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Abstract
Introduction. The issues of ensuring optimal fuel consumption modes are the subject of constant research in the field of
vehicle operation. Works in the field of reducing fuel consumption in most cases are devoted to the study of the design

of power units, transmission or aerodynamic features of the body of cars. At the same time, the issues of determining
the optimal laws of control of unsteady movement from the point of view of the synthesis of algorithms for controlling
the movement of a car have not been considered. To optimize the transmission ratio of cars with unsteady movement,
the authors of the work carried out analytical calculations to simplify the synthesis of motion control algorithms, which
in turn allowed reducing fuel consumption. The aim of the work was to determine the optimal transmission ratio, which
allowed solving the problem of synthesizing vehicle control to reduce fuel consumption.

Materials and Methods. The synthesis of algorithms for controlling the movement of a car considered in the work was
based on the application of the needle variation of L.S. Pontryagin to invariant features of the real movement. An
analytical method was used to estimate energy efficiency of vehicle performance, which was based on determination of
optimal transmission ratio of motor vehicles taking into account minimum fuel consumption. The presented method
took into account the amount of torque transmitted from the engine crankshaft to the transmission elements, which,
depending on the engine power, was realized in the form of traction force on the wheels of the car.

Results. The law of optimal change in the transmission gear ratio during acceleration of the car in a minimum time was
built. The problem of determining the optimal transmission ratio of the vehicle in the case of driving the vehicle at a
constant speed and constant fuel supply and in the case of accelerating the vehicle to a given speed at a constant fuel
supply, when the condition € = const was met, was solved. The result of the considered case of applying the optimal law
of change in the transmission gear ratio was the minimization of fuel consumption under restrictions on acceleration
(traction force) and speed of the car.

Discussion and Conclusion. The use by the authors of the analytical method for determining the transmission ratio of a
car, as well as the use of this method in practical calculations for a car with given characteristics, showed the possibility
of solving the problem of synthesizing vehicle control using a mathematical apparatus. This was confirmed by the built
graphical dependence based on the results of the calculations. The considered cases of movement made it possible to
determine the analytical dependencies of the optimal transmission ratio and the speed of the car. The initial data
obtained by analytical relationships are applicable for cars with a mixed control mode.

Keywords: transmission ratio, fuel consumption, energy efficiency

Acknowledgements. The authors would like to thank the Editorial board and the reviewers for their attentive attitude to
the article and for the specified comments that improved the quality of the article.

For citation. Kosenko EE, Marchenko JuV, Marchenko EV, Popov SI, Izyumov Al. Optimization of the Transmission
Ratio by Fuel Consumption. Safety of Technogenic and Natural Systems. 2024;8(1):73-81. https://doi.org/10.23947/2541-
9129-2024-8-1-73-81

© Kosenko EE, Marchenko JuV, Marchenko EV, Popov SI, Izyumov Al, 2024

Machine building


https://doi.org/10.23947/2541-9129-2024-8-1-73-81
mailto:a123lok@mail.ru
https://doi.org/10.23947/2541-9129-2024-8-1-73-81
https://doi.org/10.23947/2541-9129-2024-8-1-73-81
https://creativecommons.org/licenses/by/4.0/
https://crossmark.crossref.org/dialog/?doi=https://doi.org/10.23947/2541-9129-2024-8-1-73-81&domain=pdf&date_stamp=2024-02-29
https://orcid.org/0000-0003-0515-9849
https://orcid.org/0000-0001-7600-492X
https://orcid.org/0000-0001-7027-7716
https://orcid.org/0000-0002-8538-9478
https://orcid.org/0000-0001-9054-448X

https:// bps-journal.ru

Kosenko EE, et al. Optimization of the Transmission Ratio by Fuel Consumption

Hayunas cmamos

OHTI/IMI/I3aHI/Iﬂ nepeaIaTovYHoOro Ymcjia TpaHCMMCCUH 10 pacxoay TomjauBa

E.E. Kocenko"= DX, }0.B. Mapuenko =, J.B. Mapuenko =, C.W. Ilonos" =", A.1. U31oM0B
JIoHCKOM rocyapCTBEHHbIN TEXHUYECKUI yHUBEPCUTET, T. PocToB-Ha-JloHy, Poccuiickas denepanus

> al23lok@mail.ru

AHHOTAIUSA

Beeoenue. Bonpockl obecriedeHHss ONTHMAbHBIX PEXHMOB pacxojia TOIUIMBA SIBISIIOTCS MPEIMETOM MOCTOSHHOTO
HCCIIeI0BaHMA B 00JIaCTH SKCIUIyaTallid aBTOTPAHCIIOPTHBIX CpelcTB. PaGoTel B 00nacTi CHIKEHUS pacxoja TOIUIUBA
B OOJNBIIMHCTBE CIIy4aeB IIOCBAIICHBI HCCIEHOBAHMIO KOHCTPYKIMH CHIJIOBBIX YCTAHOBOK, TPAaHCMHCCHU WM
a’pOANHAMUYECKIX OCOOCHHOCTEH Ky30Ba aBTOMOOMIIEH. BMecTe ¢ TeM BOIPOCH! OIIPEAEIEHHS ONTUMAIbHBIX 3aKOHOB
yTpaBICHUSI HEYCTAHOBHUBIIMMCS [JBIDKCHMEM C TOYKH 3PEHHMS CHHTE3a AJITOPUTMOB YIPABICHHSA ABHKCHHUEM
aBTOMOOWJIS HE pacCMaTPUBAIMCH. [ ONTUMM3AINK MEPEAATOYHOTO YHCIIAa aBTOMOOWIEH MpPH HEyCTaHOBUBIIMMCS
JBIDKCHUH aBTOpaMy padOTHl NPOBEACHBI aHAJTUTHYECKHE PacdeThl, MO3BOJIIONINE YIPOCTUTh CHHTE3 ajrOPHUTMOB
yIpaBieHUs] JBI)KEHHEM, YTO TII03BOJSIET CHH3UTH pacxox TorumBa. llenpio paboThl SBISUIOCH ONpeAeneHHe
ONTUMAJILHOTO NEPEAaTOYHOI0 YHCIA, O3BOJIAIONIEr0 PEIUTh 3a/1a4y CUHTE3a YIIPAaBICHUS TPAHCIIOPTHBIM CPEJCTBOM
JUIS CHIDKEHMSI pacXojia TOTIINBA.

Mamepuansl u memoodst. PaccmarpuBaeMblii B paboTe CHHTE3 aITOPUTMOB YNPABJIECHUS JABMKEHHEM aBTOMOOWIISA
OCHOBAaH Ha MNPUMCHCHUM K HWHBAPUAHTHBIM IIpHU3HaKaM ):[eflCTBPITeJ'H:HOFO JBUXXCHUA HUT0JIbYaTOMN Bapualuu JI.C.
[TonTpsirnHa. Vcrnonp30BaH aHAaJUTHUECKHHA METOJ OLCHKH JSHEPreTndeckod 3((EeKTHBHOCTH OSKCIUTyaTallMOHHBIX
XapaKTEepPUCTUK aBTOMOOWJISA, B OCHOBE KOTOPOIO JIEXKHT OIPEAE]eHHE ONTUMAJIBHOIO IMepelaTouHOro 4uciia
TPaHCMHCCHUH aBTOTPAHCIOPTHBIX CPEACTB C YYETOM HAMMEHBIIETO pacxoja TOIUIMBA. lIpencTaBieHHBIM METO[
YUUTHIBACT BEIMUYMHY KpPYTAILIEr0 MOMEHTA, IEPEAaBacMOro OT KOJEHYATOro Bajla JABUTATENsl HAa SJIEMEHTHI
TPAHCMHCCHHU, KOTOPBIH, B 3aBHCHMOCTH OT MOIIHOCTH [BHUTaTeNs, pealu3yeTcs B BHIE CWJIBI TSATH Ha KoJecax
aBTOMOOMIIS.

Pezynomamut uccnedosanun. I1ocTpoeH 3aKOH ONTUMAIBHOTO M3MEHEHHUS NEPEJaTOYHOTO YHCia TPAHCMHUCCHH TIPH
pasroHe aBTOMOOWJISI 32 MUHHMMAalbHOE BpeMs. Pemena 3amada oIpefeneHHs ONTUMAIBHOTO IEpPEeJaTOYHOro YHcia
TPaHCMHUCCHH aBTOMOOWIISI B Cilydae IBIDKCHHS aBTOMOOWIISI C TIOCTOSIHHOW CKOPOCTBIO W TOCTOSIHHOW moja4el
TOIUIMBA, a TaKKe MpPU pPasroHe aBTOMOOWJIS /O 3aJaHHOW CKOPOCTH IIPU MOCTOSHHOW Iojaye TOIUIMBA, KOT/A
cobmoyiaercst ycinoBue € = const. Pe3ynbTaToM pacCMOTPEHHOTrO cilydash NMPUMEHEHHs ONTHMAalbHOTO 3aKOHa
W3MEHEHMs MepelaTOYHOrO0 YMCIa TPAaHCMUCCHU SIBIISI€TCS MMUHHUMU3AIMS pacxoja TOIJIMBA IPU OTPAaHUYEHUSX Ha
YCKOpeHHe (CHITy TATH) U CKOPOCTH JIBHKEHUSI aBTOMOOWIIS.

Oobcysncoenue u 3axniouenus. llpuMeHeHre aBTOpaMU AHAIUTHYECKOTO METOJA JUIsl OMPENENIeHUs MepeaaTOuYHOro
YHucia TPAHCMHCCHM aBTOMOOHIS, a TakXkKe HCIOJIb30BAaHWE [TAHHOTO METOAa B IIPAaKTHUECKWX pacdeTax Uit
aBTOMOOWJIA C 3aJaHHBIMHM XapaKTEPUCTUKAMM II0Ka3bIBAET BO3MOXKHOCTH DPELICHUs 3aJaddl CHHTE3a YIPaBICHUS
TPAHCIIOPTHBIM CPEJCTBOM C IIPUMEHEHHEM MAaTEeMaTHYECKOTO amnmapara. OTO MOATBEPXKIACTCS IOCTPOCHHON
rpauIecKoi 3aBUCHMOCTBIO TI0 PE3yJIbTaTaM MPOBEICHHBIX pacuéToB. PaccMOTpeHHbIE Cly4an ABHKEHHS TTO3BOIHIN
OTIPEICTINTh AaHAJMTUYECKHE 3aBHCUMOCTH ONTUMAJIBLHOTO MEPEJAaTOYHOTO YHCIIA U CKOPOCTH aBTOMOOMIIA. McxonHbie
JIaHHBIC, TTOJyYEHHBIE 110 aHAJTUTHYECKUM 3aBUCHMOCTSIM, IPUMEHUMBI JIIsI aBTOMOOMIIEH CO CMEIIAHHBIM PEXHMOM
yIIpaBJIeHUSI.

KiaioueBble ciioBa: nepeaaTovYHOC YMCIIO TPAHCMUCCHUHU, pACXO/J TOIUIMBA, DHEPIreTUICCKas 3(1)(1)CKTI/IBHOCTL

BaarogapHocTH. ABTOPBI BBIPAXKAIOT OJAr0JApHOCTh PEAAKIIMUA U PEICH3CHTAM 3a BHUMATEILHOE OTHOIICHHE K
CTaThe U yKa3aHHbIE 3aMEeYaHusl, yCTpaHEeHHE KOTOPBIX TTO3BOJIMIIO TOBBICUTH €€ KaueCTBO.

Jdasi mutupoBanus. Kocenko E.E., Mapuenko 10.B., Mapuenko 2.B., ITomos C.U., N3iomoB A.M. Ontumuszaius
MEePEeIaTOYHOr0 YHKCJIa TPAHCMHCCHU IO PACXOAy TOIUIMBA. He30nacHOCmb MeXHOSEHHbIX U NPUPOOHBIX CUCTEM.
2024;8(1):73-81. https://doi.org/10.23947/2541-9129-2024-8-1-73-81

Introduction. Vehicle control mode is a combination of alternating acceleration, braking, as well as the need for
various maneuvering when driving motor transport, taking into account its movement in urban areas. Such control leads to
increased fuel consumption. Reducing fuel consumption in such conditions is usually associated with the need to increase
the time for maneuvers [1]. This makes it necessary to search for optimal laws for controlling the unsteady movement of
the car. In [2], energy characteristics of vehicle movement are determined primarily by the amount of torque transmitted
from the engine crankshaft and the thrust force realized on the propellers, which depend on the engine power and the value
of the gear ratios. The need to determine the optimal values of the transmission ratios of the vehicle is due to a decrease in


https://www.bps-journal.ru/
mailto:a123lok@mail.ru
https://doi.org/10.23947/2541-9129-2024-8-1-73-81
https://orcid.org/0000-0003-0515-9849
https://orcid.org/0000-0001-7600-492X
https://orcid.org/0000-0001-7027-7716
https://orcid.org/0000-0002-8538-9478
https://orcid.org/0000-0001-9054-448X

Safety of Technogenic and Natural Systems. 2024;8(1):73-81. eISSN 2541-9129

the values of fuel characteristics [3], as well as a decrease in the amount of energy that is spent when maneuvering the car
in case of unsteady movement. Gear ratios are determined in accordance with the specified characteristic of the engine and
depend on the speed of movement of the vehicle, which has variable values [4].

When considering the approaches used to solve optimization problems, their diversity should be mentioned. Most of
these approaches use methods of optimal control and calculus of variations. The authors in [5] used the maximum
principle of L.S. Pontryagin with the definition of analytical dependencies for hybrid cars. A similar approach is
considered in [6]. Based on this approach, it is proposed to construct the law of optimal change in the transmission ratio
during acceleration of the car in the shortest time, as well as to determine fuel efficiency in the driving cycle [7]. The
analysis of the conducted research has shown a significant theoretical groundwork in the field of determining the
optimal gear ratio under various operating modes of the car. At the same time, it should be said that the optimal law of
changing the transmission ratio should be determined taking into account the minimization of fuel consumption with
restrictions on acceleration (traction) and the speed of the car. The authors of the presented work propose to apply an
optimization method to determine the optimal laws of control of unsteady motion (from the point of view of the
synthesis of control algorithms), which is based on the application of L.S. Pontryagin's needle variation to invariant
signs of actual motion. The proposed approach has not been considered by the authors of previous studies.

The aim of the work is to determine the optimal gear ratio, which allows solving the problem of synthesizing vehicle
control to optimize fuel consumption.

Materials and Methods. When calculating the instantaneous fuel consumption of a car, we used the following
dependence:

Gr = qyK,KyN,, Q)
where gy — indicator of specific fuel consumption corresponding to the maximum value N, = N,u; K, — value of the
coefficient determined taking into account the speed mode of the engine; Ky — value of the coefficient determined
taking into account the degree of engine load; N. — engine power at the current time.

Coefficients K, and Ky were determined taking into account empirical dependencies, K, was determined taking into
account the speed mode of the engine. Let us define it by formula:

2
K(D:aw—bm'me +Cw-[m6) , (2)

Oy Oy

where a., = 1.27; b, = 0.94; ¢, = 0.67; w. — current value of angular velocity of the crankshaft; wy— angular velocity
of rotation of the crankshaft corresponding to the maximum engine power N
Value w, is related to the gear ratio of transmission i and speed of the car X by dependence:

w,=(i-x)/r,. 3)
Then formula (2) will take the form:
b
Ky =ay——2—(i-3) 4 —0—(i-5) | )
(’ONrK ((DNrK)

Coefficient Ky depends on the degree of engine loading ¢. Value ¢ was determined by the ratio of engine power at
the current time, regardless of the mode of movement of the vehicle. We took into account: current value of the angular
velocity of the crankshaft w,. engine power N, at the time of full fuel supply and the same value of the angular velocity
of the crankshaft w.:

g=N . %)

ec

Value of the current power of the engine N, was determined by the differential equation of the movement of the car
along the x axis, having the form [5]:
5. N
Qg el
g mgx
Here J — value of the coefficient determined taking into account the power input, taking into account the increment
of the kinetic energy of the rotating masses of the engine, transmission and wheels during acceleration of the car;
nr — efficiency of transmission; m — gross weight of the car; y =fcosa + sina. — coefficient of resistance to
movement; kK — coefficient of air shape, which determines the strength of air resistance.

— ki’ (6)
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Coefficient § in the presented work was determined by the following dependence & = 1 +yi2, in which value y
depended on the design parameters of the car and varied within y = 0.001-0.003. Then, from equation (6), an expression
can be obtained for the current value of engine power:

. .2
N :@{”g’ )‘é+z//(t)+lo'c2}. @)
g

e
Nt
Value of engine power N, at the time of maximum supply of the fuel mixture was determined using a well-known
dependence (Leiderman formula) for the external characteristics of the engine, having the form:

2
N, =N, —e A+B(De—C(mej . (8)
(Y Wy Oy

Empirical coefficients 4, B, C, depending on the engine parameters, can be determined, for example, by the
dependencies given in [5]. After transformations taking into account (3), expression (8) takes the form
N,. = F(aix +bi*3* —ci’x* ), Q)

where coefficients a, b and ¢ were determined by formulas:

N
F=—1%: qag=4; b= B ;c= ¢ >
OpnTy OnT (o7} )
Empirical dependence for coefficient Ky has the form:
Ky =ay+by-e—cy-e*—dy €, (10)

where constants ay = 3.27; by =— 8.22; cy =— 9.13; dy = 3.18 for gasoline engines; ay = 1.20; by = 0.14; cy = 1.80;
dy = — 1.46 for diesel engines.
Degree of engine loading ¢ depending on (10), taking into account (5), (7) and (9), was determined by formula:

1+yi* .
MEON Tk {yz +y(r)+ kxz}
N max T g
e= T3 . an
ai+bi"x—ci’x
As an objective function, we used the amount of fuel consumption during time #., during which the car was moving

along trajectory x(f) <x. with variable speed X = f (t) The optimization problem was solved in accordance with the

following algorithm: a law was established according to which the change in the transmission ratio was determined i (x) ,

and the corresponding trajectory x(#) taking into account that the target functional took a minimum value:
Ix
J=J‘GT5cdt—>min, (12)
0

gear ratio, current speed and power satisfied the constraints:
i20y, ¥ <X

max? N@ SNmax’ (13)
where iy — transmission ratio of the main gear.
Results. The calculation results were used for the case of a continuous change in the transmission ratio. Then,
neglecting the inertia of rotating masses (at y = 0), optimal value i, if it existed, was found from condition:
a(GTX)—(aKMaKN &un(w@:o. (14)
Oi 0Oi 0i Ky 0i

Resulting expression (15) was used as the results of the study for two limiting cases.

The first case was the movement of the car with constant speed X =const and constant fuel supply, when & and
Ky = const. Therefore, the second term in equation (14) was zero, which allowed us to obtain a simple formula for
determining the optimal transmission ratio:

. b oyr,
o = 2 (15)
CpX

When minimizing the acceleration time to a given speed, the optimal transmission ratio was determined by

formula [5]:

Boyr, 34C
P ="Nrl1y N+ ) 16
ot =3 0% ( B? (o
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The second case was the acceleration of the car to a set speed with constant fuel supply, when the condition
¢ = const was met. In this case, the value of coefficient Ky = const and the optimal transmission ratio were determined
by the formula from the solution of equation:

oK, ox
=0.
Oi © 5
After the transformations, taking into account expression (4) for K, we get:
b b
~ o jio oy fiala, - Lo (ii)r—Co(1i) |2 2o, (17)
ONT (Oyh) ONT (oyr) El

Derivative 6_ in equation (17) was determined from the condition ¢ = const using expression (11). At the same
i

time, we neglected, as before, the inertia of rotating masses (y = 0) and the force of air resistance (lo'c2 ~ O). Then we

established the relationship between the speed of the car and the transmission ratio (at ¢ = const) from solving the
following equation:

i —biti—ai+ 1~
ed
where the notation was introduced:
d=tmeT ) { (t)}.
g

mgoy 7y
The resulting equation with respect to velocity had a solution if its discriminant was greater than or equal to zero.
4ci®
D =b%** +4aci* ————z(1)> 0.
ed
Then the condition must be met for the transmission ratio:

_#. (18)
ed(B2/4C+A)

The speed value corresponding to this condition was determined by formula:

19)

When accelerating the car, the maximum (minimum) value of the transmission ratio in» was determined from

condition (18), which allowed us to obtain a fairly simple expression for derivative e extend it to the entire trajectory
i

of movement:
OX b B
=y (20)
al 2amm 2C mtn

Substituting the obtained expressions into equation (17), after the transformations, we obtained the equation for the
optimal value of the transmission ratio:

b b '
[— o ;42 Co i')'cz:l)'c+|:am— o (j.5)4—S0 Z(i')'c)2:lﬁ=0,

2 .
OnTk (o) ONT (oynh) el

¢,B* | Boyr, _ b,B (B jz B
+cCy| — ———oyt, =0,
{ 20 P o0 B} 2 P { 2c PreolacP) |oge @

mm

_b_m+2cB oyt | 2Ca, b_m+ [Bijrk 0.
. C | i | BB B 2C

min

2c B R
coNrk -0y =0,
b lmm
2¢,B . Ri?
—b, + Oyt ——— 0y =0,
lmm
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T — A N — N N N N ————— — — — A N R —
Ri,> 2c,B

[0 : —
% _Tl*rik +b,05% =0,
Lmin

2
. 2 CUJB _ CmB bm
Lopt = Unin RC +\/(RC] (ONI"k—i2 R(DNrk ’

min

2Ca b B
R= S O wyr +c, | — oy |,
|:BB2 [3 Nk m(ij Nk:|

: z(t)
Imin = 2—(0Nrk :
ed(B”/4C+4)

For example, the calculation of fuel consumption for a car with the following characteristics was carried out: total
weight of the car m = 1800 kg; coefficients of external characteristics of the engine 4 = 0.64; B =1.36; C =1.0;
maximum engine power Ny = 100 kW; angular rotation speed of the crankshaft corresponding to the maximum engine
power @y =576 s°!; wheel radius 4 = 0.34 m; efficiency of transmission 7,,, = 0.85; transmission ratio of the main gear
io = 3.4 transmission ratios of the gear box is = 1.0, iy = 1.5; i3 = 2.2, i, = 3.2, i) = 4.8, coefficient of rotating masses
& = 1.0; coefficient of resistance to movement y = 0.12.

The given example of calculating fuel consumption for a car with specified characteristics clearly showed the
solution to the problem of synthesizing vehicle control. Acceleration graphs of a vehicle with a step-by-step gearbox,
illustrating the solution for the optimal law of gear ratio change, are shown in Figure 1. For comparison, a graph for
acceleration of a vehicle with a step-by-step gearbox is presented, which was built according to the obtained analytical
dependence.

At the first stage of acceleration to speed X,;, the curves coincide. In this case x,;, =6.14 m/s or 22.1 km/h.

V. Mexp [t\/biz +4a,c; } -V

Vi) =— , @1
Mexp[t\lbf +4a,c; J
Voi =Va
A - .
a, = (I)()max v G; bi — Bl(b()max G. (22)
) 1)
V, m/s
40 -~
iopt
30
icTyn
20 /’_k—
10 ~
0.0 2.5 5.0 7.5 t,s

Fig. 1. Acceleration graphs of a car with a step-by-step gearbox
(dry rolled road o = 100; f=0.025; y =0.118):
iopt — optimal transmission ratio;
icm — transmission
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_ b, £/b2 +4a.c,
’Yld)llma)C G, 1 1 alcl (23)

¢ =—" ,

1.2 =
' ) ! 2¢:

1

where Qoma — engine power factor; Vo; — initial speed of the machine in i-th gear; i = 1.3 — index indicating the gear
number; Vi(t) — speed of the car in i-th gear.

Discussion and Conclusion. The use of an analytical method by the authors in determining the transmission ratio,
as well as its use in practical calculations for a car with specific characteristics, demonstrates the potential for solving
the problem of vehicle control synthesis using a mathematical approach.

The goal set by the authors of this work — to determine the optimal gear ratio that allows them to solve the problem
of vehicle control synthesis in order to reduce fuel consumption — has been achieved. As a result of the research
conducted, analytical dependencies were obtained for two limiting cases of car motion.

The calculations carried out by the authors for the first case showed the optimal value of the transmission ratio,
which was determined in accordance with formulas (15) and (16). The value of the transmission ratio is inversely
proportional to the speed of the car. The speed value determined for the optimal transmission ratio will be less than the
gear ratio determined by acceleration time. The formation of an empirical dependence in the second case with variable
fuel supply Kn=f(t) and the optimal transmission ratio were determined as a result of the numerical solution of
equation (14).

The significance of the research is to simplify the solution to the problem of synthesizing control of unsteady vehicle
movement, which is clearly demonstrated by the obtained graphical dependencies. A similar outcome can be achieved
by applying the combined maximum principle.
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3assenennulii 6K1a0 c0a8MOpo8:

E.E. Kocenko — ¢opMupoBaHre OCHOBHOW KOHIICIIIIHH.
10.B. MapueHko — 1eH ¥ 334kl UCCIIeJOBaHMSI.

C.U. IlonoB — npoBeACHUE PacyeToB.

9.B. MapueHko — MOATrOTOBKa TEKCTA.

A . UzroM0oB — (opMHUpOBaHHE BHIBOJIOB.

Kongpnuxm unmepecos: aBTOpHI 3a5BIAIOT 00 OTCYTCTBUM KOH(IMKTa HHTEPECOB.

Bce asmopul npouumanu u 0006punu OKOH4AMeENbHBLI 6APUAHI PYKONUCU.
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