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IMPROVING SAFETY OF MOVEMENT OF MINING TRANSPORT BY APPLYING
WHEELS WITH COUNTER-FLANGE

Objective. Creation of wheel pair with wheels that provide protection against derailment due to counter-flanges and
substantiation of efficiency of its applying at mining transport.

Methods. Mathematical and simulation modelling of geometric, friction and dynamic parameters of contact interac-
tion between wheel and rail of proposed wheel pair by applying difference equations, elements of theoretical mechan-
ics, mechanical system dynamics, analytical geometry, etc.

Findings. The authors have proposed scientifically grounded engineering solution for design of wheel pair that has
wheels with counter-flange that satisfy the existing standards of vertical and horizontal dynamics and movement stabili-
ty index. Results of calculations for coefficients of dynamics and transverse stability for wheel pair with wheels that
have counter-flange are the same as computational data for freight cars with all-rolled wheels over the range of 10 —
15% and no more than standard values.

Improved contour of rail wheel with counter-flange has been developed. It provides the additional contact in hori-
zontal plane while transverse vibrations of wheel pair relative to rail track and makes carriage more stable and increase
the resisting force of wheel against derailment when passing curved portion of line.

Originality. Further development of methods for creating working contour of wheel for special-purpose rolling
stock that takes into consideration counter-flange at the rolling surface. Force interaction patterns of wheel pair with
wheels that have counter-flange and side edge of rail top have been obtained for the first time. Relation that describes
the influence of transverse force during performance of car on curves at contact of wheel with counter-flange with rail
has been obtained for the first time.

Practical value. The authors have developed a wheel pair for mining transport whose contour has the additional
running track and counter-flange that protects against derailment when base flange of wheel rolls in working surface of
rail or there is way spacer due to rail elastic deformation.

Key words: wheel pair, two-flange wheel, derailment, wheel flange, railway track.
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Problem statement. One of the main criterion for
safety of freight transportation by mine vehicle is
prevention of derailment that may has disastrous
consequences.

This is one of the most important problems at railway
transport and it is a part of movement safety control
problem. According to the work [1], derailment event
deduction is one of the main tasks in researching wheel-
rail interaction.

The basic kinds of derailment include derailment due
to the wheeling onto the rail and track thrusting —
railhead is pressed-out by one wheel flange due to its
spring decline and the other wheel fall off the other rail
[2].

Consequently, it is important to create such elements
of truck (elements of wheel-rail system) that provide
movement stability and preclude the possibility of wheel
flange rolling onto railhead and have counteraction to
derailment when spring rail deflection [3]. Currently,
there are no mathematical models and relations that take
into account influence of additional elements on vehicle
safety of movement [4].

Previous research analysis. Analysis of researches
on wheel-rail interaction proves that dynamic movement
parameters, overcoming resistance forces and safety of
movement in transport mainly depend on the processes in
wheel-rail contact. Scientific works of V.A. Lazaryan,
Ye.P. Blokhin, G.l. Bogomaz, M.F. Verigo, S.V. Ver-
shinskiy, V.D. Danovich, Yu.V. Dyomin, V.N. Ivanov,
M.B. Keglin, M.B. Kelrikh, A.M. Konyaev, M.L. Koro-
tenko, L.A. Manshkin, O.M. Pshinko, M.O. Radchenko,
O.M. Savchuk, V.F. Ushkalov and foreign researches F.
Carter, K. Muller, H. Heyman, etc. are dedicated to dif-
ferent aspects of wheel-rail interaction.

Parameters of wheel-rail interaction in different zones
are non-unique: firstly, wheel-rail interaction must pro-
vide low resistance to train movement and reduce friction
between wheel flange and side surface of railhead. Se-
condly, providing necessary tractive force requires pro-
viding quite high level of wheel-rail adhesion [5].

Analysis of existing researches on derailment [6]
shows that this problem should be solved on the base of
complex approach that includes improvement of wheel
design that is, first of all, responsive for safety of move-
ment.

Unsolved problem statement. One of effective me-
thods to achieve an objective is improvement of design
of wheel pair. The article proposes a new design of wheel
pair that provides prevention of derailment due to coun-
ter-flange and makes possible its operation in the pres-
ence of track switches and other structural elements of
mine track (fig. 1).

Profile of new wheel pair incorporates the following
feature — it has the counter-flange in addition to the main
flange. Rolling surface is connected with the counter-
flange by ease curve with curve radius in transfer points
R,, Rs R, and creates extra rolling profile. Overall width
of the rim of wheel is increased due to rail width and free
split (fig. 1). Extra-profile allows wheel to return to stan-
dard position at tread circle due to curved surface. The

height of counter-flange that is less relatively to wheel
tread circle does not allow a wheel to contact track
switch and other equipment of rail track [7].
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Fig. 1. Comparison of profiles of standard solid-rolled

wheel and the proposed wheel:

M+ _ solid-rolled wheel profile (National State
Standard 9036-76 );

I + M - proposed wheel with counter-flange;

1 —inner solid-rolled flange of wheel;

2 — the main rolling profile; 3 — counter-flange;
R1, R, R3, R4 — curve radius in transition sections of
curved surface that connects counter-flange and the
wheel; 4 — extra rolling profile.

In the case of emergency, when one wheel of the
wheel pair rolls onto railhead by its inner flange, the oth-
er wheel contacts the outer side due to the counter-flange
and creates a force that reacts against derailment. It is
noteworthy that wheel rolling on extra-profile is emer-
gency cycle of operation.

Researching the efficiency of derailment prevention
due to the counter-flange is a task and content of present
paper.

Paper objective statement. Creation of the wheel
pair for mine vehicle that has the wheels that provides
prevention of derailment due to counter-flange and subs-
tantiation of its efficiency on the base of mathematical
and simulation modelling of interaction of wheel profile
geometry, dynamics of contact interaction with the use of
differential equations, elements of theoretical mechanics,
analytical geometry, etc.

Presentation of main data for research.

Mathematical formulation of wheel-rail force interac-
tion during movement is performed considering its
changes in plan, i.e. in curved parts of track. This calcu-
lation is based on the model of wheel pair that has a
counter flange to prevent derailment [8].

When calculating normal forces of wheel-rail interac-
tion contacts areas are presented as points A and B
(fig. 2).

A part of centrifugal force of inertia Cr acts on the
bogie. This force depends on movement speed and di-
rects from the side of exterior rail Y, [9]:
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where h — raise of exterior rail,
h=2s0v?/gR=1250°/R;
m — number of bogie axles;

presented as

g = 9,81 m/s*~acceleration of gravity (free falling);
2s — distance between taping lines of wheel pair;

v — movement speed;

R — curve radius in curved part of track.
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W=F+F+F,

Fig. 2. Analytical model of wheel pair that has the wheels with counter-flange loaded with static and dynamic

components of forces:

B - main profile of the wheel; I - extra profile of the wheel;
H, —side pressure on the wheel that guides (overruns), H, — component of frictional force [8].
V1, V, — the forces generated when counter-flange contact.

Force of inertia can be represented as H, [9]:

2
= lo, @)
gR

where Pg, _carriage shipping weight (kg)

v - movement speed, m/s;

R — radius of curve, m.

We will use the concept of outstanding acceleration
instead of centrifugal force [9]:

o> h
=—-—q. 3
Gy =59 ©)
a,, = 0,7 m/s’is considered as overload capacity.

Force of wheel compression on rail head is calculated
according to the formula [8, p. 84]:

IT HW
Y = 4KE +BFTK +C7 y (4)

where 4, B, C are observed adjustment coefficients that
take into account the impact of made assumptions;

k — creep coefficient (pseudo sliding)

x =(60+80WNr (N — loading, normal pressure in con-
tact point; r — wheel radius);

I — half the distance between neighboring axles of
wheel pairs;

R — radius of curvature made from curve centre
through the center of gravity of wheel pair to the outer
rail;

F =N-u - lateral friction force of wheel on rails
(0.25) than can be changed according to weather and
physico-chemical parameters of surface;

N — vertical loading of wheel on rail).

Rail lateral pressure on the overrunning wheel Hj is
presented as total forces Y, Y; and H, according to [9]:

H, =Y, +Y,+H,, 5)

where Y, =k,Q/2 — frame lateral pressure on the wheel

pair (k, = 0,3+0,6 — coefficient of frame pressure that
depends on dynamic parameters of carriage in horizontal
plane, movement speed and track condition; Q, kgf,
wheel pair static loading on the rail);

Y, = 2(1—5)jh% — lateral force of inertia of wheel

pair and rigidly connected parts that happens when pass-



ing horizontal track inequalities (6 = 0,65+0,9 — amorti-
zation coefficient in vertical plane; j, — acceleration coef-
ficient of wheel pair);

H, = fQ/2 — lateral component of friction force be-

tween inside wheel and the rail (f = 0,15+0,25 — friction
coefficient between wheel and rail).

Under the condition of car balanced state vertical
reaction force R, of outer rail to the car wheel is [9]:

R, =(1/2s)Qls—h,0)+P,h, +Ph, —Ph,|, (6

where Q — car weight;

2s — distance between taping lines of wheel pair;

h,, h,, h, — force points height above the level of rail
heads, correspondingly P,, P, P.;

6— car inclination (rolling motion);

P, P,— centrifugal force (P, = C,,) and wind pressure
force correspondingly;

P. = w,N — horizontal cross component of force N

(according to calculate norms N <2,5 MN) in connection
(w, =L./R — the angle between longitudinal axles of

car body and adhesion at curve part of track in radius of
R).

Horizontal force of dynamic pressure of the wheel on
rail head P; and vertical force P, are used to calculate
pressure force of wheel on rail [9]:

b-a,,

| » (7)

b-a
P(i = 2QLm|: I = (1_ K{)({)itl)’(t)ﬁxi| + Fp |£+ qkn

where Q.,, — static loading on neck of axle;

0« — Wheel pair weight (G, = mKy,);

Ky, — COefficient of dynamics due to vertical oscillatio-
ns of car body:

Ky = Q()ml +QDwZ .
06 — T A~

2Q,,,

kg5 — COefficient of dynamics due to body rolling mo-
tion:
Qdut] _Q0u¢2 .

Koge = — ————,

2 QCm

Q,,.; and Q, , - dynamic vertical force acting on the

neck of axle;.
F, — force acting from the frame;
b — half of the distance between the axles of spring
groupings of the car;
a — distance between wheel flanges of wheel pair.
External friction force in contact zone presented as

W=Fr+F,+F,,

where Fq — sliding frictional force F, <Nf, (N - normal

force acted at the wheel; ., _wheel-to-rail traction coeffi-
cient);

Fr_dry friction force: F, = zN (u — dry friction coef-

ficient (0,25); N — normal pressure force in the point of
rail-road contact);
F. — friction force of wheel rolling along the rail

2k
Fx = (G +Gg)E (G and G, — weight of cargo and car-

riage, D — wheel diameter on tread circle; k — friction
coefficient of wheel rolling along the rail).

Numerical implementation and analysis above shows
that providing stable movement of wheel that has a coun-
ter-flange requires taking into consideration interdepen-
dency of individual components of their force interaction
in the design: friction coefficient in wheel-rail contact,
angle of inclination of wheel flange, forces of wheels that
roll onto and fall, car axleloads, weight of train, move-
ment speed, sliding forces, temperature, specific pressure
in wheel and rail rolling surface contact point [10]. Redi-
stribution of forces due to applying counter-flanges that
prevent crawling (sliding) of wheels on the rail head
must be taken into consideration in addition to classical
distribution of forces.

To check the efficiency of the wheels with additional
counter-flange the authors have performed simulation
modelling of movement of loaded tank-car along the
right curved track of 300 m radius. To receive demonstr-
able data, the following assumptions have been chosen:

- length of curve — 400 m (100 m of in-coming curve +
200 m of circular curve + 100 m of elution curve);

- movement speed has been chosen higher than accepta-
ble for such curves;

- rails without unevenness;

- distance between the outer side of rail and the addition-
al flange &, - 15 mm.

To analyze process of interaction of wheels that have
counter-flange with the rails, the following oscillograms
have been recorded during modelling:

- lateral assignment of the first in the direction of motion
wheel pair;

- lateral forces of interaction of the first wheel pair and
left rail;

- lateral forces of interaction of the firs wheel pair and
right rail.

Oscillograms of lateral assignment of the first wheel
pair are illustrated at fig. 3.

Lines 1 illustrate the wheel without additional flange
and lines 2 — the wheel with the additional flange.

Demonstrated results shows cross movement of
wheel pair along the track. At first, the left wheel moving
along the transition part at the beginning of curve
(0 < X <100 m) comes close and presses to the outer
rail. Then moving  along  circular  curve
(100 m < X <300 m) left wheel is fully pressed to outer
rail and keeps moving to the left, rolling onto the rail.
Finally, ~when coming out of the curve
(300 m < X <400 m), the wheel gradually extends away
from outer rail and returns inside the tack. Modelling
results prove the efficiency of applying the wheel pair
with counter-flange. It improves carriage stability and



increases the resistance against derailment when passing
curve parts of track.
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Fig. 3. Oscillograms of lateral forces of interaction of
left (@) and right (b) wheel of the first wheel pair
with left and right rail correspondingly.

Conclusions and prospects for further develop-
ment.

1. The authors have developed a wheel pair for mine
transport that profile has the additional running track and
counter-flange that provides the additional contact in a
horizontal plane while lateral vibrations of wheel pair
relatively to the track, provides the stability and increases
the resistance against derailment when passing curved
part of the track and in the case of spring deflection of
the rail as a result of force interaction.

Design of wheel pair that has the additional counter-
flange is covered by Ukrainian useful model patent.

2. Providing stable wheel movement on the rail
requires taking into account interdependence of
geometrical, frictional and dynamical parameters of
wheel-rail interaction at the stage of design. It is
necessary to take into consideration redistribution of
forces due to presence of the wheels with counter-flange
in addition to classic distribution of forces in wheel-rail
contact zone.

3. The authors have found analytic dependencies for
wheel pairs with the wheels that have counter-flange that
characterizes influence of lateral forces on stability of
movement under the conditions of counter-flange and rail
contacting.

4. The efficiency of applying the wheel pair with
counter-flange has been proved on the base of mathemat-
ical and simulation modelling of geometrical, frictional

and dynamical parameters of interaction of wheel pair
that has the wheels with counter-flange. It increases sta-
bility and resistance to derailment when passing curved
parts of the track.

5. Implementation of the proposed wheel pair that
has counter-flange at mine transport and special-purpose
rolling-stock will provide improving safety of move-
ment and carriage integrity and will provide social
and economic effect due to emergency decrease and
decrease of disastrous consequences.
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Heas. Co3manne KOJECHOW Maphl, KOTOpas HMeEeT
KoJleca C 3alIUTOH OT CXOJAa C PENbCOBOTO IyTH B BHUIE
KOHTTpeOHeH u o0OocHOBaHHWE >(PQPEKTHBHOCTH €€ HC-
MOJTB30BAHUS AJISI TIOJIBM)KHOTO COCTaBa TOPHOPYIHOTO U
IIaXTHOTO TPaHCIIOPTA.

Metoapl. MaTemMaTH4eCKO€ ¥ MMHTAIIMOHHOE MOJe-
JMPOBaHHE T€OMETPHYECKUX, (QPUKIHOHHBIX M JTUHAMU-
YEeCKMX IapaMeTpoB KOHTaKTHOTO B3aUMOJEHCTBUS KO-
jeca C pelbcoM IPEAJIOKEHHOH KOJIECHOHM maphl ¢ HC-
noJib30BaHueM U (epeHInaNbHbIX ypaBHEHUH, 3Je-
MEHTOB TEOPETHYECKOW MEXaHWKH, TUHAMHKH MEXaHH-
YECKUX CHCTEM, aHATUTHIECKONH T€OMETPHH U T.1.

PesyabtaTsl. [lpeanoxeHo HaydHO-0OOCHOBAHHOE
TEXHUYECKOE pEeIleHHe KOHCTPYKTUBHOIO HCIIOJHEHUS
KOJICCHOW Taphl, KOTOpas MMEEeT Kojeca C KOHTpPrpeod-
HEM, YTO COOTBETCTBYET CYILIECTBYIOUIMM HOpPMaMm IO
KpUTEpUSAM BEPTUKAJIBLHOM M TOPU3OHTAJIBHOU JUHAMU-
KM, a TaKKe IIOKa3aTeJsIM yCTOMYMBOCTHU JBMKEHUsA. Pe-
3ynbTaThl pacyera KOd(QQUIMEHTOB TUHAMHUKH W IIOIIe-
pEYHOHN YCTOMYMBOCTH [JIsl KOJIECHOM Maphl C KOJIECaMH,
HMEIOIUMHI KOHTPrpebeHb, COBMAJAIOT C PacyeTHHIMU
JAHHBIMHM ISl TPY30BBIX BaroHOB C LIE€IbHOKATaHBIMH
konecam B npegenax 10-15% u He npeBbIIAIOT HOpMa-
THUBHBIX 3HaYCHUN.

Pa3zpabotan ycoBepIICHCTBOBAaHHEIM MPOQMIL JKe-
JIE3HOZOPOKHOTO KoJieca ¢ KOHTPrpeOHeM, 4To obecrme-
YUBAET JIOTIOJHHUTENbHBIH KOHTAaKT B TOPU30HTAIBHOMN
IJIOCKOCTH TPU MOTIEPEYHBIX KOJIEOAHUSIX KOJECHOH ma-
pPbl OTHOCHUTEIHHO PEIbCOBOTO MyTH U JTOOABISET IKH-
MaXy YCTOMYMBOCTH M YBEIUYHBAET CHJIBI COIPOTUBIIE-
HUSL KOJIEC TIPOTUB CXOJIa C PEIHCOB MPHU MPOXOKICHUH
KPUBOJIMHEHHBIX YYaCTKOB MyTH, a TaKXKe MPHU YIPYToM
OTKIIOHEHUH DPEIbCOB B PE3yNbTaTe CHIOBOTO B3aMMO-
IEUCTBHSL.

Hayunasi HoBu3Ha. [lonyunna nanbHeiliee pa3Bu-
THE METOJHKa CO3AaHMs pabouero mpoduis Koyec s
CHELHUaTbHOTO TOABMKHOTO COCTaBa, KOTOpasi yUUThIBA-
eT KOHTprpeOeHb Ha IOBEPXHOCTH KadyeHus. Brepsbie
MOJIy4EeHbI 3aKOHOMEPHOCTH CHJIOBOT'O B3aMMOJEHCTBHA
KOJIECHOH Tapbl ¢ KOJIecaMH C KOHTPrpeOHeM M OOKOBOM
TpaHH TOJIOBKH pelbca. BrepBele mMmoiydeHa 3aBUCH-
MOCTh, XapaKTEepH3YIOUIasl BIUSHUE ITONEPEYHBIX CHII
IIPU BIUCBHIBAHUM JKUMAXXa B KPUBBIC TP KOHTAKTE KO-
Jieca ¢ KOHTPTpeOHEM C PEJIbCOM.

IIpakTuyeckass 3HauumMocThb. Paspaborana konec-
Has mapa Juis MOJABMXKHOTO COCTaBa TOPHOPYJHOIO U
MIaXTHOTO TPAHCIOPTa, NPO(MIb KOTOPOH XapaKTepu3y-
€TCsI HaJIM9HeM JOIOJHUTENBHON JOPOXXKKHM KadeHUs U
KOHTprpeOeHb, 4YTOo 0O0ecrmeymMBaeT MPOTHUBOJEHCTBHE
CX0Jla KOJICCHOH Mapbl C PEIbCOB B TO BPEMs, KOTAa OC-
HOBHOH rpeOeHb KoJieca BKaTbIBaeTCs Ha pabodyro mMo-
BEPXHOCTH pesibca I MMEeT MECTO Pacmop IyTH B pe-
3yibTaTe ynpyroit aedopmarmm penbcoB. Ilpemmoxen-
Hasi KOHCTPYKIHUSI KOJIECHOM Mapsl 3aIlMIleHa TaTeHTaMU
VYKpauHbl Ha NOJIE3HYIO MOJENb.

KoaloueBble cinoBa: xosecnas napa, koumpepebeHw,
€X00 ¢ penvcos, epeberb Koaecd, peibCoblll Nymb.



Meta. CTBOpeHHS KOJICHOI Mapy, 10 Mae KoJjieca 3
3aXHUCTOM BiJl CXO/ly 3 PEHKOBOT KOJII y BUIJISAI KOHTPI-
pebeHiB Ta 0OTpyHTYBaHHS €(PEKTUBHOCTI ii BHKOpHC-
TaHHA U1 PyXOMOTO CKJIaay TipHUYOPYIHOTO 1 IaXTHO-
TO TPAHCIIOPTY.

Metoau. MaremaTnuse Ta iMiTaliiiHeE MOJEITIOBAaHHS
TCOMETPUYHIX, (PPUKIIHHNX Ta TUHAMIYHHUX MapaMeTpiB
KOHTaKTHOI B3a€EMOJIi Kojeca 3 peHKOor0 3aIpoIIOHOBaHO1
KOJIICHOT Mapy 3 BHUKOPHCTaHHSIM AW(PEpPEHLINHNX piB-
HSIHb, €JIEMEHTIB TEOPETHYHOI MEXaHiKH, JMHAMIKH Me-
XaHIYHUX CUCTEM, aHAJITHIHOT TEOMETPIi TOIIO.

Pesyabrarn. 3anpornoHoBaHO HayKOBO-
0oOIpyHTOBaHE TEXHIYHE PIIEHHS KOHCTPYKTHBHOTO BH-
KOHaHHS KOJIICHOI Iapy, sika Mae Koyieca 3 KOHTprpede-
HEM, IO BigIOBiJa€ iCHYIOUHM HOpMaM 3a KPHUTEPisiMH
BEPTHKAJIbHOI Ta TOPU3OHTAIBHOI AWHAMIKH, a TaKOX
MOKa3HUKaM CTiHKOCTI pyxy. PesymbraTé po3paxyHKy
KOC(QIII€HTIB JUHAMIKH Ta IOMEPEYHOi CTIHKOCTI Ui
KOJICHOI mapu 3 KoJecaMH, II0 MarTh KOHTPrpeOiHb,
30iratoTbCsl 3 PO3PAaXyHKOBHMH JAHUMH Ul BAaHTAKHUX
BaroHiB i3 CyIIbHOKaTaHUMHU KojiecaMd B Mexax 10-
15% 1 He NepeBUILYIOTh HOPMATUBHHUX 3HAYCHb.

Po3pobiieHo ynockoHaneHuid npoiie 3ai3HUYHOTO
KoJieca 3 KOHTpPrpeOeHeM, W0 3a0e3nedye NOIaTKOBUM
KOHTaKT Y T'OPU3OHTAIbHIN IUIOLIMHI MPU MONEPEUHHUX
KOJIMBaHHAX KOJIICHOI Mapy BiTHOCHO PEHKOBOi KOJMiI Ta
OJTA€ EKIMaX<y CTIHKOCTI i 30UIBIITy€e CHIIM OMOpY KOJIiC
MIPOTH CXOXy 3 PEHOK IPU NMPOXODKEHHI KPUBOIIHIHHAX
IUITHOK KOJii, a TaKOXK MPH NPY>KHFOMY BiIXWJICHHI pe-
HOK B pe3yJbTaTi CHIOBOI B3aEMO/IIi.

HayxoBa HoBu3Ha. OTpuMaina NoJgajbUInil pO3BUTOK
METOJIMKA CTBOPEHHS po004O0ro npodisito KoJic s cre-
LIaJIbHOTO PYXOMOTO CKJIany, sika BPaXxOBYE KOHTPrpe-
0iHb HA MOBEPXHI KOUYEHHs. Brepiie OTpUMaHO 3aKOHO-
MIPHOCTI CHJIOBOT B3a€EMOJIiT KOJIICHOT Mapu 3 KoJiecaMmu 3
KOHTprpeOeHeM Ta O0i4HOT IpaHi roJIOBKH peiiku. Brepiue
OTPHMAaHO 3aJIeXKHICTh, SKa XapaKTepH3ye BIUIMB TIOIe-
PEYHMX CHJI NIPH BIHMCYBAHHI €Kilaxy B KPHUBI IPH KOH-
TakKTi KoJieca 3 KOHTPTpeOeHeM 3 PEeHKOIO.

[pakruyna 3HaYnMicTs Po3po0iieHO KOJicCHY mapy
JUISl PyXOMOTO CKJIa/ly TIpHUYOPYAHOTO 1 IIAXTHOTO Tpa-
HCTIOPTY, Npodiab sSKOI XapaKTepU3YETHCS HASBHICTIO
JIOJIATKOBOT JTOPIKKK KOYEHHsI Ta KOHTprpedeHsl, 1o 3a-
Oe3mnedye MPOTUIII0 CXOIY KOJICHOI Iapu 3 peloK B TOH
4ac, KOJIM OCHOBHHI I'pebiHb Kojieca BKOYYETHCS Ha PO-
004y MOBEPXHIO PEeWKU abo Mae Micie po3mip Kojii B
pe3ynbpTaTi NPYXHBOI Aeopmariii peiok.

KurouoBi cioBa: kozicha napa, xkoumpepebinb, cxio 3
Ppelok, epedinb Koneca, petikosa KoJlis.

Pexomenoosano 0o nybnixayii Ooxm. mexH. HayK
C. K. Pamazanos. [lama Haoxo0icents. pyKonucy ....



