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1. BBE,LlEHHE '· ; 't)'. 

I B !4HKJ1e pa6oT 11 •51 ' ;All~ G6ni.ui:oi1 rpynnbl cpeA11HX :H TRlKellbiX ' 
R,(lep, (60_$: A ~178) 6b1J1H HC,C,Ile,[IOBaHbl. peaKLIHH , (n, a) •. ~~·a' peS()
HaHc'HbiX He~1TpoHax. 6naro,~:~apR eecbMa 4'y"ecTBHTeJ1bHOi1, .MeTO,t:IHKe 
H3MepeHHi1 enepBble y,(laJlOCb nony4HTb KaK nOJlHbl'e/1•3/, TaK·H B 
PRAe cny4aee /4,5/ napLIHallbHble WHpHHbl a -pacnaAa .KoMnayHA-
cocTORHHi1. 06pa6oTKa AaHHbiX /6,7/ no ycpeAHeHHbiM a-wHpHHaM 

n03BOJ1H:':la paCC4H.TaTb ,CHJ10Bbl~ ¢YH~4HH a,-4a.C::JH~ S~ .' . K~TO-< 
pble OKa3aJ1HCb B XOpoweM C()rJ1aCHI1 C,BeJ1H4HHaMH CHJ10Sb1X ¢YHK4HK 
s qepu. ; Bbi4HCJ1eHHbrMH Ha OCHO~e eapHat-tT~ 'oriT1'!4ecKoi1 MOAeni-1 ~~' 
cH<;,bHbiM · norno\qeHHeM a -4aCTHL! - MOAem1''.4epHo.roi.• RAPa: · 3aeH.:. 
CHMocTb CHJ10eoi1 ii>YHKLIHH s ;;epu. · oT .Maccbl A .cocTaeHoro R,t:~pa ·' 
RB11ReTCR nnaeHoi1; H e OTJ1H4He OT Hei1TpOHHbiX CHJlOBbiX: <I>YHK~HH 
B Hei1 OTCYTCTBYIOT OC4HJ111R4HH /8/, CBR3aHHble C rr.i'raHT.CKHMH. pe-
30HaHcaMH ~· <I>H3~4.ecKH 3To 03Ha4a.En, 4To H3-.3a CHJlbHo~. ceR3H c 
MHoroKeaaH~aCTH,4HbiMH Bo36Y>KAeHHSlMH' RAPa. a -4aCTH4Hb~e: Y.POBH11 .. :: 
nOJ1HOCTbiO <J>parMeHTHPOBaHbl no 60J1bWOMy 4HCJ1Y KOMnayHJ:\-coCTO~:_· 
HHH. ' ' : 

3aMeTHM, 4TO A11R TR>KeJlb;X R,(lep· 172 Yb H 178 Hf 3KcnepH.MeH-
TaJ1bHble .CHJ10Bble ¢YHK4HH S~ . 3aMeTHO npeBOCXO,[IRT 16 • 7 ~ .Teope-, 

'TH4eCKHe eenH4HHbl .. ,s~epu.· /eM •.. Ta6n.3/; B npHHLIHne, .3To,paa-
11H4He MOlKHO 6biJ10 6bi paCCMaTpHBaTb KaK yKa3aHHe Ha HeCnpaBe,[l~ . 
JlHBOCTb npeACTaBJleHHH 0. CHJlbHOM norJlOU(eHHH a ';'4aCTH4 ~ 06 OT- · 
CYTCTBHH rHraHTCKHX a -4aCTH4HbiX pe3oHaHCOB' eci1H f5bl .He TOT 
¢aKT, 4To RAPa 1 72 Yb 11 1 78 Hr l:!enRIOTcR 'cHnbHo Ae¢opMHpoeaH:-. 
HbiMH.< Me>KAY TeM B pa6oTaX 16•11 . npH Bb14HCJ1eHHH BeJ1H4HH S0 ,' ... , . . . . . . . . •a ... 
¢opMa yi<a3aHHbiX RAep npHHHManacb c¢epH4ecKoi1~ . . .. . . . 

B HaCTORIJlei1 pa6oTe Mbl nonbiTaeMCR y4eCTb ~e<J>OpMa~HrO: KOMnayHA
RApa npH onpeAeJleHHH ·~ -4acn;4HbiX CHJ10Bb1X "¢yHK4HH Hei1TpOHHbiX ' 
pe30HaHCOB. 

2. rz -4ACTI14HbiE CHJlOBbiE <I>YHKUHH C<I>EPI14ECKHX R.LIEP 

OnpeAe11HM a. -4aCTH4Hble C!iJlOBble <I>YHKLIHH cor11acHo pa6oTe 161 : .. , :.; 

so -I' llr /(DI1T r ) : 
fL - fL . .• Lf ·' . 

so = r Irr /(l)lrr I l' ), 
rz fL fL 

f~J. bE£l~I~Ci~HLI~i vti'CT l'::.i. 

;;;4EPHHX 1·1CCn~ C.O J .:H1' 

/1/ 



-liT > w 
rAe rfL - ycpeAHeHHa:R no HeHTpOHH~M pe30HaHCaM C Aa~H~MH 
aHa4eHHRMH cnHHa I H 4eTHOCTH rr nap1.11-1anbHa:R WHPI-1Ha a -pacnaAa 
Ha $HKCHpOBaHHOe COCTO:RHI-ie f A04epHero RAPa C xapaKTepi-1CTI-1Ka
MH I? . > B~eTaJO~a:R a -qacTI-1l.lci HMeeT MOMeHT L H 3Hepi'"HIO Q r • 
BenH41-1Ha D 11 · - cpeAHee 3HepreTH4eCKOe paccTORHI-ie Me>KAY 
KOMnayHA-COCTORHI1RMI-1 C AaHH~MH 1rr • rlL - WHPHHa a -4aCTH4-
HOro peaoHaHcHoro ypoBHR, o6paayeMoro nim pacceRHI11-1 a -~.~acrH-
1.1~ c xapaKrepHCTHKaMH L , Qr Ha ae~ecrseHHOH qacTH onTI-14ecKo-
ro noreHI.IHana Va (R). · . · · · 

B MOAeJll-1 114epHoro11 RApa 191 aeJllt14HHaM Sf'L ),1 s~ COOTBeTcT-

ayeT CHnoaaR !IIYHKLIHR: 

EqepH • = 1/Do ' /2/ 

rAe~Do ""DL=O, nplo14eM DL- 3HepreTH4ecJ<oe paccTORHI-18 Me>KAY 
coceAHHMH a·-4acn14H~MI-1 ypoaHRMI-1 c (f)HKCHpoaaHHbiM 3Ha4eHHeM L. 

Bem141-1Hbl Du pacc411TiiHHble a c.riy4ae c!llepl14e_cKHX RA8P c pa3HbtMH 
¢eHoMeHonorH4eCKI-1MI-1 noreHI.IHanaMH Va (R) Al1R paan114HbtX MoMeH-
roa L, cna6o aaa11cRT or L AJlR L $ 8 161 , TaK 4TO aaMeHa D L 
Ha D0 anonHe onpaBAaHa. · 

Y4HTbtBaR cooTHoweHHR /1 I 1t1 /2/ AnR ycpeAHeHHbiX napJ.IHanbHbiX 
1-1 nOJlHbiX Wt-ipHH a -pacnaAa H8HTPOHH~X. pe30HaHCOB S c¢epH4eCKI-1X 

:RApax, HMeeM: 

pl"=r .i)I"/D, pi"= I.r .i)I~/D. 
CL . fL {) fL fL ; .. n. 

/3/ 
> • -liT 

C ¢H3H4eCKOH T04KI-1 3peHI-1R 'aent-141-iHY D0 /D ' 9 /3/ MOlKHO 
paccMaTpt-iaarb KaK 3¢¢eKTHBHOe 41-iCJlO KOMnayHA-YPOBHeH, no Ko
rop~M {jlparMeHTHpyeT a -4aCTH4HOe COCTORHHe. 

Mo>KHO · npeAJlOlKHTb /7/ HecKonbKO HHYtO ¢opMy aant-1ct-1 a -4aCTI14-
HbtX CHnOBbiX $YHK1.111H /1/, He COAeplKa~JO B RBHOM BI-1Ae Wl-1pi-1H a -
l.!aCTH4HbiX COCTORHHH r CL H CB:R3aHHYIO TOnbKO C noaepXHOCTHOH 
KJlaCTepHOH o6nacTbiO/!O/aTOMH~X RAep, rAe nonHOCTb~ C$OpMHpOBa-
Hbl !llparMeHT~ a -pacnaAa. . . . . 

BBeAeM noaepXHOCTHbiH cneJ<TpOCKOnt-148CKI1H ¢aKTOP a -4aCTI1Libl 

W 1" coorHoweHt-1eM 1101 : · 

Rt 

w;~ = f 1'1': (R)!
2 

dR, 
RKJI. 

/4/ 

rAe senH4HHa R ·. cornacHo 1 1°1 paaHaRKA= /1 ,25A 
1

1.
3 

+1 ,3/ ii>M, 
a R 

KJI, v · v 

. 1- T04K~, ne>Ka~a:R n;~ee BH8WHel-1 KynOHOBCKOH T04KH nosopo-· 
Ta • Bom~oByJO ¢YHK1.1HIO 'I' CL · OTHOCHTenbHOro ABt-ilKeHHR a -4aCTt-1-
J.Ibl 11 A04epHero RAPa a KaHane (fL) AJlR HeHTpOHHoro peaoHaHca 
I" YA06Ho npeACTaBHTb ·a B~Ae . 

2 

I 
I 

I 

I 
I 
j 

I 
I 

IT IT ~ 
'1' 1 (R) =<ll (R) (r 1 k /2Q ) 

2
• 15/ 

CL .fL fL f 

¢yHK1.1H.A <llr~(R). YAOBne!aop.ReT OAH~I.!~CTH~HoMy ypaaHeHI-110 illpeAHH
repa c rpaHH4HbiM ycnoaHeM 

<llu."(R) - 'GrL(R), 
, R-+R1 

rAe 'GCL(R) - HeperynRpHa.R KynOHOBCKa.R ¢YHK1.1H.A •171 
KoM6HHHPY.R /4/ H /5/, nony4HM An.R WHpHHbl r CL Bbtpa>KeHHe, 

6nH3KOe no AYXY K R -MaTpH4HOMy /l11. 

111 111 
.. 

r fL = WCL ':A CL !61 

npH4eM aenH4HHa 
Rt 

2 • 
ArL= 2Q/kr f <llrL(R)dR · 171 

RKJI 

HMeeT CMbiCn 3c)l¢eKTHBHOro ¢laKTOpa npOHHllaeMOCTH. no aHanorHH . 
c /4/ onpeAeJlHM noeepX~OCTHbiH cneKrpoCKOnH4eCKHH ¢aKTOP WrL 
An.R a -KnacrepHoro ypoBH.R a KaHane (fL). · KaK cneAyeT H3 ra6n.1 
rAe npeACTaaneHbl ·aHa4eHH.R W rL, pacc4HTa,HHbte Ail.R pa3nH4HbiX 
KaHanoa- a-pacnaAa HeHTpOHHbiX pe30HaHCOB B RApax 156Gd, 172yb, 
178Hf c .noTeHI.IHaJlOM . V a (R) H3 pa6orbl/12/aeJ1lt14lt1Hbl WrL B. WHPOKOM 
HHTepsane • H3MeHeHH.A napaMerpOB Q L, L ,- f OCTaiOTCR npaKTH4eCKH 
nOCTO.RHHbiM~1. no3TOMY HH>Ke BMeCTO WfL ~cn110Jlb3yeM W O"' 0,25 • • 

11cnOJlb3Y.R ¢opMyny /6/ AJl.R WHPHH r :L H r'rL ' AI1.R a -4ac
TH4Hb1X CHI10(3b1X ¢yHK1.1HH I 11 nony4HM: 

rAe 

so = w I 77 /(W -·. D I 77 ) 
fL CL 0 · ' 

S ~ "'· ~ I"/ (W 0 • ~I It ) ' 

W 1 77 

= f 177
/ I. A 

fL CL 

!8! 

191 
• - . . . . .:, . . -I" 

3aMeTHM, 4TO B CHilY HHrerpaJlbHOro onpeAeJleHH.R BeJ1H4HH · W CL 
lt1 W O ¢opMyJ1a /8/ B OTJ1H4He ~T1 1f1HaJ10rH4HOH R -MarpH4HOH ¢0:J>My-
Ilbti11~.KYAa BMeCTO OTHOWeHH.R WrL /Wo BXOAHT· npHBeAeHHa.R. 

,;_ -wHpHHa '[ y}~ (Ro) t, .... Bbtpa>KeHHaR B ~AH04aCTlt14HbiX eA~HHI.IaX, 
He COAep>KHT pe3KOH 3aBHCHMOCTH 3Ha4eHHH CHJlOBbiX ¢YHK1.1HH OT , 
Bb16opa pai\Hyca KaHana R 0 • · · · · . ..· - ; . 

Pac4eT ci1nOBbi:X lllYHKLIHH no <)lopMynaM /8/ cy~ec:rseHHO npo~e •. 
He>KenH no ¢opMynaM /1/., raK t<aK oH He .cBR3aH c npo6neMoH Ha
XO>KAeHHR a -Knac!ePHbiX WHPHH' rrL ' rpe6yJO~eH peweHHR 3aAa4H Ha 
co6craeHHWe 3Ha~e~HR. 

3 



Ta6.rnu~a 1 

3HaqeHHH noBepXHOCTHhlX cneKTpOCKOnHqecKHX ~aKTOpOB 
AfiH pasHhlX KaHanOB pacnaga HeHTpOHHD~ pesoHaHCOB 

CocTanHoe In L'ilf L 
QI 

Jt'l?L JI.n.PO l Msif 
2+ I 8,209 0,258 

I56 GJ 2- 2+ 3 8,209 0,248 
4+ 3 ?,964 0,234 

o+ I 9,328 0,2?4 

I?2 yg 2+ I 9,248 0,268 
r 2+ 3 9,248 0,254 

4+ 3 9;064 0,249 

o+ 3 9,712 0,25? 
2+ I 9,635 0,2?6 

I?8 3- 2+ 3 9,635 0,264 
H~ 2+ 5 9,635 0,238 f 

4+ I 9,460 0,2?2 
4+ 3 9,460 0,248 
4+ 5 9,460 q,22I 

2+ 3 9,635 0,264 
2+ 5 9,635 0,238 
4+ I 9,460 0,2?2 

I?8 Hf 4- 4+ 3 9,460 0,248 
4+ 5 9,460 0,22I 

3. a -4ACTH4HbiE Cl1IlOBbiE <I>YHKI..IHH ,Qil.fl ,QE<I>OPM1:1POBAHHbiX .fi,QEP 

nocKOflbKY .RAPa 156'Gd, 172 Yb , 178Hf HMeiOT 6onbWHe paBHOBec
Hble Ae<J>opMa~HH ({3 2 - 0;3) B OCHOBHbiX COCTO.RHH.RX, MO>KHO O>KHAaTb•, 
'"ITO npH 3HeprH.RX eoa6y>KAeHH.R ·B n :::: 8 M3B Ae<J>opMa~HH aaMeTHO He 
H3MeH.RTC.R/13~npH CTOflb 3Hai.IHTeflbHbiX Ae<J>opMa~H.RX AOfl>KHO npo
H30HTH CH.RTHe BbiPO>KAeHH.R no MOAYJ'IIO K · npoeK~HH cnHHa peaoHaHca 
I Ha OCb CHMMeTpHH .RApa. no~TOMY MO>KHO BBeCTH B paCCMOTpeHHe 
Ha6op ·eonHOBbiX <l>YH~~HH 'I' 1" IKI · , xapaKTepH3YtoUIHX HeHTJ)OHHble 
peaoHaHcbl npH ·ycnoeHH coxpaiieHH.R eenHYHHbl K. OnpeAenHM cpeAHee 
3HepreTHI.I~Cf<Oe paCCTO.R.rHe Me>KAY ypOB.H.RMH, OOHCbiBaeMbiMH <I>YHK- . 
~H.RMH tpi"!KI , KaK D I" Kj • nnoTHOCTb ypoeHeH pi"lKI MO>KHO npeA~ 
CTaBHTb B BHAe /14/ 

4 \ 

·I 
I 

. -~ . . 1 h 2 . h2 h 2 . 2 . 
p "I I =(211) a-1 p (E) eKpi--(-I(I+l)+ (- --)K L /10/ . 

I K . K 0 T 2J .l . 2J 3 2J.l · 

rAe 

a-2 
.K 

h2 1 -·-, 
J:a T 

/11/ 

aK- cpeAHeKBaApaTHI.IHOe sHal.leHHe KBaHTOBoro I.IHCna K, p 0 (E) -
nonHa.R nnoTHOCTb HeKonneKTHBHbiX ypoeHeH, T - TeMnepaTypa, 
J.L - MOMeHT HHep~HH An.R KonneKTHBHoro epaUieHH.R eoKpyr ocH, 
nepneHAHKyn.RpHOH OCH CHMMeTpHH, J.3 . - 3$c)leKTHBHbiH MOMeHT HHep
~HH, onpeAefl.RIOUIHH c)lOpMHpOBaHHe yrnoeoro MOMeHTa BAOflb.OCH CHM
MeTpHH. nonHa.R nnoTHOCTb. ypoe'HeH C KBaHTOBbiMH I.IHCnaMH (I 11 )- p 11 . 

. . ·I 
CB.R3aHa c nnoTHOCTbiO pi"jKj COOTHOWeHHeM 

- }; . . 
pI"- K p I"IKI /12/ 

HaKO~eQ, MO>KHO BBeCTH nnOTHOCTb ypOBHe~.BO BHyTpeHHeH CHCTeMe 
cocTaBHoro .RAPa ~·AaHHbiM~ iHa4eHH.RM~ K11 

1141: · 

p KIT: (211) - ~ a ~t exp 1-K2 /2 aiJ p 
0 

(E) .' /13/ 

B ·cny4ae,.ecnH eenH4HHbl K sHa4HTenbHO MeHbWe aK H 3HeprH.R~epa
UieHH.R ropa3Ao MeHbwe T, a c)lopMyna'x /10/ H I 13l MOmHo aaMeHHTb 
3KcnoHeHTbl eAHHHQaMH H nony4HTb · cneA}iJOlllee c'ooTHoweHHe . An.R 
paCCTO.RHHH Me_>KAY ypOBH~MH: 

i)I" = i)l f r(I) = i)K"/r(I)' /14/ 

rAe r (I) = 1+ 1 · Afl.R ~enblx I .H r(l) "'(21 + 1)/2 An.R nonyQe-

flbiX I. 
B HaCTO.RUiee epeM.R cyUieCTBYIOT cepbe3Hble yKa3aHH.R Ha TO, 4TO 

B Aec)lopMHpOBaHHbiX .RApaX npH 3HeprH.RX B036y>KAeHH.R, 6nH3KHX K 
3HeprHH CB.R3H HeHTPOHa, BeflHI.IHHa K nepecTaeT 6b1Tb XOpOWHM KBa~
TOBbiM YH~noM 11~15~ PacnpeAeneHHe 3HepreTHYecKHX HHTepeanoe 

1 D I" , a TaK>K~ !))nyKTya~HH Heiii-poHHbiX uiHpHH. pesoHaHcoe cBHAe-. 
TenbcTBYIOT o C:HnbHOM cMeWHBaHH~ noK a eonHoeblxc)lyHK~H.RX ~e~T
poHHbiX pe30HaHCOB. noATBep>KAeHHeM 3TOrO .RBfl.RIOTCR,3KCnepHMeH
TanbHble peaynbTaTbl no HCCneAOBaHHIO ~enHTenbHbiX WHpHH /HI~ nap
QHanbHbiX WHPHH .>KeCTKHX y -nepeXOAOB 171 B Aec)lopMHpOBaHHbiX .RApaX; 
no3TOMY BOflHOByiO c)lyHKQHIO HeHTPOHHOrO pe30HaHca I"A npeACTa~ 
BHM B 'BHAe 

'l'X ~};ai"AI~21+1 [DI. A +<-)I+Kol ·xH1 ... 8 , )+ ... 
I"M IKI 1~1 ·. 16112.. MKxK M,-Kxtr · K,o /15/. 

21 + 1 I A 
+ V DMO Xo BK o l ' 811 2 • . 

5. 

-",, .. 
··~--



rAe K03l)ll)>H~HeHTbl a ,;f YAOBneTBOp.AIOT ycnOBHIO . 

. , I">.. . I">. 
a IKI _a jK 'I= 8 1KJ,IK ·(r(l) · 1161 

Bo BHyTpeHHeH l)lyHK~HH X~ BbiAenHM KOMnOHeHTy, CB.A3aHHYIO 
n 

C a -LiaCTHLIHbiM pe30HaHCHbiM COCTO.AHHeM XK )\, 1-1 OCHOBHbiM COCTO.A-
HHeM AOLiepHero .AApa X & 1-1 HMeiO~YIO sec b Kn • B MOAenH 11Liepf.lo-
ro11 .AApa eenHLIHHbl ~n YAOBneTBOp.AIOT COOTHOWeHHIO 

~>..n b*>.,n' = DK" o ,ID , 117/ 
· K K . . nn OnK 

rAe DonK - paccTO.AHHe Me>KAY coceAHHMH a -LiaCTI1LIHbiMI1 ypoaH.AMH 
AaHHOrO Tl1na nK. B KaLieCTBe BenHLII1Hbl n HCnOiJb3yeM KBaHTOBble 
4Hcna NL ~ o·npeAen.AIOrqt-~e TOT ~ -LiaCTI14HbiH ypoaeHb a cl)lepHLie
cKoM .RAPe, KOTOpbiH nepeXOAI1T· B ypoeeHb nK npt-~ 11BKniOLieHI1H 11 

Ael)lopMa~l-11-1. no aHanort-~11 c CI1Tya~l1eH, 11MeiO~eH MeCTO npH 3BOni0-
~11H OAHOHyKnOHHbiX COCTO.AHHH /1 4/, ecTeCTBeHt:JO AOnyCTHTb, LITO 
np11 11BKniOLieHHI-1 11 Ael)lopMa~l111 B a -LiaCTI-14HOM noTeH~Hane. He npo
HCXOAHT 3aMeTHoro cMewt-~eaHH.A. cl)lepH4ecKI1X cocTO.AHHH co 3HaLie-· 
HI1.AMI-1 rnaBHOro KBaHTOBOro 4Hcna ·N,oTnHLialo~HMHC.A Ha 2,4 11 T·A· 
TorAa, ecnt-~ npi1H.ATb, 4TO pacuienneHI1e .. no K coceAH11X NL 11 
N+2,L a -4aCTI14HbiX cl)lepl14eCK11X. ypoBHeH npoHCXOA11T a nepeoM 
npt-~6nH>KeHI111 CI1MMeTpi14HbiM o6pa30M, B KaLieCTBe eeni14HHbl paCCTO.A-
HHR Me>KAY coceAH11MH a -4aCTH4HbiM!4 · ypoBH.AMH D onK MO>KHO 11C-
nonb30BaTb 11cl)lepi1LiecKoe 11 aHa4eHt-~e · D 0• '." · 

PaccLit-~TaeM WHPHHY a .:.pacnaAa HeHTPOHHoro · pe3oHaHca c aon
HOBOH ti>YHKU11eH I 151 e KOHeLIHbiH KaHan, ont-~CbiBaeMbiH l)lyHK~I1eH 

U IM • 
KaHana I L • 

r 
U IM ,., ~ C IM y ,({} -+ ) 'I' , 
IrL M M' IrL MrM LM R ·. IrMr 

r 
C nOMO~biO 11HTerpanbHOH l)>OpMynbl ItO!: 

1181 

1191 
I" )\, -·· 'IM 2 

ri L = 2iri<'I'I" 1 v 4 1.FL (R)_ ui L >I · r M aA- · r 

. OTKYAa, orpaHI1.4HBa.ACb paCCMOTpeHI1eM a -nepeXOAO,B Ha OCHOBHble 
Bpall{aTenbHble nonOCbl AOLiepHHX LleTHo-4eTHbiX .AAep, 11MeeM: 

'I' ... ·=:v 2I + t D Ir xr • /'l.Of' 
IrMr .. 8712 Mro .o . 

B l)lopMyne /191 F\(Rj . - peryn.ApHa.A KynoHoBcKa.A l)lyHK~H.A, Hop
MHpoaaHHa·R Ha o -l)lyHK~1110 no 3HeprHI1, Va A...,4 - AeHCTBHTenbHa.A. 
LlaCTb OnTI1LieCKoro noTeH~I1ana B3ai1MOAeHCTBH.A a -4aCTI1~bl C AO:-
LiepHHM .AAPOM. npeo6pa3y.A y LM(n it ) B /18/ ao BHyTpeHHIOIO 
CI1CTeMy OTCLieTa 11 HHTerpHpy.A no yrnaM 3Hnepa B 1191, nonyLIHM, 
11CnOnb3Y.A COOTHOWeHI1.A 1161 11 /171: . 

6 

I, 

-I" ' . io 2 nK . -K" 
rlrL~;n ICILK-KI rL (Qr)D !r(I)DO' 1211 

rAe r ~K (Q f ) - WI1PHHa pacnaAa BO BHyTpeHHeH CHCTeMe OTCLieTa 
a -LiaCTI1LIHOrO pe30HaHCHOrO COCTO.AHH.A X ~ : 

nk - .. , n · 2 
r L (Qr) =2:71< F L (Qr) YLinR, )IV aA-iR ) lxK (OR, !>I /221 

BBeAeM Tenepb a -4aCTHLIHYIO CHnOByiO l)lyHK~I-110 AJl.A Ael)lopMHpOBaH-
HbiX .AAep: 

s =ri";oi"· ~ ICiro 12rnK(Q ), 
a ·.· IfLKn . ILK-K L . f 

/231 

KOTopoH a c11ny cooTHoweHHH 121 I 1-1 1141 a MOAem1 114epHoro 11 ·.AApa 
6yAeT COOTBeTCTBOBaTb Cl1nOBa.A l)lyHK~H.A . s;;epH 121. BenHLIHHa 
Sa /23/ nepeXOAHT B CHnOBYIO l)lyHK~I110 Cl)lepi1LieCKOro .AApaS~ 
np11 11Bb1KniOLieHHI1 11 Ael)lopMa~l111, nocKonbKY a -wl1pi1Hbl' cl)lepl14eCKI1X 
.AAep He 3aBI1C.AT OT K 11 B CYMMe no n HCnonb3YeTC.A TOnbKO OAHO 
3HaLieHI1e c N"'No , L-=L'. '· · 

tl>opMyna 1231, e npi1H~Hne, no3eon.AeT npoeecTI1 AeTanbHbiH 
aHanH3 .. a -LiaCT11LIHbiX CHnOBbiX ti>YHK~I1H · An.A Ael)lopMHpoeaHHbiX' .AAeP. 
0AHaKO npH 3TOM Heo6XOAHMO peiuHTb CnO>KHYIO ·npo6neMy pacLieT·a 
WHpi1H r~K(Q f) a -LiaCTI1LIH.biX pe3oHaHCHbiX COCTO.AHHH B Ael)lop-
MHpoeaHHbiX .AApax.· npHMeM, LITO OCHOBHOH BKnaA B KaHan L a
pacnaAa AaAYT a -4aCTHLIHble ypoeHH c KBaHTOBbiMH 4HcnaMH L·=L '. 
3TO npH6nH>KeHI1e npeACTaBn.AeTC.A AOBOnbHO ecTeCTBeHHbiM,'nocKOnb
Ky e . eonHoBoH -l)lyHK~I111 a -LiaCTH4Horo cocTo.AHH.A NL ·eo ·eHyTpeH
HeH o6naCTH Ael)lopMHpoBaHHOro .AApa no aHanori1H c OAHOHyKnOH- . 
HbiMH COCTO.AHH.AMI1/14/ cl)lepHLieCKa.A KOMnOHeHTa AOn>KHa OCTaTbC.A ,-;; 

rnaBHOH ennoTb AO 3Ha4ef-!HH Ael)lopMa~HH {3 2 :::Q,i3.. B TO >Ke epeM.A 
e cocTO.AHH.AX L =I L' cl)lepHLie.cKa.A KOMnoHeHTa L, KaK npaeHno, :. 
OKa3b1BaeTC.A HernaBHOH 1-1 nepeXOA B KOHe4HbiH KaHanL HOCI1T He
A"'aroHanbHbiH xapaKTep, 4TO 3aMeTHO .yMeHbwaeT eepo.ATHOCTb a - '· 
nepexoAa •. · CneAOBaTenbHO, MO>KHO npi1H.ATb; 'LITO eenHLII1Ha noeepx:. 
HOC THoro cneKTpocKOnl14ecKoro l)laKTopa W L·K An.A AH.aroHanr>Horo 
a -nepeXOAa He 3aBHCI1T OT K 1-1 ·6nH3Ka K aHanori1LIHOH. een11LIHHe 
W0 e cl)lepHLiecKoM .RApe. TorAa no aHanorHH co cl)lepH~eCK11M cny-
LiaeM 161 nap~HanbHYIO WHPHHY r ~LK(Q f) npeACTaBHM B BHAe 

NLK., · . 
l'L \Qr)==WoALJ!.Qr), /24/ 

rAe aenHLIHHbl 3l)ll)leKT11BHbiX l)la~Topoe· npoHH~~eMOCTI1 AL~Q r) 17 I 
AnR Ael)>OpMHpOBaHHbiX .AAep MoryT 3aMeTHO OTnt-~LiaTbC.A OT COOTBeT
CTBYIOII{HX l)laKTopoe cl)lepHLieCKI1X .AAep. Hcnonb3YR l)lopMyny /24/, 
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r,qe 

K 
YLL'(R) =<YLK (OR lVaA-4 (R')! YL'K <nit, )>o 131/ 

"~· 3Ta · cHcTeMa pewanacb MeTo,qoM HHT.erpHposaHHR 11BOBHyTpb 11 npH 
HCn011b30BaHHH CllCAYIOlliHX rpaHH4HbrX YCilOBHH. ItO/: . 

. NLn · ( ) 
<l>LK (R) - 'GL R 0 L L 

R .... R1 . n . • n 
1321 

KOTOPble <!>H3H4CCKH COOTBCTCTBYIOT Y4CTY BllHRHHR ,qee!>opMaJ.IHH B 

paMKaX TeOpHH B03MYIIICHHH, KOr,qa B nepBOM npH611H>KeHHH npeHe6pe

raJOT BllHRHHeM He,ql-iaroHallbHbiX (L '=I Ln) a ...,WHPHHo C noMOlllbiO 

<I>YHKJ.IHH <I> NL n (R). no <!>OpMyne 17 I 6bi11H pacci.IHTaHbl 3Ha4eHHR 

3<!l<!>eKTHBHbbf <!>aKTOpOB npOHHJ.IaCMOCTH A LK(Qo) . .R,qepHbiH. H Kyno
HOBCKHH noTeHJ.IHallbl saaHMo,qel::icTsHR Bb16HpanHcb a sJ.i,qe 

V»A (ii ')=- Vo {1 + exp [ R -r o(A-4)1/3(1+A,::2 /A Y.\o(Oa))] 

~. a I. 133al. 
, 

GA 
R>::;:"l YAo (Oa ) , 1336/ 

... 2(z-2)e 2 2 ~ _
1 

4rr 
V (R ') = + e .:. v --

KYJI : R A= 2,4 2.\ + 1 

r,qe senH4HHbl napaMeTpos R,qepHoro noTeHJ.IHana Vo = 177,3 M3B, 

. r 0 =1,342 <I>M, a =0,569 <I>M B3RTbl H3 pa60Tbl/l 2~3Ha4eHHR napa-. 

MeTpOB ,qe<!>OpMaJ.IHH R,qepHoro nOTCHJ.IHana {JA H 311CKTpH4CCKH'X 

MYilbTHnOJlbHbiX MOMCHTOB QA BO BHyTpCHHCH CHCTeMe KOOp,[IHHaT -
H3 pa6o1- 120 ,2110 

B Ta6no 2 npe,qcTasneHbl 3Ha4eHHR 3<!l<!>eKTHBHbiX <!>aK"fOPOB npoHH-

J.IaeMOCTH A LK(Q0), . pacc4HTaHHbJe ,qnR Tpex cny1.1aes: 

1 I s c<!>epHI.IecKoM npH611H>KeHHH ({3 )\ = Q).. = 0) - A 0L (Q 
0

) ; 

21 B AHaroHaJlbHOM npH611H>KCHHH, Kor,qa Y4HTbiBaJ1HCb TOJlbKO 

,qHaroHallbHble MaTpH4Hble sneMeHTbl /311 6ea y4eTa cs~aH KaHanos -
:AJt~P (Q o) ; 

31 npH nonHOM c nocne,qosaTellbHbiM y4eTOM CBR3H KaHanos -

. ALK (Qo)• 
KaK BH,qHo H3 Ta611HJ.Ibl, nepexo,q OT ce!>ep~l.lecKoro K ,qHaroHanb

HOMy npH6n.H>KefmJO' CYlliCCTBeHHo HaMeHReT senH4HHbl AL~ (Q0.) . .~ 
H3-aa 3C!l<!>eKTHBHOro YMCHbWCHHR WHp.HHbl nOTCHJ.IHaJlbHOrO 6ap~epa 
npH 

11
BK11104CHHH 11 ,qe<!>OpMaJ.IHH. npH K = 0 BCJ1H4HHbl A~";[' (Qo). 

3Ha4HTC11bHO npeBbJWaJOT sem14HHbl Al. (Q 0),. Ho c pocTOM K. 3Ha-

4CHHR AAL~I' (Q 0) AllR ,qaHHoro L yMeHbW~JOTCR H npH K ':" 4 ci"aHOBRT-
CR MeHbWe senH4HH :A L (Q 0). Y1.1eT csR3H KaHanos so sc.ex cny-

4aRx, KaK npaBHilO, HCCKOJlbKO YMCHbWaeT 3Ha4CHHR .A L~Q 0 ) 
no CpaBHCHHIO, C ,[IHaroHaJlbHbiM npH611H>KeHHCM •. 

10 

5o a -4ACTH4HbJE CHJlOBbiE <!>YHKL!11H HEtlTPOHHbiX, PE30HAHCOB 
. -· . . .. ' 

B Ta6n o 3 npHse,qeHbl a -4acTH4HbJe ~HilO!i!>l_~ iPYHKJ.IHH Sa, p~CC4H- . 
TaHHble no <!>OpMyne /251 C HCnOJlb30BaHHeM. 3<1l<!>eKTHBHbiX <!>aKTOPOB . 

npOHHJ.IaCMOCTH ·ALK (Q 0 ) AJ1R T'pex. YKa3<;lHHbiX. BbiWC. C11Y4aeB_o 
B TpeTb.el::i KonoHKe 3TOI::i Ta6nHJ.Ibl npe,qcTasneHbl senH4HHbl 8° , pac-. . . . " a . 
C4HTaHHble B C<!>CPH4CCKOM npH611H>KCHHH, B nocne,qHeH· KOJlOHKe - . 

3Ha4eHHR CJ.1110BOH <!>YHKJ.IHH S~epH , nony4CHH.biC' . B MO,[ICJlH 1i4ep-

HOr011 R,qpa o BH,qHO, 4TO nepexo,q OT c¢epH4CCKOrO (S ~) K ,qHa-

roHaJlbHOMy (SAMar' ) npH611H>KeHHJO npHso,qHT K yM~HbWCHHIO 3Ha4eHHH 

CHJlOBOH ¢yHKJ.I~H, Y4CT >Ke CBR31-1-KaHallOB - K HeKOTOpOMY ysenH4e-
HHIO CHJlOBOH ¢YHKJ.IHH Sa no CpaBHCHH'o. c: SlfHa£' o : 

TaKHM o6paaoM, y4eT ,qe¢opMaJ.IHH noasonReT Y11Y4WHTh cornacHe 

TeopeTH4eCKHX( gqepH) H 3KcriepHMeHTallbHbiX 'se11H4HH CHJlOBbiX 
<!>YHKJ.IHH ,qnR R,qepa 156'Gdll 11 ,;.2-), . 172 Yb(l 11'.=1-) ·.Hl78Hf. 
. . . '1 11 4- . · 178Hf (111 

.. i3), B TO me speMR ,qnR peaoHaHcos c = s R,qpe 

CYl!ICCTBeHHOro yny4weHHR ,qo6HTbCR He y,qaeTcR. 3To csR3aHo c 

TCM, 4TO B. ¢opMyJ1e 1251 411CHbl CYMMbl C K =0, HMCIOIIIHC MaKCHManb

Hble 3Ha4CHHR 3<!>¢eKTHBHbiX. ¢aKTOpOB npOHHJ.IaeMOCTH, BbJna,qaJOT ,[lllR 

COCTORHHH C I 11 = .4- o 

Ta6nm~a 3 

3Ha'ICHHH a -tiaCTH'IHhiX CHJIOBbiX cPYHKli;HH Sa HeHTPOHHhiX 

pe30HaHCOB ·. 

CocTannoe 
IYI S

0
xro2 . 5.4,111/{ 2 

~xio2 
.fi,rij)O 

. xiO 
0( o( 

(MaB-I) (MaB-I} (MaB-I) 

.. 
I 56 

G.:/ 2- 5 o+6,8 3 2+4· 3 4 s+6· 2 
' -4, '1 '~-3,0 ' -4,3 

r72yz; r ra+ID -8;4 
3 s+2,o 

' -I,? 
7 2+4,0 

' ::-3,4 .. 
' 

17af// r9+II .. . 4 g+2,8 9 4+5~4 3-
i .-8,7 ' -2,1 . ' -4,0 

\ .· ·• 

''·· 
4- . +33 33+21 ' . 

s;"~~io2 
(MaB-I) 

4,5 

4,7 

.·. 
4,8 

4,8 I78Hf 54-25 · .;..rs· ·'r·3o 
. 4 -23 .. 

II 



Cne,rzyeT OTMeTHTb, 4TO AfiR BCeX HCCJle.qOBaH,!IbiX R.qep, 3KcnepH
MeHTaJ1bHble norpeWHOCTH B oripeAeJleHHH UJI.1PHH p". . BeCbMa eenH
KH, 4TO CBR3aHO B OCHOBHOM C MaJlOH CTaTHCTHKOH ycpe.qHeHHR 
/ycpe.qHeHHe.npOBOAHJlOCb no TpeM ypOBHRM/. )!(enaTeJlbHO nOBbrCHTb 
CTaTHCTH4eCKYIO T04HOCTb pe3yJ1bTa~o~~S 4TO n03.BOJ1HT c.qeJlaTb OKOH-
4aTeJ1bHOe aaKJ1104eHHe o peaoHaHcax. J:If.(I" "'4-) H o l)lH3H-
4ecH:oM CMbiCJle OTKilOHeHHR 3KCnepHMeHTaJ1bHbiX 3Ha4eHHH CHJlOBOH 
l)lyHKtiHH OT TeopeTH4eCKHX BeJ1H4HH 8 ;;epH • 

3aMeTHM, 4TO Bblpa>KeHHe WH~HHbl B BH.qe 

r I""' ~ r Ir"r = w ~ ICiro 12 A (Q )f(tiQ ) /34/ 
. .. . lr . .· OlrLK IL K'-K LK 0 lr 

noaeonReT npe.qcKaaaTb nap~Hallbl;ible HHTeHCHBHOCT.H. a -nepexo.qoe 
Ha YP()BiiH Ir . A11R H3Y4~eMbix ~~ep /Ta6n. 4/. npe.qcTaBJlReTCR 
HHTepeCHbiM npoee.qeHHe H3MepeHHH C ~eJlbiO cpaBHeHHR 3KCnepHMeH
TaJ1bHbiX H npe.qcKa3aHHbiX BeJ1H4HH. 

Ta6JmQa 4 

I" r CocT. 
C HAPO 

I" Aomi 
%. 

CocT. 
HAPD 

I" .L(OJIH 
% 

CocT. 
HAPD 

I" .L(OJIH 

% 
I" .L(OJIH 

% 

0+ 

2+ 156Gd 2 

+ 
4 

6+ 

IlHTEPATYPA 

0 34 

79 172vb 55 

20 11 

.178Hf 

16 

3- 52 

28 

4 

4 

0 

39 

50 
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