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B muccepranun paccMaTpUBaioTCs HEKOTOPHIE 9K30THYECKME ABYXYACTHIHbIE
aToMul. [IonobHREE ATOMBI SIBJISTIOTCS OO'BEKTOM AKTHBHBIX TEOPETHYECKUX X
9KCIIEPUMEHTANBHLIX MCC/Ie0BaHMM. Pa3HooOpasHbe NPEIN3NOHHBIE JAHHKIE
MOXHO THOJIYYMTh M3 CIEKTPOCKOIMYECKHX W3MEPEHHH, TOrha KaX IPOCTO-
TA ATOMOB ITO3BOJISIET IPOBOJUTL BHICOKOTOYHEIE BRIMUC/IEHUS. B pe3ysipTaTe
TIOSIBJISIETCST BOBMOXKHOCTE IIPOBEPUTE (DYHIAMEHTAJIbHBIE TEOPWH, SEPHHIE
MOZEJN, & TAKIKE W3MEPHTDL DA3NHYHbIE (DYHIAMEHTAJIBHBIE MapamMeTpel. B
Y4CTHOCTH, MIOOHHEIE, TMOHHLIE ¥ AHTUIPOTOHHLIE ATOMBL IIPEICTABIISIOT CY-
[IECTBEHHBIY (bu3MIeCKu HHTEPEC B CBA3H C HKCIIEPUMEHTAIBHBIM OTIPEIEe-
HUEM Da3/IMYHBIX (PUBUIECKUX NAPAMETPOB MIOOHOB, (AHTY)IPOTOHOB, IHO-
HOB 1 aTOMHBIX 1ep. K TaAKuM mapaMeTpam OTHOCATCS Macca (AHTH )IPOTOHA,
MIOOHS, IIMOHA, MATHUTHBI MOMEHT MIOOHA, 3aPSI0BbIE PALUYCH SED ¥ TIa-
PaMeTpPEL CUJIbHBIX B3auMOAecTBuY (IMOH-IMOHHBIX U [HOH-HYKJIOHHBIX).

M10OHHEE aTOMBI TIPEJICTABJISIIOT COOO! ATOMHBIE CHCTEMBI, CONEPXKAITHE
MIOOH, Macca KoToporo npubiusurensro B 207 pa3 6oJbine MacChl 3JIEKTPO-
Ha. DTO UPHBOLAKUT K TOMY, 9TO MIOOH HAXOIUTCS ropa3no Oimxe K sApy, 9eM
971eKTpOH. B pesynbrare, maske npwm HAJIMYUK B ATOME SJIEKTPOHOB, B BE[YIIIEM
npubAMKEHAN UX MOXKHO HE YUNTBHIBATE ¥ CBS3&HHKIN MIOOH ONUCHLIBAETCS B
BomopomonomobHoM npubimkenun. WccienoBannsi MIOOHHEIX ATOMOB IIpe-
CTABJIAIOT WHTEPEC VI 1IEJIOTO PSAAA AUCIUILIMH — OT bHU3NYeCKON XuMuwm,
aToMHOM (busuKy ¥ PU3MKYE TBEPIOTO Tela M0 (PU3MKU SOpa U IJIEMEHTAD-
HBEIX 9aCTHIl. DK30TUYECKAE ATOMBI BO MHOTOM IMOAOOHBI MIOOHHBIM &TOMAM,
HO B3aMMOZENCTBYE ATOMHON YaCTHUIHI € SIAPOM MMeeT GoJiee CIOMKHBIX Xa-
paxTep.

WmeeTcst 1eblit DAL SKCIEPHMEHTAJIBHEIX PE3Y/IBTATOB 110 MIOOHHEIM U 9K-
30THYECKHEM ATOMaM. BefyTcd ¥ MIAHUDYIOTCS HOBBIE 9KCIEPUMEHTHL B 9TOH
obsiacTe (B YACTHOCTH, HCCIIEHOBAHWSI MIOOHHOTO BOZODPOAa). B macrosmiee
BpEMS TIPOBOASTCH M3MEPEHMS IIMOOBCKOTO CIBHUIA, B KOTOPBIX TAKXKE ILja-
HUpyeTcst m3MePHTD cBepxTorkoe pacmemierre (CTP) 2s yposust MIOOHHOTO

Bomopona. Ha cramuu BOOTHI-HAXOAHTESTOKEHCPIMEHT 110 U3MEPEHUIO
P paﬁ}p’be,HHHeHHBIH HHCTHTY’lp P

ANEDPHBIX PI@CIIE,HOB&HHf{
BUBJIMOTEKA



CTP ocHOBHOrO COCTOSIHHS.

st TOro 4T06HI HANTH YNOMSIHyTHIE BBHIIIE MAPAMETPH M3 SKCLHEPAMEH-
Ta, HEOOXOMUMO yMeTh € BBICOKO/! TOYHOCTBIO BRIYUC/IATH KBAHTOBOIJIEKTPO-
muuamudeckue (KD/I) nonpaske, Teopun KOTOPBIX ¥ TOCBAIECHS IIPEACTAB-
JIeHHASt QUCCEPTALIUS.

B nuccepranuu Ha IpuMepe OXHONETIIEBOY MOJIAPH3ANNY BAKYYMA DA3BH-
ThI 3(PPEKTUBHBIE METO(bI BHIUHACICHHS TIOJAPU3AIHOHHBIX 3(pHEKTOB, OCHO-
BSHHBIE HE, AHAJIMTHIECKHX BEIYUCIERUSX B TEPMUHAX 0000OIIEHHBIX THIEPreo-
MeTpHdecKkux (DyHKIUY, aCHMITOTUYECKHX PA3JIOXKEHUAX U NPHOIIKEHHBIX
Beramesiennsx. O Ux MCHOMB30BaHWEM Halifiena nompasxa x CTP ma mons-
PU3anKI0 BAKyyMa BTOPOTO IODSAIKA ¥ DACCMOTPEHbBI IPUMEHEHHST Pa3BHTBIX
METONOB K JAPyTHM 3aJ1a4aM, HAIIPUMED, K BHIUMCJICHUIO 3HAYEHHS BOJIHOBOM
GbysKnun B Hyne.

Heans paboTbl

o Pa3BuTne aHAINTHYECKNX METONOB PacdeTa NOIAPU3ALMOHHLIX IIOTpa-
BOK, OCHOBAHHBIX H& 8HAJM3€ aCHMITOTHYECKOTO NOBEICHNS IOIPaBOK
¥ He, IPUOIDKEHHBIX BHIYHCIICHHUAX. S<b<beKTHﬁHOCTb METOZOB TTPOBe-
PsIeTCH HA IIPEMEPe ONHONETJIEBOR MOSPH3AIMA BAKYYMa B HEpEJIATH-
BHCTCKOM M DEJISTHBUCTCKOM IDUOIIKEHUAX. DTH METONL. IPUMEHIMBL

K Pa3JIM4YHBIM 38Ja49aM TEOPHH 3K30THYECKIIX aTOMOB. B cBsizu ¢ 9THM,

B JUCCEPTALMH DEINalOTCsS CIeTYIONmye 330891 BHIBOLSTCS HOBBIE TOY-

HBI€ [IPEJICTABIICHUS IS TOJIAPU3ANNOHHBIX HOIPABOK B TEPMUHAX CTAH-
JaPTHAEIX MHTErDAJIOB; HAXOJATCA ACUMIITOTHYECKIE BRIPAYXKEHYS IS [T0-

TIPABOK ¥ ITPOCTHIE aHAIUTHYECKNE IPHOIIDKEHHBIE (DOPMYIIEL.

® Borancserne HemssecTHOR monpasxkyu x CTP Husmmx ypoBHel MIOOH-
HOTO BOZIOPOAA, 00yCIOBIeHHON 3hheKTaMu JIEKTPOHHON IO/ PU3AIHT
BaKyyMa BTODOTO NODSIKA. DTO HO3BOJISIET YTOYHUTDH 3HAHUEHNE CIIEIH-
ajbHOlt pasHocTr CTP 1s u 25 ypoBHe! B MIOOHHOM BOIOPOAE, IJISL KO-
TOPOro ObCy»KAaeMast TONPaBKa AaeT HaubOoIBbITYIO OTPEITHOCT, Teope-

THYECKOTO 3HAYEHHS.

Hayynas HoBM3HA paboTHI

B puccepranuu momydeHsl cieMyroMIne HOBBIE DE3YJIbTATHL:

1. PazBuThl 3¢pheKTUBHBIE METOMbI AHAJIATHYECKOrO BHIYUCIIEHUS NOJISPH-
BAIMOHHBIX TONPABOK K YPOBHSIM 9HEPIUH BOJOPOIONONOOHBIX ATOMOB
JUIST HEPeNISITUBMCTCKUX M PEJISSTHBACTCKUX 3aa4. HaliieHtl nonesHse
TIPE/ICTABJIEHUS OJIS HepeJIE{TI/IBI/ICTCKJ/IX‘HOHpa.BOK HA, TIOJISIPU3ALMIO Ba-
KyyMa IepBOTO mopsaxa. [loyyeHsl BrpaskeHUs IJIf PEJISTHBHCTCKUX
ATOMHBIX JACTHI, CO CIMHOM HOJb 4 1/2. PesynbraThl IPUMEHHMEL, B
YACTHOCTH, JJIS yIeTa SJIEKTPOHHON NOJISpU3anuy BAKyyMa B MIOOHHBIX,

TIMOHHBIX, 8HTUIIPOTOHHBIX ¥ JJPYTUX 3K30THIECKUX aTOMax.

2. Haftmennl pasjuyHBIE ACHMITOTHYECKWE DA3JIOXKEHWS IJIs HEPeJsaTH-
BrCTCKOI monpaBku. HOmuara. PesymbsraTsl IpUMeHUMEL AJIs JII06BX CO-
CTOAHUY SK30THUECKUX &TOMOB, AONIYCKAIONIMX HCIOIL30BAHKE Hepeslsd-
THBUCTCKOTO npubimkenns. Takske moly4eHa BeLyinas IONPaBKa K TOH-
Koft cTpyxType. Takxke monydens! IpUGIHKEHHEIE y(’popMyan B TepMIU-
HAX XODOIIIO U3BECTHHIX THIEPreOMeTPHUIecKuxX (ByHKuult o F) ams mpo-
W3BOJIBHOTO COCTOSTHUST aTOMA. [Ipub/InKeHHbIe Pe3YJIBTATH OJIHHAKOBO

IIPDVMEHVMEL B HEPEJIATUBHUCTCKOM K PEJIATUBHCTCKOM ClIy4dae.

3. Haltnena mompaBKa Ha 3J€KTPOHHYIO I[OISPH3AINMI0 BAKYYMa BTOPOTO

nopsaxa ansg CTP cocrosauit 15 1 25 B MIOOHHOM BOAOPOZE.

Haygnaa ¥ mpakKTndecKasi IeHHOCTb paboThl

PazBuThl 3(hekTHBHBIE METONLI BEIYUCIEHUS HOJISPH3ANMORHERIX TOTPABOK,
KOTODbIE MOTYT IIDUMEHATHCS K DAY 387184 B MIOOHHBIX 1 9K30THIECKHX aT0-
Max. B wacTHOCTH, Ut BHIYUC/IEHNST BKJIAJIOB 1IEPBOTO ¥ BHICIHIMX IODSIIKOB
noJisTpus3anyy Baxyyma B jmbosckuft casur u CTP, B esmuuny BosHoBOR
GbyHKIWH B Hyse, B MATHATHLI MOMEHT CBST38HHOIO MIOOHA X T.I.

Haubosee mOIe3HBIMA MOTYT OKa3aTHCSI DE3YILTATHI, MOJNYUEHHBIE /IS
MIOOHHOTO BOJIOPOZIA, B CBSI3U C IIPOBOJMMLIM SKCIIEPHMEHTOM TI0 M3MEPEHUIO
J19MOOBCKOIO CIOBAra, B KOTOPOM Ipejnojaraercss uamepnts u CTP ypoBHS
2s, a TaXKe IJIAHAPYIONUMCsT 9kcTiepuMerToM 1o uamepenuio CTP ocrosro-

'O COCTOSTHHAA.



Aupobanus paGoTbt

PaBora mpoxsnamsanack Ha cemuHapax JlabopaTopui TeOPETHIECKON DU3NKY
OUAMN, Kadbemprr xsanToBOl Mexarmku pusnueckoro daxynsrera CII6IY
u JlaBoparopru npenusnonHo#t ¢usuxy npocrex aromos BHUUM um. JI. W.
Mengeneesa. OcHOBHBIE PE3YJILTATHI OLIIM MTPECTABICHB Ha MEXIyHAPOI-
HEX ¥ BeepoccmicKmx kordepernusx, Takux 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; Beepocceniickoe co-
BEIIAHKE 10 KBAHTOBON METPOJIOTHH M DyHIaMEHTATIBHHM (PUSHIECKAM KOH-
crantam (Canxr-TlerepGypr 2008).

Ily6unukanun

OcHOBHBIE DE3Y/BTATH JUCCEPTAINM OMYOJMKOBAHEI B COABTOPCTBE B IIATH
CTATBSX, TIPHBEIEHHBIX B KOHIE aBTOpedepaTa.

CrpykTypa n o0beM qAcCcepTaInmn

Jluccepranmst cOCTOMT U3 BBEMIEHHS, TPEX IVIAB, 3aK/JIIOYEHHUS M YETHIPEX
npunoxkenuit u comepxuT 132 cTpanuyr, 25 pucyrkos u 8 Tabaun. Councok
JIATEDATYPHL BKJIIOUAET (6 HANMEHOBAHHUH.

Coznepxkanune paboTbl

Bo BBe/ileHnn 060CHOBBIBAETCS AKTYAJIBHOCTh UCCIEOYeMOH MpOOieMEr,

chOPMyIMPOBAHE OCHOBHBIE 38J]a4¥ IUCCEPTAIMH, JAeTCT KPATKOE COMepKa-
HUE OTHEJIbHBIX TJIAB.

Bosbmas Macca MIOOHA WM CBS3AHHON YACTHUIEL B 9K30TMYECKOM aTO-
Me TIPMBOANT K MAJbIM XaPAKTEDHHIM DasMepaM COOTBETCTBYIONINX aTOMOB,
IPH 5TOM MAJIOCTL Z ¢ < 1 TIO3BOJISIET ONUCHIBATD MX HEPEJIATHBACTCKY. Xa-
pakTepHas 06/1aCTb B3auMOzeHCTBIH], OTBedatomuM adpPexTam NoNIAPU3aIUH
BaKyyMa, IIPOIOPIHOHAIbHA KOMITOHOBCKO! JIJTWHE BOJIHBI YACTHIL B IET-
Jie ¥ JJIS 2ICKTPOHHOM THOAAPU3AIUA BaKyyMa COBIAJAET C XAPAKTEPHBIMA
pa3MepamMy MIOOHHBIX M DK30THUECKMX ATOMOB. JTO HO3BOJISIET 3pdeKTHB-
HO WCIIOJIb30BATH B COOTBETCTBYIOMIAX BEIUNCICHNUAX HEPEIATHBACTCKOE 1P

6imxerue. B ofmem ciiygae IONPaBKa Ha MO PU3ANNIO BAKYYMa 3aBHCHT OT
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PABHOTO OTHOIIEHWI XAPAKTEDHOTO MMITYJIbCA ATOMHOR WacTunsl Zo m/n K

Ky =
nm,

Macce YACTHIB B HOJISAPU3AIHAOHHON IeTNe M. 3HeCh 1M — Macca aTOMHON
YACTHIBI, 72 — TVIABHOE KBAHTOBOE YHCJIO PACCMATPUBAEMOTO YPOBHST SHEPIWH.
Ecnu sTor napamerp nopstiaka win Gosbie e TUHAIE (serkue MIOOHHBIE, 1IH-
OHHBIE, AHTUIIPOTOHHEIE ATOMBbIL), TO TPUMEHNUMO HEPEJIITHBACTCKOE MpUbIu-
xenne. Eenn k, < 1, KaK [UIs JIETKHX 9J€KTPOHHBIX aTOMOB (Kp = Za/n),
TO TOJsAPH3AHOHEBIE 3(DDEKTH CBI3aHAl ¢ KOPOTKOIEUCTBYIONTUM TOTEHITH-
AJTOM ¥ [OJDKHBI OIUCHIBATHCS PEJISTUBACTCKH.

3HauuTeNbHASL JACTD UCCEPTAINY MOCBSILIEHA IPOCTERIIEN OISAPABAIH-
OHHOIt mompaBke, BKIaAy noreHnuasa Qmuera. B mpunnune, nogobrast mo-
TpaBKa MOXeT OhITh BbITHCIIEH DARTUYHBIMY CIOCOGaAMY, HAIPUMED, YUCIICH-
HO, U caMa 110 cebe He MPEACTABIISET PeaybHON mpobyembl. OCHOBHOHN NEBIO
[IWCCEPTALMN SIB/ISETCs. PaspaboTka MeTomoB (IPM PACCMOTDEHMHU NONPABKY
IOumrra), KOTOPBIE MOTYT GHITH IPUMEHUMEL K GOJIee CIOMKHBIM OJISPH3AIH-
OHHBIM 3 deKTaM, YINTHIBAIOMEM 0TAa9y, dDODEKTH CTAPIINX TOPSIIKOB U
ID.

Jlasnee B BHIMUC/INTEIBHON YACTH OUCCEPTALNY DABBUTHIE METONB! [IPUME-
HAIOTCS JJIsl HAXOXKIEHUs [IOIPABKY Ha JBYXIETJIEBYIO IOJIAPU3AIHUIO BAKYY-
Ma B MIOOHHOM BOZODOZE.

B nepsoif riiaBe muceiaenyOTCS NONPABKA K KYJIOHOBCKOMY B3aMMOZENR-
CTBUIO Ha 3D(EKTH OLHONETIIEBOY ONIAPU3ALNY BAKYYMA B BOLOPOAONOL00-
HOM aTOMe, TAaK Ha3bBaeMbiit norennuay IOsmuHra.

OpponersieBasl LOJSPASALMOHHAS ITONPABKA K KYJIOHOBCKHM YPOBHSIM
SHEPTUH B STOH TVIaBe PACCMATPHBAETCS KAK B HEPENATUBUCTCKOM, TAK U Pe-
JISTHBHCTCKOM TpuOmKeHnsx (Ge3s pasioxenusi no Za). Pensrtusumcrckue
PEe3YJIBTATHL IOJY9YEHBl JJI 9ACTUIl CO CIMEOM 1/2, ONMCHBaeMbIX ypasHe-
HreM Jlupaxa, ¥ UYACTHL C HYJIEBBIM CLKHOM, OIVCHIBAEMBIX yDPABHEHHEM
Knettna-Topnona-Qoxa. s JUPaKoBCKHX HACTUIl TAKXKE HONYYEHO IIPEl-

CTaBJICHUE [jif Benyine# DeJITTHBUCTCKON IIOIPaBKM K Da3sHOCTH YpPOBHEHR



9HEPTHH C OJMHAKOBBLIMY 3HAYEHUSIMH TJIABHOTO KBAHTOBOTO YHCJIA 1 1 OpOH-
TAJILHOTO KBAHTOBOTO 4MCJa [, HO Da3sHBIMH 3HAYEHUSIMH IIOJHOTO YTIOBOTO
MOMEHTA j, TO €CThb K TOHKOH{ CTPYKTYyPE ATOMHBIX YPOBHEH.

Ilonpaska x sHepruM aTOMHBIX YPOBHEH HA OFHONETIEBYX) IOJISPHUIALMIC
BAaKyyMa B MIOOHHBIX aTOMaX OBlJIa BBIYACIEHA B HEPEJISTHBHCTCKOM IIDH-
6JIYKEeHA Y /IS HEKOTOPBIX HUBIIAX yPOBHER joctaTodno pasHo. OpHAKO, IO
JlydeHHBIE aHAJIMTHYECKUE DE3YJILTATHI MMENIH IeNIbIH DSl HeZOCTATKOB. Nx
OBIJIO HEBOSMOYKHO 0B0OINTE Ha PEJISTUBACTCKAN cilydalt, a 06obeHne Bb-
paskeHult 15T BBICOKOBO3OY2K JEHHEIX COCTOSIHA R IIPUBOAMIIO K MCKIIIOUNTE b~
HO TPOMO3IKMM BHIPAYKEHMSTM, BOSMOMKHOCTD HAJINTHIECKON PabOTHI ¢ KOTO-
peMu OBia Kpattse orpanvdena. Tax, maske IPOCTERINIE aCHMITOTHKA JiJIs
BO30YKIEHHBIX YPOBHEN He OLLIM UBBECTHHI.

B mmcceprarmm obcy:kmaloTcs HECKOIBKO Da3NMYHBIX IIPEJCTABJIEHUR
HEPEJISTTUBACTCKON TOTPABKH [IJIsT IPOM3BOJIBHBIX YPOBHEN 9HEDTHH. Panee
6BLIO TIOTY9eHO JIMITb TPE/ICTABIEHE HEPEIITTUBICTCKOM nonpaskyu HOmHra
B TEPMHHAX YACTHBIX TTPOM3BOIHBIX, YTO YIOOHO He JJIf BCEX IPHIOKEHMN.
B meproit raBe gquccepTAIMy TOXYYEHE HOBBIE IPEACTABIICHNUST JJIsI 9TOH T10-
TPaBKY B TEDMUHAX KOHEYHON CyMMBI CTAHIADTHBIX MHTEIDAJIOB

K _ 1d‘v2(1—-v2/3) rv/1=v% \° 5
bc("f)’([ b(l_vz)b/g T s @)

B uacTHOCTH, OIHO M3 TIOJIyIEHHBIX LIPEJCTABICHANA COMEPKUT CyMMY C/IATa-

eMBIX OLHOTO 3HAKA. XOTS CyMMa KOHEYHASI, HO JJIS BBICOKOBO3OY KIEHHRIX

cocTOsHM OHA COMEPKUT BOIBIIOE YHCIIO CJIArAE€MbIX M 3HAKOONPEIEIEHHOCTD

DAl YIPOITAET KOHTPONb 38 TOYHOCTHIO IPUOIMKEHHBIX BRYACIEHRN.
Ormerum, 9T0 st Kpo(Ky,) H3BECTHO TOYHOE AHAJIUTHIECKOE BBIPAJKEHNE,

KOTOPOE COREPIKAT 000BIeH ke TanepreoMerpriecKie QyHKIan

Kie(K) = Kipe() — %KZbc("f) ,

1, 1 b ¢

Kuelr) = 5% B(a+ 5,1—§+§)
cc 1 b ¢ 1 3 b ¢ ,
xaFyz 5 +5 1= 5+5 50+ 3 5+5i K

- .~‘«‘v -

Cperiplas b2 08
r B(“+2’2\2+2)

c c 13 b ¢ 3 b ¢
41 4= 2 2 2 — 2 )
%3 2(2+’2+2’2 5T gigat? 2+2’”)

Wcnonb3oBaHne TAKOTO TPENCTABIEHWS HeNaeT KpalHe 3aTDyHATESHHOMN
JAaJIbHEHITYI0 AHAJIUTAYECKYIO PAOOTY C BHIDAYKEHUSMHU JJIS OLHONETEBBIX
MOIPABOK M3-3a ux rpoMosaxoctd. Jlamee B auccepTanuy pacCMaTpPHBAOT-
¢Sl Pas/IMYHblE METOMBL MOJYYEHUS ACHUMITOTHK W IPOCTHIX IPHOIMKEHHBIX
BhIpaxkenni muis nonpasku Hmuura.

To4rOe PENATHBACTCKOE BBIPAXKEHNE AJ1s nonpasku IOmuHra B cydae ou-
PAKOBCKOH 9aCTHIbL IS IPOU3BOIBHEOTO ATOMHOTO COCTOSIHAS HAlIeHO B JHC-
cepranmy Brepsoe. 11omyueHRbIl PEIATHBACTCKAN PE3y/ILTAT UCIOJIb3YeTCs
JIJIST BEIYHCJIEHAS TIONIPABKY K TOHKOH CTPYKTYpe ATOMHBIX yDPOBHEHL.

Taxxe B meproit riase HCCIIELYeTCs PeJITUBACTCKAs nonpaska HOnuura
JIJIST BOLOPOLOMOLOOHOTO ATOMA, B KOTODOM ATOMHAS dacTHLa oOIalaeT Hy-
JIEBBIM CIIMHOM KAK, HATIDUMED, IIMOH. Takas YyacTHIa BO BHEIIHEM IOJIE D&
[SITABACTCKY ONUCHIBAETCH ypaBHeHueM Knettna-loprona-Qoxa, Teopus Boz-
MYIIEHHH IJIT KOTOporo ObLIA Pa3BWTA JIAIIL HEJABHO. B muccepranumu Bep-
BhIe OblIa BEIYHMCJIEHA PeIATHBACTCKAs nonpaska IOmuHra s aToMa ¢ Hy-
JIEBBIM CIIMHOM aTOMHOH 4aCTHIEBL, HAXOOAMIEHCa B IUPKYASIPHOM COCTOSHIANR
(n = 1—1). Hony4ennoe npencraBieHre BO MHOTOM 8HAJIOTAYHO I PAKOBCKO-
My ciay4daio. [IpoBeeHO CpaABHEHNE NOBEJEHNS! BEIUMCJIEHHBIX TONPABOK IS
YACTHI C HYJIEBBIM W IIOIYLEIBIM CIMHAMI.

B mepsolt riase OBIIN TOyI€HEl TOYHEE BEIPAXKEHUS /I HEPEJIATUBUCT-
ckolt m pensttuBucTckoi mompasok YOumara, B TepmmEax Kpo(kn). TIpruem
HEPEJISTTABUCTCKOMY CJIyHal0 OTBEYAlOT IeJIOYNC/ICHHEE 3HaYeHnn b ¢, a B
PENATHBUCICKOM CJIydae IejbIM sBifeTcs TOJabKO b. B ciygae mpomspoas-
HOT'O COCTOSTHHS IOJyY€HHBIE IPECTABICHAS COOEPXKAT CyMMy OOOBIIEHHBIX
runepreoMerpudeckux GyHxuui 3Fh ¢ pasnMuHBIMM apryMeHTamu. Takon
criocof IpeCTaBIe Us TIOPABOK 3aTPYIHAET JANBHERUYI0 AHAJIATHIECKYIO
paboTy, ¥ B YACTHOCTH HE IIO3BOJIIET IIPOCTO OLEHUTH W3MEHEHWE BeJINdH-
HBI BKJIAIa OJHONETJIEBO) MOJIAPU3AINY BAKYyMA IIPY USMEHEHWN COCTOSTHHS

aTOMA WM XAPAKTEPHLIX ATOMHBIX IaPaMeTPOB, HAIIDUMED, Kn.
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Bo BTOpoOi#f miiaBe mojiyueH psi TIPOCTHIX ACHMITOTHK IJIS CTAHIAPT-
HBIX BHTErPaoB Kp.(fr,), 96pes KOTOPBIE BRIPAIKAETCS HEPEJIATHABACTCKAST TIO-
mpaska FOmaunra. O6Ccy>KIaeTes aCUMITTOTHYECKOE TIOBE/IEHNE HEPEJIATHBHCT-
CKOJl TIOIIPaBKYW NIPM Da3/INYHBIX COOTHOIIEHMSX MapaMeTpoB 3ajaun. s
BBICOKOBO30OYK/IEHHEIX COCTOSTHMY TAKKE TPHMEHSIETCS] KBAa3WKJIACCHIECKOE
IpuOIMIKEHNe, YTO MO3BOJISIET IPOBECTH PACYeTHl, 3PEKTUBHO yIUTHIBAIO-
e TOMPABKY CTAPIINX NOPSOKOB MO noTeHtmaty FOnmrra

I CXOOMMOCTH TUTIEPTEOMETPUUIECKOTO Psifia JJIS OOOOIIEHHOH THIEp-
reoMeTpuIecKoit dyHKIMH gF5 DOCTATOYHO, YTOGH! €6 APTYMEHT GBI MEHbIe
emuensl. OHAKO, IJisi BHICOKOBO3OYK/IEHHBIX COCTOSHUN psf GhICTPO cxo-
JWATCST TOJIBKO HAYWHAS C HEKOTOPOTO GOJIBIIIOTO HOMEDA, CJIATAEMOTO, A IIEPBLIE
YIEHH! Psifia OfHOTO nopsiaka. OmHa U3 387149 9TOH T7IaBH — MOJTyY9eHAe HOBBIX
BHIDAXKEHUH JJIsT CTAHZAPTHBIX MHTEIPAJIOB, TAKMX 9TOOL! Ghi1a BOBMOXHOCTD
ATITPOKCHMAITWH MTOTTPABOK HA TIOJISIPA3AITHIO BAKYYMa HECKOIBKUMY WIEHAMH
peA.

Bropast yacTs BTOPOI TIABBL TOCBSIIIEHA METOLY IEPECTPONKY OBIINX BhI-
paskeHV 1y1st TOTPABOK HOIMHTA, TO3BOJISTIONEMY BMECTO TTPEIACTABIICHHUS IO
TIPABOK B BUJIE KOHEYHON CyMMH runepreoMeTpudecknx hbyHkimi 3Fb 3anm-
caTh X B BHe GeCKOHEUHOM cyMMbl Gosiee TpocThix yHkumdt o F1. Yro Go-

Jiee BaXKHO, 3TOT METO/ ITO3BOJIAET ANITPOKCIMUPOBATE HCXOLHBIE BRIDAXKCHHTA

st nomparok FOsmHra KOHeIHON cyMMOlt HEGOJBIIOrO YHUC/AA CIATAEMBIX C'

2Fy. PazBursiit MeTon adbexTHBeH KaK YIS HEPEJISITHBUCTCKUX, TaX ¥ JJIsT
PENSTHBACTCKIX 3371a4.

C'unepreomerpudeckast byHxiust 9] XOpOIIO M3yueHA W IS HEE M3Be-
cTen psIfl yIOBHBIX aHAIMTUYECKHX TIPEJCTaBIeHN! u mpeobpasosanmit. Ho-
BOE TIPEJACTABJIEHHUE JIsi OJHONET/IEBBIX TOJISTPU3AIMOHEBIX TOIPAROK HMEET
psiz npenmyuiecTs. OHO MOBBOJISIET HPOIE OTC/IEXKUBATH U3MEHEHNUS Be UM~
HH TIOTIPABKY TPW W3MEHEHWH COCTOSTHUS ATOMA WM XAPAaKTEPHBIX ATOMHBIX
TAPAMETPOB, & TAKIKE TTO3BOJILET KOHTPOINPOBATL CXOIMMOCTh GECKOHEUHOTO
PSia M KOHTPOJIMPOBATD ITOTPEITHOCTD YIIOMSHYTHIX NTPUGIIIKeHnH.

B xomIE raBwl o6y qaeTcs IpUMeHeRNe PA3BUTOTO METOA IPUOIINIKEH-

HBIX BBEIUUCJIEHNH K Pa3jinvHBIM 3804a49aM B MIOOHHBIX H 3K30THYECKUX 4TO-
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Max, B YACTHOCTH, K BBIYHCJIECHHUIO IIOTPABKY K 3HAYEHWIO BOJHOBOY (hDyHKIHH
ATOMHOY 4YACTAIBL B HyJE, KOTOPOE UIDAET BAXKHYIO DOJIb IIPH BHIYUCICHW-
SIX TIONPaBOK Ha CTPYKTYDPY fA7pa, & TAKXKE AHHUTHJISITMOHHBIX 3(PdeKTOB B
mrornn. Q6Cy»xJAT0TCST IPUIOKEHNSI METOLA K BEIUACIEHHIO MATHATHOTO MO-
MEHTA CBSI3aHHOTO MIOOHA.

B nepsoit 1 BTOpO# 1y1aBe SUCCEPTAIIMY HA TPUMEDE OSHONETIIEBHIX IOMIPa-
BOK OBLIM Pa3BUTHI 9¢h(EKTUBHEIE METOMH BHIYMC/ICHUS BKIANOB TOISPH3a-
IMOHEBIX 3(hekToR. B TpeThell riaBe OHM TPHMEHSIOTCS IPH BHYUCIEHUH
TOTIPARKY HA TIOJITPH3AITIIO BaKyyMma BToporo nopsinka gist CTP B MoorrOM
BOJIOPOZE.

B Tpetneii ruiase pacemarpusaercest CTP 1s u 2s ypoBHEH SHEPIuy B MIO-
OHHOM BOZOpoZe. TeopeTnueckye BEHIUUCIEHHST 9TUX BEJIMYMH IIPEICTABIIAIOT
MHTEPEC B CBS3M C TEM, YTO CEHUAC NMPEANPHHAMAIOTCS YCHIIAS TI0 WX SKCIe-
PUMEHTAJILHOMY “3Mepernio. CBEPXTOHKOE DACIIEIJIEHNE COCTOSIHUS 28 OymeT
HCCJIEA0BAHO B PAMKAX MIYIIErO 9KCIIEPUMEHTA TI0 M3MEPEHHIO J13MOOBCKOTO
crpura. Taxoxe mnamrmpyercst sxkcnepumerT 1o msMepennio CTP ocrororo
COCTOSIHYST MIOOHHOTO BOZOPOZA.

OcoberHOCTBI0 MIOOHHOTO BOJOPONA SIBJISIETCST 0OJiee BBHICOKAST YyBCTBH-
respHOCTH CTP X cTpykType sigpa, aTo orpé.HHqHBaeT BO3MOKHOCTD €T'0 BhI-
YUCJIEHNS ¥3 IEPBBIX TPUHEIMIOB. Bo3MOXXHBIN mOMX0 K pernenmio mpobieMsr
TIOTIPABOK HA CTPYKTYPY s4pa OBUI UPEANIoXKeH B CJlydae OOBIYHBIX JIEFKHX
BOZOPOIOnonobHbX aToMOB. OH 3aKIII0YAETCSA B PACCMOTPEHUH CIENHATHLHON

pasHOCTH
Al = 8 % Ehf5(23) — Ehfs(ls) . (3)

Ee ocoGeHHOCTBIO SIB/ISIETCS TO, YTO ‘2KECTKHE' BKJIAJLI B SHEPTHIO 715 COCTO-
SIHWUR, 0OBIYHO ITPONOPIMOHAJILHLIC SHAUEHNIO KBAIPATa BOSHOBOR (DYyHKIMHA
B HyJle

(Za—)arng_dm , (4)

COKpaIamTCs. B pesyiibTaTe ClenabHasl PAa3HOCTh MEHEE YyBCTBUATEJIbHA K

adppexTaM CTPYKTYPHI SIEDA.
Jlpyroit ocofeHHOCTBI0 MIOOHHBIX 8TOMOB SBJIFETCS JTOMHHADPOBAHHE 3¢-

— 2 _
|ql"l(r = O)I = s
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HEKTOB 2JIEKTPOHHOR MOJILPHU3ANMY BAKYyMa TO CPaBHEHMIO ¢ ApyrumMu KT
acdexramu. [ompaska k. CTP Ha omHONETNEBYIO BJIEKTPORHYIO IOJISPH3a-
Iuo BakyyMa giist 1s u 2s cocrosHufl m3BecTHa. B TpeThelt riase juccepra-
IUM BBIUUC/IAETCS. IOIPABKA HA [BYXIETIEBYK TOJSPH3AIMI0 BAKYYMA. ITO
camast 60JIbINAs paHee HewapecTHAS nompaska. Oa BHocut Bkaay B CTP 1s
ypoBHEs nonpasKy nopsaka 67 ppm. Ocransane K3/ nonpasky i MeHbIIE,
HIH MOTYT OBITH MOJyJeHBI 0000OIIEHHEM PE3YIBTATOB st OOBIYHOIO ATOMA
BOZIOPOJA.

Bxuajl pasInUHEIX AEATDAMM 3JIEKTPOHHOM [OJISPH3AINKE BAKYYMa BTO-
poro nopsijika npuBeAeHsl B Tabnune 1.

B pesynbrarTe mOMyIeHO BHIPAXKEHWE I CIEIHAJILHON PA3HOCTH B BUJE:

eNucl
AEy = (127,06(49) +1.03(1) ﬁ"%o(l—s)
AEg" 0 (1s)

T 1.96(2) (%)2 —046(1) (%’) 2) x 107% 9B .

3necs mepeoe craraemoe orseuaer K/ sddexram, B TOM 4HCIe OHO CO-
JEpXKUT ¥ HaWleHHbI B JFCCEPTAIMM BKiaJ, pasHbft —1.8606 x 107 »B.
OcraJybHbe CjlaraeMble YIUTHIBAOT CTPYKTY DY siapa. st ynobersa HOpMI-
POBKH B YHCJIMTEJE IPHBEJEHH AKTYAJbHBIE BEIMUVHEL, XaDaKTePH3YOIIae
crpyxTypy siapa (AEER"(1s) — nonpaska k sesmmanse CTP, Rp — 3aps0-
BBII pajwyc IPOTOHA, Rpr — MATHATHBIR pasMyc IIpOTOHa.), a B 3HaMeHaTeje
ux onenxn (AENM0(15) = —1450.72 x 1078 5B, Ry = 0.9 ¢m). Obcyxne-
HUE TOYHOCTH DTOIO BHIPAXKEHHS M OOCY>KAEHWE DARJIMIHLIX BO3MOXKHOCTEMN
PabOTHL C OXKUAAEMBIME IKCIIEPVMEHTANIbHBIMH JAHHEIME COCTABIIAIOT 3AKJIIIO-
YUTEJIbHEYI0 4aCTb TPEThEH IVIABHL

B zakurogenun cyMMEpPYyOTCS De3YIIBTATHL, BbIIBUTAEMEIE Ha 3AIIUTY.

12

Braag cx(ls) c2(2s) c2(21)
la 1.28028 | 1.30453 | 0.02425
1b 1.68287 | 1.73944 | 0.05657
%, 28 1.85512 | 1.73785 | —0.11727
X X
| 26 3.79665 | 2.83394 | —0.96271
i i
2c| 2O 2.32694 | 2.05872 | —0.26522
%
0.92294 | 0.56352 | —0.35942
0.68104 | 0.41990 | —0.26114
Beero 12.54584 | 10.65790 | —1.88794

Tabnmna 1: Braaasr smekTPOHAON NOAAPA3AIARE BaKyyMa BTOPOTO nopﬂ,mka. 8 CTP B M0~
onroM BOgOpoae. Bxaaant 1b u 2b oreeualoT nONHOR HENPHBOAEMOH HaCTH ABYXIETIEBOTO
NONSPR3ANMORHOr0 oneparopa. llocnenuuit cTonbell OTBEY3ET BKIAJaM B CHEIHANBHYID
pasrocts CTP 1s m 2s ypossett. Ha amarpammax smrsaroobpasmolt mmamelt 0603HATEHO
CBepPXTOHKOE B3aHMOJEHCTBYE, & IyHKTHPHON — KyJOHOBCKHH obMen. Jlpottnas cnromuas

1
JIMEHS] OTBEYAET PENyIMPOBAHEOY KyJOHOBCKON dynKiur ['pHia aTOMHOM YaCTHIBL.
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Ha 3allUTy BBIHOCATCHA CJIEeAYIOINME IMOJIOKEHNA:
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OMTAJIBHEIM KBAHTOBBIM YHCIOM | = n — 1. ‘ polarization in muonic and exotic atoms: the Lamb shift at medium Z
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¢ Tlony4ens pasnvynble ACMMIOTOTHYECKHE W IPUONMKEHHBE (DOPMYJIBL

Juist nonpasku FOmuara. B wacTrocTH, HalneHs acuMnTOTHYECKHE POD- [4] S. G. Karshenboim, V. G. Ivanov and E. Yu. Korzinin, Vacuum
MYJIBL IDH PA3/IMIHBIX 3HAYEHNSAX 73 ¥ OTHOIIEHWS XaPAKTEDHOIO aTOM- polarization in muonic atoms: the Lamb shift at low and medium Z,
HOT'O MMITYJIbCa K MACCE YaCTHUITHI B TIOJISIPU3AIMOHHON TIETIIE JJI Hepend- The European Physical Journal D39, 351—358 (2006)

TMBUCTCKOTO ClTydasi. HafiyieHa BeryImas IOTpaBKa K TOHKOU CTPYKTYPE,
v ona peryImaz HonP TPYIYP [5] S. G. Karshenboim, E. Yu. Korzinin and V. G. Ivanov, The Uehling

correction to the energy levels in a pionic atom, Canadian Journal of
Physics 84, 107—113 (2006)

TO €CTh PA3HWIEA JISMOOBCKWX CI[BUIOB I IPOM3BOJIBHBIX COCTOSIHUY C
j=1+1/2nj=1-1/2 Tonyuens obume HOPMY/IE B TEPMUHAX
XOPOITIO W3BECTHLIX IAHEPTEOMETPHYIECKIX (QYHKIUH o F1, KOTODbIE TTDH-

MEHVMBI B HEDEJIATUBHUCTCKOM ¥ DEJISITUBUCTCKOM CJIyJastX.

¢ Brrunciiena TOIAPUBAIMOHHAS OIPABKA TOPSIKA @ NI CBEPXTOHKO-
ro pacuienieHust cocrosHu 1s u 25 B MIOOHHOM BOAODOIE, PaBHAS IJIS
1s cocrosiHust 67 ppm. YTOUHEHO BhIpaXxeHHE JJIs CHEIMAJLHOR HOD-
MUDPOBAHHO! Pa3HOCTH CBEDXTOHKOIrO DACLICIVIEEHS 1s W 28 ypoBHel;
Haltnennasi nonpaska cocraBmia 1.3% (—1.73 x 10~ 5B) u Teneps or-

HOCHTE/IbHAS IOIPELIHOCTh PABHA, IpuMepHo 4 X 1073,
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