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3KCITEPHMEHTAllhHA~ METOAHKA 

Ami H3MepeHHH HC H CTC B onTH'ieCKHX cneKTpax Ti l HCnOJJh3OBaJJC51 

H3BeCTHllH MeTOJl JJa3epHOH pe3oHaHCHOH qlJJyopecueHUHH B napaJJJJeJJbHOM 

ny'!Ke aTOMOB [5]. 3TOT MeTOJl no3BOJJ51eT )lOCTH,HYTh BllCOKOf'O 

pa3perneHH51 no qacTOTe, BnJIOTh JlO ecTeCTBeHHOH rnHpHHll onTH'!eCKOH 

JJHHHH. cxeMa 3KCnepHMeHTaJibHOH ycTaHOBKH npe.ncTaBJieHa Ha pHC.2 (oHa 

aHaJIO,H'!Ha HCnOJJh3yeMOH B HaWHX npe.llll.llYWHX pa6oTax (6,7] no 

H3MepeHH51M onTH'!eCKHX cneKTpOB JlpyrHX 3JJeMeHTOB '!eTBepTOH 

rpynnu - Zr H Hf). 

Jla3epHllH JJY'I nepeceKaJJ no.n np51MllM yr_JIOM aTOMHllH ny'IOK, KOTOpllH 

¢opMHpOBaJJC51 CHCTeMOH KOJJJJHMaTopoB. iJJ51 B036yx.neHH51 aTOMOB Ti 

HCTTOJJh3OBaJIC51 KOJJbUeBOH Jia3ep Ha KpaCHTeJJe_ (KpaCHTeJieM 51BJI51JJC51 

po.naMHH 6JK) c nepecTpaHBaeMOH )lJJHHOH BOJ!Hll ( MO)leJJb. 380D Spectra 

Physics), HaKa'IHBaeMllH HOHHllM aprOHOBllM Jia3epoM HenpepllBHOf'O 

)leHCTBH51 ( MO)leJJh 2030 Spectra Physics). qaCTOTa Jia3epHoro H3JIY'leHH51 

aBTOMaTH'!eCKH CKaHHpOBaJJaCb B 3a)laHHOM HHTepBaJJe '!aCTOT WHpHHOH JlO 

40 rru. cnoHTaHHOe CBeTOBOe H3JJY'!eHHe, HcnycKaeMoe B036yx.neHHllMH 

aTOMaMH Ti, ¢OKyc11poBaJIOCh CHCTeMOH JIHH3 Ha KaTOJl ¢OTOYMHOXHTeJJ51 

(~3Y - 136), pa6oTanmero B peXHMe C'leTa OJlHHO'IHllX ¢OTOHOB. IlpH 3TOM 

C noMOWhD HHTep¢epeHUHOHHOf'O ¢HJJbTpa JlJl51° perHCTpaUHH Bll6HpaJIOCh 

H3JIY'!eHHe, OTJJH'IHOe no JlJIHHe BOJ!Hll OT Jia3epHoro (OHO COOTBeTCTBOBaJIO 

nepexo.naM B 60.Jiee HH3KHe, '!eM HCXO)lHOe, COCT051HHe - pHC. 1 ) . 3TO 

cymecTBeHHO CHHXaJJO ¢OH OT pacce51HHO,O JJa3epHoro H3JJy'leHH51. 

THTaH OTHOCHTC51 K TPYJlHO Hcnap51eMllM 3JieMeHTaM, no3TOMY )lJI51 

noJJy'!eHH51 HHTeHCHBHO,O aTOMHO,O ny'!Ka o6pa3Ull o6nyqaJIHCh H3JJY'leHHeM 

HMnyJihCHOf'O Jia3epa Ha HTI])HH-aJIIOMHHHeBOM rpaHaTe ( THna JITHilq - 7), 

pa6oTanmero B peXHMe MOJlY JJHpOBaHHOH .no6poTHOCTH ( )lJJHTeJJbHOCTh 

HMny JlbCa H3JJyqeHH51 COCTaBJJ51Jia 10 HC, '!aCTOTa CJie)lOBaHH51 25 ru, 

MOWHOCTh B HMTTYJJhCe JlO 5 MBT Ha )lJIHHe BOJ!Hll H3JJY'leHH51 1,06 MKM [8]). 
. . . n 

IlpH OTTTHMaJihHllX ycJIOBH51X HCnapeHH51 BllXOJl COCTaBJJ51JI "'10 aTOMOB Ha 1 

HMTTYJJhC Jia3epa npH JlOJie CBOOO)lHllX aTOMOB B Bll6paHHOM KBaHTOBOM 

COCT051HHH Ti "' 1%. PerHCTpaUH51 HMTTYJJhCOB C ~3Y 6una CHl!XpOHH3HpOBaHa 

C pa60TOH Hcnap51nmero Jia3epa: C'!eT pe3OHal!CHO- pacce51HHllX ¢OTOHOB 

npoBOJlHJJC51 TOJibKO B MOMeHT nponeTa crycTKa aTOMOB qepe3 cKaHHpyeMoe 

no qacTOTe JJa3epime H3JIY'leHHe. 3TO no3BOJJHJIO CHH3HTh ¢OH OT CBe'!e11m1 
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PHC, 2. cxeMa 3KCnepHMeJffaJibHOH ycTaHOBKH: 

1 - o6pa3eu, 

2 - aTOMHllH nyqoK, 

15 

3·- pe3oHaHCHO -·pacce51HHOe H3JIY'leHHe, 

4 - ¢OKyc11pynWHe JIHH3ll, 

5 - HHTep¢epeHUHOHHllH $HJ!hTP, 

6 - ¢OTOYMHO~HTeJib, 

7 ·- HMnyJihCHllH Jia3ep, 

8 - H3JiyqeHHe cKaHHpyeMOH qaCTOTll, 

9 - 3epKana, 

10 - na3ep na KpacHTeJie, 

11 - HOH - aproHOBllH Jia3ep, 

12 - 6JJOK CKaHHpOBaHH51, 

13 - HHTep¢epoMeTp ~a6pH - nepo, 

14 - H3MepHTeJib JlJIHHll BOJII!ll, . 

15 - nepcoHaJJbHllH KOMnhnTep. 
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nna3Mbl Ha o6nyqaeMOH noBepXHOCTH o6pa3ua H yMeHbWHTb pa36poc 

CKopocTeH B crycTKe aTOMOB. 

3(flCfleKTHBHOCTb ycTaHOBKH 6una TaKOBa, qTo onHOMy HMnynhcy c $3Y 

COOTBeTCTBOBa~o "' ,10
9 

aTOMOB,; BblReTeBWHX H3 o6pa3ua. OHa BKRKJqana 

nonKJ aTOMQB B_ Bb16paHHOM nm1 'B036yJIC){eHHSl° KBaHTOBOM COCTOHHHH H B 

,r(OIIJiepOBCKOM KOHType B npenenax WHpHHbl Ra3epHOH RHHH~, nOTepH 3a 

cqeT KORRHMaUHH H 3{flCfleKTV.BHOCTb perHCTpaUHH ~OTOHOB $3Y. 

J!a onuTe npoBO~ROCb H3MepeHHe 3aBHCHMOCTH HHTeHCHBHOCTH 

pe3oHaHCHo - pacceHHHoro na3epHoro . H3ny.11eHHH OT ero qacTOThl npH ee 
' ' 

CKaHHpOBaHHH B 3anaHHOM:; nHana30He. · .llRH HaCTpOHKH Rl3.3epa Ha 3TOT 

nHana3oH qacTOT HCilORb30BaRC51 H3MepHTeRb nnHHbl BORHbl 

(Burleigh WA -10). a nnH KanH6poBKH paccTOHHHH Me:1Kny RHHHHMH B 

cneKTpe - HHTep~epoMeTp $a6pH - nepo c nocTOSIHHOH 150 Mf~. eHcTeMa 

CTa6HRH3a[(HH Il03BOR51Ra ynepXHBaTb HaqanhHYKJ qacToTy CKaHHpoBaHHH B 

npenenax 10 - 20 Mru B TeqeHHe Bcero 3KcnepHMeHTa. H3MepHeMble 

3aBHCHMOCTH HaKanRHBaRHCb B naMHTH nepCOHaRbHOro KOMilbKJTepa 

IBM AT 286 c uenbKJ BH3yanbHOro Ha6nKJneHH51 H KOHTpORH BO BpeMH 

3KcnepHMeHTa H nocne~yKJmeH o6pa6oTKH. 

PE3YRbTAT~ 3KeDEPHMEHTA 

Ha OITHCaHHOH BblWe ycTaHOBKe 6blRH nponeneHbl H3MepeHH51 cneKTpOB 

pe3oHaHcHoH na3epHoH, ~nyopecueHUHH. nnH nepex~noB, pa3peweHHhlX 

npaBHRaMH OT6opa, co Bcex ypoBHeH TepMa a
3e Ha,Bce-ypOBHH TepMa y 3D

0 

H Ha YPOBeHb co CTIHHOM 2 TepMa z
3

P~- ( pHc.1). B 3THX H3MepeHH51X 
' ' . . 

HCTIORb30BanHCb o6pa3Ubl MeTannttqecKO~O- Ti HaTypanbHOro H30TOTIHoro 

COCTaBa ( 
46

T" - 7 9% 
47

r· - 7 3% 
48

r· - 74 0% 49T" - 5 5% . 1 , o, 1 , ,. o,, , .1 I'.'. , o, 1 , o, 

50n - 5, 3% ) , a TaKxe. o6orameHHble onH~M H3 H30TOTIOB B BHne OKHCROB 

TiO. 
2 

IlpHMep _onHoro H3 H3MepeHHhlX cneKTpOB nnH o6pa3na HaTypanbHoro 

H30TOTIHOro C?CTaBa npenc-i;anneH Ha. pH_C. 3. B cneKTpe Ha6nX>naJOTC51 TIHKH. 

COOTBeCTByKJmHe nepexonaM BO Bcex H30Tonax Ti (onHHoqHble nnH qeTHblX 

H30TOTIOB H COCTOSimHx H3, 3-x RHHHH KaxnuH - nnH HeqeTHblX). 3TH RHHHH 

COOTBeTCTByJOT nepexonaM Mexny KOMTIOHeHTaMH ere ypoBHeH HHXHero H 

BepxHero TepMOB C pa3HblMH 3HaqeHH51MH _TIORHOro MOMeHTa F, paBHoro 

.BeKTOpHOH cyMMe CTIHHOB 3ReKTpOHHOH o6onoqKH J H Hnpa I (F=I+J). 

3HaqeHH51 J yKa3aHu Ha pHC.1, HnepHble CTIHHbl I paBHbl COOTBeTCTBeHHO 

5/2(47Ti) H 7/2(49Ti). 6 
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PHC. 3. CneKTp pe301Ia1IC1IQ~paccel!llll0l'Cl 1p;1yopec1le1IT1IOl'O H3JiyqeJIHn 

OIITH'!eCKOJ'(J 11epexo11a c JlJIHIIOH l!OJlllll 586, 6 IIM. 

Ta6nmla 

'.311a•1e11m1 H30TOIIH'l8CKHX CJ\l!Hl'(JI) 

J J' i\,HM 
t;.1/•A',Mrll 

46,48 47,48 48,49 48,:;o 

0 1 592,2 1770(8) 846(8) 877(9) 1664(11) 

1 1 594,2 1765(11) 855(5) 890(6) 1678(9) 

1 2 589,9 1506(8) 721(4) 749(11) 1417(9) 

2 1 598,l 1774(6) 848(5) 883(6) 1667(5) 

2 2 593,8 1497(5) 719(6) 740(9) 1401(10) 

2 3 586,6 1776(9) 851 (11) 883(2} 1670(10) 

1 2 588,0 898(8) 431(5) 444(6) 846(5) 

2 2 591,9 886 (10) 419(8) 436(10) 839(10) 
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nono6H11H xe BHn HMeJIH cneKTp11 H nnH npyrHx nepexonoB. 

AnnapaTypHaH WHpHHa JIHHHH COCTaBJIHJia ~1so Mru H onpeneJIHJiaCb yrJIOBOH 

pacxonHMOCThD aTOMHOro nyqKa B MeCTe era B3aHMOAeHCTBHH C Jia3epH11M 

H3JiyqeHHeM H pa36pocoM CKOpOcTeH B B11neJieHHOM HHTepBaJie BpeMeHH 

perHCTpaUHH pe3OHaHCHo-pacceHHHOro H3JiyqeHHH. IUeHTHifJHKaUHH JIHHHH B 

cneKTpe npOH3BOnHJiaCb no HX HIJTeHCHBHOCTH, KOTOpaH nponopUHOHaJibHa 

conepxaHHD H3OTOna B o6pa3ue, H no H3MepeHHHM C o6pa3UaMH, 

o6orameHH11MH onHHM H3 H3OTOnoB. 

PaccTOHHHH Mexny JIHHHHMH, npHHannexamHe oTneJibH11M H3OTOnaM, 

no3BOJIHJIH onpeneJIHTh 3HaqeHHH HC nnH ncex Hccnenona11H11x nepexonoB. B 

cnyqae HeqeTH11X H3OTOnOB HC onpeneJIHJICH no OTHOWel!HD K ueHTPY 

THJKeCTH KOMnOHeHT CTC: 

t (2F+l )tivA,A+l 
,F F 

fiVA,A+l, = (1) 

f (2F+l) 

rne tivA,A+l - cnBHr KOMnOHeHT11 C noJIH11M MOMeHTOM F no OTHOWeHHD K 
F ., 

JIHHHHH qeTHOro H3OTona. nonyqeHH11e TaKHM, o6pa30M 3HaqeHHH HC 

npencTaBJieH11 B Ta6JIHUe 1 . Kaxnoe H3 3HaqeHHH HBJIHeTcH cpenHHM H3 

8 - 10 He3aBHCHM11X H3MepeHHH. norpeWHOCTh 3HaqeHHH HC COCTaBJIHeT 3 

CTaHnapTH11X OTKJIOHeHHH. 

TTOJIOJKeHHe KaxnoA H3 KOMnOHeHT CTC no OTHOWeHHD K HX. ueHTPY 

THJKeCTH onpeneJIHeTCH H3BeCTH11M B11paxenHeM [9]: 

t.v 
F 

A~ 
2 

0,75C(C+l) - 1(1+1) - J(J+l) 
+B------------ (2) 

21(21..:l)J(ZJ-1) 

rne C = F(F+l) - I (I+l) - J(J+l)' A H B - KOHCTaHT11 MarHHTHOro 

nHnOJihHOro H 3JieKTpHqecKoro KBanpynoJibHOro B3aHMoneHCTBHH 

3JieKTpOHHOH o6oJioqKH aTOMa C noJieM ero Hnpa. 3TH KOHCTaHT11 

onpenenHDTCH BeJIHqHHaMH MarHHTHOro nHnOJihHOro µ H 

cneKTpOCKOnHqecKoro 3JieKTpHqecKoro KBanpynoJibHoro o. MOMeHTOB, a 

TaK:r:e BeJIHqHHaMH MarHHTHOro noJIH <H(O)> H rpanHeHTa 3JieKTpHqecKoro 

noJIH <V
22

(0)> B ToqKe Hnpa 

A = 
µ <H(O)> 

-1- --J-

8 

B -e2
Q <V (O)> 

S 22 
(3) 

1 
,) 

1 
) 

KOHCTaHT11 AH 8 H3BeCTH11 nJIH ypoBHeH,OCHOBHOro TepMa a3
F OOOHX 

HeqeTH11X H3OTOnOB Ti (10], a B cnyqae 
47

Ti ,H nnH ypoBHeH TepMOB a3 P 

H in (4]. )lJIH ypoBHeH HHJKHero TepMa 3HaqeHH5! KOHCTaHT F MaJI11, 

no3TOMY Ha6JIDnaeM11e B cneKTpax paCCTOHHHH Me:r:ny JIHHHHMH HeqeTH11X 
3 0 3 0 

H3OTOnOB onpeneJIHDTCH CTC nepXHHX TepM,OB y n H Z P . TTOJih3YHCh 

3HaqeHHHMH 3THX paCCTOHHHH H B11paxeHHeM (2), onpe~eJIWIH 

KOIICTaHT11 A H B nnH yponneH yKa3aHH11X BepXHHX /repMOB ( Ta6JIHUa 2). 

npH 3TOM HCnOJih3OBaJIHCh H3BeCTH11e 3HaqeHHH KOHCTaHT nnH ypOBHeH 

HHJKHero TepMa• a
3

P B 
47Ti, a OTHOWeHHH 3THX KOHCTam: ,nJIH H3OTOnOB 

47
Ti. H 

49n npHHHMaJIHCh Te xe, qTo H nnH ypoBHeH OCHO,BHoro ,TepMa 

a
3 F. nonyqeHH11e HaMH 3HaqenHH KOHCTaHT A H B, ypoBHeH TepMa y3n° nnH 

47 • 49 · 
Tl B npeneJiax OWH60K cornacyDTCH C H3BeCTH11MH, [4] : (nJIH ,Ti .H 

OOOHX H3OTOnOB B TepMe "z
3 P° KOHCTaHT11 AH 8 H3MepeH11 Bnepn11e). )lJIH 

cpaBHeHHH B Ta6JIHUe 2 npHnenen11 3HaqeHH5! 3THX KOHCTaHT H nJIH HH:r:HHX 

TepMOB. 

OECYJK.l(EHHE PE3YRbTATOB 

H3 Ta6JIHU11 1 MOJKHO BHneTh 60JihWYD pa3HHUY· 3HaqeHHH ,HC nnH 

nepexonoB C ypoBHeH TepMa a
3
P Ha ypOBHH TepMOB , y3n° H , z

3
P

0
• 3Ta 

pa3HHUa OObHCHHeTCH, oqeBHnHo, , .pa3H11MH 3JieKTp(?HH11MH J<OHlf>HrypaUHHMH 

ypoBHeH OOOHX TepMOB ( CObTBeTCTBeHHO 3d
3 
4P 3d

2 
4s4P). -, BHnHO, qTQ 

npH nepxonax Ha ypoBHH TepMa y3n° MeHHeTCH COCTOHHHe OOOHX 

S-3JieKTpOHOB. 

.llJIH nepexonoB na ypoBHH c pa3H11MH J onHoro TepMi' 3HaqeHHH HC 

6JIH3KH no BeJIHqHHe. HCKJIDqeHHH COCTaBJIHDT ,nepexon11•:f!a, ypoBeHb C J=2 

B TepMe /D, nnH KOTOp11X' Ha6JIDnaDTC5! noHHlCeHH11e 3HaqeHHH: HC; 

Ilo-B~MOMY, B naHHOM cnyqae npOHBJIHeTCH BJIHHHHe 6JIH3KO 
, , · 3 0 

pacnoJIOJKeHHOro ypoBHH c TeM xce J B T,epMe z P _ ( pHC. 1). 

npencTaBJIHeT HHTepec B11neJIHTh B H3MepeHH11X 3HaqeHHHX HC BKJian11 

3a cqeT H3MeHeHH5! ' MaCChl Hnpa ( HOpMaJibH11H t.v H cneuHipHqecKHH 
_ HMC 

t.v , Maccon11e cnBHrH) Hero o6beMa (noneBoH cnBHP t.v ): 
CMC nc 

tiv3Kcn tivHMC + t.vCMC + t.vnc ( 4) 
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3TH BeJJHqHHll orrpe.ueJJHDTCH H3BeCTHllMH COOTHOllieHHHMH [11]: 

tuiHMC 

1:w 
CMC 

t.vrrc 

0,5487 
A - J>! 

Al. 
I 

A - A v 
MCMC·~ 

F. t.<r2 >, 
l. 

V (5) 

(6) 

(7) 

r.ue v - BllpaJICeHHaH B Tru qacToTa rrepexo.ua, A H A - MaccoBue 1rncJ1a 

cpaBHHBaeMllX H30TOITOB, MCMC H Fi 

MaCCOBoro H •IlOJJeBoro. C,UBHrOB. PacqeTll 

KOHCTaHTll crreuH~HqecKoro 

M · H F. Tpe6ynT ,UeTaJlbHllX 
CMC l. 

CBe,UeHHH O BOJIHOBllX ~YHKUHHX aTOMHllX ypoBH8H HO H,UepH11X rrapaMeTpax 

H B CJJyqae . 'Til, · xapaKT8pH3ynmerocH CJIOJICHl1M crreKTpOM ypoBHeH, 

CB~3aHbI C 60JJblliHMH Heorrpe.ueJJeHHOCTHMH. 

0,UHaKO BeJJHqHHll t.v CMC H t.vrrcMOJICHO rroJJyqHTb, TTOJlb3YHCb 

H3B8CTHl1MH 3HaqeHHHMH cpe,UH8KBa.upaTHqHUX 3apH,U0B11X pa.UHYCOB H,Uep Ti, 

pa3HOCTH KOTOpux rrporropUHOHaJlbHll ITOJl8B11M C,UBHraM.' 31iaqeHHH 3apH,UOBl1X 

pa.UHYCOB H,Uep Ti rroJJyqeHll H3 COBM8CTHoro aHaJJH3a crreKTpOB X-nyqeii 

M830aTOMOB H yrrpyroro pacceHHH 3Jl8KTpOHOB [12]. 0THOlli8HH8 pa3HOCT8H 

3apH,UOBllX pa.uHycoB; paBHOe OTHOW8HHD IlOJl8BllX C,UBHrOB ,UJIH · .UBYX nap 

cpaBHHBaeMUX H30TOITOB 46Ti -
48

Ti H 
48

Ti -
50

Ti, COCTaBJJHeT 

t.<rz> 48,50 

' t.<rz > 46,48 

t.v40;so 
ITC 

r.t6·48 
ITC 

1, 525(11). (6) 

0THOlli8HHe crreuH~HqecKHX MaCCOBllX C,UBHrOB orrpe.ueJJH8TCH OTHOlli8HH8M HX 

MaCCOBllX'qHceJJ H ,UJIH TeX JICe nap H30TOITOB ,paBHO 

·e.v48,50 
CMC 

t.v48,50 
,CMC 

A -A' 
= "7:iT 

;,! P!' 
N - N' 0,920. (7) 

TIOJlb3YHCb qHcJJeHHllMH 3HaqeHHHMH t.vHMC H yKa3aHHl1MH OTHOlli8HHHMH t.vCMC 

H t.vrrc' MOJICHO H3 H3MepeHHllX 3HaqeHHH HC onpe.ueJJHTb HX COCTaBJJHDIIIH8 

,UJIH BCeX HCCJl8,UOBaHHllX rrepexo,UOB. )lJJH YM8Hblli8HHH OWH60K 3HaqeHHH 

3THX COCTaBJJHDIIIHX HCTTOJlb30BaJJHCb er JJaJICeHHl18 . 311aqeHHH t.v 3KCTT, 

noJJyqeHHl18 C ITOMOlllbD rpa~HKa KHura [ 13, 14]. 3Ta npoue.uypa OCHOBalm 

ua cpaBH8HHH MO,UH~HUHpoBaHHllX HC - t.v MO.U ( CKOppeKTHpOBammx· Ha 

Macc0B11e qHcJJa cpaBHHBa8MllX H30TOITOB) ,UJIH pa3Hl1X rrepeXO){OB: 

10 

TepM. 

a 3F 

a 
3

P 

a 3P 
y 30o 

3Do 
y ' 
z 3PO 

;\,HM 

592,2 

594,2 

589,9 

598, 1 

593,8 

586,6 

588,0 

591, 9 · 

Ta6JJHUa 2 

311aqeHHH KOHCTaHT CTP 

J E,cm 
-1 47 Ti 49Ti 

A,Mru .B,Mru A,Mru B;Mru 

2 0 -85,7033(3) 25,700(3) -85,7261(3) 21,070(3) 

1 8492 2, 6646 (1) 23, 897(1) 
'' 

2 8602 -25,2147(1) -47, 822( 1) 

1 25318 -140, 7(9) 0,8(5,9) -140,6(8) 0,7(9,8) 

2 25439 -80,1(7) 10,5(4,2) -79,8(9) 8,6(10,1) 

2 25494 -145,8(9) 2,9(4,8) -145, 7(5) 2,4(4,0) 

Ta6JJHUa 3 

3uaqeHHH COCTaBJJHDIIIHX H30TOnHqecKoro C,UBHra 

,UJIH nap'u H30TOITOB 46n-48
Ti 

J-J' t.v HMC • Mfll t.v CMC. Mru t.vnc'Mru 
F rru 

• 2 
~M 

0 ➔ 1 250, 1 1461(15) 56(9) -0, 52( 11) 

1 ➔ 1 249,2 1460(16) 61(10) -0, 57(11) 

1 ➔ 2 251, 4, 1204 (13) 50(8) . -0, 46(9) 

2 ➔ 1 247,6 1464(16) 61 (12). -0, 56(12) 

2 ➔ 2 249,4 1203(11) 43(7) -0,39(8) 

2 ➔ 3 252,3 1464(15) 58(10) -0,54(11) 

1 ➔ 2 251,.9. 618(7) 28(5) -0,26(5) 

2 ➔ 2 250, 2 602(10) 31(9) -0,29(7) 
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I 
AA1 Ao -Ao 

~v = (~v -~v ) -
M0.11 3KCfl BMC ~ ~ (8) 

0 0 

r.11e A 11 ft - perrepHa51 rrapa cpammnaeMHX 1130TOIIOB ( OOHL!IIO IIp111111MaJIOCb 
0 0 

A = 46 11 If = 48 l. J.13 ni.paJKeHHH ( 4-7) cJJeJlyeT, •rro ~v .11Jl51 pa3HHX 
o o M0.11 

rrepexo.11on CB513aHH ITOCT051HHHM MHOJKl1TeJJeM, rrpe,l:ICTaBJISIIOW:HM OTHOIIIeHHe 

KOHCTaHT ITOJJeBHX C.11B11rOB. TT03TOMY 11MeeT MeCTO Jll1lleHI!a51 3aBl1Cl1MOCTb 

3HaL1eH11ii ~v JlJJH o.11Horo rrepexo.11a OT ~v .11Jl51 .11pyroi·o nepexo.11a. 
~.11 ~.11 

AHaJJl1311pyH 3Tl1 3aBl1C11MOCTl1 .11Jl51 Bcex B03MOJKHHX nap nepeXOllOB, MOJKJIO 

YJJYLIW11Tb TOL!HOCTb 3HaL!eHl1H He. 

nonyL!eHHHe TaKl1M crroco6oM 3HaL!eHl151 COCTaBJ151l0Ull1X He, a TaKJKe 

KOHCTaHTH ITOJJeBoro C.11B11ra .11Jl51 napi. 1130TOfIOB 
46

Ti -
48

Ti npe)lCTaBJJeHH 

B Ta6J111ue 3 .11Jl51 BCeX l1CCJ1e.1IOBammx nepeX0.110B. 811)lHO, L!TO ITOHl1JKemme 

3 0 ' 
3HaL!eHl151 He llJIH nepexo.11a Ha ypoBHl1 TepMa z P 11 Ha yponeHb C. J=2 B 

3 0 . : . ' . 
TepMe y D o6ycJJOBJJeHH B OCHOBHOM cneump11L1eCKl1M MaCCOBHM C.11B11rOM, HO 

11 .11Jl51 fIOJJeBoro C.11B11ra TaKJKe Ha6J110.1IaeTC51 yMeHbWeH11e 3HaL!eHl1H. 3TO 

yMeHbWeH11e He o6oHCH51eTC51, IlO-BH):IHMOMY, BJll1511meM peJJ51Tl1Bl1CTCKl1X 

3qxfleKTOB Ha MaCCOBHH C.11B11r, a TaKJKe CMeW11BaH11eM .11aJ1bHl1X 

KomtJHrypau11ii, .11e11CTBYIOll(l1X Ha onepaTop lIOJJeBoro C)lBl1ra [15, 16]. 

3qxfleKTH BTOporo nop51.11Ka MoryT npoHBJl51TbC51 11 B ere aTOMHHX 

ypoBHeH HeL!eTHHX l130TOfIOB 
47

Ti 11 
49

Ti. 8 3TOM CJJyL!ae _OHl1 6y.11yT 

Hp11B0.1111Tb K l13MeHeHl1IO npaB11J1a 11l!TepBaJJOB, orrpe.11em1eM0My 

BHpaJKeu11eM ( 2), a TaKJKe K fl051BJJeHl1IO cnepXTOHKOH MarHl1THOH aHOMaJJI:111 

l ~ 2 • Ee BeJJl1L!l1Ha orrpe.11eJ151eTC51 113 cpaBHeHl151 OTHOWel!l1H KOHCTaHT A 11 

MarHl1THHX MOMeHTOB, OTHeCeHHHX K 11X Cfll1HaM ( r11poMarHl1THHX tpaKTOpOB 

g = µ/I) .11Jl51 rrapi. HeL!eTHHX 1130TOITOB [17]: 

1 2 A 
~ = 1 A-

2 

g2 

gl 
- 1 • (9) 

AHaJJl13 ere H30TOfIOB 
47

Ti 11 
49

Ti 'fIOKa3aJI, L!TO OTKJIOHeHl151 

pacCT051Hl1H MelK.11Y JIOOHMl1 KOMITOHeHTaMl1 OT npaBl1JI 11HTepBaJJOB He BHX0.11HT 

3a npe.11eJJH yTpoeHHOH CTaTl1CTl1L!eCKOH ow116KH c~10Mru). 

3HaL!eHl151 cnepXTOHKOH MarHl1THOH aHOMaJll111 .11Jl51 P51.1la ypoBHeH Ti! 

rrpe.11cTaBJ1eHH B Ta6n11ue 4. .llJJH ITOJJYL!eHl151 11X 11Cfl0Jlb30BaJJl1Cb 

rrp11Be.11eHHHe B Ta6J111ue· 2 3HaL!eHl151 KOHCTaHT 11 113BeCTHHe 3HaL!eHl151 

MarHl1THHX MOMeHTOB OCHOBHHX COCTOHHl1H H.1Iep 
47 

Ti 11 
49

Ti [ 18] (11x 

OTHoweu11e COCTaBJJHeT 0,714091(7), a OTIIOWeHl151 r11p0Mar1111THHX 

tpaKTOpOB O' 99973 ( 1) ) . J.13 Ta6JJ11UH 4 B11.11HO OL!eHb MaJJoe 3HaL!emfe 
1 

~
2 

12 

... 

(J 

ra6n11ua 4 

311aL1e11m1 cnepXTOHKOH MarHHTHOH aHOMaJil111 

YpoBeHb 
47 

A( Ti ) 
49 6,% 

TepM. J E,CM 
-1 A( Ti ) 

a 
3

F 2 0 0,999734(5) 0, 0004(10) 

.y JDo 1 25318 1,0007(80) -0, 1 (1, 0) 

y JDo 
. 

2 25439 1,004(15) -0, 4(1, 5) 

z 
3

P
0 

2 25494 1,0007(70) -0, 1 (1, 0) 

.11Jl51 Hl1JKHero ypoBirn OCIIOBHOro Tep Ma 0, 0004 ( 10), eTOJlb JKe MaJJi.e 

3HaL!eHl151 
1 ~~ 11MelOT MeCTO 11 )lJIH OCTaJJbHHX ypoBHeH OCHOBJIOI'O TepMa, L!TO 

yKa3HBaeT KaK Ha 11.11e11Tl1L!IIOCTb pacrrpe.11eJ1eHl151.3JleKTp11L!eCKOro 3apH.11a 11 

TOKa B cpaBHl1BaeMHX 51.1lpax 
47 

Ti 11 
49

Ti' TaK 11 Ha CJJa6oe BJll151Hl1e 

ue.1111aro11aJ1bHHX Il3al1M0.1leHCTBl1H co CTOpOHH .11py1·11x ypoBHeH. .llJJH ypoBHeH 

nepx1mx TepMOil 3TO BJll151Hl1e MOJKeT 6HTb 6onee 3HaL111TeJ1bHHM, O]lHaKO 

cpan1mTeJ1bHO 60JJbWl1e oum6K11 KOHCTaHT A He 1103BOJl51IOT f!OJJYLll1Tb 

onpe.11enemmx 311aL1e1mii 
1
~

2 
11 cy.1111Tb o BKJJa)le ue.1111aro11aJ1bHHX 

B3al1M0.1leHCTill1H. 

npone.11emme 11aM11 ·113Mepe1mH He 11 ere n Ti I no.11TnepJK.1la10T 11p1111S1Ti.e 

n [ 1 l 3JJeKTpmnrne KomtJHrypaUHH 11ccne.11ona111mx - ypou11eii. o.11uaKo 

ueo6X0.1ll1MO OTMeTl1Tb' L!TO CHJlbHOe B3al1MO]leHCTBl1e Mel!C.11Y 6JJl13K() 

pacnOJJOJKeHirnMl1 ypoBHHMl1 TepMOB /n° z
3

P
0 

np11Il0.11HT K HaJJl1L!HIO 

6oJJbWl1X npHMeceii KO]l(jlHI'Y paUHH 3d
2 
4s4P K 3d

3 
4P H 11ao6opoT. 3TO 

ynen11L111BaeT BKJJaJl 3qxfleKTOB wropcwo nop5IJlKa 11 1rn:rnuaeT 3aMeTI1y10 

3aBl1Cl1MOCTb HC OT CIIHl(a ypomrn 3JleKTpOIIIIOH o6oJJOL!Kl1 J. Ilo'.➔TOMY 

Heo6X0.1111MO YLll1THBHTb 3TH 3cJxjleKTH 1Ip11 011pe.11eJ1eHl1l1 51.1Iep1m?C 11 aTOMHHX 

napaMe-rpon. 

B 3aKJ110L1e1me aBTopi. ni.paJKalOT 6na1·0Jlap11ocTh IO. n. ora11ecm1y 11 

IO.'.➔• llemmHJKKeill1L!Y 3a IIOCTOHIIHHH .HHTepee K pa6oTe. 

Pa6crra BHIIOJIHeHa 11p11 110MepJKKe PoeCl1HCKOl'O q,011.11a 

q,y11JlaMeJ1TaJII,IIHX m:eJie)lOBaIIHH ( qia1rr J(,94-02-06476-a). 
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raHrpCKHH IO.II. H .n;p . P6-95-17 
l13MepeHHSI OllTHlJf:CKHX crreKTpOB Til MeTO)];OM Jia3epHOH 
pe30HaHCHOH qmyopecu,em.1.n"u · · · · 

MeTOAOM pe30HaHCHOH Jia3epHOH qmyopecu,eHU,HH n·aTOMHOM'UylJKe rrpo
Be~eHhI ncCJie.n;onaHHSI 8 · OIITHlJeCKHX rrepexo.n;oB Me~y ypoBHSIMH HH)KHero 
TepMa a3P H BepxHHX TepMOB y3o0 H z3P0. 113MepeHhI li30TOIIHlJeCKHe C)];BHrn 
.n;JISI ncex CTa6HJihHh1x H30TorroB Ti H cnepxTOHKoe pacIIJ,errJieHtte .D:JISI H30To_rroB 
47Ti ·n 49TL 06Hapy)Kerio. 6oJihWOe pa3JIHlJHe H30Torrnqecinx c.n;nnron .n;JISI · 

. \ . 

rrepexo.n;OB Ha pa3Hhle TepMbI H yMeHhWeHHe HX )];JISI rrepexo.n;a Ha ypoBeHb co 
. CIIHHOM 2 B TepMe y3D0. 06cy)K.n;aeTcsi BJIHSIHHe 3cpcpeKTOB BTOporo rropSI.n;~a Ha 

I ; f ' ' ' • 

H30TOIIHlJeCKHe C)];BHrn H CBepxTO~Koe pacIIJ,errJieHHe. 
I • 

Pa6oTa BhIIIOJIHeHa n.Jlat5o~aTOpHH .s1.n;epHbIX peaK~HH HM. r.R<l>JiepoBa 
I I 0115111; .. ·, ' 

.- ,· 

IlperipttHT Q6,,e;i1meH~oro H~cnuyrn llJiepHbIX ~•cCJiedoBaHHH. ,!ly6Ha, _1995 

IlepeBO)]; aBiopoB 

Gangrsky Yu;P. et ~L 
Meas~rements . of;· Til -Optical Spectra-' by Laser. Resonance 

~'7iuorescence Methods· 
·~:./": :\ ' 

P6-95:-17 

•· ;'.·'.,:: :,The investigatio~s of 8 optical 'fransiHons between th~ levels of lower 1/-;,,· 
1 ;/'P 'and upper terms y3DO and z3pO were performed in atomic Ti beam u~,}. 
.. itt,e~ resonance fluorescence· method. The isotopic shifts for all stable'.c'·. 
/\i-t?pes an_d the_ co,nstants of_ hyperfine splitting for_ 47Ti and 49Ti vn:\ 
1 ::icasured. The large difference is obtained of the isotopic_ shifts for'/, 
l, :: :~Atjsitions in both upper terms and some decrease for the traqsition in sv•( .· 
;: ::ri,d of y3o0 term. The influence.of second order effects 'on the isotopic s}. \ 
• \ _ 1 ~ , • ' • · -., , ' , - {-1 

; ·.}i:i:hyperfine splitting is discussed. · · · ·· · 

·:~.-{~;-~,.\: "' '\_ . ' - ~ ~ ' ' ·, . ' ,' .• _-,}, 

>i The investigation has been performed at the Flerov Laboratory of Nu(: 
:;_i:actions; JINR. · · · · 


