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I. llBeJieHEe 

3aBHCHMOCTo pa3HOCTH cpeJ[HOKB~paTH~HOrO sap~OBOrO paJ[HyCa /CK3P/ 
L1 < r 2> OT ~HCJia HYKJIOHOB B ~e B paJ!OHe 3aMKBYTOJI 06Q/IWKH 82 Heli
TPOHOB HMeeT XapaKTepHyiD 0C06eHHOCT~ - 6HCTpal! pOCT CJ(aJ' rrpH N ;;;, 82 
:a sHa~:n,TeJII:oHO 6o.n:ee Me.wreaaoe E.SMeaeane npn N L 82 /I/. ITpz aTOM c 
pocTOM aTOMHoro HOMepa z ~a HaKJIOH KPHBOJ!A(r2>82 •N YM•~maeTCH,H 
B Hrui60Jiee T.R:!i.eJIHX HCCJI8JJ:OB8.HHCIX H,Itpax (Sm, Eu) HaOm:J.n:aeTCH .n;az:e He

dOJI!oill08 YBeJIE.qeH11e CK3P c yMea:omea:raeM N • 06wrHo Ta.ROe nOBe.zteHBe . 
CK3P CBH3HBaiOT C BJ!Jlmii!OM J[Oij)Oj)MaWm ~a. iW!Illto. B S_TOJ! o6JraCTH 
JJ,IJ;ep saat~eirna napaMeTpOB .n:etiJopMaiU1H (5, KaK npa.BMO,Ha HsaecTHH, E. aTo 
He ll03BanR8T OJJ:H03HatiHO cy~TI:o 0 ITpHtiHHax Ha6HID.n;aeMoro E3M8H8HRH 

CK3P. B 8TOM OTHOWSHEH HSOTOITH Ce dOJiee y.n;OdHH, T.K. HarrRtiEe ope~ 
HEX CTa6M:&HHX C N ~ 82 .n:aeT B03MOJKHOCT:& IlpOB8CTlil H3MepeHRR: C8l.l8EJdl 

Ky~OHOBCKOTO B036y~eHHH H DOJiyqHTI:o OTCID,ll;a HX SHaqeHEH j) . 
ilJ[HaKO H3MepeHIIJI 1!30TOITMOCKJIX C.l(BHrOB /J1C/ B aTOMHHX CITeKTpax Ce 

z o6pa6oTKa pesyJioTaTOB H3MepeHIIJI c ueJI>ID H3EJieqeHRH Ll<r2> rrpe.l(
GTaBJI.mOT onpe;n;Meaaae TPY.D:HOCTE.. 3Ha'tlemur HC rrpE. N ~ 82 MSJIH, R aTo 
Tpe6yeT rrpeUHSHOHHHX HSMepeHRa, a 8TOMHH8 ypOBH~ Ce HM9mT CHOEHym 
Koaqmrypaumo,, ~To npEBOJII!T K 3Ha~BTOJI~HOMY yCJIOZHeHI!ID pacqeTOB ~(r2) 
Ha OCHOB9 IISMepeH!!HX 3Haqemut HC. !ieCMOTpH Ha 60JII>liiOJ! 061>9M SI<One
pnMeHTaHhHHX ~8HHHX ITO OITTB~€CKRM CIT9RTpaM Ce /OHH B3MepeBH M€TO~~ 
KJiaccnqecKoli HHTep@epeHUHOHHOli TeXHHKH n rrpHBeJieHH B o6sopax 12 • I 
3HaqeHIIJI Ll(r2) IIM9IOT MaJiyiD TQqHOCTI. /Hepe,!(KO Olllii6Ka 1!3MepeHHii llQ

pgnRa CaMOfi BenB~EHH/, a Me~y pesy~:DTaTaME pa&nE~HHX aBTOpOB EM€IDT

CH cymecTBeHHHe pacxo~eHRa. 
UeJILIO JiaHHOli pa6oTH HBJIRIOTCH: I/ rrpeuzsnoHHHe H3MepeHRH HC B orrTn

gecKnx crreRTpax cTa6M:DHHX E30TOrroB Ce /c MaccOBHM 1:iB.CJIOM A = !36, 
!38, 140 n 142/ c ncnOJI~BOBaHHeM Jiasepaon MeTOJII!KH; 2/ orrpe.l(eJieHHe 
pasHocTell CK3P ~ep Ce·Ha aeRoBe pa~·cnoco6oB pacqeTa; 3/ H3Me
peHHe ceqeHHJ! RyJIOHOBCRDrO B036y~eHRH H30TOUOB Ce ~ orrpe,!(eJieHRH 
napaMeTpOB KBa.l(pynOJioHOJ! IIOWOPMauHH; 4/ cpaBHeHHe •SMUHPHq9CKI!X saa
~eHHl! L><r2) c pesyJI~TaTaMH pacqeTOB rro pa8.111!'rH!lM MOJ[eJIIIM. 
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2. 3KcnepEM8HTaHbHaH M€TOTIEK8 E pesy~DT8TH 

, MCTIOHb30BaH~aH ~aME 3KCDepHM€HTaHhHaff M€TO~HKa, OUEC8HHaH B nera

~ B pa6oTax 14,51, OCHOBaHa Ha MSTO~e ~aaepHOfi P830HaHCHOM 4illYOD6C

U€HqHH B 8TOMHOM ITyqRe. HanyqeHEe rrepeCTpaHB8€MOrO ~asepa Ha KpaCBTe

~ nepecexaeT RnRnEMHPOBBHHHfi aTOMH~ rryqox. PeaOHaHCHaR wnyopec~eH
URH ~eTeKTnpyeTCB ~8Y, paOOTaromEM B peY.RMe c~eTa O~HO~H~ WoTOHOB. 
~aaepHoe nanyqeHEe, aToMHHH nyqox n aanpaBReHne ~yopecueHTHoro ane
Ta B3aHMHO OpTOrOHaHhHH. 

ATo~ nyqox WopMEponancs nyreM HcnapeHHH HCCHe~eMoro BemecTBB 
E.3 HarpeB8€MOrO 8.7IeKTJlHtl8CKE.M TOR<»4 T)ITJIJI /IIpPI padOT€ C M8T8JL.JH1"q8CRFJ'IJ 

Ce/ ann nyTeM ~asepHoro ncnapeHRR 161 npn padoTe c odpasuaMH oKncen 
uepM. 

'lYJlCTBBTMl>HOCT> ~asepHOrO ClleKTpOMeTpa /eM. /4/; B ITplllll.UOlle IT03-
BOHH€T perHCTpHpOB8Th Cpaay BCe B30TODH B MeTannEgecKOM o6paaue C 

ecTeCTBSHHHM H30TOITHHM C0CT8BOM. Ha-aa HE3KOrO naBHeHER nana Ce /7/, 
O~HaKO, ~ perECTPauRH H80TOTIOB C HH8KHM conep~HH8M npnxonanOCD 

pa6oTaTD npE TeMITepaTypax ~ 1500 °C, npn~eM B cnyqaax c o~eHD MaHH

ME MC AHHBR I3Bce ITO~TE ITGnHOCTDD CKpHBanaCD B YmMP8HHOfi BHCOKOBHTeH

CHBHO~ ~HHER 14
°Ce. il08TOMY ~ llOBRm8HHH Hane~HOCTH R TO~HOCTB 

llOJiytl8HHHX peayJIDTaTOB llpOBO.D;lUIHCD H3M8peHIDI i1 C 060ra,meHHW.,m Odpaa

UaMll I36ce /24%/ E I3Bce /I3, I%/ B mme OKHCell Cez03• 
Bee 4 HCCH8~0BaHHH8 JIEHER HaxOnRTCH B OdnaCTH ponaMHHa 6! H BKHID

~aiDT nepeXO~H M€~ HE3KGn8?.~ He~eTHHME i1 B036yH~8HHUMB ~8THHME 

COCTOHHRRMB. MaBeCTHHe CITSKTpanDHHe XapaKTepECTHKB BCCHenoBaHHHX ne

pexo~OB ITPHBeneHH B Ta6HHU€ I: ITPOUSHT~ COCTaB HE3KOH8xamEX He~eT

HHX ypOBH€~- COr~aCHO naHHNM pa60TH /S/, a B086y~8HHHX ypOBH€~-
TadJm!!a I 

XapBKTepHCTBKB BccnenyeMHX nepexonoB B Cei 

fu!lK!rni! ypOBeHl> BepXIII1ll ypoBeH> 

-t ' w, J ~ • % w, J ~·% 
R CM-l fds2 fd2 s fd3 CM-l fdsp r2ds fd;>p 

5773,61 0 " 91 7 2 17315 " 22 10 ? 

5788,59 1279 " 85 12 2 18550 " 6 15 ? 

577< ,88 1389 3 70 ;>8 2 18706 2 15 21 ? 

580Ll-,'>2 2'>38 " 23 76 1 19661 5 ? 10 22 

cor~acHo 191. Kax BnnHo na Tadnzuu, n~ Bcex ncc~enyeMNX nepexonoB 
CM8mEBaHEe KOH@Brypau»i 0 E3M8H6HH8M ~Bella f- a/HRH d-aH€KTp0HOB 

HM68T cymeCTB6HHOe 3Ha~eHEe. fiocnenHee OdCTOHTeRDCTBO ITPHBO~T K 3Ha-
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qzTeJI&HHM' CIT€IJll&rqecKRM M8CCOBHM C.ltBI'U'aM _/eM. HE..JK€, IT. 3/, a riOCROJI:b

KY HC ~ rrapH !3B,I40ce cpaBHETe~hHO HeBeRER, TO B3aEMHHe pacnanoze
HHR ITHKOB, C00TB€TCTBYDmHX p83HNM H30TOITaM, H8 pa3HHX nepexo,nax MQ
ryT OTJHl.'I8T:&C.ff CJ1!{8CTB8HHO. IJp:m.1epH IIOK838Irn H8 -pEe.!. 

0 
l'llc.I. CneKTPLI Ce Ha JIIIHIIJIX 5??3,61 A 

(a) II 5804,42 ~ (6), l1HT8HCIIBHOCTh 

lli!KOB 136Ce II 138Ce COOTB€TCTBY8T IIH
T€HCllBHOCTRM B·a6orameHHHX 06paanax. 

l1C' Ll YA,A': 

A yA,A' = Av AaR'cArr' .,.f}.:.A.2 
R'- R l4U•l4<: ' /I/ 

Ha pa3HNX OITTH'I€CKHX ITepexo,nax OT rrpRMOfi KnHra, ITGny'ISHHOa M€TO.rt0M 

Hai!MeHHlli!X KBa,llpaToE /MilK/, He rrpeBHili""T IO Mrrr "' HaxO,l\JUCH B rrpe,l\e
~ax SRCIT€pEM€HTanDHOH OmEdKH. HcKHroqeHE€ COCT8~T TGnDKO 3H8'18HRH 

Ll. y A,A' = nap (136,138) 11 (138,140) Ha · rrepexo)\e c A = 5788159 ~ 
/pHC.2/. 8TO,B8pORTH07 CBff38HO C W8KTOM, 'ITO B ITOCH8.rtH8M cnyqae H8 

• 

-- ------~~~-- -- _ _.__ __ ---~--- ----- -~--
• 

. -;1 .: ---U----~_l! _____ D _____ Q ______ C.-o--

> 
' 

- __ '!_ ____ '!??..~~!.---- -- ____ _! ___ ------..--

.. u.eo.aur 0 o 
---f------ ------------ r-------,-----er-

1 iJ 1 n~ 
._ _..., -!100 0 !IIIII 

6.\/...,. ( ~ .sm.•.t) Tf-·,.t,rr Mr'-1 

PEc.2. OTKXOHeHMe aKcnepn
~I.HHX sHatieHH:M: A y f' A' 
MO.I\HWM~IIPOBaHHOro l1C Ha 
paSHHX OITTHtieCKHX nepexo~ax 
OT IlpHMott KnHra, rranyqeHHon 

MilK. PenepOM rrpMrurTa JIEHM 

c A = 5??2,88 i . 

6Hnn npOBe~eHH HSMepeHRH C 
o6orameHHHME H30TOITaMH H 
norpemHOCTH nsMepeHBn cpaB

HPITeJII.HO 60Jlblll9 •. UO,JJ;06HOe Cp8.BHSJme npOBe;n;eHO TaK.lKe C peSyJII.TaTa
MII ,l\pyri!X aBTOpOB / 8 ,IO,ll/: HaiiJ!yqiDaH COBM€CTI!MOCTh ITOJiyqRnaCh C l1C, 

E3M€P€HH!illm B pa60T€ / 8/, B qacTHOM CJiyqae Ha JIHHIIJI 4460,21 ~ B Cell, 

OTBe~aiDme~ ~PICTOMy nepexo~ TErra ns ~ np • 
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MeTOAOM HaHM8H~mEX KB~paTOB / 5/ DPOBOARHOC~ CPaBH8H~8 BC8X B03-

MOEHHX KOM6RHauRa nap ODTR~8CKHX nepeXOAOB, B TOM ~HC~e nepexona C 

A. = 4460,2I i. AnH Ka~on naps nepexonoB BllqECTutnECD cr~aEeHHHe ~c. 
· JIBE.8II\K8 Ha npRMO:ti fumra • .[aJiee, l'l3 crJiaxeHHRX 3Ha~eHPJH Bl::l'IBCJJJtJli1CD 

T.H. CKOppeRTEPOBaHHH8 3H8~8HRH MC RaK B3B8illBHHU8 cpen~e BCBX CI'JI8-

X8HHNX 3Ha~eHEn. B Ta6nHU8 2 ITp8ACT8BH8HH EMBHHO CKOpD8KTF.~OBaHHH8 

3H8~8HEH, ROTOpHe dUKE HCITGn~30B8HH B A8JlbH8Hlli8M ~ BC8X pac~eTOB. 

TadJIEUa 2 
M30TODE~8CKE8 CABHI'D B Cei ~ pa3Hax ODTMqeCKBX nepeXOAOB H B 

Ceii AJIH nepexona 4460,2I i 

A AV A, A' Ml'u 
li 1')6,158 1')8,140 140,11~2 

5772,88 499,0(1?.9) 175.0(9.1-1-) -171.!.:0 .8(10.1~) 

5773.61 208.9(7.0) -31.9(6.1) -1?65.2(6,0) 

5788.59 459.4(6.9) 1<J?.6(6.9) -1945.9(10.1) 

5804.42 ?97.')(7.5) 176.5(6.2) -1217.1(0,4) 

4460.21 82.7(6.8) -137.1(5.5) -1578.9(6.2) 

81(54) -138(30) -1580(15) * 
4 8RcnepEM8HTaJibHH8 pesy~bTaTH H3 padOTH /8/. 

~ onpenaneHRH napaMeTpoB n~oPM~HH ~ep Ce nponon~cb onHTu no 

RyJIOHOBCKOMY B03dyEJJ;BH1UO Ha MBRTpOCTaTE~BCIWM YCKOp:HT6.1Ie. MmiiBHb H3 

MSTannnqeCKOI'O UBPHH HaTypaJibHOI'O H30TOTIHOI'O COCT8Ba OdJiyqaJI8Cb nyq
KOM llpOTOHOB C aaeprEe~ 3,0 MsB B EHTBHCEBHOCTbiD ~ I MKA. CneKTpH 

ECITyCR88MOI'O H3 MJll.ill€Irn. r -BMytJBHM H3M8pHJIHCb Ge(Li)-A€T€KTOpOM 

OO~eMOM 70 OMS, paCITOAOK8HH&M BllnOTHyro K Ml'llli8HE non yrJIOM 90°. B E3-

"'-
! 

_\.:L\.·_;~ 
. ... 

I 

F'Bc.3. CneKTP T -E3Jiy<JOHI!H >mwelll! E3 

MeTanJinqecKoro Ce, odnyqeHH02 npoTo
HaMl'l. 

MepeHHHX cnexTpax /pnc.3/ KpOMe woHo
BHX r -JIEHni! 1!.3-38 DpHMeCe~ B Ml'JID8Irn 

yrJiepona, KBCJIOpona E ~eJiesa Ha6nro~a-.i·c·· , 
""b~.---~~----~~~~E.--K~aB JIECb JIEHEH, CBR3aHHHe C Ky~OHOBCKEM 

1' B036y!QlBHP.I8M nepBin ypOBHen CO CimHOM 

2+ E30TOUOB I 36
ce, I38ce E 142ce. MHTeHCEBHOCTE sTHx ~HHE~, oTHecea-
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HHe K TIOTOKY rrpoTOHOB, OTIE~enRIDTCJI C8~8Hfi8M Ky~oHaBcKaro BaS6y~~e

HRfl, KOTOpOe P.M€8T Bll.IJ; /I 

/2/ 

r.n:e A1 M E - ~~acconoe· tiHCJIO YI ::meprmr 60M0ap.n;HPYIOUU!X 'tlaCTBU, z 2 -

aTOMHblli HGriT€p R,n:ep MMlll€Hfi, .4 E - SHeprr.JI BOSOyr..;n:aeMOra ypOBHH 1 B(E2)

rrpJme.n:eaumr BepORTHOCT:& SJIEKTpr.qemwro KBa.n;pyno~:&Horo nepexo.n;a aa 

STOT yponeH:&, f <g) - KY~OHOBCKM WYHKUM. 

3. OnpeneneHM€ CP€TIH8KBagpaTH'tJHNX 3apRnOBHX nan~yCOB 

06uqaa HCITOJI:&3yerAiffi IIO~y8~~ilJ.:IP,E'tJ€C,Kllfi M€TO)l pac'!eTa D83HOCTe:ti CJ{3P 
0 ~ A' /2 5/, , .d(r'-> • COCTOJ1T B CJI€.TI;YJ01U€M ' : I/ E3 8KCIT€"[):P.lM€HTaJII>HCIX 3H2'tl€-

Hnti MC BH'!HTaeTCJI ITOJIHHfi Maccomdil: C)lBEI' .d.l•\:c , COCT~fi ll3 HOPMaJI:&

HOrO .d })IlllC n CIT€UYJ.ij)R'!€CKOrO 4).) Cli';C ;.mccaBorO C)lB:P.lra; 2/ BrNHCJIReTCJI 

8jl€KTpOHHblti ~aKTap Ei , OIIpe.n;e.1IR.KllUli1: :H3M9H9HY.JI H9peJIRTHBfiCTCKai1 IIJIOT

HOCTE. MEKTPOHHOro 38pJI.IJ;8 ~'t'(O)I c._ B U€HTpe RJJ:pa l!,JIR paCCM8Tm1Ba€MQ

ro nepexo,IJ;a i ; 3/ onpe.n;eJI.ReTCJI J.I.n;epHblit ,IlaKTOp f(Z) , onYJ.CI:.!Baronmtl: 

IIOIIpaBIUI. K M€KT{JOHHOi1 BOJIHOBOfi ~YHH.l.U'l:v. H3-38 peJIRT.HBliCTCKHX 3~9KTOB 

n KOHetrHm:: paaMepoB R.Irpa. Torna 

/3/ 

r.r~e .:1 ll TIC - Trut H"3HBaeMI<ll nOJieBoll c.r~B•r: ..a line =..a v sKcn - <>liMe· 
Crul:&Hoe CM8Illl1BaHHe KaHY.mrypaiJ.H~ o6oHx ypoBHefr paccMarpnBaeMHX ne

pexa.JJ;OB H OC069HHO H93H8H.H9 KOH'iJlli'YJ)ail;liOHHOI'O COCT8B8 B9pXH¥1X ypOBHSiJ: 

He nosBUllRIDT npoBecrn KopneKTHHX BHqHCAeHHM 3~eKT~OHHoro WaKTopa E 1 

a Trut"e 4V ClllC • 
~ Ollpe.n;eneHJ1R STJ1X DeHE'tJMH B )l8HHafi pa60T€ lil:CITQn:03yeTCR M€TO~ 

KaJIM6pomrn no .n;pyroMY onTE~eCKOJJ:Y nepexo.rcy c rrOMam:&ro rpatlm.Ra fumra .. 

~~eTO;n; COCTOl:lT B CJI€.JJ;YI01U€M /
2 ,S/: 8CJIH Wlff O,nHoro OIITJ1'tJ8CKOI'O nepexo

.n;a i E.3B8CTH:b! M8KTpaHHI:ill Wru<Top Ei E. Cll€IUl\DH'!€CKlil:fi M2CCOBIDi C,llBHI' 

LtVc~w(i) , ro H3 HaK.o10Ha rpa(j_JHKa fumra n era ratrKE nepece-qemm c 

OC:&IO Op,lli1H8T MOll.";HO onpe.n;eJIHT:& COOTB8TCTB€HHO E j E. A).) CMC( j) ,IlJlR HC

CJie.n;yeMora nepexo;n;a j • 

113-32 XOpOmefi COBM€CTHMOCT:M H81IWX ,I(8HHl:lX c1g7esy~:&T8T8MJ1 llJlR 'tJECTQ-

ro ns -+ np nepexo.r~a c ~ = 4460,21 ~ B Cell OH Ra.ReTCR CaMHM 
no.n;XO.llRlUl'lM penepH:blM' nepexo,nOM. Era napaMeTpH CJie;zyiOUI)le: 

4Y !40,142 = (0 3 +- 0 9)L1VI40,l42 
~c ' - , ~c 

/4/ 
E

1 
= -0 1376(19). 
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~ BHqHCll9HRH Ei HCITQnb30BaT!OCb H3~8CTHOe 
~epME-Cerpe, cor~aCHO KOTOPOMY /IS/ 

Ei • - fl (z!tn~). dna/dn, /5/ 

n H na- COOTB8TCTB8HHO r~aBHOB H s@@eKTHBH08 KB8HTOBH8 '!~ORa, Za 
aWWeKTHBH~ sap~ aTOMHOro OCTOBa. 3Half8HHR na= 2,293 H dna/dn = 

=1, 049 ~~CJIBHhi Ha 0CHOB8 CITBKTpOMeTpH'IBCKHX .II:a,Hf\W{, llpl1B8,U9HHHX B 
pa6oTe !I4/, a rrapaMeTp sKpaHDPOBKH j3 • I, 08 121. 

llMyti8Hllli8 MBTO.I(OM K8JU16pOBI:rn 3H8't!8IDJ.H E . H .::1 ))Cl'C( j) JVIR HCCJIB-J •. 
.n;yeMHX AMHHfi ITPHB8.I1:8HH B Ta~HUB 3. OlliHcJKH BKAID'IaiDT T80P8TH't!8CKH8 HB-
OITpe.n;eHBHHOCTH B (4) H HeOrrpe.n;eneHHOCTH B napruneTpax ITpRMOfi KEHra, 
rranyqeHHOM MHK c y'IeTOM aKcrrepnMeHTanDHHX oruH6oK. 

Taoo!!!!a 3 
llapBMeTpbl .D;JlJI 3MimpHti8cKoro pacqeTa.d(r2_>. 

(A= I40, A'= I42) 

A, .:1 v CllC a.v nc Ei' E. f(Z) 
~ rr.ru rr.ru J rrw'W 
4460.21 11(33) -1627(34) -0.376(19) 15 .l~CEi 
5772 .88 388(45) -2159(46) -0.4q9(25) 
5773.61 125(32) -1518(33) -0.)52(18) 
5788.59 394(50) -2368(51) -0.54'1-(28) 
5804.42 299(34) -1544(35) -0.354(19) 

3Halfi1TBJI:DHUe BeJUlliJ!IHH Cl\.~C, rropH,wta (4 - I4) &m:.c , CBR3aHH,rro-
Blil.IJ;HMOMy, C CM:CHRM: CM€lllJilBaHM€M pa3HHX KOH~JIIrypamn1:, B li8CTHOCTH C 
:H3M8H8HJ18M lf:HCJia f- H/I1J:U1 d-8Jr8KT!JOHOB. l{OH011rypaiU10HHHfi COCTB.B HlilE

HHX H B8PXHHX ypOBH8~ Till<Ofi /eM. T86A. I/, liTO npeodna.n;aromyro pan:r:. B 
.n;aHHOM nepexo.n;e HrpaeT Ta era li8CT:b 1 B I\OTOpOM l!liCJIO f(d)- M8KTPOHOB 

B BBpxHBM JPOBH€ 60JI:Clll€. 1\aK lil3B€CTHO /
2/ '· 8TO ITpEBO,UHT K c50JI:&illOMy 

TIOJIORJilTeJI:&HOMy, ~I':C, 'G:TO l1 H86JIIO.IJ;8€TCR Ha CBMOM ,n;e.n:e. 
Bs.f!TOe 113 i'S 3Ha'l!emlie JI.nepHoro (Pa.KTopa f(Z) .!(JlR" J130TOITHO.ti napH 

14 0' I 42ce npnBe.n;eHo TaK;;~e B Ta6JIEIJ;e 3. IIp11 pac"G:eTax npl-lHHMaJioc:& noc

TORHHOe 3Ha'I!8HJ18 f(Z) .rtJ1H BC8X J130TOTIHbiX nap M ,JJ;OIIyCR88MM I!PH 8TOM 

orrrndKa /MeHollie 0,2% I He yq•TaB~aco. 
Cpe,n;Jrne B3B8lii8HHH8 aHa'l!eiDJ.R OTHOCHTSJI:&HHX AOTH 11 a6cOJllOTHhlX L1(r

2
Y 

Jil3MeHeHlili1: CK3P,pacc'lE.TaHHHX H3 HC HCCJie,n;yeMhlX Ha.ME. 4 cneKTpaJil>HHX 
JIYIHHi-J CO 3Ha'ti9HHRIVIH napB.M:BTpOB l13 Ta6Jr. 3, ITOR838HH B Ta6J.rl:Ul8 4 
/aMII. paOli./. J1.nR cpaBH8HM B 8TO:ti Tac5JIHIJ;8 ITpHB€,JJ;8HH Ta.IDK8 peayAI>TaTH 
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,IQyrHX 8KCII€pHM€HTaJII>HbiX padoT: a/ E.8 odsopa /3/ ,BKJIIOt!alllUSro .u;aHHH€ 

no MC H3 KJI8CC1'l.'tr€Cw OIITH'tJ€CKHX padOT, C :H8BJI€'t!€IDI€M L1(r2 ) IIpH 

IIOMOUU1 paC'ti€TOB /IS . PesyJI:CT&Tl\ ,H8CT~e:M: ladOTH Oti€H:O XOpOlliO COB

llaJlaiOT c pesyJII>TaTaMH o6sopa 1 31 • ,llrui ..d(r) I 40,I42 Bl\llHO Jiy'Jmee 

COrnacHe IIGnyl!eHHOrO HaMM 3H8tr€HHH C .!t8HHHME H3 H€0IITH'tJ€CKEX M€TO.!t0B 

/ll,8R€ B llP€ll:€Jl8X H8.llleH, CPaBHHTeJihHO MaJI€H:&RO~ oum.dRF.J./. 

Ta6Jiwa 4 

ll8MeHeH.e CK3P c.<r2)A,A+Z IIlli! ~30TonoB Ce 

A,A' 136,138 138,140 140,142 
N,N' 78, 80 80,82 82,84 

A OTH ' 8MII. pacq. " -0.020(11) 0.115(10) 1.00 

L5.(r2), ~. .. 
-0.0~(3) 0.032(3) 0.281(10) aMII. nac't!. 

odsop. 131 -0.0~(4) 0.020(4) 0.265(12) 
KX-JIY'!H /I6/ 0.274(10) 

{'X-JIY'~Il /I? I 0.284(32) 

"' -0.017(8) 0.020(2) 0.243(12) Teop. pacq
3 MO,llBJ!l>HblB uac;• /Z v 0.018 0.018 0.279 

• I9,24/ 0.004 -0.014 0.215 

* Pac'tiSTH HaCTORmeH padOTH. 

4. llpHMOH TeopeTV.'!BCKEH paC'!BT ..d(r2) 

ilOCKORhKy OnHCaHH~ BHID€ rranyaMDEpHqeCKH~ M€TO.!t H€ EM€€T CTpororo 
T€OpeTB'tJ€CKOrO OdOCHOBaHEH~ TO .!ta.II€KO H€ HCH01K KaKnM ll.OIIOHHHT€JI:CHHM 

H€OIIpe.u;eo~1€HHOCTRM B Alf) MOryT ITpHB€CTH .IJ:OIIYITI8HH8 0 pas.n;eJISimH 

~1eKTPOHHoro E R.n;epHoro WaRTopoB, a Tax~e OTKnOHeHHe oT nporropnnoHanb-
. /. 2 

HOCTII MBJ!IllY AYrrc II .L5.,r ) • il08TOMy llPB.I1CTaBru!eTCJI HHTepeCHHM CpBB-
HETb nany~eHHH€ B n.3 3H8~8HEH H3MeHeHHa CK3P C pesyAbTaTaMH llPHMOrO 
TeopenP.recKoro pactreTa KaK aW;PeKTa o6'beMa H.JU'a,_ Tax n cneUH{j?EtrecKoro 
MaccoBoro· c.n;Bnra. Pac~eT nocne.n;Hero B paMKax MeTo.n;a XapTpH-~OKa CBo
.n;nTCR K Hax0~8HBID CYMMN O)J;HOtraCTR~HHX MaTpRtrHHX 3n€M8HTOB onepaTopa 
nMITy~bCa no BC€M 38ll0UH€HHHM O.n;aoqacTH~HHM COCTOHHRHM. B npOBO.n;BBmEX
CH HBME ~RCITSHHHX pac~eTax CN.~ C8MOCOr~aCOB8HHO€ none, 0,1J;HQq8CTRtfHH€ 
BOHHOBH€ WyHKnHE E 8HeprHH, a TaR~€ MaTpH~HH€ aH€M€HTH HaxO)J;RHHCb 
B rrp1!6JII!EeHRI! XapTp1!-40Ka-CnaTepa. AnSI rrepexo,lla 4i26s -+ 4i26p B 
Ceil pac'!eTu CMC ITpiiBBJ!I! K sHa'!eHI!HM 
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4JJ !J.A' = -5.520 x 1oS A'- A 
UVJC A'·A ' 

Mf'u. /6/ 

UMeSI B :BR.JJ:Y, liTO ..:::::!VlWJC nanecTHO,. na axcne{>J1MBHTaJI:D~ a_Ha'tleirnM 
Llli ~K~II .IlAA qEcToro rrepexo)(a c -1. = 4460,21 lt /eM. 181 " TadJI. 2/ 
MOliiHO ;rerKO BI<'<ECJIET~ )(OJllO rrOJieBoro /o6,.eMHoro/ a<fx.PeKTa: LlV IIC = 

•102,5 Mru, -117,85 Mru, -1460,19 Mru )lJlJ:! E30TOIIEqecKEX !lap (136,138), 
(138,140) E (140,142) COOTBBTCTBBHHO, 

nna Hax0~8HDH CBff3R Me~y BBnElJBHOfi 06~eMHDr0 3~KT8 E P83M8pOM 
H,IWa pema.Jiac:o CJI8.JlY!Wl8H aMatia. BH.aqa;re B paMKax MeTo.rr;a XapTpJi-<.J?oKa
CnaTepa Haxo.rr;anoc:D cpe~ee /caMocor~acoBaHHoe/ none, .rr;e~cTnyromee Ha 
paCCM8TPRB88MBn SRSRTPOH CO CTOPOHH OCTa.JihHHX aTOMHHX aneRTpOHOB rrpE 
Ha.JIR't£RR TOlJ8lJHOrO ~a. 3aTSM ITYTSM lJECRSHHOrO EHTerpnpOB8HBH ypaB
HSHHR ~paRa ~ SR8KTPOH8 COCTORHRff 6s RHE 6pl/2 B H8fi.rt8HHOM none 
aTOMHHX aneKTPOHOB B&qncRRXoc:D cMemeHEe yponHH rrpn aBMeHe TOtJetJHoro 
~pa H8 npOTH~8HH08 C pea.JIECTElJSCKHM /xoQcT~TepOBCKEM/ pacnpe.rr;e~e
HMSM aapgua rrpn pa3RRlJHHX 3H8lJ8HMRX CK3P ~pa. 0TCID.rr;a, ECITOH:D3YR 
Ha~~eHHyiD paHee TIOIT8BY~ '!faCT~ MC, IIO~CliRTHBaHR COOTBSTCTBYDmne R3-
M€H€HRII CK3P, rrpntieM ,IJ;OTIOITIDJ.TM~Ho yqnTHBaJiac~ nonpaBKa Ha l'I.3MeHeime 
8KpaHHpOBKl'l. BHyTp8HHHX aRSKTpOHOB BHSWHnM aR8KTpOHOM Tipl'l. rrepeXO,IJ;e 
rrocne~ero ~3 6s-B 6p-COCTORHl'l.e. llpoue,IJ;ypa BHtil'l.cneHHa rronpo6ao orrHca
Ha B /I8,I 9/ l'l. ycrreiDHO E.CTIOJib30BaJI8C~ .IV1H HaxOE,IJ;SHM LJ.(r2 ';}/2 ,IVl.ff 

PJ30TOrroB p.l'f,IJ;a aJieMeHTOB • .Ii.J.rR nap H30Torron Ce c MaccOBHME liRCJlaMll 
( 136,138), ( 138,!40) B ( 140,142) 6WIO Hal!)(BHO, ~TO LJ(.-2)1/ 2 COOT
B6TCTBBHHO p8BH!l 0,0018 <IJM, 0,00204 <iJM H 0,0253 <IJM, a 3HaqeHn!ILI(r2> 
.IlAA Tex ~e nap rrpnBe~eH!l B Ta6JIHue 4 /Teop. pac~./. OHn HaxO)(!ITC!I B 
XOpOmeM cOrJiaCl'I.H C pe3yJI~TaTmm, TIOJIJ"JSHHHMH 8MIIJIIPH'tf6CKE.M MSTO,n:OM. 

B CJiyqae nepexo)(a c A = 5773,61 ~ B Ce1, KOToplll! !IBJl!IeTc!I cMewaH
HHM, 3H8t{€HM ..LJ.(tl) , TIOJIYliSHHl:l:S Om!CaHHHM 3,!1;60~ MSTO~_OM, xy.JKe cor
JI8CyiOTM C 8MIDl:pWI6CKE.ME 3H8li€Frn.ffMJl:. 

5. OrrpeneJieHE.e napaMeTUOB ne¢OpM8lll'I.R 

H3MepeHHHe ce'tfeHER KYJIOHOBCKoro noa6y~~eHHa ~ep Ce TI03BOHRIDT 
OTipe,n:eJil'I.Tb, TIOJib8YHC~ BHp8~6Hl'I.€M (2) , rrpl'I.BS,Il;€HHH€ BSPOHTHOCTH p~l'I.8-
Ul'I.OHHHX nepeXO,IJ;OB l'l.3 OCHOBHDrO COCTOHHHH B rrepBO€ B036y~~8HHOe CO 
CTil'I.HOM 2~ : B(E2 0 -7 2). qT06B l'I.CKJIID'tfl'lT~ Oilll'I.6KE., CBR38HHH€ C l'l8Mepe
HE€M TOKa rrpOTOHOB, ~eKTl'I.BHOCT~ID perl'I.CTpaqRE l'l yrJIOBOM 8Hl'I.30TPOTIE6~ 
~-nanyqeHER, TOPM03HO~ crroco6aocTbiD rrpoTOHOB n Ce, orrpeneJIHeMHe aaa
'tfeiDl.ff B(E2) HOpMEpOBaJil'lC:& H8 l'I.3B€CTHH:e E ,3~~peHHHe C BHCOKOn TOti
HOCT~IO aHaT.IeHIDJ B(E2) ,n;JISI naoTorra 142ce 2 

IloJiyT.IeHHHe Ta&EM crro
co6oM Sl\aqe)ffi!I B(E2) = naoTonoB 136ce " 'IsBce, a TaK><e B3!ITHe H8 
o6aopa 1191 - )(JIH 

140ce H 142ce npEBe)(eH!l B Ta6Jinue 5. 0m.6Ka sHa
~eHntt B(E2) onpe)(eJIJIBTC!I CTaTECTEKOl! Ha~~aeM!lX C06!lTRM E Heoupe
~aiTSHHOCTbiD WoHa~-ll~BHHB rrpHMecett B MHIDBRn. 
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C TO~HOCTbiD ~0 BTODOrO ll0DR~R8 3H8~€HnH B(E2 Q ~ 2) C~38HH C . - !2/ 
napaNieTpOM Kna,n;pynOJI:&Ho~ .n;e(j)opMar..un1 R]l;pa (32 cooTaomeHHeM I : 

B(E2 0 -+ 2) = (3/4.1<') zR';,pi(l + O,l58f;), /7/ 

r.:ue R
0 

= 1,2A l/Z tf.M, a B: E2) mrpa;r.eHo B e.unHHUax e2~. TiapaMeTP 
j32 OII[J€,IJ;eJl.fi€T CT8TH'I€CI\YI0 .n;eWOTJM8UJUO B crJ,JepOB.IJ;aJI:&HWC R,11;pax J1 cpe.n;He

KB~P8TI1'IHYID m~nnHTY.:UY KOJie6aHHfi R.n;epHOM IIOB8pXHOCTI1 B cWepH'I€CKHX 
~pax. llany'I€HHH€ C ITOMom:&ro BHP8~8HMR (7) 3H8'I€HHRp 2 ITpi1B€.D:€HH B 
TadJIHU€ 5. 8TH 3H8.'tJ€HM (3

2 
ll03BOJUUJT CY.IJ:HTb 0 BJIMHl111 .z:r;e;JlopM8W!E. Ha 

H3MeHeml.e sapR,IJ;OBHX pa.n;:nycon R.n;ep Ce. 

Ta6J!Mua 5 

~eDHHe napaMeTpH HROTonon Ce 

MsoTorr E(2-t; BOl20~2) h Ll(ri/'!40 
KBB e26apH i!>i 

I42ce 64I o. 450(!0 f" O. I2I2( I4) 0.046(3) 
I4000 I596 0.296( 6) " 0. 0996( IO) 0 
I38ce 789 0. 46I (50) 0. I25( 7) o. 055(!6) 
I36ce 552 0.8!4(90) O.I67( 9) o. 172( 28) 

*,lla.HHH9 >13 o6a.opa1201. 

6. 06c~~effi'l.e U€3J:JI:&T8TOB 

Kax YE~ yRasaHo /eM. Tadx. ~' nocne.n;onaTeA:&HHM TeopeTH'JecKEll 
P8C'I€T llpHBO~BT R pe3y~bT8TaM, 6rr~3RBM R Hffi1~€HHUM nanyaMUHpE~€C~~ 
MeTO~OM. HeCMOTp.fi Ha H€KOTOpiDi pa36poc, OE::iHapy)lmB8€TCH 06IUa.JI TetmeH
L\IIH: 6JIMSKH9 3HaqeHM (r2) y H30TOTIOB C N = 72, 80 H 82 H pe3K09 . 
BoapacTaHHe <r2) np• nepexo.r~e OT N = 82 K N = 84 • 

B MO~e~:t.HillC OIIMJ.C8Hl1RX E3M€H€Irn.fi CK3P TaRO€ 8H0MaJI:bHO€ IIOB€.U€HFI€ 
~ (r2) He cnoco6aa aocnponsBeCTH HHKaKaR WopMyna ~na pasMepa ~pa, 
co.r~ep~a. rJI~yro aaBHCHMOCTh OT A I >1/nnn OT z H N/. C.TyauHH,O/IHa
Ro,yny~waeTCR, ecnB y~eCT:b ~eWOPM~ID ~pa. Ha pBc.4 fiPEBe~eHO H3Me
H€HE€ CK3P Ce H3 aacTo.fillleH padoTH /sMnnpv.qecKH B TeopeTn~eCKFI paCCqH
TaHHHe ~(r2) /, a T8K~€ ~HHHMJ. ITOCTOJIHHO~ ~eWOpMa;¥,,p8CCqllT8HHH9 C 
TIOMOIU:t.~ cTaanapTHOH .nayxnapaMeTpnqecKO~ WOPMY~ 1 : 
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L\(r2)A,.\' = L1(r2>Ar\' + ~r2y~ •• p'A(A~}A,A' 
Ktl. 4 Jt ruv1 r ~ , /8/ 

A(r
2
)KM BJ;,IqJIJCJULIIOC:D corJiaCHO IT09JI8JU{8MJ' B8!JH8HTy KalleJibHOJ! MO.TI.9-

JI;/2I ,ZZ/ . .i3ropoii 'VIBH B (b) y'lllTht:aaeT 

1-

• 0~ 
' 
~. 

. 
-o~ 

. . 
// "' . . 

_//"' 
. / 

• 

. 
/o.1J I . / 

• 
' 1 n•o 

• . . . 
/ /1 /1 

··-" • 

KBB,!UlyilOi!bHY!O i1€WOPM8llll!O(f ~)12 rrnE 

llOCTO!IHHOM Od:beM€ H)1pa: 3HaqeHJIH'Y' ~)I/2 
B3HThl n3 T86JIJIJUH 5 • 

PHc.4. 3aBHCHMOCT:D oa3HOCTH 2ao~OBHX 
- N- . 
pa,n:Eycon Ll( r 2 > 82 ' or ~uwJia HefirpOHOB 
N: 0 - 3H8.'ti€HJ1R, IIOJIY'tfBHHhl€ IIOJIY8MITJIJPH

qecKnM MBTOJI;OM; .6. - paCtt€THl18 3H8ti€HM. 

illTpY~OBhl9 ITpRMH€ - paC'tJ6THhl€ 3H8'tf8HRR 

IIO RaiT8JibHO~ MO.n;enM ITPE TIOCTOHHHHX DaP,a

MeTpaX KBa,!1pyilOJibHOi! ,!1€\QOpMaiJ;>m<Jl ~ }I/2 
E3 TaCiJim:w 5. 

P110. 4 IIOK83lffi8€T, 't!TO IIPH N L !Q Ollne.rr;eJieHHH€ B H8CTO,mnefi pa60T€ 

3H81J€Hl-IR ,t1<{r2) /8MII. pactt./ .l!i paCC1li~T8HHH€ ITO 'iJOPMYJI€ (8) Oti€RD XQ

pOWO COBlla.Il;aiOT MBJ!'ill;Y C06oil:. 3ro 03H81!88T, 'liTO IIOB€.D;€HJIJ€ E.3M€H€lrn.:£i 

CK3P upR N !f. 82 IIOJIHOCT:OIO odMcHHeTCH R3MeHeH~eM KBa.rr;pyrrOJI:oaofi .ue-

~OPMauHE E30TonoB Ce. 

HaodOpOT, npH .N = 84 V.cM9€T M9CTO CM:OHO€ paCXO)!UI;€Hlo~e Me~y rrpe.n;

CK83a.HlU!Mii lfJOpMyJih! (e) H p€3YJI:OT8Ta.MJ1 H8CTORineti padOTI:,l /eM. pE.c.4/, 
ITpHti€M ORO COXD8HR€TCR,.Jl87r\€ €CJII'l. :t'!3M9HRT:O 3H8tJ€FrnR BXOJJ:Rll\EX B (zo2)KJ'iJ! 

napaMeTpOB B Cp8BHI'I.T€Jll>HO UII1pOKYJX, HC p83j'MHbiX TID€.D;€Jl8X /coxpaH..IDI 

HX O.D;HH8KOBID~ ~ BC€X H30TOIIOB/. 

,1lJm 06MCH€HRH a.HOMaJihHOrO IIOB€.D;€Hl1H .d.(r2) OKOJIO H€fiTT?OHHOrO 

MarHtJecKoro lfBCJia N = 82 l,.Qoprv:yJia lf.JIR pa.rr;EycoB H.n;ep ,n:o.mrna co.n;epjKS,TI> 

JIOKaJll>Hbl€ IIOIIpaBKB, l\UgT)eJHlPOB8HHll€ C 3aiTOJIH€Irn€M JI)l€pHbiX 060JIOti€K. 

HarrpMMep, B pa6oTe !Zvt aa ocHoBe TeOpEB KOHettHl:IX WepMli-CHCTeM BWUW

JISHH KOHCT8HTH J130TOIIl'l.ti€~KOrO CJ1.1emeirnH B CYJ€PiPl€CRMX H;n:pax: C = 
=M(4,A)LI<r2). )l.ru! .Ll<r > naccMaTpl!BaeMHX li3CTOIIOB Ce sTl! pacqeTN 

ilPlllBO.I(HT K 3H8lf€HIDI!'I~, IIOK838HHHM B T86JIHI.J;€ 4. ClHv.~ XOpOlliO ODE.CblBaiOT 

C.itatiOK B (r2) ITp:H Ilep€XO)l€ 
2 

OT N = 82 K N = 84 , HO npe.n;CK83HBaiOT BC€

TaKH 3&1.9THO€ H3M€H€HH€ <(r ) B COC€.D;HHX ti€THD-tJ€THUX M30TOllaX riPE 

N ~ 82. UmroaBO'llHHe tiJieHH co.n;epro~T H WOpMyJia, rme)lJloJP:eHHa.R" B pado-
Tax /I9,24/: · 

L>.<;r?-)l/2= o,B3'+Al/3 +0,58+0,0l5(z-z"(A) )+ An(N)+ A, (Z), ~, /9/ 
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r,ne zx(A) - rJia,n;KaR JU'ImtH jS-cTadPJI:OHOCT~, a A n<N) E. Ll.p(Z) - norr
paBKJol, CBR::IaHHh!e c sanOJIHem:eM odOJIOT.IeK. B :r.HTepecyromeM aac o6J:racTB 

.6 (N) =J -o,oooa51i'+o,o3N-1,056 ll]lR 50<£ N £82, ; 10; 
n 1 o,o0079li'-o,1246N+4,865 ll]lE 82 ~ N £90. 

KaK Bli,ll;HO Jol~ TaOJr:r.il.U:l· 4, 3Haqemur A(r
2

) BWIHCJl€HHJl€ B COOTB8TCT-

BEJl. C 8TOti >,iJOpMyJioti, )J;OCT8TOqHO XOpOWO nepe.D:aKlT K8tf8CTB€HHIDi xapaKTep 
ll0B€)J;€HHH CK3P BOKpyr MarET.I€CKOrO qH~la N = 82. 

B 3a.KJIIO'IJ€HP.8 a.BTOPN Bllp8JK810T 6Jiaro.u:apHOCT:O r.H.-fJiepOBY E. ;o.u.Ora
H€CHHY 38 ITO~ep~y padOTN, M.M.CTapOCOTHEKOBy 38 ITOMO~ B paCT.I€T8X, 
E.B.CH30BY a rpynne 8KCIIJiyaT~MH sr-5 38 npOB8.l(€HB€ o(irryqemur. 
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