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The Institute of Technical Mechanics of the National Academy of 
Sciences of Ukraine and the National Space Agency of Ukraine explores a 
wide range of scientific problems arising in the development of launch 
vehicles and spacecraft. The institute owed its establishment to Mikhail K. 
Yangel, one of the originators of rocket engineering in the USSR and 
Ukraine. M.K. Yangel was quite aware of the fact that the advancement of 
space engineering should be based on the latest achievements in basic 
and applied research in the field of engine engineering, heat-and-mass 
exchange and thermal protection, aero- and gas-dynamics, novel materials 
and technologies, strength and reliability, structural optimization, etc. 

in April 1966 on Academician M.K. Yangel’s initiative, a new academic 
division was founded in Dnepropetrovsk: the Sector for Problems in 
Technical Mechanics, as a part of the Dnepropetrovsk Branch of the 
Institute of Mechanics of the Ukrainian Soviet Socialist Republic (Ukrainian 
SSR)’s Academy of Sciences. 

The next stage in the institute’s history came in April 1968, when the 
Sector was reorganized into the Dnepropetrovsk Division of the Institute of 
Mechanics of the Ukrainian SSR’s Academy of Sciences. Vsevolod A. 
Lazaryan, Corresponding Member (from 1972 Academician) of the 
Ukrainian SSR’s Academy of Sciences, was appointed Head of Division. In 
June 1968, the physics and metallurgy departments of the former Branch of 
the Kharkov Institute for Low Temperature Physics and Engineering of the 
Ukrainian SSR’s Academy of Sciences were joined to the Division. 

 

The scope of research at the Division grew from year to year, thus calling for the establishment of 
new departments. In February 1970, the research department of propulsion systems dynamics was 
established under the leadership of Viktor V. Pylypenko, D.Sc., with the task of augmenting the linear 
theory and devising a nonlinear theory of pogo self-oscillations of space vehicle structures, developing 
methods of dynamic characterization of liquid-propellant rocket engines and their components, and 
studying the dynamics of engine feed systems and transient regimes with consideration for cavitation in 
the centrifugal pumps with an inducer. 

In 1973, the Sector for Problems in Space Engineering was structurally singled out at the Division. 
Until 1980, the sector was headed by Vasily S. Budnik, Academician of Ukrainian SSR’s Academy of 
Sciences. 



In May 1980, the Division was transformed 
into the Institute of Technical Mechanics of the 
Ukrainian SSR’s Academy of Sciences. The 
institute was headed by Viktor V. Pylypenko, 
Corresponding Member of the Ukrainian SSR’s 
Academy of Sciences (now Academician of the 
National Academy of Sciences of Ukraine), 
D.Sc., Professor. 

At the institute, a number of laboratories 
were organized and equipped with up-to-date 
testing facilities: laboratories of hydrodyna-
mics, plasmadynamics, vacuum and 
aerodynamic engineering, dynamic testing, 
strength, high energy,  and electroforming; a 
controlled flow gas-dynamics system; a system 
to study detonation solid-propellant rocket 
engines and gas generators; a high-pressure 
system for rocket nozzle testing, etc. 

 

 
 

To further develop, coordinate, and improve organization of R&D’s in space engineering in Ukraine, 
the Presidium of the National Academy of Sciences of Ukraine and the National Space Agency of 
Ukraine issued in 1993 a joint decree-order, according to which the Institute of Technical Mechanics of 
the National Academy of Sciences of Ukraine was given the status of dual subordination and its lines of 
research were modified to solve scientific and technical problems involving the development and 
operation of current and prospective space hardware. In 1995, the institute became the leading institute 
of the Ukrainian space sector. 

The institute provides scientific and technical support to the execution of the projects of the National 
Space Programs of Ukraine and coordinates R&D’s in space engineering under the supervision of the 
National Space Agency of Ukraine. 
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At present, fundamental and applied research are conducted at 
the institute. Those involve: the dynamics of mechanical and 
hydromechanical systems, of launch vehicle systems, and of rail and 
motor transport; the aero-thermo and gas dynamics of power plants 
and flying and space vehicles and their subsystems; the strength, 
reliability, and optimization of mechanical systems, launch vehicles, 
and spacecraft; the mechanics of interaction of a solid with ionized 
media and electromagnetic radiation; and the systems analysis of 
trends and prospects in space engineering. 

The institute has developed unique experimental and test facilities, 
software, and physical and mathematical models to study processes 
that take place during space hardware transportation to launch sites, 
orbital injection, operation in space, and re-entry. These scientific and 
technical developments contribute to bringing the Ukrainian space 
science and technology to the world’s level and even above it. 

Large-scale theoretical and experimental investigations have been 
conducted into the dynamics of cavitation phenomena in centrifugal 
pumps with an inducer for liquid-propellant rocket propulsion systems 
(LPRPS). In content and the novelty of obtained results, these 

investigations are unparalleled. They have made it 
possible to gain a new insight into the LPRPS 
dynamic processes and to lay the scientific and 
technical foundations of a novel line of research in 
LPRPS and liquid-propellant launch vehicle 
dynamics. 

Fundamental investigations have been 
conducted on the injection of inert and reactive 
liquids and gases into a supersonic high-enthalpy 
gas flow. The obtained results have made it possible 
to develop pioneer, radically new high-performance 
final control elements for the rocket flight control 
system. 

A prominent place in the institute’s research area 
is occupied by launch vehicle, engine, and 
spacecraft aerogasdynamics and spacecraft-
environment interaction in the Earth ionosphere and 
magneto-sphere. Numerical simulation methods 
have been developed for space vehicle 
aerogasdynamics in re-entry and in a flight at a high 
supersonic speed. A complex of effects and 
phenomena that characterize spacecraft-
environment interaction in the Earth ionosphere and 
magnetosphere has been studied. 

Investigations in the area of aerodynamic support 
of space R&D’s were started at the institute on the 
initiative of the former Chief Designer of Yuzhnoye 
Design Office’s Design Office No 3 (from 1986 
Designer General of Lavochkin Research and 
Production Association) V.M. Kovtunenko, 
Corresponding Member of the Ukrainian and the 
Russian Academy of Sciences, who headed the 
aerogasdynamics department at the institute. At present, three research departments of the institute are 
engaged in continuation of aerodynamic investigations. 

 
 
 
 



In the dynamics of mechanical systems, efficient methods of study of steady and unsteady 
oscillations of complex mechanical systems have been developed, and methods of identification and 

stabilization of their parameters have been proposed. Mathematical 
models and methods have been developed to provide safe rail 
transportation of space structures and to predict and minimize 
vibrational loading. 
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Methods have been developed for the analysis and synthesis of 
mobile control and the study of the dynamics of singularly perturbed 
mechanical systems. 

Solutions have been found to the complex problems of 
deformation, strength, and carrying capacity (with the inclusion of the 
plasticity and creep of the material) of nonuniform structures of 
aerospace hardware, power equipment, and transport vehicles 
operating under intensive actions of complex physical nature, including 
local loads and contact interactions. 

 Efficient comprehensive methods have been devised to calculate 
the reliability and durability indices of space systems in designing, 
tryout, manufacturing, and operation. Probabilistic-statistical methods 
of complex engineering systems designing have been developed. 

Methods have been developed for the techno-economic analysis of 
large systems with consideration for market uncertainties. 

The obtained results have been widely used in space hardware 
development, and they significantly contributed to the successful commissioning and operation of the 
Zenit and Cyclone launch vehicles and the implementation of the Venus Halley international project and 
other projects. Some lines of research have gained international recognition: the study of hydrodynamic 
cavitation, including cavitation in liquid-propellant rocket engine pumps, space vehicle aero- and 
plasmadynamics, land-based vehicle statistical dynamics, etc. 
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Radically new pneumatic systems for driver vibroprotection have 
been developed and studied experimentally. 

A number of advanced proprietary technologies have also been 
created and found experimental proof-of-a-principle. Among them 
are a technology of cavitation pulse hydroabrasive treatment of 
metal surfaces; a technology of deposition of heat- and corrosion-
resistant coatings onto engineering and metallurgical products; a 
technology for the manufacturing of high-strength thin-walled 
structures of antenna/waveguide devices, solar concentrators, and 
other complex-shaped elements; a technology of low-grade coal 
burning, etc. 

The institute’s computing facilities are up-to-date, and its 
experimental facilities for the study of hydrodynamic processes in 
rocket propulsion feed systems and thermogas dynamic and heat-
and-mass exchange processes in power plants, the simulation of 
high-, medium-, and low-altitude flight conditions, strength and 
vibration testing, and the tryout of electroforming-based radio 
device and solar concentrator manufacturing processes are unique. 

The institute has an editorial and publishing system equipped 
with up-to-date facilities and publishes a scientific journal, 
“Tekhicheskaya Mekhanika” (“Technical Mechanics”). 

 The institute has numerous scientific and partner contacts in the 
field of space hardware development, rail transport, and 
mechanical and heat-power engineering with a large number of Ukrainian and foreign institutes, 
universities, enterprises, and organizations. 
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Institute scientists participate in many international societies and organizations, among which are the 
International Academy of Astronautics, the Tsiolkovsky Russian Academy of Cosmonautics, the 
American Society of Mechanical Engineers, the International Society for Air Breathing Engines, the 
German Society for Applied Mathematics and Mechanics, and International Engineering Academy. 

Based on the results of the studies conducted, 89 monographs, 63 collected volumes, and more than 
4,100 papers have been published since the institute was established. 794 inventor’s certificates and 
patents have been issued. 28 D.Sc. and 187 PhD theses have been defended. 

Institute scientists won: 
the USSR State Prize in Science and Technology (V.V. Pylypenko 1990); the State Prize of 

Ukraine in Science and Technology (V.A. Lazaryan 1970; V.K. Doroshkevich  1985;  N.D. Kovalenko  
1987; V.V. Pylypenko, V.P. Bass, V.I. Timoshenko, and V.A. Shuvalov 1997; V.S. Hudramovich 1997; 
O.V. Pylypenko 2005); and Prizes of the National Academy of Sciences of Ukraine: the Dinnik Prize 
(V.A. Lazaryan 1978); the Timoshenko Prize (V.S. Hudramovich 2003); the Antonov Prize (Yu.A. Kvasha 
2003); and the Yangel Prize (V.S. Budnik 1982; V.V. Pylypenko 1983; V.A. Zadontsev, Yu.E. Grigor’ev, 
and I.K. Manko 1989; N.D. Kovalenko 1991; V.P. Bass, V.I. Timoshenko, and V.A. Shuvalov 1994; A.P. 
Alpatov, V.S. Hudramovich, and E.S. Pereverzev 1997; G.I. Bogomaz, N.I. Dovgotko, and O.V. 
Pylypenko 1998; and A.N. Zavoloka 2002). 

 
The institute has 14 research departments:  

 department of hydromechanical systems dynamics; 
 department of power plant thermogas dynamics; 
 department of aerogasdynamics; 
 department of rarefied gas dynamics; 
 department of ionized media mechanics; 
 department of multidimensional mechanical systems dynamics;  
 department of statistical dynamics of mechanical systems; 
 department of vibration protection systems; 
 department of mechanical systems dynamics and control; 
 department of structures strength, dynamics, and manufacturing technology; 
 department of engineering systems reliability and durability; 
 department of engineering systems efficiency; 
 department of systems analysis and control problems; 
 department of functional elements of control systems. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



DEPARTMENT OF HYDROMECHANICAL 
SYSTEMS DYNAMICS 
 
Head of Department 
V.V. Pylypenko, Academician of the National Academy 
of Sciences of Ukraine, D.Sc., Professor 
 
 
Field of research –  liquid-propellant rocket propulsion systems dynamics; 
liquid-propellant launch vehicle pogo stability; impeller machine gas-
dynamics; dynamics of hydraulic systems with cavitating flow restrictors. 
 
 

Liquid-propellant rocket propulsion systems dynamics 
A theory of low-frequency (4 to 50 Hz) cavitation self-oscillations in the pump feed systems of liquid-

propellant rocket propulsion systems (LPRPSs) has been developed. Within the framework of the 
cavitation oscillation theory developed and then augmented, the following most important problems have 
been solved. 

 The regularities of cavitation oscillation self-excitation have been investigated, and the 
mechanism of self-excitation has been studied. 
 The problem of unsteady cavity flow about the blades of the axial-flow inducer of a 

centrifugal pump has been solved, and equations of cavity dynamics in the pump have been 
derived. 
 Hydrodynamic models of cavitation self-oscillations in LPRPS pump feed systems have 

been developed, and theoretical and calculation-and-experiment methods for model 
parameter determination have been proposed. 
 Experiment-and-calculation models of the dynamics of cavitating centrifugal pumps with 

an inducer have been constructed on the basis of the systematization and generalization of 
the results of experimental studies of cavitation self-oscillations conduced during off-line tests 
of actual centrifugal pumps with an inducer of different size and capacity, including oxidizer 
pumps for launch vehicle (LV) first-stage primary LPRPSs. 
 A procedure has been formulated for the theoretical solution of the problem of providing 

LPRPS pump system stability for cavitation oscillations. 
 Methods have been developed for the theoretical and experimental determination of the 

dynamic characteristics of centrifugal pumps with an inducer: the dynamic pressure gain and 
the input impedance. It has been demonstrated by calculation that accounting for cavitation in 
the mathematical model of pump dynamics results not only in quantitative, but also in 
qualitative changes in the above characteristics and is responsible for a marked reduction in 
the natural (resonance) frequencies of fluid oscillations in the LPRPS feed system in 
comparison with acoustic frequencies.   
 Linear and nonlinear plane problems of steady and unsteady cavity flow about axial-flow 

inducer blades have been solved using the complex potential method, numerical-and-
analytical methods, and numerical simulation based on the Navier-Stokes equations and the 
barotropic equation of vapor-liquid mixture state. 

The cavitation self-oscillation theory allows one to predict LPRPS pump system stability for cavitation 
oscillations (and to predict the oscillation amplitudes, frequencies, and waveforms if the stability is lost) 
and to qualitatively analyze the effect of the system design parameters and operating conditions on the 
cavitation self-oscillations. Its reliability is confirmed by good agreement between  calculated and 
experimental cavitation oscillation frequencies, stability region boundaries in the plane of different 
operating parameters of the pump system (for example, pump inlet pressure  pump flow rate), dynamic 
characteristics of centrifugal pumps with an inducer and LPRPS feed systems, and pump system 
cavitation self-oscillation parameters. Because of this, the theory is used in the solution of a variety of 
problems of liquid-propellant rocket engine (LPRE) dynamics and liquid-propellant LV pogo stability. 
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Based on the theory, efficient methods and means for the suppression of cavitation self-oscillations in 
LPRPS pump systems have been developed and introduced at Yuzhnoye State Design Office and 
Energomash Research and Production Association (Russia). 

In 1995, under a contract between the Institute of Technical Mechanics and European Rocket Engine 
Development and Production Amalgamation (SEP), theoretical investigations were conducted into the 
cavitation self-oscillations in the LOX feed system of the VULCAIN LPRE (for the ARIAN-5 launch 
vehicle) detected during its off-line tests. The feed system stability loss established by experiment was 
explained theoretically, and the efficiency of measures aimed at suppressing the cavitation self-
oscillations was substantiated. 

The cavitation self-oscillation theory made it possible to attack problems of linear and nonlinear 
LPRE dynamics (calculation of the frequency characteristics and the engine starting process) and rocket 
dynamics as a whole (pogo stability analysis, rocket body pogo oscillation amplitude assessment) at a 
qualitatively new level.  

The problem issues of LPRPS dynamics involving mathematical simulation of the engine starting 
process and LPRPS transients in emergencies with consideration for cavitation in the centrifugal pumps 
with an inducer have been resolved.  

Requirements have been formulated for bringing LPRE bench test conditions closer to full-scale tests 
in terms of feed line hydrodynamics. 
Flowmeters for quick-changing flow rates in pipelines have been developed. When introduced at 
Yuzhnoye State Design Office, Energomash Research and Production Association, and Khimmash De-
sign Office (Russia), they made it possible to improve the LPRPS pump tryout technology and the quality 
and information value of pump tests.  
 

Liquid-propellant launch vehicle pogo stability 
Developers of multistage liquid-propellant launch vehicles in Ukraine, Russia, the USA, France, and 

other countries inevitably come up against the LV pogo stability problem. This problem must be analyzed 
and solved in each particular case of development of new LVs and upgrading of existing ones. The need 
for its theoretical solution is due to the circumstance that the fact of stability (or loss of stability) of liquid-
propellant LVs cannot be established by experiment under ground conditions, it can be established by 
flight tests only. In such full-scale tests, the suppression of inadmissible LV pogo oscillations or lowering 
the pogo oscillation amplitudes down to a safe level calls for significant material and financial 
expenditures.  

The department researchers have contributed greatly to the solution of the liquid-propellant LV pogo 
stability problem. A linear theory of liquid-propellant LV pogo stability has been developed, first of all by 
accounting for cavitation phenomena in the LPRE pumps in the mathematical models of the dynamics of 
the “LPRPS  LV body” system. This inclusion of cavitation phenomena has no parallel both in Ukraine 
and abroad and allows one to make sufficiently reliable theoretical predictions of liquid-propellant LV 
pogo stability. 

The basic scientific and methodical developments obtained within the framework of the linear theory 
of liquid-propellant LV pogo stability are as follows. 
• It is a reliable prediction of the LPRE dynamic characteristics involving LV pogo stability that holds a 

central position in the theoretical analysis of liquid-propellant LV pogo stability. A procedure has 
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been developed for the prediction of the LPRE dynamic characteristics involving liquid-propellant LV 
pogo stability with consideration for cavitation phenomena in the centrifugal pumps with an inducer. 
As shown in the figure, accounting for pump cavitation in the mathematical model of the dynamics of 
the RD-170 engine provides satisfactory agreement between the  calculated and experimental 
dynamic characteristics of the engine. 

 A boundary condition transfer method has been proposed to calculate the amplitude-phase-
freqiency characteristics of LPRPS feed systems. The method generalizes the familiar impedance 
method to the case of multidimensional and distributed external actions. 

 A procedure of multicriteria optimization of LPRE axial-flow inducers and pogo oscillation dampers 
has been developed. The procedure allows one to determine acceptable margins of liquid-propellant 
LV pogo stability.   

 A procedure has been developed to analyze dynamic interaction between the primary LPRPS and 
the LV body. The procedure allows one to determine the complex natural frequencies and 
waveforms of the dynamic “LPRPS  LV body” system and its subsystems, to diagnose the stability of 
this system for different types of low-frequency oscillations, and to study the effect of the individual 
subsystems on the parameters of the oscillatory process in the multiloop system, including the case 
of multifrequency instability. 

 A procedure has been developed to calculate the characteristics (natural frequencies, waveforms, 
generalized masses, and decrements) of the natural longitudinal oscillations of the multistage liquid-
propellant LVs body with consideration for the dissipation of the oscillatory energy of the structural 
elements and the liquid propellant in the rocket tanks. 

 Using the finite-element method and up-to-date computing facilities, a procedure has been 
developed for numerical simulation of the free oscillations of novel structures of the upper stages of 
liquid-propellant LVs with an intricate spatial configuration of fuel compartments. The procedure is 
necessary for theoretical predictions of dynamic loads on the structures of the upper stages of liquid-
propellant LVs and spacecraft during their orbital injection. 

A nonlinear theory of liquid-propellant LV pogo oscillations has been developed, which allows one to 
determine their amplitudes. In the final analysis, it is the possible amplitude values of liquid-propellant LV 
pogo oscillations that should serve as a basis for making decisions on special measures to provide LV 
pogo stability. 

 The pogo oscillations of liquid-propellant LVs as multidimensional nonlinear unsteady systems 
have been simulated mathematically using the nonlinear equations of the low-frequency dynamics of 
cavitating LPRE centrifugal pumps with an inducer derived within the framework of the theory of 
cavitation self-oscillations in LPRE pump feed systems. 
 The basic nonlinearities of the links of the dynamic “LPRPS  LV body“ system and their effect on 

pogo oscillation amplitude limitation have been studied. It is shown that the most essential 
nonlinearities that limit the pogo oscillation amplitudes are the LPRE nonlinearities, first of all those 
that are due to cavitation in the centrifugal pumps with an inducer. 
 Based on harmonic linearization methods, procedures have been developed for the approximate 

determination of the pogo self-oscillation amplitudes in a nonlinear “LPRPS  LV body” system with 
“frozen” coefficients. The procedures give the upper bound of the pogo oscillation amplitudes in the 
nonlinear unsteady “LPRPS  LV body” system. 
 A procedure has been developed to calculate transients and steady motions in an “LPRPS  LV 

body” system with characteristic time hierarchy and smooth nonlinearities. The procedure is based on 
the separation of motions in the “quick” subsystem (LPRPS) and in the “slow” subsystem (elastic LV 
body) and on the averaging, the describing function, and the parameter continuation method. 
New efficient methods and means for liquid-propellant LV pogo oscillation suppression have been 

developed: radically new dampers of liquid-propellant LV pogo oscillations have been proposed and 
developed experimentally, which contain no moving parts or automatic devices and are more efficient in 
comparison with gas-liquid dampers; possibilities have been substantiated to provide liquid-propellant LV 
pogo stability without installing pogo oscillation dampers, for example, by choosing the parameters of the 
inducers of the liquid-propellant LV first-stage main engine oxidizer pumps and changing their design. 

 
 



Based on the angmented linear theory of liquid-propellant LV pogo stability and on the developed 
nonlinear theory of liquid-propellant LV pogo oscillations, efficient pogo oscillation analysis procedures 
have been developed. The procedures have no parallel both in Ukraine and abroad. They were used in 
the theoretical analysis of the pogo stability of LVs of different purposes developed at Yuzhnoye State 
Design Office and other organizations of the former USSR. The results of the calculations made it 
possible to take practical measures to provide the pogo stability of those LVs. 

The department researchers were deeply involved in the solution of the problem of providing the 
pogo stability of the Zenit LV. This line was given priority at all the LV development stages. A large body 
of work was done on the theoretical analysis of Zenit LV pogo stability, and appropriate technical 
proposals were made, which were implemented during the LV development.      

In 1981, on short notice, the pogo stability of a liquid-propellant missile developed at Academician 
Chelomei’s Design Office was analyzed. The loss of pogo stability when launching the missile for its 
maximum flying distance was explained theoretically. It should be noted that the calculated results 
showed the fundamental importance of accounting for cavitation in the LPRPS pumps in the theoretical 
analysis of the pogo stability of the missile. Appropriate recommendations were made on efficient pogo 
oscillation suppression by a rather simple method which does not require any special missile stabilization 
measures. 

The pogo oscillations of the RS-20 and 11K68 rockets, which are the closest prototypes of the Dnepr 
and Cyclone-3M LVs, have been simulated mathematically. The calculated and experimental pogo 
oscillation amplitudes in the powered portion of flight during the first-stage LPRPS operation are in 
satisfactory agreement. 

 

 
The dynamic loads (longitudinal vibration accelerations) on the spacecraft during the launch and 

flight of liquid-propellant LVs with the institute’s pneumatic spacecraft vibration protection system 
installed between the LV upper stage and the spacecraft have been determined theoretically. The 
spacecraft vibration protection system is shown to significantly reduce the spacecraft longitudinal 
vibration accelerations during orbital injection. This greatly extends the LV capabilities to orbit spacecraft 
of different purposes and increases the LV competitive ability on the world space service market. 
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The pogo stability of the space rockets 

Zenit-2SL, Zenit-3SL (Sea Launch Program) 
and Zenit-2SLB, Zenit-3SLB (Ground Launch 
Program) has been predicted theoretically. 
Notice that the theoretical prediction of the 
Zenit-2SLB and Zenit-3SLB pogo stability was 
made in 2003 for the National Space Agency 
of Ukraine as was decided by the Council of 
Chief Designers at Yuzhnoye State Design 
Office. Practical recommendations were made 
on providing the pogo stability of those rockets. 
The results of the theoretical predictions were 
confirmed by flight test data. 
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For Yuzhnoye State Design Office, the pogo 

stability of the Cyclone-4 space rocket and the 
dynamic loads (longitudinal vibration 
accelerations) on the rocket and spacecraft 
structures in the powered portion of flight during 
the first-stage LPRPS operation have been 
predicted theoretically. 

For Yuzhnoye State Design Office, the 
dynamic performance of the Taurus-II launch 
vehicle being developed by the request of 
Orbital Sciences Corporation (USA) has been 
analyzed theoretically, and requirements have 
been identified for the gas-liquid damper of 
pogo oscillations to provide LV pogo stability.
 
 

Impeller machine gas-dynamics 
Methods and software have been developed to calculate the parameters of spatial turbulent transonic 

air flows in the compressor stages of aircraft gas turbine engines (GTEs). Ivchenko-Progress State 
Enterprise (Zaporozhye), one of the world leaders in aircraft engine manufacturing, used them in the 
designing and operational development of the inlet device and impellers of the fan and centrifugal stages 
of GTE compressors. In a number of cases, this made it possible to reduce development time for aircraft 
prototype equipment (which is now in production) due to a sufficiently accurate prediction of the degree 
of aerodynamic cleanness of the axial and centrifugal compressor stage blade channels early in 
designing. 

 



Based on a comprehensive approach with the use of gas flow models of different levels, the topical 
problem of aerodynamic cascade optimization has been solved. The obtained results can be used in the 
aerodynamic designing of aircraft GTE compressor blade rows.  

Methods and software have been developed to calculate a turbulent boundary layer and predict its 
separation from compressor blades. They have been passed to Ivchenko-Progress State Enterprise to 
be used at the stage of aerodynamic designing of aircraft GTE compressor blade rows. 

 
Dynamics of hydraulic systems with cavitating flow restrictors 

A theory of high-frequency, high-amplitude fluid pressure oscillations in hydraulic systems with 
cavitating flow restrictors has been devised. A radically new fluid pressure oscillation generator called 
“cavitation oscillation generator” has been developed. The generator transforms a steady fluid flow at its 
inlet into a pulsating high-frequency, high-amplitude flow at its outlet. The generator has no moving or 
rotating parts and does not require any additional power supply. Possibilities have been identified to use 
such pulsating fluid flows in the development of new advanced high-capacity, environmentally 
appropriate processes in different industries: emulsification, dispersion, surface cleaning, well drilling. 
The developments are protected by more that thirty inventor’s certificates. 

A cavitation pulse plant for dispersing and homogenizing various suspensions has been developed 
and put through industrial tests. The tests were conducted at Dnepropetrovsk Paint and Varnish Factory 
in the water paint shop and at Crimea TITAN Production Association in the titanium dioxide production 
shop. The plant made it possible to replace expensive imported equipment, to provide the required 
particle size, and to reduce power consumption per product unit by a factor of 10 to 20. 

Water descalers for pulsating-jet descaling in hot rolling have been developed and introduced at 
Vyksunsky Metallurgical Works, Orsko-Khalilovsky Iron-and-Steel Works, Kommunarovsky Iron-and-
Steel Works, and Zaporozhstal Works. The descalers reduce the rolled-in scale rejection rate by a factor 
of 2 to 5 in comparison with steady-jet descalers. 

A method and device for sulfur extraction by underground melting, which are  based on a pulse action 
on the sulfur stratum, have been developed and tested. The tests were conducted in the 
Novoyarovskoye sulfur deposit and in the recovery of old water wells in the Moscow Region, in the 
Pskov Region, and in Kazakhstan. The device made it possible to improve the filtering properties of the 
sulfur stratum and to increase the yield of old water wells by a factor of 1.5 to 2. The method and device 
for sulfur extraction by underground melting can also be used in the completion of drilled water wells, in 
the recovery of old water wells, in increasing the yield of oil and gas wells, in coal bed degassing, and in 
leach mining. 
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The study of the outflow of a cavitating high-pressure hydroabrasive pulsating jet and of the 
conditions of its generation has made it possible to develop and implement advanced technologies and 
plants for cavitation pulse hydroabrasive treatment (CPHAT) of different surfaces, including metal 

surfaces of rocket structures. In comparison with existing foreign plants of such companies as WOMA, 
HAMELMAN, URACA Pumpenfabric, etc., the CPHAT process, in addition to work environment 
improvement (the working area is not dusted with abrasive particles or products of cleaning), has the 
following advantages: the abrasive need not be dried before use, the working pressure of the energy-
carrying water is reduced, the jet recoil reaction is reduced, the surface under treatment is not saturated 
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with the abrasive, and abrasives whose fineness varies over a wide range (from micropowders to 5 mm 
grains) can be used. The design and engineering solutions of CPHAT are based on more than 25 
inventions. The following CPHAT plants have been made and put into operation: 

 a deburrer to debur ribbed rocket tank shells (Yuzhmash Production Association, Dnepropetrovsk) 

 a system for the fine deburring and soldering preparation of the ribbed fire walls of rocket 
combustion chambers for the Energia-Buran system (Engineering Works, Voronezh);  

 a mobile high-pressure washer to wash vacuum suckers of paper-making machines; 

 small-size mobile cleaners to clean building and edifice facades in repair and restoration; 

 mobile plants of different types and complete sets for repair-and-renewal operations in the power 
industry (Tyumenenergoremont Production and Repair Plant, Surgut; Sredneazenergoremont 
Production and Repair Plant, Tashkent; Lvov Branch of Soyuzenergoremont Central Design 
Office) and for ship repair (ship repair depot, Dnepropetrovsk). 

 
The problem of intensification of hard-rock drilling is topical not only in Ukraine and the CIS, but also 

in the USA, Canada, Norway, and other countries. Theoretical and experimental investigations have 
been conducted into the feasibility of one of the most promising ways to solve this problem  setting up 
axial dynamic loads (longitudinal vibration accelerations) on the rotrary rock-cutting tool using the novel 
unique cavitation hydrovibrator developed at the department. The high-frequency hydrovibrator has no 
moving or rotating parts and does not need any depth control or additional power supply (it only uses 
part of the energy of the drilling mud flow in the drilling assembly). The simplicity of the hydrovibrator in 
design and operation results in far higher drilling assembly reliability. Its use offers a more than twofold 
increase in rock-cutting tool life, a 30% increase in penetration speed, and a higher recovery of core in 
comparison with hydraulic hammers. 

 
The main research results are published in numerous papers and books, of which the most 

fundamental are: 
 V.V. Pylypenko, V.A. Zadontsev, M.S. Natanzon. Cavitation Self-oscillations and 

Hydrosystems Dynamics (in Russian).  Moscow: Mashinostroenie, 1997. –  352 pp.       
 V.V. Pylypenko. Cavitation Self-oscillations (in Russian).  Kiev: Naukova Dumka, 1989. – 

316 pp. 
 
Department scientists won the USSR State Prize in Science and Technology (1990), the State Prize 

of Ukraine in Science and Technology (1997), the Yangel Prize of the National Academy of Sciences of 
Ukraine (1983, 1989, and 1998), and the Antonov Prize of the National Academy of Sciences of Ukraine 
(2004).  

 
Viktor V. Pylypenko, Head of Department, Academician of the National Academy of Sciences of 

Ukraine, is a member of the American Society of Mechanical Engineers (ASME), the International 
Academy of Astronautics, and the Tsiolkovsky Russian Academy of Cosmonautics and President of the 
Ukrainian Society of Mechanical Engineers. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



At the laboratory of the Department of Hydromechanical Systems Dynamics (headed by N.A. 
Konovalov, PhD, Leading Researcher), the basics of theory and designing of report reduction devices 
(RRDs ) for small-arms silencers have been developed. 

 
 

 
 
Mathematical simulation of RRD fast processes 

has been conducted with consideration for the 
effect of the volume-averaged gas-dynamic 
parameters, wave flow pattern, and thermogas 
dynamic parameter distribution along the RRD 
channel on the sound pressure reduction level. 

Methods and software have been developed for 
calculating the characteristics of the RRD gas flow. 
They allow one to choose and calculate the RRD 
designs and design parameters such that the 
report is a minimum. 

 
 
 

RRD efficiency has been analyzed as a function of the number and arrangement of chambers, the 
number, configuration and arrangement of openings, and the filling material and its disposition in the 
chambers. 

Experimental studies have been conducted to obtain the gas-dynamic pattern of the flow in the RRD 
space using optical visualization tools. 

 
A method and means have been developed 

for the determination of report reduction 
efficiency using compressed gas. 
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RRD specifications TU U 88.057.004-98 and 
TU U 88.057.005-98 and test/characterization 
programs and procedures have been developed 
and approved. 

RRDs have been developed and made for: 
the AKM, AK-74, AK-74U, and series 100 
submachine-guns, the RPK-74 and PKM hand 
machine-guns, small-bore rifles, carbines, and 
pistols. 

 
 
 

 
High-accuracy sniper systems, whose part is the institute’s RRD, have been developed on the basis 

of the AV and AVL rifles. 
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RRDs for Kalashnikov submachine-
guns and machine-guns have been added 
to the arsenal of the Ukrainian Ministry of 
Internal Affairs. 

The RRDs were developed and tested 
in cooperation with IMKAS Research and 
Production Company, subunits of the 
Ukrainian Security Service and the 
Ukrainian Ministry of Internal Affairs, and 
home small-arms manufacturers: Fort 
State Research and Production 
Association, RadioPribor State Research 
and Production Association, and 
Takticheskie Sistemy Open Joint-stock 
Company.   

 
 

The report reduction devices have the following advantages over their existing analogs: 
 

 
 the devices are made of corrosion-resistant steel; 
 their life is no less that 10,000 shots, which equals 

the barrel life; 
 they can be used in any environment; 
 they do not affect the bullet speed; 
 they are suitable both for single-shot and automatic 

fire with supersonic (standard) cartridges; 
 the efficiency of sound pressure reduction is no less 

than 25 to 30 dB. 
 
 
 

 
 
The RRD designs are protected by 16 Ukrainian and 2 

Russian patents. 
The results of the development of new RRD designs and of 

the studies conducted have been presented at international 
conferences and published in a number of articles and in the 
book “Noiseless Small Arms. Report Reduction Devices for 
Submachine-guns. Designing and Experimental Tryout” (in 
Russian) (ITM of the NAS of Ukraine and the NSA of Ukraine, 
Dnepropetrovsk, 2008). 

Materials of the developments are used in the academic 
process at Gonchar Dnepropetrovsk National University. 

The Institute of Technical Mechanics of the NAS of Ukraine 
and the NSA of Ukraine and IMKAS Research and Production 
Company are the recognized leaders in Ukraine in RRD 
development and manufacturing. More than two hundred 
silencers for different small-arms types are added to the arsenal 
of the Ukrainian defense and law enforcement agencies. 
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DEPARTMENT OF IONIZED MEDIA 
MECHANICS 
 
Head of Department 
V.A. Shuvalov, D.Sc., Professor    

 
 
Field of research – processes, effects, phenomena, mechanisms, 

and regularities of interaction of a solid body with plasma and high-
energy particle flows, electromagnetic fields, and radiation in the Earth 
ionosphere and magnetosphere. 

 
Principles, methods, and means have been developed for the 

study of interaction of a solid body with plasma flows and 
electromagnetic radiation in geostationary, high-elliptical, and geopolar 
orbits. 

 

 A theory, methods and means have been developed for the contact diagnostics of the neutral 
and charged components of high-speed flows of nonequilibrium collisional and collisionless 
partially dissociated plasma in the pressure range 103 down to 10-9 Pa. A set of spaceborne 
scientific instruments has been made for the diagnostics of polar ionospheric plasma on the 
Sich-2 spacecraft [High Temperature (Teplofizika Vysokikh Temperatur, Russian Academy of 
Sciences), 2005, V. 43, No 3; Instruments and Experimental Techniques (Pribory i Tekhnika 
Eksperimenta, Russian Academy of Sciences), 2007, V. 50, No 3; Instruments and 
Experimental Techniques, 2010, V. 52, No 2]. 

 Using probe, microwave, and photometric diagnostic techniques, an investigation has been 
conducted into the plasma acceleration mechanisms and flow pattern for plasma bunches, 
steady and pulse jets expanding into vacuum. Experiments conducted on a bench, which 
combines the properties of a plasma gas-dynamic tunnel and a vacuum anechoic chamber, 
have revealed the effects and mechanisms of attenuation and distortion of radio signals 
reflected from spacecraft elements in the centimetric, decimetric and metric wave bands by 
the plasma jets and artificial plasma formations produced in the vicinity of the spacecraft 
surface as a result of the operation of electrojet engines, electron beam injection, and 
passive and active inorbit experiments [High Temperature, 2004, V. 42, No 1; Cosmic 
Research (Kosmicheskie Issledovania, Russian Academy of Sciences), 2004, V. 42, No 3; 
High Temperature, 2000, V. 38, No 6]. 



 Procedures have been developed to simulate and study the processes, mechanisms, and 
regularities of accumulation and neutralization of high-voltage charges during the exposure 
of dielectric materials and spacecraft surface coatings to electromagnetic radiation and high-
energy electrons of the Earth radiation belts in a geostationary orbit and to auroral electrons 
when the spacecraft is flown about by a supersonic flow of cold plasma in the polar 
ionosphere. A self-contained active plasma protection system has been developed to protect 
the spacecraft elements against the damaging action of high-voltage differential electrization 
[Journal of Applied Mechanics and Technical Physics (Prikladnaya Mekhanika i 
Tekhnicheskaya Fizika), 2008, v. 49, No 1; Cosmic Research, 2003, V. 41, No 4; Cosmic 
Research, 2001, V. 39, No 1; Instruments and Experimental Techniques, 2002, V. 45, No 2].  

 Calculation-and-experiment procedures and techniques have been developed for 
engineering evaluations of the cleanliness level and mass of the layer of molecular 
contamination of the outer spacecraft surfaces with the products of thermodestruction of 
organic materials and the rocket head inner surface coatings during the high-pressure air 
thermostating of the heads of the Dnepr, Zenit, and Cyclone launch vehicles and their orbital 
injection (Kosmichna Nauka i Tekhnologiya, 2007, V. 13, No 3). 

 A procedure has been developed for the physical-chemical simulation and study of solar 
battery power degradation and the behavior of the weight, geometrical, and thermooptical 
characteristics of solar battery polymer and composite materials during long-term exposure 
to a complex of space factors in a geostationary orbit and to a supersonic flow of atomic 
oxygen and ultraviolet radiation in the Earth atmosphere. Experiment-calculated relationships 
have been obtained, which give the electrical power decrease and the change in the solar 
battery material properties as a function of integral atomic-oxygen fluence due to long-term 
(10 to 15 years) exposure to ionizing and ultraviolet radiation, protective glass contamination, 
thermocycling, radiation electrization, and electrojet engine plasma jets in orbit (Cosmic 
Research, 2005, V. 43, No 4; Cosmic Research, 2007, V. 45, No 4). 

 Using physical simulation, the effects and regularities of magneto-hydrodynamic interaction 
of magnetized bodies with a rarefied plasma flow have been studied. It has been found that a 
magnetized dielectric sphere in a supersonic flow of rarefied plasma develops a lift and lift-
drag ratio at a nonzero angle between the self-magnetic induction 

r
 and the plasma flow 

velocity 
WB

∞U
r

 . 
 
For the “magnetized” planets of the Solar System, the “magnetic” components of the planet lift and 

drag in the solar wind plasma flow have been determined. It has been found that the determining effect 
on the lift and drag is exerted by two parameters: the ratio of the magnetic pressure of the planetary field 
to the solar wind velocity pressure and the angle of the magnetic dipole with the planet rotation axis. 

 
 
 

 
 
 
 

 19



 
 

For descent vehicles in the Earth atmosphere it has been shown that the change of orientation (rotation) 
of the self-magnetic field WB

r
 with respect to the plasma flow velocity ∞U

r
 is an efficient means to 

control the convective heat exchange and lift-drag ratio of a magnetized dielectric axisymmetric body 
(Kosmichna Nauka i Tekhnologiya, 2008, V. 14, No 4; Kosmichna Nauka i Tekhnologiya, 2009, V. 15, 
No 6; High Temperature, 2011, V. 49, No 2; Journal of Applied Mechanics and Technical Physics, 2011, 
V. 52, No 1). 
 

 
 
Under the direction of A.D. Grishkevich, PhD, Senior Researcher, procedures and devices have been 

developed for the implementation of ion-plasma technology of deposition of protective coatings and films 
onto the surfaces of structural elements, machine elements, etc. 

Ion-plasma technologies and devices have been developed for the deposition of functional coatings 
onto structural elements and objects of space and aeronautical equipment: 
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 technology and process equipment for the deposition of 

multilayer heat-resistant coatings for the protection of the 
high-heat surfaces of liquid-propellant rocket engine (LPRE) 
combustion chambers (Fig. 5); 
 technology and plasma plant (Fig. 6), which allow one to 

deposit a coating onto the inner surface of a cylindrical tubular 
element of diameter 20 mm and more made of high-strength 
titanium alloy. A coated aircraft hydraulic system element 
withstood bench life tests and remained serviceable over a 
period longer than 75,400 typical flights. 

  
 
 
 
 
 

 
 
 

The multilayer highly-hard coating deposition technologies developed have been tried out in the 
strengthening of metallurgical equipment components and tools. A heat-resistant coating deposited onto 
the copper plate of a steel continuous casting mould extends its life by 50%. A multilayer “molybdenum – 
molybdenum nitride” coating deposited onto the working surface of pipe-rolling rolls extends their life by 
a factor of 2 to 3. 

 
Environmentally appropriate vacuum-plasma technologies have been developed: 

 technology of deposition of a running-in tin-based coating onto locomotive diesel 
pistons; 
 technology and equipment for ion-plasma chromium deposition onto inner 

surfaces of diameter 20 mm and more. 
 

The developments are protected by Ukrainian patents. 
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DEPARTMENT OF MECHANICAL 
SYSTEMS DYNAMICS AND CONTROL 
 
Acting Head of Department A.N. Zavoloka 

 
 
Field of research − processes of operation of controlled dynamic 

systems (CDSs) and their components in different service conditions; 
optimization of programs (laws) of CDS motion control with consideration for 
limitations on the motion parameters and control resources; optimum use of 
the energy capabilities of launch vehicles (LVs) for given limitations on the 
permissible values of control forces and body loads in the powered portion of flight. 

 
The research conducted at the department includes: 

 development of mathematical models, algorithms, and software to study the 
operation of CDSs and their components in different 
service conditions with consideration for maneuver 
loads in the powered portion of flight; 
 development of methods for the determination of 

LV controllability characteristics in different service 
conditions; study of ways to provide controllability 
with consideration for the elastic deformations of the 
body at increased permissible values of the angle of 
attack in the zone of maximum velocity pressure 
action; 
 elaboration of recommendations on improving LV 

energy capabilities by optimizing LV motion control 
programs and laws for an extended range of limita-
tions on the controlled parameters.  

The obtained results have been used in searching for reasonable 
ways to increase the efficiency of realization of the energy capabilities 

and resources of both newly developed 
and upgraded LVs and in the solution of 
a series of problems of flight dynamics 
and operational safety. 

New methods of nonisothermal 
pressurization of LV propellant tanks 
have been developed and substantiated. 
The methods consist in feeding into the 
free gas volume a high-temperature 
pressurization gas in the form of a train 
of vortex rings or in generating therein 
large-scale acoustic flows by 
transforming part of the kinetic energy of 
the pressurization gas jet into elastic 
oscillation energy, thus providing the 
most appropriate, in terms of onboard 
resource consumption, run of heat-mass 
exchange processes with due regard for 
the propellant tank design features. 

A comprehensive methodology has 
been developed to assess the operating 
efficiency  of  LV  stage  propulsion feed 



systems in terms of providing propellant continuity at the inlet of the main engine in service conditions 
including: 

 powered LV flight with the stage main engines operating; 
 transition to zero gravity on engine cutoff; 
 zero-gravity flight; 
 zero-gravity engine starting. 

 
An approach to in-tank process analysis has been proposed, and a procedure has been developed to 

identify the operating regimes of LV stage propulsion feed systems critical in terms of malfunction of the 
in-tank propellant continuity control devices and propellant supply assessment under intensive 
vibrational load. 

Considerable attention is given to the problem of using the scientific and technical potential of the 
space industry in the development of efficient methods and means for high-energy fire extinguishing. 

A radically new system for fire prevention and extinguishing in oil-products reservoirs has been 
developed and tested in large-scale experiments. The system provides high extinguishing efficiency with 
a 10- to 15-fold decrease in foam maker consumption in comparison with standard consumption. The 
efficiency of the system has been confirmed by preliminary fire tests. The time of suppression of a 
developed gasoline fire in a reservoir is 10 to 40 seconds. 
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A gas blowout and oil gusher fire extinguishing technology has been proposed theoretically and 
verified by experiment. The technology is based on the use of solid-propellant rocket engines to be 
salvaged and is capable of extinguishing the fire from a distance of 50 to 100 m at an assured high level 
of fire brigade safety. 

 
 

 
 
A new technology has been proposed for generating long-range flows of fire-fighting fluids with a 

controlled drop size. The technology provides far more efficient fire extinguishing and allows one to 
develop a variety of high-performance fire units around different vehicles (tank trucks, tank trailers, 
helicopters, etc.) 

 
The methods and means developed are protected by Ukrainian and Russian patents, of which the 

most important are: 
1. Ukraininan Patent for Invention No 26544, IC A62C3/12. Method and means for 

liquid fire extinguishing in reservoirs (in Ukrainian). October 10, 1999, Bul. No 6.  
2. Ukrainian Patent for Invention No 58611, IC A62C3/06. Device  for the prevention 

and extinguishing of liquid fires in reservoirs (in Ukrainian). August 15, 2003. Bul, 
No 8.  

3. Ukrainian Patent for Invention No 27155, IC A62C3/06. Method and means for gas 
blowout and oil gusher fire extinguishing (in Ukrainian). February 28, 2000, Bul. No 
1. 

4. Ukrainian Patent for Invention No 26542, IC B05B/08. Method and means for 
generating a liquid jet with a controlled drop size (in Ukrainian). October 11, 1999, 
Bul. No 6. 

5. Ukrainian Patent for Utility Model No 43922, IC A62C3/02. Method for fire 
extinguishing with a dispersed fire-fighting fluid (in Ukrainian). September 10, 2009, 
Bul. No 17. 

 
The use of these developments as part of rocket-and-space industry conversion activities opens up 

practical ways for the development of efficient fire fighting technologies and means of high export 
potential. 
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DEPARTMENT OF POWER PLANT 
THERMOGAS DYNAMICS 
 
Head of Department 
N.D. Kovalenko, D.Sc., Professor  
 
 
Field of research − thermogas dynamics and heat-mass exchange in rocket 
engines; thermogas dynamic processes in heat-and-power and manufacturing 
equipment 
  

 
 

Research and main results in the area of rocket engines 
 

Gas flow control. Fundamental results have been obtained 
on supersonic flow control in conventional and new rocket engine 
(RE) nozzles, in particular by pressure disturbance, and on the 
aerodynamic forces arising on a surface being flown past by a 
supersonic flow due to interaction of the flow with discrete and 
distributed mass and heat sources, liquid and gas jets, solid 
obstacles, technological imperfections, and erosion ablation 
defects on the surface being flown past. The study of the 
regularities of interaction of a supersonic flow with the above 
control actions has resulted in procedures of calculation of local 
and integral pulse static and dynamic process characteristics. The 
procedures are based on theoretical developments and the 
abundant experimental evidence obtained using unique benches 
developed at the ITM, which include: a high-pressure and high-
flowrate test system (HPFTS), a gas-dynamically controlled flow 
research system (GDCFRS), and a solid-propellant engine model 

test system (SPEMTS). The benches allow one to measure flow interaction parameters and the integral 
lateral forces that arise on a surface being flown past by a gas flow. The obtained results has made 
possible a fundamental scientific basis for the development of a number of new engineering solutions on 
thrust vector control for conventional and new liquid-, solid-, and gas-propellant rocket engine nozzles, 
more than 50 of which are protected by inventor’s certificates or patents for invention. 
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Development and studies on thrust vector control by gas 
injection into the nozzle. Most of the R&D results on supersonic flow 
control in rocket engines were obtained at the department in close 
cooperation with Yuzhnoye State Design Office as part of the 
development of rocket engine thrust vector control (TVC) systems to 
control rocket and spacecraft flight. Rocket engine TVC systems 
based on injecting the products of combustion of main propellants into 
the supersonic nozzle section were successfully used by Yuznoye 
State Design Office in a number of liquid- and solid-propellant rocket 
engines (15D12, 15D169, 11D25, 3D65, and 15D206). The 
department provided scientific support at all engine development 
stages, including flight tests. The use of a pioneer liquid-propellant 
rocket engine (LPRE) with afterburning of the exhaust turbine gas in 
the combustion chamber and with a TVC system based on controlled 
injection of the generator gas bled downstream of the pump turbine 
(15D169) and a pioneer solid-propellant rocket engine (SPRE) with 
combustion chamber gas injection into the nozzle (3D65) made 
possible rocket stages that still remain unsurpassed in energy-and-
mass, dynamic, size, and service characteristics. In the process of the 

scientific support of the development of the above engines, the static, dynamic, heat-and-mass 
exchange, and service characteristics of the TVC systems and the whole of the engine as a control 
object were studied, and computational methods and recommendations on designing and tryout were 
developed. In the process of further R&D new methods, schemes, and devices were proposed for thrust 
vector control in launch vehicle stage engines and spacecraft accelerating engines. 

 
 
 

LPRE thrust vector control systems based on the 
injection of a propellant component into the supersonic 
nozzle section. Theoretical, developmental, and  experimental 
studies have been conducted on supersonic flow control in 
LPRE nozzles without afterburning of the exhaust turbine gas in 
the combustion chamber. The vast majority of the studies were 
concerned with upper-stage rocket engines (like 11D25 and 
861K) and spacecraft accelerating engines, for which high 
degrees of nozzle expansion are typical. New methods and 
means for increasing engine and thrust vector control efficiency 
have been developed and studied. Tests of the above TVC 
systems as part of pilot LPREs and SPREs on the test facilities 
of Yuzhnoye State Design Office have confirmed their 
serviceability and high energy-and-mass characteristics. 
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The theoretical and develop-mental studies conducted have shown 
that the most advantages are offered by LPRE TVC systems where the 
rocket oxidizer is injected into the nozzle, in particular through a solid 
interceptor inserted into the flow. It has been found that one can strike a 
compromise between the dimen-sions of the solid interceptor and the flow 
rate of the liquid component injected into the supersonic nozzle section. 
Procedures have been developed for determining the opti-mum 
dimensions of interceptors, the parameters of their interaction with the 
incident supersonic flow, and the energy-and-mass, dynamic, and service 
characteristics. It is shown that the most advantages are offered by 
systems of rocket oxidizer injection into the nozzle which are part of 
LPREs with exhaust turbine gas injection into the supersonic nozzle 
section. A new method and means for exhaust turbine gas afterburning in 
the supersonic nozzle section have been developed (Ukrainian patent). 
Schematic diagrams of devices that have high potentialities for improving 
the energy-and-mass and size characteristics of the propulsion system 
and the reliability and speed of the engine thrust vector control system 
have been proposed (Ukrainian patents). R&D is underway on the work 

processes and pulse and mass flow characteristics of supertight-packaging propulsion systems and 
devices to intensify and improve the processes of exhaust turbine gas afterburning and thrust vector 
control. 

 
 
 

Study of nonstationary heat-and-mass exchange processes in 
LPRE. Important scientific and practical results have been obtained in 
hydrogas dynamics and unsteady heat-and-mass exchange in 
complex-shaped multilayer structures and variable-section channels 
with two-phase liquid-gas flow. These results have made possible 
computational procedures and recommendations on providing 
optimum thermal conditions and parameters of a non-expendable 
LPRE during its cutoff. 
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Study on improvement of SPRE energy and size-and-mass 
characteristics. A  mathematical model has been developed, and a 
SPRE with  combustion chamber gas injection into the supersonic 
nozzle section has been studied as a control object. The feasibility and 
advisability of program control of the engine propellant flow rate (axial 
thrust) using standard lateral force controls, which control the rocket 
flight in pitch, yaw, and roll, have been shown. A valve-type device with 
a soft hermetic fit of the valve to the seat has been developed to control 
the gas flow rate into the nozzle. The use of the above solutions for the 
main SPRE extends the functional capabilities and improves the energy 
characteristics of the TVC system and the engine as a whole. 

It is shown that under severe size limitations for tight packages of 
metalized solid propellant multistage rockets new nozzle configurations 
that have advantages in size and mass characteristics will be optimal. 
New dish-shaped nozzle designs and performanse calculation methods 
and software have been developed, and the dish-shaped nozzle design 
with a central flow body developed at the ITM has been shown to have 
considerable promise. This design makes it possible to reduce the 
longitudinal dimensions of the nozzle and to control the engine thrust 
vector both in magnitude and in direction. 
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Development and study of solid-propellant detonation rocket 

engines (SPDREs). The possibility and advisability of the development and 
efficient use of advanced engines with controlled detonation combustion in 
rockets and a number of other applications have been substantiated. To 
conduct investigations, prototypes were developed, unique experimental 
facilities were created, and more than 200 tests of variously designed 
SPDREs were conducted, which confirmed the high efficiency of detonation 
combustion devices. 

 
 
 
 
 

Study of processes in heat-and-power and manufacturing equipment 
Study of new low-grade coal combustion technologies. In the 1980s, by the request of 

Karagandaenergo Production Association (Kazahstan), Yuzhnoye State Design Office developed a 
system for lump coal combustion in a furnace with a circulating fluidized bed made up of a unique grate 
and a unique return ash collector. For joint development of this equipment, special benches, “Fluidized 
bed” and “Cyclone”, were created at the ITM with Yuzhnoye State Design Office’s organizational, 
technical, and financial support. In the process of the scientific support of that work, the following 
equipment was developed: a new grate of the vane-slot type, which provides a stable fluidized bed (FB) 
in the combustion zone (inventor’s certificate), and an improved return ash collector to return the 
combustible loss in fly ash to the furnace. The study of the improved grate gave new data on FB 
parameters for different draft conditions and  different positions of the grate guide vanes and on the 
effect of the grate geometry on FB homogeneity and stability, on grate and FB drag, and on the 
characteristics of the initial stage of FB formation. It was found by experiments that for a partial fuel 
charge the fluidized bed over the vane-slot grate exhibits the diffuser effect, which leads to FB instability. 
For a fluidized bed in the restricted space over a vane-slot grate with inclined vanes, the fact of 
longitudinal motion of the fluidized bed over the grate was established, and the feasibility of a flow-type 
fluidized bed in low-grade coal combustion was shown. It was found that the two-phase flow forms 
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“Emulsifier”). Numerous design 

tudy of gas-jet grinding. Experimental studies of the gas-
jet 

of the 
Ukra

blocks of particles at the inlet of the cyclone received from Yuzhnoye 
State Design Office to be tried out and has a small relative mass of 
caught particles. For the redesigned cyclone, the relative caught mass 
increased from 70 to 95%. In the course of further studies, a new 
method of process organization over the grate with gas-dynamic ash-
and-slag removal was proposed (Ukrainian patent). A solution was 
proposed on the elimination of the diffuser effect, which leads to 
spouted bed instability in fuel transportation (Ukrainian patent). 
Procedures for vane-slot grate parameter calculation were developed. 
Processes of combustion gas fine cleaning using a hydrodynamic 
catcher named “emulsifier” were studied in cooperation with Yuzhnoye 
Sate Design Office on the ITM experimental facilities (bench 
parameters and operating conditions that affect cleaning fineness and 

efficiency were studied. Optimum hydrodynamic, geometrical, and design parameters and operating 
conditions of emulsifiers for combustion gas fine cleaning were determined. The obtained results on coal 
furnace improvement and combustion gas cleaning were used at Karagandaenergo Production 
Association and Alma-Ataenergo Production Association (Kazahstan) during the modernization of their 
heat power plants, at Mironovskaya Heat Power Plant (Ukraine), etc. 

 
Study of new types of gas- and liquid-fuel burners. As 

a result of pilot experimental and theoretical studies, methods 
and means for burning different fuels have been developed, 
which are based on the organized pulsed burning regime and 
offer economical, ecological, and service advantages over 
existing ones. A number of prototype gas burners and model 
sprayless burners for liquid fuel (black oil or solar oil) have 
been developed, made, and tested. The experimental study 
of the benches was conducted on ITM benches (bench “Heat 
apparatus”) and on Yuzhnoe State Design Office’s 
experimental facilities. In the course of the studies conducted, 
prototype burners with improved ecological and energy 

characteristics were developed, made, and tested, in particular: 
for Azot Open Joint-stock Company (2,100 kW) [ for the 
combustion chamber of  the nitrose gas heating system (nitric 
acid production)], Bagleikoks Open Joint-stock Company (2,100 
kW), Gordorremstroi Open Joint-stock Company (750 kW), etc. 

 
S
grinding process have been conducted at the ITM on the 

USI-02 and USI-20 experimental setups of end-product capacity 
0.2 kg/h and 20 kg/h, respectively. Preferred regimes of gas-jet 
grinding on a cold energy carrier for the preparation of superfine 
powders from materials with different physical properties, 
including viscous and plastic ones have been identified. As a 
result of the study of accelerating pipe wear in the injector of the 
gas-jet grinder, a new injector design on the basis of the 
supersonic dish-shaped annular nozzle has been developed 
and tested. This design provides far lower erosion of the 
accelerating pipe wall. The study of the acoustic characteristics 
of the gas-jet grinding process has shown that the acoustic 
activity of the grinder is in strong correlation with the process 
operating conditions: the grinder capacity and the temperature 
and pressure of the energy carrier. A technique of acoustic 
monitoring of the grinding process has been developed. 

In 1987, N.D. Kovalenko won the State Prize 
inian Soviet Socialist Republic as an author of 



“Development of Scientific Foundations of the Gas-dynamic System of SPRE Thrust Vector Control by 
Injecting the Combustion Chamber Gas into the Supersonic Nozzle Section”. N.D. Kovalenko together 
with S.N. Konyukhov, D.Sc., and V.I. Kukushkin, D.Sc., won the Yangel Prize of the National Academy 
of Sciences of Ukraine for the work “Study of Thermogas Dynamic High-enthalpy Flows and 
Development of Power Plants Providing High Performance of Flying Vehicles”. In 1998, N.D. Kovalenko 
was awarded the honorary title of Honored Worker of Science and Technology of Ukraine for his 
significant contribution to the advancement of science and technology. 

 

 
 

Research results are regularly published. More than 100 department developments are protected by 
inv

ovalenko N.D. et al. Unsteady Thermal Processes in Flying Vehicle Power Plants (in 

 Nozzles (in Russian) − Kiev: − 

ics of Supersonic Truncated Nozzles (in Russian) − 

th Supersonic Nozzles (in Russian) − 

Ko ce of the Rocket Flight Control System (in 
Rus

entors’ certificates and patents for invention; some developments have been awarded diplomas of the 
Exhibition of National Economic Achievements. Part of the department results is generalized in a number 
of books, including: 

 
K
Russian) − Kiev: − Naukova Dumka, 1988. − 224 pp.  

Kovalenko N.D. Supersonic Gas Flow Control in Jet
Naukova Dumka, 1992. − 208 pp. 
Kovalenko N.D. et al. Gas-dynam
Kiev: − Naukova Dumka, 1993. − 224 pp. 
Strelnikov G.A. Adjustable Short-leng
Dnepropetrovsk: − State University, 1993. − 30 pp.  

valenko N.D. Rocket Engine as an Executive Devi
sian) − Dnepropetrovsk: Institute of Technical Mechanics of the NASU and the NSAU, 2004. − 

412 pp. 
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DEPARTMENT OF MULTIDIMENSIONAL 
MECHANICAL SYSTEMS DYNAMICS 
 
Acting Head of Department N.E. Naumenko, 
PhD, Senior Researcher  

 
Field of research − oscillations and motion stability of essentially nonlinear 

mechanical systems, including: 
 
 

 liquid-propellant launch vehicle (LV) takeoff dynamics and space hardwave transportation; 
 dynamics of a nonuniform train and separate rail vehicles moving along the different track 

profiles with consideration for 3D coupler forces and the vehicle and track state; 
 assessment of stress and strain state in engineering and transport structures, including 

liquid-containing ones under static, dynamic, and supernormal impact loading. 
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To study ground, air, and sea LV launch dynamics, methods and 

software have been developed, which account for the features of 
nonlinear LV − launcher interaction, the variation of the wind velocity 
along the LV structure, and the possibility of nonsynchronous start 
of the first-stage engines and of a change in the system structure in 
motion. The mathematical models and software developed were 
used at Yuzhnoye State Design Office in the development of the 
launching technology for the Zenit, Dnepr, and Cyclone launch 
vehicles and in the choice of engine start sequence diagrams. 

Mathematical models have been developed for the 
characterization of the process of deployment of structural elements 
of the Sich-1, Sich-1M, and Mikrosuputnyk spacecraft and the 
determination of the loads caused by the motion of individual system 
elements followed by their fixing. The mathematical models 
adequately reflect the properties of the systems under consideration 
and are convenient for numerical experiments. 

 
 

 
 

 
Based on the finite-element method, stress and strain states 

in multilayer plates of solar-cell panels have been assessed with 
consideration for built-in insert elements used for the attachment 
of panel rotators. A procedure has been developed for 
calculating the vibratory displacements of attachment points 
caused by service loads. 

Procedures have been proposed for assessment of the 
loading of space equipment elements in railway transportation.  

 
 
 
 



 

 
 
 
 
Studies have been conducted to determine the hydrodynamic characteristics of tanks partially filled 

with liquid. A number of practically important results have been obtained on: 
 determination of liquid oscillation damping parameters for complex-

shaped tanks with different in-tank devices; 
 pressure distribution over the tank walls under pulse excitation; 
 determination of the frequencies and decrements of liquid oscillations in 

tanks rotating about a vertical axis for lateral harmonic disturbances, 
outflow from the tank being taken into account too.  

At present, one of the promising lines in the department activities is the elaboration of scientifically 
substantiated solutions involving passenger and cargo transportation safety and the development of 
railway vehicles with passive protection.  

Computer simulation procedures have been developed, which allow one to study: dynamic 
processes that occur in the motion of both separate cars and locomotives and multiple-car trains on 
straight track and in curves in transition regimes and at a constant speed; emergencies involving 
train collisions and running into an obstacle; and the possibility of derailment of separate cars 
followed by overturn. 
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Mathematical models and associated software have been developed to study spatial oscillations of 

rail vehicles with consideration for their design features, the physical and geometrical nonlinearities of 
the systems under study, the automatic coupling operation, the track state, and the cargo features. To 
assess the dynamic performance of both separate and coupled rail vehicles moving on track of complex 
profile and plan, use can be made of both the software developed at the department and the MEDYNA 
program, which is widely used in the world’s practice. 

 
On the basis of theoretical studies, a system of technical diagnostics of passenger train running gears 

has been developed. The system makes possible in-motion monitoring of the car running gears and 
track state, thus contributing to transportation safety, elimination of car inspection at stations, and the 
efficiency of routine running gear repair. 

Methods and discrete-mass and finite-element mathematical models have been developed for the 
study of the dynamics, loading, and stress and strain state of tank car structural elements, including tank 
cars with tank head protection against piercing in emergencies and under service and supernormal 
impact actions.   

Technical proposals and practical recommendations have been worked out on the development of 
efficient means for the protection of the heads of new-generation tank cars in emergencies. A protective 
shield with honeycomb energy absorbing elements to be attached to the tank car underframe has been 
designed, and a procedure has been developed to 
determine its advisable parameters. The engineering 
solution has been patented and brought into 
commercial practice.  

A procedure based on the synthesis of computer-
aided geometrical design and finite-element 
simulation has been developed to study the stress 
and strain state of structural elements of locomotives 
and passenger cars with passive protection under 
impact actions typical for service and emergency 
collisions. 

Mathematical models have been developed for 
nonlinear dynamic analysis of the elastoplastic 
deformation and failure of energy-absorbing elements 
of passive protection under intensive impact actions in emergencies with consideration for geometrical 
and physical nonlinearities, the yield point vs. strain rate relationship, variable contact interaction of the 
structural elements with the obstacle and with one another, and the possibility of failure of individual 
structural elements according to a given scenario. 
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The results of the studies were used in the 

development, in cooperation with  Mariupol Heavy 
Engineering Works, of a new four-axle frameless tank car 
for India and the 15-9803 AVP liquefied-gas tank car, 
whose tank heads are equipped with protective shields of 
the proposed design. 

The methods and software developed for the study of 
launch vehicle dynamic loading became an integral part of 
the series of works honored with the Yangel Prize of the 
National Academy of Sciences of Ukraine in 1998. 

 
 
 
The main results are published in the books: 
 

1. Self-oscillations and Rail Vehicle Motion Stability (in Russian) / Yu.V. Demin, L.A. 
Dlugach, M.L. Korotenko, O.M. Markova. − Kiev : Naukova Dumka, 1984. − 160 pp. 

2. Demin Yu.V, Bogomaz G. I., Naumenko N. E. Dynamics of Engineering and 
Transport Structures under Nonstationary Actions (in Russian) − Kiev: Naukova 
Dumka, 1995. − 189 pp. 

3. Bogomaz G.I., S.A. Sirota. Liquid Oscillations in Tanks (in Russian)  − 
Dnepropetrovsk: Institute of Technical Mechanics of the NAS of Ukraine and the NSA 
of Ukraine, 2002. − 305 pp. 

4. Bogomaz G.I. Tank Car Dynamics (in Russian) − Kiev: Naukova Dumka, 2004. − 223 
pp. 

5. Liquid-propellant Launch Vehicle Takeoff Dynamics (in Russian) / G.I. Bogomaz, N.E. 
Naumenko, M.B. Sobolevskaya, I.Yu. Khizha. − Kiev: Naukova Dumka, 2005. − 248 
pp. 

6. Sladowski A., Scheffel H., Kovtun H., Markova O., Kik W., Moelle D. Rail Vehicle 
Dynamics and Associated Problems − Gliwice: Silesian University of Technology, 
2005. − 118 pp. 

7. Tank Car Loading in Transition Regimes of Train Operation / G.I. Bogomaz, N.E. 
Naumenko, A.N. Pshinko, C.V. Myamlin. − Kiev : Naukova Dumka, 2010. − 215 pp. 

 
 

In a number of issues concerning the solution of problems of engineering and transport 
structure dynamics, the department cooperates with Yuzhnoye State Design Office, Azovmash 
Open Joint-stock Company, LGKKh Luganskteplovoz Open Joint-stock Company, Academician 
Lazaryan Dnepropetrovsk National Railway Transport University, the Institute of Mathematics of 
the National Academy of Sciences of Ukraine (Kiev), the All-Russian Research and Design 
Institute of Rolling Stock (Kolomna), Saint-Petersburg State Railway University, All-Russian 
Railway Research Institute (Moscow), Delft University of Technology (the Netherlands), 
European Rail Research Institute (Utrecht, the Netherlands), Berlin Technical University 
(Germany), Manchester Metropolitan University (UK), and other organizations both inside and 
outside the CIS. 
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DEPARTMENT OF STRUCTURES 
STRENGTH, DYNAMICS, AND 
MANUFACTURING TECHNOLOGY 
 
Head of Department V.S. Hudramovich, 
Corresponding Member of the National Academy of 
Sciences of Ukraine, D.Sc., Professor 

 
 
Field of research − dynamics, strength, carrying capacity, and optimization under extreme service 

conditions of nonuniform structures for key industries (the space industry, the oil-and-gas industry, the 
power industry, transport, etc.) with viscoelastoplastic properties with consideration for damages of 
complex physical nature; efficient manufacturing technologies, dynamics, strength, and optimization of 
thin-walled structures for antenna/waveguide and solar devices. 

The research conducted at the department includes: 
 simulation of the behavior of thin-walled shell-and-rod systems under extreme service 

conditions and solution of nonlinear problems of deformation and critical states with 
consideration for service and manufacturing defects;    
 development of efficient computational algorithms and software; 
 model and actual-structure experiments; 
 development of efficient technologies for the manufacturing of antenna/waveguide and 

solar devices.  
For items 1 to 3, among the most important lines of investigation are: 

 mechanics of contact interaction of shell-and-rod systems under complex 
thermomechanical loadings, in particular local ones; 
 nonlinear deformation, limiting states, and optimization of thin-walled structures with 

consideration for service and manufacturing defects (geometrical imperfections, 
discontinuities, openings); 
 limiting analysis of carrying capacity under combined loading based on the model of 

perfectly plastic body; 
 development of projective-iterative schemes of implementation of numerical methods (the 

finite-difference method, the finite- and the boundary-element method, and the method of local 
variations) in fracture mechanics with the aim to reduce computer time;   
 analysis and simulation of the effect of damages resulting from attack by corrosive media 

on the behavior of nonuniform structures; 
 study of a variety of theoretical and experimental issues concerning the dynamics and 

strength of thin-walled structures of aerospace, power, transport, oil-and-gas, and construction 
equipment. 

These studies have made it possible to resolve a number of problem issues in different industries and 
have resulted in a significant reduction in metal intensity. 

The procedures and software developed have been used at design offices and other design 
organizations [Yuzhnoye State Design Office, Ukrainian Research and Design Institute of Steel 
Construction, Energia Rocket and Space Corporation, Transport Engineering Design Office, Lavochkin 
Research and Production Association (Moscow), Arsenal Design Office (Saint-Petersburg), Makeev 
Special Design Office (Miass), etc.]. 

The main results are published in 12 books, of which the most important are: 
1. Hudramovich V.S. Stability of Elastoplastic Shells (in Russian). − Kiev : Naukova Dumka, 1987. − 

216 pp. 
2. Hudramovich V.S. Creep Theory and its Applications to the Analysis of Thin-walled Structural 

Elements (in Russian). − Kiev : Naukova Dumka, 2005. − 222 pp. 
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3. Mossakovsky V.I. , Hudramovich V.S.,  Makeev E.M. Contact Problems in Theory of Shells and 
Rods (in Russian)  − Moscow : Mashinostroenie, 1978. − 248 pp. 

4. Mossakovsky V.I., Hudramovich V.S., Makeev E.M. Contact Interactions between Elements of 
Shell Structures (in Russian). − Moscow : Mashinostroenie, 1988. − 288 pp. 

5. Hudramovich V.S., Demenkov A.F. Elastoplastic Structures with Shape Imperfections and Residual 
Stresses (in Russian). − Kiev : Naukova Dumka, 1991. − 174 pp. 

 
The photographs show experimental setups developed at the department and test shell systems that 

model actual engineering structures. 
Efficient technologies for the manufacture of antenna/waveguide and solar device structures have 

been developed. 
The essence of the technologies consists in making good use of the elecroforming method (metal 

crystallization from the near-cathode electrolyte layer). The electrodeposit surface is a precise replica of 
that of the matrix cathode, and a large number of identical high-quality products can be made. The 
advantages of the technologies lie in a high manufacturing accuracy and controlled homogeneity of the 
material structure. The technologies allow one to manufacture complex-structure antenna/waveguide 
and solar devices, which can hardly be made by other technologies.  

A change-over to thin-walled shell antenna/waveguide and solar structures makes possible optimum 
minimum-weight systems with the required strength, stiffness, and service life. The materials of 
antenna/waveguide and solar devices must have high mechanical characteristics and provide 
serviceability at high temperatures and under gravitation, vibration, and corrosion conditions. Materials: 
nickel, aluminum, invar (iron-nickel alloy), etc. The technologies are among wasteless and 
environmentally appropriate ones. Special electrolyte formulations reduce residual stresses, which 
impair strength.  

Processes have been developed for the manufacturing of antenna/waveguide and solar 
concentrators, complex-shape waveguides and irradiators, devices to improve radiation directivity, and 
mirror, slot, horn, and pyramidal antennas. 

The technologies have made it possible to resolve a number of issues of basic importance in 
antenna/waveguide and solar device manufacturing (structures with a wall thickness h<10-3 m, high-
precision inner channel surfaces and reflective surfaces, one-piece structures with a smooth transition 
from one cross-section to another, etc.). The implementation of the technologies significantly reduces 
metal intensity and labor expenditures. 
 36



Setups have been built, technologies have been developed, and the following products have been 
made: 

 all-metal parabolic concentrators for mirror antennas and solar devices (diameter 0.5 
to 1.6 m, variable h ~ (2 − 5)⋅10-4 m); they can be used in so-called solar furnaces to 
produce ultrapure materials; 
 waveguides of different types: a) one-piece blocks made up of parts of different 

cross-sections with smooth transitions between them; b) with curved cross-section; 
 horn antennas: a) conical ones, including antennas with grown-in beam-forming ribs; 

b) pyramidal ones made up of box blocks;   
 slot antennas and slot arrays; 
 parabolic mirrors in the form of a two-layer structure made up of a reflective metal 

surface [h ~ (2 − 5)⋅10-4 m] and a reinforcing layer made of epoxide compound; 
 small local solar concentrators (compound cone concentrators) for photoelectricity 

production (ground objects, spacecraft solar panels). 
 

Technologies have been developed for manufacturing other antenna/waveguide and solar devices, 
applying heat-insulating coatings onto pipes, and manufacturing hermetic floats of measuring systems 
for corrosive media. 

The technologies allow one to make other antenna/waveguide and solar devices, and they are used 
in the development of aerospace, radioastromomical, power, and other equipment. 

 
The photographs show nickel antenna/waveguide and solar devices made at the department. 
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The photographs show the following operating antenna/waveguide and solar devices made at the 
department using the technologies developed: 

 parabolic mirror antenna (collimation mirror) of Yuzhnoye State Design Office’s 
compact antenna range for comprehensive characterization of spaceborne antenna-
feeder devices [5×6 m mirror composed of 70 trapezoid sections made up of a reflective 
surface (nickel) and a reinforcing layer]; 
 solar concentrator at the Heliocenter of the Frantsevich Institute for Problems in 

Material Science of the National Academy of Sciences of Ukraine (the Crimea, Katsiveli). 
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The technologies of manufacturing of antenna/waveguide and solar devices and the methods of 
calculation of their strength, optical, and electromagnetic properties are described 

 
in the book: 
Hudramovich V.S., Discovsky I.A., Makeev E.M.Thin-walled Elements of Mirror Antennas (in 

Russian) − Kiev : Naukova Dumka, 1986. − 153 pp.; 
 
in the papers: 
1. Hudramovich V.S. Technology of manufacturing of antenna/waveguide and solar devices with high 

mass-and-size and optical-mechanical characteristics (in Russian) // Sistemnye Tekhnologii : 
Regional Collected Volume of Research Papers. −Dnepropetrovsk, 2001. −  No 2 (13). − Pp. 3 − 6;     

2. Hudramovich V.S., Gaiduchenko A.P., Kovalenko A.I.Technologies of manufacturing of 
antenna/waveguide and solar devices using the electroforming method (in Russian)  // 
Kosmicheskaya Nauka i Tekhnologia. − 2001. − 7. − No 2/3. − Pp. 66 − 67;  

3. Hudramovich V.S. Efficient process flowsheets for the manufacturing of high-precision waveguide 
systems (in Russian) // Topical Aspects of Physical-Mechanical Investigations. Acoustics and 
Waves. − Kiev : Naukova Dumka, 2007. − Pp. 94 − 99, 

and in many other publications.  
 
The antenna/waveguide and solar devices made at the department by the technologies developed 

have been used in developments of Yuzhnoye State Design Office (Okean spacecraft), Lavochkin 
Resarch and Production Association (Mars spacecraft), Institute of Space Instrument Engineering 
(Moscow), Polet Research and Production Association (Omsk), Reshetnev Research and Production 
Association of Applied Mechanics (Krasnoyarsk), etc. 

Over many years, the department has had scientific contacts with foreign institutions: Institute for 
Problems in Mechanics of the Russian Academy of Sciences, Lomonosov Moscow State University, 
Chaplygin Siberian Aeronautical Research Institute (Russia), Ruhr University (Germany), Center for 
Renewable Energy Sources (Denmark), University of Naples Federico II (Italy); Peking University 
(China); Wroclaw Polytechnic University (Poland); Ljubljana University (Slovenia), Taiwan University 
(Taiwan), Royal Institute of Technology (Sweden), etc.   

More than 400 publications and patents are published, including 12 books. 
Starting in 1997, the department had two contracts with the Science and Technology Center in 

Ukraine (STCU). 
Department scientists won: 

 1997 State Prize of Ukraine in Science and Technology for a series of works on the 
development of up-to-date methods for assessment of the strength and durability of structural 
elements of modern equipment and the preparation of normative documents based thereon;       
 1997 Yangel Prize of the National Academy of Sciences of Ukraine for the series of works 

“Development of Experimental-Theoretical Methods and Study of the Longevity of Space 
Hardware”; 
  2004 Timoshenko Prize of the National Academy of Sciences of Ukraine for the series of 

works “Material Deformation Processes and Limiting States of Structural Elements under 
Complex Loading”. 

 
The head of department is a member of the Secretariat on the National Committee of Ukraine on 

Theoretical and Applied Mechanics, a member of the Board and a Co-Chairman of the 
Commission on Physico-Mathematical Problems in Failure Mechanics of the Ukrainian Society on 
Failure Mechanics, and a member of the Scientific Council “Deformable Solid Mechanics” of the 
National Academy of Sciences of Ukraine. From 2000 to 2006, he was a member of the Council of 
Experts of the Higher Attestation Commission of Ukraine. 
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DEPARTMENT OF ENGINEERING 
SYSTEMS RELIABILITY AND  
DURABILITY 
 
Acting Head of Department V.P. Poshivalov, 
D.Sc., Professor  

 
Field of research − reliability and durability of complex engineering systems 

and space equipment units, damage accumulation models, loading conditions 
equivalent to service ones, technical diagnostics of structural element condition using physical effects in 
materials, remaining life assessment methods, and development of methods for providing far higher 
durability of structural materials. 

 
Comprehensive methods  have been developed to calculate and verify the reliability and durability 

indices of engineering systems in designing, tryout, making, and service. The methodical basis of these 
reliability assessment methods is parametric “load − strength” models, wherein the operability functions 
are described by random processes; methods have been proposed to calculate the probability of 
containment of vector random processes in a multidimensional region. 

Procedures for specifying accelerated test conditions have been developed, which greatly reduce the 
number and duration of reliability check tests, and life test number and duration determination methods 
have been substantiated. Algorithms have been proposed to optimize the experimental tryout of complex 
engineering systems. Expert methods have been developed to assess different performance 
characteristics, including longevity ones on the basis of preference functions. Methods of assessment of 
the g-percentile lifetime of engineering systems and mathematical models of the operation of complex 
engineering systems have been developed, which allow one to soundly specify a warranty lifetime, an 
inspection interval, and reasonable quantities of replacement parts.   

A thermodynamic criterion for the equivalence of forced and in-service loading conditions has been 
formulated. The criterion makes it possible to obtain the conditions such that the known principles of 
linear damage accumulation and of equal probabilities hold. A relation that relates the failure rate to the 
entropy increase rate has been proposed. The relation allows one to approximately calculate the 
probability of no-failure operation, given the time dependence of the degradation process rate.  

Structural material diagnostics methods based on acoustic emission have been developed. 
Correlations have been established between the acoustic emission parameters and the structural 
damage characteristics of deformable materials (steels, nonferrous alloys, welded joints, nonmetals, 
multilayer composites). Algorithms of metal and nonmetal material strength prediction have been 
proposed. 

Methods have been developed to increase the durability indices of structural materials by triggering 
therein self-organizing processes under combined energy loading by the 
action of fields of different nature (electromagnetic, ultrasonic, magnetic, 
thermal, and force ones). Loading conditions that provide a 
considerable increase in durability have been chosen. For AMg6M 
aluminum-magnesium alloy specimens, a more than 30-fold increase in 
average creep-rupture time has been achieved. 

The following engineering developments have been devised at the 
department. 

1. Acoustic emission method of technical diagnostics of structures 
made of metal materials and polymer composites. 

This development makes it possible to present to the national and 
the international market a simple method of nondestructive inspection of 
structures, which allows one to detect and identify latent defects early in 
their nucleation and development. 

2. Technology to control the structurization of structural materials by 
a combined energy action, which provides a considerable increase in material service life. 



 

This development can be used in different industries and agriculture both in Ukraine and abroad with 
the aim to improve product service performance. 

 
Based on the results of the investigations conducted at the department, twelve books have been 
published, including seven with Naukova Dumka Publishers (the National Academy of Sciences of 
Ukraine’s publishing house), of which the most important are: 
Pereverzev E.S. Reliability and Testing of Engineering Systems (in Russian). − Kiev : Naukova 
Dumka, 1990. − 328 pp. 
Poshivalov V.P. Long-term Strength and Durability of Structural Elements (in Russian). − Kiev. 
Naukova Dumka, 1992. − 118 pp. 
Pereverzev E.S. Damage Accumulation Models in Durability Problems (in Russian). − Kiev : Naukova 
Dumka, 1995. − 354 pp. 
Pereverzev E.S., Daniev Yu.F. − Testing and Reliability of Engineering Systems (in Russian). − 
Dnepropetrovsk : NAS of Ukraine and NSA of Ukraine, Institute of Technical Mechanics, 1999. − 223 
pp. 
Pereverzev E., Alpatov A., Daniev Yu., Novak P. Reliability of Engineering Systems (in Russian). − 
Dnepropetrovsk : Porogi, 2002. − 396 pp. 
Pereverzev E.S., Daniev Yu.F.  Probabilistic Distributions and Their Application (in Russian). − 
Dnepropetrovsk : NAS of Ukraine and NSA of Ukraine, Institute of Technical Mechanics, 2004. − 
418 pp. 
Pylypenko O.V., Pereverzev E.S., Alpatov A.P., Marchenko V.T., Pechenevskaya O.K., Khorolsky 
P.P. Efficiency of Scientific and Technical Projects and Programs (in Russian). − Dnepropetrovsk : 
Porogi, 2008. − 509 pp. 
 
Department scientists won the 1997 Yangel Prize of the National Academy of Sciences of Ukraine for 

the series of works “Development of Experimental-Theoretical Methods and Study of the Durability of 
Space Hardware”. 

 
From 1983 to 2010, the department was headed by Evgeny S. Pereverzev, Honored Worker of 

Science and Technology of Ukraine, D.Sc., Professor. The above-described fundamental results in the 
field of reliability and durability of engineering systems were obtained with his immediate participation 
and under his supervision. 
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DEPARTMENT OF FUNCTIONAL ELEMENTS 
OF CONTROL SYSTEMS 
 
Acting Head of Department E.N. Privalov, 
PhD, Associate Professor 

 
 
 
 
Field of research − electrical instability in spatially inhomogeneous media, interaction of space 

charge waves and carrier flows with electromagnetic radiation, functional elements of control systems, 
microwave sensors for process parameter monitoring, including vibration parameters and the moisture 
content of bulk materials, medical diagnostic and therapeutic systems. 

 
The features of current transport in GaAs-based thin-film structures stemming from the presence of 

deep traps at the interlayer interfaces have been studied, as a result of which: 
 A new mechanism of extrinsic photoconductivity of GaAs planar structures has been 

revealed. 
 A capacitance−voltage method for the determination of the concentration of vacant 

deep traps in the vicinity of the film−substrate interface has been developed (Ukrainian 
Patent for Utility Model No 43912). The method accounts for the built-in space charge at 
this interface and does not impose any limitations on the frequency of the measuring 
signal. The method allows wafer rejection prior to device fabrication, thus increasing device 
yield and lowering device cost. 
 A physical mechanism of formation of long-length regions of a quasi-uniform electric 

field exceeding the threshold of negative differential mobility has been revealed, and 
methods for the formation of such regions have been proposed. 
 The features of the photocapacitance of GaAs thin-film structures and the underlying 

physical mechanisms have been revealed, which has made possible a method of 
prediction of the threshold voltage of GaAs metal−semiconductor field-effect transistors in 
virgin epitaxial wafers prior to device fabrication. 
 A method has been developed to measure capacitance−voltage characteristics of 

GaAs thin-film structures with steeply dropping portions using moderately small amplitudes 
of the measuring voltage (of the order of 100 mV). 
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odel microwave sensors have been developed to measure the moisture content of dry 

subst

An investigation has been conducted into the features of the mechanical tuning of the parameters of 
cylindrical and biconical resonators by the lengthwise movement of an axial rod with a conical profile. 
The resonator parameters have been related to the cone angle of the axial rod. The structure of the 
electric field in resonators is shown to be scarcely affected by the longitudinal displacement of the axial 
rod with a conical element. The results of calculations for a biconical resonator have been verified by 
experiment. The experimental and calculated data are shown to be in good agreement. The coaxial 
biconical resonator design developed can be used for local measurements of vibration parameters. 

 

 
A
ration parameter measurement using a 

multiprobe interference meter. The 
procedure allows one to measure vibration 
amplitudes one order of magnitude greater 
than the length of the probing 
electromagnetic wave. The procedure has 
been verified by experiment on a 
laboratory model setup. 

 

M
ances and the fraction of dry substances in liquid solutions. 

 



A variety of microwave devices have been developed: amplifiers, broadband generators, 
controlling and converting modules, and discrete elements that depend for their operation on N- and S-
type negative differential conductivity. 

Applied studies were directed to the development of special-purpose devices for Yuzhnoye State 
Design Office. Among the developments introduced thereat, of most interest is a selective power meter 
used in antenna pattern measuring. Its peculiarity is that the gain of the active element of the converter 
does not depend on the input level over the dynamic range of 100 dB. The input signal is converted with 
a high gain, thus providing a high sensitivity (10-12 W). 

A waveguide-integration technology has been developed for the fabrication of elements and units of 
millimeter-wave communication systems by multilayer electroforming. This technology makes possible 
elements and units with a far smaller mass and size and increased reliability, which is mainly achieved 
due to elimination of joints. The technology can be used in the fabrication of elements and units for 
satellite communication equipment. 

 
 

 

 
The proposed low-frequency capacitance measurement technique served as a methodical basis for 

the development of a computer-aided medical diagnostic system. As distinct from traditional Voll 
diagnostics, the proposed and implemented computer-aided diagnostic system is based on low-
frequency measurements of the admittance of biologically active points, thus resulting in higher 
informativity and in far more reliable assessment of the functional condition of the human body. 

Another distinctive feature of this diagnostic system is that the testing signal is smaller by a factor 
of several tens, as a result of which the measured information is garbled to a lesser extent. 
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Three International Soros Foundation grants and two projects funded by the Science and 

Technology Center in Ukraine (STCU) have been implemented at the department. One of the STCU 
projects was a joint Ukrainian-Georgian project implemented in cooperation with the Research and 
Production Complex “Electron Technology” at Tbilisi State University. The main results of that project are 
published in a series of papers in international journals co-authored with the project collaborator Prof. 
Michael Shur, a recognized authority on semiconductor physics and electronics (Rensselaer Polytechnic 
Institute, the USA).  

 
Major publications 

1. Kostylev S.A., Prokhorov E.F., Ukolov A.T. Current Transport Phenomena in GaAs Thin-film 
Structures (in Russian) − Kiev: Naukova Dumka, 1990. − 140 pp. 

2. Pylypenko O.V., Yatsunenko A.G., Grinyuk V.A., Kamkov V.P. Electrographic-puncture Instant 
Diagnostics of the Functional Condition of the Human Body (Manual) (in Russian) − Dnepropetrovsk : 
ITM of NASU and NSAU, 2007. − 248 pp. 

3. Pylypenko O.V., Yatsunenko A.G., Grinyuk V.A., Kamkov V.P. Bioresonant Imformation-puncture 
Therapy with the Use of Electromagnetic Waves (Manual) (in Russian) . − Dnepropetrovsk : ITM of 
NASU and NSAU, 2007. − 248 pp. 

4. Effect of the impact ionization of deep traps on the field distribution in planar thin-film GaAs 
structures / E. F. Prokhorov, J. Gonzalez-Hernandez, N. B. Gorev, I. F. Kodzhespirova, 
Yu. A. Kovalenko // Journal of Applied  Physics. − 2001. − V. 89, No 1. − Pp. 327 − 331. 

5. Non-destructive deep trap diagnostics of epitaxial structures / N. B. Gorev, I. Kodzhespirova,   
E. N. Privalov, L. Khvedelidze, N. Khuchua, G. G. Peradze, M. S. Shur, K. Stevens // Solid-State 
Electronics. − 2003. − V. 47, No 9. − Pp. 1569 − 1575. 

6. Deep-level effects in GaAs microelectronics: A review / N.P. Khuchua, L.V. Khvedelidze,      
M. G. Tigishvili, N. B. Gorev, E. N. Privalov. I. F. Kodzhespirova // Russian Microelectronics. − 2003. − 
V. 32, No 5 − Pp. 257 − 274. 

7. Photocapacitance of GaAs thin-film epitaxial structures / N.  B. Gorev, I. F. Kodzhespirova, 
E. N. Privalov, N. Khuchua, L. Khvedelidze, M. S. Shur // Solid-State Electronics. − 2005. − V. 49, No 3. 
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DEPARTMENT OF AEROGASDINAMICS 
 
Head of Department V.I. Timoshenko, 
Corresponding Member of the National Academy 
of Sciences of Ukraine, D.Sc., Professor  

 
 
 

Fields of research 
Aerogasdynamics of space hardware − computational aerogasdynamics of launch vehicles, descent 

vehicles, hypersonic ramjet engines, and thrusters; theoretical and experimental study of jet flows, 
launch vehicle takeoff gas-dynamics, and thermostating parameters. 

Heat-and-mass transfer in process apparatuses − mathematical and experimental simulation of gas-
dynamic processes and heat-and-mass transfer, including high-temperature equilibrium and 
nonequilibrium physical-chemical, gas-phase, and heterogeneous processes in launch vehicle sections 
and process apparatuses.  

 
Main results of fundamental research 

Scientific-methodical support of the development and operation of space hardware. 
Mathematical models of aerothermogasdynamic processes have been formulated, and a large body 

of research thereon has been conducted, in particular:   
 super- and hypersonic flow about isolated bodies and full configurations of launch vehicles 

equipped with wings, control and stabilizing devices. A zonal method has been proposed to 
calculate the distributed and integral aerodynamic characteristics of elongated bodies with 
control and stabilizing devices at supersonic Mach numbers. Methods and software have 
been developed to calculate in the interactive mode supersonic flow about aerodynamic 
configurations with an arbitrary arrangement of controls and stabilizing devices on the body; 

 

 
 hypersonic flow about descent vehicles in conditions of thremochemical destruction of the 

heat-resistant coating. The effect of heat-resistant coating destruction on flow about space 
vehicles has been studied;  
 interaction of sub- and supersonic jets with a super- and a subsonic cocurrent flow. 

Formulations of the corresponding problems as viscous interaction problems have been 
proposed, and efficient algorithms to solve them have been developed; 

 
 

 46



 flow in the 3D detached region in the underbody area of a rocket with the propulsion system op-
erating. A procedure of calculation of parameters in the underbody area has been developed; 
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. 

 

 interaction of single and block jets of launch vehicle propulsion systems with bounding surfaces; 
 hydro- and gas-dynamic flows in complex hydraulic

systems, which include branching conduits, pilot-
controlled valves, tanks, throttles, and dead legs
Methods and software have been developed for 
the choice and substantiation of the design pa-
rameters and operating conditions of particular en-
gineering systems, which allow one to account for 
the effect of control valve dynamics, hydraulic line 
design parameters, the degree of gas saturation 
and gas release, and wave processes in the sys-
tem elements on the run of thermogasdynamic 
processes in the pipelines and tanks. 
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he methods and software developed for the study of space hardware aerogasdynamics were used 
in t

 
and

Scientific-methodical support of the tryout of advanced processes: 
The methods a tion of space 

har

l 
nd the 

T
he aerothermogasdynamic characterization of the Zenit, Cyclone, and Dnepr-M launch vehicles. For 

the two-component liquid-jet flight control system of the Cyclone-4 space rocket, the features of the 
effect of the feed of gas-saturated propellant components from the main engine tanks on the pressure 
change in the control engine combustion chambers were shown. 

The studies along these lines were conducted in cooperation with the leading organizations of Russia
 Ukraine: Yuzhnoye State Design Office, Zhukovsky Central Aerohydrodynamic Institute, Central 

Research Institute of Machine Building, Baranov Central Institute of Aviation Motors Development, 
Institute of Theoretical and Applied Mechanics of the Siberian Division of the Russian Academy of 
Sciences, etc. 

 
 

nd software developed to provide support to the development and opera
dware have been used to advantage in the tryout of advanced technologies: hydrocarbon fuel 

combustion and high-rate application of refractory 
coatings by flame spraying. Means for theoretical 
and experimental substantiation of the technology of 
liquid hydrocarbon fuel combustion in a carrying air 
flow, whose integral part is high-temperature 
conversion, have been developed. 

The main obtained results are as follows: 
 the effect of the initial turbulence, the initia

parameters of interacting flows, a
position of the firing cross-section on the 
ignition of hydrocarbon-containing jets in a 
cocurrent unbounded flow and in a pipe or 
passage has been studied. The obtained 
results make it possible to formulate 
recommendations on the choice of appropriate 
conditions for intensifying hydrocarbon fuel 
combustion processes and reducing harmful 
emission.  

 based on the two-velocity and two-temperature model of a two-phase medium, methods and 
software have been developed to study transient phase changes in passages. Calculations have 
revealed regimes of self-oscillatory flows of gas and gas-drop media in passages on heating, with 
an additional ingress of mass through the passage walls, and in the presence of combustion and 
phase transitions. The amplitudes and periods of self-oscillatory flows and the self-oscillation 
region boundaries have been found as a function of the influential parameters.     

 methods and an interactive program system, “Two_Phase”, have been developed to study and 
optimize the processes of acceleration, heating, and melting of solid particles in gas-dynamic paths 
of gas flame generators, which are an integral part of process equipment used in flame spraying, 
cutting, abrasive treatment, jet-mill grinding, etc. These methods and software allow one to 
calculate the gas and particle parameters at the outlet of the gas-dynamic path: the velocity, the 
temperature, and the particle melting degree. The service part of the Two_Phase system allows 
the user to work in the interactive dialog mode using terms and definitions from the application 
domain of the system. 
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Based on parametric calculations, 

methods have been substantiated for 
organizing the process of acceleration, 
heating, and melting of particles of refractory 
materials (like zirconium dioxide ZrO2 and 
tungsten carbide WC) whose melting 
temperature reaches 3000 K, which is com-
parable with the combustion product 
temperature of high-energy fuels. 

The basics of theory of aerodynamic 
lubrication in rolling have been developed. 

 
 
 
 
 
 

 
 

Calculation-and-experiment methods of tryout and substantiation of the basic parameters of 
new industrial technologies 

 
Optimization of the design of flow paths of industrial apparatuses 

 
A procedure has been developed, which provides for combined use of computational and 

experimental methods of gas-dynamic process simulation on models of different scale (including full-
scale ones). Shortening the time and reducing the 
cost of tryout of flow systems is a topical problem 
in process design in different branches of 
industry. 

 
The procedure was implemented: 

 in choosing, by calculation and full-
scale model experiment, a gas 
distributor in the form of thick-walled 
perforated grid of radially variable flow 
section  for the reactor of an industrial 
ammonia conversion apparatus of 
diameter 4,000 mm;  

in trying out the flow system of an industrial 
spouted-bed apparatus for applying a coating 
onto granulated materials. Experimental plants of 
different scale were used (including full-scale 
one), which made it possible to choose the design 
parameters of the flow path of the apparatus such 
that the spouted bed is stable and to reveal scale 
effects that emerge when going from model small-
scale plants to full-scale industrial apparatuses. 

 
 
 

 
 



 
 

 
 
 
A procedure has been developed to study gas − solid 

particle mixture flow in pipes at a carrier gas pressure up to 4 
MPa on a purpose-built pneumatic transport bench, which has 
no parallel in the literature. 

Based on parametric experimental studies, a technology has 
been proposed for pneumatic transport of bulk materials to 
distances up to several tens of kilometers at an increased 
carrier gas pressure. An increased pressure offers a many-fold 
reduction in the speed increase along the line, thus reducing 
the hydraulic resistance of the system and the attrition of the 
material being transported. 

 
 

 
 
 

Thermostating systems 
As a result of the study of spacecraft and launch vehicle compartment thermostating systems on full-

scale models, thermostating regimes for different payloads have been tried out, and recommendations 
have been made on redesigning the general and local thermostating systems of the spacecraft 
compartment of the Zenit launch vehicle and the units of the temperature control system of the Okean-O 
spacecraft. The methods developed for thermostating systems find use in providing the required 
conditions where the air parameters must be tightly controlled (fine work and optical instrument 
assembly shops, chemical shops, vehicle cabs, incubators, etc.). 
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Substantiation of the design and engineering data of plants for vortex 
separation of fine dust 

The essence of the technology of vortex separation of fine dust is 
the use of vortex counter flows of dust-laden gases, which enhances 
the inertial action on the dust particles. 

To substantiate the choice of dust vortex separation parameters, 
a laboratory plant has been built, which allows one to assess the 
efficiency of vortex dust separation for loose materials with different 
properties. An improved dust separator design has been proposed 
(Ukrainian Patent No 71057), which provides an increase in the dust 
concentration in the peripheral part of the inlet pipe through 
installation of a shaped central fairing upstream of the swirler, thus 
resulting in more complete separation of the dust particles from the 
gas flow. 

 
 

 
 
 
 
 
Department scientists won the State Prize of Ukraine in Science and Technology (1997) and the 

Yangel Prize of the National Academy of Sciences of Ukraine (1994). V.I. Timoshenko, Head of 
Department, is National Representative of Ukraine in the Executive Committee of the International 
Society for Air Breathing Engines (ISABE); from 1997 to 2006, he was an expert of the International 
Association for the promotion of co-operation with the New Independent States of the former Soviet 
Union (INTAS).  

 
Major publications: 

1. Timoshenko V.I., Limansky A.V. Numerical Computer Solution Technology for Gas-Dynamics 
Problems (in Russian). − Kiev : Naukova Dumka, 1985. − 231 pp. 

2. Timoshenko V.I. Computer Technology of Solving Problems in Gasdynamics. − New York: Begell 
House Inc. Publishers, 1998. − 247 pp. 

3. Timoshenko V.I. Supersonic Flows of Viscous Gas (in Russian). − Kiev, Naukova Dumka, 1987. − 
183 pp. 

4. Mazur V.L., Timoshenko V.I. Rolling Theory. Hydrodynamic Effects of Lubrication (in Russian). − 
Moscow : Metallurgia, 1989. − 191 pp. 

5. Timoshenko V.I. Gas-Dynamics of High-Temperature Technological Processes (in Russian). − 
Dnepropetrovsk: Institute of Technical Mechanics of NASU and NSAU, 2003. − 460 pp. 

6. Timoshenko V.I., Belotserkovets I.S., Gusinin V.P. Problems of providing completeness of the 
methane-containing block-jet combustion in a rocket ramjet engine’s combustion chamber // Acta 
Astronautica. − 2009. − V. 65, No 9 − 10. − Pp. 1231 − 1237. 
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DEPARTMENT OF STATISTICAL DYNAMICS 
OF MECHANICAL SYSTEMS 
 
Head of Department V.F. Ushkalov, 
Corresponding Member of the National Academy 
of Sciences of Ukraine, D.Sc., Professor  
 
 
 

Field of research − random oscillations of mechanical systems, identification and optimization of 
their parameters; vibration protection of structures, prediction of the vibration loading and dynamic 
strength of moving objects, including transport vehicles and space hardware. 

Efficient methods have been developed for the study of steady and unsteady random oscillations of 
complex mechanical systems, and methods of identification and optimization of their parameters have 
been proposed; mathematical models and solution methods have been developed for problems of 
statistical dynamics of vehicles and freight. These methods have made it possible to solve a series of 
major, economically important problems of vibration protection of machines and structures, including 
various vehicles, masts, and TV towers in Tashkent, Alma-Ata, and Riga, and of prediction of the 
vibration loading of space hardware in transportation, thus speeding up their development, lowering their 
metal intensity, and increasing their reliability and durability.  
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In particular, a large body of applied research has been conducted for the transport equipment 
industry as one of the most metal-intensive and power-
consuming industries. Thus, by the request of 
organizations of the USSR Ministry of Heavy 
Engineering, the department conducted a full cycle of in-
depth dynamic calculations of a number of versatile and 
specialized rail vehicles being developed and made 
recommendations on the choice of the basic parameters 
of rail vehicles being designed, which are advisable in 
terms of vehicle strength and dynamic performance, 
freight safety and vibration protection, and train 

operation safety. For example, the department took part in the development of a flat car for high-capacity 
containers, a long-base flat car with an increased axle load, hopper cars for bulk transportation of flour 
and polymers, 700-ton multiaxle carriers, an autotruck car, a rail flat car, a bulk-freight twin car, dump 
cars, mixers, special running gears for freight cars, a unified truck for multiaxle carriers, electric-train 
cars, type I and E transit vehicles, a trolley-bus, a tram, a series of special vehicles for space hardware 
transportation, etc.  

The measuring laboratory of the department has repeatedly taken part in dynamic tests of 
conventional and special rail vehicles. 

Mathematical tools and software have been developed for 
the automated vehicle vibration test control system of Yuzhnoye 
State Design Office’s test bench, which is the strongest in the 
CIS and Eastern Europe and allows one to specify deterministic 
and random disturbances in three planes and test any rail 
vehicle as an assembly, the loading conditions being specified 
on the basis of the data on actual track disturbances collected and generalized at the ITM.  

 
 
 
 
 
 



 
The contribution to the development of novel transport equipment was honored with government 

awards, a diploma of the USSR State Committee of Science and Technology, and medals of the USSR 
and the Ukrainian Exhibition of National Economic Achievements. 

One of the priority lines in the department activities is the development of a methodology for the 
prediction and assessment of the vibration loading of vibration-sensitive freights, in particular space 
hardware, and their vibration protection in ground and sea transportation. 

A particular line of activity involves the problem of development of high-speed rail transport in 
Ukraine. The department has some experience in this field since earlier it took part in the development of 
Technical Requirements for Vehicles and Track for the high-speed railway main line “Center − South”, in 
the study of the dynamic performance of high-speed cars for the ER-200 electric train, the experimental 
train “Russkaya Troika” (200 km/h), and the ER-300 and ER-350 electric trains (300 and 350 km/h), and 
in the choice of vehicle parameters and types for the high-speed railway Moscow − Saint Petersburg. In 

1992, the ITM in cooperation with Dneprogiprotrans 
Institute, Dnepropetrovsk National Railway Transport 
University, and Luganskteplovoz Production Association 
drawn up the Conception of Creation of High-Speed 
Rail Transport in Ukraine, whose basic provisions were 
approved by the Presidium of the National Academy of 
Sciences of Ukraine, and the ITM was given the 
function of the head institute of the National Academy of 
Sciences of Ukraine for scientific problems involving the 
development of high-speed rail transport in Ukraine. In 
1994, the ITM in cooperation with Yuzgnoye State 
Design Office, Dnepropetrovsk National Railway 

Transport University, and Luganskteplovoz Production Association drafted the State Scientific-and-
Technical Program “High-Speed Rail Transport of Ukraine”, whose adoption is delayed for lack of 
funding.   

Particular emphasis is currently given to the problem of reducing wheel and rail failure caused by 
heavy wear and of retrofitting existing vehicles to improve their dynamic performance. 

Based on the results of theoretical and experimental studies, the ITM has proposed complex retrofit 
of freight-car tucks for the railways of the CIS and Baltic counties. The retrofit consists in replacing 

standard side bearings, whose operation is far 
from perfect, with constant-contact side bearings, 
installing ductile iron wedges in place of steel 
ones, replacing frictional plates with steel wear-
resistant ones, and installing polymer pads in the 
center bowl using the best models of the retrofit 
elements of A. Stucki Company (the USA). The 
retrofit also involves a change of the wheel tread 
profile to the ITM-73 nonlinear wear-resistant 
profile (developed at the ITM), whose use in 
trucks with the US retrofit elements halves flange 

wear in comparison with 18-100 trucks. The figures below show some results of dynamic and service 
tests. When the recorded horizontal accelerations of the center plates of an empty conventional freight 
car are compared with those of an empty freight car with retrofitted trucks, both cars running at 
120 km/h, it is clear that the dynamic performance of the car with retrofitted trucks is far better. 
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The flange wear data for the test cars demonstrate a significant reduction in wheel wear rate for 
wheels with the profile developed at the ITM (lines 3 and 4) in comparison with wheels with the standard 
tread profile (line 1 and 2). The proposed complex truck retrofit offers: a 20 to 40 km/h increase in freight 
car speed, a more than 10-fold increase in the service life of the components of the truck friction 
damping system, a significant reduction in the wear of the contacting surfaces of wheels and rails, etc. 

The complex retrofit is being widely introduced on the Ukrainian railways. All Ukrainian car-repair 
plants use it in shop repairs of gondola cars; Kryukov Railway Car Building Works uses it in the building 
of new gondola cars. Theoretical and experimental studies have considerably widened the range of car 
models whose truck retrofit is advisable. By now more than 22,000 18-100 trucks have been retrofitted in 
Ukraine. A start has been made on retrofitting test cars in Russia and Kazakhstan, and talks are 
underway with the Lithuanian railways.  

The elements of the complex retrofit of standard trucks proposed by the ITM have been used to best 
advantage in the first three models of Ukrainian freight-car trucks: models 18-7020 and 18-7033 of 
Kryukov Railway Car Building Works and model 18-4129 of Sofia-Invest Co Ltd. The first of them is in 
quantity production (more than 2,000 trucks are already in service), and the others have successfully 
been put through experimental tests.  

The department is also engaged in the development of running gears for fast passenger cars. 
 
The main research results are published in the books: 
Ushkalov V.F., Resnikov L.M., Redko S.F. Statistical Dynamics of Rail Vehicles (in Russian). −Kiev : 

Naukova Dumka, 1982. − 360 pp.  
Ushkalov V.F., Resnikov L.M., Ikkol V.S. et al. Mathematical Simulation of Rail Vehicles (in Russian). 

− Kiev : Naukova Dumka, 1989. − 240 pp. 
Redko S.F., Ushkalov V.F., Yakovlev V.P. Identification of Mechanical Systems. Determination of 

Dynamic Characteristics and Parameters (in Russian). − Kiev : Naukova Dumka, 1985. − 216 pp.  
Korenev B.G., Reznikov L.M. Dynamic Vibration Absorbers. Theory and Technical Applications. 

Chichester: J. Wiley and Sons, 1993. − 304 pp.  
 
The department has close scientific contacts with Yuzhnoye State Design Office, Academician 

Lazaryan Dnepropetrovsk National Railway Transport University, Ukrainian State Railway Car Building 
Research Institute, All-Russian Railway Research Institute, Delft University of Technology (the 
Netherlands), Royal Institute of Technology (Sweden), Sapienza University of Rome (Italy) and 
cooperates actively in vehicle design improvement with A. Stucki Company and Amsted Rail (the USA), 
Kryukov Railway Car Building Works, Azovmash Mariupol Heavy Engineering Works (Ukraine), etc.  

The head of department is ASME Representative in Eastern Ukraine and Vice-President of the 
Ukrainian Society of Mechanical Engineers. 
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DEPARTMENT OF SYSTEMS 
ANALYSIS AND CONTROL PROBLEMS 
 
Head of Department A.P. Alpatov, 
D.Sc., Professor  

 
 
 
 
Field of research − systems analysis of space sector problems; study of free 

and controlled operating regimes of ground- and space-based mechanical 
systems under a broad spectrum of actions; solution of problems of development of biomechanical and 
medical information systems. 

 
 
 

Systems analysis of space sector problems 
A system analysis methodology has been developed to analyze space systems. The methodology 

includes theoretical models and computational procedures for a multicriterion comparative analysis of 
space systems, both existing and under development, and assessment of their competitive ability and 
efficiency. Dataware and analytical tools for the study of satellite and space transportation systems have 
been developed. 

Under a regular analysis are global tends in the space industry, promising lines in the development of 
space transportation systems, and the state of the market of satellite communications, navigation, and 
remote sensing systems and space transportation services. Using the procedures developed at the 
department, satellite system evolution scenarios are worked out, and short-, medium-, and long-term 
predictive estimates of the demand for spacecraft orbit injection services are made. 

The department carries out a large body of work involving the National Space Agency of Ukraine’s 
activities and the preparation of large-scale directive documents, in particular the conception of structural 
reorganization and innovation development of the space industry and the conceptual basics of the state 
policy in space activities. Methodical developments of the department have been used in the 

identification of basic ways to increase the competitive ability of the 
Ukrainian launch vehicles. 

Based on the results of system studies, four National Space 
Programs of Ukraine have been drawn up at the institute, and 
scientific and technical support to their execution has been 
provided. A procedure of assessment of the efficiency of target 
projects of the Space Program of Ukraine has been developed and 
tried out on the Sich-1, Okean-O, Sich-1M, Mikrosputnik, 
Navigatsiya, and Cyclone-4 projects. 

Methodical basics have been developed for the construction, 
support, and development of dataware and analytical tools for the 
system study of satellite and transportation space systems.  

The results of the department’s system studies find use at the 
National Space Agency of Ukraine and Yuzhnoye State Design 
Office; they have been used as the basis for all National Space 
Programs of Ukraine. A database containing information on the 
parameters and characteristics of spacecraft and space 
transportation systems has been developed and is maintained. The 
database is used at the National Space Agency of Ukraine when 
making management decisions. 

 
 
 



Study of free and controlled operating regimes of ground- and space-based 
mechanical systems 

 
Optimization of launch vehicle controlled flight and basic design parameters  

Despite the experience gained in launch vehicle (LV) designing, problems of LV design parameter 
optimization still remain topical in the development of new vehicles and the upgrading of existing ones. 

The multiobjective problem of configuration choice and optimization of basic design parameters and 
flight control programs has been formulated for liquid-propellant LVs of different classes designed for 
near-Earth orbit injection. 

For this multiobjective problem, a mathematic LV model has been developed, which allows one to 
determine the size-and-mass, energy, and ballistic characteristics of different LV classes as a function of 
the source data and the values of the structural and basic design parameters. An approach has been 
developed, which allows one to reduce an optimal control problem to a problem of nonlinear 
programming with imposed restrictions in the form of equalities, inequalities, and differential constraints.  

Using this approach, practically important problems of the initial stage of space hardware designing 
have been solved.   

 
 

Dynamics of tethered space systems 
Tethered space systems (TSSs) are a promising line in the development of space hardware and 

technologies. TSS projects are highly diversified in purpose, and they are aimed at improving the 
operation of both microsatellites and traditional spacecraft as well as the international space station and 
interplanetary vehicles. 

A separate line in the TSS area is rotation-stabilized tethered systems. Their use offers additional 
benefits in nearly all TSS applications.  
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individual TSS units that affect 

At the department, regularities in TSS dynamics have been 
revealed. For the first time the effect of energy dissipation in the tether 
material on the evolution of TSS rotary motion has been studied in the 
general case of translational-rotary motion. The method of osculating 
elements has been augmented and generalized as a general method 
for the study of nonlinear dynamics. 

The possibility of random synchronization of motions under the 
action of dissipative forces and the existence of stochastic attractors for 
the TSS class have been shown. A new mechanical image of 
stochastic motion regimes has been constructed, around which a new 
explanation of the origination of random trajectories in deterministic 
systems has been given. New methods have been developed, and new 
results on the problem of random motions in deterministic systems 
have been obtained.   

The scheme of full-scale experimental studies and the configuration 
of a small single TSS have been decided on. Schematics of the 
TSS dynamics have been worked out, and their ground experimental 

studies have been conducted.  
Probabilistic estimates of TSS survival time as a function of the orbit and design parameters have 

been obtained. Recommendations on tether joint reliability improvement have been made. 
A new class of gravity stabilization systems (GSSs) for satellites of systems that use flexible 

connectors (tethers) has been singled out and investigated. The dynamics of a satellite with a tethered 
GSS has been analyzed. A procedure has been developed for the choice of the design parameters of a 
tethered GSS, and conditions for the transient damping time in the system to be a minimum have been 
identified. 

The dynamics of spacecraft with a GSS in the form of a rigid rod has been studied. Conditions for the 
stability of gravimetric spacecraft stabilization and for the occurrence of resonances caused by a variable 
aerodynamic moment have been identified. New procedures have been developed to study small 
spacecraft oscillations described by a Hill-type equation in nonresonance and resonance cases. 

 
 



 
Large-size transformable space structures 

Based on a non-Galilean model of conceptual space-time, a new theory of motion of deformable 
bodies has been developed, and novel mathematical models, which describe the dynamics of 
mechanical and thermomechanical processes by a unified system of equations, have been devised. A 

new approach to a mathematical description of the dynamics of a 
large space structure as a deformable body has been proposed. 
With this approach, a three-dimensional dynamic model is 
replaced with an equivalent four-dimensional static model, for 
which force and moment equilibrium equations have been 
derived. A numerical-and-analytical method has been developed, 
which allows one to determine the displacement, deformation, 
and temperature at all points of a large space structure. The 
method was used in investigations involving the development of 
large-size space reflectors at Energia Research and Production 
Association (Russia) and at the Institute of Space Structures 
(Georgia). 

The most important of the space system dynamics problems is the motion stability problem. The 
elastic displacements of structural elements can have a pronounced effect on the controlled motion of 
solar space power stations. At the department, a procedure has been developed for the study of the 
effect of the elastic deformations of the antenna of a space power system on the operation of its step-
motor drive. It is shown that the elastic oscillations of the antenna can have a pronounced effect on the 
drive operation, even to the point of loss of motion stability. 

The implementation of the required form accuracy of a reflective surface in the manufacturing of 
large (tens of meters in diameter) space reflectors is a complicated technical problem, whose topicality 
stems from the rapid advancement of radio astronomy, satellite communications, and solar power 
engineering. At the department, a series of investigations have been conducted into the shaping of a 
large-size cable-stayed space reflector. A method for singling out a shaping element and its discrete and 
continual analytical model have been proposed. Active and passive algorithms have been developed to 
control the reflective surface shape.  

Based on the methods of mobile control augmented at the department earlier, investigations have 
been continued into the problem of mobile control of large space structures using the solar radiation 
pressure. 

At present, an investigation is underway into the features of operation of large space structures in 
circumlunar orbits.     

  
 

Manipulator dynamics 
A complex of methods and algorithms has been developed for the study of controlled systems of a 

special type − mobile control systems. For a number of ground- and space-based objects, a comparative 
analysis of the use of the principles of traditional and mobile control has been made. Situations have 

been revealed where mobile control is a preferable way, and in 
some cases the only way to construct an automatic system. The 
theoretical results of the study were used as the basis for the 
algorithms of the control system of the YuG-1 industrial robot 
developed at the department by Yuzhmash Production 
Association’s request. The customer made good use of the 
prototype robots in hot bolt heading. 

The study of space manipulator dynamics was started in the 
1980s and then pursued under contracts with the Central 
Research Institute of Robotics and Engineering Cybernetics, 

which was engaged in the designing of a space manipulator for the Buran system. Comprehensive 
investigations were conducted into the effect of a finite structural stiffness on manipulation dynamics. A 
series of mathematical models based on analytical models of different levels of detailing were 
developed, the programmed motion selection problem was analyzed, and an actuating control system 
was synthesized. The results of the investigations were used in the tryout of innovative products as 
primary introduction at the Research Institute of Robotics and Engineering Cybernetics. At present, 
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studies are underway on augmenting methods for equivalent finite-dimensional representation of 
analytical models of extended elastic elements of mechanical systems to meet more stringent 
requirements on the equivalence conditions, which account, among other things, for the dynamics of 
element interaction with attached bodies. The experience gained in the study of space manipulator 
dynamics has made it possible to solve some problems of a manipulator operating in nonstandard 
situations, where its motion conditions may not be known in advance and, moreover, may change in 
motion. 

 
 

Space debris problem 
At present, the problems of near-Earth space pollution prevention and of providing space hardware 

safety and serviceability in conditions of more and more growing space debris population become 
increasingly important. 

A work package on providing space vehicle safety in terms of 
the risk of collision with space debris has been carried out, and 
issues of space debris cloud growth prevention have been 
considered. A complex of used spacecraft de-orbiting problems 
has been analyzed. An electrodynamic tethered space system, 
which uses electrodynamic braking to de-orbit a used spacecraft, 
has been studied. It is shown that the proposed system will 
provide efficient removal of space debris from near-Earth space 
in low orbits. 

The basic provisions of normative documents aimed at 
increasing space flight safety have been worked out, and a 

branch standard on near-Earth space pollution limitation has been prepared. At the department, work is 
underway to provide scientific and technical support to cooperation between the National Space Agency 
of Ukraine and the Inter-Agency Space Debris Coordination Committee (IADC). The work is part of 
cooperation with the IADC, and the head of department is an IADS member and takes part in regular 
IADC sessions. 

 
 

Development of biomechanical and medical information systems 
The biomechanical studies conducted at the department are aimed at developing hardware and 

software for the diagnostics and correction of the physiological state of the locomotor apparatus. 
The work on the development of medical hardware falls into mechanotherapy (swing machines, 

traction tables), software/hardware systems for human body state monitoring (computerized 
dynamometers, anthropometric scanners, ligament tear detectors), and 
orthopedy (upper extremity ortheses, orthesis play meters for hinge 
wear assessment, a device for securing threaded rods in the bone 
tissue of injured extremities). Various prototype medical devices have 
been tested in clinical setting. 

An important line of investigation is the development of medical 
information systems and intelligent modules. A general methodology 
has been developed for the construction of versatile medical 
knowledge banks, including intelligent systems of human state 

monitoring. A new efficient method, termed “method of limiting generalizations”, has been proposed for 
the solution of weak-formalized problems of medical diagnostics, patient state prediction, and 
assessment of the efficiency of medical aid. Formal system schemes of the major clinical and scientific 
problems of study of the locomotor apparatus state have been worked out. 

The results of the investigations are used in experimental and practical medicine; information 
systems have been introduced at the Dnepropetrovsk Regional Diagnostic Center, at the Outpatient 
Department of Dnepropetrovsk Municipal Hospital No 2, and at the Medical Center of Nikopol Ferroalloy 
Plant. 
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International cooperation and foreign partners 

International projects INTAS-94-0644, “Experimental and Computational Analysis of Tethered Space 
Systems”, and INTAS-99-01096, “Theoretical and Experimental Investigation of Multibody Space 
Systems Connected by Hinges and Tethers”, were implemented in cooperation with the Institute of 
Applied Mathematics of the Russian Academy of Sciences and Vienna University of Technology 
(Austria). 

The study involving the development of large-size space reflectors was conduced in cooperation with 
Kometa Central Research and Production Association (Russia) and the Institute of Space Structures 
(Georgia). 

The dynamics of the Buran space manipulator was studied in cooperation with the Central Research 
Institute of Robotics and Engineering Cybernetics (Russia). 

The dynamics of tethered space systems is studied in cooperation with Korolev Samara State 
Aerospace University (Russia). 
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200 pp. 

 

 

 

 

 

 



 

 60

DEPARTMENT OF RAREFIED 
GAS DYNAMICS 
 
Head of Department V.P. Bass, 
D.Sc., Professor  

 
 
Work in rarefied gas dynamics and molecular gas dynamics was in great 

demand due to the rapid advancement of space technology and space 
exploration concerned with the Earth upper atmosphere and planets of the 
Solar System. The main line of investigation centered around the necessity of 
providing aerogasdynamic support to R&D’s in the field of development of space vehicles of different 
purposes.  

From the very beginning, the research area of the department and its  fundamental and applied 
constituents were formed and coordinated in direct contact with the leading research and industrial 
bodies of the country, first of all with such organizations as Yuzhnoye Design Office, the Central 
Research Institute of Machine Building, Zhukovsky Central Aerogasdynamic Institute, Energia Research 
and Production Association, Lavochkin Research and Production Association, Molnia Research and 
Production Association, Central Special Design Office, the Computing Center of the USSR Academy of 
Sciences, the Institute of Astronomy of the USSR Academy of Sciences, Moscow Aviation Institute, 
Lomonosov Moscow State University, Leningrad State University, the Institute of Theoretical and Applied 
Mechanics of the Siberian Division of the USSR Academy of Sciences, the Institute of Thermal Physics 
of the Siberian Division of the USSR Academy of Sciences, Kosmos Research Institute and Computing 
Center, and a number of other organizations. 

The department researchers have always taken part in international and all-Union conferences on 
rarefied gas dynamics, and on the department’s initiative three interagency conferences on applied 
aerogasdynamics were held at the Institute of Technical Mechanics of the Academy of Sciences of the 
Ukrainian Soviet Socialist Republic. 

A retrospective analysis of the work conduced and the results obtained at the department over a 
period of about 40 years can be found in [1, 2]. 

Methods of rarefied gas dynamics and molecular gas dynamics have found a number of up-to-date 
applications in the development and operation of space vehicles. 

The department research proceeds along the following basic lines: 
 development of numerical methods, algorithms, and software to study the aerodynamic, 

thermal, and photometric characteristics and processes  of mass transfer in the vicinity of 
orbital and descent vehicles; 

 laboratory simulation of flight conditions, experimental study of the features of interaction of 
supersonic neutral rarefied gas flows with surfaces being flown about, comprehensive testing 
and calibration of spaceborne measuring systems and instrumentation; 

 development of conceptions, design and implementation of space scientific and applied 
experiments. 

Numerical simulation of flow about a complex-shaped spacecraft in the free-molecular regime is 
traditionally one of the basic lines of investigation at the department. Over a period of years, new results 
have been obtained on the generalization and refinement of the proposed semi-regular method, which 
combines the main advantages of direct statistic simulation methods, “local interaction” theory, and 
regular methods for the solution of problems of external flow about a spacecraft. Particular emphasis is 
given to the construction of efficient numerical algorithms and associated software for the inclusion of the 
effects of interference and mutual shading of structural elements, which make possible multiparameter 
studies of the aerodynamic characteristics of spacecraft of different purposes. 

Most of the procedures developed became part of the USSR’s first “Designer’s Manual of the 
Aerodynamics and Heat Exchange of Space Vehicles in the Earth Upper Atmosphere” prepared in 1982 
together with representatives of the leading research and design organizations (the Central Research 
Institute of Machine Building, Central Aerogasdynamic Institute, Energia Research and Production 



Association, Yuzhnoye Design Office, the Central Design Office of Machine Building, etc.). 
 
 
A complex of problems of aerogasdynamic support of 

the VenusHalley international project was solved. For the 
first time in computational practice, the gas-dynamic 
features of a hypersonic (about 80 km/s) gas-dust flow 
about a spacecraft under simultaneous exposure to the 
solar radiation were investigated. The studies were used in 
deciding on the spacecraft trajectory in the coma of Halley’s 
comet and on the operating regimes of the attitude control 
and stabilization systems and in providing the thermal 
protection of the scientific instruments. 

New mathematical models have been devised, efficient 
algorithms have been constructed, and software has been 
developed to describe mass transfer in the vicinity of a 
spacecraft, including the calculation of three-dimensional 
free-molecular flow fields with consideration for interaction 
of the engine jets with the structural elements. 

 
 

 

 
In 1988, with direct financial support from Energia Research and Production Association and Yuzhnoye 
Design Office, a vacuum aerodynamic cryogenic-pumping plant (VAU-2M) was put into operation at the 
department. In performance, the plant compares well with the best foreign closed-circuit plants operating 
on a refrigeration cycle. 

 
Basic parameters of the plant 

 
No Parameter Unit Value 
1 Working chamber volume m3 3.0 
2 Source chamber volume m3 0.5 
3 Working chamber pressure Torr 5⋅10-6 … 5⋅10-5  
4 Source chamber pressure Torr 5⋅10-5 … 5⋅10-4

5 Working chamber pumping speed l⋅s-1 8⋅103

6  Source chamber pumping speed l⋅s-1 6⋅103

7 Mass-average flow velocity m⋅s-1 4⋅103 … 8⋅103  
8 Flow ionization degree  10-2 … 10-6  
9 Flow divergence angle deg 3 

10  Working chamber core diameter m 0.1 
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Using the plant, a number of new results have been obtained on:  

 
 measurement of effective scattering cross-sections of 

atoms and molecules of rarefied gas for collisions in the 
medium interaction energy range (about 10 eV); 
 static and dynamic tests of untight spacecraft 

compartments and scientific and service satellite-borne 
equipment; 
 determination of the momentum exchange coefficients 

and scattering indicatrices of supersonic neutral flows 
scattered by the basic structural materials of spacecraft 
coatings (AMG-6 alloy, screen-vacuum heat insulation, 
solar battery fragment, AK-12 enamel). 

 
These results made it possible to conduct full-scale 

aerodynamic experiments using PION passive reference satellites. 
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A space experiment called «Variation» was conducted together with Central Special Design Office, 
Nauka Scientific and Technical Center (Samara, Russia), and Kosmos Research Institute and 
Computing Center (Moscow). Two spherical satellites of much the same size (diameter about 0.3 m) and 
mass (about 45 to 50 kg), but coated with different structural materials [AMG-6 alloy, glass fabric (Si), 
and nitroenamel (AKA-12)] were injected into the same orbit at a time. The use of existing space control 
equipment for obtaining information on the orbital period variation ΔT of the satellites made it possible to 
eliminate the atmospheric density from the information being processed and determine the ratio Cxi/Cxj of 
their drag coefficients. 

The results of the full-scale and laboratory experiments are given in the table. 
 
Data source CX1/CX2 CX3/CX4 CX6/CX5

Laboratory simulation 1.045 0.957 1.042 
Full-scale experiment 1.039 0.984 1.035 
 

The calibration values of the drag coefficients of models of the PION satellites had been measured in 
the VAU-2M vacuum aerodynamic plant before their launch. A qualitative and quantitative agreement 
between the results of the laboratory and full-scale experiments made it possible to conclude that the 
simulation of the physical features of interaction of high-velocity rarefied gas flows with the basic 
structural materials of satellite coatings in the VAU-2M plant followed by transferring them to actual flight 
conditions is sufficiently adequate. 

Among the scientific results of the past decade may be highlighted work on the development of 
numerical algorithms of implementation of the “method of probe particles” (MPP), a variation of the 
Monte-Carlo method, for the solution of the Boltzmann equation for flow about variously shaped bodies 
in a wide range of calculation parameters. The features of the construction of computational algorithms, 
their convergence for various Knudsen numbers, and the results of comparison with available numerical 
and experimental data are reported in [1], and they were pre-sented at annual international school-
seminars “Models and Methods of Aerodynamics” (2001 − 2010). 

 
 

Shock wave shape and position obtained by MPP 

Density field in the vicinity of a sphere 
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The department took part in the preparation and publication of the 8th 2-volume scientific and 

informational edition “Model of Space” [3] dated for the 50th anniversary of the first satellite launch. In the 
first volume, physical conditions in space are described. The second volume is devoted to the effect of 
space factors on spacecraft materials and equipment. The emphasis is on the gas-dynamic aspects 
involving two sections of the second volume:  

1.2. “Numerical simulation of mass transfer processes in the vicinity of spacecraft”. 
1.3 “Laboratory and full-scale experiments on the study of gas-dynamic processes in the vicinity of 

spacecraft and on their surface”. 
The materials of these sections reflect the results obtained at the department over the past 15 − 20 

years. These studies are concerned with the formation of spacecraft’s own external atmosphere due to 
gas release from the surface of coating materials, gas leaks from internal spacecraft compartments, the 
operation of engines of different types, and the action of some other sources. 

The physical analogy between molecular transport and radiation transfer in vacuum has also made it 
possible to adapt the mathematics and software developed to the solution of topical problems of space 
ballistics, geodynamics, satellite photometry, and radiant heat exchange. In particular, comprehensive 
numerical studies have been conducted on nongravitational disturbances acting on geodynamic 
satellites and satellites of global navigation systems: Etalon, Glonass, and GPS. 
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The analysis of the obtained results has shown that in the calculation of the solar radiation pressure 
forces acting on the satellites the effect of mutual shading of their structural elements becomes the 
determining factor. The algorithms developed compare favorably with the standard models of Rockwell 
International, the Aerospace Corporation, Los Angeles. 

The methods of computational aerogasdynamics have proved to be highly efficient in the solution of a 
wide range of problems of external heat exchange and satellite photometry and in the construction of 
physical and mathematical models of spacecraft luminosity.  

As an example, in the figure below the calculated brightness curves for a Raduga-type spacecraft (H 
= 36,000 km) are compared with the data of the ground observations (wavy curve) made on October 12, 
1990, from 19:30 to 20:05. 

 
 
 
 
As the spacecraft moved, its solar panels were 

periodically rotated to keep them Sun-oriented, which 
caused their “jitter”. A 1ο solar panel jitter provides a 
good explanation for the wavy behavior of the observed 
brightness curve. 
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Department scientists won the Yangel Prize of the National Academy of Sciences of Ukraine (1994) 

and the State Prize of Ukraine in Science and Technology (1997). 
 
1. Bass V.P. Molecular Gas Dynamics and Its Space Engineering Applications (in Russian) − Kiev : 

Naukova Dumka, 2008. − 272 pp.   
2. Bass V.P. Numerical and experimental studies in rarefied gas dynamics (in Russian) // 

Tekhnicheskaya Mekhanika. − 2008. − No 2. − Pp. 155 − 162. 
3. Model of Space. Scientific and informational edition in 2 volumes (in Russian) / M.I. Panasyuk, 

L.S. Novikov (ed). − Moscow: KDU, 2007. − 2014 pp. 
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DEPARTMENT OF VIBRATION 
PROTECTION SYSTEMS 
 
Head of Department O.V. Pylypenko, 
Corresponding Member of the National Academy 
of Sciences of Ukraine, D.Sc. 
 
 
Field of research  development of radically new dampers to provide the pogo 
stability of liquid-propellant rockets; development of quasi-zero-stiffness 
vibration protection systems; study of the dynamics of systems with two-phase media. 

 
 
 
Based on theoretical and experimental studies of systems with two-phase media, a new class of 

dampers has been proposed and developed to provide the pogo stability of launch vehicles  
hydrodynamic (supercavitating) and thermodynamic dampers, whose efficiency is far higher than that of 
gas-liquid ones. A complete cycle of experimental tryout of the hydrodynamic supercavitating damper 
has been carried out: rocket captive firing tests, in-engine tests, and flight in-vehicle tests, in which the 
damper provided pogo stability for all launches of the launch vehicle.  

A bench for dynamic testing of dampers has been developed and mounted. The bench systems 
simulate damper operating conditions, including operation on a cryogenic liquid. A series of theoretical 
and experimental investigations have been conducted into the dynamics of the nonequilibrium 
thermodynamic processes of liquid evaporation and vapor condensation in two-phase vapor-liquid flows. 
The obtained results demonstrate the advisability of using the dynamic properties of two-phase vapor-
liquid media for the development and making of radically new high-performance vibration protection 
means for various engineering products and systems. 

 
 

 
 
 
 



The basics of theory and designing of radically new high-performance thermodynamic and pneumatic 
vibration protection systems with a quasi-zero stiffness in the working portion of their static characteristic 
have been developed. The proposed vibration protection system designs offer a rather low natural 

frequency and dispense with a hydraulic shock-absorber for vibrational 
energy dissipation. The obtained results have been used in the 
development of a radically new car pneumatic suspension with 
separate damping of high- and low-frequency vibrations, a driver seat 
vibration protection module, vibration protection systems for hand air 
hammers, etc. 
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A pneumatic vibration protection module for driver seats of different 
vehicles (tractor, trolleybus, truck, etc.) has been developed. The 
module reduces the driver’s susceptibility to vibrations by a factor of 
about three in comparison with the world’s best analogs. 

Dynamic tests of YuMZ-T2 trolleybus and YuMZ-6AKL tractor driver 
seats with the vibration protection module have shown that the 
maximum seat natural frequency does not exceed 1.2 Hz, and the 
maximum gain at the resonant frequency does not exceed 1.2, which 
is far lower than their allowable values.  

The results of dynamic and life tests of the seats make it possible to 
recommend the vibration protection module for installation in driver s
suspensions of different vehicles. 

 
 
 
 

New car pneumatic suspensions have been designed, 
and their experimental prototypes have been made and, 
following their static and dynamic characteristics 
determination, tested as part of a production car. The 
reduced natural frequency of the sprung mass of the car 
with the new suspensions has lowered human 
susceptibility to vibrations by a factor of 3 for asphaltic 
concrete roads and by a factor of 6 for pebble-asphalt 
roads. 

The characteristics of the new pneumatic suspensions 
meet the requirements for the ride quality and stability of 
an up-market car. Their cost is comparable with that of 
traditional suspensions with metal springing elements and 
hydraulic shock-absorbers. 

 
 
 
 
 
A radically new technology for the preparation of fine-particle coal-water fuel (CWF) has been 

proposed.  
A cavitation pulse plant has been developed, which integrates a new cavitation pulse disperser (a 

system of cavitation pulse generators) and a system of fuel feed to the burner of a boiler. The plant 
provides the technological cycle for switching the boiler operation from gas or black oil to coal-water fuel. 

The disperser with a system of cavitation pulse generators makes it possible to use for CWF 
preparation coal slurry concentrates and various coal ranks of size grade 0  3.0 mm. 

Practical recommendations have been made on upgrading type E boilers to switch them from gas or 
black oil to coal-water fuel. 

 
 
 
 



 
 
 
 
 
A bench for the study of CWF burning processes has been designed and made. The bench serves to 

determine the air flow rate and air preheating temperature ranges required for CWF burning and the 
ranges of variation of the gas and air flow rates within which burning remains stable.  

Based on the work conducted and the experimental results obtained, experimental prototype burners 
to burn coal-water fuel in heat and power plants have been made. 
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  a)              b) 

CWF flame at different instants of time
 

 

 

 

 

 
 


