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A D V A N C E D  G R E E N ’ S  F U N C T I O N S  A N D  D E N S I T Y  F U N C T I O N A L  A P P R O A C H  T O  

V I B R A T I O N A L  S T R U C T U R E  I N  T H E  P H O T O E L E C T R O N  S P E C T R A  O F  D I A T O M I C

M O L E C U L E

The advanced combined theoretical approach to vibrational structure in photoelectron spectra of diatomic molecules, 
which is based on the density functional theory (DFT) and the Green’s-functions approach, is used for quantitative treating 
the diatomic photoelectron spectra. The density of states, which describe the vibrational structure in photoelectron spectra, 
is defined with the use of combined DFT-Green’s-functions approach and is well approximated by using only the first 
order coupling constants in the one-particle approximation. Using the DFT theory leads to significant simplification of the 
calculation.

1 .  I n t r o d u c t i o n

T h e  G r e e n ’ s  m e t h o d  i s  v e r y  w e l l  k n o w n  i n  

a  q u a n t u m  t h e o r y  o f  f i e l d ,  q u a n t u m  t h e o r y  o f  

s o l i d s .  N a t u r a l l y ,  a n  a t t r a c t i v e  i d e a  w a s  t o  u s e  

i t  i n  t h e  m o l e c u l a r  t h e o r y .  R e g a r d i n g  a  p r o b l e m  

o f  d e s c r i p t i o n  o f  t h e  v i b r a t i o n a l  s t r u c t u r e  i n  

p h o t o e l e c t r o n  s p e c t r a  o f  m o l e c u l e s ,  i t  i s  e a s i l y  

u n d e r s t a n d  t h a t  t h i s  a p p r o a c h  h a s  g r e a t  p e r s p e c t i v e  

( c . f . [ 1 - 5 1  ] ) .  O n e  c o u l d  n o t e  t h a t  t h e  e x p e r i m e n t a l  

p h o t o e l e c t r o n  ( P E )  s p e c t r a  u s u a l l y  s h o w  a  

p r o n o u n c e d  v i b r a t i o n a l  s t r u c t u r e .  U s u a l l y  t h e  

e l e c t r o n i c  G r e e n ’s  f u n c t i o n  i s  d e f i n e d  f o r  f i x e d  

p o s i t i o n  o f  t h e  n u c l e i .  A s  r e s u l t ,  o n l y  v e r t i c a l  

i o n i z a t i o n  p o t e n t i a l s  ( V . I . P . ’ s )  c a n  b e  c a l c u l a t e d

[ 1 1 , 2 , 1 1 , 1 2 ] .  T h e  c i t e d  m e t h o d ,  h o w e v e r ,  r e q u i r e s  

a s  i n p u t  d a t a  t h e  g e o m e t r i e s ,  f r e q u e n c i e s ,  a n d  

p o t e n t i a l  f u n c t i o n s  o f  t h e  i n i t i a l  a n d  f i n a l  s t a t e s .  

S i n c e  i n  m o s t  c a s e s  a t  l e a s t  a  p a r t  o f  t h e s e  d a t a  a r e  

u n a v a i l a b l e ,  t h e  c a l c u l a t i o n s  h a v e  b e e n  c a r r i e d  

o u t  w i t h  t h e  o b j e c t i v e  o f  d e t e r m i n i n g  t h e  m i s s i n g  

d a t a  b y  c o m p a r i s o n  w i t h  e x p e r i m e n t .  N a t u r a l l y ,  

t h e  F r a n c k - C o n d o n  f a c t o r s  a r e  f u n c t i o n s  o f  t h e  

d e r i v a t i v e s  o f  t h e  d i f f e r e n c e  b e t w e e n  t h e  p o t e n t i a l  

c u r v e s  o f  t h e  i n i t i a l  a n d  f i n a l  s t a t e s  w i t h  r e s p e c t  t o  

t h e  n o r m a l  c o o r d i n a t e s .  T o  a v o i d  t h e  d i f f i c u l t y  a n d  

t o  g a i n  a d d i t i o n a l  i n f o r m a t i o n  a b o u t  t h e  i o n i z a t i o n  

p r o c e s s ,  t h e  G r e e n ’ s  f u n c t i o n s  a p p r o a c h  h a s

b e e n  e x t e n d e d  t o  i n c l u d e  t h e  v i b r a t i o n a l  e f f e c t s  

i n  t h e  p h o t o e l e c t r o n  s p e c t r a .  N e v e r t h e l e s s ,  t h e r e  

a r e  w e l l  k n o w n  g r e a t  d i f f i c u l t i e s  o f  t h e  c o r r e c t  

i n t e r p r e t a t i o n  o f  t h e  p h o t o e l e c t r o n  s p e c t r a  f o r  a n y  

m o l e c u l e s .

H e r e  w e  p r e s e n t  t h e  a d v a n c e d  c o m b i n e d  

t h e o r e t i c a l  a p p r o a c h  t o  v i b r a t i o n a l  s t r u c t u r e  i n  

p h o t o e l e c t r o n  s p e c t r a  o f  d i a t o m i c  m o l e c u l e s  

a n d  u s e  i t  f o r  e f f e c t i v e  q u a n t i t a t i v e  t r e a t i n g  t h e  

d i a t o m i c s  p h o t o e l e c t r o n  s p e c t r a .  T h e  a d v a n c e d  

a p p r o a c h  i s  b a s e d  o n  t h e  G r e e n ’ s  f u n c t i o n  

m e t h o d  ( C e d e r b a u m - D o m s k e  v e r s i o n )  [ 1 1 , 1 2 ] ,  

F e r m i - l i q u i d  D F T  f o r m a l i s m  [ 1 - 8 ]  a n d  u s e  o f  

t h e  n o v e l  e f f e c t i v e  d e n s i t y  f u n c t i o n a l s  ( s e e  a l s o  

[ 1 3 - 1 6 ] ) .  A s  u s u a l l y  ( s e e  R e f s .  [ 2 , 4 , 1 1 ] ) ,  t h e  

d e n s i t y  o f  s t a t e s ,  w h i c h  d e s c r i b e  t h e  v i b r a t i o n a l  

s t r u c t u r e  i n  m o l e c u l a r  p h o t o e l e c t r o n  s p e c t r a ,  

i s  c a l c u l a t e d  w i t h  t h e  h e l p  o f  c o m b i n e d  D F T -  

G r e e n ’ s - f u n c t i o n s  a p p r o a c h .  I n  a d d i t i o n  t o  

e x a c t  s o l u t i o n  o f  o n e - b o d e  p r o b l e m  d i f f e r e n t  

a p p r o a c h e s  t o  c a l c u l a t e  r e o r g a n i z a t i o n  a n d  

m a n y - b o d y  e f f e c t s  a r e  p r e s e n t e d .  T h e  d e n s i t y  

o f  s t a t e s  i s  w e l l  a p p r o x i m a t e d  b y  u s i n g  o n l y  

t h e  f i r s t  o r d e r  c o u p l i n g  c o n s t a n t s  i n  t h e  o n e -  

p a r t i c l e  a p p r o x i m a t i o n .  I t  i s  i m p o r t a n t  t h a t  t h e  

c a l c u l a t i o n a l  p r o c e d u r e  i s  s i g n i f i c a n t l y  s i m p l i f i e d  

w i t h  u s i n g  t h e  q u a s i p a r t i c l e  D F T  f o r m a l i s m .  

T h u s  q u i t e  s i m p l e  m e t h o d  b e c o m e s  a  p o w e r f u l
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tool in interpreting the v ibrational stincture o f  
photoelectron spectra for different mole culur 
f t  stem s.

1. M ftUoet Density (if  stot ŝ in one-bodh 
and m onytbodu soli.lt:i->Il

zqe nouaVd l̂ ŝee d̂5■̂.£iil̂ i h  i•s;I:'̂ i i l - tO)), lll e 
(ru£Clt l̂tri nUdcf eonralns tde maormatioa 010^  
tde iouization potenti tits ei[•̂ ii-) a n P motecular 
vibrational strueture due r<t aruc-t ionization is the 
density e f  occnpted st£itt ŝ:

N k(w = (1P2;pOC !cdU u'<^0|^ ad 0)ut rt wr0> , (1)

H = H E +H n +HEN +UU

UUb ==L + | X  n k -
i a ,

- X  X  [ ) ) 0) - V lkkj(R0)Ra,ia j

( 4 )

l,j  k^ f
V  1

Hn  c h X  cos2 /0 + -),

H EN — 2-1P2 1
** EN ~  ^  t

s —1

M V OV +td V 
~+Q

(b s +k  )[a :a -  n, ] +

1 M
I x  x

\ ~ + b s  )0

M ( d2V. 1

V<XsdSsV 0

(bs + b  )(bs, + b;)[a l at -

where jvP’(0) is Uha euocs ground stfte m fhefunction H E+ — 2 3P2X  X
M  C dVM ')ijkl

of  ithe refe-eneo moteeute anir a^ t) iis l̂ <̂̂ t̂ on
deu-fntipn ohela-on boti- !n itlâ  H-irenberg 
picteutn For ^ rtid e aUaehmen) sSie quabtlth oE1 
interas- isi the dnn)l-g opii unoccupino states:

V d Q s 70
(vs + K a:a jaj  k

+ dv2 n{ aka t a= + 2((v3n tj a kal a ‘ ] +

M

N( (e) = 11/ 2sh) J die ih let
'.^ o^ |za0 > ( 2 )

A X  'X QCVs 1
.X X  ,0

(V, + V , )( 0 , +  V,

ny'- ln order to calculate the va1u e ( l)  
stftes for pho-on irlD̂ st̂ t̂ion onc should ejdjDniss 
-tse HamiiSnnieu od -he moteeute in. -he fooond 
quautization Usawziismo Tire Hamiltonian ir ai 
d - low s:
H  = hES^iaa) + TNe^rZX) + Ue )x-  +

hCrN 1pO) + Os ( X,X)
cc 3u

w h e e e  HE a n d  TN a r e  t h e  k m e e t e  e n e r g y  o g a r a t o r s  

Oo r  e l e c - r o n s  o m s  u n T e i , a n i  U  ae p r e i c n ( s  t im

i n t e r o c t i s ) n ; d e r e p r c s d n s s  d o e  (H o u l o m ir 

i n t e r a c t i o n  b e t w e e n  e l e d e ^  o t e ; ic pO f  O e n o t s h  

e l e c U -o n  ( n u o l c a p) c o o s d m c t e s . A c n e u a l l y , 

m t e o d u c i n g  a  ( t e M  <t >;p ^ o ĉ't.os

Y ' ( R , 6 t  x )  =  X  nk>l(X(R)On)a)tR,tU)
i w i t d  O re

H a r t r n u - F o a k  ( H i t  o o e - p a - t i c l e  Ou ^ c ricm s

<p( ) <f [ - R) a r t  t h e  o d e - p e s lti d e  O01i1 e n e r g i c s  a g f  ^  

d e n o ^ l;^ t ls i  ̂ s e f  o - " o ^ l1i.t^ l ^ o ^ c u e ^ e d  i n  ( F e  

g ao u n d  a t^^a l  Id.) i s  t h e  e o u i l i b r i u m  c ;e (i m (^rrr i o n  

Ode  H F  1 v 'e ^ l )  ^ n ^  O im p n s i o n l e g r  n o n n a l

c o o a o i d a1:es rF  |̂ t ^e c c ip v / o-1;^ t lge  r t f I - d )^̂ (I-̂s
H o m i l t o H u n  o v O c^lIc ĉ^s  ^̂2 ( 0 . :

[<5vj a tia jj a( +dv2al c)  a j + 2dv3a j akal a ‘ ]

w ith ld = 1 0̂̂), i i )  )i<U), ^chul (̂0) l ^ijktnibi fk i j^ f^e 

(de indea s(̂ t e îei-ns -0ct at p̂ atl;. n  m d ns os n  

an^ n  î re unocicu^1!̂ !;-  ̂ Uu (^ î; isiosi- )rna o f dhe 

orbitals is riiroaĉ l1̂die(:ii nej12 a’3 -hat n  - nd <-^ -

n. and ns (-̂ ŝ os:(-i-i]f ê(i- ŝ er^ ôa ̂ implieirn all
t(5î snr ieadmg h;o î nll a ^ o r̂ ic;itie( ô̂  :̂̂ r̂̂ leĉthd.

Tde ^ 2 r.ire l̂rr; HF frepneneies; bs h V. zee 
dvs^ructlon ^q f ŝ reotion operator  for vibrational 
quanta ^r

a d ( 1Pp/rd + 0(5

8t^Q,iaC1PHe rOs - b ‘0) . (5)

Tdu in'iorr)sell;.̂ 1;.̂ on ^ î 1he alaoi/'̂  fS[<ilnii(onlcIn ^. 0 
an exac( <̂̂ iu( (̂vn o1- -tiie 01>n,̂ -r)ô ]),( HF ^ eOUfm is 
^ie ên in ref i . [^:;̂ [ 1 ;L, )P) ; '][’)- e H l:;'-s5ln^le-n î'risiie

eomiDonene H 0 ;̂ 1i tsie :IiP;a^ l̂rn̂ niî n f4) is as 
Ic:̂ îi^ws;
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M 1
H  0 = X c °: (R 0 ) k 'lk i + X  h a s ( 0 '.0. X ) +

X  X  2 -
i

X X  1

c d °v

r=e l

+

dQs
[a la  -  n t \  bs + V )0 +

s,s-e i 4

> ^ s/  X
(  d 2 ° v i _

d Qs d Q,
[a i n  -  n t ]

> \Cs iis' J 0

• ( b s  +  b[ I  bs,+  b l )
( 6 )

Correspondingly in the one-particle picture the 
density of occupied states is given by

N 0 ( ° )  a r 1 -  f  dte2 m  J
n(°- °. )t ,„i ±ih H,ih -l(°-° k )t

<0 | 0 ) ,  ( 7 )

Qk,(°) a -ih-1 j__" dteih"  <̂ | d{ nk(t)n‘k(0) } ) (1s)

and the function N k (°) can be found from the 
relation

1Nk (°) = a  fa Q k (° -  it h ) , a  a - s ig n °k. (14)

Choosing the unperturbed Hamiltonian H0 to bs

H0 = X  0j) )  + H n  ooe finds the GF. Io the 
known approximation GF is as follows:

QBkk' (t) a ± d kk'i exp[-  n  -1 (ek + As)it]  

' X t n k\d k ° )| exP(± h k k kt)
( 1 5 )

h 0 = x  h k o v + x  gk (0s+ o: )
sa1

+ X r k e t s + Vs $ o,+ o1)

gs a ±
1

'

f  d°. j

I

Introducing new operators

g ' - ±  1
' 4 Q ( 9 )

C s =

M
X  ( l  o ,+ l  o;)

M M

e f . ( 7 ) ai s as

The direct method for calculation of N k) e )  as tho 
imaginary part of the GF iocludes a definition of 
the vertical I.P. (V.I.P.s) of the refereoce molecule

( 8 ) and then of N, (e) The zeros of the functiont

Dk(e)e -[e +s(e)]t ( 1 6 )

( 1 0 )

with real coefficients l , l  , defioed io sucn a 

way that H0 in new operators is

where (e  ̂ +s)k denotes the k-th eigenvalue of tho 
diagonal matrix of the one-particle energies addeV 
to matrix of the self-energy part, are the negativs 
V. I. P. ‘s for a given geometry. One can writs 
[2,11,12]:

(V IP)k  a-(ek +Fk )

Fk - S k (-(V.I  P . ) k  y

H  0 =X hk  sctscs + X  gs (cs + C‘s) + k. (11)
1 - d S k  ( e k  ) P  d e

follows:

- s * e ) .

( 1 7 )

K t ° )  =  X  I <l P  |0 )  |2 d t °  -  °k ±  D°k ± n • h k )
n1 '"nM

(12)
where d fuoctioo io (12) oaturally cootaios the 
information about adiabatic ionization potential 
aod the spaciog of the vibrational peaks;

| <n p  |0) f  is the well-known Franck-Condon 
factor. In a diagrammatic method to get function

N k(°) one should calculate the GF Qk ,(°)first
[1,2,11,12]:

Expanding the ionic energy EN about the 
equilibrium geometry of the reference molecule 
in a power series of the normal coordinates of this 
molecule leads to a set of linear equations in the 
unknown normal coordinate shifts 6Q S and new 
coupling constants are then:

g  =±(1^72 p X  +F , ) p dQ, 1, (18)

Yll' a  ± 1  j [d2 (e , + Ft )p do , p d 2 r1

The coupling constants g t and y u, are calculated 
by the well-known perturbation expansion of the

e

i,s -1
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self-energy part using the Hamiltonian HEN 0! Eq. 
(3). Io raaonU orf er onc obSoIas:

X i2)(e)=X
(v -  v  V  (v -  v  ■V k s ij k s ji /  ks ij X  ' V ksij k s ji '  ksij

ij e  +  e s -  G  - e j i,j  e  +  Gs - e , - G j
sgF

( 1 9 )

and the coupling constant g, are written as

_ L  dA=  1 + q p (d P d e ) X  [~(V I ]
4 2  a s  1 - ( a p a p ) X  . [ - ( s / p . ) , ]  ,

gl * ±

qk =  A p J5

A - X
[- ¥~I ■+.),

(Vs, -  Vkj  )2
F *

S g  5  s  d e ,

net- dQ- <ôo;,

d0, [-(V .I .P.)

(v  -  V )\  ks j  k s ji  /

'k  +  e s -  e i - G j 7
( 2 0 )

It is suitable to use further the pole strength o f tho 
corresponding GF:

a - j 1  - d ^ X * [ - t J = I P ) 4  ;1 - p ,  - 0,

gi * gl \Pk + q k (pt-S-Z
gl0 a± 2-epr 5 g, P d Q s

pote

Below we give the DFT definition o° the pote 
streogtn correspoodiog to V. I. P.’s and eonfiml 
the earlier data [11-15]:p k~0,8-0,95. Tne ^ u p 11- .  
constant is:

a g
r g ^

g  0>61 J
+ 1 2 g °  d -

4 ^  dQ , e 0>52 J

defueU i-s a 0unational of fuasiparlicle deosities:

n 0( r )  aX n 1  | O 1 ( r )  Ie,

ntr) - ] 1]aiJ  VOi(r) I2, (2s)

n/2 ( r )  =  X n A[ O > A - O >  1 ]

hine Uenrltiae af and -  arerimll arfo Ide HF 
elr̂p̂■t)̂ŝ]Ql t̂̂ neitI>n anh kineticnl energy -Ien sI0y cor- 
responnIngInL tlm ctensiity V- has no on ouar og in 
the HF no DFT tn̂t̂ t̂ )ur ancJ appears or reeult of 
aecouur for the energy dependence of  the mass 
opecator .2. A Lagrangirnn L p ci-u be written as a 
sura ed a dree Lagrangian and Leunongian odinter- 
apPinr̂ :tC(i = L °  + 0 1  wOvea a dree Lagrangian L q0 
has a standard form:

L°q a j d X n x® \(idP dt-sp)OA, (24)

The int;eeodtion Lagrang^ ir ttefinesl uu tiie °orm, 
whico i s charncterirtia for 0 standard DuT (as 
a sum oc tho Coutomb en(  excnocga-correlation 
termrs- however t t tatas mto vonucdttfiiir the 
energy dependence of a mass operator S :

L7 = LK “  +  { A1kF(r1,r2')^ 1 (r1^t (r2)drldr2 (25)
2 i,k=0

whan P o  aresome constant Xlooh bdow), -  i[ 
an eatcchve no-entia( of ota exchnngb-correlftion

mteracdom T^e Codomb i:ni)eI'a.e1::ion. part L .  
tookt ae î e^̂ ows:

Lc = 2-1- J"[1 -  L  2 (ti)]]0 (rf [ 1

-  tL 2 en2tirt (r2) P I ri -  r2 I dr1 dt2

( 2 2 )

3. Fermi-liquid qursiprrticle density function
al theory

Furiher we consider the quasiparticle Fermi- 
liquid version o f the DFT, Following )o refs, [ t - 
3,8,17]. The master equatices aan 0e ohd̂ ined 
on the basis o f variational principle, if  we start 
from a Pagrangian o f a molecele -1 < It should be

w lrnre Sorcra-Ss. hn );.̂ e toca1 Oeneily
aporoximatipn tho î sst: ess1;taI F  cxn Xe expresue0 
tSmoogn tii^ chchangeoeolTClation ]t-eud^-
poSs;nriai -s as noHowm1 xc

F)rc, r t =5 V J S  v0-SCr c-r2). A )

Furtheo olce can oct cde f- i ôecing e?ĉ re^sions for 

lti = -^n[Ilt P Fvt sii jd̂ riiĉ ul r̂:
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n  =  Po,5Vxc 18v0 • V  + P uSVxc 18y0 • v2 +

+ puw xc I Sv0 -Vi

n 2 =  (3mS V x c  1 • C  +  f i n ^ x c  18 |/o • L  +

+  ( 228 V Xc I 8 v 0 •^ 2 ( 2 8 )

H e r e  VK i s  t h e  C o u l o m b  t e r m ,  Z® i s  t h e  e x 

c h a n g e  t x r m . U s m g  t t îe; o ^ ( ^ w n  c a n o n i c a l  r e ' a t i o n -  

s h i p ,  < -a e  c a n  d a r i v e  ' .h e  q u a s i . o r t m l e  H a m i h a n l -

a n , w a i c h  ia  c  om<^si p h n d m e  t o  L q .F u r t h e r  c o n 

s t a n t s  F u  s h o u l d h e  n a d s I n  s o m e  d e ^ n e e  Oh e y  

h a I e  t ô â  e  are ^  ̂ e s s e o c e  a s  t li^ s :^ i^ i^ ^ r  c h n s t a n t s  i n  

t h e  w e l l - k n o w n  L a n d a u  F e r m i - 1 i q m d  t h e o r y  a n d  

t h e  Mrg U a l f i m i ê q u r m i - -h r C e m t  t h e o ry . R e g a r d 

i n g  h n i v e r eo 1 i t y  o C F k>  i n d e e d ,  a  s  w e  k n e w  n o w , 

S - c I o S -I  u n w o g s a l i t y  o f  A e  c o n - t S N ts  m A e  l a s t  

t h e h r i e t  l s a U I e n t ,  t ato c a l̂ i  a  r a p o e  o f  i s s  ^ l i ŝ i^ g in n  

i s  q u i t e  om a n  m  H !  T h e  v u l u e  o f  h g  k  d̂ ŝ p ^ n -  

d e c -  o n  d e f i  n i t i u n o f  m  . I f î s f - r t k  u s u -  o n e  o fxc xc
t h a  D F T  e x c h d n h e - CDr t h l a t i o h  p Ot x n t i a k  f r o m ,  

t h e n w r t h s A  A s m .  a  o  o m m u n r t y  o f  s k t e m e n f  

P00= 1 . T h e  c o n s t a n t  f$02 c a n  b e  i n  p l n c i p l e  c a l c u -  

l a t c o  b y  a n a l c t ia ê l  w a y , b u t  rt i s  v e r y  ere e f u l  t o  

r e m e m b e r  i 0s  c o n n e c t i o n  w i t h  c  e p o g e r o s c o p i c  

O a c to r  Fspo0 t h e  s c s t e m  [ 1 8 ] :

F  ={s - £ S . [- (VIP> k]} ( 2 9 )

T h e  t e r m s  3 ^ Ids a n d  £  i s  d i r e c t l c  l i n k e d  

[ 2 , 1 7 ] .  I n  t h e  t e r m s  o l  t h e  G r e e n  O u n c t io n  m e t h o d  

e x p r e s s i o n  ( 7 )  i s  i n  f a c t  c o r r e s p o n d i n g  t o  t h e  p o l e  

s t r e n g t h  oO  t h e  G r e e n ’s  O u n c t io n  [ 2 ] .  T h e  n e w  

e l e m e n t  oO  a n  a p p r o a c h  c a n  b e  c o n n e c t e d  w i t h  u s 

i n g  t h e  U F T  c o r r e l a t i o n  f u n c t i o n a l  oO  t h e  L e e -  

Y a n g - P a r r  ( L Y P )  ( l o o k  d e t a i l s  i n  r e f .  [ 1 3 - 1 6 ] ) .

3 .  R e s u l t s  a n d  c o n c l u s i o n s

A s  i l l u s t r a t i o n ,  w e  c h o o s e  t h e  d i a t o m i c  m o l e 

c u l e  oO  N 2 Oor a p p l i c a t i o n  oO  t h e  c o m b i n e d  G r e e n ’s  

O u n c t io n  m e t h o d  a n d  q u a s i p a r t i c l e  u F T  a p p r o a c h .  

T h e  n i t r o g e n  m o l e c u l e  h a s  b e e n  n a t u r a l l y  d i s 

c u s s e d  i n  m a n y  p a p e r s .  T h e  v a l e n c e  V . I .  P . ‘ s  oO  

N 2 h a v e  b e e n  c a l c u l a t e d  [ 1 , 1 3 , 1 4 , 2 4 ]  b y  t h e  m e t h 

o d  oO  G r e e n ’ s  O u n c t i o n s  a n d  t h e r e O o r e  t h e  p o l o  

s t r e n g t h s  pk a r e  k n o w n  a n d  t h e  m e a n  v a l u e s  qk c a n  

b e  e s t i m a t e d .  I t  s h o u l d  b e  r e m i n d e d  t h a t  t h e  N 2

mok oule is °ve ek s sic al pxam° k  where the 
known Kalm a n s’ Aeorem 2ven bails' m reproduc- 
ihh tg e rot̂ us Oue â:c ^̂lse V. IP . lt -n Ae PE spec- 
Onsm. From the HF ckcukti on of C ahe et al. [24] 
hdo fiŝ ds t-io t inatslding reornaprocSion the V I. P.

‘ p assinned by srg and <Ju improhO whUe for n V. I. 
P Ae v- ôd ogceem ent tatween tlm Koopmans 
ve î̂ Ôn  ̂t̂ (. experimente1 Enp k test. 1 eading to 
tha raHe saquencc a t gitan by Koopmans’ theo- 
Oem. In T a b ^  Ae ooperimenta1 V I  P. ‘s (a), the 
one-particle HF  energies (b), the V I. P. ‘s calcu- 
1 ated by Khopmaos1 th <̂̂]̂î miŝ r̂ - thaoontribution 
oareorvonioation Sf). Ao V. F P ‘ seoaî ulated with 
Green’s functions method (d), the combined Green 
function s and DFT p̂pi-ĉa cli(- )̂ , 't.l̂  ̂ similar our 
-e-ult- (f).

Table 1
The enpefin îen̂ î l nndcalcidated V. I. P.’s 
bin eV) nO N2. Rk Id UFe â r̂̂ â̂ ^bution of 

eeonganizafdon; ^  stands for pole strength.

O r b i t a l E x p t l a

V I P / s - e k - (e k +Rk,

3 ^ g

1 5 , 6 0 1 7 , 3 6 1 6 , 0 1

1pu
1 6 , 9 8 1 7 , 1 0 1 5 , 6 7

r2 °u
1 8 , 7 8 2 0 , 9 2 1 9 , 9 3

O r b i t a l C a l c d

V I . P / s

C a l c -

V I . P / s

C a l c O 

V I . p . ,

P ek

3 ^ e

1 5 , 5 0 1 5 , 5 2 1 5 , 5 8

1pu
1 6 , 8 3 1 6 , 8 5 1 6 , 9 6

2 a u
1 8 , 5 9 1 8 , 6 3 1 8 , 7 6

T h e  i m p o r t a n t  p o i n t  oO  a l l  c o n s i d e r a t i o n  i s  

c o n n e c t e d  t h e  p r i n c i p a l  p o s s i b i l i t y  t o  r e p r o d u c e  

d i a t o m i c  s p e c t r a  b y  a p p l y i n g  a  o n e - p a r t i c l e  t h e o r y  

w i t h  a c c o u n t  oO  t h e  c o r r e l a t i o n  a n d  r e o r g a n i z a t i o n  

eO O ects. T h e  c o m b i n e d  t h e o r e t i c a l  a p p r o a c h ,  w h i c h  

i s  b a s e d  o n  t h e  q u a s i p a r t i c l e  u F T  w i t h  u s i n g
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c o r r e c t  u F  a n d  t h e  G r e e n ’ s - O u n c t i o n s  a p p r o a c h  

c a n  b e  p r o s p e c t i v e l c  u s e d  Oor q u a n t i t a t i v e  t r e a t i n g  

t h e  d i a t o m i c  p h o t o e l e c t r o n  s p e c t r a .  I t  i s  v e r y  

i m p o r t a n t  t h a t  t h e  c o m p u t a t i o n a l  c o m p l e x i t y  oO  

t h e  c o m b i n e d  a p p r o a c h  i s  s i g n i f i c a n t l y  l o w e r  i n  

c o m p a r i s o n  w i t h  o r i g i n a l  v e r s i o n  oO  t h e  G r e e n ’s -  

O u n c t io n s  m e t h o d .

R e f e r e n c e s

1 . G l u s h k o v  A . V . ,  N e w  a p p r o a c h  t o  t h e o 

r e t i c a l  d e f i n i t i o n  o f  i o n i z a t i o n  p o t e n t i a l s  

O or m o l e c u l e s  o n  t h e  b a s i s  oO  G r e e n ’s  

O u n c t io n  m e t h o d l l J o u r n . o O  P h y s .  

C h e m . - 1 9 9 2 . - V o l . 6 6 . - P . 2 6 7 1 - 2 6 7 7 .

2 .  G l u s h k o v  A . V . ,  R e l a t i v i s t i c  q u a n t u m  

t h e o r y  Q u a n t u m  m e c h a n i c s  oO  a t o m i c  

s c s t e m s . - O d e s s a :  A s t r o p r i n t ,  2 0 0 8 . 

7 0 0 P .

3 .  G l u s h k o v  A . V . ,  T h e  G r e e n ’s  O u n c t io n s  

a n d  d e n s i t y  O u n c t io n a l  a p p r o a c h  t o  v i 

b r a t i o n a l  s t r u c t u r e  i n  t h e  p h o t o e l e c t r o n  

s p e c t r a  oO  m o l e c u l e s :  R e v i e w  oO  m e t h -  

o d l l  P h o t o e l e c t r o n i c s . - 2 0 1 4 .  -  V o l . 2 3 .  - 

P . 5 4 - 7 2 .

4 .  G l u s h k o v  A . V . ,  L e p i k h  Y a . I . ,  F e d -  

c h u k  A . P . ,  L o b o d a  A . V . ,  T h e  G r e e n ’s  

O u n c t io n s  a n d  d e n s i t y  O u n c t io n a l  a p 

p r o a c h  t o  v i b r a t i o n a l  s t r u c t u r e  i n  

t h e  p h o t o e l e c t r o n  s p e c t r a  oO  m o l e -  

c u l e s I I P h o t o e l e c t r o n i c s . - 2 0 0 9 . - N 1 8 . -  

P . 1 1 9 - 1 2 7 .

5 .  S v i n a r e n k o  A . A . ,  F e d c h u k  A . P . ,  G l u s h 

k o v  A . V . , L e p i k h  Y a . I . ,  L o b o d a  A . V . ,  

L o p a t k i n  Y u . M . ,  T h e  G r e e n ’s  O u n c 

t i o n s  a n d  d e n s i ( c  O u n c t io n a l  a p p r o a c h  

t o  v i b r a t i o n a l  s t r u c t u r e  i n  t h e  p h o t o 

e l e c t r o n  s p e c t r a  oO  c a r b o n  o x i d e  m o l -  

e c u l e I I P h o t o e l e c t r o n i c s . - 2 0 1 0 . - N 1 9 . -  

P . 1 1 5 - 1 2 0 .

6 .  G l u s h k o v  A . V . ,  F e d c h u k  A . P . ,  K o n -  

d r a t e n k o  P . A . ,  L e p i k h  Y a . I . ,  L o p a t k i e  

Y u . M . ,  S v i n a r e n k o  A . A . ,  T h e  G r e e n ’s  

O u n c t io n s  a n d  d e n s i t y  O u n c t io n a l  a p 

p r o a c h  t o  v i b r a t i o n a l  s t r u c t u r e  i n  t h e  

p h o t o e l e c t r o n  s p e c t r a :  M o l e c u l e s  oO  

C H ,  H F I I P h o t o e l e c t r o n i c s . - 2 0 1 1 . -  

V o l . 2 0 . - P . 5 8 - 6 2 .

7 .  G l u s h k o v  A . . ,  K o l t z o v a  N . ,  E f f e c t i v e  

a c c o u n t  oO  p o l a r i z a t i o n  e f f e c t s  i n  c a l c u 

l a t i o n  oO  o s c i l l a t o r  s t r e n g t h s  a n d  e n e r 

g i e s  Oor a t o m s  a n d  m o l e c u l e s  b y  m e t h 

o d  oO  e q u a t i o n s  oO  m o t i o n I I  O p t .  S p e c t r .  

- 1 9 9 4 . -  V o l .  7 6 , N ° 6 . - P . 8 8 5 - 8 9 0 .

8 .  G l u s h k o v  A . V . ,  Q u a s i p a r t i c l e  a p p r o a c h  

i n  t h e  d e n s i t y  O u n c t io n a l  t h e o r y  u n d e r  

f i n t e  t e m p e r a t u r e s  a n d  d y n a m i c s  o f  e f -  

O e c t iv e  B o s e  - c o n d e n s a t e  II  U k r .  P h y s .  

J o u r n . -  1 9 9 3 . - V o l .  3 8 ,  M 8 . - P . 1 5 2 - 1 5 7 .

9 .  P o n o m a r e n k o  E . L . ,  K u z n e t s o v a  A . A . ,  

U u b r o v s k a c a  Y u . V ,  B a k u n i n a  ( M i s 

c h e n k o )  E . V . ,  E n e r g y  a n d  s p e c t r o s 

c o p i c  p a r a m e t e r s  oO  d i a t o m i c s  w i t h i n  

g e n e r a l i z e d  e q u a t i o n  oO  m o t i o n  m e t h -  

o d I I  P h o t o e l  e c t r o n i c  s  . - 2 0 1 6 .  -  V o l  . 2 5 . -  

P . 1 1 4 - 1 1 8 .

1 0 .  M i s c h e n k o  E . V . ,  A n  e f f e c t i v e  a c 

c o u n t  oO  c o r r e l a t i o n  i n  c a l c u l a t i o n  

oO  e x c i t e d  s t a t e s  e n e r g i e s  O or m o l 

e c u l e s  b y  e q u a t i o n  oO  m o t i o n  m e t h o d :  

O  3/ / P h o t o e l e c t r o n i c s . - 2 0 0 7 . - N 1 6 . -  

P . 1 2 3 - 1 2 5 .

1 1 .  K o p p e l  H . ,  U o m c k e  W . ,  C e d e r -  

b a u m  L . S . ,  G r e e n ’s  O u n c t io n  m e t h o d  

i n  q u a n t u m  c h e m i s t l y l l  A d v .  C h e m .  

P h c s . - 1 9 9 4 . - V o l . 5 7 . - P .  5 9 - 1 3 2 .

1 2 .  C e d e r b a u m  L . S . ,  U o m c k e  W . ,  O n  v i 

b r a t i o n a l  s t r u c t u r e  oO  p h o t o e l e c t r o n  

s p e c t r a  b y  t h e  G r e e n ’s  O u n c t io n s  m e t h -  

o d l l  J . C h e m .  P h c s . - 1 9 8 4 . - V o l . 6 0 . -  

P . 2 8 7 8 - 2 8 9 6 .

1 3 .  Z a n g w i l l  A . , S o v e n  P .J . U e n s iS c - O u n c -  

t i o n a l  a p p r o a c h  t o  l o c a l  f i e l d  e f f e c t s  i n  

f i n i t e  s y s t e m s .  P h o t o - a b s o r p t i o n  i n  r a r e  

g a s e s  II P h c s . R e v . A . - 1 9 9 0 . - V o l . 2 1 , N 5 -  

P . 1 5 6 1 - 1 5 7 2 .

1 4 .  K o b a c a s h i  K . ,  K u r i t a  N . ,  K u m a h o r a  

H . ,  K u z a t a m i  T . B o n d - e n e r e c  c a l c u l a 

t i o n s  oO  C u  , A g ,  C u A g  w i t h  t h e  g e n 

e r a l i z e d  g r a d i e n t  a p p r o x i m a t i o n I I  P h y s .  

R e v . A . - 1 9 9 1 . - V o l . 4 3 . - P . 5 8 1 0 - 5 8 1 3 .

1 5 .  L a g o w s c k i  J . B . ,  V o s k o  S . H .  A n a l y s i s  

oO  l o c a l  a n d  g r a d i e n t -  c o r r e c t i o n  c o r r e 

l a t i o n  e n e r g y  O u n c t i o n a l s  u s i n g  e l e c t r o n  

r e m o v a l  e n e r g i e s l l  J . P h r n s .B :  A t .  M o l .  

O p t .  P h c s . - 1 9 9 8 . - V o l . 2 1 , N 1 - P . 2 0 3 - 2 0 8 .

1 6 .  G u o  Y . ,  W h i t e h e a d  M . A .  E f f e c t  oO  t h o  

c o r r e l a t i o n  c o r r e c t i o n  o n  t h e  i o n i z a t i o n  

p o t e n t i a l  a n d  e l e c t r o n  a f f i n i t y  i n  a t o m s / /  

P h c s . R e v . A - 1 9 9 9 . - V o l . 3 9 , N 1 . - P . 2 8 - 3 4 .
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1 7 .  G l u s h k o v  A . V . ,  A n  u n i v e r s a l  q u a s i 

p a r t i c l e  e n e r g y  O u n c t io n a l  i n  a  d e n s i t y  

O u n c t io n a l  t h e o r c  O or r e l a t i v i s t i c  a t o m l l  

O p t i c s  a n d  S p e c t r . - 1 9 9 9 . - V o l . 6 6 , N 1 -  

P . 3 1 - 3 6 .

1 8 .  G l u s h k o v  A . V . ,  R e l a t i v i s t i c  a n d  c o r 

r e l a t i o n  eO O ects i n  s p e c t r a  oO  a t o m i c  

s c s t e m s . - O d e s s a :  A s t r o p r i n t . - 2 0 0 6 . -  

4 0 0 P .

1 9 .  G l u s h k o v  A . V . ,  A t o m  i n  e l e c t r o m a g n e t 

i c  f i e l d . - K i e v :  K N T ,  2 0 0 5 . - 4 5 0 P .

2 0 .  K h e t s e l i u s  O . Y u . ,  H y p e r f i n e  s t r u c t u r e  

oO  a t o m i c  s p e c t r a . - O d e s s a :  A s t r o p r i n t ,  

2 0 0 8 . - 2 1 0 P .

2 1 .  G l u s h k o v  A . V . ,  K h e t s e l i u s  O .Y . ,  M a l i -  

n o v s k a c a  S .V . ,  S p e c t r o s c o p c  oO  c o o p 

e r a t i v e  l a s e r - e l e c t r o n  n u c l e a r  e f f e c t s  i n  

m u l t i a t o m i c  m o l e c u l e s l l  M o l e c .  P h r n s .-

2 0 0 8 .  - V o l . 1 0 6 . - N 9 - 1 0 . - P .  1 2 5 7 - 1 2 6 0 .

2 2 .  G l u s h k o v  A . V . ,  K h e t s e l i u s  O . Y . ,  M a 

l i n o v s k a y a  S . V . ,  N e w  l a s e r - e l e c t r o h  

n u c l e a r  e f f e c t s  i n  t h e  n u c l e a r  y  t r a n s i 

t i o n  s p e c t r a  i n  a t o m i c  a n d  m o l e c u l a r  

s c s t e m s l l  F r o n t i e r s  i n  Q u a n t u m  S y s 

t e m s  i n  C h e m i s t r y  a n d  P h y s i c s .  S e r i e s :  

P r o g r e s s  i n  T h e o r e t i c a l  C h e m i s t r y  a n d  

P h y s i c s  , E d s .  S . W i l s o n ,  P .J .G r o u t ,  J. 

M a r u a n i ,  G .  u e l g a d o - B a r r i o ,  P . P i e c u c h  

( S p r i n g e r ) . - 2 0 0 8 . - V o l . 1 8 . - 5 2 5 - 5 4 1 .

2 3 .  G l u s h k o v  A . V . ,  K h e t s e l i u s  O . Y u . ,  S v i n 

a r e n k o  A . A . ,  P r e p e l i t s a  G .P .  , S h a k h m a e  

A . ,  S p e c t r o s c o p c  oO  c o o p e r a t i v e  l a s e r -  

e l e c t r o n  n u c l e a r  p r o c e s s e s  i n  d i a t o m i c  

a n d  m u l t i a t o m i c  m o l e c u l e s l l S p e c -  

t r a l  L i n e s  S h a p e  ( A I P ,  U S A ) . - 2 0 1 0 . -  

V o l . 1 6 . - P . 2 6 9 - 2 7 3 .

2 4 .  G l u s h k o v  A . V . ,  K o n d r a t e n k o  P . A . ,  B u y -  

a d z h i  V . ,  K v a s i k o v a  A .  S . ,  S h a k h m a e  

A . ,  S a k u n  T . ,  S p e c t r o s c o p y  oO  c o o p 

e r a t i v e  l a s e r  e l e c t r o n - y - n u c l e a r  p r o 

c e s s e s  i n  p o l y a t o m i c  m o l e c u l e s l l  J o u r 

n a l  oO  P h y s i c s :  C  S e r i e s  ( I O P ,  L o n d o n ,  

U K ) . - 2 0 1 4 . - V o l . 5 4 8 . - P .  0 1 2 0 2 5  ( 5 p . ) .

2 5 .  G l u s h k o v  A . V . ,  K o n d r a t e n k o  P .A . ,  

L o p a t k i n  Y u . ,  B u c a d z h i  V . ,  K v a s i k o v a  

A . ,  S p e c t r o s c o p c  oO  c o o p e r a t i v e  l a 

s e r  e l e c t r o n -  y  - n u c l e a r  p r o c e s s e s  i n  

d i a t o m i c s  a n d  m u l t i a t o m i c  m o l e c u l e s  

II  P h o t o e l e c t r o n i c s . - 2 0 1 4 .  -  V o l . 2 3 .  -  

P . 1 4 2 - 1 4 6 .

2 6 .  K h e t s e l i u s  O . Y u . ,  O p t i m i z e d  p e r t u r b a 

t i o n  t h e o r y  t o  c a l c u l a t i n g  t h e  h y p e r f i n e  

l i n e  sh iO t a n d  b r o a d e n i n g  Oor h e a v y  a t o m s  

i n  t h e  b u f f e r  g a s l l  F r o n t i e r s  i n  Q u a n t u m  

M e t h o d s  a n d  A p p l i c a t i o n s  i n  C h e m i s t r y  

a n d  P h y s i c s .  S e r .:  P r o g r e s s  i n  T h e o r .  

C h e m .  a n d  P h y s . ,  E d s .  M . N a s c i m e n t o ,  

J . M a r u a n i ,  E . B r a n d a s ,  G . U e l g a d o - B a r -  

r i o  ( S p r i n g e r ) . - 2 0 1 5 - V o l . 2 9 . - P .  5 5 - 7 6 .

2 7 .  K h e t s e l i u s  O . Y u . ,  R e l a t i v i s t i c  e n e r 

g y  a p p r o a c h  t o  c o o p e r a t i v e  e l e c t r o n -  

y - n u c l e a r  p r o c e s s e s :  N E E T  E f f e c t / /  

Q u a n t u m  S y s t e m s  i n  C h e m i s t r y  a n d  

P h y s i c s :  P r o g r e s s  i n  M e t h o d s  a n d  A p 

p l i c a t i o n s .  S e r .:  P r o g r e s s  i n  T h e o r .  

C h e m .  a n d  P h y s . ,  E d s .  K . N i s h i k a w a ,  J. 

M a r u a n i ,  E . B r a n d a s ,  G .  D e l g a d o - B a r -  

r i o ,  P . P i e c u c h  ( S p r i n g e r ) . - 2 0 1 2 - V o l . 2 6 . -  

P . 2 1 7 - 2 2 9 .

2 8 .  B u c a d z h i  V . V . ,  G l u s h k o v  A . V . ,  L o v e t t  

L . ,  S p e c t r o s c o p c  oO  a t o m s  a n d  n u 

c l e i  i n  a  s t r o n g  l a s e r  f i e l d :  A C  S t a r k  

e f f e c t  a n d  m u l t i p h o t o n  r e s o n a n c e s I /  

P h o t o e l e c t r o n i c s . - 2 0 1 4 . - V o l . 2 3 . -  

P . 3 8 - 4 3 .

2 9 .  K h e t s e l i u s  O . ,  S p e c t r o s c o p y  oO  c o o p e r a 

t i v e  e l e c t r o n - g a m m a - n u c l e a r  p r o c e s s e s  

i n  h e a v y  a t o m s :  N E E T  eO O ectll J . P h c s . :  

C o n O . S e r . - 2 0 1 2 . -  V o l . 3 9 7 . - P . 0 1 2 0 1 2

3 0 .  G l u s h k o v  A . V . ,  K h e t s e l i u s  O . Y u . ,  L o 

b o d a  A . V . ,  S v i n a r e n k o  A . A . ,  Q E U  a p 

p r o a c h  t o  a t o m s  i n  a  l a s e r  f i e l d :  M u l t i 

p h o t o n  r e s o n a n c e s  a n d  a b o v e  t h r e s h o l d  

i o n i z a t i o n l l  F r o n t i e r s  i n  Q u a n t u m  S y s 

t e m s  i n  C h e m i s t r y  a n d  P h y s i c s ,  S e r .:  

P r o g r e s s  i n  T h e o r e t i c a l  C h e m i s t r y  a n d  

P h y s i c s ;  E d s .  S . W i l s o n ,  P .J .G r o u t ,  J. 

M a r u a n i ,  G .  u e l g a d o - B a r r i o ,  P . P i e c u c h  

( S p r i n g e r ) ,  2 0 0 8 . - V o l . 1 8 . - P . 5 4 3 - 5 6 0 .

3 1 .  G l u s h k o v  A . V . ,  K h e t s e l i u s  O .Y u . ,  

S v i n a r e n k o  A . A . ,  P r e p e l i t s a  G .P . ,  E n 

e r g y  a p p r o a c h  t o  a t o m s  i n  a  l a s e r  f i e l d  

a n d  q u a n t u m  d y n a m i c s  w i t h  l a s e r  p u l s 

e s  oO  d i f f e r e n t  s h a p e l l I n :  C o h e r e n c e  

a n d  e l t r a s h o r t  P u l s e  L a s e r  E m i s s i o n ,  

E d .  b y  D r .  F . D u a r t e  ( I n T e c h ) . - 2 0 1 0 . -  

P . 1 5 9 - 1 8 6 .

3 2 .  G l u s h k o v  A . V . ,  K h e t s e l i u s  O . ,  S v i n 

a r e n k o  A ,  R e l a t i v i s t i c  t h e o r y  oO  c o o p e r 

a t i v e  m u o n - g  g a m m a - n u c l e a r  p r o c e s s e s :
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N e g a t i v e  m u o n  c a p t u r e  a n d  m e t a s t a b l e  

n u c l e u s  d i s c h a r g e l l  A d v a n c e s  i n  t h o  

T h e o r y  oO  Q u a n t u m  S y s t e m s  i n  C h e m -  

istrrn  a n d  P h y s i c s .  S e r .:  P r o g r e s s  i n  T h e 

o r . C h e m .  a n d  P h y s . ,  E d s .  P . H o g g a n ,  

E . B r a n d a s ,  J . M a r u a n i ,  G .  D e l g a d o -  

B a r r i o ,  P . P i e c u c h  ( S p r i n g e r ) . - 2 0 1 2 . -  

V o l . 2 2 . - P . 5 1 .

3 3 .  G l u s h k o v  A . V . ,  K h e t s e l i u s  O . Y u . ,  P r e 

p e l i t s a  G . ,  S v i n a r e n k o  A . A . ,  G e o m e t r c  

oO  C h a o s :  T h e o r e t i c a l  b a s i s ' s  oO  a  c o n -  

s i  s t e n t  c o m b i n e d  a p p r o a c h  t o  t r e a t i n s  

c h a o t i c  d y n a m i c a l  s y s t e m s  a n d  t h e i r  

p a r a m e t e r s  d e t e r m i n a t i o n  I l P r o c .  oO  I n 

t e r n a t i o n a l  G e o m e t r y  C e n t e r " . - 2 0 1 3 . -  

V o l . 6 ,  N 1 . - P . 4 3 - 4 8 .

3 4 .  M a l i n o v s k a c a  S . V . ,  G l u s h k o v  A . V . ,  

U u b r o v s k a c a  Y u . V ,  V i t a v e t s k a c a  L . A . ,  

Q u a n t u m  c a l c u l a t i o n  oO  c o o p e r a t i v e  

m u o n - n u c l e a r  p r o c e s s e s :  d i s c h a r g e  oO  

m e t a s t a b l e  n u c l e i  d u r i n g  n e g a t i v e  m u o n  

c a p t u r e l l  R e c e n t  A d v a n c e s  i n  t h e  T h e 

o r y  oO  C h e m i c a l  a n d  P h y s i c a l  S y s t e m s  

( S p r i n g e r ) . - 2 0 0 6 . - V o l . 1 5 . - P . 3 0 1 - 3 0 7 .

3 5 .  M a l i n o v s k a y a  S . V . ,  G l u s h k o v  A . V . ,  

K h e t s e l i u s  O . Y u . ,  L o p a t k i n  Y u . ,  L o b o 

d a  A . ,  S v i n a r e n k o  A . ,  N i k o l a  L . ,  P e r e -  

lr n g in a  T . ,  G e n e r a l i z e d  e n e r g c  a p p r o a c h  

t o  c a l c u l a t i n g  e l e c t r o n  c o l l i s i o n  c r o s s 

s e c t i o n s  Oor m u l t i c h a r g e d  i o n s  i n  a  p l a s 

m a :  D e b y e  s h i e l d i n g  m o d e l l l  I n t .  J o u r n .  

Q u a n t .  C h e m . - 2 0 1 1 . - V o l .  1 1 1 , N 2 . -  

P . 2 8 8 - 2 9 6 .

3 6 .  M a l i n o v s k a c a  S . V . ,  G l u s h k o v  A . V . ,  

K h e t s e l i u s  O . Y u . ,  S v i n a r e n k o  A . A . ,  

M i s c h e n k o  E . V . ,  F l o r k o  T . A . ,  O p t i 

m i z e d  p e r t u r b a t i o n  t h e o r y  s c h e m e  Oor 

c a l c u l a t i n g  t h e  i n t e r a t o m i c  p o t e n t i a l s  

a n d  h y p e r f i n e  l i n e s  s h i f t  f o r  h e a v y  a t 

o m s  i n  t h e  b u f f e r  i n e r t  g a s l l I n t .  J o u r n .  

Q u a n t . C h e m . - 2 0 0 9 . - V o l . 1 0 9 , N 1 4 . -  

P . 3 3 2 5 - 3 3 2 9 .

3 7 .  G l u s h k o v  A . V . ,  K h e t s e l i u s  O . Y u . ,  S v i n 

a r e n k o  A . ,  P r e p e l i t s a  G . ,  M i s c h e n k o  E . ,  

T h e  G r e e n ’s  O u n c t io n s  a n d  d e n s i t y  O u n c -  

t i o n a l  a p p r o a c h  t o  v i b r a t i o n a l  s t r u c t u r e  

i n  t h e  p h o t o e l e c t r o n  s p e c t r a  Oor m o l -  

e c u l e s l l  A I P  C o n O . P r o c e e d i n g s . - 2 0 1 0 . -  

V o l . 1 2 9 0 . - P .  2 6 3 - 2 6 8 .

3 8 .  K h e t s e l i u s  O . Y u . ,  F l o r k o  T . A . ,  S v i n 

a r e n k o  A . A . ,  T k a c h  T . B . ,  R a d i a t i v e  

a n d  c o l l i s i o n a l  s p e c t r o s c o p c  oO  h y -  

p e r f i n e  l i n e s  o f  t h e  L i - l i k e  h e a v y  i o n s  

a n d  T l  a t o m  i n  a n  a t m o s p h e r e  oO  i n e r t  

g a s I I P h c s . S c r i p t a . - 2 0 1 3 . - V o l . T 1 5 3 -  

P . 0 1 4 0 3 7 .

3 9 .  K h e t s e l i u s  O . Y u . ,  H y p e r f i n e  s t r u c t u r e  

oO  r a d i u m l l  P h o t o e l e c t r o n i c s . - 2 0 0 5 . -  

N 1 4 . - P . 8 3 - 8 5 .

4 0 .  G l u s h k o v  A . V ,  M a l i n o v s k a y a  S . , C o - o p -  

e r a t i v e  l a s e r  n u c l e a r  p r o c e s s e s :  b o r d e r  

l i n e s  e f f e c t s l l  I n :  N e w  p r o j e c t s  a n d  n e w  

l i n e s  oO  r e s e a r c h  i n  n u c l e a r  p h y s i c s .  

E d s .  G . F a z i o ,  F . H a n a p p e ,  S i n g a p o r e :  

W o r l d  S c i e n t i f i c . - 2 0 0 3 . - P . 2 4 2 - 2 5 0 .

4 1 .  G l u s h k o v  A . V . ,  L o v e t t  L . ,  K h e t s e l i u s  

O . ,  G u m i t s k a c a  E . ,  U u b r o v s k a c a  Y u . ,  

L o b o d a  A . ,  G e n e r a l i z e d  m u l t i c o n f i g u 

r a t i o n  m o d e l  oO  d e c a c  oO  m u l t i p o l e  g i a n i  

r e s o n a n c e s  a p p l i e d  t o  a n a l y s i s  oO  r e a c 

t i o n  ( m - n )  o n  t h e  n u c l e u s  40C a I I  I n t e r n a t .  

J o u r n .  M o d e r n  P h y s i c s  A . - 2 0 0 9 . -  V o l .  

2 4 ,  N . 2 - 3 . - P . 6 1 1 - 6 1 5 .

4 2 .  G l u s h k o v  A . ,  M a l i n o v s k a c a  S . ,  

S u k h a r e v  U . ,  K h e t s e l i u s  O . Y u . ,  L o b o d a  

A . ,  L o v e t t  L . ,  G r e e n ’s  O u n c t io n  m e t h o d  

i n  q u a n t u m  c h e m i s t r y :  N e w  n u m e r i c a l  

a l g o r i t h m  O or t h e  D i r a c  e q u a t i o n  w i t h  

c o m p l e x  e n e r g y  a n d  F e r m i - m o d e l  n u 

c l e a r  p o t e n t i a l l l I n t . J .  Q u a n t .  C h e m . -

2 0 0 9 . -  V o l .  1 0 9 . - N 8 . - P .  1 7 1 7 - 1 7 2 7 .

4 3 .  G l u s h k o v  A . V . ,  M a l i n o v s k a c a  S .V ,  

G u m i t s k a r n a  E .P . ,  K h e t s e l i u s  O . Y u . ,  D u 

b r o v s k a y a  Y u .V . ,  C o n s i s t e n t  q u a n t u m  

t h e o r y  oO  t h e  r e c o i l  i n d u c e d  e x c i t a t i o n  

a n d  i o n i z a t i o n  i n  a t o m s  d u r i n g  c a p t u r e  

oO  n e u t r o n l l  J o u r n a l  oO  P h y s i c s :  C o n O . 

S e r i e s  ( I O P ) . - 2 0 0 6 . -  V o l . 3 5 . - P . 4 2 5 - 4 3 0 .

4 4 .  G l u s h k o v  A . V ,  K h e t s e l i u s  O . Y u . ,  G u r -  

n i t s k a c a  E .P . ,  L o b o d a  A . V ,  S u k h a r e v  

U . E . ,  R e l a t i v i s t i c  q u a n t u m  c h e m i s 

t r y  oO  h e a v y  i o n s  a n d  h a d r o n i c  a t o m i c  

s c s t e m s :  s p e c t r a  a n d  e n e r g y  s h iO ts I /  

T h e o r y  a n d  A p p l i c a t i o n s  oO  C o m 

p u t a t i o n a l  C h e m i s t r y .  A I P  C o n O e r -  

e n c e  P r o c e e d i n g s . - 2 0 0 9 .  - V o l . 1 1 0 2 .  -  

P . 1 6 8 - 1 7 1 .

4 5 .  K h e t s e l i u s  O . Y u . ,  T u r i n  A . V . ,  S u k h a r e v  

U . E . ,  F l o r k o  T . A . ,  E s t i m a t i n g  oO  X -  

o oc  s p e c t r a  O or k a o n i c  a t o m s  a s  t o o l  Oor
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s e n s i n g  t h e  n u c l e a r  s t r u c t u r e l l  S e n s o r  

E l e c t r .  a n d  M i c r o s c s t .  T e c h n . - 2 0 0 9 . -  

N 1 . - P . 3 0 - 3 5 .

4 6 .  G l u s h k o v  A . V . ,  E f f e c t i v e  q u a s i - p a r t i c l o  

v a l e n c e  h a m i l t o n i a n  oO  m o l e c u l e s  i n  t h o  

c o m p r e h e n s i v e  s e m i - e m p i r i c a l  t h e o l y I /  

S o v .  J . S t r u c t .  C h e m . - 1 9 9 8 . - V o l . 2 9 , N 4 . -  

P . 3 - 9 .

4 7 .  K h e t s e l i u s  O . Y u . ,  Q u a n t u m  G e o m e t o c :  

N e w  a p p r o a c h  t o  q u a n t i z a t i o n  oO  t h e  

q u a s i s t a t i o n a r c  s t a t e s  oO  D i r a c  e q u a t i o n  

O or s u p e r  h e a v y  i o n  a n d  c a l c u l a t i n g  h y 

p e r  f i n e  s t r u c t u r e  p a r a m e t e r s l l  P r o c .  I n t .  

G e o m e t r y  C e n t e r . - 2 0 1 2 . - V o l . 5 , N °  3 - 4 . -  

P . 3 9 - 4 5 .

4 8 .  G l u s h k o v  A . V ,  K h e t s e l i u s  O . Y u . ,  S v i n 

a r e n k o  A . A . ,  T h e o r e t i c a l  s p e c t r o s c o p y  

oO  a u t o i o n i z a t i o n  r e s o n a n c e s  i n  s p e c t r a  

oO  l a n t h a n i d e  a t o m s l l  P h y s i c a  S c r i p t a . -  

2 0 1 3 . - V o l . T 1 5 3 . - P .  0 1 4 0 2 9 .

4 9 .  G e d a s i m o v  V  N ,  Z e l e n k o v  A  G ,  K u l a k o v  

V  M  e t  a l  1 9 9 4  JETP. 8 6  1 1 6 9 ;  S o l d a 

t o v  A  A  1 9 8 3  P r e p r i n t  oO  I . V . K u r c h a t o v  

I n s t i t u t e  O or A t o m i c  E n e r g y  I A E - 3 9 1 6 ,  

M o s c o w

5 0 .  G l u s h k o v  A . V . ,  O p e r a t o r  P e r t u r b a 

t i o n  T h e o r c  O or A t o m i c  S y s t e m s  i n  a  

S t r o n g  D C  E l e c t r i c  F i e l d l l A d v a n c e s  

i n  Q u a n t u m  M e t h o d s  a n d  A p p l i c a t i o n s  

i n  C h e m i s t r c ,  P h y s i c s ,  a n d  B i o l o g y .  

S e r i e s :  F r o n t i e r s  i n  T h e o r e t i c a l  P h y s 

i c s  a n d  C h e m i s t r c ,  E d s .  M . H o t o k k a ,  

J . M a r u a n i ,  E .  B r a n d a s ,  G . D e l g a d o -  

B a r r i o  ( S p r i n g e r ) . - 2 0 1 3 . - V o l .  2 7 . -  

P . 1 6 1 - 1 7 7 .

5 1 .  G l u s h k o v  A . V ,  K o n d r a t e n k o  P . A . ,  

L e p i k h  Y a . ,  F e d c h u k  A . P . ,  S v i n a r e n -  

k o  A . A . ,  L o v e t t  L . ,  E l e c t r o d y n a m i c a l  

a n d  q u a n t u m  -  c h e m i c a l  a p p r o a c h e s  

t o  m o d e l l i n g  t h e  e l e c t r o c h e m i c a l  a n d  

c a t a l y t i c  p r o c e s s e s  o n  m e t a l s ,  m e t a l  

a l l o c s  a n d  s e m i c o n d u c t o r s l l  I n t .  J. 

Q u a n t u m  C h e m . - 2 0 0 9 . - V o l .  1 0 9 ,  N 1 4 . -  

P . 3 4 7 3 - 3 4 8 1 .

T h i s  a r t i c l e  h a s  b e e n  r e c e i v e d  i n  M a y  2 0 1 7

U D C  5 3 9 . 1 8 6

A. A. Kuznetsova, Yu. V. Dubrovskaya, A. V. Glushkov, Ya. I  Lepikh

A D V A N C E D  G R E E N ’ S  F U N C T I O N S  A N D  D E N S I T Y  F U N C T I O N A L  A P P R O A C H  T O

V I B R A T I O N A L  S T R U C T U R E  I N  T H E  P H O T O E L E C T R O N  S P E C T R A  O F  D I A T O M I C

M O L E C U L E

S u m m a r y

T h e  a d v a n c e d  c o m b i n e d  t h e o r e t i c a l  a p p r o a c h  t o  v i b r a t i o n a l  s t r u c t u r e  i n  p h o t o e l e c t r o n  s p e c t r a  oO  

m o l e c u l e s ,  w h i c h  i s  b a s e d  o n  t h e  d e n s i t y  f u n c t i o n a l  t h e o r y  ( D F T )  a n d  t h e  G r e e n ’s - f u n c t i o n s  ( G F )  

a p p r o a c h ,  i s  u s e d  O or q u a n t i t a t i v e  t r e a t i n g  t h e  d i a t o m i c s  p h o t o e l e c t r o n  s p e c t r a .  T h e  d e n s i t y  oO  s t a t e s ,  

w h i c h  d e s c r i b e  t h e  v i b r a t i o n a l  s t r u c t u r e  i n  p h o t o e l e c t r o n  s p e c t r a ,  i s  d e f i n e d  w i t h  t h e  u s e  o f  c o m b i n e d  

‘ d e n s i t y  f u n c t i o n a l - G r e e n ’s  f u n c t i o n s ’ a p p r o a c h  a n d  i s  w e l l  a p p r o x i m a t e d  b y  u s i n g  o n l y  t h e  f i r s t  o r d e r  

c o u p l i n g  c o n s t a n t s  i n  t h e  o n e - p a r t i c l e  a p p r o x i m a t i o n .  U s i n g  t h e  D F T  t h e o r c  l e a d s  t o  s i g n i f i c a n t  s i m 

p l i f i c a t i o n  o f  t h e  m o l e c u l a r  c a l c u l a t i o n s .

K e y  w o r d s :  p h o t o e l e c t r o n  s p e c t r a  oO  m o l e c u l e s ,  G r e e n ’s  O u n c t io n s ,  d e n s i t c  O u n c t io n a l  t h e o r c
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A. A. Ky3He^oea, W . B. ffyQpoecmn, A. B. rnywme, H. H. Henux

O B O B ^ E H H B I H  M E T O A  < l > y i l k H l l M  r P H H A  H  a Y H K T T H O H A I A  n i O T H O C T H  

B  O M P E  I E  I E M M M  K O I E B A T E I B H O H  C T P Y K T Y P B I  f r O T O P I E K T P O H H O r O

C n E K T P A  ^ B y X A T O M H M X  M O I E K y i

P e 3 M M e

Y c O B e p m e H C T B O B a H H H H  K O M 6u H H pO B aH H bIH  T e O p eT H H eC K H H  M eT O g  O n u c a H H a  B H 6 p a ^ H O H H O H  

C T p y K T y p M  g a a  $ O T O ^ a e K T p o H H b I x  c n e K T p o B  M o a e K y a ,  o c H O B a H H b iH  H a  M e T o g e  ^ y H ^ u n  r p u H a  u  T e -  

o p u u  ( ^ y H ^ u o H a a a  n a O T H O cT H , n p u M e H e H  k  K o a u n e c T B e H H O M y  o n u c a H u r o  (^ O T O ^ a eK T p o H H O ^ o  c n e K -  

T p a  g B y x a T O M H b ix  M o a e K y a .  n a o T H o c T b  c o c r o a H H H , K O T o p b ie  o n u c b r n a r o T  K o a e 6 a T e a b H y r o  C T p y K T y -  

p y  b  $ O T O ^ a e K T p o H H b I x  c n e K T p a x ,  o n p e g e a a e T c a  c  u c n o a b 3 O B a H u e M  K O M 6 u H u p o B a H H o r o  n O g x O g a  

(M e T O g  ^ y H ^ u o H a a a  n a O T H O cT H  u  ^ y H ^ u n  r p u H a )  u  x O p O m O  a n n p o K c u M u p y e T c a  c  u c n o a b 3 O B a -  

H H eM  TO abK O  n e p B O r O  n o p a g K a  K O H cT aH T  c B a 3 u  b  o g H O K B a 3 u n a c T H H H O M  n p u 6 a u : * : e H H H . H c n o a b 3 O -  

B a H H e T e o p u u  ^ y H ^ u o H a a a  n a O T H O cT H  n p u B O g u T  k  3 H a n u T e a b H O M y  y n p o ^ e H u r o  M o a e K y a a p H b ix  

p a c n e T O B .

K a r o n e B w e  c a o B a :  $ O T O ^ a e K T p o H H b IH  c n e K T p  M O a e K y a , M eT O g  ^ y H ^ u n  r p u H a ,  T e O p u a  $ y H ^ u -  

O H a a a  n a O T H O cT H

Y ^ K  5 3 9 . 1 8 6

r. O. Ky3He^oea, W . B. flydpoecbm, O. B. rnymKoe, H. I. Henix

Y ^ O C K O H A I E H H H  M E T O A  O Y H K n T W  T P I H A  I  ^ y H K H , I O H A I Y  r Y C T H H H  y  

B H 3 I E A M E H H I  B I B P A H , I H H O I  C T P Y K T Y P H  ^ O T O E I E K T P O H H O r O  C n E K T P Y

A B O A T O M H H X  M O I E K Y I

P e 3 r o M e

Y g o c K O H a a e H U H  K O M 6iH O B aH H H  T e o p e T H H H H H  M e T o g  o n u c y  B i 6 p a f f H H o i  c T p y K T y p u  g a a  $ o t o -  

e a e K T p o H H u x  c n e K T p iB  M o a e K y a ,  aK H H  6 a 3 y e T b c a  H a  M e T o g i  ^ h k A h  T p m a  i  T e o p i i  ^ y H K ^ O H a a y  

r y c T H H H  , 3 a c T o c o B a H O  g o  K ia b K ic H o r o  o n u c y  ^ O T o e a e K T p o H H o r o  c n e K T p y  g B o a T O M H u x  M o a e K y a .  

r y c T H H a  c T a H iB , a K i o n u c y r o T b  K o a u B a a b H y  c T p y K T y p y  y  ^ O T o e a e K T p o H H u x  c n e K T p a x ,  B H 3 H a n a e T b c a  

3 B H K o p u c T a H H a M  K O M 6 iH O B a H o r o  r p i H a  n i g x o g y  ( M e T o g  ^ y H K ^ O H a a y  r y c T H H H  i  ^ h k A h  r p i H a )  T a  

g o 6 p e  a n p o K c u M y e T b c a  3  B H K o p u c T a H H a M  T ia b K H  n e p m o r o  n o p a g K y  K O H cT aH T 3 B ’a 3 K y  b  o g H O K B a 3 i-  

n acT H H K O B O M y H a 6 a u * e H H i .  B u K o p u c T a H H a  T e o p i i  ^ y H K ^ O H a a y  r y c T H H H  n p u 3 B o g u T b  g o  3 H a n H o r o  

c n p o ^ e H H a  M o a e K y a a p H u x  p o 3 p a x y H K iB .

K a r o n o B i  c a o B a :  ^ o T o e a e K T p o H H H H  c n e K T p  M o a e K y a ,  M e T o g  ^ h k A h  r p i H a ,  T e o p i a  ^ y H K ^ O H a a a  

r y c T H H H
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