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ÐÀÇÄÅË I. 
ÌÀÒÅÌÀÒÈÊÀ 

 
 
 
 
 

Ëàòûøåâ À.Â., Êóðèëîâ À.Ä. 1 

Ìîñêîâñêèé ãîñóäàðñòâåííûé îáëàñòíîé óíèâåðñèòåò 

ÎÐÒÎÃÎÍÀËÜÍÎÑÒÜ ÑÎÁÑÒÂÅÍÍÛÕ ÔÓÍÊÖÈÉ ÕÀÐÀÊÒÅÐÈÑÒÈ×ÅÑÊÈÕ 
ÓÐÀÂÍÅÍÈÉ ÊÀÊ ÌÅÒÎÄ ÐÅØÅÍÈß ÃÐÀÍÈ×ÍÛÕ ÇÀÄÀ× ÌÎÄÅËÜÍÛÕ 

ÊÈÍÅÒÈ×ÅÑÊÈÕ ÓÐÀÂÍÅÍÈÉ 

Àííîòàöèÿ. Ðàññìàòðèâàåòñÿ äâà êëàññà ëèíåéíûõ êèíåòè÷åñêèõ óðàâíåíèé: ñ 
ïîñòîÿííîé ÷àñòîòîé ñòîëêíîâåíèé è ñ ïîñòîÿííîé äëèíîé ñâîáîäíîãî ïðîáåãà 
ãàçîâûõ ìîëåêóë (ò.å. ñ ÷àñòîòîé ñòîëêíîâåíèé ìîëåêóë, ïðîïîðöèîíàëüíîé ìîäóëþ 
ìîëåêóëÿðíîé ñêîðîñòè). Íà îñíîâå îäíîðîäíîé êðàåâîé çàäà÷è Ðèìàíà ñ 
êîýôôèöèåíòîì, ðàâíûì îòíîøåíèþ ãðàíè÷íûõ çíà÷åíèé äèñïåðñèîííîé ôóíêöèè, 
ðàçâèâàåòñÿ òåîðèÿ ïîëóïðîñòðàíñòâåííîé îðòîãîíàëüíîñòè îáîáùåííûõ 
ñèíãóëÿðíûõ ñîáñòâåííûõ ôóíêöèé ñîîòâåòñòâóþùèõ õàðàêòåðèñòè÷åñêèõ óðàâíåíèé, 
ê êîòîðûì ïðèâîäèò ðàçäåëåíèå ïåðåìåííûõ. 
Íà ïðèìåðå äâóõ ãðàíè÷íûõ çàäà÷ êèíåòè÷åñêîé òåîðèè (î äèôôóçèè ëåãêîé êîìïîíåíòû 
áèíàðíîãî ãàçà è çàäà÷è Êðàìåðñà îá èçîòåðìè÷åñêîì ñêîëüæåíèè) ïîêàçàíî ïðèìåíåíèå 
òåîðèè îðòîãîíàëüíîñòè ñîáñòâåííûõ ôóíêöèé äëÿ àíàëèòè÷åñêîãî ðåøåíèÿ óêàçàííûõ 
çàäà÷. 
Êëþ÷åâûå ñëîâà: êèíåòè÷åñêîå óðàâíåíèå, ÷àñòîòà ñòîëêíîâåíèé, ãðàíè÷íûå çàäà÷è, 
ñîáñòâåííûå ôóíêöèè, äèñïåðñèîííàÿ ôóíêöèÿ, àíàëèòè÷åñêîå ðåøåíèå. 
 

A. Latyshev, A. Kurilov  
Moscow State Regional University (Moscow, Russia)  

ORTHOGONALITY OF THE EIGENFUNCTIONS OF CHARACTERISTIC 
EQUATIONS AS A METHOD FOR SOLVING BOUNDARY VALUE PROBLEMS 

OF MODEL KINETIC EQUATIONS  

Abstract. In the present work we consider two classes of linear kinetic equations: with constant 
collision frequency and constant mean free path of gas molecules (i.e., frequency of molecular 
collisions, proportional to the modulus molecular velocity). Based homogeneous Riemann 
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boundary value problem with a coefficient equal to the ratio of the boundary values dispersion 
function, develops the theory of the half-space orthogonality of generalized singular 
eigenfunctions corresponding characteristic equations, which leads separation of variables. 
On the example of a two boundary value problems of the kinetic theory (diffusion light 
component of a binary gas and Kramers problem about isothermal slip) shows the application 
of the theory orthogonality eigenfunctions for analytical solutions these problems. 
Key words: kinetic equation, collision frequency, boundary value problems, eigenfunctions, 
dispersion function, analytical solution. 
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Àïðàêñèíà Ò.Â., Êîæóõîâ È.Á.2 
Íàöèîíàëüíûé èññëåäîâàòåëüñêèé óíèâåðñèòåò «ÌÈÝÒ» (ã. Ìîñêâà) 

ÇÀÌÅ×ÀÍÈß Î ÄÈÀÃÎÍÀËÜÍÛÕ ÏÎËÈÃÎÍÀÕ ÈÍÂÀÐÈÀÍÒÍÛÕ 
ÏÎËÓÃÐÓÏÏ 

Àííîòàöèÿ. Ðàññìàòðèâàþòñÿ äèàãîíàëüíûå ïîëèãîíû è áèïîëèãîíû íàä 
èíâàðèàíòíûìè ñëåâà èëè ñïðàâà ïîëóãðóïïàìè. Äîêàçàíî, ÷òî äèàãîíàëüíûé 
ïðàâûé ïîëèãîí  ( )SS S  

òàêîé ïîëóãðóïïû S  íå ÿâëÿåòñÿ êîíå÷íî 

ïîðîæäёííûìâ ñëó÷àå, êîãäà ïîëóãðóïïà S  èíâàðèàíòíà ñëåâà èëè ñïðàâà. Áîëåå 
òîãî, äîêàçûâàåòñÿ, ÷òî äëÿ áèïîëèãîíîâ ( )S SS S   

äàííîå óòâåðæäåíèå íåâåðíî. 

Êðîìå òîãî, ïîñòðîåí ïðèìåð áåñêîíå÷íîé ïðîñòîé ñïðàâà (à çíà÷èò, 
èíâàðèàíòíîé ñïðàâà) ñîêðàòèìîé ñïðàâà ïîëóãðóïïû ,S  ó êîòîðîé äèàãîíàëüíûé 
áèïîëèãîí ( )S SS S  ÿâëÿåòñÿ öèêëè÷åñêèì.   

Êëþ÷åâûå ñëîâà: äèàãîíàëüíûé ïîëèãîí, áèïîëèãîí, ïîëèãîí íàä ïîëóãðóïïîé, 
èíâàðèàíòíàÿ ñïðàâà (ñëåâà) ïîëóãðóïïà, äèàãîíàëüíûé ðàíã ïîëóãðóïïû .  
 

T. Apraksina, I. Kozhukhov 

National Research University of Electronic Technology (Moscow, Russia)  

NOTES ON DIAGONAL ACTS OVER INVARIANT SEMIGROUPS 

Abstract. The diagonal acts and biacts over right or left invariant semigroups are 
considered. It is proved that the diagonal right act ( )SS S  of such semigroup S  is 

not finitely generated in case of invariant right or left invariant semigroup.Moreover, it 
is proved that this statement is wrong in case of biacts ( )S SS S .Besides an example 

is constructed where S  is an infinite right simple (and therefore right invariant) right 
cancellative semigroup and the biacts ( )S SS S  

is cyclic.  

Keywords: diagonal act, biact, act over a semigroup, right (left) invariant semigroups, 
diagonal rank of semigroup. 
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  ÐÀÇÄÅË II. 
ÔÈÇÈÊÀ 

Àëèåâ È.Í., Ñàìåäîâà Ç.À. 3 
Ìîñêîâñêèé ãîñóäàðñòâåííûé òåõíè÷åñêèé óíèâåðñèòåò èì. Í.Ý.Áàóìàíà 

ÎÏÒÈÊÎ ÌÅÕÀÍÈ×ÅÑÊÀß ÀÍÀËÎÃÈß È ÒÐÀÅÊÒÎÐÈß ÊÂÀÍÒÀ 

Àííîòàöèÿ. Â ðàìêàõ ñïåöèôè÷íîé ìîäåëè äèñïåðñèîííîé ñâÿçè ìåæäó ýíåðãèåé è 
èìïóëüñîì ïîëó÷åíî óðàâíåíèå òðàåêòîðèè ðåëÿòèâèñòñêèõ ÷àñòèö (â ÷àñòíîñòè, êâàíòîâ). 
Âûÿâëåíà  ïîëíàÿ àíàëîãèÿ ñ óðàâíåíèÿìè äëÿ êëàññè÷åñêèõ ÷àñòèö (ïîëó÷åííûõ èç 
âàðèàöèîííîãî ïðèíöèïà ìåõàíèêè) è ëó÷åé (âûâåäåííûõ èç ïðèíöèïà Ôåðìà). 
Ñôîðìóëèðîâàíà ïðîáëåìà äàëüíåéøåãî ðàçâèòèÿ çàäà÷è, ñâÿçàííàÿ ñ êîíêðåòèçàöèåé 
âèäà ïîòåíöèàëüíîé ýíåðãèè êâàíòà. 
Êëþ÷åâûå ñëîâà: äèñïåðñèîííîå ñîîòíîøåíèå, âàðèàöèîííûé ïðèíöèï ìåõàíèêè, 
ïðèíöèï Ôåðìà. 
 

I. Aliev, Z. Samedova  
Bauman Moscow State Technical University (Moscow, Russia)  

OPTICAL-MECHANICAL ANALOGY AND QUANTUM TRAJECTORY 

 Abstract. Equation   trajectory   relativistic  particles  (in particular, quanta) received  within  
the  specific  model  of  the  dispersion  relation  between  the energy  and  momentum.  
Revealed  a  complete  analogy  with  the  equations  for classical  particles  (obtained  from  
the  variational  principle  of  mechanics)  and rays  (derived from Fermat's principle).  We  
formulate  the  problem  of  further development  of  the  tasks  associated  with  a particular   
form  of  the potential energy  of  the  quantum. 
Key words:  dispersion relation, the  variational  principle  of  mechanics, Fermat's  principle. 
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ÎÐÈÅÍÒÀÖÈß ÊÐÀÑÈÒÅËÅÉ ÏÐÈ ÂÇÀÈÌÎÄÅÉÑÒÂÈÈ                                           
Ñ ËÀÇÅÐÍÛÌ ÈÇËÓ×ÅÍÈÅÌ 

ORIENTATION OF DYES UNDER LASER IRRADIATION ORIENTATION OF 
DYES UNDER THE ACTION OF LASER IRRADIATION 
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Áàðàáàíîâà Í.Í.*, Áåëÿåâ Â.Â.*, Áîãäàíîâ Ä.Ë.*,  
Áóãðèìîâ À.Ë.*,  

Äàäèâàíÿí À.Ê.*, Îñèïîâ Ì.À.**, ×èãðèíîâ Â.Ã.***4 
*Ìîñêîâñêèé ãîñóäàðñòâåííûé îáëàñòíîé óíèâåðñèòåò  
** Óíèâåðñèòåò  Ñòðàòêëàéä, Ãëàçãî, Âåëèêîáðèòàíèÿ 

***Ãîíêîíãñêèé óíèâåðñèòåò íàóêè è òåõíîëîãèè, Ãîíêîíã, Êèòàé 

ÎÐÈÅÍÒÀÖÈß ÊÐÀÑÈÒÅËÅÉ ÏÐÈ ÂÇÀÈÌÎÄÅÉÑÒÂÈÈ                                            
Ñ ËÀÇÅÐÍÛÌ ÈÇËÓ×ÅÍÈÅÌ 

Àííîòàöèÿ. Ïðåäëîæåíà òåîðèÿ îðèåíòèðîâàíèÿ êðàñèòåëÿ â ïîëå  ëàçåðíîãî èçëó÷åíèÿ. 
Îïðåäåëåíà ýíåðãèÿ âçàèìîäåéñòâèÿ ìîëåêóë êðàñèòåëÿ ñ ìàãíèòíûì ïîëåì èçëó÷åíèÿ. 
Ïîêàçàíî, ÷òî îðèåíòàöèÿ ìîëåêóë êðàñèòåëÿ îïðåäåëÿåòñÿ èõ âçàèìîäåéñòâèåì ñ 
ýëåêòðè÷åñêèì ïîëåì èçëó÷åíèÿ.  
Êëþ÷åâûå ñëîâà: êðàñèòåëè, ëàçåðíîå èçëó÷åíèå, ïîëå ñâåòîâîé âîëíû, äèàìàãíèòíàÿ 
âîñïðèèì÷èâîñòü. 
 
N. Barabanova*, V. Belyaev*, D. Bogdanov*, A. Bugrimov*, A. Dadivanyan*, M. Osipov**, 

V. Chigrinov*** 
* Moscow State Regional University (Moscow, Russia)  

** Strathclyde University (Glasgow, UK)  
***  University of Science and Technology (Hong Kong, China)  

ORIENTATION OF DYES UNDER LASER IRRADIATION ORIENTATION OF 
DYES UNDER THE ACTION OF LASER IRRADIATION 

Abstract. A theory of dyes orientation in the field of a light wave is proposed. The energy of dye 
molecules’ interaction with the magnetic field of laser radiation is determined. The orientation 
of the dye molecules is shown to depend on their interaction with electric field of radiation.  
Keywords: dyes, laser radiation, light wave field, diamagnetic susceptibility 
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Â. Ì. Êóçíåöîâ*, Ê. Á. Òåðåøêèíà**5 

*Ðîññèéñêèé õèìèêî-òåõíîëîãè÷åñêèé óíèâåðñèòåò èì. Ä.È. Ìåíäåëååâà 
(ÐÕÒÓ èì. Ä.È. Ìåíäåëååâà), 

**Èíñòèòóò õèìè÷åñêîé ôèçèêè èì. Í.Í. Ñåìёíîâà ÐÀÍ (ÈÕÔ ÐÀÍ)  

ÍÈÇÊÎÒÅÌÏÅÐÀÒÓÐÍÀß ÒÅÏËÎÅÌÊÎÑÒÜ ÂÅÙÅÑÒÂ Ñ ÔÐÀÊÒÀËÜÍÎÉ 
ÐÀÇÌÅÐÍÎÑÒÜÞ ÊÎËÅÁÀÒÅËÜÍÛÕ ÑÏÅÊÒÐÎÂ 

Àííîòàöèÿ. Ñîãëàñíî îáùåïðèíÿòîé òî÷êå çðåíèÿ, òåìïåðàòóðíàÿ çàâèñèìîñòü Ñ(Ò) 
ðåøёòî÷íîé òåïëîёìêîñòè òâёðäûõ òåë â îáëàñòè òåìïåðàòóð T  0 äîëæíà èìåòü 
ó÷àñòîê, ñîîòâåòñòâóþùèé òàê íàçûâàåìîìó ïðåäåëüíîìó çàêîíó Äåáàÿ Ñ(Ò)  T3. Ýòîò 
çàêîí äîëæåí âûïîëíÿòüñÿ íåçàâèñèìî îò àòîìíîé (ìîëåêóëÿðíîé) ñòðóêòóðû è òèïà 
õèìè÷åñêîé ñâÿçè â òâёðäîì òåëå. Â äàííîé ðàáîòå ïîêàçàíî, ÷òî òàêîå óòâåðæäåíèå 
ñïðàâåäëèâî, åñëè ïðèíÿòü, ÷òî ÷àñòîòíûé ñïåêòð èññëåäóåìîãî òåëà íåïðåðûâåí è 
ìåíÿåòñÿ â äèàïàçîíå 0    max (ìîäåëü áåñêîíå÷íîãî ïî ñïåêòðó äëèí âîëí 
êðèñòàëëà), à ñòåïåííîé ïîêàçàòåëü åãî ðàçìåðíîñòè – â èíòåðâàëå 1  df  3. Ýòà ìîäåëü 
óæå ñòîëåòèå óñïåøíî ïðèìåíÿåòñÿ â èññëåäîâàíèè ìàêðîòåë, íî ìàëîïðèãîäíà äëÿ 
êëàñòåðîâ è íàíîñòðóêòóð. Â îáùåì ñëó÷àå, ò. å. âíå óêàçàííîãî èíòåðâàëà, êîãäà df  1 
èëè df  3, è êîíå÷íîì ñ äâóõ ñòîðîí ñïåêòðå è òåìïåðàòóðíîå èçìåíåíèå ðåøёòî÷íîé 
òåïëîёìêîñòè èìååò èíîé õàðàêòåð. 
Êëþ÷åâûå ñëîâà: äèìåðû, ìåæìîëåêóëÿðíûå ñïåêòðû, ôðàêòàëüíàÿ ðàçìåðíîñòü 
êîëåáàòåëüíûõ ñïåêòðîâ, íèçêîòåìïåðàòóðíàÿ òåïëîёìêîñòü. 
 

V.M. Kuznetsov*, K.B. Tereshkina**  
* D. Mendeleyev University of Chemical Technology of Russia (Moscow, Russia)  

** Semenov Institute of Chemical Physics, Russian Academy of Sciences 
(Moscow, Russia)  

LOW-TEMPERATURE HEAT CAPACITY OF MATTER WITH FRACTAL DIMENSION 
OF VIBRATIONAL SPECTRA 

Abstract. According to common point of view, the temperature dependence Ñ(Ò) of the lattice 
heat capacity of solid bodies in the temperature range T  0 should have a region 
corresponding to the so-called Debye limiting law Ñ(Ò)  T3. This law should be obeyed 
regardless of the atomic (molecular) structure and type of chemical bonding in solid bodies. 
This paper shows that this is true, if it is assumed that the frequency spectrum of the 
investigated body is continuous and varies in the range of 0    max (model of infinite 
wavelength spectrum of the crystal), and the exponent of its dimensions varies in the range of 
1  df  3. This model has been successfully applied during the past century studying of 
macroscopic bodies, but it is practically useless for clusters and nanostructures. In the general 
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case, i.e. outside this range, when df  1 or df  3, and with finite of the both sides spectrum, 
the temperature change of the lattice heat capacity has a different nature. 
Key words: dimers, intermolecular spectra, zero dimension, low-temperature heat capacity, 
fractal dimension of vibrational spectrum 
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Êóçüìèí Ì.Ê.6 

Ìîñêîâñêèé ãîñóäàðñòâåííûé îáëàñòíîé óíèâåðñèòåò 

ÀÍÀËÈÇ ÔÎÐÌÓË ÄËß ÂÛ×ÅÑËÅÍÈß ÂÐÅÌÅÍÈ ÏÎËÍÎÃÎ ÈÑÏÀÐÅÍÈß 
ÎÄÈÍÎ×ÍÛÕ ÊÀÏÅËÜ ÂÎÄÛ 

Àííîòàöèÿ: íàéäåíû ôîðìóëû äëÿ âû÷èñëåíèÿ âðåìåíè ïîëíîãî èñïàðåíèÿ àýðîçîëüíûõ 
êàïåëü èíòåãðèðîâàíèåì óðàâíåíèé, ïîëó÷åííûõ ïî  íà÷àëüíîìó è êîíå÷íîìó 
ïðåäåëüíûì çíà÷åíèÿì ñêîðîñòè èçìåíåíèÿ ðàäèóñà àýðîçîëüíîé êàïëè. Ïðîâåäåí 
÷èñëåííûé àíàëèç ýòèõ ôîðìóë ðàññìîòðåíèåì ïðîöåññà íåñòàöèîíàðíîãî èñïàðåíèÿ 
îäèíî÷íûõ êàïåëü âîäû â âîçäóøíóþ ñðåäó. Óêàçàíû âîçìîæíîñòè óïðîùåíèÿ 
íàéäåííûõ ôîðìóë â çàâèñèìîñòè  îò íà÷àëüíûõ ðàçìåðîâ èñïàðÿþùèõñÿ êàïåëü âîäû.  
Êëþ÷åâûå ñëîâà: íåñòàöèîíàðíûé ïðîöåññ èñïàðåíèÿ, àýðîçîëüíûå êàïëè, âðåìÿ ïîëíîãî 
èñïàðåíèÿ,  îäèíî÷íûå êàïëè âîäû. 
 

M. Kuzmin  
Moscow State Regional University (Moscow, Russia)  

ANALYSIS OF THE FORMULAS FOR CALCULATING THE TIME                   
OF COMPLETE EVAPORATION OF SINGLE DROPLETS OF WATER  

Abstract. Formulas for calculating the time of complete evaporation of aerosol droplets by 
integrating the equations obtained for the initial and final limits the rate of change of the radius 
of the aerosol droplets. The numerical analysis of these formulas by considering the process of 
unsteady evaporation of single droplets of water into the air. Lists features found simplify 
formulas depending on the initial size of the evaporating water droplets. 
Key words:  nonstationary evaporation process, aerosol droplets, the time for complete 
evaporation, single droplets of water. 
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Òðåãóëîâ Â.Â.7 

Ðÿçàíñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò èìåíè Ñ.À. Åñåíèíà 

ÎÑÎÁÅÍÍÎÑÒÈ ÑÒÐÓÊÒÓÐÛ ÏËÅÍÎÊ ÏÎÐÈÑÒÎÃÎ ÊÐÅÌÍÈß       
Ñ ÐÀÇÂÈÒÎÉ ÏÎÂÅÐÕÍÎÑÒÜÞ 

Àííîòàöèÿ. Ïðåäñòàâëåíû ðåçóëüòàòû èññëåäîâàíèÿ ñòðóêòóðû ïëåíêè ïîðèñòîãî 
êðåìíèÿ, ñôîðìèðîâàííîé ìåòîäîì ýëåêòðîõèìè÷åñêîãî òðàâëåíèÿ íà ïîâåðõíîñòè 
òåêñòóðèðîâàííîé êðåìíèåâîé ìîíîêðèñòàëëè÷åñêîé ïîäëîæêè. Óñòàíîâëåíî, ÷òî 
îáðàáîòêà ïëåíêè ïîðèñòîãî êðåìíèÿ â âîäíîì ðàñòâîðå HF ñïîñîáñòâóåò ôîðìèðîâàíèþ 
ðàçâèòîé ïîâåðõíîñòè. Èññëåäóåìàÿ ïëåíêà ñîñòîèò èç ñëîåâ, ðàçëè÷àþùèõñÿ ðàçìåðàìè 
êðåìíèåâûõ êðèñòàëëèòîâ è õèìè÷åñêèì ñîñòàâîì.  
Êëþ÷åâûå ñëîâà: ïîðèñòûé êðåìíèé, ïîâåðõíîñòü, êîìáèíàöèîííîå ðàññåÿíèå ñâåòà, 
ôîòîëþìèíåñöåíöèÿ. 
 

V. Tregulov  
S.A. Esenin Ryazan state University (Ryazan, Russia)  

FEATURES OF THE STRUCTURE OF POROUS SILICON FILMS   
WITH DEVELOPED SURFACE  

Abstract. The research results of the structure of the porous silicon film, formed by 
electrochemical etching method on the textured surface of the monocrystalline silicon 
substrate are presented. It has been established that, treatment of the porous silicon film in an 
aqueous solution of HF, promotes formation of developed surface. The investigated film 
consists of layers with different silicon crystallite size and chemical composition. 
Key words: porous silicon, surface, The Raman scattering of light, photoluminescence. 
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Òîëïàåâ Â. À.8 
ÎÀÎ «ÑåâÊàâÍÈÏÈãàç», ã. Ñòàâðîïîëü 

ÌÀÒÅÌÀÒÈ×ÅÑÊÈÅ ÌÎÄÅËÈ ÄÂÓÌÅÐÍÎÉ ÔÈËÜÒÐÀÖÈÈ ÆÈÄÊÎÑÒÈ   
È ÃÀÇÀ Â ÈÑÊÐÈÂËÅÍÍÛÕ ÍÅÎÄÍÎÐÎÄÍÛÕ ÏËÀÑÒÀÕ 

Àííîòàöèÿ. Òåîðèÿ äâóìåðíûõ ôèëüòðàöèîííûõ òå÷åíèé æèäêîñòè è ãàçà â èñêðèâëёííûõ 
ïëàñòàõ ïîñòîÿííîé è ïåðåìåííîé òîëùèíû èãðàåò âàæíåéøóþ ðîëü â ïðîåêòèðîâàíèè 
ðàçðàáîòîê íåôòåãàçîâûõ ìåñòîðîæäåíèé. Áîëüøîé âêëàä â ðàçâèòèå ýòîé òåîðèè âíåñëà 
äîêòîð ôèçèêî-ìàòåìàòè÷åñêèõ íàóê, ïðîôåññîð Ãîëóáåâà Îëüãà Âëàäèìèðîâíà, äîëãîå 
âðåìÿ âîçãëàâëÿâøàÿ êàôåäðó òåîðåòè÷åñêîé ôèçèêè â ÌÎÏÈ èì. Í. Ê. Êðóïñêîé è 
ñîçäàâøàÿ ñâîèìè òðóäàìè ñîâìåñòíî ñ ìíîãî÷èñëåííûìè ó÷åíèêàìè 
ãèäðîäèíàìè÷åñêóþ øêîëó ïî òåîðèè äâóìåðíûõ òå÷åíèé æèäêîñòè è ãàçà. 
Ïðåäñòàâëåííàÿ ê þáèëåéíîé äàòå ñî äíÿ ðîæäåíèÿ 19 èþëÿ 1915 ãîäà ïðîôåññîðà 
Ãîëóáåâîé Î. Â. ñòàòüÿ ñîäåðæèò ðåçóëüòàòû, ÿâëÿþùèåñÿ ïðååìñòâåííûì ðàçâèòèåì 
ïîäõîäîâ Ãîëóáåâîé Î. Â. ê ìîäåëèðîâàíèþ äâóìåðíûõ ôèëüòðàöèîííûõ òå÷åíèé. 
Êîíêðåòíî, ðàññìàòðèâàþòñÿ äâóìåðíûå ìàòåìàòè÷åñêèå ìîäåëè ëèíåéíîé ôèëüòðàöèè 
æèäêîñòè è ãàçà â èñêðèâëåííûõ ïëàñòàõ ïåðåìåííîé òîëùèíû, íåïðîíèöàåìûå ïîäîøâà 
è êðîâëÿ êîòîðûõ ìîãóò áûòü çàäàíû êàê êîîðäèíàòíûå ïîâåðõíîñòè íåêîòîðîé 
îðòîãîíàëüíîé êðèâîëèíåéíîé ñèñòåìû êîîðäèíàò. 
Êëþ÷åâûå ñëîâà: Çàêîí Äàðñè, óðàâíåíèå íåðàçðûâíîñòè, êðèâîëèíåéíûå êîîðäèíàòû, 
ðàäèóñ êðèâèçíû, ïðîíèöàåìîñòü, ïîðèñòîñòü, óïðóãîåìêîñòü ïëàñòà, êîýôôèöèåíò 
îáúåìíîãî ñæàòèÿ æèäêîñòè. 
 

V. Tolpaev  
JSC ‘SEVKAVNIPIGAZ’ (Stavropol, Russia)  

Mathematical models of two-dimensional liquid and gas filtering                 
in curved inhomogeneous layers 

Abstract. The theory of two-dimensional filtering liquid and gas flows in curved seams 
constant and variable thickness plays a crucial role in the design of oil and gas development. 
Great contribution to the development of this theory has made a Doctor of Physics and 
Mathematics, Professor Olga Golubeva, a long time headed the Department of Theoretical 
Physics in MOPI them. N.K. Krupskaya and created hydrodynamic theory school in two-
dimensional flows of liquids and gases in cooperation with numerous pupils. Presented to the 
anniversary date of the birth of 19 July 1915 Professor Golubeva O.V. article contains the 
results is the continuity of the development of approaches Golubeva O.V. to the modeling of 
two-dimensional seepage flows. Specifically, the paper is devoted two-dimensional 
mathematical models of linear filtering liquid and gas in curved seams of varying thickness, 
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where impenetrable sole and top which can be defined as a coordinate surfaces such as same 
orthogonal curvilinear coordinate system. 
Key words: Darcy's law, equation of continuity, curvilinear coordinates, the radius of curvature, 
permeability, porosity, formation compressibility, coefficient of thermal contraction of the 
liquid 
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ÌÎÄÅËÈÐÎÂÀÍÈÅ ÊÎËÅÁÀÍÈÉ ÏËÀÒÔÎÐÌÛ ÈÍÒÅËËÅÊÒÓÀËÜÍÎÃÎ 
ÌÎÁÈËÜÍÎÃÎ ÐÎÁÎÒÀ  

SIMULATION OF MOBILE ROBOT PLATFORM VIBRATIONS  
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Äîëãîâà Å.Â., Áðþõàíîâà À.À., Êóðóøèí Ä.Ñ.,  

Ôàéçðàõìàíîâ Ð.À. 9  
Ïåðìñêèé íàöèîíàëüíûé èññëåäîâàòåëüñêèé ïîëèòåõíè÷åñêèé óíèâåðñèòåò 

ÌÎÄÅËÈÐÎÂÀÍÈÅ ÊÎËÅÁÀÍÈÉ ÏËÀÒÔÎÐÌÛ ÈÍÒÅËËÅÊÒÓÀËÜÍÎÃÎ 
ÌÎÁÈËÜÍÎÃÎ ÐÎÁÎÒÀ  

Àííîòàöèÿ. Ïðåäñòàâëåíû ðåçóëüòàòû ïðîãðàììíîé èìèòàöèè ìåõàíè÷åñêèõ êîëåáàíèé, 
âîçíèêàþùèõ â êîíñòðóêöèè ìîáèëüíîãî ðîáîòà ñ ñèñòåìîé òåõíè÷åñêîãî çðåíèÿ. 
Ïðåäñòàâëåíà ìîäåëü è ýëåìåíòû ïðîãðàììíîé ñèñòåìû äëÿ èññëåäîâàíèé. Íà îñíîâå 
÷èñëåííîãî ðåøåíèÿ ñèñòåìû äèôôåðåíöèàëüíûõ óðàâíåíèé ïîëó÷åíû çàâèñèìîñòè, 
êîòîðûå ïîçâîëÿþò âûáðàòü ïàðàìåòðû è ðåæèì áåçîïàñíîãî ôóíêöèîíèðîâàíèÿ ðîáîòà. 
Òàêèì îáðàçîì, ïîÿâëÿåòñÿ âîçìîæíîñòü âîçäåéñòâèÿ íà êîëåáàíèÿ, êîòîðûå âîçíèêàþò 
èç-çà ñîâìåñòíîé ðàáîòû ñàìîé ïëàòôîðìû è ìåõàíè÷åñêèõ ýëåìåíòîâ ñèñòåìû 
òåõíè÷åñêîãî çðåíèÿ è èçáåæàòü ñèòóàöèè îïðîêèäûâàíèÿ ïëàòôîðìû. 
Êëþ÷åâûå ñëîâà: ðîáîò, ïëàòôîðìà, êîëåáàíèÿ, ìîäåëèðîâàíèå, ïðîãðàììà, 
äèôôåðåíöèàëüíîå óðàâíåíèå. 
 

E. Dolgova, A. Brjuhanova, D. Kurushin, R. Fayzrakhmanov  
Perm National Research Polytechnic University (Perm, Russia)  

SIMULATION OF MOBILE ROBOT PLATFORM VIBRATIONS  

Abstract. The results of modelling of the mechanical oscillations which can take place in a 
suspension system of the autonomous vehicle-like robot are presented in this paper. If the 
robot has  computer-vision stabilized platform, it's movements  can interact with vehicle's 
suspension. To ensure stability of the robot computer simulation of the system were 
performed. Dependencies allowing to select safe operation modes of the robot are calculated 
basing on the numerical solution of differential equations. Thus, there is a possibility to 
control the fluctuations arising from the interaction between the platform and mechanical 
components of the computer vision system and to avoid a situation of overturning the 
platform. 
Key words: robot, platform, oscillations, modelling, programm, differential equation 
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Ëåêîìöåâ10Ä.Ã. 
Îðëîâñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò 

ÌÀÒÅÌÀÒÈ×ÅÑÊÎÅ ÌÎÄÅËÈÐÎÂÀÍÈÅ ÐÀÁÎÒÛ ÁÀÒÀÐÅÈ 
ÑÎÂÅÐØÅÍÍÛÕ ÑÊÂÀÆÈÍ Â ÀÍÈÇÎÒÐÎÏÍÎÌ ÃÐÓÍÒÅ  

Àííîòàöèÿ. Â ñòàòüå ñòàâèòñÿ ïëîñêîïàðàëëåëüíàÿ êðàåâàÿ çàäà÷à î ðàáîòå 
áàòàðåè ñîâåðøåííûõ ñêâàæèí â àíèçîòðîïíî - îäíîðîäíîì ãðóíòå, äëÿ ñëó÷àÿ, 
êîãäà òåíçîð ïðîíèöàåìîñòè íå ñèììåòðè÷åí, à êîíòóð ïèòàíèÿ ìîäåëèðóåòñÿ 
ïðÿìîé. Â ýòîì ñëó÷àå ïîëó÷åíà ñèñòåìà óðàâíåíèé, îïèñûâàþùàÿ ðàáîòó áàòàðåè 
ñêâàæèí. Â ñòàòüå èññëåäîâàíî âëèÿíèå àíèçîòðîïèè ãðóíòà íà äåáèò áàòàðåè 
ñêâàæèí. Èçó÷åí âêëàä îòäåëüíîé ñêâàæèíû â îáùèé äåáèò áàòàðåè ñêâàæèí.  
Êëþ÷åâûå ñëîâà: ñêâàæèíà, äåáèò, àíèçîòðîïíûé ïëàñò, ïðÿìîëèíåéíûé êîíòóð ïèòàíèÿ, 
òåíçîð ïðîíèöàåìîñòè. 
 

D. Lekomtcev  
Orel State University (Orel, Russia)  

MATHEMATICAL MODELING OF THE WORK OF A BATTERY OF DRILLED 
WELLS IN AN ANISOTROPIC BEDLAYER  

Abstract. The article raises the plane-parallel boundary value problem of the battery 
performed well in anisotropic - homogeneous soil, for the case when the permeability 
tensor is not symmetric and simulated circuit power line. In this case, a system of 
equations describing the operation of the battery wells. The paper studied the effect of 
soil anisotropy on the battery discharge wells. Studied the contribution of a single 
well in the overall production rate of the battery wells.  
Key words: well, debit, anisotropic bedlayer, straight – line contour of feeding, tensor 
of penetrability. 
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ÐÀÇÄÅË III. 
ÒÅÎÐÈß È ÌÅÒÎÄÈÊÀ ÎÁÓ×ÅÍÈß 

È ÂÎÑÏÈÒÀÍÈß 

Î ÐÀÇÂÈÒÈÈ ÊÎÃÍÈÒÈÂÍÎÉ ÑÎÑÒÀÂËßÞÙÅÉ 
ÈÑÑËÅÄÎÂÀÒÅËÜÑÊÎÉ ÊÎÌÏÅÍÒÅÍÒÍÎÑÒÈ ÑÒÓÄÅÍÒÎÂ ÏÐÈ 

ÈÇÓ×ÅÍÈÈ ÑÏÅÖÈÀËÜÍÛÕ ÏÐÎÔÅÑÑÈÎÍÂËÜÍÛÕ ÌÀÒÅÌÀÒÈ×ÅÑÊÈÕ 
ÄÈÑÖÈÏËÈÍ 

ON THE COGNITIVE COMPONENT OF THE RESEARCH COMPETENCE 
OF STUDENTS IN THE STUDY OF SPECIAL PROFESSIONAL 

MATHEMATICAL DISCIPLINES 
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РАЗДЕЛ III.
ТЕОРИЯ И МЕТОДИКА 

ОБУЧЕНИЯ И ВОСПИТАНИЯ

ÐÀÇÄÅË III. 
ÒÅÎÐÈß È ÌÅÒÎÄÈÊÀ ÎÁÓ×ÅÍÈß 

È ÂÎÑÏÈÒÀÍÈß 

Çàáåëèíà Ñ.Á., Ïèí÷óê È.À11 
Ìîñêîâñêèé ãîñóäàðñòâåííûé îáëàñòíîé óíèâåðñèòåò 

Î ÐÀÇÂÈÒÈÈ ÊÎÃÍÈÒÈÂÍÎÉ ÑÎÑÒÀÂËßÞÙÅÉ 
ÈÑÑËÅÄÎÂÀÒÅËÜÑÊÎÉ ÊÎÌÏÅÍÒÅÍÒÍÎÑÒÈ ÑÒÓÄÅÍÒÎÂ ÏÐÈ 

ÈÇÓ×ÅÍÈÈ ÑÏÅÖÈÀËÜÍÛÕ ÏÐÎÔÅÑÑÈÎÍÂËÜÍÛÕ ÌÀÒÅÌÀÒÈ×ÅÑÊÈÕ 
ÄÈÑÖÈÏËÈÍ 

Àííîòàöèÿ. Â ñòàòüå îáñóæäàåòñÿ êîãíèòèâíàÿ ñîñòàâëÿþùàÿ èññëåäîâàòåëüñêîé 
êîìïåòåíòíîñòè áóäóùèõ ó÷èòåëåé ìàòåìàòèêè,  è ðàññìàòðèâàþòñÿ óðîâíè ñòðîãîñòè 
èçëîæåíèÿ ìàòåìàòè÷åñêîãî çíàíèÿ ïðè èçó÷åíèè ìàòåìàòè÷åñêèõ äèñöèïëèí â öåëÿõ 
ðàçâèòèÿ êîãíèòèâíîé ñîñòàâëÿþùåé èññëåäîâàòåëüñêîé êîìïåòåíòíîñòè, ðàñêðûòà 
ìåòîäèêà ðàáîòû ïðåïîäàâàòåëÿ ñîãëàñíî óðîâíÿ ñòðîãîñòè ó÷åáíîãî ìàòåðèàëà.  
Âûäåëåííûå óðîâíè ñòðîãîñòè èçëîæåíèÿ èëëþñòðèðóþòñÿ  âîçìîæíûìè ïîäõîäàìè ê 
ïîñòðîåíèþ ïîëÿ êîìïëåêñíûõ ÷èñåë êàê ðàñøèðåíèÿ ïîëÿ äåéñòâèòåëüíûõ ÷èñåë. 
Êëþ÷åâûå ñëîâà: ìàòåìàòè÷åñêèå äèñöèïëèíû, ìàòåìàòè÷åñêîå äîêàçàòåëüñòâî, 
ïîêàçàòåëè ñòðîãîñòè äîêàçàòåëüñòâà, óðîâíè ñòðîãîñòè, èññëåäîâàòåëüñêàÿ 
êîìïåòåíòíîñòü. 
 

S. Zabelina, I. Pinchuk  
Moscow State Regional University (Moscow, Russia)  

ON THE COGNITIVE COMPONENT OF THE RESEARCH COMPETENCE 
OF STUDENTS IN THE STUDY OF SPECIAL PROFESSIONAL 

MATHEMATICAL DISCIPLINES 

Abstract.  This paper discusses the cognitive component of the research competence of future 
teachers of mathematics and examines levels rigor of mathematical knowledge in the study of 
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ÐÀÇÄÅË III. 
ÒÅÎÐÈß È ÌÅÒÎÄÈÊÀ ÎÁÓ×ÅÍÈß 

È ÂÎÑÏÈÒÀÍÈß 

Î ÐÀÇÂÈÒÈÈ ÊÎÃÍÈÒÈÂÍÎÉ ÑÎÑÒÀÂËßÞÙÅÉ 
ÈÑÑËÅÄÎÂÀÀÒÅËÜÑÊÎÉ ÊÎÌÏÅÍÒÅÍÒÍÎÑÒÈ ÑÒÓÄÅÍÒÎÂ ÏÐÈ 

ÈÇÓ×ÅÍÈÈ ÑÏÅÖÈÀËÜÍÛÕ ÏÐÎÔÅÑÑÈÎÍÂËÜÍÛÕ ÌÀÒÅÌÀÒÈ×ÅÑÊÈÕ 
ÄÈÑÖÈÏËÈÍ 

ON THE COGNITIVE COMPONENT OF THE RESEARCH COMPETENCE 
OF STUDENTS IN THE STUDY OF SPECIAL PROFESSIONAL 

MATHEMATICAL DISCIPLINES 
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mathematical disciplines in order to develop the cognitive component of research competence, 
discloses a technique for working pre- feeder according to severity level of educational 
material.  These selected levels rigor are illustrated by possible approaches to the construction 
of the complex numbers as an extension of the field of real numbers. 
Key words: mathematics, mathematical proof, indicators of stringency of evidence, levels of 
stringency, research competence. 
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ÐÀÇÄÅË IV. 
ÍÀÓ×ÍÀß ÆÈÇÍÜ 

 
 
 
 
 

Ìàêñèìîâà1Î.Â., Ìàêñèìîâ Ñ.Ì. 
Óëüÿíîâñêèé ãîñóäàðñòâåííûé òåõíè÷åñêèé óíèâåðñèòåò 

ÐÀÇÐÀÁÎÒÊÀ ÌÅÒÎÄÎÂ ÌÎÄÅËÈÐÎÂÀÍÈß ÑÂÅÒÎÒÅÕÍÈ×ÅÑÊÈÕ 
ÕÀÐÀÊÒÅÐÈÑÒÈÊ ÒÎÍÊÎÏËÅÍÎ×ÍÛÕ ÝËÅÊÒÐÎËÞÌÈÍÅÑÖÅÍÒÍÛÕ 

ÊÎÍÄÅÍÑÀÒÎÐÎÂ 

Àííîòàöèÿ: Èññëåäîâàíèå òîíêîïëåíî÷íûõ ýëåêòðîëþìèíåñöåíòíûõ èíäèêàòîðîâ 
ÿâëÿåòñÿ àêòóàëüíîé çàäà÷åé, îñîáåííî ïðè ïðîåêòèðîâàíèè ñðåäñòâ îòîáðàæåíèÿ 
èíôîðìàöèè äëÿ òåõíèêè ñïåöèàëüíîãî íàçíà÷åíèÿ. Îñîáûé èíòåðåñ ïðåäñòàâëÿåò 
èññëåäîâàíèå ñâåòîòåõíè÷åñêèõ õàðàêòåðèñòèê. Â äàííîé ðàáîòå ðàññìîòðåí îäèí èç 
ñïîñîáîâ îïðåäåëåíèÿ ÿðêîñòè, íà îñíîâå ïðèìåíåíèÿ âû÷èñëèòåëüíûõ ñðåäñòâ. Â 
íàñòîÿùèé ìîìåíò òîíêîïëёíî÷íûå ýëåêòðîëþìèíåñöåíòíûå èíäèêàòîðû ÿâëÿþòñÿ 
íàèáîëåå ïåðñïåêòèâíûìè â ðàìêàõ ñïåöèàëèçèðîâàííîé òåõíèêè, â âèäó âûñîêîé 
ÿðêîñòè, íàäёæíîñòè, øèðîêîãî óãëà îáçîðà è áûñòðîäåéñòâèÿ. Äëÿ îïðåäåëåíèÿ 
ïàðàìåòðîâ òîíêîïëёíî÷íûõ ñòðóêòóð, à òàê æå èõ õàðàêòåðèñòèê, èñïîëüçóþò ðàçëè÷íûå 
ñèñòåìû óðàâíåíèé. Îöåíèâàòü ïîëó÷àåìóþ ÿðêîñòü, à òàê æå êîíñòðóêòîðñêèå ïàðàìåòðû 
îêàçûâàþùèå âëèÿíèå íà ðåçóëüòàò, ÿâëÿåòñÿ âàæíîé çàäà÷åé ïðè ïðîåêòèðîâàíèè íîâûõ 
èçäåëèé.  
Êëþ÷åâûå ñëîâà: Èíäèêàòîð, ÿðêîñòü, ñâåòîîòäà÷à, ýëåêòðîëþìèíåñöåíöèÿ, ÷èñëåííûå 
ìåòîäû, ìîäåëèðîâàíèå. 
 

O. Maksimova, S. Maksimov  
Ulyanovsk State Technical University (Ulyanovsk, Russia)  

DEVELOPMENT OF METHODS FOR MODELING LIGHT CHARACTERISTICS 
OF THIN-FILM ELECTROLUMINESCENT CAPACITORS  

Abstract. For the design of display products for technique of special purpose thin-film 
electroluminescent investigation of indicators is an important task.  Of particular interest is 
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investigation of lighting characteristics. In this paper we consider one of the ways to determine 
the brightness based on the use of computational tools. Currently thin-film electroluminescent 
indicators are the most promising, since high brightness, reliability, wide viewing angle and 
speed. For determining the parameters of thin-film structures that have used different systems 
of equations. Evaluate the resulting brightness, as well as design parameters influencing the 
result is an important task in the design of new products. 
Key words: Indicator, brightness, luminous efficiency, electroluminescence, numerical 
methods, modeling. 
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