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OBIIJ;A.H XAPAKTEPMCTMKA PABOThl 

AKTYa.JibHOCTb TeMbI 

B ,D,HCCepTaIIIIII paccMaTpIIBa!OTCR HeKOTOphle 9K30TH'!eCKIIe ,D.Byx'!aCTII'IHbie 

aTOMhI. 11o,n;o6Hhle aTOMhI RBMIOTC}I o6'beKTOM aKTIIBHhIX TeopeTH'!eCKIIX II 

9KCnepHMeHTaJihHhlX IICCJie,D,OBaHIItl. Pa3H006pa3Hbie npeIIH3HOHHbie ,n;aHHhle 

MO)KHO nOJIY'IIITh II3 cneKTpOCKOnIIqeCKIIX II3MepeHIIfi, TOr,n;a KaK npOCTO

Ta aTOMOB n03BOJIReT npOBO,lJ;IITh BhlCOKOTO'!Hbie Bhl'IHCJieHIIR. B pe3yJihTaTe 

nORBMeTCR B03M0)KH0CTh npoBepHTh cpyH,n;aMeHTaJihHbie TeOpHII, z,n;epHbie 

MO,D,eJIII, a TaK)Ke II3MepnTh pa3JIHqHbie cpyH,n;aMeHTaJihHbie napaMeTpbL B 

qaCTHOCTII, MIOOHHbie, nIIOHHbie II aHTIInpOT0HHhle aTOMhl npe,n;cTaBMIOT cy

IIIeCTBeHHhifi q>H3IIqecKIIt1 HHTepec B CBR3II C 9KCnepHMeHTaJihHhIM onpe,n;eJie

HIIeM pa3JIH'IHhIX (pII3IIqeCKIIX napaMeTpOB MIOOHOB, (aH'rn)npOTOHOB, nIIO

HOB II aTOMHhlX z,n;ep. K TaKIIM napaMeTpaM OTHOCRTCJI Macca ( aHTH )npOTOHa, 

MIOOHa, nHOHa, MarHHTHbitl MOMeHT MIOOHa, 3apR,D,0Bbie pa,n;HyChI jf,lJ;ep II na

pall,rnTpbI CIIJihHhIX B3aHMO,IJ.ei1CTBHfi (nIIOH-nHOHHhIX II nHOH-HYKJIOHHbIX). 

M!OOHHhle aTOMhI npe,IJ.CTaBMIOT co6ofi aTOMHbie CIICTeMhl, co,n;ep)KaIIJIIe 

MIOOH, Macca KOTOporo npH6JIH3HTeJihHO B 207 pa3 60JibIIIe MacChI 9JieKTPO

Ha. cho npIIBO,IJ.HT K TOMY, 'ITO MIOOH HaxO,D;IITCJI ropa3,1J,O 6JIII)Ke K Z,IJ.py, qeM 

9JieKTpOH. B pe3yJihTaTe, ,IJ.a)Ke npH HMII'IHH B aToMe 9JieKTPOHOB, B Be,IJ.YIIIeM 

npH6JIU)KeHIIH IIX MO)KHO He Y'J:HThIBaTh H CBR3aHHhli1 MIOOH onIIChlBaeTCJI B 

BO,D,Opo,n;ono,n;o6HOM npII6JIU)KeHIIH. 1-IccJie,IJ.OBaHIIR MIOOHHhIX aTOMOB npe,n;

CTaBMIOT HHTepec ,IJ.M IIeJioro pz,n;a ,IJ.IICIIIInJIHH - OT q>II3nqecKOt1 XHMIIII, 

aTOMHOfi q>II3HKH H q)H3HKII TBep,n;oro TeJia ,IJ.O q>H3HKII jf,lJ;pa H 9JieMeHTap

HhlX qacTHII. 9K30TH'!eCKIIe aTOMhI BO MHOroM no,n;o6HbI MIOOHHhIM aTOMaM, 

HO B3aHMO,IJ.et1CTBIIe aTOMHOtl '!acTHIIhI C Z,IJ.pOM HMeeT 6oJiee CJIO)KHbIX xa

paKTep. 

1-IMeeTCJI IIeJlhI:ll pz,n; 9KCnepnMeHTaJihHhIX pe3yJihTaTOB no MIOOHHhIM H 9K-

30TH'!eCKHM aTOMaM. Be,IJ.YTCJI H nJiaHHPyIOTCJI HOBbie 9KCnepnMeHThI B 9TOt1 

o6JiacTH (B qaCTHOCTH, IICCJie,IJ.OBaHIIR MIOOHHOro BO,IJ.Opo,n;a). B HacTOZIIIee 

BpeMz npoBO,IJ.ZTCJI H3MepeHIIR JI9M60BCKoro C,D.Bnra, B KOTOpbIX TaK)Ke nJia

HnpyeTCZ II3MepHTh CBepXTOHKoe pacIIIenJieHne (CTP) 2s ypoBHZ MIOOHHOro 

BO,IJ.opo,n;a. Ha cTa,D;IIH P8-3Paooftffl-Hffi{~TC:R-9KcnepnMeHT no II3MepeHHIO 
J0'1e~HHeHH1IH HHCTll'rY'l 

5igepHhlX na:c11egoaam1i 
BHBnHOTEKA 



CTP OCHOBHOro cocTomnrn. 

,Il;JIB TOro 'IT06hr HafiTM yrrOMRHYTbie BhIIIIe napaMeTphl 113 9KCnep11MeH

Ta, Heo6xo,n;MMO yMeTb C BhICOKO.11: TO'IHOCThlO BhPIMCJIBTh KBaHTOBO9JieKTPO-

,n;MHaMM'IeCKMe (K8,LI,) nonpaBKM, TeOpMM KOTOpbIX 11 nOCBRIIJ;eHa npe,n;CTaB

JieHHM )];MCCepTan,MR. 

B ,n;uccepTaTI,HM Ha npuMepe O)];HOneTJieBO.11: IIOJIBpH3aTI,HH BaKyyMa pa3BM

ThI 9cpcpeKTHBHhie MeTO)];hI BhI'IMCJieHMR nOJIRpH3aTI,HOHHhIX 9cpcpeKTOB, OCHO-

BaHHbie Ha aHMHTM'IeCKMX BhI'IHCJieHHRX B TepMHHax o6o6m;eHHhlX r11nepreo-

MeTpH'IeCKMX q:>JHKTI,Mfi, aCHMnTOTM'IeCKHX pa3JIO)KeHHRX H np116JIH2KeHHhIX 

Bhl'IHCJieHMRX. C ux ucrrOJih3OBaHHeM Ha.11:,n;eHa nonpaBKa K CTP Ha noJIR

p113an,uro BaKYJMa BTOporo nopR,n;Ka H paCCMOTpeHbI rrpHMeHeHMR pa3BMThIX 

MeTO)];OB K ,n;pyrMM 3a,n;a'IaM, HanpHMep, K BhI'IHCJieHMlO 3Ha'IeHMR BOJIHOBO.11: 

q:>yHKTI,MM B HyJie. 

IJ;eJib pa60TI~1 

• Pa3BHTne aHaJIHTH'IeCKMX MeTO)J;OB pac'!eTa nOJIRpM3aTI,HOHHhlX nonpa

BOK, OCHOBaHHhIX Ha aHMH3e acMMnTOTH'IeCKOrO noBe,[(eHMR nonpaBOK 

n Ha npn6JIM2KeHHhIX BhI'IHCJieHHRX. 8cpcpeKTMBHOCTh MCTO)];OB npoBe

pReTCR Ha npHMepe O,[(HOneTJICBO.11: noMpM3aTI,HH BaKYYMa B HepeJIRTH

BHCTCKOM n peJIRTHBHCTCKOM npn6JIH2KCHHRX. 8Tn MeTO,[(hI npnMCHHMbI 

K pa3JIH'IHhlM 3a,[(a'IaM TCOpHn 9K3OTH'IeCKMX aTOMOB. B CBR3M C 9THM, 

B ,n;uccepTan,HH pernaroTCR CJIC,[(ylOIIJ;MC 3a,n;a'In: BbIBO,[(RTCR HOBbIC TO'I

Hbre npe,n;cTaBJieHMR )];JIR noJIRpn3aTI,HOHHbIX nonpaBOK B TepMMHax CTaH

,n;apTHbIX HHTerpanoB; HaxO,n;RTCR acnMnTOTH'IeCKMC Bbipa2KeHMR ,n;JIR no-

npaBOK n npOCTbIC aHMHTM'IeCKMe npu6JIH2KeHHhie cpopMY:11hl· 

• Bhr'IHCJieHne HeH3BeCTHO.11: nonpaBKM K CTP HH3ITIHX ypoBHe.11: MIDOH

Horo BO,[(Opo,n;a, o6ycJIOBJieHH0.11: 9q:>q:>eKTaMH :;meKTpOHHO.11: noMpH3an,nH 

BaKYJMa BToporo nopR,[(Ka. 8To no3BOMeT yro'IHHTh 3Ha'IeHue cnen,n

MhHOfi pa3HOCTH CTP ls u 2s ypoBHefi B MIDOHHOM Bo,n;opo,n;e, ,n;JIR KO-

Toporo 06cJ2K,n;aeMAA nonpaBKa ,n;aeT Hau6onhrnyro norpernHOCTh Teope

TH'IecKoro 3Ha'IeHMR. 
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Hay'IllaH HOBH3Ha pa60Tbl 

B )];MCCepTaTI,MH IIOJiy'IeHbI CJie,[(ylbm;ne HOBbie pe3yJihTaTbI: 

1. Pa3BMThI 9cpcpeKTHBHbie MeTO,n;hI aHMHTn'IeCKOro BhI'IHCJieHMR noJIRpH-

3aTI,HOHHhlX nonpaBOK K ypOBHRM 9HeprnH BO,n;opo,n;ono,n;o6HhlX aTOMOB 

)];JIR HepenmHBMCTCKMX H penmnBHCTCKMX 3a,[(a'I. Ha.11:,n;eHbI nOJie3Hhle 

npe,n;cTaBJICHHR )];JIR HepenmnBHCTCKMX nonpaBOK Ha noJIRpM3aTI,M10 Ba

KYYMa nepBoro nopR,n;Ka. IIony>IeHhl Bhlpa2KeHMR ,n;JIR peJIRTHBnCTCKMX 

aTOMHhIX 'IaCTHTI, co CnMHOM HOJih n 1/2. Pe3yJihTaThl npHMCHMMhl, B 

'IacTHOCTM, )];JIR J'leTa 9JieKTpOHHO.11: nOJIRpH3aTI,HM BaKyyMa B MlOOHHhlX, 

nHOHHhIX, aHTHIIPOTOHHhIX H ,n;pyrHX 9K3OTH'ICCKMX aTOMax. 

2. Ha.11:,[(eHbI pa3JIH'IHhlC acHMnTOTH'ICCKMe pa3JIO2KeHMR ,LIM HepeMTH

BHCTCKO.11: nonpaBKH. lOJIHHra. Pe3yJibTaTbI npnMeHHMbI ,LIM JI106bIX co-

CTORHH.11: 9K3OTH'ICCKMX aTOMOB, ,[(OnyCKarom;ux MCnOJih3OBaHne HCpeJIR

THBHCTCKOro npH6JIH2KCHMR. TaK2Ke nOJIJ'ICHa BC,[(yID;M nonpaBKa K TOH

KO.11: CTPYKTJPC. TaK2Ke nOJIY'IeHbI npu6m12KCHHhle ,<POPMYJihI B TepMH

Hax xoporno H3BeCTHhIX runepreoMeTpH'IeCKHX cpyHKTI,Hfi 2F1 ,[(M npo-

H3BOJihHOro COCTORHHR aTOMa. IIpu6JIM2KCHHhIC pe3yJihTaTbI O)];HHaKOBO 

npHMeHHMbI B HepeJIRTHBHCTCKOM n penmHBl'.ICTCKOM CJIJ'lae. 

3. Ha.11:,[(eHa nonpaBKa Ha 9JieKTPOHHYJO noJIRpH3an,uro BaKYYMa BTOporo 

nop}I,[(Ka ,n;JIR CTP cocTORHHfi ls n 2s B MIDOHHOM BO,[(opo,[(e. 

Hay'IllaH H rrpaKTH'IeCKaH n;eHHOCTb pa60Tbl 

Pa3BHThI 9q:>q:>eKTHBHhie MCTO)];hl Bhl'IHCJieHH}I nOJIRpH3aTI,MOHHbIX nonpaBOK, 

KOTOpbre MOryr npHMCHRTbCR K PR,LIY 3a,[(a'I B MlOOHHbIX Ii 9K30TH'ICCKHX aTO-

Max. B 'IacTHOCTH, ,[(JIR BbI'IHCJieHMR BKJia,n;oB nepBoro H BhICITIHX nopR,[(KOB 

noJIRpH3aTI,HH BaKYJMa B JI9M6oBCKM.11: C,[(Bnr n CTP, B BCJIH'IHHY BOJIHOBO.11: 

<PYHKTI,HH B HyJie, B MarHHTHhI.11: MOMeHT CBR3aHHOro MlOOHa H T.,[(. 

Han6onee noJie3HbIMH MOryr OKa3aThCR pe3yJibTaThl, nOJIY'IeHHhlC ,[(JIR 

MlOOHHOro BO,[(Opo,n;a, B CBR3H C npOBO)];MMhlM 9KcnepnMeHTOM no H3MepeHM10 

JI9M6oBcKoro c,n;Bura, B KOTopoM npe,n;nonaraeTCR H3MepHTh n CTP ypoBHR 

2s, a TaK2Ke nJiaHnpyrom;nMCR 9KcnepnMeHTOM no M3MepeHHIO CTP OCHOBHO-

ro COCTORHHR. 
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Anpo6au;1rn: pa6oTbI 

Pa6oTa ,IJ;OKJHl,IlpIBaJiaCb Ha ceMIIHapax Jia6opaTOpIIII TeopeTWieCKOll: q>II3IIKII 

OH5II1, Kaq>e,ri;pbI KBaHTOBOll: MeXaHIIKII q>II3II'IeCKOrO q>aKJJibTeTa CII6rY 

II Jia6opaTopIIII npe:o;II3IIOHHoll: q>II3IIKII npoCTbIX aTOMOB BHI1I1M HM. ,I];. H. 

MeH,ri;eneeBa. OcHOBHbie pe3yJihTaTbI 6hlJIII npe,ri;cTaBJieHbI Ha Me:lK,IJ;YHapo,ri;

HhlX II Bcepocrnll:cKIIX KOHq>epem~m1x, TaKIIX KaK PSAS'2006, PSAS'2008: 

The international conference on precision physics of simple atomic systems; 

ICAP'2006: 20th international conference on atomic physics; EXA'2008 & 

LEAP'2008: International conference on exotic atoms and related topics & 

International conference on low energy antiproton physics; BcepoccIIll:cKoe co

BeIIJ;aHIIe TIO KBaHTOBOll: MeTpOJIOI'IIII II q>JH,IJ;8MeHT8JibHbIM q>II3II'IeCKIIM KOH

CTaHTaM (CaHKT-IleTep6ypr 2008). 

Ily6mnrau;m1 

OcHOBHbie pe3yJibTaTbI ,IJ;IICCepTa:u;IIII ony6JIIIKOBaHbI B COaBTOpCTBe B mITII 

CTaTMIX, IIpIIBe,ri;eHHbIX B KOH:o;e aBTOpeq>epaTa. 

CTpyKrypa H o6'beM ,n;HccepTaa;n:H 

,Il;IIccepTa:u;II51 COCTOIIT II3 BBe,ri;eH1rn, Tpex rJiaB, 3aKJIIO'IeHII51 II -.:reTbipex 

npIIJIO)KeHIIll: II co,ri;ep)KIIT 132 CTpaHIIIJ;bI, 25 pIIcyHKOB II 8 Ta6JIIIIJ;. CnIICOK 

JIIITepaTJPbI BKJIIO-.:raeT 76 HaIIMeHOBaHIIfi. 

Co,n;ep)KaHHe pa6oTbI 

Bo nne,n;eHHII o60CHOBbIBaeTC51 aKTY8JibHOCTb IICCJie,ri;yeMOfi npo6JieMbI,. 

cq>opMyJIIIpOBaHbI OCHOBHbie 3a,n;a-.:r1I ,IJ;IICCepTa:u;IIII, ,ri;aeTC51 KpaTKOe co,ri;ep)Ka

HIIe OT,IJ;eJibHbIX rJiaB. 

BoJibIIIaJf Macca MIOOHa IIJIII CB513aHHOfi -.:racTIIIJ;bI B 3K30TII'IeCKOM aTO

Me IIpIIBO,l];IIT K MaJibIM xapaKTepHbIM pa3MepaM COOTBeTCTBYIOIIJ;IIX aTOMOB, 

npII 3TOM M8JIOCTb z a << 1 II03BOJI51eT OIIIICbIBaTb lIX HepeJI51TIIBIICTCKII. Xa

paKTepHaR o6naCTb B3aHMO,ri;efiCTBIIit, OTBe-.:raIOIIJ;IIM 3q>q>eKTaM IIOJI51pII3a:u;HII 

BaKyyMa, nponop:o;IIOHaJibHa KOMIITOHOBCKOit ,IJ;JIIIHe BOJIHhl -.:raCTIIIJ;hl B rreT

Jie II ,IJ;JI51 :meKTpOHHOit IIOJI51pII3a:u;IIII BaKY)'Ma COBrra,n;aeT C xapaKTepHbIMII 

pa3MepaMII MIOOHHhlX II 3K30TII'IeCKIIX aTOMOB. cha II03BOJI51eT 3q>q>eKTIIB

HO IICIIOJib30BaTb B COOTBeTCTBYIOIIJ;IIX BbI'IIICJieHmrx HepeJI51TIIBIICTCKOe rrpII-

6JIJI)KeHIIe. B o6ru;eM cny-qae rronpaBKa Ha IIOJI51pII3a:u;IIIO BaKyyMa 3aBIICIIT OT 
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rrapaMeTpa 
Zam 

Kn=-
nm,, 

(1) 

paBHOrO OTHOilleHIIIO xapaKTepHoro IIMIIYJibCa aTOMHOit -.:raCTIIIJ;bl Za m/n K 

Macce -.:raCTIIIJ;bl B IIOJI51pII3a:u;IIOHHOit rreTJie m,,. 3,ri;ecb m - Macca aTOMHOit 

-.:raCTIIIJ;bI, n - rJiaBHOe KBaHTOBOe 'IIICJIO paCCMaTpIIBaeMoro yp0BH51 3HeprIIII. 

EcJIII 3TOT rrapaMeTp II0p51,IJ;Ka IIJIII 60Jibille e,IJ;IIHIIIJ;bl (nerKIIe MIOOHHbie, IIH

OHHbie, aHTHIIpOTOHHbie aTOMhl), TO rrpnMeHHMO HepeJI51TIIBHCTCKOe npII6JIH

)KeHIIe. EcnII Kn << 1, KaK ,IJ;JI51 nerKIIX :meKTpOHHbIX aTOMOB (Kn= Za/n), 

TO IIOJI51pII3a:u;:rroHHbie 3q>q>eKTbI CB513aHbl C KOpOTKO,ri;eil:CTBYJOIIJ;IIM IIOTeHI~H-

8JIOM H ,l];OJI)KHbI OIIIICbIBaTbC51 peJI51THBIICTCKII. 

3Ha'IHTeJibHaJI -.:raCTb ,ri;:rrccepTa:u;HII IIOCB51IIJ;eHa rrpOCTeitwefi II0JI51pH3a:u;H

OHHOfi rronpaBKe, BKna,ri;y noTeH:o;:rraJia IOn:rrHra. B npHHIJ,Hrre, rro,ri;o6HaJI rro

rrpaBKa MO)KeT 6bITb BbI'IIICJieHa pa3JIII'IHbIMII crroco6aM:rr, Hanp:rrMep, 'IIICJieH

HO, II caMa no ce6e He rrpe,ri;CTaBJI51eT peaJibHO.tl: rrpo6neMbI. OcHOBHOfi u;eJibIO 

,ri;:rrccepTa:u;IIH 51BJI51eTC51 pa3pa60TKa MeTO,l];OB (np:rr paCCMOTpeHIIH rrorrpaBKH 

lOJIHHra), KOTOpbre MOryT 6bITb npIIMeHHMbI K 6onee CJIO)KHbIM II0JI51pH3a:u;H

OHHbIM 3q>q>eKTaM, y-.:rHTbIBaIOru;HM OT,ri;a-.:ry, 3q>q>eKThl CTaprnIIX rrop51,IJ;KOB H 

,ri;p. 

,Il;aJiee B Bbl'IHCJIHTeJibHOfi -.:racTH ,IJ;IICCepTa:u;HH pa3BHTbie MeTO,IJ;bl np:rrMe

H51IOTC51 ,ll;JI5I HaxO)K,IJ;eHH51 nonpaBKII Ha ,IJ;ByxneTJieBYJO IIOJI51pH3a:u;IIIO BaKyy

Ma B MIOOHHOM BO,IJ;Opo,ri;e. 

B rrepnofi rJiane IICcne,ri;yIOTC51 rronpaBKII K KYJIOHOBCKOMY B3aHMo,ri;efi

cTBHIO Ha 3q>q>eKTbI O,l];HOIIeTJieBOfi IIOJI51pH3a:u;IIII BaKyyMa B BO,ri;opo,ri;ono,ri:06-

HOM aTOMe, TaK Ha3bIBaeMbifi rroTeH:o;IIaJI IOn:rrHra. 

0,ri;HOIIeTJieBaJI IIOJI51pH3a:u;IIOHHaJf rrorrpaBKa K KYJIOHOBCKHM ypOBH51M 

3HeprHH B 3TOfi rJiaBe paccMaTpIIBaeTC51 KaK B Hepen51TIIBHCTCKOM, TaK II pe

JI51THBHCTCKOM rrpH6JIH)KeHmrx (6e3 pa3JIO)KeHII51 no Za). PeJI51THBHCTCKHe 

pe3yJibTaTbI rrony-qeHbl ,ll;JI51 -.:raCTHIJ; co CIIHHOM 1/2, OIIHCbIBaeMbIX ypaBHe

HHeM ,Il;:rrpaKa, H -.:racTHI\ C HyJieBbIM CIIIIHOM, OIIHCbIBaeMbIX ypaBHeHHeM 

KnefiHa- fop,n;oHa-<DoKa. ,Il;JI51 ,IJ;IIpaKOBCKIIX -.:racTIIIJ; TaK)Ke IIOJiy-qeHO npe,ri;

CTaBJieHIIe ,l];JI51 Be,ri;yru;efi peJI51T1IBHCTCKOfi rrorrpaBKH K pa3HOCTH ypOBHefi 
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,rneprmI C 0,D;FIHaKOBhIMH 3Ha'IeHHRMH rJiaBHOro KBaHTOBOrO '-IHCJia n II op6n:

TaJihHOrO KBaHTOBoro '-IHCJJa l, HO pa3HhIMH 3Ha'-IeHHRMH IIOJIHOro yrJIOBOro 

MOMeHTa j' TO eCTh K TOHKOtl. CTpJKTYPe aTOMHhIX ypoBHetl.. 

IlonpaBKa K ,meprn:n: aTOMHhIX ypoBHetl. Ha o,izymneTJieByK> nomrpn:sau;n:K> 

BaKJYMa B MK>OHHhIX aTOMax 6hlJia Bhl'-IHCJJeHa B HepemrTHBHCTCKOM npn-

6JIH)KeHHH ,l];mI HeKOTOphIX HH3IIIHX ypoBHetl. ,lJ;OCTaTO'-IHO ,lJ;aBHO. O,i:i;HaKO, IIO

JIY'-IeHHhie aHaJIHTH'-!eCKHe pesyJihTaThl HMeJIH u;eJihitl. pR,lJ; He,lJ;OCTaTKOB. Hx 

6bIJIO HeB03M0)KH0 o6o6ru;n:Th Ha pemrTHBHCTCKHtl. CJIY'-Iatl., a o6o6ru;eHn:e BhI

pa)KeHHtl. ,l];JIR BhICOKOB036J)K,i:i;eHHhIX COCTORHHtl. npHBO,lJ;HJIO K HCKJIK)'-IHTeJih

HO rpOM03,lJ;KHM Bhipa)KeHHRM, B03M0)KH0CTh aHaJIHTH'IeCKOtl. pa60ThI C KOTO

pbIMH 6bma Kpatl.He orpaHH'-!eHa. TaK, ,lJ;a)Ke npocTetl.mne acHMIITOTHKH ,i:i;mr 

B036y,K,i:i;eHHhIX ypoBHetl. He 6hIJIH H3BeCTHhI. 

B ,lJ;HCCepTau;n:n: o6CJ)K,lJ;aK>TCH HeCKOJihKO pa3JIH'-IHhIX npe,i:i;cTaBJieHHtl. 

HepeJIRTHBHCTCKOtl. nonpaBKH ,i:i;mr npOH3BOJihHhIX ypOBHetl. ,rneprn:n:. PaHee 

6hIJIO IIOJIY'-IeHO JIHIIIh npe,i:i;cTaBJieHne HepemrTHBHCTCKOtl. nonpaBKH lOJIHHra 

B TepMHHax -qaCTHhIX npOH3BO,lJ;HhIX, '-ITO y,i:i;o6Ho He ,lJ;mI BCex npHJIO)KeHntl.. 

B nepBotl. rJiaBe ,i:i;nccepTau;HH IIOJiy-qeHhl HOBhle npe,i:i;cTaBJieHHR ,i:i;mr 3TOtl. IIO

npaBKH B TepMHHax KOHe'-!HOtl. cyMMhI CTaH,lJ;apTHhIX HHTerpaJIOB 

1 v2(1-v2/3) ( Kv'f=-ii2 )c 
Kbc(K) = / dv (1- v2)b/2 1 + K~ 

0 

(2) 

B '-!aCTHOCTH, O,lJ;HO H3 IIOJIY'IeHHhIX npe,i:i;cTaBJieHHfi co,i:i;ep)KHT CJMMY CJiara

eMhIX O,lJ;HOI'O 3HaKa. XoTR cyM11,rn KOHe'-IHaR, HO ,ri;mr BhICOKOB036J)K,D;eHHhIX 

COCTORHHfi OHa co,ri;ep)KHT 60JihIIIOe '-IHCJIO cnaraeMhIX ll 3HaKOOnpe,ri;eneHHOCTh 

pR,ri;a ynporu;aeT KOHTPOJih 3a TO'-IHOCThlO npn:6JIH)KeHHhIX Bhl'-IHCJieHn:fi. 

OTMeTHM, '-ITO ,IJ;JIR Kbc(Kn) H3BeCTHO TO'IHOe aHaJIHTH'IeCKOe Bhipa)KeHne, 

KOTopoe co,ri;ep)KHT o6o6ru;eHHhie nmepreoMeTpn-qecKHe <PJHKu;HH 

1 
Kbc(K) = K1bc(K) - 3K2bc(K) , 

1 c ( 1 b C) Kah (K) = -K B a+ - 1 - - + -
C 2 2' 2 2 

(

C c 1 b c 1 3 b c 
X3P.2 - - + - 1 - - + -· - a+ - - - + -· 

2' 2 2' 2 2' 2' 2 2 2' 
K,2) 

8 

i 
) 

) 
I 
I 

,') 

) 

C c+l ( 1 3 b C) 
-- K B a+ - - - - + -

2 2' 2 , 2 2 

(
C c 1 3 b c 

x 3F2 2 + l, 2 + 2' 2 - 2 + 2; 
3 b C 2) - a+ 2 - - + -· K . 
2' 2 2' 

HcnOJih30BaHn:e TaKoro npe,ri;cTaBJieHHR ,ri;enaeT Kpatl.He 3aTpy,lJ;HHTeJihHOfi 

,ri;aJibHefiIIIyK> aHaJIHTH'-!eCKyK> pa6ory C Bhipa)KeHHRMH ,ri;mr O,lJ;HOIIeTJieBhIX 

IIOIIpaBOK H3-3a MX rpOM03,lJ;KOCTH. ,[I;anee B ,ri;nccepTau;n:n: paccMaTpHBaK>T

CR pa3JIH'-IHhie MeTO,IJ;hl IIOJiy-qeHHR aCHMIITOTHK n: npOCThIX npn:6JIII)KeHHhIX 

Bhipa)KeHIIfi ,ri;mr nonpaBKH lOJIIIHra. 

To'-!HOe peJIRTIIBIICTCKoe Bhlpa)KeHIIe ,i:i;nR nonpaBKH IOnn:Hra B cey-qae ,lJ;ll

paKOBCK0fi '-!acTIID;hl ,ri;mr npOH3BOJihHOro aTOMH0rO COCTORHIIR Hatl.,ri;eHO B ,lJ;HC

cepTau;IIII BnepBhle. Ilony-qeHHhifi peJIRTIIBIICTCKHfi pe3yJihTaT IICIIOJih3yeTCR 

,l];JIR Bhl'-IIICJieHHR IIOIIpaBKH K TOHKOfi CTPYKTYPe aTOMHhIX yp0BHefi. 

TaK)Ke B nepBofi rJiaBe IICCJie,i:i;yeTCR pemrTIIBIICTCKaR nonpaBKa lOJIIIHra 

,D;JIR BO,IJ;Opo,ri;ono,ri;o6Horo aTOMa, B KOTOpOM aTOMHaR -qacTIIu;a o6na,ri;aeT Hy

JieBhlM CIIIIHOM KaK, Hanpn:Mep, IIIIOH. TaKaR -qaCTIIu;a BO BHeIIIHeM IIOJie pe

JIRTIIBIICTCKH OIIHChIBaeTCR ypaBHeHn:eM KJiefiHa-I'op,ri;oHa-(])oKa, TeOpHR B03-

Myru;eHn:fi ,i:i;mr KOTOporo 6bIJia pa3BHTa JIIIIIIh He,IJ;aBHO. B ,l];HCCepTaII,HH Bnep

Bhie 6bIJia BhI'-IIICJieHa peJIRTIIBIICTCKaR rrorrpaBKa lOJIIIHra ,Il;JIR aT0Ma c ey

JieBhIM CIIIIHOM aTOMHOfi -qaCTIIII,hl, HaxO,D;Rru;efiCH B II,IIPKYJIRpHOM COCTORHIIII 

( n = l -1). IloJiy'-IeHHOe rrpe,ri;CTaBJieHIIe BO MHOI'OM aHaJI0I'II'-IHO ,lJ;llpaKOBCKO

MY CJIY'-IaIO. IlpoBe,ri;eHO cpaBHeHn:e IIOBe,i:i;eHHR Bhl'-IHCJieHHhIX rrorrpaBOK ,ri;mr 

'-!aCTIID; C HyJieBhIM II rroeyrr,eJihIM CIIHHaMII. 

B rrepBOtl. rJiaBe 6bIJIII rrony-qeHhI TO'-!Hhie Bhlpa)KeHIIR ,l];JIR HepeJIRTHBIICT

CKOfi II peJIRTHBIICTCKOfi rrorrpaB0K lOJIIIHra, B TepMIIHax Kbc(Kn)- IlpII'-IeM 

HepeJIRTHBIICTCKOMY CJIY'-IaIO OTBe'-!aIOT II,eJIO'-IHCJieHHhie 3Ha'IeHIIR b II c, a B 

peJIRTHBHCTCKOM CJiy-qae rr,eJihIM RBJIReTCH TOJihKO b. B CJiy-qae rrpOH3BOJih

HOro COCTORHIIR IIOJIY'IeHHhle rrpe,ri;CTaBJieHHR co,ri;ep)KaT CYMMY o6o6ru;eHHhIX 

rn:rrepreoMeTpn:-qecKHx <PYHKu;Hfi 3F2 c pa3JIII'-IHhIMH aprJMeHTaMII. TaKofi 

crroco6 rrpe,i:i;CTaBJieHHR rrorrpaBOK 3aTpy,lJ;HReT ,D;aJihHefiIIIyIO aHaJIIITII'IeCKyK> 

pa6oTy, II B 'lacTHOCTII He II03BOJIReT rrpOCTO orr,eHIITh II3MeHeHIIe BeJIII'-III

HhI BKJia,D;a 0,lJ;HOIIeTJieBOfi rromrpn:3au;n:n: BaKYYMa rrpn: II3MeHeHIIII COCTORHHR 

aTOMa HJIH xapaKTepHhIX aTOMHhIX rrapaMeTpOB, HaIIpMMep, Kn. 
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Bo BTOpoii rJiaBe nonyqeH pR,n; np0CThIX aCHMnT0THK ,ll;M CTaH,n;apT

HhIX HHTerpanoB Kbc(,,,,n), -qepe3 K0T0pbre BhipaJKaeTCR HepeJIRTHBHCTCKaR no

npaBKa lOJIHHra. O6c)')K,n;aeTCR acHMnT0TH'l:8CK0e n0B8,JJ;8HHe HepeMTHBHCT

CK0.!l nonpaBKH npH pa3JIH'l:HhIX C0OTH0III8HHRX napaMeTp0B 38,lJ;a'l:H. ·,IJ;M 

BhICOKOBo36y)K)];eHHhIX C0CT0RHH.!l TalOKe npHM8HR8TCR KBa3HKJiaCCH'l:8CK0e 

npH6mDKeHHe, "!TO no3B0MeT npoBeCTH pac'l:eThI, 3cpcpeKTHBHO yqHThlBaIO

~He nonpaBKH cTapwHX nopR,D;K0B no noTemwany lOJIHHra 

,Il;M CX0)];HM0CTH rHnepreoMeTpH'l:8CK0ro pR)];a ,ll;M o6o6~eHHO.!l rHnep

re0MeTpH'l:8CK0.!l (pJHKIJ;HH 3F2 ,lJ;0CTaT0'l:H0, 'l:T06bI ee apryM8HT 6bIJI MeHbIIIe 

8,lJ;HHHIJ;hL O,n;HaKO, ,n;M BhICOKOB036)'2K.n;eHHhIX COCTORHH.!l PR,n; 6bICTp0 cxo

,n;HTCR T0JihK0 Ha'l:HHaR C HeK0Toporo 60JihIIIOro H0Mepa cnaraeMoro, a nepBbie 

'l:JieHhl pR,n;a 0,n;H0ro nopR,n;Ka. O,n;Ha H3 38,lJ;a'l: 3T0.!l rJiaBhI - nonyqeHHe H0BhIX 

BhlpaJKeHH.!l ,n;JIR CTaH,n;apTHhIX HHTerpanoB, TaKMX 'l:T06hr 6bma B03MOlKH0CTh 

arrnp0KCHMaIJ;HH nonpaB0K Ha n0JIRpH3aIJ;HJO BaKYYMa HeCK0JihKHMH 'l:JI8HaMH 

pR,JJ;a. 

BTopaR 'l:acTh BT0po.n rJiaBhI n0CB~eHa MeT0,JJ;y nepeCTp0.!lKH o6~HX Bhl

paJKeHH.!l ,D;JIR nonpaB0K lOJIHHra, n03B0MIO~eMy BMeCTO npe,n;CTaBJieHHR no

npaB0K B BH,JJ;e K0He'l:H0.!l CJMMhl rHnepreoMeTpH'l:8CKHX cpyHKIJ;H.!l 3F2 3aIIM

caTh MX B BH,JJ;e 6eCKOH8'l:HO.!l cyMMhI 6onee np0CThIX (pJHKIJ;H.!l 2F1. 1-lTo 60-

nee B8JKH0, 3T0T MeT0,lJ; n03B0JIR8T annp0KCHMHp0BaTh HCX0,lJ;Hhie BhipaJKeHHR 

,JJ;JIR nonpaBOK lOJIHHra K0He'l:H0.!l CJMM0.!l He60JihIIIOrO 'l:HCJia cnaraeMhIX c· 

2F1. Pa3BHThLtl. M8T0,ll; 3cpcpeKTHBeH KaK ,n;M HepeJIRTHBMCTCKHX, TaK M ,n;M 

peJIRTHBHCTCKHX 3a,n;a'l:. 

rHnepreoMeTpH'l:eCKaR cpyHKIJ;HR 2F1 xopowo H3yqeHa M ,D;JIR Hee H3Be

CTeH PR,n; y,n;o6HhIX aHMHTH'l:eCKHX npe,n;CTaBJieHH.!l M npeo6p830BaHH.!l. Ho

B0e npe,n;cTaBJI8HHe ,D;JIR 0)];H0neTJieBhIX n0JIRpH3aIJ;H0HHhIX nonpaB0K HMeeT 

pR,n; npeHMy~eCTB. OHO n03B0MeT npo~e 0TCJielKHBaTb H3MeH8HHR BeJIH'l:H

HhI nonpaBKH npM H3M8H8HHH C0CTORHHR aTOMa HJIH xapaKTepHbIX aT0MHhIX 

napaMeTp0B, a TaKlKe n03B0MeT K0HTPOJIHp0BaTb CX0,ll;HM0CTh 6eCKOHe'l:HOro 

pR,n;a H KOHTP0JIHp0BaTb norpeIIIH0CTh yrr0MRHJThIX npH6JIJilKeHH.!l. 

B K0Hu;e rJiaBhl o6cy)K)];aeTCR npHMeHeHHe pa3BHTOro MeTo,n;a npH6JIHlKeH

HhIX BhI'l:HCJieHH.!l K pa3JIH'l:HhIM 38,D;a'l:aM B MIO0HHhIX M 3K30TH'l:eCKHX aTO-
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Max, B -qaCTH0CTH, K BhI'l:HCJI8HHIO norrpaBKH K 3Ha'l:8HHIO B0JIH0B0tl. (pJHKIJ;HH 

aT0MH0.!l 'l:aCTHIJ;hI B eyne, K0T0poe HrpaeT B8JKHYIO p0Jih npH BhI'l:HCJI8HH

RX nonpaB0K Ha CTPYKTYPY R.n;pa, a TalOKe aHHHI'HMIJ;H0HHhIX 3cpcpeKTOB B 

nH0HHH. O6cy,,c,n;aIOTCR npHJI0:lKeHHR MeTo,n;a K BhI'l:HCJieHHIO MarHHTH0ro M0-

MeHTa CBR3aHH0ro MIO0Ha. 

B nepBotl. M BT0po.n rnaBe ,lJ;HCCepTaIJ;HH Ha npHMepe 0)];H0neTJieBhIX nonpa

B0K 6bIJIH pa3BHThI 3cpcpeKTHBHhle MeT0,lJ;hI BhI'l:lICJieHHR BKJia,n;oB noMpH3a

IJ;lI0HHhIX 3cpcpeKTOB. B TpeTbe.!l rJiaBe OHM npHMeHRIOTCR npn Bhl'l:HCJieHHM 

nonpaBKH Ha nonRpII3aIJ;HIO BaKJYMa BToporo nopR,n;Ka ,n;M CTP B MIO0HH0M 

B0,JJ;0po,n;e. 

B TpeTbeii rJiaBe paccMaTpHBaeTCR CTP ls M 2s ypoBHe.!l 3HeprMH B MIO-

0HH0M B0,n;opo,n;e. TeopeTH'l:eCKHe BhI'l:HCJieHHR 3THX BeJIH'l:HH npe,n;cTaBMIOT 

HHTepec B CBR3H C TeM, "!TO ce.!l-qac npe,n;rrpHHHMaIOTCR YCHJIHR no MX 3KCne

pHMeHTMhH0MY H3MepeHHIO. CBepxTOHKOe pac~enneHHe C0CT0RHHR 2s 6y,n;eT 

uccne,n;oBaH0 B paMKax H.n;y~ero 3KCnepHM8HTa no H3MepeHHIO JI3M60BCKOro 

C,JJ;BHra. TalOKe nnaHHpyeTCR 3KcnepHMeHT no H3MepeHHIO CTP ocH0BHoro 

C0CT0RHHR MIO0HH0ro B0,n;opo,n;a. 

Oco6eHHOCThIO MIO0HH0ro B0,JJ;0po.n;a RBMeTCR 6onee BhIC0KaR 'l:JBCTBH

TeJihH0CTh CTP K cTpyKType R,n;pa, "!TO orpaHH'l:HBaeT B03M0:lKH0CTh era BhI

'l:HCJieHHR H3 nepBhIX npHHIJ;Hn0B. Bo3MOlKHhrtl. no,n;xo,n; K peweHHIO npo6neMhl 

nonpaBoK Ha CTPYKTYPY R,n;pa 6hIJI npe,n;no:lKeH B cnyqae o6hI'l:HhIX nerKnx 

BO,n;opo,n;ono,n;o6HhIX aT0M0B. OH 3aKJIIO'l:aeTCR B paCCM0TpeHHH cneu;HMhH0.!l 

pa3H0CTH 

~E21 = 8 x Eh£s(2s) - EhEs(ls). (3) 

Ee oco6eHHOCThIO RBM8TCR TO, "!TO 'lKeCTKHe' BKJia,ll;hI B 3HeprHIO ns C0CTO

RHH.!l, o6bI'l:HO nponopIJ;H0HMhHhie 3Ha'IeHHIO KBa.n;paTa B0JIH0B0.!l cpyHKIJ;HH 

B HyJie. 

l,T, ( - 0)12 - (Za)3m~ r 
""nl r - - 3 uoz, 

nn 
(4) 

C0Kp~aIOTCR. B pe3yJihTaTe cneIJ;HMhHaR pa3H0CTh MeHee 'J:YBCTBHTeJibHa K 

3cpcpeKTaM CTPYKTYPhI R,n;pa. 

,Il;pyrotl. oco6eHHOCThIO MIO0HHhIX aT0M0B RBMeTCR ,lJ;0MHHHp0BaHHe 3q:>-
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q:,eKTOB 9JieKTpOHH011 rromrpll3au;:im BaKyyMa no cpaBHeHllK) C ,LIJ)yrllMll K8,IJ, 

aq:,q:,eKTaMH. IlorrpaBKa K CTP Ha O,[\HOrreTJieByIO s1reKTpoHHyIO rromi:pll3a

ll,llID BaKyyMa ,[Ifill: ls ll 2s COCTO.HHll11 ll3BeCTHa. B TpeThe11 rJiaBe ,[lllCCepTa-

1\llll BhPrncmreTc.H norrpaBKa Ha ,LIByxneTJieByID nomrpH3all,llID BaKJYMa: 8To 

CaMa.H 60JihIIJa.H paHee HeH3BeCTHa.H nonpaBKa. OHa BHOCHT BKJia,1:1 B CTP ls 

ypOBH.H nonpaBey nop.H,I:1Ka 67 ppm. OcTaJihHh!e K8,IJ, nonpaBKH llJill MeHhrne, 

llJill MOryT 6h!Th IIOJiy<IeHhI o6o6IIJ,eHHeM pesyJihTaTOB ,[IJI.H o6h!'IHOro aTOMa 

B0,1:1opo,1:1a. 

BKJia,Llhr pasJIH'IHhIX ,1:1HarpaMM 9JieKTPOHH011 nomrpH3a1\Hll BaKYYMa BTO

poro nop.H,LIKa npHBe,1:1eHhI B Ta6JIH1\e 1. 

B pesyJihTaTe IIOJiy<IeHO Bhip8..tKeHHe ,[Ifill: crreIJ,llaJihH011 pa3HOCTll B Bll,[le: 

( 
~~ucl(ls) 

~E21 = 127.06(49) + 1.03(1) N 10 . ~Ehfs uc' (ls) 

+ 1.96(2) ( 1:::) 
2 

- 0.46(1) ( ~:) 
2
) x 10-

6 
aB. 

3,1:1ech nepBoe CJiaraeMoe OTBe<J:aeT K8,IJ, aq:,q:,eKTfil.:!, B TOM 'IllCJie OHO co

,1:1ep2KllT n Ha11,1:1eHHhI11 B ,[lllCCepTaI\llll BKJia,1:1, paBHhI11 -1.8606 x 10-6 aB. 

OcTaJihHh!e CJiaraeMhre Y'IllTh!BaIDT CTPYKTYPY .H,[lpa. ,[l,mr y,1:106cTBa HOpMH

poBKH B 'IllCJIHTeJie npnBe,1:1eHh! aKTYaJihHh!e B6Jlll'IllHhI, xapaKTepH3yIOIIJ,ll6 

CTPYKTYPY .H,[lpa (~.Eii"I;;ucl(ls) - rrorrpaBKa K BeJin'InHe CTP, RE - sap.H,1:10-_ 

BhI11 pa,[lllyC rrpoTOHa, RM - MarHHTHhI11 pa,[lllyc rrpoTOHa), a B 3HaMeHaTene 

nx OI\eHKH (~E~ucl,o(ls) = -1450.72 X 10-6 aB, Ro= 0.9 q:,M). O6cy2K,I:1e

Hlle TO'IHOCTll 9TOrO Bhip8..tK6Hll.H H 06cy2K,I:1eHHe pa3JIH'IHhIX B03M02KHOCTe11 

pa6oThr C 02Kll,[laeMh!Mll 9KCrrepHM6HTaJihHhIMll ,1:1aHHhIMll COCTaBJUl:K)T 3aKJIIQ

'IHT6JlhHyIO <J:acTh Tp6The11 rJiaBhI. 

B 3aKJIIO''IeHIIII CYMMnpyIDTCH pesyJihTaThr, BhI,[IBHraeMhle Ha 3aIIJ,Hry. 

12 

BKJia,n; 

!al l 
!bl T 
2al 2 g I 

* 

2bl 2P 't l 

~12?? 
' ' 

3al2Q Q 
* * 

3bl ¢ 1 ¢ 
* * 
Bcero 

e:i(ls) c2(2s) c2(21) 

1.28028 I 1.30453 I 0.02425 

1.68287 I 1.73944 I 0.05657 

1.85512 I 1.73785 I -0.11121 

3.79665 I 2.83394 I -0.96271 

2.32694 I 2.05872 I -0.26822 

o.92294 I o.56352 I -0.35942 

o.68104 I 0.41990 I -0.26114 

12.54584 I 10.65790 I -l.88794 

Ta6JHni;a 1: BKJI8.)J;hl 9JieKTPOHHOfi rroJrnp1r3aD;,ni: BaKyyMa BTOporo rropH,L1Ka B CTP B MIO

OHHOM BO,l\OPO,l\e. BKJI8.)J;hl lb 1r 2b oTBe'!aIOT rrOJIHOfi Henp1rBO,l\HMOfi '!aCTH ,l\llYXIIeTJieBoro 

IIOIDipli3aD;liOHHOro orrepaTopa. IloCJie,l\HHfi CTOJI6en; OTBe'!aeT BKJia,zJ;aM B crreri;:aaJibizyIO 

pa3HOCTb CTP ls 1r 2s ypoBHefi. Ha ,l\liarpaMMax 3lir3aroo6pa3Hofi JiliHliefi o6o3Ha'!eHO 

CBepxroHKOe B3aHMO,ZJ,efiCTBHe, a IIYHKTlipHOfi - KYJIOHOBCKHfi o6MeH. ,ll;BofiHM CIIJIOIIIHrul 
1 

JIHH!ffi OTBe'!aeT pe,llYri;:apoBaHHOfi KYJIOHOBCKOfi <PYHKD;Hli I'pmra aTOMHOfi '!aCTHL\hl-
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Ha 3arn;HT~ BhIH0C_¥_':l-'C.SI CJie,n;yrorn;ue II0Jim~emrn: 

• Hafi,[\eHbI 38,MKH}'Tbie aH8JIHTll'leCKHe BbiproK:eHH.SI ,[\JIB rrorrpaBKH 

I0JIHHra ,[\JIB pa3Jill'lHbIX COCTO5iHHfi BO,[\Op0,[\0II0,[\06Horo aTOMa; OIIH

CbIBaeMoro KaK peJrnTHBHCTCKHM ypaBHeHHeM illpe,[\HHrepa, TaK H pe

JIBTHBHCTCKHMH ypaBHeHH5IMH ,LI,npaKa HJIH KnefiHa-rop,[\OHa-<PoKa. Pe-

3YJibTaT rronyqeH B BH,[\e KOHe"'l:HOfi CYMMhI CJiaraeMbIX, BKJIIO"'J:aIOru;HX 

o6o6ru;eHHhre rmrepreoMeTpn"'IeCKHe cpyHKIJ;HH 3F2. Pe3yJihTaT rrpnMeHHM 

,[\JI5i JII06oro OTHOIIIemrn MaCCbI aTOMHOfi "9:acTHI\hI K Macce "9:aCTHI\hI B 

IIOJI5ipH3au;noHHOfi rreTJie H ,[\JIB JII06brx 3ap5i,[\OB 5I,[\pa z. Pe3yJihTaT ,[\JIB 

cpepMHOHOB rronyqeH ,[\JIB rrpOH3BOJibHOro COCTO5IHH5i, a ,[\JI5i 6030HOB -

,[\JI5i COCT05iHHfi C rrpOH3BOJibHbIMH rJiaBHbIM KBaHTOBbIM "9:HCJIOM n H op-

6HT8JibHbIM KBaHTOBbIM "'IHCJIOM l = n - 1. 

• IlonyqeHbI pa3JIH"'l:Hhre aCHMIITOTH"'l:eCKHe n rrpn6JIIDKeHHbie cpopMyJihI 

,L\JI5i rrorrpaBKH IOnnHra. B "'l:acTHOCTH, Hafi,L1eHhr acnMIITOTH"'l:eCKHe cpop

MYJihI rrpn pa3JIH"'IHbIX 3Ha"9:eHHIDC n H OTHOIIIeHIDI xapaKTepHoro aTOM

HOro HMIIyJibCa K Macce "9:aCTHI\hI B rromrpH381\HOHHOfi IleTJie ,[\JI.SI HepeJIB

THBHCTCKoro cJiyqa5r. Hafi,L1eHa Be,L\YII\a5i nonpaBKa K TOHKOfi CTPYKTYPe, 

TO eCTb pa3HHI\a JI9M60BCKHX C,[\BHI'OB ,[\JI5i rrpOH3BOJibHhIX COCTO5IHHfi C 

j = l + 1/2 n j = l - 1/2. IlonyqeHhI o6ru;ne cpopMyJihI B TepMHHax 

xoporrro H3BeCTHbIX rnrrepreoMeTpH"'IeCKHX ¢YHKI\Hfi 2F1, KOTOpbre rrpH

MeHHMbI B HepeJI.HTHBHCTCKOM H peJI.HTHBHCTCKOM cnyqamc. 

• BbI"'IHCJieHa IIOJIBpn3al\HOHHa5i rrorrpaBKa rropR,[\Ka a 2 ,[\JIB CBepxTOHKO

ro pacru;emreHHR COCTO5IHHfi ls H 2s B MIOOHHOM BO,[\OpO,[\e, paBHa5i ,[\JIB 

ls COCTO5IHH5i 67 ppm. YTO"'l:HeHO BbiproK:eHne ,[\JIB cneu;HMbHOfi HOp

MHpOBaHHOfi pa3HOCTH CBepxTOHKOro pacru;errneHH5i ls n 2s ypOBHefi; 

Hafi,[\eHHali rronpaBKa COCTaBHJia 1.3% ( -1. 73 X 10-6 9B) H Terrepb OT

HOCHTe.JibHa5i norperrrHOCTb paBHa npirMepHO 4 X 10-3. 
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