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Tractor-trailer units (TTU) equipped with actively-driven trailer wheels represent significant potential for
modern agricultural applications. However, their widespread scientific study and industrial implementation
remain limited due to insufficient understanding of the actively-driven wheel-supporting surface interaction.
The research purpose is to substantiate the fundamental principles for enhancing the off-road mobility of
tractor-trailer unit. This paper presents the results of development of laboratory test rig for experimental investi-
gation on substantiation of actively-driven (trailer) wheel rotation modes. The engineering documentation for
the laboratory test rig was developed in accordance with technical design requirements in compliance with
Unified System for Design Documentation Standards using the KOMPAS-3D software. The research has
yielded a mathematical expression for defining the operational range of coefficient of kinematic mode of wheel
rotation during laboratory test rig testing studying. Based on the expression data and functional relationships
between the coefficient of kinematic mode of wheel rotation and the number of teeth on change gear (gear
ratio) were obtained. Based on the research results, the gear ratios corresponding to the investigated range
of the kinematic rotation mode coefficient of the tested wheel were determined. Thus, the developed laboratory
test rig enables to conduct experimental studies of the performance of the running wheels of an actively-driven
trailer, in order to substantiate the principles of improving the off-road mobility of tractor—trailer units.
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GenceHdi xxemek xyteci bap mpakmop-mpaHcriopmmbik agpezammap (TTA) kasipai aybin wapyaulbi-
NbIFbl YWiH 6onawarkl 30p mexHuka mypi 6onbin mabsinadel. Anatida, 6ernceHdi xxemek Xyleci 6ap 0eHae-
nekmepdiH mipek bemimeH e3apa spekemmecy ydepici myparbi 6ifliMHiH Xemkinikciddiai 6yn mexHuKaHbIH
FbIIbIMU MYpFbida KeHiHeH 3epmmeryiH xaHe eHOipicme KondaHblnybiH mexelodi. XKymbicmbiH MaKkcambl —
mpaxkmop-mpaHcrnopmmeiK azpezammapObiH emimOiciH apmbipy MAPUHYUNiH Hezizdey. byn makanada
bernceHOi xemekmi 0eHeenekmepdiH aliHany pexumoepiH Heziddey bolibiHwa maxipuberik 3epmmeynepae
apHarsiFraH 3epmxaHaribiK KOHObIPFbIHbI 83Iipriey XyMbiCmapblHbIH HomMuXesnepi kenmipinzeH. 3epmxaHaribik
KOHObIPFbIHbI Xacayfra KypbibiMObiK Kyxxammama XKKBXX mananmapeiHa catikec KOMIMAC-3D bardapna-
macbIH natidanaHa omabipbin 83ipneHdi. 3epmxanarbiK KOHObIpFbIOa 3epmmey Xypaidy Kke3iHoe 0eHaeneKkmiH
aliHanybIHbIH KUHeMamukarblK PexXumi KoaghuuyueHmiHiH Kaxemmi Ouana3oHbiH aHblKmayfra apHarfaH
MamemMamukarsiblK OPHEK arnbiHObl. ArnblHFaH 6PHEK He2i3iHOe KOHObIPFbI XemeaiHiH aybICmblpMaribl XY0bi3-
warnapbiHOarbl micmep caHbiHa (bepinic KambiHacbiHa) 6alinaHbicmbl 0eHaes1eKmiH aliHany KUHeMamukarsbiK
pexumi koaghepuyueHmiHiH mayendiniei mypasnbi depekmep aHbikmanobl. Ocbinaliwa, 83ipreHaeH 3epmxa-
HarblK KOHObIPFbI MPakmopJibi-mpaHcrnopmmaiK azpeeammapobid (TTA) emimdiniaiH apmmabipy APUHUUMIH
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Heei3dey ywiH mipkeMeHiH nopmeHOi xemekmi xypic deHaesneaiHiH XyMbICbiIH maxipubesik 3epmmeynepiH
XKypeaisyee MymKiHOiK 6epedi.

TyliHdi ce3dep: 3epmxaHarblK KOHObIPFbI, 06H2ernekK, mipkeme, bericeHOi Xemek, KuHeMamukarblK
PEXUM, MPaKkmMopsibi-mpaHCrnopmmsik azpeaam.
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TpakmopHo-mpaHcriopmHbie azpezambi (TTA) ¢ akmugHbIM IPUEOOOM Ko/lec Mpuuernos Aesnstomcs
rnepcrnekmueHbIMU Orii COBPEMEHHO020 CeslbCKo20 xossticmea. OOHakKo, WUPOKOe Hay4yHOe eHUMaHue U
rpou3eo0cmeeHHoe MNpuMeHeHuUe cdepxxugaemcs omcymcmeueM 3HaHul O fpouyecce e3aumodelicmeusi
OMOPHOU M08EPXHOCMU KOJIEC C aKmu8HbIM rpusodom. Llesis pabombl — 060CHOBaHUE MPUHUUINOS rosbilie-
HUS NPOXo0UMOCMU MPaKMOpPHO-MPaHCopmHo2o aspezama. B cmambe npedcmasneHbl pesynbmamesl
paspabomku nabopamopHol ycmaHO8KU 01151 MPo8eGeHUsT IKCrepuMeHmarsibHbIX uccriedogaHuli Mo 060CHO-
B8aHUI PEXUMO8 8paujeHusi Koseca (npuuyerna) ¢ akmueHbIM rpugoOoM. Paspabomka KOHCMPYKMOPCKoU
doKkyMeHmauyuu Ha uszomosreHue 1abopamopHOU yCmaHOBKU 8bIMNOJIHSAack CO2/1aCHO MEeXHUYeCKUM mpe-
b6osaHusIM o MpoekmuposaHuro, 8 coomeemcmeuu ¢ mpebosarusmu ECK/], ¢ ucnonb3oeaHuem rpoespammbi
KOMIIAC-3D. [lonyyeHO mMamemamu4yeckoe eblpaxeHue Onis onpedeneHusi Heobxodumozo duarnasoHa
KoaghhuyueHma KUHeMamu4yecKkozao pexuma epaujeHuUsi Koneca rpu rposedeHuu uccrnedosaHull Ha nabo-
pamopHoU ycmaHoske. Ha ocHoge 8bipaxkeHUsl Mosly4YeHbl 0aHHbIE O 3a8UCUMOCMU KO3ghghuyueHma KuHe-
Mamu4yeckoz0 pexuma epallieHUsi Kojieca om Konudecmsa 3ybbe8 CMeHHbIX 38e3004eK nepeday rpusoda
ycmaHoeKku (nepedamoyHo2o omHouweHusi). o pe3ynsmamam uccredogaHull ycmaHo8reHbl rnepedayu,
coomeemcmsyruue uccredyemomy ouanaloHy KoaghghuyueHma KUHeEMamu4yecKoao pexuma epallieHusi
uccnedyemozo Koneca. Takum obpasom, paspabomaHHas rabopamopHasi ycmaHoeka 0380/siem poeo-
Oumb aKcriepumMeHmaribHble uccriedogaHusi hyHKUUOHUPOBaHUSI X0008bIX KOJIEC rpuyerna ¢ akmueHbIM Mpu-
8000M 01151 060CHO8aHUST MPUHUUIMO8 M08bIWEHUS MPOoX00UMOCMU MPaKmMoPHO-MPaHCIoOPMHbIX azpea2amos.

Knroyesnie csioga: nabopamopHasi ycmaHoeka, KOofeco, npuuer, akmueHbil rpueod, KUuHemamu-
yecKull pexxuM, mpakmopHO-mMpaHCcrnopmHbIl agpeaam.

Introduction. Tractor-trailer units (TTU) with actively driven trailer wheels are promising for modern
agriculture. They allow improving the traction-coupling properties of the unit, reducing tractor wheel slippage,
increasing trailer load capacity and travel speed of the unit[1, p.6; 2, p.46; 3, p.216; 4, p.45; 5, p.102]. However,
their widespread scientific study and industrial implementation remain limited due to the lack of knowledge
about the process of actively-driven wheels with the supporting surface interaction.

The study of any objects in agricultural engineering science, as a rule, is closely related to conducting
experiments. To study the interaction of wheels with the supporting surface, it is necessary to conduct both
field and laboratory experimental studies using special experimental facilities. At the same time, the use of
laboratory facility allows conducting experiments under controlled conditions. The main components include a
soil bin filled with material (soil, sand, etc.), a movable carriage for mounting the test wheel, a drive system,
mechanisms for adjusting process parameters, an energy source, equipment for preparing soil conditions
before experiments and measuring instruments.

The study of agricultural machinery wheels’ interaction with the soil under laboratory conditions has
been the subject of research by many scientists, Figure 1.

Bailey A.C. et al. conducted experiments to study the changes in the soil stress state caused by the
tractor wheel operation at different levels of dynamic loads and inflation pressures [6, p.2]. Wood R.K. et al.
investigated the effects of dynamic load on the tractive thrust components along the tire-soil contact zones in
loose and compacted soil conditions at different levels of dynamic loads [7, p.44]. Way T.R. et al. examined
the effects of tractor wheel tire aspect ratio on soil stresses and rut depths for two tractor tires (580/70R38 and
650/75R32) with slightly different aspect ratios of 0.756 and 0.804 respectively at different dynamic loads and
inflation pressures on a sandy and clay loams with loose soil above the hardpan beneath the centerlines and
edges of the wheel tires. [8, p.872]. Way T.R. and Kishimoto T. measured the tire-soil interface pressures of a
tractor drive tire on structured and loose soils at different inflated combinations of dynamic load and inflation
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pressures and applied the results in estimating the tire footprint areas in contact for the operating tires
[9, p-376]. Roozbahani A. et al. designed inside soil bin with single-wheel tester and conducted a study to
measure and estimate the performance parameters of agricultural wheels [10, p.159]. The wheel was driven
by an electric motor and a power bolt was used to apply vertical load on this wheel. Parameters that could be
measured by this system included draft force, tire sinkage, wheel contact area, soil stress at different depths
and traction force. Antille D.L. et al. studied the changes in soil bulk density from soil displacement data
produced by a range of harvester tires (680/85R32, 800/65R32, and 900/60R32) with a vertical load of
10.5 tons and inflation pressures in the range 0.19-0.25 MPa to provide a valuable index for tire selection, in
a soil bin test rig using a sandy loam soil maintained at 10% moisture content [11, p.1684]. Taghavifar H. and
Mardani A. conducted an analysis of energy dissipation of run-off-road wheeled vehicles in a controlled
environment of a soil bin testrig [12, p.974]. Taghavifar H. et al. conducted a multi-criteria optimization research
using a soil bin test rig to study the energy waste of off-road vehicles [13, ¢.763]. Yahya M. et al. (2007)
developed an indoor soil bin test rig for traction investigations with data acquisition system to receive in real
time the measured signals of forces, tire sinkage, tire velocity and travel speed [14, ¢.295]. Taghavifar H. and
Mardani A. conducted a study on the potential of a functional image processing technique for the
measurements of contact area and contact pressure of a radial ply tire in a soil bin test rig [15, ¢.4039].

a) b)
a — for outdoor conditions (Way T.R. et al.); b — for indoor conditions (Taghavifar H. et al.)

Figure 1 — Experimental facilities used for the study of agricultural wheels

In recent times, terramechanics is also being applied in the study of mobility and control of wheeled
mobile robots designed for movement on soft and deformable soils on Earth and other planetary bodies. Many
researchers in this field use single-wheel and other forms of test beds for wheeled mobile robots similar to soil
bin laboratory test rigs [16, ¢.35; 17. ¢.80]. In doing so, with most of the control and data acquisition systems
attached to the single-wheel systems or embedded in the robots unlike the conventional soil bins.

Thus, to study actively-driven trailer wheels, it is necessary to develop a special laboratory test rig that
accounts for adjustable parameters and their operating modes. This determines the relevance for agriculture
and the significant importance for the development of agricultural engineering science.

The research purpose is to substantiate the fundamental principles for enhancing the off-road mobility
of tractor-trailer unit.

Tasks:

1) Development of a laboratory test rig;

2) Substantiation of the range of coefficient of kinematic mode of wheel rotation.

Materials and Methods. The development of engineering documentation for manufacturing the
laboratory test rig was carried out in accordance with technical design requirements following the Unified
System for Design Documentation Standards using the KOMPAS-3D software.

For the study, a standard agricultural wheel with radius R=0.3 m was selected. The coefficient of
kinematic mode of wheel rotation A varies in the range from 0.6 to 1.4 with an increment of 0.2.

Figure 2 shows a 3D model of the laboratory test rig for conducting experimental studies. Figure 3
presents the kinematic diagram of the developed laboratory test rig.

The laboratory test rig includes: a soil bin simulating various road conditions, enabling tests on different
surface types, a trailer carriage with an active drive system regulating wheel rotation modes. This allows
investigating the effect of different technological adjustments on mobility.

The carriage, designed as a rectangular frame, provides stability and structural strength of construction,
active drive system integrated into the trailer design for efficient traction force transmission.
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Drive mechanism view

Carriage view General view of the soil bin

Figure 2 — 3D model of laboratory test rig
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1, 10 — cables, 2 — unwinding drum, 3, 4, 5, 6 — sprocket blocks, 7, 8 — chain drives,
9 —wheel, 11 — winding drum, 12 — drive mechanism handle, 13 — sliding bearings

Figure 3 — Kinematic diagram of the laboratory test rig drive system

The technological process of the laboratory test rig operation occurs as follows. The operation begins
with the rotation of handle 12, connected to the winding drum 11, onto which cable 10 is wound. As the cable
is wound, the trailer carriage begins to move along the soil bin. The movement is smooth and controllable due
to the cable tension, which transmits force from the drum to the trailer carriage. To reduce friction and enhance
stability, sliding bearings 13 are used. This helps minimize component wear and ensures smooth movement.

Cable tension is one of the key factors affecting system stability and controllability. It ensures reliable
force transmission and allows smooth control of the trailer carriage's speed and direction. This enables
simulation of various road and soil conditions that are important for testing.

Simultaneously with the rotation of winding drum 11, unwinding drum 2 begins to operate. It contains a
pre-wound cable 1, fixed at one end to a stationary shank. This maintains constant tension in the system and
prevents oscillations that could affect experimental accuracy. The unwinding drum transmits rotation through
the chain drive: first to sprocket 3, then to sprocket 4, and subsequently through intermediate components to
the test wheel 9.

The chain mechanism plays a crucial role in controlling the laboratory test rig's operating components.
The sprockets and chains are designed to transmit rotation with maximum precision and synchronization. This
is necessary for accurate control of the rotational speed and force of wheel 9, which interacts with various soil
types. This allows investigation of trailer mobility in sand, clay, hard or soft surface conditions.
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Wheel 9 is one of the main elements involved in analyzing the trailer's interaction with the supporting
surface. It features an active drive with adjustable rotation speed capability. This enables comprehensive
testing and simulation of real operating conditions.

The chain mechanism plays a crucial role in controlling the working components of the laboratory test
rig. The sprockets and chains are designed to ensure maximum precision and synchronization in power
transmission. This is essential for accurate control of both rotational speed and torque of wheel 9, which
interacts with various soil types. This capability enables comprehensive investigation of trailer mobility across
different surfaces including sand, clay, and both hard and soft terrain.

Wheel 9 serves as one of the key elements in analyzing the trailer's interaction with the supporting
surface. Featuring an active drive system with adjustable rotation speed, it permits exhaustive testing and
realistic simulation of actual operating conditions.

Results and Discussion. Technical design requirements and engineering documentation have been
developed, enabling successful manufacture of the laboratory test rig comprising a trailer carriage with actively-
driven wheel (Figure 4).

The soil bin consists of a sturdy box with metal bars that provide rigidity and stability during testing.

The trailer carriage of the laboratory test rig is a mobile structure with metal wheels equipped with
bearings, enabling its movement along the soil bin.

The overall dimensions of the laboratory test rig (1800x800x600 mm), as specified in the drawings,
were maintained with a tolerance of +5 mm. All welded joints were executed in compliance with the technical
requirements indicated in the drawings. Particular attention was given to the assembly of the sliding bearing
mounting unit, as its precision directly affects the performance of the entire drive system.

The laboratory test rig’s adjustable parameters make it a versatile and multifunctional platform for
research and testing. For this purpose, the laboratory test rig is equipped with mechanisms for regulating
technological parameters and operating modes, allowing adjustments to:

e Chain drive gear ratios;

Carriage movement speed;

Wheel rotation speed;

Coefficient of kinematic mode of wheel rotation;

Wheel parameters and geometry;

Wheel camber and toe angles;

Vertical load on the wheel;

Road surface type;

Physical and mechanical properties of the supporting surface.
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The carriage features a drive mechanism whose adjustment system enables modification of chain drive
gear ratios, carriage movement speed, wheel rotation speed, and coefficient of kinematic mode of wheel
rotation. This allows investigation and simulation of different motion modes (slippage, skidding).

The laboratory test rig includes interchangeable components for adapting to different agricultural
wheels. This enables modification of wheel parameters and geometry (type, radius, width, tread profile, tire
pressure, etc.), as well as camber and toe angles, and study of their effect on mobility.

The soil bin of the laboratory test rig permits changes to road surface type (soil, sand, mud, snow, etc.)
as well as physical and mechanical properties of the supporting surface (moisture content, hardness, density,
etc.). This capability allows simulation of various road conditions, enabling experiments under circumstances
closely approximating real application conditions.

The ability to apply different vertical loads on the wheel expands the research scope. Jointly, these
features make the laboratory test rig multifunctional and capable of conducting diverse tests within the
framework of motion mechanics research, wheel-soil interaction studies and force measurement.

Overall, the laboratory test rig provides precise control over all research and testing stages — from
carriage launch to analysis of its behavior under various investigated conditions. This is valuable not only for
educational and research purposes, but also for further improvements in actively-driven trailer designs,
enhancing their mobility and effectiveness in real application conditions.

As shown in the kinematic diagram (Figure 2), force transmission occurs sequentially: Manual drive —
Cable transmission — Drum — Chain drive — Driven wheel.

Coefficient of kinematic mode of test wheel rotation is characterized by the ratio of its circumferential
velocity to translational velocity:

A=Vo ! Ve. (1)

where, Vo — circumferential velocity of the wheel;

Ve — translational velocity of the wheel.

Depending on the value of A, the following modes of wheel rotation are distinguished:

e A<1:the wheel moves with slippage (unpowered mode);

¢ A>1: the wheel moves with skidding (powered mode);

e A=1: the wheel moves without slippage or skidding (powered mode).

The translational and circumferential velocities of the test wheel are adjusted by changing the gear ratio
using a set of interchangeable sprockets of the drive mechanism.

To determine the coefficient of kinematic mode of wheel rotation, the gear ratio of all sprockets in the
drive mechanism is calculated. The numerical values of sprocket teeth count used for calculating the coefficient
of kinematic mode are shown in Table 1.

The coefficient of kinematic mode of rotation is preliminarily determined by the formula according to the
kinematic diagram of the laboratory test rig’s drive mechanism:

A=(Zp5'rp'Zz)/(Zp'rpﬁ'Zl)y (2)

where: z, s — number of teeth on the unwinding drum shaft sprocket;

z, — number of teeth on the wheel shaft sprocket;

I, 6 — radius of the unwinding drum, m (r, 6=0.11 m);

r, — wheel radius, m;

Z1, Z2 — number of teeth on corresponding sprockets.

Thus, we obtain the formula for determining the coefficient of kinematic mode of actively-driven wheel
rotation installed on the laboratory test rig for research purposes. It should be noted that increasing the wheel
radius leads to an increase in the coefficient of kinematic mode of rotation.

Table 1 — Number of teeth on the set of drive mechanism sprockets

Gear No. Number of teeth on the sprockets

Drive shaft Intermediate axis Intermediate axis Drive shaft

(wheel axis) (drum axis)

position 5 position 4 position 6 position 7
1 14 14 48 15
2 16 16 - -
3 18 18 - -
4 22 20 - -
5 24 22 - -
6 28 24 - -
7 - 28 - -

The investigated range of the coefficient of kinematic mode of wheel rotation is 1.0sA<2.0. This range

was selected based on the criterion of improving the unit's mobility with minimal energy consumption.
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Table 2 presents the calculation results using formula (2).

Table 2 — Operating modes of the laboratory test rig for investigating the actively-driven wheel

Kinematic mode A
gears

Zs 1 2 3 4 5 6

Z,=14 Z,=16 Z,=18 Z,=22 Z,=24 Z,=28
14 0.85 0.97 1.10 1.34 1.46 1.70
16 0.75 0.85 0.96 1.17 1.28 1.49
18 0.66 0.76 0.85 1.04 1.14 1.33
20 0.60 0.68 0.77 0.97 1.02 1.19
22 0.54 0.62 0.70 0.85 0.93 1.08
24 0.50 0.57 0.64 0.78 0.85 0.99
28 0.43 0.49 0.55 0.67 0.73 0.85

Based on the calculation results, samples of rotation modes corresponding and not corresponding to
the investigated range were selected. In the table, modes within the range are marked in green, while those
outsides are marked in red.

A graph of the dependencies of the coefficient of kinematic mode of rotation A on the number of teeth of
the interchangeable drive sprockets Zs/Z, was plotted (Figure 5).

A
ti \\“49971' Sge7r ﬁge;ar
12 é\_‘*\z_& /
Lo %‘Lﬁ\\
0.8 X: \§“‘“>\ﬁ
I e s s S W
o | tgear | 2gear |3gear T
0.2

14 16 18 20 22 24 26 Zp

Figure 5 — Dependencies of the coefficient of kinematic mode of wheel rotation A
on the number of teeth of the interchangeable drive sprockets Zs/Z,

On the graph, the area corresponding to the investigated range of kinematic modes is highlighted in
green, while the non-corresponding area is in red.

It was revealed that for a wheel with radius R,=0.3 m, rotation modes within the investigated range are
only available in gears 4-6. Nearly all options in gears 1-3 fall outside the investigated range, with kinematic
mode of rotation values below A<1.0.

Thus, the research results yielded values corresponding to the investigated range of the coefficient of
kinematic mode of actively-driven wheel rotation. Experimental studies using the developed laboratory test rig
will continue.

Conclusion. Tractor-trailer units (TTU) with actively-driven trailer wheels show promise in modern
agriculture by improving mobility.

This work enabled the creation of a laboratory test rig for experimental investigation of actively-driven
trailer wheels — a significant step in developing high-mobility tractor-trailer units (TTU). The developed facility
offers several advantages: adjustable wheel parameters and operation modes, simulation of various
supporting surface conditions, measurement of force characteristics, etc. These features ensure experiments
closely approximate real operating conditions.

An expression has been obtained for selecting the required coefficient of kinematic mode of actively-
driven wheel rotation during investigations on the laboratory test rig. The dependencies of the coefficient of
kinematic mode of rotation on the number of teeth of interchangeable sprockets in the laboratory test rig’s drive
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mechanism (gear ratio) have been established. The research has identified transmission configurations
corresponding to the investigated range of the coefficient of kinematic mode of test wheel rotation.

The developed laboratory test rig serves as a reliable foundation for further experiments aimed at
substantiating and selecting parameters and operating modes for actively-driven wheels. These parameters
will ensure enhanced mobility of tractor-trailer units (TTU) with minimal energy expenditure, consequently
improving the operational efficiency of TTU.
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CE30OHHAA UBMEHYUBOCTb FrEMATOJTOTMYECKUX U BUOXUMNYECKUX
NMOKA3ATENEWN KPOBU BbIYKOB PA3JIMYHbIX FTEHOTUMOB
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B ycnosusix pe3ko KOHMUHeHmMaslbHo20 Kaumama uccriefosaHue Qu3UOT02UYEeCKUX MEeXaHU3MOo8
adanmauyuu MosIoOHsKa MSCHO20 cKkoma rpuobpemaem ocobyto akmyasibHOCMb, MMOCKOJIbKY 2emMamornioau-
yeckue u buoxumuveckue rokazamesiu Kposu Cryxam 4yecmeumesbHbIMU UHOUKamopamMu peakyuu opea-
HU3Ma Ha CEe30HHbIEe U3MEHEHUST KOPMIIeHUS U codepxaHusi. Llens pabomei 3aknoyanach 8 OueHKe Ce30HHOU
U3MEHYUBOCMU OCHOBHbIX Mokasamesiel Kposu U cpasHeHuUuU adanmayuoHHbIX 0cobeHHocmel MOJSI0OHsIKa
pa3sHbix eeHomunog. Obbekmamu uccriedosaHus bbinu bbi4KU Ka3axckol 6eso020s1080U Mopodbi U riomecu
r1epeo2o MOKOIEHUSI C CUMMEHMasIbCKOU, SIUMY3UHCKOU U aynuekornbckol rnopodamu. Memodsi exnroyanu
onpedenieHue 2emMamosio2uYecKux rnokazamesnedl, akmueHOCMU CbI8OPOMOYHbLIX (hepMeHmMos, MUHepasib-
HOe20 cocmaea, sumamuHa A u besikosbix ¢hpakyuli 8 3UMHUU U iemHull nepuoosl.

YcmaHoeneHo, ymo ce3oH docmosepHo enusgem (p<0,05) Ha 6onbwUuHCME0 napamempos: 51emom om-
MeyYarnock ycuneHue 0bMeHHbIX MPOUECcCOo8, NPOosI8soWEeecs NosbilueHUeM mpaHcaMuHa3, ypoeHs anbbymu-
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