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Summaru - the article is devoted to improving the efficiency of
cleaning wax from contaminants by reducing heat energy losses, the
rate of temperature reduction; a method for the thermal calculation of
compact heat-insulated tank is proposed on the example of reducing
energy losses during the deposition of contaminants from wax in a
molten state. Primary wax contains many polluting components, such
as bee bread, merva, more than 15 different organic compounds and
scrapings of frames and so on. The most common method of wax
cleaning is its long settling in the molten form, followed by
crystallization and removal (cutting) of the settled layer of
contaminants. The aim of the study is to establish the possibility of
improving the energy efficiency of the deposition of contaminants from
wax in a molten state by reducing energy consumption to maintain its
temperature, installing heat insulation, determining the optimal
location and calculation of the boiler to compensate for heat losses. To
create rational temperature conditions under which it is possible to
clean the wax from contaminants, it is necessary to take into account
the thermophysical properties of the wax, as well as data on its basic
physical and mechanical properties. The calculation of the amount of
heat for the deposition of contaminants from the wax, which is in the
molten state, in a tank of complex shape is performed on the basis of a
joint solution of the heat balance and heat transfer equation. The
amount of heat required for heating water, wax, steel tank and heat
insulation, melting and overheating of wax is determined. The layout
of the elements of the installation for cleaning wax is proposed. The
heat losses of all sections of a thermally insulated tank of complex
shape for the deposition of contaminants from wax, insulated with
basalt wool mats were determined. The surface temperatures of the
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outer layer of thermal insulation are determined for different
arrangement of elements. The proposed methodology for calculating
heat loss can be used in the design of thermal insulation of complex
containers for the deposition of contaminants from wax.

Key words: energy saving, thermal insulation, energy loss,
compact containers of complex shape, deposition, pollution, wax
cleaning.

Formulation of the problem. Wax is extremely important for the
national economy. Wax is used in food, cosmetic, electrical and many other
industries, it is a valuable commodity for export. More than 40 industries
use wax as a raw material [1]. In the context of energy saving and
environmental safety, the requirements for the cleaning process of wax raw
materials are increasing and its improvement is currently a very urgent
problem [2].

Analysis of recent studies. Primary waxes contain many polluting
components, such as bee bread, merva, more than 15 different organic
compounds, scrapings of frames, and so on [3,4]. The most common
method of wax cleaning is its long settling in the molten form, followed by
crystallization and removal (cutting) of the settled layer of contaminants
[5]. A significant role in solving the problem of saving thermal energy
belongs to highly efficient thermal insulation [6,7,8]. Thermal insulation of
a complex-shaped tank provides a reduction in energy consumption for the
sedimentation of contaminants from wax. However, the operating
conditions of thermal insulation impose special requirements [9,10,11,12].
Therefore, the search for ways to increase the efficiency of its use
[13,14,15,16,17,18,19, 20] plays an important role, because it allows for a
long time to reduce heat loss.

Formulation of the problem. The aim of the study is to establish the
possibility of improving the energy efficiency of the sedimentation of
contaminants from wax in a molten state by reducing energy consumption
to maintain its temperature, installing heat insulation, determining the
optimal location and calculation of the boiler to compensate for heat losses.

To achieve this goal, the following tasks:

1. To propose a methodology for calculating the cost of thermal energy for
cleaning wax and heat loss, taking into account the location of thermal
insulation.

2. Check the compliance of theoretical calculations with the actual surface
temperature of the outer layer of thermal insulation. Research technique is
based on a modified method for studying process of heat loss.

Main part. To create rational temperature conditions under which it
IS possible to clean the wax from contaminants, it is necessary to take into
account the thermophysical properties of the wax, as well as data on its
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basic physical and mechanical properties. The calculation of the amount of
heat for the sedimentation of contaminants from the wax, which is in the
molten state, in a tank of complex shape is performed on the basis of a joint
solution of the heat balance and heat transfer equation [6]. Heat balance
equation takes form:

Qheatig = QW. + Qwax + Qt.&sh, + Qh.in. + Qe.loss. : (1)

where Qneaiing - the amount of heat received by the heater, kJ, Q,, - the
amount of heat for heating water, kJ, Quax - the amount of heat for heating
and melting the wax, kJ, Q. s - the amount of heat for heating the tank and
shirt, kJ, Qn.in.. - the amount of heat to heat the insulation, kJ, Qe oss.. - heat
energy loss, kJ.
The heat transfer equation [6] determined by the formula (2):

Qe.loss = ktank ) |:tank ) (th _tc) T, kI, (2)

where Kqn - the heat transfer coefficient of the container enclosure,
W/(mZ-K), Funk - the surface area of the tank, m?, t, and t, - the temperature
of the hot medium and cold environment, °C, 7 - the operating time of the
installation, s.

The amount of heat Q,, for heating water is determined by the formula

(3):
Qw =C, -Mm, - (tw fin. tw.in.) , ki, (3)

where c,, - the heat capacity of water, kJ / (kg - K), m,, - the mass of
water added to the capacity, kg, t..in - final water temperature, °C, tyin. -
initial water temperature, °C. To determine the amount of heat for heating
water, it is necessary to determine the mass of water m,, added to the tank.
According to the technology, softened water is poured into the tank up to
5% of the tank volume.

m, :Vtank "Pw fW , kg, (4)

where Vi - tank volume, m?, pw - density of water added to the tank,
kg / m, f,, - tank filling factor with water, we take 0.05.
Scheme of tank for sedimentation of contaminants from wax is shown
in Fig.1.
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Fig. 1. Scheme of the tank for the sedimentation of contaminants
from wax: 1 - thermal insulation of the tank, 2 - cylindrical part of the tank,
3 - cover, 4 - heating shirt, 5 - conical part of the tank, 6 - sedimentation
tank to remove dirt

Amount of heat for heating and melting the wax Q. consists of 3
components: amount of heat for heating the wax to the melting point Qyaya,
the amount of heat for melting the wax Quax mer. and for overheating the
wax Qwaxz-

Qwax — Qwaxl + Qwax.melt. + Qwax.Z ) kJ. (5)

The amount of heat Qs for heating the wax to the melting
temperature is determined by the formula (6):

Qwax.l = Cuax *Myax * (twax. fin. — twax.in.), kJ, (6)

where Cyax - the heat capacity of the wax, kJ / (kg - K), mya.y - the
mass of the wax loaded into the tank, kg, tyaxin. - initial wax temperature,
°C, twax.fin - the final temperature of the wax, °C.

To determine the amount of heat for heating the wax to the melting
temperature, it is necessary to determine the mass of wax loaded into the
tank. Wax loading, by the technology, is up to 95% of the tank volume.

M,ax :Vtank. " Puwax 1:wax , kg, (7)

where Vi - tank volume, m®, puax - density of wax loaded into the
tank, kg / m®, fex - filling factor of the wax, we take 0.95. Wax density:
950-970 kg / m”.

The melting point of wax is 62 ... 68 °C. We accept the initial
temperature of the wax + 10 °C. Wax heat capacity:
Cwax = 2,930 kJ / (kg - K).
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The amount of heat Quaxmerr fOr melting wax is determined by the formula

(8):
Qwax.melt. = My - ﬂWax , kJ, (8)

where Awax - the specific heat of melting of the wax, kJ / kg. We
accept the specific heat of melting of the wax: Ay = 176 kJ / kg.

The amount of heat Qyay for heating the wax from the melting point
to a temperature of 95 °C is determined by the formula (9):

Qwax.z = Cpax " Myay - (twax. fin. — 1:wax.in.) , kJ. 9)

Amount of heat Qgs,. for heating tank and heating shirt from an
initial temperature of +10 °C to a temperature of +95 °C determined by the
formula (10):

Qt.&sh. = Ciank * Mank (ttank. fin ttank.in.) , kJ, (10)

where Cynk - the specific heat of steel, ciun = 0.460 kJ / (kg - K),
twankin. - iNitial temperature of the tank, °C, taucin.- the final temperature of
the tank, °C.

The amount of heat Q.;. for heating the thermal insulation of the
tank, which is made of basalt wool mats, the specific heat capacity of the
mats is ¢,;. = 0.84 kJ / (kg -°C) is determined by the formula (11):

Qi =Cpi - My '(th.i.. fin. _th.i.in.) , kJ, (11)

where Qy;. - the amount of heat for heating the insulation, kJ, cy;, -
the heat capacity of the insulation, kJ / (kg - K), m ;. - mass of thermal
insulation, Kg, tyiin. and tyisn, - initial and final thermal insulation
temperature, °C.

To determine the amount of heat for heating the insulation, it is
necessary to determine the mass of the insulation tank.

M =Vhi  Poi = Foi  Oni - Pni. (12)

where my, ;. - mass of thermal insulation, kg; Vi - volume of thermal
insulation, m*, py,;.— thermal insulation density, 200 kg/m® F;. - thermal
insulation area, dy;. - thermal insulation thickness of 0.100 m.
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The results of determining the amount of heat required for heating
water, wax, steel tanks with a heating shirt and thermal insulation and
melting of wax are presented in table 1.

Table 1. - The results of determining the amount of heat required for
heating water, wax, steel tanks and heat insulation and melting wax

Ne Value, designation and units of measurement Value

1 | Amount of heat ensures wax is heated to melting 1443
point,Quax 1, MJ.

2 | The amount of heat that provides melting of the wax, 176
Qwax.melt MJ.

3 | Amount of heat ensures wax is heated to 95 °C, Qax, MJ. 88,2

4 | Total amount of heat for wax processing, Quax., MJ. 408,5

5 | The amount of heat providing water heating, Q,,., MJ. 20,4

6 | The amount of heat that provides heating of the steel tank 97,8
and the shirt to a temperature of 95 °C, Qunkesh., MJ.

7 | Amount of heat that provides heat insulation to 95 °C, 44,3
Qh.i., MJ.

The dependence of the temperature of the wax during its heating
and melting on the amount of heat input is presented in Fig. 2.

Wax temperature, C

1220 1r|m ')rlm qﬁn 40
The amaunt of heat, kJ
Fig. 2. Dependence of the temperature of the wax when it is heated
and melted on the amount of heat supplied: 1 - curve of melting wax,
2 - empirical dependence

The dependence of the temperature of the wax during its heating and
melting on the amount of heat input can be described by equation (13):

T=99+0.19-Q+0.01-Q*-2-10°Q*+3.1.10°-Q* (13)
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where T - the temperature of the wax during heat treatment, °C, Q is
the amount of heat supplied to the wax, kJ / kg,

Let us determine the loss of thermal energy to maintain the

temperature above the melting temperature for several days (depending on
the quality of the wax) for the implementation of the settling process, with
thermal insulation of a 100 mm thick basalt wool tank. Loss of thermal
energy into the environment goes through the surface of the insulation [6].
To determine the temperature of the outer shell of the tank, we will solve
the heat transfer equation (2) from the water in the heating shirt and then to
the outside air through three layers of material:
- the first layer is the outer skin of the shirt made of steel with a thickness
of dn; = 5 mm; - the second layer is the heat-insulating material of mats
made of basalt wool thick J,; = 100 mm; - the third layer is the outer metal
lining of steel with a thickness of 6; = 0.5 mm.

Determine the heat transfer coefficient kg [6] of the multilayer
fence, W/ (m’ - K), according to the formula (14):

K = 1
tank. — 1 n 5| 1 (14)

i:lE q

n.

a

out.

where oo, ain- heat transfer coefficients from the outside of the shirt
and the inside of the fence, W/ (m2 - K); ¢; - the thickness of the structural
layers of steel and thermal insulation, m; A; - the thermal conductivity
coefficients of steel and thermal insulation, W / (m - K). The initial data for
the calculation of the heat transfer coefficient are written in table 2.

Table 2 - The initial data for the calculation of the heat transfer
coefficient

Ne | 'Value, designation and units of measurement Value

1 | Heat transfer coefficient ag from hot water to the outer | 2500
skin

2 | The thickness of the inside layer of steel, &j,, M 0,005

3 | The thickness of the heat insulating layer, oy, M 0,100

4 | Thermal conductivity coefficient of basalt wool, Ang, | 0,035
W/(m - K)

5 | The thickness of the outer layer of steel, ooy, M 0,0005

6 | Heat transfer coefficient from the outside fence, ogy, |57
W/(m?-K)

7 | Coefficient of thermal conductivity stainless steel, Ay, | 58,0
W/(m - K)
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Substituting the values in the formula (14), we obtain:

Kew = 1/(1/2500+ 0,005/58+0,100/0,035 +0,0005/58+1/57) = 0,3478
W/(m?-K).

Define the thermal resistance of thermal insulation Ry; multi-layer
fencing capacity, (m2 - K) / W, according to the formula (15):

Rni = 1/kenk = 1/0,3478 = 2,875182 (m*-K)/W. (15)

Determine density of heat flux through the three-layer wall by the formula
(16):

Oihr.wan. = ktank. ) (tin. _tout.) : (16)
tnrwor. = 0,3478 *(95-10) = 29,56 W / m*.

Determine temperatures on contacting surfaces by formulas (17), (18),
(19), (20):

_ g
Ginwor1. = Tour, — o, =95-2956/2500=94,98°C;  (17)
1
t _ t _ q : 5W0||. 0
invoni2. = linoll. =~ =94,98-29,56*0,005/58 = 94,83 °C;  (18)
st.
- Spin. 0
Loin. = tinwori2. — N =94,83 - 29,56*0,100/0,035 = 14,94 °C;  (19)
Loue, = thin. — q/'I = = 15 - 29,56*0,0005/58 = 14,9 °C. (20)

st.

The temperature of the outer surface of the insulation at a coolant
temperature of 95 °C and an average outdoor temperature of + 10 °C will be
+14.9 °C.

The amount of heat required to heat the outer skin is (6.48-107%) % of
the amount of heat spent on heating the wax, that is, it is negligible and can
be ignored in further calculations.

We determine the loss of thermal energy into the environment
through the surface of the insulation, taking the operating time equal to 1
second according to the formula (2):

Qiosssec. = Kiank * Frank * (t,, = 1c.) T = 0,3478 *30%(95-10) = 886,89 W.
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We determine the loss of thermal energy into the environment
through the surface of the insulation, taking the operating time equal to
12 hours:

Qioss. = Qloss.sec. ¥12*60*60 = 886,89*12*60*60 = 40 MJ

Let us determine the amount of heat, which takes into account the
heating of water, wax, a steel tank with a volume of 10 m® and thermal
insulation to a temperature of 95 °C and maintaining this temperature until
the wax completely goes into liquid state plus losses to the environment for
boiler calculation.

Qboil. cate. = 4275,7 +40 = 4315,7, MJ.

We determine the peak power of the boiler for melting wax in a tank
during 12 hours:
Qpoit. peak. = Qboit, calc. /T = 4315,7*1000/(12*60*60) = 100 KW.

We determine the boiler power for long-term maintenance of the wax
in the molten state at a temperature that ensures the sedimentation of
impurities, taking into account heat losses to the environment:

Qboil. long. = Qioss/T = 40*1000/(12*60*60) = 40000/(12*60*60) = 0,9259 kW.

It is recommended to use a hot water boiler with a temperature of
95 °C to melt the wax for 12 hours, and then use it in a production heating
system. Boiler capacity for space heating with a total area of 3800 m?.

Npoil. heat. = Frow- @ = 3800*0,125 = 475 kW.

It is better to install 2 boilers of 0.75 ... 80% power (according to the
standard for safety when one of them fails in the cold), then:

Nboil. heat.0.5 = Nboil. heat. * 0,75= 356 kW,

Conclusions. The proposed method of thermophysical calculation to
improve the efficiency of cleaning wax from contaminants by reducing heat
energy losses and the rate of temperature decrease during the sedimentation
of contaminants from wax in a molten state.

The heat losses of all sections of a thermally insulated container of
complex shape for the sedimentation of contaminants from wax, insulated
with basalt wool mats were determined.

The surface temperatures of the outer layer of thermal insulation are
determined for a different arrangement of elements.
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The proposed methodology for the heat calculation of wax cleaning,
taking into account the phase transition and calculation of heat loss during
the sedimentation of contaminants, can be used in the design of thermal
insulation tanks of complex shape [21,22,23,24,25] for the sedimentation of
contaminants from wax and the selection of boiler equipment.
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Annomayusn
Crarbsl NOCBSIIIEHA TNOBBIMIEHUIO 3(PPEKTUBHOCTH OYHCTKH
BOCKA OT 3arpsi3HEHMii, MyTeM CHUKEHHMS MOTEPb TeNJI0BOW HEPrum,
TEMIA CHUKEHHSI TeMIIEPATYypPbl, MPeII0KeHA METOAUKA TeII0BOro
pacyera KOMIAKTHBIX TEILIOM30JIUPOBAHHBIX éMKOCTEell HA MpuMepe
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YMEHbIIICHUS NOTEPb JHEPIHH B Mpolecce OCAXKACHHUS 3arPsI3HEHUI 13
BOCKA, HAXOAIIETr0CH B PACILIABJIEHHOM COCTOSIHUU.

Bock  mepBHYHOM  NEPETONKH  COAEPXKUT  MHOKECTBO
3arps3HAINIAX €r0 KOMIIOHEHTOB, TAKHX KaK Iepra, mepsa, 0osee 15
PA3JIMYHBIX OPraHUYECKUX COeJMHEHH, COCKOObI PAMOK M TaK JaJiee.
HauboJ1ee pacnpocTpaHeHHBIM METOAOM OYHMCTKHU BOCKA SIBJISIETCH €ro
JJINTEJIbHOE OTCTAaMBAHUE B PACILVIABJICHHOM BHIE € MOCJeAyrIuei
KpUCTA/UIM3alMed M yaajeHHMeM (Cpe3aHMeM) OcCeBLIEro  CJIOs
3arpsisHeHuii. Llegb0 wucciaegoBaHusl SIBJISIETCS  YCTAHOBJICHHE
BO3MOKHOCTH  NOBBbIIIEHUS  3HEProdpeKTUBHOCTH  OCANKICHUA
3arpsi3HeHUl M3 BOCKA, HAXOASUIECTOCHd B PACIVIABJICHHOM COCTOSIHUU
NyTeM CHHMKEHHMSI HEPro3arpar Ha NOJIepP:KaHHe ero TeMIieparypsbl,
YCTAHOBKOH TENJIOU30JISI LU H, onpeaeIeHUs ONITUMAJILHOIO
PACIOJIOKEHUS U pacyera KoTJa 1l KOMIIEHCAllMU TeIJIOBBIX MOTEPh.

JJIf co3naHusl PAUMOHAJIBHBIX TeMIIEPATYPHBIX YCJIOBHil, PH
KOTOPbIX BO3MOKHO INPOBOAMTH OYHMCTKY BOCKAa OT 3arpsi3HEHU
HEe00X0AMMO YYHUTHIBATH TelIoQHu3NUYeCcKHe CBOMCTBA BOCKA, a TaKKe
JAHHbIE €ro OCHOBHBIX (PU3UKO-MEXAaHUYECKHX CBOMCTB. Pacuér
KOJIMYEeCTBA TeIUIOThI ISl OCAKICHHMs] 3arpsi3HeHUH U3 BOCKAa,
HAXOASNIEroCsd B PACIUVIABJCHHOM COCTOSIHUM, B €MKOCTH CJIOKHOM
(GopMbI BBINOJIHUM HA OCHOBE COBMECTHOI0 PpelIeHUS YPABHEHUA
TEIJIOBOI0 OajlaHca u Temjonepeaayu. OmnpeaesieHO KOJUYECTBO
TEeIJIOThl, HeOOXOAMMOM VISl HArpeBa BO/Ibl, BOCKA, CTAJIbHOM éMKOCTH
U TeIUIOU30JIALUM, IUIABJIeHMsI W meperpeBa Bocka. Ilpensnoxkena
CXeMa PAaCIOJIOKEHUS 3JIEMEHTOB YCTAHOBKM /I OYHCTKH BOCKA.
OmnpenesieHbl TeMJIOBbIE MOTEPU BCEX YUYACTKOB TEIIOU30THUPOBAHHOM
éMKOCTH CJI0OKHOU (OpMBI IJI1  OCAKICHUA 3arpsi3HEHU U3 BOCKA,
YTEILUIEHHOH NMOKPbITHEM MaTaMu U3 023aJbTOBOM BaThl. QnpeeseHbl
TEMIIEPATYPbl MOBEPXHOCTH HAPY/KHOIO CJI0Sl TEIUIOU30JSALMH TNPH
Pa3JIM4YHOM PacHoJioKeHUuu 3JjeMeHTOB. IlpensioxkeHHass Meroguka
pacyera TeIUIOBBIX IOTePb MOMXeT ObITh WCIOJIb30BaHA TMIPHU
NPOEKTHPOBAHNM TEIJIOU3O0JAIUN EMKOCTH CJO0XKHOU (opMBbI IJIst
0CAK/ICHUS 3arPsi3HEHUI U3 BOCKA.

TEIJIO®I3UYHHI PO3PAXYHKHI
MPOLECY CEAMMEHTALII BIKOJUHOI'O BOCKY

CrpyuaeB M. L., [Toctoun 1O. O. [Nonpsayxiu B. C.,
Bbopoxos I. B., Koansos O. B.

Anomauisn
Crarrs npucBsiYeHa NiABUIIEHHI) e(EeKTUBHOCTI OYMILEHHS

BOCKY BijJ 3a0pylHeHb, HIJISIXOM 3HHKEHHS BTPAT TENJIOBOI eHeprii,
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TeMIy 3HUKEHHSI TeMIIEPATyPH, 3alIPOINIOHOBAHA METOIUKA TEILI0OBOI0
PO3PaxXyHKY KOMIIAKTHHX TeILI0i30JIbOBAHUX €MHOCTEl HA NMPHUKJATI
3MEHILIEHHSI BTPAT €Hepril B Nmpoueci ocajKeHHs 3a0pyJIHEeHb 3 BOCKY,
110 3HAXOAMTHCHA B PO3ILIABJIEHOMY CTaHi.

Bick  mepBMHHOI  mHepPeTOILUIIOBAHHS MIiCTHTh 0e3Jriv
3a0pyIHIOIOYMX Or0 KOMIIOHEHTIB, TAKHX SIK Ilepra, Mmepsa, Oiiblie
15 pi3HMX OpraHi4yHMX CHOJIYK, 3icKpiOKH pamMok i Tak naJji. Haioinbm
NOIIMPEHNM  METOAOM OYMINEHHS BOCKY € HOro TpuBaje
BIICTOIOBAHHSI B  PO3ILIABJIEHOMY BHIVISIAI 3  MOJAAJBIIOKO
KpHUCTAJI3ali€clo I BUAAJIeHHAM (3pi3aHHsAM) miapy 3a0pyaHeHb. MeTo10
HOCTiIKEeHHS € BCTAHOBJICHHSA MOKJIMBOCTI NiIBUIIEHHS
eHeproe)eKTUBHOCTI  OCaJyKeHHs1 3a0pyJIHeHb 3  BOCKY, IO
3HAXOAUTHCA B  PO3ILUIABJIEHOMY CTaHi  HUISAXOM  3HUKEHHS
€HeproBUTPAT Ha MiIATPUMKY MHOIro TeMIepaTypH, YCTAHOBKOIO
TEIUIOi30/Ifilil, BHU3HAYEHHS] ONTHMAJBHOIO PO3TANIYBAHHA Ta
PO3PaxyHKY KOTJIa JJIs1 KOMIIEHCANIl TenJI0BUX BTPAT.

JlJifl cTBOPEHHSI PAiOHAJIBHUX TEMIIEPATYPHUX YMOB, MPH AKUX

MOKJIMBO TPOBOJAUTH OYHMCTKY BOCKY Bil 3a0pyaHeHb HeOOXiIHO
BPaxXOBYBAaTH TEILIO(IiZMYHI BJACTHBOCTI BOCKY, a TAKOK JaHi HOro
OCHOBHHUX (I3UKO-MeXaHIYHMX BJACTHBOCTeH. Po3paxyHOK KIIBKOCTI
TeIJIOTH JIl OCA/KeHHsI 3a0pyJHeHb 3 BOCKY, IO 3HAXOAMTHCS B
PO3ILIABJICHOMY CTaHi, B €MHOCTI CKJaAHOI (GOpMH BHKOHA€EMO Ha
OCHOBI CHUJILHOTO pilleHHs] PiBHAHHA TeIUIOBOro OanaHcy i
Temjonepeaavi. BuzHayeHo KiJbKICTL TeEIUIOTH, HEOOXiAHOI JIsi
HArpiBaHHsi BOAH, BOCKY, CTajJeBOI €MHOCTI 1 TensoizoJsuii,
IUIABJICHHA i MeperpiBy BOCKY. 3allpONIOHOBAHO CXeMY pPO3TAlIyBAHHA
eJIeMEeHTIB YCTAHOBKHM [IUISI OUUIIIEeHHS BOCKY.
Bu3HaueHo TemsioBi BTPAaTH BCIX AUISHOK TEIUIOi30J1bOBAHOI €MHOCTI
ckJagHolI ¢opMHu Aasl OcCaJKeHHs 3a0pyJAHEHb 3 BOCKY, yTeIIeHIi
NOKPUTTAM MaTtamMu 3 0a3aj1bTOBOI BaTu. BU3HaueHO Temmepatrypu
NMOBEPXHI  30BHIIIHBOIO MIAPY TeIUIO3oasAWii mNpW  pizHOMY
PO3TAllyBaHHiI eJeMeHTIB. 3ampoNOHOBAHA METOAUKA PO3PAXYHKY
TeIJIOBUX BTPAT MoOKXe OyTHM BHKOPHCTAHA NPH TNPOEKTYBAHHI
TEeIJI0I30/I51lil EMHOCTI CKJIaJAHOI GopMU /ISl O0CATKEHHS 3a0pyIHEHD 3
BOCKY.



