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OBIIJ;A5I XAPAKTEPHCTlIKA PABOThl 

AKTYaJihHOCTh TeMLI. 

Hccne.noBamrn cBoiicTB CBX3aHHLIX cocToHHmi npe.ncTaBJrneT co6on o.u;Hy 

H3 UCHTpaJibHl,IX npo6JieM B KBaHTOBOH TeOpHH IlOJI.ll B HacToxmee BpeM.ll. 

HecMOTp.!I Ha TO, 'ITO H3Y'lCHHe pemITlIBHCTCKHX ypoBHCH 3HeprHH COCTaB

HhlX CllCTeM, !;)JICKTpOMarHHTH:bIX CBOHCTB CBll3aHHhlX COCTOllHHH, HX mn

pHH pacna.na npo.nomimeTCll y:>Ke 6onee 50 neT 3TH npo6neMbI He noTepKJIH 

CBOCH aKTyaJibHOCTH. IlpocTeiimne CB.ll3aHHLie COCTOllHIUf - BO,nopo.nono,no6-

Hhle aTOMbl (aTOM BO,llOpOAa, Il03HTpOHHH e+e-, MIOOHHH µ+e-) Chlrpann 

B CBOe BpeM.ll BruKHJIO pOJIL B B03HHKHOBCHHH H pa3BHTHH KBaHTOBOH Me

XaHHKH H KBaIITOBOH 3JleKTpO,nHHaMHKH. Mo1KHO 6e3 npeyBeJIH'leHHK CKa-

3aTb, 'ITO Kpynnefmrne OTKpbITlUI B q>H3HKe 20 BCKa CB.II3aHbI C aTOMOM 

Bo.ziopo.zia. KaJK,n1:,1ii mar B pa3BHTHH KBaHToBoii: Teopm1 npHBOAHJI K nyq

meMJ noHHMaHHIO qJH3HKH CBll3aHHblX CHCTeM, Ha'IHHaJl OT TeOpHH H. Bopa, 

KBaHTOBoii MexaHHKH B. I'eiheH6epra H 0. llipe.n;Httrepa, pemlTHBHCTCKoii 

TeopHH llupaxa H KOH'laJl KBaHTonou 3JieKTpOAHHaM11Ko11 P. <l>eiiHMaHa, IO. 
lliBHHrepa, ¢. llru'icoHa, C. ToMoHarH H co3,naHHeM CTaH.llapTHoii MonenH 

C. Baiin6eproM, A. CanaMoM, ill. rn:nnoy. HoBoe 3Ha'leHHe npocTeiimHe 

aTOMLI np1106penH nocne C03,!laHHll KBaHTOBOH xpoMO.UHHaMllKH - TeopHH 

CHJlbHoro B3aHM0.1leikTBH.!I II OTKpbITH.ll T.IDKCJILIX KBapKOB. TlDKCJibIC anpo

Hbl, conepJKam;He b H c KBapKH, npe,ncTaBJIJIJOT co6oii CBJl3aHHhle CHCTCMI,I 

KBapKOB c llBCTOBblM B3aHMo,neii:CTBHCM no.no6HJ,Ie npOCTCHIIIHM aTOMHl,IM 

CHCTCMaM. C COBpeMeHHOH TO'lKH 3peHH; aTOMHl,IC CBJl3aHHhle COCTOHHHJI 

i!BJUlIOTCll CBoeo6pa3HOH na6opaTopueu JJ,Jlll HCCJie,n:oBaHHlI COCTaBHhlX CHC

TeM B KBaHTO£oii TeopHn nomc. Tax .Mo1KH0 YTBep1K,naT1:,, 'ITO 6naro.napJI 

HMCHHO CBH3aIIHhlM COCTOHHH.!IM KBaHTOBaH 3JICKTpOJUtHaMHKa H KBaHTOBaJI 

xpoMO,ll;HHaMHKa pa3BHBaIOTCi! B IlOCJIC,llHHe ro,nbl B TeCHOM B3aJIMO,llCHCT

BHH, 

llpyroii: Ba,KHhlll cpaKTop B pa.3BHTHH KBaHTOBononeBOJI Teop1rn Bonopo

,nono,llo6Hb1X (B ,l{8JII,HeiimeM Bil) aTOMOB CBll3aH C cymecTBeHHblM nporpec

COM B 3KcnepHMCHTaJII,HOM HCCJIC,IIOBaHIIH ypoBHCH :meprm1 3JlCKTpOHHOro 

H MIOOHHOro BOJIOpona, II0311TpOHlfJI, MJOOHHH, Tax, B 'laCTHOCTH, CBepx

TOHKOe pacru;enne1me OCHOBHOro COCTOi!HlU[ aTOMOB Bo,nopo.na" .neiiTepnlI, 

a TaIOKe qacToTa ,nByx$oTOHHoro 6e3nonIIJiepoBcKoro nepexo.r(a 1S + 2S B 

aTOMaX Bo.n;opo.na HJIH .neiiTepna BXO,n5IT B 'IHCJIO BeJIHtru:H, H311,1CpSICMbIX 

Han6onee TO<JHO. 3a nocne,nHIIC ,llCC.!ITL JICT OTHOCHTCJIJ,Hall norpemHOCTb B 
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H3Mepemm: qacToTLI nepexona 1S + 2S B Bo,nopone 6L1Jia yMem.IUeHa Ha TpH 

nop.ll,ll;Ka. OTHOCHTeJII:,HWI norpelllHOCTb H3MepeHm[ CBepXTOHKOH CTPYKTY

pLI MIO0HIUI 6hIJia CHIUKeHa B TPH pa3a. y CilexH 3KcnepHMeHTa )leJiaIOT aK

TYa.JlbHI,IM H Heo6xo,n;HMhIM C00TBeTcTBy10m:ee pa3BHTHe Te0pHH. B HeKo

TOpLIX CJIY'Ia.llX Teop:m1 H 3KCnepHMeHT copeBHYJOTC.11 Ha paBHLIX (1S + 2S 
rrepexo,n B Bo,nopo.ne). B .npyrux cny~aJIX ycnexu oKa3hIBaIOTC.ll HeconocTa

BHMLIMH H TOr,lla HmYTC.11 H0BLie CHCTE!MLI ,J:IJl.11 HCCJie,J:IOBaHH.11. TaK CBepx

TOHK0e pacm;eIIJieHHe B B0,ll0po.n:e H .n:eiiTepHH M0.>KeT '6LITb H3MepeH0 Ha 

HeCK0_JibK0 nop.ll,ll;KOB .rryqme, 'leM pacc'IHTaH0 (BBHJlY CTPYKTYPLI IlpOT0-

aa). CBepXTOHJme pacm;eITJieHHe B MIO0HHH H3MepaeTC.ll He co CT0Jib Bl>I

COKOH T0'IH0CTbIO, 3aT0 TeopeTH'IeCKHe pacqeTI,I MoryT 6hlTL npoBe,neHLI 

6onee ycnennm H 3KcrrepnMeHT B uenoM He ycTynaeT Teopnn. Bo3HHKaro

mee BpeM.11 OT BpeMeHH pacxox.n:eHHe Me.>K.n;y Teopueii: H 3KCnepHMeHT0M B 

nanLHefuueM ynaBaJI0Cb rrpeo,noneTL KaK B pe3yJILTaTe H0BLIX 60Jiee T0'I

HLIX 3KCnepHMeHTaJILHLIX HCCJie,ll;OBaHHH (TaK 6hIJio C H3MepeHHeM IUHpllHLI 

pacna,n;a opT0003HTpoinur), TaK H Ilp0Be,lleHHeM H0BI,IX TeopeTH'ICCIG!X pac

'ICT0B ( DOCJle.llHHH npHMep Ta.KOH CHTYBJJ;HH CBll3aH C pacqeT0M a.npoHHoro 

BKJiana pacce.lIIIH.11 CBeTa Ha CBeTe B aH0MaJII,H0M MarHHTH0M M0MeHTe MJO

ona ). Heo6xo,nHMo 0TMCTHTb, 'ITO oo.n:opO,llODO,ll06HL1e aT0MI,I BaJKHhl Ta.K

xe KaK HHCTpJMeHT .n:mi: HCCJie,ll;0BaHH.11 npyrux .IIBJieHHH. IlpHJIO:lKeHHS:MH 

.11BmDOTCSI YTO'IHeHHe 3Ha'ICHHH .pyu.n;aMeHTaJILHhlX <pH3H'ICCKHX K0HCTaJIT 

(nocTomHa.sr Pn.n:6epra, noCTOmH8Jl TOHKOH CTPYKTYPhl, oTHomeHHe Mace 

3JleKTpOHa H MIOOHa, 3ap.ll,ll;OBLIH pa,n;nyc np0T0Ha H .npyrue), 11CDOJ1b3yeMLIX 

.n:nsr C03,namrn 3TaJI0H0B e.n:HHHU, npeue3HOHHaJI npoBepKa KBaJITOBOH 3JleK

Tpo.znrna.MHKH, DOHCKH Hapymemm pa3IDl'IHLIX CHMMeTpHH H npo.llBJJCHH.11 

3K30TH'leCKHX B3aHMO,llCHCTBHH H tJacT:im. MoJKHo yTBep.:lK.n:ar1,, 'ITO aJib

TepHaTHBOH C03,llaHHJO 6om.IllHX ycKopHTeneii ,l(Jl.11 npOHHKHO~eHHSI BrJIY6L 

qacTHU H D0HCKy H0BLIX B3aHMo.n;eHCTBHH JIBJI.lleTC.lI Ha6JIJO,llCHHe T0HKHX 34J-

4JeKTOB CBH3aHHl,IX COCTO.lIHHH. lfa HHX M0JKH0 nony'!HTb TaKHe no.n:po6HOC

TH IT0Be.n;eHH.11 B3aHMO,lleHCTBHll Ha MaJII,IX pacCT0SIHHllX, K0T0pLie y.n:aeTCH 

o6Hapy.:lKHTb JIHWb npH oqem, 6om.WHX 3HeprH.HX. 

B 0TJIH'IHe OT TeopHH paccemH.11 npo6neMa CB.lI3aJIHLIX COCTOHHHH Bcer

na npe,ncTa.BJillJia co6oii: 6onee CJI0JKHYIO 3a.I{a'!y, D0CK0J1LKy 0Ha llBJllleTC.11 

ue TeopeTHKO-B03Mymeu~ecKoii: c caMoro Haqana. B cru.t:oM nene, sHeprmc 

.D:BYX'lacTHIJH0ro CB.1133.IIH0ro C0CTOllHHH ecTeCTBeHHO onpe,nens:eTC.11 nono
:lKCHHeM nonroca B noyx'!aCTH'IHOH c}lyHKUHH rp1ma, HO HH HH.rtHBHJlYa.Jib-
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Hhle ,ll.HarpaMMM JlJIJil Hee, HR Ka.Ka.JI JIH6o me KoHetUias: cyMMa TaKoro nomo

ca He co.nepX{aT, Jlmr peweHIDI 3a,naqH o CBJil3aHHOM cocToJilHI'Il'I aeo6xo.1u1Mo 

Il03TOMY ocym:ecTBJUlTb CYMMHPOBaHHe 6ecKOHe'lHOH nocne,noBaTeJThHOCTH 

,nHarpa.MM. Ilocne.no»aTeJILHhIH 110,nxo.z:t K 3a.naqe pemi:THBHCTCKoro B3a.H

MO.lle:iicTBHJil 'lacTHU, o6pa3yIOIIll'IX CB.ll3aHHyro CHCTeMy, KOTop:r,rn 61,1 Y'll'I

ThlBaJI 6ml3KO.I{eHCTBHe H B03M0.JKHOCTb po:lK,ll;eHH.11 H0Bl,IX 'lacTHU, ,llOJDKeH 

0CH0BI.IBaTbCJi[ Ha JIOKaJibHOH KBaHTOBOH Te0pl'Il'I nomi:. Bo BC.llKOM cnyqae 

.llO CHX nop TOJibK0 Ha 3T0M nyTH y,nanocb )l06HTbC51 3Ha'UITeJThHhlX ycnexoB 

B BbI'lllCJieHI'Il'I CfiCKTpa Mace, MarHRTHbIX MOMeHT0B CB.ll3aHHhIX COCTOllHHH 

JICilT0HOB H KBapK0B, WllpHH pacrrana pe30HaHC0B. Ca.Ma IlOCTaHOBKa 3a.na-. 

'IH 06 onpeneJieHI'Il'I COCTOJi[}ll'IR H ypoBHCH :meprHH JlByx qacTHU, B3aHMO

.llCHCTBYIOIIll'IX qepe3 KBMITOBaHHOe IIOJie, MeHJi[JiaCb 110 Mepe Toro Ka.K pa3-

BHBaJiacb KBaHTOBaK Teopmi: Il0JlR B UeJIOM. TaK JlO IIOJilBJieHHR H WHpOK0ro 

HCil0Jib30BaHHJi[ HHBapHaHTHOff cpopMyJIHp0BKH Te0pHH fiOJIR penJilTHBHCT

CKrul rrpo6JieMa JlByx 'lacTHU HCCJie,lloBanacL B paMKax TpeXMepaoro no.n:

xo.i:ta <I>oKa-TaMMa-JlaHKoBa. Baxrnoii oco6eHHOCTLIO TpexMepaoro onuca

HHH 6blJIO coxpaaemre BepoJilTHOCTHOH HHTepnpeTamm BOIDIOBOH cpyHKUID! 

H B03M0.JKH0CTb B npoCT0M BH,lle ccpopMYJIHp0BaTb :WUJ. Hee rprumqHI,Ie ycno

BHK. B T0:lKe BpeMl[ H3-3a HCKOBapHaHTHOCTH HCX0JlHhIX ypaimeenii nepe

HOpMHpOBKa TCOpHH BbI3hIBaJia 6oJibWHe 3aTpy.nueHHK. B paMKaX qeTMpex

Mepuoro 4>opMaJIH3Ma B TeopUH IlOJI.S: ,llJIK H3yqeHH'1 JlByxqaCTH'IHLIX CHCTeM 

61,lJlo npe,llJlo:lKeHo nomiocTLIO KOBapHaaTuoe ypaaueaue BeTe-Conrnnepa. 

B ,llaHH0M no,llxo.a;e nepeaopMHp0BKa He BCTpeqaeT npemITCTBHH, Ta.K KaK B 

HeM HCII0Jib3yeTCll Ta :lKe HHBapHaHTHrul: TeOpH.11 B03Mymeumi, "ITO H B 4>op

MaJIH3Me MaTpHilbl pacceKHHs:. KpoMe Toro ypaaaeaue BeTe-COJITIHTepa 

Y.ll06HO npH CYMMJfp0BaHHH BbIC0Ko:mepreTHtJCCKMX BKJia,llOB JICCTHH'!HhIX 

.a;n:arpaMM. Onuaxo 3T0 ypaBHCHHe HMCCT O.llHH cym;ecTBeHHblH He,llOCTaTOK! 

B0JIH0Bru£ 4>ynxmu1 EeTe-CommTepa 3aBHCHT oT .no6a'.Bo<moft rrepeMeHHOH 

- OTH0CHTeJThHoro BpeMeHH (3Hepr:m) CBll3aHH1,IX qacTHU) H He ,llonycKaeT 

ofo,P:nmro aepoKTH0CTHoro TOJIKOBaHHK B .nyxe KBaHToaoii uexruuum. C HHM 

CDX3aH0 IIOl[BJleHHe JlHIIIHHX {uelJ>H3H'lecKHX) pemeumi ypaaaeHHll EeTe

CoJIIIHTepa, K0T0phle B03HHKaIOT nanpHMep, B TO'IHO pewaeMOff M0,lleJIH 

BnKa-KyTKocKoro. Jlmr npeo.noneanx 3TOH TPY.llH0CTH A.A. JioryaoB n: A.H. 
TaBxe111m3e npe,llJIO}l{HJllf KBa3HllOTeHUHaJiblihlH no.nxo.n K penaTHBHCTCKOH 

npo6JieMe ,nByx TeJI. B HX no.nxo.ne BOJIHOBaK 4lYHKUHK CHCTeMM 3aBHCHT 

OT O,llHOH BpeMeHHOH nepeMeHHoii, B cHJiy qero OHa HMeeT RCHblH $H3H'lec-
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KHH CMhlCJI II o6LI'IHYIO ·. KBa.HTOBOMexaHll'IeCKYIO BepoHTHOCTHyIO TpaKTOB

Ky. KBa3HIIOTeHr{H~LHLiii IlO.!lXO,!l B KBaHTOBOll TeOpHH IIOJIH 6LIJ1 3;.!lyMaH 

KaK IIp.!lMoe o6o6m;eHHe IIOTeHI~Ha.J!hHOH Teop:im: .!lBYX'IaCTH'IHoro B3aHMO~ 

.o;eHCTl3HH Ha PeJIHTHBHCTCKH~ CJiyqaii. 3TOT MCTO.!l 6y.!ly'IH Tpex:MepHI,IM II 

.o;orrycKruI Bepo.llTHOCTttyIO HHTepnpeTauHJO BOJIHOBOll q>YHKUHH, o6na.naeT 

B TO:lKC BpCMH rJiaBHhll\IH npe~eC'l'BaMH (nepeHOpMnpyeMOCTL, aHaJJII

TH'IHOCTI,) nomIOCTLIO KOBapna~THOro ,MeTo.o;a. 3TOT MeTO.!l He npOTHBope

'lllT If peJillTHBHCTCKOH HHBapuaHTHO<:TH, Tax KaK CHCTeMa I(CHTpa HHepnun 

onpe.o;en.11eTCH HMilYJlLCal\IH paccMaTpHBaeMUX 'laCTHI(, B TO}KC npeMK Tpe:x:

MepHhIH IlO.!lXO.D; OCTaBrureT 60Jlbnnrii IlpOH3BOJl n cpopMyJIHpOBKe npo6neMhl 

CBH3allHblX COCTO.IIHHH. MHoroo6pa3He TpeXMepHLpC KBMHnOTeHUHaJILHLIX 

ypaBHeHHH o6ycJIOBJICHO KaK pa3JlH'lllhlMH Bhl6opa.MH nepeMCHHOH, no KO

Topoii MO,KHO BhlHTH 3a MaCCOBYJO HJIH 3HepreTH'leCKYIO o6onoqey, TaK H 

HeO):lH03Ha'IHOCTl,IO 3KCTpanOJIHUHH aMilJIHTY.!lhl paccellHHH BHe MaCCOBOH 

(3HepreTH•IecKoii) o6ono'IKH. PMJIH'!Hhle BapHa.HThl KBa3HilOTCHI(HaJlLHhlX 

ypa.BHeHHH 6hlJIH npe.o;noxeHLI P.H.<l>ayCTOBhlM, B.r. Ka,o;h[IIIeBCKHM, B.A. 
MaTBeeBhlM, II.H. Boromo60BhlM, )K.Il. JienruKeM, n.P. HeHHu, r. I'poT

'leM, B.H. Ca.BpHHLIM, O.A. XpycTaJICBhlM, <I>. r~occoM, H.T. To,nopoBhlM 

H ,ztpyrnMH. 

Cne.nyeT Ta.IOKe OTMCTHTL, 'ITO HCCJie.o;oBaHIDI CBK3a.HHhlX COCTORHHH B 

KBa.HTOBOH TeopHH nons: npHBeJIH K C03.!laHHIO H COBepIIICHCTBOBa.HHIO KOM

n1,10TepHhlX MCTO.!lOB pacqeTa <})eiuIMa.HOBCKHX ,llHarpaMM. PacqeT nonpa

BOK BhlCOKoro rropH,ll;Ka no. Teopnu B03Mym;emm: B cneKTpax ::meprHH cBs:-

3aHHLix COCTOXHHH, He06XO.!lHMl,IH ){JU[ npeI(e3HOHHoro cpaBHeHIU[. C 3KC

nepHMeHTOM, CBR3aH C nocTpoeHHeM onepaTopa B3all:MO,neiiCTBH.ll 'laCTHIJ;, 

KOTOpNii onpC,lleJUieTCX MHOroneTJieBhlMH qieinnmHOBCKHMH aJ,lIIJIHTYAa.MH, 

PocT 'lHCJia neTem, C O,llHOH CTOpOHhI H yBeJIHtJeHHe KOJIH'leCTB.a .zumrpaMM C 

.!lpyro:ii npHBeJIH K pa3pa6oTKe CHCTeM aHaJtHTH'leCKHX Bhl'IUCJieHHH Form, 

Reduce, Mathematica .!lJI!l pacqeTa qieiiHMaHOBCKHX aMilJIHTY.!l, a TaK)Ke 

pa3JIH'IHhlX npnKJia,D;HhlX IIaKeTOB ,D;JIJI HHX, npe,nHa3HatJeHHLIX .llJlll perue

HllR KOHKpeTHhlX 3a,natJ. Cne.nyeT OTMeTHTb, 'ITO 3HepreTutJeCKHe cneKTPN 

IIpOCTClfillHX aTOMOB1 rnpoMarHHTHLie cpaKTOpLI CB.ll3aHHhlX qacrun: npe,n

CTaBJI.llIOTC.ll B BH,D;e pMJIO)KeHHH B p.ll,ll no HeCKOJlbKHM MaJihlM napaMeTpal\1. 

IlapaMeTp O COOTBeTCT~yeT Kom1qecTBY 1rnaHTOB03JleKTpO,n;UHa~rn~ecKHx 

neTen1,, napaMeTp Za OnHCLIBaeT nop.ll,llOK peJI.llTHBHCTCKIIX nonpaBOK n 
3<p<fleKTOB CBll3a.HHOCTH. OTHoilleHHe Mace JierKOH H Tll:JKeJIOIY qaCTllUI,I B 
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_ CB.ll3aHHOM COCTO.llHHll onpe,neJI)IeT a4>4>eKThl OT.!la'IU. Ko:ciqictmuueHThl yno

MllttyThlX pa3JI01KeHHH MoryT co.o;ep1KaT1, Ta.JOKe norapHq>Mhl nepequcnen-

HLIX Ma.JlhlX napaMeTpOB. 

CymecTBeHHhlM 3JleMeHTOM «pll3HKU 3JleKTPOM!U'HHTHhlX .lIByxqacTnqHLIX 

CBK3a.HHhlX COCTO.llHHH IDIJIXeTC.ll B03M02KHOCTI, HCcne,noBaH0JI mma,noB CHJil,

HhlX H cnafo,IX B3all:MO~eftCTBHH- TaK, HanpHMep, cpaBHeHUe 3KcnepuMeH

TaJil,HhlX ,naHHhlX no JI3M60BCKOMY C,ll;BHrY B aToMe Bo.nopo,n;a C pacqeTaMH B 

KBaHTOBOlf 3neKTpo.n1rnaMHKe no3BOJI.lleT HaM nonyqHTh 6onee TO'IHyro HH

qiopMaI(HIO o cTpJKyTpe npoToHa. Heo6xo,nHMOCTL 6onee TO'lHhlX pac'leToB 

BKJia.!la a,npoHHOH nompH3a.IlHH BaeyyMa (B ,naJihHefurreM AIIB) npe)K.!le 

BCero B CBepXTOHKyro CTPYKTYPY H JI3M60BCKHH C.!lBHr BI! aTOMOB, KOTO-. 

pa.II CB.ll3aJia C ceqeHHeM aHHllrHJillUHU e+e- B a.upoHhl, CTHMynnpyeT npo

Be,neHne 6onee TO'llILIX 3KCnepuMeHTaJibHhlX U3MepeHIIH 3TOro cetJeHHR .nns: 

pa3Jllf'IHhlX HHTepBaJIOB 3HeprHH. B ,lla.HHOH pa6oTe paccMa TpHBaIOTC.ll pa3-

nnqHLie BO,!l;opo,nono,no6HI,Ie cncTeMhl (aTOM Bo.uopo,na, MIOOHHhlii Bo.o;opo,n, 

M:IOOHHH, no3HTpoHUH, nnoHun). HexoTopaa qacTh pe3yJibTaTOB nonytJeHa 

.lIJl.ll BO.lIOPO.lIOno,no6HLIX IIOHOB C npon3BOJlLHblM cnHHOM .ll,llpa. 

AKTYa.JlhHOCTh TeMhl ,nnccepTau:im: onpe.!leJIR;TCll ee opHeHTaI(He:ii Ha KOH

KpeTHhle 3a.1Ia'IH onuca.HHll cneKTPOB 3Hepr:im: aTOMa Bo.uopo.11a, MIOOHHO

ro BO.!lOpo.o;a, MIOOHirn, no3HTpOHHll H IIHOHU.ll, a TaK.lKe rupoMarHHTHhlX 

q>aKTDpOB Bo.nopo.o;ono,no6HhlX HOHOB, penreHUe KOTOpI,IX Heo6XO.lIHMO .!lJU[ 

ycneurnoro cpaBHeHHll TeopHH n 3KcrrepnMeHTa; B KatJecTBe na116onee ax

TyaJll,HhlX pe3yJILTaTOB BLI,UeJIHM Bbl'IUcneHHe acJ.>qieKTOB CHJlbHOro B3aHMO

,neHCTBHll (nonxpn3yeMOCTH npOTOHa H a,npoHHOH IIOJIRpH3auHll BaKyyMa) 

B CBepXTOHKOH CTpyKType MJOOHH.ll, 3JieKTpOHHOro H MlOOHHOl'O BO,nopo.n;a, 

a TaK1Ke B Jl3M60BCKOM C,IJ;BHre MIOOHHOro BO,nopo,na. C 3THMH BKJia.n;aMU 

CBll3aHa B HaCTO.llll(ee npel\U[ ['JlaBHall TeopeTH'leCKall Heonpe,o;eJieHHOC'I'h- B 
cnyqae MJOOHHOro Bo.nopo,na Bh[qncneHHhlC BKJia.!lhl HMeIOT np1mu;Hnnam.

HOe 3Ha'1eHne .!lJl.ll npaBHJlLHoro onpe,neneHHR 3ap.11,o;0Boro pa.n;uyca npoTo

Ha 113 3KCnepHMeHTa no JI3M60BCKOMY C.!lBHry l KOTOphlH ocymecTBJIXCTCll B 

HaCTORillee BpeMj{. BLI'lHCJieHHe nepTyp6aTHBHhlX rronpa.BOK BhlCOKoro no

p.ll.!lKa K TOHKOH cTpyKType MIOOHHR no3BOnHJIO ocymecTBHTh 6onee TQq

HOe cpaBHettue TeOpHH H 3KCnepHMeHTa ,ll;Jl.ll HHTepBaJIOB 60JI1,lll0ll TOHKOH 

CTpyKTyphl. HcnoJIL30B~He pen.!!THBHCTCKOrO KBa3HilOTeHu;HaJil,H0['0 no,n

xo,na II03BOJIHJ10 npaBHJILHO yqecTb Bee pemrTHBllCTCKHe 3cpcpeKThl BToporo 

nops:,nKa B lllHpHHe pacna,!l;a II03HTpOHHK, uccne,o;oBaTb 3q><peKThl CB.ll3a.H-
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H0CTH 'IRCTHU rrpu pacqeTe rnpoMarHUTHhlX cpaKTOpOB :meKTpoua H .s:npa 

B BIT cucTeMe. 

I.J;em, .QHCCepTaI{HOHHOH patiOThl, 

OcHOBHaJI n;em, ,nuccepTa.n;HOHHOH pa60TLI COCTOHT B q>OpMyJIHpOBKe HO

BbIX rronxonoB K uccnenoBaHHIO PeJI.lITHBHCTCiillX H pa.nna.n;HoHHbIX 3q>cpeK

T0B, 3cp4>eKTOB a.npoHHOH II0JUlpH3a:uuu BaKYYMa H rrom1p113yeMOCTH npoTO

Ha B crreKTpax 3HeprHH H MarHHTHLIX MOMeHTax BIT aT0MOB B KBaJITOBOH 

3JICKTPO.llHHRMHKe, B pemeHUH Hau6onee aKTYaJIJ,HbIX 3a,Ila'I .nm1 npoBepKH 

KBaHTOBOH 3.JleKTpO,nttHaMHKH H Teopnu CBll3aHHLIX COCTOXHHH. 

Hay11mu1 HOBH3Ha. 

Hay'IHaJI HOBH3Ha TaK)Ke CBX3a.Ha C HCCJie,IlOBRHHeM TaKHX 3cpcpeKTOB B 

cneKTpax :mepnm BIT aTOM0B, ponb KOT0pblx cTana B noCJie.IlHlle ronLI 

onpe.nemnomeii. OcHOBHhle pe3ym.TaThl nttccepTa1.um 1rn1u110Tca: opHI'HHaJib

HLIMH H rronyqeHbl BnepBble. 

B paMKax KBR3llII0TeHil;HaJlbHOro MeTo.na B KBaHTOBOH Teopuu U0Jill no

JIY'leHO pemITHBHCTCKoe KBR3llII0TCHilJlaJil,H0e ypa.BHemm, KOTopoe HMeeT 

T0'IHhle pemeHml .IlJlll KYJI0HODCK0I'0 II0TeHI~HaJia H .naeT B03MO:lKHOCTb npa

BHJThH0 yqHTbIBRTL pemtTHBHCTCKHe 3ip4'eKThI B cneKTpax 3HeprHH rrpoc

Teiimmc. RT0MOB. Bhl'IHCJICHHe IIIHpHHLI pacrrana II03HTp0HIIJI. C BbICOKOH 

T0'IH0CTbIO .RBHJI0CJ> CTlfMYJI0M ,l{Jlll o6cy)K'AeHHX peam:.Hhlx 3KcnepnMeHT0B. 

IlpH 3T0M 6hlJia npe.nno:iKeHa H0Bast 34l4lCKTHBHaJl (f)opM(pRKTOpHrui MO,IleJib, 

ll03B0JI.IUOillruI IIpa.BHJihHO yqHTbIBRTb 3qi4>eKTbI CBX3H0CTH B pacnane aTO

Ma rro3HTp0HHa:. Hru.m 61,m npenno::lKeH cnoco6 6onee TO'IHoro pac'leTa 3q>

cpeKTOB nonxpH3yeM0CTH Knpa, OCHOBa.HHbIH Ha 3KcnepHMCHT8JlI,HbIX .lla.H

HhlX no CTPYKTYPHhlM <l>YHKUH.KM r11y60Koaeynpyroro nenToH - uyxnoHHoro 

paccemrnx. BbI'IHCJICHHe BKJia.noB a.npoHHOH II0JillpH3a.n;HH BaxyyMa H no1111-

pu3yeM0CTH npoT0Ha B Jl3M60BCKOM cnBure MIO0HH0ro Bo.nopona II03Bommo 

rrony'IHTL H0Boe, 6onee T0'IHoe TeopeTH'leCK0e 3Ha'leHue 2P - 2S cnBnra, He

o6xo.nuMoe .llJIJI ycnennrnro rrpoBeneHHx cooTBeTCTByIOillero 3KcnepHMeHTa 

B MIOOHH0M Bo.nopo.ne. ITony'leHUe a.HaJlHTH'ICCKHX pe3yJII,TRTOB no TOHKOH 

cTpyx:Type BIT aT0M0B npuneno K q,opMyIIHpOBKe H0Boro cnoco6a pac'leTa 

CllCKTp0B 3HeprHH - pa3MepHOH perymtpH3RIJ;HH B K00p,IlHHRTH0M npOC'J.'PRH

CTBe, KOTOphlH Il03BOJIJleT npa.BWibH0 npoBeCTH ycpenHeHHe CTeneHHhlX H 

JJorapn4>MH'leCKHX II0TCHUHaJI0B, 0611.anarorn;ux: BbICOKOH CTerreHbIO CHHry-
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mi:pHocTH. Bnepnhle npoBenea nocnei:toBaTeJIJ:,HhIH pacqeT BKJiana nonxpu-

3yeMocTH rrpoT0Ha B CBepX:TOHKOH CTPJKType aTOMa Bonopoi:ta H MIO0HH0I'0 

BOi:topo.na, OCHOBRHHhlH KaK Ha 3KcnepHMeHTaJIJ:,HhlX .lla.HHbIX no nomquoa

UH0HHbIM CTPYKTypHbIM cpy~xM IIp0T0Ha, TaK H Teopen1qeCKHX pacqe

TaX cetJeHHfl: cpoTonornomeHHJI 6apuoHlll,IX pe30HaHC0B u nomi:pu3an;HoHHI,IX 

KBapK0BhlX pacnpei:teneHHH. IlonyqeHI,I H0Bbie aHaJIRTU'leCKHe BbipruKeHHll 

,llJIJI BKJIR1I0B rromipH3yeM0CTH np0T0Ha B cnyqae MIO0HH0I'0 B0,nopo.na, B K0-

T0phlX TO'IH0 Y'IHTI,IBaeTCSl 3a.BHCHM0CTI, OT MaCChl MIO0Ha. MLI npenno:am

JIH TaJOKe aJibTepHaTHBHhlH cnoco6 pacqeTa BKJiall0B OT,l(eJibHbIX pe30HaH

C0B B nonpanKy Ha nonxp113yeM0CTL npoTOHa B CTC Bo.nopo.na, ocHOBaHHLIH 

Ha HCil0JIL30BaHHH q>OpM<paKTOpOB nepexona,uyKJioHa B HYKJIOHHbIH pe3o

HaHC, H Bhl'IHcmmu BKJia.Il t;. u~o6apbl. HoBbIH pac'leT ::icp4>eKT0B anpoHHoii 

nona:pH3aIJ;HH BaKyyMa C TO'IH0CTLIO .no C0ThlX .noneii Kru B CBepXTOHKOH 

CTpyx:Type MIO0HHR 6bIJl Heo6xo,nHM ,IJ;JIS[ ycnemHoro cpaBHeHHll C 3KCile

pHMCHT0M, a TaK)Ke ,IlJI.11 6onee T0'IH0I'O onpe,n;eneHHX H3 Hero 0TH0meHH.11 

Mace JICIIT0H0B. <l>opMyJIHpOBKa HaMH KBa3HIIOTeHI\HaJII,H0ro MeTo,na pac

'leTa rupoMarJllITHhlX ,PaKTOp0B CB.ll3aHHLIX >racTHI\ IIp0H3B0JibH0I'0 crnrna 

II BbI'IHCJieIDle H0BbIX CIIHH-3aBHC.IIIDHX nonpa.B0K B g-4>axTopax qacTHU BIi 

aT0Ma aKTHBH3HpyeT 3KCnepnMeHTaJlbHhle HCCJienoBa.HHH BIT H0H0B C si:npa

MH, o6nanaIOIUHMH DbIC0KHM 3HR'ICHHeM cmma. 

Hay'IHWI H Dpa.KTH1:JeCK8JI 39aq11MOCTL. 

B nuccepTaIJ;HOHHOH pa6oTe pa3BHTa TeopH.11 Bhl'IHCJieHHSl penRTHBHCT

CKHX H panHaUH0HHLIX nonpanoK, a TaK)Ke nonpanoK CIIJThH0I'O B3aHMo.neii

CTBHll K yp0BHHM 3HeprH1t Bo.n;opo.nonono6m,tx RTOM0B H I'Hp0MarHHTHLIM 

cpa.KT0paM CBSJ:3aHHhlX 'laCTHU, pemeHbI KpynHbie Hayqm.re npo6JieMLI, HMe

IOIIJ;He BaJKH0e 3HaqeHHe i:tnsi: nponepKH CTaanapTHoii MoneJIH, nna onpe

ne.rreHH.ll 3Ha'leHHH cpyanaMeHTaJII,HbIX q>H3H'leCKHX K0HCTaHT. Hccne.noBa

HHR 6wm Ha.npaBlleHhl Ha Hax0:lK.l{CHHe pa31IH'IHbIX BKJianoB B JI3M60BCKHH 

C,l(BHI' aT0M0B 3JieKTp0lIB0I'0 H MIO0HH0I'0 Bonopona, TOHKYIO H CBepXTOH

KYIO CTPYKTYPY cneKTp0B MIO0HHX, II03HTp0HH.II, MIO0HH0I'0 H 3JieKTpOHHOI'O 

B0,!l;0po,na. Mhl TaIOKe paccM0TpeJIH psi:.n BonpocoB CBR3RHHhlX C pacnanoM 

aT0M0B II03HTp0HH.ll H IIH0HHll. 

Hccne,nonaaux no, TOHKOH u cnepxTOHKoii cTpyKType cneKTpa ::iaeprIDI 

aT0Ma Bonopona, MIO0HHll H Il03HTpomrn HMeJIH CBOeH ueJILIO C 01IHOH CTO

p0HbI onpo6oBaTL npenno)KeHnoe KBa3HII0TeHUHaJII,Hoe ypaBHeHHe .nmr pac-
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'leTa ypOBHeH 3Heprnn, a C .llpyrou - BhIIIOJlHHTb Bhl~CJleHHe BKJia,llOB no

pa,llKa (Za)6
, (Za)6mifm2 npuo6pe'Tarorr:ou BaJKHoe 3Ha'leHHe .llJlll nponep

KII npe,llCKa3amm KBaHTOBOH 3JleKTpo.n;HHaMHKH B CBll3H C pocTOM sxcne

pHMeHTaJibHOH TO'IHOCTH ll3Mepemur ypoBHeH :meprHH BO,n;opo.a;ono.i:to6m.rx: 

aToMoB. ITpoBe.n;eHHLre pacqena .n:mr cnepxToHKoii: CTPYKTYPLI MIOOHH.ll ua

xo.zurTc1r B COI'JiaCHM C B.bl'lHCJieHHKMH, BhIIIOJlHeHJIIJMH pa3HblMH aBTOpaMH 

B pa.MKax .llpyrnx noroco.n;on . .!InarpaMMHhlii: cnoco6 nocTpoeHHa KBa3n:no

TeHIQiana. npocTeHIIIHX aTOMOB, KOTOp:bIH HCil0Jlb30BaJICll B Haumx pa6oTax, 

np1meJ1 K Bbl''UICJieHUIO nonpaBOK J:taHHOro nopll,llKa ,llJll[ TpHIIJleTHbIX ypoB

He:ii :meprHH MIOOHHll II aTOMa BO,n;opo,lla.. ITOJIY'leHHLie pe3yJibTa.ThI llOilOJI

HllIOT pacqeThI ,upyrmc aBTOpOB 3q>q>CKTOB OT.n;a'lll rropx,llKa (Za)6mifm2 
B naM6oBCKOM c.n:nnre BIT a.ToMoB. C a4>qieKTaMH nopx,llKa (Za}7 B cneKT

pe II03HTpomur CBH3aHa B HacT051IJJ;ee BpeM.ll rnaBHall Heonpe,lleJieHHOCTb 

TeopeTH'lCCKOI'O pe3yJibTaTa .n:ruc HHTepBa.JIOB TOHKOH CTpyKTYPhl CilCKT

pa. B:bIID!: HaH.ZJ;CHhl o,nHoneTJieB:ble nonpa:aKH .l{aHHoro nopx.nKa .llJill S- H 

P- ypoBHeii:, 'lHCJleHHoe 3Ha'leHHe KOTOpbIX IlOKa HaXO,llHTca B npe,llenax 

3KcnepHMeHTam,Hoii OIIIH6KH. Hccne,lloBaHH1£ BKJia,na cna6Mx B3aHMo,neii:cT-

~ BHH B cneKTp SHepnm .O:ByX'laCTH'lHOI'O CB.ll3a.JfHOI'O COCTO.llHH.ll HMen:n: CBO

eii ~eJII,IO BhIIIOJIHHTJ, IIOCTpOeHHe KBa3HilOTCHIUraJia npn: npOH3BOJibHhlX 

3HeprHJIX CBll3H. Heo6xo.n;HMOCTb TaKoro nocTpOeHHJI 6hlJia Bhl3BaHa IlOHC

KOM Y3KHX pe3oHaHCoB B 3JICKTpoH- Il03HTpoHHoii: cncTeMe. B cny'lae BII 

aTOMOB nocTpoeHH:bIH onepaTop B3allMO,lleHCTBHJI .llaBaJI BKJia.n; B CBepXTOH

KYJO CTPYKTYPY H JISM6oncKHil C.O:BHr, conna.n;aIOIIlHH c pacqeTaMH .n:pyrnx 

rpynn. 

Pa6oTbI rro HCCJie,o:OBaJIHIO 34lq>CKTOB IlOJIJIP:H3YCMOCTH ll.ZJ;pa B JI3M60B

CKOM c.n;nnre H cnepxToHKoii CTpyKType BIT aToMoB HMenn MOTHBHpOBKy 

TCCHO CB.ll3a.Jfttyro C 3KcnepHMeHTOM. PaCIIIHpeHHe 06nacn1 3KCnepHMeH

TaJILHOro H3y'leHHJI cneKTpOB SHeprHH BIi aTOMOB, BKJIIO'lettne B uccne

.llOBaHHJI HODI:,IX npOCTellWHX a.TOMHhlX CHCTeM cnoco6Ho npn:BeCTll K cy

m;eCTBCHHOMY nporpeccy Ka.K B n3yqeHHH caMHX ypoBHeii 3HeprHH, Ta.K H B 

onpe.u,eJieHHH <lJyH,llaMCHTaJibHhIX 4JH3H'leCKHX KOHCT3.HT. Tax, .Ha nopll,llOK 

60Jiee TO'lHOe onpe.ueJieHHe 3apll.llOBOI'O paJ:J;HyCa npoToHa MO:>KHO ,l:IOCTH'lh 

npH nocTaHOBKe 3KCnepHMeHTa no H3MepeHHIO 2P-2S JI3M60BCKoro C.UBHra B 

aToMe MIOOHHoro BO.llOpoµa. C~eCTBeHHyro IlOMOIIU, B IIpOBe,ZJ;eHHC TaKOI'O 

3KcnepHMeHTa C Heo6xo.n;HMOH TOqHoCT1>IO M01KCT OKa.3aTb HOB:bIH TeopeTn

qeCKHii aHaJIHX Bcex B03MO)Kffl,IX BKJia,n;oB B Jl3M60BCKHH cwmr llOPJl.llKa 
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10 MK3B. BhlJI IIpone,n;eH He3aBHCUMI,IH pacqeT aipcpeKTOB, CBH3aHH:bIX co 

CTPYKTypon .11.n:pa, nop}JJlKa (Za)5 B JISM6oBCKOM C,llBifI'e MIOOHHOro BO,llO

po.n;a Ha OCHOBe KBa3lffiOTCHU:HaJibHOI'O MCTO,lla, npHBeJJ.IIIUH K 'lllCJieHHhlM 

pe3YJibTaTaM cornacyIOIIlHMCK C Bbl'IHCJICHHHMH .!lPYrHX a.BTOpoB. Bhl'lHC

JieHHLIH Ha OCHOBe COBpeMeHHbIX 3KcnepnMeHTaJlbHhlX .llaJilffiIX no CTPYK

TypHhlM q>yilKQIDIM rny6oKOHeynpyroro JI~IlTOH - HYKJIOHHOro pacceJIHHH 

BKJia.n; llOJlllpH3yeMOCTH npOTOHa B JI3M60BCKHH C.llBHr MIOOHHOro Bo.n;opo.n;a 

IIOp.11.n;Ka {Za)5, a Ta.KlKe nonpanKH nopR,llKa a(Za)5' paBeH 16 MK3B H HMe

eT ll03TOMY Ba::irrnoe 3Ha'leHHe .O:Jl.ll npoBO,l:IHMOro 3KCnepHMCHTa. Pa60TI:,I, 

HanpaBJieHHbie Ha llCCJIC.llOBaHHe BKJia,Lta nonapn3yeMOCTH npOTOHa B Jl3M-

6oBCKOM c.n;nnre aTOMa MIOOHHOI'O no.nopo.n;a llHTHpyIOTC1£ KaK TeopeTHKaMH, 

TaK H 3KcnepHMCHTaTOpaMH. Ilpe.u.no:lKeHHhlH MCTO.ll pac'leTa HCilOJib30BaJI

CJI TaK)Ke B .npyroii 3a.n;aqe, CBJl3aHHOH C ll3MepeHHeM Bo.n;opo.n;- .n;e:ihpOHHOro 

ll30TOilH'leCKOro CMem;eHHJI B a~OMe Bo,n;opo.n;a. BbIJI nony•rnH BKJia,n; BHYT

pettHeH IlOJillpH3YCMOCTH ll,llpa B H30TOIU{qeCKOM C.UBIIT'e, 'lUCJICHHOC.3Haqe

HHe KOTOporo HaXO.UHTCH B npe.n;enax axcnepHMeHTaJILHOH oum61m ll RMCCT 

3Ha'leHHe .llJl.ll 6y.n:ymnx 3KCnepHMeHTOB. HcCJie.UOBa.Jm:.ll BKJUl,Ila nonxp113ye

MOCTll npoToHa B CBepXTOHKJIO cTpyKTYPY aTOMa no.n;opo.n;a npe,n;cTaBJillIOT 

oco6filn HHTepec, Tax :rmK y:>Ke 6onee 30 neT TeopeTH'leCKaJI norpelllHOCTL, 

CBJl3aHHaJ£ C 3THM BKJia.n;oM, JIBJIHCTC.11 onpe.n;enllIOro;eii. ITocne Toro KaK BO 

BTopoii nonoBHHe 90-x l'OllOB 6MJIH BhlilOJlHCH:bl sxcIIep11MeHThl B CERN, 
SLAC, DESY no rromrpH30BaHHoMy rny6oKoueynpyroMY paccenuuo nenTo

HOB Ha H)'KJIOHax, IIOllBHJiacb neo6xQAHMOCTb npoBe.n;eHH.11 pac'leTOB 3TOI'O 

BKna.na B CTC no.n;opo.n;a. BnepBble 6bIJIH BfilDOJIHeHhl .n:eTam,Hhie Bhl'!HCJie

mur BKJia,na non.11pu3yeMOCTH npoTOHa Ka.K ,n;Jl.11 3JlCKTpOHHoro, TaK H .O:Jill 

MIOOHHOro BO.O:Opo.ua, KOTOphie npHBeJIH K YMCHbllleHHIO paCXO)K.lleHHH Teo

pun H 3KcnepHMeHTa. 

MN TaK)Ke IIpOBeJIH HCCJie,n;onaHH.ll .n;pyroro 3qJ4JeKTa CHJibHOro B3aHMo

.neucTBlUI - a.n;poHHoii: nonllpH3~Im naxyYMa B cneKTpax stteprHH BII aTo

MOB, MoTHBOM .n;n:JI 3THX pa6oT .llBHJIOCb c O.D:HOH cTopoHLI yxe ynoMHHa.B~ 

meecJI BhlIIIe npe,n;no:iKeHHe no H3MepeHHIO JI3M60BCKOI'O C.llBHI'a B MIOOHHOM 

no,nopo,ne; BwtHcneHHhle BKJia.n;hl nopx.nKa ma(Za)4, ma(Za)5, ma2(Za)4 

COCTaBJl.l[IOT ~ cyMMe BeJIH'lHHY 10.8 MK3B, u Ka.K o6oCHOBaHO paHee, HMeIOT 

BaJKHOe 3Haqemte C Y'!CTOM 3a..llBJICHHOH TO'IHOCTH npoBe,UeHHH 3KCnepHMCH

Ta. Ham:n paC'lCThl BKJia~a nopH.n;Ka ma(Za)4 COI'JlacyJOTCH C He3a.BHCHMhl

MH Bhl'lHCJICHUllMH, npOBC,lleHIWMU cpa3y HCCKOJibKHMH aBTopaMII, I(pyrHM 
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CTHMYJIOM nmi: 3THX pa6oT 11BJmacL IlOIIl,ITKa IlOJIY'IHTI, 6oJiee TO'IHhle naH

Hble O nonpaBKax, CBll3aIIHhIX co CTPYKTypoii IlpOTOHa ll ero nomqm3yeMOC

ThlO B CJIY'lae aToMa Bo,nopo,na, ucnom,3y11 3KcnepHMeHTaJILHhle ,namn.re no 

CBepXTOHKOMY pacm;enJieHHIO OCHOBHOro COCTOJIHJUI aTOMa MIOOHHoro BO.llO

pona. BhlJI Haii,neH n:rma,n nomrpH3yeMOCTU npoToHa B CTC MIOOHHoro Bo

.nopo,na, KOTOphlH He Y'IHTLIBaJICll ,npyrHMH aBTopa~rn. BLI'IHCJieHHe BKJia,11;a 

AIIB B CTC MI00Hll11 C TO'IHOCThlO HeCKOJILKO ru 6LIJIO npOJlHKTOBaHO C 0,11;

HOH CTOpOHhl IlOllBJleHHeM HOBhlX 3KcnepHMeHTaJil,HhIX ,ll;aHHhIX C ,ll;eTeKTO

poB KMil-2 H CH.ll (Honoc116npcK}, a c ,11;pyroii H3MepeHHeM CTC MIOOHHH 

C TO'IHOCThlO ,no COThlX JlOJieH Kru. Pa60Thl, Hanpa.BJICillihle Ha HCCJICJlOBa

HHC BKJiana AIIB B cnexTpax :mepnrn npocTeiiurnx aTOMOB, ~THpy10Tc11 

KaK TeopeTHKaMH, TaK H 3KcnepHMeHTaTopa.MH H HCnOJih30BaH.bl npu TaK 

H33J,IBaeMOM cornacoBa.mrn 3Ha'IeHHH (]_:>yH,naMeHTaJil,HhIX cJlll3ll'ICCKHX KOH

CTaHT - npoue,11;ype, npono,unMoii pa6oqen rpynnoii: no cpyHJlaMeHTaJILH.bIM 

rrocTOJraHhlM rrpH KowueTe .llaHHLIX JlJiil HaJKll u TeXHHKH (CODATA) 

Me)KJlyHapo,nHoro coBeTa Hay-.:nn.rx opraHnsaunn (ICSU) .nn11 coBoKynHoii 

o6pa6oTKH ncex npeue3HOHHhlX ,naHHhlX 1• Pa6oT.bl no AIIB HaIIInn Honoe 

npHMeHeHHe rrpH HCCJie,llOBa.HllH 3K30TH'IeCKOH aTOMHOH CllCTeM.bl - IlHOHlHl. 

IlnOHHH ylKe Ha6JIIO,llaJIC11 Ha 3KcnepMeHTe, H HeCKOJILKO rpynrr npO.llOJDKa

lOT ero HCCJie,llOBaHue c UeJibIO H3MepeHwr IIllOHHLIX .ll11HH paccesrnmr, qepe3 

KOTOp.ble BhlpruKaeTC.IC aMil11HTyJla pacna,11;a nuomu. HMeeTCSl HeKOTOpoe K0-

11H'lecTBO pa6oT no Bhl'IHCIIeHHIO pa,nnaUHOHHLIX nonpaBOK K nmp1rne ero 

pacnana, H BhIIIle HaHJleH o,nHH H3 BKJia,noB, He paccMoTpeHHLIX paHee. 

HcCJie,noBamu IIIHJ)HHhl pacna,na Il03HTpOHHil nMeJIH B noCJie~e ro

.ll:E.I oco6oe 3Ha'leHne B CBX3H c Ha6JI10,naBnmMcsr pacxolK,neHHeM Teopnn 

u 3KcnepHMeHTa no mnpnii:e pacna,11;a opTono311TpoHHH. BhlJIH BI.r'Illcne

H.bl peruITHBHCTCKHe a 2 nonpaBKH B paMKax npenJio)KeHHOH 4>opMtJ>a.KTOp

HOH rreTJieBoii: MOJleJlll pacna,11;a opTono3HTpo1msr. BLIJ10. o6HapyxeHo, · 'ITO 

psr,n pemITHBHCTCKHX rronpaBOK ,naHHoro nop.llllKa He yqnT.bIB,aJICH B pacqe

Tax, BbIIIOIIHeHH.bIX ,11;pyrm.rn aBTOpaMH. IIonyqeHH.bIH BKna,n nopsmKa a 2 

npHBOJlHT K xopomeMy corJiacHIO C HOBbIMH 3KcnepHMeHTaJihHbIMH ,llaHH.bl

MH. IlaHHhle 11cCJie,noBaHHS1 nony'lJIJlH npo,llOJI1Kem1e B pac<JeTe c:o6cTBeHHo 

-:mepreTH'leCKMX BKna,noa yxa3aHHoro nopsi:ii;Ka a IIIHpHHax pacnana opTo

H napanosHTpomu, BLinqmieHHhIX B KaJIH6ponKe c:l>p1ma - He1rn11, a Taxxe 

1P.J.Mohr, B.N.Taylor CODATA recommended values of the fundamental physical constants: 
1998, Reviews of Modern Physics 72 (2000) 351-495;http://physics.nist.gov/constants. 
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npou;eccax poxnemra no3nTpoHHlI n pe3ym,TaTe pacna.na nerKHx Me3oHoB. C 

O,llHOii CTOpOHI,I CTHMYJIOM ,llJISI nocnel{Heii pa60Thl cTana B03pOClliall 3KCIIe

pHMeHTaIIl>HaH TOqHQCTL Jl3MepeHHSl BepoHTHOCTH pacna,na HeiiTpam,Horo 

IlHOHa C o6pa30BaJmeM aTOMa Il03HTpOHHi£. C .upyroii - HaIIH'IHe psma He

H3BeCTHbIX nonpaBOK nopsi:nxa 0( a) " penSITHBJICTCKHX BKIIa.llOB nopll,llKa 

0 ( a 2 ) B YKMaHHoii aepoHTHOCTH. Bhlq11cn_eHH.ble nonpaBJrn: npe,ncTaBJilIIOT 

HHTepec ,llJilI 6onee ToqH.bIX 3KcnepuMeHTOB no H3MepeHHIO BepoHTHOCTH 

po.lK.neHH11 Il03HTpOHHSI:. Pa6oTLI no mupHHe pacnana opTOil03HTpOHHH TaK

:m:e UHTHpyroTCS[ KaK TeopeTHKa.Ml'I, TaK 11 3KCnepHMeHTaTopaMH. 

HcCJIC,llOBaHJIH no rnpoMarHHTHhlM qlaKTOpa.M cao6o,nHhlX u CBSl3a.HHhlX 

qacTlru: B cTaa.napTHoft MO,nenu npno6peJIH B nocnenHHe ro.nhl oco6Mii cTa

Tyc. OH o6ycnoBJieH c o.nuoii cTopoHI,I pacmupenneM o6JiaCTH uccne.noaaHHii 

BO,D;OpO,llOIIO,ll06HI.rx aTOMOB H i,oHOB, xor.na BCe HOBhle CHCTeMhl BKJIIO'laIOT

ClI B 3KCIIepHMeHTaJil,Hhle pa6oTLI. C ,npyroii -pOCTOM 3KcnepnMeHTaJII,HOH 

TO'IHOCTH H3MepeHHSI g- qlaKTOpOB qaCTHU. Tax HOBOe ll3Mepea:ue g- qla.KTO

pa MIOOHa B BpyKxeHBeHCKOH Hal.UIOHaJILHoii na6opaTopHH HHHU:Hnpoaano 

cepnro TeopeTJl'lecKHX pa6oT, uanpanneHHhlX Ha npoaepxy CTau,napTaoii 

MO,ll;eJIH. 3KcnepHMCHTiil c ,neiiTepHeM, ao.nopo,nono,no6HI.rMH HOHa.MU, si:,npa 

KOTOpbIX HMeIOT pa3illI'IHble cnHHhl, Bhl3hlBalOT aeo6XOllHMOCTI. qiopMyJIH

poBKH MeTO)];OB pacqeTa g- ct>aKTOpOD B 3TOM cnyqae. B .nnccepTallllll nony

qeHLI .IIOIIOJIHHTeJILHhlC O(a2) nonpaBKH D g- q>aKTOphl CBSl3aHHhlX qacTHU 

nmi: H,11;ep nponsaoJILHoro cnnua, KOTOphle MoryT 6LITL npoaepeHhl Ha 3KC

nepHMeHTe y».<.e B 6mDK3InIIee npeMSI. Pe3yJibTaThl pa6oT, KOTOpble TaKJKe 

I.UITHPYIOTCll npyrHMH aBTopaMH, cornacyroTCSI C He3aBHCHMhlMH Bhl'IHcne

HHHMH nrpoMarmITHhlX ct>aKTOpOB .IIJISI qacTHU cmrna 1/2. 

Anpo6an;nJ1 ,n;nccepTanm1. 
Co.IIeplKaHJIC pa3JIH'IHLIX pa3,UeJIOB nuccepTaJlHH ,D;OKJI3.llh1BaIIOCh Ha cec

CHSIX 051ct> AH CCCP, Pct> B 1983-2002 ro,llax, Me:lK.llyHaponuoii xoaqiepeH

u;nn no qJH3HKe BhlCOKHX 3uepru11 n KBaHToaoii Teopnn nom1 HHH51<1> MrY 

(QFTHEP) B 1985, 1997-2001 ronax, Ha XIV-XVIII Mexmyuapo,nuhlx ce

MHHapax no npo6neMaM qm3nKH BhlCOKHX 3Heprnu H Teopnn nom1 B HcI>B8 

(IIpoTBHHo), Ha BcepoccniicKHX KOHqiepeHI.UIHX "YHnBepcHTeThl Poccnn -

<l>ya,naMeHTaJibHI,Ie nccne,noBaHHH" B 2001-2002 ro,nax (MH<l>H}, Ha Me:lK

,11;yttapo.llHOH KouqiepeHn:nn "AnpoHHble aTOMhl n II03HTpouuii B cTaH,napT

Hoii: Mo,11;enn" B r. }1y6ua B 1998 rony, Ha Me:iKJJ;yttapo,nuoii Koaqiepeun:mt 
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"KBaHTOBM ::ineKTpo.nHHaMHKa H <l>H3HKa BaKYYMa" Br. TpuecT (JfTaJIHH) 

B 2000 ro.z:ty, Ha MeJK.llyHapO,IUIOU KOHll>epemnnr "<I>H3IIKa npocTI,IX aTOM

HhlX cucTeM" B r. CauKT - IleTep6ypr B 2002 ro.ny, Ha Hayqm.ix ceMH

Hapa.x: u Kompepem:.u1xx CaMapcKoro rocy.napCTBeHHoro yuunepcuTeTa. Hc

cne.z:toBaHnx no TeMe JlHccepTauuu npono,mmnc_1,,» paMxax rocy]lapcTBeHHoii 

Hayquo-TexttH'leCKOH nporpaMMJ;J "<l>H3HKa BhlCOKHX 3Heprnii", 6hlJJH no.n

,llep.lKaHhl rpaHTaMII Poccniicx:oro q>OH,lla qiya.naMeHTam.HMX nccne.llOBaHIIH 

(rpaHT 93-02-3545, rpaHT 96-02-17309, rpauT 98-02-16185, rpauT 00-02-
17771} B 1993-2001 rolla.x:, Mnuo6pa30BaHIDI P<I> (rpaHT 94-6.7-2015, rpaHT 

E00-3.3-45) B 1994-1996 ro.nax, 2001-2002 ro.nax, q,e,n:epanhaoii nporpaM

Moii "YmraepcHTeTbl Poccm-1 - <I>yu.naMeHTaJibHhle Hccne.z:tonaam.r" (rpaHT 

2759, rpauT 990192, 01.02.016) B 1998-2003 ro.nax. 

Ily6JIDKau;HII, 

JlHccepTa.QHOHHaH pa6oTa OCHOBaHa Ha HCCJie,I(OBaHmrx, npone.neHHbIX B 

1982 - 2002 ro.nax, a ee OCHOBHble pe3yJJbTaTbl ony6JIHKOBaHJ.:r n pa6oTax 

[l]-[47], B TOM 'Ill:cne: cTaThH B pecJ>epnpyeMblX EypaaJiax - 33, c6opHHKH 

Tpy.u;on BcepoccHHcKttx aay'lHhIX Kouctiepeuq11u - 3, c6opmum TPYllOB Me.lK

,nyuapo.llHblX KouctiepeHUHH - 11. JlH'IHbIH BKJJa,n .nnccepTaHTa n pa6oTbI, 

BhlDOJIHeHHble B COaBTopcTBe, HBJJHeTC.ll: onpe.n:eJHIIOII(llM. 

CTpyKTypa o o6'beM .llHccepTan;uu. 

.lluccepTaQIUI COCTOHT H3 BBe,neuwr, IIICCTH rnaB OCHOBHoro TeKCTa, co

Jlep:m:arunx 33 pa3,nena, 3aKJJIO'leHHx H tJ:eTbipex np:imoJKeHHH. 'noJIHbIH 061,

eM ,llHccepTanuu - 221 CTp., pucyHKoB - 58, Ta6nuu- 21, CDHCOK JJHTepa.TypbI 

BKmoqaeT 360 CCbIJlOK. 

COJlEP)KAIUIE JmCCEPTAUHH 

.ITuccepTaQHOHHall pa6oTa DOCB.IIII{eHa pa3BHTHIO Teopnn peIDITHBHCT

CKHX cneKTpOB ,rneprHH n MarHHTHbIX MOMCHTOB no.nopo.nono,no6HbIX aTOMOB 

B KBaJITOBOH 3JieKTpO.ZOIHaMHKe. 3Ha'lHTeJJbHoe MeCTO B AHCCepTamm OTBO

,UHTC.l[ 3<Pq>eKTMl CllJibHOI'O B3aHMO,llCHCTBH.l[ ( a.npoHHaJI nomcpn3aqHH Baxy

yMa, nom1pu3yeMOCTb rrpoToaa) B cneKTpax 3aeprm1 npocTeHIUmc aToMon, 
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a TaIOKe HCCJIC,!lOBaHHIO penHTHBHCTCKHX 3<pq>eKTOB B TOHKOH, CBepXTOHKOH 

CTpyxType BIT aTOMOB u B IIIHpnaax pacna,na rro3MTpOHH.!l. 

Bo nne,n;eHRH ,naeTC.11 KpaTKHU o63op coBpeMeHHoro COCTOllHH.11 B o6nac

TH cpH3llKH npoCTeHIIIHX aTOMHbIX CHCTeM, co.uep:lB:HTCH o6ocHOBaHHe aKTY

aJibHOCTH, ue.rreft H 3a,u;aq .nuccepTaUUH U IlpOBO,UHTCH KpaTKOe H3JimKeHHe 

ee co,nep:m:aHWI:, onpe.a;e.rreH xpyr ocHOBHldX'Borrpocon, paccMaTp1rnaeMbIX B 

.n;uccepTaQIIH. 3,!leCb npmie,UeHbI TaKJKe OCHOBHbie OOJIO)KCHlUI ,n;nccepTaUIIH 

BhlHOCHMhle Ha 33Jl-UITY. 

rnana 1 "KBa3ImOTCHI.1Ha.libHhIH MeTO,!l B KBaHTOBOU TeopHH nom1" no

CBJIIIJ;eHa <J.>opMYJIHPOBKe MeTO]la pac'leTa PeJJJITHBHCTCKHX cneKTpOB 3Hep

rHH BO,!lOpo,uorro.no6HbIX aTOMOB B KBaHTOBOH Teop1rn IIOJI.lI. B pa3,lle.Jie 1.1 
nony<IeHo KBa3HIIOTeHUHaJibHoe ypa.imeaue mpe.n:HIIreponcKoro Tnna .un.11 

onucamrn: ,llByx'laCTH'IHbIX CBll3aHHbIX COCTO.ll:HHH: 

( 
b2 P2 ) d~ 

2µa - 2µa 1PM = f (2~3 V(p, 4, M)1/JM(<i), (1) 

r,ne b2(M) - .rrna.upaT OTHOCHTeJII,HOro HMDYJibCa 'laCTHU Ha 3HepreTH'leCKOH 

noBepXHOCTit M = e1 + e2: 

b2(M) = [M2 - (m1 + m2)2][M2 - (m1 - m2)2] 
4M2 

HoBoe onpe.z:teJieHHe penRTHBHCTCKoii npirne,neHHo:ii Macchl .nBYX 'lacTuu 

E1E2 E1E2 M4 
- (m~ - m~)2 

µa= M = E1 + E2 = 4M3 

(2) 

(3) 

cornacOBa.HO C pe.rr.ll:THllHCTCKHM Bblpa.JKeHIICM .Z(JJH KOOp,UHHaTJ,I u;euTpa Mace 

CHCTeMhl .nnyx qacTHQ. Bi.rne.ueHO YCJJOBHe HOpMllpOBKH irna3HDOTCHllffaJil,• 

HOH BOJIHOBoii: <PYHKUHH. B CJiyqae JIOKa.rrLHoro :rrna3IlilOTeHu;HaJia ypaBHe

HHe (1) 3KBHBa.ITeHTHO JIOKaJibHOMY ypaBHCHHIO llipe,llHHrepa H HMeeT TO'l

HOe pemeHHe ,UJI.!l xynoHOBCKoro B3aHMo,lleHCTBH.II. B pa3,!le.rre 1.2 o6cyJK.na

IOTC.ll pa3JIH'!Hhle orrpe,lleJieHHH pe.1nITHBHCTCKOU: npHBe,lleHHOH MaCCbI .llByx 
qacnu:c, npono.a;HTCH nx cpaBHHTeJibHhlH aaann3. B pa3,ne.rre 1.3 nocTpoeu 

KBa3HlIOTeHUHaJI CBll3aHHOro COCTOHHHll .llByx CilHHOpHhlX '!aCTHU H nony

'leHa qiopMJna TOHKOH cTpyKTyphl cneKTpa aToMa Bo.uopo.ua H no3ttTpo

HH.II C TO'IHOCTblO O(o:4) Ha OCHOBe npe,n:JIOJKeHHoro KBa3HllOTCHUHaJibHOI'O 

ypanHeHHH. B pa3,n;ene 1.4 nccne.nyeTCll 3JieKTpOMarHHTHOe B3aHMO,lleHCTBHe 
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.llByx CK3.JUipH1,IX 'laCTHU, IlOCTpOeH onepaTop B3al1Mo,neikTBIUI II Bhl'IIIC

JieH crreKTp :mepnm: C TO'IHOCThIO O(a4
) B paMKax KBa31IlIOTeHilHa,;bHOro 

ypaimettmI (1). B pa3,nene 1.5 npoBe,neH pactJeT nonpaBoK nopsmxa (Za)6 , 

(Za)6mifm2 B CBepxTOHKOH CTPYKType OCHOBHoro COCTOHHHH MIOOHHH, 

B rnane 2 "ToHKrur CTPJKTypa crreKTpa MIOOHHH H rroJnTpottnx" 0:ccne

.n;y10Tcsr 3q>qJCKTI:.I 3JleKTpoMarHHTHOro H CJia6oro B3aHMo,neftcTBHR B crreKT

pax 3HeprHH aTOMOB MIOOHmr, BO,nopo.na, Il03HTpOHHH. 3tta"tJ:HTCJlbHOe yBe

Jllf'ICHHe 3KcnepHMCHTaJibHOH TOtJHOCTH .nocntrHyTO npn ll3Mepeunn lfHTep

BaJia 1S + 2S B MIOOHHH Ha octtoBe 6e3.nonnepoBcxoft .n;ByxtpoToHnou cneKT

pocxomm 2: 

.6.v:':(23S1 + 13S1) = 2 455 528 941.0(9.8) Mru, 8 = 0.4 x 10-8
. (4) 

0.zUillM xe H3 CaMhIX TO'IHhIX 3KcnepHMeHTOB B cneKTpOCKOilHH npoCTeHIDllX 

aTOMHhIX c11cTeM jffiJl.sieTcsr H3MepeHHe tJaCTOTI:.I 1S + 2S rrepexo,na B aToMe 

Bo,nopo.n:a 3
: 

AviF(2S + 1S) = 2 466 061413187.34(84) KI'u, 8 = 3.4 x 10-13, (5) 

B pa3,n:ene 2.1 IlOCTpoeH KBa3HilOTeHUHaJI o.n:uoqioTOHHoro H .llByxcpoTOHHO

ro B3aHMO,D;eHCTBll.lI C IlOMOIUbIO pa3JIOJKeHlliI IlO.llHHTerpaJibHOH cpyHKUHll 

B p.si:.n Te:imopa, KOTophlii: npHBo.n;HT K nonpaBKaM nopx.n:xa (Za)6mi/m2 B 

cneKTpe 3ueprn11. B pa3.nene 2.2 cqiopM)'JIHpoBaH cnoco6 pacqeTa B03HHKa

IOIUHX MaTpH'IHI:.IX 3JleMeHTOB KBa3HilOTCHUHaJia B d- MepHOM Koop.n;1111aT

HOM rrpe.UCTaBJieHHH. Bhllle,n;eHbl peeyppeHTHhle COOTHOIITeHH.11 ,UJI.11 MaTpH'Ia 

HhIX 3JleMeHTOB CTeneHHblX H norapmpMHtJeCKHX IlOTeHUHa.JIOB B d- MepHOM 

npocTpaHCTBe, JmTop1,1e Il03BOJUIIOT npaBHJU,HO ytrn:TMBaTb K03q>ipm.meHThl 

B pacxo,rvnn;uxc.si: tJJieaax. B CJIY"'!ae s - COCTO.sIHHU peKyppeHTHOe COOTHO

meHHe .llJl.11 MaTpH'IHblX 3JieMeHTOB CTCilCHHblX IlOTeHUHaJIOB HMeeT BU,zt: 

_1_ _ _ 8Env ~ > _ . (6) 
< rv+a >- (v + l)[v(v + 2) - (d - l)(d - 3)] < r11+1 · 

4a(2v + 1) 1 
---------'---_;_-----<--> 
(v + l)[v(v + 2) - (d - l)(d - 3)] r 11+2 ' 

2V. Meyer, S.N. Bagaev, P.E.G. Baird et al. Measruernent of the 1S-2S energy interval in 
muoniurn, Phys. Rev. Lett. 84 (2000) 1136-1140. 

3Th. Udern, A.Huber, B.Gross et al. Phase - coherent measruement of the hydrogen 1S-2S 
transition frequency with an optical frequency interval divider chain, Phys. Rev. Lett. 79 (1997) 
2646-2649 
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r.n;e En = 2(n+(:.a)/2)' - KynouoBcxue ypoBHH 3Hepr11n, a = µZa. B paJ,n;ene 

2.3 npoBe.ueu pac'leT norrpaBoK Ha oT,n:a"'IY nopsmKa (Za:-)6mi/m2 BO BTopoM 

nopx.uxe Teopuu B03Mymeanii:. Ilpu 3TOM ncnon1,JyeTcx Bbipaxem:1e .nn.si: 
pe,n;yn;upoBaHHOH KYJIOHOBCKOif !pyu:KUHH rpuua, IlOJiytJeHHOe C IlOMOIIl;I,IO 

npe,ucTaBneuu.si: XocTnepa .nn.si: KYJIOHOBCKoit $YJIKD;HH I'puua. B pa3,nene 

2.4 c IIOMOJI.[bIO Te:imopOBCKoro pa3JIOX<.emur nomrnTerpa.JibHOII tfJYHKUHH no 

CTeneH.sIM OTHOIIIeHHH Mace nerKOJf H T.ll)KeJIOH qacTHU mi/m2 B Tpexqio

TOHHblX o6MeHHblX m-1:arpaMMaX nocTpoeH KBa31moTeuuua.n, npHBO.ll$llllllH . 

K BKJia,llaM nop.si:,uxa (Za)6mi/m2 B TOHKOH CTPYKType BIi aToMa. Ilpn 3TOM 

ncnonb30Banoc1, cne,nyromee pa3.1IoxeHHe nponaraTopa Mrooua: 

_1_ ~ 1 (i>2 + w2) w2 - -b2 (7) 
Dµ(P) ~ 2m2(Po +iE) + 4m~(Po +ie:)2' - ' 

r.n;e nepBoe cJiaraeMoe B rrpaBoii: qacTH 03HaqaeT, 'ITO Mhl rrpeue6peraeM 

KHHeTHtJeCKOH 3Heprne:ii MIOOHa B npoMe.JKYTO'-IHOM COCTOilHHH. B pa3J(eJie 

2.5 Bbl"'IHCJieHI:.I 0,!lHOilCTJleBhle nonpaBKH nop.sI.fJ:Ka (Za)7 Ks - ypoBHHM aTo

Ma Bo,n;opo.n;a, MIOOHHH H II03HTpOHHlI Ha OCHOBe Te:iinopoBCKOro pa3JioxeHHa 

cooTBeTcTByIOIIUfX MUI.IIllTY.ll, Ilony'IeH nonHhlii: aHa.JIHTHtJecKHii: BKJia.zt no

psmxa (Za)6mi/m2 .nn.si: 3S1 cocTo.sIHHii MIOOHH.sI u aToMa Bo.nopo.ua npH npo

H3BOJihHOM 3Ha'IeHIIH rJiaBHOro KBaHTOBoro 'IHCJia n: 

..6.Btot = [~ln2- 151 - ~ + _!.._ + 547 - I(-l)n(c + w(n) -1)] mt(Za)6, 
n 2 36 n 2n2 72n3 2 m2n3 

(8) 
r.ne 'lf(z) = dlnf(z)/dz, C=0.5772156649 ... - KottcTruITa 8:imepa. qHcneH

Hoe 3Haqe1me BKJian;a (8) B HHTepBa.n TOHKoii: CTPYKTYPLI MIOomu 2381 + 13S1 
COCTaBJIHeT 0.045 MI'n;, a .D;JIH aTOMa Bo,nopo,na 5.116 Kru:. B cnyqae MIO

OHH.11 <rn:CJieHHOe 3Ha'l:eHHe IIOJIY"tJ:CHHOH nonpaBKll JleJKIIT B npe.n;enax 3KC

nepHMeHTa.JlbHOll 0111.u6KH, a .llJIH aToMa Bo.n;opo,na HBJI.sieTC.11 Ha6JIIO,ztaeMOH 

BeJIHtJHHOH. B pa3,lleJie 2.6 Bl,l"IHCJleH BKJiaJ( 0,Zl;HOilCTJieBbIX .zmarpa.MM aH

HHrHJIHU:HOHHOro Tllna nopsmKa (Za)7 B TOHKyIO cTpyKTypy p - ypoBHeii: 

Il03HTpOHHll, KOTOpLUf HMeeT BH.ll: 

7 (n
2 -1)(8 1 5 irr) 

BJ=O = ma_ 
8

7rn5 9In2 + 9Ina + 18 - 2 , (9) 

7 (n2 -1)(8 8 2) 
BJ==l = ma Srrn5 91n2 - 9Ina + 9 , (10) 

Iii;~.: ii .. : cis,it¼U ~---~:7ryy l 
!<\'1~'1..1.Lct'V ,.,,,1.,7,.,,_,,_ ,• •I) 
~1-pJl»:lP ~ t.,..t111u.£\W'.,_:.1,i&Q i 

SltiS.HtlOT~A -~. ----~ , __ 



7 (n2 
- 1) (10 7 1 hr) 

BJ-2 = ma ~-- -ln2 - -Ina - - - -
- 301rn5 3 3 12 2 ' 

,,. (11) 

r.ne m-Macca 3.TieKTpoaa, n-rnaimoe KBaHTOBoe 'IHCJIO. Bem;ecTBenm,re qac
TH 311epreTH'lCCKHX ypoBHeii (9) - (11) npHBO,U:HT K cne.n:yrolllHM '!HCJieH

Hl>IM 311aqemutM .nmr ypoBHH n=2: 0.2 Kr:u (3Po), 2.6 Krn; (3P 1), 2.0 Krn; 

(3P2). Hatt60Jiee 3Ha'IHMOH oKa3LIBaeTCH rronpaBKa K ypOBHro 3P 1, cocTaB.Till

romrur oxo.no IO% OT BKJia,na rrop.H,nKa a 4Roo• Pa3,D;eJI 2.7 nocBHID;eH aHaJIH3Y 

BKJia,na CJia6oro B3am.m.neiicTBHH B cneKTpax :rnepnm Bo,n:opo.nono.no6m,1x 

aTOMOB, IIocTpoeH KBa3HilOTeH:QHaJI cna6oro B3aHMo.neikTBHll ,nByx qacTHD; 

npn rrpOH3BOJII,HI,IX 3Heprmrx CBff3H H nonyqeHI:i[ BKJia,ll;LI B CBepXTOHKYIO 

cTpyKTYPY H JI3M60BCKHH C.IJ;BHr aTOMOB Bo.n:opo,na H MIOOIUuJ:. BKna.n CJia6o

ro B3aHMO,ZleHCTBHH B CBepx:i~HI{YlO CTPYKTYPY MIOOHHH (-0.065) Krn; lfMeeT 

B HacTOHIIlee BpeMH BaJKHOe 3Ha'leHHe .n:nx cpaBHCHIU[ TeopHH H 3KCnepH

MCHTa. 
rmma 3 "3itictieKTbl [lOJI.l[pH3yeMOCTH x,npa B JI3M60BCKOM c.zumre H CBepx

TOHKOH CTpJKType !BIT aTOMOB11 ITOCB.HllleHa HCCJie,lloBaHaro c14J4'eKTOB no

JI.llpH3yeMOCTH upa' B cneKTpax 3HeprHH aTOMOB 3JieKTpoHHoro Bo.nopo.na 

n MIOOHHOro BO,nopo,na. B pa3,nen:e 3.1 nonyqeHbl aHaJIHTH'lCCKlfe <popMy

.Tibl .[lJl.l[ nonpaBOK, CB.ll3a.HHhlX co CTpyKTypoH npOTOHa nop.H,nKa (Za)5 
H 

llOJI.llpH3yeMOCT1,IO npoToHa Toro Xe nop.H,n:Ka B JI3M60BCKOM C,ZlBHre aTO

Ma ao.nopo.l(a B TepMHHax 3neKTpoMarHHTHfilX (JlopM!PaKTopoa npoTOna H 

cTpJKTYPHhlX <pyHKUHii uenomtpH30BaHHoro nenToH - HYKJIOHnoro pacce.ll

HHll. Ilpu 3TOM BKJia.n: no.TI.llpH3yeMOCTH npOTOHa B JI3M60BCKHH c.n:mi:r npe.u

CTaBJieH B TepM11Hax CTPYKTypaon q,ym.:UHn F2 (x, Q2
) n R( x, k2

) = O'd O',j, 
- oTHomenmr ceqeHHH norJiom;enmr npo.rtom,Ho- H nonepetJHonomtpH30BaH

HhIX <pOTOHOB a.upoHaMif: 

.6..ELS - 16µ3(Za)5m1 100 dk 11r sin2 ef>defiloo dy 1 x (12 
pol - 7r2n3 Jo k Jo Vo (k2 + 4mr cos2 ¢) ) 

1 [ ( 1 + ~) cos
2 

<,b ] 
x (y2 + k2cos2 ¢) (1 + 2cos2 ¢) 1 + ~(y,k2) + sin2 ¢ F2(y,k2)+ 

2 3 5 
+ µ o: f"° h(k2),8(k2)kdk, 

1ID3m1m2 lo 

2 ( k
2 

) ( ~ ) 
2 

_ A
8 

h(k) = 1 + 1-
2
mi ~k2+ 1-1 , /3M(k) - .BM(A2 +k2)4. (13) 
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C DOMOIIl:I,IO 3KcnepnMeHTaJll,HI,IX .Zla.HHl:JX nony'leHbl 'IHCJleHHble 3Ha'leHHH 

3TUX BKJla}lOB BS - ypoBHH aTOMOB 3JieKTpOHHoro II MIOOHHOro BO,ltOpo,n:a. B 
CJIY'lae MIOOHHOro ao.n:opo,n:a BKJiaJl IIOJI.llpH3yeMOCTH npDTOHa B JI3M60BCKHH 

c.nBnr (2P - 2S) paBeH 16 MirnB. B pa3,n:ene 3.2 Ha.HJleHI,I ananHTH'IeCKHe 

mITerpani,HI,Ie coornomeHH.ll ,l(JI.s: nonpaBoK nopll,ZlKa a(Za)5, onpe.nemre

MLIX 3JieKTµOHHOH llOJI.llpH3auneii Baxy}'Ma, co6CTBeHHOH 3Hepr:neii MIOOHa 

H IlOJI.llpH3yeMOCTI,IO npoToHa B JI3M60BCKOM C,ZlBHre MIOOHHOro BO,Zlopo,D;a. 

9Kcnepn.MeHTaJll,HruI BeJIH'lUHa H-D H30TOUU'lecxoro C,ZlBHI'a .[lJI.l[ HHTepBa

na 18 + 2S 4 

AvH-n(lS + 2S) = 670 994 334.64(15) Kru, 8 = 2.2 x 10-10 (14) 

6b1Jla noJiy'leHa c BblCOKOH TO'lHOCTbIO, KOTOpas: Tpe6yeT yqeTa nonpaBOK 

Ha C_TPYKTYPY H noJIHpH3yeMOCTL .s:.upa npu TeopeTnqecKoM pac'leTe .nan

uoro C,ZlBMra., B pa.3,ZleJie 3.3 Bbl'IHCJieH BKJia,n BffYTpeHHeH llOJI.llpH3yeMOCTH 

H,Zlpa\·B uio;OITH'leCKOM C,ZlBHre BO,D;OpO,Zl - .neii:Tepm1 Ha OCHOBe COBpeMeH

HblX 3KCIIepHMeHTaJll,Hl,[X .[laHHl:JX TIO CTpyxTypHblM <pyHKD;H.lIM 3JieKTpOH 

- npoToHHoro H MeKTpon - .neiiTpoHHoro p~ceHHHJf. t.JHcJieHHoe 3Ha'leuue 

BKJia.n:a B pacm;ennemm 1S + 2S :HMeeT BH,n:: 

AvH-n(lS - 28) = 63 ± 12 r11. (15) 

B pa.3,n:en:e 3.4 npe.n;CTaBJiem,r COBpeMeHHble .n:aHHble ,ZlJI.ll 3apH,llOBOrO pa,n:H• 

yea npoTona, nonyqemu,re Ha ocHoBe 3JieKTpou - npoToHnoro pacce.lIHH.lr, 

3q>q>eKTHBHI,IX Teopnii CHJThHOro B3aJIMO}leHCTBH.ll, pacqeTOB Jl3M60BCKOro 

C.D:BHra B ao.n:opo.ue. B pa.3,n;ene 3.5 npe.n;no..lKeH cnoco6 pac'leTa BKJia.na OT

.nem,ablX 6apnomn,rx pe30HaHCOB B CBepxTOHKYIO CTPYKTypy aTOMa BO,ZlO

po.na B TepMHHax qiopM<paKTOpOB nepexo.na Hyx.TIOHa B ffYKJIOHHble pe30HaH

Cl:J. IIonyqeHI,I o6lIU{e aHaJIHTH'leCKne BblpruKeHH.ll, onpe,nen.S:IOlllHe BKJia.n: 

A H306ap1:,1, H eaft.ueHJ,I '!HCJieHHhle 3Ha'leHHll 3TOro BKJia.ua B CBepXTOHKyIO 

CTpyKTYPY aTOMOB MeKTpOHHOro H MIOOHHoro BO,ZlOpo,D;a, KOTOpble COOTBeT

CTBeHHO p~HI,I; 

{ 
-0.12 x 10-GEF, 

AE!FS(A- H3o6apa) = -0.77 X rn-4EF, 
ep 

µp. 
(16) 

4A.Huber, Th.Udem, B.Gross et al., Hydrogen - deuterium 1S + 2S isotope shift and the 
structure of the deuteron, Phys. Rev. Lett. 80 (1998) 468. 
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~ + 
B pa3.uene 3.6 npOBe,1:1eH pac'!eT cneKTpa Mace ru6pH.llHhlX 6apuoHoB JP = ½ 
B paMKax npaBHJI cyMM KXII c noMouu,10 cnttH0pHhlX n cmrn - BeKT0pm,xx 

KBapK - rJIIO0HHhIX T0K0B. B pa.3,lleJie 3. 7 Bhl'IHCJleH BKJia,n nomrpn3yeM0C

TH np0T0Ha B CBepXT0HKJIO CTPYKTYPY aT0M0B :meKTpoHHoro H MIO0HHoro 

Bo.nopo,na. BemiqHHa CBepXT0HKoro pacruemieHIUl 0CH0BH0ro ypoBHll !3Hep

rirn: !3JieKTp0HHoro B0,ll0po,1:1a H3MepeHa B HaCT0JUllee BpeMll C oqem, BJ,ICOKOH 

T0'IH0CTI,IO 5
: 

Llv!;~S = 1420405.7517667(9) Kru:, S = 6 x 10-13
_ (17) 

llonyqem,r CJie.uyrom,ne aHaJJHTHqecKHe BhlpruKeHIIll .llJlll BKJia,!la Il0JIHpli3Y

eM0CTH IIp0T0Ha B CBepXT0HKYIO CTPYKTY PY OCH0BH0ro C0CT0llHH.sr, J'IHThl

BaroIIUie 3aBHCHM0CTI, OT MacC.bI JieIIT0Ha: 

p ) Zam1 ( ( p p p 
AEHrs(µp = 

2 
(l )Er 81 + 82) = 81 + 52 )Er= 5 Er, 

1rm2 + r., 
(18) 

roo dQ
2 

{9,.,,2 2 3100 dv 2 } 81 = Jo Q2 4.riQ ),60(0-) - 4m2 
111

h ---;;-.61(a,0)G1(11,Q) , (19) 

2 fnoo dQ2100 z A2 = -12m2 Q2 dv,62(a,0)G2(v,Q ), 
0 V1h 

(20) 

r.ue q>YHKu;IIH ,60,1,2 mi:e10T Bn.u: 

.Bo(a) = 2 ~ - 1
, 

O" 

4ml 
a= q2' (21) 

.Bi(a,O) = 0 [-2JI+'"ir+2- 4a
2 

- 2a + (22) 
o-( - 1 + a0) ✓1 + a , 

2a(-02 + 0312y"f+'B + 0 + 2)] 112 

+ ✓0(1 + 0) ' O = Q2 

f32(a, 0) = a(-I 2+ o-
0

) [1 - ✓1 + u + a (-o _+ ✓0(1 + 0) )] , (23) 

r.D;e m1 -Macca JieIIT0Ha, m 2 -Macca npoToHa. Ilmi: rrpoBe.D;emrn •rncnemn,IX 

pacqeT0B Ha 0CH0Be COOTHOIIIeHHH (18) - (20) B rny6oKOHeynpyroi\: o6JiaCTl1 

5H.Hellwig, R.Vessot, M.Levine et al. Measurement of the unperturbed transition frequency, 
IEEE Trans. IM-19 (1970) 200-209. 
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HCil0J11,30BaJJHCI, H0Bble 3KCnepHMeHTaJIJ,Hble ,ll3HHble no Il0JI.sipH3auII0HHhlM 

CTpyKTYPHhlM q>yHKU:HllM eyKJioHa, nonyqeHm,1e B SLAC, DESY n CERN, 
a TaKJKe pe3yJI1,TaThl trnCJleHH0ro pemeHm[ 3B0JIIOU:ll0HHhlX ypaBHemrii ,lln.11 

nom1pH30BaHHhlX pacnpe,nenemm KBapioB H rmooH0B . .1IJIH pacqeTa BKJia.D;a 

B pe3oHrurcHoii o5nacTH ncnon1,30BaJia.cb ppenT - B1trHepoBcKa.s: napaMeT

p113au;mr .D;JIH ceqeHHii: BHpTyaJ11,Horo q>oTonornomelilIH Ha HYKJI0He. OT

HocuTem,Hhlli BKJia,ll 3<p(peKTOB nomrpn3yeM0CTH np0T0Ha B CBepXT0HK0e 

pacmemieHHe 0CH0BHoro C0CT0.llllll.sl aT0M0B 3JieKTpmrnoro H MIO0imoro BO

,llopo,lla paBeH C00TDeTCTBeHH0 

0p = { 1.4± 0.6 X 10-:,. ep 
4,6 ± 0.8 X 10- > µp, (24) 

IIony<JeHHOe 3Ha<JeHii:e IlOilpa.BKH §P ( ep) ,IIJI.1£ 3T0M3 3JieKTpOllli0r0 B0,ll0p0,lla 

HMeeT npa.BHJII,Hhlll 3HaK n yMemmaeT pacxo.llQleane TeopHH H 3KcnepHMeH

Ta, a B CJiyqae .MIOoHHoro B0.llopo.D;a BeJIH'IHHY nonpaBKH oP (µp) Heo6xo.D;HMO 

yqHThlBaTI, npn ,ll0CTWKeHlrn 3KcnepHMeHTaJIJ,HOU T0"IH0CTH 10-5• 

B rnaee 4 "8q:upeKThl AllB B cneKTpax 3Heprmi: Bil aToMoB" H3y<JeH:w: 

31pcpeKTi,{ ci.llpOHHOH no~HpH3au;HH BaKJyMa B JI3M50BCKOM C,llBHre 11 CBepx

TOHKOH cTpyKType Bil aToM0B H B llllipmt:e pacna.D;a nnoH11ll. B pa3.lleJie 

4.1 npoBe.lleH pacqeT BKJiana a.i1poHHoH noJIHpH3aU:HH BaKyYMa nopK,llKa 

ma(Za)4 B JI3M50BCKOM C,llBHre MlO0HHoro _B0,ll0p0,lla Ha 0CH0Be COBp~MeH

HhlX !3KcnepHMeHTaJIJ,HblX ,llaHHblX no ce<JeHHIO ammnmllU:llH e+e- B a,llpo

Hbl, nonyqeHHhlX Ha .D;eTexTopaxKMII-2 11 CHII (HoBocn5HpcK), B pa3,Zlene 

4.2 nonyqeHhl amlJIHTH<JecKHe Bhipa2KeHH.ll ,n;rui: BKJia.D;0B AllB B JI!3M50Bc

K11ii c.D;BHr MIO0HHoro B0.llopona nopll,llKa ma(Za)5 H ma2(Za)4 • llpe,D,CTaB

JieHI,I <JHCJieHHble 3Ha<JeHHJI a.llp0HHhlX BKJia,D,0B ,llJUI Pa3Jllf'IHblX HHTepBaJI0B 

3HeprHH. CJMMapHhlH BKJia.ll AllB B JI3M5oBcnm: C.llBHr 2P + 2S aT0Ma MIO-

0HHoro B0,ll0p0,lla paBeH: 

AErJP (µp) = 10. 112 ± o.377 MK3B. (25) 

llonyqea TaKXe cne,n;yroiu;HH aHaJIHTnqec:K11u BKJia.ll AilB B uaKJI0H 3ap.1I

.ll0Boro cf>opM<paKTopa nenToHa B Hyne: 

1 (a) 2 1 J.oo R(s)ds 11 
F'i Hvp(O) = 12 ; my s,h -s- Jo ydyx {26) 

X [ 1 y
2
(36y- y2 

- 40) _ 1 (22- 14y- y
2

) + IDi In(~)] 
30 D2(y,s) 6 D(y,s) s D(y,s) ' 
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2 s ) D(y,s) = y + 2 (1 -y • 
m1 

(27) 
~-

B pa3JieJie 4.3 Bl:iI'llrCJieH BKJiaJl AIIB B CBepxTOHicyIO CTPYKTYPY OCHOBHO

ro cocTofilfHS: aToMa MIOOHHoro Bo.aopo.na. Ilpu 9T0M T0<mo y'lnThIBan:ac1, 

CTpyKTypa IIp0T0Ha C IIOM0IIU>IO 9JieKTpOMarHHTHhIX !f>opMq>aKTOp0B. qHC

JieHHOe 3Ha'leHHe BKJiaJia panno 0.004 M9B. B pa3.nene 4.4 nccne.n0Ban11c1, 

BKJia.n;1,1 AIIB pa3JIHtffioro nop.s:,llKa B CBepxToHKoii CTPYKType MIOOHH.S:. Ho

Boe H3MepeHHe CBepXT0HK0ro paCillCIIJICHHH OCH0BH0I'O C0CTOHHHll MIO0HHSI 

61,mo BhlIIOJIHCH0 B 1999 ro.ay C TO'IH0CTbIO, KOTopas: B TpH pa3a npeBhlmaeT 

npe.nhl.llyn:nm ::ixcnepHMeHTaJILHhlH pe3yJlhTaT 6: 

~vi'r"J'5(Mu) = 4 463 302 765 (53) ru, 8 = 1.1 x 10-s. (28) 

C TO'IHOCThIO .no coThlX .a:oneu KHnorepua npone,neH pacqeT BKJia.na AIIB no

p.11.nxa a 2Ep B cnepxToHKoif CTPYKTYPC MIOomu1 .nns: pa3Jllt'IHhlX lDITepBan:oB 

::iueprHH. BbI'lHCJJeHhl Ta.IOKe nonpa.BKH K 9ToMy pe3yJThTazy rrop.11.nKa O(a), 
cna:3aJ-IHble c ::i.nexTpOHHOH H MIOoHHoif non.11pH3auHeii: BaKyyMa. IlpoBe,neH 

TaJOKC pactJeT a,npoHH0ro BK.Tia,na paccea:HH.11 CBeTa Ha CBCTC B CBepXTOHKOH 

CTpyxType MIOOHHSI B npn6JIH:>KeHHH IIOJllOCHhlX 'IJleHoB nceB,ll0CKaJIHpHl,IX 

Me30HOB • .IIJI.11 'IHCJieHHOH oueHKH no.nytJeHHI.IX BKJia,ll0B HCOOJll,30BaJIOCl, Bbl

pruKeHHe q,opM!pa.KTOpa nepexo,na IICCB,ll0CKa.IDipHOI'O MC30Ha B ,nna lpOTO

Ha, IIOJiyqemme B MOJieJIH BCKTOpHOH .D;OMHHaHTHOCTlf. IloJilIBIH a,npOHHhlH 

BKJia,a; B cnepXTOHKOC paCillenneJIHe 0CHOBH0ro COCToa:m1a: MIO0HH.ll pa.BeH: 

~vN~(µe) = 0.2445 ± 0.0070 Kru. (29) 

B pa3.0:eJie 4.5 B:bl'llfCJICH BKJiaJI IIOJI.1IpH3auHH BaxyyMa, BKJUOtJaJI a.npoHttyIO 

nom1pu3av;:mo BaKyYMa, B mHpHHY pacna.na IIHoHIDI. 

rJia.Ba 5 "Pacrra,n H pmK,neHHC Il03HTpOHIU[" IlOCBjl[l{CHa Bhl'IHCJICHHIO 

pemITHBHCTCKJIX sip,PeKTOB IIOp.lIJIKa a 2 B nmpHHe pacna.na rio3HTpom1sr. 

B pa3,neJie 5.1 orrpe.neneH cTaTyc ::ixcrrepHMCHTam.m.zx JiaHHh!X no IIIHpH

ae pacrra.na napano3llTp0HH.11 H opTOil03HTp0HH.ll. B pa3,lleJIC 5.2 ccpopMy

JIHPOBaHa D0JIHOCTblO pemITHBHCTCKa.ll IICTJICBaJ[ M0,llCJll, ,llJI.11 BhllJ:HCJieHHll 

IIIHpHlihl pacna,na, B KOTopoii 3JICKTp0H H Il03HTp0H HaxG,ll.![TCH TOJlbKO BHC 

6 W.Liu, M.G.Boshier, S.Dhawan et al. High precwon measurements of the ground state 
hyperfine structure interval of muonium and of the muon magnetic moment, Phys. Rev. Lett. 
82 (1999) 711-714. 
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MacCOBOH II0BepXH0CTH, Taxaa: M0JieJII, BMCCTC C HCilOJlh3yeMt>IM peJIHTH

BHCTCKHM np0CKUH0HHLIM onepaTopoM ua COCT0HHHll onpene.rreJlHOI'O cmma 

Il03BOJIHCT IIpaBIIJIJ,H0 Y'lCC'tl, Bee PeJlllTHBHCTCKHC nonpaBKll, ~0T0phle 6.bl

JIH rrponymenhl B .npyrnx Pa6oTax. IloJIHaJI aMnJIHTy,u:a pacna,ua. opT0II03H
TpOHHSI IIMCCT BH,U:: 

F{ o :-- Ps ➔ 3-y) = e3e;(k1)e~(k2)eHk3)Jµv.>.(k1, k2, k3, NI), (30) 

Jµ11\k1,k2,k3,M) = -i / d4q1 2m2 [M - 2e(q)]t/tM(q),,. . x 
(21r)4 e(q)(qf - e(q) + iO){-qg + e(a) + 10) 

. ). . . 
x 'Ir[II-y (ka - cb + m)'y11(ih - k1 + m)'YI'] 

[(k3 - qz)2 
- m 2 + iO](( q1 - k1)2 - m 2 + iO). 

B 3TOM B.bipruKemm Jl'
11.,,(k1,k2, k3, M) npencTanna:eT co6o11 34>¢eKTHBHLIH 

4>opMqiaxTop rrepexo,u:a opTono3uTpoHIU[ B TPH q,oToHa. OH ortPe.nenHeTCsr 

xax BOJIHOBOH q,ymmuen CB$13aHHOro C0CT0llHH.ll e+e-, Tax H B,MIIJIHTY.llOH 

aHHHrHJIHUHH MCKTp0Ha H lI03HTJ)OHa. B pa3.u:ene 5.3 Bhl'IHCJietJhl nonpan

KH nop,i:,nxa O(a
2

) K IIIHplDle pacna..na napano3HTp0HHSI H opTO(l03HTpOHMSI 

BO BTOpOM ·nopx,ttxe TC0pHH l303MYillCHHH, IlonyqeH IlOJIHhlH BKJia,11; peJUITH

BHCTCKHX 3tlJcpCKTOB rrop.11,nl(a O(a2) B umpHHy pacna.u:a opTorI03HTp0HlUI 

cnenyromero BHJia: 

~rth(o - Ps) = 2{1r
2 

-
9)ma

6 
B

0 
(~)

2
, B

0 
= 41.9. 

911" 11" 
(31) 

Ilony<reHHoe 3Ha<reHHe BKJialla (31) (xo::i4'q>HUHCHT B
0

) npHBo.D.flT x coBna

.neHHIO c ::ixcnepHMeHTaJILHblM pe3ym,TaT0M ,nna: nmpuHhl pacnlJ'.Ua opTono-

3HTpoHHa: rpynm,I ToKHHCKOro y:mraepCHTCTa: rexp(o - Ps) = 7.0399 (25) 
MKc-

1 7
• B pa3,n;ene 5.4 BLI'llicneHhl co6CTBCHHO - 3HepreTHqecuJC nonpaBKH 

nop.11,ll:rra O(a
2
) K mupnHe Pacna.na napano3llTp0HH.11 u opTono~HTp0HH.11 B 

KaJI116ponKe <l>pHJia - Hemm. B pa3Jiene 5.5 HCCJIC,llOBaJIHCL pena:1'HBHCTCKHe 

3q>q>eKThl H f>a,llHaUHoHHhle tmnpa.BKH B rrpoueccax p01K,U:CHHH 1'03HTp0HHiI 

npn pacrra.ne nenrnx Me3oHon. Ilpone.aea pac'IeT JIHarpaMM, n KcnophlX .llBa 

BHPTYaJibHhlX 4>0T0Ha, HCilYmemn,xe IlH - MC30H0M, COC,llHH.llI01'CH C aneK

Tp0H - D03HTpOHHOH ruoµr:e.ii, H C Hee xe ucnycxaeTCa: peaJibHhlii q>OT0H. 

70.Jinnouchi; S.Asai, T.Kobayashi Measurement of orthopositronium decay r~te using Si02 
powder: integration of thermalization into time spectrum fitting, E-preprint hep-ex/0011011, 2000. 
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B1,11.1nCJieHhl o,nHoneTneB1Je BKJiallhl nop.11,nKa (Za)7 ,nByxcpoToHHhIX 06-

"" MeHIIhIX aMDIUiTYLl H .n:nyxcpoTOHHhIX aHHHrHJUIQHOHHhIX aMilJIHTYLl D 

TOHKYIO CTPYKTYPY Il03HTPOHHll. 

• IIocTpoeH KBa3lffiOTeHQHaJI CJia6oro B3aHMo.neucTBHll Bil aTOMa a o,nHo-

6o3oHHOM npu6nu~emm npH JII06hlx 3HeprmIX CBll3H. Bhl'IHCJieH BKJia,n; 

cna6oro B3aHMO,neHCTBHll B JI3M60BCim:H CllBHr H CBepXTOHKyro CTPYK

TYPY aToMa aonopona H MIOOHHH. 

e CqiopMynHpoBaH MeTOLl pacqeTa BKJiaJla nonHpH3yeMOCTH npoToHa B 

JI3M60BCKOM CllBHre 3JieKTpOHHoro H MIOOHHoro Bo.n:opo,na, OCHOBaHII1,Ill 

Ha HCilOJTh30BaHHH coapeMeHlll,IX 3KCnepHMeHTaJibHhlX LlaJIHhlX no CTpyK

TYPHhlM q>YffKUHHM rny60Koeeynpyroro nenTOH - HYKJIOHHOro paccex

HH:II. Bhl1JHCJICH BKJiaLl nomrpu3yeMOCTH H,npa, a TaIOKe CBll3aHHble C 

HHM nonpaBKH nopll,u;Ka O(a) B Jl3M60BCKOM CllBHre MIOOHHOro H 3.lleK

TpOHHOro Bo,nopo,na. Bhl'iHCJleH BKJia.Il BHyTpeHHeii nomrpu3yeMOCTH K,ll

pa B H30TOilH1JCCKOM CMememm BOLlOPOLl - ,neit:Tepnii ,llJUI pacmeIUie

HHll 1S + 2S Ha OCHOBe COBpeMeHHhIX 3KcnepHMeHTaJibllhlX JJ;aHHbIX no 

CTPYKTypHbIM qiyHKLUillM rny6oKOHeynpyroro JICIITOH - HYKJIOHHoro pac

CellHHJI H nenTOH - neiiTpoHHoro pacceHmui:. 

• CqiopMynnpoaaH cnoco6 pac1JeTa BKJia.a;a oTLlenbHbIX 6apnoHHhlx pe3o

HaHCOB B CBepXTOHKyIO CTPYKTYPY aTOMOB 3JieKTPOHHOro H MIOOHHO

ro Bo,nopo,n:a, OCHOBaHHLIH Ha HCilOJTh30BaHHH «popM<paKTOpOB nepexo,n:a 

HyKJioHa N B HyKJioHHhlii pe3oHattc N•. IIonyqeHLI attannTutJecK1rn HH~ 

TerpaJibHhle BhlpaJKeHHll LlJlll COOTBeTCTByron:iHX BKJia.u;oa If Bbl'IHCJieH 

BKJia,n A H3o6aphl B caepxTOHKJIO CTPYKTYPY aToMOB 3JieKTpottttoro n 

MIOOHHOrO Bo,n;opo,n;a. 

• IIony'leHbI HOBble a.HaJIHTH'lCCKHe BbipruKeHHH .IlJlll BKJlaJlOB Ha nomr

pu3yeMOCTb npOTOHa B caepXTOHKOH CTpyxType MIOOHHOro no,n:opo.u;a B 

TepMllliax nonllpH3auHOHHhlX cTpyxTypHbIX cpyHKI.UfH rny6oKoeeynpy

roro paccemmr, B KOTOpbIX T01JHO YtJHTblBaeTCJI 3aBHCHMOCTb OT Mac

Chi MIOOHa. B1,11.1ucneH BKnan Il0JIHPH3YCMOCTH npoTOHa B caepxTOHKOC 

pacmenneHHC aTOMOB 3JICKTpOHHOrO H MIOOHHoro ao,n:opo.u;a Ha OCHOBe 

coapeMeHHblX 3Kcnepm.reHTaJlbHhlX LlaHHblX no nom1pH30BaHHOMY rny-
60KOHeynpyroMy JICllTOH - npoTOHIIOMY pacceHHHIO H MOLlCJIH Epeii:Ta

BurHepa. 
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• BhltJHCJieH aKJia,n a.npolilIOH nomrpH3aumi: aaxyyMa nopH,nKa a(Za)4m, a 

TaIOKe ~poHHble nonpaBirn nop.!I,llKa a(Za)5m, a2(Za)4m a J13M6oBcKoM 

C)];BHre MIOOHHOro Bo.nopona. Ilony'leHO aHamJTII'JCCKOe Bhlpa)KeHHe J:{.llll 

OJ:{HOIIeTJieBoro BKJia,lla anpoHHOH nom1pH3aIIHH BaKyyJl.i:a B HaKJIOH 3a

PllLlOBOro <J?opMqiaKTOpa. 

e BbitJHCJICH BKna,n: a,npoHHOH OOJillpH3aUHH Ba.KyyMa B CBepXTOHKyIO CTPYK

TYPY MlOOHH.ll C TO'JHOCTblO .n:o COTbIX .n:onen: KHJiorepua Ha OCHOBe HOBblX 

3KcnepHMeHTaJThHhlX naHHblX no ceqeHHIO aHHHrHJlllUHH e+ e- B anpo

Hhl c ,lleTeKTopoa KM.11-2 H CHU (Hoaocu6upcx). IIonyqeHlJ anpoHHhle 

BKJlallbl aMDnHTy.a; paccellHHJI cBeTa Ha cBeTe nop.!I,llKa a 3EF B CTC 

MIOOHH.ll B npu6JIHlKem,m Il,OJIIOCIUJX 'UieHOB nceB,llOCKaJillpHbIX Me30HOB. 

Bhl'IHCJieH BKJia.o; anpmrno:ii IlOJillpH3aUHH Ba.KyyMa B CBepXTOHKOe pac

menneHHe OCHOBHOro COCTOHHHll aToMa MIOOHHoro aonopo.n:a C yqeTOM 

LlHIIOJILHOH napaMeTpH3au1rn LlJill 3JICKTpOMarHHTHhlX cpopM<J.laKTopoB 

HJKJIOHa. 

• Cq,opMyJIHpoBaHa penllTHBHCTCKall neTJICBaH MO,lleJib LlJIR pactJeTa IIIH

pHHhl pacna,na II03IITpOHH:II, OCHOBa.HHaJI Ha paCCMOTpeHHH KOHCTHTyeH

TOB (3JieKTpoHa H Il03HTpOHa) BHe MacCOBOH IlOBepXHOCTll H lICilOJib30-

Bamm peJillTHBHCTCKOro npoe~OHHOro onepaTopa tJaCTHU Ha COCTO

llHHe C onpe.n:eneHHblM cmmoM • .1IaHHaJI MOLleJIL II03BOJI,SleT TO'IHO yqu

TblBaTb ace penRTHBHCTCKHe 3cpq,eKTbl B pacnane Il03HTpOHHJI. BbI'IHC

JieHbl pemlTHBHCTCKHe a 2 nonpaBKH K IIIHpHHe pacna.na OpTOil03HTpO

Hlfll B pa.MKax 3TOH MO.r(enH. BhI'IHCJieHhl co6cTBeHH0-3HepreTHtJeCKHe 

3JleKTPOHHhle nonpaaKn nop.smKa O ( a 2) K umpuHe pacna.u;a opTo- H 

napano3HTpoHIUI B xann5poaKe <l>pH.1.ta - HeHHH. B paMKax KBa311TTO

TeHIJ;HaJThHOH Mo,neJIH pacnana .llBYX'laCTH'IHOro CBll3aHHoro COCTOJIHHJI 

Bhl'JHCJieH o.naoneTJieBOH BKna.n IlOJIHPH3a.IlHH BaKyyMa, anpoHHOH no

JillpH3aU}fH BaKyyMa, B llIHpIIHy pacnana aTOMa IIHOHmr. BbI'IHCJieHbl 

pemrTHBHCTCKHe H pan11aQHOHHl,Ie nonpanKH nop.!I,llKa O(a) K IllHpHHe 

pacna.na 1r0 Me3oHa C o6pa30BaHHeM aTOMa Il03HTpOHHH. 

• CcpopMJJIHpOBa.H KBa3HilOTCHIJ;HaJILHbIH MCTOLl pac'leTa penllTHBHCTCKHX 

H pa,nHaLUlOHHhlX rronpaaoK K MarHHTHOMY MOMCHTY LlBYX'laCTII'IHOro 

CBR3aHHoro COCTO.llHHll B cnyqae 'lacTHU IlpOH3BOJibHOro CilHHa. IloKa-

3aHo, 'ITO BbipalKeHH:II ,D;JIJI g q>aKTOpOB CBll3aHHbIX qacTUU co.u;eplKaT 
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qnem,1 nop.R).lKa O{a2), 3aBHC.!llllHe OT cnHHa qacTm.i:. IlonyqeHl,I qnc
neHH1,1e 3Hat.feHH.K rnpoMarHHTHhlX ctiaKTOpOB 3JieKTpOHa B aTOMe B0.llO
po.na H .neiiTepHH. 
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