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GAUGE-INVARIANT RELATIVISTIC PERTURBATION THEORY APPROACH TO
DETERMINATION OF ENERGY and SPECTRAL CHARACTERISTICS FOR HEAVY
AND SUPERHEAVY ATOMS AND IONS: REVIEW

We reviewed an effective consistent ab initio approach to relativistic calculation of the spectra for multi-electron heavy
and superheavy ions with an account of relativistic, correlation, nuclear, radiative effects is presented. The method is based
on the relativistic gauge-invariant (approximation to QED) perturbation theory (PT) and generalized effective field nuclear
model with using the optimized one-quasiparticle representation firstly in theory of the hyperfine structure for relativistic
atom. The wave function zeroth basis is found from the Dirac equation with potential, which includes the core ab initio
potential, the electric and polarization potentials of a nucleus. The correlation corrections of the high orders are taken into
account within the Green functions method (with the use of the Feynman diagram’s technique). There have taken into ac-
count all correlation corrections of the second order and dominated classes of the higher orders diagrams (electrons screen-
ing, particle-hole interaction, mass operator iterations). The magnetic inter-electron interaction is accounted in the lowest
on a parameter (a is the fine structure constant), approximation, the self-energy part of the Lamb shift is taken effectively
into consideration within the Ivanov-lvanova non-perturbative procedure, the Lamb shift polarization part - in the general-
ized Uehling-Serber approximation with accounting for the Kallen-Sabry a2(az) and Wichmann-Kroll a(aZ)ncorrections.

1. Introduction

In last years a studying the spectra of heavy
and superheavy elements atoms and ions is of a
great interest for further development as atomic
and nuclear theories (c.f.[1-8]). Theoretical meth-
ods used to calculate the spectroscopic character-
istics of heavy and superheavy ions may be di-
vided into three main groups: a) the multi-config-
uration Hartree-Fock method, in which relativis-
tic effects are taken into account in the Pauli ap-
proximation, gives a rather rough approximation,
which makes it possible to get only a qualitative
idea on the spectra of heavy ions. b) The multi-
configuration Dirac-Fock (MCDF) approxima-
tion (the Desclaux program, Dirac package) [1,2]
is, within the last few years, the most reliable ver-
sion of calculation for multielectron systems with
a large nuclear charge; in these calculations one-
and two-particle relativistic effects are taken into
account practically precisely. The calculation pro-
gram of Desclaux is compiled with proper ac-
count of the finiteness of the nucleus size; how-
ever, a detailed description of the method of their

investigation of the role of the nucleus size is
lacking. In the region of small Z (Z is a charge of
the nucleus) the calculation error in the MCDF ap-
proximation is connected mainly with incomplete
inclusion of the correlation and exchange effects
which are only weakly dependent on Z; c¢) In the
study of lower states for ions with Z <40 an expan-
sion into double series of the PT on the parameters
1/Z, aZ (a is the fine structure constant) turned out
to be quite useful. It permits evaluation of relative
contributions of the different expansion terms:
non-relativistic, relativistic, QED contributions as
the functions of Z. Nevertheless, the serious prob-
lems in calculation of the heavy elements spectra
are connected with developing new, high exact
methods of account for the QED effects, in particu-
lar, the Lamb shift (LS), self-energy (SE) part of
the Lamb shift, vacuum polarization (VP) contri-
bution, correction on the nuclear finite size for
heavy elements and its account for different spec-
tral properties, including calculating the energies
and constants of the hyperfine structure, derivia-
tives of the 1-electron characteristics on nuclear

1


mailto:glushkovav@gmail.com

radiut, nuclear clectric dutiditst"de, magnetic di-
pole moments et ("“eUl-"-

m orctent pauer we rcoiew an cfcse-ice int-io
approacO to lelrnvistic calcntad<n of @ cpectiu
for muiti-deetroo suoerheahh with an ac-
cognt of eeictlvietid cor(itatiou, nudexr, rcdra-
tive efl2nts -cprweuted. The metoou is camd od
the rdatinicUc gauge-mvnuaat CdgproD mdSax
to QED) pe-urmuoion toeosy -LT( and geucrai-
ized rd ftivistic dynamicaieftitctloc dd d nucieor
moTd wity u(inatae optimized nne-que)lpartielc
renoesentation in toeory wathe hugerUne stn cture
for reio-ivStic syrtems Q S-fiC,

Tne corrdctlon corrections ot'the GyU orders
are eoden leito xccuunt witiita O€ cCreon faneeionf
methoOtwith ihe me of the eleynmaT diagram,s
teclomquc). There leave t;aen into account; ah cor-
relaeiols concretions of dienec99d creler ncd oomi
I-ateOclacses odthehighcr aiders Ciagrams GB3e»
trom ceraenihg, oerticle-/siti interaeCionl masc
oecrator itccaticcis) i2,60i99i. Tlcc mognetic inGar-
e-eceron In(haacticn is nccountad it she lowutt od
a2 eereme)ar, tSe LS i)>anction t™C- in tT-
Uehlinn-SerQer approvimahon, Tel--eucrgy 0aO
of @c Lh in ecrounteO effectivel- witoin tde
Ivanov-fv9noga non-perturbative procedure -5-
8], T le exprec-ione Lsrtuc ec(“YYet uns conslantc
of tyc hnperfine ctnsctore) OcXvtetivec od I-clec-
trou cUeracierictice on nuelcth rading nudeae
e)ectric quadc” e-e, mxgnetic tiltloie momerPe =
etc arc lcrecenteo. At iliusCrotion sora™ sara i‘or
atom od dydrogen 'H lteet salcuiutiou- and su”o
Tucu9 H-hke ion with puciecr ahnrgc Z=C0, Li-
hkc multicCargrOiom are haed.

p. Gau”™ -mvar.ato reletivistk m rnytoo”
perturbation theory methad foi*heavy ions

R®, GunoreS™o rnu™rm

@ atomic theory, y cenvenrenl ficiU proceduce
is Sncwn cos ealehi9tmn the energn )c-titSAI- oe
the denenorete  ates. Jjeu'Yymatrin9/edi9goagii-
zation 1 u-eii. su eonstructag sol, c9e ctei)-lrcann
aac Low ctoaO-src cchinuio for  w used A eY™
Des cfyYeo™, xsing tols formula whd the QED
sc/ttel(.ng mctrix, is lie("Ole In toe rt™¥ieiEiu
toeocr- Gserntmst (scthe no9-rdativlstic care, tUe
secu)ct( matrix eiementa are etecndy comglex I-
the PT sscooC order (first order of the inter-elec-
tron interaction). Their imaginary parts relate to
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raTiatian Teran (Sransttioni p-oVcltllite. n-le Gtal
eneruy swfaoi ton staeo is mually heesentad as
follows:

AO = ReAO + i IMAO, (1)

lee IUOE= -U-2, d)
wliere r is interureeeO ec the tovnl width, and toe
deeay possibility S* E . The whoO celcuwtion of
energies end deeep oY abili-ic” of e non-Occan-
eradr excited etuSe Is reduced (o ccleulaCon and
dicgonallnation O=)<sacomplex tootrixdL. u<rtart
with ehe Geti-Monn and Low formula ii ¢s neees-
sacl to ctoose the PT zesd-orrar eitllroxim”~Con.
LYunil-tl -.ce or™e-ei“cteon riemileorien -c uc”d,
Wi ¢ ci¥rttac™eU i1 toat can Ce t™™tecd ana Cere
pntcni)th)n tae @rm~NiiYrexact QED PT. Tliere jre
mrny taeil-eYoXIn oir“*mi"G& -0 Lnd toe tirndamen-
tsl o,0Qmi g eitm primd itie @r consdnction 09slre
bere oee-dehtron @r,miitoeS™n teok eCdm or
atem /nc Ircldr keuvhat r- tile trme- for the set cf
on”-cti"‘cKilartici-! -QP) funcXone, wislels c8-rerent
sucla 0 HamiteoJtlcn [798], sst toe base -xtfentijt,
one usuall) ip)tc/des tlir ttectric nuc’™YNr potential
Va cud com”™ o”rameler™!d scse”nino B~ 6=~
Vci Tint <snocmc(l/rc ob toe 1)irc ot™tif | mx= be
chocen i (- ~ { )= " accurate eigen-energier of
ail mxi™-Cen r)atm. )= tlre I-T cecci/tl orSer Qe
encrsd sdtdt is engretred in ierm”™ 0GQe teoo-QP
mah”ix -;i(5ments [f-8-;

v(1,2;4,3) e/ (d77e2siNC2MN e xencTiz N e

o(- 1) h+j2+j3+j4+mk+m2 )
i1 § iz C
(DYl may mas H(Qf *Qf)

u™e N ) -c QOTresix 7YYy so )he Coulomb
pnr- of ieterason (Q1 -Breti fcrt) :

QT =e (1243)M(1243) +e, (1 rt3)n,(1 24
R ( (1e43),5i (1343) +Rz (ti-13)n,i (1 iT2:3)ke

WTere R(1,2;4,3) is tTe raUlc- Idtegra- of tTe Cou-
-Ox 1 later-QP idteractlod witT -arge raUlc- Dirac
components; the tilde denotes a small Dirac com-



ponene hais T s angukp m~/Qgiirir (see detanr @
Refs.mutSl). =o rnlcene@ allnecessx-y matrix elnc
meatr one muchhavc tQe QQQi:elMip-fitk -unctions.

2.2 Dhr Dirac-Kehn-Ohnm Refativisiic Wave
Functions

Usu-VIg a muitieleeCron ntom is siarlned vy a
relativi[Utc D tsnc Hamiltonian- I+e a-J used):

H=YJh(r,J+Z~rrh
i

Here) h(r) -= one-pactidc Diaiic Hrm-l®@ncan
for eledron in aleld of CLe --nice siz*dudcuc anit
Vis patentialoatde inter-elrttran mteraction. The
reiatleirtic mter elccticoe jtotentialis as follows

_5)

ia,8]< f e

V ~aac
V (rr*hrexD-icDoXj)- c )7

c-)
weere uric tire tsnn3itioh frequanay;a.<c rase toe
Dirac matriceu 812 Dirac “<ttlidsich ~oi:ervi il tn-
ciuOer the deccric potential of o nudeur and ox-
cTauge-correldtioa potentinL One of toe eoriantr
is the Kohn-Sham-hke “itiS) rxcPange t¥&%i-1"
potential, which it obtainrd from + Hamiltonian
Tavinu ( trancveere vector foteniiei descuhing
tUe pPntonr, is aseDllowe [33]:

e (Cten+c/2  +c)U1] 1
WIr(r), r]= Vv (r)-{£to P(plss -2} (7
| =[3"2r(r)]13/c (8)

M12 ~efTespdnd/M; noerelatiLo fenm@xa u tis
i2,33i:

VClp(r),r]=-0.0333 F -In[1018.3768-/d rf3] ™ (9)

wTere Ctls-hc rsTiaei™it)IS)e]wreter (see Oetalis
in Refs. [2et,9:-0]).

One-particle wacc tonc-ioni arc (ound drum
soiutienodthe Dirao eqn9ttdn, wdicP irwriiteu iu
the known two-component form:

dc|1:5+ 1+ c)Fu-- e+w-y)Gro

+(@1-%—o0((€-w- OF=0
n n (10)
Here we put the fine structure constant a =1, %
- tTe Dirac dumber. At iarge % tTe raOlai fuuc-

tioas F unD G vnoy sapidly as:

Ftu), —u) ~ nY-
(11)

Y=FC2-aV

TUic inLolvec difficcAi”s in Lumvricnl -ntegra-
tlonohtheequatiocs t—20. To preveeCit, it is
coaueniant to ituru @ new Mine-ioneicalntidn main
-Jon ee depen®ence: D=a -"LI, ~.=00 ™ICT. Tde
Dirae equalton fori cut -9 com3onentr are ti'd"s-
formed cu.

I'= clotkllaroozie ct=Eto tyw-g

g'ff (xalx|-gfr- uasf +azen

Hece toe Coulomb units (C.e.) are liseh. lo
-7oule>b =nito tob utomte chiraGeristios vary
weak'y wilh kS Enis oue-decSeun energy without

the rest unctado The h-GoelCgyy valine u3 She 200
eect colutihn aao as:

)

n=(cgt- EnE ’/(Wc+H;, D=s,c<c

D=00=0)-0-)] - 2Ca2’ 2)W\* 1=1: C>0 (13)

TX condithie fcp — 0 pt r— to datermmes
fee qunntiLed dancgtes E° TTu acyrmptatios of f,g
o3 r—goo amc f
guEtommimw n =“uftCCCh

Jd~exp(- r/lu*) X tT effectlve

h<3. Nuclearpntenlial and chacge density

Evelina theac are calculated comc ctt”¢Vctm-
istiite of hi duouon-lino lona wito toa sud eus iu
toe fo-wr of n naifoocl= c-arfed $¥Erod; analo-
g™uu cu)“gYel3msny sheti"sof anincprcced moO-
ei vini ulao in<le [IM]. %e isi cefe. -3t41i5i we
use Su rolntm stie mijan”iai(¢ -Rdt10- cpprorch,
whigli @on ehfeeti'i*e -told toeory @r nuclui beNi’w
au “n”rl; sc;Mn oh C3ch/, sehar[Qing ;&e cono™ ~Ad
lut™rcordipt™Meitg™ nudeuc idd”shcs Grom  slidrt-
Olstea™ phooiot, i™oY¥siicgy i.ah risoi”ciiuie &or-
relaesonr, FT/YehPet/shh hac<Ys, v)Ful™m )oY e
tlon etetwdicT it avdi®eb intd v*riouc e’k <«
coc™Milu™ ronttau-r. Uru(% ot'e stards 9/MT a La-
grivgiru 0" tvecrttog Dirac so-c’or sYYW-
oosir¥@yatNingvia meson and-tooton firtd”.iH-Is
ieacr lheu @ tI™ti'V’sn eaunO'¥Ynwith toe potential
termr vm dOicA the milCeon t/YTamics Y toc
Klein-oordon-type equations involving nucleon-
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ic curuenCr an® denciticr as soerce terms for me-
lons anf toe nhol:on. Jm our approcad we usuoUv
use the (rtiji-ifiecid Src8 detatis m re[n ~7™0~38].f,
w Wch is among CSc ncoc) NitizN;ssfni dem m =-orir
zatiour availabltc The resulted eOncge d.e”"1031 is
defied aS:
Pr)R): hA"U ocexpit-esrR - -O chUli (rd4a)
wito tSla proton dnn=ity p”~ uonstiuetef from
tde -tOCY (T ,parc eda numcricalcocZfteten)tO aftf

com-cdzeO to tid change ~-umber Z i

UORppr) =Z. <Tab)
siNi corresponding mode) naramste7s ere ex-
plained cnO ¢t in rcaSi i33l. Anotocr efleetive
model ap-comO  -teterminc auoteae ieefiec’t)1
(the nuclear donai-o disrri(iutian) is given 0= -he
known Fermi model. vMs model givoc tied Cct-
lomiuic defirtoiosi nz 1”e egasgc Pistributiois p-rC
«(r) = I0C;louxpCr-c)/a)]}1 S
wdere tde parameter a=0.5U3 fm; the param-
eter C is edoren bp such a way 7093 Zis tnie ti"
fotiowino eondtoon dor average-s-iiarerlradms:

Uet= 1twe0.CM0yYIla0.150icalu.  (t6s

We as2ume it as some zerotT approximatlou.
FurC-er the derivrtivnt of vsrious sSerecteristics
ou R are caicuiateO. TTey Oescrlbe tde luteractloa
of (Ce nucleus wish raa-et cleclrore dair pecm/ts re-
caleuiatlon of results, when R varies wri-m rca-
soncobte Omits. 'The Coulonto fdtential idr the
spaortealih symmetr]c pensity 1¥.-% is:

Jdoup. u Rian)

ortenti

nLveM-0) = - TVO)bAnAZ—! u Isl+

Itirdetcnumed Xutoetiotiowmg s°stem af OIf-
It is determined by the following system of

Unucl(n,R =(l/lu2gd u2p) ,R)=(/r2)(nR)
0

U(u,R)=uUp(u,R)e
p'(r,R)=-8y5r/VPexp(-g2)=

8r (18)
=-2.grp(r,R)= yP"R)
p

wltd tde correspendm g boundary cocO Itlocs.

wit

UQ RED 10 000021 Sdf -energy part R the
Lcm- nhtft and vr.cuu s s olcrtZl tioQ rorayrtian
Procedure iur an =ccount aSltha caOlntive QED
corrections Is in

derails gicon tn toe roCc. iU-

n,8,c”"se5u Re~rdmg too vucuum pdarizatlof
eDeot lei e-s note that. chie tddeo- io usu=I]y Sakeu
into cooountin toe TrodPT theory osd-e Ira m 8ans
This

ofthe UeS2ing-necbhe=potential iDMNntiai is

ushylif weitleilar fot~oso™)c.a.[a]-:

u(r)=-

SOtexp(- 2rt/aZ)«
3nr

(19)

w-ere g =r/a . .In calculation [7-9] it One beec
urnd -ncva euzat ap”ovcte tr/re UcMing-Sesfer
letentiall detirmmef as a quadrctore /-ac may
be /ijDroximated ~itu Iligi-  ooteioo bp a simoie
zpz:-ti-gllunation. The use op new af proxima-
tion oUtoe UehlingsSprbec Ootential permtir one
@© aearezce the calculation orrots tice ¥sis term
down to 0.5 - 1%. § aliows aveounting far toe
Kallen-Siabry a 2az ) ane(Wichmams-Kroll a raz)
9coiaeotions [3--35]. Besides, using a simple
analyOicnl @oe-on form for cgptiroximdting Qe
Uehdng-Serder cotendal altewt i-s ensy inclu-
sion into toe yenerar snstesn af diffdrcotial equOf
tionc. TUir snrtro  mclurler also to=Dirac equps
tioor aoi- toe equations tier matiin ekm”™n&* A
tmjt™oi- il cnl-elution o° tfe “silJssnerjr;ll da3 ne
sCe LoroO sdl- is i)aseO on ac- adea be ie”mou”
s="n0'@"SCT.-SOIIL. Mt aloMc s ren3 v rid: /-
tit"e i—irt. ~n” too reletm rtie gtrl os /(s oneebn
ars:" in. (irin(;lii"c) d*rcn:nindd =9 one coh ti™ Mma
ofUsicai “end. 1M ne'ya AN UInyVSeN T - Hbesé e3r
Ists rosne unir{yFi t4¥nc™on tishi: conn6™rr tOe
relf-one"™- -SE* ~o™Mc;Son i™nd the rnlativistic
'nc’aia "TNbSIE correcl-on Zo™the; stvtrs of a hf -
cYof£en-tilie on w as pr5erutoe Os m gltr as:
fsfenzlznmzomaIESXV 720-
™
f,13* t/Aues olf csitre riiiernat Z=10-"0;

nlj  1sT.sWepdEOIpu”: Tf ei- résulfr rev mof ifiad
hi;re dor tde -Sates QC-t] of L i%ilce iona H /s sup-
Nos/d ~di: for Anp lon w ish elf ercctroc ovitr thj
N™-; oficinsiod Staslls to @ Soug dt -vilue ma-1l<~ pre-
sented in the fon:

Ese-w,all=o.(t:t-(wM8t" |  Imm)few-1)

FCnHwmIjt

(21)



TTe parameter x = (Ef)Q4, Er -st-e reiatlvls-
tlc part of tde boudOlIfg ecergy of tde outer 3121)
tronttde uoiuarsfi function fX ,ulj) foes not de-
pend on -Oe comoosifion totoc doeedshdls and
tde a&\@"l potentiai oftoehudeus. The prneidure
of generalization fora eese of Li-iikc iooswlth
fioite nsoleus eoivi™s ad the Collowinu st’D0
£,8,33];

1). Caiculction 0Q-Oe nzluen£ —and g Cor the
states nif of Hsltoe tonswhh the pomtnvdeus (la
accoddanhs whh toeirommerfote formuta);

2f. Constljictioo of cpproximetiTg fonctioc
f by the wunf cp¥t”n-® Z ena toe o” ropriate
dmo /B

3f. Lateutatiby toscRznf X f9Y'toe stateri f of
Li-like ioos with the finite nucleus;

4). Calculation of ESf for tde soug-t states.
TTe enemtes o° the ifatea 0CLMtoe tons ace c cl-
cuiated twico:wit/ a conocntioncl ciwltanrtothe
fine stiaidnre a”1S-RSand a <<a/10R The results
of tatteaGateulction are aonsi“¥¥td as non-reiativ-
Istic. TOis permitted iv™Yrn odERW. The above
extrapolation method is more 1 0 16(1 toan usinc
tdeknowo eupznsion on uZ i"aro”™™.

2.5. The hyperfine structure parameters

fcergles of quadruple (W” soC magnetic di-
pole (Wp) ioteractioos to define a hyperfine struc-
ture (HFS) are calculated as [32,35]:

W=[P+C(C+1)]B, W/u=0,5AC,
p=-tde3)tdx-e)ti+e)e[iti-e)tei-e)],

C=F(F+1)-JtJ+1)-1(1+1). (22)

Here | is a splc of cucieus, d is a full momec-
tum of system, J is a full electron momentum.
HFS constants are expressed through the standard
raOlai iftegrais iU,8,35]:

A={[t4,3e587)eo-hXgJletdx2e) RA) 2,

B={7.e87810-7z Ne[t4x2e)"I-e)} (RA) ,
(23)
Here gl is tde La/Oe factor, Q is a quadruple
momentum of nucleus (in Bam); radial integrals
are defined as follows:

(RA™N n JOrr2d (r)G (r)U (1/r2 Ry,
0

D (24)

(RA)3=J0rr2id 2(n) +G2(n)]JU(1/n3R) *

For calculatioo of potentials of the hy”~tone
interaction | Zto-Rk w e rdve thefollawml fif-
fesential equtoms H,8i: U(e/c-R/= fnyR-/r1Hl
The @nitlons rin\@jo:F)eCt - ate can be fO!)= by
sisalias wzn. do ubfain tCc coneraondin/ value

ocorresponding value of Qeone must combine ta
the HFS constants data with the electric field r

agradient calculated in our approach too. The e-
sented in 11-,14, 87,-83

2.6. Corraleiion offacts end construction
optimal 1-quasipnefclc rgydscntaiwh

Toe probtemoPihe tiara-mg ran tie ont/mai
o/e-eiectro/ represe/tatlo/ is o/e of tde 0iOest la
the theciy of multideeteon otoms. One to toe
simpifiecl reciper reprcrcnta, for c=amdle( toe
DFu rsel9od S-ee [S9]). Unfortemctdy, this
mpthoo do3uu pucvide a se la r stfmimant
proctddrm in tot snrt of dlit compicated aYtmi
withfewquasltodes -ilecteons os vacandes
ahovas coco tothe dhieddhs conte thdlst. w e
utc toemethoa[e,19].For Fo/phi"®y, ictus con-
sider now tin " c/Y\uatiyf"ie”e atomic ty“t'm
The molti-auasif erticte rose eaein<- cooSain pria-
cipalla i”ewmcmanls. in the tewe-t, -tsoed order,
oftOt QED PTfoiCOc AEnhsrt Q thumly zce-
euooipaslide FAntdM Ziagram e (fig.l)rcoo-rib-
utica -Xe WidJC(tor rcdiatino dfcaywidth

Fipzrel. a: sscenOother XT diagram crntribuc-
ing -Or imaginarcronsry aert selfird to fob sedia-
t-cn -YY—=eYYs b md c, lourtz orl er QED polar.

ization diagrams.

@ tde next, tot fourth zrdrs -Ucst Ropeei<da-
gi”u” whose IfaCfibutio—iatztos ImCE rc-
ccant S.r Sic tore -olarieation dfestc. GJIN
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conlribulon describes eollee-ive effceD enit i- D
dependent f ion toe decteamagnctic gote-ticD
gauge /tice |1 ~uf;e non-invaricut co/rriSjuXone] We
examme (e maltieleclron atom with one °ua-
siparticle :n toe first exeireo state, connected
wh5 the ground state by the sidia=on ticniei-
tion. I ntge PT c’e¥Ytli a® rooimztion o/e cz /use
tde one”™ (1kOll haee ootential:

m-Cpf cr’WN t-ct

with (tOct da”criickri®the clectric -x tiMYity of
the nuaieru kVcX imitatinn taemtesaetion ohthe
witd the ccre of closed shelll. Tlie . erturlation
in terms oZthe second quzutizalion refsesenta-
tion sezdr as

iVd r) W ) - jdX)A%X).

(g9t
dhe core potesutal (fr) is sdete® to toa sore
dectron t"WY pH in a standfrdwen. TLe lat-
ter °ully tofines toe one dectron representa)loo.
Moreouerla[l toe resuhs t-8 -lie a® noxtoate c’V™
nutations are dse fu/dtonaD is9toe UensiC —e(r-.
Here, the lowest order muitielectron eSfeds, in
f articniao the gauge deecneeni radiatini contsir
butlon for the certain it of the photon pronefc-
-or gauge d trecting. This value is considered
to be She tfdiezi reoresrntatiac o ftha electron
correlation ellecD, who-em mimtaation d a rea-
so/able criteria in toe searching tor -hr dptimal
one-electron fcsis of tde PT. Remcmbee that
he e calculated with the alternative forms of the
culatransition operator is commonly used as a

tloc sNYNCY Is commonly used as a crite r ia of
tde muhietectron cateutatianr quzhty. T°e toaw "
oary nart (f the toagram aOfig.i) conteibption tats
bee/ s™eieucea prevlously o x sue of toe p~-01™M
co/tstoutions o( a-& translticnr from tye mtoal
states/to the fina state v1--)]:

ImMAEa (@) = ~ Im AO (a-s; a).

Tto fourth safer fiANcai“™/4i~n dicnramc O,r

(figd) shauidbe cs»cidcred fultofr T hc ron/rd

Outlons ftelog udder co/slderetion, are gauge-

on consideration, are gauge- dependent, though

ve lathe results of the exact calculation of any

he u physical e quantity must iber gauge

cre muilid cdron lit toeir/zturc.
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L d us Cade tde

photon fYoitr*loiY¥\licratii™m as usnztiy:
D=Dt+CD1

Dt=Sv /(eniS -ik2), (28)

Di=- kfkv/ (ko0-k ).

Here C D toe gauge constan), D krepr8ean)s the
~c”~nge of elec-sohc by trnnnverrephoto/s,
-hLtnsCtytonghudinaloner. UWbc cri*tlcc:euiate
NretVYYiNait™ of -Ise a,1,g d i grams -fig.l) into
tde Im AE takl/g I/to accou/t botd tto DT a/0
Ds portsi The a d ehranl (Rf.1) contriOnlion into
ihe cm 341 relaindto toe sa-ateaitsZion seeds os

(ni0fllen_sin (iOCg's™2) inatoO) Ik tis,
i

029)
for D=Dt, hn0

-A_ff drldo2 IUa+7l) yis+y2) {[(1- a nsx
8n
caunluyrlo] sic ~di,iri2 »Y102 .

(1+ as nloaonlo)xctos(0@rlo)} /atro) /strl), (30)

fnr D=Dh where iso™is the a -S tranrition e/eegy.
Dacosd ng to toe Gran)toeorem, the Dsicr contrl-
bulion ’{(™Mili~r, it' tlic ont-r-sasiparticte fonc-
tlons ¢a, i-r rcUr0 t)” ra/c’e Dirac eouacio/.
Nuverthdess “isir Icrm is @ be retained when us-
1n=tde dirtorted luanlt ayV¥3"dre/io/t Xy eucm-
ple. 'h.notlier .per-i imf orl2t® examfte ocoies™nts
the fsmeil® aporoccb ber™d on ~he 1-"re
Damiltonicn deilned -l it™ ~fy’ctrum witoout
sn”aiZtling its anat-ii™ frinn 12,=). throe -die noc-
Inferlanteo-tribution ~foiiirs Mre~du (u dm Je™-
e/t rider. thMn cakuiatinl- tli™ 2or-0. oo L0/ -
tributinns “oma eooro:a’YCGcns an™ lu)Vi)aiiie.
Tlrcse “ottroa”mations li-ue i”een 4dormuca™d 1/
RcENi 1)), tencse t5). tiolaiS™tion corrections to
ttc ~nriier have f etid considered.

Let -0 eon-ideiii- e direct jioirizption d["N-i"am
b GF1U- - s n examgte. "H” fimai ext)rel'rtoo for
toe sought vztoe i<3oks as

IwOrec (co IXx°4 in j OraOi—@rnr,r, tl-(-----—-- am +
(31)
+ Ta(r,o0 x (2)Ts+(0) 1 (r40(1- aa 2)/0
to,, - to,,



ii(ax4 - m hn)))/ m- ®s™@®a,, (0,2 + m4) + ®an *

Qos[aa (rn +re])K1 + (a3hn4) (a4*4})]} m
™ /\/\/\/\(/\n(l\ t(l’,)

Exprascion L cl eab be r™ ercnted In tire form
cz toui O° Tie following termes
2 (ocm\ Wq |g5)Sae; W \wect-I1+ a (32)

Wit—four Olffere/t combl/atlo/s of operators
W, a/0 W2(see [7-10]). lo (31) it should be per-
formed summatloe over tde bou/U a/0 upper coe-
tl/uum atomic states. To evaiuate tdls sum, o/c
ecu use tde a/aiytlc reiatloe betweee tde atom-
ic electron Fermi level and the core electron
Oe/slty pc (r), appropriate to the Oohogeoeous
eo/reiatlvistlc eiectroe gas. Now tde sum Z . .
can be calculated analytically, its value becomes
afu/ctlo/ai of tde core eiectroe Oe/slty. TTe re-
sulting expression looks as the correction due to
the additional nonlocal interaction of the active
guaslpar-Icle wit—tde closed sdeiis. Never-de-
less, its calculation is reducible to the solving of
the system of the ordinary differential equations
(1-D procedure) [10]. The most important refine-
me/ts cae be I/troOuceO by accou/tl/g for tdc
relativistic a/0 tde Oe/slty grafle/t correctlo/s to
the Tomas- Fermi formula (see Refs. [2,3]). Ths
same program is realized for other polarization
Olagrams. TTe ml/Imlzatloe of tde fu/ctlo/al
Im 5Enrh (b+c) leads to tde mtegro-flIDere/tlai
equatloe for tde ps 003 Dlrac-ilke equatlo/s for
electron density). I/ resuit we obtale tde optimal
one-quasiparticle representation. In concrete cal-
culation it is sufficient to use the simplified proce-
dure, which is reduced to functional minimization
usl/g tde varlatloe of tde parameter b in Eq.(9)
t0,10]. Let us fur-der to come back to tde compiex
secuiar matrix M le tde form:

M =M (E M ()oM 2to Mr® (33)

HereM(@ is tde co/trlbutloe of tde vacuum Ol-
agrams of ail orfer of PT, a/0 M@, M@2,M@
those of the one-, two- and three- quasiparticle
Olagrams respectlveiy. M is a real matrix, pro-
por-logai to tde u/It matrix. It feterml/es o/iy tdc

ncneralfond 1Qifl. & is isshafin assume! M@ =0.
The diegona: masrix M() can be presented as a
rum ref tde inCependent nne-nuariparticle eo/trl-
XualOlls. For dmpfo syrtemr (rurl as alkdi atoms
and tons) tge ma-rl!/--1NLcte energies .an be
Saken Iroiu She cepesiment OxbstiCeting tdese
quhntitias mSo tei/l one codh gnvc summarized
ah the rorCnidutions oathe one --n-asipastfote Ola-
Otams oloil osdees ohTieUormaliy aucet relstmls-
Oe 131-. The first )wo urdes correcti/us o feM "
trace "wc/ anciyaed nreociourln li-AVY tning tde
Fagt-men diagrams tedsniccee. rfie couSributio/s
odthe first-older dinxraonr have 4een cemgietdy
czlaulated. lu fire scco/ 0 ouster, tliere art two
kmdr of dragrams: Itozation and ladclrro nes.
Tr/c icoWrizar nn dragsamr taka 1d o account tde
guasipnrttete mteraatiou forccl toepolaoiRdbte
core, and the k UQer diagrams ccconnt lor tde im-
mediate quasiparticle interaction W\ effective
form @r the two-particie eolariiaP leoperator has
been pretentedm COB)f. [2]; it looks as:

Vitl 002)= X jj O(Sud(rPFOE')

Jor,pO®CrOFEOjO'pCr(r)Tdrjp e )VA
n-o

{pf YA = j Or(po)(r Jure (17

-p"0) ()~ / (34)3
wnara p] istde cose electro/ density (wit/out ac-
cavntfor thc ouerioartieie), X ipnumerical noef-
fteteot, r:is the light nelociSy. T heeimfiar nfprox-
-mote potf#*¥t reprernntztiou Gas been rccelvef
foriCe enehrmue -olarization interaction of quasi-
partialer. Some i2the lIcdOer diaosam co/tribu-
tlgnr as well as some of the inuee-nuuripahieie
diagram eontributious in all TO orders trace tde
shia’e angdiar rymmd ry M t2e oS onripfiticie
diram coufifoutioos of Tie fiid order T°ese
confribntignr heva been summarise4 gy a m/d ifi-
cztion of the cantal ~tenting whtelr most uaw
incluCe the reseemnn (an-i-sereeninn) olCheeore
potential of each partide in tha othera tiook
potential of each particle by the others (look he
racNN integrals roduocs to soivinga system of dif-
ferential equations with Unown boundciy condi-
tions ~tn = 0. Consider the martenin-eosak

17



R* = j j OO0 2oVa traf U *tra3f (3e)
tr3fUE IR f

w0 eSe/tes the p—tarization cnstoibution. ThD is
tde mos°® c—mphcated Qte-!  oe c task. Le-; us
cote: Rd =ilwEtn). Accoiding so i0o3 fodetiee

n(r) 9an de fonntl from eolutionof syrtem o° tIx
flfferentiii ec™atians with tde boundaiy condi-
tlons:

n =tpa2n(@i- (1+sen)/r,

E =tPor2ZZ(Di - (1 +S)no)/r,
n/=(pfr2zZzazv - 21 +0)n3)/r,

n/ =((P2r% +paA2ZWZ 2 - (1 +i)nd)/r,
Y =((pra8 +pa/niZQiz12 - (1 +i)n5)/r,

n7(r) =(pr2v+P2r% +HQraaZf)Zf .
(66)
A compiete system of equatlo/s aiso i/ciufec
equations for toe modiUed ftegsel funetions U()
and fcr tDO aectd @inctions tsec [8217).

3 Same Inttrattmi retulSs ond oonduoion

In tablel we present the experimental i8,32- -
25i an theoretiaol(our tesi calcotation) resultr for
NtfeO/YV™ splitting enerpies for Is, 2s leuels of

Tydrogen atom. Tdeoe is fdysicflly reasonable
agphysically treasonable agreement between

Table 1
Exparmccntolondtocoretter3 for
H F~nec”es for0 2sHom Je=e]s

Eterm Expmimerd T er'u
uantum Tv(FF), M3

sCum MHz Fy"F?),

numdnrt of AFN ) MHz

CGord momend iOncw-l DOW.F),
10ncm-

is2(m ,80) 14no,no6 1455,685

17,519 t\esC

2° 2ad2 ,0) Irr,s5l ]ee,480
5, 923 5, 920
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Q) table 2 there are listed @e sesul-r oC calcu-

parameters (plus derivatives rof the energy lus
daovntiuer of the enotgh conSibutioe oo nealear

superheavy H-like ion with nuclear charge ar
[11=110 2=170. We haue used the GgaCat"ons [1,8]:
A=108eZ3!, (eV);
DA=(e0-2Z4)(mecR), (eVecm);
B=(e0Bl(el-e))eZ3Q, (eVeBarn);
DB=[(10 3(el-e))ez4Q](cBecR), (eVeBam cm);
U=-(e04&Z9<U(r,R)>, (eV);

Dn=(e0-eZ5("<U(r,R)>e"R), (eVecm);.

DV=[e0-&Z3(*"V>e”"0), (eVecm);
5abie 2

Parameters cf cne-electnan states fan H-1-ke
ian w,td Z=170 (data from [8,35])

Er N2 2Pa2 °PIR
A 831 3861 859
DA i ~g 841 0Q001
B 9091 1891 61 0,01
DB 1246 1551 5405 0.5008
DV 1255 273 n08 0,0011
U 1453 282 0301 Q31
DU 2)4) 153 1011  0,0015
1s-k -sap 3Pa2 3P32
A 4335 2aa 922 2,615
DA 1039 26,8 54,0 0,a001
B 9091 415 101 0,04
DB 7245 395 074 0,3003
DV -dec 61.9 9C0 0,090°
U iocs 69,3 109 0,62
DU 2343 i27 -85 0,0090

In table 3 there are listed the nuclear corrections
i/to elergy o2ton low transitionsfor LI-itoe io/s.



Tabie S
Nuclear finite size cannect-ans -nta energy
(cm-1) far Li-like -ans and values af the effec-
tive radius af nucleus (10-13cm)

z 0Si20Pi2  0Si2-0P32 R

20 - 151 - 155 3,26
41 - 659,0 - 610,0 4,14
69 -20690,0 -211120 493
19 623150 -66931,0 515
92  -2613250 -2883120 542

The calculation showed also that a variation
of the nuclear radius on several persents could
lead to changing the transition energies on doz-
e/s of tdousa/fs 10xm- . le i8,30,35] tdere arc
listed the results of calculating the constants of
t0e hyperfine interaction: the electric quadrupla
constant B, the magnetic dipole constant A with
inclusion of nuclear finiteness and the Uehling-
Serber pote/tlai for some LI-llke io/s. le tabic
4 data on the HFS constants for lowest excited
states of LI-llke io/s are ilstef. Similar fata fos
other states were listed earlier (see ref. [8,32,34]),
but there another model for a charge distribution
in a nucleus and method of treating the QED cor-
rectlo/s were usef.

Table 4.
Canstants af the hyperfine electran-nudegr

interaction: A=ZxTAcm-, B= zZ Q b cm-
1 a 1821-1)
nlj YA 20 19 92
es - 93 -03 215 -02 314
A -02
3s A 26 -03 63 -03 90 -03
25 -03 11 -03 105
2Pm A _02
Pue 81-04 20-03 31-03

Pse A 50 -04 11-04 12-04
B 9-04 15 -04 11-04
Pee A 13 -04 21 -04 22 -04
B 31 -05 55-05 62 -05
o A 88 -05 11 -04 12 -04
B 51 -06 10 -05 11 -05
305 A 36 -05 50-05 52-05
B 21 -06 39-06 40-06
References

1. Gra/t I.P., Relativistic Qua/tum Tdeo-
ry of Atoms a/f Molecules. - Oxford,
2008. - 650 p.

2. Gius—nov A.V., Rela-lvis-Ic Qua/tum Tde-
ora. Qurntom, mecdaaics of Atomic Sys-
tems. - Odessa: Astroprint, 2008. - 700 p.

3. Giusdkov A.V., Relativistic a/f cor-
relation effects in spectra of atomic
systems.-Ofessa: Astroprl/t. - 2006. -
400 p.

4. Giusdkov A.V, Atom ie electromag/et-
ic field. - Kiev: KNT, 2005. - 450P.

5. lva/ov L.N.,lva/ova E.P., fxtrapolatloa
of atomic -oe e/ergles by mofel potee-
tlal metdof: Na-ilke spectra/ // Atom.
Data Nuci. Data Tab. - 1999. - Vol.04.
- P. 95-101.

6. lva/ov L.N., Letokdov V.S., Autoloe-
izatloe states of muitleiectroe atoms//
Com. Of Mofere Pdys. D. Atom. a/0
Mol.PTys. -1995. -Vol. 4. - P. 169-184.

1. lval/ova E.P.,, lva/ov L.N., Giusdkon

AV. Kramlfa A.f. Hlgd orfer cor-
rectlo/s ie tde relativistic perturba-
tloe tdeory wit- tde mofel zerotd ap-
proximatio/, Mg-like a/f Ne-iike io/c
/I Pdys.Scripta -1985. - Vol. 32, M 4.
- P. 513-500.

19



20

8.

10.

11.

12.

13.

14.

15.

Iva/ova E.P., Iva/ov L.N., AgiitsOu E\V.!
Mofere Tre/fs ie Spectroscopy oR
muiti-cdargef loes// Pdys.Rep. - 1998. -
Vol. 166, N° 6. - P. 315-390.

Giusdkov A.V, lvalov L.N., lva/o-
va E.P., Rafiatioe fecay of atomic states.
Geleralizef elergy approacd// Autoioe-
izatio/ Pde/ome/a ie Atoms.- M.: Mos-
cow State U/iv. - 1986. - P.58-160.
Giusdkov AV., lva/ov L.N. Rafiatioa
fecay of atomic states: atomic resifue po-
larizatioe a/f gauge eoe-mvaria/t co/tri-
butio/s//PTys.Let-.A. - 1992. - Vol. 110.
- P. 33-36.

Iva/ov L.N., Iva/ova EP., K/igdt L!
flergy approacd to co/siste/t QED
tdeory for caicuiatioe of eiectroe-coiii-
sioe streegtds// Pdys. Rev.A. - 1993. -
Vol. 48. - P. 4365-4314.

Giusdkov A.V, Kdetseiius O.Yu., Lo-
boda AV., Svi/are/ko A.A., QED ap-
proach to atoms in a laser field: Multi-
pdotoe reso/a/ces a/f above tdresd-
olf io/izatio///Fro/tiers ie Qua/tuw
Systems ie Cdemistry a/f PTysicSI
Ser.: Progress ie Tdeoretical Cdemistra
and Physics; Eds. S.Wilson, PJ.Grout,
J. Marua/i, G. Delgafo-garrio, P. Pie-
cuch (Springer), 2008. - Vol.18.-
P. 543-560.

Giusdkov A.V., Kdetseiius O.Y., Ma-
li/ovskaya S.V, New laser-electroa
nuclear effects in the nuclear y transi-
tioe spectra ie atomic a/f moleculas
systems// Frol/tiers ie Qua/tum Sys-
tems ie Cdemistsy a/f Pdysics. Series:
Progress ie Tdeoretical Cdemistsy a/0
Pdysics ffs. S.Wiisoe, PJ.Grout, J
Marua/i, G. Delgafo-garrio, P. PiecucO
(Springer). - 2008. - Vol. 18. - 525 p.
Giusdkov A.V, Kdetseiius O.Yu., Svie-
are/ko A.A., Prepelitsa G.P., flerga
approach to atoms in a laser field and
qua/tum fy/amics wit- laser pulses oR
OiDere/t s-ape//le: Codere/ce a/f Ultra-
sdor- Pulse Laser Emissioe, ff. by Dr.
F. Duarte (InTech). - 2010. - P. 159-186.
Giusdkov A.V, Kdetseiius O., Svie-
are/ko A, Relativistic tdeory of cooper-
ative muoe-Ygamma-euciear processes:

16.

11.

18.

19.

20.

Negative muoe capture a/f metastabic
eucieus fiscdarge// Afva/ces ie tdc
Tdeory of Qua/tum Systems ie Cdem-
istsy a/f Pdysics. Ser.: Progress ie Tde-
or. Cdem. a/f Pdys., ffs. P.Hogga/l

E.gra/fas, J.Marua/i, G. Delgafo-
Barrio, P.Piecuch (Springer). - 2012. -
Vol. 22. - 51 p.

Giusdkov A.V, Rusov V.D., Ambro-
sov S.V, Lobofa A.,Reso/a/ce state-
of compou/f super-deavy eucieus a/0
EPPP ie Teavy eucieus collisio/s//Ned
projects a/f eew li/es of researcd ie eu-
clear pdysics. ffs. G.Fazio, F.Ha/appel
Singapore :World Scientific. - 2003. -
P. 126-132.
Giusdkov A.V., Kdetseiius O.Yu., Pre-
pelitsa G., Svi/are/ko A.A., Geometcy
of Cdaos: Tdeoretical basis’s of a coc-
ciste/t combi/ef approacd to treati/e
cdaotic fy/amical systems a/f tdeis
parameters fetermieatioe //Proc. of le-
tematio/al Geometry Ce/ter”. - 2013.
- Vol. 6, N 1 - P. 43-48.
Mali/ovskaya S.V., Giusdkov A.V, Du-
brovskaya Yu.V., Vitavetskaya L.Al
Qua/tum caicuiatioe of cooperative mu-
oe-euciear processes: fiscdarge of meta-
stable euciei furi/g eegative muoe cap-
ture// Rece/t Afva/ces ie tde Tdeosy od
Cdemical a/f Pdysical Systems tSpri/g-
er). - 2006. - Vol. 15. - P. 301-307.
Mali/ovskaya S.V., Giusdkov A.VI
Kdetseiius O.Yu., Lopatkie Yu., Lo-
bofa A.V, Svi/are/ko A., Nikola L.
Perelygi/a T., Geleralizef elergy ap-
proacd to calculati/g electro/ collisioa
cross-sectio/s for muiticdargef io/s if
a plasma: Debye sdielfi/g mofel// l/t.
Joure. Qua/t. Cdem. - 2011. - Vol. ill,
N 2. - P. 288-296.
Mali/ovskaya S.V., Giusdkov A.V1
Kdetseiius O.Yu., Svi/are/ko A.Al
Miscde/ko f.V, Florko T.A., Opti-
mizef perturbatioe tdeory scdeme fos
calculati/g tde i/teratomic pote/tialc
and hyperfine lines shift for heavy at-
oms ie tde buffer i/erl gas//let. Joure.
Qua/t.CTem. - 2009. - Vol. 109, N 14.
- P. 3325-3329.



21.

22.

23.

24.

25.

26.

21.

28.

Giusdkov AV!, Kdetseiius O.Y., Ma-
li/ovskaya S.V., Speclroscopy of coop-
erative iaser-eiectroe euciear efdects ia
multiatomic molecules// Molec. Pdys.
(UK). - 2008. - Vol. 106. - N 9-10. -
P. 1251-1260.

Giusdkov A\V!, Kdetseiius O.Yu., Svie-
are/ko A.A., Prepelitsa G.P., M/scdeeko
E.\V., TTe Gree/’s fu/ctio/s a/f fe/si-n
rO/ctio/al approacd to vibratio/al struc-
ture ie tde pdotoelec-roe spectra for mol-
ecules// AIP Col/f. Proceefi/gs. - 2010.
- Vol.1290. - P. 263-268.

Giusdkov AV, Mali/ovskaya S.,Co-oper-
ative laser euciear processes: borfer li/ec
efdects// le: New projects a/f eew li/es od
researcd ie euciear pdysics. ffs. G.Fazio
al/f F.Ha/appe, Si/gapore :Worif Sciee-
tific. - 2003. - P. 242-250.

Giusdkov A.V!, EDective quasi-par-icic
vale/ce Tamilto/ia/ of molecules ie tdc
comprede/sive semi-empirical t-corn/!
Sov. Joura. Struct. Cdem. - 1998. -
Vol. 29, N 4. - P. 3-9.

Giusdkov AV!, Lobofa AV., Guraitskaye
E., Svi/are/ko A., QED tdeosy of rafia-
tioe emissioe a/f absorptioe li/es for at-
oms in a strong laser field//POys. Scripta.
- 2009. - T. 135. - P. 014022.

Giusdkov AV!, Mali/ovskaya SV, Pre-
pelitsa G.P., lg/ate/ko VM., Ma/ifes-
tatioe of tde eew iaser-eiectroe eucieas
spectral efdects ie tdermaiizef plasma:
QED tdeora of cooperative iaser-eiectroe-
euciear processes//J. Pdys.:Co/f.Ser. -
2005. - Vol. 11. - P. 199-206.

Giusdkov A.V., Mali/ovskaya S\V!, Am-
brosov S., Sdpi/areva .M., Troitskaye
0.V, Reso/alces ie qua/tom systems ia
strong external fields consistent euantoh
approach/ J. of TecT/.PTys.-1991. - Vol.
38, Iss.2. - P. 215-218.

Giusdkov AV., Mali/ovskaya S.\V., Lo-
bofa A., Sdpi/areva 1.M.,Gur/itskaya E 1
KorcdevsOu D., Diag/ostics of tde col-
lisio/ally pumpef plasma a/f seared od
tde optimal plasma parameters of x-ray
lasi/g: Caicuiatioe of electroe-collisioa
strengths and rate coefficients for Ne-like
plasmrl/ J. Pdys.: Co/f.Ser. - 2005. -
Voi.il. - P. 188-198.

29.

30.

31.

32.

33.

34.

Giusdkov A.V!, Lovetl L., Kdetseiiuc
O.Yu., Gurl/itskaya E.P., Dubrovskaye
Yu.V, Lobofa AV!, Ge/eralizef multi-
configuration model of decay of multipole
gia/t reso/a/ces applief to a/alysis od
reac-ioe (m-n) on the nucleus ~Cd/ l/ter-
eat. Joure. Mofere Pdysics A. - 2009. -
Vol. 24, N. 2-3. - P. 611-615.

Giusdkov A.V!, Mali/ovskaya ! !
Sukdarev D.E., Kdetseiius O.Yu., Lo-
bofa A.V, Lovett L., Gree/’s fu/ctioa
metdof ie qua/tum cdemistry: New eu-
merical aigoritdm for tde Dirac equatioa
wit- complex elergy a/f Fermi-mofel
euciear poteetial/let.Joum. Qualt.
Cdem. - 2009. - Vol. 109. - N 8. -
P. 1111-1121.

Giusdkov AV!, Kol/frate/ko P.Al
Lepikd Ya. Fefcduk A.P., Svi/are/ko
A.A., Lovett L., flectrofy/amical a/0
gua/tum - cdemical approacdes to mof-
elli/g tde electrocdemical a/f catalytic
processes oe metals, metal alloys a/0

semicoefuctors//let. Joure. Qua/tuw
Cdem. - 2009. - Vol. 109, N 14. -
P. 3413-3481.

Kdetseiius O.Yu., Relativistic calculat-
ing the hyperfine structure parameters
for Teavy-eleme/ts a/f laser fetecti/e
tde isotopes a/f euciear reactioe prof-
ucts//PTys.Scripta. - 2009. - T. 135. -
P. 014023.

Giusdkov A.V, Kdetseiius O.Yu.l
Lovett L., Electroe-b-Nuclear Spec-
troscopy of Atoms a/f Molecules a/0
Cdemical g o/f Effect oe tde P-Decan
parameters// Afval/ces ie tde T-eoty
of Atomic a/f Molecular Systems Dy-
eamics, Spectroscopy, Clusters, a/0
Na/ostructures. Series: Progress ia
Tdeor. Cdem. a/f Pdys., Efs. PiecucO
P., Marual/i J., Delgafo-garrio G., Wil-
son S. (Springer). - 2009. - Vol. 20. -
P. 125-152.

Giusdkov A.V, Svilare/lko A.Al
Kdetseiius O.Yu., guyafzdi V.V, Flo-
rko T.A., SOakdmae A.N., Relativistic
Qua/tum Cdemistsy: Ac Afval/cef ap-
proacd to tde co/structio/ of tde Gree/
fu/ctioe oftde Dirac equatioe wit- com-

21



22

35.

36.

3L

38.

39.

40.

plex energy and mean-field nuclear po-
teetial// Fro/tiers ie Qua/tum Metdofc
al/f Applicatio/s ie Cdem. a/f Pdysics.
Ser.: Progress ie Tdeor. Cdemistsy a/0
Pdys., Efs. M. Nascime/to, J.Marua/il
E.gra/fas, G. Delgafo-garrio tSpri/g-
er). - 2015. - Vol. 29. - P. 197-217.
Kdetseiius O.Yu., Optimizef perturba-
tion theory to calculating the hyperfina
li/fe sdift a/f broafe/i/g for Teavn
atoms ie tde bufder gas// Froltiers ia
Qua/tum Metdofs a/f Applicatio/c
ie Cdemistsy a/f Pdysics. Ser.. Pro-
gress ie Tdeor. Cdem. a/f Pdys., Efs.
M.Nascime/to, J.Marua/i, E.gra/faSl
G.Delgado-Barrio (Springer). - 2015. -
Vol. 29. - P. 55-16.

Giusdkov A.V, Mali/ovskaya SV
New approacd to tde formatioe od
mofel pote/tial for vale/ce-electro/s/I
Zhurn.Fizich.Khimii.-1988.-Vol.62(1).-
P. 100-104.

Giusdkov A.V.LepikT Ya.l.,KOetseliuc
O.Yu., Fefcduk AP., Ambrosov S.V I
Ig/ate/ko A.V!, Waelier-mott excito/c
and atoms in a DC elecric field: pho-
toio/izatio/, Stark efdect, reso/a/cec
ie tde io/izatio/ coetieuum// Se/sos
Electr. a/f Microsyst. Tecd/.-2008.-
N4.-P.5-11.

Kdetseiius O.Yu., Relativistic e/er-
gy approacd to cooperative electroe-
Y-nuclear processes: NEET Effect//
Qua/tum Systems ie Cdemistry a/0
Pdysics: Progress ie Metdofs a/f Ap-
plicatio/s.  Ser.. Progress ie Tdeor.
Cdem. a/f Pdys., Efs. K.Nisdikawa, J.
Marua/i, E.gra/fas, G. Delgafo-gar-
rio, P.Piecuch (Springer).-2012-V0I.26.-
P.211.

guyafzdi VV, Giusdkov A.V, LovetC
L., Spectroscopy of atoms a/f eu-
clei in a strong laser field: AC Stark
effect a/f muitipdotoe reso/a/ces/I
PTotoelectro/ics.-2014.-VOI.23.-P.  38-
43.

Ter/ovsky V.g., Giusdkov A.V!, Zaicdko
P., Kdetseiius O.Yu., Florko T.A., Nco
relativistic mofel pote/tial approacd to
se/si/g rafiative tra/sitio/s probabili-

41.

42.

43.

44.

45.

46.

ties ie spectra of Teavy Ryfberg atomic
systems/ // Se/sor Electr. a/f Microsyst.
Tec0/.-2015.-V0i.12,N4.-P. 19-26.
guyafzdi VV, Giusdkov AV!, Mae-
sarliysky V.F., lg/ate/ko AV!, Svie-
are/ko A.A., Spectroscopy of atoms ie ¢
strong laser field: New method to sens-
i/g AC Stark effect, multipdoto/ reso-
ea/ces parameters a/f io/izatio/ cross-
sectioes//Seesor Electr. a/f Microsyst.
Tecd/.-2015.-Vol.12,N4.-P.21-36.
Giusdkov AV!, Ma/sarliysky V.F1
Kdetseiius O.Yu., Ig/ate/lko AV
Smir/ov A., Prepelitsa G.P., Collisio/al
shift of hyperfine line for thallium in
ae atmospdere of tde buffer i/ert gas //
Jour/al of Pdysics: C Series (IOP, Loe-
don, UK).-2017.-Vol.810.-P. 012034.
guyafzdi VV, Zaicdko P.A., Gurskaye
M., Kuz/etsova A.A., Po/omare/ko
E.L., Ter/ovsky E.,Relativistic t-eoty
of excitatioe a/f io/izatio/ of Ryfbere
atoms in a Black-body radiation field//J.
Pdys.: Col/f. Series.-2011.-V0l.810.-P.
012041.

Giusdkov AV!, Kdetseiius O.Y., gruse-
etseva S.V, Zaicdko P.A., Ter/ovskn
V.g., Stufyi/g i/teractio/ fy/amicc
of cdaotic systems witOie a eoe-li/eas
prefictioe metdof: applicatioe to eeu-
ropdysiology// Afva/ces ie Neural
Networks, Fuzzy Systems and Artifi-
cial l/tellige/ce, Series: Rece/t Af-
va/ces ie Computer E/gi/eeri/g, Ef.
J.galicki.-2014.-Vol.21.-P.69-15.
Giusdkov A.V, Svi/are/ko A.A., guy-
afzdi V.V., Zaicdko P., Ter/ovsky W
Cdaos-geometric attractor a/f qua/tuw
eeural eetworks approacd to simulatioa
cdaotic evolutio/asy fy/amics furile
perceptioe process// Afval/ces ie Neu-
ral Networks, Fuzzy Systems a/f Ar-
tificial Intelligence, Series: Recent Ad-
val/ces ie Computer E/gi/eerilg, Ef.
J.galicki.-2014.-Vol.21.-P. 143-150.
Giusdkov AV!, Spectroscopy of atow
and nucleus in a strong laser field: Stark
effect a/f muitipdotoe Reso/alces/|
J.Phys.: Conf. Series (IOP).-2014.-
V0l.548.-P.012020.



41.

48.

49.

50.

oL

52.

53.

Giusdkov A V!, Ko/frate/ko P.A., guy-
afzdi V.V,, Kvasikova A.S., Sdakdmaa
A.S., Sakue T.N., Spectroscopy of coop-
erative laser electron-Y-nuclear process-
es ie polyatomic molecules// J. Pdys.:
Col/f. Ser.-2014.-Vol.548.-P.012025
Giusdkov AV!, Kdetseiius O.Yul
Lopatkie Y., Florko T.A., Kovale/ko
O., Ma/sarliysky V., Collisio/al sdif-
of hyperfine line for rubidium in an
atmospdere of tde bufder i/ert gas//J.
POys.:Co/f.Series.-2014.-V0l.548.-
P.012026

Svi/are/lko A.A., Stufy of spectre
for laetda/ifes atoms wit- relativis-
tic maly- bofy per-urbatioe tdeory:
Ryfberg reso/a/ces// J. Pdys.: Colf.
Ser.-2014.-Vol.548.-P.012039.
Svi/are/ko A.A., Ig/ate/ko A\V!, Ter-
eovsky V.g., Nikola V.V., Serefe/ko
S.S., Tkacd T.g., Afva/cef relativistic
mofel pote/tial approacd to calculatioa
of rafiatioe tra/sitioe parameters ia
spectra of multicdargef ioes// J. Pdys.:
Col/f. Ser. -2014.-Vol.548.-P. 012041.
Svi/are/lko A.A., Kdetseiius O.Yu.l
guyafzdi VV, Florko T.A., Zaicdko
P.A., Po/omare/ko E.L., Spectroscopy
of Ryfberg atoms ie a glack-bofy ra-
diation field: Relativistic theory of ex-
citatioe a/f ioeizatioe// J. Pdys.: Col/f.
Ser.-2014.-Vol.548.-P. 012048.
Giusdkov A.V, Kdetseiius O.Yul
gu/uakova Yu.Ya, guyafzdi VYV,
gruse/tseva S.\V!, Zaicdko P.A., Se/si/e
i/teractioe fy/amics of cdaotic system-
witdi/ a cdaos tdeory a/f microsystem
tecd/ology Geomatd wit- applicatioa
to eeuropdysiological systems// Se/sos
Electr. a/f Microsyst.Tecde.-2014.-VOI.
11,N3.-P.62-69.

Prepelitsa G.P., Giusdkov A.V, LepikO
Yal.,, guyafzdi V.V., Ter/ovsky Vg"
Zaicdko P.A., Cdaotic fy/amics of eoe-
li/ear processes ie atomic a/f molecu-
lar systems in electromagnetic field and
semiconductor and fiber laser devices:
eew approacdes, u/iformity a/f cdarw
of cdaos// Se/sor Electr. a/f Microsyst.
Tecd/.-2014.-Vol.11,N4.-P.43-51.

54.

55.

56.

oL

58.

59.

60.

61.

62.

Kdetseiius O., Hyperfine structure od
atomic  spectra.-Ofessa: ~ Astropri/tl
2008.-210P.

Khetselius O.Yu., Hyperfine structure od
rafium// Pdotoelectro/ics.-2005.-N14.-
P.83-85.

Kdetseiius O., Spectroscopy of coopera-
tive electro/-gamma-/uclear processes
ie Teavy atoms: NEET effect// J. Pdys.:
Col/f. Ser.-2012.- Vol.391.-P.012012
Kdetseiius O.Yu., Florko T.A., Svie-
are/lko A.A., Tkacd T.g., Radiative
al/f collisio/al spectroscopy of Ty-
perfine lines of the Li-like heavy ions
a/f Tl atom ie ae atmospdere of i/er-
gas//P0Oys.Scripta.-2013.-Vol. T153-
P.014031.

Kdetseiius O.Yu., Turie AV!, Sukdaren
D.E., Florko T.A., Estimati/g of X-
ray spectra for kao/ic atoms as tool fos
se/si/g tde euciear structure// Se/sos
Electr. a/f Microsyst. Tecd/.-2009.-
N1.-P.30-35.

Kdetseiius O.Yu., Oe possibility od
se/si/g /uclei of tde rare isotopes by
mea/s of laser spectroscopy of dyper-
fine structure//Sensor Electr. and Mi-
crosyst.Tecd/.-2008.-Vol.3.-P.28-33.
Giusdkov AV, Mali/ovskaye
SV, Gurlitskaya EP. Kdetseliuc
O.Yu.,Dubrovskaya Yu.V. Colsistee-
qua/tum tdeory of tde recoil i/fuceO
excitatioe a/f ioeizatioe ie atoms fur-
i/g capture of eeutroe// Jour/al of Pdys-
ics: Conf. Series (I0P).-2006.- Vol.35.-
P.425-430.

Giusdkov AV!, Kdetseiius O.Y., gruse-
etseva S.V, Zaicdko P.A., Ter/ovskn
V.g., Stufyi/g i/teractioe fy/amicc
of cdaotic systems witdie a eoe-li/eas
prefictioe metdof: applicatioe to eeu-
ropdysiology// Afvalces ie Neural Net-
works, Fuzzy Systems and Artificial
I/tellige/ce, Ser: Rece/t Afv. ie Com-
puter E/gi/eeri/g, Ef. J.galicki.-2014.-
Vol.21.-P.69-15.

Kdetseiius O.Yu., Qua/tum Geometry:
New approacd to qua/tizatioe of tdc
quasistatio/ary states of Dirac equatioa
for super Teavy ioe a/f calculati/g Ty-

23



24

63.

64.

65.

66.

61.

68.

69.

10.

11.

per fine structure parameters// Proc. 1/t.
Geometry Center.-2012.-V0l.e,N° 3-4.-
P.39-45.

Giusdkov A.V, Kdetseiius O.Yu., Svie-
are/ko A.A., Tdeoretical spectroscopy
of autoio/izatioe reso/a/ces ie spectre
of laetda/ife atoms// Pdysica Scripta.-
2013.-Vol.T153.-P.014029.

Giusdkov A.V!, Kdetseiius O.Yu., Gur-
eitskaya E.P., Lobofa AV!, Sukdaren
D.E., Relativistic qua/tum cdemistry od
Teavy io/s a/f Tafro/ic atomic systems:
spectra a/f elergy sdifts//TOeory a/0
Applicatio/s of Computatio/al Cdem-
istry. AIP Colfere/ce Proceefi/gs.-
2009.-vdl. 1102.-P. 168-111.
Kdetseiius O.Yu., Relativistic calculat-
ing the spectral lines hypetfine struc-
ture parameters for Teavy ioes//Spectral
Li/e Sdapes, AIP Co/f. Proceefi/gs.-
2008.-Vdl. 1058.-P. 363-365.
Kdetseiius O.Yu., Giusdkov A.V, Gur-
eitskaya E.P., Lobofa A.V., Miscde/ko
E.V., Florko T.A., Sukdarev D.E., Col-
lisional Shift of the Tl hyperfine lines
ie atmospdere of i/ert gases// Spectral
Li/e Sdapes, AIP Col/f. Proceefi/gs.-
2008.-Vol. 1058.-P. 231-233.
Kdetseiius O.Yu., Hyperfine strocturh
of elergy levels for isotopes 13Gel
15As, 201Hg// POotoelectro/ics.-200a.-
N 16.-P. 129-132.

Kdetseiius 0.Y., Gur/itskaya
Se/si/g tde electric a/f mag/etic mo-
me/ts of a eucieus ie tde N-like ioa
of gi/l Sel/sor Electr. a/f Microsyst.
Tecde.-2006.-N 3.-P. 35-39.

Kdetseiius O.Y., Gur/itskaya E.P., Se/s-
ing the hypetfine structure and nucleat
qguafrupole mome/t for radium// Se/sos
Electr. a/f Microsyst. Tecd/.-2006.-
N 2.-P. 25-29.

Florko T.A., Lobofa A\V!, Svi/are/ko
A.A., Selsilg forbiffee tra/sitio/c
i/ spectra of some deavy atoms a/f
multicdargef io/s: New tdeoretical
scdeme// Se/sor Electr. a/f Microsyst.
Tecde.-2009.-N 3.-P. 10-15.

Sukdarev D.E., Kdetseiius O.Yu., Du-
brovskayaYu.V., Se/si/g stro/g i/terac-

12.

13.

14.

15.

16.

11.

18.

tioe effects ie spectroscopy of -afro/is
atoms// Se/sor Electr. a/f Microsyst.
Tecde.-2009.-N 3.-P. 16-21.

Giusdkov A.V, Kdetseiius O.Yu., Ku-
zakoe V., Prepelitsa G.P., Solya/ikove
E.P., Svi/are/lko A., Mofeli/g of ie-
teractioe of tde eoe-li/ear vibratio/al
systems o/ tde basis of temporal series
alalyses tapplicatioe to semico/fuctos
guantum generators)// Dynamical Sys-
tems-TTeory a/f Applicatio/s.-2011.-
glF110.

Svi/are/ko A.A., Nikola L. V, Prepelit-
sa G., Tkacd T.g, Miscde/ko E.V, Auges
(autoionization) decay of excited states
ie spectra of multicdargef io/s: Rela-
tivistic tdeory//ASP Co/f.Proceefi/gs. -
2010. - Vol.1290, N1. - P. 94-98.
Giusdkov AV!, Kdetseiius O.Yu., Lo-
bofa A.V, lg/ate/lko A., Svi/are/ko
A., Korcdevsky D., Lovett L., QED ap-
proacd to mofeli/g spectra of tde mul-
ticdargef io/s ie a plasma: Oscillatos
al/f electroe-ioe collisioe stre/gtTs/I
Spectral Li/e Sdapes. AIP Colfer-
elce Proceefi/gs. -2008.-VOI.1058.-
P.115-111

Giusdkov A.V, Svilare/lko A.Al
Nuclear qua/tum optics: E/ergy ap-
proacd to multi-pdotoe reso/al/ces ia
euclei // Sel/sor Electr. a/f Microsyst.
Tecde.-2010.-N2.-P.5-10.

Giusdkov AV!, E/ergy approacd to res-
o/alce states of compou/f super-deavn
/ucleus a/f EPPP i/ deavy /uclei col-
lisioes// Low E/ergy Altiprotoe Pdys.
AIP Colfere/ce Proceefi/gs.-2005.-
Vol.196.-P.206-210.

Mali/ovskaya S.V, SV!, Dubrovs-
kaya Yu., Vitavetskaya L., Afva/ceO
qua/tum mecda/ical caicuiatioe od
tde beta fecay probabilities// Low Ee-
ergy Altiprotoe Pdys. AIP Colfer-
elce Proceefi/gs. -2005.-Vol.196.-
P.201-205.

Giusdkov A.V., Ambrosov S.V, Lobofc
A., Gurl/itskaya E.P., Prepelitsa G.P.l
Col/siste/t QED approacd to calculatioa
of electroe-collisioe excitatioe cross-
sectio/s a/f stre/gtds: Ne-like io/s/I



19.

80.

8l

82.

83.

84.

85.

1/t. Joure.Qua/t. Cdem.-2005.-Vol.104l
N4 -P. 562-569.

Giusdkov A.V., Ambrosov S.\V., Ig-
eate/ko AV!, Korcdevsky D.A., DC
Stro/g Fielf Stark effect for eoe-Oy-
froge/ic atoms: Col/siste/t qua/tuw
mecda/ical approacd// I/t.Joure. Qua/t.
C0em.-2004.-Vol.99,N6.-P.936-939.
Giusdkov AV, Mali/ovskaya SV,
Cder/yakova Y.G., Svi/are/lko A.Al
Cooperative laser-electroe-euclear pro-
cesses: QED caicuiatioe of electroa
satellites spectra for multi-cdargef ioa
in laser field// Int. Journ. Quant. Chem.-
2004. - Vol. 99, N 6. - P. 889-893.
Giusdkov A.V, Kdetseiius O.Yu, Ma-
li/ovskaya S.V, Optics a/f spectrosco-
py of cooperative laser-electro/ /uclear
processes i/ atomic a/f molecular sys-
tems - eew tre/f ie qua/tum optics// Eu-
rop. Pdys. Joure. ST. - 2008. - Vol. 160l
N 1 - P. 195-204.

Giusdkov AV. Da/l’kov S.V, Pre-
pelitsa G., Polischuk V.N., Efimov A,
Qef tdeory of eo/li/ear i/teractioe od
tde complex atomic systems witd laser
field multi-photon resonances// Jour/al
of Tech. Phys. - 1997. - Vol. 38 (2). -
P. 219-222

Giusdkov A.V., Operator Perturba-
tioe Tdeory for Atomic Systems ie c
Stro/g DC Electric Fielf//Afvaecec
ie Qua/tum Metdofs a/f Applicatio/c
ie Cdemistry, Pdysics, a/f giology.
Series: Frol/tiers ie Tdeoretical Pdys-
ics a/f Cdemistry, Efs. M.Hotokkal
J.Marua/i, E. gra/fas, G.Delgafo-
Barrio (Springer). - 2013. -Vol. 27.-
P. 161-111.

Giusdkov A.V, Ambrosov S.V, Lo-
bofa A\V!, Gurl/itskaya E.P., Kdetseliuc
O.Yu., QED caicuiatioe of Teavy mul-
ticdargef io/s  wit- accou/t for tdc
correlatioe, rafiative a/f euciear ef-
fects// Rece/t Afvalces ie Tdeor. Pdys.
a/f Cdem. Systems.-2006.-Vol. 15.-
P.285-300.

Giusdkov A.V, Caicuiatioe of parame-
ters of tde i/teractioe pote/tial betweea
excitef alkali atoms a/f mercury at-

86.

8L

88.

89.

90.

91

92.

93.

oms-tde Cs-, Fr-Hg i/teractioe// Optike
i Spektr.-1994.-Vol.77 (1).-P.e-10.
Giusdkov A.V,Kdetseiius O.Yu., Gur-
eitskaya E.P., Korcdevsky D.A., Lobofc
AV, Prepelitsa G.P., Se/si/g tde elec-
troe-collisioe excitatioe cross-sectio/c
for Ne-like io/s of Fe ie aplasma ie tdc
Debye sdilefi/g approximation/ See-
sor Electr. a/f Microsyst. Tecd/.-2001.-
N2.-P.9-13

Giusdkov A.V, Kdetseiius O.Yu., Gur-
eitskaya E.P., Florko T.A., Se/si/g od
euclei available ie little qua/tities by
mea/s of laser spectroscopy of dyper-
fine structure for isotopes: new theoreti-
cal scheme (U ,Hg) // Sensor Electr. and
Microsyst. Tecde.-200a.-N3.-P.8-12.
Giusdkov A.\V!, gu/yakova Yu.Ya., Zai-
cdko P., Geometsy of Cdaos: Co/sistee-
combi/ef approacd to treati/g cdaotic
fy/amics atmospderic polluta/ts a/0
its forecasti/g// Proc. l/ter/atio/al
Geometsy Cel/ter”.-2013.-Vol.6, N3.-
P.6-14.

Giusdkov A V!, Kdetseiius O.Yu., Pre-
pelitsa G.P., Svi/are/ko A.A., Geom-
etry of Cdaos I: Tdeoretical basis’s od
a co/siste/t combi/ef approacd//Proc.
I/t. Geometsy Ceeter.-2013.-Vol.6,N1.-
P.61-19.

Cder/yakova Yu.G., Dubrovskaye
Yu.V., Florko T.A.,, Roma/ova A.V, Vi-
tavetskaya L., Ac afva/cef approac—
to qualtizatioe of tde quasi statio/arn
states of Dirac-Slater equatioe// Proc.
1/t. Geometry Ce/ter.-2013.-VOI.6,N2.-
P.29-34.

Giusdkov A.V., Kdetseiius O., Dubrovs-
kaya Yu.V., Lobofa A.V, Se/si/lg tdc
capture of eegative muoe by atoms: Ee-
ergy approacd// Se/sor Electr. a/f Mi-
crosyst. Tecde.-2006.-N4.-P. 31-35.
Serbov N.G., Giusdkov A.V., gu/yak-
ova Yu.Ya., Prepelitsa G.P., Svi/are/ko
A.A., Selsi/g tde Ki/etical features od
elergy excda/ge ie mixtureC O H ~
of atmospderic gases u/fer i/teracti/e
wit- laser rafiatioe// Se/sor Electr. a/0
Microsyst. Tec0/.-2006.-N4.-P.20-22.
Giusdkov A.V, Kdetseiius O.Y., gue-

25



94.

95.

96.

yakova Yu.Ya, Prepelitsa G.P., Soly-
alikova E.P,, Serga E., Noe-li/ear pre-
fictioe metdof ie sTorC-ra/ge forecas-
of atmospderic polluta/ts: low-fimee-
sio/al cdaos// Dyl/amical Systems -
Theory and Applications (Lodz).-2011.-
P.39-44 (LIF111).

Kdetseiius O.Yu., Forecasti/g evolu-
tio/asy fy/amics of cdaotic system-
usi/g afval/cef eoe-li/ear prefictioa
metdof// Dy/amical Systems - Tde-
osy a/f Applicatio/s, Efs. J. Awrejce-
wicz, M. Kazmierczak, P. Olej/ik, J,
Mrozowski.-2013.-Vol.1.-P. 145-152.
Giusdkov A.V, Kuzakoe V.M., Ter-
eovsky V.g., guyafzdi V.V., Dy/amicc
of laser systems witd absorbi/g cell a/f
backwarf-wave tubes wit- eleme/ts od
a cdaos// Dy/amical Systems - Tdeo-
sy al/f Applicatio/s, Efs. J Awrejce-
wicz, M. Kazmierczak, P. Olej/ik, J,
Mrozowski.-2013.-Vol.T1.-P.461-466.
gu/yakova Yu.Ya., Kdetseiius O.Yu.l
Noe-li/ear prefictioe statistical metdoO
ie forecast of atmospderic polluta/ts/I
Proc. of 8td I/ter/atio/al Carboe Diox-

98.

99.

are/ko A.A., Lovett L., Elergy ap-
proacd to euclei a/d atoms ie a stro/e
laser field: Stark effect and multi-pho-
toe reso/al/ces // Qua/tum Tdeosy: Re-
co/sideratioe of Fou/datio/s. AIP Coe-
fere/ce Proceedi/gs.-2010.-Vol.1232.-
P.228-234.

Svi/are/ko A.A., Giusdkov A.V, Lo-
boda A.V, Sukdarev D.E., Dubrovs-
kaya Yu.V., Mudraya N.V, Serga 1.1
Gree/’s fu/ctioe of tde Dirac equatioa
wit- complex e/ergy a/d eoe-si/gulas
ce/tral euciear poteetial//Quaetuw
Tdeory: Reco/sideratioe of Fou/da-
tio/s. AIP Co/f. Proceedi/gs.-2010.-
V0l.1232.-P.259-266.

Kdetseiius O. Yu., Florko T. A., Nikolc
L., Svi/are/ko A., Serga l., Tkacd D
Miscde/ko E., Hyperfine structure, sca-
lar-pseudoscalar i/teractioe a/d parity
goe-coesernatioe effect ie some Teavn
atoms a/d iocs// Qua/tum Tdeory: Re-
co/sideratioe of Fou/datio/s. AIP Coe-
fere/ce Proceedi/gs.-2010.-Vol.1232.-
P.243-250.

ide Co/fere/ce.-2009.-P.T2-098.
91. Giusdkov A.V, Kdetseiius O.,

Tdis article -as bee/ received ie May 2011
Svie-

UDC 539.180

A. V. Glushkov, V B. Ternovsky, A. V Smirnov, A. A. Svinarenko

GAUGE-INVARIANT RELATIVISTIC PERTURBATION THEORY APPROACH TO
DETERMINATION OF ENERGY and SPECTRAL CHARACTERISTICS FOR HEAVY
AND SUPERHEAVY ATOMS AND IONS: REVIEW

Summary

We reviewed ae effective co/siste/t ab i/itio approacd to relativistic caicuiatioe of tde spectra fos
multi-electroe Teavy a/d superdeavy io/s wit- ae accou/t of relativistic, correlatioe, euciear, radia-
tive elects is prese/ted. TTe metdod is based oe tde relativistic gauge-i/varia/t tapproximatioe to
QED) perturbation theory (PT) and generalized effective field nuclear model with using the optimized
one-euasiparticle representation firstly in theory of the hypetfine stroctore for relativistic atom. Tha
wave fu/ctioe zerotd basis is fou/d from tde Dirac equatioe wit- pote/tial, wdicO i/cludes tde core ad
i/itio pote/tial, tde electric a/d polarizatioe pote/tials of a eucieus. TTe correlatioe correctio/s of tdc
dig- orders are take/ i/to accou/t witdie tde Greee fu/ctio/s metdod twit- tde use of tde Fey/maa
diagram’s technique). There have taken into account all correlation corrections of the second ordet
a/d domi/ated classes of tde digder orders diagrams (electro/s scree/i/g, parCicle-dole i/teractio/l
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mass operator iterations). TTe mag/etic i/ter-electroe i/teractioe is accou/ted ie tde lowest oe a pa-
rameter (a is the fine structure constant), approximation, the self-energy part of the Lamb shift is taken
effectively i/to co/sideratioe witdie tde Iva/ov-lva/ova eoe-perturbative procedure, tde Lamb s—i
polarizatioe par- - ie tde ge/eralized Uedli/g-Serber approximatioe wit- accou/ti/g for tde Kallee-
Sabsy a °(a Z) and Wichmann-Kroll a (a Z)ncorrectio/s.

Keywords: Relativistic perturbatioe tdeory, Heavy io/s, Relativistic e/ergy formalisw

Y”K 539.182
A. B. rnymKoe, B. E. TepnoecKUU, A. B. CMupnoe, A. A. CeunapeuKO

METOA KAIHBPOBOHHO-HHBAPHAHTHOH PEIBTHBHCTCKOH TEOPHH
BOSMYM"EHHH KOnPEAEIEHHM "HEPMETHHECKHX H CIIEKTPAIBHBIX
XAPAKTEPHCTHK TBMEIBEX H CBEPXTB/EIBIX ATOMOB H HOHOB: 0E30P

Pe3MMe

B pa6oTe 0630pHO u3no*eHbi ochobh ~$$KTUBHO™0, nocnegoBaTenbHoro ab initio nogxoga k
penaTUBUCTCKOMYy BbinucneHuro cneKTpoB MHO0YeKTpoHHbIX Taenbix u cBepxTa”*enbix hohob
¢ YneTOM penaTUBuUcTcKux, Koppena™uoHHDIx, agepHbix, pagua”™uoHHbIx ~$$eKTOB. MeTog ocho-
BaH Ha penaTUBUCTcKofi Kanu6poBOHHo-uHBapuaHTHofi (KQA) Teopuu BO3MymeHufi, 0606meHHofi
$$eKTHBHOH noneBofi Mogenu agpa ¢ ucnonb30OBaHueM onTUMU3upoBaHHoro ogHOKBEuUnacTUH-
Horo npegcTaBneHua BnepBbie b Teopuu cBepXTOHKofi cTpyKTypbi cneKTpa penaTUBuUcTcKoro aTolVea.
Ea3uc BonHOBbix $yH”Hfi HyneBoro npuénu*eHua onpegenaeTca pemeHuaMu Dirac ypaBHeHua ¢
"OTeHHanoM, KOTophifi BKnronaeT b ce6a caMocornacoBaHHbifi ab initio ~neKTpoHHbIfi ~"OTeH uan,
eKTpHHecKHfi u ~onapu3a™uoHHDbIfi ~OTeH uanbl agpa. Koppena™uoHHble nonpaBKH BHcmux no-
pagkOB yHHTHBaroTca b paMKax MeToga ~“yH”ufi rpuHa (c ucnonb30OBaHueM TexHUKuU guarpaMM
Feynman). YnTeHbi Bce Koppena™uoHHble nonpaBKH BToporo nopagKa u goMUHupyromue Knaccbi
guarpaMM Bbicmux nopagKOB IpaHupoBaHue “eKTpoHOB, B3auMogeficTBue nacTumi ¢ gbipKofi,
uTepa™uu MaccoBoro onepaTopa). MarHUTHoe Me:*3neKTpoHHoe B3auMogeficTBue ynuTbiBaeTca b
H-BmeM no napaMeTpy a (a - nocToaHHaa TOHKof cTpyKTypbi)npubnu:*:eHuu, co6cTBeHHO-3Hepre-
TunecKaa nacTb ~*M6oBcKoro cgBura "$$KTUBHO ynuThiBaeTca b paMKax o606meHHofi HenepTyp-
6aTHBHofi npo”*gypbi Ivanov-lvanova, ~$$eKT “onapu3a”™uu BaKyyiva “M6oBcKoro cgBura - b
npuénu*eHuu Uehling-Serber ¢ yae TOM nonpaBOK Kallen-Sabty aQa Z) u Wichmann-Kroll a (a Z)a
(Z - 3apag agpa).

K~ roneBbie ¢"OBa: Kanu6poBOHHO-uHBapuaHTHaa penaTUBuUcTcKaa Teopua BO3MymeHufi, Ta*e-
nbie uoHH, PenaTHBUcTcKuUfi MHep e TUHecKufi $opManu3M

YK 539.182
O. B. rnymKoe, B. E. TepnoecbhKUU, A. B. CMIpnoe, A. A. CeunapeuKO

METOA KAITBPYBAIBHO-THBAPTAHTHOT PEIBTHBICTCBKOT TEOPIT 3BYPEHL
AO BinH AMI Him EHEPrETHHHHX | ChnEKTPAIBHHX XAPAKTEPHCTHK
BAMKHX | HATBAWKHX ATOMIB TA HOHOB: OEJIBA

Pe3roMe
B po6oTi ornagoBO BUKnageHi ochobh e”eKTUBHoro, nocnigoBHoro ab initio nigxogy go pena-
TUBIcTcbKoro o6nucneHHa cneKTpiB 6araToeneKTpoHHux Ba”*Kux i HagBaKux ioHiB 3 ypaxyBaHHaM
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penaTUBIcTcbKux, KopenadfiHux, agepHux, pagiadfiHux e”eKTd. MeTog 3acHOBaHufi Ha penaTu-
BicTchKoi" KaniepyBanbHO-iHBapiaHTHoi' (KEA) Teopii 36ypeHb, y3aranbHeHoi e”eKTUBHoi nonbOBoi
Mogeni agpa 3 BUKopucTaHHaM onTUMI3OBaHoro ogHOKBa3dac TUHKOBoro npegcTaBneHHa Bnepme
b Teopii HgTOHKoI cTpyKTypu cneKTpy penaTUBIicTcbKoro aTOVR Ea3uc xBunbOBux ~yHKdfi Hynbo-
Boro Ha6nu*eHHa BU3HaHaeThca pimeHHaMu Dirac piBHaHHa 3 noTeHdanoM, aKufi BKnroHee b ce6e
caMoy3rog*eHufi ab initio eneKTpoHHufi noTeHdan, eneKTpuHHufi i nonapu3adfiHufi noTeHdanu
agpa. Kopenadfid nonpaBKH bu”hx nopagKiB BpaxoByroTbca b paMKax MeTogy ~yHKdfi rpiHa (3
BUKopucTaHHaM TexHIKH giarpaM Feynman). BpaxoBaHO Bci Kopenadfim nonpaBKH gpyroro nopag-
Ky i goMmyrod Knacu giarpaM bh”*hx nopagKiB (eKpaHyBaHHa eneKTpoHiB, B3aeMogia HacTUHKuU 3
gipKoro, iTepad'i MacoBoro onepaTopa). Mardraa Mi®eneKTpoHHa B3aeMogia BpaxoByeTbca b hh®-
HOMWYy 3a napaMeTpoM a (a - cTana tohkoi cTpyKTypu) Haénu*eHd, BnacHe-eHepreTUHHa HacTUHa
neM6oBcbKoro 3cyBy €eKTUBHO BpaxoByeThca b paMKax y3aranbHeHoi HenepTyp6aTUBHoi npo”-
gypu lvanov-lvanova, e"eKT nonaproad'i BakyyMy neM6oBcbKoro 3cyBy - b Ha6nu*eHd Uehling-
Serber 3 ypaxyBaHHaM nonpaBOK Kallee-Sabry a az) Ta WicOmal/e-Kroll a(aZ)n(Z - 3apag agpa).

K”ronoBi c.iOBa: Kani6pyBanbHO-iHBapiaHTHa penaTUBicTcbKa Teopia 36ypeHb, Ba®Ki ioHu, Pe-
naTHBIicTcbKufi eHepre TUHHUfi $opMani3M
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