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PREFACE 

Discipline "Molecular optics and spectroscopy" is a compulsory 

discipline in the cycle of professional training of postgraduate students (3 level 

of education) in specialty 104 – Physics and Astronomy (specialization: 

01.04.05 -optics and laser physics). It is aimed at assimilating (assuring) a 

number of planned competences, including the study of the modern apparatus of 

molecular optics and spectroscopy, as well as the development of new 

computational methods of determination and treating spectra of diatomic and 

multiatomic molecules, their energetic and spectroscopic characteristics on the 

basis of methods of quantum mechanics and quantum electrodynamics, the 

ability to analyze data of numerical experiments on the study of molecular 

energetic, optical, spectroscopic characteristics that can be large and require the 

use of powerful computing resources, the use of modern existing and new 

advanced methods in order to achieve scientific results that create potentially 

new knowledge in Molecular optics and spectroscopy. 

The place of discipline in the structural-logical scheme of its teaching: 

the knowledge gained during the study of this discipline is used in the writing of 

dissertations, the topics of which are related to determination and treating 

spectra of diatomic and multiatomic molecules, their energetic and spectroscopic 

characteristics on the basis of methods of quantum mechanics and quantum 

electrodynamics. The basic concepts of discipline are the fundamental tools of 

a specialist in the field of Physics and Astronomy (specialization: 01.04.05 -

optics and laser physics). 

The purpose of studying the discipline is assimilation (assurance) of a 

number of competencies, in particular, the achievement of the relevant 

knowledge, understanding and the ability to use the advanced methods of 

molecular optics and spectroscopy, as well as the development of new 

computational methods of determination and treating spectra of diatomic and 

multiatomic molecules, their energetic and spectroscopic characteristics on the 

basis of methods of quantum mechanics and quantum electrodynamics, to the 

needs of the dissertation before - study, adapt, improve quantum (molecular)  

methods to analyze data on molecular spectra, results of numerical experiments 

on the study of molecular energetic, optical, spectroscopic characteristics. 

After mastering this discipline, the postgraduate student must be able to 

use modern or personally developed new methods, in particular, to analyze, 

simulate, predict, and program the spectra of diatomic and multiatomic 

molecules. These methodical instructions are for the second-year PhD students 

and tests performance in the discipline «Molecular optics and spectroscopy».  

The main topics:  Relative population of Vibrational energy levels. 

Relative population of rotational energy levels. Vibrational structure of 

electronic bands. Intensity distribution in cooperative electron-vibrational 

spectra. 
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Topics: Relative population of Vibrational energy levels. Relative 

population of rotational energy levels. Vibrational structure of electronic 

bands. Intensity distribution in cooperative electron-vibrational spectra. 

Топіки: Відносна заселеність коливальних рівнів енергії. Відносна 

заселеність обертальних рівнів енергії. Коливальна структура електронних 

смуг. Електронні переходи двоатомних молекул. Коливальна структура 

електронних смуг. Розподіл інтенсивності в електронно-коливальних 

спектрах. (ЗБ- Л1.6) 

 

 

1. Elements of theory of cooperative electron-vibrational spectra 

 

The different aspects of the molecular spectroscopy are in details presented in 

Refs. [1-64]. The fundamental provisions of a quantum radiation theory, in 

particular, the use of the Fermi golden rule and simple models such as harmonic 

oscillators to describe the potential curves of molecules and to determine the 

corresponding wave functions of vibrational-rotational states are significantly 

generalized.    

The standard Letokhov-Minogin model assumptions provide the following 

points [30,31]. For certainty, it is assumed that γ-quantum interacts with the 

nucleus 1 of diatomic molecule consisting of nuclei 1 and 2, and let’s denote the  

rn  as coordinates of nucleons of the nucleus 1 in the system of the center of mass 

(CM) of molecules,  - coordinates of nucleons in CM system of nucleus 1, re - 

coordinates of electrons in CM system  of molecules and through R1 and R2 - 

coordinates of CM of nucleons 1 and 2 relatively to CM of molecule.  

Then, as usual, let  - wave function of the nucleon system of the nucleus 

1. In the adiabatic approximation, it is natural to write the wave function of a 

diatomic molecule in the form: , where - wave function of 

electrons,  - wave function of nucleus. 

The latter is determined in the Letokhov-Minogin model [30] in a harmonious 

approximation. Looking ahead, note that our model differs significantly from the 

Letokhov-Minogin model in determining the wave functions of nuclei 

(electrons), since the corresponding wave functions in our models are found as 

solutions of the Schrödinger radial equation with a realistic interatomic potential 

of a diatomic molecule, which is described, for example, in the density 
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functional approximation or the model potential one, such as the Simons-Parr-

Finlan approximation [37-41].  

This is the main fundamental difference between the cited approaches.   

Probability of γ-transition“a”→“b” with a change in the quantum state of the 

optical electron“i”→“f” in the atom (molecule) is given in general terms: 

                           ,           (1) 

 

where Aba - probability of γ-transition“a”→“b” between two levels of a free 

nucleus, - wave vector of γ-quantum,  - wave functions describing the state 

of the electron, and coordinates  and   are related by the ratio of  

 

 

 

type, where - the coordinate of the electron, - the coordinate of the nucleus 

center of the mass.  

     With some simplifications, the expression for the probability of a cooperative 

electron – gamma - nuclear transition can be reduced to the following standard 

form: 

                                            (2) 

 

where i≠f,   - single vector in the direction ,  - matrix element of the dipole 

moment of transition “i”→“f”.  

     The probability of preserving the initial state of the atom Pfi<<1. A simple 

correlation that links the intensity of the satellite and the main transition line can 

be estimated on the basis of the simple formula by  Ivanov-Letohov-Ivanov 

[7,8,29-31]: 

                             ,                      (3) 

 

where   - energy  of electronic transition “0”→“n” in eV,  

fon – oscillator strength of  transition “0”→“n”, А - atomic mass in atomic units. 
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Hamiltonian of  γ-radiation interaction with a nucleon system of the nucleus 1 

can usually be expressed in nucleon coordinates  in CM system of nucleus 1:  

                                   ,                   (4) 

where - wave vector of γ-quantum.  

Next, according to the standard quantum-mechanical representation, the 

matrix element of the transition from the initial state “a”in the end state“b”can 

be represented in the first order quantum mechanical PT in the form of a product 

of two matrix elements, one of which corresponds to a change of the internal 

state of the nucleus, and the other - changing the internal state of the molecule: 

                               

(5) 

Here the first multiplier is determined γ-the transition of the nucleus, and the 

second – by the matrix element of the transition of the molecule from the initial 

state a to the end state b: 

 

                                          (6) 

 

Expression (4) is a common quantum-mechanical definition of a matrix 

element to calculate the probabilities of changes in the internal state of a 

moleculewhen radiating or absorbing γ-quantum nucleus of a molecule and 

determines the intensities of the corresponding γ-satellites.  

Using the laws of conservation of energy and momentum, you can give 

energy estimates of energy Eγ  of radiating or absorbing γ – quantum in diatomic 

molecule (see [30,37]): 

                           ,           (7) 

 

                                ,                               (8) 

 

where М – mass of molecule, v0 and  v- speed of molecule before and after the 

interaction of the nucleus with γ – quantum, kγ- wave vector of  γ – quantum, Ea 

and Eb- the internal energy of the molecule before and after the interaction, - 
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nuclear transition energy; the upper and lower signs here and further refer to 

radiating and absorbing γ – quantum.  

According to the formulas (8) it is easy to write an expression for energy γ – 

satellite, which corresponds to the transition a → b: 

                              ,              (9) 

 

where the recoil energy of the molecule:  

                                      .              (10) 

The specific quantum mechanical expressions to determine the probabilities 

of the corresponding cooperative processes (decay channels) are in details 

presented in Refs. [28-41]. It should be noted at once that in the case of diatomic 

(polyatomic) molecules the main interest is connected with studying the  

vibrational-nuclear and vibrational-rotational-nuclear transitions.  

It is well known that purely electron-nuclear transitions associated with 

changes in the electronic state of a molecule are characterized by a very small 

probability (the corresponding probabilities are proportional to the square of the 

ratio me/M, where me – mass of electron, М – mass of a molecule), in this regard, 

the known Scilard-Chalmers effect is usually explained by the fact that the 

dissociation of the molecule during radiating or absorbing γ-quantum by the 

nucleus of the molecule is more likely to occur not due to the excitation of the 

electronic states of the molecule, but due to the direct rupture of the molecule in 

the ground electronic state.  

It is easily to understand that only transitions between vibarational and 

rotational levels are of a great practical interest, including transitions to a 

continuous spectrum, accompanied by dissociation of molecules. As a rule, for 

such transitions the matrix element (4) has a standard form: 

 

                          . (11) 

The simplest model approach to the description of vibrational-rotational 

transitions in molecules is based on simple models of harmonic oscillator and 

rigid rotator [30,31,36]. Such models allow to qualitatively find out the main 

features of processes, however, quantitative theory should be based on more 

adequate methods of describing the structure of molecules.  
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In the harmonic oscillator approximation for a diatomic molecule, the wave 

function of the nuclei depends only on the change between the nuclear distances 

:  

, (12) 

where , , - the combined mass of a molecule, 

 - masses of nuclei 1 and 2, and the coordinate of  nuclei 1 CM  

relatively to molecule CM is defined by the known relationship: 

 (13) 

 

Energy of a γ- satellite, which corresponds to the transition of the molecule 

from the vibrational state a to the state b , in the harmonic oscillator 

approximation is equal to (instead (9)): 

 

 (14) 

In the rigid rotator approximation, the wave functions describing the motion 

of the nuclei of a molecule in a state with certain J and K, are eigenfunctions of 

the angular momentum: 

, (15) 

where angles  and  determine in the spherical coordinate system the vector of 

the mutual position of the nuclei:  

 

. 

The matrix element (11) in this case is presented in the form: 

 

, (16) 

 

where γ is  the angle between the vectors and .  

The exponent in (4) is usually decomposed by Bessel functions into a half-

integer order (see details in Refs. [30-36])  

 

 (17) 
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Change in the rotational state of a molecule during radiation or absorption γ - 

quantum nucleus in a molecule is completely determined by the magnitude of 

the momentum of the amount of motion transmitted to the molecule: 

 (18) 

Energy of γ-satellites that correspond to the transitions of a diatomic molecule 

from the state ,  to the state , , obviously is 

 (19) 

 

The general expression for the matrix element corresponding to the 

vibrational-rotational-nuclear transition can be written as: 

 

 

 (20) 

, 

where 

. (21) 

 

The general expression for the probability of an vibrational-rotational nuclear 

transition from the state a , aJ to the state b , bJ can be written as:  

 

 

  

 

In the case of vibrational motion in a theory claiming quantitative accuracy, 

naturally, wave functions for a certain value of the corresponding quantum 

number must be found from the Schrödinger equation with the corresponding 

realistic potential (potential energy curves).  
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The atomic and molecular computational code “Superatom and SuperMol” 

(version 93) is used to calculate the corresponding matrix elements, lifetimes 

(see details in Refs. [72-120]). 

 In Refs. [107-120] it has been developed a new precise quantum 

mechanical approach to  calculating the potential energy curves, molecular 

constants, dipole moments, etc of diatomic molecules, which is based on a new 

version of the formally exact Rayleigh-Schrödinger perturbation theory (PT) 

with a ab initio model zeroth approximation and taking into account the 

exchange-correlation effects as the effects of the perturbation theory second and 

higher orders ones (including the polarization interaction of external 

quasiparticles through a polarized framework, or their mutual shielding, 

iterations of the mass operator, continuum pressure, etc.).  

     Alternative approach is given by the model potential scheme for determining 

the potential energy curves of a diatomic molecule, which is constructed as the 

sum of several curves corresponding to different internuclear distances 

[109,115]. Note that this approach, in addition to the goal of using in calculating 

the spectra of gamma transitions of the nucleus in a diatomic molecule involves 

the independent calculation of molecular constants. Indeed there are many other 

different models, which could be used for realization of the formulated task (e.g. 

[121-155]).  
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Tests performance 

 

Test Option 1. 

 

1). Give the key definitions in electronic , vibrational, rotational spectroscopy of 

molecules; Explaine the vibrational structure of electronic bands, describe the 

intensity distribution in cooperative electron-vibrational spectra. 

2)/ Explain: i) interpratation of the vibrational structure of electronic bands ii) 

calculation of the potential energy curves of ground and excvited states  iii) 

electronic spectra of diatomic molecules, iv) cooperative electron-vibrational -

rotational spectra of molecules, v) the technical details of the computation code.  

3). Explain numerical procedure for determination of the laser cooperative 

electron-vibrational -rotational spectra of molecules 

4). To carry out the numerical algorythm for computing parameters of the laser 

cooperative electron-vibrational -rotational spectra of molecule LiCs.. To 

perform its pracrical realization (using Fortran PS, Version 4.0; PC Code: 

“Supermolecule” (all necessary numerical parameters should be self-taken).   

 

Test Option 2. 

 

1). Give the key definitions in electronic , vibrational, rotational spectroscopy of 

molecules; Explaine the vibrational structure of electronic bands, describe the 

intensity distribution in cooperative electron-vibrational spectra. 

2)/ Explain: i) interpratation of the vibrational structure of electronic bands ii) 

calculation of the potential energy curves of ground and excvited states  iii) 

electronic spectra of diatomic molecules, iv) cooperative electron-vibrational -

rotational spectra of molecules, v) the technical details of the computation code.  

3). Explain numerical procedure for determination of the laser cooperative 

electron-vibrational -rotational spectra of molecules 

4). To carry out the numerical algorythm for computing parameters of the laser 

cooperative electron-vibrational -rotational spectra of molecule NaCs.. To 

perform its pracrical realization (using Fortran PS, Version 4.0; PC Code: 

“Supermolecule” (all necessary numerical parameters should be self-taken).   
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Test Option 3. 

 

1). Give the key definitions in electronic , vibrational, rotational spectroscopy of 

molecules; Explaine the vibrational structure of electronic bands, describe the 

intensity distribution in cooperative electron-vibrational spectra. 

2)/ Explain: i) interpratation of the vibrational structure of electronic bands ii) 

calculation of the potential energy curves of ground and excvited states  iii) 

electronic spectra of diatomic molecules, iv) cooperative electron-vibrational -

rotational spectra of molecules, v) the technical details of the computation code.  

3). Explain numerical procedure for determination of the laser cooperative 

electron-vibrational -rotational spectra of molecules 

4). To carry out the numerical algorythm for computing parameters of the laser 

cooperative electron-vibrational -rotational spectra of molecule RbCs.. To 

perform its pracrical realization (using Fortran PS, Version 4.0; PC Code: 

“Supermolecule” (all necessary numerical parameters should be self-taken).   

 

Test Option 4. 

 

1). Give the key definitions in electronic , vibrational, rotational spectroscopy of 

molecules; Explaine the vibrational structure of electronic bands, describe the 

intensity distribution in cooperative electron-vibrational spectra. 

2)/ Explain: i) interpratation of the vibrational structure of electronic bands ii) 

calculation of the potential energy curves of ground and excvited states  iii) 

electronic spectra of diatomic molecules, iv) cooperative electron-vibrational -

rotational spectra of molecules, v) the technical details of the computation code.  

3). Explain numerical procedure for determination of the laser cooperative 

electron-vibrational -rotational spectra of molecules 

4). To carry out the numerical algorythm for computing parameters of the laser 

cooperative electron-vibrational -rotational spectra of molecule LiRb.. To 

perform its pracrical realization (using Fortran PS, Version 4.0; PC Code: 

“Supermolecule” (all necessary numerical parameters should be self-taken).   
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Test Option 5. 

1). Give the key definitions in electronic , vibrational, rotational spectroscopy of 

molecules; Explaine the vibrational structure of electronic bands, describe the 

intensity distribution in cooperative electron-vibrational spectra. 

2)/ Explain: i) interpratation of the vibrational structure of electronic bands ii) 

calculation of the potential energy curves of ground and excvited states  iii) 

electronic spectra of diatomic molecules, iv) cooperative electron-vibrational -

rotational spectra of molecules, v) the technical details of the computation code.  

3). Explain numerical procedure for determination of the laser cooperative 

electron-vibrational -rotational spectra of molecules 

4). To carry out the numerical algorythm for computing parameters of the laser 

cooperative electron-vibrational -rotational spectra of molecule KFr.. To 

perform its pracrical realization (using Fortran PS, Version 4.0; PC Code: 

“Supermolecule” (all necessary numerical parameters should be self-taken).   

 

Test Option 6. 

1). Give the key definitions in electronic , vibrational, rotational spectroscopy of 

molecules; Explaine the vibrational structure of electronic bands, describe the 

intensity distribution in cooperative electron-vibrational spectra. 

2)/ Explain: i) interpratation of the vibrational structure of electronic bands ii) 

calculation of the potential energy curves of ground and excvited states  iii) 

electronic spectra of diatomic molecules, iv) cooperative electron-vibrational -

rotational spectra of molecules, v) the technical details of the computation code.  

3). Explain numerical procedure for determination of the laser cooperative 

electron-vibrational -rotational spectra of molecules 

4). To carry out the numerical algorythm for computing parameters of the laser 

cooperative electron-vibrational -rotational spectra of molecule NaK.. To 

perform its pracrical realization (using Fortran PS, Version 4.0; PC Code: 

“Supermolecule” (all necessary numerical parameters should be self-taken).   

 

 

 

 

 

 

 



15 
 

References 

1. Glushkov A.V., Optics and spectroscopy of cooperative laser-electron nuclear 

processes in atomic and molecular systems - New trend in quantum optics/ 

Glushkov A.V., Khetselius O.Yu., Malinovskaya S.V. // Europ.Phys.Journ. -

2008.-Vol.160.-P.195-204. 

2. Glushkov A.V., Spectroscopy of cooperative laser-electron nuclear effects in 

multiatomic molecules/Glushkov A.V., Khetselius O.Yu., Malinovskaya S.V.// 

Molec. Physics (UK).-2008.-Vol.106.-N9-10.-P.1257-1260. (May 2008) 

3. Glushkov A.V., New laser-electron nuclear effects in the nuclear  transition 

spectra in atomic and molecular systems/ Glushkov A.V., Khetselius O.Yu., 

Malinovskaya S.V.// Frontiers in Quantum Systems in Chemistry and Physics; 

Series: Progress in Theoretical Chemistry and Physics; Eds. Wilson, S.; Grout, 

P.J.; Maruani, J.; Delgado-Barrio, G.; Piecuch, P. (Berlin, Springer), 2008.-

Vol.18.-P.523-540. 

4. Glushkov A.V., New optimal schemes  of the laser photo ionization 

technologies for cleaning the semiconductor materials and preparing the films 

of pure composition at atomic level/Glushkov A.V., Lepikh Ya.I., Ambrosov 

S.V., Khetselius O.Yu.//Ukrainian Journ.Phys.-2008.-Vol.53, N10.-P.1017-

1020 

5. Glushkov A.V., Electrodynamical and quantum - chemical approaches to 

modelling the electrochemical and catalytic processes on  metals, metal alloys 

and semiconductors/ Glushkov A.V., Lepikh Ya.I., Fedchuk A.P., Loboda A.V., 

Lovett L., Svinarenko A.A.//Int. Journ. of Quantum Chemistry.-2009.-

Vol.109,N14.-P.   

6. Botham C., Relativistic effects in atoms and molecules/Botham C., Martensson 

A.M., Sanders P.G.-Vancouver: Elseiver,1981.- 545p. 

7. Слэтер Дж., Методы самосогласованого поля в теории атомов, молекул и 

твердых тел/ Слэтер Дж..-М.:Мир, 1974.-780С. 

8. Akcay H., An algebraic method for the analytical solutions of the Klein–

Gordon equation for any angular momentum for some diatomic 

potentials/Akcay H., Ramazan Sever R.// Phys. Scr. -2014.-Vol.89.-P. 015003 

(6pp). 

9. Хьюбер К.-П., Конcтанты двухатомных молекул/Хьюбер . К.-П., Герцберг  

Г.- Моcква: Мир.-1984.-Т.1.-380С; Хьюбер К.-П., Конcтанты двухатомных 

молекул/Хьюбер . К.-П., Герцберг  Г.- Моcква: Мир.-1984.-Т.2.-370С. 

10. Глушков А.В., Теория кооперативных квантовых эффектов в атомах в 

сильном электромагнитном поле/ Глушков А.В., Хецелиус О.Ю., 

Дубровская Ю.В., Терновский В.Б.− Одесса:  Вид-во ТЕС, 2015.-405С.  

11. Каплан И.Г., Межмолекулярные взаимодействия/И.Г. Каплан, О.Б. 

Родимова//УФН.-1978.-Т.126.-С.403-448. 

12. Батыгин В.В., Межатомные потенциалы, сдвиги линий СТ структуры и 

коэффициенты диффузии атомов рубидия и цезия в буферном гелии/ В.В. 

http://www.springer.com/series/6464


16 
 

Батыгин, В.В. Никитин, М.Б. Горный, Б.М. Гуревич.// Журн. Техн. 

Физики.-1978.-Т.48.-С.1097-1105. 

13. Buchachenko A.A., Calculation of the Van der Waals  coefficients for 

interaction of rare-earth metal atoms with helium atoms /Buchachenko A.A., 

Szczesniak M.M., Chalasinski G.//J.Chem. Phys.-2006.-Vol.124.-P.114301. 

14. Bodo E., Ultra-cold ion–atom collisions: near resonant charge exchange/Bodo 

E., Zhang P., Dalgarno A.//New Journal of Physics.-2008.-Vol. 10.-P.033024. 

15. Jamieson M.J., A study of exchange interactions in alkali molecular ion dimers 

with application to charge transfer in cold Cs/Jamieson M.J., Dalgarno A., 

Aymar M., Tharamel J.// J. Phys. B: At. Mol. Opt. Phys.-2009.-Vol.42.-

P.095203. 

16. Jamieson M.J., Variational calculation of the dynamic polarizabilities of rare-

earth metal atoms/ Jamieson M.J., Drake G.W.F., Dalgarno A.//Phys.Rev. A.-

1995.-Vol.51.-P.3358-3370. 

17. Chi X., Dynamic polarizabilities of rare-earth-metal atoms and dispersion 

coefficients for their interaction with helium atoms/ Chi X., Dalgarno A., 

Groenenborn G.C.//Phys.Rev.A.-2007.-Vol.75.-P.032723. 

18. Polischuk V.N., Quasimolecular terms for for ‘an inert gas atom-rare earth 

atom’ system/ Polischuk V.N.// Uzhgorod Univ. Sci. Yerald.-2000.-Vol.2.-

P.276-279. 

19. Glushkov A.V., Calculation of diatomic van der Waals systems: inert gas –

halogen type inert gas ion in the ground state/ Glushkov A.V., Ambrosov S.V., 

Efimov V.A., Gopchenko E.D., Polischuk V.N.  //Foundations of Physics 

Letters (Springer).-2002.-Vol.15,N1.-P.480-484. 

20. Glushkov  A.V., Calculation of the spectroscopic characteristics of biatomic 

van der Waals molecules and ions: Inert gas atom — halogen-type inert gas ion 

in the ground state/ A.V. Glushkov, A. F. Kivganov, V. N. Khokhlov, T. V. 

Buyadzhi, L. A. Vitavetskaya, V. P. Borovskaya and V. N. Polishchuk//Russian 

Phys. Journ.-1998.-Vol.41(3).-P.223–226.  

21. Glushkov  A.V., Calculation of diatomic van der Waals systems:  inert gas-

halogen type inert gas ion in the ground state/ A.V. Glushkov, V. A. Efimov, E. 

D. Gopchenko, S. V. Ambrosov, V. I. Polishchuk and I. M. Shpinareva// 

Journ.Struct.Chem.-1998.-39(6).-P.480 -486. 

22. Glushkov  A.V.,, Calculation of the spectroscopic characteristics of the dimers 

of alkali elements on the basis of a model perturbation theory/ A.V. Glushkov, 

V.Polishchuk, V. A. Efimov, A. N. Polevoi, A. F. Kivganov, V. N. Khokhlov, 

G. Borovskaya, S.Dan’kov// Journ. Appl.Spectr.-1998.-Vol.65 (3).-P.343–350. 

23. Glushkov A.V. Theoretical study of multicharged ions spectra of F-, Ne-

isoelectronic sequences/ Glushkov A.V., Ivanova E.P.// Journ. Quant. Spectr. 

Rad.Transfer. (USA).-1986.-Vol.36, N2.-P.127-145. 

24. Coxon J.A., Improved direct potential fit analyses for the ground electronic 

states of the hydrogen halides: HF/DF/TF, HCl/DCl/TCl, HBr/DBr/TBr and 

http://www.springerlink.com/content/105712/?p=0e97c8ca249e4ca69400432f4fed7496&pi=0
http://www.springerlink.com/content/105712/?p=0e97c8ca249e4ca69400432f4fed7496&pi=0
http://www.springerlink.com/content/v21u540036034343/?p=f150edf5096d49b89a0e1710ef107117&pi=21
http://www.springerlink.com/content/v21u540036034343/?p=f150edf5096d49b89a0e1710ef107117&pi=21
http://www.springerlink.com/content/v21u540036034343/?p=f150edf5096d49b89a0e1710ef107117&pi=21
http://www.springerlink.com/content/?Author=A.+V.+Glushkov
http://www.springerlink.com/content/?Author=A.+F.+Kivganov
http://www.springerlink.com/content/?Author=V.+N.+Khokhlov
http://www.springerlink.com/content/?Author=T.+V.+Buyadzhi
http://www.springerlink.com/content/?Author=T.+V.+Buyadzhi
http://www.springerlink.com/content/?Author=L.+A.+Vitavetskaya
http://www.springerlink.com/content/?Author=V.+P.+Borovskaya
http://www.springerlink.com/content/?Author=V.+N.+Polishchuk
http://link.springer.com/journal/11182
http://link.springer.com/journal/11182
http://www.springerlink.com/content/l7143r6l6h514077/?p=c4633c703cb64a5f8f78c1f27532465a&pi=11
http://www.springerlink.com/content/l7143r6l6h514077/?p=c4633c703cb64a5f8f78c1f27532465a&pi=11
http://www.springerlink.com/content/?Author=A.+V.+Glushkov
http://www.springerlink.com/content/?Author=V.+A.+Efimov
http://www.springerlink.com/content/?Author=E.+D.+Gopchenko
http://www.springerlink.com/content/?Author=E.+D.+Gopchenko
http://www.springerlink.com/content/?Author=S.+V.+Ambrosov
http://www.springerlink.com/content/?Author=V.+I.+Polishchuk
http://www.springerlink.com/content/?Author=I.+M.+Shpinareva
http://link.springer.com/journal/10947
http://www.springerlink.com/content/12h8n7351u566877/?p=f150edf5096d49b89a0e1710ef107117&pi=22
http://www.springerlink.com/content/12h8n7351u566877/?p=f150edf5096d49b89a0e1710ef107117&pi=22
http://www.springerlink.com/content/?Author=A.+V.+Glushkov
http://www.springerlink.com/content/?Author=V.+N.+Polishchuk
http://www.springerlink.com/content/?Author=V.+A.+Efimov
http://www.springerlink.com/content/?Author=A.+N.+Polevoi
http://www.springerlink.com/content/?Author=A.+F.+Kivganov
http://www.springerlink.com/content/?Author=V.+N.+Khokhlov
http://www.springerlink.com/content/?Author=G.+A.+Borovskaya
http://www.springerlink.com/content/?Author=S.+V.+Dan%e2%80%99kov
http://link.springer.com/journal/10812


17 
 

HI/DI/TI/ Coxon J.A., Hajigeorgiou P.G.//J. Quant. Spectr. Rad.Transfer.-

2015.-Vol.151.-P.133-154. 

25. Li G., Reference spectroscopic data for hydrogen halides. Part I: construction 

and validation of the ro-vibrational dipole moment functions/ Li G., Gordon 

I.E., Le Roy R.J., Hajigeorgiou P.G., Coxon J.A., Bernath P.F. et al //J.Quant. 

Spectr.Rad.Transfer.-2013.-Vol.121.-P.78–90. 

26. Li G., Reference spectroscopic data for hydrogen halides. Part II: The line lists./ 

Li G., Gordon I.E., Hajigeorgiou P.G., Coxon J.A., Rothman L.S.// J Quant 

Spectr. Radiat.Transfer.-2013.-Vol.130.-P.284–295. 

27. Rothman L.S., The HITRAN2012 molecular spectroscopic database/ Rothman 

L.S., Gordon I.E., Babikov Y., Barbe A., Benner D.C., Bernath P.F., et al// J 

Quant.Spectr.Rad.Transfer.-2013.-Vol.130.-P.4–50. 

28. Coxon J.A., The ground X1Σg electronic state of the cesium dimer: application 

of a direct potential fitting procedure/ Coxon J.A., Hajigeorgiou PG.// 

J.Chem.Phys.-2010.-Vol.132.-P.094105. 

29. Ghanmi C., Theoretical study of low-lying electronic states of LiRb+ molecular 

ion: Structure, spectroscopy, transition dipole moments / Ghanmi C., Farjallah 

M., Berriche H //Int. Journ. Quant. Chem.-2012.-Vol.112.- P. 2403–2410. 

30. Le Roy RJ, A new potential function form incorporating extended long-range 

behaviour: application to ground-state Ca2./ Le Roy RJ, Henderson RDE.// Mol 

Phys.-2007.-Vol.105.-P.663–677. 

31. Le Roy R.J., Long-range damping functions improve the short-range behaviour 

of ‘MLR’ potential energy functions/ Le Roy R.J., Haugen C.C., Tao J., Li H.// 

Mol.Phys.-2011.-Vol.109.-P.435–446. 

32. Allard O., Experimental study of the Ca2 1S1asymptote/ Allard O., Samuelis 

C., Pashov A., Knöckel H., Tiemann E.// Eur.Phys.J.D.-2003.-Vol.26.-P.155-

164 

33. Docenko O., Experimental studies of the NaRb ground-state potential up to the 

v″-76 level/ Docenko O., Nikolayeva O., Tamanis M., Ferber R.// Phys.Rev.A.- 

2002.-Vol.66.-P.052508. 

34. Busevica L.,Fourier transform spectroscopy and direct potential fit of a shelf-

like state: application to E(4)1Σ KCs/Busevica L., Klincare I., Nikolayeva O., 

Tama-nis M.,Ferber R., Meshkov V. etal //J.Chem.Phys.-2011.-Vol.134.-P. 

104307. 

35. Coxon J.A., The B1Σ and X1Σ electronic states of hydrogen fluoride: a direct 

potential fit analysis/ Coxon J.A., Hajigeorgiou P.G.// J.Phys.Chem.A.- 

2006.Vol.110.-P.6261–6270. 

36. Herman R.M., An effective Hamiltonian to treat adiabatic and nonadiabatic 

effects in the rotational and vibrational spectra of diatomic molecules/ Herman 

R.M., Ogilvie J.F. // Adv.Chem.Phys.-1998.-Vol.103.-P.187–215.  

37. Coxon J.A., The radial Hamiltonians for the X1Σ and B1Σ states of HCl/ Coxon 

J.A., Hajigeorgiou P.G.//J.Mol.Spectr.-2000.-Vol.203.-P.49–64.  



18 
 

38. Coxon J.A., The ultraviolet spectrum of DF: rotational analysis of the B1Σ–

X1Σ emission band system. / Coxon J.A., Hajigeorgiou P.G.//J.Mol.Spectr.- 

1989.Vol.133.-P.45–60. 

39. Coxon J.A., Application of an improved fitting procedure for diatomic 

internuclear potentials and Born–Oppenheimer breakdown functions: the B1Σ-

X1Σ system of H35Cl , H37Cl/ Coxon J.A.//J.Mol.Spectr.-1989.-Vol.133.-P.96–

115. 

40. Guivan M.M., Population density of B2 1/2 state of mercury monobromide and 

monochloride in excimer radiation sources /Guivan M.M., Malinin A.N., 

Shimon L.L.//Uzhgorod Univ. Sci. Herald. Ser. Phys.-2000.-Vol.8,N2.-P.187-

190. 

41. Houfek K., Calculation of rate constants for dissociative attachment of low-

energy electrons to hydrogen halides HCl, HBr, HI and deuterated analogs/ 

Houfek K., Cizek M., Horachek J.// Phys. Rev.A. -2002.-Vol.66.-P.062702 

42. Singer K., Spectral broadening of excitation induced by ultralong-range 

interactions in a cold gas of Rydberg atoms/Singer K., Reetz-Lamour M., 

Amthor T., Marcassa L., Weidemuller M. //Phys. Rev. Lett. -2004.-Vol.93.-

P.163001. 

43. Laughlin C., Model potential method/ Laughlin C., Victor G.A. //Adv. Atom. 

Mol. Phys.-1988- Vol.25.- P.163-194. 

44. Glushkov A.V., DC Strong-Field Stark-Effect: consistent quantum-mechanical 

approach/Glushkov A.V., Ivanov L.N.// J.Phys. B: At. Mol. Opt. Phys.-1993.-

Vol.26, N16.-P.L379-L386. 

45. Ivanov L.N.,  Extrapolation of atomic ion energies by model  potential method: 

Na-like spectra/ Ivanov L.N., Ivanova E.P.// Atom.Data Nucl .Data Tab.-1979.-

Vol.24.-P.95-121. 

46. Ivanova E.P., High order corrections  in  the Relativistic Perturbation Theory 

with the model  Zeroth  Approximation, Mg-like and   Ne-like ions/ Ivanova 

E.P., Ivanov L.N., Glushkov A.V., Kramida A.E. //Phys.Scripta –1985.-

Vol.32,N4.-P.512-524. 

47. Хецелиус О.Ю., Квантовая структура электрослабого взаимодействия в 

тяжелых конечных ферми-системах/Хецелиус О.-Одесса: Астропринт, 

2011.-450С 

48. Clementi E., Roothaan-Hartree-Fock atomic wavefunctions. Basis functions 

and their coefficients for ground and certain excited states of neutral and 

ionized atoms, Z<54/ Clementi E., Roetti C.//Atom. Data Nucl. Data Tabl.-

1974.- Vol.14.-P.177-478. 

49. Cade D., Hartree-Fock-Roothaan wave functions for diatomic molecules/ Cade 

D.E., Wahl A.L.// Atom.Data.Nucl.Data.Tabl.-1974.-Vol.13.-P.2339-2389. 

50. Ivanov L.N., Single-centre calculation of the molecule Н2/ Ivanov L.N.// 

Opt.Spectr.-1976.-Vol.40.-P.431-435 



19 
 

51. Glushkov A.V., Radiation Decay of Atomic States: atomic residue and gauge 

non-invariant contributions/ Glushkov A.V., Ivanov L.N.//Phys. Lett.A.-1992.-

Vol. 170(1).- P.33-38. 

52. Kuznetsova A.A., Penning and stochastic collisional ionization  of atoms in an 

external magnetic field: model potential scheme/ Kuznetsova A.A.// 

Photoelectronics (“Copernicus”).-2015.-Vol.24.-P.134-140. 

53. Zeng S.L., Atomic collisions with screened Coulomb interactions: excitation 

and electron capture in H+ +H collisions/ Zeng S.L., Liu L., Wang J.G., Janev 

R.K.//J. Phys. B: At. Mol. Opt. Phys.-2008.-Vol.41.-P.135202.   

54. Wauters L., Study of the electron rearrangement induced by nuclear 

transmutation: A B-spline approach applied to the beta decay of 6He/ Wauters 

L., Vaeck N.//Phys. Rev. C.-1996.-Vol.53,N1.-P.497-500. 

55. Glushkov A.V., Quantum calculation of cooperative muon-nuclear processes: 

discharge of metastable nuclei during - capture/ Glushkov A.V., Khetselius 

O.Yu., Malinovskaya S., Dubrovskaya Y., Vitavetskaya L.// Recent Adv. in 

Theor. Phys. ad Systems (Berlin, Springer).-2006.-Vol.15.-P.301-324. 

56. Glushkov A.V., Consistent quantum theory of  the recoil induced excitation and 

ionization in atoms during capture of neutron/ Glushkov A.V., Malinovskaya 

S.V., Gurnitskaya E.P., Khetselius O.Yu.,Dubrovskaya Yu.V.// J.Phys.CS.-

2006.- Vol.35.-P.425-430. 

57. Quiney H., Relativistic Quantum Mechanics of Atoms and Molecules/ Quiney 

H.//New Trends in Quantum Systems in Chemistry and Physics, Series: 

Progress in Theoretical Chemistry and Physics (Berlin, Springer).-2002.-Vol.6.-

P.135–173. 

58. Scott N.S., 2DRMP: A suite of two-dimensional R-matrix propagation codes 

/Scott N.S., Scottb M.P., Burkeb P.G., Stitt T., Faro-Mazaa V., Denisd C., 

Maniopouloue A.//Computer Phys. Commun.-2009.-Vol.180.-P.2424–2449. 

59. Ivanov L.N., PC atomic complex ‘Superatom-ISAN”: main possibilities and 

programs/Ivanov L.N., Ivanova E.P., Glushkov A.V., //e-Preprint of Institute 

for Spectroscopy of the USSR Academy of Sciences, ASN1.-1991.-96P.  

60. Glushkov A.V.,  PC molecular  complex ‘Supermol-ISAN”: MBPT program/ 

Glushkov A.V., Ivanov L.N. //e-Preprint of Institute for Spectroscopy of the 

USSR Academy of Sciences, ASN3.-1992.-75P. 

61. Ambrosov S.V., PC  complex ‘Supermol-ISAN”: Vibr-Rot. pgms// Ambrosov 

S.V., Ignatenko A.V., Kuznetsova A.A. , Polischuk V.N., Kvasikova A.S., 

Ponomarenko E.L.// Preprint of Dept. of Mathematics, OSENU.-Odessa.-

NMat02.-2007.-38P; Polischuk V.N., PC  complex ‘Supermol-ISAN”: 

Nonlinear least-squares fit program// Preprint OSENU.-2005.-16p. 

62. Cowan D., Methods of atomic structure calculations/Cowan D.-N.Y.:Acad., 

1974.-280P.; Cowan Code, adapted by A.Kramida.-Troitsk: ISAN, version 

1993. 



20 
 

63. Glushkov A.V., PC Program Complex for calculation of electron-collision 

excitation cross-sections for plasma ions: SuperAtom – Block “Plasma 

Kinetics”/ Glushkov A.V., Khetselius O.Yu., Loboda A.V., Korchevsky D.A.// 

Preprint of Physics Institute of the I.Mechnikov Odessa National University.-

Odessa.-N Ph-L-E1.-2005.-58P. 

64. Glushkov A.V., Programs Complex “Superatom”: Blocks SLS, Sturm/ 

Glushkov A.V., Khetselius O.Yu., Svinarenko A.A., Mischenko E.V., 

Polischuk V., Loboda A.// Preprint I.Mechnikov Odessa Nat. Univ. Inst.of 

Physics: Ph-L-7.-Odessa-2003. 

65.  Becke A. D., Perspective: Fifty years of density-functional theory in chemical 

physics../ Becke A. D..// J. of Chem. Phys.-2014.- Vol.140 .-P.18A301.  

66. Reiher M., New Algorithms of Quantum Chemistry /Reiher M., He B.// 

Modern Methods and Algorithms of Quantum Chemistry, ed. by J.Grotendorst, 

John von Neumann Inst. for Computing, Julich, NIC Ser.-2000.-Vol 3.-P.479–

505;  

67. Gedasimov V.N.,  An effect of chemical environment on spectra of conversion 

electrons for E3-transitions of 99mTc/ Gedasimov V.N.,  Zelenkov A.G., 

Kulakov V.M., Pchelin V.A., Sokolovskaya M.V., Soldatov A.A., Chistyakov 

L.V.// JETP.-1984.-Vol.94.-P.1169-1178;  

68. Soldatov A.A., Relativistic X scattering waves method for molecular 

calculations/ Soldatov A.A.//Preprint of I.V.Kurchatov Institute for Atomic 

Energy.-1983.-NIAE-3916. 

69. Parpia F.A., Generalized relativistic  structure package: GRASP/Parpia F.A.,  

Froese-Fischer C., Grant I.//Comp.Phys.Commun.-1996.-Vol.94.-P.249-270. 

70. Barthelat J.C., CIPSI algorithm of the standard chain of programs / Barthelat 

J.C., Durand Ph.- Lab. de Physique Quantique de Toulouse, France.-1975. 

71. Jensen H., DIRAC Code, a relativistic ab initio electronic structure program/ 

Jensen H., Saue T., Visscher  L. with contr. by Bakken V., Eliav E.,  

Enevoldsen T., Fleig T., Fossgaard O., Helgaker T., Laerdahl J., Larsen C.,  

Norman P., Olsen J., Pernpointner M., Pedersen J., Ruud K., Salek P., van 

Stralen J., Thyssen J., Visser O., Winther T.//Release PC Program Code 

DIRAC 04.0.-2004; DIRAC 05.0.-2009; (http://dirac.chem.sdu.dk). 

72. Bell K.L., BERTHA: 4-Component Relativistic Molecular Quantum 

Mechanics/  Bell K.L., Berrington K., Crothers D., Hibbert A., Taylor K.T.// 

Supercomputing, Collision Processes, and Application, Series: Physics of 

Atoms and Molecules (Berlin, Springer).-2002.-P.213–224. 

73. Shavitt  I., Bartlett R.J.,  Many-Body Methods in Chemistry and Physics: 

MBPT and Coupled-Cluster Theory/ Shavitt  I., Bartlett R.J..-Cambridge 

University Press.-2009.. 

74. Andersson K., MOLCAS, Version 4 / Andersson K., Blomberg M. R. A., 

Fulscher M. P. et al.-Lund University, Sweden.-1997. 

http://scitation.aip.org/content/aip/journal/jcp/140/18/10.1063/1.4869598
http://scitation.aip.org/content/aip/journal/jcp/140/18/10.1063/1.4869598
http://dirac.chem.sdu.dk/


21 
 

75.  Møller, Ch.,Note on an Approximation Treatment for Many-Electron Systems/ 

Møller, Ch.; Plesset, M.S.// Phys. Rev.-1934.-Vol.46.-P. 618–622; Murray Ch.; 

Davidson  E. R., Perturbation theory for open shell systems/ //Chem. Phys.Lett.-

 1991-Vol.187.-P.4511–454.  

76. Glushkov A.V., Numerical methods in Quantum Geometry and Chaos theory, 

Part 1: Theory of many-body systems/ Glushkov A.V., Kruglyak Yu.A., 

Khetselius O.Yu., Buyadzhi V.V.- Odessa: OSENU, 2015.-164P. 

77. Glushkov A.V., Numerical methods in Quantum Geometry and Chaos theory, 

Part 2: New methods and algorithms/ Glushkov A.V., Khetselius O.Yu., 

Buyadzhi V.V., Serga I.N.- Odessa: OSENU, 2015.- 130P. 

78. Malinovskaya S.V., Optimized perturbation theory scheme for calculating the 

interatomic potentials and hyperfine lines shift for heavy atoms in the buffer 

inert gas/ Malinovskaya S.V., Glushkov A.V., Svinarenko A.A., Khetselius 

O.Yu., Mischenko E.V., Florko T.A.// Internat. Journal of Quantum Chemistry 

(Wiley, USA).-2009.-Vol.109,N14.-P.3325-3329. 

79. Svinarenko A.A., Quantum measure of frequency and sensing the collisional 

shift of the ytterbium hyperfine lines in medium of helium gas/ Svinarenko 

A.A., Mischenko E.V., Loboda A.V., Dubrovskaya Yu.V.// Sensors Electronics 

and Microsystems Technologies.-2009.-N1.-P.25-29. 

80. Rose J., Equations of motion method including renormalization and double 

excited mixing: Random phase approximation /Rose J., Shibua T., McKoy V.// 

J.Chem.Phys.-1973.-Vol.58.-P.500-507.  

81. Абраменков А.В., Полуэмпирический расчет энергетических свойств ато-

мов и двухатомных молекул на основе теории возмущений/ Абраменков 

А.В.// Автореф. дис. канд. физ.-мат. наук.-М.:МГУ, 1975.-18С. 

82. N. Geum, Interaction potentials of LiH, NaH, KH, RbH, and CsH/ N. Geum, 

G.-H. Jeung, A. Derevianko, R. Cote, A. Dalgarno//J.Chem.Phys.-2201.-

Vol.115.-P.5984-5988. 

83. Radtsig A.A., Handbook of atomic and molecular physics,/ Radtsig A.A., 

Smirnov B.M.- M .: Energoatomisdat, 1986.- 240Р. 

84. Каплан И.Г., Межмолекулярные взаимодействия/ И.Г. Каплан, О.Б. 

Родимова//УФН.-1978.-Т.126.-С.403-448. 

85. Никитин Е.Е., Полуэмпиричеcкие методы раcчета потенциалов взаимодей-

cтвия атомов. Итоги  науки и техники. Cер. Cтроение молекул и 

химичеcкая cвязь/ E.E. Никитин, С.Я.Уманcкий.- М.: ВИНИТИ, 1980.- 

N4.- 220С. 

86. Девдариани А.Л., Химия плазмы. /Под ред. Б.М. Смирнова А.Л. 

Девдариани, А.Л. Загребин//-1989. -Вып.15.-С.44-93.  

87. Deloff A., Fundamentals in Hadronic Atom Theory/ Deloff A. - Singapore: 

World Sci., 2003.-352P. 

88. Каплан И., Теория межмолекулярных взаимодействий/ И. Каплан .-М.: 

Наука, 1987.-380С. 

http://link.aps.org/abstract/PR/v46/p618


22 
 

89. Miller K.J., Energy levels and potential energy curves for H2, N2 and O2 with an 

independent particle model/ Miller K.J., Green A.E.S./ Miller K.J.// 

J.Chem.Phys.-1974.-Vol.60.-P.2617-2624. 

90. Батыгин В.В.,  Межатомные потенциалы, сдвиги линий СТ структуры и 

коэффициенты диффузии атомов рубидия и цезия в буферном гелии/В.В. 

Батыгин, М.Б. Горный, Б.М.Гуревич.// Журн. Техн. Физики.-1978.-Т.48.-

С.1097-1105. 

91. Батыгин В.В., Столкновительный сдвиг и адиабатическое уширение линий 

сверхтонкого перехода в основном состоянии туллия в атмосфере 

буферных гелия, криптона, ксенона/ В.В. Батыгин, И.М.Соколов, //Опт. 

Спектр.-1983-Т.55.-С.30-35. 

92. Куприянов Д., Квазимолекулярные термы системы: атом редкоземельного 

элемента- атом инертного газа/Д. Куприянов, И. Соколов, //Хим.Физика-

1986.-Т.5.-С.1160-1166. 

93. Aubert M., Prolate-spheroidal orbitals for homonuclear and heteronuclear 

diatomic molecules/ Aubert M., Bessis M., Bessis G.//Phys.Rev.A.-1974.-

Vol.10,N1.-P.51-60; 61-70. 

94. Bellomonte L., Alkali molecular ion energies in a model potential treatment/ 

Bellomonte L.,Cavaliere P.,Ferrante G.//J.Chem.Phys.-1974.-Vol.61.-P.3225-

3232. 

95. Немухин А.В., Двухцентровый модельный потенциал в расчетах 

электронных термов Li2
+/ А.В. Немухин, Н.Ф. Степанов, //Вестник 

МГУ.Сер.Хим.-Т.18.-С.282-286. 

96. Гущина Н.А., Расчет электронных корреляционных диаграмм и 

экранирование орбиталей двухатомных квазимолекул, образующихся при 

столкновениях / Н.А. Гущина, В.К. Никулин. //Деп. ВИНИТИ, ФТИ им. 

А.Иоффе.-1975.-п.801-76; Расчет электронных корреляционных диаграмм 

и экранирование орбиталей квазимолекул, образующихся при 

столкновениях. Программа расчета энергий квазимолекул// Деп. 

ВИНИТИ, ФТИ им. А.Иоффе. -1976.-п.126-77;  

97. Simons G., New alternative to the Dunham potential for diatomic molecules/ 

Simons G., Parr R.G., Finlan J.M.//J.Chem.Phys.-1973.-Vol.59.-P.3229-3242. 

98. Dan Li, Feng Xie, Li Li Observation of the Cs2  state by infrared–infrared 

double resonance/ Dan Li, Feng Xie, Li Li //Chem. Phys. Lett.-2008.-Vol. 458.-

P.267-271. 

99. Tao Chen, Solutions of the Klein-Gordon equation with the improved Rosen-

Morse potential energy model/ Tao Chen, Shu-Rong Lin, and Chun-Sheng 

Jia//Eur.Phys.J.Plus.-2013.-Vol.128.-P.69-76. 

100. Глушков А.В., Новый подход к построению модельного потенциала для 

валентных электронов/ Глушков А.В., Малиновская С.В.// Журн. Физ. 

химии.- 1988.-Т.62,N1.-С.100-104. 

http://www.sciencedirect.com/science/article/pii/S0009261408006301
http://www.sciencedirect.com/science/article/pii/S0009261408006301


23 
 

101. Glushkov A.V., True effective molecular valence hamiltonian in a logical 

semiempricial theory/ Glushkov A.V. //Journ.Struct.Chem.-1988.-Vol.29(4).-

P.495–501.  

102.   Глушков А.В., Потенциальные кривые и уровни энергии молекулы О2 в 

квазичастичной модели двухатомных молекул /Глушков А.В., Кругляк 

Ю.А // В кн.: Фото-физика и фотохимия молекулярного кислорода.-

Караганда, 1986.-С.58-60. 

103. Глушков А.В., Новый метод определения потенциалов ионизации 

молекул/ Глушков А.В.// Журн. прикл. спектр.-1988.-Т.49,N5.-С.840-842. 

104. Глушков А.В., Спектроскопические факторы двухатомных молекул/ 

Глушков А.В.// Опт. Спектр.-1989.-Т.66, N6.-С.1298-1301 

105. Glushkov A.V., A consistent approach to construction of the model valence 

electron hamiltonian: M2, M = Li, Na, K, Rb, Cs/ Glushkov 

A.V.//J.Struct.Chem.-1994.-Vol.34, (5).-P. 651–658. 

106. Glushkov  A.V.,, Calculation of alkaline metal dimers in terms of model 

perturbation theory/ A.V. Glushkov, A. V. Malinovskii, V. A. Efimov, A. F. 

Kivganov, V. N. Khokhlov, L. A. Vitavetskaya, G. A. Borovskaya// Journ. 

Struct. Chem.-1998.-Vol.39(2).-P. 179–185. 

107. Glushkov  A.V.,  New non-empirical approach to constructing the valence 

electron pseudopotential/ Glushkov  A.V. //  J. Struct. Chem.-1989.-Vol.30 (6).-

P. 871–874. 

108. Glushkov A.V., Perturbation theory with a model zeroth approximation for 

molecules: A new form of polarization potential/ Glushkov A.V., Dudnik 

N.N.//J. Struct. Chem.-1989.-Vol.30 (1).-P.141–144.   

109. Glushkov A.V., Perturbation theory with model zero-order approximation for 

Li2 molecules/ Glushkov A.V., Dudnik N.N., Malinovskaya S.V. //J. Struct. 

Chem.-1988.-Vol.29(1).-P.147–149. 

110. Glushkov A.V., Relativistic multiconfiguration time-dependent self-consistent-

field theory for molecules/ Glushkov A.V. //Soviet Phys.Journ.-1991.-

Vol.34(10).-P.871–876. 

111. Aguilar J., Variable screening model for diatomic molecules/ Aguilar J., 

Nakamura H.// Chem. Phys.-1976.-Vol32,N1.-P.115-122. 

112. Комаров И.В., Сфероидальные и кулоновские сфероидальные функции/ 

И.В.Комаров, Л.И.Пономарев, С.Ю.Славянов.- М.: Наука, 1976.-340С. 

113. Masnou F., Model potential calculations of the molecular system Na-Ne/ 

Masnou F., Philips N., Valiron P.//Phys.Chem.Lett.-1978.-Vol.41,N3.-P.395-

398. 

114. Masnow-Seeuws F., Two-electron calculations for intermediate Rydberg states 

Na2: quantum defects/ Masnow-Seeuws F., Henriet A.//J.Phys.B.At.Mol.Phys.-

1988-Vol.21- P.L338-346 

http://www.springerlink.com/content/r981865k16158527/?p=a1c45f0018c644c689b518776f5a6316&pi=69
http://www.springerlink.com/content/r981865k16158527/?p=a1c45f0018c644c689b518776f5a6316&pi=69
http://link.springer.com/journal/10947
http://www.springerlink.com/content/x323152545547056/?p=eb0befade4414ea3bd7c03e920c3da2a&pi=0
http://www.springerlink.com/content/x323152545547056/?p=eb0befade4414ea3bd7c03e920c3da2a&pi=0
http://link.springer.com/journal/10947
http://www.springerlink.com/content/n37t501255015206/?p=eb0befade4414ea3bd7c03e920c3da2a&pi=8
http://www.springerlink.com/content/n37t501255015206/?p=eb0befade4414ea3bd7c03e920c3da2a&pi=8
http://www.springerlink.com/content/?Author=A.+V.+Glushkov
http://www.springerlink.com/content/?Author=A.+V.+Malinovskii
http://www.springerlink.com/content/?Author=V.+A.+Efimov
http://www.springerlink.com/content/?Author=A.+F.+Kivganov
http://www.springerlink.com/content/?Author=A.+F.+Kivganov
http://www.springerlink.com/content/?Author=V.+N.+Khokhlov
http://www.springerlink.com/content/?Author=L.+A.+Vitavetskaya
http://www.springerlink.com/content/?Author=G.+A.+Borovskaya
http://link.springer.com/journal/10947
http://link.springer.com/journal/10947
http://www.springerlink.com/content/u4715773101n5260/?p=2a09b7365b1e4f028c3ca404ce5130d1&pi=44
http://www.springerlink.com/content/u4715773101n5260/?p=2a09b7365b1e4f028c3ca404ce5130d1&pi=44
http://link.springer.com/journal/10947
http://www.springerlink.com/content/x13880775m684518/?p=6a7de832b4c84487b22e1a5c0af09fe1&pi=50
http://www.springerlink.com/content/x13880775m684518/?p=6a7de832b4c84487b22e1a5c0af09fe1&pi=50
http://link.springer.com/journal/10947
http://www.springerlink.com/content/j6571698131752k6/?p=6a7de832b4c84487b22e1a5c0af09fe1&pi=51
http://www.springerlink.com/content/j6571698131752k6/?p=6a7de832b4c84487b22e1a5c0af09fe1&pi=51
http://www.springerlink.com/content/?Author=S.+V.+Malinovskaya
http://link.springer.com/journal/10947
http://link.springer.com/journal/10947
http://link.springer.com/journal/10947/29/1/page/1
http://www.springerlink.com/content/lh15220h47p5348u/?p=6a7de832b4c84487b22e1a5c0af09fe1&pi=57
http://www.springerlink.com/content/lh15220h47p5348u/?p=6a7de832b4c84487b22e1a5c0af09fe1&pi=57
http://link.springer.com/journal/11182


24 
 

115. Luh W.-T., Direct excitation studies of the diffuse bands of alkali metal 

dimmers/ Luh W.-T., Bahns J.T.//J.Chem.Phys.-1988.-Vol.88, N4.-P.2235-

2244. 

116. Aymar M.,  Calculation of accurate permanent dipole moments of the 

lowest Σ+1,3Σ+1,3states of heteronuclear alkali dimers using extended basis 

sets/Aymar M.,  Dulieu O.//J. Chem. Phys.-2005.-Vol.122.-P.204302  

117. Derevianko A., Babb J., Dalgarno A.,  High-precision calculations of van der 

Waals coefficients for heteronuclear alkali-metal dimers/ Derevianko A., Babb 

J., Dalgarno A. //Phys.Rev.A.-2001.-Vol.63.-P.052704; Fedorov A., Accurate 

potential energy, dipole moment curves, and lifetimes of vibrational states of 

heteronuclear alkali dimers/ Fedorov A., Derevianko A., Varganov 

S.//Communication.-2016.-38P. 

118. Kotochigova S., Ab initio relativistic calculation of the RbCs molecule (he 

relativistic configuration-interaction valence-bond method)/ Kotochigova S., 

Tiesinga E.//J. Chem. Phys.-2005.-Vol.123.-P.174304. 

119. Kotochigova S.,  Ab initio calculation of the KRb dipole moments / 

Kotochigova S.,  Julienne P.S., , Tiesïnga E.,  //Phys. Rev. A.-2003.-Vol.68.-

P.022501. 

120. Frauss M., Effective core potentials and accurate energy curves for Cs2 and 

other alkali diatomics/Frauss M., Stevens W.J.//J.Chem.Phys.-1990-Vol.93.-

P.4236-4242.  

121. Smirnov A.D., Calculation of radiative parameters for electron transition 

B1Π−X1Σ+ in molecule of  KRb/ Smirnov A.D. //Herald of the Bauman 

Moscow State Tech. Univ., Nat. Sci.- 2015.-N6.-P.52-62. 

122. Smirnov A.D., Calculation of spectroscopic constants for the electronic states 

(2)1Σ+ g , (1)1Πu(B), (1)1Πg, (2)1Πu(C) of the rubidium dimer/ Smirnov 

A.D.//Herald of the Bauman Moscow State Tech. Univ., Nat. Sci.- 2010.-N4.-

P.60-72. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://scitation.aip.org/content/contributor/AU0694012;jsessionid=36eHcdSf24dMI202U5zJDDzM.x-aip-live-02
http://scitation.aip.org/content/contributor/AU0694012;jsessionid=36eHcdSf24dMI202U5zJDDzM.x-aip-live-02
http://scitation.aip.org/content/contributor/AU0105628;jsessionid=36eHcdSf24dMI202U5zJDDzM.x-aip-live-02
http://scitation.aip.org/content/contributor/AU0695557;jsessionid=blrq0Y1bss5aQtz6QtUxm2rJ.x-aip-live-02
http://scitation.aip.org/content/contributor/AU0695557;jsessionid=blrq0Y1bss5aQtz6QtUxm2rJ.x-aip-live-02
http://scitation.aip.org/content/contributor/AU0680762;jsessionid=blrq0Y1bss5aQtz6QtUxm2rJ.x-aip-live-02


25 
 

 

 

 

 

 

 

 

 

 

 

Methodical instructions  

for practical work, test performance, distance learning of PhD students in 

the discipline “Molecular Optics and Spectroscopy”, Part 7. 

(Training specialty: 104 - “Physics and Astronomy”; 01.04.05- “Optics 

and Laser Physics” and others) 

 

 

 

Compiler:  

Glushkov O.V., d.f.-m.s. (Hab.Dr.), prof., Head of the department of higher and 

applied mathematics (OSENU) 

 

 

 

 

 

Editor:  

Svinarenko A.A., d.f.-m.s. (Hab.Dr.), prof., prof. of the department of higher 

and applied mathematics (OSENU) 

 

 

___________________________________________ 

 

 

Odessa State Environmental University 

65016, Odessa, L’vovskaya str., 15, Room 406 (1st bld.) 

 

 


