBDHR B COOTHOW6HH6 (3} TB6neqHH6 SHaqe

lp,/Gf) , npeo6p830BBHHH6 B COOTBCTCTBHH C nepexo~OM 
IT K KOOp~HHBTBM DDBCTHHH, HBXO~HU npH f = 200 CMi 

o,s)]1o-5(P"A) . 

: llbHO~ a6eppauee~ Sa cqeT HCKpHBll6HHH OTpBBBil~KX 

: COCTBBJIH6T lJHWb Q, 2+0• 5 = 6 - I4% B SBBHCHM0-
3,7 

pa KpHCTBDJJB , 

= 0 (B ~aHHOM cnyqae aTouy ycnoBHil y~oBJJ6TBopaeT 

BBHHH TBKO~ IIJIBCTHHH B ~H~pBKUHOHHOM raMUa-cneKTp~ 

bKO \J H MOZHO OXH~BTb UOBHW6HHH paspeweHHH B 

eHT oTpazeHHR) B paccuarpeBaeuou ~uanaaoHe sHeprHI 

llOSTOMY cyzeHHe DHHHH 6y~eT ConpOBOZ~BTbCH O~HOBp& 

ij8 cqeTOB HB MBKCHMJM6, fiocJJe~Bee YTBepz~eHHe 

24 

(4} [ P F J L·d r- fl cos3a 'to VA --'2"-k=L-+W-

TaxHU o6paaou, npa •cnonbBOBBHHZ nnacTHHH c ~ = I0°54' B 8,5 - I9,5 paa ~onzHH BH- • 

p6CTI O~HOBp6M6HHO KBK paspemall~BH CDOC06HOCTb, TBK H CBeTOCHllB cneK!pOM6Tpa. 

Ana !Oro, qT06H npoBepBTb T60pHil ~H~pBKUHH, yqKTHB61l~ll KCKpKBll6BH6 OTpa•all~HX DDOCK0-
2 K(O)L• \J 

CTeA, O~HOBpeueHHO yToqHIIB o•e~aeuu« KOSif!\llHUH6BT BH~rpuma (' t OTBOW6HII6 2 ~ (iO" SO') L + \J 

IIH 13K8pftJII SKCnepKK6HTBXbHO, ~3 MOHOKpHCTBDDKqeCKOrO KBBPU6BOrO 6JJOKB 6HJJH BHpesa

BH (CM,pHc,!) ~Be O~IIHBKOBHe DDBCTIIHH 5Qx30XI,0 UU C 'f = Q B 'f = !0°50' COOTB6TCTB6H

HO, IIJ!aCTIBH 6HJJK DDOCKOD6p8JID6XOHHKII C TOqBOCTDil <='I IlK, 6onbmlle (5Qx3Q} rpBHII IIX 6HDH CO

MI~BaHK Ha DIOCXOCTb C TOqHOCTbll 2-3 nOIOCH IIHTepPepeHqiH.KpKCTaiiH DO oqepe~K 3aBKMa111Cb 

Ke~ BYnyKnHM II BOrBJTHM UKJIHH~pllqecKmBCTBDDHHKB 36pK8ll6MII ~~~~pBKUHOBHOrO cneKTpOU6Tpa no 

Ko•ya /B/, yrrpyro eara6aacb no ~ByxueTpoBouy p~IIJCY (~KYCHoe paccTOHBIIe npa6opa }. ~auepa
nocb OTBUW6HH6 DJJO~a~e~ peHTreHOBCKHX K~~- JIKHHK OJJOBB (E = 23 KSB) OT O~Horo H TOrO ze 

HCTOqBIIKB,CBHTHX DpK IICDOllb30BBHIIII cpa BHIIBB6MHX nnaCTIIHOK (pHc.2), 0BO nonyqKJJOCb paBHHM 
s (If •0) 
S(Of:iO•sO'J = II,4. B YCJJOBIIHX ~BHHOrO OnHTB TBKOe OTHOW6BIIe MOZ6T 6HTb 38DHC8HO B BH~e: 

(5) 
s ( '/'•0) r(o) 2 K(O)L + 1.1 

r (1o•so') ' 2 1<(10° SO') L t 'W s ('1'•10' 50') 

r~e r(o) B r(10°50')-qHCD6 cqeTOB H8 KBKCHMYMBX ~llH DDBCTHB C 'f = 0 II 'f = !0°50', 

3BepriiR ( = 23 KBB B ~BHHHX YCJJOBKHX COOTB6TCTBY6T o6naCTK TODCTOrO KpHCTBllDB (CK. / 3/, 

coo!aomeHile !,37 ), Kor~a r(o) .. r(1o•so') ""1/2. z axcnepeueHTBJJbHH~ peayJJbTaT aenocpe~cT-

:sesso ~aerx): 

(6} 
2k (O)L + W 
2K(10°50')Lt\V 3Kcn = 11•4 '> 

T,e, 3HaqeHHe K08if!\llKUH6HTB BHHrpHWa, KOTOpH~ nonyqKTCH, eCDH nOCTBBHTb HCCJJ6~0B6HHYil DllBC

TIHKy C K~0'50')B ~H~PBKUIIOBBH~ cneKTpoueTp no nmMoB~, CKOHCTpyHpOBBHBH~ II H3rOTOBll6HHH~ 
TaB, QT06H BHnOJJHHllOCb yCDOBHe (I), 

B 38KllllQ6HIIe Clle~eT 8BM6TIITb 9 qTo BHDODH6HH6 YCJJOBHH (I) npH HCnODb30BBHHH DJIBCTHHH 

C K ~ 0 t KO'rOpOe Tenepb 381111W6TCH B BH~e: 

AlAn ..,t' !S.f\V 1 T.e . Ill-An "''l:~4+10MK . I 

-x) Bosuozsoe OTKDOHeaee oT ycnoBIIH r(o) -r(10"5o ') = 4/2 (cu.,Banpeuep, 19
) uozeT npiiBe

cu TOXOKO K r(10°50') >r(O) , H COOTBOW6HH6 (6} C yqeTOM STOrO 06CTOHT6XbCTBB 3BnHW6TCH 
B :a~e : . ti _ 2 k 0) L +IV , 11 '· 

3~••= 21< (10° 50')L + W ~.en ' , -. · 
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noTpe6yeT (~nR YK8K&88HBR AeAn) C~8CTB8HHOrO nOBYW8HBR TOqfiOCTB B8roTOBX8HBR H B3rH68 

KpHCT8nX8 (no Cp8BH8BHD C o6uqao9 X~) KnH YH8K&M8HBH HCnon»ayeH09 anepT7pY. ~8CRTHHp8TB08 
cyxeHB8 XBHBR nOBYCHT Tpe60B8BBR H K YCTpOACTBBH, o6ecneqHB8D~H Bp8-eHH8 KPHCT&nna, »HBY-

• Baa, aanpHMep, aeo6xo~HHOCTD pacoonaraTD aacnepaHeHT8nDHYe toqae qepea 0,1-o,2 no yrny ~·-

~paKqHH. 

QqeB~HO,T8KBK o6p830K, qTQ H3XOZeHH08 BYW8 OTKpYB88T XHmD npHHqHnH8nDHYD BOBKOZHOCTD 

cy~ecT»eaaoro no»umeaza paapemamweA cnoco6aocTB z caeTocanu. llpz np8KTHqecaoA peanzaa~HH 

(C03~8HBH COOTBOTCTBYD~ero npH60p8) ~OXZHN 6HTD npeo~oneHY onpe~eneHHY8 T8XHHqeCKH8 TPYA

HOCTH1 KOTOpYe, O~H8K0 1 H8 K8ZYTCH HBH qpeaKepHYHH, 

06ecneqeaae ~OCT8TQqHOA TOHKOCTB HCTQqfiHH8 (4-10 UK) B cnyqae BCCX8AOB8HBA 1 BY~enHeKHX 

6ea HOCHTeneR aeATpOBOAe~HqHTHHX BSOTOnOB,~OCTHraeTCR 8BTOH8TBqeCKB, B 8TOH npHBn8K8T8nD

HOCTD npHHeHeBBR T8KOA AH~p8KUHOHBOR M8TO~HKH HKOBHO AXR ~8HHOA a~aqa, 

X) Haanyqmze aaaqeHHR AfAn 1 KOTOpYe AOCTHranBCD AO CHX nop B AByxK8TpOBHZ npz6opax, 
COCT8BnRJIH 40-50 J1K, 

JlHTepaTYpa 

I. J.W.M.Du Mond, Rev.Sci.Instruml ~. 626, 1947, 

2. 0,!rl,CyK688B .,'llpH60pH H T8XBIIK8 3KCnepHH8HT8j II! 31 27, !958 , 

3. O.lrl.CyH6ae»1 KpacTann-AH~PBKUBOHHHe raHKa-cneaTpoKetpu· ,rocaTOHHBA8T,l963., 

4. w.zaohariasen , Theorr of x-Ray Diffraction in Crrsta1s ,N.Y.1945, 

5. O.ll.CyH6aeB,Il8B. AH CCCP , cepaa ~Ha .,ll, 880, 1959 , 

6. c. r .lleXHBitKHA ·, Teopi'IR ynpyroCTH 8Hil80TpOIIHOro tena ' rocT8Xll8A81', 11.,1950. 

7. 0.11. Cyu6ae».DT~, g, 1276, 1957 .. 

8. O.II.Cyu6ae», A.~. Meseauea,IST~, ~ 459, 196~ . 

9. D.Lind, w.west, J.Du Mond.Pbrs.Rn.,lZ, 475, 1950. 
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PHc.I. llO~OZ6HH6 cpaBHHB86MHX n~aCTHH B MOHOKpHCT~~H~6CKOM KB8PA6BOM 

C5JIOK6. 

#(~._) 

I 1r I 
.~ 

r--

i/ i lv4J l'ltl~ t><> \ 
I v 

~ ~ 
~.t& v "' ~ -""' IJ:JO ..,., let> .10:> ~ :t:o = b:j. '>COO """ ~"S! 

PHc.2. PeHTreHOBCKaH 1<"'1 mmHH Sn , CHHTaH Ha cneKTpoueTpe Komya 181 
npH HCllOJil>30B8HHH ~aCTHH C 'f = 0 U !0°50'. ( 0Tpallt81li!U!6 ~OCKOC
u 1340) . 
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KHOroliEPHblll AHAJII!S UPI! 1!311EPEHI!HI BPEIIEH ll!SHI! B HAHOOEKYHl!HOR OBJIACTII 

U.MelDHBr, ~. C~apa 

QBH~p8X&BH~ HBC~H~Y~ RABPBHX HCCnBAOB8HH~,PocceBAOp~, r~ 

HaMX Own nocrpoee speuessoa asanaaarop AnR eauepesea B sasoceKyKAHol o6nac~a. Bw6op no 

8BBprHRU ocy~BC~BRRB~CR C DOUO~D ABYX 4 - K8HaRhHHX ananR38TOpos. B03KOXRO OAHOBpeueRRO 

B B BABR~HqHHX ycnOBHRX HSMBPRTh AO !6 p83RHqBHX KOX0HR8UHI no 8BBprHRM. K8XAOI BWO

paaHO~ KOU6HH8URH 8HeprK~ COOTBBTCTBYBT 0AH8 Ctpoqsa ABYXXBpHOrO 2048-KaHaRhHOrO 8Haxi88-

TOp8. 3TO ocy~eCTRnRBTCR AOROHHHTBX&H~ 6nOKOX aAPBCOB. 

B ~pe 1~3 VV 6wno HB~BHO speXR XHSHB T~2 = (18,0 ± 0,5) RCBK. Ha OCHOBB pesyX&T8~0B 

BSXBpBHB~ 38ABpx8HHWXp-~- COBR8ABHHI npHnKCWBBBTCR H8!ABHHOB BpBXR IKBBB ypOBBD 7/2-/503/ 

C 3HeprKe~ 453 ~38. C ROUO~D KBXBpBHR~ ~t'- COBR8ABHB~ H f"- CRBKTp8 YC~8HOBHBHO, q~o DB

peXOA C 8Hepreea 142 K3B npOHCXOAK~ XBXAJ ypOBHflKH 9/2- H 7/2- Bp8~8~BXDHOI nonocw ypOBHR 

7/2-/503/. 

CXEIIA Hll3KOJ!EIAW YPOBHER m Hf 

ll .MaH~pacc, A.AHApees, P.Kecreep 

QeurpanhBH~ HHCTBTYT ~BpBWX BCCnBAOBBHB~, POCCBHAO~, r~ 

llccneAOBBnCR CRBKTp HHBK03RBprerneCKKX (-nepeXOAOB XBXAJ ypoBBflKH ~pa 115 Hf , BOS6y&-

ABD~HXHCR npH HB~TpOHHOX 38XB8TB, C noMO~D CUKHTHnnffUHOHHOrO CDBKTpoxerpa COBRBABBRI B AB

~eK"ropa Ye(Li). Ycraaosneeo, qro yposeHD s 17
' Hf c aaepreelt sos6yXABHIIR 522,5 K3B coo!

sercrsye~ HKRDCCOHOBCKOyY COCTORHHD C X8pBKTBpHCTHROI 3/2- /512/. Kpoue roro, ypOBBI C 3Bep

rBRXH soa6yXAeHHR 587,2 ; 679,2 e 80I,5 Kas RBnRDTCR yposHRKR spa~arenhBO~ nonoca j/2 

- / 5!2/ co CnHHBMH 5/2~ 7/2-R 9/2- COOTBBTCTBBBBO . 
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Oli AJUl-PACllAl!E li30TOllOB Dy I Tb 6d 1 fu_ 

H~A.ronoBKOB,K.H.rpoKoB, H.A.Ae6e;neB, E.MaxMy;noB, 
A.C.Py;nBeB, B.r~qyKBB 

mm murn 

Ha M8rB8~BOK ~-cneB~porpa~ o~;nena RABPBOl cneBrpOCKOnBH H PBABOXBKBH ~an OIIHII 

ISY'I8JICII cl.. -pacnSA •ao~onoB Dy , Tb , 6d. , Eu 1 OcHOBBHe napaKerp~>~ cl..- cneKrporpaifla, 

np1 BO!OpHX npOHSBOABniC~ HCCJI6AOB8HHII,CJ16A]~e: paapemeHIB 'V5 K3B, HCllO~ayeK~>~l renec

Hiil! yrOJI "' 4 X IQ-4 O'r 4 7f , l!JIOIIUin HC'rO'IBIK8 2, 5x35 u2, 
PSAIOBB'ri!BH~>~e 130!0fii>l Dy , Tb , 6d. , , ELL rrOJ11'18JIIIC~ np11 oClJ!I'IBHHH ~anaJioBoll KI!IIBHB 

nporoaaMII c aaepraea 660 MaB aa cRaxpoQaKnorpoee ~an. Paa;neneHBe peAKoaeaen~HHX ane

MearoB npoli8BOAIJIOC~ xpOK8TOrp8~'16CBBK KBTOAOM, AJiH'rB~HOC'r~ 06Jiy'IBHliH BHmBBll B8p~apo

B8JI8C~ O'r 2 AO IO '18COB, 

Pe ayJI~'r8'ri>l H8mliX liCCJI6AOB8Hllll np6ACT8BJI8Hi>l B 'r86JIIQ6, 

npHBOAll'rCll JI8HHI>I6 ,nonyqeHHI>Ie ApyrKKK aBTOpaKB, 

I. Pesy~~a~~>~ IISKepealll 

A. ,l!Bcnposall. 

nB11 cpaBHeHliH B HeR 

llpOB6A6BO ICCJ16JIOB8HB6 oL- cneK!pOB liBO!OfiOB JlliCrrp08li6BOl iflpaKQllll B 06JI8C'rll 3Heprll8 

O'r 3!50 <H ;no 3500 KaB. Onpeneneaa aaepraa cL- qacraQ, B08HBKa~x npa oL- pacnane JJ~ 
1l 9 /1,2/ 

B OCBOBB06 COC'rOIIHliB 6d, 3B8'16HliB 9H8prHll YAOBJI6'rBOpll'r8~HO COrJiacyeTCll C J18BHYK» pa60'r , 

B yKaaaaaoa o6nacr• ae o6aapy•eao cL- naaaa, aareacaBaocr~ KOTopoa y6~>~Bana 6Y c ne

paonoM nonypacnana - I3 qacoB ( 11a ee cyll!ecnouue yKaabiBMOCb B pa6ore 13~; . Ecna ra

Ball JlliHill Cy~eCtByer, TO ee liHTBHCIIBHOC'r~ K6B~B6 liB'rBHCliBBOC'rll OCBOBBOl o(.- rpynnY 453JJy 

no Kpaaaell aepe B 104 pas. 

06aapy•eaa BOBaR cna6a11 .L- rpynna c aaepraell 3303 ± 5 K8B 1 nepaono• nonypacnSAa 
2,0 155 

4, 5±!,5 '1808. P88BIQ8 aaeprlll 3!0l JlliHIB I OCHOBHOII JIIIHHll Dy rr03BOJlll6'r HaM nplllliCBT~ Bo-

BJD cl..- rpynny ci.- pacnany fSJDy aa nepBYit Boa6y•neHHblll ypoBeH~ 1~9 Gd • llapQHan~Hblll nepao;n 

aroro cl.. - pacnana a ifJBBTop aanpera npaBeneBY B ra6JI&Qe. 

B, Tep6all. 
1~9 1s1 u J• 1so Tb BHucneaY aoaifliflBQIIeBt~>~ aanpera JI1Ill (1(. 1 Tb , c/...1 Tb a ,.. 0Qeaea BDBIII 

npenen T~ Allll 152 
Tb • Ecu £./~2Tb aaxonnc11 B npenenax 2780-3070 KaB, ~o T""~ 6 x I04 

ner, ecna B npenenax 3070-3400 KaB, oro T~~3,4 x 105 ner. B pa6ore / 4/ aror npenen paBeH 
J,8xi04 .l!et, 
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c. r~onBBBA a eBpouxA. 

fH Gd • Onpe;~teneaa aaepras ocaoBHOA rpyDliH. Ee saaqeaae xopomo cornacye~cll c pesy;ru,-

~a~o• pa6o~H 151. B paAoae aaepraA oT 3210 AO 2630 HBB ae o6aapyaeao ci.- rpynn, Ko~cr-
piie BOKHO 6iinO 61i DPBDXCBTl> ~OHKOI! CTp;yR~ype <i.- coeupa 

1
+8 6d • ECllK ~811118 rpyODii C,YIIIBCU,Y

m~ B 06JI8C~H SH8priiA 3210 - 2940 KSB, ~0 IIX KH~8HCHBHOCT~ H8 6011I>M8 4 X 10-4 BH~8HCB»HOC~B 
OCBOBBOA rpynDii, 8CXB K8 B o6X8CTH 2940 - 2630 BSB, ~0 B8HDme 2 X 10-5 • 

1+6 6d • Oope;~teneBH sBeprall a napl(B811l>BiiA nepiiOA ocBOBBOA "'- - rpyDliH. Pesyn~~BT!i cor

nacynT~ SB8'18BHliKII,DOnyqeBHiiKH B pa60T8 /6,7/, 

110Gd .• B pa60T8X / 5/ B /B/ OpiiBOliHTCH SH8'18BIIH BHeprHH <i.- 'lBCTlln; fJ06d. - 2730±!0 

B 27!5±18 BSB COOTBe~CTBeBBO, B 06JI8C~II aaeprlll! 321Q-2630 BSB BBBII Be 06BapyKeHO JIBHIIII, 

KOTOpym BOI:BO OiinO 61i C ;ltOCTOB8pHOCT~O DpiiDXC8T~~06d. On;eHKB oapn;H811I>BOrO nepBOA8 DOK8-

SiiB88~, 'ITO 7'.,(. ~ I X 107 neT. 

1t'l£u. Bo ~paKn;HB rS;ltOJIIIBBH B peayn~~aTe d;.- pacnS;lta 1u6d oOpaaoBancs 
1+1

£11 

BiiJIB onpe;~teneBH aBepraH 11 Koal[lfli!n;Ben aanpeTa <i.- pacnS;lta fH[lL B 
1uPm • PeayuTaTii xopcr

mo cornacynTcH c ;~taBBiillll paOoTH /5/, 

2. 06CY!AeHBe peayn~~8TOB 

liS T80Jlln;ii Bil;ltBO, 'ITO KOSi[lfllln;HeHrli sanpe~a d..-- p8CD8;lt8 
4s3 Dy~4+9 Gd ~ ~"5Sm 

(CII.pllc,) IIK8M O;ltKH B ~0~ Ke DOPl!JIOB. l!a BTOro BODO SBKJIO'IIIU, 'ITO CDXB!i OCHOBIIIiX COCTOll-

, Hllll mDy, 1~1 6d II , '"'Sm O;ltKHBKOB!i, CDXey 1
:: Sm 83 HB OCHOB8HHH KO;ltenH llaAep H DO aaa

norBII C COCeAHIIBII l!JIPBIIB DpBDXCiiBBeTCH BHB'leHBe 7/2-/9/, Ha 8~011 OCHOB8HHH Bli DP6liDOJI8rBeM, 

'1~0 CDKH!i OCHOBHiiX COC~OHHI'IA 1~!6d45 1'1 1'!)>y
47 

TOKe p8BB!i 7/2-. KoB~II!111eBT B8DpeT8 

d.- p8CD8;lt8 
153 JJy HB oepBHA BOa6yQeBHiill ypoBeHD 109 Gd BB 2 D0Pl!JIK8 Oo;ru,me KOBi[lfliiD;I'I8H~8 

sanpe~a OCHOBBOrO nepexo;lta, DOBTOMY B1i C'liiT8eB, '1~0 oepBiiA BOS6y~:;~teHHiiA ypOB8HD 1+9 6d Co

OTB8~C~Bye~ ypOBBm h 9/2 CX8Mii llal!ep, 

B p860~8X /I0, 9 / opeJIOOnaraeTCH, 'ITO COBB OCBOBBOrO COCTOHHIIH 
1+7 

[U B HS [LL paBeH 5/2+, 

a COBB nepBoro BoaOy~:;~teaaoro cocTOHHilH 
407 Eu. 7 12+. KoB~i!lllleBT sanpeTe .L - pacnS;lta 

141 £u DOBBO;!Ule~ S8KJIO'IHU, '1~0 CDXH OCHOBBOrO COCTOHBIIH ttJ Pm TOKe p8B8H 5/2+, 

Ko8~HD;I'I8B!Ii aaope~a .L. - p8CD8;lt8 BBOTODOB 
151Tb B 

1
+.9 Tb B OCHOBH!i6 COCTOHBIIH COOTBBTCT

B)'I)IIIIIX BBOTODOB £ U. H8,liOCT8TO'IHO M8Bii, UOO!i nepeXO;ltli C'liiTBTl> OeS)'CJIOBHO paapemeHB!illll 0 HO 

B H8,liOCT8TO'IBO BeJIIIKI'I, 'IT00ii OCBOBH!ie COC~OHBBH BBOTODOB Tb II fu. COOTBeTCTBOBBnB p83Hiill 

ypOBHHM CXeB!i llal!ep. 

llii ope;!tOOJIBraea, 'ITO CDI'IH!i OCBOBHiiX COCTOHBIIA 1J1Tb II 1+9Tb p8BB!i 5/2+. Taaoe np6;!t00· 

JIOKeHBe He opOTHBOp6'li'IT npe;!tOOJ!OK8BBHM, BliCKBSBHHiill B paOo~ax /II,2f.Ta& KaK K03~11[11!8HT 380 

pe~a .L- p8CD8;lt8 
1+9Tb HB oepBiilt B030y&;lteHHiiA ypoBeH~ 1'r5£u paBeH KOS!W>IIIIIIeHT,y aanpeTB 
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<i-- pacn!IJia 1
'

1 Tb ua n~pB!ilt ypoBel!l> 1'r'l Eu. , TO ecTecTBeBBo npeJtnono•un, uo CWIB ypOBBB 
1H(u. C SHeprlel! 33! Kill! paBeB 7/2+ aB8JIOrBTIHO CllllHy ypOBHH MEu C auepruel! 229 KSB. 

B aaanoqeuue ¥H cquTaeu CBOBM npuH~BHM JtonroM noOnaroJtapH!~ B.r.ConoB~eBa B B.B.Kya

ueno»a aa o0CYIJ!6BB6 peay~TaTOB paOOTH B DOl163HHe COB6TH, E.B.Re0e)!eBy, M.HeHOBY 38 oO

paOOTKy ~OTOnBBC!BBOK. 
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I. H.Yaxyuxa, T.~uem. ~3B.AH CCCP,cep. ~Ha. XXIX, II2I (I965) . 

2. R.D.Mac!ar1ane, D.W.Seegm111er. Nuc1.Phys .! 5J,449 ( 1964) 

3. K.S.Toth, I.O.Rasmussen. Phys.Rev ., 1:Q2, 121 (1958) . 

4. K.R.rpouoB, H.MaxyBKa, Y.MaxyBKa,T.~eaem. HaB.AH CCCP,cep.~ua.XXIX ~ 2,194 (I965). 

5. A.S11To1a. Ann.Aoad.Soi. Fenn1ca1, Ser. ·A. VI, Ph,ySioa Nl09, 1 (1962). 

6. H.Maxyaaa,M.Maxyuaa, T.~uem. ~epuaa ~uauaa 1 2, BHn. 2,20I (I965) .. 
7. A.S11To1a, G.Gra!fe. Nuo1. Ph,ys.,~, 161 (1965). 

B. Iwao Ogawa, Tadayoski Doke, Mutsihiro Miyajima , Nuo1.Ph,ys.166, N 1, 119 (1965) 

9. I.leneB. ll.llccepora~IIH • .llyOsa, OHRH , I964 , 

IO. H.M.AHTOHbeBa,A.A.EamHl!OB, E.C.AaenenoB, E.K.ITpeoOpaxeBCKHI!.HaB.AH CCCP,cep.~ua., 
xxrr ~ s, 906 (I95B). ' 

II. B.B.Kyaae~oB, B.A.lanKHB, K.BuitCHIII!, O.E.Hunitces,O.CKBl!Opallor • .lloKn!IJI sacoroH111ero co-

B61118HIIH. 
I2. V.G.Chumin, K.Ya.Gromov , B.Makhmudov, Zh.T.Zhe1er ,ITpenpHHT OKHH, E-2721, nyoaa, 1966. 

B. I.O.Rasmussen, Ph,ys. Rev., ill• 1675 (1956). 

I4. K.S.Toth, I.O.Rasmussen,Nuc1.Ph,ys., 16, 474 (1960). 
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["'(xaJ) J f-. (los) T: T~ Ha~I.A8B! !l;ep.AaJ. I"''!J Hau ll&lllllll !l~ep.llaB Han A8BIDI8 .lluep.J1811BIIe I .c, 

"'3464.±5 ~~6~; - 25,B.ti,3roA&/2/ 4,9 - -~xi0-4 
I5!5Dy 

-., 3303.t5 - ~8,I;t2,8}xi04~e~ - 750,1260 -
4-, 3967 .t5 /12/ 3974:Jf>/4/ - 36.t7uc/I4/ 12±2 7,44/13/ 

I49Tb ~. 3644.±5/12/ 36491!>/4/ ~3,7 ro.11a - 1~360 - (2,5-4,0}xi0-4 

150rb 3492±5/12/ - ~so±f~e~ - 230:J:.3~ - <O,I 

~. 3409:J:.5/I2/ 3409:Jf>/4/ - 64:J:.22ro.-a/4/ I8;t6 139/IY- (0,9-I,2)xi0-3 I5ITb 
3I83:J:.5/I2/ (6,4~ 1 2)xi04~e~ I2Q-330 

4,1/4-
d:, - -

I52Tb - - ~bx.lO ~e~ 

)3,8xi04~n/!L )3,4xro5~e~ - -
I486d 3I85.t5 3I80.ti0/5/ - 89:J:.5,5&&~/5/ ~~.ro1ecu&a32IO...Z94o 

~2.10- ec~2940t2630 

I49sd 30l8:J:.5 301~0/6/ (9,6;J;.2,4}xi08~et ( 6%!+ )xiO" /6 I 
301 0/7/ I {5,5.t1, 7)xro8~etn 1 4 3±10 0 89/13/ 

I506d - 2730±10/5/ 
~ r.1o7~e~ 

(2,1JP,3}xi06~e~/5/ 
27I5:J:.18/8/ (I,4JP,4}xi06~e~/8/ 

147Eu 2908.t5 2910.ti0/5/ (5,7:J:.2,3}xiO~~e~ (3,1:J:.1,0)x108~e~/5/ ,..,r 
--- - ------- ------ ----

I. npB Bloi'IBC~81l11RX T.,. ~ > BCDQnBOJUBClO 8B8118BBR l AU rpTDD 15JDy, .f+fTb , ~11 Tb B HI 6d • 
no;JT'l&lliDie 1 paelonx /2, 14, 4, 5/. 
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~CCKEnOBAHHE COBD!AEH~~ KOHBEPC~OHH~ SKEKTPOHOB TIP~ PACITAgE 
151 Tb 

E.C.~enenoB, ll.A.THRKHB, ~.A.IDHmanOB 

HayqHO-HCClle~OBBTellbCKHA ¢H3HqecKHR HHCTHTYT llrY 

ilpH OOHO~ C~BOBHHOrO TOpOH~BllbHOrO p-cneKTPOHBTpa /I/ npOHSBO~HnOCb KayqeHH6 COBn8-
<S< 7ib £ "'Gd ~BHHA BO Bp6H8HH Be&~ KOBB8pCHOBHUKH 8JI8KTpOH8HK 9 06paay~~CH npH pacna~e ~ 

P~HOBKTHBHHA npenapar - ¢PBK~HH rep6HH - 6Hn nonyqea npH 3- qacoBOH o6nyqeaHH Ta npoToHa

HH C SBeprHeA 660 MaB BS CHHXpO~KKJIOTpOHe O~HM. Paapewruv~ee BpBHH CXBHH COBn~eHHA COCT8B

JI!UIO '! = 8 HCBK. 

O~HK H3 KBBBJIOB ~- COBKTpOH8Tp8 H8CTp8KBaJICH nooqepe~HO H8 KOHBepCHOHHHB JIKHHK K251,8; 

K192,0;K180,I;K287 , 2 H KI08,1 151Tb. "llo~BDHHA"KaHan J3- cneKTpowerpa nepeBBI!IBJICH no cneKTpy 

KOBBBpCKOHHHX 3JI8KTPOHOB B HBT8pBaJI6 SBeprKA 3JI8KTpOBOB 20-440 K3B. 

06Hapy&eBH COBIT8~BHHH: 

(K251,8) (K,L 11IIN !08,1; K L 192,0;KzL287,2; K479,2); (KI92,0) (K HL251,8; K zl287,2); 

(KI80,1) (K,L H MNI08,1; K K L 287,2; K H L 395,2); (KIOB,1) (K416; K443,8; K479,2). 

B He60JibWOH KOJIKqecTBB Ha6JI~~aJIHCb TBK&e COBna~eHHH: (K251,8) ( Ee= 54,0~0,5) H 

(K192,0) ( Ee = 214.t2 KaB). 

He 6Hno o6aapyaeao coBna~eazA (K251,8) (K,L 180,1) H (K180,1) (K,L 192,0). 

KonKqecTBeHHHe pesyllbTBTH H3MepeHHR COBIT~BHHR ~BHH B ta6nK~e.B 3CTOll6ne TB6liKUH 

npHBO~HTCH HHTBHCHBBOCTH KOHB6pCHOHHHX JIHHKR 151 Tb B CITBKTpax COBIT8A6HHR C ¢HKCHpOB8HHOA 

KOBBBpCIIOHHOR JIKHHBR. B 4· CTOJI6~e BHUIICBBH OTHOCHT6JibHH6 KBTBHCKBHOCTH KOHB8pCKOHHHX 8JI8KT

pOBOB 161 Tb , nonyqeaaHe Ha f3 -cneRTporpa¢e /2/ . 

B 5 CTOll6ne TB6liK~ ~BHH 31tCnepKIIei!TBJibHHe 3HaqeHHJI 11K03¢¢HUH6HT8 K8Cit~HOCTII11 0 t 

ITOJiyqeHHHe nyTeH CpBBBBHHH HHTBHCHBHOCTBR KOHBBpCHOHHHX JIHHKA B 11 0~HHOqHOB11 cneKtpe H CITBKT

pax coBna~eHHA. 3aaqeHHH 8 ~JIH COBn~eHKA (K251,8) (K192,0);(K180,1) (K287,2) H (K108,1) 

(K479,2) npHpBBHBBH K 1,0. 

PeayJibTBTH H8WKX K3HepeHHR HSXO~HTCH B corJiaCHH CO CXBHOR pacna~a 151Tb, HB06pa&eHHOA 

aa pac.I. 

B pa6orax Xapwar~a 111 ~p. 121 K CrpHraqeBa H ~p. 131 pacnol!o&eaae nepexo~a c aaeprHeA 

251 ,8 KSB B CXBK6 pacn~a 6HJIO p83HUK,H HJ&HO 6HJIO BHHCBHTb, KSKOe 1118 HIIIX npSBHJibHO. YH 

aa6n~~anH coBna~eHHH (K251,8) (K192,0;K479,2),K aro oaaaqaer, qro nepexo~ 251,8 KBB pacno

noaea BHWB ypOBHH 587,3 KSB (pHc.1). Cne~OBSTBllbHO,CTpHraqeB H ~p./3/aenpaBH. 0THOWeHHB 

cKopocrea cqera coBna~eHHA 

(K251,8) (KI92,0)/(K251,8)(K479,2) = 6,2 ( cu. ra6nH~y ) 
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npH6JIH3HTeXhHO COOTBeTCTByeT OTHOWeHHm HHTeHCHBHOCTeA aneKTPOHOB B KOHBepCHOHHOU cneKTpe 

KI92,0 fK479,2 = 5,5/2/. 

ilo cxeue ( cTp. 37)~0JIXRH 6HTh COBfiHAeHHH (K25I,8) (K287,2),H OHH A6UCTBHTenDHO Ha6nDAa

JIHCh (cu.raOJIHUy) . ilosrouy BHBOA Crparaqesa H AP· /3/' ,qro aer cosnaAeHHA (J(25I,8) <1'287,2), 

senpasanea • 

Ha6nmAaBmaecH coBna.neHI!H (K25I,8) ( Ee = 54,0,!0,5 aas) H (KI92,0) ( Ee= 2I4.t2 aaB), 

l!OSUOZHO, 06~HCHHmTCH cy~eCTBOBaHH6U nepeXO,l!Ol! C SHepraeA hv = I04,5 KSB ( f~ = 54 KSB) H 
/ 4/ 

263,8 aas ( £~ = 214 KSB), o6sapyzes~ B pa6ore 

N!ll!! 
nn 

I 

2 

3 

4 

5 

6 

7 

8 

9 

IO 

II 

12 

I3 

I4 

IS 

16 

B asuepeHI!RX npi!HHYanl! yqacrae B.Kosupeaao, D.Kpsna, A.Ky.npsmoB H A.nonoB. 

Ta6naua 

PesynhT8TH HSUepeHHA COBUH,l!BHBA uez.ny KOHBepCHOHHHUB SX6KTPOH8UH,06paaym~HYHCH 
npa pacna.ne ~51 Tb 

~HKCHpOBHH. KoasepcH- IIHTBHCHB- IIHT6HCBB- Sacnep11ues-
KOHBBpCHOH- OHH8H JIIIHHH HOCTD KOH- HOCTD KOH- T8nDHOB 3H8-
H8H JIBHBH B KaHane BBpCBOH. BBpCHOHHOA qeHHe KOS!M>H-

"2" l!BH. 0 2" l! JIHHHH "2" !lBeHT8 KHCK8,l!-
cneupe B"O,ZIBHOqsou" HOCTII 8 
coBna.nea. cneKTpe/2/. 

'+ 

K25I,8 KI08,I -300 )!000 ~ O,IS 

• LI08,I 270±30 SIS O,I7,10,02 

• KI80,I <8 I60 <0,02 
a KI92,0 IOO 44 I,O 
n LI92,0 I8.t2 7 I,I3,!0,I2 

• K287,2 33,13 IIO 0,!3,!0,02 

• K479,2 I6.t2 8 0,88,10,12 

KI92,0 K25I,8 IOO ISS I,O 

• K287,2 82,18 IIO I,IS,iO,I2 

" L287,2 IO.t.2 IS I,03,10,20 

KI80,I KI08,I ~2ao )!()()() ~0,3I 

n LI08,I I42.ti5 SIS 0,30,10,04 
n KI92,0 d,7 44 ~0,04 

• K25I,8 '7 ISS ,o,os 
a K287 ,2 IOU IIO I,O 

• L287,2 I7.t2 IS I,24,10,I5 
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17 

18 

19 

20 

2! 

22 

2.3 

24 

25 

26 

27 

lf 

K595,2 I0.±3 9 

K287,2 Kro8,I ~~250 ~rooo 

n LI08,I I3f.±I4 SIS 
n KIBO,I roo 160 

" LIBO,I 8,5.t3,0 24 
, KI92,0 43,!6 44 
II LI92,0 8,2,!2,5 7 

" K25I,8 9,!4 !55 

KI08,I K4!6 43.±ro 2,8 
n K443,8 9I;ti8 II 

" K479,2 roo 8 

A H T e ~ a T l Q a 

I. AKenenoB E.C., Tipr.xoA~eBa B.TI., Tr.mxr.a TI.A., IDzmenoB ~.A. 

~aBeCTKH AH CCCP.Cep.wr.a., ~. 2I57 (1965}. 

I,22j;0,35 

~0, 1+0 

0,42j;0,05 

I,O 

0,57j;0,20 

I,56j;0,25 

I, 94j;O, 1+5 

0,09;t0,05 

I,2;t0,3 

0, 7;t0,2 

I,O 

2. Harmatz B., Handley T.H., Mihelich I.W •• Phys.Rev., ~,1186 (1962). 

3. Crpr.ra~eB A.T., CopOKHH A.A., ffiUHHeA& B.C •• ~SB8CTHH AH CCCP. Cep.wr.s~_§, 

252 (!962}. 

4. B.B.KysHe~oB, B.A.XanKr.a, K.B~noc~r.P., O.E.HKnLCeH, O.CKr.n6paUT. 

ilporp. M T83HCH AOKn. 16 COBBmaHKH no HAepaon CneKTpOCKOTmH H CTpyKType 

BTOKHOrO HApa, CTp.37 (1966}, 
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ITO~CKM noEABKM ITCEBnOCKAnffPHOrO ( P ) B3AMMOgE~CTB~H ~ COOTHOWEH~H ITCEBnOBEKTOPHUX 

ffAEPH~ MATP~qH~X 3nEMEHTOB B 0-- o+ EETA-llEP~OgE B ~44P~- ~+4 Nd 

K~eApa 3Kcrrep~ueHra~LHOA ~~ 3~K~ YH~B epc~rera 

no~Lma 

KDpH-CK~OAOBCKOA , TID6~H H, 

UeqHcnaH Cy6oroHaq 

MeTOAOM Mennepa 6ana aauepeaa rrpoAOnLHaH rronap~aau~H PA anexrpoHOB us 6era-pacnaAa 

•••p~ lip~ nepeXOA6 0-- 0+, 3KCnepHMeHTBnLHHe li0Ap06HOCTH M6TOAB HSMepeHHH 6HnH llpeAnOze

HH Ha VID COB6~BHHH liO HA6PHO~ Cli6KTpOCKOITHH B ny6ae, 1965 r, H Ony6nHKOBaHH B MBT8pHanax 

aToro COBe~aHHH / I-l l/ , ITocne BB6A6HHH BC8X HYKHHX nonpaHOK nony'I8HO SHal!eHHe PA AnH 6era

aneKTpOHOB C SHeprHe~ W = 1, 80 USB : 

-P.n/ ('vjc) = 1,089 ± 0,053 . 

B HBCTOH~eA pa6ore HCCnenyeTCH llpHMeCL ITC6BAOCKBnHpHOrO B3BHMOA8~CTBHH B nepeXOA6 0- -

0+, KOTOpaH Ha6nDA88TCH B 6eTa-nepeXOA8X B ABYX BKABX: 

a} KaK npauoe conpRJteaxe Pp uezny 4-<fJepui!OHallll, 

6} K8K HHAYUHPOB8HH06 COnpRJteHHe p~ CBH38HH08,C CHnLHHM BSaHMOA8~CTHHeU Me&ny HyKnOH~ 

li1lll H nenrouawu roxaMH qepea HHpryaJILHH~ ueaoH Tr • nocroHHHaR aroro conpRJteHi!R CpH npi! 

cpaHHeH~~ c nocTORHHO~ CA nceHAOHexropHoro HSBIUioAe~cTHHH paBHB /2/ : 

Cpu =0,04CA. 

He6onLwoe 'I~CnO HAepHHX MaTp~IIHWX aneMeHTOB,JIIBCTBYD~~X B nepeXOA8 0-- 0+ (BeT HeKTOp

HHX HAepHHX M8TpHIIHHX aneueHTOB / 31) ,CliOC06CTBY6T HCClleAOBaHHD ~o6aHKH BSai!MO~e~CTBHH 
K ~aHHouy nepexony. IToarouy nenecoo6pasHo xccne~oHaTL aaeprerxqecxyn aaBHCHMOCTL wopuwaxro-

pa C = C(v) H xoawwxnHeHra P 11 = P11 ('w') , r~e \,/ - nonHaH aHeprHH snexrpoaa c ero uacco~ 

noxoa HKnD'I~TenLBo. 3TH Ha6nD~aeuwe Hel!H'IHHH uozHo HHpa3HTL reoperH'IeCKH 13,~1 . KBK WYKK

UHH A, t , 'vi , rAe 

A = i..j75jfo·r, ~ =Cpj(M·CA). 

3~eCL M- MaCCa HJKllOH8 B e~HHHUBX rn0 cl , OCTBnLHHe 0603Ha'I6HHH - 06~enpHHRTH B reopHH 

6era-pacna~a. B reopeTH'IeCKWX wopuynax ~nH c = c(vv) H p/1 = p, (VI) yqreBH nonpaB-

HH H8 awweKT KOH6'1HO~ ~llHHH BOllHH A6 Epo~nH H H8 KOHe'IHHe paauepw HAPS, 

MeTO~ HBXOZA6HHH napaueTpOB JlH ~ OCHOBBH H8 T8KOM BHpaE6HHH HX 3H8'16HHA,IIT06H HS 

T60p6TH'I6CKHX BHpazeHHA l!Ony'IHTL 3KCll6pHM6HTaJILHH6 3H8'16HHH 3THX Bel!H'I~H H HX 3HepreTHqec

KJD 3BBHC~MOCTL. BwpazeH~e 3THX SHaqeHH~ npOBOAHTCH M6TOAOM T6CTB )(2 , B STOA pa60T6 6a»H 

HCliOllLSOBaHH B aaanuae cnenyn111He Ba6nn~aewe Hel!H'IHHH: aHal!eHHH P11 = P" (w) i!S aacroH~eA 

pa6orw 11 1!3 pa6orw /6/ H aaaqeHBH C = C(W')- ua pa6oorw /7/. BwucneHilll npoilaHo~HllHCL Ha 

UiiWPOBOil BH'I~Cl!HTenLHOil Mami!He, llcrrOl!L3yH M6TOA TecTa :J_2, W pa3HCKBnH TBHOil Ha6op napal!eT-
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pOB, KOTOpOyY COOTBeTCTByeT cauoe B8HUeBbmee 3H8qeHHe J(2(pHC,!).He BXO~K B no~p06BOCTH 

aroro pacqera, MH cood~HM peaynbTaTH aamax accne~osaaaa: 

)l = 3,20 i 0,06 • 
3TOT pe3yHbT8T 03Kaqaer, qro BOBMOZHaH npH¥eCb B38HMOAeRCTBHH P B TPH pa38 M8Bbme no 

cpaBBeBHil C ABHH!i¥11 nOCJ18AH8lt padOT!l /6/ II B 50 pas M8K!.me no cpaBH9HHil C .-;aBB!i¥11 padOT!l/3~ 
3TOT pe3yJI&T8T HSAO CqiiT8Tb BepXHHU npeAeJIOM B03KOZKOR .-;odaBKH npHMOrO OC8BAOCK8nHpHOrO 

conpszeHHH Pp. Odaapyzeaae .-;odaBKH •axrnxposaaHoro B38HKOAeAcrBHH Pn , xoropan AOJizHa 

pasasr&cs CpH = 0,04 CA , aaxo..:arcs, xazercs, sae cospeweHHilX 3Kcnepaxearan&HHX B03-

xozaocreA. 
Ha~eHaoe aawa aaaqea11e Jl = 3,20f9,06 npori!Bopeqxr xax nocJieAHBK pe3yn&rarax ~aaens 11 

~p./6/ ( JL = -I6,04i0,08), rax H reoperzqecxHK pacqeraw Axpeaca 11 ~Hadepra /8/ (Jl=-12). 

llonyqeHHHit aao pesyJruar xopomo cornacyerca c peayntaraMH padoTH /7/ ( ..it = 5±2) 11 c reo

perxqecKHMH SH8'1{9HHHMIIJOOHyqeHH!lMII B pa60T8X Poyaa II Ocdopaa /9/ H llHpCOH8 /10/ , llpHHHB O~Ho

qacrHqHym MO~ellb II COnpi!ZeBIIe j- j 1 llHpCOH /10/ OOJIJ''I{I!Jl A= 2,5, llpHBHB OOTeH[lii8H rapKOHB

qeCKOrO OC!lHJlllHTOpa,oH OOJiyqi!Jl )L = 8,0, B CJiyqae B8mi!X pacqeTOB ~JIB~= 0 (BeT npBMeCII p
saaauo~eltCTBHH) Yll nonyqi!JIB Jl= 7,0, qro xopomo cornacyerca c peaynbTarou ll11pcoaa /IO/, 
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HSILEPEH~ffi Yrl!OB11X KOPPEJIHI!Ilfl.i ~t( Wq = 4,87Mc2) - ( (f.'{'= 635KS:B) :11 ft- IIEPEXOllE 
11;6 £u. _ 1't6 Sm 

Ueqacna:B Cy6oTO:BHQ H RH Kypaa~ 

Ka~~pa aacnepauearanDHO~ ~HSBKH yaa:BepcareTa Kmpa - Canono:BCKO~ . 

JlD6naa, llonma 

ll.11po 1-.oEu 1 T 1f2. = 4, 7 )1./ IIO:a:et nepei!TI! a ll,llpo1"' Sm K8.K acJie)!.CTBHe 3axaata 3Jieupoaa, taK H 

:Bcne~CT:BHe ~~pacn~a. HccnenYeKH~ HSIIH nepexo~ ~+I \.10 = 4,87; 3, 7% ; 7, 951 eneT aa 

:BOa6y:a:~eHHii~ ypoaeHD !,384 Ya:B ll,llp8 1"'Sm ,plllc.I. HallepeHHfl yrno:BbiX aopenJIH~l! r-r H 

KOS~~6HTO:B :BHyTp6HH6l! KOH:B6pCHH / 7, 8/ noK831i:B8DT, qro CnHH H qeTHOC'l'D STOrO ypO:BHfl non

XHII 611n 3-. C ~pyron cTopoaH , aaaqeaae log ft = 7,95 .Allfl paape111eaaoro nepexo~a 4-- 3--

aeo6Hqao 60JIDmoe. lloaTOIIY awecre c ypo:~~ae11 !,384 YaB co cnaaou 3- cnenYeT o:a:enaTD npa

cyrcTBH R ypo:BHR 4 + (cu. TaKJ:e - pa6ory /9/) . 

llpe~nonaraJIOCD T8KJ:6 / 7, 8/ ,qTo ypO:B6HD !,384 Us:B :B 146 5m A:BOI!HOI!. IIOCJ16AHH6 HSK6p6HHfl 

A:BOTHHO~ H ~p. /IO/ nonT:B6PAHJIH STO npe~nono:a:eaae: ypO:B6HD !, 384 Ua:B A:BO~HO~, H8 p8CCTOf!HHH 

0, 70 KS:B H8XO~HTCfl AB8 ypOBHR CO CnHHaiiH J- H 4+, 

UenD aacroHmell pa6oTII, :BIInonaeaaon naa rona Touy aaaa~, 6HJia cnenYDmen: noaaaaTD Mero

~ou yrJIO:BiiX KOppenH~H {3t - d , qro ypOB6HD !,384 YaB B 1"'Sm AOJIJ:6H HM6TD CnHH 4+ :B cny

qae oTnaqaoro or aynH aoa~a~aeaTa yrno:BiiX aoppenH~i p+-~ :11 paccuarpa:B86IIOM nepexo~e. 

9TO H6 HCKnDQ86'1' :BOSMOJ:HOCTB CYIII6CT:BO:B8HBH pacnonOJ:6BHOrO U06JIH30CTH ypo:BHfl CO CnHHOM 3-. 

B cnyqae CYIII6CT:BO:B8HHfl S8M6THO~ 8HHSOTpOnHH MOJ:HO 38RJIDqHTD, qTo p+- nepexo~ no apa~ael! 

uepe o~HOKP8THO aanpemea, 4- ( £u) - 4+ ( S m) • qacn aToro nepexo~a Morna 6H npoacxo-

~HTD B8 YPOB6HD 3- :B"~Sm, HO TOrna 8BHSO'l'p0Illlfl yrnoBbiX Kopp6llfl~Hl! (3+- (' ,li.O.IIltB8 pa:BHHTDCfl 

ayJID, Tax Kax S'l'OT .13+.! nepexon paapemeHHIII!. 

B K8Q6CTB6 HCTOQHHK8 llli ynOTp66Jif!JIH ra~OJIHHHe:ByD ~paK~HD T8HT8JIO:BO~ MHIII6HH, 06JiyqeHHOI! 

Ha CHHXpOUHKJIOTpOBe OHAM :B ~y6ae npOTOHBKII C aaeprael! 600 MS:B. X1111HQ6CKYD o6pa60TKY IIIIW6HH 

C,li.~8JIH TOJ:e :B OeHH H8 XpOM8TOrpa~aqecKOI! ROJIOHK6, P8AH08KTII:BH!il! HCTOQBBK HSMepf!JICfl qepe 3 

HeCKOJibKO ,li.6Cf!TKO:B ,li.He~ CO :Bp6116HH 06JiyqeHHfl MHIIIeHH nocne pacna~a KOpO~KOJ:H:BYIIJHX HSOTD

no:B 
1~76d B 

1
H6d • Tor,ll.a :BCfl pa~H08KTH:BHOCTI> HCTOQHHK8 06f!S8H8 1%6d., H ero ~oqepH61iY H.llPY 

1
1t6[ u ( T1;2 = 4, 7 n.), aaxonHmeiiYcH :11 panaoaKTH:BHou pa:Bao:Becaa c 1

"
66d ( T 1/2. = 46 n. ) . 

~HaKeTp HCTOQHBKa - 3-4 UK, TOJIIIIHHa-300-400 t rlcu2 , 8KTH:BHOCTl> - OKOJIO 400 fKDpH, TOJIIIIH-

4I 



aa noAnOKKB so-roo ~r/cMf. ~croqHHa o~ aaaeMnea TOHKHM cnoew axBa~ara. noa&tpoa~ ~peru

ctpHpoBanH aa nnacrHaosow ~ereKTope paapemeHKeM no aaeprKH oaono IS%. KanHOpoBKa c~HBTHnna

topa npOH3BO~HnBCb MBrHHTHHM cneKTpOM6TpOM C TOBKOa nKHSoa. Onpe~eneaayp SHeprHD aneKTpOHOB 

~ B~~enana C UOMO~D 8H8RH38TOpa aMnnBTY~ HMnynbCOB. YnoTpe0naeM8H aneKTpOBHBH CHCTeMa 

o~cTpo-we~neaaux coBna~eaKa HYena paapemeaae no speweHH oaono 30 acea. 

YrnOB~e Koppena~HH p+-a- HBMepanHCb ~na 3HeprHH nOBHTpOHOB B npe~enax 880 - !230 

KBB H AnHt- nepexo~ac SHeprHea 635 KBB,pHc.2. BBO~HnHCb nonp8BKH 88 npHCYTCTBH6 cnyq8aHHX 

coBna~eaua, soaeqa~a Tenec~a yron ~ereKropoB, H8 pacceaaze H 86cop0~ noaarpoHoB B M8Te

pH8ne WCTOqHHK8 H p8CC6HHHe OT no~nOZKH. PeaynbT8!~ npHBe~e~ B T80nH~e. 

T8Cineqa 

_3aeprHs noaHTpoaoB (lias) Az 

0,880 -{), II.:t<J, 06 

I,OSO -{). 07 .:tO. 02 

I,I20 -{). 09 .:tO. 02 

1,180 -Q,I2.:t<J,03 

1,230 -{). I3.:t<J. 07 

3,J;ecb A2 - aaaqeHI!B K03\MlHU116HTOB yrnoBUX KOppenH~Ha p+- r 
noanpoaoB B nepexo,11e i't6£u - 1

't6 Sm • B~meyaaaaaa~e peaynbT8T~ 
B 38BKCHMOCTH 0! SHeprHH 

OllH8 q81lT, qro f3 + ~ ne-

pexo~ s 1"'£u- 1H5m .noueH Ob!Tb o.naoxpaTao aanpeJIIeHHb!M. Sro oaa8qaeT raue,uo cnKH H qer

HOCTb ypoBHll 1,384 !.laB B 1~'Sm ecn 4+. TaKKM o6p8aow,o0'bliCH!IeTca Cionbmoe aaaqeaze Log ft = 

7 ,95. 

I& a HSMepeHHa yrnoBUX KOppeJI!I~a d - d H BHyrpeasea KOHBepCKH Bb!TeKaeT HeOCiXO,liHMOCTb 

cymecTBOB8HKH ypoBHH 3- / 7,I0/.B nocne.nsea (1966 r.) p8Ciore rpynnbl llsxeJIKqa /II/ no~rBepx~8-

eTcll TBKlle peaynuar ABotHHollK .np. /IO/ o cymecnoBBHHK ~Boaaoro ypoBHH I,384 MaB B .-. Sm 

CO CnHH8MH K qeTHOCT!IMH 3- H 4+. 

B aaxnllqeaae ~ Bblpaxaew aamy Cinaro~8PHOCTb XKMKqecxoa rpynne OHRM B Ayeiae aa p8a~ene

HHe pa~HoaKTHBHUX zaoronoB Ha o6nyqeaaoa TBHTanoBoa KHmeHH H cnexTpoweTpHqecxoa rpynne 

OHHl'! K.H.I'powoBa H I.IeneBa 38 ~oCipoxen8TenbHYIJ nowo~ npH nonyqeaKH pa~HoaKTHBHbiX IISOTOJIOB. 
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JJ.AJ!hHEAIIME llCCJIEJ!OBAHilfl YrJ!OBblX KOPPEJ!HU!IIl rAI.IMA-Il3J!Y1!EH llfl 
1
"" 5 m lrl 

1
" La 

H.BaBpH~K, T.roBopeK, K.KpyKoBcKa, 3.CKozHHCKH 

msm ru • ll3uepHJIHCI> yrnoBHe KoppeJIH!lHII HeCKOJII>KI!X KBCKB,liOB ralllla-cneKTpa Sm. 

JriCTOqHHKOII CJIYZHJI 8Bp0DII~ 113 rBAOJIIIH1!6BO~ ~pBK!lll~, UOJiyqeHHO~ 113 TaHTHJIOBO~ lii!W8Hi! 0 06JiyqeH

HOlt Ha CI!HxpOui!KJIOTpOHe Jlflll npOTOHHIIII C 3Heprl!e~ 660 MaB. llCTOqHHKII 113rOTOBJif!JII!Cl> rpynno~ 

XKIIIIKOB Jla6opaTOPHII HA8pHHX npo6Jiell. ll3uepeHI!f! np01!3BOAKJII!Cl> Ha CT8HA8PTHO~ 6HCTp0-118AJI8H

HOlt cxeue coBnaAeBH~ c pa3pema~~~~ Bpe11eHeu~25 HoeK. 

ll3116pf!H KOppeJif!Llllll C JIIIBI!e~ I97 K3B 111H peri!CTpllpOBBJIII COBUHA8HIIf! AJifl yrJIOB 90°-135°

I800-2250. Bo H36ezaHHe o6paTHoro pacceHHIIH nepeA cqerqHKOII BHCOKIIX aHepri!~ 6HJI no11e~eH 

CJIOIICTHlt ~IIJII>TP 0,5 1111 Cd t 4,5 1111 Pb t 0,5 1111 Cd. Peayni>TaTH HBCTOH~elt pa6oTH 11 I!X cpaB

BBHI!e C ABHHHIIII APYriiX pa60T npeACTaBJI6HH B Ta6JI.l. 

Ta6JIIILIH I 

f-KBCKB,ll J\BHHHe 113 /I/ J\BHHHe 113 /2/ HBCTOfi~Hf! pa6oTa 

857-I97 A2 = 0,068.:t<J,043 A2 = o, 054.:t<J, 03I A2 = 0,058.:t<J,OI6 

A 2 =-O,OI3.:t<J,072 A+= O.:t<J,055 A'-= 0,003:t0,032 

I256-I97 - A2 =-o,OI4.:t<J,031 A2 =-o,029.±tJ , 022 

A+=-0,02 7.:t<J , Li60 

B CJiyqae KoppeJIHLlllll 857-197 K3B yqTeHO npHCYTCTBI!e DOCTOpOHHIIX COBUBAeHHlt: C KBHHTB-

1111 1256 K3B - IICUO.nl>3Jf! 3KCnep~118HT8Jil>Hyll B8JII!qHHY HCI!IIII8Tp1!1! 0 C KBHHT81111 880 K3B - T80pe

TIIq6cKI! npeADOJiaraH, qTo 3TOT nepeXOA KBHAPYUOJII>HH~. 

0co6oe BHIIIIHH116 o6pa~eHO Ha KOppeJif!Lli!D 76-I2I K3B. llo B8JII!qi!H8 K03~HL\118HTB A2 AJIH 

3TOrO K8CK8,ll8 IIOZHO onpeAeJI~Tl> 3H8KII K03~11Llii8HTOB CII8CII 0681!X nepeXOAOB 11, CJI8AOBHT8Jll>HO, 

IIYJil>TIIUO.!ll>HOCTII nepeXOAOB, COBUH)IB~J:;IIX C JIIIHI!elt I21 K3B. llOJI1>3Yf!Cl> 3HaqeHI!811 02, B3f!THII 

113 pa6oT no BHyTpeHHe~ KOHBepciiH, HBXOAIIII 4 B03110llHHX 3HaqeHI!ll A2 (Ta6n . 2 ). 

Ta6n11na 2 

T e 0 p e T II q e c K 11 e 

676 8121 A2 
3KCU8piiii8HT8Jll>HH8 

t + -{),402] 
t - tO,I94 t O 040 A.z=-o, 428.:t<J,037 A,.=-0,004.:t<J, 080 - + t0,648 - ' 

- - -0,314 
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KoppenRUilR 76-121 KaB I!:JIIepRllaci> c noiiOII\I>Il TOHKIIX c'leT'IIIHOB Nai (TL) paauepo11 3xiOuu 

KaK paaaocTI> cqeTa 6ea Wlllii>Tpa nepe~ KpKcTannou, peri!CTPIIPYil~HII KBBHT~ 76 KaB,II c WKXI>Tpoll 

!Mil Cd. 06HapyaeHo I!HTeHCIIBHoe o6paraoe pacceaHKe; aeKoTopaa ~ona ero aaueoraa ~aze np11 

yrne uea~ cqerqKKBIII! 150°. MauepeHIIR npoBo~KnKci> ~BYIIR cnoco6a1111: I) B orpaHI!'IeHHOII npe

~ene yrliOB 90°-!50° qepe3 KBE~Ne !0° (pl!c.I), 2) KliBCCI!'IeCKII - ~JIR 90°-135°-180°. flpl!lleHe

HI!e nonpaBKI! Ha a6cop6UIIIl 11 pacceRHI!e B Ka~1111eBOII Wl!lii>Tpe (ae llCUOJII>30BaBmeUca B aam11x npez

HIIX 1!311epeHI!RX/2/) 3811eTHO yBellii'II!BBeT 8CI!IIIIeTpllll. MHTeHCI!BHNi WOB II IIHOZeCTBO nonpaBOK 

3Haql!reni>HO yxy~wallT roqaocTI> 1!3MepeHIIR. Peayni>TaT~ ~aHbl B ora6n. ' 2 .• 

flo;nyqeHbl npe~B8pi!T6lll>HN6 CBe~eHIIR 0 KOppel!RUI!I! 60!-76 K3B. AcRIIIIeTpllR OK83b!B86TCR OT-

pi!U8T6lll>HOil, K8K IIOZilO 6~ll0 Olltl!~8Tl> ~liR 076 > 0 • 

HO La . 06Kapyll[e!lo , 'ITO B CUitHTI!llliRUI!OHHOII cneKrpe ra1111a-;nyqeU iltO La lll!K 438 KaB pa·cnono-

zea HeliHOZKO HI!Ze , '!ell Cll6~0B8ll0 6bl OZI!~8Tl> ~liR 3TO~ 3Hepr111!. ralllla-cneKTp,nonyqeHHNU Halll! 

H8 r ep118HY.6BOII ~eTeKTOpe B MHCTI1TyTe Rli6PiiNX I!CCll6~0B8HIIIl B Cl!epKe (p11c.2), OOK838ll,'ITO B 

~y6lleTe 424 - 438 K3B OCHOBH8R I!HT6HCilBHO CTI> npi!H8~lleKIIT OIIKY 42~ K3B, B TO BpeiiH KBK ~0 

CI!X nap npe,ll.nonaranOCh oOpaTI!Ce. 0THOCI!TeJibRbl8 11HT8HCilBH OCII! Y -nepeXO,li.OB ,li.8HN B Ia6JIIlU8 3. 

Ta6lli!U8 3· 

t- nepexo~ ,ll81lHN8 113 /3/ ,llaanNe 1!3 /4/ HacTo~an pa6oora 

537 IOO IOO roo 
438 

} 18 } 18 63} ' I'l,8 
424 II,5 

304 12 18 !4 

C 0011011\I>Il cypbiiRHOrO a6cop6eHT8 OU6HeHO CO,ll.epKBHII6 peHTreHOBCKI!X KB8HTOB B nHKe 

30 K3B H8 !3% 06~ell I!HTeHCI!BHOCTII. 

I 

AclllllleTpi!R KaCK~a (424+438) - 30 KaB nonyqanacb uanoll: A =-0,003f0,035. 8-ro oaaa-

qaeT , qro n116o o6a nepexo,ll.a 424 11 438 K3B 'lllCTO ,ll.llDOlll>H~e, lll!6o 1111eeT uecTo c;nyqallHBH KOII

neHcauKR aCI!IIIIeTpi!ll ~BYX K8CK~OB, co~epza~X KBB~pynOllbHble np1111eC11. flepB8R 113 3TilX 

B03110EHOCTell 6onee BepORTHa . MauepeHbl T8KZe 8CI!IIIIeTpiiR r -K8CK8,ll.8 537-30 KJB II KOppenRUI! H 

¥-nepexo,li.OB 304- 163 KJB ( r aon. I). 
Ta6llllU8 4 

. 

f-KacKan A2 At,. 

537 - 3U U,044fO,OI4 -
304 - 163 0,058f0,009 -D,ODI±O,OI'I 
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TiepB~a peaynbTaT llOATBep~aer nocneAOBaTenbHOCTb CllHHOB B 3TOU KaCK8A6 Q-I-2-3, BTD

poa HCKBDqaeT B03UOXHOCTb HBBHqHH 60nbmHX npHUece~ E2 y nepeXOAOB 304 H !63 K3B, 

R B T e p a T Y p a 

I. J.F.McHulty, E.G.Funk, J.W.Mihelioh, Nucl.Phye., 21,667 (1964) ., 

2. T.Goworek, J.Wawrys~czuk. Acta Phys.Pol.,29,no. 5 (1966). 

3. A.CHnBHTbeB 13T~ 34, 569 (!958). 
4. P.Bosbla, H. de Weard. Nucl.Phye.,,!!,l45 (1960) ., 

47 



W(9) 

1.1 

--
1.o1 , T ::~- ....:r . 1 ·e 

¢oH 

1,1 -l'L,i, 
"130" 150° 

l,{ 
gr 

0, 
IO,S 

110° a 

"' "'f,,.._ 
KOPP"IlRU,U.ll 7~121 

Pl!C. I. 3aB11C11110CTb K03iMJ11Uli8HT8 W( 8) OT yr11a fY ITp11 11311epeHHII yr1!0BOlt KOppe1!HUHH 

d- KaCKa,Zla '/6-12! K3B , 

... . . • • 
•• 

zoo 

l\ 

! \ 
I I 
I \ 
• I 

424 
2<£ 

. 
II 
·H 

\ 

438 ·: NP KaHaJla 

300° ""•.310 

PHc . 2 . '(- cneKTP 140J'h. , rJ01iytleHHHli Ha 'Ye (Li) ,ZleTeKTOpe . 

48 



p+-L - COBilAl!EH~ll llP~ PACIIAl!E 
13~La _mBa. 

( llpe,IIBapa!en»uoe cooO~e~ae) 

E.C.,l!Kel!en.oB, O.E.Kpaifi!, ll.B.HayiiOB 

ReHHHrpaACKHR rocyAapcrBeHHHH YHHBepCHTer 

H.llpo 1H La. pacna,11aerca p+- pacnaAOII It aaxBa!OII opOe!anHHX aneKrpouoB Ha ypoBHil 

HAPS 13+ Ba. ( pee. I). 

llOSH!pOHHHil Cll6KTp mla BBY'iBliCH B pa00!8X /I, 2• 3•4/. I'pHHB'iHHH SHeprHH {3+- cneKT

pa COCTHBJIHer 2700 KSB. CneKTp 'f- lly'iell npe paCnSAe 13~la. H3j''iHJICH B paOorax / 2 • 3•4 • 5/. 

YCTHHOBJI6HO, QTO HHH00llee CHADHOil liBHHell B ~- cneKTpe (ilOIIBIIO HHHHrHliHUHOHHOrO nHKH) 

HBJIH6!CH liHHHH C 3HeprHell 605 KSB, HHT6HCHBHOCT~ KO!Opoll:no ,IIBHHHII paaHHX pa0o!
1

COC!BBJIH6! 

OT 7 l!O I4% OT HHT6HCHBHOCTH BCero {3+- Cil6KTpa. ~H 00~HCH6HitH STOll liHHHH B paOore / 5/0HJI 

BB6l!6H p+- nepeXOA C SHeprHell 2100 KSB, HBnpBBJI6HHHil HH nepBHfl B030,YZA6HHHI! ypoBen 
1

3/t Ba 

C aaepreell 605 K3B. ~3116pHB O!HOB6HK6 IH!6HCHBHOCTefl f'- JIHHHH 605 K3B. H HHHHrBJIHUHOHHo

ro niKH, BBTOpH paOO!H / 5/ onpe,llel!Hlll O!HOCH!6li~HHe HH!6HCitBHOCTH ~- nepeXOl!OB HS OCHOBHOil 

1 nepBH!l aoaOyzl!eHHH!l ypoBai! 1J+ Ba , curaa, qro pacnaA 1l+ La npoacxoAKT ron~Ko ua arH ypoBHI'l. 

llonyqesHHe KIIH aHaqeaaa npaae,lleHH a cronOue 3 raOneua • BenHQKHH Logft AJIH nepexol!OB 

HB OCHOBHOe II nepaoe B030YZli6HHOe COCTOHHHH 13~ Ba. {2+) OK838JIIIC~ p8BHHIII'l 4,9 II 5,7 COOT
/3/ 

B6TCTB6HHO, QTO l!BJIO OCHOBSHI'le aaropall paOOTH npllnHCBTD 1JI.La. xapaKrepHCTKKY It. B pa0oTe 

Ha OCHOBHHHII OoJiee T\llBTeUHHX IISIIepeHHil UCTKO!l 00JIBCU d- cneKTpa 1J+ La. II ;1<8HHHX ITO 

SHepreTKQ6CKIIII K CUKHOBHII XBpBKTepKCTHKBII ypOBHell 13~8a., ITOJiyqeHHHII UpK IISYQ6HIIK p8Cll8AB 

mcs, npiiBO,IIIITCH cxella pacna,lla 1
H La. • .l{aHHHe oO OTHOCKTe.lll>HHX IIHT6HCIIBHOCTHX p - nepexol!OB 

HB OCHOBHO!l II nepBHil B030YZ.116HHH!l ypOBHII 1
HBa COrJIHCHO STOll cxeue npKB6,116HH B CTOJI0116 4 

raOJIHUH 

~II 6oJJee T04HOrO onpe,lleJJeHKII OTHOCHTeJI~HHX IIHTeHCIIBHOCTelt p+- nepeXO,IIOB He001CO,IIIIIIH 

aauepeHHII p~l(- coana,lleHKil. B pa0ore12/ npoaaao,IIKJIHC~ ar11 aauepeHIIII c no11o~m CnKHTIIJIJIIIUH

osHoro ClleKTpOIIeTpa COBIT8A6HIIIl. 0,11HaKO peayJI~TSTH HX, ITO-BII,IIIIIIOIIY, He.lll>SH CQKTBT~ HB,II6BHH

IIK: B CIT6KTpe f'- K3JiyqeHKH, HBXO,IIHmerOCH B COBITB,IIeHIIK C p - Q8CTHUBIIH, llpKB6,116HHOII B pa

Oore/2/, aHHKrKJIHUKOHHHil nKH 5II Kaa a IS-20 pas npeaHmaer no KHTeHcHBHocrH ~- JIKHHm 

605 K3B. ABTOpH paOOTH/2/ l'l3 CBOKX 11311epeHKil ,lleJiamr BHBOl!, QTO 4"- H3JiyQeHK6 605 K3B 

Hal:Ol!KTCH B COBITS,IIeHKK C ~ - QBCTKUBIIK C 3Hepraell HWK6 1,2 M3B. 
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UeJI:&D HBWBlt paelOTbl ClbiJIO onpe,ltBJIBHIIB OTHOCIITBlll>HbiX BBpOl!THOC'rBlt ~ - nepeXO,ltOB 
1"'La 

HB OCHOBHOit II nepBbllt BOaelyz.neHHblll ypOBHI!
13+8a IIBTO,ltOII {3-(- COBll8,ltBHIIII. llallepeHI!ll np01!3BD

llllll11Cl> C llOIIOIIU>D MBrHIITHOrO J3 -( cneKTpOIIBTpa, llOCTpOeHHOro ,ltl!H llayqeHI!ll COBn8,lteHIII! C 0-
<H 13+c < T JiyqBIIII IIBllOHHTeacllBHbiX KOIIIJoHeaor f3 - cneKTpoB. llcorouliKOII La Cl!YJ:IIll e 112 =72 

qeca), llOJiyqeBHbllt B peeKUIIB rnyelOKOro OT~Blll!BHIIH np11 ClOIIClBp,ltllpOBKB TBHTBJIO, OI! llllmBHII llpOTO

HBllll C (p =660 ~ba . II pacna,ltBD~ItCll B 134 La nyTell SllBKTpOHHOro BBXBBTB. Bo iflpBKUIIII UBPIIH, 

noliiiMO 134Ce H134 La,npHcyrcTBOBBJIII !7-qacoBoll 135 Ce 1 ero .noqepHIIt 11aoTon 
1".La. ( T 112 

= !9, 8 qaca), 1 37 C e ( T 112 =35 qac.) 1 
139 C e ( T 112 =!40 .naelt). Ida nepe ucJieBHliX 

ll30TOllOB TOJI:&KO y 
134 

La. 118B6C'r6H IIBTBHCIIBHbllt ll0311TpOHHbll! cneKTp. ll8116p6Hilll npOliSBOlll!lliiCI. 

CUJCTll 30 qacoB nocJie oelJiyqeaHll. 

C llOIIOIIU>Il f3- cneKT;JOIIBTpa Bbl,ltBllllllliCI. ll0811Tp0Hbl C aaepr11e11 ~!230 K8B II 113116pl!lli!C:& COB

llB,ltBHIIll, npOII3BO,ltHIIbiB 3TIIIIII ll0311Tp0HBIIII C ~- nyqBIIII B IIHT6pB8JIB SHeprBII OT 200 ,ltO !000 

K3B. 

PeayJI:&TBTbl 113MBpeHIIIt npe,ltCTBBJ!BBbl HBCTp.52.llo OCII BClCUBCC OTJIOZBH HOIIep KBHBJIB KHOro

KBH8lll>HOrO 8~8llii38TOpa, no OCI Op,ltiiHBT- qacJIO f3+-(- COBll8,ltBHIIIt. He pKCYHKB Bll,ltHbl ,ltBB 

IIBKCIIIIYIIB npll SHeprHHX ~- Jiyqelt 5!! ll 605 K8B. KaK llOK83BJIII ODHTb1
1

8HHIIriiJIHUIIOHHblll ni!K 

5!! K8B oelyCllOBJIBH CJiyqaltHblllll COBllB,ltBHIIHIIII. 3HBH COOTHOWBHIIB IIHTBHCIIBHOCTBit lli!HIII! 605 KSB 

II BHHIIriiJIHUIIOHHOit B O,ltiiHOqHOII (- CllBKTpe II B CllBKTpe COBllB,ltBHBit, IIOZHO Obll!O OUBHBT:b if!OH 

CJiyqai!HbiX COBllB,ltBHlllt ,ltl!H lli!HIIlt 605 Kaa; OH OK838JICH peBHblll ~5~ OT oel.ero cqeora COBllBAB

BBI! ,ltllH STOlt JIIIHIIII. 

B OClJIBCTll saeprBI BbiWB 600 KSB 11H He OClHBPYJ:Kllll (- JIIIHIIIl, HBXOAli~CH B COBllSABHIII 

C llOSIITpOHBIIB BblelpeHHOit SHepriiB. 

3HBH BBJII!qllay CKOpOCTII O,ltiiHOqaoro cqeTa ll0311TpOHOB C 8Heprllelt~I230 KSB, IIOZHO Clbll!O 

onpe,ltBJIIIT:b OTHOCIITBlll>HbiB IIHTBHCIIBHOCTII (3 - peCllB,ltOB HB OCHOBHOI! II nepBbll B08ClyZ,ltBHHbll! 

ypoBHII 
13

'8ano ifloPioiYJIBII ,llpiiBB,ltBHHblll B paeloTe/7/. Pacqe'rbl ,ltBllll All!! OTHOWBHIIll z: CJ!e-

llYD~D BBJII!ql!ay: 

~· = 50 .:t I0 ( CTOJICl. 5 Taelll. I), 

qTO COOTBBTCTByeT OTHOWBHBD npi!BB,ltBH;liX BBpORTHOCTell ~: = [;!~: = 1ft! 3. 
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T.KyqapoBa, B.3BOnDCKa,B.KpaqaK, A.Mamranxa 

~paKqKR 6apBR 6~na nonyqeaa xpoaarorpa~aqecKBK B~eneaaea aa caeca aneaearoB,B03HBKaD

~ npa o6nyqea•• Ce nporoaHKB c aaeprael 660 MaB aa cHaxpoqHKnorpoae OHRM B Ay6ae. Haaa 

Hay•~anca pacn8)l, 
128

Ba. 2,4 .ztH~ 121 Cs 3,7 KHH ~128 Xe a pacn8)l, "'Ba. (7,5 ner). Pacna.~~ mBa 

(II,5 AH ), KOTOpYI ITpHCJTCTBYB! BO ~paKqHH, 88KB Bayqanca paaee /I/ . 

I. Pacna.~~ 129Ba _ 12e Cs _ 12s Xe 

HaMB HBY'IHnCR cneKTp (- nyqe~ H HBKOTOpYe J'I8CTKH CUBKTpa KOHB6pCHOH~ 3X8KTpOHOB, 
B03HBK81liiUIX npe pacnaAe 12 8Ba-128Cs - 128 Xe . 

CneK!p f- nyqeR 6Yn H3Kepea npH flOKO~H repK8HHeBoro ABTBKTOpa, Apei~BHHHOro nHTHBK, 

H3rOTOBneaaoro AOKTOpOK TpoyCHnOK B fipa.CKOK HHCTHTyTe ~3BKH !BBPAOro rena. AK!HBBHI 06~K 
A6TeKTOpa - 5,4 cw3 H paapemeBHe - 6 K3B H8 ABHHfBnaqHOBBOK UKKe 5II K3B, 

~8T8KTOp pa6oran C 38PHAOBO-QYBCTBHTenhHYK npe~CHXHTeneK H 1024- K8H8DLHYK avnnHTYA

HYK aaanaaaropoa. Kana6pOBKY npH6opa B o6nacrH BYCOKHX anepra« MY npoBOAHnB npH UOKOIIUI 
~ l07 . It 2> 60 0 - nBKell aa acro'IHHKOB 81 , ThC , Na , Co • B o6nacrH aaeprall AO IOOO KSB MY acnonD-

aoBana B Kaqecue K8nB6pOBO'IHYX nJIHBI H8H6onee HHTeHCHBHY8 0- .UHHH 1318a , KOTOpiil UpHCYT

CUOBBn B H3K8p88KOK HCTO'IHBKe, SaeprHH SUX (- nHHBI xopomo HSBeCTH!i / I/ . KaaepeHHH 

(- CUeKTpa UpOBOAHnHCh B HeCKOnhKHX CepHl!X, fionyqeHH!ie H8KH A8HH!i8 06 3HeprHRX H O!HOCH!enD

HiiX HHTeHCHBHOCTHX ~- nyqel! npHBeAeHY B Ta6n,I B Cp8BHeHBH C ABHHYKH APYrHX pa6or. Kpoae, 

UpHBeAeH~ B T86nHqe I f- nHHHII, MY H86XDA8nH T8KZe f- XHHHil C aaeprHell 270 KSB, KQ-
128 TOp8li,,UO A8HHYK npeZHHX pa60T1 UpHH~nezHT nepexo~ B Cs, Ee HHTeHCHBHOCTD MY He ITpHBOABK, 

TaK K8K t- nHHHll 270 K3B He OTAenanach OT r- nHHBI c aaepraell 276 KSB 135m8a ( T I/2 " 
28,7) a 275 aaa 1

Hm Ba T I/2=38,9 qac ). 

CnBKTp KOHBepCHOHHYX aneKTpOHOB HSyqancl! H8KH npH UOKO~H 6eTa-cnexrpoaerpa C ABOIIROII 

~oaycupoaaoll anearpoaaoro uyqaa c npH6 opHYK paapemeaaea O,I2%. Ka-aa aanoll BKTHBHOCTB acroq

HHKa H8K YAHnOCh BCCneAOB8Th XHmh Y'IHCTKH KOHBepCHOHHOro cneKTpa, rAe HHXOARTCR XHHHH K-44I 

KBB, L - 524 KaB, K - 965 KBB H K - II34 K3B, fionyqeaaye H8KH AHHHYe 06 OTHOCHT8XhHYX 

HHTeHCHBHOCTRX KOHBepCBOHHYX aneKTpOHOB (Ta6n.2) BKecre C A8HH!iKH 06 OTHOCHTenhHYX HHT8HCBB-
HOCTHX ('- nyqel! Anl! nepe~OAOB C 3HeprBRKH 44I, 524, 965 H II34 K3B 6iinH HC -

53 



nonDSOBaHH ~na onpe~eneaza KBK afHX nepexo~oB. ilpH a!ou ~a saaqeasa ~K nepexo~a c aaep

I'HBit 44! KSB ( 2+- 0+) IW npHHHJIH fBOpBTHqecKOB S!'aqeal!le ~nB ilynDTHOOJil>BOCTH E2 ( d..K-

= !,08.10-3). 

Qgfy!ABHHB p63YJil>fBTOB 

Cxeua pacna~a 126 Cs C5Wia npe~oaeaa s pae5ore /2/ ua ocaosaHHH peayni>TaTOB eauepeHIII 

CITBKTpa 008HTpOHOB 0 d- Jiyqelt H OllbiTOB no (3+ -'( B '(- '( COBfill,llBHHHU. ABTopau 

y~anoc.b nouecTHT.b B sfy cxeuy 5 Jl- nepexo~os. HamH ~aua~e o ~- cneKTpe, nonyqeaa~e c rep

uaaHes~u ~ereKropou, noasoJIHJIH paauecTKT.b B cxeue pacna~a ~28 Cs , npe~noaeaaolt s 12/ , HOB~e 

~ nepexo~~ C SHBpi'HftUH 6II , 1025, 1299, 1637 K3B H, KpO MB roro, 3H8QHTBJibHO YTOQHHTb 3Hep

rHII yposliell. 

C OOUO~~ ~BHH~ OC5 OTHOCIITBJI»H~ HHT BHCHBHOCTRX 1'- Jiyqelt H KOHBBpCHOHHYX SJieKTpOHOB O~l!H 

aa~ea~ ~OJIH sneKTpoaaoro aaxsaTa aa yposHH ~2 8 X e H cooTseTCTBY~IIIHe aaaqeasa Log f t . DHH 

yaasaHH aa pzc.I, npe~cTaBJI~IIIBU cxeuy pacna~a 128 Cs • 
3aaqeHHH tog ft ~!! {3- nepeXO~OB B COCTO!!HHHX C 3HBpi'IIHUH 0, 44I H 965 K3B 

pasa~ 4,9; 4,9 11 4,8 coo!seTcTseaao. ~a STHX aaaqeHHit Log ft uoaao aaKJIDqHT.b, qro see STH 

nepexo~~ HBJIHDTCH paapemeaH~H, KaH UOI:HO OI:~BT.b ~JIB nepexo~OB HS OCHOBHOrO COCTOHHHH
128Cs 

(I+) B OCHOBHOB (0+), Ba nepsoe B030y~eHHOB (2+) .H BTOpoe B036y~eHHOe (2+) COCTOHHBB qeTHO-

qeTHOrO a~pa ' 28 Xe • 3aaqeal!e Log ft ~Jill i3 - nepexo~a aa yposeai> I576 aas paBHO 5,3. Ilorpem

aocT.b 3TOI'O 3H8QeHHH He IT03BOJiftef C~BJIBTl> ~(5op UB~ KBBHTOB~ xapaKTepHCTHKSUH (0,!,2)+. 

UH UOI:BU O~HBKO HCKJI~qHT.b aaaqeHHB 3 - ~J!H KBBHTOBYX xapaKTBpHCTI!lK ypOBHH !576 KSB, KOTOpoe 

~onycaaeTcH B paC5oTe /5/ , r~e ~JIH L 09 ft ~ - nepexo~a Ha ~28 J aa yposea.b !576 KllB C5Wio aall

~eHo 3H8QBHH6 8. neltCTBHTBJI.bHO, B npe~JIBI'BBUOit HBUB CXBUB ypoBBBit 128Xe HBTeBCHBHOCT.b nepe

XO~OB,COBepma~IIIHXCH C ypOBHH !576 KSB,COCTBBJIHeT 2,8% HB paCnB~jCOBepmB~IIIHXCH HB 3TOT ypo

BBH.b - 0,6%. ilpe~nOJIOI:eHHB OC5 OC.}'IIIBCTBJieHHH KBBHTOB~X XBpBKTBpiiCTHK 3- npH 3B6pi'HH !576 KBB 

npHBBJIO C5H K Tpe00BBH~ OfiYCTHT.b HB ypOBBH.b !576 K8B nepexo~ C HHTBHCBBHOCT.b~ 2% HB pac

na~. ~HTBHCHBHOCT.b HB~BHHHX HBUH nep6XO~OB,HB ynOXBHHHX B CXeuy pacnll,lla, COCT8BJIHBT, OJIHBK O, 

TOni>KO I% HB pacna~ H CSUOI'O IIHTBHCHBHOI'O HS HHX- 0,~ aa pacnan. 

3~~:cnep&lleHTanuoe 3&aqea.e ci.K nepexo.xa c saepr11elt !!35 K&B ( ra6x.I) C5uno K reopeTeqec

KHU SHaqeHHHU ~JIH yYJI.bTHUOJil>HOCTelt E! HJIII E2. 3TO OC5CTOHTBJI.bCTBO BU6CT6 C TBU ~TOM, qTO 

paapHJIKB npOHCXO~HT HS ypOBHB C KBSHTOB~H X8p8KT6pi!CTHKBIII 2+, 003BOJIHeT H3 BUIDenpHBB~BH

HHX KBBHTOBYX XBpaHTepHCTHK npe~noqecT.b 3HBqBHIIH (I,2)-. LOg ft ~JIH OTPHIIBTBJI.bHOit '16THOCTH 

CJIIIIIIKOU UBJI. 

CorJISCHO pae50Te /6/ KOJIBC5BTBJI.bij~B COCTOHHHH OHTynon.bHOI'O THUS qeTHO-Q6THHX C~pzqecKHX 

HJ16p CO cpe~HHU A OC.}'III6CTBJIH~TCH npH 3HeprHHX 2-3 MaB. DHH paapHXB~TCH B OCHOBHOe COCTOHHHB 

2+ ycaopeHHHU r1 nepexo~ou, a B nepBoe soae5y~~:~eHHoe cocTORHHe 2+ aaue~JieHH~ El nepexo~ou 
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no oraomeHH~ K OAaoqacrHqao~ oneHKe Ba~caon~. PaccuaTpuaaa aaeprHH H cnocoO paapHAKK ypoa

aelt 128 Xe (pHC.1), 111>1 BHAIIM, qTQ ypoBeHI> C BHWeOnHC8HH!lMH CBOilCTBHMHifOr 6!i OCYI!IeCTBJIHTl>CH 

npH aaeprHH 2602 KBB. nellCTBHTeJII>HO, eCJIH npeAnOJIOEHTI>, qTQ 3TO! ypOB6Hl> HBJIHeTCH KOJI608T6JII>

Hlilf OK!ynOJil>Hlilf C KBHH!OB!IMII xapaK!6pHCTHK8MH 3-, TO,nO OAHQqacTHqaolt O~eHKe Ba~CKOn~a AJIH 

OTHOW6HHH HH:r6HCHBHOCT6~ nepeXOA8 2608 K3B ( £ 3 ) (3-- 0+) H 2155 KBB ( £1 ) ( 3-~2+)! 111>1 

nonyqaeu aaaqeaHe 2.10-~ rorAa KSK aKcnepuueHT npHBOAHT K aaaqeaH~ 6.Io-2• Cyuua HHTeacua

aocre~ nepexoAoB, paapaza~~x ypoaeHI> 2602 aaa,cocTaanaeT 0,7% aa pacnaA. Ecnu cnua u qeT

aocri> ypOBHH 2602 KBB 3-, TO H8 Hero AOJIEH!l 0!1 COB6pW8Tl>CH nepeXOA!l C npH0JIHSHT6Jll>HO THKO~ 

ze HBreacHBHOCTI>D. Boauozao, qTo ypoaeai> 2602 KaB aacenaeTca nepeXOAOY c aaeprue~ 272 KaB, 

KOTOp!l~ p83pHE8eT ypOBeHI> 2874 KSB, ilepeXOA TaKOil 3HeprHH C HHTeHCIIBHOCTl>~ 0,7% H8 pacnSA 

(I,6 B eAHHHUHX T80JI.I) M!l He MOrJIH H80JIDA8Tl> HS-38 npiiCYTCTBHH f- JIHHHil C npuuepHO THKOil 

ze aaeprHell 121 Sa 
1 

113 m B a. 
1 

135 m Ba. , 

2. PacnaA 133 B a. 

HauH 11ayqanca rauua-cneKTP 133 Ba rrp11 noMOI!IH repuaaueaoro AeTeKTopa, APell~oaaaaoro Jill-

5 KaB. 

3HaqeHHH aaeprH~ II OTHO~TeJ!l>H!lX HHTeHCHBHOCT61l rHMifH - nyqe~ YK838H!l B T80JI.3. 0HH 

cornacy~TCH C AHHHHMH npeZHIIX pa00T. 

Cyl!leCTBOBHHHe raMM8 - nepeXOA8 C aHeprHell 222 K3B YCTHHOBJieHO AOCTOBepHO B Hawell paOo

Te BnepB!le. nna yYJ!l>TIInOJil>HOCTII aToro nepeXOAH AOnyCKHJIIICl> B npesHHX pa00T8X 3HaqeHHH EO • 
M1 , M1 +EO / 7 I . l!cnoni>aya aaw11 AHHHHe oO OTHOCIITeJII>HHX IIHTeaceaaocTax rauua-JIHHHil H AHH

HHe paOOTii /8/ 00 OTHOCHTeJ!l>HiiX IIHTeHCHBHOQTHX KOHBepCIIOHH!iX JIIIHHil C aaeprHHMH 222 II 

276 KSB, 111>1 nonyqiiJIH AJIH eLK nepexoAa 222 K3B aaaqeaue 9,8.10-2, qTo cornacyeTca co aaaqe

aueu MYJII>TIInOni>HOCTH MIIIJIH £2 HJIH Ml~£2 (TeopeTHt~ecaHe aaat~eHHH oLKMiu a:k£2 paBHH 0,084 H 

0,093 cooTaeTcTaeaao). 3aueTI1M, qTo MH, aoaeqao ,ae uozeu ucKJIJOqiiTI> npHcyTCTBHC aounoaeHTH EO 

B Myni>THaOJil>HOCTII nepeXOA8 222 K3B, 

MH OUeRHBHJ!H T8KJI[e 3Hat!eHHH oLK ApyrHX nepeXOAOB. 3TH OUeHKII COOTBeTCTBYIOT y BCeX ne

peXO.liOB aHat!eHHRM uyni>THnoJII>HOCTell Ml , E2 HJIHMI + E2,KaK H cneAoaano ose.nan no HMeJOI!IHIICH 

"' AHHHb:M 0 KBHHTOBHX X8p8KTepHCTHK8X cxeYH ypOBHell ( s 

0CHOBHB8RCl> H8 AHHHHX 00 OTHOCHTeJII>HiiX IIHTeHCIIBHOCTHX rHMIIH-Jiyqel\ II KOHBepCIIO~HliX 

SJieKTpOHOB, llli onpeA6JIHJ111 AOJ!~ aJieKTpOHHOrO 38XB8T8 H8 ypOBHH 133 Cs H COOTBeTCTBYIOI!IIIe aaaqe

HHH Log f t . OHH noKaaaH!l aa puc. 2, npeACTBBJIHIOI!IeM cxe11y pacnaAa 133 Ba. 
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TaCIJIIIga I 

3Heprllll II OTHOCI!T6XbHH6 IIHT6HCIIBHOCTII f- nyqeJ! i28Cs 

3aeprHH nepexona 0TBOCIIT6XbBH6 IIHT6HCIIBBOCTII 
no JIHBHHK paCIOTH q - JiyqeJ! no JIHHHHK pa60TH 

Haw11 [2] [3] [4] Hamil [2] [3] [4] JIHHHHe JIHHHHe 

135 135 O,I 300 
168 r68 4 20,14 
441 440 460 455 IOO IOO roo roo 
5II 5II 320 400 
524 8,5 
588 0,6 
6II 1,25 
965 970 980 965 2,8 3;t:0,6 2 
98r 0,20 

1025 0,92 
1077 0,30 

•. 

ri35 II20 5,7 4,2;t:0,4 
r299 0,55 
r507 0,27 
r622 }r66a 0,54 
r637 0,025 0,8;t:0,2 
1678 0,48 
19IO 0,15 
1980 0,25 
2037 0,15 
2!55 }2180 0,85 0,72;t:0,2 
2!9! 0,21 
2277 0,09 
2320 0,06 
2365 o,a9 
2405 

}2420 O,I 0,4;t:O,I 
2430 0,!6 
2608 0,05 
2663 0,05 
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TaOJII!!ja 2 

8HeprHH H OTHOCHTenLH~e HHTeHCHBHOCTH KOHBepCHOHH~X a~eKTpOHOB 128Cs 

8HeprHll llHTeH- I .LK reop 
rrepexo)la CIIBHOCT. c/.K (aKCll.) 

KOHBep- 1 E1 E2 E3 M1 M2 M3 CHOH. 
~HHHl! 

~? 

,e8.ro-2 441 roo r,o8 .row 
523,78 ) I 
965,4 0,45 

II34,8 0,34 

a) 3H8'16HIIe 
6) llPIIHllTO 

,3.Io-3 2,9.10~~ r,o.ro-3 3,4. ro-3 r,r. ro-3 3, 8.I0-3 1,2. ro-2 

I,7.I0-3 6 , 3.10~~ 1,5.10-2 3,1.10-3 2 ro-3 4,9.10-3 r,o.10-2 

r,r.10-3 2,1.10-3 • -3 
3,3.10-3 6,6 . 10-3 ~.6.10-4 4,7.10- I,4I.10 

Ta6~Hga 3 

8uepr1111 H OTHOCI!Te~l> H~e HHTeHCIIBHOCTII (- ~yqef.l 133 8a 

Er Jt' 
54 3 ,3 

79 + 81 59,0 
160 0,48 
222 0,70 
276 12,1 
302 30,3 
356 roo 
384 14,2 

R II T e p 8 T y p a 

I . T.Ky~apoaa , E.Kpa~HK , B . 3BO~l>CKa , o.~paroyB. ITporpaMwa H TB311C~ .liOK~a)IOB XYI 
coae~aHIIH rro ~epuol! crreKTPOCKOllllll , MocKBa,I966 . 

3aK~JO-
'16HHe 
o IIY~l>-
THllO~l>-

HOCTII 

E2 
E2(+MI) 
E2 
EI 

2 . S .Iha, R.K.Gupta, H.A.DeTare, Q.C.Pramila and K.P.Qopinathan. Nuovo Cim . , f_Q (1961), 
76. 

3 . A.Wapstra, Verster, and Boe1hauver. Phys1ca , l2 ( 195J) , 1J8. 
4 . R.Fink, E.O .Wiig. Phys. Rev., 2! (195J), 194. 
5. L.I.P111one, and W.W.Pratt. Phys. Rev,~ ( 1965),BJ8. 
6 . A.M.Lane, and E.D.Pend1ebury. Nuc1.Phys. 1!J(1960).J9. 
7. E.B.Nieschmidt, C. E.Mandev 111e, L.D.E111sworth and P.D.Bornemeier. 

8. R.K.Gupta, S .Iha,M.C. Jas hi and B.K .Mao1av. Nuovo Cim.,~ ( 1958), 48. 
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BPEMEHA IH3HH B03EYJAEHH~ COCTOHHHA B125 l II ''"I 

E.!~aee»cKuR, H.Ko»KaUKHR,M.MomuacauR 

HHCTHTYT HA6PHHX KCcne~o»aHHR.C»epK, lloxgma 

IIBIIepeHii »pelleHa nonypacna~a YPO»Hell243 11j2•1, 188 13/2'1 H Il3 KBB !7/2+1 B125 l 
11 ypoBaell 375 11/2 • I 11 203 KBB 13/2 ~I B 127 1 c noiiOIIJ,DD »pelleaao - HIIMIITY:zlHOro KOHBepTopa. 

llonyqeKfi cnenyD~e B8JIII'IIIH!i Bpe11ea nonypacna~a: 

llS 

1;/:z = 0,250,10,010 BC ,liJIH ypOBBH 11 /2+1 243 KBB » I 
T 'I~= 0,325,10,010 BC -"- I J /2J 188 

T'l:z = 0,560,10,030 BC 

Tvz ~ o, 135 BC 

T'k = 0,400,;tO,OIO HC 

-·--·-
-"-

17/2+1 
I 1 /2~ I 

I 3/2J 

II3 

375 

203 

-"- -·-
-"- _,,_ 

-"- BI27J 

-"- _,,_ 

' 

.f + s+- J+- st ' llpoaaanHBIIPOB8Hii npll»eAeBKiie BepoaraoCTH nepexoAOB B /E21 c ypoBaeR 1 --ru 2 :r 
H h8 STOll OCHOB8HHII 3TIIII ypOBHHII npHnHCiiB8eTC2 KOJIJI8KTHBBH~ xapaKtep, 

llpe;llCiaBJIHelllie H811H peayXDT8Tii HBJIHI)TCB '18Ct»ll 6onee mllpOKOII nporpallllli IICCJ18;llOBHHHH 

C~PHII6CKHX HA6p C H6'16TBHII 118CC0Biill 'IHCJIOII, nonyqaellliX » peaKTope npH 06JJyqeHIIH aeRTpOHHIIH 

6naropoASHX raaoB. 

Bo »C8X BlifiOJIB6HHiiX ;!10 HHCTOH~ero Bp6118HII 8KCnepHII8HT8X HII8JltCH B8fiOJIBii8 ;llHBHiie OT

HOCIIT6JI»HO cxe11 pacnHAa HAep c aeqerBiill qacno11 nporoaoB I z = 53/ 125 I , 12? I . 

~ 3TOI! pa6ote npHBO;llHTCH »p6116H8 ZHBHH ypoBH61! 243, 188 H 113 KBB 8 42•1 H ypOBHell 

375 II 203 KBB sflf I 

Ha OCHOBBHHH nonyqeHHiiX H811H peayn»TBTOB H peayJJhTBTOB ;!!pyrHX pa60T /l, 2, S/ IIOZHO fiOJIYqHTh 

H6KOtopyll IIH~Oplla~Hil OTHOCHT6nhHO npHpO;llli 8THX ypOBHel!, B pa60T8X C.rel!repa H ;llpyrKX npH

BOAHTCH K03~H~H8HT!i CII6CH 52 rHIIII8-nepexo;llOB 0 CnHHii 11-ro H ill-ro BOB6YZ;ll6HHiiX COCTOHHHII, 

fiOJIY1!6HHii8 HB OCHOB8HHH HBIIepeHHI! yrnOBiiX KOppenH~HII,H OTHOmeHHH K08~~6HTOB BHYTP6HH81! 

KOHBepCHH Ha no;llo6onO'IK8X L I L n L ill. 

Boa6yJI;ll6HHiie cocTOHHHB 425 I 

n. ITpwroTOBneHee ~CTO'IHHKOB 

H '"I nonyqanec» wa pacnaAa 125Xe ( T-y2 

' ( T"h = 36 ABell) nytell K - aaxBara. 
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Ec~6CTB6HHBH CMBCh H30TOUOB KC6HOH8 06nyqanach B p68HTOpe UOTOKOM aeaTpOHOBNI013 

H/cuZceK B T61!6HH6 54 qaCOB AXH nonyqeHHH 12 'Xe H 4 H6A6Xh AXH nonyqeHHH 127 Xe. 
raa 06nyqancH B cne~HBXhHO~ KSMepe, UOMB~BHHO~ B BKTHBHOa 30H6 peaKTOpa, OTKYAB nocne 

o6nyqeHHH nepeKB11HBanca B Apyrym Kauepy, HBXOAH~mca caapy~H peBKTopa. Cxeua aToro ycTpo~

CTBB 6HB8 OUHCBHB paRbWB /J/ . AKTHBHBH CM6Ch HSOTOUOB KC6HOHB p83A6nanBCh HB SBBKTpOMBrHKT

HOM cenapaTope B Rm6nHH6 OKOXO 5 1!8COB npH TOKe NIOfA • llOAXOZKO~ HCT011HHKOB 6HX8 TOHHBH 

anmMHHHBBBH ~OXhrB. 

Ill. llauepeHI!H 

.1\XH Haue'peHHH Bp6MBH llHSHII B036YllABHHHX COCTOHHH~ anep 6Hn np!!MBHBH Bp6M6HHOa - SMIIJIB

TYAHH~l KOHBepTop, UOCTpOBHHH~ no npHHUHfiY rpaaHB Eanna HB ~SY THUS 56AV P, OOHCBHHOMY B pa-

60Te /4/ • KOHB6pTOp 6HX CHB6ll6H cne~HBnhHHM ycTpO~CTBOM, OT6p8CHBBm~M HBB0ll6HHH6 HMfiYnhCH 

B OAHO~ B6TBII ( anty p~f.e - up Ctrcu~t ) , 

'iacTh cxeMH pacnaAa 125 Xe-""I noKaaaHa Ha pac.I • .1\nH onpeAeneHI!H BpeueHH ~I!SHH ypoBHH 243 

KSB perHcTpllpOBBXCH cneKTp COBUBABHHa (- 113XY116HHH C Er~600 KSB H L- aneKTpOHOB BHYT

peHHell KOHBepCKII XIIHIIII 243 K3B. ('- KBBHTH perHCTpHpOBBXHCh UXBCTMBCCOBHM C~I!HTHXXHTOpOM 

TIIUB NE I02 paauepaMII .¢ = 1" I ;t 111 
, 3JI6KTPOHH BHYTPBHHB~ KOHB6pCHII - oprBHII116CKHM CUHH

TIIXXHTOpOM TIIUB 11 HBTOH 136 11 TOXIIUIHOil I MM .Ha PI! C. I npeACTBBXBHH peaynhTBTH HSIIepeHHa Bpe

MeHI! ~113HH ypoBHH 243 KSB B 125 I, Tyt 0,250j;O,OIO He . KpHBBH urHoBeHHHX coBnaAeHH~ nony11eaa 

AXH 6° Co • 

P •2 s I eaynhTBTH HauepeHI!Il BpeueHI! 11113HII ypoBHH ISS KaB B npeAcTaBneHH Ha p11c.2. T '/z= 

0,325j;O,QI0 HC. Kpi!BBH 6HXB nonyqeHa nyTeM 113M6p6HHH CUBKTpa COBOBABHHil peHTrBHOBCKOrO H3Xy-

116HHH II aneKTpOHOB KOHBepCIIOHHOil BHHIIH ISS K3B. PeHTreHOBCKOB 113XY116HII6 periiCTpHpOBBXOCh 

CUIIHTHXXHTOpOM TI!UB 11 ni!XOT E" ( ¢ = 20 MM, h = 5 MM), BKTIIBHpOBBHHOrO CBI'IH~OII AD IQ%. 

0 TKXOHBHH6 XIIKKII B HllllHe~ 1!BCTII KpiiBOa npOKCXOAHT OT HBXOllBHI'IH Bp6116HK llii3HI! ypOBHH 

II3 KaB 11 annapaTypHHX a~eKTOB. 

Bpeua llH3HII ypoBHH II3 KSB B 125 I onpeAeneHo nyTeu aauepeHI!H COBUBABHI!Il L- aneKTpo

HOB XI!HIIIl 75 K3B II ~- XI!HHH II3 K3B,3aperi!CTpHpOBBHHOil,nHXOTOM E: 11a6pBHI!6 TSKOrO M6TOAB 

113MepeHI!H U03BOXIIXO YM6HhWHTh AOXm COCTBBXRm~e~, npOIICXOAR~ell OT ypOBHH ISS K3B;KOTOpBH 

BIIAHB HB pl!c.3 KBK MrH OBBHHBH COCTBBXHD~BH. "iy2 ypOBHH II3 K3B onp6A6JI6H p83XOll6HI!6M 

nonyqeHHOil Kpi!BOil HB ABB COCTBBXHm~l!e: 0,325 HC I! 0,560 HC. llOCX6AHHH B6X111!HHB I! HBJIH6TCH 

BpeueHeu nonypacnaAa ypoBHH II3 KBB (pl!c.3). 

IIHTepecyiO~aa Hac qacn cxeiW pacnaAa 127Xe - 121 I noKaaaHa Ha p11c. 5. Bpeua nonypac-

naAa BToporo B036YllABHHoro ypoBHH 127 I (203 KSB) 6HJIO onpeA6JI6HO 113 cneKTpB COBUBABHI!~ 
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5X6K!pOHO» »ByTp6HH6~ KOH»6pCHH XHBHH 172 K5» (203 KS») H j"- XHHHH 203 K3» , 

(172 Ka»), T.12 0,400,:tO,OIO ac • .ll.ns ypo»HH 375 Ka» s 
12

" I onpe.ztenea npe.zten BpelleHH nony

pacnSAa. ~3116pHXCH Cri6K!p C0Bll8A6HH~ peaTreHOBCKOrO 113JiyqeHHH II ( - JIHHHH C 3Hepraen 375 K3B. 

3TOT npe.zten OK838JICH paBHhlll T ')2 = 0,I35 HC. ( pHC, 5). 

IY . 06cyz.zteaze pe3yJihTBTOB 

Ha OCRO»BHHH HBWIIX pe3yJihTBTOB II .Z!BHHhiX pa60T 
11 •

21 
COCTBBJieHa TB6JIII~8 0 npe.ztCTBBJIHIO-

~aH Cp8BH6HH6 5KCri6pHII6HTBJihHO nonyqeHHhiX 3HaqeHH~ llPHB6.zt6HHhiX B6pOHTHOCTen nepeXO.ztO B THna 

E2 c ABHRBKH OAHoqacrHqaoR KOAeAH • pacqeraKH Kaccnxsrepa- Copesc eHa 16 ,77, ~3 conocTaB 

neHIR 3TIX A8HHYX C~6AY6T 0 qro 3KCD6PK116H!albUhle ABHHHe ~R B/E2/ exp. OO~bme OAHoqacTHq-

no KaccnHurepy-CopeHceay. 

KaK 113 TeopeTHqecKHX pacqeTOB KHCCJIHHrepa II CopeHCeHa , TBK II H3 3KCnepiiM6HTBJIDHNX .Z!BH

HhiX CJie.ztyeT, qTo ypOBHII CO Clll!HBIIII ~/2+ H 3/2 ~ 6hiCTpO ll3116HHIOT CB06 llOJIOll6HII6 .Z!O C5onee BhiCOKHX 

aaeprz~ c pocTOII waccoBoro qHcna A no cpaBHeHHIO c .ztpyrHIIII ypoBHHIIH a eqeTHHX 1130TonoB HO.zta. 

CorJIBCHO pacqeTBJI KHCCXI!Hrepa-Copeaceaa 3TH COCTOHHIIH B OCHOBHOII 1111610T ~OHOHHH~ xapBK

!ep, uo yKaaYBBe!, qTo nepexo.l!hl !Hna E2 1 1'2 +-Sfz'l 11 13//- 5111 .ztOJil!HH 6h1Th CIIXhHO ycKopeHhl . 

Ha OCHOBBHIIH HBWIIX IISIIepeHII~ noJiyqeao: 

qto CBKA6!6~bCTBY8T 0 KOAJI6KTHBHOK xapaxtepe 3TKX ypOBHeR, 

Cne.ztYeT OTII6THTh, qto,no-BH.Z!IIIIOyY,BpeiiR ZII3HH ypoBHH 375 K5B B 127 I Kopoqe , qew .ztaH

HaH HBIIH rpaHH~a, II D03TOJIY K03~H~H6HT YCKOpeHIIH .l!JIH nepexo.zta E2 BHW6 .Z!BHHNX B npe.ztCTBBJI6H

HO~ TB6XH~e. 

YpoBHII Y/ 113j2~ B 
125 I 11 

127 I IIOl!HO cq11Tan qneHBIIII BH6pa~HOHHoro IIYJihTHDJieTa , npo

zcxo.ztame ro 113 COripi!ZeHIIH aeqeTHOrO npOTOHa Ha op611Te d Sj2 C O.Z!HO~OHOHHblll COC TOHHII611 <2'. Te 

1"' 600 KaBI 11 
126 Te 1~ 670 KaBI .ztns 125 I 11 12

? I cooTBeTcTBeHHo. 

Ha OCHOBBHIIII 3KCnepiiii6HTBJihHhiX .Z!BHHhiX riO KYJIOHOBCKOIIY B036YK.zt6HIID HB~.zteHO, qTO .Z!JIH TB

KIIX JIYnDTHnR6TOB cyme CTByeT COOTHOW6HIIe: 

L B ( E 2, I i -It) ,., O 6 _ og 
• B(£2, o -z+J ' ' 

B Hawell cnyqae aTo OTHowea11e paBHO 0, 7 11 > 0,5 .ztJIH 125 I 11 
42

' I cooTBeTCTBeHao . flpHBe.ztea

aaa BepOHTHOCTD BIE21t .ztJIH 124 Te II 126 Te 6HJia B3HTB 113 paCiOTH / 6/ , 

AHH onpe.zteJieHIIH BIE21 exp, CiHJIII 11Cll0Jih30B8H~ CJI6.ztYIOIIIII6 COOTHOW6HIIH: 

.J..r £2 
8 (E 2

)ellp 1,23 ·1o+6' Er 5 (MJ8) 
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r)le J. / 2 = [ 1, 4 4 T112 ( 1 t J.r) ( 1 1 tz) · ! r 1 

ll ot; = c£K + 1,264 L otL 1 

52 - OTHOW6Hll6 CM6Cll yY.IlbTllnOHbHOCTe~ B .1\BHHOM nepeX0)\6 /E2:M!/, 

TepecyiD~ero Hac nepexo)la. 

0 < R ~ 1 - .1\0.I!R iiH-

J\nil onpe)leneHliR d..T 6blni! HcnonD30BBHbl Ta6nilllbl JI.A.C.ni!Ba il II.M.EaHJ\ • 

T ,p6oaHaqeHHble B Ta6ni!l.le .* B3RTbl 11a /I,S/. 
r;::: 

JI 11 T e p a T y p a 

I. J.S.Geiger and E.Brown.Proceedings of International Conference. Warsaw,24-26 Sept. 

196). Vol. II ,p. 128. 

2
• J.S.Geiger, R.L.Graham 1 I.Bergstr~m and F.Brown. Nuol.Phys. ~ (196J), J52. 

3
• A. Ambrozy Faundrowicz, A,Jasidsk1, J.Kownaok1, H.Lancman, J.Ludz1ejewsk1. Aota.Phys. 

Pol.,~ (1961), 5J7. 

4. J.Jastrzebsk1, M.Moszy6sk1, A.Zglidski,Nukleonika( B ne4aTil ) 
5 . M.Moszy6sk1, J.Jastrzebsk1, B.Bengtson. Nucl.Instr. ( B ne4BTll ) 

6 . L.S.K1ssl1nger and R.A.Sorensen. Rev.Mod.Phys., 21 185) (196J). 

7. R.A.Sorensen. Phys.Rev., 1JJ,B28l ( 1964). 

8 . J.S.Seiger and R.L. Graham. Bull Amer.Phys.Soo. 1966 Ann.Mect. at New York 26-29 

Jan.,p. 120 HAB. 
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a.. 
w 

Ax z 

125 I 53 

1ai ~3 

1251 
S3 

121 I 
53 

12~ I ~3 

127 I 53 

125 I 53 

127 I 53 

125 Is• 

---- - ----

E r,- If 
[bs] 

243 I/2-5/2 

375 I/2-5/2 

I88 3/2-5/2 

203 3/2-5/2 

II3 7/2-5/2 

57 7/2-5/2 

55 I/2•3/2 

I72 I/2-3/2 

75 3/2•7/2 

I45 3/2•7/2 
L __ ---

T1f2 % E2 "'-r 
IHCI 

0.250,10.0IO roo 0.078 

~0.!35 roo 0.0!92 
(,.<0,450)"' 

0. 325+0.0IO II.3,10.4 O.I4 
(0.353±o.oro)* 

0.400+0.0IO 2I±3 O.I9 
(o. 38I±o.oro)* 

o. 560±0.030 I.4 0.524 
(0.602,10.030)" 

(I. 86,10. rr)" 0.64,10.! 3.7 

0.045,10.020 4.75 

I 0.!73 

roo 5.07 

roo 0,46 

Ta6nHua 

R A!2 8/E2/ Sp B/E2/Ks 8/£2/e•p B/ E2/e•p 
r 2 If •1 B/E2/sp 2IJ +1 8/ E2 / sp 

/10-50e2 rm•/ /10- e 2 cm 4/ 

0.458 r. raxro9 0.!85 5.2 I.87 ro.r 

0,378 >I.9xro9 o.I88 5.8 >0.245 :L3 

0.988 2.09xro8 0.026 I.I9,:te.05 46 

0.925 3+ 0.6 
- 0.5 0.027 I I8+0· 24 

• -0.20 44 

xro8 

I I.3Ixro7 0.009 I5 o.8IO 90 

I 0 5+0.09 0,009 I7.3 I 07+0.!9 I20 • ~.07 • -O.I5 
X I 

0.542 I 17+0. 52 O.I85 o.47o+O.o2r 2.5 • -0.42 -O.OI7 
xro5 

0.622 2.7xro7 0.!88 0.366 2 

O.OI2 4,22xi06 o.r9 I.8I I5.2 

0.074 o.88xro8 O.I27 !,4 II .7 I 
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Time sorter spectrum oi •nn tJ a llmlf on the 
lifetime of the 375 keV level in 1 '

1
' 

r- ~ 

..• 
7 channel= 123· 70s 

ElkeVI 
1 1 

374.94Mt !f.> 
202B3 3,? 

57.60 

0 "' !)? 
511 

channel number 

PHc. 5. IIpe.zteJI speMeHH XH3HH ypoBHR 375 KSB. 127J 
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OJUlHOlffiHE CTIERTPH II CIIERTPH rAIIllA-COBIIA.l!Effiill II30TOIIOB KCEHOHA, 

PA3l!EJIEIIHHE 3JIEKTPOIIAI'IDIT!IHM CEIIAPATOPOM 

B.!yK, S.Kpyna, a.MOH'!Ka, D.IIOMOpCKH 

Ka~e~pa axcnepr.MearaXDHoa ~aa~tKH ya~tBepcaTera KY. KDpa-Cxxo~oBcKo~. 

JIJ06XHH , IIOXDW8 

Y npllpo,llloro xceHoHa l!lleerc!l 9 cracli!JihHHX H:JoronoB I I 1• Ero o<ll!y'leH~te Ha peaxrope 

Be,D,eT B pe3}'11hTBT8 p88.111Uill ( no ) K B03HIIItHOBeHI!ll 7 H3B6CTIIWX paJU(OBKTliBIIUX 1!30TODOB 

C nepi!O~ DOIIypacn~ OT HSCKOIIhKHX IIHHJT ,ll,O nepHO,ll,OB 1 <lOIIhmKX qeJI IISCIIU / 2/. 

B DpOB6~6HHiiX HBIIH 3KCnepHM6HT8X npl!pO,ll,HHa KCBHOH o<5xyq811CH B T6'l6HH6 20-40 'l.nyqKOII 

HB~TpOHOB 5x1012 njcy2 ceK,H DOCIIS Bli,ll,ep.XH OKOIIO O~HOrO ~HH np0H3BO~HII8CD 3X6KTp0118rHHT

H8H 118CCC6D8PBUHH / 3/. HOHii KC6HOH8 C aaeprHHIIH 35 KBB C061!p8XliCD npHMO HB BXllUHHH6BiiX ~OIID
rax. HOH T8KOa SHeprHH B6HB86TCH B MI!WBHD Ha rny<5aay OKOXO 8 ~~r/c112 ,'lTO ~OCT8TOqHO ,ll,llfi 

npoqaoro y~epaaHHH ero B 11aweau / 4, 5/. 

CneKTP 11acc co6paHHHX pa,D,aoaKTHBHHX H30TonoB nonyqancH nyTell H311epeHHH BKTHBHOCTH 

B~OJID ~OIIhrH. B CD6KTp6 06HapyzeHii OTHOCI!T61IDHO CHI!DH1i6 8KTI!BHOCTH ,ll,llfi DHTI! M8CCOBiiX qacen; 

125,129, 131, 133 ,135. Cna6o npoHBIIfiiii!CD 118CCii 127,137 (pac.1). 

Ta6naqa I 

CT86HIIDH1i6 I! pa~H08KTI!BHii6 I!BOTOnli KC6HOH8 0 B03HHKWI!6 B peaKUHH ( nf 

CT86HI!DH1i6 aaoTonH Xe Pa,D,HOBKTHBHHe H30TOnli
1

B03HI!KWI!e B p6BKUHH ( nf ) 

llaccoaoe Co,D,epzaal!e B MaccoBoe 'l'lm llepwo~ 
qacno DpllpO,ll,HOII qacno pacn~a nonypacn~a 

KCSHOHe(%) 

124 0,096 I25 fJ t l ~ 18 q 

126 0,090 127 r,~ · 36 ~ 

128 1,919 12911 r 8,5 ~ 
I29 CT86HI!DH1il! co 

129 26,44 !30 CT86HIIhHiil! 00 

!30 4,08 !3111 t" I2 ~ 
!31 CT86l!I!DHiil! 00 

BI 2I,I8 !32 CTB6KJIDHiil! 00 

!32 26,89 !33 r 2,4+ 5,6 ~ 

!34 I0,44 !35 ~- 9,!3 q 

136 8,87 !37 r 3,8 II 
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Paa~eneHH~e H30TODH 6~HII CHCTeY8TKqecKH HSyqeH~ C ITOYO~D C~HTKKBHUHOHHHX raYYa

cneHTpOYeTpOB. B rauua-cneKTpe 
115 

Xe , nonyqeHHOY c nououu.m KpHcTanna Na 'J (TL) I,5"xi•, 

qeTKO B~HH CH6AJD~e l!KHHH: X - 29,55,!14,!88,243,454 ~ 512,650,860 ~ 915, 1170 KSB 

( pile. 2) .• Cxeua BOS6y:a:,lleHHblX ypOBHell ~pa <H J , BOSHKKBDIIlBro ll pacna,lle 125 Xe , c5WI8 IICClle

~OBaHa H6CKOXbKHYK aBTOpaYH. Ha pHC.2 npe,llCT8Bll6H8 H8Kc50l!ee 8KTY8HoH8R HS pac50TH rearepa • 

EpoyHa / 6/. iloJlyqeHH~e HaYK cneKTpH raYWa-nyqell (O,llHHOqHHe H COBIT8,l\6HHil) ITO,llTBBPJ:ABDT npHB&

~eHHyD CIICT6yY H,ll6pHblX ypOBHell Jl npe~ITOllOJteHHII, qro nep6XO,l\H oqeHD Y8HO~ HHT6HCIIBHOCTK HB 

d~nK aaueqeH~ (pKc.3). 

Ta &!!!.!!,a 2 

f-nepeXO.ll~ Oc5Hapy:a:eHHHe HaYK B pacna,lle 1
Z

5 Xt 

i:lHeprHR nepe-
29 55 II4 !88 2IO 243 454 512 650 860 915 II70 XO,lla B K3Jl 

CoBna,lleHKR 
C 55 K3ll X X X 

CoBna,ll6Hl!H 
lc !88 KaB X X X X X X 

COBIT8,ll6HIIR 
C 243 KSB X X X X X 

TaK KBK CYIIleCTBJDT COBITB,lleHIIR ni!HII A 650 II 243 KSB, COrllaCHO cxeue 88 pKc.2 ,llOl!JtHH 

CJIIl6CTBOB8To TaK:a:e COBIT8~6HKR 650 K3Jl C 2!0 KSB II 2!0 - 243 K3Jl. 

Wx B cneKTpe raKYa-nyqe~ e qerKo BH~ n•x• 29,58,204 11 377, xeHee BBpa3Bre~•ao 

OTMeqeuu ITIIKII 146 II 174 K3B • CneKrp COBIT8,lleHBil C ~IIH•eA 58 K3B CO,ll8pJ:KT ITIIJt !73 K3B 

K ueRee GeTKo-l 'f6 K3B. 3To cornacyeTcR co cxewoll pacna~a,npe~cralll!eHHoll B TadnHuax EEeneno

Ba/?/nnH HsxepeHKH cneKrpa coBnB,lleHHR c nKHaei !73 KaB 12'Xe B reqeHBe ro qacoB co6paao o:a:ono 

!300 COBITa~eHIIIl B ITI!Ke 29 K3B H IQQ COBna~eHKil Jl ITIIK6 58 K3B. He aaueqeBO 0Jtll,ll8611HX COBIT8,ll6-

HIIIl C lliiHIIell !46 KSB.CneKTpH 1130Uepa429 Xe ITO~TBepz~aDT CJIIl6CTBOB8HI!e 116T8CT8611lloHOrO ypOBHR 

236 K3B II KaCKa,llHOrO nepexo~a 196 II 40 K3B. O~KHQqHHil cneKTp 131 Xe yKa3HB86T,COrll8CHO C 

~8HHHIIH /?/ , Ha CyllleCTBOB8HII6 ~BYX lliiHIIIl, I60 II 80 K3B, lleJ:AY KOTOpHIIII COBn~eHK~ He 

Oc5HapyzeHO. B CIT6KTpe rauua-nyqell 133 Xe p~OII C peHTr6HOBCKOll l!IIHK6ll 29 K3Jl BK~eH Cl!l!DHHI! 

n11K Bc5llii3K 81 KaB, a TaK:a:e sHaqiiTenoHO donee cnadue ITIIKII ~nH 160 11 2JJ KJB. nocne~Hl!a 

RBnReTCH cne~CTBIIeu ra1111a-nepexo~a B 133 Xe, a He B 133Cs. ~auepeHI!R coBna~eHIIa c nBHHe~ 

8! K3B He ~an~ nos~TIIBHHX pesynoTaToB, noTouy qTo nepexo,llH ~-Ha BHCWIIe ypoBHII B 133 Cs 

1111e~T W8llYD IIHTeHC~BHOCTo. PeaylloTaTH 113UepeHII~ cornacyDTCR CO CXeWO~ ypOBHe~, ~8HHOll B 

Tadn~uax AJI:enenoBa /?/, AKTIIBHOCTo,COOTBeTCTBY~IIl8R uacce !35,oqeao IIBlla (pHc.I),TBK qTO 

113UepeH TOllbKO O~IIHOQHHM cneKTp, B KOTOpOM B~,llHH, COrllBCHO C ~3BeCTHO~ CX6WOll ypOBHeH,llHHIIR 

250 K3B H cnadue l!IIH~H 360 II 604 KSB : pMC.4). 
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HCCJIEJ!OBAHiiE f-J.i3JIY1iEHllil 108m Ag H mm Aq 

T.II.Kpanxttoaa 
Ka~eApa HABPHO~ ~H5HKK ~TH~ qBYT, ITpara 

E.Kpa!IIIK 
OHC, liHCTHTy! HABPHHX KCcneAOBBHH~ ~H, Pzez 

108m +110m 

0 - Hanyqeaxe Ag AO SHeprKH !600 K5B 6YnO KayqeHO C llOMO~m ABYX AB!BK!OpOB 

Ge(LL), K3rOTOBneHB~X B OTAeAeRHX aAepHo« CllBKTpOCKOnHK IIRCTHryra KABPHHX KCCli6AOB8HHI 

B Pzeze. 

PaapemeHK6 OAHOro H3 AeTeKTOPOB C nno~aAbm llOBBPXBOC!B 1,7 c.Z H rny6HHOI APBI~a 6 MM 

6YnO 5 KaB H8 nHKB 66! K3B 137 C 5 • J!pyro~ AeTeKTOp - K08KCH8llhHOrO !IIlla C 8K!IIB~M 06l>eMOM 

6, l CMS -:. HMBll paapeiiiBHKe 6 KSB H8 nHKe 66! K3B 137 C S • 

CMrHanu OT AB!BKTOpa llOA8B8nHCh qepe3 npBAJCKnHTBl!D H8 200-KaHan:&HYA 8MnliHTYA~« 8H8-

liK38TOp "IIHTBPTBXHHKB" H B 6onee ll03AHHX H3MepeHHftX -Ra 2048- K8H6llhHU~ 8MllnKTJAHUA 6HBnH-

36TOp, H3rOTOBl!BHHU~ B IIHCTHTJTe HAepHUX HCcneAOB8HHA B Pzeze. 

B K8'i6CTBB iiCTO'iHHKOB 6UnH HCnon:&30B6HH 2 o6paaua cepe6pa (eC!6C!BBHH6H CM6Ch cepe6pa: 
101 A 101, 1a1 9 - 51,39.' H "9 - 48,65%, H o6oraUleHHaa Ag AO 97 ,8%), aKTHBIIPOBBHHUe Helrpo-

HaMH H8 p68KTOp6 I!HI! B Pzeze. llawepeHHH 6HnH H8'i8TU qepe3 2,5 rOAB ll0Cll6 KOHUB 06JiyqeHHR K 

DpOBOAHli.Ch B Te'ieHKe npKMepHO l rOAB. ilpKMeCH APYriiX H30!0ll0B He 6UnK 3aMeqeH~ B HamKX KC

TO'iHKKax. 
1DBm+110 m 

B Cll6K!pe f' - HSnyqeHKH A.g HBMII 6Ul!O H8llA6HO 27 q- nepeXOAOB. 

10' mAg B ra6JIHne I npeAcrasneHH aHeprKH K O!Hocxren:&aue i!HTBHCHBHOCTH f'- nepe-

XOAOB, KO!opue npxnHcaHu HBMH cneKrpy l!snyqeHI!R 101 m Ag • ITepexoA c aHeprHell 405,7 KSB o6-

HapyzeH KaMa anepaue. llcnon:&aya orHocxren:&Hue IIHTBHCKBHOCTII Gl- IIHHHll, l!swepeH~e a HaCTOH

lBlt pa!!o,Te, ABHHUe 06 KHTBHCKBHOCTHX KOHBepCHOHHUX lll!Hilll (I,2) I! l!3BBCTHJK> MJn:&TI!llOJ!DHOCTh 

rana E2 nepexoAa c aHeprxell 433,7 Kaa ( 2+-- o•),YN onpeAenl!IIH K03~l!UKBHTU BHyrpeHHell 

KOHBepCMH nepeXOAOB C 3HeprHell 6!3,5 M 722,6 KSB. 

ilOllyqeHHUe !8KHM 06p8SOM K03~HI{H6HTU KOHBepCKH eLK BMBCTB C !eOpeTH'iBCKIIMK 3H81iBHHH

U "'-1< Al!H paSHUX MJn:&THDOllhHOCTell /6/ npKBeAeHU T8KZB B T8Cinaue l. 

lloJKHI KOS~HI{KBHT KOHBepCKH nepexo~a C aueprRell 79,5 K3B onpeABl!BH H8MM no OTHOWeHI!D 

MBTeHCHBHOCTM (- HSlly'ieHHH 79,5 K3B K llOliHOMY 'IKCny {3- npeBpall\eHMll /3 , 4/ 2,4-IIMH.~Ot!ep-
Hero HAPS 108 Ag • ITonyqeuaoe 3H8'i6HI!e (0,31 ,i0,I5) BaXO)UITCll B COr.JiaCKII C teopeTIABCKIIM 

3Ha~eHHeu O,Jzi61~~R nepexo~a :rxna EI. 
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KOHBepCMOHHNe BMHHH OCTaHbHNX ~- nepeXOAOB HSUepeHN He CiNnH. 

Ha OCHOBe nonyqeHRNX HaUH AaHHNX H peaynbTBTOB npeANAY~ paCiOT UOCipOeHa Cionee TQqBaH 

cxeua pacnSAa 
108

mAg; npHBeAeHHBH aa pMc.I. YcTaHoBneao nonozeHHe ypoBHe~ c aaeprHHUH I048 

KSB, 4+ H I049 KSB, 0+ H UOATBepKABHO cy~eCTBOBaHHe ypOBHe~ C SHeprHHUH I454 H I469 KSB B 

cxeuax ypoBHe~ 108 
Pel. H ~011 Cd. • 8HeprHI! OoJibWIIHCIBa ypoBHe~ onpeAeneaN Cionee Toqao. Ha 

OCHOBaHI!H yYnbTI!UOHbHOCTII nepeXOAB 79,5 KSB nonyqeao 3Haqeal!e 2- AHR KBaHTOBNX xapBKTepi!CTHK 

YPOBHR 80 KBB B cxeue ypoBHe~ 108 A 9 • 
1~0 mAg . B TaCiHI!I\e 2 npeACTBBneHN saeprHI! H OTHOCI!TeHbHNe IIHTeHCIIBHOCTI! r-nepeXO)IOB 

II0~1~nepeXOAB C saeprHH¥11 566 ,0; 667,2; 753,0 II 785,0 KSB Apyri!UII aBTOp8UH He HaCimo

A8JIHCb. HcnOHb3YH nonyqeHHN8 HaUH OTHOCI!TeHbHNe IIHTeHCHBHOCTI! ~- JII!HII~, OTHOCHTenbHN8 HH

TeBCI!BHOCTII KOHBepCIIOHHNX HHHH~ /2, 5/ H HSBeCTHYI> yYHbTHUOnbHOCTb THUS E2 ABH d'- nepeXOA8 

C 3Heprl!e~ 657 ,5 KSB (2+-. 0+), UN onpe)le JII!JIH K08~11q88HTN BHyTpeaHe~ KOHBepCHH ~-nepexo

AOB 
110

m Ag. ilonyqeHHNe TaKIIU OCipa30U ci.l< BuecTe C TeopeTHqecKIIUI! 3Haqeai!RUII a{. I< ABH nepexo

AOB pBSHNX TI!UOB / 6/ TBKKe npeACTaBneHN B TBCinl!qe 2. 

CpaBHI!BaH TeopeTI!qeCKHe H SKCnepHUeHTanbHNe aaaqeHI!li o{.l< , UOMHO CAeHBTb BNBOA, qTQ BCe 

HaCini>AaeUNe nepeXOAN HBHHI>TCH nepeXOAaUH THUB E2, MI IIHII HX CU6CHUH. 

CneAyeT OTUeTI!Tb, qTQ 113yqeHHe zeCTKO~ qaCTH r- cneKTpa +tOm Ag HBUH noKa He 3BKOH-

PaCioTa c noApOCiHNU oCicyzAeHI!eu nonyqeuHNX HaUl! peaynnaToB 11 cxeUN pacnaAa 108m Ag Oy

AeT onyCiJIHKOBaHB B qeXOCJIOBBuKOU ~1!31!qecKOU zypHaJie. 

PaCioTa CiNJia BNUOJIHeHa B OI)IeJie HKH HAepHO~ cneKTpOCKOUI!II HH~ B Pzeze. 
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-J ..,. 

HacToH~aH paCloTa 

( f ,.KSll 0T HOCI'IT, 
I'IHTBHC, '(-
Jill Hila 

79,5 1 0,5 0,083±0,09 

405,7 1 I,O 0,008±0,004 

433,7 ± 0,5 I 

613,5 ± 0,5 I,OS.±D,I 

633,0 ±I,O 0,002.±D, OI2 

722 ,6 ± 0,5 I,02.±D,I 

836,5 ± I,O O,OOI.±D,OOI 

!020,0± 3,0 O,OIO.±D,OOS 

a) BSHTO 113 paClOT~ /2/ 

Cl) BSHTO 1'13 paClOT~ /I/ 

0THOCI!T, 
IIHTBHCI!ll, 

K -KoHll.JIIIHIIa 
/1,2/ 

I 

0, 438 ) 

0,28° ) 

• 

:raouua I 

9Kcnep. TeooeT.SHa'leHI!B oi,., · IO" IS/ 
SHa'leHIIB 
ct. ·I03 
" 

EI IH E2 

7,7 

3,IS.±D,30 I,OS 3,05 2,94 

2,II.±D,30 0,75 2,!0 I,90 



-.J 
\Jl 

HacTOH~aH paOoTa 

E(IKSB 0THOCIIT. 
IIHTeHC. "(- JIHHIII! 

364,2.±<J,9 0,0027.±<J,OI3a) 
446,8.±<J,6 0,030.±<J,003 
566,0.±<J,9 0,007;t0,003 
620,2;t0,6 0,027.:t<J,003 
657 ,5;t0, 5 I 
667,2.ti,O O,OIO;tO,OOS 
677 ,S.±<J,6 0, I39;t0, DIS 
686 t 3;t0 t 6 0, 075;t0, DID 
706, 5;t0, 6 O,I66.±<J,OI5 
743,S;t0,8 0,04I;t0,006 
753,0.ti,O 0 t 007 ;tOt 003 
763,5;t0,8 0,226;t0,020 
785,0.ti,O 0,003;t0,002 
8I8, O;tO, 6 0,076;t0,007 
884, 5;t0,6 0, 8II ;tO, 080 
937,5;t0,6 0,365;t0,030 

1384, 5.t0, 8 0,298;t0,020 
I476,2.ti,O 0,052;t0,005 
I506,0;t0,9 0, I62;t0, 020 
I 56I,4.ti,O O,OI4;tO,OOI 

a) ~ = (I384, 5-I020) KSB 
B) .B3HTO 113 pa60TH / 5/. 

ltiHTeHCI!BH. SKcrrepHIIeHT. 
I< - K OHB. JIHHIIII KOaqxp.KOHB. 
/2,5/ ol.K ·IDa 

0,092.±<J,OI 8, I3.ti,O 

0,032;t0,006 3,I4;t0,6 
I 

O,II;t0,02 2,IO;t0,40 
0,06;tO,OI 2,I2;t0,35 
0, I6;t0, 02 2,5S;t0,40 
0,040;t0,004 2,58;t0,40 

O,I65;t0,005 I,93;tO,I7 

0,043;t0,004 I,50;t(l,I4 
0,370;t0,008 I,2I;tO,I2 
O,I49;t0,005 I, 08;t0, 09 
0,049t0,003 0,44;t0,08 
o oo7-:;:6 oo28 ) 0, 36;t0, IO 
o:o2r:±o:oo28 ~ 0,34;t0, IO 

Ta6ma 2 

TeopeTJlqecKHg KOS~BAHeBT KOHB6pCHil 
tl-1<. I08 /5/ 

EI E2 E3 III 112 

2,48 7,95 22,2 7,85 26,4 

I,I2 3,I8 8,40 3,58 !0,60 
2,65 

0,9I 2,45 6,30 2,80 8,30 
0,88 2,35 6,00 2,70 7,90 
0,83 2,I8 5,35 2,50 7,28 
0,75 I,93 4,65 2,26 6,23 

0,72 I,88 4,3! 2,!6 5,70 

0,63 I,62 3,38 I,88 4,75 
0,54 I,32 2,78 I,58 3,82 
0,48 I,IS 2,40 I,38 3,25 
0,24 0,50 0,94 0,58 I,25 
0,2I 0,44 0,8I 0,52 I,I2 
0,20 0,42 0, 77 0,48 I,04 

O,I98 0,398 0,7! 0,45 0,92 
---------- ---- ----- - -- ---
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r.AJDIA - H3JIYtimKE J!OJ!I'Oii'IBYil\KX H30TOIIOB 104 Ag 11 I06 Ag 

B B e ,l!j e H II e 

D. A. AH~peea, B.P. EypMHCTpoa, E.r. KMcenea , 
B. A. J\H~Op€ HKO 

i'lccne~eKHe 113otonu cepedpa I04 11 cepedpa I06 nonyqaAHcb no peaXnHB (p,n) np11 oOny

qesiiH cooruercTBYD~X 1130Tonou nanna,l!HH npo roaaKH c 3HeprueR IO I3B Ra nHKnorpoHe ~ AH 

Ka3CCP. KllmeHb naAAa,l!HH Ouna oOora~eHa I04 Pd • H30TOnHHR COCTaB KHmeHH npHBO,l!jiiTCH B 

raou~e r. 
Ta611111~a I , 

I02 Pd I04 Pd I05 Pd I06 Pd I08 Pd IIO Pd 

O,I~ 64~ 2~ 7~ 2,3~ 1, 6% 

TOAII!IIBa umesel! 0,5 + 6 llr/ CM2. TOR npOTOHOB "' I0 llKa, BP€llll oOnyqeHIIH 60 + 90 KHHYT. 

!lpOB€,l!j€BO IICCAe~OBaHII€ 5 00AYQ€HHBX npOTOHallH llllm eHeA. H3llepeHHH RaqHHaAIICb cnyCTH 

20 lliiHYT nocne OXOHqaHIIH oOnyqeHIIII. 

B naAAa,l!H€BOl! lli!M€HH B pe3yAbTaTe oOnyqeHHR npoTOHaKH nonyqaDTCH Tpll aXTHBHOCIII no 

peaxnHIIll I04pd(p,n) I04 Ag , I05 Pd (p, n ) I05 Ag , I06 Pd (p,n) I06 Ag 

Bee rp11 axtiiBHOCTH xopomo pa3,l!€ARDTCR ,l!pyr or ,l!pyra xax no 3H epr11Ril ralllla-nepexo,l!oB, rax 

H no nepHo~all nonypacnana. B Hacros~e A paOote cooO~aor cs pe 3yRbTaru Hcc n e~oaaHH R pacnana 

nub 104 Ag 11 106 Ag , pe3ynuatu no 105 Ag dy~yr coo0111eHu no3J:e. 

Kpo11e roro, ,ua IICTOQHI!Ka I06 Ag OWIII no.11yqesu no peaxnHII 107 Ag (n,2n) I06Ag 
npll 00Jiyq€HHII €CI€CTB€HBOrO cepedpa C qiiCTOTOl! 99 , 99~ OHCipHllll H€RTpOBalll! 1 IIHT€HCIIBBHll 

nyqOX XOTOpuX nonyqa.JICII npB 00JIYQ€HIIII yrnepOXUOll lli!M €HII ,l!j€l!TOHalll! C 3HeprHell 20 M3B. 

Hcc.Jie,l!OBaHie rall!la-K3Jiyqeu•s 1130TonoB 104 Ag 8 106AgnpoaO,l!jiiAOch sa nonynpoBO,l!HIIXO-

BOll G e (Li) raJOill-cneXTpolleTpe c xpHCTM.IIOil ,l!jllaKerpoll 2 c11, c TOJIIItiiHOl! qyacTBBTeJibHOro 

CIOS 5 llll II C pa3p€B€111161l 8 + 10 1138. KpHCTaJIA 0UJI B3rOIOBJI€H B JladopatopHH Hel!TpOHHOl! ~~~-

311111 OHffi! I l/ . 

~llpOBXa CD6XTP01l€Tpa no 3Hepr11H npOBO,l!jB.IIaCb Hall C DOllO~bD IICTOqHKXOB 114 Jn 1 

203 Hg , I37 C s , 22 Na. , 144 p,_ , tax 11 no 113B€CTHBll ralllla-niiHIIRll 104 Ag 11 106 Ag • 
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llp~ rpa~y~pOB K e OTHOCHTeRbH OR J~eKTHBHOC TH cneKT pOMerpa ~ CDORb 3 0BaR~Cb ,KpOMe BUme YKa3aHHUX 

IICTO'lHHKOB, raue II 144 Ce , 60 Co , 124 sb , Alla.1113 IIIIDYJ!bCOB np013BO ... .ICll HaallnRH-

TYXHOII aRaRII3aTope AH-256. 

Hso:ron !04 Ag 

CBo~a scex paaee BHnonaeHBHX paOor no •ccne~osaBin cnexrpos 113Ry'leHa~, •cnycxaeiiBX 

npl pacna~e I04 Ag , np8BOXHTCll B paOore / 2/ , Pe3y.lhTaTH 3THX paOOT no ICC.Ie~OBaRBn 
3HeprHI I HHTeHCHBHOCTel r- nyqeU BlleCre C RamHKH ~aBBHKH npHBe~eHH B Ta0JK~e 2. 

B :raOXHuy CB e~eBH cpexHHe no BCell 13llepeHHllll 3Ha'l8HHll 3HeprHU I OTHOCITe.lbBHX IHT8R

CRBHDCTeU CO cpenHeKB~~par~qeCKHMM OHR0XaiiR. ilpH rp~RPQBKe no 3ReprBH r - nepeXO~ 

5!1 , 854 H !623 K3B HaliK HcnUUb30BaJ!IICb KaK penepHHe / 5( cnexrp ra~~~~a-nyqeA ICC.I8AOBaH OT 

80 XO 3000 K3B . ilpBHaA.IeXHOCTb (- .IIIHIR 130TODY f04Ag ll~eHTH~~niiPOBa.laCb HaKH no 

nepHO~ nonypacna~, paRHOIIY 66 KKHYT cornaCHO paOo:r~ 12/ • B 06J!aCTI 3HeprxA OT 80 lO 

511 xas t- J!HHBR, pacnaxan~xcs c nepBOlOII 66 IIIIHYT, He oOHapyxeHo. no 11epe pacn~a 
104 Ag B aroR oOnacra aaepr•A npossnsnrcs nux• c aHepriiRKH 283 ! 2, 346 ! 6, 447 ! 3 xas , 

dnn 3K~e K 3 HeprHHM,cooOmea~e o xor opux duno s/5/ . 3TH ~- l!HHHH no nep1o~ nonypacnaAa liB 

OTH8CJ!I X H30TOny 105 A9 Or~eJ!bHUe yqaCTXII cnex:rpOB B OO.IaCTH 3HeprHH, npelCTaB.IRn._X 

HHtepec C TO'lKH 3peHHll 00BapyxeHill HOBHX ( - .IRHIH 11.111 YTO'lHeHHll H~eHTH~IXanlll 3HeprBI · 

(xax B cnyqae rauxa-J!HRHH 780 xas corxacHo pado:re 131 ) npHse~eHH Ha pac.I. Cnexrpu CHIITH 

qepe3 3 qaca DOC.Ie XOHUa o6xyqeHHll. ra~~~~a-J!HHHD 1026 X3B, 3alle'l eHHyn B KOHBepCIOHHOII 

cnexrpe IO~ Ag /5/ , liB He odHapyxasaell (pac.Ia). ITepexo~ 747 H 478 xas 15/ liB BAeH

rH~KUHPYell HenocraroqHo qerxo. llepexo~ 2905 ! 6 (pKc.1s), 920 , 901 • 833 xas (pBc.Ia) 

odHapyxeBH Hallll snepsue. IH raxxe C'lBraeK, qro snepswe oOHapyx~nH 1'- J!KHHn 780 xas 

(pac.!a), XOTll 3Ta J!HHHll DO 3Beprllll COBnaxaer C r- J!HHHeR, yxa3aHBOI B pa6ore /J/ 

O~HaKO,HCXO~H 113 HHTeHCHBHOCTH, yKa3aHHOR B pa60Te /J/ , J!HHHn 780 K3B,npHBe~eHHyn B 3TOI 

paOor e, liB OTO~eCTBJ!Hell C d- J!IIHBeR 760 K3B COfJ!aCHO HBmHII ~aRHHII. 

YcpeASeBBHI nepHO~ no.11ypacna~a no BC811 H~eHTB~IIUHPOBaBHHII J'- J!HHIRII paaeB (70!!) 

IIHRYT • 

C Ue.lbD oneHXR IIY.IbTHDOJ!bHOCTH BaH60J!ee CIIJ!&HOI Jr- J!IIBHII Ba 11arHBTBOK cnexrpOIIerpe 

~Vi B311epea cnex:rp xoBBepcaoaHHx a.1exrpoaos d- nepexo~a 556 xss. ITo oraomeaan ~ = 

~ 8 ! 3 IIOXHO npe~nOJ!OXHTb, 'lTO nepeXOX 556 X3B Hlleer IIY~bTHDOXbBOCTb E2. 

H3oron !06 Ag 

Hccne~oBaHHn cnexrpa xousepcHOBHHX axexrpoaos 106 Ag nocBHI!leHo OoxLmoe XO.IB'lecrso 

paOor / 2, 6, 7/. J/I31iepeBBe Xe '(- cnexrpa npOBO~J!OCb ~Hmb Ha C~HTHnJ!HUHOHBOII J'-Cnexrpo

lletpe / 8, 9/, npH'leK OTHOCHTeJ!b&He HBT8BCHBHOCTH onpe~eJ!l!J!HCb J!Hmb B paOOTe / 9/ , 
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B Ta~X.~e 3 npKBO~STCS pe3yAbTaiH BamKX H3KepeBBU 3BeprBR H OTBOCKTe~bBHX KBTeBCBBBOCTeR 

f - .11yqea BKecre c pe3ynrarllllll .~~:pyrn anopoa. KaJt • B CAJ"'ae 104 Ag_ , B ra~a~e DJ*-

Be~eHB cpe~eapB~eraqecxae BenzqBHH 3BeprBR H OIBOCHieAbBHX BBieHCKBHOCteU 0" - JyqeR 

!06 Ag , onpe~e~eusue no seeK cepaSK K3KepeuHa. 

llpa rpa~KpOBXe DO 3HeprHH B KaBAOK cnexrpe 3a penepHBe 3HeprHH DPHHHKanHCb 22!,5!2 H 

!046 R3B , B3RTHe HaKH H3 pa60TH /7( llpHHa~eBHOCTb Ot~eJibBHX 0(- JIHHHA H30Iony !06A9 

~eBTI¢HnxpoBanacb no nepHo~ nonypacnana, pasuo»y 8,3 ~a cornacuo padore /2/ • 

Hccne.~~:osauae cnexrpa ~ - H3nyqeHaa nposoAHnOcb B o6nacrH or 200 ~o !900 R3B. Ha 

If- cnexrpa c ~enbD HnnDcrpa~a JIHHHD, snepsue ua6nD-

~eKHx B 11 - cnexrpe (pHc. 2a,6,s,r),B yroqaeuaa sonpoca o6 HHreHCHBHocrax B cnyqae 

raMKa-nBHMD 1224 M !200 R3B (pac.2s). llpase~eHHHe cnexrpu CHHIH npayepHo qepe3 8 qacos 

nocne oxoaqauza o6nyqeHHa. 

l!HieHCIBHOCU ar- JIHHBH 228 K3B, OdHapyxeHHOD no ROBBepcHOHHOyY cnexrpy /7/, no Hamel 

O~eaxe,COCiaBJISei He donee 0,! OI BHIBHCHBHOrO nepexo~a 22!,5 X3B. B03KOBHOCib cy~eCIBOBB

HBS "( - nepexo~aJ28 R3B /9,7/ HaKH He OIPHIUletCS. raJDia-JIIIIHiUI 60! X3B /7/ B HamHX H3Ke

peBHSX He npOJ!BJiaet .:a, a ee HHteHCIIIBHOCU KH OQeHBBBell He 60Jiee 0,! OT HHTOHCHBHOrO nepexo

~a 6!6 R3B. llepeXO,I\ 680 R3B /?/ HBKH He 06HapyxeH, 

Ycpe.~~:HeBHHA nepii!O.JI: no~ypacna.~~:a, onpe.~~:e~eHHHR no seeK f- ~BHHRil,paBeH (9 ,0!0,5) AHR· 
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Ta6JII!qa 2 

Et'(•os) 'Jr 
I'Hprac /3/ Sue /4/ HaTJIBI! /5/ Haw11 ;~~aHHble rl!prac /3/ Hawa ;~~aHHble 

II6.t3 
I67;t4 
262.t2 
355.t3 
443±3 
478,t8 

5II(aHHIIr) 32.t3 
555.t5 555 556,t3 556.t2 IOO roo 

62I;t4 622.ti 4,5.i<J,5 
745.tiO 755 747.t7 20±6 

767;t4 76I.t2 54.t8 
780,tiO 780 780,ti 57.t8 6, Ij:0;6 

795 
833,ti 2,2j:0,5 

860.tiO 860 854.t5 854 I5.t2 I4.ti 
90I.ti 3,0.ti,5 
920.ti I5,0.t2 

935.t5 920 938,t5 936±2 35,t5 23,14 
I026,t7 
I074.t7 I072.t3 I,8j:0,2 

I260.tiO I263,t7 I263.ti l!e.ti 4,Ij:0,8 
I340.tiO I343,t8 I343.ti IO,O,ti,5 5,5j:0,9 
I540.tiO I529.t8 I525.ti 8,3,ti,O 6,3,t0,8 
I640,ti5 · I623.t8 I623 9,0,ti,5 5,I,tO, 7 
I8IO,ti5 I806.tiD !776+2 8.ti 4,4,tO, 7 

2905~6 0,28,t0,06 
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Ta6JII!U8 3 

£'(' 1<38 J 

Ciii!T /6/ llloap 11 7J.p./7/ Podi!HCOH 11 7J.p./9/ Haw11 7J.aHHhle Haw11 7J.aHHble Podi!HcoH 11 
7J.p./9/ 

- 195 - - - -
- 221,5 215.±,6 221,5 8,2,10,9 II.t3 
- 228,5 - - - -
- 328,3 3IO.t2 - - -
- 390;9 - 392.±1 4,6,10,6 -
- 406,0 4I0±5 407,6,10,8 I3.t3 } - 429,5 - 429,9,10,8 I3,5±1,5 61.±5 
- 450,8 456±7 451,2±0,5 30.±2 
- 474,2 - 476,4±1,5 +4 
- 5II,8 5I3±5 5II,8 IOO IOO.t5 
- 600,9 - - - -
- 616,1 618,±6 6!6,2±0, 7 18±2 27±1 
- 680,3 - - - -
- 703,3 700.t.IO 700±4 ""6 

J 
-

- 7!6,2 725±7 7!7, O.t.CJ, 8 32±1 7!7 ,I 
- - 739.t.I2 - - 70±7 
- 748,3 751±12 746' 8.±0' 2 2I±I 
- 792,8 783±12 788,3.±2,3 7±2 
- 803,9 - 804±2 39.±6 -
- 824 , 5 8I0±10 825, I.t.CJ, 5 28.tiO 37±5 
- 847,5 847±12 843±3 ~6 !4±3 

1046,1 1045,7 J:050.tiO 1046 29±2 34±2 
II29,8 II27 ,8 II30.tl2 II24±2 15:!:4 I3±I 
1201,0 II99,I 1202.±12 1200±1 13, 5±2 } 1223,7 1222,8 1227.±12 1223±2 IO.t3 21±1 

- - I380±20 - - -
- - - 1425.±2 ~3 -

1528,5 - - 1528:;1 14.±3 -
- - !537±15 - - 27±1 
- - 1560±20 1572±2 ·a! 2 -
- - 1580±20 - - -
- - 1730.±20 17!9 !. 2 I,9.t.CJ,7 1,9.t.CJ, 5 
- - !830±20 1835 !. 2 2,2.t.CJ,4 3,3.t.CJ,3 
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PACIIAJl 155 Tb - 155Gd • 
.liEU - Bllil'AIUIOHHOE COC'l'Ol!HIIE B llJlPE I5\( 

H.Bp3an, ll.f&JaB, I.RY3B8QOBa, H.Aintax, 
H.Yp~aseQ, l.~asrep 
Jll'!IT 11 RH 'P OIUU! 

Bcc:u,~;oBauD pacna..a 155Tb ~ 155cct nocu•eu p.u pa~or. Ha.Julo.tee noJioe JI&BIIHe o 

CX8118 ypOBBel 155Gct , D0~8BBH8 Ba OCBOJaHBK K311epeBBB cnextpa 8n8XtpOHOB BBYTPIBB81 

XOBB8PCBB, DPBBO~TCB B pa~ote XAPK&TQ& B AP• /I/ • HOBWe ,I&BHWe 0~ ypOIHBX B IS5Gd no

xyqeBK B pa~ore Bax~cxoro B AP• /2/ , B xotopol BDepawe BCCXe,IOB&B cnextp r- xyqel 
155 Tb B ollxacu nepral E ~ > 380 X3B c novo•~~~ Ge(li) Jtetenopa. 

llallll BCC.I8,10IIaJICB CD8Up 3XtxtpOBOB BBytpeBBefl XOBB8pCBll 155 Tb B& ll&rBKTHOK j! -cnex

tpolletpe c .uolaol .uyxxpauolli) 4KJxyc•pouoll / 3/ • Cnenp 0- .11'1811 noxyqeu c no•o•~ll 
Ge ( Li) xoaxcuuuoro no.tynpoBO.lJ!IIXOBoro ,11;nenopa c IIYBCtBBteUIIHJl oMe11011 "'5 cv3• 

lX~ B311epeBKI o- CD8Xtpa npenapat rep~aa BW,18JIBDCB K3 ~pax~a .UCDpo3KB, DOJIY'I8H

BOI JXMBqtCXKK BY,I8X8BI811 B3 IIKB8BK T&HTal&, O~.IY1!8BHOI npotOB&KB C 3BeprBel 660 IBB B& 

ClftXPOQBX.IOTPOBe B lJ~He. HavepeBBB BaqBB&XBCb qepe3 30-40 ,IB8R nocne BW,Ie.leHKB tep~BB 

K3 ,IBCDp03BB. B nepBOI cepBH B311epeBBI,XpoKe &XTBIBOCTK I55 Tb, B&~DD,ll;an&Ch He3BaqBT8.1bB&B 

nj)BKec~ or B3.1J'1811U I5JGd , naxonaneroca Jcxe,~;cnae pacna,~a I53rb • I!03TOIIY ~ll noc

ne.IYD .. X B3BepeBBI npenapar rep~•• neueoqa~anca,H nonyqesaw~ KCTOIIHHK co~epxan TOnbKO H30-

ron I55rb. Halln,~;ae&A cnenp '{-.IY'Iel 11Jliii818B aa pac.I. 

II0~8BB ,I&BIIH8 0~ 3H8prBBX I OIBOCBT8XbHWX BBTIBCKBBOCIBX 59 r-nepeXOJIOB B BlPf 
155 Gd • 44 nepexo,&a sa~JIDlaiBCh 1 a- cnex:rpe Bnepswel npK~~eK 2I nepexo,ll paaee Be Hall

JIDJI;&Xca 100~.8. H3 HBX 8 nepeXO,IOB B&~.ID,IBABCb HaliK taxze B CD8Xtpe KOHBepCBOHBWX 3.11KTpo

BOB. 

Ha ocso1e no.~yqeBHWX ,I&BBWX, a tax:xe )lammx paOotw III onpe)le.Jlellll 3KcnepBIIeBTaune 

3aaqeHBa KO~BQBeRtOB BHyrpeaseU KOHBepcaR (npa atoM npe)lnonaraxoch, qro nepexo,1 c ;sep

rnll 262,45 K3B qacm MI - nepexo,1 /I/ ) • c.-exaa BWBOl o vynultnOJibHOCIBX ~OAhiiBRcTBa 

nepeXO)IOB. Ha OCBOBaHHK llaAaHC& 3HeprHR, ~&naRC& BRI8HCRBHOCTell R BWBO,li;OB 0 MynhTKDOAhHO

C!JIX napeXOJIOB npe~araerca cxeva pacnll,llll 155 Tb ~ 155cct , Kotopaa npRBOAJETCR sa pac.2. 

B CX8118 yK&3&HU 3R8prBH H IIJDhi RDOJBHOCTH p&3K8~8BBUX B Bel nepeXO)IOB . Ilo CpaBHeBBD CO 

CX8MOI p&CDaAa, npexao:xeBBOII aB I Op&lll pa~OI / 1 ,2/ , H&KK BBO)IHTCH )IODODHH TeBhHO ypOBHH 

C 3Hepi' HRl!H: 48fJ , 8 ; 592 , 6 ; 647 , 8 ; 706 liJ 881 K3 B, B03MOJJ:HO TaKJJ:e cy~eCTBO

B&BBe ypOBHB C 3Beprael 138,8 K3B. Onpe.-eneBU Q8IHOCIB BCeX npaBe)leHHHX ypOBRel B CX8Ke 

pacna,~;e. I 55 Tb ---. !55 Gd • llpBBO~Tcn I&RBe B03110lll!lle 3B8.'18BIIll CDIIROB ypOBBell. B pe~otax 

no BYJIOHOBCBOIIY B030y:x,ltBKD ~H.IO J!;OK&3&HO, liTO ypOBHII C ~HeprKHKll 60, 0 H l46 , U K3B 

odpa3yDI pOt&QKOHHYD DOJIOCY Ha OCHOBHOK COCIOBHRH 155 Gct • KaK H B npe)IWJIY~X paOotax, 

OCHOBHOIIY COCTOBHHD 155Cd H ero B030JXXeP.HWK ypOBRHII C 3ReprRBKB 86 , 5 105, 3; 

286,8 lt3B DpBniiC&HW !C B&HTOBWe xapaKiepaCTBKII 3/2- (52 I) , 3/2+ ( 651) , 5/2+ (642) , 

a)CneKtpOKeip padOiaJI B pe:xBKe O)IROXp&THOI JIBOIRO~ ¢0KYCHpOBKK, 
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5/2- [523] COOTB6TCrB8BH01 a OCHOBBOKY COCTOBHBm 155 Tb - 3/2+ [411] • YpoBBD C 3B8p

rBel 326,0 xao B paOore III npanxcaux xapaxrepacrxxx 3/2- [532]. O~axo 13 BaBBX ABUBHX 

cae~er , qro aror ypooea• ••eer noBoEBreBLByD qeraocr•, ua qro yxa3suaerca a B padore 

B•••cxoro • ~p. 12/ • Ha6BD~eaae nepexo~a c aueprBel 428 K3B no~rue~er CAenaHHHI paaee 

BHBOA 0 CYl8CTBOBaH .. ypoBHB C 3BeprBel 427 ,4 K3B C DOAOZBT8BbBOR '18TBOCTLm. 

06~er ua ce6s oco6oe BHB.aBBe xapaxrep ypouuea c auepr.... 592,6; 647, 8 H 

706 K3B C OTp~TeiLBOI qeTBOCTLm. 3KCOepBK8BT8!LBO DOnyq8BBH8 60!LBB8 3Ba'I8BBB K03~BnJ8B

TOB BayrpeBBel KORB8pCBB AX4 oepexo~OB 592,8 X3B B 588,2 X3B (cw.ra6n. ) , . B~~X C ypOBBeR 

592,6 B 647,8 X3B Ba OCBOBBOe COCTOBBB8 B Ba yp0B8BL 60,0 X3B COOTB8TCTB8BB0 1 yKa3H-

aamr Ha TO, 'ITO 3TH D8p8XO~ KJX BHCOXOI MJ!LTBDO!LHOCTB, B!B Be B HBX npORBBB6TCB npBK8CL 

VY!LTBDOBLBOCTB EO. llpe~O!OBeBBe 0 BBCOKOI MJ!bTBDOBLBOCTB 3TKX nepeXOAOB DPBBOAKT K BH

COXBK 3Ba'I8BKBK cnaaou cooruercruy~x ypouael. O~axo aBaAB3 axcnepa•earaxLBBX ~BHBX no

xa3BBaer, qro B036YKAeBBe ypouuea c raxBKR cnBBaKB npaxrK'IecKX acxnmqeao. llo3TO»Y 3THB ne

pexoAa» BB npBDBCBBaeu MJBLTBDO!LBOCTb EO + E2. Ha OCBOBe 3TOrO BB C'IBTaeK, 'ITO ypoB8RL C 

3Beprael 592,6 xaB BKeer xoaaroose xapaxrep•craxa 3/2- a npe~cTaunseT ~ - oa6panaoHBsl 

ypoB8BL OCBOBBOro COCTOSBBS. ilOAOdBBK Odpa30K BB npBXOAKK X 3axnmqeHBm, 'ITO ypOB6Bb C 3Bep

raeR 647,8 xaB aueer KBaaroose xapaxrepacraxB 5/2- a npe~crauxaer nepuoe poTanaouuoe cocro

BBBe Ba {3- BWdpa!liiOBBOK ypoBBe 592,6 K3B. 0rpBII!lT8BLB8JI 'leTBOCTh ypOBBB C 3Bepraelt 706 

xaB • B03MOBBBe 3Ba'leBBB cnaaa (5/2, 7/2) yxa3HDamr aa To, qro aroT ypooeuL •oaer npe~cra

BBBTL BTOpoe poT&nBOHBOe COCTOBBBe 3TOI DO!OCB. 0AftaKO 60AbmOe 3BaqeBBe oapa»erpa B • 

• - 0,227 xaa B ~puyne ARB 3Bepral ypooaelt poranxouuoa noaocs, xoropoe aonyqaeTca ups raxolt 

BBrepnpe~a, ue acxxmqaeT B03KOBBOCTL • roro, 'ITO aroT. ypoaeaL BKeer ~yryn npapo~. 

RamB BHBOAH o p ~ oa6panaouuo• xapaxTepe ypoous c aueprael 592,6 xaB xopoao corna

cynrca c ~D pa6ors / 4/ no xynouoacRoxy B036YHAeBBm 11,11;pa 155 Gd • B a:rol padore yxa3s

oaeTCB Ba cy.eCrBOBaRBe ypoBBB ROBB8XTBBROrO xapaxrepa C 3Beprael ev 016 U3B B C B03MOB

IIHIDI I!BaRTOBIOOI xapaxrepKCTBR6JOI ( I/2-; 3/2-; 5/~-; 7 /2-) • 

Eollee DOAP06aoe B3JIOBeuae ~x o pacn6,le 155·Tb , nonyqeBBHX ua ocuooe aaux a:~:we
peBBR, 6y~eT ony64BI!OBaRo. 

!Drops B~ 6BarOAaPBOCTb K.H. rpouooy, l.lexeay 3a BBTepec R pa60Te, C.EepRXO!byY, 

B.raaroaK'Iy, B.B. HY3uenoay, n.~ream • H.llBroay 3a none3BHe o6cYKAeHHH. 

iYl 
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EORbmO~ ITORYKPYrOBO~ EETA-CITEKTPOrPA~ C MArHWTHHM ITOREM, 
3AAAHH~M ITOCTOHHHHMM MArH~TAMH 

H.KopMH~KH~, r.HeBO~HHqa&CKH~ H 3.CTaxypa 

MHCTHTyT ~epao~ ~HSHKH, KpaKOB 

B ~HCTHTYTe ~epao~ ~H3HKH B KpaKoBe nocTpoea 6on»mo~ 6eTa-cneKTporpa~ c o~aopo~BHM 

uarHHTB~M noneu,aa~aBH~M nocTOBHB~MH uarHHTaMH. Paauep~ nonDCBUX aaKoBeqaaxoB IOOOx630uu2. 

8aepreTaqecxaB paapemammaB cnoco6aocT» npa6opa 0,04%. 3neKTpoB~ perHCTPHPJDTCB ~To-

nnacTHHKBMH paauepou 700 x 29 uu2 na6o cqeiqaKaue renrepa-MDnnepa.MarHHTHoe none B 

3830pe B~COTOn B 60 UM 36.)\6.80 nOCIOIIBR~UH uarRI!IaUH. ITOCIOBBH~e MarHHI~ C~eJiaB~ 

H3 uarHHTHO~ CTBJIH 11 ANCO 411 , HU8DT pa3Mep !20 X 29 :({ 29 uu3• ilOCTOHHHBB TeunepaTypa 

npH6opa no~epXMB88TCB C TOqHOCTbD ~0 0,!°C. MaKCH MBRbB~~ pa~HYC TpaeKTOpHH SR8KTpOHOB 

COCT8BRB8T 420 uu. Paauep~ HCTOqHHKB 3li8KTpOHOB : B~COTa-28 UU, ~HaMeTp-0,05 UU ~ 0,5 UM. 

CHCTBUO~ )lHB~parM o6ecneqHB88TCB B03UO~HOCT» Tpex OT~BRbH~X SKCll03H~~ 88 O~HO~ 

~TonnacTHHKe. IToqepaeBHe ~oTonnaCTHHKH eauepaeTCB c nouom»m cne~en»aorc aBTOMBTHaapoBaa

Boro M11KpO~OTOU8TpB THllB ~2, pa60TBDmero COBM8CTBO C CHCT8UO~, neqaraDme~ TaKXe 

ycpe~HeBB~e ~H~pOB~e peayn»TBT~ H3 meCTH OT~en»B~X H3UepeBH~ BB meCTH p83BUX B~COTBX 

~TonnacTHBKH. CpaBaeaae peayn»TaTOB o~aoKpaTaoro H mecTHKpaTaoro onpe~eneBHB noqepaeBHB 

!\RR cna6~X KOBBepCMOBH~X RMHH~ ITOK838HO BB puc .!. 

Paapa6oTaBaaa ueTo~HKa o6pa6oTKM cneKTpoB paapemaeT ~enar» apeueaao~ aaanua KOBBep

caoBa~x nuaa~ H Toqao onpe~enBT» ax KOBTY~· Enaro~apa sTouy a 6on»mo~ paapemamme« cno

co6HOCTH npa60p8,BO UROrHX CRyqBIIX IIBRII8ICII B03UOXB~ onpe~eneaae npHRaAR8XHOCTH KOBB8pCH

OHB~ RHBH« K OT~8llbB~M H30TOIT8M H H3UepeBII8 OTHOWBBH~ HBTBBCHBBOCTe~ RHBH«, BXO~BMHX 

B COCTBB L- H M- uyn»TMnneroB, ~axe B 6onee cnoxa~x cneKTpax. 

Ha pac.2 llOK838R yqaCTOK CIT8KTp8 KOBBepCHOBB~ SJIBKTpOBOB Tep6H8BO« ~pBKUHH , 

nonyqeaBH~ c nouom»D crreKTporpe~a .• a Bpeueaaoll aaanaa o~ao~ a a KDBBepci!OBBHX nil HI!«. 

Eonee ~eTBllbBOe OITHCBRHB npu6opa H U8TO~HKH, B TBKKe COOTB8TCTBJDMBB RHTepaTypa 

BBXO~RTCB B pa6oTe /!/ . 

I. H.KopMH~KH~, r.HeBo~aaqaBCKH~ a 3.CTaxypa , Eon»wo~ nonyapyroBo« 6eTe-crreKrporpa~ 

C uarHHTB~M noneu, 3B~BBB~U UOCTORBB~MH warBHTBUH • noxna~ HBCTHTYTB ~epao« ~H3HKH B 

[~p8KOBe 1 11!> 476/ITR, KpaKOB, !966; TBKKe B neqaTI! B "HyKn80BHK6". 
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CPEAHJIE P£JYAbTATbl /101/EPHEH~ 
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H.JIUPFHHbl£ 

Bao..rb 6 flOJTtJC HA (J·TH A4J.Iflf· 

1/NbiX lJIJJCOTAX CI1EKTPA 

R·~·0042 'Yo 

L3 

I r 

6 

PKc. I. CpaBHeHKe pe3yn&raroB oxsoxparHoro (pBc.Ia) • mecrBxparHoro onpe~e~eHxa noqepHeHBa 

~TonnaCTHHOK AlB cna6HX KOHBepCHOHHHX nBHHR. ToqxB Ha pBc.!O B306pazamr ycpe~HeH

HH8 pe3y~&raru B3KepeHBA BlOn& 6 nonoc Ha pa3nBqHHx Bucorax cnexrpa. 

logl'\/~t) 

.. 

2,1-1 ..... 
a 6 

Pxc.2. Yqacrox cnexrpa anexrpoHOB BHyrpeHHel KOHBepc•• repOaeBoR ~paKQKB. 

a) K- KOHB8pcBOHHaK nBHBS HOBOOOHapyKeHHOrO nepexo~a 387,78 K3B B l52Qi 

6) BpexeHHOU aHaxB3 nHHHI K-387,78 xaB,T112 ~ 16 q. 
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HOBOOliHAl'YDElHE r !IliA -IIEPEXOJU! B PAC!!AJlAX IS IT B II I 52T B 

H.Kop .. nxaK, r.HeBOlRB'IaRCXRK, 3.Craxypa, 
K.3y0ep H A.Ey.J;3SX 

HBcrzryr Rlepuol ~3Kxa, Kpaxoa 
IIRcrzryr ~B3BXH HreAJoscxoro yHxaepcHrera, Kpaxos 

B paOore BCCI8l0~CR cnexrp XORBBPCBORRHX 318XTpOROB rep0BBBOK ~paxnzx, BH,I;e~eH

BOI B3 rasraxOBOK KBI8BB, 00JyqeBBOK npOTOBaKB C azeprwel 660 KaB, B oOnacrH 3HeprBI 

318XTpOROB 30-620 X3B, llpB 3TOV OHI OOBapyzeB Pil BOBHX nepeXOlOB, npHRa~e~HX ISITB 
II I52 TB. 

llccne,~;oaaHBD cxev pe.cmua lSI TB (T <f2 -I8,2 q,) 11 I52Ts ( T ,12 =17 ,4 q,) nocsa•eso 

vsoro paOor. B paOorax Kyasenoaa • ,~;pyrzx I II , rpovoaa 11 ,~;pyrHx 121 npBBe,J;esu yroqaessue 

cxevs pacna,~;a ISITB H I52rs. B sacroa•el paOore Bayqaxca cnexrp xossepcBOBBHX anexrposoB 

repOBeaol ~paxn-z rrp11 nowo~ vars•rsoro ~ -cnexrpor~ c nonyxpyrosoK ~oxyczposxol 

II varHIITBUK OOIBK, 3a,J;aRHUK OOCTORBHHVJI varRBTaKB 131 , Per!ICTpanliH 318XIpOROB npOBO,I;H-

JaCL aa lj>Oron.mcusxax " llford. Industria L G " , ll3vepSJBCL 3H8prBB II OTROCHTB~LHHe 

BBT8RCJIBBOCTII EOBB8pCHOBBHX IIRBI, l~ BBXOTOpHX nepeXOlOB 00p8l81HIHCL raxxe !IX KYIL

TIIOO.ILROCTH, 

ll3oronu rep011a xpovaror~11qecxx BH.J;e~aJBcL 113 pelXI!X 3eve~L, oOpa3yD~xca np11 

oonyqea•• rasraxa nporoaaKB c 3Hepr•eK 660 Ksa sa czaxponsxnorpoae OHHII B lyOae. Xpova

ror~H'Iecxoe BH,1;8~8HII8 npOBO,I;HIOCL B p6,1;HOXIIKB'18CXOK JaOoparOpHII B ly0He. ll30TOOH rep

ORR BHXO,I;HIH qepe3 5-7 'laCOB OOCIB XORQA 00JyQ8HBS, !XTBBHOe Be.eCTBO HaHOCHIOCL 318XTp0-

IHTIIQ8CKI!K H8TOlOH Ha OpO~O~oqxy 113 n~aTJIHH lHaHetpOV B O,I VH 131, IICOO~L30~HCL HC

TO'IHHKH OT rpex 0Tl81LHHX 00Jyq8HBK Ha CBBxpOnHXIOTpOHe, l~H ~OrO HCTO'IBHJia 3XCOOHII

p0Ba!OCL H8CXOILXO lj>OTOOJaCTHBOII II npOBO,I;I!ICS BpeVPRHOI aHax83 COOTB8TCTBJ»~X XOHB8p

CHOHHHX ~BHBK, ll3 BpeveHBOrO aBaJH3a H aBa~3a 'IIICTOIH HCTO'IRI!Jia CIBlYBT, 'ITO 00BapyxeB

Hlie BaKK BOBHe IIIHHH c Bpevesex OO.IIypacna,J;a T </z =18 q npHRa.J;~emr I5ITB H 152Ta II!/ , 

rronyqessye pe3ynLrarH npaBeleBH a ra0111nax 1- 4 • 

B raonsnax 1-3 npzao,~;arcs axcnepliVeBraxaBHe 3aaqesua orsocBrenLBHX Bsrescussocrel 

XOBBepCIIOBR!iX IBBIIA H KYILTJIOOILROCTH BBEOTOpliX ravva-nepeXOlOB, B03RIIJiaD~HX DpH pac

na,J;aX ISITB, IS2Ta II 154Ts , 

B raonune 4 npsso,~;arca ace oOaapyzessue BaKK BOB!ie ravva-nepexOl!i. Hexoropue H3 

BHX DOK8~DTCR B CXBVH pacna,~;a I5ITB II IS2Ts
7

npHB8,1;8RB!i8 B paOorax 11, 21 , 
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leraa•HHI aB&~B3 pesya•raroB • aB&JBs qBcrora BcroqHHJa npBBOlRrca B paOore / 4/. 

n • r e p a r y p a 

I. B.B.KyssenoB, B.A.Xa!EHH, K.BB!,CKBI, O.E.HBJ,CeH, O.CEH!,Opalr. 
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alp&, llocna, 1966. 

2. K.H.rpoKoB, B.B.KyssenoB, II.H.KyssenoBa, ll.~••rep, i.YpO&•en, O.E.H•••ceB, 

K.BB!,CEHI, O.CXB!,Opar, II.RopreBces. 
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4. H.KopunEBII, r.HeBOlHHqascEHK, 3.Craxypa, K.3y0ep • A.Eyl3BK. 
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TaelDI!!I: I 

laBHHe o xQBBepcsoBKRX a~extposax, B03BIX~X np• pacDale I5ITB /I8,2 q./--- I5I6d 

3seprBll Lm •I •n 0 
lynt. 

nepexo,Ka,xn K LI Ln •• N nepexo,la 

I04.5 B/ 2I6 + 36 
I08.IO I 2870 370 357 380 70 7I 72 49 9.5 II/P'2• I I08.I I660 2780 ! 270 
I38.2?a 8.7 
I48.94 9.3 
I49.5I I !7.0 4.8 
I60.7Ia 2I.5 
I80.I2 304 36 4.74 I.2 II.O 3.I 0.26 iiiE2·2I I80.I 266 333 + 22 
I8I. 7I 7.0 I.36 -

- I83.2 -2.5 
I9I.9~ 66 II.O I.o 0.2I II/E2·35 I92. 0 73 98 + 2.9 
206.6 Z3 2.7 I.I7 - = 
25I.88 224 3!.3 3.06 0.78 7.3 2.4 0.47 IIIE2·I9 25I.8 258 256 + 4. 6 
252.52 6.3 -
263.67 2.2 263:8 B/ I .84 + O.I 
287.43 I83 20.4 I.75 0~69 6.2 I.I II/E2• 9 287.2 I83 llt.3 
3I8.7 I.3 3I8.5 I.7 I.83 + 0.37 
380.4I 2.I 380.I 2.8 2.62 + 0.64 

"' 385.23 2.8 384.6 4.2 3.6 + 0.3! 
w 395.I8 I4.6 I.3. 0.74 0.44 E2 395.2 I5 22 + I.6 

4I6.13 3.33 4I6.0 4.7 5.2I + 0.7 
426.39 7.7 I.I 426.4 IO.o I2.4 + 0.85 
443.52 I7.8 I.7 443.8 I8.3 29.5 + 6.0 
478.97 n.o 479.2 13.3 I7.6 + 1.8 

- 499.8 0.58 0.6 + 0.13 

- 5II.7 0.58 0.97 + 0.22 
587.I9 8.0 587.5 7.0 Io.o + o.55 

604.8 0.67 0.68 + 0.09 
6I5.7 B/ 3.46 + O.II 

a/ ITep8XO,lH 1 DpiBa,la~8 paCDAlJ I5ITB,Del0 I52TB. -
Cl/ HBTeBCBBBOCTB EOBBepCHOBBBX K-DBII 1 B3BTS8 B3 paelOT / 5/ B / 1/ ,BOpKipOBaHH Tax,qro BBTeBCRBHOCT& ~HHHH K- 287,4' 

K3B COOTB8TCTBY8T !83 e~Binau. 
B/ 3sepr•a nepexo.la, B3HTaa B3 paelOTH I l l . 



\D .., 

Ta6JIH!!B 2 

nasRHe 0 XOHBepCKOHHHX 3JI8KTpOBax, B03BHxam~X npH pacnaJ!e 152 TB /17,4 ~.j_l526d 

3aeprHH !.lyn:oT. SaeprMH YlHTeH. YlHTeH. nepeXOJ!B , xas K I II m nepexo11a nepexo'a K-JIMHMM K-1!11HMM 
jpa6.6 jpa6.6/ jpa6.2/ 

II7 . 22 4.83 II? .3 3 3.66 ± 1.0 
138.27 a/ 8.7 
160. 7I a/ 21.5 
206 . 60. a/ 3 2.7 1.17 
209 .18 2.7 
233 .09 1.2 
270 . 55 2.35 
271.17 51.6 6.5 5.I 3.9 2.7 E2 27I.O 69 60 t 6 

315 Bj "'4.5 
344.24 166 17.4 10.2 8.3 6.2 1.3 E2 344.3 197 204 + 8 -351.69 0.93 35I.4 ~0.4 "'0. 7 

368 B/ "'0.4 
387.78 8.2 r.o ~ 0.22 ~ 0.47 E2 
410 . 9 5.6 5.6 410.9 8.5 6.72± 0.43 
432.10 32.1 4.2 0.83 432.I 46 43 .8 t 0.43 

496.5 0.7 r.ost o.o 
526.6 1.8 I .98± O.I 
545.5 B/ o.6I± o.r 
557 B/ --'0.12 

586 .01 17.4 586.8 20 16.8 t 0.8 
615 . 3 roo 13.6 615.3 100 roo 

aj Ilepexo)IN, npllBa)lJieaa~e pacna)ly lSI Ts 111160 IS~B. 

6/ YlHTeHCHBHOCTI KOHBepCMOBB~X K-JIHHHa,B3HT~e 1!3 pa60T /6r I! /2/ 1 HOpUMpOBSB~ TaK, ~TO HBTeBCBBHOCTb 
JIKBI!H K-615,3 X3B COOTBeTCTByeT IOQ 8lHHHnau. 

B/ 8aeprMH nepeXO)l8,B3HT8H B3 pa6ot~ /2/, 



\0 
\Jl 

Ta6Dqa 3 

)!8JIBHe o xoaBepcHOHI!Iix 3JieKTpoHax, B03Hl!KaD~~t~~x np11 pe.c1!8,J;e I54Ts /2I qJ - 154 Gd 

3aepru K L I Lrr L m M N llyllu. 3aeprHJI Jllarea. nepexoJta/x3B nepexo,l8. nepexo'a nepexo'a 
/pe.6.6 /pa6.6 a/ 

I2J.06 I5,9 22.3 42.8 4I. 7 24 6.I E2 I23.I I5,2 
- I24.4 2.3 

I4I.35 6.3 I4I.4 3.8 
- 226.0 0.6 

247.93 6.5 I.66 2.22 ---o.8 I.O E2 248,I II.4 
265.82 0.53 265.9 0.24 
364.74 2.0 346.9 2.0 

- 426.9 0.27 
- 443.3 0.2I 
- 557.3 0.50 
- 602.6 O.I 

HHTeHCHBHOCTH ltOBBepCHOHHIIX K-JIHHH~,B3HTIIB 113 pa~OT!i /6/, HOpKIIpOB8.llii TaX, QTO HHTeHCHBHOCTb Jll!HHH 
K-346,74 K3B paBHa 2,0 eAHHHqaw. 



'!) 
0\ 

Tadliiiita 4 

lBBBHe o anexrpoaax BByrpeBBel xoaB&~CKI!,npii~Jiesa~x x aoBoooaapyxeaBHM raKKa-nepexo~aK, 
B03BilMIIIItiDI npK pacn~ax 51TB - 151 Gd 11 I52Ts - I52 GeL a/ 

31!eprllll . 
K I n m l3oron nepexo~ nowe•eaH wez~ ypoBBKMK 

nepexo~;xaB 

D8.27 8.7 I5IT JIKOO !52Th 
148.94 9.3 

151 B. 
TB 

149.51 17.0 4.8 I5ITB 
160. 7I 21.5 I5ITB JIIIOO !51Th 
181. 7I 7.0 1.36 I5ITB II9I.O X3B - 1009.5 X3B B 151 Gd. 
206.60 ""3 2.7 1.17 l5ITB JIKOO !52Th 
209.18 2.7 I52TB 1318 X3B /2+ I- II09.8 X3B /2+ I B 152 6d 
233.09 1.2 152 1930.2 X3B- 1697.1 X3B B !52 Gd I5ITB 
252.52 6.3 l5ITB 
263.67 2.2 II03.I X3B- 839.3 X3B B 151 Gd I52TB 
270.55 2.35 TB 1318.6 X3B /2+/- 1047.9 X3B /0+/B l526d 
387.78 8.2 I.O ~ 0.22 ~ 0.47 l52TB 1318.6 /2+/-931.1 X3B /2+/ B 152 6d 

a/ IBteBCIIBBOCTil XOBBepciiOHBHX JIBIII BOpMI!pOBaBU tax, qro I!BteBCKBBOCth JIKBKII K-615,3 X3B 113 pac~a 
152TB pasHa 100 eJtiiiHBnaM. 



PAJ!IIOXHIIWiECKOE 113Y'lE!IfrlE DPOJ!YKTOB PACI!\EDJIE!mR nPA3EO.lnliiA nPOTOHAIIII C 311EPI'IIE0 

660 IISB 

A.K.!aBpyXBBa, P.li.KyaBeUOBa, r.II.Konecos,B.B.~HmeB 

rEOXll 

PSAiOXRMHqecKHM M8!0~01 IByqeHH p~I08K!IBHH6 npO~K!H pac.enneHIB KA8p npaaeo~a 

B o6.18C'rH Z O'r 60 ~0 44 I A 0! 95 .110 141; U6Bri~IUHPOBHBO 85 180!0IIOB C nepBOJ18.1111 IIO.IIJ'

pacn~a 0! I0 DB ~0 470 ~BeR ( cw.ra0JIII IIY ).O!toJ!080 onpe.IleJ!eHHHX ce 'l e Hi! R o6paBOB8BIB ISO!OIIOB 

RRIBD!CB B688BICIBHKR. 

llonyqea Kyno.I006paaHHR l:O.ll BBBIICIUIOCTH O(A)- f (A) npl l- Canjt C MSKCHIIJ'M81111 0 npH

l:O~I!IUUCB Ba BBO'rOIIH 133,134 Ce, 131,132 La, 128,129 Ba., 125-127 C 5 , 121 J , IIB Te , 

II6 Sb, II3 Sn, IIIJnl 106 Ag (pac.I). 

IIBKCHIIYI KPIBHX pacnpe~61!6Bift npll:O~I!CB Anft 60X»IIHC!B8 Bn616B!OB B8 BSO!ODH C 60XLSIM B6-

AOC'rS'rKOM B6A!pOBOB. 

Ha6llllA88MHe pacnpe.J16li6BIB b(A,l) = {(A) npa Z•Canst IISJISil! Ha •a:pHlll>Bl:• 6onee 116.llli6B

BO, qeJI S'rO cn6JIY6'r 18 ypaBB6BHft napa6on. OBI Be OnBCHBBD!CB npOC'rOI ~OPIY.IOR Py.liC!SIIa. 

llollyqeaH pacnpe.li61!6HHB. 6(A,2)=f(l) .llllft A=IU5, III, I2~, !31 1 132 ( pi!c.2). IISKCI!IY

KY pacnpeAeneHBB S'rOI ~YHKUBI OniCHBBD!Cft ypaBBBBHBI 

lp =SA-TA2
, r.11e S = 0,486 K T= 0,00038. 

,llaHHHe 0 ueaasHCIIMHl: o(A, Z) ICnonayll!Cll UH OU6HKH o6nacTeA npi1116H8Bill ypaBHBHHft 

6tl. A) -::::. F (A)· f(E) . Pe -P(Ao- A) • e- R/Z -SAt I A2 
/

12 

l· I 
1 

_ _M_ 
pAo 

c xoa~HnlleB'rallilp= 0,135; f (Ao) = 2000 116; f(E) =I; R= f(Anpa)l.) 
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Tao.uaa 

CBe~eHBR oO ~eB!K~HnKpOBSBHWX p~BOBBO!onax,oOpaayv~xca 
llpB pacnpe~eB8BBB ~e~ IIG:880ABK8 npO!OH&KB C SBeprKel 

6 0 B 

H A p o DepBo~ T H n pacn~a 'iBCJIO Ce'leHBII 
noJIYpacna- Ollli- o0paaOB8UH 1 
Jl8 !OB BClapR 

95 Ru X) I, 7 qac I~ p+; 83% s.s. 2 0,20 

97 Ru 2,8 ~B. IOO% 9.3. 2 0,8 

I03 Ru 40 .liB. IOQ% (3 - 2 O,I 

97 Rh x) 35 IIHH IOO,S p+ 2 0,2 

99 Rh I6 ~H. 3% p+; 9~ 9.3. 2 0,6 

99mRh 4,7 ;aca II%; 89% 9.3. 2 0,35 

IOO Rh 2I '180 5% ~1;95% 3.B. 2 I,3 
IOimRh 4 1 5 .l!Bs IO~ 9.3. 2 I , 6 

99 Pel X ) 22 IIKB IOO,S 131 2 O,I8 
IOO Pel x) 4 ~B. IOO,S 9.3. 2 0,5 
IOI Pel x) 8,5 11ac. 4% (3+;96% 9.3. 2 I,O 

I03 Pd 17 .liB. !DO,$ 9.3 . 2 2,1 

!03 Ag X) 
65 IIIIB 30% (3t;75% 3.3. 3 I , O 

!04 A 1,2 '180 I~% (31;85% 8.3. 3 1 , 7 

!05 A: 40 ~H. IOO% 3.3. 3 2,9 
106m 24 IIHB. 60,S (31;39% 9.3. 1% 3 I,I Ag 
106 Ag 8,3 )lB . 100% 9.3. 3 2,5 

IIO Ag 250 )lB. 95% p-;5% R.n. 3 0,3 

III Ag 7 16 )IH. IOO% p- 3 0,21 

!04 Cd x) 57 JIIIB. IOO% 3. 3. 4 0 ,35 
!05 Cd x) 54 111111 . J3-i 3. 3. 4 0, 85 
!07 Cd x) 6 , 7 11ac . 99 ,7% 3. 3.;0,3% p- 4 3 ,3 
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109 Cci 470 All. 100',5 9,:.3. 4 4,3 
IIsmCd 43 )Ill. 97%,8i3~ 9.3. 4 0,023 

II5 Cd 53 '118C 61,~ lr;38,§l' 9.9. 4 0,006 

109 'Jn x) 4,3 '118C 6~ f3t;94~ a. 3. 3 4,0 

III Jn 2,8 ;liB. 100',5 9.3. 3 6,3 
II4 Jn 50 All· 100',5 3.3. 3 1,9 

IIO Sn x) 4 '118C IO~ l!.ll. 3 I,S 
III Sn x) 35 JOB. 29:$ fl;?I~ 3.3. 3 4,0 
II3 Sn x x) 120 ;liB. roo,5 3.3. 3 8,5 
II?msn I4 ;liB. Ioo,5 H.n. 3 !,6 

II5 Sb x) 30 IOIB !00',5 (3t 4 II,O 
II6 Sb 60 101B 3!% flt;6~ 3.3. 4 !3,2 
II? Sb 2,8 11ac. 2,6~ p•;97 ,4~ 8.3. 4 IO,O 
IIS Sb 5,1 '118C IO~ 9.9. 4 5,5 
II9 Sb 38 '118C !00',5 3.3. 2 4,0 
!20 Sb 5,8 )Ill. !00',5 3.3. 2 1,4 
122 Sb 2,8 All. 97% f3t;3~ 3.3. 2 0,58 
124 Sb 6,1 All· 100',5 (3- 2 0,0? 

II6 Te x) 2,5 qac. IOQI f3t 3 10,0 
II? Te x) I,? '118C 35~ p+ ;65~ 3.3. 3 !2,5 
liS Te 

x) 
6 ;liB. IOO% 3.3. 3 !9 

12! Te J:l All. I~ 9.3. 3 7,0 
123 Te 104 )IH. 100',5 E.ll. 3 2,0 

II9 ') 
x) 

17 Kllll IOQ% f3t 3 16,0 
120 ') x) 1,4 '118C 9~f3t;-I~ 3.3. 3 20,5 
121 'J x) !,5 '118C r~pt;a~ 3.3. 3 24,3 
!23 'J x) I3 '118C. IOQI 3.3. 3 16,8 
!24 'J 4,5 AH 3~{3·; 7~ 9.9. 3 7,0 
!26 ') !3,3 AH 44~ f; 1,3%(3+; 55% 3.3. 3 1,3 



I25 Cs x) 
45 DB IOQS 13 4 35,7 

I27 Cs )( .x) 
6,I 'IBC ~p+;97~ 3.3. 4 35,6 

I29 Cs 3I 'IBC ICJO:$ 3.3. 4 9,6 
13° Cs 30 IU8 46~~+;2,6~11-;5~ 3.3. I 3,7 
BI Cs 9,6 lUI· ICJO:$ 3.3. 2 I,S 
132 Cs 6,2 lUI· I()(),$ 3.3. 2 0,42 

I26 Ba. x) 96 IIH8 ICJO:$ 3.3. 3 IS 
I2S Ba. X x) 2,4 ,ll8. IO(J.I 9.3. 3 4I 
I29 Bo. 2,6I qac 6~ pt; 94~ 3.3. 3 35 

13I Ba. II,5 .ll8 IOQS 3.3.· 3 I6 

I29 La. xxx) 20 IU8 IOCl:' flt 2 IS 
13I La. 56 11118 28% ~t; 72J 3.3. 2 34 

I32Lo. 4,5 'IBC SI% (3t; 19% 3.3. 3 3I 

133La. 4,0 'IBC 10Cl:' 3.3. 2 IS 

135 La. 19,5 'lac IOCl:' 3.3. 3 S,S 

I29 Ce X) 13 IIH8 IO!J;' p+ 2 2,S 
13I Ce X) 

30 11118 IOCl:' p+ 2 S,3 
132 Ce x) 

4,~ tfac 1QCl:' f3t 4 22 
15:> Cs x) 

&,5 qac f3t 3.3. 3 30 

134 Ce xxx) 70 11ac IOCl:' 9.3. 4 3I 
135 Ce 22 qaca IOCl:' 3.3. 4 22 

I37 Ce 
X XX) 

IO(J.I 3.3. I IS 9 qac 
I37 Ce 34 11aca 3.3. 11.n. 
139 Ce I65 .llH IOOJ' 3.3. 2 17,3 

I34 P'l. X) 40 IIHB IO!J;' f3t 3 7,5 
nsp" x) 1S 11118 56% f3t;44% 9.3. 3 I4,2 
I36p't X) 70 IIHB 38% (3+;62% s.s. I I9,I 
137 P'l. x) S5 IU8 2~ p+;73% 9.3. 2 26,5 

BS P't 2 'IBC I~ p+; S3% 9.3. I 30,0 

I39p'l. 4,5 qac 6% (3t;94% 9.3. 3 36,0 

roo 



I38 NcL 25 IIHH IOO,S (3 • 2 3,I 
I39Nd. 5,6 qac r""p•;9CJ:' a.s. 3 5,8 
I40 Nd. 78 qaca IQCJ:' a.a. 2 5.2 
I4I Nd. 2,4 qac 2% pt 9fl:' 8.3. 2 2,0 

X) HSOTODH, 1 KOTOpHX BKnSA npeA•ecTB6HHHKOB COCT8RKR6T ~ICJ:' (cM.pHc.I) 

xx) BKli8A npeAmecueHHIIKOB y II3 Sn • 128 Ba. cocraBliR6T -30%, 127 Cs -80%. 

XXX) BKliSA npeAB6CTB6RHBKOB OQ6H6H npa6nBSHT6li&HO. 

IOI 
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II= ff7 

58 
2 

60 

Pllc.2. KpiBwe pacnpe,J;eJieHHJt 6(A.~) • f(Z) npH AaConst. tJ. - paccqnaHHYe 3HaqeHIIJt 

Haxdo~ee sepoJtTHoro pacnpe,~;elleHHJt JtAepHoro 3apJt,J;a; • - 3KcnepHweHTaRbHYe ~HHHe. 
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C n H C 0 K n 0 K n A n 0 B, 

npe~CTaBR8HHUX Ha !X COBe~aHHe DO a~epHO R cneKTpO CKODHH HeRTpOHO~e¢HUHTHHX 
H30TODOB H TeupHH ~e¢opKHpOB8HHUX a~ep 

I. EanawoB B.B., HApoBCKHR E.n. 
HyKnOHHUB WHpHHH H306apeqecKHX HYKROHHHX COCTORHHR B ~pax • 

2. 3ape~eR ~.~ •• YpeH M.r. 
06 BHaROrOBHX COCTORHHRX B TKIBUHX Rnpax 

3. BawHH c .• neuetep H., noxa n.,Kecrxee n., 3HK8HH ~ •• noq n., Ce RTnetepH n •• ~o~op H. 
llayqeHKB H306apeqeCKHX aHanorOBHX COCTOBHHR B 5l.JUn B peaKUHI!X ( P , "(' ) • 

4. Ea6HKOB B.B. 
CoBpB YBHHOB COCTORHHB K830HHOR TBOpKH RABPHHX CI'IR. 

s. ronoBKOB H. A. , rpowoB K. H., Re6eneB H.A., Uaxwy~oB E., Py~HeB A.C., qyKHs B.r. 
06 .,;.. - pacnane eaoronoB l!y , Tb , 6d , £ u 

6. J\B ill'IH A.T., llaxyHKa H., Cy660THH B.T ., TpoH n., ~BHBW T. 
llccnenoBaHKe <1-- pacnana KopoTKOilHBy~x eaoTonol! Hg 11 Au 

7. A.lleKCaHnep !{.:J .,EpHHKIIAH X.P.,HoRClepT B., PoTTep x., XaR3ep X. 
BhiCOKORBilBI!lBB H30K8pHOB COCTORHHB l! RAPB <Jo 8a 

8, A6AYYBRHKOl! A.A. , rpowol! K.n., Hcxawol! T.A. 
Cxeua ypol!HR H'l Ba • 

9. Ifcca H. A.,Eepe HbH n. , MaTe n . 
Hccnenol!aHHR no l!oa6ySABHHhiY ypol!HRY np11 pacnane 144 Pm 

IO. AneKeaft~ep K. 3., EpHHKM8H X.P. , HoRClepT B., POTTep x ., XaR3ep X. 
Hol!hiB 1130KBpH 12 8 La K 13 0 l a 

II. RD,llaeeacKKR E. ,KosHaUKHA ll ., MowKHCKHR M. 
Bpe11eHa llH3HH l!036YJ:ABHHHX cocTORHIIR B 125 I 11 12 7 I 

!2. 3BOIIhCKa B, ,KpaUHK JJ . ,Kyuapoaa T., Mawtai!Ka A. 
l'IccnenoBaHIIB pacnana 128 Ba- ~21Cs- 121Xe II •usa - 133 Cs 

I3.J\p03AOB C.H. 
Boa6yJ:ABHHB ~BYX¢OHOHHUX COCTOBHHR Dpll pacceKB8RHH, 

I4. HeHOB H.n., KOHAPBT E.T., OceneHKO E.n., ~OKIIHHX B.H.,nepMRKOBa n.A. 
51 (Li ) DOBepXHOCTH0-6ap:&epHUB .ABTBKTOphl AJIR 6eTa-CUBKTpOII8TpOl! .. 

IS. Cyw6ael! 0. 1'1 . 
0 l!03110J:HOCTH CYI!l8CTl!BHHOrO DOl!UWBHHR CBBTOCHJ!hl H paapewa~~eR CDOC06HOCTH ~H

¢paKUKO HHUX CDBKTpOUeTpOB l! CBH3H C aa~aqeR 06 HCCRBAOl!BHKK rBIIIIB-CDBKTpOl! HBRTpOHQ
AB¢HUHTHUX H30TOD0l! 

I6. 3yeB A.n., Pones c.c., lliBarepoB B.~. 
ilonyqea11e npeue3KO HHaro ecroqHI!Ka j

7Co ,nxR anepHoR rauua-cneKTpocKoiiHH, 

I7. Re6enel! H.A., XanKHH B.A., ~oy ~11-CRH. 
MeTOA nonyqeHKR HBRTpOHOAB~KUHTHUX H30TODOB BKCKyTa ARR IIBrHHTHOR CDBKTpOKBTPIIK, 
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I 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

Ranpyxxaa A.K., YanHwen B.B., Kysaeuona P.H.,Konecon r.Y. 
PaAHOXKuKqecaoe KayqenKe npOAJKTOB pac~enneHHB npaaeOAKMa npoToHaUK 660 Man . 

Conon:&en B.r. 
CTpyKTypa B030y&~eHHHX COCTOHHKR ~e~pUKpOB8HHHX ~ep. 

rHaroaHq B. 
CnoRcraa ~e~opuwponaHHHX ~ep c ueqerHHU A " (o6aop aacnepHuenran:&HHX ~aHHHX). 

KayH K. 
HeKOTOpHe ocooeaaocTH CTpyarypH yponaeR aeqeTHHX ~e~opUKpoaaHHHX B~ep • 

Eepnoni!Q 9.E. 
HeKOTOpHe CBORCTB8 HeQ6THHX ~ep nepexo~HOR 00R8CTK B paRoae OCUKH 

Bpsan H.,ranaa n.,KysHeuoaa M. H.,RHnTaK ll .,YpOaHeU ll •• ~Hrep M,, XpHCTOB n. 
0 paCUSAe 155 Tb -- 155 6d • BeTa - BH0p8UKOHHOe COCTOHHKe B ~pe 155Gd 

MI!JII!q ll .. Xaacea 'l> ,,HKnl>COH X. ,BKn&cKHll K. 

3HaK II B6RKQIIH8 KOpKOliHCOBOR CBH31! uez~ COCTOHHKHUH 5/2- /532/ II 7/2- /523/ 
B I6ITB, 

25. leneaHOBa K.M., nBTOB H.H., qepaeR M.H. 
CnHH-KBSAPYUOli:&HHe CI!RH II KOnneKTIIBHHe COCTOBHHB B ~e~OpUI!pOB8HHHX ~pax 

26. Eerzaaon P.E., PaKOBHUKHR C.R. 
CKCTeU8THKa 0+ yponaeR cpe~HIIX HA6P 

27. E& OpHXOJll>ll C. 
Hayqeaze 2H U 

28. Ha)lzaxoa E., M.Kxallnoa 11 . ll . 
nocTpoeaze porauHOHHHX B~epaHX nonoc uero~ou aonneKTHBHOR nepeueaaoR 

29. Bpsan ll .,rpouoa 1\, ll ,,JIHnTaK J'l ., MOJIH8p iJ> .,Mopoaoa B.A.,Yp<laHeU ll ,,liyuHH B.r. 
GHCTeMa KORlleKTKBHHX yponaeR THUS 0 + B ~pe 11•(';'!. 

30. !iOXHaUKII Cl , 

MarHHTHHe uouearH B~ep • 

31. MHr~an A.E. 
nepeXO~H ~ep 113 ~e~OpUHpOB8HHOrO B C~epKqecKOe COCTOHHH6 

32. CTpyTIIHCKKR B,M, 
BnKBHKe HyKnOHHHX ooonoqeK aa aaepr~ ~e~opuaQHK B~ep 

33. CoOHqeBCKH R., KanHHKIIH E.H., rapeen P.A. 
Honoe "uarl!qecKoe" QKcno no 1 

34. raHrpcKHR D.n., MapKon E.H., nneae A.A., nonKKaaon C.Y., DurKllayccea X. 
0 UpllpO~e CUOHT8HHO ~6liH~IIXCH H30HepOB 

35. EepnvBHt( 9,E,, HOBHHOB D. H. 
Kaa~pyUOli:&HHe MOU6HTH ~e~opullpOBaHHHX ~ep 

36. CyOOTOBKQ M. 
\1ccne~OB8Hlle npHUeCK UC6B~OCK8liHPHOrO B38HUO~el!CTBKH II COOTHOWeHHH UC6B~OCK8-

H X A 0- -0+ 4HP,- 4*4Nd , -~ pHH M8TpHqHHX aneU6HTOB B ,_ - pacna~e • 
37. ·"'YK n, 
0~1!HOQHH6 cneKTPH II cneKTpH r- COBUS~eHJIIll 1130TOUOB KCeHOH8 1 paa~eneHKHe 8li6KTPOM81'

HHTHHK cenaparopou . 
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