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Purpose. The purpose of this work is the theoretical determination of current spreading ways in the internal vol-
ume of the ore-thermal furnace bath. Using the obtained results, it is possible to determine where and in what electri-
cal energy amount is allocated in the working space. It will allow to calculate the bath temperature field.

Methodology. In the course of research work the theory of electrical circuits was used to describe electrical proc-
esses and the method of cylindrical coordinates to represent the working space of a bath as a set of mono-volume com-
ponents.

Findings. The proposed chain of steps to determine the current spreading ways and the calculation formulas to
find out the electrical energy input amount to each allocated elemental component of the ore-thermal furnace volume
are used. The mathematical formulae to construct the current trajectory flow are proposed.

Originality. For the first time, it was assumed that the trajectory of current flow in the furnace working space has
the shape of an arc. It passes between two electrodes and exists both in the horizontal and in the vertical flats of the
bath due to the electrical conductivity of the charge materials. The latter, in turn, varies depending on the temperature
value. This fact is taken into account when calculating the amount of energy input because of electric current.

Practical value. Subsequently, the implementation of the proposed method for determination the paths of current
spreading on a mathematical or physical model allows to obtain data on the amount of electrical energy input at any
point in the furnace. Since the process of energy input is one of the first steps in the process of obtaining ferroalloys, the
proposed above will allow to calculate various parameters as for one elemental volume (point) and as for the whole
furnace bath volume.

Keywords: ore-thermal furnace; elemental volume; current spreading paths; electrical energy.

I. INTRODUTION tric energy into a heat one.

Modern electric arc and ore-thermal furnaces are II.ANALYSIS OF LAST RESEARCHES
quite complex installations with a variety of electrome-
chanical equipment. They consist of a power supply (fur-
nace transformer), a kiln (baths with electrodes) and a
short network connecting them together.

Modern electric arc and ore-thermal furnaces are
complex installations with variety of electromechanical
equipment. They consist of a power supply (furnace trans-
) ) former), a kiln (baths with electrodes) and a short electri-

Ore-thermal furnaces (OTF) are direct-heating fur-  ¢a] network connecting them together. Traditionally, the
naces used to produce ferroalloys, carbides,.silicon, phos-  firnace working space is divided into three main zones,
phorus. and qther products. Th.e technological processes  which are characterized by the nature of energy processes
occurring in its bath are very diverse. Some of them pro- i them [1]. This is an area of materials with relatively
ceed continuously, while others require full melting of 14y electrical conductivity, an arc zone, and a zone where
loaded materials. The most important parameter of the  gq}id and liquid materials with high electrical conductivity
OTF (ore-thermal furnace) is the electrical resistance of  are Jocated. The energy distribution between these zones

the bath, which depends on a signiﬁ(':ant number of fac-  characterizes the specificy of a concrete process and a
tors: the strength of materials loaded in the bath, the geo-  .oncrete furnace.

metric sizes of the bath, as well as the number and size of

the electrodes. The spreading of electric current in an ore-thermal

o bath has been the subject of study for many years. Many

Thermal energy, spent on phase transitions and re-  theoretical and experimental studies are devoted to this
covery processes, is released when the electric current j¢qye M.S. Maksimenko, F.Ya. Tsybakin, D.A. Diomi-
passes through the conductive environment. The trans- dovsky, R.A. Sysoyan, P.V. Sergiev and R F. Platonov
formation of electrical energy into heat energy occurs in [2]-[3] studied the current distribution in a single-phase
zones with different aggregate states of materials. In the ;4 4 three-phase baths on electrolytic models. V.T.
furnace there is a mixed mode of transformation of elec-  7herdiv gives great importance to the study of the current
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distribution directly in the operating furnaces [4]-[6]. A
mathematical simulation of electric fields of three-phase
ore-thermal furnaces was also carried out [7].

The studies conducted for ore-thermal furnaces of
average power (7.5 MB ¢ A) for the phosphorus and cal-
cium carbide production allowed to obtain fields for the
distribution of the volumetric energy density and the in-
tensity of the electric field in the space between the elec-
trode and the bottom of the furnace [8]. Also, the obtained
data on the volumetric energy density distribution and
electric field strength allowed to determine the length of
the arc and the voltage drop on the arc in furnaces for the
phosphorus and calcium carbide production [9]-[10].

The scientist conducted mathematical modeling of
electric fields of three-phase ore-thermal furnaces, and
also developed the method for conducting theoretical
studies with the help of conformal mappings for the de-
termination of physical fields in an ore-thermal melting
furnace [11]. Qualitatively, the electric field of the fur-
nace is sufficiently illuminated, but the available informa-
tion is not enough to calculate accurately the power, elec-
trical transformations and temperatures at each point of
the bath volume.

In contrast to the steelmaking furnaces, the current
of the electrode in the OTF passes not only through the
arc, but also through the charge, where the density and
electrical resistance vary as a result of heating [12]. This
is the reason of the complexity of obtaining data on arc
parameters. In this paper, the method for determining the
electric current distribution in the working space of the
furnace is proposed by means of simulating the ways of
its spreading.

Also, there is a need for further study of the interac-
tions between the parameters of power supply systems
and physico-chemical processes occurring in the furnace
under various external influences, in order to increase the
efficiency of energy and heat and mass exchange proc-
esses [13]

III. FORMULATION OF THE WORK PURPOSE

The purpose of this work is the theoretical determi-
nation of current spreading ways in the internal volume of
the ore-thermal furnace bath. With the help of the ob-
tained results it will be possible to determine:

— where in the furnace volume is an electric current;

— in what amount the electrical energy is released in
the working space of the furnace due to the electrical re-
sistance of the charge materials.

In the future, the application of the obtained results
will allow to calculate the temperature field of the bath

IV. PRESENTATION OF BASIC MATERIAL AND
ANALYSIS OF RECEIVED RESULTS

As indicated in [14], to determine the amount of
electrical energy input into each elemental volume of the
furnace, it is necessary to establish how exactly the cur-
rent spreads in the working space of the bath. The charge
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for smelting ferroalloys is an environment where currents
flow through certain trajectories between the electrodes.
Let’s assume they will have an arc shape and will be di-
rected to the edges of the bath and to its center in the
horizontal plane. In the vertical plane, they will pass be-
tween the ends of the electrodes towards the bottom of the
bath. This assumption is made on the basis of scientific
papers [9]-[10] in which trajectories of currents flow in
the sub-electrode space are depicted as lines directed from
the electrode to the bottom of the bath of the OTF and
have an arc type.

Simulating melting area occurs in H.. parameter — the
depth of bath charge filling. The zero point is the upper
limit of its filling. The paths of current flow between the
electrodes in the horizontal plane can be represented as
arcs with radii passing through the centers of the elec-
trodes and shifted in the direction towards the edges of the
bath R, and to its center R,,..

Figure 1. Ways of current spreading between the elec-
trodes of 4 and B phases.

In order to hold the arcs between the electrodes, it is
necessary to know its radius and coordinates of the cen-
ters. The latter are on a line passing through the third elec-
trode perpendicular to the shortest path between the two
other ones. The radius and the length of each arc can be
calculated using formulae. The latter were received and
somewhat modified by the well-known geometric depend-
encies for finding different circle parameters.

We modulate the paths of current flow between the
electrodes of 4 and B phases in the direction towards the
edges of the furnace bath. Between the centers of the elec-
trodes, a length L, line is made. Calculate the radius
changing step of the arc:

(M

where L, is the distance between the centers of the elec-
trodes; k. + is the number of the accepted current spread-
ing paths between the 4 and B electrodes in the direction
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towards the edges of the furnace bath.

Now we draw a zero arc with R,z + and with the
center located in the middle of the indicated L. line. Its
radius and length are determined by the formulae (2)-(3).

Le
RaOAB+ N
2 (2)
Ligape =2+ arCSin(#) “Rooa: 3)

" Ra04B+

In order to draw the next arc, we calculate its radius
and shift of the center point to the distance from the L, line
toward the center of the furnace along the L,z line passing
between the centers of the furnace bath and the third elec-
trode in the C phase using the formulae (4)-(5):
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For any type of an arc, (3)-(5) formulae take the fol-
lowing form (6)-(8):

LZ

o = (L/2=0k, )

ai

2 8-(L,/2-Ak,, i) ©6)
—cpR, =|R:—(L,/2) (7)

L, =2-arcsin( Le )R,
2R, (8)

where i is an arc number, which varies from 0 to &, . +

To simulate current spreading paths between the
electrodes of 4 and B phases in the direction to the center
of the furnace bath, the following calculations are re-
quired. As noted above, all points of the arc centers are on
the L 45 line, and the zero reference point is its intersection
with the L, line. In this case we adjust the zero reference
point by moving it to distance +c.p.R, and calculating the
radius of the zero arc R,p., with the radius changing step
Ak,

R R

a048- — 1% (9)
+cpR,,=—=% (10)
Ak, = R, a1

' 2-k

a.c—

where k, .. — is the number of ways of distributing current
between A and B electrodes in the direction towards the
center of the furnace bath; R, is the radius on which the
electrodes are located relatively to the center of the fur-
nace bath.

To draw the following arcs, we will use the above-
described algorithm and formulae (6)-(8) but with i vary-
ing in the range from 0 to k,.. As a result, we obtain a
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picture of current spreading between the electrodes shown
in Fig. 1. Similarly, the process of the current spreading
paths simulating between the BC and CA phases.

The ore-thermal furnace bath has a volume; thus, by
analogy with the step 4z along the H, axis, we repeat the
process of current spreading paths simulating to the depth
of the electrodes immersion in the charge. Since the cur-
rent flows in the sub-electrode space of the bath, it should
be also considered. To do this, it’s necessary to change
the direction of the straight line on which the arc centers
are located, under the selected angles relative to the hori-
zontal-vertical component of the furnace bath.

To simulate the process of distributing energy in an
ore-thermal furnace bath, first of all, it is necessary to
break its internal area into elemental volumes. There are a
lot of methods for this; we have chosen and somewhat
changed the method based on the system of cylindrical
coordinates, which was used earlier to construct a dy-
namic temperature field model in an electric heat accumu-
lating converter [15].

The geometric bath of an ore-thermal furnace, where
the melting process takes place, can be represented as a
cylinder of height H and radius R. We break it into a series
of elemental volumes in the form of a sector with the sides
AR, Az and the angle Ag, as represented on Fig. 2. We will
place further calculation points in the geometric centers of
the elemental sectors selected in this way.

Figure 2. Breakdown of the OTF bath on elemental vol-
umes.

Let's introduce the following notation: R/ — radius of
the bath; AV — the volume of the elemental sector; k —
number of elemental volume behind the axis R; Ny is the
number of segments Ag of the broken cylinder's volume
in an angle ¢; Nz — the number of intervals Az of the bro-
ken cylinder's volume at the height Hc filling the bath
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with the charge; R, ¢, z are the coordinates of the center;
At is the time interval.

The specified parameters Az and Ay are calculated as
follows:

360
Ap=—. (12)
4
H
Az =—*<. (13)
N

z

Assuming the constant value AV for each elemental
volume, we define the intervals ARk for the R axis:

Aszw/L:\:”-(«/k+l—\/;). (14)
ﬂ'-

After determining all the necessary parameters for
this break, it becomes possible to represent the OTF bath
as a set of single-volume elements. Due to arbitrary val-
ues of AV, Ny and Nz, you can change the total number of
elemental volumes, thus providing the necessary predic-
tion error when performing various mathematical calcula-
tions.

So, if you make a very fractional volume break, the
speed of the necessary calculations is slowed down
through a large array of data. When the working space of
the furnace is divided into a small number of elemental
volumes, this can lead to inadequacy of the resulting
model.

After the current spreading paths have been deter-
mined, using the proposed version of the partition of the
OTF working space on the elemental volumes, we obtain
a two-dimensional image presented in Fig. 3 in the hori-
zontal plane and in the sub-electrode space as in Fig. 4.

Figure 3. The current spreading paths between the three
electrodes in the working space of the bath, the volume of
which is pre-divided into elementary components
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1 — electrodes; 2 — charge in solid state; 3 — elementary volume; 4 —
ways of current spreading; 5 — liquid melt.

Figure 4. Ways of current spreading between the elec-
trodes in the sub-electrode space

The charge in each single volume of elemental com-
ponent AV at a certain temperature has its specific electri-
cal resistance [16]. The average electrical resistance can
be calculated as:

X

R.p,

= P (DAY (15)
where X, . — the average value of the electrical resistance
of the element; AV — the volume of the elementary part;
Pro:(t) — the specific resistance of elemental volume.

Using ways of current spreading in the OTF working
space and breaking the bath into elemental volumes on
the base of the proposed method, it is possible to calculate
the amount of electrical energy introduced into them for a
certain period of time. To do this, it is necessary to allo-
cate a specific trajectory of current flow and calculate its
full electrical resistance. The latter can be defined as the
total resistance of all charge sections through which the
described current passes:

X =X, (16)
where X, — full electrical resistance of any trajectory of
current flow; Xz, . — the average value of the electrical
resistance of the element.

Obviously, in the given coordinate system, it is nec-
essary to select only those elementary volumes where the
current passed and the resulting resistance is summed up,
which is calculated for a specific temperature of the
charge. As a result, the value of the current spreading over
the observed lines can be obtained:

li=—, 17)

where [; — current strength on the i-th way; U — voltage
between the corresponding phases; X, — full electrical re-
sistance on the i-th path.
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Consequently, substituting the expressions (16, 15)
in formula (17), we obtain the dependence for defining
the current strength along certain spreading trajectory:

U

/[ =—
2 Pp,.. 1) AV

1

where [; — current strength on the i-th way; U — voltage
between the corresponding phases; pg,-(t) — specific re-
sistance of elemental volume; AV — volume of elementary
particle.

As a result, the amount of energy emitted in the ele-
mental volume due to electric current over a time interval
At can be defined as:

- X

2
Qe(R,w,z) = Ii R,z (18)

where I; — current strength on the i-th way; Xz, . — the
average value of the electrical resistance of the element;
At — time interval.

-At,

If, however, through one and the same elemental
volume passes several different trajectories of current
spreading, then the resulting value of the latter is deter-
mined as the sum of the components for each of them.
Then the formula (18) will take the following form:

2
Ouirpr) = (ZI;) Rpy. AT (19)
where 21; is the sum of currents along the same spreading
paths passing through the elemental volume under con-
sideration.

The presented trajectories of current flow are condi-
tional. That is, in some paths current may not pass at all or
its value will be negligible. It depends on the electrical
resistance of the charge section.

Determining the flow of current in the furnace bath
is one of the components in the development of a com-
prehensive mathematical model of the work of the OTF in
dynamics, which is the main purpose of the authors of the
article. Therefore, the reliability of the proposed method
will be possible to verify only after the implementation of
the entire complex model on electronic computing. The
given model of the current distribution in the furnace can
be used in the simulation of electrical processes in all ore-
thermal furnaces, regardless of what grade of ferroalloys
in them is smelted.

As to the limitations for use, this technique can not
be used for steelmaking furnaces, since technologically,
electrodes in them are placed above the surface of the
melt and the current flows in the air layer as a result of the
closure between the electrode and the charge. That is, in
such furnaces, the latter is not conductive medium, but
only its surface, so to speak, is zero in an electric circle to
form a powerful energy arc. The presented model is based
on the fact that the current flows in the horizontal and
vertical planes between the electrodes due to the electric
resistance of the charge.
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As a result, with the help of the given algorithm for
determining the current spreading paths, the methods of
partitioning the internal working space of the OTF into
the elemental volumes and the formulae used, we can
watch electric energy distribution in the furnace bath in
the three-dimensional space.

V.CONCLUSION

The process of electrical current spreading simula-
tion in the bath of an ore-thermal furnace is described in
this paper mathematically. It is suggested to assume that
trajectories of current passing through the charge have the
form of arcs which are located between the centers of the
electrodes and move in the direction towards the edges of
the bath and to its center. On the basis of the presented
model, it is possible to determine the volumes of the in-
troduced electricity and their distribution in the bath vol-
ume.

As it can be seen on Figure 3, due to the distance be-
tween the electrodes, the zones of the electric current flow
inaccessibility appear. Therefore, there is such an optimal
distance between them, when it is possible to cover the
entire furnace bath working area in horizontal plane with
the help of current spreading paths. Otherwise, in the ore-
thermal furnace space, the charge heating occurs only at
the expense of heat transfer, and this is a long-time proc-
ess.

This method of the OTF bath calculating with the
help of elemental volumes based on the system of cylin-
drical coordinates is proposed here. Representation of the
working space of the bath as a set of single- volume ele-
ments makes it possible to perform various mathematical
calculations in the geometric centers of these elements.
And this, in turn, will allow us to obtain a more precise
picture of all physical processes occurring during the
smelting of ferroalloys at different points of the OTF bath
at any time.
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Mema pobomu. Memoio oanoi pobomu € meopemuine 8UHAYEHHS MPAEKMOPIT POZMIKAHHS CIMPYMY Y GHYMpiuL-
HbOMY 00 €Mi 6aHHU PYOHOMEPMIUHOI neyi. 3a 00ONOMO2010 OMPUMAHUX PE3VIbINATNIE CINANE MONCTUSUM BUSHAYUMU O€
ma 8 AKill KiIbKOCMi UOLISAEMbCSL eJleKMPUUHa exnepeis 6 poboyomy npocmopi. Lle, 6 nodanvuiomy, 003601ums nposo-
Oumu po3paxyHox memnepamypHo2o noJisi 6aHHU.

Memoou docniosxcenus. Ilpu nposedents 00CHiONHCeHb OYI0 BUKOPUCTIAHO MEOPIt0 eeKMPUUHO20 KOAA Ol ONUCY
CNLeKMPUYHUX NPOYECE8 A MemoO0 YUITHOPUUHUX KOOPOUHAm Osi NPedCmasiensi po6o4020 npocmopy 6aHHU K CYKY-
nHicCmMb 00HO00 'EMHUX CKIAOO0BUX.

Ompumani pesynomamu. 3anponoHosana nocrioo8Hicms 0/ GU3HAYEHHS WIAXI8 PO3MIKAHHA CIPYMY ma po3pa-
XYHKOGI (hopmynu OJisk 6USHAUEHHS KITbKOCMI 88€0€HOT eeKMPUYHOT eHepeii' y KOJCHY GUOLNEHY eNeMeHmAapHy CKIado8y
00'emy pyonomepmiunoi neui. [lpedcmasneni mamemamuyni oopmynu 0isi no6y008U MpacKmopii NPOMIKAHHSL CIMPYMY.

Hayxosa nosusna. Bnepuie 3pobnene npunyujenus, wo mpackmopis npoOmikauHs cmpymy y pobovomy npocmopi
neyi mae gopmy oyeu. Bona npoxooums mixc 080Ma erekmpooamu i iCHYE K 8 2OPU3OHMANbHIN, MAK i ) 6ePMUKATb-
HITl RIOWUHAX 8AHHU 34 PAXYHOK e1eKmMpPOnpoGiOHOCE wuxmogux mamepianis. OCmanHe, 6 c80i0 uepey, 3MIHIOEMbCSL 6
sanedcHocmi 6i0 3nauenns memnepamypu. Leti haxm 8paxosano npu po3paxynkax Kitbkocmi 66edeHoi enepeii 3a pa-
XYHOK eeKmPUyHO20 CIpYMY.

Ilpaxmuuna yinnicms. B nooanvuiomy peanizayis 3anponoHo8aH020 Memooy 015 8USHAYEHHS WIAXI8 PO3MIKAHHS
CMpPYyMy HA MAMeMamuyHill 4u Qi3uuniil Mooeni 003604UMb OMPUMAmMu OaHi NPO KIIbKICMb 86e0€HOl eleKmpuiHol
enepeii 8 OyOv-skitl mouyi neui. Tax sax npoyec 66edeHHs1 enepeii € 0OHUM [3 NEPULUX KPOKIE 6 MEXHONIOIYHOMY Npoyeci
00epaicants epocniasis, mo 3anpoONOHOBAHE GUlye, 8 CB0I0 uepey, 0ACHb 3M02Y NPOGOOUMU NOOANbUL  PO3PAXYHKU
PI3HUX napamempie ik 00H020 eleMeHmMApPHO20 00 'emy (MOouKY), Mak i 6aHHU neyi 8 Yiiomy.

Knroyoei croea: pyonomepmiuna niv; enemeHmapHuti 06'em; winsaxu po3mikaHHs CMpyMy; eleKmpuiHa eHepeis.
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OIIPEJEJIEHUE NYTENA PACTEKAHUS TOKA BO BHYTPEHHEM
OBBEME PY/HOTEPMHUYECKOMU ITIEYHN

MUIIEHKO B.IO. accucmenm — rageopui  osnexmpocnabocenuss — npomviuuiennvlx — npeonpusimuii
3anopoiccKo20 HAYUOHAIBHOZO MEXHUYECK020 YHusepcumema, 3anoposicee, Ykpauna, e-
mail: mvlad.u@i.ua;

KAYAH IO.T. 0-p mexn. Hayk, npogeccop, npogheccop Kagheopvl I1eKMpoCcHADIUCEHUS NPOMBIULTEHHBIX
npednpusmuti  3anopodccko20  HAYUOHANLHO20 — MEXHUYECKO20 — YHUBEPCUMEmA,
3anopoocve, Yrpauna, e-mail: yu.kachan@ukr.net;

Llenv pabomul. Llenvio Oannoli pabomul a61semcs meopemuyeckoe onpeoeneHue nymeti pacmekanusi moxkda 60
sHympenHem o6veme 6annvl pyoHomepmuueckol neuu. C HOMOWBIO NOTYYEHHBIX PE3YIbMAMO8 CHIAHEM 803MONCHBIM
onpedenams 20e U 8 KAKOM KOIUYeCnee 8blOeIsemcsl INeKMpUYecKkas sHepeus 8 pabouem npocmpancmee. Smo, 8 0djib-
HetiueM, NO360UM NPOBOOUMb PACYHEen MEeMNePAMYPHO20 NOJIsL 6AHHbL.

Memoovwr uccnedosanus. Ilpu npogedenuu ucciedoganuil 6bLIA UCNOTLI0BAHA MEOPUS DNEKMPUYECKUX yenell 01
ONUCANUS DNIEKMPULECKUX NPOYECCO8 U MEMOO YUTUHOPUYECKUX KOOPOUHam OJis NpeOCmasieHus pabouezo npocmpan-
CMBA 8AHHBL KAK COBOKYNHOCHb 00HOOOBEMHBIX COCMABTSIOUUX.

Ionyuennvie pesynomamul. [Ipednodicena nociedo8amenbHocmy 0Jisi OnpedeneHus nymet pacmekanust moxka u
pacuemmvle GOpMyIblL 0I5l ONpeOesieHUsi KOTULeCMEa 86e0eHHOU INEKMPUYECKOU IHEPLUU 8 KANCOVIO BbIOCLEHHYIO dlie-
MEHMAPHYI0 COCMABIAIWYI0 00vema pyonomepmuyeckou neuu. [lpedcmagnenvt mamemamuueckue gopmyasi 0ns no-
CMPpOeHUsL MPAeKmopuy nPOMeKaHus moxa.

Hayuna noeusna. Bnepsvie cOenaHo npeononosiceHue, Ymo mpaeKmopus npOmeKaHus moxa & pabouem npo-
cmpancmee neuu umeem opmy oyeu. OHa npoxooum medxncoy 08yMs 31eKmpooamu U CyujeCmseyem Kaxk 8 2OpU30H-
MAIbHOU, MAK U 68 BEPMUKANLHOU NIOCKOCMSX 6AHHbL 3d CHem 3IeKMPONPOBOOHOCMU WUXMOBbIX Mamepuanos. Ilo-
crednee, 8 c0i0 0Yepedb, MEHSIEMCS 8 3A6UCUMOCIU ON MeMnepamypul. Imom akm yumen npu paciemax Koauye-
CMea 68e0EHHOLU IHEP2UU 3 CHel INEKMPUYECKO20 MOKA.

Ipakmuueckas yennocmv. B Oanvheliuem peanruzayus npeodiodcenHo2o memooa 0 onpedeienus nymeti pacme-
KaHusi MoKa HA MAmemMamuyeckou ui Qu3uyeckou Mooenu Nno360aum NOLYYUmb OaHHble O KOAU4eCmee 88e0eHHOl
NEKMPUYecKoll sHepeuu 8 11060u mouke neuu. Tax Kaxk npoyecc 686e0eHUs: IHEPSUU AGIAEMCA OOHUM U3 NEPBLIX UA208 8
MEXHON0SUYECKOM NPOYecce NOLYYeHUst PeppoCcniasos, mo NpedilodceHHoe 8blile, 8 C80I0 o4epedb, NO36OUM NPOGO-
oums OanbHeuulue pacyemvl pa3iudHbIX NApamempos Kaxk 0is 0OH020 AeMEeHMAapHo20 0b0vema (Mouku), maxk u Ois
BAHHbBL NEYU 8 YELOM.

Kniouesvie crosa: pyonomepmuueckas neuv, 31eMeHMapHbill 00beM; nymu pacmeKkanusi moKa; 31eKmpuiecKas
SHep2usi.
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