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Influence Assessment of the Information Concerning the Bearing Type of
Axle Box of Cars on the Automatic Classification Accuracy of Heated Boxes

Purpose. The main purpose of the work is to determine and classify the heated cars’ boxes based on the proba-
bility of appearance of roller and cassette type boxes in the classes of heated and overheated boxes, as well as the
laws of probability density distribution of the recognition signs of normally heated and overheated roller and cas-
sette type boxes. Methodology. The operation features of freight cars with cassette type axle boxes with increased
operating heating have been investigated. The methodology of assessing the probability of recognition errors was
proposed, which takes into account the fact that sets of normally heated and overheated boxes consist of subsets of
boxes with different types of bearings. A system of equations is obtained, the roots of which represent epy values
that minimize the recognition probability of the errors of the heated boxes. Findings. It was found out that with
some methods of determining the bearing type, for example, by the average value of the ranges of thermal image for
each car, the probability of erroneous selection may depend on the probability density distribution of the sign for
bearings of different types and the threshold value of this sign. The optimal thresholds for detecting the overheated
roller boxes in comparison with the optimal thresholds for detecting overheated cassette boxes were determined. It
has been established that the pass of an overheated cassette bearing, provided that the type of bearing is determined
correctly, is less likely to lead to an accident than if the cassette box is classified as a roller box. The rejection crite-
ria of axle boxes according to their heating temperature difference on one of the wheel set axis for three variants of
settings of the alarm system according to an arrangement of multipurpose complexes of technical means (CTM)
were formulated. The practical implementation of this method of adjusting the CTM settings for the Minsk branch
of the Belarusian Railways was demonstrated. Originality. A system of equations is obtained, which allows
finding the optimal values of temperature thresholds for the detection of overheated roller and cassette boxes
under the assumption that the error probabilities in the selection of boxes by their types are known and constant.
Practical value. The developed method of adjusting the alarm settings of CTM makes it possible to significantly
reduce unjustified train delays and the number of car uncouplings.

Keywords: freight cars; cassette and roller boxes; overheating of boxes; heating boxes classification; threshold
temperature criteria

is associated with relatively higher (approximately
Introduction 1.5-2 times) normal operating temperatures of
bearing heating, compared to the heating tempera-
tures of serial axle boxes with standard cylindrical
bearings [1, 3].

Increased heating of such bearings is manifest-
ed at low external air temperatures (Tea) from No-
vember to March, when the average value of the
levels of thermal signals, expressed in guanta, and
the relative temperatures of the axle box bodies in-

When the new generation of cars with cassette
boxes and conical bearings was put into operation,
unreasonable delays of trains with loaded and emp-
ty cars occurred, with increased operating heating
of bodies and axle box covers.

The operation peculiarity of cassette boxes with
conical bearings is determined by their design and
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crease in 1.5-1, 7 times in comparison with sum-
mer values [1]. The annual graph of the average
value of the thermal signals and temperature levels
is shown in Fig. 1.
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Fig. 1. Annual graph of the average values of the ther-
mal signals and temperature levels:
1 — average level values; 2 — maximal level values;
3 — maximal values of temperature difference;
4 — external air temperature

The criterion of the overheated boxes was
formed, taking into account the ratio of the heating
level of the controlled box to the average value of
the temperature levels of the remaining boxes on
one side of the car. This was the thing that resulted
in unreasonable delays of trains with operating
heating of conical bearings.

Until now, the informativity of automatic con-
trol equipment for boxes according various recog-
nition signs of heated boxes has been investigated
as a whole without taking into account the type of
bearing of the controlled axle boxes. The experi-
ence of operating the equipment for detecting
overheated boxes shows that this leads to addition-
al losses in the information capacity of the equip-
ment, which are expressed in an increase in the
probability of errors in recognizing heating boxes
and, as a result, in unreasonable train stops (due to
false readings of the equipment) and passing emer-
gency heating axle boxes. This is because the per-
missible heating of cassette boxes with conical
bearings is 1.5-1.8 times higher than the permissi-
ble heating of the roller boxes, and when setting
the equipment for detecting overheated roller box-
es, some of the functional cassette boxes with in-
creased heating can be attributed to the class of the
overheated boxes during automatic recognition.

Purpose

Taking into account the constantly growing
number of cars with cassette boxes, as well as the
emergence of automatic recognition (selection) de-
vices of the boxes by bearing type [2, 17, 18], the
author envisages assessing the influence of these
devices on the probability of making an erroneous
decision about the technical condition of the axle
box, as well as on the choice of the threshold tem-
perature value of the classification signs.

Methodology

According to the temperature criterion of the
box bodies, their classification as normally heated
(N) and overheated (O) axle boxes is possible. If
the a priori probability of the appearance of a nor-
mally heated box (N class) is denoted P(N), the
probability of an overheated box (O class) is P(O),
the probability of correct classification of normally
heated boxes as normally heated class P(N/N) and

the overheated boxes as overheated class P(O/O),

then the probability of correct box classification
will be as follows:

P.sc = P(N)P(N/N) + P(O)P(O/O). (1)

However, in the practice of the box temperature
control, the informativeness of a sign is usually
characterized by the error probability in the box
classification. If one assumes that the probabilities
of correct and incorrect classification of normally
heated (overheated) boxes to the class of normally
heated (overheated) ones form a complete set of
events, then the error probability in automatic
recognition of heating boxes will be:

P, =P(N)[1-P(N/N)]+P(0)[1-P(0/0)]. (2)

The probability [1—P(N/N)] is usually called
the «false alarm» probability P, , i.e. the probabil-

ity of erroneous classification of a normally heated
box as the overheated class, and the probability
[1—P(O/O)] — the probability of passing an over-
heated box B, , or the probability of erroneous
classification of an overheated box as a class of
normally heated boxes [8]. In this case

Fer = P(N)Rea + P(O) R ®3)
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According to this criterion, if the separable
function has a threshold value of X, then the
probability of making an erroneous decision when
recognizing the heated boxes on the basis of X;
sign is determined by the expression (3). But this
expression does not take into account the varieties
of types of controlled boxes, and taking them into
account, each of the designated classes is divided
into two subsets: roller and cassette boxes.

The continuous law of the probability density
distribution of the sign of normally heated boxes in
this case will take the form [12]:

W3 (X;) = P(N W, (X)) + P(N W, (X)), (4)

P(N,), .
where — the appearance probabilities of
P(N,)
the roller and cassette boxes in the class of normal-

Wllr(xi)i T
ly heated boxes; — the probability den-

11c i

P (X)) = P(N){P(Nr) [ ey (X)X, +P(N,) Twm(xi)dxi}

Xio

sity distribution laws of the recognition sign (X;) of
normally heated roller and cassette boxes.

Accordingly, the continuous law of the proba-
bility density distribution of the recognition sign of
overheated boxes will be as follows:

Wi, (Xi) = P(O, )Woo, (X;) + P(O )Wpp. (X;), (5)

P(O,),
P(O.)
the roller and cassette boxes in the class of over-
heated boxes; alzr(x')’

lZc(Xi)
distribution laws of the recognition sign (Xi) of
overheated roller and cassette boxes.

Substituting expressions (4) and (5) into formu-
la (3), we obtain the recognition errors probabili-
ties, taking into account the fact that the sets of
normally heated and overheated boxes consist of
a subset of boxes with different types of bearings:

where } — the appearance probabilities of

} — the probability density

Xio

(6)

+P(O)[P(OC) [ W, ()%, +PO,) fowm(xodxi}-

By taking a derivative of the resulting expres-
sion and equating it to zero, we have an equation:

P(N)[P(Nr)Wll,(Xi) + P(Nc)Wnc(xi)] -
_P(O)[P(OC)W12C(X|) + P(Or)W12r (X| )] =0, (7)

the root of which is the threshold value of Xio sign,
which minimizes the error probability, provided
that the bearing type of the axle box is not recog-
nized [13].

Let us consider how their selection by bearing
type will affect the recognition error of the over-
heated boxes. Let us suppose that there is a device
determining the axle box bearing type [4, 5, 17]. In
general, such recognition can occur with some er-
ror, and the error may depend on the axle box state,
for example, in the case of recognition of the box
type by its thermal signals.

Let us designate: Py is the probability that a
normally heated roller box is classified as a cas-
sette box; Pnc — the probability that a normally

heated cassette box is classified as a roller one; Porc
— the probability that the overheated cassette box is
classified as a roller one; Pocr— the probability that
the overheated roller box is classified as a cassette
one.

Suppose that for each type of boxes, the thresh-
old value of the sign is set: X1 — for roller boxes
and Xio, — for cassette ones. In this case, the proba-
bility of a «false alarm» for roller boxes Py and
cassette Prac:

R‘ar(xil’xiZ)z

><i()Z

= I:)ocr .[

Xi01

Wy, (X)X, + [ Wiy (X[)dX;; (8)
Xi02
R‘ac(xili Xi2) =

XiOZ

(1_Pnrc j

XlOl

Wiye (Xi)dX; + T Wy (X;)dX;, (9)

XiOZ
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and the probability of pass of the overheated roller
Porand a cassette boX Porc:

Por(Xilv Xiz) =

Xio1 Xioa
= | Wiy, (X)X, + Py [ Wiy, (X)X, (10)

e Xio1

XiOl

Porc(xilixiz): J WlZc(Xi)dXi +
XiOZ

+(1_Porc) j

XiOl

Wooe (X)X, (11)

P.P(N,)F,

Cr

Let us find the general probability of erroneous de-
cision:

Per (Xil’ Xiz) = PrP(Hr)Pfar (XilaXiz) +
+PCP(HC)P

fac

(Xip, Xip) +
+PcP(Hc)Porc(Xi1=Xi2) +

+P P(I1,) By, (X, X )- (12)

cr

Substituting (8) and (11) into (12) and taking
from the resulting expression the partial derivatives
Xi1, Xiz, We obtain a system of equations, the roots
of which represent the values Xio1 and Xipz, mini-
mizing the probability of error in recognition of the
heating boxes:

VVllr (Xi01) + PCP(HC )(1 - Porc)w/ilc (XiOl) -
_PCP(OC)(l_R)rc)WLZC(Xim)_PrP(Hr)E)

Wio (Xior);

cr

(13)

PrP(Nr)(l_Pncr)VVllr (XiOZ) +PcP(Hc)PorcVV11c(Xi02)_
_Pcp(oc)PorcVVlZc (Xioz) _Prp(or)(l_Pocr)VVer(XiOZ) =0

The resulting equations system makes it possi-
ble to find the optimal thresholds for detecting
overheated roller Xio: and cassette boxes Xio2 under
the assumption that the error probabilities in the
selection of boxes by their types are known and
constant.

However, with some methods for determining
the type of bearing, for example, by the average
value of thermal signal ranges for each car, the
probability of erroneous selection may depend on
the probability density distribution of a sign for
bearings of different types and the threshold value
of this sign Xjos.

In this case, the error probabilities in the selec-
tion of boxes by their types are as follows:

jo3

0 X
I:)ncr = j Wnr(xj)dxj; I:)nrc = Wnc(xj)dxj;
ons - , (14)
Xjo3 %
|:)orcz Woc(xj)dxj; Pocr _[ I/Vor()(j)d)(j:
—o0 X]03
Wnr xj)1 . . .
where — are the probability density dis-
Wor(xj)

tributions of the selection sign of the bearing type

for normally heated and overheated roller boxes,
W,

m(xj

respectively; "L are the probability den-
oc( j) }
sity distributions of the selection sign of the bear-
ing type for normally heated and overheated cas-
sette boxes, respectively.
Moreover, the criterion according to which it is
assumed that the losses do not depend on the error
type, in some cases cannot be considered satisfac-

tory.

Findings

The pass of the overheated cassette box, pro-
vided that the bearing type is determined correctly,
is less likely to result in an accident than if the cas-
sette box is classified as the roller one [14]. The
losses caused by the errors of each type can be re-
pelled by the weight coefficients (Ki—Kg). Without
dwelling on the method of determining the weight
coefficients and repeating the substitution se-
guence, taking into account equations (8) — (14),
we obtain the expression of the total recognition
error, provided that the selection of the bearing
type is performed by the probabilistic method ac-
cording to the X; sign:
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© Xio2 ©
Py (Xins Xior Xig) = PPN Ky [ Wi (X )aX [ x [ Wiy (X)dX, + K [ Wy, (X)X, |+
Xios Xior Xioz
© Xiop ©
+PP(NG)| Ky [ Woo(X)aX; x [ Woo(X)aX, + K, | Wie(X,)dX; |+
XJ03 XiOl X|02
Xi03 © Xi02
+P.P(0.)1 K5 J. VVlZc(Xi)dXi_'_K6l:1_ J. VVOC(Xj)de:|X J. Wiae (X)X ¢ +
0 Xio3 Xio1
XlOl © XiDZ
+P.P(O,){ Ky [ Wi (X)X, + K| 1= [ Wy (X)aX; |x | Wy (X)aX, [ (15)
0 Xjo3 Xio1
Thus, we obtained an equation that makes it Fig.3 shows the dependence curves

possible to find the optimal threshold values of
sing simultaneously when detecting the overheated
boxes and their selection by the bearing type.

Fig. 2 shows the dynamics of the optimal detec-
tion threshold for the overheated boxes calculated
by formula (15) with an increase in the number of
cassette boxes in trains and the absence of their
recognition by type (curve 1). One can see how,
with the increase in the probability of appearance
of the cassette box, the optimal recognition thresh-
old shifts from the optimal detection threshold of
the overheated roller boxes (curve 2) to the optimal
detection threshold of the overheated cassette box-
es (curve 3), which do not depend on the change in
the ratio of cassette and roller boxes in trains. Let
us trace how the probability of the total recognition
error of the heated axle boxes changes in this case.
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Fig. 2. Influence of the appearance probability
of a cassette box on the detection threshold
of the overheated boxes in the absence of information
about the bearing type (1), the optimal detection
threshold of the roller (2) and cassette boxes (3)
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P, = f(R) calculated by formula (15). The calcu-

lations are performed for three cases: box selection
by the types of bearings is not carried out (curve
1); box selection is carried out faultlessly (curve
2); box selection is carried out with some error
(curve 3).
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Fig. 3. Dependence of the error probability when
detecting overheated boxes
on the appearance probability of a roller box

In the latter case, the average temperature of
the axle box bodies of one car was a sign for de-
termining the bearing type [4]. The probability
density distributions of this sign for boxes of vari-
ous types are subject to logarithmic-normal laws
with the parameters:

a, =0.77,
o =1.02;

ay, =3.2;
6., =0.53;

a, =1.51;
G,, =0.99;

a,, =3.3;
G, =0.51.
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The weight coefficients Ki—Ks in the calcula-
tions are taken to be equal to one, i.e. it is assumed
that the recognition is carried out in two classes.

The analysis of the curves shows that although
with an increase in the percentage of cassette boxes
in the rolling stock, the error in detecting the over-
heated boxes decreases, nevertheless, the introduc-
tion of error-free selection of boxes by type makes
it possible to further reduce the probability of mak-
ing an erroneous decision by an average of
2.2 times. Determining the type of bearing by the
parameters of thermal pulses increases the proba-
bility of error in recognizing the heated boxes in
comparison with their error-free selection by
10-15% [15, 16]. Changing the ratio of the weight
coefficients, it is possible to significantly (more
than an order of magnitude) reduce this error com-
ponent with a certain (5-10%) increase in the total
error in detecting the overheated boxes [7]. The
last assumption is illustrated by the family of
curves in Fig. 4. The coefficient Ks in expression
(15) was changed within one order.
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Fig. 4. Influence of the Ks weight coefficient on the

recognition error probability in the boxes by types

(contour lines) and the detection of the overheated
boxes (dashed)

Thus, the research results allow concluding that
during automatic detection of the overheated boxes
it is advisable to select them by the bearing type,
since the accounting of information on the box
type reduces the error probability when detecting

the overheated boxes almost by 2 times. At the
same time, one should note the low reliability of
the existing systems for determining the box type
in rolling stock under control. A more adequate
assessment of the state of different types of bear-
ings and axle boxes is possible with the combined
use of rejection temperatures, in particular, used in
the innovative promising complex CTM-03 [2, 6,
18].

In the software wversion 2.0.9.6 dated
02/18/2020 for the CTM-01D and CTM-02 operat-
ed on the Belarusian Railways, automatic correc-
tion of alarm thresholds is used [10]. Algorithms
for the box rejection according to the new assess-
ment criterion made it possible to abandon the in-
sufficiently reliable method of car classification by
the bearing type with an increase in correction of
alarm thresholds for operating heating of the coni-
cal bearings in the cassette type axle boxes. Due to
this solution complex, correction algorithms of
alarm thresholds were excluded in the 2.0.9.6
software version.

Automatic correction of the settings depend-
ence on the external air temperature and the loca-
tion of the peripheral control devices significantly
reduces the number of indications for the operating
heating of the cassette boxes in winter and the risk
of untimely detection of faulty boxes at high exter-
nal air temperatures. With the degree software ver-
sion CTM-02, the temperature difference between
the lower sectors of the box bodies on one axle of
the wheelset practically does not depend on the ex-
ternal air temperature and is not affected by the so-
lar radiation [1, 14].

The new rejection criterion of axle boxes by the
difference in their heating temperature on one axle
of the wheelset is less susceptible to the influence
of low temperatures of the external air, but its nu-
merical value in CTM-01D increases in summer
due to the influence of solar radiation. The differ-
ence between the temperature of the most heated
box and the average temperature of the rest of the
boxes on the controlled car side is a more ad-
vanced analogue of the «Alarm 0 {O}» criterion.

At low external air temperatures, when the lev-
els of the thermal signals and the relative tempera-
ture of the box bodies increase in comparison with
summer readings, the control of the CTM-01D
equipment deteriorates. This is also influenced by
the increase in the fleet of cars with cassette boxes.
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Therefore, new rejection criteria of axle boxes
based on the difference in their heating levels on
one axle of the wheelset in CTM-01D, similar to
the CTM-02 algorithms, made it possible to signif-
icantly reduce unreasonable train delays.

The software provides several options for alarm
settings in accordance with the considered criteria

AN (09:33 1

10:43 22

N 09:36 24 g8 (10:00 0-

ANi1:402]
11058 24
11252

1[11:16 23\

and the territorial location of the CTM. Practical
implementation of this methodology for correcting
the settings of the CTM equipment for the Minsk
Branch of the Belarusian Railways is shown in
Fig. 5.

Fig. 5. CTM location on railway lines of the Minsk Branch of the Belarusian Railways

In front of the junctions with check stations CS
(Minsk, Molodechno, Orsha), CTM-02 with the
«CSy» setting are installed. On the approaches to
large intermediate stations with a constant watch of
car inspectors (Borisov, Negoreloye, Osinovka,
Pukhovichi), CTM-02 was installed with «Inter-
mediate, lowered» setting with a decrease in the
thresholds by 3°C. Here the car inspectors check
the condition of the axle boxes more thoroughly
[11]. The rest of the line stations are equipped with
the CTM-02 and CTM-01D with «Intermediate,
increased» setting with an increase in thresholds by
4°C. The CTM settings in front of the «CS» junc-
tions differ from the «Intermediate» settings only
by a lower (by 10°C) threshold «Alarm 0.» In this
case, the temperature thresholds «Alarm 1» and
«Alarm 2» remain the same.

Practical value

The developed methodology for correction of
the alarm settings of the CTM can significantly re-
duce unreasonable train delays and the number of
car uncoupling.

Conclusions

The proposed differentiation of settings ensures
non-stop passage of transit trains, and faulty boxes
with a relatively high temperature are detected in
the conditions of a check station. This correction
significantly reduces the number of CTM-01D
readings for the operating heating of conical bear-
ings of cassette boxes in winter and the risk of un-
timely detection of faulty boxes at high tempera-
tures of the external air. As a result of the transfer
of the CTM-02 to the degree version, the number
of train delays monitored according to the indica-
tions at the intermediate stations has decreased.
The number of freight cars uncouplings as a result
of the axle box overheating decreased. Uncou-
plings have become more grounded. This indicator
was also influenced by the improvement in the
quality of inspection and repair of axle boxes in the
«CS» and depots.
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EKCIUIYATAIIS TA PEMOHT 3ACOBIB TPAHCIIOPTY

Ouinka BIuIuBY iH(opMauii Npo THN NIAIUIHAKA OYKCOBOI0 By3/1a BATOHIB
HA TOYHICTH ABTOMATHYHOI Kjacuikauii Oykc, o rpirorbcs

Meta. OcHOBHOIO MeTOIO 1i€l poOOTH € BU3HAa4YeHHs Ta Kiacu(ikallist OyKC BaroHiB, siKi IPIIOTHCS,, HA OCHOBI
HMOBIPHOCTI TTOSIBM POJIMKOBHX 1 KACETHUX OYKC y Kiacax OyKc, sIKi TpIIOThCH, 1 IEperpiTHX, a TaKOX 3aKOHIB PO3-
MOJTY LIIBHOCTI HMOBIPHOCTI O3HAK PO3Mi3HABAHHS POJIMKOBHMX 1 KAaCETHHX OYKC, sSIKi HOPMAJBHO TI'DIIOThCS, Ta
neperpitiux. Meroauka. J{ocmimkeHo 0cOONMMBOCTI eKCIDTyaTamii BAHTA)KHAX BaroHiB i3 OYKCOBHMH BY3JIaMH Kace-
THOTO THITY, IO MAalOTh MiABHIICHUHA pOOOUMA HArpiB. 3alpOIIOHOBAHO METOIMKY OIIHKH HMOBIPHOCTI HOMMIIOK
pO3Mi3HAaBaHHS 3 YpaxyBaHHSAM TOTO, IO MHOXHWHH OyKC, sIKi HOPMaJIbHO TPIIOTHCS, Ta IEPETPITUX CKIAAIOTHCS
3 MIMHOXHH OyKC i3 pi3HOTO THITY migmumHIKaMu. OTpUMaHO CHCTEMY PiBHSHB, KOPEHi K01 MOJAI0Th 3HAYCHHS,
10 MiHIMI3YIOTh IMOBIpHICTh IOMUJIKH PO3IMi3HaBaHHA OyKC, sIKi TpifoThCs. Pe3yabTraTn. 3’sc0BaHO, IO 32 ACIKAX
cnoco0iB BH3HAYCHHS THUITY HiAMIMITHUKA, HATIPUKIIAM, 33 CEPEeIHIM 3HAUYCHHSIM aMIUTITY[ TETUIOBHX CHUTHANIB JJISA
KO>KHOTO BaroHa, iMOBIPHICTh IIOMHUJIKOBOT CEJIEKIii MOXe 3aJeXaTH BiJl PO3NOALTY IIIIEHOCTI HMOBIPHOCTI O3HAKH
JUIsl TANIMOHYAKIB PI3HUX TUIIB 1 MOPOTOBOr0 3HAueHHs Ii€i 03Haku. Bu3HaueHi onTUMaibHI MOPOTH BUSIBICHHS
MEeperpiTHX POJMKOBUX OYKC MOPIBHSHO 3 ONTUMAaJIbHUMH ITOPOTaMH BHUSBJIICHHS IEpErpiTHX KaceTHUx Oykc. Ycra-
HOBJICHO, 10 TPOMYCK Meperpitoi KaceTHoi OyKcH 3a yMOBH, IO THM IMiANIMITHUKA BU3HAYEHO MPaBUIIBHO, 3 MEH-
100 IMOBIPHICTIO MTPHU3BEE 10 aBapii, HXK 32 YMOBH BiTHECEHHS KaceTHOI OykcH 10 ponukoBoi. CHopMyIb0BaHO
KpuTepii OpakyBaHHs OYKCOBUX BY3JIB 3a Pi3HHUII TeMIlepaTyp iX HarpiBaHHs; Ha OJHIH OCI KOJICHOT MapH I TPhOX
BapiaHTIB HACTPOIOBaHb TPUBOXKHOI CHUTHAII3AIIi BIAIOBIAHO O po3TanIyBaHHS OaraTo(yHKIIIOHATEHUX KOMIDICK-
ciB TexHiuHNX 3ac00iB KTCM. IlokazaHo MpakTHYHY peatizamito i€l METOIUKHA KOPUTYBaHHS HACTPOIOBAHb amapa-
typu KTCM nns Mincekoro BinmineHHs binopycekoi 3anmizauri. HaykoBa HoBu3Ha. OTpHMaHO CHCTEMY PiBHSHB,
SKa JO3BOJISIE 3HAXOAUTH ONTHUMAJbHI 3HAUCHHS TEMIEPATYPHHUX MOPOTIB I BHABIICHHS IEPErPITHX POIMKOBHX
1 KaceTHHX OYKC y TPUITYIICHHI, 0 WMOBIPHOCTI MOMHJIOK Yy CeJeKIii Oykc 3a iX THIaM BiloMi 1 TOCTiHHi.
IpakTHuna 3HaYMMicTh. Po3pobieHa MeToMKa KOPUTYBaHHSI HACTPOIOBAaHb TPUBOXKHOT CUTHAJI3ALl1 KOMILICKCIB
KTCM n03BoJ1si€ CYTTEBO 3HU3UTH HEOOIPYHTOBAHI 3aTPUMKH MOI3/IB 1 KUIBKICTh BiYEIJICHb BarOHIB.

Kniouosi cnosa: BaHTaXKHI BaroHH; KaceTHI Ta POJIMKOBI OyKcH; meperpiBaHHs Oykc; Kiacudikaiis Oykc, siKi
IPIIOTHCS; TOPOTOBI TEMIIEPaTYpPHI KpUTEpii
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