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onmAH XAPAKTEPHCTHKA BHCCEPTAUHOHHOR PABOT~ 

AKTyanbHOCTb TeMH. 

npencTaBnReMaR nHccepTaUHR noceameHa aKTyanbHOH H Ba~HOH 

rrpo6neMe - HccnenoeaHHID rroeeneHHR TaKHX qiyunaMeHTan&HhIX 

anepHhIX rrapaMeTpOB, KaK cpenHeKBanpaTH'IHhIH 3apR.IlOBhIH panHyc 

a.npa (C~3P), MarHHTHhIH nHrronbHhIH H 3neKTpH'leCKHH 

KBa.npyrronbHhIH MOMeHThl sr.npa C H3MeHeHHeM 'IHCna HeHTPOHOB. 

YKa3aHHhle rrapaMeTphl sr.nep HrparoT nepaocTeneHHYID pon& B 

ITOCTpoeHHH sr.nepHhIX Mo.neneH, HX rrpoeepKe H YTO'IHeHHH. 

0.IlHHMH H3 

HCCJie.IlOBaHHR 

HaH6onee pa3BHBaeMh!X H HCnon&3yeMUX MeTOJlOB 

yKa3aHH~X napaMeTpOB sr.nepHOH CTpyKTYPhl B 

rrocne.nHee BpeMR CTanH MeTO.Ilhl na3epHOH crreKTpOCKOITHH, KOTOphle 

OCHOBaHhl Ha TOM, 'ITO CTpyKTypa aTOMHoro sr.npa OKa3h!BaeT 

3aMeTHOe BnHRHHe Ha 3neKTpOHHYID o6ono'IKY aTOMa. CBepXTOHKaR 

CTpyKTypa (CTC) OITTH'IeCKHX nHHHH 06R3aHa CBOHM cymecTBOBaHHeM 

HeHyneBoMy CITHHY a.npa H IT03BOnReT onpe.nenRTb MarHHTHhIH 

llHITOnbHhIH H 3neKTpH'lesKHH KBa.npyrronbHhIH MOMeHThl R.Ilpa [1]. 

M30TOITH'IeCKHH CllBHr (HCJ, B03HHKaIDmHH H3-3a pa3nH'IHhIX C.IlBHrOB 

3HepreTH'IeCKHX ypoBHeH aTOMOB C pa3HOH Macco8 CBR3aH KaK C 

H3MeHeHHeM Macchi sr.npa, TaK H C H3MeHeHHeM era o6oeMa H qiopMhl. 

BhICOKaR 

rrnoTHOCTb 

rrpoBOllHTb 

10..:93B), 

MOHOXpOMaTH'IHOCTb, HanpaaneHHOCTb, crreKTpanbHaR 

H HHTeHCHBHOCTb Jia3epHoro H3ny<IeHHR IT03BOnReT 

rrpeUH3HOHHhle H3MepeHHR HC H CTC (c TO'IHOCTbID -

CBR3aHHhIX C rrpHBe.neHHhIMH 

MHHHManbHhIX KOJIH'IeCTBaX aemecTBa 

anepHhIMH 

(BITJIOTb 

rrapaMeTpaMH Ha 

no e.nHHH'IHhIX 

aTOMOB l. 3TOT qiaKT oco6eHHO Ba~eH rrpH Hccnenoaamrn .nnHHHhIX 

uerrot.IeK H30TOITOB, BKnID'IaR pallHOaKTHBHhle ( a TaK~e H30Mephl H 

3K30TH'Iec1rne anpa C HeHTpOHHhIM HnH rrpoTOHHhIM rano). Karna 

llOCTYITHhle KOnH'IeCTBa aemecTBa CHnbHO orpaHH'IeHhl H npyrHe, 

sr.nepHO-!pH3H'IeCKHe MeTO.Ilhl 3a'IaCTYID HenpHMeHHMhl. HeManoBa~HOH 

RBnReTCR TaK~e H Mo.nen&HaR He3aBHCHMOCTb H3MepsreMh!X sr.nepHhIX 

napaMeTpoB. 

Bnaro.napR yKa3aHHhIM rrpeHMymecTBaM na3epHhIX 

llOBOnbHO 

MeTOJlOB B 

o6wHpHhIH HaCTORmee apeMR C HX ITOMom&ID HaKorrneH 

MaTepHan ITO yKa3aHHhIM sr.nepHhIM napaMeTpaM H, B qacTHOCTH, no 

H3MeHeHHID·CK3P a.nep H30TOnOB MHOrHX 3JieMeHTOB [2]. HeCMOTpR 
.,.:,- ~ t'l-".!":::"""':<":nt-;"·--,.,,. .. ,T! .. ~;,•1,.;.·":- .,tc"•:1:•, •' ·~·"!· > 
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Ha 3TO, HMeeTCH PHll MaJIOHCCJie)loBaHHhlX o6JiacTeH Hnep, KOTopue 

H CTaJIH ITpenMeTOM HCCJie)lOBaHHH. 

l130TOITU THTaHa ITPHHannexaT K HHTepeCHOH H HenocTaToqHo 

HCCJie)lOBaHHOH o6JiaCTH JierKHX 

3aITOJIHeHHOH ITPOTOHHOH o6oJioqKH 

llBYMH 3aITOJIHeHHhlMH HeHTpOHHhlMH 

Hnep, HaXOllHmHXCH B6JIH3H 

c Z=20 H B ITpoMexyTKe Mexny 

o6onoqKaMH: 20 s N s 28. 110 

HaqaJia HalliHX HCCJiellOBaHHH B yKa3aHHOH o6JiaCTH HMeJIHCh naHHUe 

TOJihKO llJIH H30TOITOB 
38

-
47

K H 40
-
50ca [ 3, 4]. Oco6eHHOCTH B 

19 20 
• 40 

ITOBeneHHH 3apH,!lOBoro pa,nHyca ITpOHBHJIHCh ,!lJIH H30TOITOB Ca H 
48Ca: llJIH HHX 3apH1lOBhle pa.nHycu OKa3aJIHCh ITpHMepHO paBHhlMH, 

XOTH o6neM H,!lpa ,!lOJIXeH paCTH. B cnyqae KaJIHH 3apH.!lOBUe 

pa.nHycu Be,nyT ce6H o6uqHuM o6pa30M. BaXHUM ITpe.ncTaBJIHJIOCh 

ITpOCJie,!lHTh, KaK MeHHeTCH ITOBe,neHHe CK3P ITPH no6aBJieHHH 

ITPOTOHOB K 3aITOJIHeHHOH ITPOTOHHOH o6oJioqKe. 

11HTepec K H30TOITaM 12Hf o6ycJIOBJieH 

pacIToJioxeHu cpa3y 3a xopomo Hccne.noaaHHOH 

TeM, qTo OHH 

o6JiaCThID pe,!lKHX 

3eMeJib H JieXaT KaK pa3 Mex.ny .!lBYMH 3aITOJIHeHHhlMH HeHTpOHHhlMH 

o6oJioqKaMH c N=82 H ,126. 3TH H30TOITU ITpHHannexaT K o6JiaCTH 

CHJihHO ne¢opMHpOBaHHhlX H.nep, ITpHqeM KBa.npyITOJibHaH .ne¢opMaUHH 

CHaqaJia yBeJIHqHaaeTCH, llOCTHraH MaKCHMYM_a ITPH N=l 04, 3aTeM 

yMeHblliaeTCH [5]. npoHCXO,!lHT TaKxe H3MeHeHHe .ne¢opMaUHH 6onee 

BUCOKHX ITOpH,!lKOB, HH¢0pMaUHH O KOTOpOH HMeeTCH 3HaqHTeJibHO 

MeHhllie. npeUH3HOHHUe H3MepeHHH pa3HOCTeH CK3P. H OTHOllieHHH 

KBa,npyITOJibHUX MOMeHTOB MeTO,!laMH Jia3epHOH CITeKTpOCKOITHH 

IT03BOJIHJIH 6hl 6onee .neTaJibHO cy,nHTb 06 H3MeHeHHH ¢opMU Hnpa B 

B6JIH3H MaKCHMyMa ne¢opMaUHH H BJIHHHHH Ha Hee pa3JIHqHUX 

KOJIJieKTHBHhlX H o,nHoqacTHqHUX 3¢¢eKTOB. 

KpoMe Toro' B o6JiaCTH H30TOITOB ra¢HHH HMeeTCH ,_HeCKOJihKO 

TaK Ha3UBaeMUX BUCOKOCITHHOBUX H30MepoB H, B qacTHOCTH, 
17Bm2 . . Tl + 

YHH_KaJibHUH H30Mep Hf. 3TO COCTOHHHe ( co CITHHOM I = 16 H 

Bpe~eHeM X1:f3HH 

KBa3HqacTHqHoe, 

T =31ron 
1/2 • . 

,o6pa3oBaHHoe 

HlleHTH¢HUHpyeTCH. KaK qeTHpex-

3a cqeT pa3pHBa .nayx ITap 

HYKJIOHOB, qTo KOCBeHHO ITO,!lTBepxnaeTCH ero 3HeprHeH 

B036yxneHHH, cocTaBJIHIDmei:l 2447_, 4 K3B. llBa ITpoMexyToqHue . , . . . .. . . ·rr - , 
.!lBYX-KBa3HqacTHqHUe COCTOHHHH co CITHHOM f =8 HMeIDT cyMMapHyID 

3HeprHID ITpHMepHO paBHY~ ITPH?e,neHHOH Bhlllie ( 1147,4 K3B H 

1479,0 K3B). BaXHO 6UJIO BhlHCHHTh, KaK MO~eT BJIHHTh pa3phlB 

2 
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J 
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HYKJIOHHUX ITap Ha 3apH,!lOBHH pa,nHyc H,npa Hero ne¢opMaUHID. 

l130TOITU ypaHa ITpHHa,nnexaT K cpaBHHTeJibHO MaJIOH3yqeHH08 

o6JiaCTH aKTHHH,!lHhlX Hllep ( C Zle:89 H Nle:126 ) , r ,ne Ha6JIIO,!laeTCH 

PHll oco6eHHOCTe8 H,!lepH08 CTPYKTypu - ITJiaBHU8 ITepexon OT 

c¢epHqecKo8 ¢0PMU K c¢epoH.naJibH08, CTaTHqecKaH OKTYITOJihHaH 

.ne¢opMaUHH ( ~3= 0,15 - 0,20 ), COCTOHHHH c aHOMaJibHO 60JiblliOH 

KBa,npyITOJihH08 .ne¢opMaUHe8 ( ~;= 0, 6 ) [ 6] . npencTaBJIHJIOCb 

HHTepecHUM HCCJie,noBaTb, KaK MeHHIDTCH 3TH xapaKTepHCTHKH B 

CJiyqae UeIToqKH H30TOITOB ypaHa H KaKHM o6pa30M BJIHHeT HX 

H3MeHeHHe Ha 3apHJlOBU8 pa,nHyc H,!lpa . 

UeJih HaCTOHmea pa60TU. 

-11ccJie,noaaHHe IToaeneHHH cpenHeKBa,npaTHqHoro 3apHnoaoro 

pa,nHyca Hllep C H3MeHeHHeM qHcJia He8Tp0HOB ,!lJIH PH.Ila 3JieMeHTOB 

(Ti, Hf, U C qHCJIOM He8TpOHOB 24:SN:S28, 102:SN:Sl 10, 141 :SN:Sl 46 ) 

MeTo.naMH Jia3epHo8 CITeKTpOCKOITHH. llJIH 3Toro 6UJIO He06XO,!lHMO 

ITpoae.neHHe H3MepeHH8 11C H CTC OITTHqecKHX JIHHH8 yKa3aHHUX 

3JieMeHTOB H ITOCJienyIDmaH o6pa6oTKa ,!lJIH H3BJieqeHHH HH¢0pMaUHH 

06 yKa3aHHUX OCHOBHUX ITapaMeTpax Hllep. 

HayqHaH HOBH3Ha. 

1. BITepaue H3MepeHu 
41

Ti, 
49

Ti, l 
82

Hf. CBepxTOHKaH 

H30TOITHqecKHe C,!lBHrH (11C) 

H30TOITHqecKHe CllBHrH 

CTPYKTypa (CTCJ ~b, 
llJIH 233u, 234u 

H 23su 

H30TOITOB 

a TaKxe 

BITepaue 
H3MepeHu ITpeUH3HOHH08 Jia3epHo8 MeTO,!lHK08. Ha HOBUX OITTHqeCKHX 

ITepexo.nax ITpOBe,!leHU ITpeUH3HOHHUe H3MepeHHH 11C H CTC .npyrHx 

H30TOITOB u, Hf H Ti MeTO,!lOM Jia3epHo8 ¢JiyopecueHTH08 

CITeKTpOCKOITHH. 

2. BITepaue ITonyqeHu naHHue o CK3P Hnpa 182Hf. JlJIH 

H30TOITOB .
233

U, 
234

U H 
236

U 3HaqeHHH pa3HOCTe8 'CK3P ITOJiyqem,r 

BITepaue ITpeUH3HOHH08 Jia3epH08 MeTOllHK08, a ,!lJIH H30TITOB Ti -

B006m(;l OITTHqecKHM MeTO,!lOM. nonyqeHHhle .naHHUe B CBOeM 

60JihlliHHCTBe ITpeBOCXOllHT ITO TQqHQCTH HMeBlliHeCH paHee. 

3. Ha OCHOBe paccqHTaHHUX H3 3KCITepHMeHTaJibHUX 
H30TOITHqecKHX CllBHrOB naHHhlX ITO H3MeHeHHID CK3P BhlHBJieHa 

Heo6uqHaH 3aBHCHMOCTb B ITOBe,neHHH CK3P H30TOITOB Ti, a TaKxe 

ITOKa3aHo, qTo B CJiyqae pa3pUBa .nayx ITap HYKJIOHOB ·c H30Mep 

3 



178m 
2Hf CK3P Rapa MOJICeT yMeHblliaTCR npH oaHOBpeMeHHOM pocTe 

aeqiopMaUHH. 

npaKTH'leCKaR ueHHOCTb. 

Pe3yJibTaTl:l HCCJieaoBaHHR H IIOJiy-qeHHHhie HOBhie OIITH'!eCKHe 

aaHHhie 06 aTOMHhIX nepexoaax H ypOBHRX ( KOHCTaHThI 

CBepXTOHKOro pacmenJieHHR. HanpHMep 

Ka'!eCTBe Ta6JIH'!HhIX npH aaJibHeRrnHX 

MoryT HCIIOJib30BaTbCR B 

pa6oTax no OIITH'!eCKOR 

cneKTpOCKOIIHH, a TaKJICe 3JieMeHTHOro H H30TOIIHOro 

Bell(eCTBa MeToaaMH Jia3epHoR cneKTpOCKOIIHH. HOBhie 

aaHHhie TaKJICe MoryT CJIYlKHTb B Ka'!eCTBe Ta6JIH'!HhIX. 

Ha 3all(HTY BllHOCRTCR CJienyKlll(He IIOJIOieHHR. 

1. IlpoBeaeHHe npeUH3HOHHllX H3MepeHHR HC H 

OIITH'!eCKHX JIHHHR H30TOIIOB Ti, Hf H U C '!HCJIOM 

aHaJIH3a 

RaepHhle 

CTC aJIR 

Hell:TpOHOB 

24SNS28, 102SNS110, 141SNS146 MeToaaMH pe30HaHCHOR Jia3epHoR 

qJJiyopecueHUHH. 

2. npoieaeHHe o6pa6oTKH noJiy'!eHHhli 

aaHHhIX IIOJIY3MIIHpH'!eCKHM MeToaoM H MeToaoM 

IIOMOll(bl() KOTOpoR IIOJIY'!eHa HHqJOpMaUHR 06 

3KCnepHMeHTaJibHhIX 

npRMOR KHHra, C 

H3MeHeHHRX CK3P 

HCCJieaoBaHHhIX H30TOIIOB H H30Mepa raqJHHR, a TaKJICe aaHHble 0 

MarHHTHb!X aHIIOJibHhIX H 3JieKTpH'!eCKHX KBaapynoJibHhIX MOMeHTax. 

3. AHaJIH3 IIOJIY'!eHHhIX 3aBHCHMOCTeR CK3P OT '!HCJia 

HeRTpOHOB H cpaBHeHHe pe3yJibTaTOB C npeacKa3aHHRMH KaneJibHOR 

MoaeJIH C y'!eTOM napaMeTpOB aeqiopMaUHH pa3JIH'!HhIX IIOpRaKOB. 

Anpo6auHR pa6oTll. 

llHCCepTaUHR OCHOBaHa Ha MaTepHaJiaX, ony6JIHKOBaHHhIX B 14 

ne'!aTHhIX pa6oTaX H aoJIOl!CeHHhIX Ha 12 Mel!CayHapoaHb!X 

KOHqJepeHUHRX H COBell(aHHRX: 

1 J International Simposium "Weak and Electromagnetic Inter

actions in Nuclei", May 15-19, 1989, Montreal, Canada. 

2) XXVI Colloquium Spectroscopicum Internationale, July 2-9, 

1989, Sofia, Bulga~ia. 

3) International.School-Seminar on Heavy Ion Physics, October 

3-12,.1989, Dubna, US~R. 

4) 40-e COBell(aHHe "HaepHaR cneKTpOCKOIIHR H CTPYKTypa aTOMHoro 

4 

~ 

.,l. 
r, 

5) 

Rapa (HaepHaR ClleKTpocKOIIHR H qiopMa aTOMHhIX R.Llep)", 

anpeJIR, 1990, fleHHHrpaa, CCCP. 
10-13 

Workcshop on Application of Lasers in Atomic Nuclei Re-

search, December 18-20, 1990, Dubna, USSR. 

6) International Simposium on Lasers in Nuclear Physics, Sep

tember 9-10, 1991, RIKEN,Saifama, Japan. 
7) International Conference on Exotic Nuclei, October 1991, 

Foros,Crimea. 
8) 43-e MeJ1CayHapoaHoe cosemaHHe 

CTPYKTypa aTOMHoro Rapa", 20-23 

9) International School-Seminar 

"HnepHaR cneKTpOCKOIIHR ~ 

anpeJIR,1993, lly6Ha, POCCHR. 

15, 1993, Dubna, Russia. 
on Heavy Ion Physics, May 10-

10) 44-e MeJ1CayHapoaHoe coBemaHHe 
cneKTpocKOIIHR H 

CTpyKTypa aTOMHoro Rapa", 

CaHKT-IleTep6ypr, POCCHR. 

"HaepHaR 

17-20 MaR, 1994, 

11 l 

12) 

Fifth International Conference on Nucleus Nucleus Col

lisions, 30 May-4 June, 1994, Taormina, Italy. 

VI International Conference on Selected Topics in Nuclear 

Structure, July 5-9, 1994, Dubna, Russia. 

CTpyKTypa H o6neM pa60Tll. 

llHccepTaUHR 

3aKJIKl'!eHHR, 

06mHR 061,eM 

B 

COCTOHT H3 BBeaeHHR, '!eTb!pex rJiaB H 

KOTOpoM KpaTKO C<lJOPMYJIHpoBaHhI o6mHe BhIBO.[lhI. 

pa60ThI COCTaBJIReT 125 CTpaHHU MalliHHOIIHCHoro 

TeKcTa, BKJIKl'!aR 18 PHCYHKOB, 18 Ta6JIHU H CIIHCOK JIHTepaTyphI H3 
139 HaHMeHOBaHHR. 

KPATKOE COllEPXAHHE PABOTM 

Bo B_BeneHHH l{aHo o6ocHOBaHHe BhI6opa TeMhI llHccepTaUHH, 

aKTyaJibHOCTH H Bal!CHOCTH HCCJienyeMh!X npo6JieM. cqiopMyJIHpOBaHa 

r JiaBHaR ueJib llHCcepTaUHH. OIIHCaHhI ee OCHOBHhie IIOJIOJICeHHR, H 

pe3yJihTaThI; npHBel{eHa CTpyKTypa l{HccepTaUHH. 

IlepBaR rJiaBa IIOCBRll(eHa OIIHCaHHKl o6meIIpHHRThIX MO.[leJibHhIX 

npencTaBJieHHH, HCIIOJib3yeMhIX npH OIIHCaHHH 
CTpyKTyphI Rllpa, 

TeopHH H30TOIIH'!ecKHX Cl{BHrOB H CBepXTOHKOH CTPYKTyphI, HX 

CBR3H C 3apRl{OBhIM panHyCOM R.Llpa H RllepHhIMH MOMeHTaMH, a TaKJICe 
OCHOBHhIM, pa3BHThIM Ha l{aHHhIH MOMeHT MeTO.[laM pac'!eTa 
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xapaKTepHCTHK Rnpa H3 OITTH4eCKHX H npyrHX naHHUX. 

B rrepBOM pa3neJie 

3apRna 

rJiaBu rrpHBOnRTCR OCHOBHUe MoneJibHUe 

pacrrpeneJieHHR B Rnpe, HCITOJ!b3yeMUe rrpH aHaJIH3e 

nJIR orrpeneJieHHR 3apRnoBoro panHyca 

HaH6oJiee yno6HOH xapaKTepHCTHKOH 
3KCrrepHMeHTaJibHUX naHHUX 

Rnpa. IToKa3aHO, 4TO 

3apRnoBoro pacrrpeneJieHHR, He 3aBHCRmeH OT 3anaHHR era 

KOHKpeTHOrO BHna RBJIRIOTCR era MOMeHTU, H B qacTHOCTH MOMeHT 

BToporo rropRnKa 

J.13MeHeHHe HMeHHO 

cpenHeKBanpaTH4HUH 

3TOH BeJIH4HHU (B 

3apRnOBUH panHyc. 

rrepBOM rrpH6JIHXeHHH) 

orrpeneJIReTCR H3 3KcrrepHMeHTOB rro H3MepeHHIO J,!C B OITTH4eCKHX 

crreKTpax aTOMOB, B qeM H 3aKJII04aeTCR MOneJibHaR He3aBHCHMOCTb 

H3MepReMUX 

Heo6xonHMa 

IToKa3aHa 

RnepHUX rrapaMeTpOB. 

KoppeKUHR Ha MOMeHTU 

CBR3b 3THX BeJIH4HH C 

B CJiyqae TRJICeJIUX Rnep 

6oJiee BUCOKHX rropRnKoB. 

RnepHUMH rrapaMeTpaMH, 

orrpeneJIReMUMH H3 crreKTpOB Me3oaTOMOB H 3KCrrepHMeHTOB ITO 

pacceRHHIO qacTHU, 3aMe4eHO, 4TO B cJiyqae yqeTa Hec¢epH4HOCTH 

Rnpa H3MeHeHHe era CK3P MOJICHO rrpencTaBHTb KaK cyMMY H3MeHeHHR 

era o6oeMa H ne¢opMaUHH: 

2 ' 2 5 o<r > = o<r > + -4 <r
2
> t o<fl> , 

0 ll O I 
( 1 ) 

• rne - CK3P c¢epHqecKoro Rnpa. <r2> 
0 

Bo BTOpOM pa3neJie rJiaBU naeTCR OITHCaHHe 3JieMeHTOB TeOpHH 

H30TOITH4eCKHX cnBHrOB. YKa3aHO, 4TO J,!C rrpencTaBJIReTCR B BHne 

cyMMU nByx cocTaBJIRIOmHx: MaccoBoro H rroJieBoro cnBHra. 

H3MeHeHHeM o6oeMa H ¢opMU Rnpa CBR3aH TOJ!bKO rrocJienHHH. 

C 

MaCCOBUH cnBHr, B CBOIO oqepenb, orrpeneJIReTCR nBYMR 

cocTaBJIRIOmHMH: HOpMaJibHUM H crreuH¢H4eCKHM MaCCOBUM cnBHraMH. 

nepBUH CBR3aH C nBHJICeHHeM Rnpa OTHOCHTeJibHO ueHTpa HHepUHH 

aTOMa H JierKO paCC4HTUBaeTCR, a BTOpOH, B03HHKaIOmHH H3-3a 

KoppeJIHpoBaHHOrO nBHJICeHHR pa3JIH4HUX 3JieKTpOHOB' Tpe6yeT nJIR 

cBoero orrpeneJieHHR rrpHBJieqeHHe crreuHaJibHUX MeTonoB. 

IToKa3aHo, 4TO rroJieBaR qacTb HC cBR3aHa c Alt/I (OJl
2
-• 

H3MeHeHHeM ITJIOTHOCTH 3JieKTpOHOB B Rnpe Mexny HHJICHHM H BepXHHM 

ypoBHRMH OITTH4eCKOrO rrepexona H MOJICeT 6UTb 3aITHCaHa B BHne: 

ovA,A' = F (ZJ 
l,FS I 

rne FJZ) E/JZ); E
1 

H f/ZJ 

6 

o<r2·>A,A' ,· 

3JieKTpOHHUH H 

( 2) 

RnepHUH 

• 

i 

Jl 

t· 

~ 

¢aKTOpU COOTBeTCTBeHHO. B 

norroJIHHTeJibHU K03¢¢HUHeHT K, 

0,95. 

cJiyqae 

paBHUH 

TRJICeJIUX Rnep 

B CJiyqae Hf. 

BBonHTCR 

HarrpHMep 

B TpeTbeM pa3neJie OITHCUBIOTCR OCHOBHUe ITOJIOJICeHHR TeOpHH 

CBepXTOHKoro pacmerrJieHHR OITTH4eCKHX JIHHHH , H CBR3b CTC C 

RnepHUMH 

T04HOCTblO 

MOMeHTaMH H 

no 3¢¢eKTOB 

ne¢OPM1:UHeH 

BToporo 

pa3JIH4HUX rropRnKOB. C 

rropRnKa cnBHr 3HeprHH 

KOMITOHeHTU CBepXTOHKOH CTpyKTypu OTHOCHTeJibHO HeB03MymeHHoro 

ypOBHR 3arrHCUBaeTCR B CJieny10meM BHne: 

AW(F) =A....!_+ B (3/4)K(K+1)-I(I+1)J(J±1) 
2 2I(2I-1)J(2J-1) - ( 3) 

rne K=F(F+1)-I(I+1)-J(J+1). KOHCTaHTU A 

3JieKTpHqecKoe 

H B OilHCUBalOT 

KBanpynoJibHoe 

C MarHHTHUM 

MarHHTHOe nHITOJ!bHOe H 

B3aHMoneHCTBHe, COOTBeTCTBeHHO, H CBR3aHU 

nHITOJ!bHUM µI H 3JieKTpH4eCKHM KBanpyrroJibHUM ( cneKTpO-

CKOITH4eCKHM) Qs MOMeHTaMH Hnpa: 

µ
1 

<H(O)> 
A= IJ , B=eQ.<<f\/0)>, (4) 

rne <H(0l> H ~;;(OJ- cpenHee MarHHTHoe noJie H rpanHeHT 

3JieKTpH4ecKoro ITOJIR 3JieKTPOHHOH o6oJI04KH B MecTe pacnOJIOJICeHHR 

Rnpa. cymecTBy10mHe Ha naHHUH MoMeHT MeTonu pacqeTa 3THX noJieH 

He IT03BOJIRIOT nocTH4b T04HOCTH Jiyqme 5-107.. Il03TOMY HaH60Jiee 

T04HUM crroco6oM orrpeneJieHHR RnepHUX MOMeHTOB RBJIReTCR 

KaJIH6poBKa Ha H3MepeHHOe KaKHM-JIH6o npyrHM cnoco6oM 3Ha4eHHe 

nJIR onHoro (KaK rrpaBHJio cTa6HJibHoro) H3oTona. 

BHyTpeHHHH 3JieKTPH4eCKHH MOMeHT Rnpa CBH3aH C napaMeTpOM 

ne¢opMaUHH Rnpa COOTBeTCTBy10mero rropRnKa. ~JIR KBanpyrroJibHOro 

MOMeHTa 3Ta COOTHomeHHe B nepBOM npH6JIHJICeHHH BUrJIRnHT KaK 

Q = 2_ Z R2 
(3 ( 5) 

0 ,/Srr 2 

ITOKa3aHO, 4TO OITTH4eCKHH MeTon, CJienoBaTeJibHO, B OTJIH4He OT 

npyrHX, IT03BOJIReT H3MepHTb onHoBpeMeHHO KaK CTaTH4eCKYIO, TaK 

H nHHaMH4eCKYIO ne¢opMaUHH Hnpa (¢-JIU (1) H (5)). 

Pa3neJI 4 IlOCBHmeH MeTonaM o6pa60TKH 3KcnepHMeHTaJibHOH 

OITTH4eCKOH HH¢0pMaUHH C ueJiblO onpeneJieHHH HnepHUX napaMeTpOB 

(H, B qacTHOCTH H3MeHeHHH CK3P), pa3BHTUM K HaCTOHmeMy 

BpeMeHH H HCITOJib3yeMUM B nHccepTaUHH. IloKa3aHO, 4TO 3anaqa 
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H3BneqeHHH HnepHl:lX napaMeTpOB H3 H3MepeHHl:lX 3HaqeHHH HC H CTP 

HBRHeTCH noBORbHO cnoxHo8 npo6neMo8 H B penKHX cnyqaHX MOXeT 

61:lTb pemeHa c nocTaToqHo8 TOqHQCTbID npHMl:lM pacqeTOM BXOnHmHX 

B cpopMynu ::ineKTpOHHO- H HnepHo3aBHCMl:lX HeH3BeCTHl:lX BenHqHH 

MeTonaMH xapTpH-~OKa HRH nHpaK-~OKa, HanpHMep. B 60RblliHHCTBe 

xe cnyqaeB Tpe6yeTCH npHBneqeHHe BCeX npyrHX H3BeCTHl:lX 

naHHl:lX, OTHOCHmHXCH K naHHOMY ::ineMeHTY H H3MepeHHl:lX npyrHMH 

MeTonaMH: 

cneKTpOB 

H3 KYROHOBCK010 B036yxneHHH, pacceHHHH 

Me30aTOMOB, panHoqacTOTHl:lX MeTonoB, a 

qacTHU, 

TaKXe 

HcnORb30BaHHH HeKOTOpl:lX nony::iMnHpHqecKHX npouenyp. OnHCaHl:l 

nony::iMnHpHqecKH8 MeTon, CBH3aHHl:l8 C HC~ORb30BaHHeM cpopMynu 

royncMHTa-~epMH-Cerpe H MeTon rpa(fJHKa KHHra [2]. o6cyxnaroTcH 

rpaHHUl:l H ycnoBHH npHMeHHMOCTH 3THX MeTonoB. 

Bo BTOp08 rnaBe naHO onHcaHHe HCnORb3yeM08 B nHccepTaUHH 

3KCnepHMeHTaRbHOH MeTonHKH H ycTaHOBKH, o6ocHoBaH ee Bl:l60p' 

npHBeneHl:l nocTHrHyTl:le napaMeTpl:l H yKa3aHl:l B03MOXH!:le nyTH HX 

ynyqmeHHH. 
nepBl:lH pa3nen ::iTo8 rnaBl:l nocBHmeH npo6neMe Bu6opa 

3KCnepHMeHTaRbHOH MeTonHKH, noKa3aHa cymecTBeHHaH ponb, 

HrpaeMaH na3epHl:lMH MeTonaMH B HCcnenoBaHHH CTPYKTYP!:l Hnpa. 

IlpHBOnHTCH o63op OCHOBHl:lX, npHMeHHeMl:lX nnH 3THX uene8 

na3epHo-cneKTpOCKOnHqecKHX 

cpaBHHTeRbHl:lH 

CflOPMYRHPYIDTCH 

aHaRH3. 

OCHOBH!:le 

MeTonoB 

B cBeTe 

Tpe6oBaHHH 

H nenaeTcH HX 

nocTaBneHHl:lX 3anaq 

K 3KCnepHMeHTaRbHOH 

MeTonHKe, KoTopue 3aKnroqaroTCH B cnenyromeM: 1) yHHBepcanbHOCTb 

mHpoKoro Kpyra MeTonHKa nonxHa 61:lTb npHMeHHMa nnH 

HccnenyeMax ::ineMeHTOB, CHRbHO pa3nHqaromHXCH no MaccaM, 

CflH3HqeCKHM, XHMHqecKHM H onTHqecKHM CBOHCTBaM, B TOM qHcne H 

TyronnaBKHX; 2) MaKCHMaRbHOe pa3 pemeHHe - nocKORb.KY B Kpyr 

HccnenyeMl:lX ::ineMeHOB BxonHnH nerKHe, BenHqHHa noneBl:lX cnBH,OB 

B KOTOpl:lX Morna nocTHraTb BenHqHHl:l 1-2 Mru; 

C 

3) Bl:lCOKaH 

qyBCTBHTenbHOCTb - npH 

::ineMeHTaMH, nocTynHl:lMH 

HeB03MOXHOCTH pa60T!:l C 

3KCnepHMeHTaX 

B o~paHHqeHHl:lX 

6onblliHMH o6pa3UaMH 

HecTa6HRbHh!MH 

KORHqecTBaX, H 

Bl:lCOKOaKTHBHl:lX 

H30TOnOB; 4) HaH60RblliaH npoCTOTa H nemeBH3Ha peaRH3aUHH, a 

TaKxe rH6KOCTb B pa6oTe H B03MOXHOCTb nanb.He8mero pa3BHTHH K 

8 

• 

,l 

h 

' r 

·;;, 

6onee CROXHl:lM H/HnH cneuHaRH3HpOBaHHl:lM MeTonHKaM. 

Ha ocHoae npoaeneHHoro aHanH3a H ccpopMynHpoBaHHl:lX 

Tpe6oBaHHH o6ocHOBl:lBaeTCH Bl:lBOn O HaH60Rbllie8 npHronHOCTH 

H36paHHOH MeTonHKH - pe30HaHCHOH cpnyopecueHTH08 cneKTpOCKOnHH 

Ha opToroHanbHl:lX aTOMHl:lX nyqKaX C HCnORb30BaHHeM TepMHqecKHX 

H na3epHl:lX aTOMH3aTopoB. 

Bo BTopoM pa3nene rnaBl:l onHCl:lBaeTCH KOHCTpyKUHH 

npHMeHHBllieHCH 3KcnepHMeHTanbH08 ycTaHOBKH, ee TeXHHqecKHe 

napaMeTpl:l, KOHCTPYKTHBH!:le oco6eHHOCTH H xapaKTepHCTHKH ee 

OTnenbHl:lX Y3ROB. OcaemeH Kpyr HayqHo-TeXHHqecKHX BOnpocoB, 

B03HHKaIDmHx npH C03naHHH nono6Hl:lX ycTaHOBOK. OnHCaH nopHnoK 

CflYHKUHOHHpOBaHHH·pa3nHqHl:lX Y3ROB B xone 3KcnepHMeHTa. 

3KcnepHMeHTaRbHaH" ycTaHOBKa COCTOHT H3 cnenyromHx 

OCHOBHl:lX ::ineMeHTOB: HCTOqHHKOB na3epHoro H3nyqeHHH; BaKyyMHOH 

KaMepl:l B3aHMOne8CTBHH; HCToqHHKa aTOMHOro nyqKa; CHCTeMl:l 

perHCTpaUHH, KOHTpORH H ynpaBneHHH 3KCnepHMeHTOM. H3nyqeHHe 

nepecTpaHBaeMoro Henpepl:lBHoro na3epa Ha KpacHTene BBonHTCH B 

BaKyyMHYID KaMepy B3aHMone8CTBHH, rne nepeceKaeT 

KORRHMHpoBaHHl:lH c noMombID CHCTeMl:l nHa(fJparM aTOMHl:l8 nyqoK. 

Pe30HaHCHO pacceHHHOe H3nyqeHHe perHcTpHpyeTCH C noMombID 

cHcTeMl:l caeToc6opa H ~3Y-139, pa6oTaromero B peXHMe cqeTa 

CflOTOHOB. HanpaBneHHH perHCTpaUHH, na3epHoro H3nyqeHHH H 

aTOMHOro nyqKa B3aHMHO opTorottanbHl:l. OnTHqecKHH cneKTp 

3anHCl:lBaeTCH KaK qHcno CflOTOHOB pe3oHaHCHOH cpnyopecueHUHH B 

3aBHCHMOCTH OT nnHHl:l BORH!:l na3epttoro H3nyqeHHH BpeMeHHl:lM 

MHO,OKaHaRbHl:lM aHanH3aTOpOM, CHHXpOHH3HpOBaHHl:lM 

cKaHHpoBaHHH nepecTpaHBaeMoro na3epa. 

C HaqanoM 

HcnORb30BanHCb nBa THna HCTOqHHKOB na3epHoro H3nyqeHHH: 

1.- nnH B036yxneHHH pe30HaHCHOH cpnyopecueHUHH B aTOMHOM nyqKe 

Henpepl:lBHl:lH, nepecTpaHBaeMl:lH no qacToTe, KORbUeBOH 

Y3KOnonoCHl:lH na3ep Ha KpacHTene (380D Spectra Physics (P;~; = 

800 MBT, ~v = 1+3Mru)l c aKTHBHOH CTa6HRH3aUHe8 qacTOTl:l 

H3nyqeHHH H HaKaqKoH Henpepl:lBHl:lM HOHHl:lM Ar+ na3epoM ( 2030T 

Spectra Physics (P;~;= 20 BT)); 

2. - nnH aTOMH3aUHH aemecTBa - HMnynbCHl:lH YAG na3ep RTHilq-7, 

pa6oTaIDmH8 B pexHMe MonynHpOBaHH08 no6poTHOCTH (E:~~= 50 Mnx, 
LHMn = 10 HC, qacTOTa cnenoBaHHH HMnynbCOB 25 ru). 
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flRH KOHTpORH Ra3epHoro H3RyqeHHH HCITORb30BaRaCb CHCTeMa 

HHTep¢epoMeTpOB, A-MeTp H H3MepHTeRb MOmHOCTH. 

KOHCTPYKUHH KaMep1,1 B3aHMO.D,eHCTBHH Bbl6H.paRaCb C yqeTOM 

MaKCHMaRbHoro rro.naBReHHH BC_ex HCTOqHHKOB ¢oHa. Jia3epHblH Ryq 

BB?.11,HRCH B KaMepy B3aHMO.D,eHCTBHH qepe3 crreuHaRbHble OITTHqecKHe 

OK Ha, pacrroROJKeHHble rro.n yr ROM EplOCTepa H y .naReHHble OT 30Hbl 

B3aHMO.D,eHCTBHH ("'1,5 M); Ha rryTH Ra3epHoro Ryqa 6blR ITOMemeH 

pH.n .nHa¢parM, rro.naBRHKlmHx opeoR Ra3epHoro H3RyqeHHH; Bee 

BHyTpeHHHe ITOBepXHOCTH KaMep1,1 6b1RH 3aqepHeHbl. KaMepa 

OTKaqHBaRacb .no ocTaToqHoro BaKyyMa 5x10-6 Topp . 

TepMHqecKHH aTOMH3aTop rrpe.ncTaBRHR co60H TaHTaROBblH 

THreRb B BH.11,e Tpy6KH .11,HaMeTpOM 3 MM H .11,RHHOH 50 MM c TORmHHOH 

CTeHOK 100 MKM, rroMemeHHblH BHYTPb TaHTaROBoro HarpeBaTeRH. 

flOCTHraRaCb TeMrrepaTypa THrRH 1800-1900°c. ATOMHblH rryqoK 

¢0pMHpOBaRCH CHCTeMOH .D,Ha¢parM. Ero paCX0.11,HMOCTb COCTaBHRa "' 

40 Mpa.n. flRH C03.D,aHHH aTOMHoro rryqKa TyrorrRaBKHX 3ReMeHTOB H 

Tpy.nHopa3ROlKHMblX coe.nHHeHHH HCITORb30BaRaCb HMITYRbCHaH 

Ra3epHaH .aTOMH3aUHH o6pa3ua. H3RyqeHHe YAG Ra3epa BB0.11,HROCb B 

OT.11,eReHHe aTOMH3aTopa KaMep1,1 B3aHMO.D,eHCTBHH qepe3 crreuHaRbHOe 

OKHO H C ITOMOmblO IT0.11,BHlKHOH rrpH3Mbl HarrpaBRHROCb Ha Bpama10my10CH 

MHllleHb rro.n yr ROM "' 70° K ee rroBepXHOCTH. C ITOMOmhlO 

.llRHHHO¢OKYCHOH 

¢0KycHpoBaRocb 

RHH3bl 

Ha 

C F=200 

ITOBepXHOCTH 

MM H3RyqeHHe 

MHllleHH, pa3Mep 

Ra3epa 

ITHTHa 

¢0KYCHpOBKH MOJKHO 6blRO MeHHTb OT 0, 3 .no 3 MM, BapbHpyH TeM 

caMblM ITROTHOCTb MOmHOCTH Ra3epHoro H3RyqeHHH Ha MHllleHH. 

CHCTeMa CBeToc6opa COCTOHRa H3 .llBYX RHH3 ( F=40 MM) H 

c¢epHqecKoro 3epKaRa. MeJK.llY RHH3aMH rroMemaRcH rroRocoBoH 

HHTep¢epeHUHOHHblH ¢HRbTp c lllHpHHOH rrporrycKaHHH 4A=10+20 HM , 

ITO,llaBRHBlllHH Hepe30HaHCHblH ¢OH .no 10
3 

pa3. flRH yMeHbllleHHH ¢oHa 

OT ,-H3RyqeHHH pa.11,HOaKTHBHblX H30TOITOB <l>3Y-136 'pa3MemaRCH Ha 

paccTOHHHH - 40 CM OT 30Hbl B3aHMO,lleHCTBHH. B pe3yRbTaTe 3THX 

Mep ¢OH CHHJKaRCH .no e,llHHHU HMIT/C rrpH HMITYRbCHOH perHCTpaUHH 

HRH .llO ypoBHH co6CTBeHHblX WYMOB <l>3Y (- 40 HMrr/c) - rrpH 

HerrpepblBHOH perHCTpaUHH. ITORHaH 3¢¢eKTHBHOCTb perHcTpaUHH 

¢0TOHOB COCTaBHRa 1J "' 6x10-
3

• 
r 

CHrHaR C <l>3Y rrocTyrraR Ha 6blCTpblH YCHRHTeRb, 

,llHCKpHMHHa TOp-¢opMHpOBa Te Rb H MHOroKaHaRbHblH aHaRH3a Top, Ha 

10 

i 

h 

r, 

OCHOBe 6ROKOB KAMAK H KOMITblOTepa THrra IBM AT-286, C ITOMOmblO 

HaKOITReHHe 3KCrrepHMeHTaJibHblX .naHHblX H HX 

H yrrpaBJieHHe 3KCrrepHMeHTOM. C03.D,aHHOe 

KOToporo rrpOBO,llHROCb 

o6pa60TKa, KOHTpORb 

3ReKTpOHHOe H rrporpaMMHOe o6ecrreqeHHe Il03BORHJIO B lllHpOKHX 
rrpe.neRax H3MeHHTb peJKHM HaKorrReHHH .naHHblX: OT 0.11,HOKpa THoro 

Me,llReHHoro CKaHHpOBaHHH (c .11,RHTeRbHOCTblO .no 40 MHH.); 

6blCTporo CKaHHpoBaHHH (4 C). B TeqeHHe 0.11,Horo o6opoTa 

HcrrapHeMOH MHllleHH H .no MHoroKpaTHoro, B TeqeHHe HeCKORbKHX 

qacoB, 6blCTporo CKaHHpoBaHHH B aBTOMaTHqecKOM pelKHMe c 

cyMMHpOBaHHeM crreKTpOB, KOHTpOReM, yrrpaBReHHeM H o6paTHOH 

CBH3bl0 C xapaKTepHCT~KaMH Ra3epHoro H3RyqeHHH. ITpH pa6oTe C 

HMITYRbCHOH Ra3epHOH aTOMH3aUHeH rrpHMeHHRaCb .11,0ITORHHTeRbHaH 

CHCTeMa CTpo6HpoBaHHH, OTITHpa10maH cqeTqHKH CHCTeMbl 

perHCTpaUHH TORbKO B MOMeHT rrpoReTa aTOMHoro cryCTKa qepe3 

30Hy B3aHMO,lleHCTBHH. 

Pa3.D,eR 3 BTOpo8 rRaBbl ITOCBHmeH OITHCaHHIO 3KcrrepHMeHTOB, 

rrpoBe.neHHblX C HMITRaHTHpOBaHHblMH o6pa3UaMH H30TOITOB Gd B Ta H 

Al , ITO,llROlKKY. ToqHoe 3HaHHe KORHqecTBa BemecTBa, BpeMeHH, 3a 

KOTopoe OHO HcrrapHROCb' a TaKJKe OITTHqecKHX xapaKTepHCTHK H 

rrepeXO,llOB Gd Il03BORHRO 

rrapaMeTpbl ycTaHOBKH. 

oueHHTb rrpe.neRbHl\le .11,0CTHrHyTble 

MHHHMaRbHOe Heo6xo.nHMoe KORHqecTBO BemecTBa 
H3MepeHHH 

06pa3ue. 

O,llHoro crreKTpa COCTaBHRO N 
a 

MHHHMaRbHl\lH perHCTpHpyeMblH 
"' 2, 6x10

11 
aTOMOB 

ITOTOK aTOMOB 

.llRH 

B 

H3 
aTOMH3aTopa COCTaBHR 3Ta 1/1"' 6, 5x10

10 
aT. /c. 

s BeJIHqHHa 

COOTBeTCTByeT ITOTOKY aTOMOB qepe3 30HY B3aHMO.D,e8cTBHH "' 

6,5x10
6 

~T./c. OHa o6oHCHHeTCH BblCOKOH CKOpOCTblO perHCTpauHH 

crreKTpa (4 CeK.) H He HBRHeTCH ITOKa3aTeRbHOH. B CJiyqae 

Me,llReHHOH perHCTpauHH crreKTpa ( 3KCnepHME!HT C 182Hf - rRaBa 3) 

B TeqeHHH·- 3-x qacoB H o6meM HcnapeHHOM KORHqecTBe 06pa3qa -

10
12 

a TO MOB MHHHMaJibHblH perHCTpHpyeMblH IlOTOK H3 

COCTaBHJI - 10
8 

aT. /c. HJIH - 104 
aT./c. 

B3aHMO,lleHCTBHH. 

aTOMH3aTopa 

qepe3 30HY 

3KcnepHMeHTaJibHoe pa3pellleHHe .D,JIH 3JieMeHTOB cpe.nHe8 Maccu 

(A "' 100) COCTaBHJIO 4v "' 25 Mru. B CJiyqae TepMHqecKoro 

aToMH3aTopa H tw "' so Mru - B cJiyqae Jia3epHoro. 

3¢¢eKTHBHOCTb, .11,0CTHrHyTaH B 3KcnepHMeHTax C Gd, 6blJia OKOJIO 1 
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OTcqeTa Ha 10
9 aTOMOB, BUneTaDmHx H3 HcnapHTenH. 

9¢¢eKTHBHOCTb ycTaHOBKH KaK TaKOB08 (He BKnDqaH 

napaMeTpOB, 3aBHCHmHx OT KOHKpeTHUX onTHqecKHX H npyrHx 

xapaKTepHCTHK HccnenyeMUX aTOMOB), COCTaBHna BenHqHHY ~.z 

5, 7x10-
7 . B uenoM OCHOBHUe napaMeTpU ycTaHOBKH HaxonHTCH Ha 

ypoBHe aHanorHqHUX ycTaHOBOK, OCHOBaHHUX Ha MeTone na3epH08 

pe30HaHCH08 ¢nyopecueHUHH Ha opToroHanbHUX aTOMHUX nyqKax H B 

6naronpHHTHUX cnyqaHX MoryT KOHKypHpOBaTb c nyqwHMH 

napaMeTpaMH, nocTHrHyTUMH npH Hcnonb30BaHHH npyrHX MeTonoB. 

HaMeqeHU nyTH yBenHqeHHH qyBCTBHTenbHOCTH H 

3¢¢eKTHBHOCTH 3KCnepHMeHTa. OHH KacaDTCH nByx HanpaBneHH8: 

ynyqweHHe c6opa ¢0TOHOB H yMeHbWeHHe nonnepOBCKHX noTepb 

aTOMOB. OnHHM H3 nononHHTenbHUX nyTe8 yBenHqeHHH 

3KCnepHMeHTanbH08 qyBCTBHTenbHOCTH npencTaBnHeTCH 

npennoxeHHU8 HaMH HOBU8 MeTon 3anHCH cneKTpa - TaK Ha3UBaeMaH 

BpeMH-nponeTHaH na3epHaH ¢nyopecueHTHaH cneKTpOCKOnHH [7]. 

B TpeTbe8 rnaBe. onHcaHU 3KCnepHMeHTaJibHUe HCCJienonaHHH 

uenoqeK H30TOnOB u, Ti H Hf, B xone KOTopux H3MepHnHCb 

H30TOnHqecKHe cnBHrH H CBepXTOHKHe pacmenneHHH HX onTHqecKHX 

JIHHH8. OnHCaHU xapaKTepHCTHKH Bcex HCnOJib30B aBWHXCH nnH 

H3MepeHH8 

IIpHBeneHU 

3JieMeHTOM 

onTHqecKHX nepexonoB H o6oCHOBaH HX BU6op. 

3KCnepHMeHTanbHUe oco6eHHOCTH ··npH pa6oTe C KaxnuM 

H peXHMU H3MepeHH8. PaccMaTpHBaeTCH npouenypa 

onpeneneHHH KOHCTaHT CBepXTOHKOro pacmenJieHHH H3 

3KCnepHMeHTaJibHUX cneKTpOB. IlpHBOnHTCH nonyqeHHUe 

3KCnepHMeHTaJibHUe naHHUe no HC H KOHCTaHTaM CTC, 60JibWHHCTBO 

H3 KOTopux onpeneJieHO.BnepBue. IIpoBonHTCH cpaBHeHHe OTHOWeHH8 

CBepXTOHKHX KOHCTaHT C H3BeCTHUMH paHee nnH npyrHX ypoBHe8 H 

oueHHBaeTCH BeJIHqHHa CBepXTOHK08 aHOMaJIHH. 

IIepBU8 pa3nen .rnaBU nocBHmeH 3KcnepHMeHTaM C H~,oTonaMH 
233u - 236u H 236u. TaK KaK ypaH HBJIHeTCH nocTaToqao 

TpynHoJieTyqHM 3JieMeHTOM (Tk= 4091 Kl, nnH nonyqeHHH aTOMHOro 

nyqKa HCnOJib30BaJiaCb TepMHqecKaH nHCCOUHaUHH era OKHCH (U O) 
. 3 B 

B npHCYTCTBHH TOPHH. o6pa3UU noMemaJIHCb B TaHTaJIOBU8 THreJib, 

rne HarpeBaJIHCb ,no TeMnepaTypu 1800-2000 K. B KaqecTBe 

o6pa3UOB HCnOJib30BaJIHCb KaK CMeCb, , Bcex HCCJienyeMUX 

12 

.,, 

~ 
' 

l\\'. 

i' 
!"I 

qeTHO-qeTHUX H30TOnOB ypaHa B 

o6orameaaue no 70-807. onHHM H3 
235

UJ 06pa3uu. 

paBHUX KOJIHqecTBax, TaK H 

HeqeTHUX H30TOnOB ( 233U HJIH 

H3MepeHHH npoBonHJIHCb 

nJIHHaMH BOJIH A = 5758,14 
Ha nByX onTHqecKHX 

A H A= 5915,42 A. 
pe3yJihTaTe 3HaqeHHH H30TOnHqecKHX cnBHrOB 

nepexonax c 

IIoJiyqeHHUe B 

HMeDT nyqwyD 
TOqHOCTb, qeM H3BeCTHUe paHee. IlpH onpeneJieHHH KOHCTaHT CTC B 

cnyqae 
235U yqHT1,rnanHcb H3MepeHHUe c BUCOK08 TOqHOCTbD 

MeTonoM nB08Horo panHoqacTOTHoro pe30HaHca KOHCTaHTU A H B 

nnH OCHOBHoro COCTOHHHH. IlpH noMOmH MeTona HaHMeHbWHX 
KBanpaTOB H x2 -KpHTepHH paccMaTpHBaJIHCb 

CTC _H, nocJie 

pa3JIHqHue BapHaHTU 
HneHTH¢HKaUHH KOMnOHeHT BUqHcJieHHH Bcex 
HeH3BeCTHUX KOHCTaHT CTC, cneKTp peKOHCTpyHpOBaJICH no n□ JIHoro 

COBnaneHHH C 3KCnepHMeHTaJibHO Ha6JIDnaeMUM. 

Bo BTopoM pa3nene rnaBu 3 npencTaBneau pe3yJihTaTu 

na3epHo-cneKTpOcKonHqecKHX H3MepeHH8 HC H CBepXTOHKoro 

pacmenJieHHH ( CTP) Ha 8 onTHqecKHX nepexonax H30TOnOB 46- 50Ti. 

.llJIH nonyqeHHH nyqKa CB06onaux aTOMOB npHMeHHJICH MeTon 

Jia3epHoro HcnapeHHH. OnTHMaJibHUe pa6oqHe YCJIOBHH BKJIDqaJIH B 

ce6H: 1) BU6op nonx□nHmea nJIOTHOCTH MOmHOCTH Jia3epHoro 

H3JiyqeHHH nnH 3¢¢eKTHBH08 aTOMH3aUHH 06pa3ua H npHeMJieMo8 

3aceJieHHOCTH HHXHero YPOBHH BU6paHHoro OnTHqecKoro nepexona H 

2) CHHXpOHH3aUHD HMnyJibCOB H3nyqeHHH Jia3epa H perHCTPHPYDmea 

3JieKTpOHHKH TaKHM o6pa30M, qTo6u o6ecneqHTb npHeMJieMue 

¢0HOBUe YCJIOBHH H WHpHHy OCTaToqHoro nonnep□BCKOro KOHTypa 

JIHHHH H3JiyqeHHH HCCJienyeMUX aTOMOB. 

HcnOJib30BaJICH o6pa3eU MeTaJIJIHqecKoro THTaHa C 

ecTeCTBeHHUM conepxaHHeM H3 □TonoB HJIH 06pa3eu o6orameHHoro 
6

Ti B BHne npeccoBaHH08 Ta6JieTKH TiO. Pe3 □HaHCHaH 
2 

¢JiyopecueHUHH perHcTpHpOBaJiacb no cn□HTaHHOMY H3JiyqeHHD Ha 

6onee HH3KOJiexamHe COCTOHHHH OCHOBHoro MYJibTHnJieTa a 3 F. 

BnepBue nonyqeHu naHHue 06 H3 □TonHqecKHX cnBHrax nnH 
HCCJienoBaHHUX HaMH H30TOnOB THTaHa Ha 8 BU6paHHUX 
nepexonax. IlpHBOnHTCH paccqHTaHHUe H3 nonyqeHHUX naHHUX 

MarHHTHUe nHnOJibHUe H 3JieKTpHqecKHe KBanpyn□JibHUe KOHCTaHTU 

nJIH Tpex B036yxneHHUX COCTOHHH8 o6□HX HeqeTHUX H30TonoB 

THTaHa . .llJIH yp□ BHH 3
P° KOHCTaHTU AH B onpeneneau BnepBue. 

2 
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BeJJH<rnm,1 CBepXTOHKHX aHOMaJJHH, paCC'iHTaHHhlX C 

HCilOJJh3OBaHHeM Mal'HHTHhlX MOMeHTOB, onpe.neJJeHHhlX MeTO.!lOM RMP 

.!lJIH ecex HCCJJe.!lOBaHHhlX ypoeHeH He npeBblWaDT 0,47., '{TO 

yKa3blBaeT Ha He3Ha'iHTeJJbHOe pa3JJl{t{l{e 

Ma!'HHTHOl'O MOMeHTa B H.npax 
47Ti I{ 

49Ti. 

B pacnpe.neJJeHHH 

TpeTHH pa3.!leJJ nocemueH 3KCnepHMeHTaM C H3OTOilaMH 
174

·
176

-
180

Hf I{ ·182Hf I{, Ha OCHOBe noJJy'ieHHhlX .naHHhlX 06 HX HC 

I{ KOHCTaHTax CTC, o6pa6oTKe 3KcnepHMeHTaJJhHhlX cneKTpOB 

1{3OMepa
178

m
2
Hf, H3MepeHHhlX BO <I>paHUHH. 

npHBO.!lHTCH pe3yJJhTaThl CHCTeMaTH'ieCKHX HCCJJe.!lOBaHHH HC If 

CTC B OilTH'ieCKHX cneKTpax H3OTOilOB Hf Ha Tpex OilTH'ieCKHX 

nepexo.nax. l13OTOillft{eCKHH C.!lBHr 
182

Hf 6hlJJ H3MepeH BnepBhle. B 

H3MepeHHHX 

cKaHHpOBaHHH 

cTa6HJJH3aUHH 

cKaHHpOBaHHH 

HHcpOpMaUHH 

06hl'IHO HCilOJlh3OBaJJCH pexHM MHOl'OKpaTHOl'O 

e Bb16paHHOM, HHTepBaJJe 'iaCTOT. CHCTeMa 

IlO3BOJJHJJa 

B npe.neJJax 

y.nepXHBaTb 

10-20 Mru. 

Ha'iaJJhHYD 'iaCTOTY 

nporpaMMa HaKOilJJeHHH 

npe.nycMaTpHBaJJa 6JJOKHpOBKY BXO.!la C'ieT'iHKOB BO 

epeMH CKa'iKOB t{aCTOThl JJa3epHoro H3JJY'ieHHH ~o BO3BpameHHH ee K 

Ha'iaJJhHOMY y poBHD CHCTeMOH ·CTa6HJJH3aUHH. 3TO IlO3BOJJHJJO 

H36exaTh HCKaxeHHH cneKTpa npH c6oHx pa6□ Thl JJa3epa. 

npHMeHHJJaCb JJa3epHaH aTOMH3aUHH o6pa3ua. npH OilTHMaJJbHhlX 

ycJJOBHHX HcnapeHHH BhlXO.!l COCTaBJJHJJ -10
12 

aTOMOB Ha 1 HMilYJJhC 

JJa3epa. B Ka'ieCTBe o6pa3UOB HCilOJlh3OBaJJHCh: nJJaCTHHKa 

MeTaJJJJlft{eCKOl'O racpHHH HaTypaJJhHOl'O H3OTOilHOl'O coc\aea; 

~;eCCOB~~:hle Ta6JJeTKH 1{3 OKHCJJOB (Hf02) pa3.neJJeHHhlX 1{3OTOilOB 

Hf H Hf; IlJJaCTHHKa MeTaJJJJlft{eCKOl'O BOJJbcppaMa, o6JJy'ieHHaH 

TOpMO3HhlM H3JJY'ieHHeM C rpaHH'iHOH 3HeprHeH 25 M3B. B HeH B 

pe3yJJhTaTe peaKUHH (7,a) Ha H3OTOile 
1~W .o6pa30BhlBaJJCH 1{30TOil 

182
Hf B KOJIH'{eCTBe -1a1

5 
H.!lep ( T = 9·10

6 
JJeT ). 

112 

CTpHee.neHhl noJJy'ieHHhle 3Hat{eHHH KOHCTaHT CTC. KOHCTaHThl A 

I{ 8 ypoBHH 5
G

0 .!lJIH 
177

Hf C xopoweH TO'iHOCThD coena.naDT C 
3 

H3MepeHHhlMH paHee. Bee OCTaJJbHble 3Ha'ieHHH KOHCTaHT CTC ( .!lJIH 

IlHTH ypOBHeH) noJJy'ieHhl BnepBhle. npHBO.!lHTCH OTHOWeHHH 

CT-KOHCTaHT. 3Ha'ieHHH ceepXTOHKHX aHOMaJJHH, onpe.neJJeHHhlX 1{3 

H3MepeHHhlX OTHOWeHHH KOHCTaHT A If .naHHhlX no Mal'HHTHhlM 

MOMeHTaM, C 60JJhWOH TO'iHOCThD H3MepeHHhlX paHee, He npeBblCl{JII{ 

0, 27., '{TO, KaK If B cJJy'iae Ti yKa3blBaeT Ha 6JJH30CTh 

14 

1) 
,} 

\~ ·, 

' ' I 
l 

I 
l 

1· 
·t'i . ,, 

pacnpe.neJJeHHH MarHHTHOl'O MOMeHTa B H.npax 
177 Hf I{ 

179
Hf. 

CTpHBO.!lHTCH 3Ha'ieHHH H3OTOilH'ieCKHX C.!lBHl'OB .!lJIH Bcex 

HCCJJe.noeaHHhlX OilTH'ieCKHX nepexo.noe. MaJJaH WHpHHa JJHHHH (-45 

MruJ, 6oJJhWaH cTaTHCTHKa co6blTHH I{ xopowaH BOCilpOH3BO.!lHMOCTh 

pe3 y Jib Ta TOB IlO3 BOJJHJJH B 60JJhWHHCTBe CJJy'iae~ '.noCTH'ih TO'iHOCTH 

3Ha'ieHHH pa3HOCTeH pe3OHaHCHhlX • 'iaCTOT, 6oJJee BhlCOKOH, 'ieM B 

npe.nhl.nymHx H3MepeHHHX. 

Onpe.neJJeHHe KOHCTaHT CTC H3OMepa 
178

m
2
Hf, noJJoxemrn 

ueHTpa THXeCTH CTC I{, COOTBeTCTBeHHO, H30MepHoro C.!lBHra 

IlpOBO.!lHJJOCh IlO.!ll'OHKOH K 

HaHMeHbWHX KBa.npaTOB (C 

3KcnepHMeHTaJJbHhlM 

KpHTepHeM x2l. B 

.naHHhlM MeTO.!lOM 

pe3yJJhTaTe 6blJJH 

noJJy'ieHhl CJJe.nyDmHe 3Ha'ieHHH: 

A(
3
P2) = 161,8(3) Mru B(

3
P2) = -2227,5(18,2) Mru 

A(
1
P

0
J = -50,3(1,ll Mru B(

1
P

0
J = 1267,5(11,3) Mru 

I I 

KOHCTaHT CTC .!lJJH HHXHero I{ BepxHero ypoBHeH, COOTBeTCTBeHHO. 

l13OMepHhlH C.!lBHI' OKa3aJJCH OTpHuaTeJJbHhlM H paBHHJICH: 

c5Vl7Bg,m2= Vl7Bm2_ Vl7Bg= _ 139 , 5 (8,3) MfU, 

'{TO yKa3hlBaeT Ha yMeHbWeHHe 3apH.!lOBO1'O pa.nHyca H.npa H3OMepa. 

qeTBepTaH rJJaBa IlOCBHmeHa onpe.neJJeHHD H.nepHhlX napaMeTpOB 

HCCJJe.noeaHHhlX 1{3OTOilOB u, Ti, Hf H o6cy~.neHHD noJJy'ieHHhlX 

pe3yJJhTaTOB. OilHCaHhl npoue.nyphl H3BJJe'ieHHH 3apH.!lOBhlX pa.nHycoB 

.!lJIH Ka~.noro 3JJeMeHTa H ace npHBJJeKaeMhle .!lJIH 3TOl'O 

.!lOilOJJHHTeJJbHhle pac'ieTHhle H/HJJH 3KcnepHMeHTaJJhHhle BeJJH'iHHhl. 

noJJy'ieHHhle pe3yJJhTaThl o6cyx.naDTCH e·paMKax KaneJJhHOH MO.!leJJH C 

npHBJJe'ieHHeM 3KcnepHMeHTaJJhHhlX H pacqeTHhlX 3Ha'ieHHH 

napaMeTpOB .necpopMaUHH pa3JJH'iHhlX nopH.!lKOB, a TaKxe TOJJmHHhl 

noeepXHO~THoro CJJOH H.!lpa. CTpHBO.!lHTCH noJJy'ieHHhle 3Ha'ieHHH 

MarHHTHhlX .!lHilOJJhHhlX H 3JJeKTpH~eCKHX KBa.npynoJJbHhlX MoMeHTOB. 

Pa3.!leJJ 4. 1 IlOCBHmeH HCCJJe.!lOBaHHI,iM H30TOilaM ypaHa. .llJJH 

pac'ieTa cneuHcpH'iecKoro Maccoeoro c.neHra (CMCJ npHMeHHJJCH 

MeTO.!l rpacpHKa KHHra. noKa3aHO, '{TO B Ka'ieCTBe 'iHCTOl'O 

nepexo.na C HyJJeBUM CMC Mor HCilOJlh3OBaThCH nepexo.n c A= 502,7 

HM Ha ypoBeHh c E = 19850 CM-I npHBO.!lHTCH noJJy'ieHHUe 

3Ha'ieHHH CMC H IlOJJeBUX C.!lBHl'OB. Ha OCHOBe 3THX 3Ha'ieHHH 

.neJJaeTCH oueHKa BO3MOXHI,IX ·npHMecea .npyrHx KOHcpHrypaUHH. 
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OnpeneneHU OTHOCHTeRbHUe 3Ha'!eHHH H3MeHeHHH cpenHe-

KBanpaTH'IHUX 3apHnOBUX panHyCoB HccnenoBaHHUX Hnep (Ta6n.1). 

Ta6nHua 1. OTHOCHTeRbHUe H a6CORIOTHUe 3Ha'leHHH 

H3MeHeHH8 CK3P H30TOnOB ypaHa 

A A' i\ A, A' o<r2>A,A' ,cflM2 
re I 

233 238 2,598(11) 0,383(44) 

234 238 1,994(9) 0,293(34) 

235 238 1,670(7) 0,246(28) 

236 238 1,00 0,147(17) 

233 235 0,928(5) 0,137(16) 

234 236 0,994(5) 0, 146(17) 

nnH nony'leHHH a6CORIOTHUX 3Ha'leHH8 pa3HOCTe8 CK3P H3 

OTHOCHTeRbHUX HCnORb30Banacb H3BeCTHaH BeRH'IHHa o<r
2
> nnH 

H30TOnH08 napu 233U - 238 U, COCTaBRHIOIJla.H 0, 383( 44) cpil H 

onpeneneHHaH H3 ttc B cneKTpax KX-ny'le8 [8]. rrony'leHHue TaKHM 

cnoco6oM 3Ha'leHHH o<r2> xopomo cornacyJOTCH c npHBeneHHUMH B 

o63ope [ 2 J' HO HMeJOT BnBoe nyqruyJO TO'IHOCTb. B TO l!Ce B peMH 

3Ha'leHHH 
. 2 

o<r >, onpeneneHHUe H3 H3MepeHH8 cneKTpOB 

Me30aTOMOB, B cpenHeM Ha 307. 60Rbllle. 

Ta6RHUa 2. OTHOllleHHH MarHHTHUX nHnORbHUX H 3ReKTPH'leCKHX 

KBanpynORbHUX MOMeHTOB 
233U H 

235 U 

g233/g235 µ233/µ235 Q233/Q235 
s s 

Q233/Q235 
0 0 

-2,185(2) -1, 5604(14) 0,746(2) 0,975(3) 

B Ta6n. 2 npencTaBneHU onpeneneHHue H3 nony'leHHUX 

KOHCTaHT CTC OTHOllleHHH 3ReKTpH'IeCKHX H MarHHTHUX MOMeHTOB H 

CBH3aHHUX c HHMH BeRH'IHH. 9TH OTHOllleHHH cornacyJOTCH C 

H3BeCTHUMH paHee, HO MeHee TO'IHUMH [9]. HH3KaH TO'IHOCTb 

H3MepeHHUX npyrHMH MeTonaMH 3Ha'leHH8 He n03BORHeT cnenaTb 

onpeneneHHoro BUBona 0 

3aMeTHOe OTRH'!He MarHHTHUX 

BeRH'IHHe 

nHnORbHUX 

16 

cBepXTOHK08 

MOMeHTOB 

aHoMaRHH. 

Hnep 233u H 

"'::ii 0.100 
,e.. 

~ 
~ 0.000 
N 

'-' -
I -0.100 
~ 
NM 

.....,.. -0.200 

-0.300 

-0.400 

__ -1-----f 
. ,,<'f' 

, , 
,-t' 

, , 

t1 Kl 1111111 tU I 1111 I 11 JI I I I I 11 (II I I I 11111 U I 111 JI I I I I I I 11 I I I I 111 I I I I I I I I I I I! I 11 I I -0.500 
231 232 233 234 235 236 237 238 239 

MaccoBoe qncno A 

PHC.1. 3aBHCHMOCTb pa3HOCTH CK3P Hnep U OT MaCCOBOro 'IHCRa: 

o - 3KcnepHMeHT, 6 - pac'leT. no KanenbH08 MonenH 

C yqeTOM necpopMaUHH 

235 U CBH3aHO C pa3HUMH KBaHTOBUMH xapaKTepHCTHKaMH He'leTHoro 

He8TpOHa B 3THX Hnpax: n[633]5/2+ H n[143]7/2-, 

COOTBeTCTBeHHO. 

3aBHCHMOCTb pa3HOCTH CK3P HCCnenoBaHHUX H30TOnOB U OT 

Maccoeoro •rncna 6RH3Ka K RHHe8Ho8 ( pHc. 1 J. nnH 
238

U napaMeTpu 

KBanpynoRbHOH, OKTynoRbHOH H reKcaneKanoRbHOH necpopMaUHH, 

COOTBeTCTBeHHO, COCTaBRHIOT (32= 0,2863(24) [5], (33= 0,;()87(6) 

[10], {34= 0,0672(49) [11]. nnH npyrHX H30Tonoe ypaHa 3Ha'leHHH 

(31 OTRH'lalOTCH He 6onee, '!eM Ha 0, 02. llpH 3TOM C yMeHbllleHHeM 

'IHCJia HeiiTpOHOB B Hnpe BeRH'IHHI:. (32 nanaJOT, (3 4 paCTYT a (33 

MeHHJOTC~ cna6o. PacqeTu o<r2> no KanenhHOH MonenH 

o6HapylKHBaJOT xopowee cornacHe c 3KcnepHMeHTanbHI:.MH naHHI:.MH, 

eCRH yqecTb _H3BeCTHUe 3Ha'!eHHH .npHeeneHHUX BI:.llle napaMeTpoB 

necpopMaUHH. TaKoe llOBeneHHe napaMeTpOB necpopMaUHH MOl!CeT 

061>HCHHTb .Ha6nJOnaeMyJO. 3aBHCHMOCTb o<r
2
> OT A: OCHOBHOH BK nan 

B H3MeHeHHe CK3P BHOCHT H3MeHeHHe 061,eMa Hnpa, a BKnan 3a 

C'leT H3MeHeHHH necpopMaUHH He3Ha'IHTeReH. 

OnpeneneH napaMeTp 'leTHO-He'!eTHUX pa3RH'IH8, COCTaBHBlllH8 
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.llJIH H.llpa 
235U a 0,652(6), qTQ THITHqHQ .llJIH 6oJibWHHCTBa 

HeqeTHblX H.llep. 

B pa3.lleJie 4.2 onHCaHa npoue.llypa H3BJieqeHHH CK3P H3 

H3MepeHHblX 3KcnepHMeHTaJibHblX .llaHHblX .llJIH H30TOnOB Ti H 

o6cy~.llaIDTCH nonyqeHHhle pe3yJihTaTbl. H3BJieqeHHe 3apH.llOBoro 

pa.llHyca H.llpa H3 H30TOnHqecKHX C.llBHrOB B cnyqae nerKHX 

noJieBOH C.llBHr ( nc) 3JieMeHTOB conpH~eHo C .llBYMH TPY.llHOCTHMH: 

.llOCTaToqHo MaJI, qTo Tpe6yeT qpe3BblqaHHO 

H3MepeHHH HC, a CMC OTHOCHTeJibHO BeJIHK 

Bb!COKOH TQqHQCTH 

H He.llOCTaToqHaH 

ToqHQCTb onpe.lleJieHHH era MO~eT 

pe3yJihTaT. B cnyqae THTaHa 3Ta 

cymecTBeHHO nOBJIHHTb Ha 

TPY.llHOCTb 6blJia rrpeO.llOJieHa 

nocpe.llCTBOM HCITOJlb30BaHHH pe3yJibTaTOB COBMeCTHoro aHaJIH3a 

MIDOHHblX .llaHHblX C .llaHHblMH no pacceHHHID 3JieKTpOHOB [12). 

HcnoJib3YH MeTO.ll rpa¢HKa KHHra H 3TH MO.lleJibHOHe3aBHCHMble 

H3MeHeHHH CK3P. 6blJIH onpe.lleJieHbl CMC Ha HCCJie.llOBaHHblX 

OnTHqecKHX nepeXO.llax. I1pHBe.lleHhl onpe.lleJieHHhle 3HaqeHHH CMC H 

3JieKTpOHHOro ¢aKTOpa F ;E·f. 

Ta6JIHUa 3. OTHOCHTeJibHble H a6cOJIIDTHble 3HaqeHHH H3MeHeHHH CK3P 

H a6coJIIDTHble 3HaqeHHH CK3P HCCJie.llOBaHHblX H.llep Ti 

A i\.A,48 0 <r 2 > A , 4 8 , ¢M2 <r2>1/2,¢M <r2>1/2, ¢M 
re I 

3Ta pa6oTa H3 [17) 

46 1 0,108(6) 3,6139(27) 3,614(4) 

47 0, 161(34) 0,017(4) 3,6016(29) 3,5984(6)*) 

48 3,5990(27) 3,599(4) 

49 -1,309(148) -0,141(17) 3,5806(47) 3,5770(8)*) 

50 -1,528(158) -0,165(19) 3,5760(33) 3,576(4) 

*) - MO.lleJibH03aBHCHMble 3HaqeHHH 

H3MeHeHHH CK3P orrpe.lleJIHJIHCb KaK nocpe.llCTBOM npHMOH 

i<aJIH6poBKH K 3HaqeHHID o<r
2
> H3 Me30HHblX .llaHHblX .llJIH penepHOH 

napbl H30TOnoB 
46

'
48 Ti, TaK H C HCnOJib30BaHHeM paccqHTaHHblX 

3HaqeHHH 3JieKTpOHHOro ¢aKTOpa. B o60HX cnyqaHx pe3yJibTaTbl 

COBna.llaJIH c xopoweR TQqHQCTbID. 3HaqeHHH H3MeHeHHH CK3P H.llep 

THTaHa H3 onTHqecKHX .llaHHblX 6b1JIH noJiyqeHbl BrrepBble H 3aMeTHO 

npeBblWaIDT no TOqHOCTH H3 BeCTHble paHee ( orrpe.neneHHhle .npyrHMH 

18 

°':ii 0.20 
,a. 

"' ~ 0.10 
N 

1-, .___,.. 

0.00 
~ 
°'1-. 
.___,.. -0.10 

-0.20 

-0.30 

-0.40 45 46 

PHc. 2. 3aBHCHMOCTb 

47 

o<r
2
> 

Kanem.HB.Jl: 
llo.[{em "_,--

48 49 50 51 
Maccoaoe Q:Hcno A 

HCCJie,noaaHHblX H.nep Ti 

OT MaCCOBOro qHcna: 0 - 3KcnepHMeHT, 4 - pacqeT 

no KaneJibHOH MO.lleJIH C yqeTOM ne¢~pMaUHH 

MeTO.llaMH). OnpeneneHbl a6coJIIDTHble 3HaqeHHH CK3P (Ta6JI.3.). 

3aBHCHMOCTb H3MeHeHHH CK3P o<r > Hnep HCCJie.llOBaHHblX 

H30TOnOB Ti OT qHcJia He8TpOHOB npencTaBJieHa Ha pHc. 2. 

BeJIHqHHa 3apH.llOBOro pa,nHyca B .naHHOH o6JiaCTH pe3KO 

yMeHbWaeTCH C no6aBJieHHeM qHcJia He8Tp0HOB, no.no6HO rroae,neHHID· 

H30TOnOB Ca. 3TO rrpOTHBopeqHT paccqHTaHHblM no KaneJibHOH 

MO.lleJIH 3HaqeHHHMH, rne 3apH.ll0BblH pa,nHyc .llOJI~eH paCTH. PacqeT 

no .llByxnapaM_eTpHqecKOH ¢opMyJie C yqeTOM .ne¢opMaUHH .llJIH 

3HaqeHHH napaMeTpOB .ne¢opMaUHH ~2 H3 pa60Tbl [5] H ~J' 

BblqHcJieHHblX H3 BepOHTHOCTeH nepeXO.llOB B( E3) [ 10), He ,naeT 

pa3yMHorci corJiaCHH C 3KcnepHMeHTaJihHl,IMH ,naHHblMH. 3apH.llOBl,IH 

pa.llHYC npO.llOJI~aeT paCTH .llJIH 
46 Ti rrpH yMeHbWeHHH qHcJia 

He8TpOHOB B H,npe H He3HaqHTeJibHOM yBeJIHqeHHH cyMMapHOH 

ne¢opMaUHH. l{JIH o6'bHCHeHHH 3Toro Heo61,1qHoro noae,neHHH CK3P 

H.llep H30TOITOB Ti He6xo,nHM yqeT KaKHX-JIH60 .npyrHX 3¢¢eKTOB H, 

B qacTHOCTH, TOJimHHbl noaepXHOCTHoro CJIOH H.llpa. YBeJIHqeHHe 

rrapaMeTpa TOJimHHbl ITOBepXHOCTHOro _CJIOH Ha BeJIHqHHY -2,57. Morna 

6bl o6ecneqHTh corJiacHe pacqeTa c 3KcnepHMeHTOM. 3TOT ¢aKT, 

19 



no-BH.llHMOMY .naeT HeKOTOph!e yKa3aHHH Ha B03MOXHOCTb 

cymecTBOBaHHH npOTOHHoro raJio B o6JiaCTH 6oJiee 

He8TpOHHo-.necflHUHTHhIX H.nep Ti. HaH60Jiee BepoHTHhIM KaH.nH.naTOM 

Ha 3TO npe.ncTaBJIHeTCH ::Ti, KOTOphl8 MOXeT COCTOHTb H3 .nBax.nhl 

MarH11ecKoro Kopa ::ca H .nByx npoTOHOB, o6pa3yDIUHX raJio. 

TpeTH8 pa3.neJI rJiaBhl npe.ncTaBJIHeT pe3yJibTaThl no 

napaMeTpaM H.nep HCCJie.noBaHHhIX H30TOnOB Hf, a TaKxe 

onpe.neJieHHhle C noMOIUbD 3THX .naHHhIX H3 cneKTpOB, noJiytieHHhIX BO 

~paHUHH, H.nepHh!e napaMeTphl (CK3P, MOMeHThl) BhICOKOCnHHOBOro 

H30Mepa 
178

m
2Hf. IlpHBO.llHTCH o6cyx.neHHe noJiytieHHhIX .naHHh!X. 

3HatieHHH H3MeHeHH8 CK3P (Ta6JI.4) H3 H3MepeHHhIX HC 

pacctIHTh!BaJIHCb aHaJiorHtIHO u H Ti C noMOIUbD rpacflHKa KHHra H 

MeTo.na roy.ncMHTa-~epMH-Cerpe. IloKa3aH0,1ITO B KatieCTBe tIHCToro 

MOXHO paccMaTpHBaTb nepexo.n THna ns
2

- nsnp c A=545,3 HM. 

Ta6JIHUa 4. OTHOCHTeJibHhle H a6coJIDTHhle H3MeHeHHH CK3P H.nep Hf 

A' A 

178 174 

178 176 

178 177 

179 178 

180 178 

182 180 

IToJiy11eHHh!e 

.npyrHX pa6oT 

AA,A' A A, A', cflM2 
re I 

1,690(27) 0,122(7) 

0,854(13) 0,061(4) 

0,625(14) 0,045(2) 

0,361(10) 0,026(2) 

1 0,072(4) 

0,651(25) 0,047(4) 

.naHHh!e 

[ 2 J , r .ne 

xoporno corJiacyDTCH 

3HatieHHH o<r
2
> 

o<r2>A, A', cflM2 

0,127(8) 

0,063(4) 

0,047(2) 

0.,027(2) 

0,075(4) 

0,048(4) 

C pe3yJibTaTaMH 

onpe.neJIHJIHCb H3 

H3MepeHHhIX 3HatieHH8 HC B onTHtieCKHX cneKTpax, KaK npaBHJIO, 

.npyrHMH MeTO.llaMH H c MeHbrne8 TOtIHOCTbD. BeJIHtIHHa H3MeHeHHH 

CK3P o<r
2
> .llJIH H30Tona 

182Hf noJiy11eHa BnepBh!e . 

rrapaMeTp qeTHO-HetieTHhIX pa3JIH1IH8 3apH.llOBOro pa.nHyca H.npa 

o B CJiyqae H30T6noB 
177Hf H 

179.IU COCTaBJIHeT BeJIHtIHHY, 

COOTBeTCTBeHHO O, 536 ( 31) H O, 722 ( 20), 1ITO THnHtIH.0 .llJlH H.nep 

.naHH08 o6JiaCTH. 

Ha pHC.3 npe.ncTaBJieHa 3aBHCHMOCTb H3MeHeHHH 3apH.llOBoro 

pa;rnyca o<r
2

>100
·N npH H3MeHeHHH tIHCJia He8TpOHOB B H.npe, 

KOTopaH HBJIHeTCH xapaKTepH08 H .llJIH coce.nHHX 3JieMeHTOB. B 

20 
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72
Hf 

O ground state 

T isomeric state (15• l 

0 

112 N 
PHC. o. H3MeHeHHe CK3P o<r

2
> H KBa.npynoJibH08 .necf!OpMaUHH (3 

2 

.llJIH H3MepeHHhIX H30TOnOB H H30Mepa (178m2) racf!HHH. 

HCCJie.noBaHHhIX H3oTonax Hf npeo6Jia.naDme8 HBJIHeTCH 

KBa.npynoJibHaH .necflopMaUHH, .llOCTHraDmaH MaKCHMaJibHOro 3HatieHHH 

npH N=104 (
176 Hf). B pe3yJibTaTe 

KaneJibH08 Mo.neJIH 3aBHCHMOCTb CK3P 

3Toro 

.llOJIXHa 

pacctIHTaHHaH no 

HMeTb xapaKTepHhl8 

H3JIOM npH N=104. B TO xe BpeMH 3KcnepHMeHTaJibHaH 3aBHCHMOCTb 

HBJIHeTCH 3HatIHTeJibHO 6oJiee nJiaBH08. YtieT 3KCnepHMeHTaJibHhIX 

napaMeTpoB .necf!OpMaUHH 6oJiee Bh!COKHX nopH.llKOB 3aTpy.nHHTeJieH, 

T .. K. 3HatieHHH (33 H (34 H3MepeHhl C ropa3.no MeHbWe8 

TOtIHOCTbD,tieM 3HatieHHH (3 i B TO xe BpeMH H3 TeopeTHtieCKHX 

pactieTOB cflOpMhl H.nep [13] cJie.nyeT CHJibHaH 3aBHCHMOCTb 3HatieHH8 

(34 OT tIHCJia He8TpOHOB B H.npe. IlpH 3TOM H3MeHeHHe (34 no 

a6COJIDTH08 BeJIHtIHHe npOTHBOnOJIOXHO H3MeHeHHD (32. Ta Koe 

noBe.neHHe reKca.neKanoJibH08 .necf!opMaUHH OCJia6JIHeT BJIHHHHe 

KBa.npynoJibH08 .necflopMaUHH Ha 3apH.llOBh18 pa.nHyc H.npa. O.nHaKO 

KOJIHtieCTBeHHoro corJiaCHH C 3KcnepHMeHTOM He .llOCTHraeTCH. 

ITO-BH.llHMOMY. JIH60 peaJibHh!e 3HatieHHH (3 4 6oJibllie pactieTHhIX. JIH60 

Heo6XO.llHMO npHHHMaTb BO BHHMaHHe H .npyrHe 3cflcfleKThl, BJIHHDIUHe 

Ha BeJIHtIHHY 3apH.llOBoro pa.nHyca, HanpHMep, TOJIIUHHY 
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nosepXHOCTHOro CROH H.npa. 

rronyqeHHOe C noMomhD HalliHX .naHHblX .llRH H30Tonos Hf 

3HaqeHHe H3MeHeHHH CK3P H.npa 178Hf B OCHOBHOM H H30MepHOM 

COCTOHHHH COCTaBHRO: 

o<r2>178,178m2 - 0, 074( 10) ¢M2 . 

3Ta senHqHHa HeCKORhKo 6onhrne 3HaqeHHH, nonyqeHHoro s pa6oTe 

[14], XOTH o6a 3HaqeHHH H cosna.naDT B npe.nenax B3aHMHblX 

OlliH60K. BenHqHHa H3MeHeHHH CK3P H30Mepa npaKTHqecKH cosna.naeT 

C pa3HOCTbD CK3P .llRH napbl H30Tonos 176Hf H 178Hf. H 3HaqHT, 

pa3pb1B .nsyx HYKROHHblX nap B H.npe OTpaxaeTCH Ha CK3P H.npa KaK 

y.naneHHe .nsyx HeflTpOHOB. YMeHhllieHHe 3apH,llOBOro pa.nHyca H.!1pa 

H30Mepa CBH3aHo. nO-BH.llHMOMY. C 3!p!peKTOM 6noKHpOBKH HyneBblX 

Kone6aHHfl H.nepHofl nosepXHOCTH HecnapeHHblMH HYKROHaMH. 

rro.no6Hblfl 3Cfl!peKT Ha6nD.nancH s ceqeHHHX peaKUHH nepe.naqH napu 

HeflTpOHOB (p,t) Ha TaH.neMe B Opc3 B 3KcnepHMeHTax C MHllieHbD 
178

m
2
Hf [ 15]. ABTopaMH 3TOT pe3yRhTaT HHTepnpeTHposancH KaK 

.llBOflHOfl HeqeTHblfl 3Cfl!peKT. Pe3 y Rb Ta Tb! TeopeTHqecKHX pacqeTOB 

XapTpH-~oKa-BoronD6osa .naDT 

o<r2>178,17Bm2 = _ 0,0 2 l !pM2 [l 6 ]. 
RHllih iJpaBHRhHblfl 3HaK: 

nnH MarHHTHoro MoMeHTa H30Mepa 6una nonyqeHa senHqHHa: 

µ 178mZ = 8, 1 7 ( 3) H. M. 

KOTOpaH 3aMeTHO OTRHqaeTCH OT nonyqeHHoro paHee 3HaqeHHH 

µ
178

m
2 

= ± 7, 26( +20) ( -00) H. M. , H3MepeHHoro MeTO.llOM H,llepHofl 

OpHeHTaUHH [17]. 3TO OTRHqHe MOXeT 6b!Th o6ycnosneHO KaK 

MeHhlliefl, qeM yKa3aHo, TQqHQCThD H3MepeHHfl B pa6oTe [17], TaK 

H TeM cpaKTOM, qTQ pacnpe.neneHHe MarHHTHoro MOMeHTa B 

B036yx.neHHOM H,llpe cymecTBeHHO OTRHqaeTCH OT pacnpe.neneHHH B 

OCHOBHOM COCTOHHHH, H .llRH H30Mepa yxe HeRb3H npeHe6peqh 

csepxTOHKOfl aHOManHefl. TeopeTHqecKHe pacqeTbl B paMKaX MO,lleRH 

HHRhCeHa .naDT 3HaqeHHe MarHHTHoro MOMeHTa µ = 7,82 H.M., T.e. 

6nHxe K H3MepeHHOMY na3epHblM MeTO,llOM 3HaqeHHD. 

3HaqeHHe BHyTpeHHero KBa.npynonhHOro MOMeHTa COCTaBHno: 

a1 7BmZ = 7 , 4 5 ( 1 3 ) 6 . 
0 

3Ta BenHqHHa 60Rbllie BHyTpeHHero MOMeHTa OCHOBHoro COCTOHHHH, 
I 7 8 onpe.neneHHoro H3 sepoHTHOCTH B(E2l nepexo.na [5]: Q
0 

= 

22 

-

6,961(43) 6. cne.nosaTeRbHO, .necpopMaUHH B H30MepHOM COCTOHHHH 

ysenHqHsaeTCH H 13~7BmZ, KaK H B cnyqae c5<r2>, CTaHOBHTCH 

6RH3KHM K napaMeTpy 13176
. TeopeTHqecKHe pacqeTbl MeTO,llOM 

2 

XapTpH-~OKa-EoronD6osa .naDT 3HaqeHHH Qo = 7,37 6 - .llRH 

H30Mepa H 7,28 6 - .llRH OCHOBHoro COCTOHHHH [16]. 

B 3aKnDqeHHH .llHCCepTaUHH npHBe.neHbl OCHOBHble pe3ynhTaTbl, 

nonyqeHHble B xo.ne Bb!IlORHeHHH HaCTOHmefl pa60Tbl H BblHOCHMble Ha 

3amHTy: 

1. rrpose.neHbl npeUH3HOHHble H3MepeHHH HC H CTC ,,llRH 

OilTHqecKHX RHHHfl H30TOilOB Ti, Hf H U C qHCROM HeflTpOHOB 

24~N~28, 102~N~110, 141~N~146 MeTO,llaMH pe30HaHCHOfl na3epHOfl 

cpnyopecueHUHH Ha aTOM~OM nyqKe. nnH H30TOilOB 
47

Ti, 
49

Ti, 
182

Hf 

H30TOnHqecKHe C,llBHrH 

OCTaRbHblX H30TOilOB 

H3MepeHbl 

H3MepeHHH 

npeUH3HOHHOfl na3epHofl MeTO,llHKOfl. 

snepsue. nnH 6onhrnHHCTBa 

6unH npose.neHbl snepsue 

2. nnH pH.na B036yx.neHHblX yposHefl HeqeTHblX H30TOilOB Ti, 

Hf H U snepBble nonyqeHbl 3HaqeHHH KOHCTaHT csepXTOHKoro 

B3aHMO,lleflCTBHH, KOTOpble Il03BORHDT oueHHTh senHqHHY 

csepXTOHKOfl aHOManHH, CBH3aHHYD C pacnpe.neneHHeM MarHHTHoro 

MOMeHTa B yKa3aHHblX H.npax. Bb!HCHeHO, qTQ B Hccne.nosaHHblX 

H,llpax Ti H Hf senHqHHa 3TOfl aHOManHH He3HaqHTenbHa, qTQ 

yKa3b!BaeT Ha H,lleHTHqHQCTh pacnpe.neneHHH MarHHTHoro MOMeHTa B 

H.npax coce.nHHX HeqeTHblX H30TOilOB 3THX 3ReMeHTOB. 

3. HCil0Rh30BaHHe nony3MilHpHqecKOfl npoue.nypbl H 

rpa!pHKa KHHra .llRH o6pa6oTKH 3KCrrepHMeHTanbHblX 

IT03BORHRO nonyqHTh HH!pOpMaUHD 06 H3MeHeHHHX 

MeTo.na 

,llaHHblX 

· CK3P 

HCCne.nosaHHblX H30TOilOB, a TaKxe .naHHble O .llHITORhHblX MarHHTHblX 

H KBahpyrronbHblX 3ReKTpHqecKHX MOMeHTax. Ha OCHOBe 3TOfl 

HHCfJOpMaU~H .nnH • H30TOITOB 174'176-IBO,IBZHf 6una npose.neHa 

o6pa60TK·a 3KCrrepHMeHTanhHblX .naHHblX no H30Mepy 
178

m
2
Hf. 

rronyqeHHblX BO ~paHUHH H paccqHTaHbl H3MeHeHHe CK3P H30Mepa H 

ero MOMeHTbl. BrrepBble rronyqeHbl .naHHble O CK3P H.npa 
182

Hf. 

naHHble 06 H3MeHeHHHX CK3P .nnH H30TOITOB 
46

Ti, 41Ti, 
48

Ti, 
49Ti • 50Ti 

H30TOITOB 

6blnH nonyqeHhl · srrepsble OITTHqecKHM MeTO,llOM, a .llRH 

U ( 3a HCKnDqeHHeM 235U H . 
238

U) - BnepBble C 

HCITORh30BaHHeM BblCOKOTQqHhlX na3epHhlX MeTO,llOB. rronyqeHHble 
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3HaqeHHH H3MeHeHHA CK3P HMeDT, KaK npaBHJIO, nyqwyD TOqHOCTb, 

qeM H3MepeHHHe paHee. 

4. npoaeneH neTaJlbHHA aHaJIH3 nonyqeHHHX 3aBHCHMOCTeA 

CK3P OT qHcna HeATpOHOB H cpaBHeHHe pe3yJibTaTOB C 

npencKa3aHHHMH Kane Jib HOA MOnenH C 

ne¢opMaUHH pa3JIHqHHX nopHnKoB, KOTopue 

cnenyDmHe 3aKOHOMepHOCTH: 

yqeTOM napaMeTpoa 

n03BOJIHJIH BHHBHTb 

- xopowee coananeHHe 3aBHCHMOCTH CK3P OT qHcJia He8Tp0HOB C 

npencKa3aHHHMH KaneJibHOH MonenH nnH H30TOnOB U C yqeTOM 

H3BeCTHHX napaMeTpOB ne¢opMaUHH; 

nnaBHHH pocT CK3P c yaenHqeHHe1'.! qHcna HeHTpoHoa, 

Ha6nDnaeMHH nnH H30TOnOB Hf xapaKTepeH H nnH MHOrHX npyrHX 

3JieMeHTOB, onHaKO, B naHHOM cnyqae, yqeT H3BeCTHHX 

3KcnepHMeHTaJibHHX napaMeTpOB KBanpynoJibHOH H OKTynoJibHOH 

ne¢opMaUHH He npHBonHT K KOnHqeCTBeHHOMY cornacHD C 

npencKa3aHHHMH KanenbHOH M□nenH. llJIH H3oMepa 
17Bm 

2
Hf 

Ha6nDnaeTcH yMeHbweHHe 3apHnoaoro panHyca npH onHoapeMeHHOM 

pocTe ne¢opMaUHH; 

- Heo6uqHoe noaeneHHe CK3P nnH H3 □Tonoa Ti: Ha6nDnaeMHH pocT 

CK3P C yMeHbWeHHeM qHcna He8Tp0HOB He MOlKeT 6HTb o6"bHCHeH 

H3MeHeHHeM ne¢opMaUHH H MOJKeT 6HTb CBH3aH C H3MeHeHHeM 

TonmHHH noaepxHoCTHoro cnoH Hnpa. 
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