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ENERGY EFFECTIVENESS OF THE DIFFERENTIAL OF A DEVICE
FOR SPEED CHANGE THROUGH THE SUN GEAR

Purpose. Theoretical and computer research and determination of performance efficiency of three- and four-stage gear dif-
ferentials in speed changing devices through sun gears. Substantiation of the possibility of their use in machine drives based on

estimating their energy efficiency and possible self-braking.

Methodology. To solve this problem, we used the method of “potential power”; by computer simulation, analytical expressions
for the performance efficiency are obtained; using the MS Excel software package, the graphical dependencies of energy efficiency
on the gear ratio, the angular velocity of the sun gear and the number of stages are obtained.

Findings. The obtained graphic dependences for the performance efficiency of three- and four-stage gears differentials allow
one to follow visually the change in the value of the efficiency, depending on the angular velocity of the sun gear, the gear ratio and
the number of steps. This allows us to estimate the perfection of the given differentials in terms of energy consumption and possible

self-braking.

Originality. For the first time, analytical expressions were obtained for a more precise determination of the efficiency of a three-
and four-stage differential gears with a driving carrier and a driven ring gear, or vice versa. Obtained from the analytical formulas,
graphic dependences for the performance efficiency allow one to follow the change in the value of the performance efficiency.

Practical value. It is recommended for implementation in designing and constructing practice when developing the speed
change devices through the differential transmissions of drives of various machines. It can be used in the educational process of
technical higher educational establishments in mechanical engineering disciplines in the study of machines drives.

Keywords: energy efficiency, coefficient of performance efficiency, gear differential, sun gear, ring gear, epicycle, carrier and differen-

tial pinion

Introduction. Improving the energy efficiency of machin-
ery is an important issue. Modern machines widely use devices
in the form of stepped and stepless speed boxes, which, how-
ever, have many known shortcomings. The stepped speed box-
es are constructively complex and possess a high material den-
sity, dynamic loads that arise when switching speeds. In
steppless speed boxes, the intensive part wear due to the use of
friction brakes is a great matter of concern. Abovementioned
leads to a reduction in the durability and reliability of the parts
of the machine drive and sets the task of creating new speed
change devices that will improve drive’s efficiency.

Development at the level of inventions (Patent No. 2211796
RU and Patent No. 44135 UA) of a cargo stop-gear and its ap-
plication in differential gear transmissions, which are the sub-
ject of special interest, led to the creation of new devices for
speed changes management at the level of patents of Ukraine,
for example, No. 25335, No. 28489 and others. New devices
created by the authors of this article eliminate existing short-
comings and improve efficiency of machines.

For their practical application, it is not enough to conduct
power research or design. The knowledge about energy effi-
ciency is required, which is proposed to evaluate by the perfor-
mance efficiency (PE). Therefore, the determination of the PE
for the differential gear transmissions, where speed control is
carried out with the help of a closed cirquit hydrosystem
through the sun gears is an urgent task partialy solved in [1]
and [2].

In [1], a theoretical study have been carried out and the
analytical expressions for the PE were derived for a single-
stage differential gear transmission, when the driving link is a
carrier, and the driven one is the ring gear or vice versa, the
control link is the sun gear. With the help of computer simula-
tion, the graphical dependences of PE on transmission param-
eters have been obtained.

In [2], analytical expressions and graphic dependences
have been obtained to determine the efficiency of the two-
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stage differential transmission, which allow analyzing energy
cost and self-braking in such transmissions.

This research for the first time solves the task of the theoreti-
cal and computer research on the energy efficiency of three- and
four-stage differential gear transmissions, in order to draw con-
clusions about the possibility of their application in engineering.

Literature review. Differential gear transmission transitions
are the subject of works [3—17].

In [3], the design of a bi-planetary transmission is present-
ed with the calculations of the kinematics, statics and efficien-
cy of gearing. Omitted from the calculation are the geometry
and strength of gears, shafts and rolling bearings, as these are
recognized as being typical design calculations.

In [4], on the basis of the torque, power balance equations
and force analysis of the basic members, the power distribu-
tions of a 2K-H multistage micro-planetary gear reducer are
analyzed.

In [5], the authors suggest an algorithm to resolve the
problem of degenerate planetary gear train detection, auto-
mated by an interactive computer program. The algorithm is
applicable for transmissions with any number of degrees of
freedom.

In [6], a new method is proposed to calculate gear kine-
matic and power parameters based on hypergraph and matrix
operation. PE computation is carried out by following the
power flow, and power loss equations on each node are derived
via an approach based on self-rotation relative power.

In [7], ajoint analysis was held of the efficiency ranges and
the transmission coefficient of planetary transmissions, which
can be achieved by any possible constructive solutions.

In [8], the results were given of dynamical model verifying
for the drive with a gearbox that was conducted on a real object
in different operating conditions and stimulation studies to de-
termine the suitability of the model, but without taking into
account the energy efficiency.

In [9], the theoretical effectiveness formulas for the two-
stage differential gear transmission were obtained and verified
by experimental studies.
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In [10], the performance eficiency of complex gear trans-
missions is investigated on the basis of graphic and screw theo-
ries, which allow obtaining approximate values.

In [11], the reduction in the construction cost of many
high-speed planetary gear trains based on system synthesis is
justified taking into account such requirements as the gear ra-
tio, performance efficiency, planarity of the mechanism and
one shifting, for heavy goods vehicles.

In [12], attention is drawn to the full understanding of the
basic mechanics of planetary transmissions and the evaluation
of their mechanical efficiency, and it is concluded that for the
same input and output unit power loss has a peculiar mathemat-
ical expression for each actual sequence of angular velocities.

In [13] the reasons that hinder the application of smoothly
controlled planetary transmission, due to the structural complex-
ity of ratio control device and variants to simplify it are described.

In [14], attention was drawn to the fact that planctary
transmissions are used in the industry for many benefits, which
include high torque, increased efficiency and a very compact
drive, and as made of gears — the failure of one link affects the
whole transmission, so you need to know the reasons.

In [15], the average performance of an internal combus-
tion engine is evaluated on models with a stepped and stepless
gearbox and, in particular, the article indicates that the archi-
tecture with transmissions based on the planetary train sets al-
lows the engine to operate in optimal conditions.

In [16], a composite power loss model in geared transmis-
sions was developed and a study of the influence of the design
parameters of planetary gear trains, bearings and lubrication
properties on productivity was carried out.

In [17], the authors research the process of controlling
speed changes by means of multistage differential gear trans-
mission, when the driving link is a carrier, and the driven one
is the ring gear or vice versa. The control link is the sun gear.

On the basis of the analysis of periodical scientific sources,
it was concluded that little attention is given to the energy ef-
fectiveness of the multistage differential gear transmissions of
the speed change devices through the sun gear. Therefore, the
task of this work is the research on the energy effectiveness of
three- and four-stage transmissions by the determination of
the PE for their full evaluation from the point of view of energy
losses and the possibility of self-braking depending on trans-
mission parameters and the number of stages.

Purpose. The purpose of the work is to conduct the research
on energy effectiveness of three- and four-stage differential gear
transmissions in devices for speed change through a sun gear.

To achieve the aim, the following tasks were set:

- to obtain analytical expressions for PE determination;

- to get graphic dependences of PE on the angular velocity
of the sun gear, ratio and number of stages;

4 4
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- to draw conclusions about the energy effectiveness of
such transmissions and the possibilities of self-braking and
their application in technology.

Methods. The PE for planetary gear transmissions, whose
components are differential gear transmissions, is traditionally
determined based on frictional losses in each pair of gear
wheels. These losses are proportional to the product of the cir-
cular force on the teeth and the velocity of the point on the
initial circle of the planet in relation to the carrier, or the prod-
uct of the torque of this force and an angular velocity. This
product is called potential power and is used in determining
the PE of a single-stage differential gear transmission, when
the driving link is the carrier, and the the ring gear is driven, or
vice versa [1]. Based on the technique [2] and results obtained
in [17], the theoretical expressions for the PE of the three- and
four-stage differential gear transmissions of the speed change
device through sun gears are obtained in this article, and with
the help of a computer simulation — graphical dependences on
the gear ratio, control speed and the number of stages.

The results of studies on energy effectiveness of multistage
differential gear transmission of a device for speed change
through the sun gears. Considering the complexity of the prob-
lem, we have performed theoretical and computer determina-
tions of the PE of multi-stage differential gear transmissions in
speed changing devices with closed circuit hydrosystems on
examples of three- and four-stage transmissions.

Fig. 1 shows a three-stage differential gear transmission, in
which the ring gear 3, of the first stage is connected with the
carrier 45, of the second stage, the ring gear 3y, of the second
stage is connected with the carrier 43, of the third stage.

Speed control is carried out due to sun gears of the first
11, the second 1, and the third 1, stages with the help of
closed circuit hydrosystems 6;), 6. and 6, through gears
Ty 72)- and 73). The driving link of the three-stage differen-
tial gear transmission is the first-stage carrier 4;), and the
driven link is the ring gear 33, of the third stage.

The expression for the PE of such transmission has the
form

Na(1) - 33) = Na3(1HN43(2)N43(3)> (1)

where M43y, Na3(2)» Na33) are PEs of, respectively, the first, sec-
ond and third stages.

The PE of individual stage is determined, as shown in [2]
by expression (2), and taking into account the connection be-
tween the angular velocities of the driving and the driven links
of the adjusted stages and bringing them to the driving link — a
carrier of the first stage, as described in [17], formula (10), we
obtain an expression for determining the PE for a three-stage
differential gear transmission in the device for speed change
through the sun gears with driving carrier and driven ring gear.
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Forthermore, for the quantitative analysis of the PE
change, the expression (2) is programmed on the computer for
the following parameters: the angular velocity of the driving
link, the carrier, oy, = 75; 100; 150; 300 rad/s; angular veloci-
ties of control sun gears, ;) = ®) = ©3, = 0...50 rad/s;
fixed carrier ratio of  different stages taken

uf;‘()l) =u1(§()2) =u1(§()3) =1,0...10; PEs of transmission with fixed

carrier ratio {3, =1i3( =izt =0.97.

Graphic dependencies for these data have been obtained.
One of them, for the case of wy;, = 100 rad/s is shown in
Fig. 2.

A remark should be made here that to get general conclu-
sions, we will construct the next graphic dependencies, taking

the same initial data for other schemes of three- and four-stage
differential gears.

Let us consider the three-stage differential gear transmission
shown in Fig. 3, where the leading link is the ring gear 3, of the
first stage and the driven link is a carrier 45, of the third stage.

The expression of the PE for this case will be

N31) - 43) = N34(1HN342)MN34(3)» 3)

where M34(1), N342)> N34(3) ar€ PEs of, respectively, the first, sec-
ond and third stages.

The PE of an individual stage is determined, as shown in
[2] by expression (4), and taking into account the connection
between the angular velocities of the driving and the driven
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links, as described in [17], formula (11), we obtain an expres-
sion for determining the PE for a three-stage differential gear

transmission in the device for speed change with driving ring
gear and driven carrier.
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To evaluate the nature of PE change in the three-stage dif-
ferential gear transmission from the ring gear to the carrier, the
expression (4) is programmed on the PC for the parameters
similar to expression (2) programming, except for now ring
gear is driving: w3(1) = 75; 100; 150; 300 rad/s.

For these data, graphical dependencies of PE are con-
structed, some of which are shown in Fig. 4.

Furthermore, in Fig. 5, the scheme of four-stage differen-
tial gear transmission is depicted, in which the ring gear 3 is
connected with the carrier 4, the ring gear 35, is connected
with the carrier 43, and the ring gear 3 ;) is connected with the
carrier 4 4. Speed control is carried out due to sun gears 1),
L), 13, and 14 with the help of closed circuit hydrosystems

(1) 62> 63) and g,

The driving link of this four-stage differential gear trans-

mission is the carrier 4;), and the driven is the ring gear 3 4.

(4) (4) 4) '
)+ L(@30y0150) + 010y D 300) + Oy ) 503}

Closed circuit hydrosystems 6;), 63, 63y and 6,4, have similar
structure, set on frame 5 and connected to corresponding sun
gears by gearings 7y, 73, 7(3y and 7 4.

Here, when driving link is a carrier and the driven is ring
gear, the PE ny(, _ 3 of such transmission can be defined as
follows

Na1)-34) = h43<1)'ﬂ43(2)ﬂ43(3)ﬂ43(4)a (®)

where 1431, ha32), Na33) and M43, are PEs of, respectively, the
first, second, third and forrth stages.

To determine PE, we use expression (2) from [2] again,
and the connection between the angular velocities of the driv-
ing and the driven links we take as in [17], formula (10). That
way we obtain an expression for determining the PE for a four-
stage differential gear transmission in the device for speed
change with driving carrier and driven ring gear.
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Fig. 1. Scheme of a three-stage differential gear transmission
with driving carrier and driven ring gear [17]
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Fig. 2. Graphic dependencies for PE of the three-stage differential
gear transmission with driving carrier and driven ring gear
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Fig. 3. The scheme of a three-stage differential gear transmis-
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Fig. 4. Graphic dependencies for PE of the three-stage differential
gear transmission with driving ring gear and driven carrier
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Fig. 5. Scheme of a four-stage differential gear transmission
with driving carrier and driven ring gear

For the quantitative analysis of the PE change, the expres-
sion (6) is programmed on the PC for the parameters analogi-
cal to ones we take for three-srage differential gear transmis-
sion, extended fo the fourth stage.

Graphic dependencies of PE for these data and case of
41y = 100 rad/s are shown in Fig. 6.

When the leading link of the four-step differential gear
transmission is the ring gear 3 ;, of the first stage and the driven
link is a carrier 43, of the fourth stage (Fig. 7), the expression
for the PE ny(, _ 34 for this case will be

N3(1) - 44 = N34 N342)N34(3)N34(4)> 7
where N340y, N342)> MN343)> N3a4) are PEs of, respectively, the
first, second and third stages.

The PE of individual stages is determined, in the same way
as for the three-stage differential gear transmission, and so we
obtain an expression for determining the PE for a four-stage
differential gear transmission in the device for speed change
with driving ring gear and driven carrier.
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For greater visual perseption of the nature of PE change in
the four-stage differential gear transmission from the ring gear
to the carrier, the expression (8) is programmed on the PC for
the parameters analogical to ones we take for three-srage dif-
ferential gear transmission, extended fo the fourth stage.

For the data above, graphical dependencies of PE are con-
structed, some of which for w;(;) = 100 rad/s are shown in Fig. 8.

For the comparative estimation of the numerical values of
the PEs of one-, two-, three- and four-stage differential gear
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Fig. 6. Graphic dependencies for PE of the four-stage differential
gear transmission with driving carrier and driven ring gear

Fig. 7. The scheme of a four-stage differential gear transmission
with driving ring gear and driven carrier
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transmission in the speed change devices, we use the results
obtained in [1, 2] and this scientific work for the case when the
carrier is driving, the ring gear is driven, and the control link is
sun gear, and we construct graphic dependencies with the fol-
lowing data: angular velocities of the carriers w,, = 75; 100;
150; 300 rad/s; angular velocities of control links — sun gears
0y = 010 = O3 = 0... 50 rad/s; gear ratios of individual stag-
es are equal to u(3) =u3), =u{3y =1.0...10; and the PEs of

transmission with fixed carrierratio n{3;, =3, =ni%s =0.97.

For example, Fig. 9 shows one of the following graphic de-
pendencies for w4, = 100 rad/s and uf§131) = uf;‘()z) = uf§33) =3.

Similarly, for the comparative estimation of numerical val-
ues of the PE of differential gear transmission with one, two,
three and four stages in speed change devices when the ring
gear is driving, carrier is driven, and the control link is the sun
gear, we use the results obtained in [1, 2] and the given scien-
tific work, and we get graphic dependencies for analogical to
previous data cases. Graphic dependencies for w;(;, = 100 rad/s
and u,<§3.) = uf;‘()z) = ul(g%) =3 are shown in Fig. 10.
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Fig. 8. Graphic dependencies for PE of the four-stage differential
gear transmission with driving ring gear and driven carrier
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This method can evaluate the energy effectiveness of high-
er step number differential gear transmissions and draw con-
clusions about the possibility of their application in the ma-
chinery.

Conclusions.

1. For a three and four-stage differential gear transmission
of a speed change device with a driving carrier and a driven
ring gear, or vice versa, the analytical expressions of the deter-
mination of PE are obtained. The PE value can be used at the
stage of development and design of such devices to assess their
energy effectiveness.

2. The obtained graphic dependences for the performance
efficiency of three- and four-stage differential gear transmis-
sions can clearly trace the change in the PE, depending on the
angular velocity of the sun gear, the gear ratio and the number
of stages. This allows us to assess the perfection of a multi-
stage differential gear transmission in terms of energy con-
sumption and possible self-braking.

3. In all cases, the condition of self-braking is not possible
for three- and four-stage differential gear transmissions, since
the PE is far greater than zero. This proves the possibility and
expediency of application in the technology of three- and
three-stage differential gear transmissions.

4. Based on results of [1] and [2] and this research, we can
conclude that with the increase in the number of stages of the
differential gear transmissions, the performance efficiency de-
creases, which confirms the general laws.
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Mera. TeopeTUUYHO-KOMIT'IOTEPHE MOCIIIKEHHST 1 BU-
3HayeHHs1 KK/l Tpu- Ta 4oTUpUCTYyNiHYaCTUX 3y0UacTUX Au-
depeH1LiaiB y IPUCTPOSIX AT KepyBaHHS 3MiHAMU ILIBUIKO-
CTi yepe3 COHsIYHI Kosieca. OOrpyHTYBaHHS MOXJIMBOCTi BU-
KOPUCTaHHS iX y MpUBOJAX MAIlIMH HAa OCHOBI OLIIHKYU €HEep-
TeTUIHOI e(heKTMBHOCTI Ta MOKJIMBOTO CAMOTAIbMYBaHHSI.

Meroauka. [{ns1 TOCSITHEHHST METU BUKOPUCTAaHUI METOL
,,JIOTEHIiaJIbHOI TTOTY>KHOCTI®“, 3a JOMOMOTI0I0 KOMIT I0TEp-
HOTO MOJIEJIIOBaHHS OTpMMaHi aHaiTHYHi Bupasu misa KKJI,
i3 3acTocyBaHHSM nporpaMHoro nakery MS Excel orpumani
rpadiuHi 3aJ1eXKHOCTI eHepreTMYHOI e()eKTUBHOCTI BiJl rmepe-
JMATOYHOTO BiTHOIIIEHHST, KYTOBOI ITBUIKOCTi COHSIYHOTO KO-
Jleca Ta Yucia CTyIIeHEeM.

Pesyabratun. Otpumani rpadiuni 3anexHocti s KK/
TpU- Ta YOTUPUCTYITIHYACTUX 3yOUacTUX nudepeHIiianiB Ha-
OYHO JO03BOJISIIOTH MpocCiinkyBatu 3MmiHy 3HauyeHHsT KK y
3aJIEXKHOCTI BiJl KYyTOBOI IIIBUJKOCTI COHSIYHOIO KoJieca, Ie-
penaToYHOTO YrcIia Ta yucia cryneHeit. Lle mo3Borisie omiHm-
TU JOCKOHAJIICTh JaHUX AUdepeHLlialdiB 3 TOUKU 30py eHep-
TOBTPAT i MOXJIMBOTO CAMOTaJIbMyBaHHSI.

Haykosa HoBU3HA. YTiepllie OTpUMaHi aHAJTITUYHi BUpa3u
111 6inbi ToyHoro BusHaueHHs1 KKJI Tpu- ta yotupucry-
miHYacTuX 3youacTux audepeHLianaiB 3 BeoyuuM BOIUJIOM i
BEICHNM EITIIUKIOM, a00 HaBImaku. OTpuMaHi rpadiyHi 3a-
JIEXKHOCT] 3a TOMOMOIOI0 aHAJITUMHMX BUPa3iB 1O3BOJISIOTH
HAOYHO MpoCinKyBaTy 3MiHy 3HaueHHsT KK/I.

IIpakTiyna 3nauyumicTb. PekoMeHOyeTbcs IUIsT BpoOBa-
TOKEHHS Y TIPOEKTHY 1 KOHCTPYKTOPCHKY TIPAKTUKY TIPU PO3-
po0JIeHI KOHCTPYKILIiii MPUCTPOIiB 3MiHU IIBUAKOCTI yepe3
nudepeHLiaibHi niepenadi MPUBOAIB pi3HOI TexHiKKU. Mox-
JIVBE 3aCTOCYBaHHS B HaBYAJIbHOMY MPOIIECi BUIIIMX TEXHiY-
HUX HAaBYAJbHUX 3aKJIaJiB Y IUCHUTUTIHAX MAITMTHO3HABCTBA
MNP BUBYEHHI MTPUBOiB MAIlIUH.

KimouoBi ciioBa: enepeemuuna egpekmusricmo, Koegiyienm
KopucHoi 0ii, 3ybuacmuii dugepenyian, coHauHe Koaeco, eni-
YuKa, 600uno U camenim dugepenyiara

DHepreTnyeckas 3(GeKTHBHOCTD
auddepennuana ycTpoiicTBa U3MeHEHHS
CKOpPOCTH MOCPEJACTBOM COJHEYHOTO 3y04aToro
KoJieca
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Ieab. TeopeTHKO-KOMITLIOTEPHOE MCCIAEAOBAaHUE U
onpeneneHue KIT Tpex- U yeTbIpexCTyneHYaThIX 3y0UaThix
nuddepeHLInaaoB B yCTPOMCTBAX U3BMEHEHUSI CKOPOCTHU T10-
CPElCTBOM COJIHEUHBIX KoJjiec. ODOCHOBaHKE BO3MOXHOCTHU
KCIIO0Ib30BAHUSI X B TPUBOJAX MAIIIH Ha OCHOBAaHUMU OLIEH-
KU 3HepreTndeckoit 3(HeKTUBHOCTH Y BO3MOXKHOTO CaMo-
TOPMOXEHUSI.

Metomuka. i1 TOCTVDKEHUSI 1IeJTM UCITOJIb30BaH METOJ
,,JIOTEHLIMAJIbHOIM MOII[HOCTU“, TIPY ITOMOLIY KOMITBIOTEPHO-
TO MOJEJIVPOBAHMSI TTOJNYIeHBl aHATUTUIECKUX BBIPAXKEHUI
s KITA, ¢ npumeHeHueM nporpamMmHoro nakera MS Excel
TIOJTy9eHBI TpadrdecKre 3aBUCUMOCTH SHEPTeTUIecKOi a-
(hexTUBHOCTU OT MepenaTOYHOrO OTHOUIEHUSI, YTJIOBOW CKO-
POCTH COJTHEYHOTO 3y0UaToro KoJjieca v urciia CTyTIeHei.

Pesyabratel. [lonyyeHHble rpaduyeckre 3aBUCUMOCTHU
s KIT tpex- u yeTbIipexcTyrneH4yaTbix audgepeHaioB
HarJSIAHO TIO3BOJISIIOT MPOCHENUTh M3MEHEHHE 3HauyeHUs
KIT[ B 3aBUCUMOCTH OT YTJIOBOI CKOPOCTU COTHEYHOTO KO-
Jleca, rneperaToyHOro OTHOLIEHUSI M YUCia CTyMeHel. DTo
TT03BOJISIET OLIEHUTh COBEPIIIEHCTBO TaHHBIX AuddepeHIma-
JIOB C TOYKH 3PEHUS SHEPTOMOTEPh U BOZMOXHOIO CAMOTOP-
MOXEHWSI.

Hayunaa noBusHa. BriepBble MosyyeHbl aHAIUTUYECKHE
BbIpaxxeHus st 6osiee TouHoro onpeneneHus: KITJ tpex- u
YEeTBIPEXCTYNEHYAThIX 3y0uaThlx IuddepeHuranos ¢ Beay-
UM BOIWJIOM M BEIOMBIM STUIIUKIIOM, Wi Ha060poT. [To-
JIy4eHHBIe TpadUyecKre 3aBUCIMOCTH TIPHM TIOMOIIM aHAJIH-
TUYECKUX BBIPAKEHUI TO3BOJISIIOT HATJISIIHO TPOCIENNUTH
n3meHenue KITI.

IIpakTudyeckas 3HaunMOCTh. PexomMeHmyeTcst Uit BHeApe-
HMS B TIPOSKTHYIO U KOHCTPYKTOPCKYIO TTPaKTUKY MPU pa3-
paboTKe KOHCTPYKIIUIA YCTPONCTB U3MEHEHUSI CKOPOCTH T0-
cpencTBoM auddepeHIMaTbHBIX Tiepeaad TPUBOIOB Pa3Ind-
HOU TeXHUKU. Bo3MOXHO mprMeHeHue B yueOHOM Tpoliecce
BBICIIIMX TEXHUYECKUX YICOHBIX 3aBeICHUI B AUCIIUTUIMHAX
MalIMHOBEIEHUSI TPY U3YYeHUU MPUBOIOB MAIIIVH.

KioueBble ciioBa: snepeemuueckas 3¢hgekmugHocmo, Ko-
aghuyuenm nosesnoeo deiicmeus, 3youamolil dugghepenyuan,
CONHeuHoe K0AeCo, INUUUKA, 600Un0 U camenrum Jughgepenyu-
ana
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