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From International Editorial Board 

New issue of the International scientific journal “Actual problems of aviation and aerospace systems”, 
No.2(41), Vol.20, 2015, is another special issue devoted to the greatest events of the history of 
Mankind associated with Aviation and Cosmonautics, with the beginning of Space exploration Era. 
This Era is associated with distinguishing achievements in space exploration, implemented on the 
basis of fundamental science and thought-out engineering practice: from the first, Soviet, Earth 
satellite (4 October 1957) – to the first Man on space orbit (Yu.A.Gagarin, 12 April 1961), to the first-
- ever  Spacewalk of Man (A.A.Leonov, March 1965),  to the satellite constellations and International 
space stations, to the space flights and lunar landing, to the interplanetary missions… 
Great Russian scientist Konstantin Eduardovich Tsiolkovsky was the originator of the Epoch of 
Space exploration, with profound development of all the areas of basic and applied astronautics. 
Scientific theories and approaches that became a basis for the first space calculations, theoretical and 
applied research, including the problems of dynamics of celestial bodies and artificial satellites and 
engineering problems of space flights, are associated with the names of outstanding specialists in 
mechanics and mathematics, with Russian scientific and design Schools, which have been recognized 
all over the world. They are the Academicians: Leonard Euler; Alexander Mikhailovich Lyapunov, 
founder of the motion stability theory; Nikolay Guryevich Chetaev, who interpreted 
A.M.Lyapunov’s concepts and theory to the whole scientific and engineering world, who founded 
Kazan Chetaev’s School of stability and Kazan Aviation Institute (A.N.Tupolev KAI-KNRTU); 
Sergey Pavlovich Korolev, Chief Designer of rocketry; Mstislav Vsevolodovich Keldysh, scientific 
supervisor of the USSR Space Program, theorist in astronautics – a brilliant specialist in mechanics 
and mathematics… 
This was an event of paramount importance for the history of Mankind that logically resulted from the 
efforts of the USSR people, who had managed to join the achievements of basic and applied science, 
engineering, socio-political system. 
Contribution to that notable breakthrough, the projects and creativity of the outstanding scientists and 
designers of that time – M.K.Tikhonravov, V.P.Barmin, M.S.Ryazansky, G.Ye.Lozino-Lozinsky, 
V.P.Glushko, V.N.Chelomey, M.K.Yangel,  V.F.Utkin, G.N.Babakin,V.P.Makeev, M.P.Simonov,.… 
… – are the subject of special scientific research. 
It was the fundamental higher Engineering Education, powerful scientific Schools, lofty ideas, 
boundless loyalty and inexhaustible enthusiasm that provided the Soviet Union with the chance 
for such a brilliant breakthrough in science, technology and ideology. These positive results were 
provided by professional heroism of the Soviet Representatives of science and engineering and by 
policy of the country’s top Leadership who made the fantasy come true and the Soviet Union win the 
Victory (in the struggle for Peace…) 
The city of Kazan and Kazan Aviation Institute is directly relevant to the development of aviation and 
astronautics; the world-famous names – Nikolay Guryevich Chetaev, Valentin Petrovich Glushko, 
Sergey Pavlovich Korolev, Andrey Nikolaevich Tupolev,..., as well as Andrey Vladimirovich 
Bolgarsky, Yuri Georgievich Odinokov, Vyacheslav Yevgenyevich Alemasov, Georgy Sergeevich 
Zhiritsky (one of the lunar craters was named after him), Vladimir Mefodyevich Matrosov (minor 
planet – Object 17354 – “Matrosov”)… – all of them are associated with Kazan and Kazan Aviation 
Institute (which was celebrating its 80

th
 Anniversary in 2012 year), alma mater of engineering 

personnel for aviation and rocket-and-space engineering.  
It was in 1945 in Kazan where the first in the country department of rocket propulsion engineering 
was founded in Kazan Aviation Institute (Head of department – V.P.Glushko, Professor of department 
– G.C.Zhiritsky, Lecturers – S.P.Korolev, D.D.Sevryk,...). 
Among the famous designers of aviation and rocket-and-space hardware there were also the following 
graduates of KAI: B.I.Gubanov, Chief Designer of Energiya-Buran Space System; V.I.Lobachev, 
Head of Mission Control Center; M.P.Simonov, Chief Designer of Su- 27, famous aircraft;… 

Close interdisciplinary link between the fundamental and applied domains of science, between its 
separate disciplines is of vital importance for successful development of the whole aviation and 
rocket-and-space engineering, for space exploration. This was established as a basis for the entire 

If to be, it is necessary to be the First 
V.P.Chkalov 

“…we value cooperation with Russia… 
since in Russia it is World Sharpest Engineers,…”, 
Josef Byden, Vice President, USA, (2011). 
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scientific, educational, engineering and design work aimed at the training of specialists in Kazan on 
N.G.Chetaev’s initiative and according to the innovative ideas of the “Fathers of Russian Aviation” 
N.E.Zhukovsky, S.A.Chaplygin, aiming at extension of traditions of advanced scientific and 
educational Engineering School (P.L.Chebyshev – A.M.Lyapunov– N.G.Chetayev- …). 

The papers published in this special issue describe the developments of the leading specialists in 
aerospace; they contain the historical analysis of the way that led to the positive results of the 
beginning of Space Era. Scientific research, analytical reviews on these events and relevant problems, 
analytical and information articles, polemical ideas and prospects of further development of 
Astronautics in Russia and in the World, scientific meditations about Mankind Evolution, reflections 
on the meaning of space scientific and engineering heritage for the whole world society and results in 
the sphere of aviation and aerospace systems are presented. 

Our Partners on special issues:  
Cosmonautics Federation of Russia Central Scientific Research Institute for Machine Building, 
Federal Space Agency, K.E.Tsiolkovsky Russian Academy of Cosmonautics, Academy of Aviation 
and Aeronautics Sciences, A.A.Maksimov Scientific and Research Institute of Space Systems, 
N.E.Bauman Moscow State Technical University, Moscow Aviation Institute (National Research 
University), International Academy of Astronautics, Institute of Control Sciences of RAS, Concern 
”TsNII “Electropribor”, International Centre for Numerical Methods in Engineering (CIMNE); 
International Academy of Astronautics,.. 

Our authors are well-known specialists, researchers, representatives of the Academies of Sciences, 
design bureaus, scientific and research institutes, universities, space agencies, who work in the spheres 
theoretical and applied aviation and astronautics. 

A.G.Milkovskiy, A.Yu.Danilyuk, S.V.Seredin, S.N.Karutin, P.B.Glukhov, A.A.Bermishev, 
V.L.Lapshin (Central Research Institute of Machine Building, Russia), specialists in area of system 
engineering of satellite communication, navigation and Earth remote sensing systems; – with 
discussions on methods for the mobile monitoring and assessment of global satellite navigation 
systems performance. 

V.P.Kazakovtsev, V.V.Koryanov (Bauman Moscow State Technical University, Russia), specialists 
in the domain of dynamics, navigation and control of spacecraft motion, – with results on analysis and 
methods of designing parameters of motion for landing module with inflatable braking device. 

A.A.Bolonkin (International Space Agency, USA), specialist in domain of problems of aviation and 
aerospace systems; new approaches to space launchers, - with author's innovation projects on non-
rocket launchers; with discussion of the possibilities for these methods and the conditions which 
influence its efficiency. 

M.S.Krinker (American Institute of Aeronautics and Astronautics, USA), the specialists in area of 
Physics of Liquid Crystals, special methods for Bio-Physics and Physics of Semiconductors, Physics 
of Geo-Pathogenic Zones, - with author’s results on non-traditional approaches to generating lift, with 
discussion of general physical aspects. 

A.B.Bakhur (LLC «Intellectual Technologies», Russia), the specialist in the field of design, system 
modelling of complex technical systems, system modelling of organism, – with analysis of using 
model of structural-functional architecture of an organism as a prototype in designing spacecraft, 
which  provides a high level of theoretical and methodical support. 

D.А.Maslov (Central Research Institute of Machine Building, Russia), the specialist in the field of 
systematic studies of promising launch vehicles and ground space infrastructure, – with short review 
on some problems in developing of air-launch systems. 

R.S. Zaripov (Kazan Aviation Plant named after Gorbunov S.P., Russia), specialist in area of flight 
exploitation of military-transport and civic aircrafts, - with review on role and place of military-
transport aircrafts in aviation history, with analysis of use in military actions during Great Patriotic 
War. 

G.L.Degtyarev, O.L.Kozina, V.I.Konyakhina (Kazan National Research Technical University 
named after A.N.Tupolev, JSC EDB “Sukhoi”), specialists in areas of control theory, of complex 
systems dynamics; human resources management, - with article to 85

th
 anniversary of M.P.Simonov, 

General Designer, Founder of Russian scientific and design school for combat super-maneuverable 
airplanes. 



 

 

Before the launch Yu.A.Gagarin wrote
in his letter (10.04.1961):
“… I'd like … to devote this flight to
the people of new Society, …, to our
great Motherland, to our Science”.

The first Person of the Planet Earth 
who performed a Space flight

Yuri Gagarin

80-th Anniversary of Yu.Gagarin’s birth
(09.03.1934-27.03.1968)
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To the 20 th Anniversary 
 

The International Scientific Journal “Actual Problems of Aviation and Aerospace Systems” 
(APAAS) is 20 years of age. Its foundation in 1995 was inspired by Russian Scientists and 
Professors, Representatives of Kazan Chetaev School of stability and mechanics (KAI- 
A.N.Tupolev KSTU, Russia) together with their foreign colleagues, Representatives of 
Embry-Riddle Aeronautical University (ERAU, USA). 
One should note that the university initiative on establishment of scientific Russian-American 
Edition aimed at integration of science, engineering and higher engineering education in the 
field of Aviation and Space has been successfully implemented (with regular release of 
printed and electronic versions). 
Bilingual by its nature, the joint scientific Edition in the field of Aviation and Aerospace 
science and technology, which is meant to enrich knowledge, implement new technologies, 
promote cooperation between scientists, professors and engineers of the two countries, 
occupies a worthy place in the range of international scientific editions. 
Established by the joint efforts of all our Partners, this unusual scientific Edition actively 
enhances the prestige of aviation specialists in the world community, supports accumulation 
of experience and qualification of aviation and aerospace elite, attracting the young talented 
power to solution of the most complicated problems in this sphere of Human Knowledge and 
Entity. 
For the 20years of its existence the Journal has succeeded in attaining the goals outlined at 
the very beginning of its life 

“… assistance to development of all the forms of International cooperation in the most complex 
spheres of science and engineering, like Aviation and Cosmonautics…; only close cooperation can 

provide efficient development with maintenance of high level” – I.F.Obraztsov, RAS Academician, 
President of the Academy of Aviation and Aeronautics Sciences (1996). 

“…the progress of human civilization is inconceivable without development of aviation and aerospace 
systems, and the latter requires close collaboration of basic theory and practice, integration of 
experience of the past, energy of the present and wisdom of the future…; the Journal serves the 
scientific and professional purposes in the field of aviation and space systems, enabling the specialists 
to effectively report theoretical and applied problems, apply intellectual potential to the sphere of the 
latest scientific ideas, developments, and projects…, … it is quite gratifying that Kazan Aviation 
Institute (Kazan State Technical University), which performs the publishing, remains faithful to its initial 
basic foundations laid by its Founder, the Member of USSR Academy of Sciences N.G.Chetaev, i.e. 

fundamental nature, responsibility, high qualification in combination of theory and practice” – 
V.M.Matrosov, RAS Academician, President of the Academy of Nonlinear Sciences (2005). 

The Journal founded under the auspices of IFNA-ANS is published under the aegis of 
Academy of Aviation and Aeronautics Sciences, K.E.Tsiolkovskiy Russian Academy of 
Cosmonautics in cooperation with MAI, N.E.Bauman MSTU, with support from russian and 
foreign Partners including Scientific Centers, Universities, Aviation Complexes, Rocket and 
Space Complexes: Institute of Control Problems of RAS, Belgrade University, San Diego 
Polytechnic University, ERAU, TsSKB-Progress, Institute of Laser Engineering and 
Technology (“Voenmekh”), Scientific Research Institute of Physical Measurements, 
M.V.Lomonosov Institute of Mechanics, Central Institute of Aviation Motors, International 
Center for Numerical Methods in Engineering (CIMNE), International Academy of 
Astronautics, … 
We are much obliged to all our Partners of the Scientific Edition, with whom we initiated and 
with whom we continue our successful cooperation in this kind of activity. We are grateful for 
their devoted comprehensive support and benign collaboration. 
 

Yu.F.Gortyshov L.K.Kuzmina 

President of A.N.Tupolev KNRTU-KAI Co-Editor of ISE 
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Mobile monitoring  

of global navigation satellite systems performance 

A.G. Milkovskiy, A.Yu. Danilyuk, S.V. Seredin, S.N. Karutin, P.B. Glukhov,  

A.A. Bermishev, V.L. Lapshin 

Central Research Institute of Machine Building 

4 Pionerskaya str, Korolev, Moscow Region, 141070, Russia 

 

The article provides the technique for the mobile monitoring and assessment of global satellite 

navigation systems (GNSS) performance and the architecture of the mobile technical capabilities 

included in the GLONASS civil performance monitoring and assessment system. The results of 
experimental assessment of GNSS performance at user level obtained with the use of the Mobile 

Information and Diagnostics Laboratory are also provided.  

Key words: global satellite navigation systems, monitoring, accuracy, availability 

 

Introduction 

The current stage of GLONASS and GNSS development is characterized by the enhanced 

user requirements to these systems, which provide with regards to their major characteristics 

such as accuracy, availability, continuity and integrity of positioning and timing [1–15]. All 

these characteristics are interrelated because the real values of positioning and timing errors 

may considerably vary depending on conditions of reception, i.e. availability. The values of 

errors are also dependent on integrity (reliability) of both single navigation satellites and the 

system as a whole.  

Currently the performances of GNSS are described in the whole set of the regulatory documents 

including first of all ICDs [2–6], and also as was recently recommended by the International 

Committee on GNSS (Standard Positioning Services Performance Standards [7]). 

At present GNSSs ensure positioning and navigation of a moving user in six different modes 

characterized by different values of an RMS error [13]: 

1. absolute single frequency (5.1 m rms ); 

2. absolute multifrequency (3.1 m rms); 

3. local differential (1 m rms); 

4. wide-area differential (1,3 м rms); 

5. high-accuracy relative (0.03 m rms); 

6. high-accuracy absolute (0.05 m rms).  

Each of these modes relates to a certain service. The first two positioning modes are provided 

solely by GNSS Space Complex (in GLONASS referred to as the orbital constellation plus 

the ground control segment) by means of navigation signals on various frequencies of L-band 

and are viewed now as the baseline service for the corresponding GNSS. The third mode is 

achieved though using various local and regional differential augmentation systems mainly 

for marine transportation or aviation transmitting scalar corrections to the measured 

navigation parameters obtained through the phase of the satellite ranging signal envelopes 

(pseudoranges). The fourth mode is going to be achieved on the territory of the Russian 

Federation by using the wide-area System of Differential Corrections and Monitoring 

(SDCM). SDCM is designed to provide vector corrections to satellite orbit and clock data as 

well as the information on signal propagation medium [8]. Local and regional reference 

station networks belonging to various agencies and organizations provide high-accuracy 
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absolute services. Users receive information on the location of reference stations together 

with the sets of the initial navigation parameters measured through the carrier phase and the 

phase of the ranging signal envelopes (pseudoranges and pseudo-Doppler phase). The sixth 

service is provided by the global systems of high-accuracy navigation [9] based on 

transmitting vector corrections to satellite orbit and clock data, information on signal 

propagation medium as well as using the navigation parameters measured through the carrier 

phase and the phase of the ranging signal envelopes. 

GNSS user equipment primarily based on the first five modes is being actively introduced 

into various industries. The highest demand is for the absolute single frequency positioning. 

Despite continuous evolution of the algorithms in such kind of user equipment, users continue 

to encounter situations in which the real positioning errors fall two orders of magnitude 

outside the theoretically justified error value.  

To fulfill the continuous civil performance monitoring and assessment of GLONASS and 

other GNSSs operating in the Russian Federation, GNSS Performance Monitoring and 

Assessment System (GPMAS) is being developed. Due to lengthy territory, diversity of 

reliefs and housing densities, as well as various levels of personal mobile communication 

infrastructure development GPMAS includes mobile capabilities to assess real positioning 

performance locally on the fly.  

The mobile capabilities provide for assessing actual performance in terms of accuracy and 

availability taking into account the propagation medium and reception conditions. These are 

the factors that may contribute drastically to the positioning and timing error budget. The 

information on the actual user equipment operation scenarios can help determine the 

boundaries for GNSS today’s use and elaborate proposals for GLONASS evolution to meet 

the future user requirements.  

 

GPMAS architecture  

GPMAS is a complex system comprising a variety of technical capabilities ranging from the 

global network of monitoring stations to the sets of large aperture antennas used to assess 

signal energetic characteristics and the control center (Fig.1). The GPMAS technical 

capabilities estimate quality of the orbit and clock data, determine signal form and energetic 

parameters, assess timeliness for alerting user about positioning and timing integrity 

corruption and detect interference and jamming in spectrum primarily allocated to RNSS 

independent of the GLONASS space segment and the augmentations.  

For assessment of the positioning and timing accuracy GMPAS employs the orbit 

determination and clock synchronization capability which use measurements of the current 

signal parameters from GNSS satellites generated based on the information obtained from by 

the own monitoring station network assisted by the measuring capabilities of GLONASS 

augmentations (SDCM and system of real time precise orbit and clock determination) [8, 9] 

and IGS stations. The number of employed stations currently totals 50. As the national 

network expands the number of station used will also expand. [10]. 

The sets of measured navigation parameters provide generation of estimates for ephemeris 

and clocks for satellite timescale models in real-time mode and in post-processing. The error 

of estimates generated based on data from subsequent observations at an interval of no less 

than 14 days averages 0.03 m (RMS) for orbits and 0.1 ns (RMS) for clocks. The achieved 

values of orbit and clock errors are in line with those obtained by the IGS centers [11]. 
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Fig. 1. Civil GNSS performance monitoring and assessment system architecture: 1 – 

navigation satellite; 2 – monitoring station; 3 – signal energetic characteristics 

assessment facilities; 4 – center of performance control and assessment; 5 – sdcm 

center; 6 – center of the system of real time precise orbit and clock determination 

system; 7 – igs center; 8 – mobile information and diagnostics laboratory 

The signal energetic parameters control facilities provide assessment of the measured signal 

power at the output of an isotropic antenna with the agreed polarization, EIRP and on-board 

radiated power [12]. The information on the above values allows for additional refinement of the 

errors associated with the initial measurements used for positioning and timing solutions within 

the elements of the covariance matrix of the a posteriori estimates of the measured navigation 
parameters.  

The center of GNSS performance monitoring and assessment processes the whole steam of initial 

data and generates GNSS services estimates. It also interacts with the mobile information and 

diagnostics laboratory (MIDL) able to function as the independent facility and to effectively 
augment the fixed GPMAS facilities.  

 

GNSS mobile monitoring technique  

Mobile GNSS performance monitoring and assessment is based on the assessment of a 

difference between the user state vector parameters values and the reference value.  

To this end in a case of the kinematic mode the reference trajectory is plotted based on one of 

the precise positioning techniques. If there is a reference station in the control zone (or the 

reference station is intentionally organized) the high-accuracy relative mode may be used. 

The accuracy of the reference trajectory in this case depends on the destination between the 

points of positioning and the reference station (from several centimeters to several 

decimeters). If there is no any reference station or no data from such a station can be obtained, 

the high-accuracy absolute mode is used.  

The user equipment typical to the current conditions of use is the source of a user state vector 

parameter values.  
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The technique is the Kalman’s filter based universal method for estimation of user state vector 

parameters. The benefit of using this method is obtaining state vector parameter estimation by 

means of a posteriori probability with the linearized equation model for relation between the 

state vector nX and the results of the measured navigation parameters nS at the time instant nt  

and the linear state vector prediction model on the assumption the user lacks complicated [8]: 
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where nR is the function of relation of the measured navigation parameters to the user state 

vector parameters; nX̂  is the user state vector estimate obtained at a previous time instant 

based on the prediction model; ne and ε  are the vectors of discrete mutually uncorrelated 

noises the zero average and correlation matrices nW  and Q ; nС  – transitional matrix. 

At the initial time instant 0t  the estimation of the state vector of the user 0X is carried out 

using unambiguous measured navigation parameters through the phase of the ranging signal 

envelopes (pseudoranges) and the correlation matrix of their errors 0W . At any other 

subsequent time instant nt  the refinement of the vector nX values is conducted based on the 

following expressions (2): 
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H  is the matrix for the relation of the measured navigation parameters to the 

state vector parameters. 

Depending on the mode of operation the estimation of the nX state vector parameters requires 

different sets of initial data in (2) (Table 1). 

 

Table 1. Processing Modes Parameters 

Mode Measured navigation parameters  Ephemeris-temporary data  

Absolute single frequency  L1 SIS Pseudorange Regular on-board orbits and clocks 

Absolute multifrequency  L1/L2 SIS Pseudorange Regular on-board orbits and clocks  

Local/regional differential L1 SIS Pseudorange Regular on-board orbits and clocks, 

scalar corrections to pseudoranges  

Wide-area differential  L1 SIS Pseudorange Regular on-board orbits and clocks, 

vector corrections to orbits and 

clocks, SIS ionospheric delays 

High-accuracy absolute  L1/L2 Psedorange and pseudo-

doppler phase  

High-precision orbits and clocks  

High-accuracy relative  L1/L2 Psedorange and pseudo-

doppler phase (base and rover)  

Regular on-board or high-precision 

orbits and clocks 
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To obtain the real values of errors of accuracy and availability the two-phase procedure for 

data processing both from fixed and mobile facilities is applied: 

- Phase 1: data collection and preliminary processing in real time; 

- Phase 2: a posteriori estimation of the performance. 

In Phase 1 the sets of the measured navigation parameters are generated using MIDL, the 

GMPAS fixed monitoring stations, SDCM, and the system of real time precise orbit and clock 

determination. The measured navigation parameters obtained from the reference stations in 

the area of studies are also used. The regular on-board orbits and clocks are satellite position 

and clock state in broadcast ephemerides [2-6]. In a case there is a local or regional 

differential system in the area of studies the MIDL equipment receive and record the scalar 

corrections to the measured navigation parameters. Wide-area vector corrections to the orbits 

and clocks are uploaded from the SDCM internet server [14]. The precise orbits and clocks 

will in future be provided by the Center for real time precise orbit and clock determination. At 

present however to validate this mode the data generated by IGS and TsNIIMash are used 

[15]. The data received provide the real navigation environment in the area of GNSS 

performance monitoring and assessment at any time and the estimated state vector parameters 

for the required time instant.  

Phase 2 is subdivided into 2 subphases. In subphase 1 the reference trajectory of MIDL is 

plotted. It is calculated based on (2) and the a posteriori estimation of orbits and clocks with 

the latency of 12–18 days. The reference trajectory may include the calibration zones 

represented by the MIDL trajectory segments within the coverage of the reference stations 

belonging to systems of precise relative positioning (max 5 km range). These trajectory 

segments can be used to assess the residual error of the MIDL reference trajectory estimate.  

GNSS performance assessment is conducted in subphase 2 through building residuals of a 

user state vector estimates in real time and the corresponding state vector estimates from the 

reference trajectory. The residual error of the reference trajectory plotting is also estimated by 

building residuals of a user position from the reference trajectory and position estimates in the 

calibration zones in relative positioning.  

 

Experimental testing of accuracy of techniques 

The comparison of different techniques for a reference trajectory plotting was carried out by 

the experts of the Information and analysis center of PNT based on data obtained during the 

experiment along the Northern sea route conducted in 2011 on board a vessel traveling from 

Murmansk to Nevelsk (Sakhalin island).  

To compare the performance in terms of accuracy the segment between the Chukotka 

Peninsular northern shore and Petropavlovsk-on-Kamchatka shown on Fig. 2 was chosen. For 

this segment two trajectories were plotted based on processing measurements of dual-

frequency receivers on board the vessel.  

The first one was plotted based on relative georeferencing to the IGS reference station in 

Petropavlovsk-on-Kamchatka (petp). The distance to this station was measured within the 

range of from 2,250 km to several km. Sigma G3T and Triumph on-board receivers RINEX-

files and measurements from рetp were used to plot the trajectories.  

The second trajectory was plotted based on absolute precise point positioning (РРР) with the 

postprocessing. The initial data were represented by the raw receiver measurements, files of 

satellite “precise” ephemerides and clock data. The parameters to refine were the Cartesian 
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coordinates of satellite antenna phase centers, corrections to satellite clock state, ionospheric 

component of an error and wet component of tropospheric delay error  

In synchronous time instants the residuals in position and height between the trajectories were 

calculated. 

 

 

Fig. 2. The vessel’s route used to compare the techniques 

 

Figure 3 demonstrates the behavior of residuals between the trajectories in position as a 

function of the distance to the reference station and the trend line characterizing the behavior 

of residuals. As to the figure the proximity of the accuracies attributed to the both techniques 

may be observed at a distance of 250 km and less to the reference station.  

Figure 4 demonstrates the statistic characteristics of residuals dependent on the distance to a 

reference station – median value (CEP), mean value and RMS. As it might be seen the 

difference between the trajectories of about first ten centimeters is observed at a distance of 

250 km to the reference station. At distances like these and those less, trajectory residuals are 

caused by PPP methodical features. 

The data provided show the RMS positioning error resulted from using PPP techniques is no 

more than 0.1 m. The technique has tangible advantages when calculating positioning of a 

moving object at considerable distances to a reference station. (200–300 km and more).  

 



 
A.G. Milkovskiy, A.Yu. Danilyuk, S.V. Seredin, S.N. Karutin, P.B. Glukhov, A.A. Bermishev, V.L. Lapshin 

 

 18 

 

 

Fig. 3. Behavior of position residuals as a function of the distance to the reference station 

 

 

Fig. 4. Statistic characteristics of technique residuals in position dependent on a distance 

to the reference station  
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Conclusion 

The proposed technique and the results of the experimental testing confirm the possibility of 

the mobile GNSS performance monitoring and assessment with an error of 0.1 m (RMS) in a 

posteriori mode. 

The results the technique validation obtained in 2011 are currently used to assess the quality 

of navigation services in the Russian Federation. One of the most interesting and promising 

projects is ”Transportation Corridors” Project.  

In 2012 the Government of the Russian Federation named the development of the 

transportation corridors as one of the most important national projects. These corridors are to 

connect the North and South as well as European Part, Siberia and Far East of the Russian 

Federation. Activities aimed at development of the transportation corridors include not only 

road construction and repair but also evolution of wireless communication and data 

transmission as well as deployment of regional navigation and information systems.  

In 2014 at the request of the Federal space agency (Roscosmos) the Central Research Institute 

of Machine Building conducted experimental activities on probing the quality of navigation 

within the North-South transportation corridor. Two round-trip expeditions from Moscow to 

Murmansk and from Moscow to Sochi were organized. In 2015-2016 additional activities on 

assessment of GNSS performance within the West-East transportation corridor and the 

international “Silk Way” are planned based the proposed technique using MIDL.  

 

Abbreviations list 

CEP – Circular error probable 

EIRP – Equivalent Isotropically Radiated Power 

ICD – Interface Control Document 

IGS – International GNSS Service 

GLONASS – Global Navigation Satellite System, Russia 

GNSS – Global Navigation Satellite System 

GPMAS – GNSS Performance Monitoring and Assessment System  

MIDL – Mobile Information and Diagnostics Laboratory 

PNT – Position, Navigation and Time 

PPP – Precise Point Positioning 

RNSS – radionavigation–satellite service 

RMS – Root mean square 

Roscosmos – Federal space Agency, Russia 

SDCM – System of Differential Corrections and Monitoring  

SIS – Signal–In–Space 

TsNIIMash – Central Research Institute of Machine Building, Moscow region 
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The paper has two parts. The first shows the mathematical model of the spatial movement of the 
landing vehicle, taking into account the effect of small asymmetries. The second presents a method of 

calculating the parameters of angular motion landing vehicle, based on joint integration of the 

differential equations of motion and partial differential equations describing the change in the form of 
an inflatable braking device during descent vehicle in the atmosphere. The results of modeling the 

movement of the landing vehicle with inflatable braking device. Shown that the main factor causing 

the change in the parameters of angular motion landing vehicle, is the asymmetry of external form. 

Keywords: spacecraft, braking device, asymmetric shells 

 

1. Introduction 

The research program of various celestial bodies in the solar system involves the use of space 

landing vehicles to determine the parameters of the atmosphere and the soil characteristics of 

the body surface. Dimensions and weight of the landing vehicle limited capacity of carrier 

rockets. One of the promising trends are special landing vehicles with inflatable braking 

device, developed by NPO Lavochkin. Folded landing vehicles had small dimensions. Before 

entering the atmosphere of a celestial body inflatable braking device deployed slight 

overpressure. Then axisymmetric lander with an inflatable braking device received a small 

angular velocity relative to the longitudinal axis. 

One of the first such device was designed penetrator designed to descend into the atmosphere 

of Mars. Another device was demonstrator was used for mining descent into Earth's 

atmosphere. Both of these gadgets enjoyed inflatable braking devices cone type, located in the 

rear of the of the landing vehicle. Appearance of such a device is shown in Figure 1. 

 
 

Fig. 1. Appearance landing vehicle deployed with an inflatable braking device cone type 

 
When moving of the landing vehicle atmosphere inflatable braking device undergoes 

considerable force effects, which leads to deformation of its shape. As a result, there are 
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various types of small asymmetries. These asymmetries, combined with structural 

asymmetries, formed during the manufacture of the device, leading to a change in the 

dynamics of angular motion of the landing vehicle. This paper provides an overview of 

methods for calculating the parameters of angular motion of the landing vehicle with an 

inflatable braking device, taking into account emerging small asymmetries. 

Review of the problem. In many areas of engineering design are used in the form of soft 

shells filled with gas or inflate during their movement. Therefore, to date, a sufficient quantity 

of information on the statics and dynamics of membranes, the dynamics of their disclosure of 

their movement in the flow of liquid or gas, the stability under external loading. 

However, most of these materials are devoted either parachute systems of different types, or 

pneumatic structures, which are based on soft-shell: airdomes, inflatable vessels, soft 

container or inflated shell having a small internal pressure gas (blimps, inflatable balloons) 

and subjected to external perturbations type of wind loads. 

The analysis examined the literature on soft shells showed that the majority of [1 – 4, 6] 

consider the strength of the shell itself questions most often in the unfolded state and at a 

given external load. Thus, in [2] for the assumptions introduced by the authors of the 

uniformity of the distribution of external pressure on the shell and sufficiently slow variation 

of the load over time, an analytical method for calculating the critical parameters of the 

spherical shell. 

In [3] the authors propose to calculate the approximate theory of soft shells of revolution, 

based on the linearized equations and asymptotic methods of integrating them. 

The greatest difficulty is the problem of dynamic type, namely the behavior of the soft-shell 

during its opening in the presence of varying external load. Mathematical description of this 

process is encountering great difficulty solely because this problem belongs to the class of 

strong interaction bluff spatial object changes shape with the gas stream. Issues of interaction 

of the object with incident flow are reduced to the study of problems of aeroelasticity, based 

on the unit nonlinear aerodynamics and theory of soft shells. To solve this problem, an 

approach based on a synthesis of numerical methods for nonlinear aerodynamics and the 

theory of elasticity, which includes the sequence of solutions of nonlinear unsteady 

aerodynamics, generalized nonlinear elastic type dependency (Rakhmatulin, [8]) and the 

dynamics equations of motion of soft braking systems (mainly parachutes laden). 

In [5, 6] we study the interaction of a soft shell with the flow of liquid or gas. Here we 

consider only soft unconfined permeable or impermeable shell of fabric, mesh and film 

materials, unfolding under the influence of the incoming flow. 

In [5] the authors consider the unseparated potential flow soft wing, which implies a thin 

bearing surface, perceiving only the tensile force and creates a lifting force at its liquid or gas 

flow. Under the influence of aerodynamic load bearing surface formed by the deformation of 

the wing of a soft shell. 

Analysis of studies on dynamics of motion devices with non-rigid structures, showed that they 

consider highly deformable, mostly permeable, such as parachutes open shell and soft wings, 

usually used for braking of the landing vehicle at subsonic speeds. 

In our case inflatable braking device of the landing vehicle is hard enough inflatable balloon 

cone type undergoing large external aerodynamic load during re-entry. Therefore 

V. Kazakovtsev and A. Mitchenkova [10] proposed a method for calculating the parameters 

of angular motion of the landing vehicle, based on joint integration of the differential 

equations of motion and partial differential equations describing the change in the form of an 

inflatable braking device during descent vehicle in the atmosphere. 
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The scientific novelty of this paper is to evaluate the application of methods for calculating 

the parameters of angular motion lander with an inflatable braking device at various stages of 

the design of this type of devices. 

 

2. A mathematical model of the spatial motion of the landing vehicle with the influence 

of small asymmetries 

Real (perturbed) rotating movement around the longitudinal axis of uncontrolled space of the 

landing vehicle on the descent atmospheric can significantly change the parameters of angular 

motion and trajectory coordinates. For similar landing vehicles one of the most important 

factors is the disturbing presence of small asymmetries that can cause complex dynamic 

phenomena such as vibrational-rotational resonances, progressive self-rotation, etc. 

Asymmetry landing vehicles considered as perturbations of inertial mass and geometrical 

characteristics. Such perturbations is the lateral displacement of the center of mass with the 

longitudinal axis of symmetry of the of the landing vehicle, the angular deviation of the 

principal axes of inertia with respect to axes and planes of geometric symmetry (products of 

inertia), as well as the deviation of the surface of the landing vehicle as body rotation of the 

nominal. 

In accordance with [11] we write the dynamic equations of angular motion of the landing 

vehicle in projections on the axes of the coordinate system associated with the influence of 

small asymmetries: 
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where indicated by the following small asymmetry: 

∆y, ∆z – lateral deviation of the center of gravity of the longitudinal axis; 

Ixy, Ixz – products of inertia between the longitudinal and lateral axes; 

my, mz – aerodynamic coefficients moments relative to the axis OY, OZ at zero spatial angle 

of attack. 

Denote structural asymmetry arising during the manufacture of the descent device with index 

"0" and the asymmetry resulting from the deformation of the inflatable braking device with 

index «def». Then the total value asymmetries are given by: 

 0 defy y y    ,       0 defz z z    , (2) 

 0xy xy xydefI I I  ,             0xz xz xzdefI I I  , 

 0y y ydefm m m  ,             0z z zdefm m m  . 
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Structural asymmetry in the production process are determined of the landing vehicle with an 

inflatable braking device and sets some constants. Asymmetry caused by the deformation of 

the inflatable braking device during descent of the landing vehicle are variables and 

determined in accordance with the selected method of their calculation. 

 

3. Method of calculating the parameters of angular motion of the landing vehicle 
 

In the work the method of calculating the parameters of angular motion of the landing vehicle, 

based on joint integration of the differential equations of motion and partial differential 

equations describing the change in the form of an inflatable braking device during descent 

vehicle in the atmosphere is developed. To determine the shape of a non-rigid shell inflatable 

braking device of the landing vehicle developed a mathematical model of the shell forming 

the inflatable braking device on the following assumptions: 

– hull inflatable braking device of the landing vehicle closed, conical, located under the 

excess internal pressure;  

– internal pressure is constant;  

– shell material is isotropic, with the average modulus of elasticity. 

The last assumption made due to the fact that often the initial stages of development of the 

landing vehicle with an inflatable braking device shell material inflatable braking device and 

its characteristics are unknown. 

Displacement shell and its symmetry axis in the coordinate system defined O1X1Y1Z1, 

associated with a wrapper. The plane in which the axis are O1Y1 and O1Z1, located in the 

plane of a non-rigid connection of the inflatable braking device with a rigid. O1X1 axis 

coincides with the axis of symmetry of the of the landing vehicle with an inflatable braking 

device and in the opposite direction. 

For symmetrical conical shape inflatable braking device and zero angle of attack surface 

pressure distribution is also symmetric. The presence of the angle of attack leads to disruption 

of the symmetry of the pressure distribution on the surface of the inflatable braking device. 

This symmetry is not as dependent on the angle of attack and Mach number. 

As an example, Figure 2 shows graphs of the distribution of pressure on the outer surface of 

the conical shape inflatable braking device at different angles of attack. 

Not symmetrical pressure distribution over the surface of the inflatable braking device leads 

to the following:  

– The deformation of the shell itself inflatable braking device;  

– Turns the longitudinal axis of the shell. 

The outer aerodynamic load distributed on the lateral surface of a cone shell for hyper-and 

supersonic flight speeds can be determined using a modified Newton formula 

 

2

внеш 0 пр прcos sin cos sin sin ( )z
Tp q p q p rtg x x

V
 



   
             

   
 (3) 

where 
0p  – the pressure coefficient at the point of complete inhibition; пр – spatial angle of 

attack;  – angle of the cone shell inflatable braking device. 
 

When hyper and supersonic flow occurs curved of the landing vehicle detached shock wave. 

In this case, the pressure ratio at the point of complete inhibition can be determined from the 

theory of the direct shock wave. While for supersonic gas flows at Mach 3<М6 for direct 

shock in a gas stream with constant specific heats pressure coefficient at full braking will be 

determined by the formula: 



 
Method of designing parameters of motion for landing module with inflatable braking device 

 

 37 

 
(1 ) (1 )( 1)

2 22
0 2

2(1 )
(1 ) (1 ) 1

(1 )
p M M

M

 


 
 



 
           

 

where 
1

,
1

p

v

Ck
k

k C


  


 , k – ratio of specific heats.  

 

 

Fig. 2. Graphs of the pressure distribution on the surface of the non-rigid inflatable 

braking device at M = 3.32 for different angles of attack  (ALFA) 

 

At high supersonic and hypersonic speeds (6<М<10) and a constant specific heat ratio of gas 

pressure at the point of complete inhibition is determined by the following expression: 

 
( 1) (1 )

2 2
0 2(1 ) (1 )p

 


      

At very high Mach numbers М10 distribution coefficient determined for pressure shock 

wave in a gas flow with variable specific heats and taking into account the dissociation and 

ionization  
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where р0

  – determined by thermodynamic tables or diagrams i-S. 

Base pressure is determined by relationship: 
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where р – the pressure of the incident flow, М – free-stream Mach number. 

Given the assumptions and assumptions in the mathematical model of the shell forming the 

inflatable braking device reentry vehicle under the influence of the incoming flow were included: 
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Equation reshaping symmetry axis shell 
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and the equation changes form a loose shell inflatable braking device 
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where u – displacement of the axis of symmetry element shell inflatable braking device; w – 

displacement shell element inflatable braking device; mп – linear mass shell inflatable braking 

device; po – the internal pressure of the shell; E – modulus of elasticity;  – thickness of the 

shell; γ – half angle of the conical shell solution 

The conical shell is broken at the “i” layers along the longitudinal axis of the inflation device 

and the braking element j at the periphery of each layer. Lateral displacement of the center of 

mass of the inflatable braking device, due to its deformation, lies in the spatial angle of attack 

and is calculated using the following formula: 

  1

1 11

1
cos

n m

ij ij ij

i j

m u w
m  

      (7) 

Lateral displacement of the center of mass lander with a deformed inflatable braking device 

lies in the spatial angle of attack: 

 1
1S

m

m
     (8) 

Projection of the center of mass lateral displacement due to the deformation of the inflatable 

braking device, on the axis OY, OZ are defined by the following relationships: 

 cos , sindef S s def S sy z       
 

(9) 

where s – the angle between the deformation plane of the inflatable braking device and the 

plane OYZ; 

Additional centrifugal inertia caused by the deformation of the shell of the inflatable braking 

device may be determined by the formula: 

 
1 1 1SI m x   , (10) 

x1 – the distance between the centers of mass of the landing vehicle with inflatable braking device. 

Projections centrifugal inertia caused by the deformation of the inflatable braking device on 

the axis OY, OZ defined by the following relationships: 

 cos , sinxydef S s xzdef S sI I I I   

 

 (11)
 

The most difficult is to determine the coefficient of aerodynamic moment due to the deformation 

of the inflatable braking device. We introduce the assumption that the balanced movement lander 

with a deformed inflatable braking device runs from the corner, which almost equals the angle of 

displacement of the center of mass of the inflatable braking device relative to the mass center of 

the landing vehicle. Then we can write a formula that determines the angle: 

 1

1

1
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    (12) 
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The aerodynamic moment coefficient lies in the plane of the spatial angle of attack is 

determined by the formula: 

 
z Sm m

   . (13) 

Here it is noted 
zm  derivative of the aerodynamic torque angle of attack. 

Projection, aerodynamic moment coefficient due to deformation of the inflatable braking 

device on the axis OY, OZ are defined by the following relationships: 

 cos , sinydef s zdef sm m m m    

 

 (14) 

The dynamics of the angular motion of the lander with an inflatable braking device on each 

step of integrating the equations of motion of the landing gear (1) by the Runge-Kutta fourth 

order was carried out taking into account the additional asymmetries caused by the 

deformation of the shell inflatable braking device . Integration of changing the position of the 

symmetry axis of the shell inflatable braking device lander (5) was carried out using FDTD 

method with a three-layer explicit difference scheme. For the integration of the equation 

changes form a loose shell inflatable braking device (6) was chosen finite-difference method 

of variable directions with longitudinal-transverse scheme. 

At each step of integration determines the magnitude of the resonance angular velocity: 

 
z
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z x

Sl m
q

I I



 


. (15) 

Calculations are performed for lander, which is a rigid axisymmetric cylindrical body with 

conical nose, large bevel additional inflatable braking device and having the following 

characteristics: 

MS  =3.14 m
2
, m=17,5 kg, mоб=2 kg, l=1.413 m, y zI I  =8.75 kg*m

2
 , 

xI  =1.5 kg*m
2
, 

asymmetry of landing vehicle:: 
к кy z   =0.001 m, yzкI =0 kg*m

2
, xyк xzкI I =0.015 kg*m

2
, 

0 0y zm m = –0.004. 

Enters parameters lander with an inflatable braking device in the Martian atmosphere: 

0V =5600 m/s, h0=100 km, 
0 = - 10 deg, 

0x  =1 rad/s, 
0S  = – 5 deg. 

Figure 3 shows the graphs of a function of time following quantities: the angular velocity of 

rotation landing vehicle relative to the longitudinal axis of the resonance velocity, the velocity 

head. It can be seen that the intersection curves and ωrez ωx occurs on the tenth second flight in 

the atmosphere. At this point, perhaps a manifestation of the resonance effect. 

 
Fig. 3. Graphs of dynamic pressure q, resonant speed ωrez (OMGrez) and the 

angular velocity of rotation of ωx (OMGx) of landing vehicle 

t, s 
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Consider in more detail this time. Figure 4  is a graph of changes in the spatial angle of attack 

in the presence of complex structural asymmetries. We see that at the moment of passage of 

the resonance value of the spatial angle of attack increases instead of decreasing. However, 

further due to static stability of the landing vehicle value spatial angle of attack decreases 

gradually. 

 

 
Fig. 4. Graph of spatial angle of attack αs (ALFs) in the presence of complex structural 

asymmetries 

 

Figure 5 is a graph of changes in the spatial angle of attack in the presence of complex 

structural asymmetries and not influence the stiffness of the inflatable braking device. Till the 

moment of the resonance graph of spatial angle of attack is no different from the previous 

one. Then with increasing speed and pressure, respectively, the lateral load is beginning to 

affect not rigidity inflatable braking device. 

This leads to a new increase in the magnitude of the spatial angle of attack. After passing the 

maximum dynamic pressure (t = 80 s) the value of the spatial angle of attack begins to 

decrease. Note that depending on the rigidity of the second inflatable braking device increase 

the spatial angle of attack values can be considerable. In the extreme rigidity at low inflatable 

braking device which may lead to loss of stability of motion lander. 

 

 
Fig. 5. Graph of spatial angle of attack in the presence of complex structural 

asymmetries and registered no rigidity inflatable braking device 

 

The results of the calculation of the motion lander, with and without considering the forming 

shell for supersonic flight speeds can make the following conclusion. 

t, s 

t, s 
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4. Conclusion 

1. Considered the method for calculating the parameters of motion lander takes into account the 

influence of the stiffness of the inflatable is not a braking device on the dynamics of angular 

motion lander. The method requires a lot of preparatory work to develop a program of calculation.  

2. Analysis of the results of the calculation of driving dynamics the landing vehicle showed: 

– Deformation of the inflatable braking device extends in a plane substantially spatial angle of attack; 

– Influence not rigidity inflatable braking device on the value of the spatial angle of attack 

depends on the dynamic pressure, the presence of the initial values of the spatial angle of 

attack, lateral stiffness parameters inflatable braking device; 

3. Arising from the deformation of the inflatable braking device asymmetry have alternating 

character in the projections on the axes of the coordinate system related. The greatest impact on 

the value of the spatial asymmetry of the angle of attack has the external shape of the inflatable 

braking device that produces a drag coefficient of transverse moment at zero angle of attack. 

4. Analysis of additional quantities of small asymmetries for small meteorological station 

with the main inflatable braking device and an additional inflatable braking device showed 

that the maximum lateral displacement of the center of mass and relative centrifugal moments 

of inertia do not exceed one-thousandth. This is due to the small mass of the inflatable 

braking device relative to the machine weight. Therefore, these asymmetries do not affect the 

dynamics of angular motion of a small weather station. 

Asymmetry of the external shape of the inflatable braking device when its deformation can 

lead to significant value of the coefficient of aerodynamic asymmetry. This in turn causes 

changes in the dynamics of angular motion of a small weather station. 

5. Proposed method for studying the influence of the deformation of the inflatable braking 

device on the dynamics of the angular motion of a space lander allows the design stage to 

determine the required lateral rigidity inflatable braking device, which provides a stable 

movement of various space landers throughout descent trajectory. 

The results were presented at Academic Space Conference dedicated to the memory of 

academician Korolev S.P. and other prominent russian scientists under section 13 – Ballistics, 

aerodynamics of aircraft and mission control. 

This research was supported by the European Commission Seventh Framework Programme 

FP7/2007-2013 under grant agreement n°263255. 
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Sling rotary space launchers 
(some projects)  

 

A.A. Bolonkin 
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1310 Avenue R, #F-6, Brooklyn, NY 11229, USA 

 
The purpose of this article is to call attention to the idea of sling rotary launchers. This idea allows the 

building of inexpensive new space launcher systems, to launch missiles, projectiles, and space 
apparatus, and to use many types of energy. This article describes the possibilities of this method and 

the conditions which influence its efficiency. Included are four projects: a non-rocket sling projectile 

launcher, a space sling launcher, a space ship for launching by conventional supersonic or subsonic 
aircraft. Last two only require a low-cost cable made from artificial fiber, whiskers that are produced 

in industry now or nanotubes which are created in a scientific laboratory. Some projects were 

presented at this work to International Energy Conversion Engineering Conference at Providence 

(USA, Aug.16-19, 2004).  

Keywords: space launcher, sling rotary 

 

Nomenclature 

 

A is general work,[J],  

A1 is space apparatus (s.a.) acceleration work,   

A2 is sling acceleration work,  

A3  is s.a. air drag work,  

A4  is sling air drag work,   

A5 is acceleration and air drag work of lever (disk). Value A5 equals 0 for aircraft launcher and 

it may    be estimated for lever by conventional calculation,  

a is the speed of sound [m/s], 

c is the relative thickness of the sling (c = 0.07 to 0.1),  

cL is the lift coefficient of s.a. (cL = 0 ÷ 1),  

D is the vehicle drag, [N],  

Dc is air drag of the sling,  

g = 9.81 m/s
2
 is the Earth’s gravity, 

H is the altitude, [m],  

ΔH is the change in altitude, [m],   

Δh is the additional altitude of the s.a., [m] 

k is the strength coefficient, [m
2
/s

2
],  

k1 is the aerodynamic efficiency of s.a.,  

L is the vehicle lift force, [N], and  

l is the vehicle range, [m]. 

Lc is the sling lift force, [N],  

M is the flywheel’s mass, [kg],  

m is mass of space apparatus (s.a.), [kg], or 

m is the vehicle mass [kg],  

n is centrifugal overload [g],  

n1 is the vertical overload of s.a., [g],  

P is the engine power [W],  

R is radius of s.a. trajectory, [m],  
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R0 is lever radius, [m],  

Rb is the range of ballistic trajectory, [m].  

S is cross-section sling area, [m
2
],  

S0 is the sling cross-section area near the lever, [m
2
],   

0S  is the relative cross-section area near the lever, 

Sc is the sling wing area. [m
2
],  

Ss is the sling cross-section area at the sling center of gravity, [m
2
], 

Sw is the required area of the s.a. wing [m
2
],  

T is the thrust of the lead aircraft or force on the lever, [N],  

t is the acceleration time, [sec],  

tp is the time between launches, [sec],   

Δt is the elapsed time, [sec.],   

V is the speed [m/s],  

V is the speed of s.a., [m/s],  

V0 is speed of lever end, [m/s],  

Vc is the average sling speed or speed of the center gravity of the sling, [m/s],  

Va is the average speed of the s.a., [m/s],   

ΔV is the change of the s.a. speed, [m/s],   

c is the sling attack angle, [rad], 

σ is sling stress, [N/m
2
],  

σf  is the admissible stress on the flywheel, N/m
2
],  

γ is the density of the sling, [kg/m
3
],  

γf  is the density of the flywheel,[kg/m
3
],  

ρ is the air density, kg/m
3
],  

θ is the trajectory angle, [rad]. 

Δθ is the change in the trajectory angle, [rad],  

θa is the average trajectory angle, [rad], 

the subscript “b” means the initial value of the ballistic trajectory.  
 

1. Introduction 
     

At present, rockets are used to carry people and payloads into space, or to deliver bombs over 

long distances. This method is very expensive, and requires a well-developed industry, high 

technology, expensive fuel and complex devices [1]. 

Other than rockets, one method to reach space is the space elevator [2]. It is very complex, 

expensive and technologically impossible at the present time. Once industry produces low-

cost nanotubes, the author shows that the space elevator may be easily built without rockets 

[3, project 4]. Also offered is a transport system for the space elevator [4].  In [5] the author 

suggested a centrifugal keeper and a launcher for space stations and satellites.  In [6,9] he 

offered a hypersonic tube air rocket of high capacity, in [7] - optimally inflated space towers 

with 3-100 km height, in [8] he suggested using asteroids as a propulsion system of space 

ships, in [10] – a multi-reflection beam launcher, in [11] he offered new method of flight – a 

kinetic anti-gravitator, in [12-13] he researched the optimal trajectory and space cable 

launcher.  

The space elevator requires very strong nanotubes, as well as a rocket and the high technology 

needed for the initial development. The tube air rocket and non-rocket systems require more 

detailed research.  The electromagnetic transport system, suggested by Minovich [14], is not 

realistic at the present time. It requires a vacuum underground tunnel 1530 kilometers long 

located at a depth of 40 kilometers. The project requires a power cooling system (because the 
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temperature is very high at this depth), a complex power electromagnetic system, and a huge 

impulse of energy that is greater than the power of all of the electric stations on Earth.  The 

beam propulsion system [15] needs very powerful lasers. The magnetic sails [16] have many 

problems. The author is suggesting a very simple and inexpensive method and installation for 

launching payloads into space.  

The presented work is a new space launcher system for achieving high supersonic speeds. The 

main difference from a centrifugal launcher is the light, strong sling that dramatically 

increases the radius of moment. The sling launcher can produce a supersonic vehicle speed in 

atmosphere and space vehicle speed in vacuum.  This method uses the strong sling (cable), 

power (drive) station, conventional engines (mechanical, electrical, gas turbines), and 

flywheels (for energy storage) located on the ground.  

A conventional high-speed aircraft may also be used in this manner as a launcher of 

projectiles and space ballistic ships.  
 

2. Description of suggested launcher 
 

2.1. Ground sling launcher 

The installation includes (see notations in fig.1): a tower, a lever (or disk), a sling (cable), 

conventional engines and flywheels (drive station). Optimally, the installation is located on a 

mountain (high altitude) for decreasing air drag on the sling and apparatus and for a lower 

slope of initial trajectory angle. A wing space apparatus (space ship, missile, probe, projectile, 

etc.) is connected to the end of the sling. 

The installation works in the following way (Fig.1).  The engine rotates the flywheels. When 

the flywheels accumulate sufficient energy, they rotate as a lever. The lever accelerates the 

space apparatus (“s.a.”). The apparatus may be located at the lever and the sling is increased 

after start.  The apparatus speed increases. It is more than the lever speed as ratio R/R0, where 

R is the radius of the apparatus trajectory circle, R0 is the radius of the lever (or disk). When 

the apparatus reaches its desired speed, the wing apparatus is disconnected from the sling at 

the desired point of the circle. While the wing apparatus flies in the atmosphere, it can 

increase its slope and correct its trajectory.  If the apparatus has a hypersonic (supersonic) 

form, the speed loss is small [13].    

The offered launcher is different from conventional centrifugal catapults. The conventional 

catapult has a projectile in a lever. This launcher has a long sling and the projectile in the 

sling. The sling increases the lever speed many times and decreases the mass of the lever. 

Conventional catapults made from nanotubes have a huge mass and requires gigantic energy 

to work. This sling is also made from nanotubes (for space speed), but its mass is small.    If 

the circle is parallel to the Earth’s surface, the winged apparatus disconnects from the cable, 

converts the linear and centrifugal acceleration into vertical acceleration (while it is flying in 

the atmosphere) and leaves the Earth’s atmosphere.  The power station houses the engine. It 

can be any engine, for example, a gas turbine, or an electrical or mechanical motor.  The 

power drive station also has an energy storage system (flywheel accumulator of energy), a 

transmission drive train and a clutch mechanism. 

The installation can be set on a slope, and launch a projectile at an angle to the horizon 

(Fig.1). 

The attained speed may be up to eight or more km/sec (see project 2 below).  If the planet 

does not have an atmosphere, a small installation (with a small lever) can give the projectile a 

very high speed, limited only by the power of the engine and the strength of the sling. On 

Earth surface the launcher can be located under special cover (or in tube) in vacuum. 
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Fig.1. Sling rotary launcher: a) launcher located on mountain, b) top view of 

installation, c) acting forces, d) side view.  

Notations: 1) tower, 2) lever or disk, 3) engine, 4) sling, 5) space apparatus (s.a.), 7) 

point of disconnection, 11) centrifugal force of space apparatus, 12) drag of s.a., 13) 

speed of s.a., 14) centrifugal force of sling, 15) drag of sling, 16) lever force. 

 
2.2. Aircraft sling launcher 

Another design of this sling launcher is presented in Fig.2. A small spacecraft (1 – 2 tons) is 

connected to a large, high-speed aircraft. The aircraft flies in a circle, increasing the sling 

length and accelerating the ship for high speed. The attained speed depends largely on the 

specific strength of the sling, the maximum aircraft speed and the thrust of the aircraft. For 

large existing aircraft, the launch speed may reach up 2 km/sec. This is enough for the X-prize 

flight, reaching up to an altitude of 100 km and sufficient for a spaceship for tourists (see 

projects 3–4 below). Some additional details  are on Figs. 3, 4, 5 (below). 

 
2.3. Advantages 
 

The suggested launch cable system has advantages compared to current rocket systems, as 

follows: 

1.  The sling launcher is many times less-expensive than modern rocket launch systems. No 

expensive rockets are needed. Than needs only motor and cable, 

2.  The sling launcher decreases the delivery cost by several thousand times (as low as $5 to 

$10 per pound). (No rocket, cheaper fuel). 

3.  The sling launcher could be constructed within one to two years. The aircraft sling 

launcher requires a space ship. Modern rocket launch systems require a number of years for 

design, development, and construction. 
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Fig.2. Launching of space ship by aircraft: a) slinging slope start, b) upper start, c) 

installation forces. 

 

 

 
Fig.3. Forces acting on Sling Launcher: a) top view, b) cone launching when lift force 

of sling equals sling weight (side view), c) cone launching when sling lift force is more 

than sling weight (side view), d) cross section of the sling.  

Notation: 20) sharp thin sling, 21) head protection, 22) stabilizer of sling. 
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4.  The sling launcher does not require high technology and can be made by any non-

industrial country.  

5.  Rocket fuel is expensive. The ground sling launcher can use the cheapest sources of 

energy, such as wind, water, nuclear or the cheapest fuels such as gas, coal, peat, etc., because 

the engine is located on the Earth’s surface. Flywheels may be used as an accumulator of 

energy. 

6.  It is not necessary to have highly qualified personnel, such as rocket specialists with high 

salaries.  

7.  The fare for space tourists would be small.  

8.  There is no pollution of the atmosphere from toxic rocket gas. 

9.  Thousands of tons of useful payloads can be launched annually. 

Shortcomings of sling space launchers: 

1. The need for a very strong sling (cable), made from carbon whiskers or nanotubes. 

2. The Earth ground sling launcher may be used only for robust loads because high centrifugal 

acceleration is imposed on the payload. These account for 70–80% of space payloads. 

 

 

 

Fig.4. a) Space flight trajectory.  

Notations: 17) aircraft, 18) trajectory of space ship. b) graph of ship speed (project #3). 

c) graph of ship overload (project #3). d) change of overload graph in project #4. 

 
 

2.4. Cable (sling) discussion 
 

Consider the following experimental and industrial fibers, whiskers, and nanotubes [17–20]: 
 

1.  Experimental carbon nanotubes (CNT) have a tensile strength 2 ×10
11

 Pa (20,000 

kg/mm
2
), the Young’s modulus is over 10

12
 Pa and it has a specific density of  = 1,800 kg/m

3
 

(1.8 g/cc)(2000 year). For a safety factor n = 2.4,  = 8,300 kg/mm
2 

= 8.3 x 10
10

 N/m
2
,   

 = 1,800 kg/m
3
,  k  =  /   = 46 x 10

6
 (K = 10

-7
k  = 4.6). Theory of nanotubes predicts 10

12
 Pa 
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and Young’s modulus (1 to 5) ×10
12

 Pa.  The SWNT nanotubes have a density of 800 kg/m
3
,  

MWNT nanotubes have a density of 1,800 kg/m
3
.   

2.  The whiskers CD have  = 8,000 kg/mm
2
,  = 3,500 kg/m

3
 [16, p.158]. For a safety factor  

n = 2.4 admissible stress and other values are  = 8,000 / 2.4 = 3,333 kg/mm
2
, 

 = 3500 kg/m
3
, k =    = 9.5 ×10

6
, K = 0.95. 

3.  Industrial fibers have  = 500 to 620 kg/mm
2
,  = 1,560 to 1,950 kg/m

3
, for K =  /  / 2.4 = 

= 600 / 1800 /2.4 = 0.139. 

The reader can find a more complete cable discussion in [3–13] and cable characteristics in 

[17]–[20].  
 

3. Theory of the sling launcher 
 

Formulas for estimation and computation (in metric system) 

1. Centrifugal acceleration C, cross section area of sling at s.a., S, and speed s.a., V,  are 

calculated by conventional equations 

 
2

0 0

, , ,
V C mC R V

C n S
R g R V

   


 .     (1) 

 

2. Optimal relative sling cross-section area, S , along radius, r 

 

22 2

0 0exp 1 , , exp , where ,
2 2

V r V
S S SS S k

k R k

       
         

       

 (2) 

The results of computation on (2) are presented in Figs. 4 and 5. For low k the relative 

area, S , is very big. For example, a conventional fiber with k = 2 x 10
6
 requires this parameter 

to be 2.72 for the speed V = 1,410 m/s. 
 

3. Air drag of space apparatus, D, and air drag of the sling, Dc, is approximated as follows: 

 21

1

, 4 / 2 , , 2S
c c c c c c c c

Smn g
D D c aV S S R L aV S

k c
        . (3) 

Additional drag forces arising from the sling lift force is small, and are neglected in this 

analysis. 

The sling has a variable speed of from 0 to V, and a variable wing area. To simplify, we 

assume the average value as near the sling’s center of gravity. In an effort to decrease air drag, 

the sling has a sharp form and is stabilized by a stabilizing tail (Fig. 3d). The space apparatus 

and sling also have a thin ceramic cover for protection against the short periods of launch 

heating. More exactly, the sling drag may be calculated by integration. 
 

4. Angle of cone flight. To decrease the sling drag, the wing apparatus and the sling have an 

attack angle and lift force. They climb at high altitude where air has low density (Fig. 3b). 

The sling moves along a cone surface. The sling lift force may be more that the sling weight 

and the sling will be curved at the top, as shown in Fig. 3c. In this case, the fastest part of 

cable will be in the low-density atmosphere. The additional sling drag from lift force is small 

and we neglect them here. 

The additional altitude, Δh, of the s.a. may be found from the equation: 
 

 1 1
sin

nh

R n


     .  (4) 
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Fig. 5. Relative cross-section area of sling for different ratio N, here noted N=V

2
/2k (see 

equation (2)). 
 
 

 
Fig. 6. Relative cross-section area of sling with 0S  in r=0 via sling end speed and a 

stress coefficient K. Notation: K=10
-7

k (see k in (2)). 
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Fig.7. Air drag of one square meter of wing sling (with relative profile thickness  

c = 0.08), based on speed and altitude (eq.(3)). 

 
5. In a vacuum, the ratio R / R0 may be large. However, when the sling moves in the 

atmosphere, the common projection of all force perpendicular to sling must be greater than 

zero. Only in this case, the system may be accelerated. It gives two inequalities (the necessary 

acceleration inequality) 

 
1

2 2

0 0

sin ( / )cos , sin sin( ) cos cos( ) ,

/ sin / , sin / , / ,

c c c

c c c c c c c c s s

C g k mC m C D D

C V R R R R R C V R m S L

          

       
 

(5)
 

where Cc is the average centrifugal acceleration of the sling [m/s
2
], mc is the sling mass [kg], 

and Ls is the sling length [m]. 
 

6. The power of the engine and the needed mass of the flywheel may be estimated by the equations: 

 

22
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1

2
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w
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k
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(6)

 

Value A5 equals 0 for aircraft launcher and it may be estimated for lever by conventional 

calculation. 
 

7. Estimation of tourist trajectory of space vehicle.  
 

a) The vertical accelerated part of the trajectory. The purpose of this part of the trajectory is 

to increase the trajectory slope, θ, relative to the horizon. The trajectory may be computed by 

the following differential equations: 
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 sin , sin , cos
D L g

H V V g
m mV V

           , (7) 

Changes in the trajectory parameter may be estimated by equations (it is obtained from 

conventional equation of aircraft (7)) 

  1
1

1

, sin , cos
sin

a a

a a a

nH g
t V g t n t

V k V

 
             

  
, (8) 

where n1 is the vertical overload of the s.a. [g]. 

b) The ballistic part of the space vehicle (apparatus) trajectory may be calculated by 

conventional equations as follows: 

 
2 2 2sin sin 2

, ,
2 cos

b b b b b
b b b

b b

V V R
H R t

g g V

 
   


  , (9) 

where the subscript “b” means the initial value of the ballistic trajectory, and Rb is the range of 

ballistic trajectory.  

 

4. Projects 
    

Described below are descriptions and estimates of four projects:  

(1) Projectile Launcher for long distance, using a sling made from currently available artificial 

fibers. 

(2) Space Projectile Launcher, with a sling made from whiskers.  

(3) Tourist flights using supersonic aircraft with a sling made from nanotubes. 

(4)  Tourist flights using subsonic aircraft with a sling made from whiskers. 

These projects are not optimized. They only illustrate the method and the rough estimations 

for installations for different purposes. For the reader, we sometimes indicate forces (thrust) 

in technical system of units: kilograms or tons; and stress — in kg/mm
2
. For reference,  

1 kg = 9.81 N  10 N (Newton), 1 ton  10
4
 N, and 1 kg/mm

2 
 10

7
 N/m

2
. 

 

4.1. Project #1 
 

Projectile Launcher for long distance, using a sling made from existing artificial fiber 

(see Fig.1) 

Assume the mass of the projectile (load) is m = 100 kg = 0.1 ton, the required final projectile 

speed is V = 2,500 m/s, the length of the lever (or disk radius) is R0  = 10 m, the maximum 

lever speed is V0  = 800 m/s, the admissible sling stress is σ = 180 kg/mm
2
, and the sling 

density is γ  = 1,800 kg/m
3
. The coefficient k = σ/ γ  = 0.1 10

7
.  If aerodynamic efficiency 

equals k1 = 6.5, the speed 2,500 m/s is sufficient for a projectile range of 2000 km [Eq. (6)].  

The radius of the circle is R = R0V/V0  = 10  2,500 / 800 = 31.25 m. Conventional gas 

turbines have a blade speed of up to 600 to 800 m/s in a high-temperature gas flow [21]. Our 

lever (or disk) made from current composite material can maintain a speed of 800 m/s, because 

the lever radius is larger and is not exposed to high temperature. These parameters are not 

optimal. Our purpose is only to show that the offered launcher is possible using current 

technology. Industry widely produces cheap artificial fiber with  = 500 ÷ 620 kg/mm
2
. The 

safety coefficient is n = 620/180 = 3.44. 

Computations.   

The maximum centrifugal overload of the projectile is C = V
2 
/ R = 6  25  10

6 
/ 31.25 = 2 10

5
 

m/s
2
 = 2 10

4
 g.  This overload and acceleration is the same as that of a conventional cannon. 
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Maximal centrifugal force exerted on the projectile is F = m C = 10
2
210

5
 = 210

7
 N = 

2,000 tons. The sling cross-section area near the projectile is S = F/σ = 2,000 / 0.18 = 

= 11,111 mm
2 
=111 cm

2
.  The sling cross-section area near the lever is S = 23, S0  = S

.
S = 0.255 

m
2
, (on eq.(2)).  The average cross-section area is Sa= 0.5

.
(0.0111 + 0.255) = 0.133 m. If 

relative sling thickness c = 0.1, the average sling width is b = (Sa./c)
0.5  

= 1.15 m. The wing 

sling area is Sk = b
.
R = 1.15  30 = 34.5 m

2
, (on eq.(3)). Assume the sling gravity center at  

Rc = 0.35R = =12.5 m, Vc = 0.35V = 875 m/s. Sling mass is mc = γSaR = 1,800  0.133  30 = 

=7.182 kg =7.2 tons. The sling centrifugal acceleration is 2 /c c cC V R = 875
2 
/ 11 = 69.6 10

3
 m/s

2
, 

the sling centrifugal force is Fc = mcCc = 7,182 
 
69.6  10

3
 = 5  10

8
 N = 50,000 tons. For  

ρ = 1.225, a = 330 m/s, k1 = 5 the sling air drag is Dc = 24.5 tons (on eq.(3)), and the projectile 

air drag is only D = m/k1 = 100/5 = 20 kg. 

The angle   R0/R = 10 / 31.25 = 0.32 rad, and the angle   R0/Rc = 10 / 11 = 0.91 (Fig. 3a). 

The acceleration inequality (5) is 46140 > 24. This is OK. 

Assuming an acceleration time (time period) t = 25 sec., the work of acceleration and air drag of 

the installation is: projectile acceleration A1 = 0.312 10
9
 J, sling acceleration A2 = 2.75  10

9
 J, 

a 30 ton disk (lever) acceleration A3 = 0.2
 
x10

9
 J, sling drag A4 = 1.34

 
x10

9
 J, (on eq.(3)). We 

neglect projectile and disk drag. The total launch energy is A = 4.6  10
9
 J. The flywheel mass 

is M = 9.2 tons. If the time between launches is tp = 30 min = 1,800 sec, the required engine 

power is P = A/tp = 4.610
9
 / 1,800 = 2.56 MW. This is the power of conventional aviation 

turbo engine. 

Without energy recuperation, the launcher efficiency (conversion of mechanical energy into 

projectile speed) is 7%.  With energy recuperation (kinetic energy of the sling and disk is used 

for flywheels support), the launcher efficiency reaches 36%. 

 
Discussion of project #1 

Compare the offered sling launcher with a big cannon (Project HARP [22]) built and tested 

after World War II. The cannon barrel had a diameter of 42.4 cm, and a length up 86-126 

calibers (58 m). Weight of the gun powder was 342 kg, projectile weight was 174 kg, and the 

projectile speed was 1,840 m /s. The range was 183 km and an altitude of 50 km for a 50
0 

angle of sight. The speed of 3,200 m/s was reached for a projectile weight of 20 kg and a 

length of 126 calibers. Maximum pressure was 340 MPa. The cannon costed about $10 

million (1946). 

The offered sling launcher installation can launch a winged projectile and has a range of up to 

L = k1 V
2 

/ 2g = 6.5  2,500
2 

/ 20 = 2,031 km [12]. Improved sling material will permit this 

capability. The sling end has a speed of about 7.6 M (Mach) for a short time (some seconds) 

and may be protected by conventional methods such as the Shuttle protection (ceramic cover 

or using heat resistant material). 

 

4.2. Project #2 
 

Space projectile launcher with sling from whisker (Fig.1) 

Using a space sling launcher with a sling made with whiskers and having a tensile strength 

rating of σ = 3500 kg/mm
2
 and a sling density of γ = 1800 kg/m

3
, the stress coefficient will be 

k = σ/γ = 3.9 10
7. 

Assuming the mass of the projectile (load) is m = 1,000 kg = 1 ton, the 

required final projectile speed is V = 8 km/s, the length of lever is R0 = 50 m, the maximum 

lever speed is V0 = 800 m/s, then the maximum radius R = R0V / V0 = 50 
. 
8000 / 800 = 500 m. 

Conventional gas turbines have a turbine blade speed of up to 600 – 800 m/s in high 
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temperature gas. Our lever, made from current composite material, can withstand a speed of 

more than 800 m/s, because the lever (or disk) radius is larger and it is protected from high 

temperature. The sling material attains the speed of 
0 6.24V      km/s [3–13]. The 

parameters used below are not optimal. Our purpose is only to estimate the offered launcher 

properties.  
 

Computation 

The maximal centrifugal overload of projectile is C = V
2 

/ R = 64 10
6
 / 500 = 128 10

3
 m/s

2
 

= 12.8 10
3
 g. This acceleration is less than that achieved by a conventional cannon. Maximal 

centrifugal force about the projectile is F = mC = 10
3 
 128  10

3
 = 28  10

6
 N = 12,800 tons. 

The sling cross-section area near the projectile is S = F/σ = 12,800 / 3.5 = 3,660 mm
2 

= 36.6 

cm
2
. The sling cross-section area near the lever is S = 5, S0 = 181 cm

2
 [Eq.(2)]. Assuming the 

sling center of gravity at Rc = 0.5R, Vc = 0.5V,  Ss  (S+S0) / 2 = 109 cm
2
. The sling mass is  

mc = γSsR = 1,800  0.0109  500 = 9.81 tons. Sling centrifugal acceleration is 2 /c c cC V R  = 

= 4,000
2 
/ 250 = 64  10

3
 m/s

2
, sling centrifugal force is Fc = mcCc =9,810  64 10

3
 = 628  10

6
 N = 

= 62,800 tons. For a sling relative thickness c = 0.1, b = 33 cm, the sling wing area is Ss = 165 m
2
 

(on eq.(3)). For ρ = 1.225 and a = 330 m/s, the sling air drag is Dc = 54.4 tons, for k1 = 5 the 

projectile air drag is only D = m/k1 = 1,000/5 = 200 kg. The angle   R0/R = 50 / 500 = 

= 0.1 rad, the angle   R0 / Rc = 50 / 250 = 0.2 (Fig. 3a). Acceleration Inequality (5) is  

13880 > 53.4.  This is OK. 

Assuming an acceleration time of t = 25 sec., then the work of acceleration and air drag of the 

installation is: projectile acceleration A1 = 32 10
9
 J, sling acceleration A2 = 78.5 10

9
, 100 

tons disk (lever) acceleration A3  = 10  10
9
 J, sling drag A4  = 133.5 10

9
 J, disk drag  

A4  = 40 10
9
 J (on Eq.(6)). Ignoring projectile drag, the common launch energy is A = 300 10

9
 J.  

Flywheel mass is M = 30 tons for material similar to the sling. If the time between launches is 

tp = 3 hours = 10,800 sec, the required engine power is P = A / tp = 300
 
x10

9
 /10,800 =  

= 27.8 MW.  This is the power of 2 or 3 large aviation turbo engines.   
 

Without energy recuperation, launcher efficiency (transfer of mechanical energy in projectile 

speed) is 10%, and with energy recuperation (kinetic energy of the sling and disk is used for 

flywheels support), the launcher efficiency reaches 30%. Launch capability is 8 tons of 

payload, every day. 

 
Economic Efficiency 
 

Assume a cost of $100 million for the Installation (see issue [23]), a useful life of 20 years, 

and an annual maintenance cost of $2 million.  If each launch has a payload of 1 ton, and 8 

launches per day for 300 days a year, then the annual payload capacity is 2,400 tons. The 

launch cost for each kg of payload is 7 10
6
$ / 2.4 10

6  
= $2.9/kg plus fuel cost. If 10,000 

liters of fuel is used every day and the fuel price is $0.25 per liter, then the fuel cost is $2500 

per day, resulting in a launch capability of 8,000 kg/day or 0.31 $/kg. This results in a total 

cost of $3.2 per kg of payload. If revenue generated is based on sales of $23.2 / kg of payload 

in space, then the operating profit would be about $48 million per year. 

The reader may calculate using other assumptions. In any case, the cost of delivery would be 

hundreds of times less expensive compared to delivery by rockets. It is emphasized that the 

primary efforts of this article are not economical estimations, but a new concept in space 

launch capability.  
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Discussion 
 

Currently, there are whiskers having parameters close to those required for this project. 

Industry production of nanotubes will allow designing a better space sling launcher. The 

heating problem of the sling end may be solved by head protection, given that the heat will be 

imposed for only a number of seconds. The heating of the projectile and the problem of speed 

loss in atmosphere is considered in articles [6,13]. It is shown that speed loss is small, about 

100 to 250 m/s. There is also a speed “reserve” of 460 m/s provided by the Earth rotation if 

the launch is made near the equator.    

 

4.3. Project #3 
 

The launcher for space tourists with sling from nanotubes (Fig.2) 

Let us to consider a ship which flies to an altitude of 100 km, carrying 3 people.  

The following is an estimation of a sling launcher installation which achieves these 

objectives. We will use the method depicted in Fig.2, where ship acceleration is provided by a 

sling and a (current) supersonic aircraft. 

It is known that the average person can withstand centrifugal forces of 3 to 4g.  A trained (or 

in good health) person can withstand up to 7 to 8g, and for short times up to 16g. With the 

assumed sling launcher, we assume centrifugal forces of n = 7.8g, an admissible overload for 

trained people.  

We assume that the mass of the space ship is m = 1,500 kg = 1.5 ton. The ship has only a 

small engine and fuel for maneuverability during landing. This means that half of its total 

weight is payload (10 people).  It may be shown that the necessary ship speed for reaching at 

altitude of 100 km is V = 1,600 to 1,750 m/s. Assuming the speed V = 1,750 m/s, n = 7.8g.  

Computation.  

The required radius of the circle is R = V
2 

/ g n = 1,750
2 

/ 78  40 km. Assume a sling length  

L = 35 km. If speed of supersonic aircraft is V0 = 600 m/s, the flight radius is R0 = RV0 / V = 

=13.8 km. Making the sling using nanotubes with the permitted stress σ = 9,000 kg/mm
2
, the 

sling density is γ  = 1,800 kg/m
3
. The coefficient k = σ/γ = 10 10

7
, S  = 1.06  1, aircraft thrust 

T = F = 7.8  1.5 = 11.7 tons. The required sling cross-section area is S = F / σ = 11.7 / 9 = 

= 1.3 mm
2 
 S0.  Mass of the sling is mc = γSL =  800  1.3  0

-6 
 3,000 = 82 kg. 

Take c = 0.08. Then b = (S/c)
0.5 

= 4 mm, Ss  b L = 0.004  35,000 = 140 m
2
. Assume the 

sling has a lift force and form shown in Fig. 2b, with convexity toward the top. The 

supersonic aircraft has an altitude of 15 km, the average altitude of sling center gravity is H = 

25 km (air density ρ = 0.041 kg/m
3
) and the space ship has altitude of 30 km (air density ρ = 

0.018 kg/m
3
). Speed of the sling center of gravity is Vc = 1,181 m/s, the speed of sound at this 

altitude is a = 295 m/s. The sling drag is (on eq.(3)) Dc = 4  0.08
2 
 0.41  295  1,181  140 

/ 2 = 2.56 tons; Rc = R0 + 0.5 (R–R0) = 27 km; Cc = 51.6 m/s
2
 (on eq.(5)). Calculating angles  

sin = R0 / R = 13.8 / 40 = 0.345; sin   R0  / 2R = 0.69 . Calculating the acceleration 

inequality (6), this figure is 4.2 > 2.04. This is OK. Assume we increase the sling length with 

speed 150 m/s. Then the time of untwisting will be t = 35,000 / 150 = 233 sec  4 min. The 

maximum overload of 7.8 g is imposed on the passengers for only some seconds. 

Upon disconnection, the wing space ship makes an average vertical acceleration n  4g. The 

integration of equation (8) during t = 50 sec for average k1 = 6.5 indicates the angle trajectory 

increases from 0 to 57.3
0
, the altitude increases up to 59 km, and the speed decreases to 

1,250 m/s. An alternate way is computed by equation (9), as a ballistic trajectory out of the 

atmosphere. The result is an altitude of 115 km, a range of 145 km, and a time of 215 sec. 

After the ballistic part of the trajectory, the vehicle enters the atmosphere again, increases the 
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vertical acceleration up to 3g and the trajectory angle to near 0
0
, flying into the atmosphere 

and landing. The graphs of trajectory, flight acceleration and flight time are shown in Fig. 4a, 

b and c. The total time out of the Earth’s gravitational field is about 4 minutes and the 

maximum altitude is 115 km.  

 

Discussion 

Acceptable aircraft. Data on large existing supersonic aircraft are shown in table #1. 

 
Table  1 

Name Max.Weight, 

(tons) 

Max. Speed, 

(m/s) 

Max. Altitude, 

(km) 

Engine Thrust, 

(tons) 

TU-144 195 694 18 51 

Concorde 185 603 16 48 

TU-160 275 600 15 68 

XB-70 244 900 21 61 

SR-71A 77 935 24 29 

F-111A 41 738 16 11 
 

 

Conventional aircraft have the following characteristics: empty weight equals 30 - 40% of 

total weight (or take-off weight), the fuel for long range equals 30-40%, and payload equals 

30 - 40%.  

An admissible vertical overload for passengers and large military aircraft (bombers) equals 

2.5 to 2.6g; the aerodynamic efficiency in supersonic speed equals 6 – 7.5, the maximum 

thrust equals about 25% of maximum weight for an aircraft having a maximum speed of 2M 

(Mach number) and 35% for aircraft having a maximum speed of 3M. 

For our purposes, we may use a supersonic aircraft without a payload and with only a small 

amount of fuel, resulting in a net weight of about half of take-off weight. In flights with speed  

V = 600 m/s and radius R = 13.8 km, the overload equals V
2 

/gR = 2.6 g. If the aircraft has a 

weight of 50% of take-off weight, this means that the real aircraft overload is only n1 = 0.5 
. 
2.6 = 

= 1.3 g. 

The required additional thrust for our space vehicle increases from zero to maximum Tmax = 

ngW S = 7.8  9.81  1,500  1.06 N = 12.2 tons . The required aircraft thrust for 

aerodynamic efficiency k1 = 6.8 and aircraft weight Wa = 195 tons equals T = n1 Wa  /  k1 = 

= 1.3  195 / 6.8 = 37.3 tons in cruise engine regime. The additional thrust necessary is only 

needed for 40 - 50 seconds. This may be provided by a brief boost of the engine (take-off 

engine regime, plus injection of fuel through a jet engine nozzle). This is done at high aircraft 

speed. The thrust may be temporarily increased by up to 50 - 80%. In our case, in the cruise 

regime, the engines provide thrust of 195 / 6.8 = 28.7 tons. In boost regime, they provide  

1.8  28.7 = 51.7 tons. The difference is 51.7 - 37.3 = 14.4 > 12.2 tons.  This is enough. If 

boost thrust provided is less, then the required thrust may be obtained by the installation of an 

additional air or rocket outboard suspended engine. 

The end of the sling has a high speed (5.9M) for a short time and may be protected by a 

ceramic cover.  The main technical problem is producing the necessary high-strength sling.  

There is no commercial production of cheap nanotubes at this time. We cannot use a low-

strength sling, because people cannot withstand the overload (minimal radius is 40 km, for the 

initial speed of 1,750 m/s and the overload 7.8 g), which has a large air drag and so the 

acceleration inequality (5) cannot be satisfied. 



 
Sling rotary space launchers 

 

 57 

However, our parameters are not optimal and the offered space launch needs further research. 

For example, the slope circle trajectory (Fig.2) improves all flight parameters.  

 
4.4. Project #4 
 

The launch of space tourists accelerated by subsonic aircraft with sling from whiskers 

(See Fig.2) 
The previous project design has its drawbacks: it requires a sling made of nanotubes and a 

supersonic aircraft. Let us consider the project which uses the sling made from whiskers and a 

commercial subsonic aircraft. This may be realized at the present time.  To reduce the sling 

length, we install a small rocket engine in the space ship. 

Estimate a sling installation which satisfies these conditions. Use the method depicted in 

Fig.2, where the rocket ship acceleration is provided by the sling along with a current 

subsonic aircraft.  Assume a weight of the space ship m = 2 tons, where 450 kg is a rocket fuel 

and 1,550 kg is space body and payload. The number of passengers is ten, include a pilot. The 

admissible overload is n = 7.8 g.   

The ship has a rocket engine and a small amount of fuel for increasing the speed after 

separating from the sling and the increasing of trajectory angle up one radian (57.3
0
). Assume 

a speed after the sling acceleration V = 1,000 m/s.  

Computation.  

The required radius is R = V
2 

/ g n = 1,000
2 

/ 78  12.8  13 km. Assume sling length L = 

=11 km. If the speed of the aircraft is V0 = 265 m/s (V = 0.89M), the flight radius is R0 = RV0 / V = 

= 3.4 km. The aircraft overload in this flight radius is n1 =V
2 

/ g R0 = 2.1.  Using a sling made 

from whisker CD with the maximum stress σ = 8,000 kg/mm
2
, the density is γ =3,500 kg/m

3
 

[17], p.158. Assume admissible stress σ = 2,000 kg/mm
2
. The coefficient k = σ/γ = 0.572 10

7
, 

S = 1.09, maximum aircraft thrust T = F0 = 2  7.8  1.09 = 17 tons. The centrifugal force from 

the aircraft is F = m n g = 15.3 tons. The required sling cross-section areas are S = mn / σ = 

 2.7  8 / 2 = 7.8 mm
2
, S0 = 1.09  7.8 = 8.5 mm

2
, and Sa = 8.15 mm

2
. The mass of the sling is 

mc = γ Sa L = 3,500  8.15 10
-6 
 11,000 = 385 kg. 

Assume c = 0.08. Then b = (Sa  /c)
0.5  

= 10 mm, Ss  bL = 0.01  11,000 = 110 m
2
. Assume the 

sling has a lift force and form of Fig. 2b with convexity to the top. The subsonic aircraft has 

an altitude of 12 km, the average altitude of the sling center gravity is H = 15 km (air density 

ρ = 0.191 kg/m
3
) and the space ship has altitude 17 km (air density ρ = 0.142 kg/m

3
). Speed of 

sling center gravity is Vc = 618 m/s, sound speed at this altitude is a = 295 m/s. The sling drag 

is (on eq.(3)) Dc = 4  0.08
2 
 0.191  295  618  110 / 2 = 4.9 tons. Rc = R0 + 0.5(R-R0) = 

= 8.1 km, Cc = 1.85 m/s
2
 [Eq.(5)]. Calculating angles sin = R0 / R = 3.4 / 12.8 = 0.27 rad,  

sin   R0 / 2R = 0.54. Calculating the inequality (6), it is 5.2 > 4.2. This is OK. Assume we increase 

the sling length with speed 100 m/s. Then the time of untwisting will be t = 11,000 / 100 =  

= 110 sec  2 minutes. The maximum overload 7.8 g will be imposed on the passengers for 

only some seconds (fig.4). 

After disconnection of the space ship, the average vertical acceleration n  7.8 g. The 

integration of equation (7) during t = 14 sec for an average k1 = 6.5 shows that the angle of 

trajectory increases from 0 to 57.3
0
 (1 rad), the altitude increases up to 19.1 km, the speed 

decreases to V2 = 890 m/s. During the next part of the way, the rocket engine turns on and 

accelerates the space vehicle with a constant overload of 7.8 g and with a constant slope of 

trajectory. The changes in the trajectory parameters may be estimated by the following 

equations: 
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where me = 1,550 kg  is the ending mass of the space vehicle, k1 is the aerodynamic efficiency 

of the ship, and θ is the angle of trajectory. 

The result of computation are Δt = 9.33 sec., ΔV = 623 m/s, and ΔH = 11.2 km. In the end of 

the acceleration part of the trajectory, we will have V = 890 + 623 = 1513 m/s, altitude H =  

= 15 + 4 + 11.2 = 30.2 km, and trajectory angle of θ = 1 rad = 57.3
0
. 

The ballistic part of the trajectory gives (on eq.(9)) an additional altitude Hb = 82.4 km,  ballistic 

distance Rb = 212 km,  gravity zero time tb = 260 sec = 4.3 min. The total altitude is H = 30.2 + 

+ 82.4 = 112.4 km. The total time of flight with overload 7.8 g is 14 + 9.3 = 23.3 sec. 

After the ballistic part of the trajectory, the vehicle enters again into the atmosphere, 

increasing vertical acceleration up to 3g or less and angle trajectory from –57
0
 up to near 0

0
, 

flying into the atmosphere and landing. The graph of flight acceleration is shown in Fig. 4d. 

The amount of time out of gravitation is about 4 minutes.  The maximum altitude is 115 km.  

 

Discussion 
 

Required aircraft. Data of some large existing commercial subsonic aircraft is in table #2. 
 

Table 2 
 

Name Max.Weight, 

(tons) 

Max. Speed, 

(m/s) 

Max. Altitude, 

(km) 

Engine Thrust, 

(tons) 

Boing 747 397 265 14 98 

Airbus 230 265 14 58 
 

Conventional subsonic aircraft have the following characteristics: the empty weight equals  

30–40% from total maximum weight (or take-off weight), fuel for long range equals 30–40%, 

and the payload equals 30-40%. An admissible vertical overload for passenger aircraft equals 

2.5 g.  The aerodynamic efficiency in speed equals 10 – 14, the maximum thrust equals 25% 

of maximum weight for aircraft having a maximum speed 0.92M. The take-off regime of the 

engine gives thrust of about 50% more than the cruising regime. 

For our purposes, we may use subsonic aircraft, without a payload and only a small amount of 

fuel, resulting in a net weight equal to about half that of take-off weight. When an aircraft has 

speed V = 265 m/s and trajectory radius R0 = 3.4 km, the overload equals V
2 

/ g R0 = 2.1 g. If 

the aircraft has weight 50% of a take-off weight, this means that the real aircraft overload is 

only n1 = 0.5  2.1 = 1.05 g. 

The required additional thrust for our space vehicle increases from zero to maximum Tmax = 

=ngm S  = 7.8  9.81  2,000  1.09 N = 17 tons. The required aircraft with thrust for 

aerodynamic efficiency k1 = 12 and an aircraft weight Wa = 397 tons, results in T = n1 Wa / k1 = 

=1.05  397 / 12 = 34.7 tons in cruise regime. If the engine works in take-off regime, the 

additional thrust will be 0.5  34.7 = 17.35 tons.  This is sufficient for the sling launcher.  The 

additional thrust is necessary only for 80 - 110 seconds. If we use a middle sized aircraft, it 

may also be obtained from a brief engine boost (take-off engine regime, plus additional force 

generated by the injection of fuel by the jet engine nozzle applied in combat aircraft), or the 

installation of an additional air or rocket outboard suspended engine. 

The end of the sling has speed (3.4M) for a short time, and may be made or protected by heat 

resistant material. 

These parameters are not optimal, and the offered space launch needs further research. 
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Economic efficiency 
 

Our projects presented here are intended for commercial implementation, with 8–9 tourists 

per flight and can be reused up to 1,000 times. 

Let us estimate the cost of a space ticket per passenger, if the space ship takes 8 passengers.  

A fully loaded long-distance Boeing 747 carries 400 passengers, for an average passenger 

ticket cost of $200, and a flight from New York to London takes about 8 hours. This 

translates to a cost of about $15,000 per hour of flight. Our flight will be about 1.5 hours, 

costing about $22,500. Assuming the space ship costs $3 million to build and is designed for 

1,000 flights, the average depreciation cost per flight is $3,000. Assuming the maintenance 

cost for 1 flight is $4,500, the total cost of 1 flight would be $30,000. The net actual cost per 

passenger is $30,000 / 8 = $3,850. At the present time with existing rocket technology, it costs 

$20 million.  With the proposed X-prize projects, the projected cost per passenger is $0.7 to 

$2 million.     

 
4.  General discussion 

 

Project #1 describes the suggested method for delivering projectiles to a distance of up to 

2000 km, using current technology and inexpensive, currently-available materials. The space 

Launcher (project #2) requires whiskers, and it may be used for non-human space payloads. 

The X-prize space flights (project #3) requires a nanotubes sling or a whisker sling (project 

#4) and, in all probability, the installation of an additional outboard air or rocket engine on an 

currently-existing subsonic or supersonic aircraft. 

Industry now produces whiskers, and science laboratories can make nanotubes that have high 

a tensile strength [20]. Theory indicates that these values are only 10% of potential strength.  

We must develop how to make a thin cable, such as the strings or threads produced from 

cotton or wool, from whiskers and nanotubes. 

The fiber industry produces fibers which are used in the author’s concept projects at the 

present time. However, the whiskers, and especially nanotubes, strongly improve the 

possibility of this method. They increase the potential speed and decrease the cable mass and 

drag (rotation energy). These projects are unusual (strange) for specialists and others now, but 

there are advantages, and it is believed that they have a real future.  

Project reviewer draws the author’s attention to Slingaton Launcher by D.A. Tidman [24]. 

This launcher is very different from offered Sling Launcher. Tidman’ launcher is a vacuum 

circle tube having bulblike form and a circle diameter up 1 km. The rocket and space ship are 

located inside this tube. The tube has big mass and makes OSCILLATION as conventional 

hula-hoop. This oscillation helps to move inside apparatus. Weakness:  large installation 

mass, big requested power, very big friction (huge centrifugal force presses the vehicle to a 

wall of the tube), problems with exit of the vehicle to atmosphere from the vacuum tube, etc.   

Our installation is very simple. One has only the lever, motor and sling and located in 

atmosphere.    

Many people ask about heating problems when a vehicle returns into the atmosphere. They 

remember about the heating tile defects of the “Space Shuttle” and think that this problem is 

very troublesome for the suggested vehicles. However, there is a big difference between a re-

entry space vehicle and a launch space vehicle. The re-entry vehicle has high speed and 

enormous kinetic energy and one must disperse this energy. It has a bulbous fuselage and 

wing edges, and slides along the Earth’s atmosphere for a long time. The offered projectiles 

must save energy (speed) during flight. They have sharp edges, fly in the atmosphere a short 

time and have a small projected area. 
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Non-traditional approach to generating lift 
(general physical aspects) 
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Physical processes of generating lift were considered. Taking the physical processes, which result in 

Bernoulli’s equation as a base, some alternative mechanisms of generating lift by means of controlling 

a static pressure were discussed. In particularly, collision of molecules of a gas with a wall, which 
results in the pressure, can be controlled by means of changing number of the collisions and the 

momentum of the molecules under the influence of non-conventional agents. The Bernoulli’s equation 

actually deals with one of the possible ways to control the collisions: changing parallel-to-the wall 
component of the velocity of molecules. 

Other mechanisms to control both the number of the collisions and the momentum were considered. 

Their macroscopic action was described on a base of thermodynamics. 

Another approach is employing an electric field to control the pressure.  
The article considers several mechanisms controlling the pressure by means of the field. Changes in 

some major thermodynamic potentials, – entropy, internal energy and free energy of gas in the electric 

field are shown.   
The article focuses on physical rather engineering aspects of the proposed approach and implies a 

further development.  

Keywords: lift force, thermodynamics, entropy. 

 
Introduction 

A lot of new approaches in area of air- and spacecrafts propulsion were developed on a base 

of new concepts, which came to physics during passed few decades.  Some of them remain 

controversial, but nevertheless arguments around them stimulate evolution of the technology. 

These are Energy of vacuum, Electromagnetic control of gravitation [1], Plasma magneto 

hydrodynamics propulsion, Elecrtokinetic propulsion [2, 3] and others.   

This article deals with considering non-conventional ways of generating lift proposed by the 

author. Unlike recited above, it considers physical processes associated with lift rather than 

the thrust and is focused on physical processes of interacting gas molecules with a wall.  

Among the topics recited above, Electrokinetic Propulsion has some particular common 

features. Speaking of Electrokinetic Propulsion, we have to note the fact of the discrepancy 

between theoretically calculated thrust and that obtained in the experiments. 

According to the numerous data reported by the experimenters, they achieved thrust/power 

ratio 
3~ 5 10 /N W , while that obtained theoretically is 

810 /N W
. The discrepancy gave an 

occasion to some researchers to claim presence of Electro-Gravitational Phenomena here. 

This is what is a core of the Biefeld-Brown Effect. Equally, this can be explained by 

imperfection of the existing calculation approach.     

Physical processes described by Bernoulli’s equation lay in a base of understanding lift of 

conventional airplane wing.   

 
2

const
2

V
P


   ,                         (1) 

where   is a density, V – velocity, and P  is a static pressure. 
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In turn, as it’s shown in Theoretical Physics
4

, Bernoulli’s equation can be derived from the 

energy conservation law.  

Traditional approach to understand generating lift can be complimented by analyzing 

processes of interaction of gas molecules with an arbitrary surface.   

Implying an airplane wing, the lift force is a result of difference of static pressures P between 

both sides of the wing. For the airplane wing said difference is achieved due to a total action 

of an air circulation around the wing superimposed on a meeting flow. Generally, no mater 

how this difference is achieved. Technically, the lift can be stimulated by other means like 

spinning surface in a flow, -Magnus Effect in Flettner’s rotors, or something else.  

Let’s consider interaction of flow of gas molecules with an element of area. From gas kinetic 

theory, static pressure P is a result of chaotic colliding gas molecules and the wall.  

 2

0

1

3
P n mu  (2) 

It can be converted into 

 BP nk T  (3) 

where 0n  is a number of molecules in a unit volume, m  is a mass of molecule, 2u  is a mean 

square velocity of gas molecules, Bk  is a Boltzmann constant, T is a temperature. 

From here, relation between the dynamic and the static pressures can be shown in other way. 

The more horizontal component of molecules velocity, the less chances they have to 

experience a collision with a horizontal wall. Consequently, total momentum released by the 

colliding, will be reduced. So does the static pressure P. 

Are there alternative ways to control a number of collisions between chaotic gas molecules 

and a wall, other than conventional varying horizontal velocity?   

In other words, we are dealing with controlling gas entropy and other thermodynamic 

potentials to control chaotic collision of molecules with a wall. Here, the various approaches 

can be offered. 
 

Energy pump 
 

Expression (2) prompts controlling temperature T as a possible way to generate the lift. 

However, the temperature also changes a density, which compensates a baric action of the 

temperature. Their product is a constant in a wide range of temperatures. For the air and other 

gases however, there is an area where this product depends on the temperature. This is related 

to behavior of the specific heat capacity of the air. Table 1 shows some thermodynamic 

properties of air.   

As seen from the table, the specific heat capacity becomes minimal within 223 –273 K. This 

is related to minimization of free energy of air and allows making the process feasible within 

this temperature range as well.   

Fig.1 shows a possible arrangement of the system using such an approach. There are two 

surfaces and an energy pump between them. This heat machine transfers a heat from the 

upper plane to the lower one.  Following from (2), static pressure P in immediate vicinity over 

the upper plane will be lower than before starting the process, while that of lower plane will 

be higher. It’s obviously to make this feasible, the power Wgen transferred by such an energy 

pump has to exceed that Wscatt of scattered energy picked by gone molecules and radiation as 

a mass and heat transfer; Wgen>Wscatt 
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Table 1 

- T -  

(
o
C)  

- ρ -  

(kg/m
3
) 

- Cp - 

(kJ/kg.K) 

-150 2.793 1.026 

-100 1.980 1.009 

-50 1.534 1.005 

0 1.293 1.005 

20 1.205 1.005 

40 1.127 1.005 

60 1.067 1.009 

80 1.000 1.009 

100 0.946 1.009 

120 0.898 1.013 

140 0.854 1.013 

160 0.815 1.017 

180 0.779 1.022 

200 0.746 1.026 

 

 
 

Fig.1. General concept of employing temperature difference for generating lift  

 

The difference in temperatures needed to carry through the process will exist only in a limited 

layer adjoining the upper and lower planes.  To make the process more efficient, there are 

heat exchangers on both planes (not shown in the picture). This approach resembles well-

known fact from heating human dwelling:  the greater the temperature difference between the 

heated gases in the flue and the cooler air outside the chimney, the more draft (more force) is 

created. 

Vertical speed of the system is limited by mass of the air involved in the process: the more 

speed, the more the mass and, consequently, power of the energy pump. Let’s first calculate 

characteristics of the systems at the rest. 

For the static case only, the maximal pressure difference is 

   B h h c cP k n T n T    (4) 
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where h  and c  indexes characterize parameters for the hot and cold planes respectively. 

There is a physical process, which opposites this approach: difference of weights of cold and 

hot air. The weight of the heavy cold air of the upper plane opposites that of light hot air of 

the lower plane.  Actually here ( )x    because the temperature field is a function of a 

distance x  here. With regard to this: 

         
0

B h h c c c hP k n T n T x x gdx



         (5) 

where 
2

9.8
m

g
s

 . Let’s estimate a static lift for S=1 2m  with Tc=223 K and Th=273 K.  

For air at normal conditions, Th=273 K, =1.293 3kg m , 
hn = 23 3270 10 m . For Tc=223 K, 

=1.534 3kg m and 
cn = 23 3320.2 10 m . Then with 23 11.38 10Bk J K    , the contribution 

of the left portion of (5) is 23238N m . A simple estimation shows that that of the right 

portion is ~5 2N m  and can be neglected. 

The power consumed in dynamic mode exceeds that of the static mode for  

pW C TSV                    (6)  

where S is an area of the platform, and V is a velocity of vertical motion of the system.  The 

additional power is needed to keep the energy balance within volume SV  as the system lifts.   

For 21S m , 11V m s   and 50T K  , 365 10W W   . Taking for estimation total 
3100 10W W   we have the lift-to-power ratio ~ 

2 14 10 N W   . For comparison, a small 

helicopter has the ratio ~
2 15 10 N W   . 

 

Employing electromagnetic field 
 

Electric field can be another agent to control the chaotic motion of molecules. 

By its nature, the electric field is what opposites to chaotic action of increasing temperature. 

The ability of a media to react on applying electric field is related to a dielectric permittivity 

 . On the other hand, the ordering action of the field has to result in the entropy.  As far as the 

entropy S is concerned, it’s known from Thermodynamics [5, 6] that in the electric field E. 
 

2

0

1
( )

2
S d E

T


 


+ S0                     (7) 

Here 0S  is the initial entropy when no field is applied. Depending on the sign of / T  , one can 

get either increasing or decreasing the entropy in electric field. This means that field can control 

chaotic collisions of the molecules with the wall. Therefore, it can control the pressure P. 

Finding P is possible from the major set of thermodynamic functions: the internal energy U 

and the free energy A. Having regard to the field E: 

 2 2

0 2

1
2 ( )

2 ( )
U T E d E

T E

  
     

  
 + U0                                     (8) 

 2 2

0 02

1
2 ( )

2 ( )
A E d E A

E

 
     

 
                     (9) 

Equations (7)-(9) characterize a unit of volume. Applying these functions are justified for 

equilibrium process only. From here, P can be found as functions of the whole S, U or A of 

the system. 
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or 

 
,U N
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P T

V

 
  

 
 (11) 

or  

 
,T N

A
P

V

 
  

 
         (12) 

The indexes at parentheses show constant parameters of the system.All of these equations 

require invariance of number of particles N. This condition is difficult to achieve for open 

systems. However, if the speed of migration of energy / /W W N N   , this approach is 

justified.  In this case,  

 2

0

1

2
P TE

T


  


  (13) 

For non-polarized molecules like those, which compose the air, 0T    in a wide range of 

the temperatures. For the gases composed of permanent dipole molecules, like 2H O , 

T  <0, because the more temperature, the more chaos in orientation of the dipoles. 

Formula (13) shows that applying the field reduces chaotic motions of molecules in such the 

gases, which will results in lowering P.   

Let’s estimate how efficient is this approach for the gases consisting of dipole molecules like 

2H O . If the concentration of the molecules is n and their dipole momentum is p , then the 

relative dielectric permittivity is (if an induced polarization is neglected):  

 
2

0

1
3 B

np

k T
  


  (14) 

From here  

 
2

2

03 B

np

T k T


 

 
   (15) 

For a saturated water steam at 373 K, 
5 1/ 2 10T K     . Taking (13) into consideration, 

for the field 
610 /E V m , applying this field diminishes the pressure for 

20.35 /P N m  .   

The efficiency of the process increases in ultra-linear way with the field strength. The electric 

breakdown is a major limiting factor here. For the air at normal conditions it takes place at 
63 10 /E V m  .  

For the air, electro-stimulated pressure control can also be achieved by means of ionizing gas.  

There is some formal analogy with mentioned above the Electrokinetic Propulsion.   

The efficiency of this approach depends on applied field E and T  .  

Concentration of ions n , carrying charge e  in the field with the potential   depends on their 

initial concentration 0n  according to Boltzmann’s formula, which is true for the conservative 

fields only: 

 0

e kTn n e                                                       (16) 
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Consequently, one has to expect that dielectric permittivity of the ionized gas will be   

temperature-dependable. Dielectric permittivity of the ionized gas can be roughly estimated in 

the following way. 

The external electric field E forms a space charge  x  in vicinity of electrodes. This charge 

is formed by the negative ions at the positive electrode and the positive ions at the negative 

electrode. Penetration of the field inside the ionize gas is defined by Debye screening length 

(Debye’s radius) 

 0

22

Bk T
D

ne


              (17) 

for 10 3 110 / , 10n m D m  at room temperatures. The field exists in a thin layer in the vicinity 

of the electrode. Within this layer, the behavior of the electric field can be described as  

 
0

divE



 

   (18) 

Here  e n n    . For the conservative electric field: 

  0 exp / Bn n e k T       (19) 

  0 exp / Bn n e k T         (20)  

From here it can be shown that 

 
0

2
2 B

B

nk T e
E sh

k T





     (21) 

Here the hyperbolic sinus 
2

x xe e
shx


  represents a contribution of both the negative and 

positive ions. We have to note that the product Bnk T  is a partial pressure P exerted by the ions 

with the concentration n . Taking into consideration that at 1, / 2xx shx e  , from (21), 
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Taking into consideration that at 1, / 2xx shx e  , is obtained: 

 
2

0

8 2 2
1 expB

B B
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  (23) 

Then (13) can be shown as 

 
2 2

4 1 expB

B B

e e
P nk T

k T k T

    
     

   
    (24) 

Here  n   . Equation (24) shows that even at 
10 310 /n m , 300T K , P  can 

compensate the atmospheric pressure at 0.4V  .     

This estimation is unacceptable if Bk T  . The equations (19) and (20) don’t imply the 

interaction between the particles.  Consequently, the equations (22)-(24)) are accepted in a 

limited range of voltages.  They can’t be accepted at high concentration of the ions where 
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repulsive forces dominate. Nevertheless, their qualitative character remains true in a wide 

range of the field strengths.   

Physically, the equation (24) illustrates that electric field can effectively control the static 

pressure in the ions-neutral molecules mix. Its high value can explain the abnormally high lift 

in the Biefeld-Brown effect.  

Fig. 2 illustrates another approach to employing electric field for controlling the pressure.    

The discussed approach actually is a generating lift by means of electro-stimulated 

circulation.  

 

 
 

Fig. 2. Employing electric field, located around a wing, to generate a difference of static 

pressures in the ionic flow. For the given direction of the field, the positive ions are 

used. 

 

There is an array of conductive plates arranged on the dielectric-based wing. Each of the 

plates is connected to a DC high-voltage generator located inside the wing. The upper left 

plate has a highest potential. The potential   of each the next plate is lower than that of the 

previous one. Therefore, there is an electric field E grad   , which is located around the 

wing. There is an ionizer on the wing. Operation of the ionizer can be based either on a strong 

electric field or UV radiation. The field E moves the ions with velocity U E  , where   is a 

mobility. Contour of the electric field forces the ions to move around the wing, generating a 

circulation. If the ionizer produces positive ions, the direction of their motions matches the 

vector of the field.  Distribution of the electric potential around the wing is designed in such a 

way that field E is higher over the upper plane. Therefore, velocity of the ions over upper 

plane exceeds that of the lower plane.  This generates a difference of static pressures, which 

results in the lift.  

To provide the circulation of the ions, they have to overcome repulsion, which origins at the 

left portion of the wing when low-potential 1  ions have to get to the upper left portion with 

its high potential 2  . This problem can be solved in two ways. 

First of them is to put a pump which will be pushing through the ions against the force of the 

field. The work needed to push through one ion is  2 1w e   . 

In this case the pump will be playing role of an extraneous source, a battery. 
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Another way to overcome the forces of the field is to turn off the field at the moment when 

major portion of the ions reaches the left front edge of the wing. This implies pulsating mode 

of operation. The efficiency will be lower than in the first case because of the spread of the 

velocities of the ions. Each the accelerated ion experiences collisions with non-ionized atoms 

and molecules. These collisions result in sharing the total momentum
ip , gained by the ions in 

the field, with the rest of the molecules, which are not ionized yet.  The ionized molecules carry 

along the non-ionized ones, generating anisotropy of the velocity vector. The collision also 

generates new ions.  

If  i ip N E   is a total momentum gained by the ions, then 
i tM E M U  , following from 

the momentum conservation.   Here, 
iM and tM is a mass of the ionized and all the molecules, 

respectively. Then  

 i

t

M
U E

M
       (25) 

From here lift  
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,       (26) 

where lC  and A  are the lift coefficient and the total surface respectively. For instance, the 

mobility of positive nitrogen ions at normal conditions is 4 22.7 10 / ( )m V s  . Let’s consider 

the process in the field 610 /E V m . If 1% of the molecules is ionized, then 2.7 /U m s . 

This generates the difference of the pressure 
236.45 /P N m    

To push through the low potential ions from the lower plane to the high potential upper plane, 

either the pump can be used or the field has to be shut down periodically when the major 

portion of the ions reaches the front lower portion of the wing. This value of the ionic wind 

matches that for the developed in the electrokinetic lifter experiments. They report velocity of 

the electric wind  ~1m/s for the lifters supplied by 30kV generators.  

To control motion of the ions, a curl electric field can be employed. Fig.3 shows a simplified 

embodiment of this conception.  

 

 
 

Fig. 3. Employing the curl electric field for diminishing ions-wall collisions rate. 
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The AC-generator drives the inductor, which produces the curl electric field. The ionizers 

produce equilibrium ions over the upper plane. The ions move along the force lines, which 

have the dominating horizontal component. This process diminishes the rate of collisions of 

the ions with the plane, which results in lowering the pressure and generating lift.    

 

References 

1. Fran De Aquino. Gravitation and Electromagnetism; Correlation and Grand Unification. 

Physics Dept, Maranhao State University, S. Luis, MA, Brazil. 

2. Thomas T. Brown. A Method of and an Apparatus or Machine for Producing Force or 

Motion. USA Patent No. 300311, 1928. 

3. Electric Propulsion Patents. 1928-1995., New Energy News. Vol.4, No.7, November 1996, 

pp. 9–10 

4. M.S. Longair. Theoretical Concepts In Physics. Cambridge University Press, 1984 

5. Ryogo Kubo. Thermodynamics. North-Holland Company, Amsterdam, 1968. 

6. Y. Poplavko. Phyzika dielectrikov [Phisics of dielectrics]. Kiev, 1980 (in Russian). 

Mark Krinker, Dr., Ph.D., 1986, in Physics of Semiconductors; he graduated Odessa State 

University, USSR, in 1972, specializing in the Physics of Semiconductors. Since 1974 

through 1989 worked at the Research Center of Odessa State University as a research scientist 

advanced to the Manager of The Projects. 

Major works were related to Physics of Liquid Crystals, special methods for Bio-Physics and 

Physics of Semiconductors. Also developed innovations in Measurement Science and 

Technology. Repeated winner of Inventors competition between Research Stuff of that time. 

.In 1989 left USSR. Since 1990 worked at USA technical companies developing special 

physical Methods and Instruments for advanced electronic diagnosing. Since 2001-through 

2007- Vice President of ECO Dowsing LLC, a small R&D company, concerned with physical 

studies of Geo-Pathogenic zones and special instruments for that. 

Since 2004 – Member of Advisory Committee at City Tech College of New York, CUNY. 

Since 2011 through 2013 –a head of the Laboratory, studying special physical properties of 

info-activated systems for mitigating a harm of the mobile phones. Mark Krinker is an author 

of 60+ scientific publications and 12 Inventions, including 2 USA Patents. In 2011- 1
st
 Degree 

Diploma at International Conference SAFETY-2011. The work was devoted to Physics of 

Geo-Pathogenic Zones. Dr. Mark Krinker is a member of AIAA (The American Institute of 

Aeronautics and Astronautics). Member of Second-Physics – the International Research 

Group, and Association of Unconventional Science. At present – Visiting Research Scholar at 

Farmingdale College, SUNY. 

 



Actual problems of aviation and aerospace 

systems: processes, models, experiment.  No.2(41), vol.20, 2015                                        Kazan, Daytona Beach 

 

109 

A model of structural-functional architecture of organism  

as prototype in designing spacecraft 
 

A.B. Bakhur  
 

LLC «Intellectual Technologies» 

6/1 M. Sukharevskaya Square Moscow 127051 Russia 

 
The using of a model of structural-functional architecture of an organism as a prototype in designing 

spacecraft not only helps to introduce the prototype’s properties in its structure, but also provides a 

high level of theoretical and methodical support which cannot be achieved for empirically formed 
methodical approaches. 
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A fundamental feature of a spacecraft structure is autonomy. This property has an effect both 

on their scheme of operation and on their construction and algorithmic software [1–10]. A 

spacecraft is autonomous just because for settling all problems arising during the flight and 

determined by the uncertainty of functioning conditions it has only those resources which are 

laid by designing and realized in the construction. 

The integrity of this property for spacecraft structure began being realized as they began being 

a kind of instruments to perform different missions. However, taking autonomy into 

consideration demands essential changes of methodical aspects and the content of designing. 

Designing can be defined as forming and working-off the conception of a newly-created item 

on a model (see figure 1). 

Forming the conception 
of the developed spacecraft

Working-off the conception 
of the developed spacecraft on a model

Fixing the conception 
in the form of a prototype model

Forming a certain model 
of the created spacecraft and developing 

it up to the level of minuteness and certainty 
that enables to take a decision on production

Substantial actions

Formal actions
Design

 

Figure 1. Methodical scheme of designing spacecraft 

 

The starting point of forming the design model of a newly-created item is choosing a 

prototype. In the existing tradition of designing based on graphic modelling a so-called 

analog-item was used as a prototype. It was usually a spacecraft for similar missions or a 

spacecraft that has been developed for some other missions. A prototype model is a graphic 

image of the conception of a newly-created item fixed in the form of a structural and layout 

diagram. But it describes only spatial and geometric realizations of the structure of a newly-

created spacecraft. By such description it is only possible quite indirectly to estimate ensuring 

of autonomy. Insufficiency of graphic modelling for the practice of designing modern 

technological systems is noted in a number of publications [4, 5, 7, 9, 10]. 
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Ensuring of autonomy demands change in the content of designing. If in the existing tradition 

of designing a structural and layout diagram is developed and the control system is developed 

for it, now a structural and layout diagram is considered as a result/consequence of the control 

system of the spacecraft. 

This is the sequence that is realized in the use of organizing and controlling methodology for 

developing a design model [1]. However, as it is shown in figure 1, besides the methodology 

of building-up a design model of a certain item it is also necessary to have a prototype. As a 

prototype, this article considers a scheme for structural and functional organization of an 

organism. Turning to this scheme is determined not only by general reasons about the use of 

“the nature’s organizing experience” [3], but also by those analogies which are fixed in a 

certain model. 

Autonomy means that during the flight there is the continuous settling for a complex conflict 

between:  

- the necessity of providing sufficient choice of possibilities for synthesizing the process of 

spacecraft functioning and the limits of available energy and hardware resources used for that; 

- purposefulness of functioning and support of operable state of functioning; 

- conflicting conditions of using different controlling possibilities. 

It should be specially emphasized that in designing modern spacecraft their mass, dimensions 

and energy consumption are severely limited, which limits their functionality. Which in turn 

reduces possibilities of settling the said conflict. 

The given formulation of the complex conflict can be fully referred to the organism which has 

solved this problem, rather compactly at that, including its “construction” and energy aspects. 

The conceptual idea of this nature’s “solution” was in an aphoristic form expressed by 

A.A. Lyapunov: “Homeostasis is a way for creating stability in the control system itself due 

to proper structure” [6]. And the possibility of using such nature’s “solution” determines the 

use of a model for structural and functional organization of an organism as a prototype in 

designing modern spacecraft. 

This model is shown in figure 2(see below). Here we can see two combined motives in 

control: controlling the purposefulness of functioning and controlling the functional state. 

These are two views at the created item: 

- the external view, when we consider the created item as a whole, which is performing the 

controlled advance towards the aim (the respective part of the control scheme is given in 

picture 2a); 

- the internal view, when we digress from its advance towards the aim and consider 

interaction of its parts, which (interaction) provides abilities for the controlled advance 

towards the aim (the respective part of the controlling scheme is given in picture 2b). 

Their relation can be described with a model construction of two coordinate systems, shown 

in figure 3 (see below). 

In this figure the following symbols are used: 

X and E – displaying points in the systems of coordinates for external and internal space; 

X  и E  – target areas in the space of external and internal coordinates; 

),(),...,(),,(),...,( 11 tEwtEwtXwtXw ij  – impacts at the modelled object containing uncertainty; 

U(X,E,t) – controlling impacts, formed by the object for achieving the aim in uncertain 

conditions; 

r
X
[U(X,E,t)], r

E
[U(X,E,t)] – functions, produced by the object in the “external” and “internal” 

spaces. 
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Control of elementary resources

Performing a system's reactions which:
- realize the aim of a system's functioning;
- ensuring support of its functional state

Control of purposeful functioning of a system

Control of the functioning state of a system
(ensuring the maintenance up to the moment of achieving the aim)

Selection of functioning states, ensuring
the achievement of a current stage aim

Selection of stage aims and reactions
which directly realize these aims

Support of parameters of a stationary imbalance state  

Support of parameters of homoeostasis

Parameters of stage aims 
and reactions

Information about availability 
of control resources supporting 
the necessary functional state

Parameters of a functional state Information about availability of control 
resources supporting the necessary 

 functional state

Parameters of homoeostasis Information about availability 
of control resources supporting 
parameters of homoeostasis

Selection of reactions for supporting parameters of a functional state 
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Figure 2. Scheme of designing the control in a biological organism 
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Figure 2а 

.  .  .  

.  .  .  

.  .  .  

 

Figure 2b 

 

In the space of external coordinates X the point shows the advance of the modelled object to 

aim X . In this space the modelled object is considered as a complete formation. The direction 

of this advance is performed due to producing functions r
X
[U(X,E,t)]. The controlled advance 

is influenced by the impacts of the external space ),(),...,(1 tXwtXw j . 

In the space of internal coordinates E the point shows the advance of an object to the given 

functional state E . In this space the modelled object is represented as consisting of some 

parts. The direction of this advance is performed due to producing functions r
E
[U(X,E,t)]. The 

controlled advance is also influenced by the impacts ),(),...,(1 tEwtEw i . 

From this the relation between these parts of the model is obvious. On the one hand, X  and 

the current position of the displaying point in the space of the external coordinates is a factor 

determining E . On the other hand, the current position of the displaying point in the space of 

the internal coordinates limits possible trajectories of advancing the aim in the space of the 

external coordinates. 

The aim in the space of the external coordinates is determined by the purpose of the designed 

item. But the aim in the space of the internal coordinates is a subject for the compromise. On 

the one hand, its needed value is determined from the functionality which is necessary to 

achieve the aim in the space of the external coordinates. On the other hand, its needed/wanted 

value can turn out to be unachievable on the basis of the available functionality. In other 

words, the described/obtained model construction/structure helps to describe the conflict 

between what we need and what we have – the available functionality. And it means that this 
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model helps to find the compromise between the aims in the spaces of external and internal 

coordinates. 

A detailed description and scheme of forming a model for structural and functioning 

organization of an organism is given in [1]. This model as a prototype is corresponded to 

methodical sequence of problem-oriented interpretation. It can be considered as a procedure 

of taking a sequence of designing decisions. Unfortunately, this article’s volume allows to 

give only a short description of this procedure. A detailed description with an example is 

given in [1]. 

 

 

U(X,E,t)

X1

X2

Xn

E1

E2

Em

 w  (E,t)
1

.
r   [U(X,E,t)]E

r   [U(X,E,t)]X

. E
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 w  (E,t)
ji

 w  (E,t)
3

 w  (E,t)
2

 w  (X,t)
1

 w  (X,t)
3

 w  (X,t)
2

 w  (X,t)
ji

X
~

E
~

 

Figure 3. Model construction with two coordinate systems 

 

The first step in this methodical sequence is to formulate the flight’s mission. As a start, 

this step is obvious – creation of any item starts with formulation of its mission and those 

criteria and indices/indicators/characteristics which form the ground for taking a decision if 

the created item has accomplished its mission. However, the use of a model for structural and 

functioning organization of an organism gives two aspects of theoretical and methodical 

support determined by the used prototype model. 

The first one is the inclusion in the formulation of the flight’s mission the requirement of 

equifinality. It determines the property of a system to achieve a certain final state from an 

uncertain initial state under the conditions of uncertain course of events [8]. 

It should be noted that this is a more correct interpretation of the well-known requirement to 

the probability of achieving the aim. 

The second one is the separation of criteria, which help to decide on the accomplishment of 

the mission, into two groups: 

1) “area” – a space of coordinates where the accomplishment of the flight’s mission and 

characteristics of the target area in this space are fixed; 

2) “quality” - characteristics of performing the action accomplishing the mission. 
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The second step is to determine the composition of processes describing the functional 

state of a spacecraft and the formulation of a complex of aims for controlling these 

processes. 

It is obvious that to such processes we can refer those typical for all kinds of spacecraft: 

provision with electricity and heat energy, loss of working mass, etc. However, to them we 

can also refer the processes determined by the specific character of a spacecraft. For example, 

for Earth surface monitoring satellites it is the ensuring of transmission of observation data 

from detectors to receiving ground stations. 

After the determination of the composition of processes describing the functional state of a 

spacecraft, the aims of control are formulated (the problem-oriented interpretation of three 

levels of aims shown in picture 2 and highlighted in picture 2b is performed). The presence of 

generalized formulation is also an aspect of theoretical and methodical support determined by 

the use of the suggested model of structural and functional organization. 

The third step is to determine the composition of the flight’s stages and the formulation 

of aims to achieve in/at these stages. 

In picture 2 the stage aims are highlighted.  This generalized name in this subject area is 

corresponded to the aim of the flight’s stage. 

The determination of the composition of the flight’s stages is a well-known methodical 

technique. However, the use of the suggested model for structural and functional organization 

of an organism as a prototype helps to see an aspect of theoretical and methodical support. It 

is determined by the fact that every stage of the flight is the realization of the scheme of 

conservative selection [3]. 

The fourth step is to develop the description of the infrastructural aims’ complex 

transformation during the accomplishment of various stages of the flight. 

At the second step we formed the complex of infrastructural aims – aims of controlling the 

course of processes describing the functional state of the spacecraft. It is obvious that at 

different stages of the flight these aims will be described by different values of quantitative 

indicators. In addition, there may occur situations when at some stages of the flight certain 

infrastructural aims will be of no importance.  

The fifth step is to determine the composition and characteristics of responses. 

Forming of the structure of the aims (the second and third steps) also helps to develop the 

structure of responses for achieving them. The selection of the composition of 

reactions/responses is a prerequisite to forming of material realization. 

The accomplishment of the fifth step helps to proceed to forming the system control 

resource, determining the composition of elemental controlling mechanisms and forming 

the integrative controlling mechanism, which are the final, sixth step of the procedure. 

As a result, we have formed a model describing a spacecraft as a complex control loop. 

Factors describing responses and elemental control mechanisms describe indicators of the 

structure and functioning of the designed spacecraft. 

The formed conceptual model helps to form a mathematical one. It can be generally 

formulated in the form of system (1).  

In this system of equations the following symbols are used: 

XF , EF  – target functions in the spaces of external and internal coordinates; 

}X,...,X,X{X n21 – the radius-vector displaying the position of the object in the space of 

external coordinates; 

},...,,{ 21 mEEEE  – the radius-vector displaying the position of the object in the space of 

internal coordinates; 

n, m – dimensions of these spaces; 
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~~

, EX – coordinates describing the point and area to achieve in the spaces of external and 

internal coordinates accordingly; 

)t,X(w , ),( tEw – factors of the dynamics of events having disturbing influence at the object 

in the spaces of external and internal coordinates accordingly; 

)),,(( tEXUr – the set of object’s functions; 

t – time; 
X

Ff , Y

Ff , X

1f , X

2f ,…, X

nf , Ef1
, Ef 2

,…, E

mf , Цf – general functions, each notation of them is 

determined by the modeling task/objective. 
~

( ) ( ) 0X XF X F X   

[ ( , ); ( ( , , ))]XX
F

dF
f w X t r U X E t

dt
  

1
1 [ ( , ); ( ( , , ))]XdX

f w X t r U X E t
dt

  

2
2 [ ( , ); ( ( , , ))]XdX

f w X t r U X E t
dt

  

… 

[ ( , ); ( ( , , ))]Xn
n

dX
f w X t r U X E t

dt
  

~

( ) ( ) 0E EF E F E  , where 
~ ~

[ , ( , ), ( , )]ЦE f X X w X t w E t   

[ ( , ); ( ( , , ))]EE
F

dF
f w E t r U X E t

dt
  

1
1 [ ( , ); ( ( , , ))]EdE

f w E t r U X E t
dt

  

2
2 [ ( , ); ( ( , , ))]EdE

f w E t r U X E t
dt

  

… 

[ ( , ); ( ( , , ))]Em
m

dE
f w E t r U X E t

dt
  

(1) 

To complete the article, it should be noted that the use of a model of structural and functional 

organization of an organism as a prototype in designing spacecraft not only helps to introduce 

the prototype’s properties in its structure, but also provides a high level of theoretical and 

methodical support which cannot be achieved for empirically formed methodical approaches. 
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Aviation-rocket space systems are a promising trend in launch vehicles development. Currently, works 

on ARSS are carried out by a number of Russian and foreign companies. Implementation of advanced 
technology in ARSS considerably reduces the number of engineering problems encountered while 

running the project; however, there still remain some engineering challenges in ARSS development, 

which should be tried out in flight tests. 
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Aviation-rocket space systems (ARSS) are a promising trend in launch vehicles development. 

Currently, works on ARSS are carried out by a number of Russian and foreign companies.  

ARSS usually consists of a carrier aircraft (CA), a launch vehicle (LV) and ground support. 

ARSS can be classified according to the following criteria: 

1. Arrangement of LV on CA (above the fuselage;  inside the fuselage; under the fuselage). 

2. Launch of LV from CA (subsonic; supersonic). 

3. Type of LV fuel (solid; liquid). 

The main advantages of HLS in comparison with traditional LV [1]: 

- Improve energy efficiency LV of HLS by additional energy imparted to the rocket at the 

start of the aircraft, reducing aerodynamic losses at the start of high altitude and latitude of 

choice of optimal LV starting point; 

- Mobility; 

- Ensuring high efficiency starts; 

- Possibility of realizing a broad range starts orbit inclination; 

- Safety starts by selecting the LV starting point so that the route passes through the clearance 

areas of the oceans or desert (uninhabited) areas. 

ARSS operation can be divided into the following steps: 

- launch of CA with LV and injection in the orbital plane; 

- Acceleration to maximal velocity; 

- Separation of LV and CA; 

- Stabilization of LV in the air and start of LV engines. 

The use of existing technology for creation of ARSS significantly reduces the number of 

engineering problems in the project implementation, however, three main engineering 

challenges of the development of ARSS remain (and they are to be tried out in flight tests): 

1. Separation mechanism and aerodynamics. 

The problem of safe separation is one of the main problems of ARSS. Safety requirements 

should be met, which exclude structural damage to both of the aircrafts, limit the allowable 

loads, angles of attack and sideslip, angular velocities and accelerations, as well as other 

operational constraints [2]. To solve these problems, complex computational and 

experimental work should be done involving the study of aerodynamics of CA and LV, 

dynamics of relative motion of CA and LV, strength and aero elasticity of CA and LV. Final 

testing of the separation process should be performed on a flight demonstrator. However, 

before the start of flight testing of the demonstrator, safety of flight experiments should be 
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provided. For this purpose, it is necessary to carry out a series of aerodynamic studies in 

ground tests. 

2. In-flight control of LV. 

The most important advantage is the ability to launch ARSS from anywhere without the need 

to have the infrastructure of the airport ground support. This will require a command center 

able to observe and predict the inclination of the orbit, weather conditions, the wind at the 

launch altitude, the air traffic in the launch area. 

3. Refueling (including cryogenic fuel) and transportation of LV to the launch site, the ability 

to drain the fuel in flight when the launch is cancelled. 

Most of the problems are associated with the onboard storage of propellant components. Of 

particular difficulty is the compensation of losses of cryogenic propellant during the flight and 

removal of the oxidant vapor, or thermal insulation required for reduction of volatility of oxidizer 

from rocket tanks. [3] Furthermore, defueling in case of missed launch is also a problem. 

Additional engineering issues that are better to be fixed in flight tests: 

I. Efficient and low-cost structure, development procedures, launch, ground and flight 

operations. 

II. Reliable attachment of CA to LV at takeoff, climb, cruise, and launch. 

III. Launch altitude, velocity, and flight path angle. 

IV. LV transition from initial separation state to the optimum ascent trajectory. 

Introduction of ARSS into the existing system of launch vehicles is one of the ways to 

improve it in terms of enhancement of transport capabilities, improvement of environmental 

protection, including the reduction of restriction zones intended for dropping detached parts 

of LV. However, the development of ARSS requires testing of a large number of promising 

technologies. 

 

Abbreviations 
 

ARSS – Aviation-rocket space systems 

LV - launch vehicle 

CA - carrier aircraft 
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Russian native military transport aircrafts:  

history and experience of life (part I) 
 

R.S. Zaripov  
 

Kazan Aviation Plant named after Gorbunov S.P. 

Dementjev St. 1, Kazan, 423036, Russia 
 

The review elaborates on the history of military transport aviation in Russia. Experience in application 
of military transport airplanes for the purpose of parachuting during the Great Patriotic War and in 

airborne operations is analysed. Aircrafts in military operations are discussed, general data on air 

transportation during the Great Patriotic War are analysed. Structure of military transport air fleet in 
different periods of time is considered. Missions of airborne forces are discussed, including the ones 

that involve the experience of English and American large-scale operations during the WW2 and 

experience of airborne missions in Afganistan. Data on TB-3 crew’s combat time are given for the 
period of January-February 1942. The author dedicates this paper to A.N. Bodnar, a legendary 

navigator of TB-3 plane.  

Here it is presented the first part (part I) of article; second part (part II) will be published in the next 

issue of Journal. 
 

Keywords: history of aviation, military transport aircraft, airborne force. 
 

Abbreviations 
 

KAI – Kazan Aviation Institute 

MTA – Military Transport Aviation of Russia or Military Transport Aircrafts 

KAP – Kazan Aviation Plant 

PTD – Paratrooper Transport Division 

VDV – Paratrooper Air Force of Russia or the Soviet Union 

CD O.K.Antonov – Antonov Design Bureau 

CIS – Commonwealth of Independent States 

MTOW – maximal take off weight 

GPW – Great Patriotic War 

RFSOC – Rocket Forces Special Operations Command 

 

Introduction 
 

The history of MTA development is inseparably linked with the development of native and 

foreign aircrafts, with introduction of the advanced scientific thoughts in aircraft construction, 

and, at the initial stage, with Kazan Aviation Institute and Kazan Aircraft Plant No. 22. The 

central place in the history of MTA is taken by its main heroes — people, whose dedicated 

and noble work enabled MTA to gain the world popularity and glory. There are good reasons 

for MTA to be called a “long hand of the Soviet foreign policy”. For a long time people had 

been seeking for conquering sky. A trial and error method in combination with sincere and 

ardent desire to fly as a bird paved the way to the clouds. "The human will fly relying not on 

the strength of their muscles, but on power of their intelligence," — said N.E.Zhukovsky after 

the glider pilot O. Liliyental died having fallen from 30 meter height in an air crash in 1896. 

(N. E. Zhukovsky. Speech "On the Death of Aeronaut Otto Liliyental", on October 27, 1896 

at an annual meeting of Natural Sciences Society in Moscow).  

Development of aircrafts at the beginning of the XX century completely confirmed the 

statement of the ingenious scientist. The centuries-old dream of mankind came true. Having 

won against forces of terrestrial gravitation and having risen in the sky on heavier-than-air 

http://en.wikipedia.org/wiki/Commonwealth_of_Independent_States
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devices, at first, people treated flights as a miracle, later – as some new sports. Fast 

improvement of planes promoted the accelerated transition to their practical use. 

Even before flights of the first airplanes, military departments of the developed countries 

estimated prospects of military application of planes. The idea of creation of the air giants 

capable of flying at large velocities and carrying hundreds of people and heavy cargoes over 

long distances seemed especially attractive. 
 

Table 1.  Flight data of planes created in Russia till GPW 1941-1945 
 

Type of plane Ilya Muromets ТB-1 R-5 ТB-3 Li-2 

Aircraft designer Sikorsky Tupolev Polikarpov Tupolev Lisunov 

Number of 

aircrafts 
80 216 6000 820 4937 

First flight 1913 1925 1928 1930 1938 

Flights terminated 1923 1945 1940 1946 1948 

Crew  6-8 persons 6 2 6-8 4 

MTOW 7.5 t 6.8 3.8 24.5 11.5 

Length  19m 18 10.5 24 19.6 

Wingspan 31m 28.7 12.6 39.5 28.8 

Height  4m 4 2.6 7 3 

Cargo weight 2 t 2.3 1 12 3 

Paratroop numbers  16 pox 17 8 20 - 35 26 

Speed  130 km/hour 200 230 300 320 

Flight range 500km 1350 1500 3100 1800 

Flight level 2500m 4800 6400 3800 5600 

Engine  

power 

4 х.«Reno» at 

225 hp 

2 х. М17 

680 hp 

1 х. М17 

730 hp 

4 х. М17 

715 hp 

2 х. ASh62  

1000 hp 

Armed with 

8 machine-

guns      

800kg bombs 

- 
2  

machine-guns 

Machine-

guns  

bombs 

2  

machine-guns 

 

The first heavy planes were created in Russia in the second decade of the XX century. The most 

successful and massive of them was the heavy bomber “Ilya Muromets” of the Russian designer 

Igor Sikorsky. Average percent of hit of its bombs during the 1st World War was 40%.  

 

 
 

Fig.1. Russian "Ilya Muromets" is a prototype of all modern military transport planes. 

http://en.wikipedia.org/wiki/Sikorsky_Ilya_Muromets
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During the air combat in 18 June 1917, captain Ya.N. Sharov’s crew shot down 5 of 8 

attacking fighters by the onboard machine-guns. In all the air combats the defensive machine-

gun fire of these remarkable planes shot 12 enemy fighters, and only one "Ilya Muromets" 

was lost.  

 

History of Military Transport Aviation and MT Aircrafts 
 

Russian MTA passed a challenging way from individual air departments in 1930 to strategic 

air force association in 1990. In March 1931, the Red Army command decided to create a test 

air paratrooper detachment with a heavy bomber air squadron of 12 TB-1 planes and one 

squadron of 10 R-5 planes used as transport aircrafts. The squadron establishment date –  

1 June 1931 – is the birthday of Military Transport Aviation of Russia. 

 

 
 

Fig.2. R-5 plane with 14 paratroopers in G-61 containers 

 
TB-3 aircraft 

 

Test pilot A. Yumashev established several world records in cargo lifting on his TB-3 in 

September 1936: 500kg cargo lifted up to 8100 m, 10000kg cargo lifted up to 6600 m, 

12000kg cargo lifted up to 2700 m. 

Civil G-2 had a maximal take-off weight 22000 kg for an arctic version “Aviaarctica”. 

Total of 763 TB-3 aircrafts were built. 

In 1937, four planes piloted by M. Vodopianov, V. Molokov, I.Mazuric, and A.Alekseev flew 

to the Arctic Pole. Having delivered I. Papanin’s scientific expedition, all aircrafts returned to 

the continent. In 1933-1934, aircrafts performed three long international flights to Warsaw, 

Paris and Rome. Three airplanes participated in each flight. 

At the beginning of the Great Patriotic War, since June 22, 1941, military transportion tasks 

were partially laid on air divisions of heavy TB-3 bombers from the long-range aviation, and 

since summer 1942 – on the first transport aviation division of Li-2 planes.  

Paratroopers in TB-3 lay in wings behind gasoline tanks, sat in the passes between crew 

cabins, in the bomb tanks and in machine-gun cabins. 
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As of the date of 22 June 1941, 516 of both serviceable and non-serviceable TB-3 planes were 

available. The Marine air force had 25 more planes. As of the date of 22 October 1941, long-

range aviation run 92 serviceable TB-3 planes. 

TB-3 was successfully used as a military transport plane for paratroop operations and 

transportation of people and cargoes. Planes were equipped with machine guns “ShKAS” in 

various combinations, including the ones for firing through windows in boards and floor 

hatches. For paratroop operations, each plane carried 35 parachutists on average.   

Weapon, gun and ammunition were suspended under TB-3 fuselage and parachuted down.  

In Great Patriotic War of 1941-1945, the TB-3 planes were used for ensuring communication 

with staffs, delivery of ammunition and food to the blocked garrisons and guerrillas behind 

the enemy lines, transportation of flight officers, evacuation of wounded and for other 

purposes. In all of these cases the plane lived up to the expectations.  

In 1942 TB-3 served well in offensive operations. These planes were used for paratroop 

landings to the south region of Vyazma and then near Yukhnov in January.  

40 Li-2 and 25 TB-3 were used for this purpose. They performed 2-3 flights per night (4 days 

in total) to transport all the forces.  

Sluggish giants TB-3 were unique in their capability to deliver large-size equipment. While 

Li-2 could carry a field gun or an anti-tank gun, TB-3 could carry various wheel or caterpillar 

equipment up to light tanks attached externally.  

Both an assembled truck and an assembled antiaircraft gun could be placed between racks of 

the chassis.  

Such flights were performed behind the enemy lines in winter and summer 1942 to Vyazma 

region to General Belov’s cavalrymen. 

 

 
 

Fig. 3. TB-3 plane in flight (1941) 
 

Since the beginning of 1944, TB-3 had finally taken up the role of military transport and 

training aircraft operated mainly in the rear. The part of old-fashioned giants endured the 

crash of "the third Reich". At least 20 TB-3 planes were a part of the 52nd regiment of the 

18th air army (into which long-range aviation was transformed) as of July 1, 1945. On August 

18, 1945, TB-3 participated in its last air Victory Day parade: three planes took part in the 

episode "Old and new" with three Pe-8 planes flying behind them.  

Li-2 Aircraft. Li-2 military transport plane (named after the General Engineer Lisunov B. P.) 

was an all-metal monoplane with cantilever wings and two air-cooled engines ASh-62IR. Its 

prototype was Douglas DC-3.  
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Fig. 4. Li-2 military transport plane in flight with 26 paratroopers 
 

To support the engine start in winter conditions, oil dilution system was installed. The plane 

was adapted for night flights. Wing de-icing systems were mounted on wings, stabilizer and 

windows. The plane was constructed on the basis of mass production technology, with wide 

application of the extrusion profiles, molding and stamping. Special method of airplane 

production provided interchangeability of both individual elements and assemblies. 4863 

airplanes were produced, 11 of them were made at Kazan Aviation Plant. 
 

Military period of 1942 

Military transport aircrafts in paratroop operation of N4 paratroop corps under 

Vjazma city in January 1942: it was used 129 air transport involved: 81 Li-2 planes, 48 TB-

3 planes. 

Results: 9500 of 10000 paratroopers were dropped, together with 1500 armament bags, 120 

machineguns, 72 antitank rifles, 20 mortars. 

Purpose: support troops of the Kalinin front and Western front of the Red Army encircled by 

a part of Wehrmacht Group armies “Center”. 

Time and meteorological conditions: snow winter nights and severe snowstorm, low cloud 

cover, temperatures down to minus 30 degrees Celsius. 

Participated in landing: 60-80 military transport planes. 

List of general forces and commanders of paratroops: special raiding force (Major I. G. 

Starchak), 5th airborne corps comprising: 1st battalion (Captain I. A. Surzhik) of the 201st 

airborne brigade, 250th rifle regiment (Major N. L. Soldatov), 4th airborne corps comprising: 

8th airborne brigade (Lieutenant Colonel Onufriyev), 9th airborne brigade (Lieutenant 

Colonel Kurashev), 214th airborne brigade (Lieutenant Colonel Kolobovnik). 
 

Chronology and phases of paratroop operations near Vyazma in January-February, 1942. 

Paratroop operations of January-February, 1942 in Vyazma-Yelnya-Yukhnov had common 

plan and participants, and were carried out when the Red Army troops of Kalinin and Western 

fronts participating in Rzhev and Vyazma offensive operation directed by G. K. Zhukov tried 

to trap a part of Wehrmacht Group armies “Center”. 
 

Landing to Gusevo region, commanded by Captain I. A. Surzhik, January 3, 1942. 

Overnight into January 3, 1942, military transport planes (21 Li-2, 10 TB-3) took off from 

Vnukovo airfield and successfully dropped the 1st airborne battalion and the 201st airborne 

brigade (348 soldiers commanded by Captain I.A. Surzhik) to the district of Gusevo village 

12 km northwest of Medyn. The group carried out active sabotages on enemy 

communications and joined the advancing Soviet army the same day. 
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Fig. 5. Paratroop operation of N4 paratroop corps near Vjazma 

 
Landing to Big Fatyanovo area, commanded by Major I.G. Starchak, January 4, 1942. 

On January 4, 1942, the same group of military transport planes from airfield Vnukovo 

successfully dropped a special ops unit of 416 soldiers to Big Fatyanovo airfield area to 

capture the latter (near Myatlovo railway station between Kaluga and Vyazma). The 

commander was a legendary and experienced parachutist Major I.G. Starchak. At the 

beginning of January 1942, the main efforts of the 1st heavy bomber aviation regiment were 

directed to the airdrop of this tactical airborne groop to the area west of Medyn under 

Yukhnov.  

They had three days (1-3 January) to prepare for aircrews of the regiment for droppings to 

Yukhnov area. Simultaneously, on the night of 2 January, 1942, six crews of TB-3 regiment, 

including commanders of the crews F.F. Stepanov  (navigator V. M. Chistyakov), Ya.I. 

Plyashechnik (navigator V.A. Mikhaylov) and M. T. Lanovenko, were given a task to bomb 

the enemy planes in Shaykovka airfield.  

416 parachutists were to be dropped on January 4, 1942 near Bolshoye Fatyanovo village to 

capture Myatlevo station.  

At sunrise of January 4, 1942, parachutists had to be at the destination point. 

It was first planned that parachutists would capture the airfield near Big Fatyanovo village, 

and then the 250th shooting regiment (1300 people) would be delivered there by planes. All 

together (1750 people) they would cut Yukhnov – Medyn Highway and temporarily paralyze 

the German rear. 

Still before dark, mechanics started motors again in hope that weather would allow planes to 

take off. The pilots besieged meteorologists again and again, demanding to report the most 

exact weather data around an airdrop place. 
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It seemed that weather had become better in the end. Colonel I.V. Georgiev decided to let Li-

2 and TB-3 crews perform the airdrop of Major I.G. Starchak’s group behind the enemy lines. 

TB-3 crew (commander F.F. Stepanov, navigator V.M. Chistyakov) were sent to check 

weather conditions around the airdrop destination. At first, Li-2 planes were cleared for 

takeoff because their speed was higher than that of TB-3.  

Finally, three green rockets were launched to the dark sky above the command post – 

Starchak gave the order to board to his group. Two more rockets (now red) – the crews were 

commanded to take off. Owing to their extensive flight experience, all crew commanders 

successfully lifted their heavy vehicles loaded with paratroopers. Four-engine bombers flew at 

low altitude. When the flagman plane flew over Medyn (our troops recaptured this town near 

Varshavskoye Highway ten days later – on 14.01.1942), German antiaircraft batteries started 

firing.  

The crews, who had already flew behind the enemy lines multiple times, had never seen such 

a sea of fire. The antiaircraft guns of large caliber, guns throwing out tracer multi-colored 

shells, machine guns sending fans of blazing bullets to the sky – all of this the Germans set 

going. 

Having accompanied Soviet planes with volleys, enemy antiaircraft batteries "passed" them to 

the neighbouring ones along Varshavskoye Highway. Bombers flew along this narrow fire 

corridor. 

The Germans turned searchlights on. Blue columns of light, crossing and diverging, wandered 

in the sky. Afterwards, the bombing regiment mechanics had to patch tens of fragmental holes 

in wings and fuselages.  

Due to the antiaircraft attack, the majority of crews had to change the flight route, thus some 

navigators lost orientation and some planes returned to the airfield having failed to fulfill their task. 

But conditions over the airdrop destination were much tougher. Thanks to his excellent 

qualification, navigator V.M. Chistyakov precisely guided his TB-3 plane to the destination 

square. Paratroopers landed not closely grouped as it had been planned. That is why it took 

much more time to reunite the group. Captain F.F. Stepanov performed the airdrop and 

piloted his plane back to the departure airfield in the morning.  

Despite the fact that one engine had been put out of action, the commander landed his plane 

successfully.  

A total of 19 flights were performed during this night of 3 January, 1942 by the group of TB-

3 and Li-2 planes. 

After the airdrop 85% of parachutists (about 300 people) were brought together. It is 

considered a good result for airdrop operations. However, planes with the main airdrop of 

1300 soldiers of the 250th shooting regiment did not arrive at the captured airfield on 5-6 

January, 1942.  

On January 5, 1942, weather deteriorated severely, and a blizzard covered B. Fatyanovo 

airfield with snow. Major Starchak’s group started fighting on their own and destroyed two 

echelons with 28 tanks and one bridge at Myatlevo railway station. Having partially 

disorganized the German army rear, the paratroopers finally joined the Soviet troops in 15 

days, on January 20, 1949. However, only 87 (20%) paratroopers of the battalion survived. 

Major Starchak got deep frostbites of his feet and had several operations, but returned to work 

in the sabotage group! 
 

Airdrop to Okorokovo area on 17 January 1942, commanded by Senior Lieutenant 

P.L.Belotserkovsky. The airdrop from TB-3 planes was carried out to Okorokovo village 

area near Rzhev on the night of January 17, 1942. It was indended for disorganization of the 

German rear in attack corridor of the 29th Army of Kalinin front.  
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After 6 days of fighting, the parachute group of 400 people commanded by Senior Lieutenant 

P.L.Belotserkovsky together with the parts of the 29th Army broke from the encirclement. 
 

Airdrop of 18-22 January 1942 to Znamenka-Zhelanye area, commanded by Captain 

I.A. Surzhik. Two battalions of the 201st airborne brigade of the 5th airborne corps 

commanded by Captain I.A. Surzhik and the 250th shooting regiment commanded by Major 

N.L. Soldatov (airland delivery method) were delivered from the initial area of Vnukovo to 

Zhelanye-Petrishchevo region south of Vyazma. The total of 1600 soldiers, 100 machine 

guns, 90 mortars, 45 mm guns were delivered by 21 Li-2 planes and 3 TB-3 planes during the 

period of 18-22 January 1942. The airborne operation was organized by the staff and 

Commander of the Western front Air Forces N.F.Naumenko. The airdrop operation was 

intended for the support of the offensive operation performed by the 50th and 33rd Armies 

and break-through of Belov’s 1st cavalry corps.   

The airdrop was planned in three steps. At first, the group of parachutists was to capture the 

airfield near Znamenka village. In 2.5 hours the starting group was to be landed to prepare the 

airfield for landing. Then groups of 3 planes each (in order to avoid concentration of large 

number of machines) delivered the infantry to the airfield. 21 Li-2 planes were involved in 

transportation of paratroopers. 3 TB-3 bombers of the 1st heavy bomber aviation regiment of 

the 23rd aviation division were to carry 45-mm anti-tank guns.  

TB-3 planes concentrated at Vnukovo airfield. The group of three crews of the 1st heavy 

bomber aviation regiment was headed by 35-year old deputy commander of the 3rd aviation 

squadron Major David Ravich. He was born in 1907 in Zholtoye village, Dnepropetrovsk 

region. Studied in secondary school and military school of pilots, did military service since 

1933. 

 Due to severe snowstorm and low overcast in the morning on January 17, 1942, the airdrop 

was put off till the next night of January 18, 1942.  

The first group of 16 Li-2 planes took off at 3.35 a.m. on January 18, 1942. By 9.00 a.m., 

detachments of the 201st airborne brigade were dropped near Znamenka and Zhelanye: 2nd 

battalion commanded by Captain N. E. Kalashnikov and two companies of the 1st battalion 

commanded by Captain I.A. Surzhik with a total number of 452 soldiers. 

The second group of 10 planes managed to take off only in the evening of January 18, 1942, 

moreover, some of them returned because of bad weather. Eventually, only 190 parachutists 

landed successfully. 

By 8 a.m. on January 19, 1942, a total of 642 paratroopers with 256 rifles, 325 machine guns 

and 33 manual machine guns, 10 mortars, 5 anti-tank guns, 7 

handheld transceivers and 350 kg of explosive concentrated 

around Znamenskoye-Zhelanye. 24 mortars, 6 anti-tank guns 

and 2 anti-tank guns appeared to be lost after the dropping. The 

overall command was given to Captain Surzhik. Connection 

with A.A. Petrukhin’s guerrilla group (about 1000 people, only 

800 from them were armed), who were in Zhelanye region, was 

established. 

The attempt to capture Znamenka airfield in the morning of 

January 18, 1942 failed since the territory around it was 

stiffened. However the reconnaissance group with the help of 

guerrillas discovered another take-off site 1.5 km south of 

Znamenka, and it successfully accepted planes from 17:30 till 

17:50 on January 18, 1942 (four Li-2 planes with 65 soldiers of 

strike and support teams). Due to the lack of the ski chassis only Major David Ravich 

http://www.lingvo-online.ru/ru/Search/Translate/GlossaryItemExtraInfo?text=%d0%bd%d0%b0%d1%81%d1%82%d1%83%d0%bf%d0%bb%d0%b5%d0%bd%d0%b8%d0%b5&translation=offensive&srcLang=ru&destLang=en
http://www.lingvo-online.ru/ru/Search/Translate/GlossaryItemExtraInfo?text=%d0%bf%d1%80%d0%be%d1%80%d1%8b%d0%b2&translation=break&srcLang=ru&destLang=en
http://www.lingvo-online.ru/ru/Search/Translate/GlossaryItemExtraInfo?text=%d0%bf%d0%be%d0%b4%d1%80%d0%b0%d0%b7%d0%b4%d0%b5%d0%bb%d0%b5%d0%bd%d0%b8%d0%b5&translation=detachment&srcLang=ru&destLang=en
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three of four planes managed to take off from the site covered with a half-meter snow layer.  

In the afternoon of January 19, 1942, the deputy commander of TB-3 air squadron D. Ravich 

managed to land his plane, quickly unload it and take off before the raid of the German 

fighters. The second TB-3 plane commanded by Captain M.K. Zhuravlev (or E.A. Timshin) 

was less lucky. Having successfully landed, the plane lost its left cart of the chassis. The TB-3 

plane was unloaded and defueled. When the equipment and machine guns were being 

dismantled, the plane was attacked by a German fighter. It led to the explosion of gasoline 

vapor in TB-3 fuel tanks, so the plane was completely destroyed. The third plane commanded 

by Captain M.T. Lanovenko was damaged and could not fulfill its task. 

All Li-2 planes from other regiment that arrived later were attacked on the ground by two Me-

109 during the unloading and were destroyed, too. Crews had to return to their own regiment 

on foot and passing cars at the temperature below –30ºC. 

The strike team and paratroopers departed from Znamenka to the south of Zhelanye region to 

link with the main forces of Surzhik’s group.  

Meanwhile, Captain Surzhik’s group with the help of guerrillas and residents of nearby 

villages began preparation of a snow runway near Plesnevo village. In the evening of January 

19, 1942, Commander Surzhik informed the front staff: "Landing on wheels is possible, 

coordinates 38535, please send the group as soon as possible". 

In a few hours a group of planes departed from Vnukovo. 

The first group of planes arrived at Plesnevo site before the dawn of January 20, 1942. 

Because of small number of transport planes and bad weather, it took three nights (January 

20-22, 1942) to move the 250th shooting regiment.  

In the morning of January 20, 1942, the enemy discovered Plesnevo airfield due to good 

weather conditions and attacked it from air. During this and the subsequent attacks of the next 

three days, 3 more Li-2 planes were destroyed, 27 people were killed and 9 were wounded. 

The following forces were moved during January 20-22, 1942 via Plesnevo site: 1100 

paratroopers from the 250th regiment commanded by Major N. L. Soldatov, 7 handheld 

transceivers, two 45-mm guns, 34 mortars of 82 and 50 mm caliber, 11 anti-tank guns, 31 

mounted and 73 manual machine guns, 817 machine guns and 564 rifles. The 250th regiment 

became a part of the 33rd army of the 329th shooting division on February 4, 1942. The group 

conducted combat operations till January 27, 1942. 

What a high qualification should a TB-3 crew possess to one day bomb the first line of the 

enemy defense, the other day bomb deep behind the enemy lines, then search somewhere in 

the woods or swaps for prearranged signals, drop special groups and cargos, fly to guerrillas, 

and so on and so on! During almost five months (until the beginning of April, 1942) crews of 

the TB-3 regiment and the whole 23rd aviation division supported military operations of 

Belov’s cavalry who were encircled. The food, ammunition, medicines and fodder for horses 

were delivered by air. The cargo was often dropped to unmarked sites. Some cargos were 

dropped on parachutes, others without them from low altitude. 

German planes patrolled the site twenty-four-hour, hence losses when performing these tasks 

were huge. Everybody knew and understood that no war could do without losses, but it was 

impossible to get used to them.  

Head of the main headquarters of Civil Air Fleet V.C. Molokov reported to Stalin on 20 

January: "The situation is especially severe in the groups that have PS-84 (Li-2) planes, which 

fly to the front and behind the enemy lines.  

These groups lose 50% of aircrafts due to enemy fire. One Moscow special operations group 

lost 64 planes. Replenishment of Li-2 planes is possible by restoration and repair of damaged 

planes since no new planes arrive due to evacuation of plant No. 84". 
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Landing to Ozerechnya area commanded by Captain M. Ya. Karnaukhov, January 27– 

February 2, 1942. On January 21, 1942, several crews of the 1st heavy bomber aviation 

regiment commanded by Lieutenant Colonel B.F. Chirskov left for Grabtsevo airfield near 

Kaluga, which was the starting point of operational flights. Efforts to make the flight secretly 

failed, as German air forces revealed the planes in Grabtsevo. Besides, the airfield was not 

equipped with shelters for planes and staff, it had no antiaircraft means and was well-known 

to the Germans. 

On January 21, according to G.K. Zhukov's order, the commander of the 4th airborne corps 

declared to crews’ commanders the decision to airdrop and perform further military 

operations. The main forces of the 4th corps located near Kaluga were to be landed to the 

southwest of Vyazma near Ozerechnya, Kurdyumovo, Komovo. 

On January 27, 1942, the 2nd battalion (638 soldiers) of the 8th brigade departed from 

Zhashkovo airfield near Kaluga (30 km from the front line) with a task to prepare snow 

airfield for the rest of the brigade to be able to land there. Captain M.Ya. Karnaukhov 

commanded the batallion.  

However due to a pilot error the airdrop was performed 15 km south of Ozerechnya, near 

Tabory village. The paratroopers were dropped all at once, and from high altitude they were 

scattered over a large territory (about 20–30 km). Nonetheless, on January 28, 1942, 476 of 

638 paratroopers (75%) gathered at Tabory village, which appeared to be free from the 

enemy. However the situation with battalion handheld transceivers was awful: the radio 

operator with powerful Sever radio station was lost, and the available handheld transceivers 

were unable to establish connection with army radio stations because code charts were lost 

together with battalion signal officer. 

Without any news from the forward detachment, 4th corps commander Levashov decided to 

continue the airdrop.  

In the afternoon of January 27, 1942, a heavy distant fighter Me-110 appeared over 

Grabtsevo. Having attacked upsun, it brought down LAGG-3 plane, which was performing 

aerobatics, and left. Not to waste their efforts inefficiently, the Germans carried out 

supplemental reconnaissance of the target on the same day. Two Me-110s appeared over the 

airfield at 17.00. One of them, having descended to NOE, fired at planes on the ground, 

having attracted the fire of anti-aircraft weapons, the other plane passed over the airfield at the 

altitude of about 1000 m, probably taking some pictures.  

Enemy bombers appeared over Grabtsevo at 19.30 on January 27, 1942. 24 Ju-88 and Me-110 

planes attacked Grabtsevo airfield.  

Our gunners countered the attacks shooting from TB-3 turelguns. Commander of TB-3 Senior 

Lieutenant Ivan Antonovich Kaskevich was wounded during this raid. TB-3 gunner Ivan 

Erastovich Burov fired to the last ditch. The blast wave from the bomb exploded nearby threw 

him out of his TB-3 plane. He was severely wounded.  

Planes that performed the drop were significantly damaged by the bombing. 7 TB-3 planes  

were destroyed (1st heavy bomber aviation regiment lost four TB-3 planes, 2nd and 3rd 

aviation squadron lost two planes each), one LAGG-3 fighter and several other planes were 

damaged, the staff of transport aviation and paratroopers also suffered losses, the runway and 

fuel supply depot were destroyed. 

The Germans repeated the aviation raid at dawn of January 28, 1942. The commander of the 

20th fighter regiment Lieutenant Colonel A.G. Starikov was shot down by the enemy fighters 

when taking off to repulse the raid. The group of fighters responsible for antiaircraft defense 

of the airfield was unable to counter them. This stopped flights and airborne operations from 

Grabtsevo airfield. The airborne operation was delayed and the idea to use near-front airfields 

was rejected. Paratroopers were dropped near Vyazma in the second half of February, 1942. 
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According to three Decrees of Presidium of the Supreme Council of the USSR issued in 

January 1942, 2 soldiers of the 1st heavy bomber aviation regiment were awarded the Orders 

of Lenin, 5 – Orders of the Red Banner, 21 – Orders of the Red Star, 47 – medals "For 

Courage", 18 – medals "For Battle Merit". Commander of squadron Captain Vasily Petrovich 

Filin and squadron commissioner Senior Political Instructor Vasily Ivanovich Asonov were 

among those who were awarded the Order of Lenin.  

It was the first rewarding of our regiment with the Orders of Lenin during the GPW. Orders of 

the Red Banner were awarded to Captains Konstantin Nikiforovich Ivanov, Miron 

Prokhorovich Klimov, Evtikhy Vasilyevich Naryzhny, Nikolay Ivanovich Sushin and Senior 

Lieutenant Vladimir Andreevich Klyuchnikov. 

On the night of January 28, 1942, 3rd battalion of the 8th airborne brigade (commanded by 

Major A.G. Kobets) departed from the same airfield of Zhashkovo.  

This time one part of planes dropped parachutists near Ozerechnya, and the other part having 

discovered the alarm fires near Tabory village dropped the paratroopers there. 

The rest of the 8th airborne brigade were to depart from airfields Grabtsevo and Rzhavets near 

Kaluga. However, the German reconnaissance aircrafts revealed concentration of our 

transport planes.  

The remaining two airfields in Zhashkovo and Rzhavets were attacked by German aviation 

during the next few nights. German pilots used these airfields earlier and knew their location 

perfectly well. However the Germans did not manage to repeat their success, and airborne 

operations from airfields Zhashkovo and Rzhavets went on. 

On February 3, 1942, one TB-3 plane from the 1st heavy bomber aviation regiment crashed 

near Khimki (pilot Melnichenko, navigator Kulakov) when flying from Grabtsevo airfield to 

Noginsk because of loss of orientation and emergency landing. The crew remained alive, the 

plane was restored. 

Military transport planes performed 612 flights to the dropping area of Ozerechnya, 443 of 

them were successful (85%), 7 military transport planes were destroyed at the airfield. 

Dropping of parachutists was carried out in complex conditions and over extensive territory 

therefore only 1320 (57%) soldiers gathered at the destination point, 1003 soldiers (43% of 

those who landed) did not manage to get to their brigade. 2323 soldiers from three battalions 

of the 8th airborne brigade of the 4th airborne corps and 35 tons of cargo were carried by Li-2 

and TB-3 planes from the district of Kaluga and dropped to Ozerechnya area.  

Having received no reports from the 8th airborne brigade command by radio, the staff of the 4th 

airborne corps had to establish comunication with the help of Pe-3 planes and signal officers on 

light U-2 planes. The staff of the 8th brigade, which was temporarily located at Androsovo 

village (south of Ozerechnya), involved such planes in communication with the battalions. 

On February 4, 1942, 12000 Soviet soldiers were encircled by German troops. Aviation groups 

of Civil air fleet alone lost 16 Li-2 near Kaluga over the period of January 29 - February 4. 

On February 6, 1942, the 8th airborne brigade was subordinated to the 1st cavalry corps 

commanded by Belov. On February 10, 1942, the 8th airborne brigade after a heavy combat 

for Pesochnya and Old Polyanovo were thrown on the defensive. The brigade lost 140 

soldiers killed and wounded. According to the operational summary of the corps staff, the 

176th artillery regiment coprs and the staff of the 1st battalion of the 13th motorized regiment 

of the 5th tank division of the Germans were destroyed, and over 200 cars, 4 tanks, 1 towing 

tractor, 19 motorcycles and two regimental banners were captured. 

So, after strengthening of the German front near Yukhnov-Babykino along Varshavskoe 

Highway, G.K. Zhukov had only one way to turn the tide south of Vyazma, and it was airlift 

of troops and supply to Belov’s soldiers, who were fighting against divisions of Center armies 
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group near Vyazma. G. K. Zhukov decided to resume the airdrop of the remained forces of 

the 4th airborne corps to strengthen the 1st cavalry corps and the 33rd army.  

The remaining two brigades of the 4th corps – 9th airborne brigade of Colonel I.I. Kuryshev, 

214th airborne brigade of Lieutenant Colonel N.E. Kolobovnikov and the remaining battalion 

of the 8th airborne brigade, were to be dropped. 

On February 10, 1942, the 4th airborne corps received a task for further operation from the 

staff of the Western front and began preparations.  

The destination point was the district of the same village Zhelanye-Petrishchevo to the east of 

Ugra station. It was the area where Soldatov's group (250th shooting regiment) and the 

guerrilla group commanded by Colonel M. G. Kirillov (about 1200 soldiers) fighted at that 

moment. The airborne operation was commanded by the Commander of Airborne Troops of 

the Red Army. Moscow airfields Lyubertsy and Vnukovo protected by antiaircraft defense 

were chosen as the starting point of the operation.  

The destination point of airdrop was 300 km from them. A special air-transport group, which 

included 64 combat and civil aircrafts (23 planes TB-3 and 41 Li-2 planes) was created to 

continue the operation. 
 

February 16, 1942. The reinforced company of the 1st battalion of the 201st airborne brigade 

which operated on the way of the German troops withdrawal was landed 20 km northwest of 

Medyn overnight into 16 February 1942. The landing was performed by planes of the 1st 

heavy bomber aviation regiment. Here are the confirming data from the flight book of TB-3 

navigator Chistyakov: 16-21 February, 1942 – Captain Stepanov and I performed 1-2 flights 

daily to drop paratroopers behind the enemy line under the fire of enemy antiaircraft means. 

There are data from the flight log concerning commander TB-3 Stepanov’s crew (navigator 

Chistyakov) available: January, 1942 – 8 flights, flying time – 22 h 30 min (including 5 

flights with 15 h 35 min on operational task at night); February, 1942 – 12 flights, flying time 

– 46 h 40 min (including 10 flights with flying time 44 h 25 min on operational task at night). 

Analysis of flights: flew much – over 46 hours in February, basically at night: 83% of night 

flights in February vs 63% of night flights in January, duration of one night flight in February 

– 4.5 h vs 3 h 10 min. in January. 
 

Landing to Monchalovo area, commanded by P.L.Belotserkovsky, February 17, 1942.  

Overnight into February 17, 1942, a group of Li-2 and TB-3 planes dropped the 4th battalion 

of the 204th crew of the 5th airborne corps commanded by Senior Lieutenant P.N. 

Belotserkovsky to Monchalovo station area to support the parts of the 29th army, which were 

cut off 15 km west of Rzhev. 312 of 425 paratroopers of the battalion were dropped, 38 more 

soldiers were dropped in the Soviet rear (near Staritsa) by mistake, 75 fighters were not 

dropped and were brought back. However only 166 soldiers (about 40%) managed to break 

through to the 29th army near Rzhev, and one of the paratrooper groups destroyed the enemy 

artillery battery on their way. A week later, overnight into February 24, 1942, divisions of the 

29th army began the breakthrough and joined the 39th army. 
 

Landing to Zhelanye area, commanded by Colonel A.F.Kazankin, 17.02 - 24.02.1942. 

The remaining battalion of the 8th airborne brigade, 9th and 214th airborne brigades of the 

4th airborne corps (a total of 7400 parachutists commanded by A.F.Kazankin) departed from 

Vnukovo airfield and were dropped from Li-2 and TB-3 planes to Zhelanye-Petrishchevo 

region west of Yukhnov on 17.02 – 24.02.1942.  

Two groups were dropped: the rest of the 8th airborne brigade – near Putkovo, Bely (25 km 

southeast of Vyazma), and the remaining two brigades of the 4th airborne corps – near 

Velikopolye, Luga (40 km southeast of Vyazma).  

Because of small number of planes, the airborne operation took several nights again.  
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To provide airdrop accuracy, it was supposed to drop signal groups with three radio stations 

in advance. Guerrillas were to support their operation. However "due to technical reasons" it 

never happened. However, it is unlikely that exact targeting of planes by three weak non-

directional beacons was feasible as it demanded good equipment, high qualification of 

navigators and radio operators, and in addition it would inevitably lead to a crowd in air in an 

attempt to pick up the signal of the makeshift radio beacons. In addition, active work of 

handheld transceivers would inevitably draw enemy’s attention to the landing point. 

All commanders of military transport planes were strictly warned of their responsibility for 

the accurate dropping of parachutists.  

As a result, pilots preferred not to drop the groups and to come back with paratroopers if the 

signs laid on the ground were doubtful. It considerably increased landing accuracy, but at the 

same time led to increase of number of flights and delay of operation. 

A group of 20 TB-3 planes with a battalion of the 214th airborne brigade was first to take off 

from Vnukovo on February 17, 1942.  

However 19 planes of the first group did not find the area of dropping and returned back. One 

plane dropped the paratroopers, but they did not join the brigade later and there were no data 

on them any more. 

A group of Li-2 planes with the 4th battalion of the 8th airborne brigade onboard departed 

from Vnukovo airfield to Putkovo-Bely region on the next night, on February 18, 1942. 

However only 12 planes could carry out the dropping; they landed 293 soldiers of the 4th 

battalion of the 214th airborne brigade and 32 bales with armament. Other crews did not 

fulfill their tasks because non-directional beacons did not work, and a plenty of fires were 

burning on the ground. 

Overnight into February 19, 1942, landing of the 9th and 214th brigades to Velikopolye - 

Luga area started. It was more successful – some hours prior to the departure the staff of the 

Western front reported a new prearranged signal for the drop: seven fires should form the 

letter "Г".  

A total of 89 flights were performed during the night by transport Li-2 planes and TB-3 

bombers. Some planes performed two flights. 538 people and 96 bales of cargo were dropped. 

The landing that was performed overnight into February 20, 1942 was especially massive: 

2551 soldiers landed behind the enemy lines. TB-3 planes approached the dropping point at 

the highest possible altitude. 25-30 km away from the destination point the motors were 

muffled and the planes descended to the altitude of 300-600 m. A large number of TB-3 and 

Li-2 planes concentrated over the landing site at the same time. Not to smash, pilots switch all 

the lights on. All this was similar to a large airport where planes were waiting for their turn to 

land. 

Two hours after the beginning of operation, enemy night fighters (most often Me-110) usually 

appeared over our planes. Air navigation lights were switched off immediately, but our planes 

were still visible due to their exhaust pipes (TB-3 could be seen from above, Li-2 – from 

below).  

Overnight into February 21, 1942, the landing was restricted by deterioration of weather (fog, 

cloud level 300-400 m). Despite this, the landing was carried out by 37 crews; 476 soldiers 

and 73 bales with armament were dropped.  

But overnight into February 22 the dropping was massive again: 1676 soldiers were dropped.  

Overnight into February 22, 1942 (according to Bodnar), the crew of TB-3 commanded by 

Captain Ya.I. Plyashechnik was attacked by two Me-110 fighters near Luga village when 

performing their combat mission of dropping soldiers of General A.F. Levashov’s corps. 

Seven attacks were repulsed. The air gunner Sergeant Anvar Salikhovich Yusupov was killed, 

the onboard technician assistant Leonid Mikhaylovich Pyatibratov was severely injured 
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during the first attack. One engine was destroyed and petrol tanks inflamed during the later 

attacks, the fire started onboard. The Germans could not even think about possible resistance 

in such conditions, but it actually went on. The radio operator gunner Sergeant Konstantin 

Mikhaylovich Osadchy fought the enemy alone, he repulsed Messerschmitt attacks firing 

from turret guns. Finally, the fighters lagged behind, they were probably sure of having 

completely destroyed the Soviet plane. Despite the severe conditions of flight, Plyashechnik 

outbraved the challenge and showed his patriotism to Motherland. The task was fulfilled. 

Soldiers were dropped to the destination point. 

Along with the landing, all measures to extinguish fire on TB-3 were taken. Despite the fire 

on the left wing, Ya.I. Plyashechnik piloted his plane steadily to the Soviet territory and 

declared to his crew: "It is better to burn in air than to be taken captive to the Germans!" 

The onboard technician Senior Lieutenant Anatoly Leonidovich Chudnovsky showed unique 

heroism and quick wit: having realized that the flame increased, he made correct decision and 

blocked compartments of tanks, thus stopping fast spreading of fire and preventing the danger 

of tanks explosion. Then he told the pilots about possibility to continue the flight. 

Joint efforts of Chudnovskiy and plane navigator Captain Vladimir Alexandrovich Mikhaylov 

(Mikhaylov held the punched tube of petrol system preventing the fuel from flowing into the 

plane) fire was extinguished and its further spreading throughout the wing and fuselage was 

stopped. All of them craved the same – returning back and rescuing the plane.  

Finally, the burning plane successfully landed near Timonino, 20 km north of Medyn.  

The fire was put out by the crew on the ground. It was already late at night, but people from 

nearby villages of Tishinino and Kamenka of Kaluga region came to rescue the heroic crew. 

They took the killed Yusupov and seriously injured Pyatibratov out of the plane, dragged the 

plane to the woods, and cut branches to disguise it. 

Anwar Salikhovich Yusupov was buried in a mass grave in the gardens of Medyn of Kaluga 

region. Pyatibratov was taken to hospital. 

Plyashechnik contacted the regiment and asked for the spare parts required to repair the plane. 

Four days of united, fruitful work of all members of the crew returned the plane to life. The 

crew flew back to their regiment base in the city of Noginsk. Ya.I. Plyashechnik was awarded 

the rank of the Hero of the Soviet Union and the Order of Lenin together with the "Gold Star" 

medal. 

On February 23, 1942, 1367 soldiers were dropped. The staff of the airborne corps was to 

land that night. Contrary to the instructions, all the staff was carried by one TB-3 plane. And 

so it happened that this appeared the very plane to be attacked by the German fighter Me-110! 

Machine-gun attack killed the Commander of the 4th airborne corps Major General A.F. 

Levashov, and some officers of his staff were wounded. However, pilot Mosolov managed to 

land the severely damaged plane on snow and saved other paratroopers. The authority was 

delegated to the Chief of the staff Colonel A.F. Kazankin.  

Overnight into February 24, 1942, 38 flights were made and 179 paratroopers were dropped.  

Despite the enemy counteraction, the landing of the 4th airborne corps was fulfilled in short 

terms. The deployment of all forces took four days with 2-3 flights per day. Afterwards, 

single planes delivered some equipment to this area. 

A total of 7373 soldiers and 1500 bags with arms and food were landed, 612 flights were 

performed (443 successfully) during the period of February 17-24, 1942. Three crews were 

killed.  

Due to high altitude of dropping (1000-2000 m instead of planned 600 m) and errors in 

choosing the dropping destination, paratroopers were scattered over large area.  

A total of 9500 of 10000 soldiers of the 4th airborne corps were dropped in February, together 

with 1500 bags with armament, 120 manual machine guns, 72 anti-tank guns, 20 mortars. 
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Over 10000 of soldiers, 320 mortars, 541 machine guns, 300 anti-tank guns were dropped in 

total to Smolensk area. This was conducted despite an acute shortage of transport planes, 

severe weather conditions, and strong enemy counteraction. 

During the period of January 21 – February 24, 1942, aviation groups of civil air fleet lost 25 

Li-2 planes, including 16 and 7 planes that were destroyed and damaged, respectively, near 

Kaluga during January 29 – February 4. Nine planes were burned by German aircrafts on 

forward airfields. 

On February 28, 1942, the landing troops, having joined the 1st cavalry corps of General 

Belov and the 33rd Army of the Western front, started active combat operations behind the 

enemy lines. 

These operations of the landing troops in February, March, April, May and June, held down 

seven infantry divisions of Wehrmacht for 5 months; 15 thousand German soldiers, 24 tanks, 

and 29 cannons were destroyed, 200 settlements were recaptured.  

Landing troops returned to the main forces in small groups after 5 months of active 

operations, on June 24 and 28, 1942. The remaining 2800 soldiers of the 4th corps went to the 

defence area of the 10th army to the northwest of Kirov, having lost 120 people killed and 

wounded in those fightings. 

Shortcomings of the organization of airborne operation in January – February, 1942 were the 

following: insufficient number of planes, lack of centralized management, the timing of 

airdrop did not match the capabilities of planes and crews, increase of landing time by 2-3 

times comparing to the nominal, poor training of crews for night landing in difficult 

meteorological conditions, bad designation of landing points, lack of domination in air of the 

Soviet aircrafts, crews were not trained in navigation and aiming at night and in daylight in 

difficult meteorological conditions.  

A tragic flight of TB-3 plane commanded by Lieutenant P. V. Shmelev (navigated by Senior 

Lieutenant A.M. Chupin) was remarkable. On March 3, 1942, the crew took off from airfield 

Noginsk to bomb one of the spots in Smolensk district. When flying from Noginsk airfield, 

the route was laid so that to bypass the Moscow zone of antiaircraft defense from the north or 

from the south, otherwise planes could be attacked by antiaircraft defense of Moscow. 

Shmelyov's plane, having moved about 30 km away from the airfield, flew into a cable of a 

barrage balloon, which cut the plane’s wing right between the 3rd and 4th engines together 

with the fuel tank. The plane burst into flame immediately, and a large part of the right wing  

broke off. The plane remains with bombs fell in the area of Izmaylovsky park. Bombs 

exploded killing and wounding several people. Only two of the eight-member crew survived: 

copilot N.P. Podluzky and air gunner S.I. Emelyanenko who bailed out. Pilot P.V. Shmelyov 

also bailed out, but his parachute did not deploy and he fell on a house, punched the roof and 

died with the shock. Causes for the accident were analyzed in detail, and a number of versions 

were scrutinized, but what happened was never revealed. 

At first, non-armed Li-2 planes flew in daylight, even crossing the front line. Crews escaped 

the attacks of fighters flying at low altitudes, decreasing to 50-75 m. Training of pilots was 

enough for this, as at the beginning of the war the best pilots were fighting. But similar tactics 

led to increase in losses due to fire from the ground.  

Vulnerability of planes also increased due the pilots’ habit to use highways and railways as 

reference points, while the German troops moving along them had a significant amount of 

antiaircraft means. Large number of Li-2 planes were damaged over Varshavskoe Highway. 

Some time later, the pilots began to choose routes over sparsely populated areas, mask the 

planes with clouds and fog, cross the front line at the altitude of 2000-2500 m. The crews 

gradually acquired experience in maneuvering, started performing sharp turns and dives. The 

equipment of planes with defensive arms was also useful. 
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Later, the aircrafts supplied the 4th airborne corps commanded by General Kazankin and the 

1st cavalry corps of General Belov, who operated behind the front line. Crews flew at night 

making 2-4 flights per night. Crews spent 8-10 hours per day in the air. Parachute bags and 

fuel tanks were dropped manually through the doors. Cargos in special packages were 

dropped without parachutes from the altitude of 70 - 80 m. 

From TB-3 navigator Chistyakov’s flight book: April, 1942 – 12 flights to drop ammunition 

and food.  

On May 28, 1942, the Germans seriously damaged TB-3 plane with devastating antiaircraft 

fire, and Captain A.N. Kotelkov had to land on B.Elovka site south of Vyazma, on the 

territory of the 1st cavalry corps encircled by the enemy. This emergency landing resulted in 

severe damage of all the plane’s engines and the chassis rack. The crew decided not to burn 

the plane and left the fuel to cavalrymen and guerrillas. 

 

 
 

Fig. 6. TB-3 plane with 35 paratroopers 

 

The reasons of failures: scanty number of aircrafts, weak training of crews, landing time 

increasing by 2-3 times, bad marking of landing area, absence of operation’s centralized 

direction, the date of airdrop didn’t co-ordinate with crews abilities and aircraft capabilities, 

absence of supremacy in the air of out aviation, navigation and aiming didn’t trained 

theoretically and practically at night and day in difficult weather conditions. 

Spreading of paratroopers was up to 18-20 km. The deviation would be 3.6 km by using 

scientific method to outlet in the dropping area from check reference point with timing of 

using stopwatch. 

 

Military period of 1943 

Military transport aircrafts in Dnepr airborne operation near Bukrin, 25 September 

1943. At the time of successful offensive operations in Ukraine, Voronezh front command 

decided to use paratroopers to support the troops that were cutting across the river Dnepr, and 

to make favorable conditions for quick recapture of all right-bank Ukraine. Temporarily 

united 1st, 3rd and 5th guard airborne brigades (about 10 thousand paratroopers) were to be 

dropped near Bukrin bend of the river Dnepr. 
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Fig. 7. Dnepr airborne operation 

 

The newly formed corps was commanded by Voronezh Army Group commander. The 5th, 

6th and 7th Long-Range Aviation corps, armed with Li-2 planes, the 1st air transport division 

of Civil Aviation Fleet and Airborne Force air glider group were assigned for transport-

landing supply of operation.  

Thus, aviation group was to have 180 planes Li-2, Li-3, IL-4 for landing of 45-mm canons 

and 35 gliders A-7 and G-11 with 10 IL-4 planes for midair towing. All formations and units 

of transport aviation united in an operative group under the command of General Lieutenant 

of aviation Skripko N.S. (Air Marshal, later – MTA commander). Initial area for landing 

included Bogodukhovsky and Lebedinsky aerodromes (total of 5 airfields). 

Commander of the Voronezh front, General of the Army Vatutin N.F. was responsible for 

general management of operation. But the headquarters of Voronezh front did not get direct 

participation in planning of operation and organization of detailed support. Thus, the mistake 

of the last operation was corrected on paper only. 

The operation plan was developed by an operative group of Air Forces staff, which arrived at 

the front headquarters. The corps was to be dropped in two nights. Two airborne brigades and 

artillery on gliders were to be delivered by 3 flights at night on 23 and 24 September. During 

the first night, it was supposed to perform about 500 sorties. The third brigade was to be 

dropped during the second night. Three days before the operation, reconnaissance 

photographs of the landing area were taken. Continuous reconnaissance was to be performed 

in the course of military actions. 

Bombing of the dropping area from airplanes and continuous air support of bombing and 

assault aviation of 2nd Air Army were also planned. Immediately before the beginning of 

landing, the long-range aviation was to perform a concentrated bombardment of enemy 

objects. Specialists with communication facilities were supposed to provide interaction of 
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aviation with paratroopers. Guerillas and a preliminary dropped supporting group were to 

prepare and mark the landing spots. 

25 Li-2 and 10 Po-2 planes were to support the airdrop and evacuation. 

Headquarters of airborne brigades together with air division headquarters developed 

complementary airdrop table plans of landing operation. But real situation was not taken into 

consideration. The main aerodromes of the 2nd Air Army stayed deep in the rear and all front 

aerodromes lacked fuel and ammunition. Therefore the aviation was not able to efficiently 

support the landing. The time of concentration of transport aviation group at the initial site 

was not maintained. The delay of planes made the command shift the time of the air drop by 

one day. This decision together with the failed plan of continuous air reconnaissance of the 

landing area played a very negative role, as it turned out later. 

In the morning of 23 September, no numerous enemy troops at the Bukrin bend or forces 

approaching the spot were observed. These data made the Front Command decide to drop 3rd 

and 5th airborne brigades overnight into 25 September.  

But by the beginning of the airdrop the situation at the Bukrin bend changed drastically. 

The enemy moved up to 6 divisions to the battle area. Our reconnaissance was not able to 

reveal the German army manoeuvres. Therefore the airborne troops could not fulfill the 

assigned mission (to prevent the German reserve forces from approaching the Dnepr bend), as 

the enemy had intercepted our actions. 

The troops were dropped to the area with exceeding enemy forces. Moreover, our main forces 

were not able to attack with forced crossing of the Dnepr.  

This made the airborne operation doomed to failure. 

Dnepr operation was also notable for its weak organization and very low accuracy of dropping. 

Besides a one-day delay due to severe weather conditions, after the airplanes had concentrated at 

the starting point, it turned out that the planes that arrived to different airfields did not match the 

quantity and types specified in the table plans.  

Only 48 instead of 65 Li-2 planes arrived at Voskresenovka airfield. Moreover, some of them had 

no equipment required for dropping. It was mounted when the planes were prepared for the 

departure. It was necessary to urgently refine the planned tables and move some number of 

paratroopers and cargoes to other airfields. All this brought essential confusion in the landing 

order. 

Delay of transports with fuel, disorganization in refueling of planes and poor communication 

between the long-range aviation task group with airfields complicated the situation even more. 

The long-range aviation rear group, which arrived at the initial site on September 19, 1943, did 

not distribute refuelers and tanks with fuel according to the plan of transport aviation basing.  

Given the identical number of planes, Bogodukhov airfields had on average half as much of the 

airfield maintenance than Lebedinsky airfields. As a result, the 5th aviation corps planes were not 

refueled on time and the first flight from Bogodukhov was delayed for 2 hours. All this led to the 

situation when only 72% of soldiers (4575) and 53% of cargoes (666 paraborne bags) were 

dropped till the dawn of September 25, 1943.  

The 7th aviation corps and the 9th aviation division started from the better equipped Lebedinsky 

airfields and accomplished the mission almost completely (90.4%), but the 5th aviation corps 

with a subordinated group of the 1st aviation division of Civil air fleet completed their mission by 

less than 50%. Due to the lack of fuel, the landing of the 5th airborne brigade from Bogodukhov 

airfields was stopped at 01.00 a.m. 

Two planes of the 5th aviation corps and 12 planes of the 1st aviation division of Civil air fleet took 

off for their second flight. No planes managed to take off from Smorodino airfield that night. And 
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they were to drop 45-mm guns. The drop was not resumed the second night because 

communication with the paratroop group was not established and its position was unknown. 

However, nearly 5 thousand people dropped to the enemy rear could become a serious threat for the 

enemy and affect the situation at the Bukrin bend. Unfortunately, it never happened because of 

severe counteraction of the enemy and significant dispersion of the dropped forces. 

Separate groups of parachutists were attacked even before the landing. Having hit the ground, they 

had to immediately join the battle without proper commands and connection with each other. 

Nevertheless, the landing troops managed to cause some loss to the opponent and held down part of 

the enemy forces for quite a long time. 

The reason for such low level of the landing arrangement consisted first of all in the insufficient 

navigation without on-ground means of piloting and aiming. 

Navigation support of Dnepr operation involved installation of the radio stations and radio beacons 

at the initial airfields, at the beginning of the route and around the dropping area. The initial airfields 

were equipped properly, but the rest of the spots were not designated at all.  

The driving radio station "Pchela" allocated for the same purposes arrived at the destination point 

Kapustintsy only in the evening of September 25, 1943, when the landing had already finished. 

Therefore the majority of crews failed to find the light signals in Tsibli, Gorodische and Ozerische. 

Moreover, the lights were to be installed by the ground troops without direct participation of long-

range aviation navigation department. Signals on landing platforms were laid out only by the 

second flight and they were almost indistinguishable looking like fires. 

Negative experience of January-February, 1942 was also neglected when designating landing sites. 

An advance group of parachutists was to install a series of rockets, but failed. 

The enemy started to launch missiles from different directions to illuminate the landing 

paratroopers and completely disoriented both aircrews and paratroopers.  

Absence of radio beacons, inefficient application of light signals was aggravated by 

complicated conditions of orientation on the night of September 25, 1943. Overcast at the 

altitude of 600-800 m and slight rain limited visibility to 1-3 km. After 9.00 p.m. the rain 

stopped but the haze remained, and visibility did not exceed 2-4 km. Light signals were 

observed only by some crews. Only a non-directional radio beacon could save the situation, 

but it was absent. The only reliable reference point during the whole night was Dnepr. 

So, the river was used by all crews as the main reference point. According to their reports, 

none of the crews used ground signs or any other reference around the drop destination. In 

general, owing to the small distance between the dropping region and the Dnepr (15-20 km) 

and reliable definition of the direction and time of flight, it was possible to drop the 

parateroopers with the error not exceeding 5-7 km. 

However, the crews were not prepared to use the flight time as a control reference point. To 

calculate the time, each crew took for reference the point of the right bank of the Dnepr, 

above which they reached the river. Thus many of them defined the location wrong. But the 

analysis shows that even despite the correct determination of the point over Dnepr, crews 

chose the route and time to the landing point absolutely randomly. For example, selecting one 

and the same Potaptsy as an aiming point and having identical flight velocity and wind (these 

parameters were defined by the crews precisely enough), the crews maintained the route 175 

to 250 degrees, and time from the Dnepr 1.5 to 7 minutes. Such a random choice of aiming 

parameters could have been avoided if the navigation service had trained the crews to use an 

alternate way of orientation. The allowable error in definition of the point of passing the 

Dnepr reached 40 km. Well prepared crews were to get within a 20 km strip. 
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But many crews relied on radio beacons "Pchela" and light signals and treated location 

control so neglectful that they did not even get to the 40 km strip and reached the Dnepr in an 

unknown point. Without refining the detailed orientation, they dropped the landing troops at 

random, having passed 3-5 minutes from the river. Besides, crews avoiding the fire of 

antiaircraft means, performed dropping from high altitudes and at increased flight velocities. 

Paratroopers did not observe the timing of dropping. The crews claimed that sometimes it 

took 4 and more minutes for paratroopers to leave the plane. This led to the dispersion of 

paratroopers over 8-15 km and almost excluded the rally of paratroopers dropped from one 

and the same plane even in the daylight, not to speak of night. 

Intense antiaircraft fire of the enemy, unfavorable weather conditions, poor navigation 

support and training of crews resulted in the scatter of paratroopers over the area of 25km x 

90 km. Only 5% of crews got to the assigned area, 23% dropped the troops 10 km away from 

its boundaries, 58% — 15 km away, 14% — even farther. About 400 parachutists landed in 

Cherkasky woods (70 km away from the assigned area), and up to 230 parachutists failed 

even to cross the front line. 

The analysis of the general situation, results of landing, reports of crews and paratroppers, 

level of material support and the organization of landing, and level of training of crews and 

landing troops allows making some conclusions and finding out the main reasons for 

unsuccessful airborne operation at the Bukrin bend of the Dnepr. 

Firstly, formal participation of the staff in organization, planning and support of airborne 

operation. Capabilities of both the land troops and front aviation were overestimated, together 

with the efficiency of maintaining transport aviation on the initial airfields. 

Secondly, poorly organized interaction of transport aviation with the landing troops, 

difficulties in delivery of fuel to airfields and refueling of planes prevented the long-range 

aviation group from successful dropping of two brigades in one night.  

Interaction of long-range aviation with the front-line aviation, which was supposed to support 

the landing, was poorly organized. Lack of unified command led to slow and complicated 

handling of these issues of interaction. The pre-arranged air reconnaissance was not 

performed, preliminary aviation bombing of the landing area was not carried out, and the task 

force of long-range aviation had no reliable communication with airfields. 

Poorly organized reconnaissance of the dropping region led to dropping right to the region 

with numerous forces of the enemy. 

It is characteristic that at that time no alternative dropping points were provided for the case 

of strong counteraction from the enemy. In combination with unreliable means of 

communication and their careless application (to redirect transport and strike aircrafts, to 

manage it from the ground) this made the paratroopers act within the preliminarily chosen 

area even if this region appeared to be extremely badly chosen. Moreover, the groups had to 

act almost independently, with a minimum support of troops and aviation of the front. 

Thirdly, poor organization of navigation support led to dispersion of landing troops over a 

considerable territory. 

In the Directive issued by the Deputy People's Commissar of Defense of the USSR 

concerning the airborne operation at Voronezh front, it was noted that to achieve the unity of 

management and eliminate the revealed shortcomings, it was necessary to subordinate all 

transport aviation and landing troops to the commander of Air Army. Such measure in the 

absence of special transport and landing aircrafts seemed most feasible at that time. 

In spite of the fact that the long-range aviation formations armed with Li-2 planes at that time 

were the main means for airborne operation, they were not trained for night landing in 

military conditions and performed no joint exercise with airborne troops. Moreover, 30% of 

crews had absolutely no experience in airdrops of troops and cargoes. Lack of attention of 
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long-range aircraft command to the preparation of their formations is confirmed by the fact 

that a single "Instruction on dropping troops and cargos from a long-range aircraft" was 

developed by the staff of Long-range Aviation and approved by its commander only in the 

second half of October, 1943. Considering experience of landing at the Bukrin bend, it 

precisely defined the duties of all crew members, the order of their interaction with the 

landing group from preparation for the departure to the very drop. The maximum duration of 

the escape time for the landing group was specified for the first time (40 seconds; normal — 

30 seconds). Strict requirements on detailed orientation were imposed on crews. The 

Instruction specified: "Dropping is allowed only if the crew is confident in exact detailed 

orientation around the destination point or over the dropping point. If detailed orientation is 

absent, the landing is prohibited. Return to the airfield. Dropping in the absence of orientation 

is the worst crime". 

Measures for increase of operational training of staffs of long-range aviation and airborne 

troops were taken. For example, joint command and staff exercises in airborne operations 

with the development of mission plans and other documents were conducted in October-

December, 1943. 

Since then, there have been no such large-scale airborne operations in military conditions in 

the national history of Russia.  

 

 
 

Fig. 8. R.S.Zaripov, An-124-100 aircraft pilot, and A.N.Bodnar, TB-3 plane navigator, (2012) 
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Fight aircraft Su-27  

On 19 October 2014, we celebrated Mikhail Petrovich Simonov’s 85
th
 anniversary. Mikhail Petrovich 

Simonov is a brilliant General Designer of the Soviet aviation miracle – Su-27 airplane, scientist and 

designer, prominent social leader, founder of the Russian scientific and design school for combat 
supermaneuverable airplanes, famous specialist in aviation and space industry [1–3], whose name is 

written in the Hall of Fame of the National Air and Space Museum, Cavalier of V.G.Shukhov Gold 

Medal, graduated from Kazan Aviation Institute. 

 
Mikhail Simonov was born on Oct. 19, 1929 in the city of Rostov-on-Don, in a family of 

scientists, geographers. Since 1933, the family lived in the suburban village Bykovo. Their 

house placed under the glide path of Bykovo airport, in about five kilometers from the runway 
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end. In his early years Misha with his friends could watch planes taking off and landing rather 

close. Obviously, from the distant childhood his calling and passion to understand the aircraft 

and engines design had brought. Machinery invited him. Later Simonovs’ family moved to 

Alma-Ata, where father was appointed a head of the Economic Geography Department of the 

Kazakh branch of USSR Academy of Sciences after finishing the postgraduate school. The 

boy went to school here. Alma-Ata left a lasting impression in the soul of the boy, kept for the 

life: cleanliness, flowers, apples, he never had seen anywhere else, three-axle buses in the 

streets ... and a wonderful children's library, where Mikhail firstly got to hands magazines 

“Tehnika—molodezhi”,”Samolet”,...  As Mikhail Simonov recalls, at the age of nine he 

grimly determined to be ... a chief designer! 

After coming to the school aircraft modelers group, the future designer immediately 

participated in the creation of a flying model. He actively worked in the Young Aircraft 

Designers Society (YAS), or as it is called, Airplane Model Laboratory. Imbued with the 

spirit of aviation innovations of those years, young guys with great creative inspiration 

designed rocket aircraft models with solid propellant motors also. 

The Great Patriotic War had divided Mikhail Simonov’s life into two parts. There was life 

before the war, kept in the memory like a beautiful dream, which he is ready to endlessly dip 

in even today. So, there was also a cruel reality of wartime, left an always open wound. 

Mikhail’s father Petr V. Simonov, was killed in the Stalingrad battle in 1942. Many years 

later, Simonov Jr. assigns a board number P-42—Petr Simonov, 42th year, to his record plane 

Su-27 in memory of his father. After the war, the orphaned Simonovs’ family moved to 

mother’s parents in her native land—in the city of  Kamensk-Shakhtinkii in Rostov region. 

Michael graduated secondary school here. He had no doubts with the path choice, Simonov 

sought to aviation. But family troubles overtook again: younger brother was victim of an 

accident, grandfather died, grandma followed...  So the dream of the Moscow Aviation 

Institute disappeared by itself — he could not leave a sick mother. 

In 1947, the Silver Medal Awarder entered to Novocherkassk Polytechnic Institute, specializing in 

“Design and Operation of Vehicles”. Mikhail studied very easy: he became a Stalin Scholarship 

awarder on his third course. He actively involved in cycling — road racing, participated in the 

Student Team of the Russian Federation. Sport not only hardens him physically, but also taught a 

lesson being in handy later in a big aircraft: the winner is who fights to the end! 

But his interest in aviation had not broken, and in 1951, student Simonov was accepted by his 

own request in Kazan Aviation Institute, in the fourth course in the Aircraft Design Faculty. 

In 1954 he graduated with honors from the Institute, protected thesis project dedicated to a 

strategic bomber creation. In the last year of study at the institute, M.P. Simonov was invited 

to stay in KAI in the Department of Aircraft Design and Construction. Soon he headed a 

laboratory at the Department, and then became an assistant and began teaching. In 1956 

student design group was transformed into one of the first in the Soviet Union Student Design 

Bureau (SDB-1), headed by M.P. Simonov. The creation of such DBs, allowing combine 

studies with technical creativity for students, then became a common phenomenon to many 

universities of the country. 

In 1959, M.P. Simonov initiated creation on the basis of KAI SDB-1 state organization — 

Experimental Design Bureau of Sport Aviation (EDB). Gliders KAI-6, the first Soviet all-metal 

record gliders KAI-11 KAI-12 KAI-14, KAI-17, KAI-19 were created in SDB-1 and KAI EDB 

of Sport Aviation under Simonov’s leadership. Besides the design work, he alone decided all 

tasks related to the aerodynamics, that was the mostly in his line, as well as flight tests. 

Over a decade of M.P. Simonov work in EDB SA, under his leadership and with his direct 

participation more than a dozen projects had been realized. In 1968, M.P. Simonov initiated in 
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EDB development of target airplanes based on mass-produced planes with a small residual 

lifetime. More than a dozen items were input into a mass production at all. 

In 1967 Aviation Sports Technical Club (ASTC) EDB of Sport Aviation, worked mainly on a 

voluntary basis, was transferred to DOSAAF (Voluntary Society of the Army, Air Force and 

Navy Assistance) and gained an official status. Simonov not only designed gliders, he also 

flew on sport airplanes, and almost all glider types, which are existed in the Soviet Union. To 

his title of Chief Designer of SEDB of SA he added the title of Instructor and tow plane Pilot 

of air club, as well as Commissar of the USSR Central Aeroclub named after Chkalov, giving 

him the right of record achievements registration in aviation sports. 

The successful work of M.P. Simonov in SEDB of SA, ASTC had not gone unnoticed in the 

Ministry of Aviation Industry of the USSR. Minister of Aviation Industry P.V. Dementiev, 

who noticed a promising and talented head of the design bureau, played an important and 

decisive part in his life. In 1969, Simonov was moved to Moscow and appointed Deputy 

Chief Designer of Dolgoprudny Design Bureau of Automatics. Further, since 1970, he worked 

as the First Deputy of Taganrog Aviation Plant Chief Designer, the genius Robert L. Bartini. 

At that time EDB developed an antisubmarine plane VVA-14 with vertical take-off, ground 

effect machine. There were no such aircraft in the world at that time, and R.L . Bartini was the 

author of the project. He was the only person who was idolized by Mikhail Simonov, was 

kept unquestioned authority for whole life. 

In November 1970, M.P. Simonov was appointed Deputy Chief Designer of the Moscow 

Engineering Plant “Kulon” (enterprise p / b V-2481, the USSR Ministry of Aviation Industry, 

since 1976 — Engineering Plant named after P.O. Sukhoi of the USSR Ministry of Aviation 

Industry). Soon, he was officially appointed as technical manager of flight testing of the 

prototype T-6, the future frontline bomber Su-24, held at the State Research the Red Banner 

Institute of Air Force named after V.P. Chkalov (GNIKI, now the State Flight Test Center of 

the Ministry of Defense of the Russian Federation). M.P. Simonov joined to work on Su-24 

far away of the first stage. He acted in full autonomy mode, allows to select competent people 

clearly knew his maneuver and as independent and responsible in their decisions, as he 

himself. In the first time complex set of combat aircraft, integrated the latest advances in 

aircraft and engine, aerodynamics, aviation equipment and weapons, was created. To ensure 

the Su-24crew rescue, the firstly in the country ejection system has been applied, which 

operated on almost all flight modes, including the plane placement on the ground. The Su-24 

had become the country’s first combat aircraft, filled with electronic and optical electronic 

equipment so much. 

In August 1974, flight-design and state tests of Su-24 had been completed. At the end of the 

same year, the first front-line bombers entered the fighting troops and on February, 4, 1975 a 

special decision of Central Committee of CPSU and the USSR Council of Ministers was 

issued about new plane including into inventory of the Air Force and the Navy aviation under 

the name of Su-24. In April 1975, Su-24 was included. A sharply new type of jet attack 

airplane of the third generation was created, combining the characteristics of strike-fighter and 

front-line bomber, and not yelded in terms of tactical and technical characteristics to its 

aboard “prototype” F-111. 

In 1976, the team of the plane creators and testers was awarded with the highest state awards; 

M.P. Simonov was awarded the Lenin Prize. Working with the Su-24 project became an 

excellent training for Mikhail Simonov as a professional designer and also as a talented 

manager, embodies design ideas to life. 

The accumulated engineering experience of M.P. Simonov proved to be very useful in creation 

of advanced tactical fighter (ATF) Su-27, later called in the West the “Soviet aviation miracle”. 
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According to the Military Industry Commission (MIC) at the Presidium of the Minister Council 

in early 1971, three leading domestic “fighter” design bureaus (P.O. Sukhoi, A.I.Mikoyan, and 

A.S.Yakovlev) was challenged of creating a new “advanced tactical fighter”, that would be a 

response to appearance of US F-15 aircraft and excel it in all respects. 

In the second half of 1972 Sukhoi Design Bureau started in accordance with the Aircraft 

Industry Ministry order in-depth elaboration of preliminary design and creation of conceptual 

design of T-10, with the secret at that time name — Su-27. In February 1976, M.P. Simonov 

became a chief designer of that airplane. He should to lead all work of the T-10prototypes 

construction, carrying their flight tests, and later of the design modifications of the airplane. 

More than 100 enterprises and organizations had involved. In 1976, the total number of 

people employed on this project was about 500 thousand people, and later it "went off scale" 

for a million. During this work fifteen fighter constructions was created and tested in wind 

tunnels of TsAGI, differing mainly by placement of engines, air intakes, and chassis types. 

M.P. Simonov had challenged itself and the team to ensure that the new airplane of the EDB 

should outperform F-15 in flight characteristics not less than in 30 percent. 

In the end of 1977, E.A. Ivanov was appointed the General Designer of EDB P.O. Sukhoi, 

and M.P. Simonov became his First Deputy and pluralistically Chief Designer of T-10 

airplane. By 1979, the situation with Su-27 in its “first edition” was very clear for Mikhail 

Simonov. The plane did not correspond to international standards or in flight range, or 

maneuverability. Simonov proposed to stop all work on the old project and to start up a new 

one. In his attempts to obtain a project revision in the scientific and bureaucratic level, the 

Chief Designer was almost alone. Probably it is not coincidentally, that Mikhail Simonov 

sometimes calls the process of an aircraft development as “weight-lifting”. The full-scale 

work on the airplane design in the new construction, designated T-10S (also T-10S-1, i.e. the 

first series or T-10-7) were strated in 1979. Simonov almost took up in the constrution "the 

hundredth" department of EDB, where the airframe design and construction was developed. 

As the project development the plane more and more finds structural and design features, 

which are radically differ it from the T-10, until it became clear that designers will have to 

create an actually new aircraft. M.P. Simonov and his colleagues A.S. Isaev and S.T. 

Kashafutdinov shaped construction with a completely new aerodynamic form. 

Independence of M.P. Simonov, and his extraordinary vigour and perseverance in goals 

achieving were against the grain for the General Designer of the Sukhoi Design Bureau E.A. 

Ivanov, who considered it impermissible and unacceptable to himself. In 1979, M.P. Simonov 

was moved to the Ministry of Aviation Industry of the USSR to the post of Deputy Minister 

of Science and New Technology. 

At the new place Simonov supervised the 10th Main Directorate of the Ministry that was in 

charge of science and tasks related to the combat aircraft. His responsibilities also included 

TsAGI (Central Aerohydrodynamic Institute), LII (Flight Research Institute) and all other 

Research Institutes of Aviation Industry. During this period he studied in detail the problem 

of air combat systems creating, especially the aircraft onboard equipment. Researches on this 

topic at the level of preliminary designs, made in the late 1970s – early 1980s with his 

participation as a supervisor, allowed to justify and propose the hierarchical structure of this 

equipment set. 

His vigorous energy sought and found the exhaust in a number of innovations undertaken by 

him, violated the established order in the relations between design organizations. 

Administrative duties pressed Simonov, was in constant demand for design work. He was the 

only Deputy Minister of the whole history of the Aviation Industry Ministry, who had a 

drafting board in his office. His mind constantly generated new creative ideas that always 
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worried country’s leading designers. From the chair of Deputy Minister, Simonov continued 

to closely watch the situation in Sukhoi Design Bureau, especially in the projects department. 

In September 1981 he was in a serious business trip in Afghanistan. The trip schedule in the 

belligerent provided “technical assistance in the development of the Su-25A”, held in the 

spring of 1980 the military assessment of ground troops of the 40th Army, as well as advising 

the Afghan military aviators, allies of the USSR. He had to meet the technical condition of the 

Su-25, examine the possibility of the combat effectiveness increasing for this plane in the 

Soviet air force unit. He also had to compare with it the possibility of using in Afghanistan of 

aircraft with vertical takeoff and landing Yak-38, the first Soviet serial plane of this kind. The 

conclusion was made that the Su-25 version is preferable for Afghanistan. For participation in 

the work of the combat effectiveness and performance improving of attack aircraft in 1982 he 

was awarded the Order of Red Banner of Labor. 

During the execution of his ministry official duties, M.P. Simonov, of course, did not leave 

without attention his offspring — Su-27. He continued to supervise the aircraft development 

and refinement from the Aviation Industry Ministry. 

In 1983, M.P. Simonov appointed General Designer EDB P.O. Sukhoi, (in 1995–1999 at the 

same time he was the Director General of EDB). A new stage in Mikhail Simonov work 

contented a vast number of tasks, which decision required to be just one of many faces: a 

constructor, an organizer, a supervisor of the new projects, commercial and financial director. 

His target was to create a joint, well-oiled machine, a solid affinity group, which would allow 

solving the priorities for EDB. There was a change of top and middle managers. For several 

years, until the early 1990s, before and after the collapse of the Soviet Union, he defended in 

the competition the indisputable of brand “Sukhoi aircraft”. It happened in a very difficult 

economic conditions of the country. 

Since the mid-1980s in the Soviet Union there is a funding reduce for defense projects. With 

the appearance of the first co-operatives in the USSR Simonov ventured at the absolutely 

unacceptable for defense enterprises courageous act: to organize the co-operative company 

that would as volunteer and without detriment to the primary production engaged in sport 

aircraft. The Bureau organized co-operative “Aerosport” and sport aircraft “settled down”. So 

the EDB had got the first working asset. In the process of aircraft improvement, EDB 

managed to make their modifications every year. Aircraft designed with the pilots comments 

considering were becoming more perfect. Air Force made an order for the release of 30 sport 

airplanes, two of which were immediately sold in the United States. Before that America had 

not bought Russian aircraft. Later, society was transformed into open joint stock company 

“Sukhoi Advanced Technologies". 

Soon after returning in EDB new General Designer made the main focus of activities for the 

continuation of work on the Su-27. Testing of the base plane became very active; parallel 

investigations were going on new versions of the Su-25 and Su-27. 

The test results showed that there was, indeed, a unique plane unmatched fighter in the world 

in terms of maneuverability, range and combat effectiveness, and helped to create a fighter 

aircraft became a harbinger of the future planes. The first production Su-27 began to enter the 

army in 1984. There was series of world records. 

The first records on the Su-27, named in the official documents P-42, established in 1986, by 

Victor Pugachev. Fighter already was “in operation” for several years, when the decision was 

made to create a complex fighter that would be superior to the media well advertised 

American F-15 “Eagle”. In early June 1989, at the Air Show at Le Bourget arrived two Su-27 

piloted by Victor Pugachev and Yevgenii Frolov. Pilots, who first time appeared on the world 

aviation stage, had to show such aerobatics elements that would give understanding how 
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perfect the Su-27 aerodynamics, and how high level of development and serial production. 

There was a surprise prepared — a new higher aerobatic element “Pugachev’s cobra”. So the 

pilot skill was called by journalists were present at the air show in honor of its first executor. 

There is no aircraft in the world that could perform this element. Nobody could really 

understand how it is possible at all: aircraft with dynamic braking suddenly “froze” a moment 

and then flew ... and not go into a spin. The very name of the element — "Cobra" — came up 

with the General Designer Mikhail Simonov, comparing the aircraft behavior in the air with 

the position of a cobra before the attack. 

Demonstration of “Cobra” had shown the principal possibility to keep the plane from stalling 

at angles of attack above the critical. However, to overcome the limit of 120° angle of attack, 

it was necessary to add a vertical component of the engine thrust vector. This innovative idea 

was used I a modernized version of Su-35 (Su-37). Engine with TVC (thrust vector control) 

and modified ACS (automatic control system) solved the problem of effective combat 

maneuvers at near-zero (or even negative) speeds at high angles of attack. One of these 

elements is "Frolov’s Chakra”, named in honor of test pilot Yevgenii Frolov (in the West this 

maneuver is also known as “Kulbit”), who was its first executer on Su-37. During this 

element performance the aircraft reduces the speed at the same time with climb and makes in 

this position “loop-the-loop” at very low speed, adjusting the angle of attack of up to 360°, 

i.e., almost turning around its tail. The turn time is enough to lock-on the target and to make 

the missiles launch, thus one can effectively counteract the pursuers, who came to the tail of 

the aircraft. Thanks to the TVC engines the stalling in a spin risk is minimal, and the spin 

mode ceased to be an uncontrollable. 

The airplane P-42 (Su-27) in 1986–1988 is set 27 world records for climb speed and 

horizontal flight altitude (Honored Test Pilots of the USSR: V. Pugachev, N. Sadovnikov, O. 

Tsoi, Honored Test Pilot of the Russian Federation E. Frolov). 

Very exciting was the story of the creation of carrier-based fighter Su-27K. It was the first 

Russian naval fighter with horizontal takeoff and landing. There was the plane, which for 

many years became the best carrier-fighter in the world. It surpasses foreign analogues in 

almost all the main flight performances and capabilities of airborne weapon systems for air 

targets combating. 

In 1985 the state joint tests (SJT) of Su-27 ended, and till the end of the same year total 

rearmament for a new type of aircraft began in the Air Force and the fighter troops of Air 

Defense Forces. It received the designation of “Su-27S” (serial) in the Air Force and the Su-

27P (interceptor) — in Air Defense Force. 

With the appearance of this machine in fighting troops, the combat capabilities of fighter 

aircraft sharply increased, USSR Air Defense and Air Force pilots for the first time were 

armed with a plane that could withstand an equal to the best foreign fighters. As a base, it had 

a great potential for the further modernization. In the period 1985–1990 on the basis of Su-27 

modifying planes were developed: two-seat trainer, carrier and versatile version of the fighter, 

fighter-bomber. Attack aircraft was also successfully developed: by the end of 1990 works on 

specialized anti-tank variant were almost completed, two-seat trainer Su-25 and its carrier-

based variant put in the production. 

Officially, the plane was included in the inventory by the Resolution of the Central 

Committee of the CPSU and the USSR Council of Ministers no. 862-114 on the 23 August, 

1990 only, when it already was in operation more than five years and when all main 

drawbacks identified in the tests had fixed. 

At the initiative of M.P. Simonov sports aerobatic aircraft Su-26 was developed and a whole 

series of sport aircraft — Su-26M, Su-29, Su-31 were created on the basis of this airplane, 
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which became the world’s best in its class. Mikhail Simonov created the Aero Club “Sukhoi 

Design Bureau” of EDB, which sportsmen are multiple winners of the championships of 

Russia, Europe and the World in individual and team competitions. On these planes, the 

USSR and Russia aerobatics team won at World and European Championships 156 gold 

medals and 330 medals at all. Su-26M has won the title of one of the best aerobatic planes 

over the world to participate in competitions and demonstrations. It is a leader in the number 

of awards won by it at various competitions in aerobatics: in 1993 on the Su-26M more than 

150 medals, including more than 90 gold ones, were captured. Flying on Su-26M, Lubov’ 

Nemkova became the absolute World Champion, and Nicholas Nikitiuk — absolute Europe 

Champion. Svetlana Kapanina — pilot-instructor of the class I aerobatic in the team of the 

Flight Test and Development Base of Sukhoi EDB, six-time absolute World Champion in 

aerobatics, two-time Absolute Champion of the World Air Games, two-time European 

Champion, multiplr Champion of Russia — on the serial Su-26M3 admires by her skill even 

world combat aces. She won 39 gold medals at the world championships only. Since 1996, 

the United States, Britain, Germany, Spain, South Africa, Australia and other countries were 

supplied more than 120 airplanes of this type. Su-26M3 is one of a few sports airplanes 

equipped with a pilot ejection system. In case of emergency the pilot has the opportunity to 

leave the plane by a catapult system SKS-94M. The Russian aero clubs have for more than 

such 30 aircraft in operation. 

In the 1990s, because of shortage of funding the aviation industry of the country was on the 

brink of collapse. In those difficult years, Mikhail Simonov was able to find the only right 

way, making a bet on the EDB financing by export of core production, primarily, such planes 

as Su-27. He received the government permission to sell with the great difficulty. But they 

also need a license, and it could be prepared for several years. For assistance he had to appeal 

to the President B.N. Yeltsin. With this permission a breakthrough contract to supply aircraft 

to China was made. Contracts with Vietnam and India were followed by. The presence of this 

kind of export contracts have a great importance, they helped in extremely difficult for the 

Russian defense industry 1990s to survive both EDB and all cooperation related to the aircraft 

business aviation industry. Su-27 as a sales product was quite relevant in the global arms 

market. The money received from export contracts have been used for technical re-equipment 

of the enterprise. Since in China, M.P. Simonov has respectfully called the father of modern 

Chinese military aviation. 

Market requires from the seller continuous product improvement. As a result, in 1990s, the 

Design Bureau initiated works of creation of specialized variants of the aircraft based on the 

two-seat trainer Su-30. Two new modifications of the aircraft had been developed, and 

contracts for its supply in India and China were negotiated. As part of the Indian contract on 

the basis of the original two-seat trainer a new multi-purpose Su-30MKI was created. For the 

first time in the world the engine with TVC and remote control system into a single control 

loop was installed there. 

Completion of the Su-27 was marked by a number of state awards, and in June 1996, the airplane 

creators had got one more, not quite ordinary award — from the Designers Union of Russia. 

In 1997 JSC “EDB Sukhoi” together with the Designers Union of Russia presented the Su-27 

and the aircraft family, created on its basis, to the State Prize of the Russian Federation in the 

literature and the arts to the “Industrial Design” nomination. 

Since 1983, when Mikhail Simonov became the head of the EDB, nearly 20 types of “Su” 

airplanes were designed. The state awarded labor feat of creators of a unique aircraft “Su-27” 

and its modifications high prizes. Test pilots: V.G. Pugachev, N.F. Sadovnikov became 

Heroes of the Soviet Union, the test pilots: E.I. Frolov, S.N. Mel’nikov, O.G. Tsoi, 
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A.A. Ivanov, M.V. Votintsev, V.G. Shendrik, V.Y. Averyanov, Y.M. Vashchuk became 

Heroes of the Russian Federation. 19 persons was awarded the title of USSR State Prize 

laureate and 10 people became the laureates of the State Prize of the Russian Federation, 

including two-time winners A.I. Blinov, V.S. Golland, A.I. Grigorenko, A.I. Knyshev, K.H. 

Marbachev, N.F. Nikitin, and M.A. Pogosyan. 

By 1995, the corporation headed by M.P. Simonov had included 32 enterprises, including JSC 

“EDB Sukhoi” (Moscow) and aircraft factories in Komsomolsk-on-Amur, Irkutsk and 

Novosibirsk. More 2500 aircraft with “Su” brand operated in 21 countries. Russian Air Force 

was equipped with these planes to 70%. The share of airplanes of the brand “Su”, which were 

created under M.P. Simonov leadership, consistently reaches 20% in the world market. 

September 25, 1997 the experimental aircraft “Berkut” with forward-swept wing — a prototype 

of fifth-generation aircraf, had its first take off to the skies, in the same year, light single-engine 

training plane S-54, light fighter S-55 and carrier-capable light fighter S-56 were tested. 

President’s Decree of 25 September, 1999 for a great contribution to the development of new 

models of aircraft Mikhail Simonov was awarded the title Hero of the Russian Federation, 

with the “Gold Star” medal. 

The final decision in the M.P. Simonov destiny as the only leader of “EDB Sukhoi” was made 

in spring 1999. On May, 24 the board of state representatives in the AHC “Sukhoi” 

recommended to the Shareholders’ Assembly of JSC “Sukhoi” to keep M.P. Simonov as 

General Designer and dispense him from duty of the Director General of JSC “Sukhoi”. 

Since May 1999, M.P. Simonov as the General Designer was actively engaged in finalizing of 

the Su-30MKI and Su-27KUB supervised flight tests of the super-maneuverable (4+ 

generation) aircraft Su-35 (board 711). He was trying to expand his activities through the 

“Advanced technology aircraft”, working on sport airplanes. In particular, the aircraft was 

modified Su-26MK at that time. 

His name was inscribed on the Honor Roll in the Hall of Fame at the National Air and Space 

Museum in Washington. There, along with the names of I.I. Sikorsky, S.V. Ilyushin and 

Wernher von Braun the name of Mikhail P. Simonov was immortalized. 

He was voted a “Man of the Century” (2003) by International United Biographical Center. 

Simonov is Lenin Prize (1976) and two State Prizes of the Russian Federation (1997, 2003) 

awarder, winner of the RF Government Prize, Doctor of Technical Sciences, Professor of the 

Moscow Aviation Institute, member of the International and Russian Engineering Academy, 

the Russian Academy of Aviation and Aeronautics, People’s deputy of the USSR since 1989. 

He was awarded the Order of the Red Banner of Labor and medals, including a gold medal 

named after V.G. Shukhov. 

In 2014, there is the 85th anniversary of M.P. Simonov birth, 60 years after his graduate of 

Kazan Aviation Institute and 55 years since establishment EDB of sport aviation (later — 

EDB “Sokol”) by his initiative. 

This year in Kazan was marked as a year of M.P. Simonov. 

Celebrations began in April 2014 in EDB “Sokol”. The company was renamed in EDB named 

after M.P. Simonov. There was a monument to its founder, M.P/ Simonov museum. 
In Kazan National Research Technical University named after A.N. Tupolev — KAI 
according to a prefabricated plan was a whole range of events dedicated to its outstanding 
graduate: the memorial plaque was unveiled on the I educational building, two editions of the 
book “Mikhail Simonov” of “Lives of KAI Outstanding People " series was prepared and 
printed (second edition was prepared jointly with the EDB “Sukhoi”), a large exhibition of the 
life and work of Mikhail Simonov was framed in the University museum, a bicycle race on 
Simonov Cup was organized by the  route: Kazan – Ulyanovsk – Samara – Nurlat – Chistopol 
– Alekseevsk – Kazan with length of 1,300 km. 
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From 5 to 8 August Kazan hosted the International scientific-practical conference on the 

theme: "The search for effective solutions in the creating and implementing of scientific 

developments in the Russian aviation and space-rocket industry”, dedicated to the 80th 

anniversary of the world’s first cosmonaut Y.A. Gagarin birth and the 85th anniversary of 

M.P. Simonov birth. The opening on August 6, of  M.P. Simonov’s bust in the III KNRTU-

KAI school building, where he studied and worked, was timed to this event. 

From 28 to 31 October on the basis of KNRTU-KAI and M.P. Simonov EDB the traditional 

regional student Olympics in aircraft named after MP Simonov took place. 

 

To Mikhail Petrovich Simonov 
 

To 75-th anniversary 

 

Our General Designer has a tough character,  

his colleagues know this pretty well,  

but those who work with him always note  

the immensity of his personality… 

 

Our General Designer has a tough character,  

maybe this is why the Company is prospering. 

And glitter ingempennage of Su  

in the sky excites anyone. 
 

O.L. Kozina,   19.10.2004 
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Central Institute of Aviation Motors 

named after P.I. Baranov (CIAM) – 85 ! 
 

 

A State Scientific Centre of the Russian Federation “The Central Institute of Aviation Motors 

named after P.I. Baranov” (CIAM) marks on December 03, 2015 the 85
th
 Anniversary. The 

Institute has been founded on an initiative of leading scientists and aero designers supported by 

the country authorities. CIAM is a unique Russian research establishment engaged in 

sophisticated research and development in the field of aero engines, from fundamental study of 

physical processes up to joint work with design bureaus on creation, upgrading and engines 

certification. 

CIAM is a State Scientific Center of Russian Federation and implements functions on 

forecasting aero engine development trends, definition of rational type composition and 

technical requirements working out for new engines, improvement of their development 

methodology under modern conditions. The modern technology of engine development is based 

on integration of high level mathematical modeling systems, computer-aided design and 

computer-aided manufacture. CIAM’s turbomachinery computer-aided design and modeling are 

on the up-to-date positions. The design practice applies 3D methods of unsteady viscous flows, 

inverse tasks solution of elements optimization, multidisciplinary approaches to conjugate gas-

dynamic and heat-exchange tasks in GTE systems, etc. Developed is modeling unsteady 

processes of gas-dynamic stability loss, compressor flutter and others. 

On all the life cycle stages of aero engines the development and introduction of newest 

techniques and means of information support are coordinated. 

Universally recognized is the CIAM’s scientific input in solution of problems of hypersonic 

scramjets development. The unique scientific, methodological, and experimental base of the 

Institute maintains a high level of research in this direction using computer modeling software, 

land test facilities and flight test hardware for high Mach numbers. 

A large team of outstanding scientists is successfully working in CIAM, which effectively 

manages world-known schools in the fields of physics and technology problems of power 

generation, hypersonic technology, theory of boundary layer, turbulence, combustion and heat-

transfer, electro-conducting gas flow, turbomachinery gas dynamics, dynamics and strengths, 

engine theory, high level mathematic modeling, high-energy fuels and other disciplines. 

On behalf of all the Kazan specialists, on behalf of all the members of the International Editorial 

Board we wish our Colleagues and all the staff of Central Institute of Aviation Motors, our 

Partner, further success and advances in all fields of this one of the most complicated sphere – 

the system of multidisciplinary research and development in the field of aero engines both for 

Aviation and Astronautics. 

We wish to our Partner CIAM “the stability on infinite time interval under all permanently 

acting perturbations”! 

 

 

President of KNRTU-KAI  Co-Editor of ISJ 

Member of International Editorial Committee 

 

Yu.F.Gortyshov L.K.Kuzmina 
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