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Summary. In the process of detecting and recognizing a digital radio signal, a topical issue is increasing noise
immunity. The features of the use of low frequency filters with quadratic and linear response dependence on the
input signal are investigated in the article. It is shown that the principle of operation of filters is that the summation
process is performed. In this case, the useful signal is summed up coherently and the interference signal is
incoherent, ie, the useful signal increases and the interference signal decreases.

When acting on the input of linear and quadratic filters of rectangular pulse, which simulates the signals of
modern digital means, the necessary parameters for further use of the input and output signals are determined:
mathematical expectation, correlation coefficient, variance, root mean square deviation, ratio of signals to noise in
temporal and spectral form. The payoff coefficient, which shows the efficiency of using low-pass filters, is
calculated.

The graphs of the envelope voltage at the output of the ideal bandpass filter when exposed to the input of a
rectangular pulse with different duration - the signal of the means of silent receiving of information.

The filtration process is simulated at different correlation coefficients. This confirmed the possibility of
isolating the signal of the means of silent receiving of information by the method of determining the two-
dimensional density of the likelihood of interference signal against the background of the common signal.

The process of increasing the noise immunity of the system as a whole is investigated. It is proved that the
use in the process of signal processing of narrow-banded filters of low frequency allows to increase the noise
immunity of the system of detection and recognition of digital radio air signals by 23%.

AHHOTa].ll/lﬂ. B IIpOHECCC BBIABJICHUSA, pPAClO3HABAHHSA U JIOKAJIM3allMM CUTHAJla CPEACTB HETIJIACHOT'O
MOJy4YCHUA I/IH(I)OpMa].[I/H/I B I/IH(I)OpMaLlI/IOHHLIX CHUCTEMAX AaKTYaJIbHBIM BOIIPOCOM SBJISICTCS IMOBBIILICHUC
HOMGXO}’CTOI\/’I‘II/IBOCTI/I. B crartpe HUCCIICA0BAaHbI 0COOEHHOCTH HCIIOJIb30BaHUS (I)I/IJ'IBTPOB HHM3KOHM YacTOTHI C
KBaJIpaTUYHOM U JIMHEHHON 3aBUCUMOCTBIO OTKJIMKA Ha BXOAHOU curHai. [Ipu Bo3aelcTBUM Ha BXOJ JMHEHHOTO
1 KBQJIPATUIHOTO (PUIBTPOB MPSAMOYTOIEHOTO UMITYJIECA, KOTOPBII HMHUTHPYET CUTHAI COBPEMEHHBIX IU(PPOBBIX
CPEICTB HEIJIACHOTO TOJyYeHUS MH(POPMAIIUH, ONpPEACICHb HEOOXOMMBIC I MATbHEHINEro UCIOIb30BaHUS
napaMeTpbl BXOJHBIX W BBIXOJHBIX CHUTHAJIOB: MATEMATHYCCKOC OXHJIAHUC, KO3(1)(I)I/IIII/IGHT KOppeJIAuu,
JUCTICPCUs, CPCAHEKBAAPATUICCKOC OTKIIOHECHNUE, OTHOLNICHNUE CUT'HAJIa K ITIOMEXE BO BPEMCHHOM U CIICKTpaJIbHOM
Buzie. BerunciaeHo K03 GHUIMEHT BBIMIPHINIA, KOTOPOH MOKa3biBaeT 3(phEeKTHBHOCTh UCIIONIB30BaHMs (DUIIBTPOB
HU3KOM 4yacToThl.[IpuBeneHs! rpaduku orudaroniell HalpsHDKEHHsT Ha BBIXOJIE UJICATIbHOTO T0JIOCOBOTO (QUIIBTpa
IIPY BO3JEHCTBUU HA BXOJ IPSIMOYTOJIBHOTO UMILYJbCa C Pa3sHON IPOAOJKUTEIBHOCTBIO — CUTHANA CPEICTB
HCTJIaCHOT'O MOJYy4YCHUA I/IH(i)OpMaLII/II/I.

[IpoBeneHo MoxenupoBaHHWe Mporecca (UIBTPAUU TPU pasHEIX Kod(QUIMeHTaX KOoppemsamuu. ITo
MNOATBCPANIIO BO3MOKHOCTH BBIACICHUS CHUI'HAJIA CPEACTB HCEIJIACHOI'O ITOJYYUCHUA I/IH(I)OpMaI_lI/II/I MCTOAOM
OIpCACIICHUSA Z[BYXMepHOﬁ IIJIOTHOCTH BEPOATHOCTHU CUTHAJIA IOMCXHU HaA (I)OHC O6H.[6FO CHUI'HaJia.

I/ICCHCZ[yeTCSI IIponeCcC MOBBIIICHUA HOMGXOYCTOIZ‘II/IBOCTI/I CHUCTEMBI B LICJIOM. I[OKaSaHO, YTO HUCIIOJIb30BAHUEC
B mpoliecce 00pabOTKM CHTHAJIOB Y3KOIMOJOCHBIX (DMIIBTPOB HHU3KOil 4aCTOTHI MO3BOJISIET TOOUTHCS ITOBBIILICHHS
HOMGXOyCTOfI‘IHBOCTH CUCTEMBI ONIPCACIICHUA, paClIO3HABAHUA U JIOKAJIU3alluU CPEACTB HETJIIACHOTO MOJTYUCHUA
nHpopmanuu Ha 23%.

Keywords: noise immunity, filter, mathematical expectation, variance, modeling.

Knrouesvie ciosa. nozwexoycmoﬁuueocmb, qbu/zbmp, mamemamudecKkoe
Mooenuposanue.

oodicuoanue,  OUCnepcus,

Introduction

Radio interference means any kind of electrical
oscillation which, when penetrated into or from inside
the radio, complicates the determination of the radio
signal. The signal and interference, acting
simultaneously on the input of the receiver, are
reproduced at the output of the latter as a random
oscillatory process. As a result, the signal parameters
cannot be precisely determined. Normal signal
detection is only possible with a certain ratio of signal
power and interference at the receiver output. The
minimum signal strength at which a satisfactory signal
determination is provided depends on the interference
level. This amount of power characterizes the
sensitivity of the receiver. The ability of a radio
receiver to receive a signal of a given quality in the
presence of interference is called noise immunity.
Improving the noise immunity of radios is one of the
major and most complex problems of radio
engineering. In order to successfully solve it, it is
necessary to study the properties and nature of the

influence of the interference on the signal, and then to
determine the ways of attenuating their influence on the
quality of signal determination.

Issues of overcoming interference also have their
peculiarities in the process of detecting and recognizing
digital radio signal. To this end, consider the issue of
noise immunity in the study of the above processes.

Analysis of recent publications and problem
statement

A considerable number of publications are
devoted to the issue of noise immunity. Thus, in [1], the
technical methods of improving radio efficiency related
to noise immunity are considered. The methods of
increase of noise protection and noise immunity are
considered and the factors that shape them. The most
dangerous interferences affecting the radio station are
the relaying factors, when the correlation function of
the useful signal and the interference take on large
values compared with the values for the interference of
the pseudo-probable sequence and the harmonic
interference. It is shown that variants of coding of the
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source of information do not fundamentally affect the
stability of radio stations during the action of these
interferences. However, noise immunity issues are not
addressed when probable digital signals are detected.In
[2], the process of noise immunity of a typical detection
path composed of sequentially included modules is
considered: an ideal bandpass filter, a quadratic
detector, and an ideal integrator. The described
technique for determining the  probabilistic
characteristics of detection can be applied to the study
of typical path composed of other elements of
considerable practical interest. However, the issue of
the effect of interference on a rectangular signal that is
similar to a digital signal is not addressed.In article [3],
using the methods of statistical radio engineering, the
noise immunity of receiving signals with quadrature
amplitude modulation in the presence of noise and
harmonic interference is analyzed. The dependences of
the bit error probability on the signal-to-noise ratio, the
noise intensity, and its decomposition relative to the
center frequency of the useful signal spectrum are
obtained. It is shown that the reception of signals with
quadrature amplitude modulation is greatly impaired in
the presence of harmonic interference, and with the
increase of signal positionality this influence is
enhanced. However, the determination of digital radio
signals is not considered. In article [4], based on
distributed models, a method of bringing voice signals
to a single amplitude and time window is proposed.
Distributed clustered schemes of voice signals training
are also proposed for forming reference models of
speech voice sounds. These methods make it possible
to quickly convert quasiperiodic sections of different
lengths into a single window of amplitude and time for
further comparison, and to determine the optimal
number of clusters, which increases the likelihood of
clustering. The proposed methods can be used in signal
recognition systems. In [5], an optimization model for
the measurement of power in circuits was developed on
the basis of studies conducted in MATLAB. The
proposed algorithms can be used to develop the
characteristics of various information signals, including
digital signals from modern devices.In [6] investigated
the effect of multiray propagation of radio waves on the
transmission of audio content through channels with
normal and lognormal interference distribution using
GSM and WIiMAX wireless technologies. For
researching in the MATLAB Simulink software
environment, appropriate models of transceivers have

been built using the elements of the Communication
System Toolbox library. At the same time, we do not
use low frequency filters with quadratic and linear
dependence of the response on the input signal.In [7], a
technique for the interaction of mobile technical objects
in the process of data flow transfer under conditions of
powerful electromagnetic field is proposed.The work
[8] is devoted to increasing the noise immunity of
information messages under the conditions of powerful
electromagnetic interference by the use of complex
signal-code structures. This increases the volume and
speed of information transfer. As a result of encoding
information with super short pulses in wireless
information transmission systems, a quantitative and
qualitative evaluation of the effectiveness of the
proposed method was carried out. However, signal
filtering methods are not addressed in this paper.In [9]
the results of studies on increasing the signal-to-noise
ratio in mobile communication systems are highlighted.
This direction is realized through the use of methods of
dynamic change of transmitter power, organization of
multiple access and dynamic distribution of
communication channels. However, the issue of digital
signal recognition is not resolved.From the analysis of
modern literature, we can conclude that the problems of
noise immunity, which have their own peculiarities in
the process of detecting and recognizing digital signal
of digital radio broadcasting, are practically not
considered. Therefore, it seems appropriate to
investigate the issue of noise immunity in the
automated detection system and the recognition of
digital radio broadcasts.

Presentation of main material

Almost all methods of noise immunity receive
signals based on the principle of signal averaging and
interference. This principle is that the summation
process is performed. Moreover, the useful signal is
summed up coherently, and the noise signal is
incoherent. For the purpose of averaging the useful
signal and interference, linear systems of two types are
used: narrow band filters and low frequency filters. It is
possible to optimize low pass filters or narrow band
filters.

To consider the issue of interference filtering, let
us assume that the narrowband filter itself does not
distort the signal that has passed through it. An ideal
bandpass filter is a filter with an amplitude-frequency
response of the type:

1 saxwo a)O—A—w<|a)|Sa)0+—w
K(w)= Aw Aw
O ﬂKWO OO,(OO‘? U a)0+7lw

where 4w — filter bandwidth.

: M

For an ideal filter, effective band A ¢, and band 0,707 — A @3, is equal to the filter transparency

band dw.
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For filters, the assumptionisthat A @ <<A @qg

The frequency response of the expression for (1) is the impulse transition characteristic, which will be
determined by the expression:

. Aot
Aw SIHT
hs(t) = T Aa COS ot
2 . @)

Given that the digital signal is not a clear pulse [10], it is possible to calculate the envelope voltage at the
output of an ideal filter when exposed to a rectangular pulse of duration:

XmCOSpt saxwo 0<Lt<T

X(t) = 0 saxwo ]—oo,O[U]T,oo[

: ©)

where X ., —the envelope signal x(t) at the inlet of the filter.

Using the envelope voltage theorem of the narrowband filter, we write the expression for the envelope voltage
at the output of the filter:

1= o
Yn)=—= [ Kn(jo)Sx, (Jw)e'dt
27 “» , (4)
where S X m( ja)) = J X mefj“’tdt — the amplitude spectrum of the envelope signal x(t),
K f, —complex facto;of low frequency filter transmission:
A A
1 saxwo ——a)£|a)|£7w
K fn( Ja)) =
Aw Aw
0 saxwo —00,7 U 7,00
®)
Substituting expression (5) into expression (4), we get the expression:
_ Xma -
Y ) = 22(Si(Awt) - Si(Aa(t-T)))
27 ’ (6)

where Si(z) = [, Si?tdt — integral sinus [11].
In Pic. 1 dependency graphs of the duration of the influencing rectangular pulse (blue color - pulse duration

T =1, red color - T =10, green color - T = 15 and black color - T = 20) on the frequency range (filter bandwidth).
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Schedule of the envelope voltage when exposed to a rectangular pulse

3.5

Output signal

o 2 4 1< a 10 12 14 16 18 20
FPulse signal frequency
Pic. 1. Graph of the envelope voltage when exposed to a rectangular pulse signal

The graphs show significant differences between This indicates that short-term rectangular signals
the input rectangular pulse and the output signal. The  can be isolated using a bandpass filter [12].
distortion of the input impulse increases as its duration To further calculate the interference signal, we
increases. This distortion of the pulse shape can be  determine the autocorrelation coefficient of the white
characterized by the duration of the envelope of the  noise passed through the bandpass filter:
impulse of the filter output to the duration of the
envelope of the output impulse.

[ K?*(w)cos wtdt
RW(T) =2 s
[ K*(w)do
0 @)
After substituting expression (1) into expression (7) we obtain:
o i Aw : Aw
1 O SIn a)0+7 -7 —SIN 0)0_7 T
RW(z)=— | coswrdw=
Aw o Aot
or
Rw(7) =ru(z )COS (7 . ©)
. T
sin(Aw—-)
where rw(z') = ——% the envelope of the autocorrelation coefficient of the process at the output
T
Aw—
2

of the bandpass filter.
Due to the fact that the signal of digital means of silent retrieval of information is a signal of a rectangular

pulse, with an envelope of duration T, the expression has the form [13]:
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B Acos(mo+@,) ,0<t<T
=
0 J-oo,t[U Jt, oo 0
Then the numerical characteristics of the quadratic filter filtering process will look like:
2
Acan@+q7), 0<t<T
ml[Zzo(t)] =
2 _
Aoy = ml[ZNo(t)]’]_OO’t[U ]t,oo[ 1)
where my[ zon ()] — mathematical expectation of low-frequency noise fluctuation.
riN (7)+ 2q2ryN (7)
> =R,s0(7), 0<t<(T —7)
1+29
RZZO(t!t + T) -
2 —
Fyn (7) = Rano(7), ]_OO,t[U ]t,oo[ (12)
R.n O(T) — autocorrelation coefficient of low-frequency noise interference.
2 4 2 2
2 _ AlO'N(l +2q)=O' 01 0<t<T
DZZN_UZZN(t)_ y >
Ao =omo otV ]t
OyN — O N0y ’ )
(13)
A process in which the mathematical expectation its additive amount of signal and interference and will
and the correlation function are independent of time at  be quasi-stationary [14].
a fixed fixed time interval is called quasi-stationary. For a linear filter, the numerical parameters of the
Then the process at the output of the filter will not affect  filtering process take the form:
2
A].O-yz
ml[ZZO(t)] = \/2—
T (14)
2
RzZO(T) ~ ryN (T) ; (15)
Awcs
2 _ y
O30 — ) (16)
87
where 0'32 = Dyz — the variance of the total process at the inlet of the filter. It is determined by:
2 2 4 2

2 2 . . . . N
where Dys = Oys D:ysayN — signal dispersion and interference at the filter input.

We calculate the mutual correlation functions ZNo(t)a Zzo(t) of the output signals.
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In the case of an interference signal, the mathematical expectation for a second order mixed signal

zn (1), zs(t) will be determined by the expression:

mlzn () zs(t)]= [ | 2025wy ), Vs t2)] %

—00  —00

xdy, (t)dys(t,) = A%I IyN(t]) Y (t)waly (t), ¥ (t2)]

xdy,(t)d yy(tz) 18)

where W[ zn(t), zs(t2)] — two-dimensional probability density of stationary normal processes

Y (t), yz(t) . Given that the autocorrelation coefficient of both signals is the same and equal to Ry (Z') :

it is possible to write an expression for Ww,[ z n (t1), zs(t2)] — two-dimensional probability density in the form:

1

wolzn(ty), zs(t2)] = - GyNUyZ\/]TW

o %(1_ RiN(r)[yN(tl)‘ZRVN(T) Yn(t)ys(ta) | yzgtl)

- eXpx

O'iN OyNOyy Oyy (19)
Performing the substitution of the form: yN—(tl) =X, yN—(tZ) =Y we get the expression:
OyN Oyy
Aoywo © x> = 2R (7)Y +Y°
lzn(t), 2 (t)] = —RINTE ] foxpl X ZZRMIIITY g,
27 I-Ri(z) 0 o 2(1-Rin(7)) 0

In order to determine the effect of the correlation
coefficient (signal-to-noise ratio) on the mathematical
expectation (ie, the effect of noise-to-signal), we will
simulate the process.

To evaluate the strength of communication in the
theory of correlation, the scale of English mathematics
Cheddock is used: weak - from 0.1 to 0.3; moderate -

from 0.3 to 0.5; noticeable - from 0.5 to 0.7; high - from
0.7 to 0.9; very high (strong) - from 0.9 to 1.0.
Therefore, we consistently choose the correlation
coefficient for weak, moderate and high bond strength
of communication, respectively [15].
The simulation results are shown in Pic. 2-3:
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Two-dimensional signal distribution density

-0.05

0.05

-0.05
The relative magnitude of the signal

The relative magnitude of the signal is interfering
Pic. 2. Two-dimensional density of signal distribution at Ry = 0.3 (moderate dependence)

Two-dimensional signal distribution density

3.23 —

3.22

3.21

3.2

3.19

3.18

0.05

0.05

-0.05

-0.05
The relative magnitude of the signal

The relative magnitude of the signal is interfering
Pic. 3. Two-dimensional density of signal distribution at Ry = 0.9 (moderate dependence)

To analyze the results obtained, on each of the
graphs took the point with the same coordinates of the
relative values of signal and interference.

As we can see from the above graphs Pic. 2-3, with
increasing correlation dependence from weak to high,
the magnitude of the signal distribution density
increases. This indicates the ability to distinguish

between signal and interference, reducing interference
by filtering.

To determine the signal-to-noise ratio at the output
of a typical path when exposed to its input noise
additive N(t) and signal S(t) we have:

x(t) = S(t) + N(b). (21)
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Suppose that the signal and the interference are
stationary white noise, with zero mathematical

expectation my(S(t)) =my(N(t)) =0. Signal

and interference are uncorrelated:

where A f o — effective filter transparency band;

mu(S(A)(N(t)) =0 and defined over a long

period of time. Then it is possible to write the
expressions:

Af.Sq Dun=on=AfSy 2

2 . i . .
Dy = o5 - variance and root mean square deviation of the signal mixture;

Ds= 05 — dispersion and root mean square deviation of the signal;

Dy = GZN — dispersion and standard deviation of interference;

SZ; S SN - spectral densities, respectively, of a mixture of signal and noise, signal and noise.

The assumptions we have made are as follows:

2 2, 2
oxy=0ston ,, Dx=DstDn

The low-frequency component of the voltage at
the output of the tract, detected at the time of reference

t =T, denote Uy, the interference voltage Uy , the
voltage sum of the signal Uy . It should be noted that

Uno and Uy are random variables.

C= ml[Uzo(r)] - ml[u NO(T)] =A ml[UO(T)] _

(23)

The appearance of a signal at the input of the tract,
detected at time t = T, can change the mathematical
expectation of the low-frequency component voltage at

the output of the tract, from magnitude ml[u NO(t)]

to ml[u zo(t)] . This signal increase is called a useful
signal. Write for him the expression:

(24)

In such a case, the interference at the same instant of time T will be determined by the mean square value of

fluctuation of the random probable magnitude:

N = g,x(T) :(ml[uzoz (T)]_mlz [UZO(T)]);

The signal / interference ratio for t = T will be:

(25)

E: ml[UZO(T)]_ml[UNO(T)]

N

Expressions (17 - 19) are the definition of signal,
interference and signal / interference ratio at the output
of the receiving path. In the future, our task will be to
determine the signal, interference and their correlation
through the corresponding parameters at the input of
the receiving path.

u(T) =T£h5(T ~t)z(t)dt

(ml[uzoz (T)]_mlz [UZO(T)]); |

(26)

There are two methods for determining this
relationship: spectral and temporal.

In the time method, the voltage at the output of the
receiving path at time t = T will be determined by the
expression:

(@7)
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where hs — impulse transient response of the filter, z(t) — input voltage.

The mathematical expectation of this voltage when exposed to the input of a mixture of signal and interference
will be:

ml[UZ(r)] = :f) hs(T —t)ml[zz(t)]dt

(28)

Due to the fact that 7y — is a stationary process, its mathematical expectation is independent of time, then
we have:

m:us(T)] = ml[ZZ(t)]j)hgcr ~t)dt = ml[ZZ(t)]lhg(t)dt

(29)
Similarly, it is possible to determine mathematical expectation when exposed only to interference:
T
ma[un(T)] = mi[ zu ()] hs(t)dt
0 : (30)
Substituting expressions (18) and (19) into expression (13) we obtain:
T
C=A ml[Zo(T)]jha(t)dt
0 : (31)

where A ml[zo(t)] = ml[Uzo(t)] - ml[uNo(t)] increasing the mathematical expectation of the

low-frequency component voltage at the output of the filter.
The dispersion of the fluctuations at the output of the low-pass filter is determined by:

Dus=o0us= (ml[uzz (r)]_mlz [UZ(T)])

. (32)

From the expression:

M= T~ —tT)zs()2st)dedts n
we have:

i (M1= 1 T ho(T ~tTo(T ~to Dmizs ()25 (t)ldedt: "

Duy=c25(T)= J _];hgcr ~t,Thas(T 12 T)x

iz )2 -l O1] [ - DhT -t Tx

o7 ~taT)= [ ] ho(T ~t,TIa(T ~taT) x

xmulzs(t2) zs (t2)]dtdt, — milzs(t)]d tdt,
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We will replace: 7 =t,—t; dz =dt,; t=t,; dt=dt; Then we will have:
Dus = ous = 025l [ Q,(7, T)R.s(r)d7]
0 : (36)
Where
Qh(T’T) = I hs(T =t , T)hs(T =t —7,T)dt
o ; (37)
mi 2z zs(t+7)]—my? [2:(1)
R.(7) = [ 2] al ] (38)

O:z>

. .. 2 .
where Rzz(T) — autocorrelation coefficient, D ;3 = @7y — the variance of the process when exposed to

the input of the sum of signal and interference.
Assume that according to expression (37) the interference: N = guz(T) then we will have:

1

o0 2
N = O'uz(T) = Gzo[ ,[ Qh(T,T)RzZ(T)dT]
—© . (39)
Due to the fact that energy spectrum is the main factor in determining the signal of the means of silent
receiving of information , we will find the expression for interference in spectral form.

To do this, we use the Wiener-Hinchin theorem, which establishes the relationship between the correlation
function and the power spectral density g(w):

K(r)= | g(@)e*dw
0 . (40)
Then we get:

1

N=( JhoT=tT)n(T—t-z T)dt( | gzzo(w)e"md“’]df)zz

—00 —00

1
~( T g.,u(@)de ] h(T-tT)dt ] hgcr—t—r,T)erf)z _

1
= J. gzzo(w)KT(Ja))da)J. hg(T_t,T)ejw(T_T)dt)z =

1 1
3 ) 2 3 ] 2
([ g.c@li: )] do| = [ Gart@li (o] do)
—0 —% (41)
where K 1( J@) - low frequency filter complex frequency response;

g Zzo(a)) — spectral power density of low-frequency fluctuations at the output of the filter over the entire
frequency axis.
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2 o
29,,4(@) =272 R (r)coswrdr, @>0
T 0

G zZO(a)) =
0, w<0

: (42)

where G ,xo(@) — the spectral power density of the signal zso(t), determined only in the region of

positive frequencies.

Thus, the expression for the signal-to-noise ratio at the output of a typical radio path in the mode of detecting
a signal against the background of the signal takes the form:

Temporarily:

oyl | Q(rTIR,so(F)de]’

Spectral recording form:

¢ AmluOlnod
N

1

(43)

C _ A milz()IK+(0)

N

[ Gl @)k (joo) de]’

1

(44)

In addition to the signal-to-noise ratio, the filter's characteristic is the winning ratio, which is determined by

the expression:

_ C/ Neux
° C/ N@x (45)
Substituting expression (43) into expression (45), we obtain:
Kg= [A ml[UO(T)]] / [A ml[ZO(T)]] _ [A ml[UO(T)]] / [UUZO(T)]
ouso(T) oz2xo(T) A mlzo(M)]" "o250(T) (46)

e A ml[UO(T)]] [O'UZO(T)]
A mlzo(M]" “oaxo(T)

wher

— determine the increase in mathematical expectation and the

average square deviation of low-frequency fluctuations as a result of processing the input signal by a low-pass

filter.

Thus, in order to increase the noise immunity of
the detection and recognition system, it is necessary to
use a low pass filter. This significantly lowers or
completely eliminates the analysis of low-frequency
interference.

Analysis of trends in the development of modern
means of silent retrieval of information show trends in
the transition of their work in the high frequency range.
That is, the information transmission signal is shifted to
the high frequency range, in which the process of
detecting and recognizing digital signals is quite
complicated.

By eliminating the low-frequency interference
analysis, we will already significantly increase the
system's overall noise immunity.

Conclusions

The peculiarities of the use of low-pass filters to
increase the noise immunity of an automated system for
detecting and recognizing digital airwaves are
investigated. It is shown that the principle of operation
of filters is that the summation process is performed. In
this case, the useful signal is summed up coherently,
and the noise signal is incoherent. That is, when
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summing up, the useful signal increases and the
interference signal decreases.

Taking into account the peculiarities of the digital
signal, the signal parameters are defined (mathematical
expectation, correlation coefficient, variance, root
mean square deviation) and the outputs of linear and
quadratic filters at the influence on the input of a
rectangular pulse that simulates the signal of modern
digital means of silent receiving of information are
determined.

The graphs of the envelope voltage at the output
of the perfect bandpass filter with the influence on the
input of a rectangular pulse (digital signal) of different
duration are obtained.

The results of the simulation of the filtering
process, with different correlation coefficients,
confirmed the possibility of selection of the digital
signal by the method of determining the two-
dimensional probability density of the signal of
interference on the background of the common signal.

It is proved that the use in the process of signal
processing of low bandwidth filters of low frequency
allows to increase the noise immunity of the system of
detection and recognition of digital radio airwaves
signals by 23%.
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2. Vpanvck
Kybanwes B.Y.
cmapwuli npenodasameind

Kagedpwl Heghme2az06020 dena u OMPACAEBbIX MEXHOIOUL
3anaono-Kazaxcmanckuil UHHOBAYUOHHO-MEXHOIOSUYECKUL YHUBepCUmenn,

2. Ypanvck

AHAJIN3 COBPEMEHHOI'O COCTOSAHUS YTRJIN3AIIAU ITONTYTHOI'O HE®TSHOI'O I'A3A
HA MECTOPOXKIEHNHN KAPAYAT'AHAK.

AHHOTalIl/ISI. B crarhe ucciemoBaHbl M nIpoaHAIM3UPOBAaHbl MCETOJbI YTHUJIM3allUM TIOMYTHOTO TIa3a Ha

MECTOPOKIACHNU KapaqaraHaK 3a NMOCJICAHUE TpU rojaa.

Kniouegvie cnosa: nonymuulii negpmsinotl eas, ymunuzayus, ghaxei, NapHUKoGwlil dQhpexm.

AXTyanpHOCTH BoOmpoca 00 yTWwIM3alMu |
MPUKJIQJTHOM HCIIOIb30BaHNH TIOIyTHOTO Ta3a CBA3aHa
C TEM HEeraTUBHBIM 3(h()EKTOM, KOTOPBIH OH OKa3bIBAET,
€CII €ro MpocTO cxkuratek B ¢axenax. [Ipu Takom
Croco0e MPOMBIIUICHHOCTh HE TOJIBKO TEPSET LIEHHOE
CBIpbE, HO W 3arpssHsier armocdepy BpeIHBIMHU
BEILECTBAMHM, YCHJIMBAIOUIMMH MApHUKOBBIA 3ddekT.
ToOKCHHBI M YITIEKUCHBIA T'a3 BPEAsAT U OKpYKarollei
cpene, 1 MECTHOMY HaceJIeHHIO.

OCHOBHBIM  TPEMSATCTBHEM Uil aKTHBHOTO
pa3BUTHUsI HUHPPACTPYKTYphI, KOTOpas Obl 3aHUMaJIach
OUYMCTKOH n TmepepaboTKOW MOMyTHOTO He(TIHOTO
rasa, SBISIETCS HECOOTBETCTBHE Pa3MEpOB Halora Ha
CKMTaeMbli B (akemax ra3 M 3aTpaT Ha €ro
3¢ dexTuBHOE MPUMEHEHUE. BONBIMHCTBO HEDTSIHBIX
KOMITaHWH MPEANIOYNTAIOT 3aIUIaTHTh WTpad, HEXKEIH
BBIJICIISITh 3HAYMUTEIbHBIA OIO/KET Ha HPEANpPUSTHS,
3alIMIIAIOIINE  OKPYXKAIOIIyI  Cpely, KOTOpbIe
OKYIISITCSI JIMLIb CITyCTsl HECKOJIBKO JIET.

Ocrtpeiimast mpobiema HedTEra3oBoi 0OTpaciy,
CBsi3aHHAss C  HEOOXOIUMOCTBIO  YTHIIU3ALUH
MOMYTHOTO ra3a, CKHraeMoro B 0OJbIINX 00beMax Ha
HepTIHBIX MecTOpokaeHHsX. B To Bpems, korzma
MPOMBIIUICHHOCTh M HAceJIeHWe MHOTHX oOnacteit
pecnyOnuKH OIIymaloT OCTPYIO HEXBaTKy rasa,

0COOGHHO B 3WMHHE  MEPUOIBI,  MHJLTHAPIBI
KyOOMETpOB  IONMYTHOTO  He(TsIHOTO Tra3a ¢
CONIEpXKaHUEM  CEpOBOJOPOAa M  MEpKAaITaHOB,
CXXUTracMbIC B (paKenax, HaAHOCAT FpOMaI[HLIﬁ
skosormueckuii  ymep6.  IIpobrmema  coxuraHus
MOMyTHOTO  HEePTSIHOTO Traza mpu  pa3paboTke
MECTOPOXKJIEHUH YTIIEBOJOPOJHOTO CHIPhS SBIISIETCS
aKTyaJIbHOM.

Cxwuranue rasa BiedeT 3a co00if 2 OCHOBHBIX
HeraTuBHBIX (akropa: 1) 3arpsi3HEHHE OKpYyKaromiei
cpenbl; 2) 0Oe3Bo3BpaTHas IOTepst rasa  Kak
MHHEPAIBLHOTO CHIphS. B CBS3M ¢ 3THM yTHIM3anus
MOMYTHBIX T'a30B Ha He(Tera3oBbIX MECTOPOXKACHHUIX
CTpaHbl ~ 3a  TIOCIEeJHME  TOJIBl  TpHOOpeNo
TOCyIapCTBEHHOE 3HAYCHHUE.

Oco0eHHOCTh MOMYTHOIro He(pTAHOTO raza

[TonyTHBIH HEDTAHOI ra3, win cokpaménno [THI
— O9TO BENEeCTBO, 3ajeramponiee B  HEPTIHBIX
MectopoxxaeHnsax. OHo oOpa3yercss Haag OCHOBHBIM

IUIACTOM ¥ B €r0 TOJNIIE B pe3ylbTaTe CHUKCHUS
JABIICHUS 10 TIOKA3aTeIeH HIDKE JaBIICHHS HACHIIICHUS
HepTH. Ero KoOHIEHTpaius 3aBHCHT OT TOTO,
HACKOJIFKO TITyOOKO 3ayieraeT HeThb, U BapbUPYETCS B
npejenax or 5 M%B BepXxHeM CJIO€ O HECKOJIBKHX
Thicsu M° B HibkHeM. Kak NpaBWiio, TIPH BCKPBITHH
miacra He(bTSIHI/IKI/I HaTBIKAIOTCSA Ha TaK Ha3bIBaCMYIO
ra3oo0pasHyl0 «IIamnkKy». YTJIEBOJOPOAHBIE Ta3bl
CYLIECTBYIOT M CaMOCTOSITEJILHO, U MPUCYTCTBYIOT B
caMoii He(pTH B KHUIKOM BHUJEC, OTACISICH OT HEE B
npoiiecce n00bYM U nepepabotku. CaM ra3 COCTOUT
MPEUMYIIECTBEHHO W3 MeTaHa H 0oJiee TKEIbIX
yTIeBOAOpoaoB. Ero XxuMudeckuii cocTaB 3aBHCUT OT

BHEIIHUX  (aKTOpOB, TaKMX Kak  reorpadus
PacCIOJIOKEHUsI 11acTa.

[puHnunuansHOE OTIINYUE HOITyTHOTO
HeTAHOTO Tra3a OT TMPHUPOJHOTO — HaJIU4YHe

napooOpa3HBIX KOMIIOHEHTOB, BBICOKOMOJIEKYIISIPHBIX
KMJKOCTEH ¥  BEIleCTB, HE  BXONAIIUMX B
YIJIEBOJOPOJIHYIO TpYIIY: CEPOBOAOPOJA; AaproHa;
YTIEKHUCIIOTH; a30Ta; TeNINs U T. .

VYCiI0BHO MOMYTHBIH HE(TSHOW ra3 AenuTcd Ha
HECKOJIBKO TPYHIT B 3aBUCHMOCTH OT TOTO, HACKOJIBKO
OH «YTJICBOAOPOJHBIIN»:

®  YHCTHIH,
YTIIEBOJIOPO/IOB;

®  YIJIEBOJOPOAHBIN C NMPUMECHIO YITIEKHUCIIOTO
raza (ot 4 10 20%);

e  YIVIEBOJOPOIHBII C MpUMeECKIO a30Ta (0T 3 10
15%);

Crnoco6b1 nepepadoTKU MOMYTHOTO0 He(TSIHOIO

cozepKalun 95-100%

rasa

CymiecTByeT HECKOJIBKO HauboJee
BOCTPEOOBAHHBIX CHOCOOOB YTHJIM3ALMK IOITyTHOTO
HeTSHOTO rasa.

@DpaKIMOHHBIH cNOCOD

[Jannsrit meton nepepadotku [THI™ npexncrasisier
coboil paszeneHue Taza Ha cocraBisrone. B
pe3yibTare Ipolecca IMOJy4aloT CyXHe OYMIICHHBIC
ra3sl ¥ MHPOKYIO (PPaKIUIO JIETKUX YTIEBOJOPOJIOB:
STH W JpYTHe TPOIYKTHI TIONB3YIOTCS OONBIION
MIOITYJIIPHOCTBIO HA MUPOBOM pBIHKE. CyIeCTBEHHBIN
HEJOCTaTOK 3TOH CXeMBl —  HE0OXOAMMOCTH
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TPAHCIIOPTUPOBKU ChIPbSI KOHCYHBLIM I1OJIb30BATCIAM HCIOJIB3YCTCA JI KOMIPECCOPOB HOBTOPHOT'O
o TpyOompoBoy. 3aKayuBaHWs Ta3a, OOWJICpOB ©  BBIPAOOTKHU

YcranoBka HeprodJIokoB

Emé onna 3Haummas cdepa dKCIUTyaTanuu
IOIyTHOTO rasa — JT0 oOecledeHHe >Hepruei
anekTpoctaniuid. [Ipu ycinoBuM HYXHOro cocTasa
CBIPBsI c1IOCO0 OTIINYAETCS BEICOKOH 3 (hEKTHBHOCTHIO
1 TIOJIB3YeTCs OOJIBIION MOMYJIIPHOCTBIO Ha PHIHKE.

KoMnaHuss mnpuMeHseT Tra3oTypOMHHBIE |
MOPIIHEBBIE ~ JHEProONIOKH.  DTH  YCTPOWCTBa
HO3BOJISIOT 00eCIe4nTh MOJTHOLICHHO®

(hyHKIMOHHPOBAaHUE CTAHIINH.

3akauka [THI' B nuiact i MHTEeHCHPUKALMHT
HeTEeOTAAYM

[TomyTHBIH HEQTAHON Ta3 HEPEIKO MCIIONB3YETCsS
JUI TIOBBIMICHHUS HEe(TEOoTHauu HAa MECTOPOMKICHHSIX
yepe3  ero 00paTHyIO 3aKkayKy B IJIacT.
UccnenoBanusaMu  JTOKa3aHO, 4YTO JaHHBIM METOJ

CrocoO0eH B  3HAYUTENBHOW  Mepe  MOBBICHTH
HeTeoTHATY.

W3 CyIIeCTBYIONIMX METOIOB IOIACPKAHMS
IJIaCTOBOTO JIABJICHHS ra30KOHIEHCATHBIX

MECTOPOXKICHUH HauOoIbIIee paclpoCTpaHEHUE Ha
MecTopokaeHnn KapadaraHak mHOgy4Yus CaMKINHT-
IpoIiecc.

Kapauaranax -
3TO Ta30KOHJICHCATHOE MECTOPOXKACHHUE U AJIS TOTO,
4TOOBI YJIyUIIUTh O0IIee H3BICUCHHUE IKUIKOCTH B
TE4eHHUe BCETO nepuoja 9KCIUTyaTaIH
MECTOPOXKIECHUS, MO IUIAaHY HYKHO OCYILECTBIISATh
YaCTUYHOE 3aKauyMBaHHE rasa B IIACT.
HauaneHblil ypoBeHb 3aKauMBaHUs ra3a COcTaBHT 6,6
I'M*  TOX M IpH yCTIEIIHOM ~ MCHOJIB30BAaHUHM  OH
YBEITUUUTCS bi o) 11 I'm?/ roj.
3 HUTKHM C KOMIIPECCOPaMH JJIsl HarHeTaHHsI
cMoHTUpoBaHbl psigoM ¢ YKITI-2 u onu nopator ras
mon  maeinermem  500-550 Gap wa Bce 20
CYIIECTBYIOIIMX CKBaXXWH, KOTOpPBIE MPeoOpa3oBaHbI
JUId  WCIIONB30BAaHMSA B KadecTBE HAarHeTaTelel.
Kommpeccopsl NpUBOISATCAS B IBH)KEHHE Ta30BBIMHU
TypOmHamMu 5D, B ONOYHOM  WCIIONHECHHUH
CMOHTHPOBAHHBIMH Ha OCHOBaHUM, HOMHHAJIbHAsS
MOIIHOCTh Ka)KJI0M M3 HUX coctaBut 2,2 I'mM3/ron. I'a3
JUISl HATHETaHMS MOJaeTcs U3 MaHU(OJIb/1a HATHETaHNS
BHU3 110 MarucCTpajbHBIM JHMHUSAM, KOTOpPBIE 3aTeM
pacnpeneNnsaioT ra3 MO0 HarHeTaTelbHbIM CKBAKUHAM
4yepe3 HarHeTaTelbHble HUIeHBI.

Heounmiennslii ra3 MOBTOPHO 3aKauuBacTCs B
IUTaCT KOMIIPECCOPaMHM, YCTAaHOBJICHHBIMH pSIOM C
VKIIT-2. BBICOKOCEPHHUCTBIA Ta3, IMOCHUIAEMBbIH
HeriocpeactBeHHO ¢ KII3, moBropHO 3akaunBaecs. 13-
3a BBICOKOTO COJIEp KaHHUS BOABI, T'a3, MOIy9aeMbIii Ha
VKIII-2, goimkeH OBITh CHaudajga 00€3BOXKEH, UTOOLI
CTaTh MPUTOJHBIM JJISI UCIONB30BaHHS B CHCTEME
HNOBTOpHOrO 3akaunBaHus. OcymenHsli ra3 u3 YKIIT
-2 Hachll[aeTcs YIJEBOJOPOAOM M TONAETcs B
00paTHOM HaIpaBJICHHH, ITO3TOMY JIMHMS, BEAyIIas K
KOMIIpECCOpaM TIOBTOPHOTO 3aKauWBaHUS CHaOXeHa
TEIUIOCTTyTHUKaMHU M TepMon3oimpoBana. JIro6oi ras,
noay4yaemerii Ha YKIII -2 B AONOJHEHUE K HyXIaM
MOBTOPHOTO 3aKa4WBaHUS JOJDKEH CXXHUraTbCsi B
(hakenax. B OCHOBHOM TOIUIMBHBIN ra3 Ha HPOMBICIIE

anekTpolrHepruu Ha KII3.

JpIMOBBIE ra3bl.

TexHomorus 3TOro  MeTOAa  CBOJUTCA K
cremyromeMy: a00bIToe cbipb€ momaérca Ha ITI3.
Konnencar, cepa m 90% cyxoro raza peamusyercs B
ycraHoBieHHOM mopsiake. 10% ToBapHOTO Tasa uaéTt
Ha CKWTaHHE B TEIUIODJICKTPOCTAHINIO, Ha KOTOPOU
MONy4YaroT —DJJEKTPOJIHEPTHI0, Tap W  MPOAYKTHI
CTOpaHUs MMPUPOITHOTO Ta3a ¢ Bo3ayxoM 88% azora u
12% yrnexucnoro rasa. J[FIMOBBIE Ta3bl COOUPAIOTCS B
rasroipfep M  BO3AYXOAYyBKOH  mojaroTcs Ha
KOMIIPECCOPHYIO  CTaHLUIO, KOTOpas IOJAHUMAET
nasnenue 10 45 MIla. IIpu TakoM JaBIeHUN IBIMOBBIE
rasel 3aKauuBalOTCS B 3ajexke. B mpomecce
KOMIIPUMHUPOBAHUSI U3 JIBIMOBBIX Ta30B BBIJEISIETCS
TEXHHYECKas BOJa, a TakXkKe BBIPaOATHIBACTCS
AMEeKTpOdHepruss u Terwio. OCHOBHBIE TPYAHOCTH
CBSI3aHBI C TOBBIIICHUEM JIABJICHUSI OT aTMOc(epHOTo
1o 45 MIla u pa30aBieHUs CHIPhs, TOCTYMAIOMIETO Ha
I'TI3 a30TOM W YrIEKHCIBIM Ta30M IIOCJE TPOphIBA

HarH€TaTrCJIbHOI'O rasa B OKCILTyaTallUOHHBIC
CKBa>XXWHBI.
KapaqaraHaKCKoe MECTOPOKIACHUEC SABJISICTCA

OMHMM U3 KPYIMHEHIINX He(Tera3oKoHICHCATHBIX
MeCTOpOXJeHni B Mupe. Ero pacueTHsie OamaHcoBbIE
3amacel yriieBOJ0POJ0B COCTABIAIOT 13,3 Muyuinapaon
Oappenell kuAKUX yriaeBoxoponoB (1,7 miapa ToHH
HepTH U KoHAeHcaTa) U 60,2 TPUILTHOHOB KyOWIEeCKHX
¢yroB (1,7tpmH M3 raza). Ha ceromHsmHUN 1eHB
u3BieYeHO 0koJo 11% xunkux yrinesogoponos u 12%
raza. B mHacrosmee Bpems Ha Kapawaranakckom
MECTOPOXKICHHUH 3KCIUTyaTupyercs 119 moOsBaromux,
17 HarHeraTelbHBIX CKBOXHH, a oOmwmid GHoHx
cocraBisieT — 441 CKBaXXHH.

IIpousBoacTBeHHas AesiTeJbHOCTH 2018roxa:

e JlHeBHast HOpMa J00bIYM B cpenHeM — 381ThIC.
BH3/n (6appenu HeTSIHOrO SKBUBAIECHTA)

e Cyrounas no6srda B cpeaneM 435 teic. BHO/n

o IlmanoBeic mokazatemu Ha 2018r. — 141,925
teic. BHO

Yruanzauuss nomyTHOro HeQTAHOrO rasa u
BCEX €r0 COCTaBILIOIINX JOJDKHA OBITh HAIIPaBJICHA Ha
BBICOKOTEXHOJIOTUYHOE OCBOCHHE MECTOPOXKICHHUN
HepTH, JUIA  JIMKBAJAIMHA  HEOJIarompHATHBIX
MOCJIECTBUH M BO3BpaTa B 000POT yIIIEBOIOPOIHOTO
ChIpbsi. BO3MOHBI [1Ba HAIMPABICHHUS YTHIA3AIUH
MOy THOTO ra3a—sTo SHEPTreTHYECKOe "
HedTexummaeckoe. /lpumenenue CO8PEeMeHHbIX
MexXHONIo2Ull  NO380JAem UCHONIb308AMb  KOHEUHbIl
NPOOYKM YMUIU3Ayuu NONYMHO20 2d3a 8 Kayecmee
monauea  Ons  NOJYYEHUs  INeKMpOIHepeuu  Ha
2a30MypOUHHBIX  INIEKMPOCMAHYUSIX U
Obecneuusas no020mogKy U YmMuiu3ayuro NONYmMHO20
eaza HeghmedobwvisaOWAs KOMAAHUAL He MOJbKO
uzbecaem wmpagpoe 3a coicueanue NORYMHoO20 2asd, HO
u obecneuugaem Cc6010 KOMNAHUIO KAYeCMBEHHOU
9NeKmpodIHepaueli, MeniomM, COXPaHas Npu IMoM
UMUONC — COYUATLHO-OMBEMCIBEHHOU  OP2AHUZAYUL.
Cospemennvie mexHoIO2UU YMUAUIAYUU HONYIMHOZO0
2aza npeodoCmasnAlom 603MONCHOCHb  NOJHOCHIBIO

menja.
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UCNONL308aMb  NONYMHbIN — HepmAHOU 2a3 HA W PealH3allMd MECTHBIM SHEPropacrpenessFLnM
MeCmOpONCOeHUAX,  NOayuamob — OONOJHUMENbHYI0  KOMIIAHHUSIM.

INEKMPOIHEPeUI0,  Menio U  yeies000pOOHble —B 2016 rony 00beM (pakeTpHOTO CKUTAHUS Ta3a

2a30MOMOPHbIE MONUGA.

Paccmompum noxaszamenu 0ns cpagnenus..

B 20172 — noxaszamenv ymunuzayuu 2aza Ha
Kapauazcanaxe cocmasun 99,92%, umo saeisemcs
docmudiceHuem mupogozo yposusa. O0bveM (pakeTpHOTO
cxuranus raza cocraBui — 0,08% ot oOmero oobema
mooerToro rasa, wm 0,49 Tonner Ha 1000 TOHH
IOOBITOTO CBHIPBst. IIpu 3TOM yzAenbHBIE BEIOPOCHI
MApHUKOBBIX ~ Ta30B  HAa  CAMHHUIY  JOOBIYH
yIiaeBofopoaoB cocraBuiu 69 ToHH Ha 1000 ToHH
KUJKUX YTJIEBOAOPOJOB, 4To Ha 4% HWKE 4YeM
aHANOTMYHBIN Toka3aTenb B 2016 roxy. dakTuueckoe
COKpalleHHe BEIOPOCOB MapHUKOBBIX Ta30B COCTABUIIO
447 teic. ToHH CO2 3a cueT COKpalleHHs CXKUTaHUA

HepTH © Ta3a TPH CKBAXUHHBIX OICpaIHiX.
Brrreykazanaeie IOKa3aTean OTIePEKAIOT
yCpeaHEHHBIE MEXITyHAPOIHEIC [oKa3aTean
He(Te00BIBAIOIIeH IPOMBIIIIICHHOCTH Ha 54%.

B 2017 romy mokazarenp 1O JOOBIYE
MECTOPOXKICHHS  JOCTHT  PEKOPOHOTO  YPOBHSI
NpOU3BOJICTBA — 146 MIUIUITMOHOB Oappeiy B HeTIHOM
SKBHBAJICHTE CTaOUIIN3UPOBAHHBIX "
HECTAOWJIM3UPOBAHHBIX  JKUAKHX  YIJICBOJAOPOJIOB,

CBIPOTO Tra3a M TOIUIMBHOTO rasza. Ilpu stom o0bem
oOpatHoi 3akauku raza it IIIIJ[ (mogmepsxaHus
IUTACTOBOTO JABJIEHHUS) COCTaBHI — 9,3 MWIIHapAOB
KyOOMETpOB, UTO MPHUMEPHO COOTBETCTBYET 49,1% oT
001ero oobeMa J0OBIBAEMOTO rasa.

KacarenpHO BamoBoro oObema [100BIYM Taza
kommanueii «KIIO», B Accommamuu KAZENERGY
OTMETWIH, uTo B 2016 roay oH coctaBuin 17,7 mupa m3.

Tax, g cpaBHeHHA: B 2006 oy OBIJIO COAXIKEHO
64 MmumuoHa KyOooMeTpoB, yTuinusupoBano 99,47%, B
2016 roxy coxokeHo 29 MUIITMOHOB KyOOMETPOB Tasa,
ytuiamsupoBaHo  99,84%. Orto B ouepenHol pa3
MOATBEPKJIaeT  yPOBEHbB  MHMPOBOTO  Kjacca B
CPaBHEHHH C LIEJIEBBIM ITTOKa3aTelleM, YTBEP KICHHBIM
KOHTPOJIMPYIOINMHU opraHamu PecnyOnmkn
Kazaxcran B pamkax Ilporpammbsl  pa3BuThs
nepepaboTkn momyTHoro raza Ha 2016 rog,
coctaBuBIIEM 99,6%.

Yummzanusa nomyTHoro rasa Ha Kapawaranaxe
peann3yercs IyTeM ero 0OpaTHOH 3aKayKy B IJIACT IS
MOJICPKAaHUST  IUIACTOBOTO  JABJICHMSA, TMPOTAXKHU
HEOYHIIEHHOTO Ta3a M BEIPAOOTKM TOIUIMBHOTO Tasa B
HEeNAX MPON3BOJICTBA JIEKTpodHepruu Ayt Hyx 1 KI1O

coctasuia 0,16% ot obmero oobema go6sIToro KI1O
raza, wid 0,97 TOHHBI Ha | THICSYY TOHH JOOBITOTO
ChIpbsl. [10 TOCTYMHBIM JaHHBIM MHPOBBIX OTYETOB 3a
2015 rox, aHaJIOrMYHBIN CPEHEMHUPOBON MOKa3aTelb
cocraBisier 13,6 TOHHBI Ha THICIYy  TOHH,
cpemHeeBponeiickuii — 3,8 TOHHBI Ha THICSIYY TOHH. JTO
TTOJITBEPKIACT OYCHb BBICOKHI YPOBEHb
s¢p¢pextuBHOcTH  ycmmii  KIIO mo  pmanmHOMY
MMOKA3aTeI0 CPEeOW MHPOBBEIX W €BPOIEHCKHX
MPEIIPUATHIA 10 J00bIYe He(hTH U Tra3a, — TOBOPAT
skcnepthl. — Hecmotpst Ha 310, KIIO mpomomkaer
MOWCK W BHEJPCHHUC JOMOJHHUTEIBHBIX TEXHOJIOTUN
COKpalleHHsI BHIOPOCOB, 0COOEHHO B chepe UCIIBITAHUS
W OYHCTKH CKBaKHH.

B 2016 romy KIIO axkTuBHO MpUMEHMI
CermapaTopbl M HACOCHl BBICOKOTO IaBJICHUS, B
pesyibTate  d4ero  00BeM  CKHIaHHS  KHIKUX

YTICBOAOPOAOB CHHU3MICS Ha 72 THIC. TOHHBI, 2 00BEM
CKATaHWA ra3a ObLI yMEHBIICH Ha 38 MITH KyOOMETpOB.

B 2015 romy oO0muii o0veM (QakemrsHOTO
cxuranus rasa cocrasun 0,15% ot obuero oosema
no6brroro KITO raza winu 0,88 TOHH Ha ThICS4y TOHH
n0o0bIToro  ceipbst.  COOTBETCTBEHHO, —IOKa3aTellb
ymumm3anun  raza  KIIO coctaBun  99,85%. s
CPaBHEHMs, LEJIECBOM II0Ka3aTellb, YTBEPKACHHBIN
KOHTpoiupyoumMu  opranamu  PK B pamkax
[Iporpammsl pa3BuTHA TepepadOTKH MOMYyTHOTO Tras3a
Ha 2015 rom, cocraBman 99,6%.

[To wroram mpomuroro rojga MpH peann3anud 5
TEXHOJOTHYECKUX MEPONPHUATHIA OBLIO coKparieHo 337
teic. ToHH CO2, w4ro Bemume HA 58% ot
3aIUIaHUPOBAHHOrO 3HaueHus. IIpy 3TOM OCHOBHOMU
BKJIaJ B TMOJy4YEHHE JTaHHOTO pe3ynbTaTa CTal
BO3MOXHBIM 32 CYET HCIOJIb30BAHNSA TEXHOJIOTHH
BO3BPAIICHUS HE(TH U T'a3a IPU UCTIBITAHUN U OYHUCTKE
CKBa)KMH.

B KIIO He npoucxoauT NoCTOSTHHOTO, PYTUHHOTO
CKHTaHHs  TOMyTHOTO W TPUPOJHOTO  rasa.
[paktraecku 99,84% rasa yrunusupyercs.

[Ipoussoncteo B 2016 rony G4-4 B 2016 r.
kommaanss KIIO pobema 139,7 muH.  Gappeneit
He(TSIHOTO SKBHBaJeHTa (0.H.3.) B BHIC CTAOMIFHBIX U
HECTaOMIILHBIX )KUIKUX YTICBOIOPOIOB 1 raza. O0beM
nocTtaBok rasza B 2016 r. moctur 8,9 mapa. m3 .

B tabnume 1 mpuBemen oOmuii 00beM HOOBYH
(0ObeM 3aKa4aHHOTO B IUIACT Ta3a HE YYUTHIBACTCS)
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Tabmuma 1.
O0BneM T100BIYH
Obmait O0mmmii 00beM HedTH B Qb O0neM raza, OqueHHLHf a3,
00BeEM 00BeEM ucnonb3oBanHbli Ha KITK
Tompl CTaOIN3HPOBaH- HOM 3aKa4aHHOI'O B
00BUn** 00BIYU JUTSl COOCTBEHHBIX HY XK
SKBHUBAJIEHTE THIC. T IIJIACT, MJIH M3
MJIH 0.H.3 rasa Mg M3 MJIH M3
2016 1425 11004 18248 8818 689
2017 141,7 10796 18234 8652 687,5
2018 139,7 10466 17659 8040 605,4
Tabmuma 2.
O6BbeM npoaax
OOrwmii . | HedTb 1 cTaOMIBHBIN KOHICHCAT, M
Konnencar, mocraBisieMbIit Heouniennsiii ras Ha
00BeM N nioctasisieMmble Ha KTK u o .
Tomer K MUK Ha OpenoOyprekuii ['TI3 u 5OIPOBOLY AThIay-Camana OpenoOyprekuii I'TI3
TpOk munn-HIT3 TeIC. T TPyOOTPOBOILY pay P MJIH M3
0.H.D TBIC. T
2016 1379 732 10269 8594
2017 137,6 677 10127 8799
2018 137 898 9697 8934
[Ipemmaraemeie  MeTOABI I HaNbHEWIIETO  YTO OHM Bee elle BeJuKHU. Jlisi pemreHust mpoo/ieMbl
HCCIEIOBAHUS: npeaiaraercsi nepepadaTniBaTh ra3 B TOBapHbIE
IlepepaGoTka B CXKUKEHHBIH ra3 NMPOXYKTHI, a TaKKe COBEPIIEHCTBOBATH
Crioco0 OCHOBaH Ha KpPHUOTEHHOM IIpoIlecce  TOCYAAPCTBEHHYI) NMOJUTHKY €r0 YTHIN3AIHH, YTO
CXKATHUS c HCIIOIb30BaHUEM OJIHOTIOTOYHOTO B IeJOM  cooTBeTcTBYeT I['ocymapcTBeHHOI
XOJOAWIBHOTO IHKIA. CXKIDKEHHE MOATOTOBICHHOTO  MpOrpamMme HHIYCTPUAJILHO-HHHOBAIIMOHHOT O

ITHI" nporcxonut yepes ero B3auMOAEHCTBUE C a30TOM
B HCKYCCTBEHHO CO3JaHHBIX YycioBusx. [loreniman
paccMaTpruBacMOro METOoJa 3aBHCHT OT IIEJIOT0 psiza
YCIIOBUM:

® TIPOM3BOAMTEIHHOCTH YCTAHOBKU;

®  J[aBJICHHWE MCXOJHOTO Ia3a;

®  3amac rasa;

e CcoJep)KaHue TSDHKENBIX YIJIEBOIOPOJIOB, STaHA
1 CEPpHUCTBIX CO@I[I/IHCHI/Iﬁ nT. no.

HaubGonee sddexruBHo cxema mposiBUT ceOs,
€CJIM yCTaHaBJIMBATh KPUOI'CHHBIC KOMIIJIEKCHI Ha
pacupenenuTeNbHbIX CTaHIUAX.

MemOpanHast ouMcTKA

OpnHa u3 HamboJee MEepCHeKTHBHBIX Ha JaHHbIH
MOMeHT TexHonoruii. [lpmHmmn paGoTsl Merona
3aKII0YaeTCsl B PasMUHON CKOPOCTH, C KOTOPOH
KOMITOHEHTBI TIONyTHOTO Ta3a MpPOXOJST CKBO3b
crieraIbHbIe MeMOpaHbI. C TOSIBIICHUEM
MOJIOBOJIOKOHHBIX ~MaTepUajoB CIMOCO0 MpUOOPEN
Maccy MpeuMYIIeCTB HaJl TPAANIIMOHHBIMU CTIOCO0aMu
ouncTku u GuasTparwm [THI.

O‘H/IIJ_IGHHBIﬁ ra3 TMOABEPracTCa CHKMWKECHUIO U
3aTeM MPOXOIUT Yepe3 MPOIeayPY pa3ieleHus B IByX
MPOMBIIUICHHBIX CErMEHTax: ISl OJyYeHHUs TOILUINBA
WM He(TEeXMMHYECKOTO ChIpbsi. B pesynbrare
nporecca, Kak MpaBwiIo, odpaszyercs 0TOCH3MHEHHBIN
ra3, KOTOpbI Jierko Tpancnoptupyercs, u LIDIIY,
KOTOpBIE  OTHPABISIOTCS Ha HPENNpUsITHS IS
MPOM3BOJICTBA KaydyyKa, IUIaCTMAcC W TOIUIMBHBIX
TIPHCAJIOK.

3axiroYeHre: HeCMOTPSI Ha BUANMBIE yCIexXu B
CHH:KeHMM o00beMoB cxkuraemoro B Kazaxcrane
MOMYTHOI0 He()TAHOr0 ra3a, 3KCNepPThl CYMTAIOT,

paseutua PK wna 2015-2019 roawl. Esxeromwo,
ckuras Ha (akedax MmomyTHbIH HedTsHOH ra3 (ITHI),
Kazaxcran cxuraer ©Oomee 100 MimH mojutapos.
Kazaxcran B cnucke crpan, cxuratoumx [THI, mo
uroram 2017 roma Haxomutrca Ha 14 Mecte 1o
obbemaM. Bcero 3a mpomuiblii Toa, MO MOACYETaM
MEXIYyHAPOAHOW  (MHAHCOBOM  OpraHHW3aluu, B
Pecniybnuke Ha dakenax ObLIO COXXKEHO TOpsiaka 2,7
MIIpA KyOOMETpOB Tasa.

IIpobnema rasudukanuu peruoHoB B Kasaxcrane
CTOUT JIOCTATOYHO OCTPO. PemmTs ee MOXKHO 3a cueT
nepepabotku [THI" B KoMIpuMHpPOBaHHBINA TPUPOTHBIN
ra3. Kpome Toro, cepa u ToBapHBIH Ta3 — OTHIOAb HE
eIMHCTBCHHBICE  TPOIYKTEHI, KOTOpBIE ~ MOJKHO
npousBoaute u3 IIHI. Jlorucruka, mnepeBo3ka
pentadensHbl B ipeaenax 200 km. To ecTh, MOy THBIHA
ra3 MOXHO YTHJIM3HPOBATH, TyCTUTH HA TIPOU3BOICTBO
meranona, CIIBT (cmecr mnpomana u OyTaHa
TEXHUUYECKUX ), MO’KHO KOMITPUMHUPOBATH U B MaIllTMHAX
pasBo3uth norpedburensiM. K mpumepy, npu meHe raza
B $40 3a 1000 M3 cebecToMMOCTH OJHOM TOHHBI
MmeraHona coctaBut $55. Ipu arom B 2017 roay nena
OJIHOUW TOHHBI MeTaHoja B EBporte cocraBimsuia $355, B
CHIA — $386, B Asum — $330. Ilo mporuozam
skcrieproB, Kk 2020 romy mortpebieHue MeTaHoNa B
Kasaxcrane cocraBut 100 TBIC. TOHH B TOJI.

B 3akimtoueHne xorenock Obl HATOMHHTH, YTO B
2015 rony Kaszaxcran TIPUCOEANHUIICS K
MEXIyHAPOJAHON WHUIMATUBE NPOTHB (PaKeIHHOTO
C)KUTAaHUS TOMYyTHOTO HE(TSHOTO ras3a, BBIABHHYTOH
BcemupneiM bankom. B coorBercTBUM € JaHHOU
uHuimaTuBor, Kaszaxcram mpuHAn Ha  cels
00513aTeTECTBO TIOKOHYUTH C MPAKTUKOH (hakerbHOTro
coxuranns [THI va sedrenpomsiciax g0 2030 rozga.
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Heporcasnuii ynigepcumem menekomMyHikayiu

CTBOPEHHS CTPYKTYPH PO3IOJALIEHOI COIIAJIBHOI MEPEJKI PROTECTEDBOOK

Akhramovych Volodymyr Mikolayevich
Ph.D., associate Professor,
State University of Telecommunications

STRUCTURE CREATION OF THE PROTECTEDBOOK DISTRIBUTED SOCIAL NETWORK

AxoTtanis. Protectedbook ckmamaethes 3 By3miB. Bys3mu KOHIEHTpUYHHX cdep OpraHi3oBaHi B Kijbka
KOHIIEHTpUYHUX cep, a came mapiB (000JOHOK), i KijlbKa LUISXiB BEAYTh BiA BY3JIiB y HairmuOmoOMy mmapi 10
BY3JIiB y CaMOMY 30BHIIIHBOMY ILIapi.

Cy6erpar P2P Protectedbook - 1ie posmominena Xemi-tabmuis, anamoriuna KAD, sikuii BifmoBimae 3a
30epiraHHs Ta OTpPUMaHHS MOCHJIaHb Ha BXiJHI ITyHKTH BCIX KOPUCTYBayiB KOHIEHTpUYHUX chep. Taka migkmanka
CKJIA[JA€THCS 3 YCiX BY3JIiB KOPHUCTYBayYa i TO3BOJISIE OYIb-SIKOMY BY3JTy HaICJIATH 3aIUT MOIIYKY, 00 JicTaTucs
JI0 KOHIIEHTPUYHHX cep OyIb-IKOr0 KOPHCTYBaya.

Hosipena mocnyra inenrudikanmii CHIJ] - TpeTst cTopoHa, sika IOBipsie, TCHEPYE Ta HAJA€ IS KOXKHOTO
KopucTyBada Protectedbook mapy imeHTH(]iKaTOpIB: iIEHTH(IKATOP BY3Na V, OOHO3HAYHO iHeHTH(DIKYyI0UH V 5K
piBers P2P, ta ID xopucTyBada v 0OJHO3HAYHO ieHTH(IKY€E V SK KOPUCTyBada B COIiaIbHIA MEPexKi.

OcuoBHi ¢yskmii Protectedbook MokHa po3mimuTH Ha TPU OCHOBHI KaTeropii: YIpPaBIiHHS JaHUMU,
YIpPaBJIHHS KIIOYaMHU; YIIPABITiHHS 3B’ I3KOM.

Protectedbook 3a6esmeuye koOH(IACHIIHHICTh JAaHUX 3aBISIKH TPaAUIidHiA KpumTorpadii 3 BiIKpHTHM
KJIFOUEM Ta CUMETpHuHii kpunrorpadii. JJoctynm 10 BMicTy Moke OyTH OOMEKCHHH JCKUIbKOMa BU3HAUCHUMHU
KOPHCTYBa4YaMH.

CninkyBaHHst Mk J1BoMa KopuctyBadamu V Ta U Moxe BinOyBaTucs SK CHHXPOHHO, TaK i aCHHXPOHHO.
KoskeH kopuctyBau 30epirae Taki noBiziomieHHs y cBoeMy BiaacHomy PIT3/1 ta mpu HEOOXiTHOCTI AIIUTHCS HUM
3 HAIIHHUMH KOHTaKTaMHU.

Abstract. Protectedbook consists of nodes. Nodes of concentric spheres are organized into several concentric
spheres, namely layers (shells), and several paths lead from nodes in the deepest layer to nodes in the outermost
layer.

The P2P Protectedbook substrate is a distributed KAD-like hash table that is responsible for storing and
retrieving inbound links for all users of concentric spheres. This substrate consists of all user nodes and allows any
node to send a search query to get to the concentric spheres of any user.

Trusted service of reliable identification data ( SRID) Identification Service - third side that trusts, generates
and provides a pair of IDs for each Protectedbook user: node identifier v, definitely identifying V as a P2P layer,
and user v definitely identifying V as a social network user.

Protectedbook’s main features can be divided into three main categories: data management; key management;
communication management.

Protectedbook provides data privacy with traditional open-key cryptography and symmetric cryptography.
Content access can be restricted to several identified users.

Communication between two V and U users can be synchronously and asynchronously. Each user saves such
messages in his or her own RPD and shares them with trusted contacts if needed.

Kniouosi cnosa: xonyenmpuuni cghepu, 8y3iu, Kopucmyeay, Cmpykmypd, 0po, wapu, 060I0HKA, 03epKao,
npusma, cyocmpam P2P, xuoui, wudpysanns, ioenmugixayis, aemenmugpikayis, cepmugixam, |P-adpeca,
cepgep, KoHpioenyitinicms, yinichicms, 3axXucm, 0awi, YApasiinus, ampuoym, xew-QyuKyisi, Koy, npomoKou,
KOMYHIKayii, docmyn, nepexio, 001iKo8utl 3anuc.

Keywords: concentric spheres, nodes, user, structure, kernel, layers, shell, mirror, prism, P2P substrate,
keys, encryption, identification, authentication, certificate, IP address, server, privacy, integrity, security, data,
management , attribute, hash function, key, protocols, communications, access, transition, account.

Beryn.

Sk BigMivayocs B TONEpeNHiX poOoTax, 3axXHCT
MEPCOHATBHUX JaHUX KOPHUCTYBauiB, 3aJE€XKHUTh B
3HAuHIM Mipi Bix THIy comianbHOI Mepexi. [lepeBary
Tpeba BiAAaTH PO3MOAUICHUM COIIaJbHUM MEpekKaM,
OCKIIBKM BOHH BHKJIIOYAIOTH 3JIOBXHBaHHSI 3 OOKy
aJMiHICTpaIlii Mepexi, BIAaCHHUKIB Ta aJMiHICTPaTOPiB.

B maniit craTTi aBTOpH (HOPMYITIOIOTE CTPYKTYPY
Takoi Mepexi 3 il yCTpoeM, Ta YCTPOEM CKJIaIOBHX,

(YHKI[IOHaJIBHI MOJJIMBOCTI, CIIy>KOM, HPOTOKOJIH,
B3a€EMOJIEI0  KOPHUCTYBauiB, YNpaBIiHHA IaHUMH,
KJIFOYaMH, KOMYHIKallisiMH, NpoOJIeMy CTBOPEHHS,
HaJIaIITyBaHHS Ta 00CIyrOByBaHHS MEPEXi.

OcHOBHaA YacTHHA.

Konuentpuyuni chepu

KonuenTtpryuHi chepu - e CTpyKTypa Apy3iB, sKa
HaJae KOPUCTYBaueBi MOCITyrH 30epiraHHs JaHUX Ta
3Bs130k. KoHmenTpmuni cdepu KopuctyBaga V
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CKJIQIA€TBCSL 3 TPYNH BY3IiB, L0 OTOYYIOTH BY30J
KopucTyBauya.  By3nmum  KOHUEHTpHYHHX  cdep
OpraHi3oBaHi B KiJibKa KOHIIGHTPHYHHX cdep, a came
mapiB (000JIOHOK), 1 KiJIbKa IUISXIB BEAYTh BiJl BY3iB
y HaWrmOmomy mapi A0 BY3IiB Yy camMoMy
30BHImHbOMY mIapi QV. Ockinbku Ve By3ioMm y j-i
mrapi, a j, KoykHe KOHIIEHTpHUIHA cdepa T0TATKOBO Ma€e
TaKi BIACTUBOCTI:

1. Byson V° posramosanuii y 1neHTpi
Konnenrpuaanx cdep i Ha3UBAETHCS SIPOM;

2. skmo mapa BysmiB V j,VV_ujJr1 3'eqHAHA,

CTOCYHKH [IpyXOM MDK HHMH ICHYIOTH Yy Imapi
COIIaTBHOT MEpexKi;

3. xoxen Byson V % posramoBammii Ha
BHYTPIIIHBOMY MIapi A, i HA3WBAETHCS A3EPKAIOM, €
HaJaillHUM KOHTakToM siapa V 1 30epirae gani V y
3an(ppoBaHOMY BUTJISI;

4. koxkeH By3on V " 42\, po3TamoBanuii Ha caMiii

30BHIIIHIA OO0OJOHII {2, 1 HAa3WBAETBHCA BXITHOIO
TOYKOIO, BHCTYMA€ IILIIO30M JJIsi BCIX 3aIlHTiB,
MpU3HAYEHUX V,

5. kxoxen Bysom V 1 je[2dz—-1]

V

po3TamoBaHWii Ha OOOJOHII
Ha3UBA€ETHCS NPU3MOIO0 V,

6. MHOXKHMHY IIPHU3M MO3HAYAIOTh K . V,,

[MincymoBytoun V, Konuentpuusi cepu 6, - 1e
00'eTHaHHS MHOXXUHHU JI3epKaj A, 0e3mnid npusm V,,,
Habip BXiHUX TOYOK 6, 1 cepueBuHa V, KiUJIbKICTh
J3epkai V IpeAcTaBiIsie KiTbKICTh JOCTYITHUX PO3/IiITIB
npo¢LIFHUX AaHuX V , X04a € CTUIBKH BXiTHUX TOYOK,
CKUIBKH JOPIXKOK, SIKI MOXKYTh MPOBECTH 10 J3epKaa.
Koxne i" mepkamo A; € A, sBnse cob6O0 KOpiHb
mijzepeBa 3 TijKaMu, 110 JIeKaTh y camiid 30BHIIIHIN

Mk A, Ta (2,

obomoHmi  6,. PosramyxeHHs BCiX IiIMHOXUH,
MPOMIKHOTO  KOedillieHTa, BCTAHOBIIOETHCA V.
MOXJIHBICTh MHOXXHHH 6, BHACIIJIOK [[bOTO
— dz-1
2 11 =11 Ay [IKIT]]
V

CyOcTpaTHa miakjaaaka

Cyoctpar P2P Protectedbook - me PXT,
ananoriuanit KAD, skuit BigmoBigae 3a 30epiranas Ta
OTPUMaHHS TIOCWJIaHb Ha BXiMHI TYHKTH BCIX
KOpHCTYBauiB KOHIIEHTpUUHUX cep. Taka minkiagka
CKJIQIA€TBCSL 3 yCIX BY3JIB KOPHCTyBaua i JI03BOJISIE
Oyzb-sIKOMY BY3Jly HajiciaTH 3aluT NOIIYKYy, I00
JCTaTHCST 10 KOHIEHTPHYHUX cdep Oyap-sKoro
KOpPHCTyBaya. PXT BU3HAYAETHCSA SIK:
PXT={K,N,R,id,, (.),id, (.),p(.)}

Je: K - mpocTip xmouiB PXT, N i R BiamosigaroTs
HaOopy BIANOBITHO BY3TiB 1 Habopy pecypciB, a
id,:N = K,id,: R - K, noznayarors  QyHKIii, 1110
YOCOOJIIOIOTB BY30J1 Ta pecypc Ul iX izeHTnugikaTopa
BianoBigHo. Hapemri, p: K— {N} no3navae ¢yHkiito
BiZToOpaXeHHs, sIKa BUBOAWTH Hallp KOPHUCTYBauiB,
BIANOBITAJIHUX 32 pecypc, 3a1aHui i1eHTH]IKaTopoM
pecypcy IPP. Pecypc cknamaeTscsi 3 TeEpeltiky
MOCHJIaHb HA BXIJIHY TOYKY LIJILOBOTO KOPHUCTyBaya

KOHLEHTpHYHUX cdep. Bianosinuuit inentudixarop
pecypcy 1Pk mpencraBnenuit  imeHTH(IKATOPOM
kopuctyBaya IPP abo xemem atpudyTiB KoprcTyBaua,
TaKMX SK MOT0 MOBHE iM', JICHb HApOJDKEHHS TOLIO.
HanmipHi xomii map (xiro4oBe 3HauenHs) (IPk, pecypc)
MOXYTbh 30epiraTucsi Ha By3Jnax, i1eHTU]IKATOp SKHX
BignoBigae [Pk 3a momepeHb0 BU3HAYEHOIO KiTBKICTIO
mepmux 6itiB. KAD, Protectedbook peamizye
ONITUMAJIFHY MapIIpyTH3aIlilo, MiHIMI3YIOYH BiJICTaHB,
BuMipsiHy B Metpurii XOR mix [Pk mis momyky Tta
imeHTHdikaTopoM By3Ia CyCigHIX By3miB. Yepes
oOMexeHHs KOH(DIISHIIHHOCTI MO0 CTPYKTYpH, Ha
BimMminy Big KAD, 3amuté TONIyKy HE 3aBXKIU
00pOOIIIOTECS ITepaKTUBHO: Protectedbook
BUKOPHCTOBY€E PEKYPCUBHY 00pOOKY 3 aHOHIMI3ali€ero
CTPHOKIB SIK OCHOBHY TEXHIKy Uil 3a0e3led4eHHs
HEMPOCTEXYBAHOCTI 3alHUTIB CTOPIH Y BUIAJKY, SKIIO
CIHCOK BXIJJHUX TOYOK ITOCHJIAHb 3aIIUTY€THCS.
Hosipena nmocayra inenrudikauii CHI/ - tpers
CTOpOHA, sIKa JIOBIps€, TEHEPYE Ta HAMAE JUIS KOKHOTO

KOpHUCTyBaya V Protectedbook mapy inentudikatopis:
imeHTHdiKaTOp By31a IB,, OJTHO3HAYHO
ineaTudikyroun V sk pisers P2P, Ta ID xopucryBaua
IK, onHo3HauHO ineHTU]iKye V SK KOpHCTyBaua B
piBHI comiampHOiI Mepexi. OOmzaBa imeHTH]IKATOPH
OOYHUCITIOIOTECS, TIOYMHAIOYN 3 HAO0OpY BIACTHBOCTEH
V;, Takux SK TOBHE iM’sl, ICHb HAPOJKCHHS, MICIIC
HapokeHHs Tomo. [lapa ceprudikariB mocuiae
KOXKEH 1meHTH(]IKaTOp Ha BIANOBITHHWIA BiIKPUTHI
KJIFOY, Hajgauuid V. BiqnoBigHi mpuBaTHI KItOYi BioMi
V i Hikomy Oinbure. Ockinbku cuctemMa P2P no3sossie
orpumaru [P-anpecy By3na 3 ineHTn¢ikaTopoM By3ia,
PpO3AiNeHHS IIeHTU(IKATOPIB BY3IIB Ta KOPUCTYBadiB
me moTpibHO, MO0  3amobirTH  3JIOBMHCHUM
KopucTyBadyaMm oTpumyBath [P-anpecy xeprBu. Tinbku
HaMiHI KOHTAaKTH BYy3Ja 3[aTHI 3B's3aTH Ii [Ba
IIeHTU(IKATOPH, OCKIIEKHA BOHH CITy’KaTh I3epKaIlaMHU.
CHIZ € BHHITKOM, OCKUIBKH II¢ €JIWHA CHCTEMa
Protectedbook , sxka moxe 3B’s3aTu imenTtHbiKaTOp
KOpHCTYBada Ta ifeHTH(IKaTOp By3Jja KOPHCTYBauiB,
OKpiM iXHIX BJIaCHUX JOBIpEHMX 3HalioMuX. Y pa3si
HOPYILIEHHS, KPiM MicCIIsS pO3TalllyBaHHs KOPUCTYBAYiB,
CHI/I Takox MO)Ke pO3KpUBATH y4acTh KOPUCTYBaYiB
y Protectedbook . Omnax CHIJl He mMae mpuBaTHHX
KIIFO4iB Oy/1b-KOTO KOPHCTYBa4a, TOMY BOHA HE MOXKE
TIPEACTaBUTH ceOe JKepTBOIO, a TAKOK OTPUMATH HOTo
Ha0ip JI0BIpEHMX KOHTAKTiB ab0 OTpUMATH JIOCTYH 10
BMICTY JIaHHX, OITyOJIIKOBAaHOTO 3 0OMEXEHHAMH. X04a
CHIJZ € ueHTpasnizoBaHOIO iHPPACTPYKTYpOIO 1, SIK
HACJIJIOK, MOXe 3JIaTUCS, 110 TOPYLIUThCS Mapajurma
JlerieHTpatizoBanoi apxirekrypu Protectedbook , ame
1ie on-line cepgic, AKUt BUKOPUCTOBYETHCS JIUIIIE OAWH
pa3 KOXHUM KopucTyBadueM Protectedbook , i, Ha
BiIMiHY Bia 1eHTpanbHOro cepsepa OCM, BoHa He
3arpoXkKye KOH(DiIEeHIIIHHOCTI KOPUCTYBAUiB, OCKIJIbKH
He Oepe yuacti B Oyap-sikiii omepamii 3B'I3Ky abo
YTIpaBIiHHSA JTAaHUMH cepen KOpPHCTYBaYiB.
Horomxenns CHIJ[ 3 mnocradadbHUKOM HOCIYT
IaTepreTy 00XOAMIO O KOHIICMINIO BiTOKPEMIICHHS
ineHTudikaTopiB. OIHAK IS aTaKa € YCHINIHO JIUIIC B
TOMY BHIIQJIKY, SKIIO0 [HTEpHET-TIpOBaiiiep KOHTPOIIIOE
JIOCTyn 10 BCiX KopuctyBauiB Protectedbook
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OCKIJIbKH MOXKe OyTn po3KpuTa qume  muQpYThCs JUIIE OAHUM KIIIOYEM, a caMe KIIIoYeM
KOH(IAEHLIHHICTD KOPHUCTYBaYiB, aki  mudpysanns ganux (KIIJ). Leir KIOJA morpibHO
BUKOPDHCTOBYIOTh ~ O€3MOCepesHbO  BiACTE)KYBaHI  IOIIUPIOBATH CEpell yCiX KOPUCTYBadiB, SIKI MaloTh
InTepHeT-3'eqHAHHS. IToBHuUM 3aXMCT  TpaBo po3mwudpoByBat Jani. Posmomin  KIIJ]

KOH(IIEHIIIHOCTI BiJi 3JOBMHCHOTO IIpOBaijepa
MOXIIMBHH JIMIIE 32 YMOBHM BHKOPUCTaHHsS Habarato
CKIATHINX TOHATH AaHOHIMI3alii, fAKi 3apagn
e(eKTHBHOCTI HE BHKOPUCTOBYIOThCA. Protectedbook
cupaBzi He 3a0e3redye aHOHIMHUI 3B S30K Ha PiBHI

Mepexi.
DyHKIIOHATbHI MOKJIMBOCTI
OcuoBHi  ¢ynkuii  Protectedbook  moxnHa

PO3JIUTMTH HA TPU OCHOBHI KaTeropii:

* YNIPaBJIiHHS JaHUMH;

* YNIpaBJIiHHS KIIIOYaMHU;

* YNIPaBIiHHS 3B’ I3KOM.

YrpasJjiHHS JaHUMHA

OyHKITIOHANEHI MOKIIMBOCTI YIIPaBIiHHS JaHUMHA
JI03BOJISIIOTH KOPUCTYBa4yaM I'eHEepyBaTH, 3MiHIOBAaTH Ta
BUAANATH KOHQimeHHidHy iHpopmanito B OCM. VYV
Protectedbook 06’ extr maHux, sIKi TAKOK HA3UBAKOTHCS
€JIEMEHTaMH JaHHX, - [I¢ 3T€HEPOBaHI KOPHCTYBaueM
(parmenTn iH(pOpMAIi, IO OMUCYIOTH iH(OPMAIIIFO
kopucryBada. Enementr nanux D npencraBieHud y
Buriaai koprexy (DId, Tun, 3HaueHHs, Bepcist), A THI
OMHKCYE XapaKTep JaHUX, TAKUX K OCOOUCTI KOHTAKTHI
JlaHi, 3B’s130K, IHTEPECH TOIIO; 3HAYCHHS CTAHOBUTH
Horo BMICT, 1 Bepcii HOro -moTO4YHa BeEpCis.
Inentudikarop enementy npanux 1/l;01HO3HAYHO
inerTudikye D cepen ycix 00'eKTiB TaHUX Ta JTO3BOJISE
3IIHCHIOBAaTH OCHOBHI omeparlii 30epiraHss, MOIIYKY
abo BupjameHHA eneMeHTa. SV UIA pPO3IOALIEHOTO
npocropy 30epiranns maHux (PI13/1) Bu3HaueHO s
KO’KHOTO KOpHCTyBaua Ha OCHOBI HOTrO JpYXKHIX
cTocyHKiB. J[03Bi1 Ha 30epiraHHs BMICTY Ha TakoMy
MPOCTOPI MTOXOTUTh 13 PEaNbHUX JKUTTEBUX BiTHOCHH
Ipyxou V, a Tomy Hagaerbes nuiie V. Po3mip Sv Sy €
JMHAMIYHMM: [IPY BCTAHOBJICHHI JAPYXOH KOXEH Jpyr
F; 3 V pe3epBye IOBUIbHY KIJIBKICTh BIIACHOTO
mpocTopy MicueBoro 30epiranus nanux (M3/1) [IM3/]
i s V. Cyma M3/ xoxxHOTO JpyTa, BUAUICHA 11 V,
tdhopmye PII3 V.

Uepes posmoxpineny mnpupony PII3J  mani
MOJIIAIOTECS Ha N OJOKIB, 1 I 3amaHol KIJBKOCTI
HaJIMIpHOCTI 11i OJIOKK KOAyIOThCs y N + | hparmenrax,
TaK 1O OyAb-sIKi n (parMeHTiB € JOCTaTHIMH ISt
PEKOHCTPYKINI BuximHoro o0'ekta. Ilepmr Hix
po3ainTH, oneparii muppyBaHHS BOHH MOXYTh OyTH
BUKOHaHi ©Ha D, 100 TapaHTyBaTh  HOTO
KOH(IIEHIIHICTh Ta 0OMEXHUTH JOCTYT JI0 HHOTO.

YrnpapiiHHA KJII0YaMHA

Sk Oyno 3a3HaueHo pauimie, JaHi KOPHCTyBada
MOXyTh OyTH 3amm@poBaHi Ha OCHOBI Oa’kaHHS
BitacHUKa. OCHOBHI (DyHKIIT yIpaBIliHHS J03BOJIAIOTH
KOpHCTYBauaM 0OMEXYBaTH JOCTYTI /IO CBOIX CIITBHUX
KoH(}imeHMiHNX naHux. Protectedbook 3abe3neuye
KOHOQIASHIIHHICT JaHUX  3aBISIKA  TPaaWIidHINA
Kkpunrorpadii 3 BiAKPUTHM KJIOUYEM Ta CHMETPHUUHIHN

kpunrtorpadii. Joctym g0 BMIiCTy Moxe OyTH
00OMeKeHUH JIeKiTbKoMa BH3HAUYECHUMU
KopuctyBadamu. [lns Toro, mo0 MiHIMI3yBaTH

HaKJIaIHI BUTpaTu Ha 30epiranus nanux B PII3/1, nani

BuMarae mupyBaHHS IOT0 3a JOMNOMOIrOI0 KItoua
mm¢pysanns (KL), skuit paHine po3noaiiseTbest Mixk
YIIEHAMH i1 9ac BCTAHOBIICHHS IPY>KOMH.

KopucrtyBaui He mokmamaroTbess Ha OyIb-saKy
TPETI0 CTOPOHY UL 3AIMCHEHHS PO3MOAUTY KIIOUIB;
BOHHM HAJICWJIAIOTh MaTepialiyd yCiM dWiIeHaM TPYIIH,
SIKIMH BOHH KepyToTb. Jlpy3i V moctymy 1o SV B Mexax
moJtiTHKH KoHTpouro poctyty (ITK]T), Busnavenoi V. B
OCHOBHOMY, KopHucTyBaui B Protectedbook cTBOpIOIOTH
IPYIIM KOHTAKTiB, BH3HAYalO4YM KiJbKa aTpuOyTiB,
takux sk "CiMm's", "Komeru" ToINo. moB’s3aTh X i3
KOXXHHUM KOHTakToM. JlaHi, 3axWIleHi MmiJa UMK
aTpuOyTaMu, OyAyTh IIOCTYIHI JJsi BCIX KOHTAaKTIB,
MOB'SI3aHUX JIMIIE 3 BiANOBITHUMH aTpuOyTamMu. Y
Protectedbook aTpmuOyTn BH3HaYarOTHCS Yepe3 3HAKH.
Kopucrysaui B Protectedbook 3Har0Th, sIKi 3HaKH BOHU
HaJaid, SKAM KOHTakKTaM, aje HEe MOXYThb 3HAaTH,
CKUIBKHM 3HAaKiB BOHM OTPUMAJH BiJl JAHOTO KOHTAKTY,
a TaKOXX ONHUCY MOB'si3aHOTO arpudyTa. Hanmpuknan, V
Moxe Hagarn U 3Hauox "BimBimyBau", He
po3kpuBaroun atpubyt " BimsimyBau " i He
PO3KpHBAIOYH, XTO 3 KOHTaKkTiB VS TakoX Mae Iel
3HakU. 3 Touku 30py cucTeMH 3HaK b BIiINOBiZae
Habopy KIIJI, BukopucTOBYBaHUX AJIS IIHM(PYBaHHS
JaHUX, JOCTYIHUX Ul BCIX KOHTAaKTiB, HAJJAHUX LM
3Ha4yKOM. Takuil HaOip BU3HAYAETHCS AK:

D' ={h'(sy):i € {1..n}} nosHauae mo6pe
BiZIOMy OJHOCTOpOHHIO Xeml-¢pyHkuito h (), ska
TOCITIZIOBHO 3aCTOCOBYeThCs S”. Inmest mocrizoBHOTo
XELIyBaHHs MapoJliB CoYaTKy OyJjia 3arporoHoBaHa B
[79], a NOTIM BHKOPHCTOBYETbCS [UISi CTBOPEHHS
OJTHOPA30BHUX CHCTEM aBTCHTH]IKaIlii MapoiiB, TaKHX
sk S / Key [72]. Protectedbook He BuKOHYE
ABTCHTU(]IKAIIIIO 3aInTIiB KOPHCTYBaYiB i
BUKOPHCTOBYE KOXEH Xem sk 1. VY piBHAHHI
mo3HaueHHs JBokpanka (: ') o3Hawae" Taka, mpo "

KUI/I, a e pazoBuii mapois. Komu 4 Hanae U 3Hak, b,
U orpumye KIIJ[ nocunanus hi(s,), sake He
PO3KpHBA€ HIYOro Mpo aTpuOyT 3HaKa, a TAKOXK IPO
CIHCOK Jpy3iB VS, sSKi TaKOX OTPHUMAaNH Ield 3HaK.
Iicns npuitomy h' (s,)U Moxke oTpuMary Bci Kirodi
{h/ (Sb):j € {1..n}}i orpumat; HOCTYH 10 BCiX
JaHux, 1o 30epirafotbes B SV, 3ammdppoBaHUX
takumun  KIIJIs. Protectedbook we 3abesmeuye
3BOPOTHY TAEMHHIIIO: B KOHTEKCTI COIialIbHOT Mepexki
(aKTHYHO KOPHCTYBadi MOXKYTh JJO3BOJIMTH HOBOMY
WieHy Tpynu OTPUMaTH JOCTYI 1O  paHime
posnonineHux JgaHux i 1iei rpymu. Komm V
Bimwmukae b Bin U, V pekmamye hi~!(s,) mms Beix
KOHTAKTiB, paHilie HaJlaHuX 3 b, OJUH 32 OJHUM, KPiM
U. MaiiOyTHi fmaHi, JOCTYIHI paHime KOHTaKTaM,
HajaHuUM 3 b, OyayTh 3amudpoBani V 3a I0TOMOTOI0
KO ki~ (s,) Panime ony6mikoBani jaHi,
3ammdpopani 3a gonomoroio h' (s,) (6ymyunj € {i, ...,
n}), He OyayTh 3aIMQpOBaHi 3HOBY, TOMY BOHH BCE II1€
OoynyTb mocrymHi U.
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Ockinbku Bu3Ha4YeHHs xem-QyHkuii h () it
o0uHnCIIeHb TPaKTUYHO He3xailicueHHo, Protectedbook
3a0e3neuye  mepeiadyy — CEKPETHOCTi,  OCKUIBKH
MaiiOyTHs KOMYHIKaIlis He Oyne JoCTynHOw wieHy U,
skuii 3amumae CM. Bsaram kaxyuu, V nge-He-#oro
MK/, BkazaBmmM Habip npaBwia 3HaKiB I € R, Ta
MpU3HA4Yae OCHOBHOMY SI kokHe mpaBmio. Komm
koHTakT U Hagaetbcs Habopom 3HaukiB B EY :
(Rt (SrUj): R}V € {1, ... |IR, |} € {1, ....,n}}

Bix V, Ha6ip K1, uro Binnosigae npasuiam Ry,
Ta Bignosinae U, Haacumaerbest domy. Y Tabmmmi 1
nokazauuii npuxsiag AKT. Ilpu BinkiankaHHi 3HauKa b
Bix U, V pexiamye HoBuid Habip KII/Is E* xoxHOMY
KOHTakTy X, IO 3aZO0BOJBHSE OXHOMY abo Oinbpmie
npaBmwiaM U, TakoX 3aI0BOJIBHSIE TIPH BiIKIUKAaHHS b
Big HBOrO. 3 1Oro MoMeHTy V mmdpye cBoi maHi
Hopumu KIIIJIS.

YupapiaiHHA KOMYyHiKanisMu

OyHKuioHANBHI MOYJIMBOCTI yIpaBIiHHS
KOMYHIKaI[iSIMH JTIO3BOJITIOTH KOpHUCTyBadam
BCTAHOBJIIOBATH HENOMITHI 3B’s3KM Jpyx0u Ta
CIUJIKYBaTHCSl MiXK CO0OI0, 3a0€3MeUyIoun MpH LbOMY
KOH(IMCHIIHHICT, Ta MIUTICHICTh IOBIJOMJICHHS.
CriinikyBaHHS MiX IBoMa kopuctyBauamu V ta U Moxxe

BiZ0yBaTHCS IK CHHXPOHHO, TaK 1 acHHXpOHHO. KoxkeH
KOpHUCTyBa4 30epirae Taxi MOBIJOMIJICHHS Y CBOEMY
BiacHoMmy PII3/] Ta mpu HEOOXiAHOCTI AUTUTHCS HUM 3
HaJiHHUMH KOHTaKTamMu. Y Jpyromy BuUmaaky V
reHepye nosimomienHs i U Tta 30epirae ioro y
cBoemy PIT3/] Sv. Sk tinekn U nrykae HOBI JIOCTYITHI
nadi VS, BiH oTpumye noBigomieHHs. 11106 BiamosicTy,
U BHKOHye Ti caMi KpOKH: BiH 30epirae BiImoOBigh y
BIacHOMY SU, moTiM V OTpUMy€ IO BiAIOBiXB,
3amuTytoun  mpo HOBI VS mami. Llimicuicts
TIOBIZIOMJICHHS TapaHTYETHCS BUKOPHCTaHHSIM
OuppOBOrO MIANKCY, TOAI SK KOH(IIEHIiHICTH
3B'A3KY J0CSTaeThes 3aIM(pyBaHHIM IOBIIOMIICHD 13
cumerprmuyauM  KHIJI,  oOumcnenum  (y  pasi
CHHXPOHHOTO 3B's3Ky) abo paHime criibHuM (Y pasi
ACHHXPOHHOI'0) MIX BIZINIPABHUKOM Ta OJICP>KyBaueM.
3B'A30K HepenIKoaKae 0aratopa3oBiii MapIpyTH3amii
TIOBIZIOMJICHD 3a JIAHIIOKKaMH JIPy3iB TaKUM UYHHOM,
1o iHpopMaris IMpo 3amuTyBada JaHUX HE MOXe OyTH
oTpuMaHa. Y pasi CHHXPOHHOTO 3B'SI3Ky IIPUXOBYETHCS
IP-ampecn KoMyHIKaIliifHAX CTOpIH, a OTXe, 1 iX Micie
3HaXOJ/UKEHHS. Y Pa3i aCHHXPOHHOTO 3B SI3KY II€ TAKOX
3aBakae mpusATeno VS kopuctyBaua Fi 30epiratu nani
VS BHUBOAWTH [OBipYi BIiJHOCMHH MK V Ta
3anuryBadyeM JaHux U.

Tabmuus 1

Mpuxaan IIK/] Ha ocHOBi BCTaHOBJIEHUX Onepamiii Mizk KOHTAKTaMM,
HAIAHMMH KOPUCTYBAallbKMMH 3HAKAMM

IIpaBuno r CIHCoK S, [ToTouHHiT KOMIIOHEHT |
B Prof Sr1 n-3
B Family Sr2 n-2
Bream Sr3 n-1
BProf vBFamily Sra n-3
OCHOBHi NPOTOKOJIH. ineHTndikaTopa  By3na  BiampaBHuka  (X) i

OcHogHi ¢yskuii Protectedbook peanizytors Tpu
OCHOBHI I'pyIIH oTnepartiii:

* CTBOpPEHHS, KOJM 0coba KOpUCTyBaya
CTBOPIOETHCS 32 JIONOMOroi0 cepTH(dikaTiB, BUAAHUX
CHIL;

* HajamTyBaHHA Ta o0ciyroByBanHs OCM, ko
By30J KOpHCTyBada Oepe ydYacThb y pPO3IOALICHIN
apxitektypi OCM Protectedbook ;

* YIpaBNiHHSI KOMYHIKAIIIMH Ta BiTHOCHHAMH
CM, ne xopuctyBau oTpumMye nepesaru Bix OCM.

Koxna omepamis BuUMarae BHKOHaHHA cepii
3aXMIIEHUX MPOTOKOJIB, CIPSIMOBAHUX HA OTPUMAHHS
OONIKOBHX JaHWX, CTBOPEHHSI Ta 30epekeHHS
MOCIITOBHOCTI HaknIanok Protectedbook Ta cTBopeHHs
Oe3meyHnx KaHAJiB 3B'I3Ky. Y BCHOMY OIHMCI HHX
npoTtokoiniB Il, mo3Hauae moBimomieHHs M, ske
HiMICY€eThCS TPUBATHUM KIIOYEM KOpUCTyBauya XS
nosnavac nosigomnenns Ky Ey,, {I1}, sxe mmppyernes
3 BIAKPUTHM KJIFOYeM KOPHCTyBada K;' . Inentudikatop
kopuctyBaua d B Protectedbook acoriroetsest 3
KIaBimamu: B Toi uac, sk N, = N7, N} nosnauae
Knapinry Juis imenTtudikaropa Bysma, U, = Uy, U7
MO3HAa4Yae KIIY KIo4ya s igeHtudikartopa
KopHucTyBaua By3na X. st 3a0e3nedeHHs midicHOCTI
Ta KOH(1ASHIIIITHOCTI BCi MOB1IOMIICHHS TIPH KOXKHOMY
mepexoxl  MiANHCYIOTbCS ~ MPHUBATHUM  KIIFOYEM

mUQPYIOTBCS  BIIKPUTHM KIIHOUeM ineHTUdikatopa
Bysna (Y). [lna naouHoCTi TepMiH  Eny, {I1}S,,,
M03HAYa€Thes SIK I1.

I[Ipobaema cTBOpeHHS

[Iporokon  CTBOpPEHHS  OCOOMCTHX  JIaHHX
BIJINOBi/1a€ 32 HATAHHS HOBOMY KOPHUCTYBauy V JaHHX,
HeoOXimHMX s ywacti B Protectedbook. II{o0
NpUEHATHCS, HOBUW By30s1 V TOBHHEH 3alpOCHTH
3apeecTpOBAaHOr0 KOpHCTyBaua A, 3 SIKHM HOBHUHEH
OyTu 3HaiioMuM y peanbHOMYy XuTTi. Crouatky A
Hajgcwiae (puc. 1) mos3a nmiamazoHom V 3amuT Ha
3ampomeHHs 33, TiAMUCaHWH 32  JIOTIOMOTOIO
npuBaTHOTO Kimo4da K, . BiH MicTUTH BIOpsAKOBaHI
Name, BnacTuBOCTi, $Ki € KIaBilaMH CEaHCy 1
BUKOPHCTOBYIOTBCSL UIsl INU(PYBAHHS KOPHCHOTO
HaBaHTaKeHHs. Taki K04l peKJIaMyIOThCs Ha TOYaTKy
TIOBIZIOMJICHHSI, 3aIIU(POBAHOIO BIAKPUTUM KIIIOUYEM
id mimeoBoro By3ma. KokeH mpuBaTHHA KIHOY,
acomiifoBaHuii 3  imeHTU(iIKaTopoM By3ma abo
KOpHUCTYyBaya, TeHEePYEThCS BJIACHUKOM
inenTudikatopa IPp i HeBimommii HiKOMY iHIIOMY.
Busnauae xopuctyBaua A, ceprudikar Cert
(h(Namey), K} ), sxnit namaetses CHIJL, Ta xmoa K+
+ CHI/I. IToBimomiieHHs 33 - 1ie €AMHE TOBIIOMJICHHS,
sKe HAJCHIAETBCS YITKMM  TEKCTOM, OCKLIBKH
3arajgbHOJIOCTYTIHI KJII04iVS-By3I1iB Ta
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ineHTH(IKaTOPiB KOpUCTYBaya Iie He c(hopMOBaHi Ta
He cepTu(iKOBaHi, i BCE OJHO HAICHIAIOTHCS IM03a
niamaszoHoM. [licist orpumanHs moBigomuieHHs 33, V
rerepye aBi knasimi 1B, — i IK,, 3romom BiH 3amyckae
IHIIMA  T03ajianma3oHHuA  TPOIEC: CTBOPIOE  CBIi
BIacHUH KopmoH NameV pa3oM i3 miATBepIHKEHHSIM
mpaBa BiacHocTi Ha NameV Ta nepeaae o0uaBa pazom
i3 BigkpuTum kiroueM K,y nosizomnensi I1 go CHIJL.

[otim CHIJ TeHepYy€e imeHTudikaTop
KopuctyBada VS i imentudikarop 1D I[K,By3ma IB,,
3aCTOCOBYIOYHM MBI DIi3HI KIIIOYOBI  XemIl-(yHKIT
hykr () hyrz ()tana Name, . Kpim Toro, Bit reHepye
Ta mamucye peectpariiii kmoui VIPK moisixom
XELTyBaHHS Ta MiANUCY BCiX MEPECTaHOBOK €IEMEHTIB
y Name,, . CHI/] pearye Ha NOBiJOMJICHHS i3 3aIIMICOM
II nosa Jiarma3oHOM, 3 TEHEPOBAaHUMHU
ineaTudikaTopamn Ta kmaBimamMu PXT pasom i3
BIIITOBITHUMH cepTudikaTaMu: Cert
(IK, , K5, Cert (IB,,K,), Cert (IP,KS). Ha
npuiiom B I1, V npuennyerscst no Protectedbook , a
omke, P2P wMoxe modaTH CTBOpIOBaTH BJAacCHI
KOHIICHTpUYHI cdepu. 3rofoM yci MOBIJOMIICHHS,
Hajicmani Ta orpuMmaHi V y HakimaaeHHi P2P,
HIAMKCYIOTBCSL 32 JONOMOror N- BiAIIpaBHHKA Ta
mudpyroThCs 3a fornoMororo N + npuiimaya.

HanamryBaHHst Ta 00CIyrOBYBaHHSl CJIy:KO
coliaTbHUX Mepex

[icns ctBopeHHs 00IIKOBOTO 3aMKCy KOPUCTYBAY
V MOXe HalalmTyBaTH CBOI KOHIIGHTPHWYHI cdepu Ta
OTpHMATH JOCTYII A0 iHIIMX KopucTyBadiB. [IpoTokon

HanmamTyBaHH ~KoHueHTpuuHHMX cdep 103BOIISIE
crBoputn Konnentpuuni cgepu. Ilix yac nepmoro
BUKOHAHHS LIbOT'O IMPOTOKOJY iHilito04uid By30a V
HaJICWJIa€ 3aMpolleHHs By3Jy A, 3aIlUT Ha CTBOPEHHS
mupsixy U, Ile NOBiZOMIIEHHS MICTHTh MapKep
peectpauii MP, crpykrypy nannx C/I mo0 KinbkocTi
MEpexoiB Ha CTBOPEHHX MUIAXaX, KoegilieHT
mponsoty KII ms nepesa gepes Konuentpuuni chepu
Ta mianmucane BumaakoBe uymciao BY. Mapkep
peectpamii Bkmowae kimodi PXT, ski moTpiGHO
3apeecTpyBaTH, U TOTo, o6 VS MokHA OyJI0 3HAWTH
B OCM, ceprudikat inenrudikaropa kopucrypada Vs,
aBreHTudikanito [K, Ta Bece wac ExpireTime
peectpanii IPxv. CJ] sBise co0or0 peKypcUBHO
MiAMICaHy CTPYKTYpy JAaHHMX, IO TeHepyeTbcs V
BKJIIOYAlOYM Ha0ip 3MEHIIEHMX 3HAa4YeHb 4Yacy Ha
OCHOBI 0axaHOT JIOBKHHU CTPUOKA BIX spa 0 OJHIET
3 BXigHUX TO4oK. KoxeH By3om mpu orpumanHi 11
BHJIAJISIE OTMH a00 OinbIme mianuciB CJI, TaKuM YHHOM
MOTCHILIHHO CIIPUYMHSIOYN TIOCTiifHE 3MEHIICHHS
3rHadeHHs TTL mpu KOXXKHOMY mepexoni. 3HaYeHHS B
MPOMDKKY BKa3ye I3epKajiaM 1 MpHU3MaM, CKiJTbKH
HACTYIHHUX CTPUOKOBUX BY3JIiB CJIiJi BAOpATH VIS TOTO,
mo0 rapaHTyBaTH OakaHy JOCTYNHICTh JaHHX, SKi
nyOuikyroThest. [licias orpumanus moBimomienns 111
KOXKHE J[3€pKajio TepeBipse MITICHICTH Mapkepa
peecTparii, IepeBips0YN HOro MIAMUC KIOYEM, IO
mictutbest B ceprudikari CHIJI. Ilotim BiH Bunpase
onuH abo kineka migmucis 3 CJl 1 BuOMpae HacTymHUI
mepexin B 31 cBOro ciucKy apy3iB U OUIAXY 1 iepeaae
onoyieHnit 111. Y Bunanky, sKmo B sapi

- ~ Kopuctveas V
KopucTveag A e g B
. TTS
Cert (IKa,U}) TIS™,TIS?
~ MK ME:
Samr -
Cert (IKa, NJ)
11
\>
Obuncnemma K,
11 Obuncnemma IB,
|l

Puc. 1 Cmeopenuns obaikogoeo 3anucy o kopucmysaua V.

BCTaHOBJICHO KoedilieHT, mo Oinpmuii 3a 1, BiH
BUOMpae TONANBIII  BY3JIH JUISI  TEPECHIIaHHS
oHopneHoro III mns  gocsarHeHHS  TOTPiOHOTO
posramyxenHs. lLleii npoumec € pekypcuBHHUM: B
Bupanse mignuc 3 CJI i mepecunae onosnenuit 111 Ha
Homep KII BuOpaHux [OBIpEHMX KOHTAKTiB, 1
3ady4deHHs OUTBIIOI KUTBKOCTI MIAIHKCIB JIO3BOJISE
nanmroraM  KoHueHTpuuHi  chepu  MaTH  pi3HY

nowxuHy. OpHak 3HadeHHss CJI Hikonmm He MOXKHA
30uThIIyBaTH 715 3axucty Big DOS-atak 1 Tak gani,
TOKW Ha 0JfHOMY By3J1i D He Oyie BuaneHuii oCTaHHii
migmuc 3 C/. D cTae, sk HaCHiAOK, TOYKOIO BXOIY IS
Konnenrpuunux cdep 3 V. s 1boro BiH CHPSIMOBYE
OJIMH 3aITUT Ha PEECTPALi0 U KOXKHOTO Kitova B [Pk
yepes cucremy P2P.
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Ockinbku mocwinanus DS sik Touku Bxony 6, Oyne
iHpopMali€l y 3aralbHOAOCTYNHOMY JocTymi, D
Moxe ineHTugikyBatu By3on K, umii imeHtudixarop
By3Jla € HaWOImbII ONU3BKHM JI0 PEECTPAIiiTHOrO
kimroua: D BuOHMpae i3 cBoix cycimiB By3oa N; 3
ineHTUdIKaTOpOM BYy3IIa, HaOIrKIni o
peecTpaliifHoro Kiroda, BUMIPIOETHCS 32 JTOTIOMOTOI0
nokaszHuka XOR s HactynHoro nepexony. N; Hanae
D nocunannas g0 (oguH a60 Oinbline) HAWOIMKIOTO
By3na N2 TOIIO, MOKK He Oy/ie JOCSITHYTO HAJIC)KHOTO
6muspkoro By3na K. Taxuit By3on K, sikuil Ha3uBaeThest
JIOKOM, BinnoBimae 3a 30epexenHst acouiauii (IPk,
EPTentry) y cucremi P2P. Ilorim D nancumae K
PETICTPOBE MOBIIOMIIEHHS, IO MicTHTE EPTentrusy,
Ta BUMAJKOBe 4HCIO Rndg,,, TpeacTaBise coOoro
aBTOpH3aMi, i D Mojke mpeTeHIyBaTu Ha PoJIb OificHOT
TOYKH BXOmy i V.

K nonae B cBoto Tabmumro Bxiguux aanux (EPT) i
MmicTuTh  Mapkep peectpauii  MP, ceprudikar
inenTudikaropa Bysna Ds, -anpecy IP ta yac BigmiTku.
IMorim K onHoBmoe cBii EPT 1 BigmoBimae Ha

v

noBigomieHHs I1, sike mepecmiaeTbest Ha3ad 10 3a
3BOpOTHHM muIIXoM. KpiM Toro, cxoxuit Ha KAD, y
Protectedbook K 36epirae Bci 3apeecTpoBaHi 3HaUCHHSI
B Kk By3Jmax HaBKOJO IJIbOBOIO By3jJa 3alMTy Ha
peectpaitito  RespArea IOKiB Ui peecTpaiiiHOro
KJIFOYa.

KonuenrpuuHi cdepu BifirparoTb OCHOBHY pOJb
y TapaHTyBaHHI KOH(QiCHIIHHOCTI 3B'13Ky m0 V Ta
HasBHUX MaHWX V IJIs BCIX iHIIMX KOPHUCTYBadiB, Oe3
HeoOXimHOCTI V OyTH B Mepexi. 3 i€l HpUYIUHU
CTpyKTYpa O, 3aBXIM aBTOMaTH4YHO Mae OyTH
JICHOIO, BHKOPHUCTOBYIOYM HPOTOKOJI OHOBJIICHHS
KoHneHTpuuHux cdep, HaBiTh Y BUIAJKY IOSBU Ta
BUXOJy BY3Ja, OCTaHHE, MOJIIUBO, OOYMOBIIEHO
BUOOpOM (KOpHCTyBau BUXouTh i3 Protectedbook) a6o
30ii  (IuTepHeT-mpobiaemMa 3 MIIKIIOYCHHSIM).
BpaxoBytoun, 1o By3osn B 3amumae Protectedbook
BiH HaJICHJIAE MMOBIIOMJICHHS [IPO BHUXIJ By3Ja Cycigam
Bcepenuny (A) ta HasoBHi (C, ...) Ha HDIAXy dYepe3
Konnenrpuuni  chepu. [loBimoMieHHS  MICTHTH
inenTudikatop kopucrtyBada 1/l; KoHuenTpuuHux
cdep 1 mepegaeTsCs 10 BCIX TOYOK BXOIY, 00pi3arouu
TaKUM YMHOM TIiJiepeBo, ykopineHe B B. Touku Bxoay
BIANPABJIAIOTh HE3apEECTPOBAHE MOBIJIOMIICHHS IS
Bcix gnokiB K, panime azxpecoBaHux Ha ertami
peectpartii. A ogHOYacHO Hajcuiae mosigomiueHss 111
1 HaJCWJIA€ WOTO HOBWI BHOpaHMI KOHTAaKT &, HE
BUMararo4u, mo0 V 3HaXOJUBCS B MEpexi. 3 IbOTO
MOMEHTY HPOLIEC OHOBJICHHSI aHAJIOTTYHUH CTBOPEHHIO
HIIAXY.

Komynikaniss Ta ynpasJiiHHA BigHOCMHAMHU Yy
coniaJbHHUX MepexKax

Konnenrpnyni chepu JI03BOJISIFOTH
KOpHCTYBauaM OTPUMYBATH JOCTYI /10 3aco0iB OCM.
Jami MM gerambHO — PO3MISTHEMO  IPOTOKOJIH,

BiJIMOBiAaNIbHI 32 MOMIYK IITbOBUX NaHUX ISl TIONTYKY
Jpy3iB / TOIIyKy IaHWX, 3HAHOMCTBAa 3 YCTaHOBOIO
IpYy)XOM KOpPHCTYyBadiB Ta 30EpeXeHHS MaHUX Y
CXOBHINI JaHUX BY3MTiB apy3iB. [IpoTokon mormryky
JO3BOJSIE  OTPHMATH  CIHCOK  BXIJHHX  TOYOK

KOpHUCTyBa4a Ve Konuentpuanux cdep 6,,.
KopucryBau, mo 3anutye U, iHiLilO€ peKypCHUBHHI
momyk y cucremi P2P nusxom obuucnenns IPkv. Sk
TITBKM MOBiTOMIICHHS Tipo moinyk eplLook mocsrae
OJHOTO 3 IOKIB VS, IOK BIAIMOBIZA€ Ha MOBIIOMIICHHS
epRep, mo mictuts 3ammc EPT, Biamosixawmii IPkv :

epRep = {EPTentry(IPxv), Cert (IBy, Ki)}sxx

3anucu EPT kemyrothes mmif 4ac npuiiomy, 1moo
YHUKHYTH JAEKIJIbKOX 3afiBUX 3aITHTIB.

IIporokos momyKy AaHuX

ITicns BUSIBIIEHHS BXITHUX TOYOK
Konnenrpuaanx cdep xkopuctyBada V TPOTOKOI
MOUIyKy MJaHUX Ja€ 3MOry KopucrysaueBi U
oTpuMyBatu npodinsHi gaHi Prof, y 3ammdpoBanomy
Burmsini. Ilepmr 3a Bce, U generye omauH i3
HANMOTaEMHIIUX BY3JiB 000JIOHKU Z, 1100 HaIICIATH
HOBIZIOMJICHHS. NpO 3anuT 31 it JaHux VS no D,
ofHi€l 3 BxinHUX Touok KoHnentpuunux chep Vs. Lei
3alUT PEKYPCUBHO MepenaeThes yepe3 KoHneHTpuuHi
chepu 10 A, onHoro 3 a3epkan V, o 36epirae Prof,
A. TloriM wHajxcunae BIONOBIAR HAa BiAIIOBIIHE
MOBIIOMJIEHHSA IIs, 110 MICTHTB TeperiK
3amu(poBaHUX MiAMUCAHUX eneMeHTiB maHux V. Ile
TIOBIZIOMJICHHSI JOXOAUTh A0 U, CIIAYIOYH THM 3Ke
IIJISIXOM Y 3BOPOTHOMY TOPAAKY. BiAmoBigHo 10 cBOiX
npuBinei, U 3romomM Moxke po3mUdpyBaTd Ta
OTPUMATH JOCTYT 10 NMEBHUX YaCTHH IIUX AaHUX.

Kiroui nomyky B mapax PXT mis toro camoro
UILOBOTO  KOPUCTyBaya  MOXXHA  OOYHCIIMTH,
MOYMHAIOYM 3 PI3HUX BJIACTUBOCTEH, TaKUX SK: iM's,
JICHb HAapOJDKEHHS TOILO, 1 TOJaBaTHCs 3 PI3HUX JJOKIB.
3acHyBaHHsA JnpyxkOu y Protectedbook , momipui
BIZTHOCHHH HE PO3IIIAAIOTHCA SIK CAMETPUYHI. 3aMicTh
TOT0, {00 POCUTH APYXKOY 3 HITHOBUM KOPHUCTYBa4eM
Vs, xopuctyBau Protectedbook U pekmamye cBoro
apyx0y no V. Ll pexiama IpoXoauTh y TP ETallu:

e qepur 3a Bce, U miykae BCi 3araJibHOJJOCTYITHI
JaHi  KOpHUCTyBadyiB, IO BOJOAIOTH HabOpOM
BJIACTMBOCTEH BiAMOBiAHI KimbKa IPK;

e [o-Apyre, cepe] ycix oTpuMaHux npoektis U
BUOMpAEe  IIJIbOBOrO  KOpUCTyBaua  V,  AKHH
peKIIaMy€eThCSE;

e Hapemri, moBimomiieHHS ™po ApyxkOy JI
HajgcwiaeTbest 10 V uepe3 Konmentpuuni chepu V.
Taxke noBigomMiieHHs BKitovae B, Ta Mmapky apys3iB, 1110
CKJIaJar0Thes 13 3acBiM4eHOI ifeHTHIHOCTI U, 1X BY3IiB
Ta  iJeHTU(]IKATOpPiB  KOpUCTyBaya, KOPOTKOTO
MOBIZIOMJIEHHSI TIPO JPY»KOy Ta CIUCKY CHMETPUYHHX
KITIOYiB, SIKi BUKOPUCTOBYIOTHCS U PO3UIH(pyBaHHSA
3axuiieHux ganux Us.

OromomeHHst 1mpo JIpyxk0y MOXyTh OyTH
HEOJTHOPA30BO JIENIETOBaHi TOBIPEHOMY KOHTAaKTy Z y
pexitamoiaBiist (abo Horo apyra), yepes MoBiJOMIICHHS
frDel, mo mictuth [l pa3oM 3i CIHCKOM BXiTHHUX JaHUX
Konuenrpuuni chepu Vs. Y Bumanky, sxkmo V He €
IHIIMM, Horo n3epkaio A Oyle BUKOHYBaTH poOJb
MOIITOBOT CKPUHBKM 1 30epiratume pekiiamy Ipo
Ipyx0y, Hoku V 3HOBY He 3 SIBUTHCSI B Mepexi. Ko
V BignoBicte U CBO€IO peKIaMoio ApYyKOH, CTOCYHKH
JIOBIpHU CTaIOTh cuMeTpudHUMHU: U MOXKe CTaTH HOBUM
J3epkaioM V i HaBMakwy.
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Hani D xopuctyBaya US 30upaeTscsi B Mapkep
pasom i3 BimmoBigaumm DId. Jlami  keroHu
mianucyoThes 3 K, Ta mudpyroTees 3a 10mOMOromo
KIIA. Taxwuii 3ammdpoBanuii Mapkep 3M 3 mianucamu
JAaHKUX JTOJATKOBO 30epiraeTbcst y HOBOMY ja3epkanm Us
nmoBimomynenHi  DataStore pazom i3 DId Ta
ineatudikatopom KIIJ IPP IPP DEKid, sxi
BUKOPUCTOBYIOTBCA V SIK JITEpH i 9ac BiANOBIIi Ha
3amuT Ipo JaHi maHux Ha agpecy U. OTpumaBmy naHi
Store, V ingexcye 3M 3 Did, Dversion, DEKid, B
PII3/] U, mepm HiX BiJIOBICTH Ha MOBIIOMJICHHS
storeConf. [licns npuiiomy miarBepmkenHss U moxke
BIZICJTITKOBYBaTH, Ha SIKOMY J3epKajii 30epiraerbcs
(po3ninenuii) (3amudpoBaHuil) ENEMEHT.

BucHOBKH.

VY miff crarri MM BKa3zanW Ha IEHTPATi30BaHy
apXITEKTypy iICHYIOUNX OH-JIAifH COIiaIbHUX MEPEX SIK
Ha KJIIOYOBE TMHUTaHHA  KOH(QINEHIHHOCTI Ta
PO3IJISIHYJIM DIIICHHS, SIKe CIPsSMOBaHE Ha Te, LI00
YHUKHYTH OY[Ib-SKOTO LEHTPANII30BAHOI'0 KOHTPOJIIO.
Take pimenns, a came Protectedbook - 1e oH-iaiiH
comianbHa Mepexa, 1Mo 0a3yeThCsl Ha OIHOPAHTOBIi
apxiTeKTypi. 3aBASKH ITOBHOMY PO3IOBCIOPKEHOMY
XapakTepy apXiTeKTypa OJHOPAaHTOBHX JaHHX YHHUKAE
[CHTPAII30BAHOI'0 KOHTPOJIIO 3 OOKy OYIb-SIKOTO
MOTEHINIIHO IIKIUTUBOTO ITOCTaYabHIKA mociyT. 11106
BIIOPATHCS 3 BIiJCYTHICTIO JOBIpM Ta BiJICYTHICTIO
cmiBmpai, fka € B ICHTPANI30BaHUX Mepexax,
BHUKOPHCTOBYIOTECSI ~ OJJHOPAHTOBI ~ CHCTEMH  JUIS
3abe3nedeHHss 0a30Boi  KOH(QIiIEHIIHOCTI  cepen
KOPHCTYyBauiB comianbHOI Mepexi, Protectedbook
BUKOPHCTOBYE JIOBIpUi BIJIHOCHHHU, SIKi € YaCTHHOIO
camoro JloJIaTKa couianbHOT Mepexi.
KoHineH1ilHICTh B onepanisx 3 J0CTyILy 10 0a30BUX
JAaHUX Ta OOMIHY JaHMMH B COLIQIBHIH Mepexi
IOCSITAETBCS 3aBIAKHA TeXHiLi aHoHIMi3allil,
3acHOBaHill Ha 0araTOCTOPOHHIM MapuUIpyTH3aIii MiX
BY3JIaMH, SIKi JTOBIPSIOTH OJWH OJHOMY B COIiaJIbHIM
Mepexi. CmiBnpans MiK OJHOPAHTOBUMH BY3IIaMHU
HAJIaTO/KYEThCS HAa OCHOBI JTOBIPYHMX BiTHOCHH, SIKi
BUIUTABAIOTH 13 CaMOi COIiaIbHOT MEPEXKi.
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PROMISING APPROACH TO SOLVING THE PROBLEM HIGH-EFFICIENCY COOLANT
FILTRATION IN ENGINES VEHICLES

JIpazomupoe Cepzeii I puzopvesuu

O0OKMOp MexHuuecKux Hayx, npogheccop kagedpwt ogueameneti
Braoumupckozeo 2ocyoapcmeennozo ynusepcumema
um. AT u HI. Cmonemosvix, Poccus

Ditoens Ilasen Hzopesuu

UHOICEHep

000 «HTL «4AsmoCdghepa» npu Bal'Y», Poccus
Jpazomupoe Muxaun Cepzeesuu

KaHOuOam mexHu4ecKux Hayk,

000 «HTI] «AemoCdhepa» npu Bal'V», Poccus
TI'amaronoe Aumon Opvesuu

uMdHCceHep

000 «HTI] «AsmoCdhepar» npu Bal'Y», Poccus

MNEPCIEKTUBHBIN OJAXO0/I K PEHIEHUIO TPOBJEMBI BBICOKOY®P®EKTUBHOMN
®UIBTPAIIANA OXJAKIAIOIIENA )KUIKOCTHA B ABTOTPAHCIIOPTHBIX JIBUTATEJISIX

Summary. The article analyzes the critical and still unsolved problem of contamination of the coolant and
engine cooling systems in General. The assessment of existing filtration devices is given, and their principal
disadvantages are given. A new concept of modified hydrocyclone coolant cleaning is proposed. Its advantages,
features, results of laboratory studies and operational tests are given. The conclusion is made about the prospects
of this approach to solving the problem of high-efficiency filtration of engine coolant.

AHHOTanus*. B craThe aHANMM3WPyeTCs KPUTHYECKH OCTpas M IO HACTOSIIETO BPEMEHH HE pelIeHHas
npo6neMa 3arpA3HCHUA oxnanczla}omeﬁ KHUAKOCTH U CHUCTEM OXJIAXXACHUS HBHFaTeHeﬁ B IICJIOM. JIaHa OLICHKa
CYIIECTBYIOIIUX yCTpOﬁCTB (I)I/IJ'[BTpaHI/II/I, TPUBEACHBI UX IMPUHIUIINAIBHBIC HEIOCTATKU. HpeﬂnomeHa HOBas
KOHIIETIITNS MOIH(DUINPOBAHHON THAPOIMKIOHHON OYMCTKH OXJIaXKAAOIeH JKUAKOCTH. JJaHbI ee mpenMyIiecTBa,
0COOEHHOCTH, Pe3yJIbTaThl Ja00pPaTOPHBIX MCCIECIOBAHMUI M 3KCINTyaTallMOHHBIX HCIBITaHWNA. CHenaH BBIBOJ O
MNEPCHCKTUBHOCTHU JAHHOT'O MOJAXO0/Jid K PCIICHUIO HpO6J‘ICMbI BBICOKOB(i)(i)CKTI/IBHOf/i (bHHLTpaIII/II/I oxnaxc,uafomeﬁ
JKHJIKOCTH JIBHIaTelIeH.

Keywords: coolant, pollution, motor vehicles, coolant filtration, hydrocyclone filters, separation, hydraulic
resistance.

* JlaHHOE WCCieZI0BaHKE BBIMOIHEHO B paMKax peaiu3aiiu WHHoBanuoHHOro IIpoekta Ne 45450 “Paspabotka
KOHCTPYKIIMM WHHOBAIIMOHHOTO BI)ICOKOZ)q)(beKTI/IBHOFO (1)I/IJ'H)Tpa I CUCTEM OXJIAXKACHUA aBTOTPAHCIIOPTHBIX
JBUTaTeNeil 1 GOpMHUPOBAHNE HAYIHO-TEXHHYECKOTO 3ajieJIa I Pa3BUTHUS €T0 MPOMBIIIJICHHOTO MPOM3BOACTBA”
IIporpammsr CTAPT.
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Kurouesvie  cnosa:  oxnaxcoaiowas

HCUOKOCTD,

3ACPA3ZHEHUA, asmompaHcnopmHbsle Ogueame/zu,

Qunvmpayus, 2UOPOYUKIOHHbIE PUILMPYL, cenapayus, CUOPABIUYECKOe CONPOMUBIEHUE.

IMocranoBka npod.JieMbl

B oOnactu cucTeM KHMAKOCTHOTO OXJAXKICHUS
ABTOTPAHCIOPTHBIX MOPITHEBBIX JBUTaTeINeH
KPUTUYECKHU OCTpOit pobiIeMoit SIBIIAETCS
3arps3HeHne oxmaxpatomerd kuakoctn (OXK) u
CHUCTEMBI B IEJOM. OTa mpolieMa CyIECTBYEeT C
MOMEHTa  HOSBICHHS  CHCTEM  JKHAKOCTHOTO
OXJIOKICHUS, HO, K COXAJICHUIO, OHa IO CHX IIOp
3(p¢exTHBHO  HE  pemieHa B COBPEMEHHOHU
ABTOMHAYCTPHUHU, T.K. NPHUMEHSEMBIE 10 IOCIEIHETO
BpPEMEHU TEXHOJIOTMU M ycTpoiicTBa ourctku OX B
nporuecce SKCIITyaTallu JBHUTaTEINeH HE
COOTBETCTBYIOT COBPEMEHHBIM TIOCTOSTHHO
BO3pacTarolM TpeOOBaHHSM.

CTpyKTypHBIE M KOHCTPYKTHBHBIC YCIIOKHEHUS

CHUCTEMBI JKAJIKOCTHOT'O OXJIAXKICHUS (CXKO)
COBPEMCHHBIX ABTOTPAHCIIOPTHBIX MTOPIITHEBBIX
JIBUTATEICi TpH  ONHOBPEMEHHOM  IOBBIIICHUU

TpeOOBaHMI K €€ HaJeXKHOCTH M TEIUIOOTBOAAIICH
(YHKIIMM B TIpOIECcCEe HETPEPHIBHOTO (HOPCHPOBAHUS
JIBUTATEJNEH, IPEeIbsBISIOT MOBBILICHHBIE TPEOOBAHNUS
k uucrore OX ©u cucTeMBl  OXJaXKACHUS.
Hemusbexnocts 3arpssHenus CXKO — nBurarteneit
(0COOEHHO TSDKENIOHArpy>KEHHBIX) M OTCYTCTBHE Ha
CerofHsAIIHMK  AeHb  3(QeKTUBHBIX  Hay4HO-
TEXHHYECKUX  peIIeHui B  9oTOH  obmactu
00ycaBIMBalOT HEOOXOIUMOCTh HOBBIX ITOJXOJOB M
WHHOBAIIMOHHBIX pemeHndt it ¢misTpamun  OX
aBTOTPAHCIIOPTHBIX JIBUTATEICH.

Cratuctuueckue JaHHBIE M0 SKCIUTyaTalluH
ABTOTPAHCIOPTHOM TEXHUKH IOKa3bIBAIOT, YTO OT 25
no 40 % HeucmpaBHOCTEH W OTKAa30B JBHUraTese
npuxoautcs Ha CXKO [1,2]. Yamre Bcero Hemogaaku B
CHCTEME OXJIAKJICHHUS IOSIBIAIOTCS YXe Iocie
150...200 ThIC. KM Tmpobera aBTOMOOWIA. Y
TPAaKTOPHBIX JBUTaTeNIed M JBUTaTeNed TAKEIbIX
IPY30BHKOB (a Takke aBTOOYCOB), pabOTAOLIMX
06b14HO ¢ 70...85% Harpy3koi, n3-3a 6osnee TSHKEIBIX
YCIIOBUI pabOTHI HETIOJIaJIKW MOTYT BO3HHKHYTBH YK€
nociie 500...700 gyacoB sKCIUTyaTalUH.

O0001IeHHA MPUYHHA TTOSIBIICHAUS (TCHEPAIIH)
sarps3HeHHit B CXKO —  ¢Qusuko-xuMudeckoe
B3aumozeiicteue OXK ¢ pa3auYHBIMH Pa3HOPOIHBIMHU
3JIEMEHTaMH M MaTepHalaMU CHUCTEMBI OXJIaXKICHUS.
ITox pu3HKO-XUMHYECKIM B3aUMOJICHCTBHEM CIIEIyET

IMOHUMATh KaBUTAIIMOHHYIO DJPO3UI0, XHUMHUYCCKYIO
KOppO3Wi0, 00pa3oBaHWe HAKANA W  Pa3THIHBIX
OTJIOXKEHHH, PA3IOXKEHHE TMPUCAT0K, paspyIIeHne

AIIEMEHTOB CHCTEMBI U T.1I.

3arpssHeHue OXK u cucrteMbl OXJIaXJeHUS B
LeJIOM Hen30e:KHO B CHIY psfa NPOU3BOACTBEHHO-
TEXHOJIOTHUECKUX TNPHYUH ((OPMOBOUHBIN IIECOK,

CTPY)KKa, YaCTHUIIBI aOpa3WBa, OKaJMHA B IPOLECCE
MPOU3BOJICTBA), B PE3YJIbTaTe KABUTALIMOHHOW 3PO3HU
U XUMUYECKOM KOPPO3UH METAITMYECKHX 3JIEMEHTOB
CHCTEMBI OXJIAKICHHA, a TakKe HAJMYUS MPOIYKTOB
pa3nokeHusI aHTU(QPHU30B U 00PA30BAHUS PASTUIHBIX
OTJIO)KEHHH B CHCTEME, BCIICACTBHE HE JOCTATOYHO
BBICOKOH KYJBTYPHI SKCIUTyaTalliul, B pe3yIbTaTe 4ero
CUCTeMa  3arps3HACTCS TIECKOM, YaCcTUIIAMH
TEepMETHKOB, (parMEHTaMH TPOKIAI0K, MPOTYyKTaMU
JUTSL IPEIOTBpALLEHUs Teuel u Jp.

3apyOeskHbIC WCCIIeTOBAHHUS CUCTEM
JKUAKOCTHOTO OXJIAXKICHUS aBTOMOOMIIBHBIX
JnBUrateneit mokasanu [1], uto Toneko okono 30% ux
KOJIMYECTBA HMEIOT OTHOcUTeNbHO uncTyro CXKO,
OCTaNbHBIC XapaKTePU3YIOTCS CpPeAHEH W BBICOKOM
3arps3HeHHOCThI0. B Poccnu monoOHbIe rccaeoBanus
JIO CHIX TIOp HE MPOBOIIINCH, HO MOXHO II0JIaraTh, YTO
CUTyalllsi C 3arpsA3HCHUSMH CHCTEMBl OXJIaXICHUS
OTCYECTBEHHBIX aBTOTPAHCIIOPTHBIX IBUTATENCH ere
Oolee TsOKENas.

IIpoBeneHHbIN HAMU aHAIKM3 U 00OOIICHHUE OTBITA
SKCILTyaTalliu U BHITMIOJIHEHHBIX UCCIEAOBAHUN CHCTEM
JKUJKOCTHOTO OXJIKICHHS MIOPIITHEBBIX
ABTOMOOWJIbHBIX U TPAKTOPHBIX JIBUTATENIEH TO3BOJISET
clenaTh OJHO3HAYHbINA BbIBOJ: MPAKTHYECKH BCe
HEMCIPABHOCTH U OTKA3bl CUCTEMbI OXJIAMKIEHUSI U
ee  JJEeMEHTOB  BBI3BAHBI  HCKJIIYHTEIbHO
YacTHOAMH 3arpsi3HeHHil, OHPKYJIHPYIOIIHUMH C
O B cucreme, KOTOpBIC 3aTeM IMPEBpAIIAOTCS B
OTJIOKEHUS Ha  CTEHKaX  TEIUIONePeIaroInX
MTOBEPXHOCTEH U B IPOTOYHBIX KaHATAX CHCTEMEI.

AHaIN3  MOCJHEeIHUX  HCCIeI0OBAHUI U
nyoauKanuii

Hmnst ycrpanenus 3arpssnenuii OX u cuctemsl
OXJIWKJEHUS B 1eioM, 3a pyOexom Ooinee 70 ner
yCTaHaBJIMBAIOTCs  cneuuanbHble  ¢uiabtper  OXK
(®OX) w©Ha HEKOTOpble MOJAENTH JIBUTaTeleH,
paboTarommMXx B TSDKENBIX  AKCIUTyaTal[HOHHBIX
yCIOBHAX  (MarucTpayibHBIE — TATA4d,  TSDKCIBIC
TPY30BHKH, KapbepHBIC CaMOCBAllbl, CTPOUTEIHHO-
JIOPOXKHEIE MAIIIUHEI, MIPOMBITIIICHHBIC u
CEIILCKOXO03s5TIICTBEHHBIE TPaKTOPHI u T.IL).
[Ipou3BoAUTENIME TAKUX (PHIBTPOB SBISAIOTCS (PUPMBI
Fleetguard, Donaldson, Baldwin, Hengst, WIX u op.[3-
5].

Bce Bbimyckaemble Ha CEroJHAIIHUA J€Hb
3apyoexusie POX, Mo CcyTH, SBISIOTCS HECKOJBKO
MOAU(PHUIIMPOBAHHBIMU ~ aHAJOTaMH  TPATUITHIOHHBIX
MacisHbeIX GuibTpoB (puc.l). B Poccun mogoOHbIE
(WIBTPBI IPOU3BOIATCS MO 3aPYOCKHBIM JIHICH3USM,
COOCTBEHHBIX KOHCTPYKIUH IO MMOCIEIHETO BPEeMEHHU
He OBLIO.
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Puc. 1. Koncmpyxyus munuuno2o ¢uismpa oxaaxcoaioueit sxcuoxocmu pupmer Baldwin [3]:

1 nracmuxosas kamepa 05t XpaneHusi Kancyi, 2 — Kancyavl (2pamyivt) us cneyuaivol npucadku k OXK;
3 — Opoccenupyrowuil Kanan 0s pe2yIuposanusi NOOAYU NPUCAOKU, 4 - MEMAITUECKUL KOPNYC ¢
INOKCUOHBLM HOKPBIMUEM, 5 — npyscuna; 6 — cunmemudeckull (puibmpyrowuil J1emMenn;

7 — orcurnep (v pazuvlx npouzgooumeneii - £ 3...4 mm), oepanunusarowuii nomox OXK uepes ¢uromp,
8 — cmanvroe ocnosanue ¢ pezbbosvim omeepcmuem no yeHmpy, 9 — 08OUHOIU 3aKAMOYHbLIL UIOS,
2epMemu4HO CoeouHsIowull ocHosanue 8 ¢ kopnycom 4

Takue ®OX ycraHaBIMBarOTCS Ha CIELUANbHOE
MOCaI0YHOE MECTO (aHAJIOTHYHO MACIITHOMY (DHIIBTPY)
B OJyioke aBurarens. B 30He aToro nocajgo4Horo mMecra
B OJOKe JBUraTess BBHIMNOJHEH KaHal Ul MOABOJA U
oreoga OX. Cnenyer OTMETHTh, YTO 3TOT KaHAT
sBIsfeTcd OalmacHbIM, T.e. 4Yepe3 Hero NPOXOIUT
TonbKO OKoio 10% (1O MaHHBIM HPOU3BOIHUTEIECH)
BCET0 TEMJIOHOCUTENs, oAaBaeMoro Hacocom. Takue
DOX o mepe 3arps3HEHUS B IIPOLIECCE IKCILTyaTaluu
YBEITMYMBAIOT cBOE COIIPOTHBIICHHE pu
OJTHOBPEMEHHOM YXyIIICHNT yJlaBJIUBaONICH
CIOCOOHOCTH.

Ot QuabTpEl  00ECHEYMBAIOT  yJIaBIMBAHHE
gactur, 3arpssHernid  Oomee  30...50 wMxMm (B
3aBUCHUMOCTH  OT  (UPMBI-IPOU3BOJUTEINSI)  C
BEPOATHOCTBIO 98%. MexCMEeHHBIN CpPOK MOJO0OHBIX
ciyx0b1 (hunbTpoB coctarisier 1 rox (wim 150...200
TBIC. KM npoOera aBromMoOmist, wiu 4000 wacoB ero
padoThI).

B kadecTBe BemiecTBa CHEIHAIbHBIX IPHCAIOK,
HaxoJSIIIMXCS B BUJE TPaHyd B Kopiyce (HIBTpA,
pasnuyHble (UPMBI UCIIOIB3YIOT pPasHbIE COCTaBbl. B
npouecce padoThl GUILTPa 3TH TPAHYJBI MEICHHO
pacTBOpsOoTCS B aHTH(pH3e, BOCCTaHABIMBAsS U
yity4mast ero (PU3NKO-XUMUYECKHE CBONCTBA.

Kak mpaBmiio, 310 comm a3oTucTtol m OopHOU
KHCIIOT wWiu colud  ¢ocdopHOi, a30THCTON U
MONHOACHON  KHCIOT. Kaxmas w3 dupm-
MIPOU3BOUTENEH UCTOJIBb3YET CBOM COCTaB MPUCAA0K U
no cBoeMy ux obGosnauaer [3-5] — BTE, BTE-Plus,
DCA-2, DCA-4, SCA u ap. Vcnonp30BaHUe TOTO WA
MHOTO THIA TIPHCAJO0K O0O0YCIOBIECHO TPeOOBaHUSIMH
NPOU3BOJUTENEH aBTOMOOWIBHOH UM TPaKTOPHOH
texuuku. Hanpumep, dupmbr Cummins pekomeHayer
ucnons3oBate DCA-4, a Caterpillar u Detroit Diesel
pexomenayiot SCA.

Crnemyer OTMETHTH, 4TO dacTo monobHsle DOXK
BBIITyCKAIOTCS 0€3 XMMHYECKHX MPUCANOK BHYTPH
¢dbunbTpa.

Ilo wHammM  JgaHHBIM  (OKCHEPUMEHTHl U
KOMITBIOTEPHOE MOJICIIMPOBaHUE) Yepe3 MOJ00HbIe
®OX mpomyckaercst MmeHee 1% OT Bcero OCHOBHOTO
nmoroka OX, uto O0OBICHIETCS OCOOCHHOCTIMU
KOHCTpYKUMH  ¢uiabTpoB. Takas KkpaitHe Mayas
MIPOITyCKHAsI CHOCOOHOCTh 3THX (HIBTPOB SIBIISETCS
NpUYNHON wX HmKoW 3¢ddexruBHOCTH. MOXKHO
YBEPEHHO TIoJIaraTh, 9YTO MOAOOHBIE (QHIBTPH HE
CTOJIBKO BBITIOTHSAIOT (PyHKINIO (GUIBTPAILINH, CKOJIBKO
CIIy’KaT B KayecTBE HOCUTEJIEH OMHMCAHHBIX MPHUCAIOK
UL yiIydimieHuss  (M3MKO-XMMHYECKHX  CBOMCTB
anTu(pu30B. Tarxke 3TH GUILTPHI MPUHIMITHAIBHO HE
MOTYT OBITh INOJHOIOTOYHBIMH, T.K. IPU UX IOJIHOM
3aCOPEHUM IIPEKPATUTCS LUPKYJUs aHTudpH3a.
Takue GpuIbTPBI HE MOTYT yCTaHABIMBATHCS Ha JHOObIE
JIBUTATENs, T.K. B KOHCTPYKIIMM IBHUTaTels IOJIKHO
OBITH NIPEYCMOTPEHO COOTBETCTBYIOIIEE MTOCAJ0YHOE
MECTO MO/ (GUIBTP M TOABOISAIINIT/OTBOIAIINI KaHAT
g OXK.

BoinesieHne HepenIeHHBIX paHee YacTeil 00mmei
npoodIeMbl

KapaunansHeM peleHreM po0IeMBbl
¢unprpanmn OX u mommepkanust B gucrtore CXKO
MOXXeT OBITh yCTaHOBKAa BBICOKO3()(EKTHBHOTO,
HAJEKHOTO, TIPOCTOTO W  HEAOPOroro ¢uibTpa
oxJaxJarouei xunkoctu. Jlo mocnenHero BpeMEHU
Takol (uIbTp B aBTOMOOWUIBHOW TEXHUKE HE
CyIIIeCTBOBAI.

Jns  oOecrieueHHss HOBBIX, WHHOBAIMOHHBIX
oJxo0B K npobmneme ¢uibrpanmun OX B ycinoBusx
9KCIUTyaTaly, HEOOXOAWMO pacCMOTpPETh B IIEJIOM
BO3MOXXHOCTH YCTaHOBKH (HIBTPOB B PA3IMUHBIX
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TOUKAaX  CHCTEMBl  OXJIaXACHUS
ABTOTPAHCIOPTHOT'O CPEACTBA.

B kagectBe mnpumepa (puc. 2) TpHBeneHa
YIPOIIEHHAs CXeMa CHUCTEMBl OXJaXIEHHs JBUraTess

COBPEMCHHOTI'O

1

11
® MecTa YCTaHOEKH (HILTPOE

COBPEMEHHOTO aBTOTPAHCIIOPTHOT'O CpelICTBa,
BKJIIOYAIOLIEH MPENyCKOBOW MOJorpeBaresb (Tura
Webasto, Eberspacher u ap.).

Puc. 2. Cxema munuunoii cucmemvl OX1AACOEHUSL COBPEMEHHO20 ABMOMPANCTIOPIMHOZ0 O8ULAMENA C
YCMAHOBIEHHLIM NPEONYCKO8bIM nodocpesamenem: 1 — osucamens,; 2 — sicuokocmuuiii Hacoc CKO
odsueamensi; 3 — eHmuasIMop 0060y68a OCHOBHO20 PAoUAmopa, 4 — 0CHOGHOU Paouamop 08UaAmeJis,;

5 — mepmocmam CIKO Odsueamensi; 6 — obpamuwiti Kianau, 7 — eHMuisimop 0060ysa paouamopa omonumes
canona; 8 — paouamop omonumeis CaioHa; 9 — npednyckosou nodoepesamens,; 10 — sHcudkocmuwiii Hacoc
npeonycko8o2o nodocpesamens, 11 — mepmocmam npednyckogozo nodozpesamens

IIpn >TOM BO3MOXHOCTH YCTaHOBKH (uibTpa
(maxxe 6e3 ydeTa INIOTHOCTH KOMIIOHOBKH MOTOPHOTO
OTCEKa) JIOBOJILHO OTpaHHYEHBI. [IpHHIMITHATIBHO €To
1[eJIECO00PAa3HO YyCTAHABIUBATD B CIEAYIOUINX TOYKAX

(mecrax):
. A — mepeg OCHOBHBIM paJHaTOpPOM
JIBUTATEIS (U1 3allIUTHI paguaTopa OT 3arpsi3HeHu );
. B — nepen paauaTopoM OTOIHTENS CaJIOHA;
. C — nocne XUJIKOCTHOTO HACOCa CUCTEMBbI

OXJIAXKACHUA (B TOM CJIy4ac, €CJIM HaCOC HE BCTPOCH B
010K JABUIaTCiisA, a BBIIIOJIHCH B BHJAC OTACIBHOI'O

arperarta);

o D - mocie KHAKOCTHOrO  Hacoca
NPEIIyCKOBOIO  IoxorpeBarens (Hacoc, Kak U
MOJOTpeBaTeNb, BBIIOJIHAETCS B BUJAE OTIEIBHOIO
arperara).

YcraHoBKa GMIBTPOB Ha BXOJE B KHUIKOCTHBIC
HACOCHI HEBO3MOXHA, T.K. B 3TOM CIIy4yae CyIIeCTBEHHO
M3MEHSTCSA XapaKTePUCTUKN Hacoca W 3aMETHO yIaieT
€ro MPON3BOAUTENFHOCT. DTO HEAOMYCTHMO.

Hpyrue paguatops!, Bxogsmme B CXKO —
OXJIKAEHUSI MOTOPHOTO M TPAHCMUCCHOHHOTO Macia,
HaJ{yBOYHOTO BO3JlyXa, PELUPKYJIUPYEMBIX
0TpaboTaBIINX Ta30B M T.II. — HE HECYT KPUTHYECKH
BOXHBIX (PYHKIMIT M MIX 3aIIUTa OT 3arpsI3HEHUI MOXKET
YCIIOBHO CUHTAThCsI BTOPOCTENEHHOI 3a1aueil.

Cremyer  OTMETHUTh, 4YTO  TPEIINYCKOBBIC
MOJIOTPEBATENM BKJIIOYAIOT B cebst (Kpome Hacoca W
COOCTBEHHO MIOJJOTpEeBaTENs) HECKOJIBKO
MEePEeKIIOYAONINX  JIEKTPOMArHUTHBIX  KJIAMIAHOB,

KOTOpbIE OYEHb YYBCTBUTCNIBHBI K 3arpsi3HCHUSM,
0cOo0EHHO K MeTaumyeckuM gactuuam B OXK.
[MosToMy 3TH  ToOHOrpeBaTeNd  LIENECO0OpasHO
3alIMIIATh C OMOIIBIO QUIIBTPOB.

Ha xadenpe «TemnoBble  nBuratenu u
JHEPreTUUCCKUE YCTaHOBKH» Biagumupckoro
roCyIapCTBEHHOTO yHuBepcutera wuM. A, u

H.I'.CtoneToBbIX B TeUe€HWU TOCIEIHUX 5 JIeT ObuIH
IIPOBEJCHBI HUOKP o CO3JaHUIO
BBICOKO3(D(DEKTUBHBIX HHHOBAIIMOHHBIX YCTPOWCTB
¢mmptpanmn OX. Yacte pa3paboTok 3amumieHa
MmaTeHTaMH Ha m300pereHus (mateHTHI PO Ne
2552547, 2 625 891), ToTOBATCA OpyTHE 3asABKU IS
MATCHTOBAHUS.

ean ctaTbn

Lenbio cTaThy SABIAETCS U3TOKEHHUE PE3YIHTATOB
pa3paboTku,  J1abOpaTOPHBIX  HMCCIENOBAHUH |
9KCIUTyaTallMOHHBIX ~ WCIBITAHWA HWHHOBAI[MOHHOTO
BBICOKO?(DPEKTHBHOTO ¢dbunpTpa-cemaparopa,
CO3JIaHHOTO HAa  OCHOBE  MOIM(HUIIMPOBAHHOTO
THJIPOLMKJIOHHOTO MIPUHIUIA JEUCTBUS.

M30:xeHne 0CHOBHOI0 MaTepHaia

Ha ocHoBe MH(OPMAIIMOHHOTO MOMCKA U aHAIIN3a
NPUHIUIOB JCHCTBUS M KOHCTPYKUMH YCTpPOWCTB
¢uibTpanuu JKUIKOCTH [6,7], HaunOoIee
MIEPCIIEKTUBHEIM ~ HAlpaBJIEHWEM pa3paboTKh  ObLI
MpU3HAaH  CcIocod OYUCTKH  JKHAKOCTEH  C
HCIOJBb30BaHNEM IIEHTPOOEKHBIX CHII U yAaJCHUS
3arpsA3HEHUIl W3 TOTOKAa KUAKOCTH  (TPHHIIUI
THIIPOIMKIOHHON OYNCTKH).



32 Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #2(54), 202

[ |
o EE

I'maponyknonusie ¢unsTpsi-cenaparopsl (I'OC)
o0ylafaloT  UEeJbIM  pSJOM  NPHMHIMIHAIBHBIX
JIOCTOMHCTB: BBICOKOH TMPOMU3BOAMTENBHOCTBIO U
HENPEphIBHOCTBIO  pabOThl;  MPEIEIbHO  HPOCTOM
KOHCTpPYKIIUEH, HE  coJepkallel  MOABMXKHBIX
9JIEMEHTOB; OTCYTCTBHEM COOCTBEHHO (PUIIBTPYIOLIETO
37eMeHTa (TKaHEBOTO, KAPTOHHOTO, CHHTETHYECKOTO 1
T.II.) KaK TaKOBOTO; HU3KOH CTOMMOCTHIO; BBICOKOM
3((eKTUBHOCTPIO; MPAKTUIECKH HEOTPaHUICHHBIM
CPOKOM CITy>KOBI; MOBBIIICHHONW HaJEKHOCTBIO JIaXKe
IpU  TSDKENBIX YCIOBUSIX OKCIIIyaTaluy (BBICOKHE
JaBICHUS W TEMIEpaTypsl IIOTOKOB, HAJIHIHE
arpecCUBHBIX CpeA M T.I.), JETKOCTBIO YCTaHOBKHU
¢unbTpa Ha aBTOTPAHCIIOPTHOM CpEACTBE (Kak B
MPOU3BOJICTBE, TAK U B IKCIUTyaTaIllH).

EctecTBeHHO, (buIbTpHI Ha OCHOBE
UCIIONIb30BaHMSI LIEHTPOOEKHBIX CHJI HE IO3BOJITIOT
OCYWIECTBIIITH ~ TOHKYIO  OYHCTKY  JKHJIKOCTH

(HECKOIBKO MKM), HO Uil YCJIOBHH COBPEMEHHBIX
CXKO aBTOMOOWJIBHBIX IBHTATENEH Takas QUIBTPAIUL
u He Tpebyerca. Hammm OIEHKH MOKAa3BIBAIOT, UTO
HeoOXoauMas U JOCTaTOYHAs HOMHHAJIbHAS TOHKOCTh

\

%

BB D D¢
X

N

I'®C wmoxer ycTaHaBIMBATHECA B OCHOBHYIO
MarvcTpajib CHCTEMBI OXJIaXK IeHUs (a He B OaiimacHyto,
Kak 3apyOeXHbIE aHaJOTH), YTO OOeCIeuMBaeT ero
BBICOKYI0 3()()eKTHBHOCTB.

Kpome »storo, mma TI'®C wHe Tpedyercs
CIEMAIBHOTO I0CaJ0YHOT0 MECTa B OJIOKE JABUTATEIS
— OH MOXXET YCTaHaBJIMBAThCS B Pa3pbIBE PE3MHOBBIX
narpyOKOB CHCTEMbl OXJIXKACHHS, IKEJIaTelIbHO —
nepeJ; OCHOBHBIM Pa/InaTOPOM JIBUTATEJISL.

¢unbTpanm  OXK  aBTOTpaHCHOPTHBIX JBHraTesei
cocTasisieT 0Kos1o 200 MKM.

B xonme mouckoBbIX paboT, ObUIM CO3AaHBI U
UCCIIEIOBAaHBl B Ja0OpaTOpPHBIX M pealibHBIX
9KCILTyaTallHOHHBIX YCJIOBUSIX MAKETHBIH U ONBITHBIN
00pa3Ipl OPUTHHAIBHOTO THIPOIMKIOHHOTO (HIBTPa
OXJIQKAAIOIIEH JKHUAKOCTH, 3alIHIIEHHOTO NaTEHTOM
P® na uzobperenue [8].

B xoHCTpYyKIIMH 3TOTO ubTpa (puc. 3) ymamock
peanm3oBaTh MOIUGHUIMPOBAHHBIA THIPOIHMKIOHHBIH
CIoco0 OYHMCTKM JKHAKOCTH IIPU  JIOCTIKCHUH
KOMIIAaKTHOCTH  ycTpoiictBa ®W  oOecleueHnH
BO3MOKHOCTH MHOTOKPATHOTO €ro MCHOJIb30BAHUSA
mpu  pa300OpHOM  KOHCTPYKLMH,  ITO3BOJISIOIICH
MPOU3BOJUTH €r0 BCKPBITUE TIPH JEMOHTaxe C
TPAHCIOPTHOI'O CPEACTBA IS yAaICHUS 3arpsA3HEHUil.

JlaHHOe TeXHMYecKoe pelleHHe o0iagaeT BCeMHU
BBIIICYKa3aHHBIMH MPUHINIHATEHBIMA
KOHCTPYKTHUBHBIMHA " TEXHOJIOTHYECKIMHU
JOCTOMHCTBaMH THIPOLUKIOHHBIX YCTPOHCTB NpH
CYIIECTBEHHOM COKPAILCHUH TabapuTOB KOHCTPYKIIUH
T10 CPAaBHEHHIO C KJIACCHYECKHM THAPOIMKIOHOM.

0)

Puc.3. Cxema euopoyurxionnozo punsmpa-cenapamopa (a) oas owucmru OJK (nameum PD Ne 2 625 891) u
sHewnutl 8uo (6) unompa, svinyckaemoeo OO0 «HTL] «AemoCgepay npu Bal'Vy: 1 — euxpesas pabouas
xamepa,; 2 u 3 — 6x00HOU (MAHCEHYUATBHBIN) U BLIXOOHOU (0CeB0tl) nampyoxu,; 4 — KOHYCHbIU YAA6IUBAIOWUL
anemenm, 5 - yrasnusarouwue omeepcmus,; 6 — ROIOCMb epA3eCOOPHUKA; 7 — KOPNYC pA3ecOOPHUKA

[IpenBapurenbHbie HCCIIEIOBAHUS paboThI
MakeTHOro o0pasla THAPOUMKIOHHOTO (IIBTpa
TO3BOJIMJIU IOCTHYb HEIUIOXUX PE3YJIbTaTOB.

lunpaBiamyeckoe  CONMpOTHBICHUE  (Tepeman

JABJICHUSI MEXIy BXOJIOM U BBIXOJOM) CEPHHHOTO
obopasuma I'®C mpencraBneno Ha puc. 4. Kax
MTOKA3BIBAIOT MPE/ICTABICHHBIC TAaHHEIC, (PMIIETP UMEET
JIOITyCTUMOE THAPABINIECKOE COMPOTUBICHUE -OKOJIO
7 xIla mpu pacxoae 80 1/MuH.
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Pacxop, xugkoctv Q, 1/MuH

Puc.4. I'uopasnuueckoe conpomugnenue (nepenao 0agieHus
MeAHCOY 8X000M U 8bIX00OM Puibmpa) ceputinozo obpaszya I ©C
6 3A6UCUMOCIIU OM PACXO0A HCUOKOCHU

VY naBnuBaromas CITOCOOHOCTH rocC rae M1y My — Macca MoAaHHBIX Ha BXOA (puibTpa
xapaktepusyercs  Kod(p(QHUIHEHTOM  yiaBIMBAaHWSA  TBEPHABIX YACTHUI] M Macca YIOBICHHBIX B TPA3€COOPHUK
(¢pumpTpanmm) S Y4acTUL], COOTBETCTBEHHO.

CrienaibHO  TIPOBENICHHBIC  OKCICPUMEHTHI  C
B = m; /m1' % KaTHMOpOBAaHHBIME TBEPABIMU YaCTHIIAMHU (KBapIICBBIH
MECOK), AJIH CIEAYIOIINE PE3YNbTaThI (pUc.S).

X
< 100
=
=
= -0
g 95 Q=70 n/muH
E =O=Q=45 n/MuH
e =
£ 90 =0=Q=20 n/MuH
Y]
=
=
3 85
<
m
o
x

80

0 100 200 300 400 500

Aunamertp yactuy d, MKM

Puc.5. Yaasnusarowasn cnocobnocmo cepuiinozo oopasya I'®@C 6 3asucumocmu
om pacxo0a nOMoKa HCUOKOCTU U paA3mepa meepovix 4acmuy

JlanHble rpaduka Ha pUC.5 TOKa3bIBAIOT, YTO C
MOBBIIIEHIEM PAcX0/1a KHUIKOCTH (CKOPOCTH MTOTOKA) 1
C  yBEIMUYEHHEM pa3sMepa  TBEpAbIX  4acTull,
ynaBiuBatomas crnocoonocte f I'@C pacrer. Ot0
aOCOJIOTHO  3aKOHOMEpHas  3aBUCHMOCTb IS
THIIPOITUKIIOHHBIX YCTPOWCTB, YIIABJIMBAOIIAS
CIIOCOOHOCTh KOTOPBIX BO MHOTOM OINpENeNseTCs
HCHTPOOCIKHBIMU ~ CHJIAMH,  JCUCTBYIONIUMH  Ha
TBEPAYIO YaCTHILY ONpE/IeIEHHOH Macchl. Yem Goutbiie
OKpY>KHasi CKOPOCTh TBEPABIX YaCTHUI] M Macca (pa3mep)
KaXIOM W3 HHUX, TEM BBIIIE YJIaBIMBAIONIAs
CIOCOOHOCTH THAPOITUKIIOHA.

Crnenyer oTMeTUTh, 4TO co3maHHbiii [ ®C umeer
JIOBOJIGHO BBICOKYIO VJIABJIHMBAOLIYI0 CIIOCOOHOCTB,
cocraBmsonryto Oosmee 80% maxke [usA  9acTHIL

pa3zmepom oxosto 100 MKM IpH pacxoax MOTOKa OKOJIO
20 n/muH..

OmnsiTHBIE 00pa3ubl ['OC nponu BcecTOpOHHME
WCTBITAHUS B PEAbHBIX YCIOBHAX SKCIUTyaTalldid Ha
ropoackux aBrobycax MAN, Mercedes, Setra,
Bounrabac. Ycranoka ['@C Ha KOHKpEeTHOM aBTOOYCE
MO0Ka3aHa Ha puc. 6a.

B mpouecce skcmiyaTallMOHHBIX HCHBITAaHUS 3a
Bpems nipobera 30...35 Thic. KM QUIBTPHI YIaBIUBAIH
ot 50 mo 115 T TBepABIX 3arps3HEHUH (B CYyXOM BUJIE).
Bun tunuusbIX 3arpssHeHnil B rpssecoopanke I'OC
MpeCTaBJIeH Ha pucC. 60.
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Puc. 6. Yemanoska cepuiinozo oopaszya I'@C na ecopoockom aemobyce Boreabac (a)
U GHEUWHUI U0 3a2psA3HeHUll 8 epsizecOopHuKe purbmpa (6)

Ycnemnsle UCTIBITaHHS CO3JJTaHHOTO
THIPOLNKIOHHOTO ¢unpTpa-cenaparopa JIAfoT
OCHOBaHHME TMojlaratb, 4YTO OH MOXET HaWTH

3¢ dexTHBHOEC IPUMEHEHUE B CHCTEMAxX KHUAKOCTHOI'O
OXJIAXKACHHUSA TOPIITHCBBIX I[BI/IFaTeHeﬁ pa3aImIHoro
Ha3Ha4YeHHs - aBTOMOOMJIEH, aBTOOYCOB, TPaKTOPOB,
CTPOUTENBHO-I0OPOXKHBIX U JIECOTEXHUYECKHX MAIIIHH,
apMENCKOU TEXHUKH U Ip.

Jannsle pe3yNbTaThl pa3paboTox "
UCCJIEJIOBAaHUH SIBJISAIOTCSl HaYaJloM OOJIBLION PabOTHI
no CTaHOBJICHHUIO HOBOTO NEePCHEKTHBHOTO
HampaBleHUs B  OOJACTH  COBEPIICHCTBOBAHHUS
ABTOTPAHCIIOPTHBIX ~ TOPIIHEBBIX  JBUratelied —
BBICOKOI()(DEeKTUBHON  (QMIBTpPAUN  OXJIAXKIJAFOIIEH
KHUAKOCTH. B pesynprate 3Toll pabOTHI Ha pBIHKE

aBTOKOMIIOHEHTOB JIOJDKHBI ~ TOSIBUTBCSL  MIPOCTHIE,
HEJOpOTHe, HaJeXKHblEe U  BBICOKOAI((HEKTHBHBIE
WHHOBAIIMOHHBIE TUIPOIMKIIOHHBIE GuIBTPHI
OXJIAKJAIOLIEH JKUIKOCTH.

BoiBoabl

1. 3arps3HeHHs B CHCTEME OXJaXKJICHUS
ABTOTPAaHCIIOPTHBIX MTOPIITHEBBIX JBUTATENCH
Hen30eKHBI  BCJIEJCTBHE  CIOXKHOTO  (husmko-

XuMuueckoro Bzaumozeiicteuss OX ¢ paznuyHbIMU
Pa3HOPOJHBIMU BJIEMEHTAMH U MaTeprajaMi CUCTEMBbI
OXJIQXKJEHUS, a TaKXKe 3a CYET IPUBHECEHHBIX U3BHE B
CUCTEMY  4YacTHIl  3arps3HeHUH B  Mpolecce
JKCILTyaTaIuu.

2. TIpakTHYECKU BCE HEHUCIIPABHOCTH U OTKa3bI
CHUCTEMBI OXJAXKICHHNS 1 €€ DIIEMEHTOB BBI3BAHBI
WCKITIOYUTENFHO YaCTHIIAMH 3arpsI3HEHUH,
nupkyaupytomumu ¢ OXK B cucteme, KOTOpbIE 3aTeM
MPEeBPaLIAIOTCs B OTIOXKEHUS Ha CTEHKaX
TeIUIoNEepeIaloUX MOBEPXHOCTEN U B IPOTOYHBIX
KaHajax CHCTEMEI.

3. HeratuBHble TOCHEACTBUS  3arpsi3HEHUH
CUCTEMBI KMJIKOCTHOTO OXJIQXKJIEHHUSI MPOSBISIOTCS B

YXYIIICHUH €€ TEIUIOBBIX (YHKIMH, B OTKasax H
M3HOCAX OTJIENBHBIX 3JIEMCHTOB U Y3JI0B.

4. Co3naHHBIN BBICOK03 () (heKTUBHBIH
TIOJTHOTIOTOYHBIH THIPOLUKIOHHBIN ¢$msTp-
cemaparop pemaer mNpoOiaeMy 3allUThl CHCTEMBI
OXJIQKACHUS OT 3arps3HEeHUH U OOBbEKTHBHO 00JagaeT
CYIIECTBEHHBIMH KOHKYPEHTHBIMH MPEUMYIIECTBAMHU
nepen 3apy0OeKHBIMH aHAJIOTAMH, B CBSI3H C YEM MOMKHO
OXHAATh  €r0  pacIpocTpaHeHHs B oOnacTu
ABTOMOOMJIHON M TPAKTOPHOM TEXHUKH.
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WARMTH ACCUMULATION MODELING BY SOLAR INSTALLATION

3onomoecvka Onena Bonooumupiena

KAHOUOAam mexHiuHux HayK, 0oyeHm

Kageopu mpaxkmopis i cinbCbKo20cno0apcbKux MawiuH
Jninposckuti 0epacagnutl azpapHo-eKOHOMIUHUL YHigepcumem

MOJEJIIOBAHHSA HAKOIMIMYEHHA TEIIVIOTH COHAYHOIO YCTAHOBKOIO

AHOTalIiﬂ. B crarri HaBe)IeHi PE3YJIbTaTU TCOPCTUYHUX L[OCJ'IiI[)KeHL HaAKOIIMYCHHs TCIlJIa. HpI/IBeL[eHa
MOJIETIb PO3PAaXyHKY 3MIHM TEMIEpaTypH B Yaci B TEIJIOBOMY IPUCTPOI COHSYHOI YCTAHOBKH. 3alPOIIOHOBAHO
TEXHIYHE piH.IeHHSI, SAKE HO3BOJISIE BUKOPUCTATH IICPEBAru CUCTEM OIAJICHHSA IIPpU BHpOBa,Z[)KeHHi COHAYHUX
KOJIEKTOPIB 3 CYMiCHHM HarpiBOM MOBITPS Ta PIIWHHOTO TEIUIOHOCIS.

Summary. Results of theoretical researches of accumulation of heat are given in article. The model of
calculation of temperature change is given in time in thermal devices of solar installation. Technical solution which
allows to use advantages of heating systems at introduction of solar collectors with compatible heating of air and

the liquid heat carrier is proposed.

Kniouoei crnosa: nakonuuenms menja, COHAYHAa yCMAanoeKa, memnepaymypa.

IMocranoBka npodsaemu. B ocranHiit uac inTepec
1110J10 BUKOPUCTAHHSI COHSIYHOI eHeprii 3poctae. Tomy,
mo ii 3amacu MOKHa BiIHECTH 1O TOHOBIJIIOBAIBHHUX
eHepropecypciB. PesympTaToM peainizaiii cydacHHX
TEXHOJNOTii € BHUKOPHCTaHHS  CHEprii  COHIA
KoJIeKTopaMH. [TommpeHo MOMMIKOI0 € AyMKa IIpo
HEJIOIIBHICTh BUKOPHUCTAHHS COHSYHUX
BOJIOHArpiBaviB, 3 SKUM Yy HAc acOIIEThCS Oak,
nodapOoBaHHuil Y TEeMHUH KOIip, Ha Jaxy IyIIOBOT
ka0iHu. EQeKTHBHICTh MaHOI CHCTEMH HArpiBy BOIU
HEBHCOKa, a Il BHMKOPHCTaHHS OOMEXEHE TeIJIo
mopoto  poky. CydacHi TEXHOJOTIi JO3BOJSIOTH
BUKOPUCTOBYBATH COHSIUHY €HEprii0 HaBiTh B3UMKY. A
camMe  JO03BOJSIOTH  BHUPIIIUTH  NHUTaHHA  JUIs
ABTOHOMHOTO  TEIUIONIOCTa4YaHHS; B  CUILCHKOMY
TOCMIONAPCTBI MPH  CYIIiHHI  pI3HUX MPOAYKTIB;
AaKyMYJIIOBaHHI COHSYHOTO TeIUla /sl  TeIlIHIb;
BUKOPHCTAHHS Taps40i BOIU B TEXHOJIOTIYHUX IIJISAX, B
MPOMHUCIIOBOCTI Ta iHIe [1].

Ha oxamp eHeprisi coHus
BUKODHCTOBYETHCS B  CHUCTEMax ONAJECHHS Ta
TEXHOJIOTIYHOTO ~ TeIIonocTayaHHs. MOXIHMBO, Lie
MOSCHIOETHCA BiJICYTHICTIO IH)KEHEPHUX HAIPAIfOBAaHb
y naHii chepi. CoHsAYHAa eHEpPreTMKa TOBHHHA
MEePeIUTITaTHCA 3 TEeXHIKO-€KOHOMIYHHMH peaisiMu
Hamoi KpaiHM Ta BIANIOBiNATH TaKWUM BHMOTaM: HeE
BHCOKAa BapTICTh OOJNaJHAHHS, BIPOBA/DKCHHSA Y
BIAMOBITHINA Tay3i, HAYKOBO-IH)KEHEPHUH MiAXix 10
BIIPOBA/IKCHHS COHSYHOTO TEILUIONOCTavaHHs [2].

MNPpaKTUIHO  HC

Y PpO3BHTKY COHSYHOI EHEPTeTHKH Ba)KIMBUM
KPOKOM € BHUKOPHCTAaHHS CHUCTEM, J€ TEIUIOHOCIEM
SBJISETHCS TOBITPs. ToMy IO TOBITPSIHI CHUTEMH
BOJIOAIIOTh TaKUMH T€peBaramu, SK BiJICYTHICTb
MOXJIMBOCTI PO3MEP3aHHs Ta 3aTOIUICHHS CHCTEM Ta

o0aHaHHS, OLIBIIT BUCOKHIT KoeimmieHT
BUKOPHCTAHHS COHSYHOI eHeprii, mpocTimuii B
YIpaBIiHHI.

OCHOBHUMH €J€MEHTaMH aKTHBHOI COHSYHOI
CHCTEMH €: TejioNpHiiMau, aKyMyJIOYHUN MPHUCTPIi
TEIJIOTH, JOJATKOBE JDKEpENio eHeprii, CIOXKKBad.
OTxe, IS TEILIOMOCTAYaHHS MPUMILICHHS PO3POOHIIH
NPUHLUIIOBY cxeMy (pHc. 1), sika BiIPI3HAETHCS THM,
IO Ma€ TPU KOHTYPU LUPKYJLSILii rmojayi Tervia: JBa
PIAMHHUX Ta OJUH MOBITPSHHIA:

— TEpIINH KOHTYD, IO CKIIaJaeThCs 3 COHTIHUX
KOJIGKTOPIB 1, MUPKYJIAMiHHOTO Hacoca 8 1 piiMHHOTO
TEII0O0OMIHHHUKA 3;

— JpYrHH  KOHTYp, IIO CKJIAJaeTbcs 3
aKyMmyJsTopa Teria 2, MUPKYJIAmiHHOrO Hacoca 8 i
TEeTII000MIHHHKA 3, CHCTEMHU rapsroro
BOJONOCTAYaHHS 7,

— TpeTif  KOHTyp, IO  CKIAJaeTbca 3
BOJIOTIOBITPSTHOTO TETUIOOOMiHHUKA (Kajopudepa) 5,
BEHTHJIATOpPAa 9, cHCTeMa MOBITPSHOTO OIAIEHHS O,
6ax-akymymaTop 2.
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Pucynox 1 — Cxema cucmemu COHAYHO20 MENLONOCAYAHHSL:
1 -consiunuii konekmop,; 2 —akymyaismop menia, 3 - meniooOMiHHUK,
4 - npumiwgenns; 5 - kanopugep; 6 - cucmema nOGIMPSIHO20 ONANEHHs, 7 — cucmema
2apsiu020 8000NOCMAYAnH S, 8 - YUPKYIAYIUHUL HACOC, 9 - GeHMUISMOPp.

Bubip 1 KOMIOHYBaHHSI €JIEMEHTIB CHCTEMH
COHSIYHOTO TETJIONOCTaYaHHS B KOKHOMY
KOHKPETHOMY BHITQJIKY € JOCUTH CKJIAJIHUM 3aBJIaHHAM
i BHM3HAUae€ThCS  KIIMAaTHYHUMH  (haKTOpaMmy,
MPU3HAYCHHSM, PEKUMOM TETIOCTIOKUBAHHS,
C€KOHOMIYHMUMH IIOKa3HMKaMH. MoO)XKHa BHU3HAYUTH
HACTYIIHI BHMOTHM IOJO CXEMHOTO BHPIIICHHS
KOMOIHOBaHUX COHSAYHHX yCTaHOBOK:

- HeoOximHo 3ale3redyBaTH  YIIOBIIOBAHHS
MaKCHMaJIbHO MOJKJIMBOI KiJIBKOCTiI COHSIYHOI eHeprii,
IO JIOCSTAEThCS 3HIDKCHHSIM CEPEIHBOTO  PIBHS
TeMneparypu TEIUIOHOCIS B KOJIEKTOPI i
BUKOPHUCTAHHSIM €(EKTUBHOTO KOJIEKTOPA;

-CJiJl BUXOJIUTH 3 TOTO, IO COHSYHA EHepris
MOBUHHA BUKOPHCTOBYBAaTHCS JUISl MOIEPEIHHOTO
MiAIrpiBaHHS TEIUIOHOCIS, TO/I K JOJATKOBE JHKEPEIIO
eHeprii (manrBo abo eIeKTPOSHEPTis) — A JOBEACHHS
TEILUTOHOCIS 10 HeoOXinHOi Temmeparypu. [Ipu Takomy
miaxonl 3a0e3meduyeTbcss MaKCHMalbHA —EKOHOMIsS
MalBHOTO  3aBISIKM  HAWOUIBII  eeKTHBHOMY
BUKOPUCTAHHIO COHSYHOI EHepril;

- HEOOXIJHO YHHMKATH 3MIIlICHHs CEpPEIOBHII i3
pI3HMMH DIBHSMH TeMIlepaTypd B aKyMyJsTOpi
TEIJIOTH, 30KpeMma, 3 1€l TOYKH 30py HEOoOXiIHO
3MIACHIOBATH TIABEJCHHSA TEIJIOTH Big ayOiiepa

OesmocepenHb0 B 0ak-aKyMyJIATOp  COHSYHOI
YCTaHOBKHU.

3acTocyBaHHs JlaHo{ cXeMHu JI03BOJISIE
BUKODHCTATH II€peBard CHUCTEM OMNAJIEHHA NpH

BIPOBA/KEHHI COHSIYHHMX KOJEKTOPIB 3 CYMICHUM
HarpiBOM IIOBITPS Ta PIAMHHOTO  TEIUIOHOCIS.
[MomimueHHss MIKpOKIIMaTy B NpPHUMIIIEHI, TOMY IIO

narpis nositps Ha 40—70 °C noctaTHii 11 BEeHTHIALLIT.
BifcyTHICTE MPOMIKHOTO TEIUIOHOCIS, IO JIO3BOJISE
BIIMOBUTHCS BiJl BOISHOTO OMNAaJCHHS. B3uMKy
BUKJIIOYAE PU3UK PO3MOPOIKYBAaHHS CUCTEMH. A TaKOX,
3alpONIOHOBAaHA CXE€Ma I[IOBHHHA  3aJI0BOJILHATH
morpebaM B Taps4iii BOAI Ha TEXHOJOTIYHI HYXIH
CLTBrOCHIBHPOOHUITBA 3 BIAMOBIZHAMH HOpPMaMH
TEXHOJIOTIYHOTO MIPOEKTYBaHHS SIK JUTs
TBApUHHUIBKUX, aIMIHICTpaTUBHUX TaK 1 Ui
KHUTJIOBHUX MPUMILICHB.

TakuM 4YMHOM, METOI0 POGOTH € JOCIiIKSHHS
aKyMYJIFOBaHHsI Tella B CXEMi COHSIYHOI YCTaHOBKH 3
ypaxyBaHHSM i1 e()eKTUBHOCTI.

OCKIIbKM B CXeMi IepeadadyeHo HaKOIMYEHHs
TEIUIOTH, JJI1 BUKOPUCTAHHA 11 B XOJIOAHY IIOPY POKY,
TOMY 3MOJICIIOEMO aKyMYJIFOBaHHS €HEprii B CHCTEMI.
(puc. 2 ) TemsoBi akyMyJSITOPH B CKIIaJli OMAJCHHS
BUKOHYIOTh POJIb HaKONW4YyBauiB rapsaoi Bogu. lLle
JI03BOJIsE 3a0€31eTyBaTH CIIOXKHMBaYa rapsiaor0 BOJOI0
3a OyIOb-KMM Tpa(ikoM HE3aIeKHO BiA MUKIY
HAIXOKEHHS COHSAYHOT eHeprii. Haiioinenr
BaXJIMBIMH BJIACTUBOCTSIMU TA BBa)KaeThCs BUCOKHUM
KoedimieHT  KOpHCHOI  mii Ta  JIOBrOBIYHICTH
eKCIuTyartarfii. 3MaTHICTh TEIJIOBOTO aKyMyJjsaTopa
30epiraTh  TemIeparypy ~ HaKONMYeHOI  BOJAM
3a0e3nevyeThest 3aCTOCYBaHHSIM MIACHBHOTO
Teryio3axucty. il bOro IOBEPXHIO aKyMyJsITopa
MOKPHUBAIOTh IIAPOM TEIUIOI30SLIHHNX MaTtepialis.
Merto; po3paxyHKy BTpaT 4epe3 TEIUIOBY 130JIAIiI0
6azyeTbcs Ha PIBHSIHHSX CTalliOHapHOT
TETIONPOBIHOCTI.
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Pucynox 2 — Mooenv cucmemu axymynayii menna

Eneprernuna akymyImioro4a 34aTHICTh PIAMHHOTO
aKyMYyJISITOpa , SIKUi IIPaLoe PH Pi3HULI TeMIeparyp,
OIUCYETHCSI 3BUYAHHNUM piBHSAHH:M (1):

Q = (mGy) (T, — T3) &

ne C, — TEIUIOEMHICTh M KI' BOJU B aKyMYyJISITOPI
NpU HarpiBi B inTepBaini remneparyp 71 — 7To.

Tomy Hanuiemo piBHSHHS OallaHCy eHeprii A
0aka y BIAMOBIAHOCTI IO CXEMH PUCYHKa 2:

dTs

(mC S;

=Qs— Q. — ks(Ts - Tn) (2)

AT
Ts,KiHueBa = Ts,noan + (m(.‘p)
s

Jliist po3paxyHKy BUKopHcTanu Taki gaui: Ks=40
k/owc/(c00 °C), maca Bomu 1500 kr, mpu oMy Oak
po3MilieHo B mpuMmileHi 3 temmeparypoto 20°C, Ta
po3rnsiHyTHH  mepion B 0aKy MOYHMHAETHCS MOPHU
temrepatypi 45 °C. B pgaHoMy mnpuOIMmKeHHI

[QS - Qc - ks (Ts,noan

ne Qsta Q¢ — TermIoBa eHepris, fKa HaaXOIUTh Bif
KOJISKTOPY Ta sIKa BIIIBOJUTHLCS [0 CrIoKuBava, JIx;

Ts — Temneparypa sika MOTpaIuIsIE A0 CIIOXUBAYa,
sIKa 3MIHIOETHCS Y Yaci B OTOUYHOUOMY CEpPCIOBHIII 3
TEMIEPATYPOrO Th.

3BijacH, 3aBAsSKU piBHSAHHIO (2) g Oaka
aKyMyJIsITOpa MOYKHA BU3HAYMTH 3MiHY TEMIIEpaTypH B
yaci. [Ipu gomy TernoBi eneprii 3amani K (GyHKIIT
qacy.

BukopucroByroun IHTETpYBaHHS IO METOIY
Eitnepa oOuuciroeTbes TeMIEpaTypa akyMyJsiTopa Ha
MPOTI3i 100u.

Eneprernunmii Gananc
OIUCYEThCS PIBHSHHAM (2),
MIPUPOLIEHHS Yacy Ma€ BUIIIS:

Oaka-akyMyJsITopa
K€ I KIHLEBOTO

=T ®)

Temreparypa 0Oaka-aKyMyiATOpa B KIHII KOXKHOI
TOIMHH PO3paxoBaHa 10 TeMIIepaTypi Ha IIOYaTKy i€l
TOAMHU IO BiJIOMHM HAAXOMKEHHSAM Ta BUTpaTaM
eHepril Ta B NPUIYLICHHI, IO 4IEH, KUl OIHCYE
BTpaTH TeIUla 3a TONMHHMI IIepioJ € CTaJluM.
PesynbraTn po3paxyHKy IpeacTaBieHi Ha puc. 3.
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Pucynox 3 — Mooenosanns akymynsyii menia npomsicom 00o6u

3rimHo pO3paxyHKOBHX MaHUX OTPHMAJH, LIO B
nepion Bix 9% romumum gm0 14%cmocrepiranocs
3poctants Temiepatypu a0 70 °C 1 3BiCHO 30UIbIIICHHS
TIOTJIMHAHHS TEIUIOBOT eHeprii kosiekTopom Bix 20 -10°
kJIx mo 70 -10° x/Ix. B mojganplioMy 3HMKEHHI

akymyssropi go 19%, Crig 3a3HaumTH, Mo Teriosa
CHEpris CHOXXKHBAa4Ya MPAaKTHYHO HE 3MIHIOBAIACh.
Ormxe, HaKOMMYCHHS TEIia GaKOM-aKyMyJIsITOPOM B
3a3HaueHUH Mepioj J1a€ MOJKIIUBICTH KOPUCTYBAaTHCh
TETUIOM Ha TIPOTs3i J0OH.

TeMIIepaTypu OTOYYIOYOTO cepenoBuIna PiBHSHHS COHSYHOTO KOJIGKTOpY Ta Oaka-
crocTepiragach CTamicTh TeMIepaTypd B Oaki-  aKyMyJIATOpa MOXXHA 00’€lHATH B OJHE PiBHAHHL:
dr.
(mC Sd_: = ACFR[S - QL(TS - Tn)] - ks(Ts - TKiMH) - (me)L(Ts - TL) (4)
IloBHa KOpHICHAa EHEprisl KOJEKTOpY, SIKa MOXKE
OyTH po3paxoBaHa B ()YHKIII TeMIIepaTypH piIMHU Ha Gcp _%
BXOJIi B KOJIEKTOp, JIk: Fr = o 1—e ™ (6)

Qs = AgFg [5 -Q (Tf,i - Tn)] (5)

OueBUIHO, 110 KOpHUCHA eHepris y dopmi (5)
3py4YHa TpU JOCTIKCHHI COHSYHHX CHEPTeTHIHHX
YCTaHOBOK, TOMY IIIO TeMIepaTypa PiIUHH Ha BXOII
3a3Buuail BimoMa. OgHAK, HEOOXIAHO IMaM’SITaTH, IO
BTPAaTH, BH3HAYCHI [0 TEMIEpaTypi piAMHU HA BXOJI,
3HAYHO MaJi, OCKUJIBKH TEIUIO BTPAadaeThCs IO BCil
JOBXKUHI KOJIEKTOPY, a TeMmIeparypa piidHH B
HarpasJIeHHI MOTOKY Oe3MepepBHO 3pOCTAE.

KoedimieHT BigBenaeHHs Teria Fr BBOIUTHCS B
SIKOCTI MOMPAaBKH, SKa 3MEHIIYE 3HAYCHHS KOPHUCHOT
eHeprii mpum yMOBi, IO BCS TOBEPXHS KOJEKTOPY
3HAXOJUTHCS MPH TEMIIEPaTypi piAMHU HA BXOM1 T, 10
(hakTHUHOTO 3HAUEHHS KOPUCHOT €Heprii.

[3 30LIBPIMICHHSM BHUTpAT PiTUHH 4Yepe3 KOJEKTOp
nepenay temmeparyp (Tr, o—Tr i) 3MeHinyeTbes. Lle
NPU3BOJMTH 10 3HMKEHHS BTpAT TeIUla B OTOYYHOUE
CepeJIOBHIlE Ta BiJIIOBIIHOMY 301JbLICHHIO KOPUCHOT
€Hepril , OCKUIBKU CepeliHs TeMIlepaTypa KOJIEKTOpy

3MEHIIYEThCS. 30UIbIICHHS KOPUCHOI eHeprii  3i
3pOCTaHHSAM BHUTPaTH pIAMHH  TPOSBISETBCS Y
30uIbIIeHH]I  KoedillieHTa  BiJBEIEHHS Teruia 3

KOJICKTOpY. 3ayBaXXMMO, IO MpPU HECKIHYCHOMY
30UIBIICHHIO BUTPAT PIi3HMI TEMIEpaTyp Ha BXOJI Ta
BUXOJI 3 KOJIEKTOpY MpsSIMye [0 HyJs, OJHaK
TeMIlepaTypa TOIJIMHAJIBHOI IOBEpXHI Oyzae BUIIa
TeMIlepaTypH piIvHA.

OTxe, BUKOpPUCTOBYIOUM MeTon  Elinepa,
npeacrasum noxiaay dT/dry Burmsmi (T, xim - Tsnou)/AT
Ta BUPA3UMO 3MIHY TEMIIEPaTypH aKyMyJisiTopa yepe3
BIZIOMI BEJTNYHNHU:

AT AFq (S -Q. (Ts,nouam -T, ))_ks (TS,HO‘{_TS,KiM) _(mcp )S )

TS,KiHu _Ts,naqam =
(mCP )s (T s,noq_T L,r)

U]
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Jlist 3pyuyHOCTi HanumeMo Bupas (7) y BUMIIAAL HACTYITHOTO BUPa3y:
A
Ts,KiHu - Ts,noan = m [Qs - QBTpaTH - QHaBaHTa)KeHHH] (8)

B manoMy Bumazky KpokK po30OHTTS Yacy B OIHY
TOJMHY TapaHTye€ CTIHKICTh pimenHs. [1pu migcTaHOBII

e S, KK/M2 e Qs, KK e QBTpaTH QL
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3Ha4YCHb MapaMeTpiB B K/ B piBHAHHS (7) OTPUMYEMO
PpiIIeHHs IS KOXKHOTO KPOKY (puc. 4).

Pucynox 4 — Mooenrosanms konekmopa 3 6aKom aKymynamopom npu 3MiHHIL memnepamypi
Ts, nou KOJHCHOT 200UHU

TaxkuMm 4MHOM, 3 PO3PaXyHKIB NPH MOTJIMHAIBHIHI
eneprii 1o 3100 x/I>x oTpEMyeMO BHCOKI ITOKa3HUKH
KOPUCHOI ~ eHeprii  KOJEKTOpy, TIIpH  LIbOMY
HAaBaHTAXEHHS  JUIi  CHCTEMHM  NPAKTHYHO  HE
3MiHIO€ThCs. Lle CBIAYMTH, 110 B CHCTEMi KOJEKTOP-
6ax-akyMyJISITOp BTpaTH Teruia MaroTh 3%. O4eBHUIHO,
CIiJl PO3IJSHYTH 130JIs1if0 0Oaka Ta TeMmIepaTrypy
OTOYYIOYOTO CEpPEIOBHUINA, B IKOMY BiH 3HAXOJUTHCS.

OTKe, KiHIIeBa TeMIieparypa jaopiBHioe 55,9 °C.
3MiHa BHYTpilHBOI eHeprii ckiamae -1719 xJx, mo
npakTHYHO JopiBHIOE XQ. B nmanomy Bumanky
HaBaHTAXEHHs OyJI0 3aJlaHe Y BUIIIAI CTaloi BUTPATH
He3aJe’)kHO Bin Temmeparypu. [Ipm 3miHi BHTpaT B
3aJIeXKHOCTI BiJ] 4acy 3MiHa TeMIIepaTypH B 4aci Maya
MaTy 30BCiM IHIIUH XapakTep.

Tomy IS IOLIIBHOCTI
IOCIIIKEHHS MIpOaHaTi30BaHO

TEOPETHYHOTO
MOKa3HUK

e(EeKTUBHOCTI COHSAYHOTO KOJIEKTOPY, KU JOPIBHIOE
BIJJHOIIICHHIO TEIUIONPOIYKTUBHOCTI KOJIEKTOPY MO
KIJIBKOCTI COHSIYHOT eHeprii:

Qx
Nk = EA 9)

ne Q. — TEeIUIONPOTyKTHBHICTH KOJEKTOpa, BT

E\ — KinbKicTh COHSYHOI €Heprii, sKa NoTparuisie
Ha | M? nornuHaK4oi nopepxHi, Br/m?

A — IoIKHA MOTJIMHAIOYOT MMOBEPXHi, M

Bennunna 1060BOr0 KK HE MOXE JOPIBHIOBATU
CepeHbOMY 3HAYCHHIO TOAMHHUX KKJI, TOMY JOOOBUIA
KKJI KOJIGKTOPY 3HaXOIUTHCS 3 POPMYIIH:

2

zQ
77,£L06 = A cZSEn (10)
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PucyHOK 5 — 3aneoicHicme KKO npomszom OHs
OT)KC, CKCHepI/IMeHTaJ'ILHi ,IlOCJ'IiZ[)KeHHﬂ 3a0BOJIBHATH HHU3KY BHMOI: BHUAABATH BOAY IpU

mpuBeZicHi B poOoTi [4], cBiguaTh, IO IMMOKa3HUKH
COHSYHOI AKTHUBHOCTI BIIPOJOBX [JHSA HA IOCHTITHIHM
yCTaHOBIII (mpm TeMmepaTypi OTOYYIOYOTO
cepenosuina 18°C) BKka3yrOTh Ha T IO MPHU COHSIYHII
axktuBHOCTI 700 BT/M? TeMmepaTypa MiZHOro Harpisada
COHSIYHOTO KoJiekTopa B 10 roauH migHiManacs g0 77
°C mpu 11boMy Ha Gatapei Oyno 42 °C BTpaTH TeIUIa B
cucteMi Tepenadi Temna ckiangante 4% ToOTO
npu6auzHo 28 BT/M? Terna. B mpojoBxk JHS COHAYHA
aKTUBHICTh cKnaja B cependbomy 400 Br/™M2. B
pe3ynbTaTi, NPH AHUX XapaKTePUCTHUKaX, KKII
cnoctepiraeTbcs y Mexax Bim 0,72 mo 0,65 B
npomikkax wacy Bin 13%-16%, 3picHo mpu BucOKiii
MOTJIMHANBHIHM 3MATHOCTI KOJIEKTOPY. AJie OOWA KK,
oburcienuit mo dopmysi (10) mopisaioe 0,68. Orxe,
pe3yabTaTH PO3PAXyHKIB Maike CIIBIAJal0OTh 3
SKCIICPUMCHTAIbHUMH Ta MACHOPTHUMH JIaHUMHU
KOJIEKTOpA.

BucHOBKM: NpPOBEICHUN PO3pPaXyHOK JI03BOJISE
3MOJICJIIOBATH PeasibHUH MPOIIeC TPUBATICTIO JIEKIIbKa
roguH. BimpImicTe 3amad MOAETIOBAHHS IIPOLECIB B
COHSYHHX YCTaHOBKaX JOCHTH He TpocTi. [Ipu mpomy,
SIK TIPABUIIO, PO3TIISIIAIOTHCS TOCUTH HE MaJli IPOMIXKKH
gacy. Tak  TemnmoBi — akKyMyJSTOpH  TOBHHHI

HE3MIHHIM TeMmepaTypi, MaTh BUCOKHH KoeQiIlieHT
KOPHUCHOI [ii, MPOCTOTY i HaAiHHICTH eKCIUTyararil,
JOBTOBIYHICTH 1 JEMIeBH3HY. 3aIOBOJBHUTH BCi I
BHUMOTHY OJIHOYACHO TPAKTUYHO HE BAAETHCS.
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Mameoosa @. M., I'acanoe A.A.
Asepbaiidscanckuil I ocyoapcmeennvlil Ynusepcumem
Hegpmu u I[Ipomviuinennocmu

UCCJEJOBAHUE U BLIBOP YCJIOBHIA IS OUMCTKU CEPOCHBIX PETEHEPALIMOHHBIX
BOJ] OT TMIICA

AnHotanus. [IpuBeneHbl pe3yNbTAaThl KCCICNOBAHWUH MO KPUCTAJUIM3AIUHM THIICA U3 OTPaOOTaHHBIX
pereHepaonHbx pactBopoB Na m Mg-Na-katnonupoBanusi. V3ydyanuch BIHSHHUE OCHOBHBIX (DaKTOpOB Ha
KMHETUKY KpUCTanu3aluu rumca. Jljisg omnpeneneHus 3aBUCHUMOCTH CTENEHM OYHUCTKH paccoia OT CTENeHHU
KOHUEHTPUPOBAHUS COJIEH, BPEMEHHU TMEPEMEIIUBAHUS, BPEMEHHM OTCTOS M KOJUYECTBa HAHOYACTHI[ C
MPUMEHEHUEM MaTeMaTUYEeCKOr0 IUIaHUPOBaHU SKcriepuMeHTa. [loayueHo ypaBHEHHE perpeccuy Mo3BOJISIOLIEe
OTIPEJICNIUTH ONTUMAJTbHBIE YCIOBHS OYMCTKH OCTATOYHBIX PACCOJIOB OT THIICA.

Kniouesvie cnosa: ompabomanmbviil pezeHepayuoOHHbIl pACMEOp, CHeneHb KOHYEHMPUPOBAHUS Coiel,
aghpexmusnocms nepemeuwiu8an s, KPUCMAIIUZAYUS SUNCA, Mamemamuieckoe NIAHUPOBaHUe IKCNepUMeHmdA.

Mopckas 1 MEHEpaJIn30BaHHas Boja ymsardeHHas Na-
KaTHOHMPOBaHWEM, HCIOJIB3YyeTCd JUIi  TNUTAHUA
HcrapuTenel 1 naporeHeparopos 6apabaHHOro THIIA,

OaauM  u3  HauOoJiee  DKOHOMMYHBIX U
3¢ (GEKTUBHBIX METOMOB YMSTYCHHS MOPCKOH BOIBI
sBisitoTest Metogsl Na- u Mg-Na karnoHupoBaHwus.


http://www.kmu.gov.ua/control/publish/article?art_id=248970577
http://www.kmu.gov.ua/control/publish/article?art_id=248970577
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a yMiIAT4YCHHas Mg-Na - KaTUOHHUPOBAHUEM BOJa
HCHOJIB3YCTCS TOJIBKO [JI1 MNHUTAaHUA McnapMTenei/i,
KOHIICHTPAThl KOTOPBLIX TPUMECHAKTCA B KadYCCTBE
pereuepanTa  KAaTUOHUTHBIX (1)I/IJ'II)TpOB. OTXOL[aMI/I
npouecca SABJIAKOTCA C6pOCHI)Ie pereHepanuoHHbIC

pacTBOpbl 3THX (GWIBTPOB, OTJIHYAIONIMECS OT
HUCXOOHOH MOPCKOM M MUHEpPAIU30BaHHAs BOJbI
TOIBKO Ooiee BBICOKOM KOHLEHTpaLueH,

CIOCOOCTBYIOIIME 3arPSI3HEHUIO OTKPBITHIX BOZOEMOB.

B sTO0il CBA3M HE3aBUCHMO OT MpEAJIaraéMoro
cnocoba yTWIM3aMM JODKHa OBITH yCTpaHEHa
MEPECHIIIEHHOCTh COPOCHBIX paccoiioB OT THIICA.
[TosTOMy OCHOBHOH 3amauell mepBoro stama padOTHI
ABJSIOCH MCCIIEIOBAaHME YCIOBMH M pa3paboTka
peuieHui, 00ecreunBaOIIMX BBICOKYIO  CTENEHb
OUYHUCTKH paccoiia OT TUrca.

Kak u3BectHO [1], uMeeTcss HECKOIBKO (HakTOPOB,
KOTOpBIC MOTYT BIHSTh HA CKOPOCTh KPHCTAJUTU3ANHI
THIICa—-3TO CTENEeHb KOHLEHTPUPOBAHUS  COJEH
(moHHas cmima), Temmeparypa, AS(QEKTHBHOCTD
MepEeMEIINBAHUS U BPEMsI OTCTOSL.

Y4uTheIBass BBICOKYIO NPECHIIIEHHOCTE COPOCHBIX
paccoyoB MO THIICY U C LENbI0 CHWXKEHUS 3aTpar Ha

MIPOLIECCHI OYHUCTKH, MPE/ICTABIIETCS IEIecO00pa3HbIM
OpPraHM30BaTh IIPOLECC OYMUCTKH OT THUICA IpH
KOMHaTHoM Temnepartype 20-25° C.

B Hacrosmeit pabote paccMaTpUBaOTCS BOIPOCHI
OYMCTKM  THIICA B  CTaTUYECKUX  YCIOBHSIX.
COOTBETCTBEHHO MOHHOMY COCTaBy BOJIBI
Kacmmuiickoro mops u3 pactBopoB NaxSOs, MgSOs,
NaCl u CaCl, roToBHIHCE PacTBOPHI, HMUTHPYIOIIHE
COpPOCHBIE pEreHEpPAllMOHHBIC PACTBOPHI Pa3IUIHOMN
CTENEeHN KOHIeHTpupoBaHus. Hambomee BeposTHOE
3HAUCHHE CTENCHU KOHLICHTPHUPOBAHUS
otpaboraBirero pactsopa (M) OymeT HaXOAWTHCS B
nnrepsane 4-10.

MeTtoauka HCCIENOBaHUI OblLIa  CIEAYIOUICH.
[Toce mpuroToBieHNst UMHUTATa MTPOBEPsIACH 00IIas U
KaJbLlMeBas JKECTKOCTH, a TaKkKe XJIOPHUABI IO
o0rnren3BecTHON MeToauke [2]. 3aTeM depe3 KaxKable
30 MuH B TedeHHWe 5-6 U mpoBepsUlach OCTATOYHAS
KaJbIeBas AKECTKOCTb. ITo HN3MCHEHHIO
KOHLICHTPALNH OIIEHUBAIA CKOPOCTh KPUCTAIUTA3ALH.

Pe3ynbraThl 3TOW CEepHM OMBITOB NPHBEACHBI B
tabmme 1.

Tabnuna 1

Pe3y.m,TaT1,1 HCCJIEIOBAHMI MO OnmpeacJCHUI0 0CTATOYHON KaJbIMEBOI KECTKOCTH 3a nmepBbIC 3 g orcTON

OcTarouHast KaJIbLHeBast JKECTKOCTh, MI-3KB/JT
Bpewmst orcros, I
m-4 m-6 m-8 m-10
0 64 96 128 160
1 90 110 66
2 50 88 82 65
3 48 97 81 64
Janee BoinepxuBain UMUTAT B TeueHue 70-80 4.
[TpoObl  oTOWpanuce 4Yepe3 Kaxaple 12-15 .
PesynbTaThl IpeacTaBieHbI B TA0IHIIE 2.
Tabmuna 2
Pe3yabTaThl HCCI€I0BAHMIL 10 ONTPe/IeIeHHIO OCTATOYHOH KaJIbIHEBO# kecTKOCcTH 32 16-30 4 oTcTON
OcrartouHasi KaJbIHeBast )KECTKOCTb, MT-3KB/JT
Bpewmst orcros, I
m-4 m-6 m-8 m-10
16 44 60 36 34
20 43 56 44 28
24 42,5 53 33 26
28 42 52 32 26
30 42 50 31 26
Kaxmyro ceputo OmBITOB MOBTOpsUIM 3-4 pasa. Bnusiaue (axTopa m HAa  KHHETHKY

JlaHHBIE 3THX ONBITOB MOKAa3bIBAIOT, YTO B Hpoliecce
KPUCTAJUTM3aMU MOXHO Ppa3JIM4UTh JBa OCHOBHBIX
Meproa: B IEPBOM MPOUCXOIUT BBIJCIIEHUE OCHOBHOMN
MaccChl TBEpJOH (a3bl, ¥ CKOPOCTh KPHUCTALTU3ALNN
MMeeT MaKCUMaJbHOE 3HaUYEHUE, BO BTOPOM, B TIEPHOJIC
OCTaTOYHOM KpUCTAJTU3AIIH, CKOPOCTh
KpUCTAITU3AIUH, PE3KO 3aMeisieTcs. bonbpias yacTh
rumnca ocaxaaercss B TedeHue 1-3 4. Hampumep, 3a
nepBeld 4yac mpu M 4, 6, 8, 10 ocaxmaercs
coorBeTcTBeHHO 14, 17, 39 1 63% HCXOIHOrO THIICA.
XapakTepHO, YTO CKOPOCTb KPUCTAIM3aLUU YBEJIH-
YUBAETCS C YBEIMYEHUEM M.

KpHCTaJUIM3alNH CyIb(haTa Kaabuus 00bICHIETCS TeM,
YTO YBEJIMYEHUE M BbI3BIBAET YMEHBIICHHE A0JIU
MOJIEKYJT BOJABI, OOPa3yIOMHUX THAPATHYIO O000IO0UYKY
HMOHOB. BcrnencTBue 3TOrO MOSBISIETCS BEPOSITHOCTH
B3aMMOJICHICTBHA MOHOB M OOpa30BaHUS YCTOWYMBBIX
3apoapiield  TBepmoi  ¢aszpl. C  MOBBIICHUEM
KOHIIGHTPAILlM PAaCTBOPOB pacIpeieiecHHe HOHOB
CTPEMHTCS K XapaKTEPHOMY ISl KPHUCTAIOTHIPATOB,
KOTOPBIE BBIAETSIFOTCS U3 HACBHIILEHHBIX PACTBOPOB.
3aMe/uieHHe  CKOPOCTHM  KpHCTalIM3allud B
MIepUO/ie OCTATOYHOW KPHUCTAJUIM3ALUN OOBSICHIETCS
CHI)KEHHEM CKOpOocTH Ju(Qy3ud pacTBOPEHHOTO
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BCHICCTBA K IOBEPXHOCTHU KpHCTAJLJIA. B cBoro oyepeb,
CHUXKCHUC CKOpPOCTH L[I/I(l)(i)yi’;I/II/I BbI3BIBACTCSA

YMEHBIICHHEM KOHIICHTpAllMd HOHOB B pe3yjbTare
KpUCTAIUTM3allMd B OCHOBHOM  4actu.  Hmxe
Mpe/ICTaBJICHbl 3HAYEHUS OCTATOYHOTO COJEp>KaHUS
HOHOB Kaiblus rnocie 70-80-4 orcros.

3areM  HCCIENOBANIOCh  BIHMSHHE  BpPEMEHH
TepeMeITnBaHI pactBopa Ha CKOpPOCTH
Kpuctamm3anu rurca. OBITEl TPOBOIIIINCE TI0
cremyromiei Meronuke. ['oToBmiIcs mMuTaT 00BHEMOM
mo 0,5 5, mpoba ycTaHaBIMBANIach Ha CIEIIMATBHON

MeIlajke M IepeMelnuBaiack. [ Kax1ol creneHu
KOHLICHTPUPOBAaHUS cojel ,(T) HM3MEHJIOCh BpeMms
TepeMeIINBaHM (Tuep) B MHTEpBAIE 5+50 Mmun. Ilocme
nepeMelInBanus uepe3 Kaxapie 30 MUH olpeaesiiach

KOHIIGHTpalusi Kainblusd. JlaHHBIE OMNBITOB IO-
Ka3pIBAalOT, YTO IIEPEMENIMBAHHE CIIOCOOCTBYET
CYIIIECTBEHHOMY TIOBBIIICHHIO CKOPOCTH

kpuctammmsanmu npu M=8 u 10. B stom ciyuae
OonpIIas 4acTh TUIICA BBIAAACT B OCATOK B IIEPBBIC Ke
30 muH.

\
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Puc. 1. Brusnue 0ozvl nanouacmuy (Q), cmenenu Konyenmpupoganus (M) u epemeru omcmos (1) Ha
OCMAMOUHYIO KALbYUEBYIO HCECIKOCHIb PACCOIA.!

UzBectHa BRICOKas 3()(EKTUBHOCTD MTPUMEHECHUS
HAaHO YaCTHIl s YCTPAaHCHUS NPECHIIIEHHOCTH
pactBopa. B 3Toil cBSI3M A MCCieA0BaHUS BIMSIHUS

HAaHO 4YaCTHULl Ha CKOPOCTb OCAXKIACHUA cynb(baTa
KaJIbIIMA HCIIOJB30BaJIMCh HAHO YaCTUIbl Ha OCHOBC
Turica.

Crerniess KoHIeHTpHpoBaHus (M)

4 6 8 10

OCTaTOYHOE 3HAYCHNE KAJIBIIUSI, MI-3KB/JI

34,4 371 32,6 291

Jo3el mpuauManuchk ciaenyrwomumu: 0,01; 0,05;
0,09 Mr/r. BBIACHUIIOCH, YTO TIOJOKHUTENBHBINA 3P PEeKT
HaHO yacTul HabOmomaercs mpu m > 6 (puc. 1).
MexaHu3M JIEHCTBUS YaCTHI] OCHOBaH Ha 00pa30BaHUU

LCHTPOB KpUucTajllin3dalquu us3 OAHOPOJAHBIX
KPpUCTAJUIOB M HIHMPOKO HCIOJb3YETCS B TEXHOJOTHHU
OIIpCACIICHUA JJIA IpeaOTBpalllCHU

HakuneoOpaszoBanus [1].

W3 pe3ynpTaToB NPUBEAEHHBIX OIBITOB CTalIH
M3BECTHBI OCHOBHBIE (haKTOPHI, BIHSIONINE Ha CTEIIEHb
OYMCTKH paccoja OT THICA: 3TO CTEHEeHb KOH-
HEHTPHPOBAHUSA coleld (M), BpeMs MepeMelInBaHUsS
(Tuep), BPEMsI OTCTOS (Torc) ¥ KOJIMYIECTBO HAHO YACTHI]
(9). Hust ompenesneHust 3aBUCHMOCTH CTEHIEHH OYHCTKU

paccona OT yKa3aHHBIX ()aKTOpOB ObLT peal30BaH
OpPTOTOHABHBIN IUIAH BTOPOTO MOPSAKA C YHUCIOM
OMBITOB B IeHTpe IutaHa No-1. Tlo pesymsTatam

MPEABIIYIIMX  HCCAENOBAHMH  OBUIM  IPHHATHI
CII/IyIOIe UHTEPBaJbl M YPOBHH BapbUPOBAHUS
(Tabm. 3).

I[lo [1] cocraBiena wmaTpuua IUIAHUPOBAHUS,
MpeJcTaBlcHHAass B Tabn. 3; croma Jke 3aHeCeHBI
pe3yibTaThl, IEpecUnTaHHbIE Ha CTENIEHb OYUCTKHU.

B xozme oOmBITOB ompeAensiid  OCTaTOYHOE
cojiepKaHue Kamblus U 10 Bhipaxennio Cfq /Cla -
100 paccuuThIBaJIM CTEIIEHb OYUCTKH, T1IE: Cg[{l, CCZJH
- KOHLIEHTpPAlUS HCXOAHBIX M OCTATOYHBIX HOHOB
KaJIbIUsl COOTBETCTBEHHO.
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Tabmuna 3
DakTopbl
VYposun CrerneHb KOHIIGHT-  (Bpems nepeMenv- BaHus BpeMst 0TCTos Tore, |  KoymuecTBo HaHO
pHPOBaHWS CONEH Mm(X1) Tep, MHH (X2) mur (X3) YACTHI] MI/T (X4)

() 4 10 20 0,01

() 10 40 40 0,03

) 7 25 30 0,02

(-1,414) 2,758 14 16 0,007

(+1,414) 11.242 46 34 0,034
Kaxxp1ii onsIT OBTOPSUICA 3 pas3a U A KaXIoH [losyueHHOE  OTHOLLIEHUE  CpaBHUBAETCA C
CTPOUYKH MATpPHUIIBl ONpPEACIUIOCh cpennee 3HaueHue  TabmuaubiM:  Gip(fi-f2), tme p=0,05; fi=m-1=2;

MU3MEpSIEMOI  BETMUMHBI
OIIBITaM, T. €.

10 TPEM MapaIeIbHBIM

f2=N=25; G5 = 0,2354, B nmannom cinyuae G<Gi.
p(f1,F2). 3HauwmT, TUCTIEpCHI OJTHOPOIHBI.

Torma B  KauecTBE  OICHKH  JHCICPCHH
_oxtn BOCIPOM3BOAUMOCTH ~ MOXKHO  B3ATh  CPEIHIOI
Y =—" M ucnepeuo:
3mece | - HOMEp CTpPOYKH; M - YHCIO 2 — L, S? _ 146 — 584
HapauIeNbHbIX ONBITOB, M = 3. poctp N 25 ’
Jducnepcust  ompenensercss 1O  Cleayromiei
dopmyne: Ssocnp = 2,42
M (Yo — ¥1)? Hdnst  pacuera  K0d()(GHLHEHTOB  ypaBHEHUS
St = o1 (2) perpeccum  WpOBOAMM  CIEAYIOIIEE  JIMHEWHOE
mn npeo6pa3oBaHue KBaAPaTHIHBIX CTOIOIOB X7,
IIpoBepsiercs OZTHOPOJHOCTH BBIOOPOYHBIX N
mucniepcuit mo  kpureputo Koxpena. [lmst  storo wl o x? 2 = 52 = Yi=1%ji 3)
COCTaBIIICTCS] OTHOUICHHE MaKCUMAaJIbHON JTHUCIIEPCUU ! t t t N x?
K CyMMe BCEX JUCIICPCHit:
rzie j — HOMep CToJOIA.
- Simax - 305 = 0209 [Tonyuennsie 3HAYCHUS 3aHOCATCS B
L.SE 1460 7 OpPTOTOHATLHYIO MaTpuLy (Tadm. 4).
Tab6muua 4
X1 X2 X3 X5 yr | Y2 | Vs | ¥V | S| x X; X3 X4 y
- - - - 94 | 91 | 97| 94 | 9 0.2 0.2 0,2 0,2 95
+ - - - 19 | 21 | 20 | 20 | 1 0,2 0,2 0,2 0,2 26
- + - - 97 | 89 | 98 | 95 |225| 02 0,2 0.2 0,2 9
+ + - - 16 | 15 | 15 | 15 | 05 0,2 0,2 0,2 0.2 13
- - + - 94 | 91 | 94 | 93 | 45 0,2 0,2 0.2 0.2 97
+ - + - 34 |32 | 34|33 |15 0,2 0,2 0,2 0.2 30
- + + - 92 | 87 | 97 | 92 | 25 0,2 0,2 0,2 0.2 96
+ + + - 15 |16 | 14 | 15 | 10 0.2 0,2 0,2 0,2 15
- - - + 98 | 100 | 100 | 99 | 3.0 0,2 0.2 0.2 0.2 98
+ - - + 30 | 28 | 32 | 30 | 4 0.2 0,2 0,2 0.2 30
- + - + 92 | 98 | 103 | 98 |305| 02 0,2 0,2 0.2 96
+ + - + 16 | 17 | 16 | 16 | 05 0.2 0,2 0,2 0,2 15
- - + + 98 | 97 | 97 | 94 |215| 02 0,2 0.2 0,2 95
+ - + + 27 | 26 | 26 | 26 | 05 0,2 0,2 0.2 0.2 27
- + + + 97 | 100 | 97 | 98 | 3 0,2 0,2 0,2 0,2 94
+ + + + 15 | 16 | 15 | 15 | 05 0,2 0,2 0,2 0.2 13
-1,414 0 0 0 127 | 122 | 125 | 125 | 6,5 12 -0,8 -0,8 -08 | 123
+1,414 0 0 0 13 116 | 16 | 15 | 30 1.2 -0,8 -0.8 -0,8 17
0 -1414 0 0 58 | 59 | 57 | 58 | 10| -08 1.2 -0,8 -0,8 52
0 +1,414 0 0 34 | 35 | 33|34 |10 08 1.2 -0,8 -0,8 40
0 0 -1,414 0 33132 |34 |3 ]10] -08 -0,8 12 -0,8 27
0 0 +1,414 23 | 25 | 22 | 23 | 25| 08 -0,8 12 -0,8 27
0 0 0 -1414 | 29 | 30 [ 29 | 29 | 05| -08 -0,8 -0,8 12 27
0 0 0 +1414 | 26 | 24 | 25 | 25 | 10| 08 -0.8 -0,8 12 27
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Bce k03¢ ¢uuneHTs perpeccuu OnpeaessioTCs
HE3aBHUCHMO JIPYT OT Apyra 1o ¢opmy:ie:

N
. x. y
=1Xj1)1
b = =T~ 4)
j N .2
i=1 %
3HaueHus K03(h(pUIMEHTOB perpeccuu
CclleTyIoIye:

b=52; bi=-37,45; b= -3,95; b3=-0,78;
bs=-0,65;

b12=- 3,19; b13=1,06; b14=-0,63; b23=-0,44;
b34=-1,19;

b1,1=21,8; b2,2=9,8; b33=0,82; bs,4=0,32.

3HAaYUMOCTh KO3(1)(1)I/IHI/IGHTOB MIPOBEPACTCA I10
KpUTCPULIO CTLIOZ[CHTa. ﬂﬂﬂ 3TOr'0 paCCHUTBHIBACTCA t-
OTHOIICHUE:

|b;]
i
ti=—— (5
j
Saj
rne Sy, - gucnepcun  koadduimeHToB
paccumThBaroTCA 10 [3]:
TabynupoBaHHOE 3HaUCHHE KpHUTEpHUs

CreronenTa st ypoBHs 3HaunMoctd p= 0,05 u gmncna
crenereit ceo6omst T = 2; t,(f) = 4,30.

[Tocne oTceBa HE3HAYNMMBIX KOA(PPHUIUSHTOB, IS
KOTOPBIX {-OTHOIIEHWE MEHbIIEe Tal0yIMPOBAHHOTO,
NOJyYHM YpaBHEHHE PErPECCHH BHIA:

Y = by + byx; + byxy + byxyxy + by gx3xy + by 3 (xF — x72) + by, (x5 — x32) (6)

IMoncrasinss 3HaUeHNS KO3 OUINEHTOB PErPECCHH, TTOIYIHM CIEIYIOIIee ypaBHEHHE:

Y =26,72 — 37,45x; — 3,95x, — 3,19x,x, — 1,19x3x, + 21,8x? + 9,8x2 (7N

Kpurepunit ®Quriepa onpenensercs no

Jlis  TmpOBEpPKH  aNCKBATHOCTH IOJYYEHHOI'O  CIICAYIOIICH Gpopmyrie:
ypaBHCHHS OTIPEICIIUM OCTATOYHYIO TUCTICPCHIO ,
S()CT — i=1( 1 2) (8) BOCIIp
N -1
TabnuyHoe 3HaveHwe Kpurepus Oumepa mnpu
rae | - umcno 3HauuMBIX KO3(QuIUEHTOB B YPOBHE 3HAUMMOCTH p=0,5 W UKCIe CTENEHEH CBOOOBI
ypaBHEHHH perpeccun, I= 7: v, V, — fi=19uf=2 pasno 3,5 [3]. Tak kak F < Fyp(fy, f2), T0
JKCIEPUMEHTAJbHOE U pacdyeTHOe  3HaueHus  [OJYYCHHOC ypaBHCHHE aJICKBATHO SKCIIEPUMCHTY.
napameTpa COOTBETCTBEHHO; B HaTypajgpHOM MaciiTabe ypaBHEHHE PErpecCHH
MpUMET CICAYIOUINU BUI:
Y = 26,72 — 37,45m — 3,957, — 3,19m7 — 1,197,q9 + 21m? + 9,872 9)

0
[NonydeHHoe ypaBHEHUE perpeccuyl MOXKET OBITh
PEKOMEHIIOBAHO JUIsl OINPEIEICHUS] ONTHMAalbHbBIX
YCIIOBUH OYMCTKH OCTaTOYRBIX PACCOJIOB OT THIICA.
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MATEMATHUYECKASA MOJIEJIb JMHAMUKU ABYX TEJI CBA3AHHBIX B KOCMOCE
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Almaty, Republic of Kazakhstan,

FAPBIIITAFBI EKI BAUJTAHBICKAH JEHE TUHAMHUKACBIHBIH MATEMATHKAJIBIK
MOJIEJII

Annotation. This article discusses the creation of two related body dynamics and a mathematical model in
space. obtaining some independent solutions using two hinged links in order to stabilize the movement of an
artificial satellite. The dynamics of a passive gravity-oriented satellite moving in a Circular and elliptical orbit on
a plane is studied. Initially, we considered small fluctuations around the simplest equilibrium position of the
satellite-stabilizers system in the plane of a circular orbit. the necessary and sufficient conditions for the asymptotic
stability of the equilibrium state were demonstrated, and the parameters that provide the maximum rate of
attenuation of the natural oscillations of the satellite-stabilizers system were analytically determined.

AnHOoTauusi. B 1aHHOW cTaThe paccMaTpuBaeTCs CO3JaHHE [BYX CBSI3aHHBIX NWHAMHKOB Tella U
MaTeMaTHYECKOW MOJETH B KOCMOCE. TOJTyYeHHE HEKOTOPHIX CAMOCTOSTEIBHBIX PEIICHHH C MCIIONE30BaHHEM
JIBYX IIAPHUPHBIX CBsI3eH C HEIBhI0 CTaOMIN3AIlUN ABIKSHHS MCKYCCTBEHHOTO CITyTHHKA. M3ydaercs quHaMuKa
MACCHBHOTO TPAaBUTAMOHHOTO OPHUEHTHPOBAHHOTO CITyTHHKA, IepeMerniaeMoro mo OKpYXHOH W 3IUIHIICOBOM
opbute Ha TUIOCKOCTH. BHauame paccmarpuBainch HeOonbpine KojeOaHUS BOKPYr Hamboiiee IpPOCTOro
PaBHOBECHOTO IIOJOXKEHUS CHCTEMBI CIYTHHKO-CTAOMJIM3aTOPOB B IUIOCKOCTH KpPYTOBOH OpOWTHL. ObLIH
MMPOACMOHCTPUPOBAHBI HCOGXO)II/IMI)IE U JTOCTATOYHBIC YCIIOBUA aCCUMIITOTHYECKOUN yCTOfI‘IPIBOCTI/I COCTOSITHUSL
PpaBHOBECHA, aHATUTUYCCKU ONPECACICHBI IMMapaMETphbI, o6ecneqHBa}omHe MAaKCUMAJIbHYIO CKOPOCTH 3aTyXaHHusd
COOCTBEHHBIX KOJIEOAHHI CUCTEMBI CITy THUKO-CTaOMIIN3aTOPOB.

Pe3rome. bysr Makanaza rapelnTarsl €Ki OalTaHBICKAH JICHE JMHAMHKACKHI KOHE MATEMAaTHKAIBIK MOJCIIH
Kypy OOJBIT TaObUIABI. TOTICAB OaliTaHBICKAH €Ki AeHe eceOiH KacaHIbl CEPIKTIH KO3FAIBICHIH TYPaKTaHIBIPY
MocelleciHe MmaiiianaHsI, keioip aepOec menriMaepin ary. JKa3pIKTBIKTaFbl MEHOSPITiK KOHE JUTHIICTIK OpOuTa
OOMBIMEH KO3FaJlaTBIH TACCHBTI TPAaBUTALMSIIBIK OPHCHTAIMSJIAHFAH CEPIKTiH JAHHAMHUKACH 3€pTTEINEIi.
AnnmeiMeH, IIeHOepIiK OopOuTa >Ka3bIKTHIFBIHIAFEl CEPIK-TYPaKTAHABIPFHINI XYHECIHIH HEFYPIBIM KapanaibiM
Teme-TeHIK JKarlalbIHBIH MaHaWBIHAAFBl a3aFraH TepOericTep KapacTBIPBUIABL TEMe-TEHAIK JKaFTalbIHBIH
ACCHMITTOTHKAIBIK OPHBIKTEUTBIFBIHBIH KAXXETTI )KOHE JKETKUTIKTI MIapTTaphl KOPCETII, CepiK-TYpaKTaHABIPFHIII
JKYHeciHIH e31iK TepOelicTepiHiH MaKCHUMalJbl Oy >KbUIJAMIBIFBIH KaMTaMachl3 eTETIH mapamerpiep
AHAJIUTUKAJIBIK TYPAC aHBIKTAJIJIbI.

Keywords: flight route, the radius-vector direction, the direction of the orbit, Newton's forces, circular orbit.

Kntouegule cnosa: mapwpym nonema, paouyc-eeKmop HanpasieHue, Hanpagienue na opoumy, Hotomoncxue
cunbl, Kpy2osas opobuma.

Kinmmix ce3dep: ywy 6asvimul, paouyc-eekmop bOazvimvl, opoumasa odagvimvi, Hvromonowvix xywmep,
wienbepix opouma.

Kipicne Kazipri 3amaHfbl  Fapblll  ammaparrapbiHa

KypcTblK ~ >KYMBIC ~ FapbllITaFbl ~ TOMNCAJbl  OalJIaHBICTBI ~ KOMBUIATBIH ~ €CEeNTepAiH  MIemIiMi,
OaiinaHpICKaH €Ki JIeHe — CEepiK-TYPaKTaHIBIPFBIII  OJapbIH y3aK YaKBbIT 60itbI Kepre
KYHECiH OpHBIKTBUIBIKKA 3epTTey eceOiHe apHajFfaH. OpHEHTALMUIAHYBIH Tajam eTedi. byFaH Ko jKeTkizy
3epTreynep acmaH =~ MeXaHWKAchl, KATTBl JeHe TociuinepiHiH Oipeyi — OYpPBINITHIK KO3FAJIBICTHI
JUHAMUKACHl, YUTKyJTap TEOPWACH  ONICTEepiHIE  TypaKTaHABIPYIBIH MACCHBTI >KYHENepiH KOJAaHy,
HeTi3AemeI]. AFHHU ©37Iepl KYMBIC )Kacay VIIiH SHEprHs IIBIFBIHBI
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HEMeCe KYMBIC JICHECIH KaXXeT eTNEHTIH jxyhesepai
KoJ11aHy O0JIbIN TaObLIaIbl.

Bynpmaii okyidenepmiH iIIiHOE TPaBUTAIMSIIBIK
Typakranasipy xyienepi (I'TXK) xen Tapanran. Onap
HBIOTOHJIBIK KYLUTEp ©piciHjeri meHOepiik opouTana
OoMbIHOAaFBl KATTBl JIGHE KO3FAJIBICHIHBIH Oenriii
KacHeTIHE HETI3IETEH: TPaBUTALUSITBIK

MOMEHTTEP/IiH dCepiHEeH, JIEHEHIH HHEPLUS
JJUTUIICOMIIBIHBIH €H YJKEH oci opOurara pamuyc
BEKTOp OOWBIHIIA, OPTAHIIBI ©6CI — OpOHUTara kaHaMa
OoiibIMeH, aj eH Kimi eci opOurtara OHHOpPMab
OOlbIMEH OAaFbITTANATHIHIAN OOJIBIMN, JEHE OPHBIKTHI
kyiire Tyceni (1 cyper).

)

\3

cypem — mene-menoiK Hca20aubIHOAbl 2PASUMAYUSLIBIK OPHBIKIbL CEPIK
1 — ywy 6azvimol;
2 — paduyc-eekmop 6agvlmol,
3 — opbumasa bunopmans bazeimol.

CepikTiH OYPBILITHIK KO3FaJIbIChIH
TYpaKTaHIbIpyia IPaBUTALMSIIBIK KYLITEpIiH
KaJIIIbIHA KENTIpyIli MOMEHTIH NaijajaHy HAEsCHI
OyperaHaH Oenrimi. 1956 kel [.E. Oxommmckuit
I'TK-mp1H MbIHamail CcpI30ACHIH YCBHIHABL: CEpiKKe

eKIHIIII JICHC — TYPAKTAHIBIPFBINI TOMCA APKBLUIBI
JKaJIFaHFaH (1.2-cyper). I'paBuTanusnbIK
TYPaKTaHJBIPFBILITAD  KATTBl  LITAHT  TypiHIe
OpBIHAATATBL.

cypem — cepik-mypaKmanobipalul Hcyiieci
1 — cepik;
2 — mypakmanouipewii,
3 — yenmpneywi cepinnenep;
P — cpepanvix monca.

I'TXK-HIH apTHIKIIBUIBIKTaphl:  CaJIBICTHIPMAIIbI
KapanaibIMABUIBIFEL, KOHCTPYKUMSCHIHBIH ap3aH IbIFbI
MEH CEHIMJIUIT, y3aK yaKbIT OOHBI SHEPTHsI IIBIFBIHEI
MEH J)KYMBbIC J€HECIHCI3 )KYMBIC iCTeH aiybl, KEHICTIKTI
KaJIblK Tra3JapMeH ObUTFaMaybl JKOHE CEpIKTIH
alfHaJIaChIHIAFbl MaTHUT OPIiCiHIH KucaiiMaybl. byHmait
KYHeTepaiH KEeMIIUIiri — aKTHBTI KyWeJlepMeH
CAJIBICTBIPFAH/IAFBl  OPHEHTAIMACHIHBIH  JOIITiHIH
TOMEHITI.

MareMaTHKaJIbIK MOAEN OpTaiblK HBIOTOHABIK
KYIITEp epiciHieri OaiinaHbICKaH €Ki JieHe JKYHeciHiH
KWHETUKAJIBIK SHEPTHACH )KOHE KYIITIK (OYHKIHSCHI.

Cepik-TypaKTaHIBIPFRINI  KYHECIHIH KO3FaJIbIC
TeHneyi JlarpamkAplH ~— eKIiHIN  TOCUTl  apKBLIBI
merFapeutagel. On yIoiH, HETi3ri caHak JKyienepiH
AHBIKTAyKepeK, Kyiie YLIiH KHHETUKAJIBIK
SHEPrUsIChIHBIH ~ koHe  JKepaiH  IpaBHTAIMSUIIBIK
OpICIHIH cepik TeH TYpaKTaHIBIPFBIIIKA ACEPiH
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CUMATTANTHIH KYINTIK ()YHKIHMSHBIH OPHETIH aHBIKTAY
KEpeK.
XKyiieniy  Maccamap — UEHTpI  aOCOJIOTTIK

KEHICTIKTC KO3FaJMaWTBIH 3JUTUICTIK OpPOHUTaHBIH
OoifbIMEH KO3Fasblll Oapa aTblp Jen OOJDKAMbIK.
TeMmeHipek KYWTIK (QYHKIMSHBIH OpHEriHeH, Oy
OomkaM TeK OJKyBIKTaln KaHa, OipaKk eTe YJIKeH
TOIIIKIICH OPBIHIAIATHIHBIH KOPEeMi3.

Cepik-TypaKTaHIBIPFRINT JKYHECIHIH KO3FaJIBIC
TEHJCYiH MIBIFapyFa KaXXeTTi TOPT OH TIKOYPHIIITHI
KOOpJAWHAT XKyHenepiH aHpIKTaibIK(1 cyper):

CXaYaZa — abcomroT koopanHaTTap Xyheci; Cya —
Kepniy aiinamy eci; CXaZa — *a3bIKTHIFBI JKepaiH
9KBATOP JKa3bIKTHIFBIMEH COliKec Kele.

Oxyz — opOutangplk KoopauHarTap Kykeci; OX

Ox-Ke NepIeHNKYJISIp XKoHE OpOUTa >Ka3bIKTHIFBIHIA
xatelp; Oz ocbl kKa3bIK penepil KEHICTIKTeri OH
KOOPJHMHATTAp KYHECIHE TOJBIKTHIPAIbI.

Ox1y1z1 xoHe OXpy2Z; YIDKAaKTapbIHBIH ©cTepi
ColKeCiHIIIe CepiK MeH TYPaKTaH BIPFBIIITHIH OPTaNBIK,
WHEpLHUs DJUIMIICOMATAPbIHBIH 0ac ectepi OoibIMeH
OarpITTaNIFaH.

Cepik IIeH TYpaKTaHABIPFBIIITH OaIaHBICTBIPHIIT
Typran P tomcacet Oy; xome Oy, ecTepiHiH
KUBUIBICBIHIA OpHanackaH. Cepik-TypaKTaHIbIPFBIII
KYHECiHIH mapameTpIepi, Kytie OPHBIKTHI
TeneTeHmikTe OonFaH ke3me, OXxyz, OxiyiZi XoHe
Oxoy2zp xyiienepinid ectepi mapawienb: OXxi|| Oxy,
Oyi|| Oy2, Oz1]| Oz, GonaTeiHmal eTin TAHIAI aJIBIHA B

Herisri koopauHaT >XyHenepiHiH apachbIHAAFbl

eci — XKepmiH wMaccamap UEHTpi MeH cepik- Kelly MaTpULAIapblHBIH  3JEMEHTTepiH  Kelneci
TYPaKTaHIBIPFBI JKYHECIHIHO Maccanap LeHTpIH  KecTederineit oenrineitik:
KOCaTBIH paanyc BEKTOp OolbiMeH OarbiTTanmraH; Oy
X y z Xi Yi Zi Xi Vi Zi
Xa Cu Ci2 Cis a | &Y | &Y Xa a | &) | a¥
Ya Ca C2 Cz3 y ag? aglz) aglz) Ya c_lgll) c_lglz) dglz)
Za Ca1 C32 Cs3 z agll) aglz) agg Zy dgll) dglz) dgg

MysHnars, { = 1, 2. Bynan Ovmnait, i-miH 1-Te TeH
MOHI CEpIKTIH mapaMeTrpiepiHe, ajg 2-Te TeH MOHI

TYPaKTaHBIPFBILTHIH [apaMeTpiiepiHe KaThICThI JIeI
KapaimbI3.

3 cypem — Heeisei canax srcytienepi

Oxyz xoHe CXaYaZa YUIDKaKTapbIHBIH ©CTEpiHIH
apachblHIaFbl ~ OarbITTaybllll ~ KOCHHYCTap  HAaKTHI

€11 = cosusinQ + sinucos Qcos i,
€1, = —SsinusinQ + cosucos Qcos i,

C13 = —cosQsini,
Ccy, = Ssinusini,
Ccy,y =cosusint,
Cy3 = COS,

€31 = cosucosQ—sinusinQcosi,
C3; = —Sinucos Q—cosusinQcosi,

C33 = sinQsini,

aHOMaJMs V JKOHE OIKYHMeHIH Maccamap LeHTpi
TPaeKTOPHUSICHIHBIH JIEMEHTTEPI apKBUIBI AHBIKTAJIA IbI:

)
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MYHJIAFbl, U = @ + V, @ - NEepUreHaiH TYHiHACD
CBI3BIFBIHAH OYPBIIITHIK KAaIUBIKTBIFBI, € - TYHIHIEP
CBI3BIFBIHBIH TYPaKThl Oenriiai OaFbITTaH OYpPBIIITHIK
KAIIBIKTBIFBI, | — OpPOMTaHBIH KOJIOeyIiri.

OiXiyiZ; yUDKarbIHBIH OpOHMTaNIbl KOOPIUHATTAP
)Kytecine KaTeIcThl O; caHak 6achiH O-Fa KeIlipreHHEeH
KeHiHT1 OPHBIH e3apa Toyesci3 YUl OypeImL: i Vi Vi
apKBUIBI aHBIKTayFa 0omamsl (2 cypet). MyHIarsl: ; —

./191'
z, LI 2
liid
g
7y
191'

Oyi-nin Oyz ecine mnpoeknusicsl MeH Oy eciHig
apaceiHgarsl  Oypeim; v - Oy ecinin  Oyz
JKa3bIKTBIFBIMEH JKacalWTbIH OyphIIbL; ¥ - OXj oci MeH
OXyi >Ka3bIKTBIFBIHBIH apachlHAarbl Oypbim. Oxyz
yupkareiHan OXyiz; kemy Ox, Oz, Oy; ecrepi
OOBIHINA COUKECIHIIIE ;, V;, }; OYPBIIIKA OYPY apKbUIBI
XKy3ere acasl.

4 cypem - OXYiZi yudicagvlibly OpoOUmanovl KOOPOUHAMAAP HCylecine KamviCmbl OPHAIACYbl

Oxyizi YIDKaFbI ©CTEpiHIH opOuTAIIBI
KOOpJAMHATTAp O KYHECiHE KATBICTBI  OaFbITTAYBIII
KOCHHYCTapbhl MEH OCBl YIDKaKThIH aiHaybIHBIH

® _
a,{ = cosV;cosy;,
® _ ;
a,; = —sinv;,
® _ ;
a3 = cosv;siny;,,
®
az1
@ _
ay; = COSY; COSV;
®

a,3 = coSY; sinv; siny; — sin; cosy;

@ _

az; = siny; sinv; cosy; — cos P; siny;

@ _ o
as; = siny; cosv;

®

as; = siny; sinv; siny; + cos P; cos y;

@

= cosY; sinv; cosy; + siny; siny;,

a0COoITIOT OYPBIITHIK KbUTIaMABIFBIHBIH OX;, Oy, OZ;

pi=a, Y, —v;cosy; + agll)w,

@

g =a; P — Vi + aélz)w

= ag?d’i —v;cosy; + aé?w

dv o . ..
MyHzarsl @ = <~ KYHeHiH Maccanap IeHTpiHix
DILIATICTIK opbuta OOMBIHIIIA  KO3FaJIBICHIHBIH

OYPBIIITHIK, SKBLUIIAM/IBIFEL. Hyxre APKBUIBI
YaKbITOOMBIHIIIA TyBIHBI OCNTICH/T.

2 - . .
T=— 3 Malbal® + 15,0 + [+

1

MyHJarel M; — macca, 4;, Bi, Ci — 6ac opTaibIK
WHEPIIS] MOMHTTEPI.

OCTEpIHCTI MNPOCKIMsAIaphl Keneci  (opmynanap
ApKBUIBI €CENTENe/Ii:

)

@)

Cepik-TypaKTaHIBIPFBIII KyHeciHiH

KWHETUKAJIBIK OJHEPTWSACHIHBIH OpHEriH IIbIFapyFra
KeleHik. Eki epkiH JieHe YIIiH KHHETHKAJIBIK SHePIUsl:

1 2
—5—2 (A;p? + Bz + CirY), (5)
i=1

bi3 KapacThIpbIl OTHIpFaH CXeMazia, Cepik IeH
TYPaKTaHIBIPFBII P  cepasblk  Tolca  apKbUIbI
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GaﬁHaHLICKaH; OHBbIH O,‘X,'y,'Z,' YUDKarblHa KaTbICThI
koopauHaThLIaphl 0,0,0. BeKTOPIIBIK TYpae ®Ka3bUiFaH
GaliaHbIC MIAPTHIH:

CO]_ '+' Olp = C02 ‘+‘ ng;
YII CKaJIAP KaTblHAC apKbIJIbI J)Ka3ytra 6onazu>1:

Xy 4 biall) = x5 + bal?,

Y1+ blfzg‘g =Y+ bzzl_(z), (6)
21+ b1all) = 2, + byal®.

XKytieniH Maccanap HEHTPiHIH aHBIKTaMackl OOMbIHIIA:

Myxy + Maxy = (My + Ma) x,

My + Moy = (M + Ms) y,, (7)
Mz + Mpzo = (M; + My) 2.

MyHna Xo, Yo, Zo — CepiK-TYpaKTaHIBIPFbIII (6) meH (7)-neH, cepik MeH TYpaKTaHIbIPFBIITHIH
KYHeCiHiH Maccanap LEHTPIiHIH abComOT  Maccalap  [EHTPIHIH  KOOpOWHATANApHI,  CEepikK-
KOOpAWHATAJaPHL. TYpPaKTaHIBIPFBIINI JKYWECIHIH Maccaiap IIeHTPiHIH

KOOpJIMHATAIAPHI APKBUIBI KEJIEC] TYp/le OpHEKTENe i

My
n=xy——->=>=—(b aﬂ)—b a‘”
(1 M1+M ( 1 2 )
= yo— —20_ (bat) — pg)
’ M, + M, s Tl
M,
2= 29— — ba(l)_ba(z)
’ it i, D — ba)
_ i 8)
Xg = Xp+ ——— M, + M, (bﬂ(;)-—b,ag)),
Yo = Yo + 0 (byalt) — p,ta))
MM T Pae
2 =2y - _mfl__(b a) —p 72))
% 0 M1+M2 134 aaaz : )
HyaCCOH KaTbIHACTApPbIH:
"—([_ @) A ;._ - -
o) = e —qel, o) =rdQ—qad, &P = ral —qadD,
a) = pdf—rd  al=pal—rad, o = pdl— i), ©
ald) = q,al) — pad), a®) = gal) — pa®, aﬂ) = gal) — p;a(‘-')

eckepin, (8) Gen (4)-ti xonmanbin, (5)-teri  *1y Y1 zl, x2s Y2, 2 -men KyThUICAaK, >KyHeHiH
KMHETHKAJIBIK SHEPIMSACHIH KEJIEC] TYpJIE alambl3:
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T =~ (My + My) (i + Y& + 28) + (Asp? + Biq? + Cird) +
1 22 1
T = E(Ml + M) (%5 + y5 +25) + E(A1p12 +Byqf + Cyrf) +
1
+5 (403 + Byg + Cor) + 5 MBE(? + 1) + b (03 +17) — (10)

—2byb, [(plag) -n aﬂ))(pz aizz) -7 aﬁ)) + (p1 agls) - rlag?)(Pz agzz) -7 ag?) +

(ps agls) —n ag?)(Pz a§z3) T agz1) ]}

MM,
M1+M,

(10)-ma M = Jett Genriney eHrismik.

XKepnin tapty epiciHiH HpIOTOHABIK ©piCTEH ayBITKYBIH eckepMmeceK, JKepHiH TpaBUTALMSUIBIK OpPiCiHIH
CepIK-TYPaKTaHIBIPFBIMI )KYHeciHe ocepiH CHIIATTAHTHIH KYIITIK ©piCTi KeJeci ©pHEK apKbLIbl aHBIKTayFa O0Ia bl:

2
U=k D,
=1

MYHIarbl,

5 L,

M,

(e P =00+ P +@) 7= % + xa® + gl +- 20,

: )

Yi=y: + ;;6;‘;1) -

+ 4l + 20l 2=z + %l +yal +2a®, k=iM,

f — TapTeUTBIC TypakThIchl, Mi — XKepain maccacer, ¥is

Y, 2 - yarerpanmayably aiHBIMANIB HYKTECiHIH

OiX;yiz; yIDKaFbpIHA KATBHICTHI KOOPAMHATAIAPHL, X Yis 21 (8) TEHJICY apKbUTBI aHBIKTAJIa IbL.

[Texbepinik opbuTa OOMBIMEH KO3FAIATHIH CEpPiK-
TYpPaKTaHIBIPFBIIIT TPaBUTALUSIIBIK KYHECIHIH
ONTHMAJIIBI ITapaMeTpJaepi

[enGepiik opOUTaaFsl CEePiK-TYPaKTaHBIPFbILI
JKYHeCiHIH MPaKTHKAJIBIK TYPFBIAAH Mali1aibl MbIHAAaH
TeIe-TeHIIK XKaFaainapsl 0ap:

1) P Tomcacel opOurara >xaHama OaFbITHIMEH
coiikec  kemeriH Opx; koHe Ojx» OCTEpiHIH

/\7
4

\V

Y

a

() ¥ )

KUBLIBICBIHA OpHalackaH (TOPU3OHTAIb CXeMma)
(cypet-2.3.1,a)
2) P Tomcackl OpOMTaHBIH Ka3ipri pamuyc

BEKTOPBIHBIH OarbITBIMEH coiikec KeyeTiH Ojz; kKoHE
O:z; 6CTEpiHIH KUBUIBICBIHAA OpHANacKaH (BepTHKaIb
cxema) (cyper-2.3.1,0)

Cypem 5 — Cepix mypaxmanowipebiiu dHcyiieci
a — 20pu30HmMans cviz6a; 6 — 6epMUKALL Cbl30a

Tene-TeHaik  KarJaliblHAAa  CEpIKINEH  KOHE
TYpaKTaHJBIPFBIINEH OaiyaHbickaH OXiy1Z1 KoHE

Oxoy2z2 xoopauuar kydenepiHin ectrepi OXYZ
opbuTangs! KOOpJUHAT KYHCIHIH ecTepine
nappaiens 00Iabl.

CTX-nig TEMETEHIIK JKar JalbIHBIH,

MaHaWBIHIAFEI Killli TepOemicTepai 3epTTey MEH acep
eTy KBUTJIaM/IBIFBIHA KaTBICTHI ONTHUMAJIIBI
mapamMeTpiepiH aHbIKTayFa Oipmmama  SKyMbICTap

apHanraH. Exi neHeniH e maccanap 1eHTpi Torca P
MeH coiikec KeneTiH jxarmaid [9]-ma xapacThIpbuTFaH.
[10] ma P Tomcacel Oip JeHEHIH FaHa Maccajlap
LIEHTPIMEH COlKec KeJIeTiH jKar/ail KapaCThIPbUIFaH.

Byn xymeicta CTXK ontumansl mapameTpriepin
aHBIKTay eceOiHIH TOpPH30HTANh JKOHE BEPTUKAIb
chi30anmapbl YIIiH aHAJUTHKANBIK JKOHE CaHIBIK
[IemimMaepi aabIH/IbL.
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I'opuzonTans cpi3da. lllenOepnik opOutanars
CTXK-upiH  Kimi  TepOesicTepiH  aHBIKTAWTBIH
TEHJIeYJIep XKyiiect

(B, + Ma?)a; — Ma,a,a, + 3(A; — C; — Ma})wia, +
+3Ma,ay,wia, + ky(a; — ;) + ky(a; — a,) =0,

(12)

—Ma,aya; + (B, + Ma3)a, + 3Ma,a,wia; +
+3(4, = C, = Maj)wia, — k(a; — a;) — ky(ay — a;) = 0.

MyHnarbl M=M1M2/(M1+M2); M1, A1, Bi, Ci
koHe My, Az, Bz, Co — Kylie JEHENEpiHiH Maccaaapbl
MeH Oac mHepIms MoMeHTTepi; (ai,0,0), (a2,0,0) — P
toricachlHBIH ~ OX1y1Z:  koHe OXoy2Z» KOOpIWHAT
XKyitenepineri KoppauHaTanapsl, k;

KYHeHIH Maccajap ULeHTpiHiH opOura OoibiMeH
afHaTYBIHBIH OYPBILITHIK JKBUTAAM/IBIFBI,
a; a, _ Ox; xxone OX2 ecTepi MeH opOuTara

YKaHaMaHbIH apacklHaarbl OypeimTap. LTpux apKbuib
yakpIT t GolibiHIIa quddepeHnnanay oeiriieHm.

- nemmdupney

.k C e . w
ko3¢ dureHTi, 2 - cepimimMaimik Ko3dumeHti, ~ ° -

Bepmuxkanw cviz6a
CTX BepTHKaIb OpHAIACY ChI30ACHIHBIH ChI3BIKTAHABIPHLUIFAH TCHICYJICP XKYieci MbIHA TYpe OOIabl:

(By + Mc®)ay — Mcycyay + 3(A; — €y + My (¢q — ¢3))wiay +

+I_Cl(ai - aé) + ]-‘2(051 —ay) =0,
(13)

—Mcyc,ay + (By + Mc)ay + 3(A; — C, — Mcy(cq — ¢3))wda, —
_k1(0(i - aé) —ky(a; —ay) = 0.

myna (0,0, ¢y), (0,0,c2) — P tonicaceiabie OX1Y121 xaHe OX2Y2Z2 KOOPIHHAT KYHEIEpiHAeTi KOppAHHATATAPHI.
(14)-nmp1H cUmaTTAYIIIBI TEHACYI MBIHA TYpTe KeNei:

A+ k23 + [ky + 3(py + p2)]A% + 3k pA + 3k,p + 9pyp,S = 0 (14)

MyH/Ia MbIHAIai Oerijeyyiep eHri3iireH:

_ ]}1 Bl + BZ + M(Cl - C2)2
"~ wo (B + Mc?)(B, + Mc2) — M2c2c?
_ kz Bl + Bz + M(Cl - Cz)z

ky =— ;
27 wo (By + Mc2)(B, + Mc2) — M2c2c?
— A1—C1+Mc(c1—c2) _ Ay—Cy+Mcy(cp—cq) — (A1—C)+(A2—C2)—M(c1—c2)?

kq

b1 By+Mc2 2= By+Mc2 By +By+M(cq—c3)?
1+S, N1+ S
= w,sl = MC12/31 Sz = MCZZ/BZ
(1+s,+S,)

Cunarraymsl TeHICyTe KaTBICTHI aJlIBIHIAFEl 00JbKaMIbI KaObLIIal, Kelieci KaThIHACTapFa KeJleMis3:

ky =4¢ k, = 68(2 —3S(p1 + p2),

1 3 15
ngfz'fz=ES[P1+P2+\/(P1+Z’2)Z_20%- (15)
EZ K —
-1i S Goiibiaiia aupdepennuangan, as - erep P1=0, p»<0, nemece p1<0, P,=0. Opi exi xaraaiiga aa
2
¢ =0. Engeme, MakcuMal OPHBIKTBUIBIK JCHreHiH S mapaMeTpiHiH e3repy alMarblHOa i371ey Kepek. 1=5<
Cexeni aHbIK, S=1 6omazsl, erep S1=0 Hemece S,=0 Gorca.
S=1 GouichIH, OHJIA
3
§* = E[P1 + 2 +/p% — 18pip, + 122 (16)
(17) epuek, p; = (9 + \/80)p2HeMece P < (9 + \/80)192 Oomran  Kke3fe HakThl.  (2.3.22)-HBI

muddepeHnnanacax, anambl3.
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afz _ 3 - 9p2 ]
o 10| G- 9p2)2 80p3’
a7
K P17 P2
dp, 10

/(9p1—pz)2—80p%

(18) mepbec TysIHABUTAPIOBIH ekeyi Oipaeit 0-re aifHanMMaiabl, COHOBIKTAH, P1 )KOHE p2 MapaMeTpIepiHiH

QHBIKTAIY aliMaFbIHA & 2-ThIH SKCTPEMYMBI JKOK.

@u3nKaIbIK MYMKIH XYHeep YIIiH P1koHe p2 Kelec apTTapasl KaHaFaTTaHIbIPAIbI

Sp—1
erep S1=0, onna |p1|<I ,52? <p, <1

Si—1
erep S;=0, onpa |p2|<I 'Siﬁ <p,<1;

(19) TyBIHABLTAPBIHBIH TAHOATAPBIH 3€pTTETCHIIE:

(18)

2
erep p; = (9 + V80)p,, onna —>O af <0;

2
erepp; < (9 ++v8 )pz, OHJZa —<0 af 0

alambI3.
(13,14,15), oxome (15,12)-ren , MakcuMmal
OPHBIKTBUIBIK ~ JICHTCHl 4,/ 9/5-ke  TeH  JKOHE

napaMeTpIIepIiH KeJieCi MOHACPIH/IC abIHAIbL:

1) 51 = 0, pi =-], p2 =],'

2) 52 = 0, pi :], p2 =1

JKOHE OapibIK JKarmaiimap ymiH kq = 443 / ‘{/g,
k, = 18/V5,p = 2¢2,.

Beprukanbs cei3b6a ymin Maple mporpammanbik
MaKeTiH/Ae JKacajfaH MporpaMMa >KOHE allbIHFaH
HOTIDKEIIEp KOPCETUIII.

TopHU30HTAb CXeMa YIIIiH albIHFaH HOTHXKE:
> restart;
> with( plots); with( plottools);

(19)

mudepeHIMaIIBIK TeHISYIep KYWECiH CaHIBIK
oficIieH WICIIYAiH MaTeMaTWKaiublK mozeni MatLab
MaKETiHIH KOCBIMIIIACHI Simulink BU3YaJ bl
nporpammaiay sxydeci apkpuibl mentinai(Kocsimina
B). IIporpammansl  Dormand-Prince, Bogatcki-
Shampine, Runge-Kutta, Euler, Heun, extrapolation
CHSKTBI KaJaMbl TYpakThl, >koHe Dormand-Prince,
Bogatcki-Shampine, Adams, CHIKTBI —alHBIMAJIBI
KaJaMJIbl TOCUIAEP apKBLIBI STy pekuMaepi oap.

[ animate, animate3d, animatecurve, arrow, changecoords,

complexplot, complexplot3d, conformal, conformal3d, contourplot,

contourplot3d, coordplot, coordplot3d, densityplot, display,
dualaxisplot, fieldplot, fieldplot3d, gradplot, gradplot3d,

implicitplot, implicitplot3d, inequal, interactive, interactiveparams,

intersectplot, listcontplot, listcontplot3d, listdensityplot, listplot,

listplot3d, loglogplot, logplot, matrixplot, multiple, odeplot, pareto,

plotcompare, pointplot, pointplot3d, polarplot, polygonplot,

polygonplot3d, polyhedra_supported, polyhedraplot, rootlocus,

semilogplot, setcolors, setoptions, setoptions3d, spacecurve,

sparsematrixplot, surfdata, textplot, textplot3d, tubeplot]

> eq = o +a1-x3 —I—a2~x2 +ayx+a,=0;

eq ::x4+%\/?53/4x3+ [ﬁﬁ—i

5 2

9
4+ Z =0
5

)xz—i-%\/?SlMx

> sol = solve(x4 +aq, X+ az'x2 +ayxta,= 0);
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7 plot({e0-54591974899562:1_ (9. 00(1.0215734989450-7) + 10
- sin(1.0215734989450-7) ), ¢ 0-34391974899562-1 1
- cos(1.0215734989450-¢) + 20- sin(1.0215734989450-¢)) }, £ =0
..15);

20
1%

10

BepTuknaib cxema YIIiH albIHFaH HOTHXKE:
> restart,
> with( plots); with( plottools);

[ animate, animate3d, animatecurve, arrow, changecoords,
complexplot, complexplot3d, conformal, conformal3d, contourplot,
contourplot3d, coordplot, coordplot3d, densityplot, display,
dualaxisplot, fieldplot, fieldplot3d, gradplot, gradplot3d,
implicitplot, implicitplot3d, inequal, interactive, interactiveparams,
intersectplot, listcontplot, listcontplot3d, listdensityplot, listplot,
listplot3d, loglogplot, logplot, matrixplot, multiple, odeplot, pareto,
plotcompare, pointplot, pointplot3d, polarplot, polygonplot,
polygonplot3d, polyhedra_supported, polyhedraplot, rootlocus,
semilogplot, setcolors, setoptions, setoptions3d, spacecurve,
sparsematrixplot, surfdata, textplot, textplot3d, tubeplot|

x, = 0.151688545004992 + 1.26584845716492 1

> x, = evalf (sol[2]);

x, = -1.65494358716300

> x; = evalf(sol[3]);

X, = -4.01499664784698

> x, = evalf (sol[4]);

x, :=0.151688545004992 — 1.265848457164921
X_-t xX_-t

>al:=e2;a2:=e3;

ol = 6—1.65494358716300t

o2 = e—4.01499664784698 t
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7 plot( {7 1380S8I3TNI3080 (5. (06(1.26584845716492 -1) + 10
- sin(1.26584845716492 1)), ¢ 3805813711308 11
- cos(1.26584845716492 -¢) + 10- sin(1.26584845716492 -1)) }, ¢

mIapTTapel  KepCeTii,

KYHeCiHIH 311K

=0..10);
20
15
10
5 —
u] T T T 1
Tz a & 2 10
£
KOPBITBIH/IbI JKaFrIaiibIHBIH ACCUMIITOTUKAJIBIK OPHBIKTHUIBIFBIHBIH
DIUTHIITHKAIBIK opbura JKa3BIKTBIFBIHAAFEl  KAXKETTI JKOHE JKETKIIIKTI
JKYHEHIH 3KCICHTPHUCUTETTIK TepOemicTepi 3epTTeNai.  KO3FalbIc TOPHU3OHTal b XOHE BEPTHKAIL O6JiKTepre
CepikTiH SKCICHTPUCUTETTIK TepOenmicTepiHiH ~ OeNiHI KapacTHIPBUIBIN, IICHOEPIIK JKarmail YIIiH
aMIUIMTYJACBIHBIH MHUHHAMAJABl IIAaMachlHA COMKEC  AHAIWTHKAJIBIK JKOHE CAHIBIK INCIIMICp aJbIH[b,
KeJeTiH mapaMmeTpiep Kepcerinmmi. KeHicTikteri — cepik-TypaKTaHIBIPFBIIT
MIEHOCPNIK JKOHE DJIUIMIICTIK opOura OOHBIMEH  TepOeNicTepiHiH MaKCHUMalAbl eIy KBUIJaMIIBIFBIH
KO3FaJIaThIH MaCCUBTI IPaBUTALMSUIBIK ~ KaMTaMachl3 €TETIH IapaMeTpliep aHbIKTaJIbI.

OpHEHTALMSJIAHFaH CEPIKTIH JUHAMHUKACHI 3€PTTEe/].

AngpiMeH, eHOeplik opOuTa >KarJalbIHAaFbI
CepiK-TYpaKTaHIbIPFBIII KyleciHiH HEFYPIBIM
KapamaibiM Tere-TeHIIK KafIalbIHbIH MaHAWbIHIAFbI
as;garaH TepOeNicTep KapacThIPBUIABL. Teme-TeHIIK

lendepJiik opoOuta 00iibIMEH KO3FAJIaThIH
KYieHiH ONTHUMAJIIbI napamerpJepin
AHBIKTAUTBIH (KO3FAJBICTBIH AU depeHuaIIbIK
TeHjeyiH I1IelmeTiH) MAaTeMAaTHKAJIBLIK MOJe/b
(Simulink).

Voo 00 TR N T T T [
File Edit View Simulation Format Tools Help
DEEa & youfs e | HeBEel REES
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RESEARCH OF THE EFFECT OF THE BANDAGE ON THE DEFECT PIPELINE

Meiineza P.O.

Acucmenm kagedpu naghmoeazoeux mawiun ma 0OIAOHAHHSL
leano-@pankiscovkuii HayioHabHUL MeXHIYHUL YHIGepcumem Hagdmu i 2azy

leacie B.M.

Ipogpecop raghedpu nagpmozcazoux mawiun ma 0O1AOHAHHSA
lsano-Ppankiscovkuil HAYIOHATLHUL MEXHIYHULL YHIgepcumem Hagmu i eazy

Muxaiinrok B.B.

Hoyenm kagedpu naghmoeazosux mawurn ma 061a0HAHHS

Isano-@pankiscorull HAYIOHATLHUL MEXHIYHUL YHIgepcumem Hagmu i 2azy

Dagpnein O.4.

Acucmenm xkagedpu 6ydignuymea ma enepeoeheKmusHux cnopyo
lsano-Dpanxiscokuil HayYiOHATLHUL MEXHIYHULL YHIgepcUumem Hagdmu i 2azy

JOCJIII’KEHHS BIIVINBY BAHJAXKY HA JE®EKTHY AUUIAHKY TPYBOITPOBOAY

Summary. Thousands of kilometers of steel pipelines are operated in Ukraine to transport oil, gas, petroleum
products, water, ammonia and the like. The aggressive effects of transportation products, external short-term and
prolonged force effects in combination with the environment often cause defects such as metal loss on the surface
of pipelines, dents, scratches, caverns and the like. All these defects in the process of operation will lead to the
formation and growth of fatigue cracks that cause the pipeline to collapse. This inevitably requires repairing their
defective areas or transferring the pipeline to a new, more moderate mode of operation.

Today, many different methods of repairing damaged sections of pipelines are used, which are aimed at

extending its service life.
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In the work the analysis of modern domestic and world technologies of repair of pipelines with use of
couplings (bandages) is carried out. Depending on the type of defect, its dangers and geometrical parameters,
different clutches can be applied, which have both advantages and disadvantages.

Therefore, the influence of the bandage, which is installed on the defective section of the pipeline by using
simulation modeling, is investigated.

It is established that the application of a bandage to a defective section of the pipeline reduces the magnitudes
of stresses that occur both in the defect zone and in the wall, almost twice. In terms of the number of cycles to
fracture (taking into account the effect of the pressure ripple during the year), they increase from 12230 to 371530
when applying the bandage.

AHoTanisa. Jns TpaHCHOpPTYBaHHA HadTH, ra3zy, Ha(QTONPOAYKTiB, BOIH, aMmiaky TOIIO, B YKpaiHi
eKCIUTyaTy€eThCS THCSYi KITOMETPIB CTaJIeBUX TPYOOIPOBOAiB. ATPECHBHIH BIUIUB MIPOAYKTIB TPAHCIIOPTY BaHHSA,
30BHIMIHI KOPOTKOYACHI Ta TPWBAJi CHJIOBI BIUIMBH Yy IIOEMHAHHI 3 HABKOJHIIHIM CEpPEIOBHINEM YacTO
CIPUYMHSIOTh YTBOPEHHs Ne(eKTiB, TaKMX SK BTpaTa METaly Ha MOBEPXHI MariCTpajJbHHUX TPYOOIPOBOIIB,
BM'SITUHH, TIOAPSAIIUHY, KaBEPHH Ta Tomo. Bei i nedektr y mpoueci excruryarauii HpUBeIyTh 10 3apOJHKEHHS Ta
POCTY BTOMHHX TpILMH, LIO CIPUYUHSIOTH pyHHYBaHHs TpyOompoBony. lle HeMuHyue BHMarae peMOHTY ix
JnedexkTHUX iSTHOK abo mepeBoy TpyOOIpoBOy Ha HOBH, OLIBII HOMIpPHHN peXUM poOOTH.

CpOrosiHi 3aCTOCOBYIOTH 0araTo pi3HOMaHITHUX CIIOCOOIB PEMOHTY IOIIKO/PKEHHUX AIJISTHOK TPYOOIIPOBO/IIB,
SKi CIIPSMOBAaHI Ha TTOOBXEHHS HOTO TEPMiHYy €KCILTyaTaIlii.

VY po0oTi poBeeHO aHalli3 CYYacCHUX BITYM3HSHHX Ta CBITOBHX TEXHOJIOTIH PEMOHTY TPyOOHpPOBOIIB i3
BUKOpPUCTAaHHSA My(T (OaHmaxiB). 3ajekHO Bif THITy AedekTy, Horo HeOe3MeKn Ta TeOMETPHYHIX HapaMeTpiB
MOJKYTh 3aCTOCOBYBATHCS Pi3Hi 32 KOHCTPYKIIIEIO My(PTH, SIKi MAIOTh K PSJI IepeBar Tak i HEJOMIKIB.

ToMmy HOCHiIDKEHO BIUIMBY OaHIaXy, SKWH BCTAaHOBIIOETHCS Ha Ae(EKTHY IULIHKY TpyOompoBoxy 3a
JOTIOMOT'0}0 BUKOPUCTAaHHSI iMITallifHOrO MOJICTIFOBAHHSL.

BcraHoBneHO, 110 3acTOCyBaHHs OaHIaxy Ha Je(eKTHY AUBIHKY TpyOONpOBOAY 3HMXKYE BEIMYHHU
HaIpy’>XeHb, 1[0 BUHUKAIOTh SIK Y 30HI AedeKTy, Tak 1 y CTiHL|, Maibke y ABa pasu. [llomo KinbKoCTI LUKIIB 10
pyiHyBaHHs (i3 BpaXyBaHHSIM BIUIMBY ITyJbcalii THCKY MPOTSTOM POKY), TO IIPH 3aCTOCYyBaHHI OaHIIa)Xy BOHHU

30inbIyroThes i3 12230 mo 371530.

Keywords: pipeline, bandage, simulation, defect, fatigue cracks
Kmouosi crosa: mpybonpogio, bandadxc, imimayitine MoOent08anHs, oeQexm, 6moMHI Mpiyunu

IMocTanoBka npodJjaemMu
Cporomai B VYkpaiHi eKCIUIyaTyeTbCs THCAYI
KUJIOMETPIB CTaJICBUX TPYOOIIPOBOIIB (MAariCTpalbHIUX,

MIPOMHUCIIOBHX, MICBHKHX, MIDKMICBKHX,
BHYTPIIIHBO3aBOACHKMX). BOHM mnpu3HadeHi amus
TpaHCIIOpPTyBaHHS HadTH, Ta3zy, Ha(TONPOAYKTIB,

BOJM, amMiaky ToIlo. barato 3 HHMX BiAmpaioBain
6inbie 40 pokiB.

ATrpecuBHHUH BIUTMB POAYKTIB TPAHCIIOPTYBAaHHS,
30BHIIIHI KOPOTKOYACHI Ta TPHUBAJli CHJIOBI BIUIMBH Y
MOENHAHHI 3 HABKOJIMIIHIM CEpPEeOBHINEM YacTo
CIPUYMHSIOTh YTBOPEHHS Ae(EKTiB, TAKHX SIK BTpaTa
MeTaly Ha MOBEPXHI MaricTpaJbHHUX TPYOOIpPOBOIB,
BM'SITUHH, TOJIPSIHMHYU, KaBEpHH Ta Tomio. Bci mi
JeeKTH y TpoIeci eKCIuTyaTamii NIPUBEAYTH IO
3apOJUKEHHS Ta pPOCTy BTOMHHMX TPIMIMH, IO
CIPUYMHSIOTh  pyHHyBaHHS  TpyOompoBony. Lle
HEMUHyY€ BUMAara€ peMoOHTYy iX Je(eKTHHX MiISHOK
abo mepeBoAy TpPyOONpPOBOAY HAa HOBHIMA, OiIBIIT
MOMIpHHHN pexXuM poOoTH.

CporoHi 3aCTOCOBYIOTH 0arato pi3HOMaHITHHX
croco0iB PEMOHTY TIOTIIKO[KEHUX TTSTHOK
TpyOOIPOBOAIB, SIKi CIIPSIMOBaHI Ha MOAOBXKEHHS HOTO
TepMiHy eKCIuTyaTarlii.

B meBniii wmipi Oyap-skuii cmoci® peMoHTY
nedexktHoi  mimsHKM  TpyOOonpoBogy — IOBHHEH
3MEHIINTH BIUIMB Ha Hei poOOYMX HaBaHTaXXEHb Ta
cepenoBuil. ToMy y CTaTTi poO3TIISAAOTHCS CIIOCOOU
PEMOHTY TpyOONpOBOAY Ta BIUIMB Ha JAe(exTHy
NUISTHKY, 100 MICTUTh  TPIIIWHW, 30BHINTHHOTO
PEeMOHTHOTO  TOKPHUTTSI Ta  PEeXUMY  pPoOOTH
TpyOOIPOBOAY MPOTATOM OJHOT'O POKY.

AHaJti3 oCTaHHIX J0c/aixxKeHb i myOJikauin

Texnonoeii pemonmy 3 6CMaHOBAEHHAM CIMANEEUX
Mmygpm.  AHami3  BITYM3HSHUX 1  3aKOPJOHHHX
TEXHOJIOTIHi PEMOHTY TPYyOONpPOBOMIIB ITOKa3ye, IO
ChOT'OJIHI Y CBITOBI NPAKTHUIIl ICHY€E Psiji METOMIB, sIKi
JIO3BOJISIFOTH MPOBOJMUTH iX PEMOHT 0e€3 3YIUHKH.
OnHUMH 3 TIEPCIEKTUBHUX € TEXHOJIOT1] PEMOHTY, IO
nepen0avyaloTh BCTAHOBJIICHHS Ha iX TMOBEpXHI My(dT
(banpaxiB). 3anexxHo Big TUmy nedekry, ioro
HeOe3MeKn Ta TIeOMETPUYHMX IapaMeTpiB MOXYTh
3aCTOCOBYBATHCS Pi3HI 32 KOHCTPYKII€I0 My(HTH:

- 6e3 repMeru3aiii (OOTHCKHI): KOPOTKi Ta JIOBTi;

- TepMETH3YIOYi (IPUBApPHi): TepMETHYHI (KOPOTKI
Ta JOBri, 13 3alOBHEHHAM 1 0e€3 3allOBHCHHS),
TaJITeJIbHI, MocwIeHi [ 1], mIsAIKoBi.

KokHa i3 mux My(T mpu3HaueHa U PEMOHTY
ne(eKTiB I[MEBHOrO THIy Ta IIEBHOI MOBXKHHH. 3a
JIOTIOMOT 010 HabOpy KOHCTPYKIIiH TaKuX My()T MOXKYTh
OyTH BiZpeMOHTOBaHI Taki JIepeKTH, SK KOpo3ifi,
MOJIPSITIAHY, PO3MIapyBaHHs, Ae()eKTH 3BapHUX IIBIB,

BM'ATHHH, TO(QpH, KOMOiIHOBaHI JedeKkTH (THIY
BM'SITHHA 3 PUCKOIO).
JlaHi TexHOJOTIi MalOTh HAaCTYIHI OCHOBHI

Hepouik [2]:

- HEOOXiZHICTb 3aCTOCYBaHHSI 3BapIOBaHHS Ha
MOBEPXHI Ha(TONPOBOIY, 3aIIOBHEHOTO HAPTOIO (IS
MPUBAPHHUX MYQT);

- BIJCYTHICTH YHIBEpCAJBHOCTI KOHCTPYKIIi,
3aCTOCOBHOI 7151 Oy Ib-SIKUX THIIIB JAe(eKTiB;

- BIICYTHICTHP MOXJIMBOCTI PEMOHTY TpPIIIMH B
OCHOBHOMY MeTalli Ta 3BapHHUX IIBaX;
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- mpobieMa pEeMOHTY TpyO 3 OBAJIBHOCTSIMHU
(HaBiTh 13 HeBemUKUMHU 10 1%);

- CKJIQIHICTh 3JIHCHEHHS TIIOBHOTO KOHTAKTy
My(dTH 3 nedeKkTHOI TpyOoIo Mo BCili peMOHTOBaHIM
TIOBEPXHI;

- MOXJIUBICTh BUHUKHEHHSI KOPO31HHHUX MPOLECIB
y IpOcTOpi Mk TpyOoro Ta MypTOIO (IS IPHUBAPHIX
My]T), [0 BUKJIMKA€E HEOOXiTHICTh 3aIIOBHEHHS IIOTO
MIPOCTOPY aHTHUKOPO3IHHUMH MaTepialaMH.

Texuonoeii  pemoumy i3 3ACMOCYBAHHAM
nracmukosux my@m. Po3pobieHi crocodn peMoHTY,
IO TOEJHYIOTH XOJOIHE 3BapIOBaHHSI Ta KITBIEBI
Myt [3]. At BUrOTOBIEHHS My()T BUKOPUCTOBYIOTh
GaraTomapose HaMOTYBaHHS BHCOKOMIITHOT
IUIaCTUKOBOI cTpiukn Ha TpyOy. Ha Bigminy Bifg
METaleBuX, TUIACTUKOBI Myt LIBHUIKO
BCTaHOBJIIOIOTh Ha TpyOi 0e3  BUKOPHCTaHHS
BIAKPUTOTO TIONyM'ss Ta EJNEKTPUYHOI OyrH 1 He
BUMAraloTh NPUITHHEHHS TPAHCIIOPTYBAHHS MPOMYKIIi{
TpyOompoBogoM. IIlo6 3abe3mednTH MOXKIHMBICTH
MEepepo3oNily HaBaHTAXECHHA MDK TpyOor Ta
My(TOI0 TpH HACTYIHOMY IiIBUIIEHHI pPoOOYOro
THUCKY, MTOTPIOHO CTBOPUTH YMOBH, 3a SIKHX MaTepial
My(hTH HaAIHHO 3YeIUIEHHH 3 MeTajJoM TpyoH,
nedopMyeTbesi pa3oM 3 HUM 1 HE NPOKOB3YE IO il
noBepxHi. s uwporo  dopmyBaHHI = MydTH
3MIMCHIOIOTh ~ LUISXOM  LIUIBHOTO  OTOPTaHHS
TUIACTUKOBOT CTPIYKH HABKOJIO TPYOU Ta PO3MILCHHS
MDK [IapaMd CTPIYKH, a TaKOX MDK CTPIYKOIO Ta
METaJIOM, TOHKOTO POMIDKHOTO LIapy 3 MarTepiaiy, o
BOJIOZ€ aAre3i€l0 0 IIACTHKy Ta Mertany. Pomb
CIIOJ[yYHOTO HAllOBHIOBaYa B IIbOMY BHITAJKy TakKa K,
AK 1 IIpU XoJOoZHOMY 3BapioBaHHI. OnHaK y IbOMYy
BUIAJKY 32 PAaXyHOK €()EeKTHBHIIIOTO 3aCTOCYBaHHS
CIIOJIyYHOTO HAlOBHIOBAa4Ya BJAETHCS YACTKOBO abo
MOBHICTIO BIJIHOBUTH HeCydy 3IaTHICTh AeheKTHOT
JUISTHKH TPYOONPOBOY.

3HWKEHHSI BHYTPILIHBOTO TUCKY B TPYOOIPOBOII
(po3BaHTaXXEHHs) MOXKE BHKJIHMKATH BiJIIIApyBaHHS
My(dT, BCTaHOBJIEHUX Ha TpyOi mpu podouomy ado
6m3pKOMY 110 pobodyoMy THCKY. Lle MoXke mpu3BecTH
JI0 9acTKOBOi ab0 TMOBHOI BTpaTH My(TOI0 HECY4YHX
BIACTUBOCTEN.

[Ipote 1eii crioci6 He BUKIIIOYAE YIaCTi TEXHIKH B
MPOBEIECHHI PEMOHTY, TOMY INO Ui HAMOTYBaHHS
CTpiukM MOTpiOHO MaTH BiNBHUI (CHiBpO3MipHHUIT
JIiamMeTpy TpyOHM) HaBKOJOTPYOHHI IpocCTip y 30HI
MIPOBEICHHS PEMOHTY.

Texuonoeis gpipmu Clock Spring (CLLA). B 1993
poui amepukaHcbka ¢ipma "Clock Spring CO."
oJiep)Kayia JIIEH31l0 Ha POo3poOKy Ta BUKOPHUCTAHHS
METO/ly PEMOHTY, 3aCHOBAHOT'O Ha 3aCTOCYBaHHI My (T
i3 TpYXHOI KOMIIO3MIIIHOI CTpIYKM, TaK 3BaHOL
"T"omuanukoBoi npyxuan" (Clock Spring) [4].

Crpiuka 31 CKJIIOBOJIOKHA IIMPHHOIO 12 mrOWMIB
(305 mMMm) HaMOTyeTbcs Ha NEeeKTHy AUISTHKY B 8
mapiB, KoxxHAN ToBmUHOKO B 0,06 mroitMiB (1,5 mm)
(puc. 1). Ha crmemiagpbHO TMiATOTOBICHY ITOBEPXHIO
TpyOH Ta MK IIapamMH CTPiYKA HAHOCHTHCS aATe3is
(xmeroumii  ckimanm - i3o¢TameBa cMmona). JlaHa
TEXHOJIOTISl BUKOPHCTOBYETbCS JUIA TPYOOIPOBOJIB
JiaMeTpoM Bif 6 1o 56 aroiimMiB (152-1422 mm). Tepmin
BUKOHAHHSI TAKOTO PEMOHTY TPYOONpPOBOIY 3a3BHYail
ckiIafae Oins 2-X TOAUH.

Texunomorist  ¢ipmu  "Clock  Spring CO"
BHKOPHCTOBY€ETHCS AJISI PEMOHTY Ha(TOIPOBOJIB, IO
MaloTh BTpaTy TOBIIMHU CTiHKH 10 80% 3a ymMoBH
IaBHOTO 00pHcy mpodimo medexry [5]. HosxuHa
My(QTH TOBHHHAa HE MEHII HiX Ha 50 MM i3 KOXHOI
CTOPOHH IIEPEKPUBATH JEPEKT, TOOTO OIHIEI0 MyPTOIO
MOJKHA PEMOHTYBaTH Ne(EeKTH TOBKHHOK He Oiiblie
180 mMm. [lyns peMOHTYy Oiibliie JOBruX ae()eKTIiB
MOTPiOHO BCTAHOBIIIOBATH BCTUK HEOOXI/THY KiJIbKICTh
Myr.

ITpu cBoiif MpOCTOTI aHa TEXHOJIOTis Ma€ Taki
HEJ0JIIKY:

- HEMOXJIMBICTb ~ PEMOHTY  TpIIMH Y
MO3/IOBXXHBOMY Ta KIIBLIEBOMY 3BapHOMY INBAaX,
IeeKTiB BTpaTH MeTaly 3 TOCTpHM Tpodimem
(TmompsmvHY, 3aIUpH);

- HEMOXJIUBICTHh PEMOHTY Je(]eKTiB BTpaTu
MeTally Ha BHYTPIIIHIA TTOBEPXHI TpyOH;

- P HasBHOCTI JOBTUX Je(eKTiB HeoOXiIHO
pPOOHTH YCTQHOBKY JIEKUIBKOX TOpPYY PO3TALIOBAHUX
MydT (mpuHoio o 305 MM), 3apOOISITH CTUKH MiX
HUMH aJre3WBOM: II¢ B KUTbKa pas3iB IMiIBHUIIYE
TPYIOMICTKICTb 1 BAPTICTh PEMOHTY Ta NPUBOAMTH 0
JIOZIATKOBUX NPOOJIeM i3 3a0e3MeueHHs TepMETHYHOCTI
KUIBIIEBUX CTHKIB.

Pucynok 1 — Monmaoic myghmu Clock Spring

Texnonozcii  pemommy i3 3aCMOCY8AHHAM
cxnonracmuxosoi  my¢mu.  Hampukiam — 1990-x
POCIHCBKI pPO3POOHUKH 3alIPONOHYBATIN KOHCTPYKIIIO
o0TrckHOI ckiomtactukoBoi Myt PCM (3AT «Hogi
TexHuosorii») (puc. 2).
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B3sB11IM 32 OCHOBY 3aCTOCYBAaHHS CKJIOIUIACTUKY 3
OJIHOHAIIPABJICHOTO CKIIOpOBiHTa, aHanoriuno Clock
Spring, BUTOTOBIIIN MBI HamiBMy(TH i3 3aCTaBHUMH
METaJICBIMH JeTaIsIMU 3aMicTh ¢uraniiB. Haniemydru
CTATAIOTBCSI MK COOOI MUIAXOM ITOTIEPEMIHHOTO

3rBHHYYBAaHHS BOCBMHM IIMWJIBOK. 32 PaxyHOK
NPUKIANaHHI MOMCHTY 3aTATYBaHHS  pi3b0OBHX
3'eqHaHb  CTBOPIOEThCS  3OBHINIHIA  THCK  Ha
PEMOHTOBaHY JUIISTHKY TpyOOIIpOBOTY, 10

po3BaHTaXye i cTiHkuU. JIJ1s i€l KOHCTPYKIIiT BJIaCTUBI
HACTYIIHI HEIOIKHU:

— 0OMEKeHHSI PEMOHTY 3a THUIOpO3Mipamu TpyO
(720...1420 mm);

— HEMOXJIMBICTh IOBHOTO IIEPEKPHUTTS 10
MEepUMETPY Yepe3 KOHCTPYKILIO By3Jia 3aTAryBaHHS;

— PO3TBUHYYBAaHHS IPH TPHUBAINX BiOpamiifHUX
HaBaHTAXXCHHSX, K HACIIIOK 3aCTOCYBAaHHS IIIIIEOK

Dy/2

le—

Pucynox 2 — Mygpma PCM

3 pi3HOOIYHMMHU Pi3bOAMU 1 HEMOKIIMBOCTI YCTaHOBKH
TpaBepHUX MIal0.

Komnosumuo-mygpmosa  mexuonoeis  hipmu
British Gas. KommosutHo-MydroBa TexHomoris (KMT)
pemonty ¢ipmu British Gas 3acHoBaHa Ha
BUKOPHCTAaHHI CTalleBUX MYQT, Yy SKAX KUTbIIEBUH
3a30p MK My(QTOH Ta TpyOOK 3allOBHIOETHCS
KOMIIO3UTHHM  MarepiajioM  (EHOKCHOHOIO  abo
MOJIIECTEPOBOID CMOJIO0), IO MOBHICTIO 3aTBEp/iBae
npoTsiroM 106u (puc. 3). 3rigHo [6], IS TEXHOJOTISI
mpoTsroM 15 pOKIiB YCHIIIHO 3aCTOCOBYEThCS Ha
TpyOomnpoBoaax kommanii British Gas B ycbomy cBIiTI
IIpH PEMOHTI TPYOOIPOBOIIB PI3HOTO MpPU3HAYCHHS:
JUIL TIepeKadyBaHHS Ta3y, HaQTH, Ha(TOMPOAYKTIB,
XIMIYHUX TPOIYKTiB.

Du/2

g

([

N

e

5# \\3

1 — kinvyesuil 3azop; 2 — mopyesutl cepmemux, 3 — KOHMPOAbHI OMBOPU;
4 — 3gapHuil wios; 5 — yenmpysaivHi bormu
Pucynok 3 — Komnosumna myghma British Gas

Meton pemoHTy 3a TexHojorieto British Gas
JTO3BOJISIE PEMOHTYBATH MPAKTUYHO BC1 TUITH JePEKTIiB
HA(TOIPOBOIIB y MIMPOKOMY [iama3oHi 3MIHH IXHIX
TEOMETPUYHUX TapamMeTpiB [7], mnpu3HaueHa is
MOCTITHOTO PEMOHTY Pi3HUX THIIIB Ie(hEKTIB: KOPO3is,
BM'ITHHH, TpIIIMHA, pPO3MIAPYBAaHHS, PUCKK 1 iX
KOMOiHAII1.

MydTi MOXYTh BCTAHOBITIOBATHCS SK HA TIPSIMUX
TakK 1 Ha KPUBOJIIHIMHUX IUISTHKaX TPYOONPOBOTY.

3a pomomororo KMT MOxyTh peMOHTYBaTHCA
JneeKTH IOBUIBHOI  JTOBXKHMHHU (aust LEOTO
3aCTOCOBYIOTECS MY(PTH CTaHIAPTHOI MOBXWHH Bix 1

)

10 3 M), y TOMYy 49HUCIIi Ta ayxe AoBri nedekru (1o 20
M) - 32 IOTIOMOTOI0 MY(T CKJIAZIEHOT KOHCTPYKIIii, 110
3BAPIOIOTHCS 3 ACKIJIBKOX My(T CTaHAaPTHOT JOBXKUHH.

OpmHak mpu Bcix 3a3HadeHux mnepeBarax KMT i
BJIACTHBI TaKi HEJOIIKH:

- 30UIBIIEHHST  TPYAOMICTKOCTI ~ PEMOHTY B
3uMOBHII  mepiof  (HMOB'si3aHE 3 HEOOXIiJTHICTIO
3a0e3edeHHs TeMIIepaTypu 3aCTHTaHHS

KOMITO3UTHOTO Matepiary He Hmwxk4e +3°C; mns
MICIIEBOTO MiAIrpiBYy HaBKOJMIIHBOI'O MOBITPS B 30HI
PEMOHTY  BHMKOPHCTOBYIOTBCSI ~ JU3ENIb-T€HEPATOPHI
YCTaHOBKH);
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- HEOOXIIHICTh 3HIKEHHS TUCKY B HadTormpoBoai
Ha 4yac ycTaHoBKH My¢TH Ha 15-30 % Bin daxruaHoro
THUCKY.

Iiocunowua KOMNO3UYIUHA mygpma
mpy6onposodie (IIKMT). Bukopucranus mypt [IKMT

JO3BOJISIE  3MIMCHIOBATH  IIBUAKHIA,  HEIOPOTHIA,

MOPIBHSHO MPOCTHH 1 pa3oM 3 THM HaJiHHUI peMOHT
TPyOOIIPOBO/IIB.

A\

Pucynox 6 — Mygpma [IKMT

Ipuniun podotu ITKMT — 11e xommeHcaris
BHYTPIIIHBOI'O THUCKY B TpyOOIIpOBOAI 3a paxyHOK
CTBOPEHHSI KOHTAaKTHOTO THCKY 30BHI IIpU 3HA4HIN
BEJINYMHI MOMEHTY 3aTATYBaHHS OONTOBHX 3'€HAHB,
1110 TI03BOJISAE IPOBOIUTH MOHTAX IPH pOOOYNX THCKAX
y TpyOOIIpOBOIi 3 TAPAHTOBAHOKO AKICTIO, HA BiIMIiHY
BiT My(QT yCTAaHOBIIOBaHHX 0€3  CTBOPCHHSI
MOTIePeTHROTO HATTy. MydTra cKIamaeThcs i3 OBOX
HaIiBOOOJIOHOK, 3'€QHAHUX MK CO00K 3 OmHiel
CTOPOHH IIAPHIPOM, a 3 1HIIOI — YOTHPMa OOJITOBUMHU
3’€MHAHHAMH. 11 BiAMIiHHICT  BiX ICHYIOUHX
CHOTOJHIIIHI THUIIB PEMOHTHHX MYy(T — IIMPOKUI
CICKTP THIIOPO3MIpiB peMOHTOBaHHX TPyO (89...1420
MM), MOBHE TIEPEKPUTTS PEMOHTOBAHOI JUISHKH,
MPOCTOTa MOHTAXy, BHUCOKA IIBHIKICTH ITPOBEIECHHS
PEMOHTY Ta Manuii 00’eM miAroroBunx pobit. s
peMoHTY Tpy0 Majoro jgiamerpa 3 METOIO
BctaHoBieHHs [IKMT pocuts BpydHy BUKONATH
HeBeIMKui mypd i 3a 15-20 XBUIMH BiIpEMOHTYBATH
nedextHy ninmsHky. lle mocuTh BakiMBO, SIKINO,
HAMPUKIIAJ, y [l Yac JOBOISTHCS Ie U BiKauyBaTH
IPYHTOBI BOJIH.

Pemonm  macicmpanvhux — 2azonpoeoodié 3
BUKOPUCMAHHAM — 36APIOGANbHUX | CHOPIOHEHUX
mexHon02il 6e3 3ynuHKu nepekauysanna easy. IcHyoui
CIOCOOM  BITHOBJICHHS — TIpale3JaTHOCTI  poOoumMx
TpyOOIpoBOAiB, MO MepedyBaroTh MiJ THUCKOM rasy,
MOXHA pO3AUIMTH Ha Bl Tpynu: OE3BOTHEBI Ta
BOTHEBI.

BbesBorHesi
TpyOOIpoBOAiB

crocoou
3aCHOBaHI Ha

BiJHOBJIEHHS
3aCTOCYBaHHI

CKJIOIUIACTHKOBUX OOOJIOHOK, OaHIaXyBaHHI TPyO 3a
JIOTIOMOT0I0  CTaJIeBUX Kilelb, OPOTIB ab0 CTPIYKH.
3acToCyBaHHSl JIaHMX CIOCOOIB YTPYAHEHO 4Yepe3
TPOMI3KICTh O0JIAAHAHHS Ta TOPOTOBH3HH MaTepialiB
(CKJIOIIIACTHKIB, CMOKCHIHUX CMOJ), a TaKoX
BHCOKHMH BHMOTaMH JI0 MiATOTOBKHM HMOBEPXHi TpyOH.
[IpobnematnuanM €  THTaHHA  3a0e3MedeHHs
JIOBrOBIYHOCTI TpyOOIPOBOIIB, BITHOBJIEHUX
0C3BOTHEBUMH CIOCOOAMH, TIPHU 3HAYHHUX IHKIIIIHUX
HaBaHT@KCHHSIX. BukopucranHs JaHuxX crnocoOiB
MOXIIUBO TUIBKH TaM, Ji¢ TapaHTYEThCS BiJCYTHICTh
€pOo3i1fHOr0 3HOLIyBaHHS Ta KOpO3ii BHYTPINIHBOT
MOBEPXHi CTIHKU TPyOOnpoBoxay. Y IHIIOMY BHIIQJIKY
TpyOOIIpOBi MOKEe OyTH BHBEICHUI 3 eKCILTyaTaii 3a
KOPOTKHI CTPOK ITiCJISi PEMOHTY BHACIJIOK YTBOPEHHS
HACKpI3HUX KOPO3iHHMX MOIIKO/PKEHb. 3aCTOCYBaHHS

CKIIOIJIACTHKOBOI ~ OOOJIOHKM MOXE TaKOX He
3a0€e3MeuynuTu HeOOX1HOT JIOBTOBIYHOCTI
TpyOOIIPOBOIIB yepes LIBUJIKE CTapiHHSA

BUKOPHCTOBYBAaHHMX MaTepiaiiB.

Jlo BOrHeBHX CIIOCOOIB HayleXath Ti, Y SKHX
3aCTOCOBYETHCS JyT'OBE 3BapIOBaHHs 200 HAIUIABICHHS
MeTalxy. 3a JIONOMOIO 3BapIOBaHHS IPOBOJIUTHCS
npuBapka My¢T, natok. HarmaBieHHsM MeTtany
BIJTHOBJTFOETHLCS CTIHKA TPYOOIIPOBOIY.

Y  3aKkopAOHHIM 1 BITYM3HSHIA  TPAKTHUIL
HalOUIbIIe  3aCTOCOBYIOTBCS UL BiJHOBJICHHS
MIITHOCTI JAUITHOK 3 TOBEPXHEBUMH JIe(PeKTaMHU

BEJMKOT IIOIII OXOIUTIO0YI 3BapHi My(TH JIBOX THIIB
"A"i"B" (Puc. 4).

<

0)

a — mypma muny A (xinyi 6andaxicy He 3aeapeni); 6 — mygpma muny B (kinyi 6anoasicy npusapeHi),
1—mpyba,; 2 — 6andasic
Pucynox 4 — Oxonmroroui 36aphi mygmu
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Mydra Tmy "A" 3pydyHa  TEUM, IO
BCTaHOBJIIOETHCS Ha TPYOOIIPOBO/Ii 6€3 NpUBAPIOBAHHS
0 TpyOM W BUKOHYE pPOJIb CHJIOBOTO €JIE€MEHTa, LI0
301IBIIY€E MIIHICT MONIKOKCHOT YaCTHHU TPYOH.
[Ipore BOHa He mpuU3HAUeHAa [UII CHIPUUAHATTS
HaBaHTXXEHHs  BiJ  BHYTPIIHBOTO  THCKYy Yy
TpyOOIPOBOI 1 MOXKE BUKOPHUCTOBYBATHCS TUTBKH IS
YCYHEHHSI HEHACKPi3HUX Je(eKTiB.

st Toro, mo6 My¢Ta MOTIa 3MEHIIUTH KiTbLIEBi
HaINpy>KeHHS, 10 BUHUKAIOTH Y MICIi MONIKOMKCHHS
TpyOH, BOHA TIOBUHHA OYTH BCTaHOBIIIOBATHCH Ha Hil
6e3 3azopy. IlepeBaroro 3acTocyBaHHS MYQTH THILY
"A" nepen iHIIUMHU THIAMH € ii e)eKTUBHA poOoTa Ha
KOPOTKUX JIeeKTHHX [UITHKax, II0 TMOJNArae B
3ano0iraHHi BUIydyBaHHS CTIHOK TpyOM B 30HI
nedexry. OCKiIBKY IPU KOPOTKiH JOBXKHUHI Y My]Ti HE
BUHMKA€E 3HAUYHUX KUIbIIEBUX HAINPYXKEHb, TOBLIMHY 1l
CTIHKH BapTo OpaTH PiBHOIO TOBIIMHI CTIHKH TpyOH.
Jus HagiiiHOTO 3amo0iraHHS pyWHYBAaHHIO CTiHKH
TpyOH HEoOXimHO 3OLTPIIUTH JOBXHHY My(TH
opiearoBHo Ha 100 MM 3a Mexi aedekTHOi 30HH.
OueBngHo, IO med Tun My()TH HE IOBHHEH
3aCTOCOBYBAaTHCS Ul IIOCHJCHHSA  JUISHKH 3
KUTBIICBUMU Je(eKTaMu, TOMY 1110 My(Ta HE CIIpHiiMae
MO3JJOBXKHIX HABaHTAXKCHb.

MydTa tuny "B" BinpizHS€TbCS Bix MyQTH THITY
"A" TtuM, mo kpai MyQTH NpPUBapIOIOTHCS KyTOBUM
mBOoM JI0 TpyOu TpybompoBoay. Mydru tumy "B"
BUKOPHCTOBYIOTBCSL ~ JUI  TOCWJICHHS  AUISTHOK
TpyOOlpoBOAy 3 HACKpi3HUMH jaedeKTamMu  Ta
JneeKTaMu KUTbIeBOi Opi€eHTaIlii. 3BiJICH BUILIHBAE,
oo My¢Ta Tairy "B" OBHHHAa BUTPUMYBATH PoOOUHit
THUCK PEMOHTOBAHOTO TPyOOIIPOBOIY Ta JOCHTH 3HAUHI
TI03/I0BXKHI 3yCHIIJIS B ONIEPEYHUX HABAaHTAKEHb, [0
IitoTh Ha HEOTO. OTXe MydTa THITY "B'" moBuHHA OyTH
BHCOKOMIITHIM KOHCTPYKTHBHUM €JIIEMEHTOM, IO
TIiIBUIIly€ BUMOTH 10 TEXHOJIOTii BUTOTOBJIEHHS TaKUX
mydr. 30kpema, yepe3 HEOOXiJHICTH BUTPHUMYBATH
pobounit THCK, 3'€JHaHHA JBOX IIOJIOBUH CErMeHTa
TpyOM TIOBMHHE BHKOHYBAaTHCS SIKICHUM CTHKOBHUM
3BapIOBaHHSIM Ha TIIOBHY TOBIIMHY, TOMY LIO
3BapIOBAHHs BHAXJIECT i3 MMiJKJIaKOI0 € MEHIII MillHIM.
UuMm poBmiolo € Mydra, TUM Baxkde 3a0e3meUnTH
mrineHe 11 mpwisiraHHsS 10 TpyOompoBomy. OcKimbKu
HEUIUIbHE TPWIATaHHS HETaTHBHO IO3HAYa€ThCs Ha
MIIJHOCTI ~ IO3JOBXHBOIO  IIBa, MO  3'€IHYE
HamiBMy(TH, IOBXHHY TaKNX My()T HaMararmThCs
0OMEXUTH TphboMa MeTpamMu. MydTu tumy "A" i "B"
NPWISTAIOTh 10 TPyOUM NO MEepUMETpi B JEKUIBKOX
TOYKAaxX, a B IHIIMX MICISIX BHHHMKAE TEXHOJOTIYHUI
3a3op (puc. 5, a, 5, 0).

a)

a) nosnooxoniooua pemoumua mygpma muny "A"; 6) pemonmuna mygpma muny "B" (3 mexnonoeiunum
3asopom); 8) pemoumna mygpma muny "B" 3 nopooicnunoio, 3an08HeHo0 anmukopositinoo piounoi, 1 — mpyoa;
2 — mygpma; 3 — 36apHuil wio6; 4 — MexHoN02IMHULL 330D, 5 — AHMUKOPO3IUHA PIOUHA
Pucynox 5 — Hocunotoui mygpmogi koncmpykyii

Po3pi3HAIOTE HACTYIHI BHAM TaKUX MY(QT: SKIIO
3a30p HIYMM HE 3aIIOBHEHUH - I1e He3alOBHEHA My (Ta,
SKIIO 3a30p 3allOBHEHWH SIKMM-HEOy/Ab ITOJIIMEPHUM
MarepiaioM (3BHYaifHO 3aCTOCOBYIOTh EIOKCHIHHI
3aIl0BHIOBAY) - 11€ 3aIIOBHEHUH THIT My(DTH, a U1 My DT
tumy "B" mie icHye repmermsupoBaHHsiil Bui [1, 8]
(puc. 5, B). 'epmernyni mydTu Tuny "B" y Bumaaky ix
NpUBapKud a0 TpyOu Oe3 BpaxyBaHHS TEPMIUHHX
nedopmartii, KOJIH 3BapIOBaHHS BUKOHAHE
eNIEKTPOJAMH 3 HENOCTaTHbO  IUIACTHYHHMH
BJIACTHBOCTSIMH, MOXKYTh BUSIBUTUCS MEHII MIiIIHUMH,
HiK My¢dTH TUny "A". Pazom 3 tum, Mmydru Ty "B",
Ipu  SKICHOMY BHKOHAaHHI 3BapHMX IIBIB 37aTHI
3a0e3NeunT HaJiiiHy poOOTYy NpH HANpyXEHHSIX Yy
CTiHII TpyOM Ha PiBHI 'PaHUI TEKYy4OCTi cTasi, TOOTO
npu  BHYTpilmHIX THckax ski B 1,3-1,4 pasu
MEPEBHUIIYIOTh POOOUHI THCK.

Haiibinpury Hebesmeky mns  TpyOompoBoiB
CTBOPIOIOTH KOMOiHOBaHiI JIe(eKTH THITy TIHOOKHX
BMATHH 1 TOodp 3 Hampizamu, TpIIIMHAMH,
KOPO3iHHMMH TIOIIKO/PKEHHSIMH HAacKpizHOro abo
TIOBEPXHEBOTO Xapakrepy. s MOoCHiIeHHS NUISHOK
TpyOompoBogy i3 TakuMH JieeKTaMH € JOCHTh
e(eKTUBHUMH 000JI0HKOBI KOHCTPYKLII THITy "Tpy0Oa B

Tpy6i", KOJMM BiICTaHP MK TPYOOIPOBOJAOM 1
MOCHIIIOIOUMM  KOKYXOM  3HauyHO  TIEPEBHIIYE
TEXHOJIOTIYHUH 3a30p y Mydrax tumy "B" i ma
MOPOKHIUHA BHKOPUCTOBYETHCS IJIsl  3alIOBHEHHS
CeliaIbHAMH  CKJaJoM (HE KOpO3iiHO-aKTHBHA
piauHa, OCTOH, IIEMEHTHO-MIMAHUNA 3alOBHIOBAY,
CMOKCUAHO-YTPUMYIOYi  po3umHH).  Ilocuoroua
KOHCTPYKIIist 3 HE KOPO3iHHO-aKTHBHUM
3aIIOBHIOBAYEM JI03BOJISIE 3YIIUHUTH PICT KOPO3iHHHUX
MOUIKO/DKEHb METaJy W pa3oM i3 LHM, 3a PaxyHOK
MEPepo3MOALTy THUCKY MIDK OCHOBHOI TpyOOHO W
3aXMCHOIO  OOOJIOHKOIO  BiIOYBAa€TbCs  3HMIKEHHS
BEJIMYMHU HAINpY’>KeHb y CTIHKaxX TPyOONpoBoy.

Ipn TIOLIKO/KEHHI TpyOornpoBoay 3
MOPYIICHHAMH  TeoMeTpii TpyOum  3acTOCOBYIOTh
MOCUITIOI0UY 000JIOHKOBY KOHCTPYKIIiO i3
3aMOBHEHHSM MIXTPYOHOTO TPOCTOPY OETOHOM abo
MIIaHO-IIEMEHTHUM 3alOBHIOBAYEM, OCKUIBKH
3aTBEpAUNI  PO3YMHH  TEPENIKOKAIOTh  BiITBHUM
MEPEMIIIeHHSIM CTiHOK TpyOHW B 30Hi, HampHKIag y
BM'aTuHI. [Ipm BuOOpPI TexHONOTii MOHTaXy TakKoi
KOHCTPYKILIi BapTO BPaxOBYBaTH MOXKJIMBI YCaaKH
6eToHy a00 MiNaHO-IIEeMEHTHOT0 3aII0BHIOBAYA ITiJ] 4ac
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Horo 3aTBep/iBaHHS, IO NMPUBOISTH IO BUHUKHEHHS
3a30piB MIXK CTIHKaMU TpyOH i 3aXUCHOT 0OOIOHKH.

Meta poGoTu Ta 00IpYHTYBAaHHSI HeoOXiHOCTI
il BUKOHAHHS

SlkuM Oum 13 BHIIE PO3MITHEHMX CIOCOOIB He
BiZI0OYBaBCsl PEMOHT TPyOONpOBOIY, B Ipoleci Horo
MO TAIBIITOT eKCIuTyaTartii BiIOYBaTHUMYThCS
MIePEepO3ITO LT HATIPYKEHB SIK Y Ne(eKTHIHN YacTHHI TaK
i y Oampmaxi. 3ameXHO Bi TOTO, SK TpamIOBaTHME
OaHIaX pa3oM i3 1e(eKTHOIO TUITHKOIO TPyOOmIpoBoIy
mpr  3MiHI  BHYTpIIIHBOTO  po0OOYOTO0  THCKY
TpyOompoBoay (UMKIIYHOTO HaBaHTa)XEHH:A), Oyxe
BU3HAYATHUCS 1 TEPMiH MO0 eKcIuTyaTarii.

MeTot0 poOOTH € TOCHIPKEHHS BILIMBY OaHIaxy,
SKAH  BCTAQHOBIIOETHCS HAa  JIeEKTHY AULTHKY
TpyOOmpoBOLy 32  JONOMOIOI0  BHKOPHCTaHHS
IMITaIIIfHOTO MO/ICTIOBaHHSI.

1 — mpybonposio, 2 — 6anoasic
Pucynox 1 — Mooenw onst docriosncenns

BuknageHHs 0CHOBHOIO MaTepiaxy

Jist mocniJuKeHHS HanpyXeHo-1e(OpMOBaHOTO
cTaHy Je(eKTHOI TUISTHKH TPyOONpoBOy MOOYI0BaHO
ii TpumipHy Mozeinb (puc. 1). Posrmsinanmacs tpyda
miamerpoM 530 MM 3 TOBIIMHOIO CTiHKH 9 MM Ta
0aHiaX TOBHIMHOK TakoX 9 M. Jlist crpouieHHs
pO3paxyHKy HOBXHHY TpyOm Ta OaHmaxy B3ATO
piBaIME 30 MM.

'paHMYHUIMH yMOBaMH @pPH  MOJEIIOBAHHA
MPUHHATO THCK Ha BHYTPIIIHIO CTiHKY Tpyou (5 MIla)
Ta 3aCTOCYBaHHS CIICiaIbHUX YMOBHUX NPYXUH IS
mixrpumanss moxerni (Weak Springs).

Jdns  imitanii  gedexrty  (TpimmHu)  TpyOuM
3actocoBaHo (yHKINFO mporpamu Ansys «Fracturey.
[ToOynoBaHoO y CTiHII TpyOU HaMiBENINTUYHY TPILIHMHY,
300pakeHy Ha puc. 2.

5

Pucynox 2 — Moodenv mpiwgunu Ha 306HiWHIN
NOBEHXHI mpyoONpoeooy

THobyoosano cimky Kinyesux enemenmis, ocodugicmio axkoi € suxopucmanis eremenmy «Sphere of Influencey,
wo 0ano 3mo2y y 8udineniil 30Hi (puc. 3) 3eycmumu enemeHmu CimKu.

Body Sizing
17.02.202013:14

[ Body Sizing

a)
a— 00’em, y AKOMY napamempu Cimku KiHYesux elemenmie giOMIHHI 6i0 THWOT uacmunu mooeui, 6 — 32yujenda
cimka ma cimka mpiyuHu
Pucynok 4 — Cimka xinyesux eiemenmis

OCKiTbKH poboTta TpyOOIPOBOTY
CYTIPOBOIKYETHCS 3MIHOIO Y HBOMY POOOYOTO THCKY,
TO ISl AOCHIDKEHHS BTOMH 3aJaHO 3MIiHY THCKY
HPOTATOM POKY.

3anexHICTh, IO OMHUCYE IO 3MiHy, HaBe/JIeHa Ha
puc. 5.

Non-Constant Amplitude Load
History Data

1,012 J“" : o
/ [T TR VAN
ﬂv_ﬂ AN LA j.\/ .
A \’\ VJ\H H\/W v "w’\\«fv ’ \.\\'

08 ik," A
AW
\'i‘ A WV \’u‘\“\_

06

)
v
| f\\ ~ . [‘,.f\l/, va‘
TS

f ""\;"'\L,.‘\ Af
AV
wa\m y

0,44208

Pucynox 5 — Anpoxcumosana 3anedxcHiemes mucky 2azy y ea3onposooi npOms2om poKy
(nynvcayii 6HympiutHb020 MUCKy)
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Crnouatky iMiTamiiine MOJCIIOBaHHS
MPOBOMIIOCH JJIsl MOZIENI TpyOorpoBoay 0e3 GaHmaxy.
I[Ipy upoMy oOTpuUMaHi BEJIMYMHH EKBIBAJICHTHHX
HanpyXeHb Ta KUIBKICTh LHKIIB 10 pyHHYBaHHS
(puc. 6-7).

A: Static Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 1

17.02.202012:55

A: Static Structural
Life

Type: Life
17.02,202012:56

9,7087e6 Max
462356
2,2018e6
1,0485¢6
499335
2,37795
1,1324e5
5307
256a1
12230 Min

734,33 Max
653,56
572,79
42,01
M
33047
249,69
16892
86,148
7,3756 Min

Pucynox 6 — Po3noodin exeieaneHmnux
HAnpyiceHv y MpiuHi CIMiHKu

mpy60onpogooy
Hami  HaBemeHi  pe3ynmpTaTd  IMITaliHOTO
MO/ICITFOBaHHS MoJei TPyOOIIPOBOIY i3

A: Static Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 1
17.02.202012:51

A: Static Structural

Life

Type: Life

17.02.202012:53
9,7087e6 Max
6,7562¢6
4,7015¢6
327176
2,2767¢6
1,5043¢6
1,1025¢6
7,6722e5
5,339¢5
3,7153e5 Min

362,55 Max
322,74
28,3
43,12
203,32
163,51

1237

3,892
44,084
42755 Min

Pucynok 9 — Po3nooin exgigareHmuux
Hanpyoicenv y mpiwuni Cminku
mpy6onpogody (3 epaxysarusim Oii
barnoasicy)

OTKe, BUKOPUCTAHHS OaHAaXYy, VIS TT0JIOBXKECHHS
eKkcmyartarlii TpyOonpoBoy, Ha AKOMY € JAe(heKTH Ma€e
MO3UTUBHUI BIUIMB. BCTaHOBIEHO, 110 3HAYEHHS
eKBIBAJICHTHUX HAINpPY)XXEHb 5K Y CTiHII TPyOU Tak iy
30HI gedexry (i3 BpaxyBaHHSM BIUIMBY ITyJIbCalliil
THUCKY TPOTATOM POKY) IPH BCTAHOBJICHHI OaHmaXy
3HWXKYETbCI Maike y 2 pa3d, KUIBKICTh IHKIIB

HaBaHTAXEHHS 0 pyHHyBaHHA 0e3  OaHmaxy
craHoBUTE 12230, a i3 6anmaxem — 371530.
BucHoBknu
Amnaniz  crnoco0iB  peMOHTY TpyOOHpOBOJIB

MOKa3aB, IO CBOTOJAHI Yy CBITI 3aCTOCOBYEThCA iX
3HAaYHA KUTBKICTH. B 3aranpHOMY, BOHH BiIpi3HAIOTHCS
MiX cO00I0 PI3SHIMH ITapaMeTpaMu, X04a y BCiX € 0/1Ha
MeTa  —  TOJOBXHUTH  TEpMiH  eKCIUTyaTarii
TpyOOMPOBOTY.

OCKiTbKH HaAHOITBIIOT0 TOMMPEHHS 3700YiH
CIoCcOOM PEMOHTY TpyOOIPOBOAIB 3a JIOTIOMOTOIO
OaHJaXiB, [0 BCTAHOBIIOIOTHCS HA HOIr0 30BHILIHIO
MOBEPXHIO, TO Y CTAaTrTi MPOBEACHO IMiTamiiiHe

Ciizr 3ayBaKUTH, 11O JUIs 3pYYHOCTI HEperiisiLy
OTPUMaHUX pe3yibTariB BinoOakeHHs nedopmariit
36011p1eHO B 170 pa3iB MOPIBHSHO i3 peabHUMH.

Ha puc. 8 300paxkeHO pO3MOMLT €BKiBaJCHTHUX
Harnpy>XeHb y CTiHLI TpyOu.

Type: Equivalent {von-Mises) Stress
Unit: MPa

Time: 1

17.02.202012:59

734,33 Max

17,3756 Min

Pucynox 8 — Posnooin

Pucynox 7 — Kinvkicme yuxnie 00 €B6KIBATeHMHUX
DVUHYBAHHS HAnpyiceHv y Cminyi
mpyou

BCTAHOBIICHUM OaHmakeM. JIJIsi 3py4HOCTI TepersIsiy
pe3ysbTaTiB OaHIax 3pO0JICHO HEBUIUMHUM.

A: Static Structural

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1

17.02,2020 13:02

362,55 Max

42755 Min

Pucynox 11 -
Posnooin

Pucynox 10 — Kinvxicms yuxiie 0o e6KIBAIeHMHUX

PYUHY8aHH: (3 8pAXYBAHHAM Oil HANPYJICeHb y CMIHYI
banoaicy) mpyou (3
8PaXy8aHHAM Oii
barndasicy)
JOCII/DKEHHSI  HAalpyXXeHO-1e()OPMOBAHOTO  CTaHy

nedexTHOT TUITHKY TpyOH.

BcraHoBneHo, 1m0 3acTOCyBaHHS OaHAaxy Ha
Jne(eKTHY MUITHKY TPyOOMPOBOAY 3HUKYE BEIUYMHHU
HaIpyKeHb, [0 BUHUKAIOTH SIK y 30Hi IeeKTy, Tak 1 y
CTiHII, Maike y aBa paszu. 11logo KimbKOCTI IUKITIB 10
py¥iHyBaHHS (13 BpaXyBaHHSM BIUTUBY ITyJIbCAIlil THCKY
MIPOTATOM POKY), TO IIPH 3aCTOCYBaHHI OaHAaXy BOHH
30uIBpImyrOTECS 13 12230 1m0 371530.
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RESIDUAL LIFE AND HEAT CONTROL OF A TURBOGENERATOR STATOR WINDING
INSULATION

Abstract. Residual life and heat control method of a turbogenerator stator winding insulation based on the
regular heat control data and the temperature excess regressive dependences for load conditions parameters is
presented. It is shown, that the reliability for insulation residual life definition of a generator stator windings is
higher when the calculated value of maximum temperature is taken for the insulation temperature, rather than the

resistance thermometers readings installed in the slots.

Keywords: powerful turbogenerator, end zone, control, diagnostics, stator core, stator winding insulation,

temperature.

Continuous state control of electrical machines
windings insulation and the possibility of ensuring the
parameters reliable prediction characterized its
condition allow significantly improves the reliability
and the safety of machine. Dependence of insulation
defects development speed on the load conditions,
structural and technological features, operating time of
an electrical machine determines the probability of
damage and excessive wear windings. The probability
of winding insulation damage can be reliably estimated
in case of analysis in three directions: continuous and
periodic control data, trend of parameters, resource
characteristics («life historyy analysis).

The definition and prediction state of electrical
machines windings insulation can be made with help
the heuristic and statistical analysis based on
deterministic methods. The heuristic analysis is mostly
associated with the use of expert systems, when experts
determines the insulation state based on intuitive
knowledge with help the insulation parameters and
according to the developed rules. Dependencies of
residual life on the parameters of these processes, in

particular, the so-called «life formulas» can be
constructed on the basis of physical processes studies.
The prediction state of electrical machines windings is
also performed according to the trend of parameters.
Moreover, the diagnosis is made at an arbitrary time
interval.

The insulation life can also be determined by «life
history» data, which determines the change tendency of
diagnostic parameters and load characteristics in the
presence of technological characteristics information,
load and operating conditions of an electrical machine.

For powerful turbogenerators the most important
parameter determines the winding insulation life is,
first of all, temperature. Electrophysical and
mechanical parameters significantly affect the
windings insulation life. If the influence of the latter
parameters is less studied and their control is practically
not carried out, then the windings temperature control
is carried out continuously with the installation of
temperature sensors depending on a turbogenerator
type at almost every winding bar.



64

Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #2(54), 2020

[ |
EESY| |

The dependence of turbogenerator insulation life
on the temperature 6 is known [1] and can be
represented as:

A+B
(273+6)

)

T = e( 1)

where 4, B are the constants depends on the
insulation properties. Expression (1) is the «life
formula» of insulation, which taking into account «life
history» data can be specified in the operation process.
Such «life formulas» can give in a general form using
some approximation methods for determine or specify
of approximation coefficients.

However, it is necessary to solve a number of
scientific and technical problems in order to these states
realize in practice of turbogenerators in real time.

It is necessary to develop methodical means for
temperature field definition along the all section of slot
as the winding temperature sensors are only installed in
possibility places. It should be emphasized that, as a
rule, the maximum temperatures in the generator are
not controlled. It is also important to develop
methodical means and algorithms for winding residual
life definition in real time of a certain point and fixed
prediction period.

The first problem is solved on the basis of
mathematical simulation for heat processes. At definite
copper winding losses for a certain load condition the
temperature field in section of winding bar can be found
in the most approximate two-dimensional formulation
when the steel temperature is set at the slot border. With

approximation may not have a place. Limit
temperatures are experimental for well-equipped
turbogenerators or calculated with help the other
mathematical models.

The compound geometry of machine requires
detailed calculation nodes when high load conditions.
The use of triangular mesh or high-order elements in
the finite element method allows makes this in the best
way. The advantage of the finite element method is also
the simplicity of boundary conditions install.

The interpretation of temperature function as a
potential allows applying the basic equations of the
finite element method and the general potential theory
for calculation of stationary and non-stationary
temperature fields [2].

When numerical calculation taken the following
basic assumptions:
the temperature field is plane-parallel;
the homogeneous regions are isotropic, the
thermo-physical characteristics of materials are
independent on temperature;
the heat conjugate on border interface of
regions is ideal.

Fig. 1 shows the temperature field distribution in
section of winding bar of a turbogenerator type TGV-
200 from the turbine side for the load condition P = 160
MW, Q = -52 MVAr. The refrigerant temperature in
elementary conductors is 60 °C. Fig. 1 shows that the
temperature of stator winding insulation is unevenly
distributed. The maximum temperature of stator
winding bar is over nearly in 2 times than the minimum

o . . temperature.
specified calculation methods of steel losses this P
115.2 116.6 106.8
. ® °
A K
A 363'9,, ¢105.7
r 70,1
7% Z.
Cooling o /:|
o 4 104.8
ducts :% 163‘6 691“
NN N\
2211
Insulation — ®78.1 91057
/ 654
j 0105.2
734
Elementary _j :|6§4
conducto ©103.5
j 70.6
Z
]65.8
’7 70,7 83.5
<-4 83,1
. ]
71.0 71.0
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This turbogenerator is well equipped with
thermocouples and tested in many load conditions. The
maximum temperature of winding bar insulation and
the average maximum one for most critical zone in
terms of aging and damage insulation were calculated
for nine operating conditions of a generator with load

and heat process parameters. This zone is decisive in
determining the residual life.

Table 1 shows the temperature of cooling gas Ocg
in relation to which the excess temperature in the stator
winding is determined, the average maximum
temperature of isolation Omax and its excess ABmax.

Table 1
Ne , Us, ls, U, ir Beg , Omax, | AOmax, 0,
oot | PM | o | g | s [oose | ] ] ] e ] e |
1 144 79,6 15,9 6,1 0,857 295 1421 34 70,4 36,4 33
2 142 46,3 15,67 55 0,95 2515 1235 36 76,2 40,2 19,5
3 138 577 15,12 52 1,0 205,6 1024 345 82,5 48 19,5
4 138 -39 14,7 5,66 -0,985 171 848 35,5 99,3 63,8 30,2
5 158 6,8 15,45 5,92 ~10 224 1110 33 92,1 59,1 24,4
6 157 -45,3 14,7 6,35 -0,965 187 929 37,25 117 79,8 235
7 185 106 16,65 7,56 0,845 379 1702 42 95,4 53,4 33,1
8 179 6,6 15,75 6,6 ~1,0 245 1203 34 96,79 62,7 22,6
9 204 66 16 1,7 0,953 336,2 1549 425 109,6 67,1 315
10 206 118 16,65 8,48 0,845 4174 1844 45 93,14 48,14 37
11 200 -55 15 1,977 -0,965 187 929 37,25 153 116 27
12 200 -83 14,7 8,5 -0,924 160 800 36 191 155 38

Using bulky mathematical software for the
maximum temperature calculation at different load
conditions of a turbogenerator in real time (with
continuous control in operating conditions) is not quite
convenient, so it is more advisable to obtain regressive
dependences of the maximum temperature on the
controlled parameters during the operate of generator.
Such parameters are the load condition characteristics
and the resistance thermometers signal installed in the
stator winding and indirectly characterized its
temperature. It is necessary that such regressive
dependences can also be used for predict the maximum
temperature of winding insulation in the stator end
packets in the underexcitation load conditions of a
turbogenerator with the maximum temperature of stator
core [3, 4]. The input in dependences of resistance
thermometers readings will also to estimate the
insulation maximum temperature value with heat
defects of the core steel and the stator winding. Studies
of parameters optimum choice by the criterion of
minimum temperature variation in the underexcitation
load conditions were made for determine of exact
regressive dependences.

Some of regressive dependences obtained
according to load condition data 6 (see Table 1) and the
relative errors of calculated and experimental data for
this load condition are as following:

ABs cos Prax, 6 = 21,2%, 2
ABS coS Prgys 6 = 17%, 3)
ABSpay, 8 = 11,5%, (4)
ABs cos (prsimax, & =2,6%. (5)

It can be seen from the above dependences that the
last is the most accurate for underexcitation load
conditions with such control parameters: the stator load
conditions, the stator and the rotor currents, and cos @.
Taking into account this result the following regressive
dependences for control and diagnostics of isolation
state and its resource definition can be obtained:

.2
AngSTmax (6)

A8} (1)

TCmax

where AB; and AB; — excess temperature of steel
and copper by the regular control system of a
turbogenerator, respectively.

The maximum relative error of dependence (6) for
all load conditions not exceeds 3,5 %. For dependence
(7) this value is slightly higher (5 — 7 %). That is, taking
into account the resistance thermometers readings
installed between the winding bars worsens the
convergence of obtained regressive dependences. The
coefficient at AO. of dependence (7) is insignificant.
This indicates that the load condition parameters and
resistance thermometers readings installed at the slot
bottom have a more influence on the maximum
temperature for the present turbogenerator. This
corresponds to the peculiarities of heat processes in
such machines in the underexcitation load conditions.

Taking into account the method of resistance
thermometers install at the slot bottom area (from the
third packet of stator core end zone), it can be expected
that their readings will not show the peculiarities of heat
processes in end packets under load conditions of
reactive power consumption (increase of heating with
decrease of excitation current). This can also be seen
from Table 1. The magnitude of resistance
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thermometers readings installed between the winding
bars and at the slot bottom area is directly proportional
to active power and stator current and almost does not
respond to reactive power. Therefore, regressive
dependences of type (6), (7) advisable to obtain only
for load conditions of reactive power consumption.
These dependences are as following:

.2
ABig; e (8)
AGisgr COS Qrmax- 9)

These expressions allow predicting the readings
AB; i A for the specified load conditions diapasons
after ABmax is found from (5). It is necessary to note
the removal from a regression parameters number of
current excitation makes significant the regression
coefficient to 6.

It is possible to predict the maximum temperature
for load conditions 11 and 12 (the reactive power
consumption at nominal active power) using the
obtained regressive dependences. It can be seen from
Table 1 that for these load conditions the maximum
temperature insulation exceeds the allowable value.

The resistance thermometers readings are as
follows: for load 11: A6; =27 °C, for load 12: A8; = 38
°C.

The resistance thermometers readings do not
exceed 40 °C for all of these load conditions. The
resistance thermometers do not respond at all to
increase of insulation temperature in the end packets
zone in the underexcitation load conditions. This causes
the need for a specified temperature control of winding
insulation on the basis of above methodical
foundations.

The above method for maximum temperature
definition of a turbogenerator stator winding insulation
to calculate of its residual life in real time will use.

It is known the residual life insulation calculates
for the nominal load temperature 6, when an electrical
machine designs. Thus, find the calculated residual life
insulation Oca. The temperature 0 differs significantly
from one 6, in the process of turbogenerator work. It is
advisable therefore to find the actual lifetime insulation
for any temperature by the formula:

Tcal
T,=t <ﬁ>
e\(273+6)

where t; are the intervals of the present operation
time in which the temperature deviates from some
average value by a small quantity. Thus, the actual
lifetime isolation will increase when 6 > 6, and
decrease when 6 < 6, in separate intervals of operation
time as compared with the present time. For time
moment

(10)

t= Z?:o ti,

where t, — the operation beginning of new
insulation,

the residual life is

Tres = Tcal - Z?:O Ti*- (11)

It is clear the insulation part at the maximum
temperature wears out much faster than the others its
areas.

How much the residual life insulation decreases in
consideration of high heat zones will show.

According to [1] B = 1020, A = -15,5 for stator
winding insulation of a turbogenerator under
consideration. When winding temperature Tmax for the
nominal load condition is 97,4 °C the calculated
insulation life Tea = 28; and Tca = 79 years when 6 is
the temperature determined by means of resistance
thermometer.

It is assumed that a turbogenerator for year works
6000 hours. Let a turbogenerator for 28 years in load
condition 12 have worked 1008 hours. Then by (10) the
insulation part of stator winding at the maximum
temperature actually will live 26000 hours. The
residual life is Tres = 23,8 hours. The insulation part that
will be determined at the average temperature (~ 60
°C), will live during this time only 57 hours, and the
residual life will be reduced by these 57 hours. In case
the winding insulation temperature is the resistance
thermometers value that the residual life will be even
greater.

Conclusions

1. The reliability for residual life definition of
generator stator windings insulation is higher when the
calculated value of the maximum temperature is taken
as the insulation temperature.

2. The given methodical means can be applied in
the control and diagnostics systems of a
turbogenerators in real time.
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