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HIGH-Q LITZ WIRE NQR SENSOR FOR MEDICAL APPLICATIONS
RR. Khusnutdinov?!, GV. Mozzhukhin?, NR. Khusnutdinova®®, BM. Salakhutdinov!

! Kazan State Power Engineering University, Kazan, Russian Federation
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Abstract: RELEVANCE. The design and development of radio frequency (RF) coil sensors is an
important engineering and, at the same time, fundamental task for those radio spectroscopic
instruments that require an increase in sensitivity, measured as a signal-to-noise ratio (SNR).
Radio spectroscopy of nuclear quadrupole resonance (NQR), especially in nitrogen compounds, in
which the resonant frequency is very low and ranges from a few megahertz or lower to hundreds
of kilohertz, requires the use of special solutions to increase the sensitivity. PURPOSE.
Theoretical substantiation and search for a technical solution that allows achieving high
sensitivity on standard equipment through the use of a high-quality sensor. METHODS. Methods
for optimizing the design of sensors for NQR/NMR spectrometers are considered. The design of
the sensor for the NQR spectrometer, which contains an inductance coil wound with a Litz wire,
has been calculated and designed. RESULTS. A high-quality coil for the spectrometer sensor was
made, which gives an increase in the quality factor by about 1.5 times. The use of a spectrometer
with this coil made it possible to confidently record weak noisy signals of paracetamol at a low
duty cycle. The sensitivity of the sensor made it possible to distinguish preparations from different
manufacturers by their spectral characteristics. CONCLUSIONS. A solenoid sensor has been
developed, modeled and manufactured, which has a high quality factor and allows recording
quadrupole resonance signals of drugs (paracetamol) by a non-destructive method directly
through the package. The possibility of using such a sensor for quality control of medicines,
detection of falsified and counterfeit medicines is shown.

Keywords: NQR 14N; quadrupole resonance sensor; litz wire RF coil; authentication of medicines.

For citation: Khusnutdinov RR, Mozzhukhi GV, Khusnutdinova NR, Salakhutdinov BM.
High-Q litz wire ngr sensor for medical applications. Power engineering: research, equipment,
technology. 2023; 25(3): 3-11. doi:10.30724/1998-9903-2023-25-3-3-11.

BbICOKO/IOBPOTHBII SIKP CEHCOP JJIsI MEJAIIMHCKUX MPUJIOKEHUA
XycHnyrauHos P.P. L Mosxyxun I'.B. 2, Xycnyraunosa H.P. 13 CanaxyTaAMHOB B.M".

! Kasancknii rocyapcTBeHHblil SJHepreTHueckuii yanepcurer, Kazann, Poccus
2 GTexnmueckuii yHuBepcuret I'ed3e, I'ed3e, Typuus
3Cach—l'IeTepGyprcm/n‘i rocyaapcrBeHHblii yHuBepcurer, Cankr-Ilerepoypr, Poccus
khrr@yandex.ru

Abstract: AKTYAJIBHOCTb. Ilpoexmuposanue u paspabomka paduouacmomnvix (PY)
O0aMUUKO8 KAMYUWIEK AGIACMCA  BANCHOU  UHIHCEHEPHO-MEXHUYECKOU U, OOHO8DEeMEHHO,
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@yHOamenmanbHoOU 3a0ayei Ofii mex PAaoUOCHeKMPOCKONUYeCKUx  npubopos, 6 Komopbix
mpebyemcst yeenuueHue YyecmeumenbHocmu, usmepsemoe kak omuoutenue cuenar/wym (SNR).
Paouocnexmpockonus sioeproco xeadpynonvnozo peszonanca (AKP), ocobenno 6 coeduneHusx
asoma, 6 KOMOPLIX PE3OHAHCHASL HACOMA O4eHb HUSKA U COCMABISen Om eOUHUYbL Me2azepy uiu
Hudice - 00 comeH Kuaozepy, mpeOyem NPUMEHEHUs CHeYUANbHbIX peuleHull 05l yeeaudeHus
yyecmeumenvocmu. L{EJIb. Teopemuueckoe o0b0cHo8aHUe U NOUCK MEXHUYECKO20 DeuleHus,
KOmMopoe no360.sem 000UmbCsi 6blCOKOU YY8CMEUMENbHOCIU HA CIMAHOAPMHOM 000pPY008aHUU 3
cuem  npumeHenusi  8blCOK0O00OpomHozo damuuxa. METO/bBI  Paccmompenvl  memooul
onmumusayuy  KoHcmpykyuu  oamuukog 0 AKP/AMP  cnexmpomempos. Paccuumana,
CHPOEKMUpO8ana KOHCmpyKyusi cencopa 0as cnexkmpomempa SAKP, codepocawas xamywxy
UHOYKMUGHOCMU, HAMOMAHHYIO nposodom muna aumyenopam. PE3VJIBTATBI. Hzeomoenena
8bICOKOO0OPOMHAST KAMYUIKA OSL OAMYUKA CNEeKMpOMempa, 0auwds yeeiuieHue 000pomHocmu
npumepHo 6 1,5 pasa. Hcnoavsosanue cnekmpomempa ¢ OaHHOU KAMYWKOU NO360UNO YEEPEHHO
peaucmpuposamn, ciabvle 3auiyMieHHble CUSHANbL NApAYemamond npu HU3KOM Kod@uyuenme
3anonnenus.  YyecmeumenbHoCcms — 0AMUUKA — NO3GOAUNO  PA3IUNUML N0 CHEKMPATbHbIM
xapaxmepucmuxkam — npenapamvl  pasuvix — npouszeooumeneu. BbBIBO/bBI.  Pazpaboman,
CMOOENUPOBAH U U320MOBJIeH COJICHOUOHbLI 0amyuK, 001a0arwuil 8blCOKOU 00OPOMHOCMbIO U
NO3GONAIOWULL PEUCTNPUPOBAMb CUSHATbL K8AOPYNOIbHO20 PE30OHANCA NEKAPCMEEHHbIX CPEeOCE
(napayemamon) Hepaspywawum MemooomM HenocpeOCmeeHHo uepe3 Ynaxoeky. Iloxasana
B03MOJICHOCTL  UCNONL30BAHUSL MAKO20 OAmM4uUKa O KOHMPOIs KAYecmed JNeKapCmEeHHbIX
cpedcmas, GblAGIeHUs (PANbCUDUYUPOBAHHBIX U NOOOETbHBIX JIEKAPCME.

Kniouesvie cnoea: AKP 14N, oamuux K6aOpynoavbHo20 pe3oHauca, JAumyeHopam, pu,
aymenmupurayus 1eKapCcmeeHHulX nPenapamos.

Jasi  uurupoBanusi: XycHytauHoB P.P., Mosxyxun I'.B., Xycuyraunosa H.P.,
CanaxytnnHoB b.M. BBICOKOZOOpPOTHBIN SKp CEHCOp Ui METUIIMHCKUX MPIJIOKEHUH //
W3Bectust Beicmmx ydeOHBIX 3aBemeHuit. [IPOBJIEMbBI ODOHEPTETUKMU. 2023. T.25. Ne 3.
C. 3-11. doi:10.30724/1998-9903-2023-25-3-3-11.

Introduction

The problem of pharmaceutical drugs quality is relevant all over the world. According to
the World Health Organization in developing countries, one pill in 10 is adulterated. It may
contain no active ingredient at all or contain less than necessary. According to official statistics,
the share of fake (counterfeit, adulteration) drugs in the Russian Federation is 2-4%, according to
unofficial data, the number of counterfeit drugs is much higher and reaches 10% for some
positions. In Europe and North America, the percentage of low-quality drugs is lower than in
Russia; in Asia and Africa, the proportion of counterfeit drugs reaches 50% for some popular types
of drugs [1-5]. Another factor influencing the spread of counterfeit products is the increase in the
online trade in medicines. Exercising control organizations use physical and chemical methods to
test drugs. An obligatory set, as a rule, are methods of chemical analysis, chromatographic analysis,
methods of IR spectroscopy, mass spectroscopy. Most of these research methods allow a
qualitative analysis of the medicinal product for compliance with regulatory documentation.
However, the existing analytical equipment has a number of disadvantages.For example, generally
preliminary preparation of a test sample is required. The equipment is bulky and requires qualified
personnel. The modern analytical method based on Raman scattering spectroscopy is devoid of the
main disadvantages as non-destructive testing is provided, i.e. analysis can be carried out without
damaging the packaging, and the scanners are portable and easy to operate [8-11].At the same time,
their use is limited by the requirements of the optical transparency of the medium, which means
that it is impossible to study drugs in opaque packages and most tablets or powders in capsules.
Therefore, the technique of nuclear quadrupole resonance (NQR) has outlook as a method for
determining the quality of drugs, as it allows the study of chemical compounds in the solid phase
directly in the package (in blisters, plastic and cardboard boxes and tubes) [10-12].

Literature Review

Nuclear quadrupole resonance (NQR) is a radiospectroscopy method based on the resonant
absorption of electromagnetic energy in crystals, due to transitions between energy levels resulting
from the interaction of the electric quadrupole moment of the nucleus with the electric field
gradient (EFG) at the location of the nucleus. NQR is observed in solid mono- and polycrystalline
compounds (also in frozen liquids) containing quadrupole nuclei, and the energy levels arising
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from this interaction absorb and emit in the range from 0.1 to 10 MHz. Typical nuclei on which
NQR is observed are®Cl,*'CI,”Br,®'Br,"?’I,"?'sb ,'?*Sbh,"*As,**Cu,Cu,**N,'°B,"Betc. Since the
NQR resonance frequency is determined by the interaction between the quadrupole moment of the
nucleus and the EFG tensor around the given nucleus, it is unique for a given chemical compound,
the so-called passport. This circumstance made it possible to develop entire areas of research
related to the search and detection of explosives and narcotic substances [13-15] since all
explosives and most drugs contain quadrupole nitrogen'*N. In the early 2000-s, a group of
scientists from King's College proposed to use the NQR method to determine the authenticity of
drugs. In addition, with the help of NQR it is possible to study the polymorphism of medicinal
compounds [16].

The physics and technology of NQR is in many ways similar to nuclear magnetic resonance
(NMR), with one very significant difference: pure NQR does not require a constant magnetic field.
Therefore, NQR equipment is more compact and cheaper to manufacture. The main and serious
problem that limits the use of NQR for such studies is the low sensitivity or the associated low
signal-to-noise ratio. The amplitude of the NMR/NQR signals is related to the resonant frequency,
and in NQR, for example, nitrogen frequencies lie in the range of 0.6-6 MHz, as a result, the
transient signals induced in the sensor coil have amplitude of several uV, which is commensurate
with the noise of the device itself. There are a large number of ways to increase the sensitivity,
such as the use of multiple signal accumulation, the use of special multi-pulse sequences, the use,
together with NQR, of sensors based on other methods, such as giant resistive resistance or
SQUID, a combination of NQR and NMR, two- and three-frequency techniques, improvement of
the sensor design[17-20].

Materials and Methods NQR Probe design

The NQR sensor of the spectrometer must simultaneously perform two main functions. On
the one hand, it must create a high radio frequency field to excite all quadrupole nuclei, and on the
other hand, it must be sensitive to register very small (a few microvolts) NQR signals.
Traditionally, RLC oscillatory circuits tuned to the resonant frequency are used for these purposes.
The test sample is placed inside, as a rule, a solenoidal inductor. For a number of specific tasks,
such as mine detection, flat coils are used, with a sample containing quadrupole nuclei located
outside the coil. The main parameters of the oscillatory circuit are its active and reactive
resistances, impedance and also the quality factor of the circuit. A detailed calculation of the
circuit elements for parallel and series oscillatory circuits is given in [21, 22]. For a series
oscillatory circuit shown in Fig. 1, the expressions are as follows:

Cr

A O0—

Cuz L

COo—
Fig.1 The series oscillatory circuit

The impedance between points A and C is:
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where R is the resistance of the coil at the resonant frequency w=2xf, where f is the frequency;

Cyand Cr capacitances of the matching and resonant  capacitor, respectively, L is the inductance
of the coil. Simplifying the expression and removing negligible terms and separating the real and
imaginary parts separately, we get:
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In order to match with the output stage of the power amplifier, it is necessary to provide a
resistance of the real part of expression (2) equal to 50 Q. To do this, it is necessary that the circuit
be tuned to the resonant frequency by adjusting the values of Cyand Cy in such a way that the
relation is fulfilled:

R

»°C.?R2 =50Q (3)
M

The value should be:

1

C, =—=— 4
M oJBOR @

For maximum sensitivity, it is necessary to achieve several indicators simultaneously. The
oscillatory circuit must be tuned to resonance and, at the same time, be matched with the output
stage of the spectrometer; it must have a low ohmic resistance and a high quality factor, must
withstand the impact of powerful radio frequency pulses (up to several kW), retaining its
characteristics, while being easily tuned to other frequencies. Therefore, the design of the sensor,
its material, winding method, shape and cross-section of conductors are carefully calculated and
selected to achieve optimal parameters.

The sensor scheme is shown in Fig.2. Here C,, is a capacitor for matching the output
impedance of the power amplifier with the input impedance of the sensor - a Jenings 5-500 pF
variable vacuum capacitor, C7is a similar capacitor for tuning the circuit into resonance.
Additionally, high-quality ceramic capacitors from ATC were used. The cross-diodes are designed
to protect the preamplifier from high RF pulses.

Cw Cr

Fig.2. The NQR sensor scheme

The sensor coil is one of the most critical elements. Requirements are also imposed on it for
low active resistance on the one hand and a sufficiently high inductance on the other. The
dimensions of the coil must allow for completely non-destructive measurements for various types
of drugs. Their packaging can be in the form of a rectangular cardboard box in which blisters with
compressed tablets are packed, or in the form of a plastic tube containing gelatin capsules.

The quality factor of a series circuit consisting of a coil and a capacitor depends on the
quality factor of both of them. But taking into account the fact that the quality factor of the
capacitor is much greater than the quality factor of the inductor coil, it is the quality factor of the
coil that turns out to be decisive for the oscillatory circuit.The quality of the capacitor has a strong
influence on the quality factor of the circuit as a whole, but since the further selection of the
inductor used the same set of capacitors for both cases, the further calculation concerns only the
coil.

The sensor coil was wound with N = 65 turns of copper wire with a diameter of 0.6 mm on
a frame made of PVC pipe with a diameter of D = 50 mm. All available samples of paracetamol
were placed in such a coil, both in blister packs and in plastic tubes. There are several formulas
that allow you to calculate the inductance from a solenoidal coil, taking into account its parameters.
The range of inductance values was from 140 uH to 240 uH. The most accurate value of 169 puH
also takes into account not only the geometric dimensions of the frame, but also the ratio of the
coil winding length to its diameter as follows:

L=+ N2Do (5)
A



In this expression
2
T 4 1
(D:—(I——+—2j (6)

Wherea. =1/D = 0,84 is the ratio of the length of the winding to the diameter of the frame.
The quality factor of the coil is calculated by the formula
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In this expression, the denominator is the loss impedance for alternating current at a given
frequency. Despite a large number of studies on this topic, there is still no single algorithm for
calculating losses with alternating current from the basic works of Butterworth 1926 [23] and
R.G.Medhurst [24].

At the same time, the exact calculation of losses is not an easy task. The most profound and
detailed consideration of this issue is given by David W. Knight in his works [25, 2].

Losses at radio frequencies are caused by three factors: dependence on the material of the
conductor, the influence of the skin effect, the influence of the proximity effect. The first factor
can be ignored, since the copper material used has a rather low resistivity value and, in comparison
with the skin effect, the influence of this effect is much less. Of course, you can use metals with
lower resistivity, such as silver, but then this will lead to an increase in cost, with a very small gain.
The phenomenon of the skin effect is manifested in the fact that at radio frequencies the currents in
the conductor flow in a thin near-surface layer, increasing the resistance to alternating current.
Despite the fact that the frequency is "boundary” to take into account the influence of the skin
effect, it was decided to take into account the skin effect.

The proximity effect is due to the interaction of the radio frequency field of adjacent turns
of the coil, eddy currents arise in them, which, in combination with skin effect currents, add losses.
The value is determined by the ratio between the winding pitch and the diameter of the wire, as
well as between the length and diameter of the coil. According to the table from [27], for a coil
with the parameters used in the article, this coefficient is equal to ¥=5.8.

Thus, total resistance is

Ry =Roc -E-W (®)

The thickness of the layer & in which the entire current is enclosed more precisely, the
depth at which the current density decreases by e=2.71 times is determined by expression (9):

5= |L— ©
zfu

Where p is metal resistivity [Om.m] fis frequency [Hz], 1 = piypt, , phy =4mx 10 "H/m, M, -

relativepermeability.

The influence of the skin effect is introduced as a coefficient =, which shows how many
times the resistance to alternating current at a given frequency is greater than the resistance to
direct current.

Taking into account the influence of losses on proximity, the total resistance will be
considered as (8)

The classical calculation using the area of the ring in which the current passes, limited by

7
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the radius of the wire r and the penetration depth & gives:

A, =;z(2r—52) (10)

Then, taking into account the classical expression for the resistance to direct current
Roe =pl I A, where A= rr?
We obtain

E=r?/(2r-67%) (11)

Having carried out calculations taking into account losses due to the skin effect and the
proximity effect, we obtain an increase in losses by about 8 times. The inductance of the solenoid
coil is calculated by formula (5). Having carried out calculations for our coil, we obtained the
value of the coefficient = equal to 3.9. The value of the coefficient ¥ turned out to be 5.8. Thus,
the quality factor of the coil, taking into account losses, turned out to be 191. The adequacy of the
calculations was also confirmed by calculations in the online calculators of the Coil32.com portal.
In addition, having carried out measurements on the device “Q-meter E4-4”, the values L = 156
uH, Q = 195 were obtained, which also confirms the adequacy of the calculations. This is a fairly
good value for RF coils used for NQR spectroscopy. However, for our purposes, where the fill
factor of the coil will be very small, due to the fact that the volume of tablets in the blister will be
uneven and occupy a very small part of the volume of the coil, this value turned out to be
insufficient to obtain transient signals.

As an optimization of the coil parameters, it was decided to reduce the loss resistance, get
rid of the skin effect and reduce the influence of the proximity effect by using a Litz wire. Such
solution should lead to an increase in the quality factor of the coil and, consequently, the
oscillatory circuit, the sensor of the spectrometer as a whole.

Result

As a result, the calculation of a litz wire coil is given below. To reduce the losses associated
with the skin effect in practice the replacement of a single-core wire with a litz wire is used 3,
which is a bundle of a large number of thin conductors, where each has lacquer insulation in a
common silk or lavsan insulation. Thus, there is a gain due to the larger surface area of a large
number of conductors.

The coil was wound with 105/48 AWG litz wire. Loss resistance parameters were
calculated using New England Wire Technoljgyhttps://www.newenglandwire.com/traditional-litz-
wire-theory.

For this wire containing 105 strands with a diameter of 0.03 mm each, the total diameter
was 0.43 mm, taking into account the outer silk insulation. According to the calculations using the
above method, the loss resistance to the skin effect and the proximity effect is:

==1,0076 ¥Y=39

While Ry =0, 237 Om/m
o

M

The inductance of the coil wound with a litz wire appeared 172 puH and the final quality
factor calculated by expression (5) turned out to be 291.Here for the total resistance value, a wire
length of 10.21 m is taken into account.

This value turned out to be about 50% higher than the quality factor of a coil with a
conventional wire. This difference was sufficient to obtain an NQR signal from paracetamol [28,
29]. If we evaluate the effect of the quality factor on the measurement sensitivity, then according
to [14] the voltage amplitude of the induced signal is approximately equal to:

v :w|M,/QZA%)L ,

where @ = 27 T is frequency, | is the magnitude of the current induced by the sample, M is the

magnetization induced in the coils by currents I.
For a coil wound with a litz wire, the amplitude value turned out to be 30% larger
compared to a conventional wire.

Including losses R, = 0,93


https://www.newenglandwire.com/traditional-litz-wire-theory
https://www.newenglandwire.com/traditional-litz-wire-theory

Comparison with conventional coils made according to the technology published in [11,12]
and our Litz wire coil shows an increase in the quality factor by about 1.5-1.7 times, which leads
to an increase in the signal-to-noise ratio and, consequently, to a reduction in detection time by
about 1.5 times. This is important as a large number of measurements are required for drug
authentication purposes.

Further research involves expanding the range of drugs containing other quadrupole nuclei
and creating a prototype of a compact drug authenticity scanner.

Experiment

Measurements were performed on a spectrometer Apollo Tecmag. NQR experiments were
carried out on Apollo Tecmag NQR/NMR console (0.1-100 MHz) with two-channel transmitter
and one-channel receiver modules. Two Tomco BT-00500-Beta power amplifiers with output
power of up to 500 W have been used. The detector unit includes transcoupler, a quarter wave
lines 7~ filter 1,5-3.6 MHz bandwidth, a low-noise single-channel preamplifier Miteq and signal
sensor. The coil described above was used as a sensor, complete with Jenings 5-500 pF vacuum
capacitors and fine tuning with ATC capacitors. For measurements, samples of the medicinal
compound "Paracetamol” of various brands from different countries - Turkey, Italy, Czech
Republic, Russia, India, etc. containing 500 mg and 1000 mg of the active substance were
purchased. The measurements were carried out at room temperature using a multi-pulse sequence
of double spin-locking, which is a sequence of two series of 90-degree pulses separated by an
interval for signal accumulation and recording. The pulse duration and the interval between pulses
varied over a wide range and were selected according to the echo signal maximum. At the NQR
transition frequency of 2.564 MHz, the most optimal pulse durations were 30 psec, the interval
between pulses was 2000 psec. The number of pulses in the 1024 series, the signal recording time
is 2.56 ms (the number of gates is 512 with an interval of 5 us).The experiment using such a
sensor makes it possible to obtain spin echo signals. The width of the lines for different
manufacturers is different, which allows you to confidently distinguish paracetamol from different
manufacturers (see Tablel). The reasons for this difference can be different - the presence of
moisture, impurities, the difference in the composition of the auxiliary ingredients, the density of
the tablet, etc. Discussion of these reasons is beyond the scope of this article.

Tablel

Spin echo linewidth of paracetamol from different manufacturers

Medicine name The linewidth, Hz
Parol_A_(Tur) 865
Parol_(Tur) 793
Panadol_(Che) 1305
Panadol_(Rus) 1080
Paracetamolo_(Ita) 350
Paracetamol_(Rus) 1245
Paralen_(Che) 980
Tachspirinal000 (Ita) 827
Tachspirina500_(Ita) 970
Merimol650_(Ind) 940

Conclusion

Measurement of quadrupole resonance signals of very small amplitude, in most cases
covered by noise of various nature, is a rather tricky engineering problem. Most often, this
problem is solved in a complex way - equipment, multi-pulse sequences, mathematical signal
processing. The choice of the optimal sensor design for the spectrometer is one of the main ways
to solve this problem. Therefore, solutions that give even a small, few percent gain, can help to
pull the signal out of the noise, especially when measuring the NQR characteristics of low nitrogen
compounds (0.5 - 6 MHz). The quality factor of coil makes it possible to increase the sensitivity,
and therefore the proposed solution of replacing the wire with a litz wire turned out to be effective,
despite the fact that the measured frequencies approached the limit of applicability of the influence
of this effect.
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PA3BPABOTKA U UCIIBITAHUE ITPUBOPA JIUISI HEPASPYIHAIOIIEI'O
KOHTPOJISI TBEPJBIX CIIJTABOB
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’Kazanckuii rocy1apcTBeHHbI JHepreTH4ecKuii yHUBepCUTeT,
r. Kazanb, Poccust
koval-nc@mail.ru

Peztome: Axmyansnocms pabomul 3aKa0UAEMCS 8 HEOOXOOUMOCMU OCYWeCMEACH U KOHMPOIA
DPeACYWUX CMEHHBIX NAACMUH MEeMAll000padbamulieaowezo UHCMpPYMeHMd, UMelowe20 WupoKoe
pacnpocmpanenue Ha ce200HAWHUL 0eHb 8 NPOU3BOOCMEe U UCNOIb3YEMO20 NPU MEXAHUYECKOU
obpabomke  uzlenuil  pasIUYHO20  HASHAYEHUA 8  MawiuHocmpoenuu. Hzeomoenenue
MBepOOCHNABHbIX NAACUH NpedycMampusdem pso onepayuil: noayieHue MeaKoOUCHepCHblX
NOPOWKO8, UX CMEWUBaHue 8 onpedeienHblX NPONopYUaX, Gopmoobpazosanue ¢ nociredyiouum
npeccosanuem u chekanuem. Hapywenue mexuwonocuu xoms 0Ovl 0OHOU U3 PACCMOMPEHHLIX
onepayuti  NpuOOUM K B6bINYCKY OpPAKOBAHMBIX —NAACMUM, KAYeCmeo KOMOpblX He
coomeemcmeyem mpeboganuam. Ilpumenenue maxux HAACMUH 8 NPOU3BOOCMEE NPUEOOUNM K
8bINYCKY OPAKOBAHMBIX U30EAUL UNU NOBLIUEHUIO MPYOOEMKOCU UX U320MOGAEHUS, HMO
CBA3AHO C HE0OXOOUMOCMbIO UX Yacmol 3amensi. Tpaduyuonnvie Memoosl KOHMPOIs UMeIm
3HAYUMENbHBIN HeOOCMAMOK — paspyuleHue usoeius Ui e2o nogpedicoenue. Hzbedcamov ux
MOJICHO, UCHONL3YS MEMOoObl Hepaspyuaroue2o KOHmpoasa, K KOMOPbIM OMHOCUMCA Memoo
KOIPYUMUBHOU  cuivl. Asmopamu  npeonodcen  npubop  OPUSUHANLHOU — KOHCIMPYKYUU,
NO360NAIOWUI  Peanu308ams  Hepaspywmaowull.  KOHMpoab — paccMampugaemvlx — uUs0eaut,
U320MOBNEHHBIX U3 MBEpObIX  CHAA608  pPA3IUYHLIX — Mapok. [na — nposepku  e2o
pabomocnocodbHocmu paspaboman onvimuslll 0bpasey u ocywecmenenvl ucnvimanus. L[EJIb.
Paspabomxa npubopa ona mepaspywaroueco KOHMpos uz0enull U3 meepovix CNniago8 U e2o0
ucnvlmauue ¢ Yeavio Onpeodenenus OMHOCUMENbHOU nozpewnocmu. 3adava aKmyaibHd,
NOCKOIbKY — cywjecmeyem nompebHOCMb Npeonpusmuii 6 KOHmpOLe Kaiecmeda CMeHHbIX
meepOOCnIaAHbIX NAACMUH Memannooopabamvigarouieco uncmpymenma. METONBIL. B xoode
ucnvimanuti npudopa UCNOIL30BATUCH 0OWENPUHAMbBLE IMAUPULECKUE MEMOObl UCCIe008aANUIL,
a onpeoeneHue OMHOCUMENbHOU NOSPEUHOCMU OCYWECMEIAN0Ch —CO2NACHO Memoouxe,
paspabomannoii 05 kospyumumempa Koerzimat 1.097 Hed', u ¢ nomowpwio obwenpunsmoix
memooog mamemamuueckou cmamucmuku. PE3YVJIIBTATHI. Paspabomansr s1eKkmpuueckas
CMPYKMYPHAS U NPUHYUNUATLHASL CXeMbl Npubopa, onpeoeneHvi e20 KOHCMPYKMUBHbIE
napamempul. IIpogedenvi ucnvimanus npubopa, 6 xode KOMOPbIX HPOU3BEOeHbl USMEPEHUs]
KOIPYUMUBHOU CUbL 051 00PA3YOE, U32OMOBLEHHBIX U3 PA3TUYHBIX MAPOK MBEEPOLIX CHIABO8 U
umerowux pasiuunyio gopmy u pasmepvl. 3AKINIOYEHUE. Koucmpyxkyus pazpabomannozo
npubopa omauyaemcs NPOCMOMoU U HU3KOU CHIOUMOCMbIO, 6Mecme ¢ MeM 6 €20 OCHOGe
NOLOJICEHA COBPeMEeHHAsl dNeMenmuas 6Oasa. Pe3ynomamer ucnuimanuil npubopa noxkazaiu
Haxodcoenue OMHOCUMENbHOU NOZPEUWHOCIU  USMEpeHUsi 8 OONYCMUMbBIX 2DAHUYAX, HIMO
no3605em €20 UCHOIb308aMb O/l KOHMPOAS U30eautl U3 meepoblx CHIAA608 6 YCIOBUSX
npou3800cmaa.

Knroueswie cnoea: xospyumumemp, meepovie CHIABbL, KOIPYUMUGHAS CUNA, HepAPYUATOuUll
KOHMPOIb, OMHOCUMENbHAS NOSPEUWHOCb, KOHMPOIb KA4ecmad uzoenui.

Jas mutupoBanusi: Lpiopuit UK., KozenkoB O.B., Kosans H.C. Pa3paboTtka u ucneiTaHue
npubopa Uil Hepas3pyIIaloNIero KOHTPOJS TBEPAbIX CIUIaBoB // M3BecThst BRICHIMX Y4eOHBIX
zaBepennii. [IPOBJIEMblI DHEPTETUKMU. 2023. T.25. Ne 3. C. 12-23. doi:10.30724/1998-
9903-2023-25-3-12-23.

! Meronuka nosepky kospruTumerpa Koerzimat 1.097 Hel. MIT 28-261-2017. TexuuuecKue omucanus. - ExaTepunGypr.:
OI'VIT « YHUUM», 2017. — 13 c.
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DEVELOPMENT AND TESTING OF A DEVICE FOR NON-DESTRUCTIVE TESTING
OF HARD ALLOYS

IK. Tsybriy', OV. Kozelkov?, NS. Koval*

'Don State Technical University, Rostov-on-Don, Russia
Kazan State Power Engineering University, Kazan, Russia
koval-nc@mail.ru

Abstract: THE RELEVANCE of the work lies in the need to control the cutting inserts of
metalworking tools, which are widely used today in production and used in the machining of
products for various purposes in mechanical engineering. The production of carbide plates
involves a number of operations: obtaining fine powders, mixing them in certain proportions,
shaping, followed by pressing and sintering. Violation of the technology of at least one of the
considered operations leads to the production of defective plates, the quality of which does not
meet the requirements. The use of such plates in production leads to the production of defective
products or an increase in the complexity of their manufacture, which is associated with the
need for their frequent replacement. Traditional control methods have a significant drawback -
the destruction of the product or its damage. They can be avoided using non-destructive testing
methods, which include the coercive force method. The authors proposed a device of an original
design, which makes it possible to implement non-destructive testing of the considered products
made of hard alloys of various grades. To test its performance, a prototype was developed and
tested. THE PURPOSE. Development of a device for non-destructive testing of products made of
hard alloys and its testing in order to determine the relative error. The task is relevant, since
there is a need for enterprises to control the quality of replaceable carbide inserts of
metalworking tools. METHODS. During testing of the device, generally accepted empirical
research methods were used, and the determination of the relative error was carried out
according to the methodology developed for the Koerzimat 1.097 HcJ coercimeter, as well as
using generally accepted methods of mathematical statistics. RESULTS. The electrical
structural and principal diagrams of the device have been developed, and its design parameters
have been determined. Tests of the device were carried out, during which measurements of the
coercive force were made for samples made of various grades of hard alloys and having
different shapes and sizes. CONCLUSION. The design of the developed device is characterized
by simplicity and low cost; at the same time, it is based on a modern element base. The test
results of the device showed that the relative measurement error is within acceptable limits,
which allows it to be used to control products made of hard alloys in production conditions.

Keywords: coercimeter; hard alloys; coercive force; unbrakable control; relative error; product
quality control.

For citation: Tsybriy IK, Kozelkov OV, Koval NS. Development and testing of a device for non-
destructive testing of hard alloys. Power engineering: research, equipment, technology. 2023;
25(3): 12-23 d0i:10.30724/1998-9903-2023-25-3-12-23.

Beeoenue

3HayuTeNnbHas 4acTh M3JEIMH  MAaIIMHOCTPOSHHS IIOJIBEPraeTcsi MeXaHHYeCKOu
00paboTke COOPHBIM PEXYIIUM HHCTPYMEHTOM, OCHAIICHHBIM DPEXYIIUMH IUTacTHHaMH. MX
dbopma u pasMepsl pazHoOoOpa3Hbl. [l oOecriedeHus] BHICOKOH CTOMKOCTH MHCTPYMEHTa TP
NPOM3BOJUTEIBHBIX PpEXHUMaxX pE3aHus, HCIOJIb3YIOT PEXKYIIME IUIACTUHBI M3 CIIEYCHHBIX
KepaMHYeCKHX TBEpIbIX cruraBoB, Hampumep BKS, BK15, T15K6. CHmkenue pecypca pabOTHI
TAKUX H3JEeNUi MM HMX [O0JOMKa MPOUCXOJUT TIJIABHBIM 00pa3oM u3-3a HaJH4Hs
MOBEPXHOCTHBIX U 00BEMHBIX Je(PEeKTOB, HEPAaBHOMEPHOCTH CTPYKTYpHI 10 00bemy. Hecmotpst
Ha 3HA4YUTENbHOE pa3HooOpasue Ae(eKTOB, A MX BBISBICHUS IIMPOKO MPUMEHSIOT METOJbI
Hepaspymaromero koutpoias (HK), B wacTHOocTH MarHuTHbIe MeTomsl [1,2], OocHOBaHHBIC Ha
aHaJIM3e B3aMMOJICHCTBUS MarHUTHOTO IOJSI ¢ OOBEKTOM KOHTpoJisi. IIpu 3TOM MPOUCXOIUT
perucTpanys MAarHUTHBIX TIOJNIEH paccessHHS Had AedeKTaMH WM MarHUTHBIX CBOHCTB
KOHTPOJIHPYEMOTO 00BeKkTa. BecbMma MEpCIEKTHBHBIM SBIETCS METON, OCHOBAHHBIA Ha
ompezeneHnn KoapuuTuBHOM cuisl [3]. Ero mpuMeHeHWe B TPOM3BOACTBE TOAPAa3yMEBACT
WCIONB30BAaHUE CIEMHANBHBIX TPUOOPOB — KOAPHUTUMETPoB. C WX NOMOIIBIO CO3JaeTCs
BO3MOYXHOCTh OIICHKH HAIPSDKCHHO-Ae(POPMUPOBAHHOTO COCTOSHHS HW3JCNHS, OIpEAeiCHHe
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CTENEHHN M TIIyOMHBI YIpOUYHEHHOro cios. B paborax [4-6] mpuBoasTcs CBEAEHUS O XOpoulen
KOPPEISLMOHHOW 3aBUCUMOCTH MArHUTHBIX, JJEKTPOMArHUTHBIX M MEXAHMUYECKUX CBOUCTB
CTaJlel U CIUIaBOB, KOTOpBIE OIPEAESAIOTCS CTPYKTYPHBIM COCTOSHUEM, XMMHUYECKUM U
($a30BBIM cocTaBaMH BelleCTBAa. BO3MOXHa OLIEHKAa TaKWX I[apaMeTpoB, KaK OCTaTOYHBIC
HaOpsOKEHUST M MHUKPOTBEPAOCTh IOBEPXHOCTHOTO CNIOS, 3HAUUTENBHO BIMSIOMIMX Ha
9KCIUTyaTal[HOHHbIE XapaKTePUCTUKU M3/EIHS U HANPSIMYIO BIUSIOIINE HA pecypc ero paboThI.
B cBs3u ¢ 3THM, pa3paboTKa M COBEPIIEHCTBOBAaHHE KOJIPIUTUMETPOB SBISETCS AKTyaJbHOM
3aJja4yeil Ha CEeroHAIIHUIN 1€Hb.

Lenbto paboThl SBISETCS yCTAaHOBJIGHHWE BO3MOXKHOCTH MNpPUMEHEHHs Hpubdopa
OpUTHMHAIBHOM  KOHCTPYKLMH,  Pa3pabOTaHHOTO  aBTOpaMH,  pPEAIM3YIOIIET0  METOJ
HEpPa3pyIIAONEro KOHTPOJIS Ha OCHOBE OLEHKHM BEJIMYMHBI KO3PUUTHBHOW cuibl. s 3TOTO
pa3paboTaH ONBITHBIH OOpasel MpuOOpa M NPOBENEHBI WCIBITAHUS, BKJIFOYAIOIINE KOMILUIEKC
SKCNEPUMEHTANBHBIX  HccieqoBaHUd.  COBOKYHNHOCTb  TEOPETUYECKHX  HCCIEJOBaHUM,
MO3BOJMBIIMX pPa3paboTaTh NPUOOP M pe3yibTaThl OSKCIEPUMEHTAIBHBIX HCCIIEIO0BaHUM,
MOJYYEHHBIX B pe3yJbTaTeé €ro HCIBITAHUH MO3BOJAT pAaCIIMPUTh 00JacTh 3HAHUHA O
Hepas3pyllaoneM KOHTpOJe B IIeIOM M O Ipubopax paccMaTpHBaeMOro THUIA B YACTHOCTH.
[TomyueHHble aBTOPaMU PE3yIbTAThl HCCIACIOBAHHI MOTYT OBITh HCIIOJB30BAaHBI MPHU
MPOEKTHPOBAHUU  KOIPIUTHUMETPOB U  OpTaHM3allUM Hepa3pylIalollero KOHTPOIs Ha
MPOM3BOJICTBE M3JENUN M3 TBEPIbIX CIUIABOB PAacCMAaTPUBAEMBIX Pa3MEpOB U KOH(HIYpalUH
Pa3IMYHOTO Ha3HAUYEHUS

JumepamypHnutii 0630p

3HaYNTEIbHBIN BKJIaA B CTAHOBJICHUM W PAa3BUTHU MAruvTHBIX METOJOB HK BHecen
yueHbeiMH kak M.H. Muxees, P.U. fnyc, B.K., Apkaases, ®.®epcrep, H.H. 3auenun, B.E.
{epbunun, I'. B. buna. BHenpenne aBTOMaTU3UPOBAaHHBIX YCTPOWCTB U MPUOOPOB KOHTPOJIA
crajo Bo3MOxkHO Onaromapst Tpyaam II.K.Omenkosa, B.B.Kmroera, JI.A. XsaroBa. Ha
CeTOMHSIIHUA JIeHb aKTUBHO BeAyTCS paboTBl B O3TOM HampaBiieHMH Poccuiickumu H
3apyOexxHbIME yuaeHbiMHE [7-13].

B 3aBucMMOCTH OT pa3MepoB M KOHCTPYKLIHH OOBEKTa KOHTPOJIS, KOAPLUHUTUMETPHI
peanu3yloT U3MEPEeHHE B 3aMKHYTOM, YACTHYHO 3aMKHYTOH MO0 B Pa3OMKHYTON MarHUTHBIX
nensx. Ecnu mMoBepXHOCTh KOHTPOJIMPYEMOTO 00BEKTa MPOCTOW KOHCTPYKIIMH, Yalle BCETo
ucnons3yioT [I-o0pa3Hbele TpucTaBHBIE TpeobOpa3zoBaTenu. V3mepeHHe OCYHIECTBISIETCS I
OTIpeJIeIeHHOW YacTH OO0BEeKTa KOHTPOJIA, dYepe3 KOTOPYI0 OCYIIECTBISETCS 3aMbBIKaHUE
MarHuTHOTO notoka. Eciu u3zienue MMeeT CIOXKHYI (OpMy M Malible pa3Mepbl, IPUMEHSIOT
npeoOpa3oBaTeiId MPOXOAHOTO THIA, MPEICTABIIOMIME COOOH COJIGHOMJ C HM3MEPUTEIHHOMN
KaTyHIKOfI nin ¢ yCTpOﬁCTBOM JJId UIBMEPEHU HAIIPAKEHHOCTH pasMarHM4uBarOmIiero mojis. B
3TOM Cllydyae KOHTPOJIb NPOU3BOAMUTCS IJIsI 00BEKTa KOHTPONA B IeloM. B coorBercTBHHU C
HeﬁCTByIOIHHMH CTaHJapTaMHd, CTAaTHYCCKHUC MArHUTHBIC XapaKTCPUCTUKU U MapaMETpPhI
00pa3soB PEKOMEHIOBAHO OIpPEACIsITh Ha yCTaHOBKax Tuma Y5045 wu BY-3% Pasnuuaror
KO3pUUTUMETPLI MNMEPEMEHHOTO M IOCTOAHHOTO TOKa. Hemee O6J'Ia}IaIOT 3HAYUTCIbHBIM
MPEUMYIIECTBOM, Ojaromapss BO3MOXKHOCTH OCYIIECTBICHHS KOHTPOJS TIPU Pa3IUUHBIX
aMIUIMTyaX TOKOB. OJJHAKO MCCIIeI0BAaHUI B 3TOH 001acTH MPOBOAUTHCS HeJOCTaTOYHO. CTOUT
OTMCTUTH, YTO B IMOCICAHUC TOALI HNPHU TOCTPOCHUUN HpI/I60pOB NpEeANIOYTCHUE OTHAACTCA
UPOBON CXEMOTEXHUKE. DTO OOBICHAETCS BO3MOXKHOCTHIO TOJydeHHUs 0o0Jiee BBICOKHX
XapaKTePUCTHUK M TOTIOTHUTEIBHBIX (QYHKIIHHA.

Ocob6oe mecTo mM3-3a cBoeil crienudukn 3annMaer HK m3aenuii u3 CriedeHHBIX TBEPIBIX
crmnaBoB. VX mosy4aroT METOJOM IOPOLIKOBOM METaUlypruM, B 4YMCIIE ONepauuil KOTOpou
BXOJIAT: IOJIyY€HHE MEJKOIUCIEPCHBIX ITOPOIIKOB, CMENIMBAaHWE B TpeOyeMoil HpomopIuw,
npeccoBanue U criekanne. CoOuo/ieHre TeXHOJIOTHH TPOM3BOACTBA 00ECIIEUYMBACT IOTyUeHHE
TpeOyeMbIX (DHU3MKO-MEXaHHYEeCKUX CBOWCTB Takux wu3fgenunid. Cpeam paccMaTpHUBaeMbIX
PI3)ICJ'IPIﬁ APKUM  TMPEACTABUTCIIEM SABJIAIOTCA PEXKYIMUE W OINOPHBIC IUIACTHHBI PEXYUICTO
MeTanI000pabaTeIBaONIeT0 MHCTPYMEHTa. VX pa3Meps! COCTABIAIOT JECSATKH MIITUMETPOB, a
dbopMBI BechMa pa3sHOOOPA3HBI: KPYTible, MHOTOTPAaHHBIEC, TPEYrojdbHbIE WU T.A. 3JHAUCHHE
KOSpHHTHBHOﬁ CHUJIBI COCTABJISICT OT HECKOJIBKHUX €AWHUIl 10 OCCATKOB kKA/M. B ¢Bs3u ¢ oTHM
Yarie IpOU3BOISIT KOHTPOIb BCETO M3/ENUSA B PA30MKHYTBIX MarHUTHBIX mermsix [14, 15].

Mamepuanst u memoowvt

ABTOpamMu pa3paboTaH ONBITHBIA 00pasen KOIPIHUTHMETpa IEePEeMEHHOTO TOKa,
obecrnieunBaroONIMil peanm3anuio kodpuutuBHoro meroga HK ¢ wmcmons3oBanumem ¢Geppo3oHIa.
3HaueHNEe KOAPIUTHBHOW CHWIJIBI BBIUHCIsACTCS 0Oe3 OoToOpakeHHWsI TeTJIM TucTepednca. Ha

2 TOCT 8.377-80. Matepuaibl MarHUTOMSATKME. METONMKA BBIOTHEHHS M3MEPEHUIH TIPH ONPENCTCHHH CTATHYECKHX
MAarHUTHBIX XapakTepuctuk. [Texcr]. - M.: M3a-Bo cTanmapros, 1980. — 21 c.
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pucyHKe 1 mpuBeneHa CTPYKTYpHasi cXxeMa KOOPLUUTUMETPA.

biiok crabunu3anmuu HaNpsOKEHHs TOJydaeT nutanue oT ceth 220B u BKitodaet B ceOst
TOPOUAANBHBIA TpaHC(hOpMaTop, OOECICYUBAIONINA BO3MOKHOCTh IIONYYCHHS BBIXOJHOTO
MEPEeMEHHOTO HampspkeHHs B mpexpenax 220-300B. W3mepurenbHBI OJOK COCTOMT U3
COJICHOH[IA ¥l U3MEPUTEIHHON KaTyIIKH.

OOBEKT KOHTPOJS pacroyiaraerTcsi BO BHYTpEHHEH dYacTH COJIGHOWJA IO LEHTPY,
MOJBEprasich BO3JICHCTBUIO 3JEKTPOMArHUTHOTO Mojs Hauboubineil HampspkeHHocTH. DJIC c
BBIBOZIOB M3MEPUTENBHON KaTYIIKHM IOCTymnaeT B OJOKk oOpaborku curnama. Ha ero Bxoze
MPEeIyCMOTPEH  MOXIYTb  TOJYYCHHWS  CHTHaja,  OCYIISCTBISIONINA  mpeoOpa3oBaHHe
IBYXIIOJIIPHOTO BXOJHOTO CHTHaJXa B OJHONOJSIPHBIA C WHBEPCHEH OTpHIATEIHHON
COCTaBJISAIOLLEH.

: 4 6 : 7
220B ! :
1 9 8 — UART
\ Brox '
' 00paboTku I
: CUrHala :
2 | 3 5 i

Puc. 1. Dmnekrpuueckas crpykrypHas cxema Fig.l. Electrical block diagram of the

koopuutumerpa: 1 — Onox crabmimsanuu  coercimeter: 1 - voltage measurement unit; 2 -
HaNpsDKEHHs; 2 —M3MepuTelbHbId Onok; 3 —  measuring block; 3 — signal receiving module; 4
MOIyNb TONydeHus curHama, 4 — wmomyns - control module; 5 — voltmeter; 6 - signal

ympasnenusi; 5 —BomeTMeTp; 6 —momyns processing module, calculation and output of
obpaboTku  curHama, pacdera u  BeBoma results; 7 - display; 8 - controls; 9 - power
pe3yibraToB; 7/  —aumcruieir; 8 —oprambr - supply

ynpasieHus; 9 —0JIOK MUTaHHs

*HUemounux: cocmasneno aemopom. Source compiled by the author

Taxk jxe MPONCXOIUT MacIITabupOBaHNE CUTHaJIA JIJIs 0OecTiedeHnst HOpMaIbHON paboThI
OMEPAIMOHHOTO  ycuiuTeds. KOHTpOJb  BBIXOMHOTO  HAMPSIKCHHS  OCYIIECTBIISCTCS
BOJIBTMETPOM. Jlasiee cHrHaJ MOCTYNMAeT B MOJYJb YIPaBICHHS, KOTOPBIA OCYIICCTBIISAET
nepenavyy €ro B CICAYIOUUN MOIyJib, IJIe MPOU3BOAUTHCA pacdeT 3HAYCHHUS KOIPUUTHBHOU
CWJIBI ¥ BBIBOJ Ha auciuieit wiu [1K. PaccMoTpeHHbIC MOTYJIH TIOKIIOYCHBI K OJIOKY MUTAHUS.

Ha ocHOBe cTpykTypHOIT cXeMbl pa3paboTaHbl IJIEKTPUICCKIE TPUHIIUITHAIEHEIC CXEMEI.
Ha Bxonme Omoka crabminuzanuu (puc.2) MpeayCMOTpPEH IpeqoXpaHuTenbh F1 ams 3amuTel OT
MePerpy3KH.

«Cetb»
H1
«U3M. 610K»
«CeTb» —®— S2 X2
X1
S1 !
~220B N
300B | —&----
275B 2 I
PE 250B g
220B
pp— &

Puc. 2. Dnektpuyeckas nmpuHUMNUaibHas cxema Fig.2. Electrical circuit diagram of the voltage
6JI0Ka CTAOMIIN3AINE HAMPSKECHUS stabilization unit
*Hemounux: cocmasaeno agmopom. Source compiled by the author

15



© Huibpuui UK., Kosenxos O.B., Kosanv H.C.

Knomnka S1 ocymiecTisieT BKIIOUYEHHE U BBIKIIOUCHHE MUTaHUs 0sioka, a ceroanon H1
ABISIETCS MHIUKAaTOpoM muTaHus. Ha Bxome o0OMOTOK TpaHchopmaropa YCTaHOBICH
JIBYXTIOJIIOCHBI aBTOMAaTHYECKUH BbIKIIOUaTenb S2. TopowpaibHbI TpaHCc(hOpMATOp HMEeT
4yeThlpe OOMOTKH, OOecledyHBalolIne 3HaueHHE BBIXOJHOTrOo HampspkeHus ot 220 mo 300 B.
[MToxmroueHne K U3MEPUTEIHLHOMY OJIOKY OCYIIECTBIISIETCS Yepe3 pa3beM X2.

OnekTpuueckas cxema Oyoka o00pabOTKM CHrHaja MpeJaCTaBlieHa Ha PUCYHKE 3.
JIByxmouisipHOE HanpspKeHUE MUTaHMsI TOCTYNaeT yepe3 pa3beM X1, a CUrHall ¢ M3MEPHUTEIbHOM
KaTymkd — X2. JInd TOAKIIOYeHHsT TEePEeMEHHOr0 Ppe3HucTopa, HeoOXOoAMMOro s
MaciITaOUpOBaHMSl CHUTHaja IperycMOTpeH pa3beM X4. HampspkeHue pa3maxa BXOJHOTO
CUrHajia He J0JDKHO npeBbimaTth 30B ans obGecrnedenns: HopMabHOW pabOTHI ONEpaliHOHHOTO
yeunurens LM358N. Cxema no3BosnsieT ynpasisith BBoJoM curnana B ALl moxysst o6paboTku
CHTHaJa, pacyeTa U BbIBOJA pe3yipTatoB. OH peann3oBaH B Buae muiaTel Arduino nano, koropast
noctpoeHa Ha 0a3ze MHKpokoHTpoiuiepa ATmega328p. Mukpompoueccop O0XUAaeT HaXaTus
kHomKM (curHan mnogaercs Ha BbeIBoA CTRL), monkmouaemoit x paseemy X5. Ilocne ee
cpabartbiBanus, Ha BeiBogie REL ¢dopmupyercs curnan, ynpasistromuid pesne K1, KOHTaKkT pene
3aMbIKaeTCss M W3MEpUTENbHbI curHan (+) xommyrtupyercs ¢ BbeiBogoM SGN. BeiBox
pesynpTaToB pacueroB Ha IIK ocymectBisercs depe3 mMonurop COM-mopTra ¢ HOMOIIBIO
CHENNAIN3UPOBAHHOTO NMPOrpaMMHOTO obecneueHus wid Ha pucmeit LCD1604 mo npoTokoiy
12C.

X1 DA2 X5
Ienr|KoHT Kont|Ilens
v | 1 ' 1 |SB
-9v 2 é C1 —T—Cﬁ 2 SB
G T

X2 R1 %3
ﬂ:l_'n, KolHT V74 R DAL DAl |Rs K1 D ol o
S+ | 2 ! :I: 1 [CTR

R9 Z~ D3 2 |GND

X4 - 3 [SGN
Iene | Kont VTl 4 |REL
+ov | 1 D2
-Ov 2 R1 R2 R3 R7 R4
GND| 3 [ o F+{ 1 I e

R6 R5

Puc. 3. DiexTpuueckasi MpUHIOMNHAIbHAs cxema 6moka  Fig.3. Electrical circuit diagram of the signal
00paboTKkH curHama processing unit
*Ucemounuk: cocmasneno aemopom. Source compiled by the author

KOHCTPpYKTHBHO M3MEPHUTENbHBINA OJOK KOAPUUTUMETPA COCTOUT M3 KOPIIyca, B KOTOPOM
pacmonoxeHn coneHous (puc.4). IlocnegHuii mpeacraBiseT cobol Kapkac, M3TOTOBICHHBIM U3
IUIACTMAcCOBOW TpyOBl Ha Hapy)XHOI NOBEPXHOCTH, KOTOPOHW HaxomuTcsa obOMoTka. BHyTpu
COJIEHOM[Ia, COOCHO C HUM DAacIIOIOKEeHa M3MepuUTeNbHas Kartymka. KoHTponupyemoe nsnenne
JIOJDKHO MOMEIIATHCS B LIEHTPE BHYTPEHHEH 4acTh COJICHOU .

K.rlllllll .I\Illlllll}q
vl vl vl vl vl ol
Puc. 4. KOHCTPYKirbr o amepar Cibrio o oo P rrensarmig=el0ck design: 1 - body; 2 -
Koprmyc; 2 —coneHoupa; 3 —m3MepurenbHas —Solenoid; 3 — measuring coil; 4 - rammer; 5 -
KaTymika; 4 — goceuiarenb; 5 —orpanuuutens; 6 —  limiter; 6 - tube

TpyOKa
*Hemounux: cocmasgneno agmopom. Source compiled by the author
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s aToro mpemycMoTpeHa IIIacTUKOBast Tpy0Oa, BHYTPH KOTOpPOH IepeMeliaeTcs
CIIequaJIbHOC YCTpOﬁCTBO — JOChLIATECJIb. KOHCprKTI/IBHO OH MPEACTaBJIACT CO6OI>1 CTCPIKCHDb C
py‘-IKOﬁ Ha OJHOM KOHIE M CICHUAJIbHYIO HACaAKy i 633I/IpOBaHI/Iﬂ z(eTaﬂeﬁ pa3J'IPI‘-IHOI71
KOHCTPYKIIMM Ha APYTrOM. ,Z[J'Iﬂ PacHoJIOKECHUA ACTAJIM TPU KOHTPOJIE B HCEHTPC COJICHOUOA
MnmpeaAyCMOTPEH OTpaHUYUTCIIb. YuureiBas BHyTpeHHI/Iﬁ AUaMETpP COoJICHOHuda 50 MM,
MaKCUMAJIbHBIC Pa3MEPbI KOHTPOJIUPYCMOI'O U3JCJIMA COCTABUIIN! 048x40 MM.

Bennunna HaMpAKEHHOCTU MArHUTHOTO TIOJII B HCHTPE COJICHOUAA OMpPEACIiAach IO
¢dopmyine (1). [TapameTpsl coneHonna npeacTaBieHsl B Tadaune 1.

H = l-n L 1)
2 L)
R® + 5

rae | — cuna Toka, A,

N — YUCJIO BUTKOB COJICHOU/IA;
L — nnuHa coneHoupa, M;

R — panuyc conenounna, Mm;

Tabnuna 1
Table 1
[TapameTpbl cosieHOMIA
Solenoid Parameters
[TapameTtp 3HaueHue
Tox B 00OMOTKax, A 4
Mapka npoBoja I15B-2
Junametp npoBoaa (¢ u3omsuueit), MM 1,28
Yuciio BUTKOB 0OMOTKH, IIT 7000
Hapy»xHblii 1uamMeTp cojleHOHIa, MM 109
JlmvHa cojeHOH1a, MM 400
PacueTHas HanpsHKEHHOCTD B IIEHTPE COJICHON 1A, KA/M 27,7
PacueTHas HaMpsHKEHHOCTH 10 KpastM COJICHOU A, KA/M 13,85

*Ucemounuk: cocmasneno aemopom. Source compiled by the author

Ilocme WM3roTOBIEHMSA COJIEHOMIA TNPOU3BOAMIOCH HM3MEPEHHE [EHCTBUTEIBHOTO
3HAQYEHUS HAIPSHDKEHHOCTH MArHUTHOTO IIOJIS COJIEHOMZA C IIOMOILBI0 MarHMTOMETpa MOJEIU
MH 05. B xauecTBe MNEpBUYHOIO Ipeobpa3oBaTesidi HCIOIB30BAICA MJATYUK XOJUIa,
MOTPEIIHOCTh U3MepeHHs He npeBbliinana 5%. Cxema u3MepeHus pe/ICTaBlIeHa Ha pUcyHKe 5.

1 2 3
| I i
T AT
g
(mananaNANmAmANAASASNANANANMARASANARAR
]
T
el IIllllllllllrrrlllllllllIIllllllllllIIIrl’}{\:
b o P P P P P P

Puc. 5. Cxema wusmepenus HanpsbkenHoctd —Fig.5. Scheme for measuring the magnetic field
MarHMTHOrO moJjs cojenoumma: 1 —conenoun; 2 — strength of the solenoid: 1 - solenoid; 2 -
npeobpa3oBaresib; 3 —MarHUTOMETP converter; 3 - magnetometer

*Ucemounuk: cocmasneno aemopom. Source compiled by the author

Pacuer m3MepuTENBHOW KaTYIIKH CBOJUJICS K BBIOOPY pa3MepoB Kapkaca M crocoba
YKJIaJKU TPOBOJA, €ro JUaMeTpa W 4ucia BUTKOB. J[muHa kapkaca goipkHa ObiTh Ha 5-10 M
OoubliIe [UIMHBI KOHTPOJIUPYEMOTo u3/enus. YyBCTBUTEIbHOCTh KATYIIKA MOXKET ObITh HaiieHa
o ¢opmyse (2). [TapameTpsl KaTyIIK{ IpeACTaBICHBI B TabmuUIE 2.
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_E_8HR,-R))

K 5 3D? f (2)
rae A — K03 UIMCHT, YYUTHIBAIONIUI BII HAMOTKH IIPOBO/IA;
f — yacTora U3MEHEHHS MATHUTHOTO MOJIs, I'11;
H — BbIcOTa KaTyIIKK, MM;
R; - BHyTpeHHUH pagnyc 0OMOTKH, MM;
R, - BHeNIHUH pamuyc 0OMOTKH, MM;
D — nuametp 0OMOTOYHOTO MPOBOJA, MM;
Tabmuma 2
Table 2
[MTapaMeTpbl U3MEPUTEIBHOM KaTyLIKA
Parameters of the measuring coil
[Tapametp 3HaueHne
Beicora katymku H, Mmm 40
Mapka npoBoza I13J1
Jlnametp npoBoja (¢ H30JsIIHe), MM 0,55
BuyTpennuii paauyc kapkaca, MM 14
BayTtpennnii paguyc 0OMOTKH, MM 18
BHewnuii pagnyc 00MOTKH, MM 20,75
Yuciio BUTKOB OOMOTKH, IIT 400
YyBCTBUTENBHOCTH, MB/MT 192,9
*Hcemounux: cocmasneno asmopom. Source compiled by the author
BremHuit BUA KOAPIUTAMETpA MPEACTABICH Ha PUCYHKE 6.
——
Puc. 6. BHenIHMiA BUI KOYPIUTHMETPA: Fig.6. Appearance of the coercimeter:
1 —6nox crabunusauuu Hanpsbkenus; 2 —6mok 1 — voltage stabilization unit; 2 — signal
00paboTKH cuTHaNa; 3 —M3MEepPUTENbHBII OI0K processing unit; 3 - measuring block

*Ucmoynux: cocmagneno agmopom. Source compiled by the author

B Ka4y€CTBEC o0beKTa KOHTPOJIA HUCIIOJIB30BaJIUCh

pexymue IJIaCTHHBI

MeTaJI000pabaThIBAIONIETO MHCTPYMEHTA, M3TOTOBIEHHBIE M3 TBepabx citaBoB BKS, BK25,

T15K6 (puc.7).

a) 0)
Puc. 7. ®opma pexymux IIacTUH: Fig.7. Blade shape: a - parallelogram; b -
a — mapawienorpamm; 6 —IpsMOyroibHas; ¢ — rectangular; c - complex shape

CIIOKHOU (popMBI
*Ucmounuk: cocmasneno agmopom. Source compiled by the author
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Jlii  ompeneneHUsT OTHOCHUTENBHOH MOTPEIIHOCTH HCIIOJIB30BAINCH 3TAJOHHBIC
3HAYCHHS KOIPIUTUBHON CHIIBI, TOJTYYEHHBIE C TIOMOIILI0 OAIITUCTHIECKON yCcTaHOBKH BY -
3, mpegHAa3HAYEHHOW Ui ONpPENENICHHS CTAaTHYECKMX MArHUTHBIX XapaKTEePUCTHK
(eppOMarHUTHEIX MaTEPHANIOB C OTHOCHTEIILHON MOTPENIHOCTHIO, HE MpeBbImatonmen +2%.
W3mepenne OCYIIECTBISAIOCH AN JABYX OOpPas3oOB, COOTBETCTBYIOMIETO THIIA. KaIblid
oOpazer u3MepsIcs ACBITH pas.

OTHOCHTENbHAs TOTPEIIHOCTh U3MEPEHUH KOIPIUTUBHON CHIIBI JUIsl Ka)JI0T0 oOpasia
onpenensiack no popmyse:

zt-sﬁc+\/§ Se

S_?+8,° ®3)
Sa + 36

Hc

rae t - koapoumuent CTpIoOCHTa, KOTOPHIA 3aBHCHT OT JOBEPUTEIHHOW BEPOSTHOCTH P |
9HCIIa pe3ynbTaToB uaMepernit N (s P = 0,95 un =10, t = 2,262);

SH—C - OTHOCHUTEJIbHOE Cpe/IHee KBAJApaTHYECKOE OTKIOHEHHE CPEJHEro apu(MeTHYECKOro
WU3MEPEeHUS KODPLIMTHBHON CHIIBI;

Sg- OTHOCHTENBHOE —CpejHee — KBaipaTUUECKOE OTKIOHEHHE He  HMCKIIOUEHHOI

CHUCTEMAaTHICCKON HNOrpCIIHOCTH OIPEACICHUA KOSpHHTHBHOﬁ CHIJIBI.

2., (He-Ho)* 100
n (n-1) He

(4)

rue HCi - pe3yNbTaT U3MEPCHHIA KOIPIIMTUBHOM CHUJIBI COOTBETCTBYIONIETO 00pasiia, KA/M;

HC - cpennee apudmernueckoe u3MepeHuii KOIPUUTUBHOMN CUIIBI, KA/M.

O, +0,

e 0 y - OTHOCHTEIIbHAs [IOTPEIIHOCTh H3MEPCHHIA KOOPIUTHBHON CHIIBI yCTAHOBKH (2%);

5HC - OTKJIOHCHHEC 3HA4YCHHA KOBpHHTHBHOﬁ CHJIbI 06pa3ua, HU3MCPCHHOI'O HaA

KOSpHUUTUMETPE OT UBSMEPEHHOTO HAa YCTAHOBKE.

P

Hc

100 (6)
Hcy

rne HC - cpennee apupmernueckoe msmepenuii KOSPIUUTHBHOM CHIIBI HA KOOPLUTUMETPE,
KA/M;

Hcy - cpennee apudmernueckoe namMepeHuii KOSPUUTHBHOIM CUIIbI HA YCTAHOBKE, KA/M;

Pezynomamut u o6cyrucoenue

Ha pucynke 8 mpuBemeH rpaduk, OTpPakarOlIHil CTEIMEHb PACXOXIACHUS PACUECTHBIX U
M3MEPEHHBIX 3HAUYCHUI HAMPSHDKEHHOCTH MAarHUTHOTO TIOJISE HA OCH COJIeHOHIa (TO4YKa O puc.5) B
Pa3INYHBIX CEYEHUSX.

H, kA'M
Iy

1 i jiss

Ne ceueHHs

WPacuernresnavenus () VI3vepeHHble 3HATSHHS
Puc. 8. Hampspkennocts MmarauTHOoro moias B Fig.8. Magnetic field strength in various
Pa3IMYHBIX CCUCHUSX COJICHOMA BIOJb €r0 OCH sections of the solenoid along its axis

*HUemounux: cocmagneno agmopom. Source compiled by the author
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Bennuuna pacxoxnaeHus (AaKTHYECKMX W pPacyeTHBIX 3HAYCHUH HANpPSHKCHHOCTH
3JEKTPOMArHUTHOTO TOJIS B PA3IUYHBIX CEUYEHUSAX cOleHouaa He mpesbimaer 3%. Hamuuue
MEePBUYHOM OMMOKK COJEHOM 12 00YCIIOBICHO HECOBEPIIEHCTBOM pa3MepoB u (OpMBI KapKaca,
YTO NMPHUBOJUT K HEJOCTATOYHOI IUIOTHOCTH HAMOTKHU IIPOBOJA, a TaK K€ HEPaBHOMEPHOCTHIO
€ro Ce4eHHUs IO JUIMHE.

HepaBHOMepHOCTh HCCHEIyeMON XapaKTepUCTHKH B OCTalbHBIX TOYKaX CEUYEHUH
paboueii 30HBI coneHouma He mpeBbimiaet 1% (puc.9). B menoM monyueHHbIE pe3yJbTAThI
YKa3bIBalOT Ha BO3MOXHOCTb MHCIIOJIB30BAHUS COJIEHOMJA MJs TPOBEAEHUS JajbHeHmux
UCCIIEIOBAHUMN.

1 2 3 4

Ne TOYKH H3MEPeHHA
OCeqerme] MCevemmell D Cegerme Il

Puc. 9. HampspkeHHocts MarauTHOro mois B Fig.9. Magnetic field strength in various
Pa3MYHBIX CCUCHHUSIX COJICHOM A sections of the solenoid
*Hcemounuk: cocmagneno asmopom. Source compiled by the author

B tabnuue 3 npenctaBieHs! yCpeAHEHHbBIE TaHHbBIC, IOJIyUYE€HHBIE B Pe3yJIbTaTe U3MEPEHUH
00pa31oB ¢ MOMOIIIO Pa3pabOTaHHOTO KOIPIUTUMETPA U 3TANOHHbIE 3HAUEHUS, NOTyUCHHBIE Ha
ycranoBke bY-3. B tabnuiry Tak ke BHECEHBI pacueTHBIC 3HAYCHHUSI OTHOCHUTENBHON TTOTPEIIHOCTH
U3MEPEHUHl, NOTYYEHHBIE C TOMOLIBIO PaHEee PACCMOTPEHHON METOJUKH.

Tabnuna 3
Table 3
Pe3ynbTaThl M3MEpeHHi KOIPUUTHBHON CHIIBI 00pa3LoB
Results of coercive force measurements of samples
. OTHOCHUTENIbHAS
3HaueHNe KOAPUUTHBHON CHIIBI, KA/M MTOTPEIIHOCTD
HU3MEpEeHHUs
dopma Marepuan 5Y-3 Pa3paborannsblit pazpaGOTaAHHBIM
MJTACTHHBI [UIACTUHBI npuGop npuGopom, %
1 2 1 2 1 2
obOpaser; | obOpazenr | oOpazenr | oOpaser | obOpaszenm | oOpazen

T15K6 17,56 17,8 17,01 18,3 5,2 4,7

Mapaniesor BK15 25,5 26,2 24,9 26,6 43 41
pamm

BK8 20,6 20,3 19,8 21 54 5,2

T15K6 18,1 19,3 18,7 20,1 52 58

Hpsvoyron BK15 30,4 32,6 31,1 33,1 47 55

bHaA

BK8 24,1 24,4 23,18 251 5,6 5,2

T15K6 27,5 27,2 26,7 28,2 4,8 55

Cuonriaz BKIS 475 49,8 48,2 50,2 47 56
¢dopma

BK8 38,8 41,5 40,1 39,4 54 54

*Ucmoynux: cocmagaeno agmopom. Source compiled by the author

Amnanms PE3yJIbTAaTOB IMPOBEACHHBIX HCCHCﬂOBaHHﬁ, MpeaACTaBJICHHBIX B Ta6J'II/IIl€ 3
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MIOKa3bIBACT, YTO OTHOCHUTEJbHAS IOTPEIIHOCTh M3MEPEHUs Pa3paObOTaHHBIM KOIPLUTHMETPOM
Ui 00pa3loB M3 pas3iM4YHBIX TBEPABIX CIUIABOB M pa3nu4yHoil Gopmbl He mpeBbimacT 6%.
W3menenne GopMBbI U MapKH MaTepHajla He OKa3blBaeT CYIIECTBEHHOTO BIMSHUS Ha PE3yJbTaT
KOHTPOJIS.

Pe3ynbpTaThl MpOBEACHHBIX UCCIEOBAHUN MOKA3bIBAIOT, YTO XapaKTEPUCTUKH HJIEMEHTOB
M3MEPUTENILHOTO OJIOKa pPAcCYUTaHBI, BEPHO, O YEM CBHJETEIbCTBYET IOCTATOYHO BBICOKAS
PaBHOMEpPHOCTb HANPSPKEHHOCTH MArHUTHOTO TMOJs B Pa3IMUYHBIX CEYEHMSIX U TOUYKax
coneHouna. PacxoxkaeHue wucciaenyemoro mnapamerpa He npeBblmaer 3%. CxeMmMHbBle H
KOHCTPYKTHBHBIE PEIICHUS, JIS)KAIINE B OCHOBE OIBITHOTO 00pa3lia KOIPIUHUTHUMETPA, ITO3BOJISIOT
OCYIIECTBIIATh KOHTPOJIb PEXKYIIUX MIIACTHH U APYTUX U3JENIUH U3 TBEPAOIO CIUIaBa, pa3IuyHOU
koHpurypanuu. @akTuyeckas MOrpeuIHoCTh U3MEPEHHUs He NpeBbinaeT 6%, 4To COOTBETCTBYET
TpeOOBaHUSIM COBPEMEHHBIX CTaHIApTOB K IMON0OHBIM mpubopam. [loimydyeHHBIE pe3ynbTaThl
UCCIIEIOBAaHUH MOTYT OBITh HCIIOJNB30BaHBI ISl HPOBEICHHS NANbHEHIINX HCCICAOBAaHUN C
IEJIBI0 COBEPIICHCTBOBAHNUS IPUOOPOB HEPA3PYLIAIONIEr0 KOHTPOJIS M NPAKTHYECKOTr0 OCBOCHHS
IIPOU3BOJICTBOM.
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Peztome: [[EJIb. Paccmompems npobOnemvl Oyewku CmMoumMocmu yciye no nepedaue
INEKMPOIHEP2UU  NO  INEKMPUUECKUM CeMmAM MEPPUMOPUANLHLIX CEMesblX Op2aHu3ayuil
(TCO), 6 mom wuucie Kpynuvix npomviuiieHHbx npeonpuamui co cmamycom TCO u
cobcmeennoll  cenepayueti. Paspabomamb memoouxy pacuema CmMoumMocmu  nomepb
INEKMPOIHEP2UU 6 INEMEHMAX CUCTEMbL INEKMPOCHADICEHUS MAKUX NPEONPUSMUL C YUem oM
MEXHUKO-DKOHOMUHECKUX — XApaKMepucmuk  ucmounukos.  Paspabomamv — memoouxy
onpedeneHuss 0016020 6KIAO0A OMOENbHbIX UCMOYHUKOE U Hompebumeneti 8 nomepu
NeKMpoIHEep2UU U UX cmoumocms. [Iposecmu pacuemvl cmoumocmu nomeps 21eKmpoIHepuu
U CmpyKmypvl 6K1a0d 6 Hee UCHOYHUKO8 RumaHnus npomviutiennozo npeonpusmus-TCO u
coenams 6v1600bl. METO/IBI: Ilpu pewienuu nocmagieHHbIX 3a0ay UCHOLb308ANUCH MeMmOObl
paciema YCMAaHOBUBWUXCSA  pedcumo8  cucmem anekmpocnabocenus. PE3YVJIIBTATHI: B
cmambe OnuUcCama aKmydaibHOCMb MeMbl, CO30aHbl pacuemuvie MemoOUKU, 6 YCAOGUSX
KPYRHO20 NPOMbBIUACHHO20 IHEP20Y31d PACCMOMpeHa cucmema oniamvl cybaboHenmamu
NPOMBIUACHHO20 NPEONPUAMUS YCIy2 NO nepeoaye JJeKMpOodHepeUuu U ee 63aUMOCBA3b C
nomoxopacnpedenenuem. Ilpoanarusuposana cmpykmypa 6K1A0d UCMOYHUKOS NUMAHUA 6
nomepu  dneKmpodHepauy  cucmemvl  daekmpocnaboicenusn. Copmyauposan nooxod K
KOppekxmupogke UHOUBUOYAIbHO20 Mapugha Ha NOKYNKY HOMEpb 2NeKMPOIHEPeUU C YHemoM
pasmewjenus UCMOYHUKO8 NUMAHUS 8 cucmeme dnekmpocnaboicenus. [anvl pekomenoayuu no
CHUDICEHUIO CMeNneHUu HeOOKOMNEHCAYUyu CMOoUMOCmu yciye no nepeoaie I1eKmMpoIHepuu
cmoponnumu nompebumensimu. Ilpeonodceno ucnonvzoganue Oas SMux yeiei HOPMAmMueos
mexHon02u eckux nomeps snekmposuepeuu (HTII3), onpedenennvix no cmoumocmu nomepb.
3AKJIFOYEHHUE. Ilpu cywecmsynowel HOpMAMUBHO-npagogou 6ase 6 ummepecax
npeonpusmus-TCO pacnpedename cybabonenmos 6 cxeme maxKum o06pazom, umoowvl ux
Gaxmuueckuu HTIIO, onpedenennviti ¢ yuemom adpecHOCmU NOmepsb, He NPesbilldl
pacuemuvii HTIID. B smom cayuae He RNpoucxooum nepeHoca CMOUMOCHU NOMEPL C
cybabonenmog Ha cobcmeennoe nompebnernue npeonpuamusi-TCO. I[Ipu smom cybabonenmol
He Hecym OONOIHUMENbHBIX PACX0008, NOCKOJILKY PACCUUMBIBAIOMC C 2aPAHMUPYIOWUM
nocmaswuxom no xomiuogomy mapugy. HTIID ons smux yenei Heodbxooumo onpedensims no
CMOUMOCMU NOMEPD C YYemOM Xapakmepucmuk ucmoynuxos. [ous oniamsl nomepv 8 cemsx
npeonpusmus-TCO, komopas udem Ha cobOCmeeHHOe NompeOieHue U He KOMNEHCUpPYemcs
cybabonenmamu, npu smom cuudicaemcs. CnedosamenbHo, CHUNCACMCA GETUNUHA 3amMpam Hd
9NEKMPOIHEPSUIO U UX 0071 8 cebecmoumocmu 20mogou npodykyuu npeonpusmusi-TCO.

Knrouesvle cnosa: nompebumenv-cyoaboHenm;, coOCMEEHHAsE 21eKMpPOCMAHYUs, 001e801
6KNIA0, CMOUMOCMb NOMepPb JIeKMPOIHepeUuu,; yCiyeu no nepeoave; mapug) Ha NOKYHKY
nomeps,; HeOOX0OUMAs BANOBAS BLIPVUKA.

Jas umtupoBanusa: Manadeer A.B. BrwisBrneHHe 05IeBOro BKIaJa HCTOYHUKOB IHTAHUS
CHUCTEMBI AJICKTPOCHAOKCHHS B MOTEPH IICKTPOIHEPTHU U X CTOMMOCTH // VI3BeCTHs BBICIINX
yueOHbix 3aBenmeHuii. [IPOBJIEMbI 3HEPI'ETUKHM. 2023. T.25. Ne 3. C. 24-40.
do0i:10.30724/1998-9903-2023-25-3-24-40.
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Abstract: THE PURPOSE. Consider the problems of estimating the cost of services for the
transmission of electricity through the electric networks of territorial grid organizations
(TGOs), including large industrial enterprises with the status of TGOs and their own
generation. Develop a methodology for calculating the cost of electricity losses in the elements
of the power supply system of such enterprises, taking into account the technical and economic
characteristics of the sources. Develop a methodology for determining the share contribution of
individual sources and consumers to electricity losses and their cost. Calculate the cost of
electricity losses and the structure of the contribution to it of power sources of an industrial
TGO enterprise and draw conclusions. METHODS. When solving the tasks set, methods for
calculating steady-state modes of power supply systems were used. RESULTS. The article
describes the relevance of the topic, created calculation methods, in the conditions of a large
industrial power center, the system of payment by sub-subscribers of an industrial enterprise for
services for the transmission of electricity and its relationship with the flow distribution is
considered. The structure of the contribution of power sources to the losses of electricity in the
power supply system is analyzed. An approach has been formulated to adjust the individual
tariff for the purchase of electricity losses, taking into account the placement of power sources
in the power supply system. Recommendations are given to reduce the degree of
undercompensation of the cost of electricity transmission services by third-party consumers. It
is proposed to use for these purposes the norms of technological losses of electricity (NTLE),
determined by the cost of losses. CONCLUSION. Under the current regulatory framework, it is
in the interests of TGO enterprises to distribute sub-subscribers in the scheme in such a way
that their actual NTLE, determined taking into account the targeting of losses, does not exceed
the calculated NTLE. In this case, there is no transfer of the cost of losses from sub-subscribers
to the own consumption of the TGO enterprise. At the same time, sub-subscribers do not incur
additional costs, since they pay off with the guaranteeing supplier at the boiler tariff. NTLE for
these purposes must be determined by the cost of losses, taking into account the characteristics
of the sources. The share of payment for losses in the networks of an TGO enterprise, which
goes to its own consumption and is not compensated by sub-subscribers, is reduced.
Consequently, the amount of costs for electricity and their share in the cost of finished products
of the TGO enterprise is reduced.

Keywords: consumer-sub-subscriber; own power plant; share contribution; the cost of
electricity losses; transfer services; tariff for the purchase of losses; required gross proceeds.
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electricity generation from renewable energy using machine learning methods. Power engineering:
research, equipment, technology. 2023;25(3):24-40. doi:10.30724/1998-9903-2023-25-3-24-40.

Beeoenue (Introduction)

PacuéT 1 aHanM3 moTeph 3IEKTPOIHEPTUH SBISETCS OJHOM M3 Hamboiee BaXKHBIX 3a7a4
NpY yIpaBIEHUH SKCIUTYyaTaAllMOHHBIMU PEKUMAaMHU CUCTEMBI 3JIEKTPOCHA0XKEHHUs. YTIpaBlieHHEe
YPOBHEM IOTEPb IJIEKTPOIHEPTHU B IJEKTPUUECKUX CETAX — CJIIOKHAsI KOMIUIEKCHas 3a1ada. B
CBSI3M C Pa3BUTHEM OINTOBOIO PBIHKA 3JIEKTPOIHEPTHH IMPHUHATO IMOJPA3/AEiATh MOTEPU Ha
TEXHOJIOTHYECKHe, KOoMMepueckne u HebamaHcHble. Hambornee momHas KiraccuuKamms
OTUYETHBIX TOTEPH ¢ 3KOHOMHUUeckux mo3umuii gaércsa FO.C. XKenesko B [1]. s onpenenenus
MOTEPb MEKTPOIHEPTUU TPAAUIHOHHO HUCIIONB3YIOTCS Pa3IMyHble METO/IBI pacueTa, MmoIpooHO
OIIMCaHHBIE B JINTEPATYpE.

Jis  cHmKeHHs (PAKTHYECKOTO YPOBHS IOTEPh JNIEKTPHUUECKONH DSHEPTHH A0 WX
9KOHOMHYECKH OOOCHOBAaHHOTO U JOKYMEHTAIbHO MOJTBEPXKICHHOTO TEXHOIOTUIECKOTO
YPOBHS OCYIIECTBIISIETCSI HOPMHPOBAHUE NMOTeph. HopMaTHB mOTEph 3IMEKTPUUECKON SHEPTHU
BKIIIOYaeTcsl B Tapud Ha Iepenady 3JICKTPHUECKOW 3HEPTHH IO JNEKTPHYECKHM CETAM W,
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CJIEZIOBATENIbHO, OIJIAYMBACTCS CTOPOHHMMH HOTPEOMTEISIMH 3JIEKTPUYECKOHW DHEPTHUH,
MOJKITIOYEHHBIMU K 3JICKTPUYECKOH CEeTH paccMaTpuBaeMoro rnorpedurens. Jiast nmpaBUIbHON
OLIGCHKM CTOMMOCTH YCIYyr IO Iepeladye HeoOXOOUMO 3HATh PACUCTHBIM BKJIAJ KaxI0TO
NOTpeOUTENsT B CyMMapHbIE MOTEPH AJIEKTPOIHEPTUH, KOTOPHIA ONpeneNnseTcss B HacTosIIee
BpeMs [0 HHCTPYKIHH MumsHEpro', MCXOAs TONBKO JIMIIb M3 YPOBHS HANPSDKCHHS, Ha
KOTOPOM MPHCOEIUHEH TOT WM WHOH moTpedbutens. Kpome TOro, OIHMM W3 BaKHEHIINX
9KOHOMHYECKUX II0Ka3aTelieil CHUCTEMBI JJIEKTPOCHAOKEHHS SBISIETCS CTOMMOCTH IIOTEPh
31ekTpo’Heprud. CTOMMOCTb AOMOJHUTENIBHBIX MOTEPh JJIEKTPOIHEPTHH B CETAX KPYIHOTrO
rpanoo0pasyIomero npeanpusiTHs KOMIIEHCUPYETCS 3a CYET BKIIOUEHHSI CTOUMOCTH YCIYT IO
ee mepenaye B Tapudbl I CTOPOHHUX MoTpeduTeneil mpennpusitus. llpu HemosHOU
KOMIIEHCAIlUM CTOMMOCTH IMOTEPh CTOPOHHMMH TOTPEOMTENSIMU Ppa3HUIY BBIHYKACHO
OIJIaYMBaTh MPEINPHUITHE, 3TO YBEINYMBAET ce0ECTOMMOCTh €ro NMpoAyKuuH. B Hacrosmee
BpeMs OOJIBIIMHCTBO MPEIIPUATHI UMEIOT B CBOEM COCTaBe COOCTBEHHBIE JJIEKTPOCTAHIUH, &
TaK)Ke T[OKYMalT »JIIEKTPOIHEPTHUI0 Yy pa3IMYHbIX HSHEProcHaOKaIOMMX OpraHU3alui.
CTOMMOCTB MOKYITHON 3JIEKTPOIHEPTHUU U C€OECTOMMOCTD JJIEKTPOIHEPTHH, BEIPAa0OTaHHOW Ha
COOCTBEHHBIX DJIEKTPOCTAHIMX, Pa3IMuHa. DTO 3HAYMTEIBHO YCIOKHSIET MPOLEIypy pacuera
¢ moTpebuTessasMu. s NpaBUIIbHOW OLIGHKU CTOMMOCTH YCJIYT IO Nepejaue 3JIeKTPOIHEPrHu
HeoOxoauMa pa3paboTKka METOJUKH OLEHKH JOIM KaXJOT0 HMCTOYHHKA 3JIEKTPOIHEPTHH U
Kaxxaoro HOTpe6I/IT€J'DI B ITOTEPAX aKTUBHOM MOIIIHOCTHU U B CTOUMOCTHU MOTCPb.

JTumepamypuutii 0630p (Literature Review)

B pabore [2] pa3BuBaercs wuuesi IMOCTPOCHUS WHTEIPUPOBAHHBIX TPAH3aKTHBHBIX
SHEPreTHUYCCKUX CHCTEM — CTPYKTYP, B YHCIIE MPOYECTO OOBECIUHSIONINX CBOMCTBA OMTOBBIX U
JIOKAJIbHBIX PBIHKOB 3JICKTPOOHEPTHUU. CraButcs 3aJada BSaHMOHeﬁCTBHH Pa3IMYHBIX
CyOBEKTOB — MUKPOCETEH, arperaTopoB, MPOU3BOIUTENCH U KakK JajbHEHIee HAMpaBiIeHUE —
YUYeT CETEBbIX 3aTpaT M CETEeBBIX OrPaHUYEHHH NpH (OPMHUPOBAHUM DPABHOBECHOW ILIEHBI.
Bomnpocam neHooOpa3oBaHus B peabHOM BPEMEHH JUIsl IOMOXO3SHCTB B paclpeleuTebHbIX
CeTAX C HMHTEIUICKTYalbHBIMUA CPEICTBAMH ydYeTa JJICKTPOIHEPTHU IMOCBsAIIEHa CcTaThs [3].
HpeunaraeTca CTPOUTH TMPAMBIC OTHOMICHUA MEXKAY pacOpCACIUTCIbHBIMU CETAMU U
O6bITOBBIMU MOTpeOuTensaMu. Ilpu 3TOM OCHOBHas pemaeMas 3afadya — MUHHUMH3AIUS 3aTpat
OTIEpaTOPOB PACIPEAETUTEIBHBIX CETeH Ha MOKYINKY 3JIEKTPOSHEPTHH y MarucTpalbHBIX
CETEeBBIX KOMIAHUHM M pacHpe/le]ICHHON T'eHepaluy C y4eTOM II€HOBOI 3JIACTUYHOCTH CIpoca
norpebureneid. Meroauka OINMpeaesieHus Y3JIOBBIX IIEH paccMOTpeHa B ctathe [4], 3amaua
paccMOTpeHa Kak ONTUMHU3AIMOHHAS C PEUICHHEM €€ METOJOM HEOoIlpelIeICeHHbIX MHOXHUTEIEH
Jlarpamxka. B3auMoOCBsI3p peknMa HEPTOCHCTEMBI M Y3JIOBBIX I[€H PacCMOTpeHa B paboTax
[5,6]. BuusiHue 37€KTpUUECKUX CETEW HA [EHBI 4aCTO PAcCMATPHUBAETCS TOJBKO C MO3HIUM
ydeTra MPOIYCKHON cmocoOHocTH (Hampumep, paboTa [7], B KOTOpOH paccMaTpHBaeTcs
B3aMMO/JICIICTBUE JIOKANBHBIX PBHIHKOB 3JIEKTPOdHEpruu, uiM [8], MOCBsIIEHHAs CTpaTeruu
KOMMEPYECKOW W TEXHOJOTHYECCKOH MUCIETYCPH3ANNN aKTHBHON paclpeqeuTeIbHON CeTH).
Takum >xe oOpazoM B [9] yuuThiBaeTcsl (QYHKIHMOHHPOBAHUE DJIEKTPUUECKUX CETeH NpHU
B3aMMOJICHICTBMM IOCTABIIMKAa PO3HUYHOTO PBHIHKA 3JEKTPO’HEPTHM U arperatopa cmpoca. B
OCHOBE  OIpeleNieHHsi PAaBHOBECHOW IIGHBI — MakCUMH3alus 1eJeBod  QyHKImu
6J1ar0COCTOSHUS YUaCTHUKOB PBIHKA, MPEACTABIAIONIEH cO00M pa3HOCTH 3asABICHHBIX 00HEMOB
BBIPaOOTKH ¥ TOTPEOJICHWS B CTOMMOCTHOM BhIpakeHHH. Ilpenmaraemerii Bux (GyHKIHH
J'[anacha COJCPIKUT HECKOJIBKO TUIIOB HEOMIPEACTICHHBIX MHOH(HTeHeﬁ, BBOJAUMBIX TOJIBKO IJIsI
AKTUBHBIX OFpaHquHHﬁ. HpI/I OTOM CYMMApPHBIC MOTEPU B IBJIICKTPUIYCCKUX CETAX BXOIAT B
bamancoBoe orpanuueHue. B pabore [10] mpemaraercs mpu ONpee/ICHHH MapiKAHAIBHON
PaBHOBECHOH IIEHBI YYWTHIBATh HE CyMMapHbIe (KOHIICHTPHPOBAaHHBIE), a TaK Ha3BIBa€MBIC
pacupeneneHHble  MMOTepH, OTHECEHHBIE K KaXJIOMY IPOM3BOIUTENI0 B  KadecTBe
HOHOHHHTGHBHOﬁ Harpysku, Ijisd 4€ro UCIoJb30BaH HavaJIbHBIA T€HETHYECKUH aAJropuTM; IIpH
9TOM BBOIHUTCA IIOHATHUC KOBq)(i)I/IHI/IeHTa MMPpEACTIbHBIX TIOCTABOK, TMPONOPIHOHAIBHOTO
OTHOCUTENFHOMY TNPHUPOCTY CYMMAapHBIX IOTEPh MAJS COOTBETCTBYIOIIETO TEHEPHPYIOIIETO
UCTOYHHUKA.

B cratee [11] paccmoTpeHa paspaboTaHHas aBTopaMu OamaHcoBas MOJEIb
pacrpezieieHus MOTePh, YIUTHIBAIONIAS MECTO MOTPEOUTENEH B DJIEKTPUISCKON CETH, a TaKKe
MeToInKa (OPMHUPOBAHUS MONMPABOK K TapudaMm Ha yCIyrd Mo Iepenade 3JIEKTPOIHEPTHH,
CTUMYJIHPYIONUX TOTpeOuTEeNe CHWXATh MOTEpH. Bompocam TOBBIMICHUS TOCTOBEPHOCTH
MPOTHO3UPOBAHHS HArpy30K MPOMBIIUICHHBIX OTpeOnTeNeH mpu 6ojiee TOYHOM y4eTe OTEPh
nocBsmiena pabora [12]. B cratee [13] paccMaTpuBaeTcs palMOHAJIbHOE pasMellcHHe

Wuctpyxuust mo oprammszanuu B MunucrepctBe sHepretuku Poccumiickoif ®enmepamuu paboTel IO pacdeTy H
000CHOBaHHIO HOPMATHBOB TEXHOJIOTHYECKUX MOTEPh SIEKTPOIHEPIUH TIPU €¢ Mepeade Mo IEeKTPHIECKUM ceTsM. Bae.
npukazoM Mumsnepro PO Ne326 ot 30.12.2008.
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TEIUIOAJICKTPOIICHTPANICH TOPOACKOTO X035HCTBA HA OCHOBE MX XapaKTEPUCTHK, HO, B IIEPBYIO
odepenb, ¢ mo3unud A(P(HEKTHBHOCTH TEIUIOCHAOXKeHHA. MeToauka ydera pekuMma
JJICKTPUYCCKUX CETel MpHU BHIOOPE pa3MEIICHUs paclpeaeiCHHBIX UCTOYHUKOB MPEIaracTcs
B [14]. B paGote [15] aHamM3UPYIOTCSA CIOKHOCTH OLEHKH AEATEILHOCTH JJIEKTPOCETEBBIX
MOPENIPUITUNA, CBA3aHHBIX C HCIOJIb30BAaHHEM KOTJIIOBOTO NMPHUHIMIA (OopMHpOBaHHS Tapuda
Ha mepexady oiekrposHepruu. Ilpeanmaraercs mokaszarens oneHku d3ddexkruBHOCTH,
YYHUTHIBAIOIINN, HAPAAY C MEpeaaBacMoil MOTPEOUTENIIM MOIIHOCTBIO, PACCTOSIHUC Mepeaadu
(craBsammii, ongHaKo, MOTpeOHMTENEd B HepaBHOE IOJIOKEHHE). MeToanka pacnpeeieHus
CTOMMOCTH YyCIyr MO THepeaade »3JIEKTPOIHEPTMH C YYETOM 3arpy3Kd JJIEMEHTOB CETH,
YUYacCTBYIOIIMX B 00€CICUCHUH AJIEKTPOIHEPTUEH TOTO WIIM MHOTO y3j1a Harpy3KH, pacCMOTpeHa
B [16]. Dtumu ke aBropamu B pabore [17] paccMOTpeHBI BOMPOCHI COBEPIICHCTBOBAHUS
Tapu(OB Ha TCXHOJIOTHYCCKOE MPUCOCIMHCHUE Ha OCHOBE OTHOCUTEIILHBIX MPUPOCTOB MOTEPh
MoITHOCTH. Pa3paboTanHas MeToKa, KpOME OCHOBHOM LIENH, MO3BOJISIET CHU3UTD YCIBbHYIO
ce0ecTOMMOCTh  Iepeladn  dJeKTpodHepru. CrenupuyeckuM BONMpPOCaM  aJApPECHOCTH
JNEKTPONMOTPEOICHUSI TMOABMKHOTO COCTaBa JKENE3HBIX JOpOT MocBslieHa craThs [18],
paszeseHre MOTeph MOIIHOCTHU TI0 3JIEMEHTAM TATOBOI CETH 3/1€Ch IpPEeAIaracTcs BBIOJIHATH
MPOMNOPLUOHANBHO JI0JIe TOJHOM MOIIHOCTH MOe3/la B CyMMapHOM IOTPEOJCHUU OT TATOBOMW
MOJICTaHIIHH.

Onpedenenue  cMouMocmu  nomepb — INEKMPOIHEP2UU € VUemOM  MEeXHUKO-
9KOHOMUYECKUX XAPAKMEPUCMUK UCTNOYHUKOB

B kayecTBe MCXOIHBIX JaHHBIX HCIIOJB3YIOTCS PE3yJbTaThl pacuera yCTaHOBHBIIETOCS
pexuMa, Ha OCHOBE KOTOPBIX ONPEACISIOTCS 3aTpaThl Ha Nepenady dJIEKTPOIHEPTHH JUIs
KaXJIOro JJIEMEHTa CXeMbl CETH, IIOCJIe Yero OSTH  BEJIHMYUHBI CYMMHPYIOTCS.
JIOTIOTHUTENIBHBIMH TAHHBIMU JIJISl pacdeTa BEJIMYUHBI CTOUMOCTH MOTEPh SIBJISICTCS BEIMYHUHA
CTOMMOCTH JJIEKTPOIHEPTUH JUIs €€ HCTOYHUKOB. B 3TOM KaduecTBe MOTYT UCIIOJIb30BaThCS:

— JUIs Y3JIOB MPHUMBIKAHUSA K CETSAM CETCBOM KOMIIAHHMHM — IICHA, YCTAHOBJICHHAS IS
JAHHOTO TIOTpeOWTENIi Ha PO3HUYHOM PpBIHKE C YYETOM €ro LEHOBOW KaTeropww,
NPUCOEMHEHHON MOIIHOCTH M IpYrux ()akToOpoB, JTUOO IeHA, YCTAaHOBICHHAs B PE3yJbTaTe
toproB  Ha PCB. [IlockoibKy TNPOMBINUICHHOE MPEANPHIATHE C  COOCTBEHHBIMH
SIIEKTPOCTAHIUAMH SIBJISETCS AKTHBHBIM [OTPEGHTENEM C PEryIHPYeMOil HArpy3KoiiZ, TO IeHa
Ha 3JIEKTPOIHEPIUIO JUIsl HETO MOKET yCTaHaBIUBaThcs Ha bP;

— Ui COOCTBEHHBIX OJJICKTPOCTAHIUI MPEANPHUATHS — HA OCHOBE HX TEXHHUKO-
SKOHOMHUYCCKUX XapaKTEPUCTHK.

OyHKIMS OMPENCICHUS CTOMMOCTH BBI3BIBACTCS JUIL BCEX DJIEMEHTOB, KpOMeE
MCTOYHHUKOB JJIEKTPOIHEPTUH M BbIKItOUaTened. [Ipumep cxembl 3aMelieHus], UCIOIb3yeMOil
JUIs pacdyeToB, moka3aH Ha pucyHke 1. O0o3Ha4YeHHs MapaMETPOB PEKUMa B TOYKAX CBS3U
MEX]y 3JeMEHTaMH AaHbl Ui Clydasi, KOrja TeKyIluM sBisieTcs «DnemeHt 1». [lns cszu

TEKYILETO 3JIeMEHTa ONpeeseTcst TOK cBssu (Ha puc. 1 —rtoxn |y, 155, 1,,):

I i~ (UBHi _UjKTp ij )Y” ' 1)
rae | — TCKyH.[I/Iﬁ QJIEMECHT CXCEMBI, J — CBA3b TCEKYHICI0 3JICMCHTA C APYIUM DJJIEMCHTOM;
HANpPSHKEHUS B TOYKAX CBA3EH dJ€MEHTA | C DJIEMEHTOM | UJ- — Ha pucyHke 1, U2 , U3 , U4 ;

U, — bukruBHOE HanpsyKeHHE B cpeaHEN TOUKE CXEMbI 3aMELICHHS JJIEMEHTa — Ha PHCYHKE 1.

K . u Yij — COOTBETCTBEHHO KTplz, KTpl3’ KTp14 uY,, Y, Y-

U, .: mapamMeTpbl BETBH CXEMBI 3aMEINIEHHS JIEMEHTa | B CTOPOHY JJIEMEHTA | —

BH1'’ BH2' BH3 >

pij

IIpu sTOM omnpenensieTcss 3HaK BeIWYUHBL. Eciu TOK HampaBiieH MO CBS3M K TEKYLIEMY
3JIEMEHTY, TO OMNpPEAEINSIeTCS] KOMIUIEKCHBIM MOTOK MOILIHOCTH IO 3TOH CBSI3U. 3aT€M MOTOKH
MOIIHOCTH ISl BCEX 3JIEMEHTOB CXE€MbI CYMMHUPYIOTCS.
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rze | — TeKyIIni 2IeMEHT CXEMBI;
J — CBSI3b TEKYIIETO 3JIEMEHTA C APYTUM DJIEMEHTOM;

2 OcHOBHbIE TONOKEHHs (YHKIMOHHUPOBAHHMS PO3HMUHBIX DPHIHKOB JJIEKTpHYECKoi dHepruu (YTB. IlocTaHOBIEHHEM
IpaBurensctBa PO ot 4 mast 2012 1. Ne442; ¢ uzm. u mom. 28.12.2012-30.04.2020). URL: http://base.garant.ru/70183216/
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K — komnuecTBO YUYUTBIBACMbIX CBsI3CH.
CTOMMOCTH I TEKYHIEro 3JIEMCHTA CXEMbI OIIPEACIIACTC 110 aKTHBHOM COCTaBHSIIOHICﬁ
IIOTOKa MOIIHOCTH C IIOMOIIBIO peKprHBHOﬁ (l)yHKIII/II/I OpONMOPUHUOHAIBHO MOTOKaM Pij oT
KaxXa0ro npeAblAyero 3Je€MEHTa, C KOTOPBIM Y TEKYIIETO 3JICMCHTA €CTh CBA3b!:
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3aech Cjj — CTOMMOCTb HOTEPb 3JIEKTPOIHEPTUH JUIS CBS3H j DIIEMEHTA .

3aTeM CTOMMOCTHU JUIA KaX10To HOTpe6I/ITeJ'IH M CYMMHUPYIOTCA

N
CMZ = ZCMEiAPMi ' ©)
i=1
rac N — KoIMYECTBO 3IIEMEHTOB.
\;b(
Q,Q{bv e e a N\“\
Onemenr 1 - °U U Yon Kopan! &
TeKyLmn !
I ;
4&_ Krplyﬂ Y1y17
yn Uyn
&7 LOnement3 ___ Twdl——T \J/ Tms ]
,go __________________________
& n3
] |
|12 | K.p21 .
| Y E |
Lonmement2 __ eel—2 \2JE, w2
Puc. 1. Cxema 3aMelleH s y9acTKa CETH Fig. 1. Network site replacement scheme

*Ucemounuk: cocmasneno aemopom. Source compiled by the author

Pacuer cToMMOCTH TMOBTOpSETCS IS CIEAYIOUIETO JJIEMEHTa CETH, UCTOYHHKOM s
KOTOpPOIo SIBJISIETCA TOJIBKO 4YTO NPOMAEHHBIN 3neMeHT. Pacuer Begercs ayisl KaxJoro M3
HECBA3aHHBIX YYAaCTKOB CETH W MOXET HAaYyMHATHCS C JI000TO M3 3JIEMEHTOB-HCTOYHHKOB
ANEKTPO3HEPTHU. 3a MCTOYHMK BJIEKTPOSHEPTHH A Hayaja pacdera Oepercss CHHXPOHHBIH
TeHepaTop WM y3el CBS3U ¢ dHeprocucreMoil. OO0mas CTOMMOCTh MOTEPh 3JIEKTPOIHEPrHH
OTIpe/IeNIIeTCSI CYMMUPOBAHHEM CTOMMOCTEH MOTEPh MO KAXKAOMY 3JIEMEHTY.

Bxnao ucmounuxoe numanus cucmemsvl INEKMPOCHAOIHCEHUS  NPOMBIUIEHHOSO
npeonpuamus 8 NOMOKU AKMUBHOU MOWHOCMU, NOMepU aKMUBHOU MOWHOCIU U UX
CMOUMOCHb NO INeMeHMamM cemu

B cucreme anexTpocHaOXEHUS KPYIMHOTO MPOMBINUICHHOTO MPEATIPUSATHS ICHCTBYET,
KaK IMPaBUIIO, HECKOJIBKO MCTOYHHUKOB 3JEKTPOIHEPTHH, K KOTOPBIM MOTYT OTHOCHTBCS:

1) rouku (rpymmer touek, I'TII) mocraBku snektposnepruu ¢ OPOM (Tombko s
KPYMHBIX MOTpeOWTeNe — yJaCTHHKOB ONTOBOIO PBIHKA); IIEHBI W OOBEMBI MOCTABKH Halle
BCEr0 ONPEJENAIOTCA [0 pe3ysbTaTaM TOPTOBOM ceccHu Ha pHIHKE «Ha CYTKH Brepen», PCB,
3aTeM IICHBI KOPPEKTHUPYIOTCA 1O (PaKTHUECKHM ITapamMeTpaM peknMa B IpoIlecce TOPTrOB Ha
b6amancupyromem poeiake (BP). TlotpeOGutenn ¢ COOCTBEHHBIMH DJIEKTPOCTAHIIMSIMHU,
SBIIAIONINECS aKTUBHBIMU IPOMBINUICHHBIME nToTpebuTensmu (AIII) B cBsA3Hu ¢ BOZBMOKHOCTHIO
perynupoBaHMS HArpy3kd 3a CYeT YIOpPaBICHWS MECTHOW TIeHepalueil, ydJacTBYIOT B
neHoobpazoBannu He Toipko Ha PCB, HO m Ha BP, mojgaBas n Ha TOM, W Ha JIPyrOM PBIHKE
neHoBble 3asBku. Kaxnpas I'TII MoxeT xapakTepu3oBaThbCsl CBOEH Y3JI0BOHM IIEHOM,
YYUTBIBAIOIIEH ceTeBble orpaHnyeHus. KoMmmepdeckuil WHTEpBal, HCHOJb3YEeMbIil B
HacTosiiee Bpems, — 1 gac;

2) I'TII 50eKTPO’HEPTMH C PO3HUYHBIX PHIHKOB dyiekTpodHeprun (PPD), kak or
rapanTupyomux noctaBmukoB (I'Tl), Tak u ot He3aBUCUMBIX cOBITOBBIX KoMmanuii (HCK) wm
CETEeBBIX OpraHM3alWi, WMEIONINX NPaBO TPOAAXKH SICKTPOIHEPTHH HA PO3IHUIHOM PBIHKE
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(COIIP). B nannom ciryuyae 00bEM M CTOMMOCTB OIPEAEISIOTCS JBYCTOPOHHHMHU TOTOBOPaMH,
(akTHueCKUi 00BEM 3aBHCUT OT pealIbHBIX PEKUMHBIX IIapaMETPOB, CTOUMOCTD K€ 3aBHCUT OT
nenbl Ha OPOM miist cy6bekra PPO ¢ yuerom cObiToBOI Hanoasku (uis [Tl ycranaBnuBaercs
pernmamentamMmu PPD) um TapudoB Ha yciyrm mo mnepenade 3JIEKTPOIHEPTHH, a TaKXKe II0
OIepaTUBHO-IMCIIETYEPCKOMY ypasieHuto. Kommepueckuil uarepsan Ha PPD — 1 mecsn;

3) cobcTBeHHBIC HCTOYHUKH dekTpodHeprun (CUD), KOTOPBIMHE Yallle BCETO SIBISIOTCS
terodukanmonnsle  (TOLl), ra3orypOuMHHBIE,  Hapora3oBble W Ta30NOPIIHEBBIC
anekrpoctaniuuy; TOL[ mo3BosIOT AP PEKTUBHO YTHIN3UPOBATh BTOPUYHBIE SHEPrOPECypCHhl,
YTO ONpENeIUSIO OJHO U3 OCHOBHBIX UX Ha3HAUCHWH Ha MPEANPHUATHIX YepHON MeTaulypruu.
Ha mnocnenHux OCHOBHBIMH BHMJaMH BTOPHUYHBIX IHEPrOpPECYpCOB SBISIOTCS IOMEHHBIH U
KOKCOBBIM ras3bl; IpH HUX HcCIoab30BaHMU Ha TOI[ ocymecTBiseTcss CXUraHuEe TOIUIMBHBIX
cMecell ¢ pa3IMuYHBIM COOTHOIIEHHUEM BHUAOB TOIJINBA, 3aBHCSIIUM OT TEKyIleH Harpysku
3JEKTPOCTAHIMH M HUX OTHENBHBIX arperaTtoB. B Takux ciydasx CTOMMOCTb BbIIaBaeMOM
9JIEKTPOIHEPTHHU OYJET ONPEACIATHCS TEKYIIUM PEKUMOM.

B ceTsx npoMBIIIICHHOTO NPEANPUATHS CO CIOKHO3aMKHYTBIMU y4acTKaMU ¢ BblJauei
MomHocTH CHUD Ha pa3nuYHBIX CTYNEHSIX HAMpPsDKEHUS U IMOCTAaBKOW 3JIEKTPOIHEPTHMH OT
HECKOJBKMX OJHEProcHa0KaloUIMX OpraHu3allii CTOMMOCTh IOTEPh 3JEKTPOIHEPTHU B
AJIEMEHTAX CHCTEMBbI 3JICKTPOCHAOXEHUS ONpEeAeIsIeTCsl BKIAJOM KaKIOro M3 HCTOYHUKOB B
MOTOKOpPACTIpeie]IeHHEe C Y4YeTOM HX JKOHOMHUYECKHMX XapakTepucTHK. Ha mpaxTuxe s
OIICHKH CTOMMOCTH TIIOTEph dallle BCEro pacCUUTHIBACTCS CpPEAHEB3BEIICHHAs IICHA,
YUMUTHIBAIOIIAsg TOJBKO JIMIIb JOJK B BHIPaOAaTBIBAEMOIN 3JEKTPO’HEPTHMH Kaxa0ro u3
HUCTOYHHKOB. OTO MPHUBOIUT K HEKOPPEKTHOH OLIEHKEe CTOMMOCTH YCIYyr IO [eperade
3JEKTPOIHEPTUU CTOPOHHUM HOTPEOUTENAM.

3HaHME BKJIaga KaXKAOr0 M3 HCTOYHHKOB HEOOXOAMMO Ui aHajdu3a CTPYKTYphI
CTOMMOCTH TOTEPb, a TAKKE I PACCMOTPEHHUS 3asIBOK HAa TEXHOJIOTHMYECKOE NPUCOESTUHEHHUE K
CeTSAM MPEeIIpUATHS.

Kpynnele rpanooOpasyooniye NpennpusiTHs HEpPeIKo Hapsay ¢ TOPOJACKHMHU
ANEKTPUYECKHMHU CETSIMH, IPOU3BOJICTBEHHBIMU oOTHeseHusMUu ¢(unmaios MPCK wu mp.
BBINOJIHAIOT (DYHKIMM ceTeBbIX Kommauuil (Hampumep, [TAO «MMK» Bxoaut B peectp
3apPETUCTPUPOBAHHBIX TEPPUTOPHUAIBHBIX CETEBBIX opraHusauuii YensOuHckoi obnactu). B
3TOM cilyyae, KpOMe CTPYKTYPHBIX HOAPa3AENCHHH MPOMBIIUIEHHOTO MHPEANpPUATHS, OT €ro
ANEKTPUUECKUX CeTel MUTAIOTCS Pa3HOPOIHBIE CTOPOHHHE NOTPEOUTENH, pa3INyaonIrecs Kak
[0 BEJIMYMHE, TaK M IO COCTaBy HAarpy3ku. VX 3iexTpocHabkeHHe OCYIIECTBISETCS Ha
Pa3IMYHBIX YPOBHIX HampspKeHus, oT 6 kB 1o 110 xB.

B ponu takux motpeburenei MOTYT BBICTYHAaTh CYOBEKTHl POSHHMYHOTO PhIHKA — JIHOO
norpebureny, MO0 CeTeBBle KOMIAHHH. OTO MOTYT OBITh JpyrHe COOCTBEHHUKH
MPOMBIIUICHHBIX, TOPTOBBIX, CEPBUCHBIX M T.M. OOBEKTOB (OT HHIWBUAYAIHHBIX
npennpuHuMatened n Menkux OOO no npeanpusTuif, CONMOCTaBUMBIX O NMPUCOETUHEHHOM
MOIIHOCTH C MpeAnpusTHeM — codctBeHHUKOM anekTpudeckux cereil (IIC3C)), ropoackue
ANEKTPOCETH W JApPyrue CeTeBbleé KOMMNAHHWM; TMOAPSAIHBIE OpraHHM3alMM, HWMEIOIIHe
MIPOU3BOJICTBEHHBIE YYAaCTKH Ha TEPPUTOPUH MpPENNpuiATHS. B pe3ympraTe TOro, YTO MHOTHE
OpeANnpUsITUs HM30aBJIAIOTCS OT «HENPOQMIBHBIX» AKTUBOB C BBIBOAOM HX B JOYEPHUE
CTPYKTYpBI, TOBOJBHO KpPYIHBIE OOBEKTHI CTOPOHHHMX HOTpeOWTENed MOTYT HaxXOTUTCS Ha
tepputopuu I[ICOC; TOUKM MPUCOETWHEHHS TaKUX MOTpeOuTeneil MOTyT OBITH pa3OpOCaHbBI
MpaKkTUYeCcKH 1o BceM ero cersiM 6—10 kB (uHorna u 0,4 kB).

B cBs3u ¢ 3THM aKTyalbHBIM SBISETCS KOPPEKTHOE OTNpeAeieHHe BKJIaaa KakJoro u3
noTpeburene B MOTOKOpPACHpeleIeHHe U CyMMAapHbIe MOTEPH MOIIHOCTH, YTO HEOOXOIUMO
JUIS pacdeTa Tapuda Ha YCIyTH 110 TIepeaade JIeKTPOIHEPTHH.

IIpennaraercst cienyromuii crnocod pacdera KOIPQOUIIMEHTOB JOJIEBOTO BKIaJa
ucrounuka (KJIBu) B motox momHOCTH Fipyy 1 B motepu momHoctd Fpp. Ha pucynke 2
MOKa3aH YYacTOK 3JIEKTPHUUECKOH CeTH C TpeMs reHepupyromuMmu y3namu (1, 2, 3) u tpems
Harpy304YHBIMH y31amu (4, 5, 6).
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Pus Z35 Zsg 6
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Puc. 2. Y4actok 3JE€KTPHYCCKOW CETH C TpeMs Fig. 2. Electrical grid with three power sources
HUCTOYHUKAMH TUTaHU
*Hcemounuk: cocmagneno agmopom. Source compiled by the author

Jns ucrounnka 11:
— BKJIaJ] B IIOTOK MOITHOCTH ¥ MOTEepHU Ha y4acTke 1—4 (wmm s y3ma 1):

P s2
Fivie = Pll =1; Fumaa = S_Igl =1
1 u1

BKJIaAbl OT APYIrUX HMCTOYHUKOB Ha 3TOM XKC€ YYACTKEC PABHbI HYJIIO, KaK CJICAYCT U3
MMPUBCACHHOI'O HAa pUC. 2 MMOTOKOpACHPCACIICHUA:

Fivza4 = Fumz 1 =0 Funza4 = Funs 1 =0;
— Ut ygacTtka 2—4 (st y3na 2):

Fovi 24 = Firn 24 =0 Fomz 24 = Funo s =15

— i ygacTtka 4—5 (st y3na 4):

P _Sh
Fivias = P P , UIi-45 = S S
14Ty 4t
F _ P24 . S
UM 2-45 P, +P, ' UM2-45 — S . S
— nist yaactka 3—5 (s ysna 3):
F _ Fumz13Pis + P s Pans _ Fivi1sPs
UM1-35 — =
R+ Piva R+ Pims

T.K. BKJIag uctodHrka M1 B moTok ucrounnka M3 oTcyTcTBYeT; IpH 3TOM

2 2 2
F _ FI/IH1—13813 + FI/IHl—l/lHBSI/IH3 _ Fl/ll‘ll—13SlS
WII1-35 — 2 2 T o2 2
813 + SI/IH3 S13 + Smns :

— JUIs ydacTka 5—6 (st y3na 5):

2 2
= F _ FI/IH1735835 + I:I/Il'Ilf45845 .
UM1-56 — ' UI-56 — 2 2 ’
P35 + P45 835 + S45

B obmem Buae mosrydaem:

I:I/IM1735|:)35 + I:I/IM1745|:)45 .

30



Ipobnemor snepeemuru, 2023, mom 25., Ne 3

_ FI/IMi—jk ij + FI/IMi—(j+1) P(j+l) +..t FI/IMl —(n-1)k P(n—l)k + FI/IMi—nkPnk

Fumiox = . (6)
ij + P(j+l) -t P(n—l)k + I:)nk
2 2 2
_ FI/IHl JkS + FI/IHl (J+l) S(j+1)k ot FI/IHl —(n-1)k S(n—l)k + FI/IHi—nkSnk
Fomi = g2 g2 52 S0
+ (j+l) -t (n-1)k o0
rze | — HoMep UCTOYHHKA,
j, J*1, j*2, ..., n=1, n — HOMepa BeTBel, BXOMAMIMX B Y3€I, IJISI KOTOPOTO OIpPEAEISETCS

K/IBu;
k — HOMep y3i1a, i KoToporo onpenensercs KIIBu.

Bo Bcex momydeHHBIX (hOpMyTIax B 3HAMEHATENIE HAXOIUTCS CyMMa ITIOTOKOB MOIIHOCTH
[0 BETBSM, MMEIOIIHNX TOJOXHUTEIbHOE HampaBieHue (B y3em). [lomydeHHBIH KO3 uUIIEeHT
JI0JIEBOTO BKJaJa CIPaBEUIMB IS BCEX BETBEH, MOTOKH IO KOTOPHIM MMEIOT OTPHLATEIHHOE
HalpaBJIeHHE (BBIXOIAT W3 y371a). Uuciaurenb Il KaKOTO-THOO ONpENesIEHHOTO y3na (Win
BBIXO/SIIINX M3 HETO BETBEH, YTO PABHOCHIBHO) MOXET OBITh ONpPENAENIEH TOJIBKO TOTa, KOTAa
Haiinensl KJIBu 1o BceM BXOMOSIIMM BETBSM, T.C. BBIINOJHCH ITOJHBIA 00XOJ CXEMBI OT
paccMaTpuBaeMOro HCTOYHHMKA. lIporpaMMHO 3TO peanusyeTcs B BHAE PEKYPPEHTHOH
¢yukuuu DetectShareSource, Berumcisromeit KJIBu amast 01HOTO BBIOPAaHHOTO HMCTOYHHKA, U
OTMevaroliel npoiaeHHyIo BeTBb ycraHoBkoi (iara (IsCalcFS). Ha pucynkax 3-5 nmokasansl
pe3ynmbTaTel  paboTHl (YHKIUM Tpu 00Xome cxemMbl OT wucrounmkoB U1, N2, U3
COOTBETCTBEHHO.

4 224 PI/IZ 2
4—
Pra  Fu1-24=0
Fuii4s Zas
Zs 6
T
Fus-ss Pys Fuiss Prs

Puc. 3. Pe3ynbraT 00X0fa CXeMbl OT HCTOYHHKA Fig. 3. Result of circuit bypass from source E1
ni

*Ucemounux: cocmasneno aemopom. Source compiled by the author

Zss 6

T
Frz-s5= Pus Fuz-s6 P

Puc. 4. Pe3ynaprar 00X0ofa CXeMbl OT MCTOYHHKA Fig. 4. Result of circuit bypass from source E2
n2

*Ucemounuk: cocmasneno aemopom. Source compiled by the author
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-
Fusz14=0 Prs  Fuz24=0

Fuz13=0 Fus.45s=0 Zss

P 256 6
o
Fus-3s Fis-s6 P

Pris

Puc. 5. Pesynprar 00X0ma cXeMbl OT HCTOYHHKA Fig. 5. Result of circuit bypass from source E3
u3
*Ucmounux: cocmasneno aemopom. Source compiled by the author

[Tonyuenusie paccMOTpeHHBIM crocoboM KJIBu Moryt OBITh HCHONB30BAHBI IS
OTpeIeNIeH sl JOJIM KaKOro-I1n00 HCTOYHHMKA | B CyMMApPHBIX MOTEPSAX MOIIHOCTH:

M
APy = z Fomi-mc APy (8)
m=1
rae APy, — motepu MOIIHOCTH B BETBH M;
K — y3ei1, B KOTOpBIi BXOAHUT BETBb M;
M — o01Iee KOJIMYECTBO BETBEHN B CXEME.

a TaxKe JUIs ONPEAEICHUS TONM MCTOYHNKA B CYMMapHOM ITOTOKE MOIIHOCTH, BTEKAIOLIEM B
HEKOTOPBIN y3eu K:

n
Pomix = Z FI/IMi—jkPj—k ' 9)
=1
rje Pj_y — MOTOK MOLIHOCTH, BTEKAIOIIHI B y3el K o BeTBH |
N — KOJIUYECTBO BCTBCﬁ, BXOIAIUX B y3€JI k

B croumoctu Cy;i (cM. (4); pacCUUTaHHOM, HAITPUMED, JUIS HIEMEHTa «COOPHBIE IIHHBI )
3HaueHHUs (9) MO3BOJISIFOT ONPENSIUTE JOJI0 KaXI0T0 HCTOYHHUKA:

P .
Cimik =Cyi ?le (10)
Zj:l I:)J'—k

PaccMoTpuM  TIpUMEHEHHE  M3JIOKEHHOTO  MOJX0Ja Ha IMpHUMEpe  KpYIHOIro
MCTAJUTYPrUdCCKOro nmnpeAnpusaTusa, HUMEIOUWECTo0O B CBOEM COCTaB€ TpU COOCTBEHHBIX
QJICKTPOCTAaHIIUN C Ppas3siindyHbIMHA TEXHUKO-DKOHOMHWYCCKUMHU XapaKTEpUCTUKaAMHU n
ce0EeCTOMMOCTBIO IEKTPOIHEPTHH. YTIPOIIEHHAs CXeéMa TaKOro MPOMBIIUICHHOTO YHEProysia
NpuBe/ieHa Ha pUCYHKE 6.

B cxeMe MMeT MecCcTO IOCTaBKH Ha MMpEANIPUATHE DJICKTPOOHEPTHUHU C PO3HUYHOTO
peiHKa PPD (M3 cereil permoHanbHON HHEPrOCHCTEMBI W OT 3JEKTPOCTAHIMH PO3HHYHOTO
peraka I'TIDC) mo 1eHe, YCTAaHOBIEHHOW B JOTOBOpPE, a Takke OT COOCTBEHHBIX
ANEKTPOCTAHIUH — IO HUX CEe0ECTOMMOCTH; y KaXJOH O3IIEKTPOCTAHINH Ce0eCTOMMOCTh
QNIEKTPOIHEPTUH  pas3iMyHa M  ONpEAeIsieTCs  XapakTepUCTHKaMu  OOOpYJOBaHHUs |
NPUMEHAEMOTO  TOIUIMBA.  ODJEKTPOCHAOXKEHHME  MOTpeduTenedl  OcymecTBISeTCS  Ha
HampspkeHusx 6, 10, 35, 110 kB. Hapsay ¢ mexamMu KpymHOTO TPENNPUATHS IMOITYYaroT
IMUTaHUE CTOPOHHUE l'[OTpe6I/ITeJ'II/I — 0oyiee MEJKHe npeanpuAaTrsa, ropoJckad KOMMYHAJIbHO-
OBITOBAs Harpy3Ka, ONM3JIeKAIINE CEIbCKUE PAaHOHEI.

BBuxy Hanmums CTOPOHHHMX MOTpeOHWTENel W TpaH3WTa MOIIHOCTH B CETH
PETHOHAJIBHBIX CETEBBIX KOMIAHHUHI MNpEeANpUsITHE HUMEET CTaTyC TEPPUTOPHAIBHON CeTeBOU
opranm3aruu  (TCO) w oxkasplBaeT YCIyrd IO Tepenade dJICKTPOIHEPTHH | TI0
TEXHOJIOTHYECKOMY TIPUCOCIWHEHHIO K DSJICKTPHYECKHM CeTSM. TOYKH NPHUCOCAWHEHUS
moTpeduTEsICH Ha CXeMe MMOKa3aHbl cienyrmuM oopasom: Hanpumep, TTII-IIDC-110 — touka
TEXHOJIOTHYECKOTO TpHucoennHeHnus mnorpedutenei k muHaMm [[DC Ha Hanpsokenun 110 xB.
TOHKMMH JTUHUSMH TTOKa3aHBI CBS3M BHYTPH CHUCTEMBI JJIEKTPOCHAOKCHHS MPEATPUATHS Ha
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HanpspkeHusx 110-220 kB. OHM y4acTBYIOT B Iepejade MOTpeOUTENsIM 3JIEKTPOIHEPTHH KaK
OT BHEIIHUX UCTOYHUKOB IUTAHMA, TAK U OT COOCTBEHHBIX IEKTpOCTaHLMH. CTeneHb y4acTus
KOKIOH CBSI3W B 3TOM IIpoLiecCe OIpeneisieTcs NOTOKOpPAcHpeleIeHHeM B KOHKPETHOM
pexuMe. YTONIEHHBIMU JIMHUSAMH NTOKa3aHbI CBSI3U, 110 KOTOPBIM OCYILIECTBIISIOTCS MOCTaBKU
3JEKTPOIHEPT U U3BHE.

l MC 500 kB Ne2 I l MC 500 kB Nel I MocTaska
BNeKTpo3Heprumn c
ONTOBOrO pPbIHKa
l rPOC OrK-2 I (F'TN OP3M)
) oo mom _. e R .. mem ) _
MocTaska
macC ANEKTPO3HEPrn ¢
MM mea rmes rmeos rmes PO3HUYHOIO pbIHKa
|- g Smeeme T g -1 ('Tn PP3)

MecTHas
reHepauus 6e3
BbIXOAa Ha
PO3HWYHbIVA PbIHO

| 03C ol P

Puc. 6. VmpomeHHas cxeMa HPOMBIIIICHHOTO Fig. 6. Simplified layout of industrial power plant
JHEproysia
*Ucemounuk: cocmagneno asmopom. Source compiled by the author

CropoHHHE MOTPEOUTENH, NOIKIIOYCHHBIE K CeTAM IPEAIpUATH S, OIJIaYUBAIOT YCIyTH
0 Mepefave JJIEKTPOIHEPTHH MO KOTIOBOMY Tapudy (puc.7), ycTaHABIHBACMOMY
peruoHanbHOW ciyx00i mno Tapudam (MHHHCTEPCTBO Tapu(HOro peryaupoBaHus U
SHEPreTHKH, AENapTaMeHT TapU(HOTO PETyIUpOBAaHUS U T.O. B 3aBUCHMOCTH OT PETHOHA),
rapaHTUPYIOIIEMY TOCTAaBIIMKY, KOTODPHIN IepenaeT 3TH CPeACTBa CETeBON OpraHU3aIluu —
koTnoaepxareno (damie Bcero MPCK). IIpu atom npennpustue-TCO ocymiecTBigeT MOKYNKY
moreps Ha PPD y Toro ke rapaHTHUPYIOIIEro IIOCTaBIIMKAa II0 HHAMBHIYaIbHO
yCTaHABIMBAaEeMOIl IIeHe; KOMIEHcalus JSTOW CyMMBI TIPOM3BOAMTCA CO  CTOPOHBI
KOTJIOAEpKATEN TaKKe IO WHAMBHIYAIBHOMY AOTOBOPY Ha OCHOBE HEOOXOAMMOI BalloBOM
BeIpy4YKkd. KoTiioBod Tapud Ha ycinyru mo mepejade 3J1€KTPOIHEpruu auddepeHuupyeTcs
TOJILKO TI0 YPOBHSIM HAaIlpsDKEHHsI, Ha KOTOPBIX HojkimoyeHbl norpedurenn (BH — 110 kB u
seire, CH-1 — 35 kB, CH-1l — 3-10 kB, HH — mmxe 1 kB)%. Ilpu sToM He yunthiBaeTcs
anexTpuieckas yaaieHHOCTh TIIII oT coOCTBEHHOr0 HWCTOYHWKA WMIM TOUYKH TIOCTaBKU C
po3HHUYHOTO pbIHKA. B WHcTpykuuu MI/IH3Hepr04 YKa3bIBa€TCsA, 4YTO pacueT HOPMATUBOB
TEXHOJIOTHYECKUX moTepb 3jekrposHeprun (HTIID) ans dopmupoBanus TapudoB Ha
mepenavdy JIOJDKEH BECTHCh JJIS  BBIJGIEHHOTO ydYacTKa CeTH, Yy4YacTBYIONIETo B
ANEKTPOCHAOKEHNH Cy0a0OHEHTOB, C Y4YeTOM COOCTBEHHOW HAarpy3KH TpEeATpHUsATHS.
OTHeceHHe TOTEPh HA TOTO WM HMHOTO TOTPEOMTEN B 3TOM JOKYMEHTE IIPENIoyiaraeTcs
OCYIIECTBIIATE  IPOMOPIHOHAIBHO obpemMaM  TepeJaHHOH  BJIEKTPOIHEPIHH. B
CJI0KHO3AMKHYTOM CETH C HECKOJBKIMHM HCTOYHMKAMH NHUTAHHA C Pa3HOW CTOMMOCTBHIO
2JIEKTpO3HEPTHH (pHc. 6) B 3TOM ciiyyae HeoOXoaumo it Kaxaoi TTII BEIYUCIATE y3JIOBYIO
CTOMMOCTH TIOTEPH C YUETOM BKJIAZa KaKJOTO U3 HCTOYHHUKOB.

Tapud Ha ycmyru mo mepegade IEKTPOIHEPTUH YCTaHABIMBAETCA B ABYX (popmax: Kak
JIBYXCTaBOYHBIN Tapu(, BKIIOYAIONNI B ceOs CTaBKy Ha COAEpIKaHHE DIEKTPHUECKUX CETeH U
CTaBKYy Ha OIIaTy HOPMATHUBHBIX IMOTEPh AJIEKTPOIHEPTHH; KaK OJHOCTABOYHBIH Tapudp co
CTaBKOH Ha OIUIATy HOPMAaTHUBHBIX IOTeph. [IpumeHsemblli BapmaHT Tapuda BbeIOHMpaeTcs
norpebureneM. Bkiax ncToyHMKa TUTaHHUA B Y3JIOBYIO CTOMMOCTB OTEPH OINIPEAeIsieT UMEHHO
CTaBKY Ha OIUIaTy HOPMATHUBHBIX OTEPb.

® Mocranosnenue Ipasurensctsa PO ot 29.12.2011 r. Ne1178 (pen. ot 08.12.2018 r.) «O 11eH006pa30BaHUK B 001CTH
peryIupyeMsIX IIeH (Tapr(OoB) B dIEKTPOIHEPTeTHKEY (BMecTe ¢ «OCHOBaMH IIEHOOOPa30BaHUS B 00IACTH PETYIHPYEMBIX
1eH (TapudOoB) B 3EKTPOIHEPreTHKeY, «IIpaBuiaMu rocy1apcTBEHHOTO PEryIMpOBaHuUs (IEPECMOTPa, IPUMEHEHHUS) LIeH
(Tapu(OB) B JIICKTPOIHEPTETHKEY).

* Wuctpykums mo opraHusanum B MHHHMCTEpCTBE SHEpPreTMKM Poccuiickoii dejepaliyi paboThl 1O pacuery H
000CHOBAHHIO HOPMATHBOB TEXHOJIIOTHYECKUX MOTEPh ICKTPOIHEPIUH NIPH €€ TMepeade Mo dIEKTPUYCCKUM ceTsM (YTB.
npukazoM Mumnepro PO ot 30 nexadpst 2008 1. Ne326).
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Puc. 7. HampaBieHne IOTOKOB MOIIHOCTH U Fig. 7. Direction of power flows and financial
(hUHAHCOBBIX MTOTOKOB npu oriare flows when sub-subscribers of TCO enterprise pay
cybabonenrtamu npeanpusatus-1CO  yenyr 1o for electricity transmission services at boiler rate
nepeiade 3IEKTPOIHEPTHH 10 KOTIOBOMY TapHupy

*Hcmounuxk: cocmaeneno asmopom. Source: compiled by the author

3HaueHUs y3JIOBBIX IIEH MOTYT OBITh HCIIOJIE30BAHbI IS BBIJAYH TEXHUYECKHUX 3aJaHUI

Ha TEXHOJIOTHMYECKOE MPHCOCIMHCHNE HOBHIX CTOPOHHHX IOTpeOUTENei, a Takxke I

OTIpeJICNICHUs] PAIlOHANBHBIX CXEM TIOAKIIOYCHUS CYIIECTBYIOMIMX IOTpeOUTENeH mpH

MPOBEICHIH PEKOHCTPYKIIMH CHCTEMBI 3JICKTPOCHAOKCHHS. Y3JIOBBIC IEHBI I OCHOBHBIX

TOYEK TEXHOJIOTMYECKOr0 MPHUCOCANHEHUsT ToTpebureneit (puc. 6) B mopsake yObIBaHHS
TpHUBeIeHHI B Tabmmume 1.

Tabnmma 1

Table 1

PesynbraThl pacyeTa y3MOBBIX IIEH A 00BEKTa UCCIETOBAHMS
The results of the calculation of the nodal prices for the object of study

Touka TeXHOJIOrHUECKOro MpUCOoeIMHEHUS VY3noBas neHa, py0./kBr-u
TTI1-90-110 3,04
TTI1-60-110 2,72
TTII-77-110 2,48
TTI1-30-110 2,41
TTII-TIIB3C2-10 1,77
TTII-TOI11-110 1,75
TTII-TS11/90-110 1,75
TTII-1IDC/30-110 1,61
TTII-115C-110 1,55

*Ucmoynux: cocmagneno agmopom. Source compiled by the author

B pacuer 3amaBamuce 3HaueHus: s DOCK u I'TIDC - 3,2 py6./kBt-4; mis [IBOC —
1,77 py6./xBt-u; g TOL — 1,75 py6./kBt-4; s LIDC — 1,55 py6./kBt-u.

Jus TTII-90-110 y3noBas meHa oOycioBJI€HAa B OCHOBHOM HOTOKOM MOIIHOCTH OT
sHeprocucteMsl, oas TOL[ HeBenuka B CBSI3U C TeM, 4To B pacceuky cBsizu TOL-TIC90
BKIItoueHa KpynHas noncrtaniws 110/35/6 kB u, coorBerctBenno, Touka TTII-T311/90-110,
JUIl KOTOPOH y3JI0Basl IIeHa CYLIECTBEHHO HMXe M paBHa 1,75 py0./kBt-u. Ha mmnax camoii
T3 (touka TTII-TDII-110) neHa takas *xe, T.K. 10 BCEM JUHUAM HICT Bbigada. J{ias TOUYKH
TTII-77-110 y3noBas 1eHa NpPaKTHYeCKH B paBHOW Mepe oOycnoBireHa TOI[ u
sHeprocucremoii (2,48 py6./kBt-4), T.x. cBsi3b TOL-TIC77 — mpsimasi, 6€3 3aX00B U OTIAEK.

Iono6Hast curyauust HabOmromaercst mis TTII-30-110 (2,41 py6./xkBt-u). ITo mepe
ynanenuss or mwmH 110 kB IL3C y3moas wnena Bospacraer (TTII-I[DC/30-110 -
1,61 py6./xBt-u; mma  TTII-TIB3C2-10 - 1,77 py6./xkBtu; pmna  TTII-30-110 -
2,41 py0./xBt1-u), mockonbky B pacceuky oxnHod u3 muHuii TOL-TIC30 Brmouena [IBOC,
BBIJIAIOIAs JIEKTPOIHEPrHIo ¢ Gonbiueil cebectonmocthio, ueM [1DC. Ha munax I[1C60 mosns
JHEProcUCTeMbl B OallaHCe MOIIHOCTEeH Oombire, yem ans [IC30, 4to 0OyclHoBIUBaeT u
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00JIBIIIYIO Y3JIOBYIO LIEHY.

DOKOHOMHYECKas 11eJIecO00Pa3HOCTh MOAKIIOYEHUs noTpeduTens K Toi mnmm uaoit TTII
(B paMKax OJHOTO Kjacca HalpsDKEHHs) 3aBHCUT OT CIoco0a pacyeTa WHAWBUAYAIBHOTO
tapuda Ha TOKYNKY IOTEPh JJIEKTPOIHEPTUU Yy TapaHTUpPYIOIEro mnocraBmuka. [lo
CIIOKUBIIEHCS TIPAKTHUKE Tapu{] MOKYNKH MOTEPb Ior Y €AMHCTBEHHOTO TapaHTHPYIOIIEro
MOCTaBIIMKA JUIS  HpOMbIIUIEHHOro  mpeanpustusi—TCO, uMeromero  coOCTBEHHBIE
3JEKTPOCTaHIIMU, paccuuThiBaeTcs aHamorunyHo TCO, mokynaromei HOTepH Y HECKOJIbKHX
rapaHTHPYIOIUX MocTaBIIMKOB (cM. [Ipuka3z dexnepanbHoOil ciryk0bl 0 Tapudam N92O-3/25), B
BUJIE CPEIHEB3BELICHHON BEIMUUHBIL:

TITI WIT[ + ZCBCi W3Ci
T B +T

[oT — W yerITI !
oc

(11

rae Trp— cTaBKa OIUIATHl €AWHHUIEI 3IEKTPOIHEPTUU OT TapaHTHPYIOIIET0 MOCTABIIUKA;
Wy — otriyck B cetn npeanpustusi—TCO ot I'TT;
Tyenrn — CTaBKa, BKIIIOUaKOLas cOBITOBYIO Han0aBKy u ycmyru I'TI;
Chci — ce0ecTONMOCTB DIIEKTPOIHEPTHH i-ii COOCTBEHHOH JICKTPOCTAHIINY;
W5ci — otnyck B cetu npennpusitisi—TCO or i-if COGCTBEHHOMN 3JEKTPOCTAHIINY;
N — 9KCI0 COOCTBEHHBIX AIICKTPOCTAHIIHN;
Woc — cymmapHsIit otiryck B cetr npeanpustusi— 1 CO:

Woc :Wrn + ZWSCi :

i=1

[Ipu 3TOM UMeeT MeCTO AOMYIICHHUE, YTO JOJCBOM BKaL i-it anekrpocranuuu (umu ['TI)
B TIOTEPH DJEKTPOSHEPTHMHM pAaBEH JJOJIEBOMY BKIaly B CyMMapHbBIH OTIyCK B ceTb. B
JEHCTBUTEILHOCTH OH 3aBUCHUT OT PACHOJIOXEHHUS TOYEK BBIJAYM MOIIHOCTH 3JEKTPOCTaHIUI
U TPYHIII TOYEK IMOCTABKHU 3JEKTPOIHEPTHUHM C PO3HHYHOTO PHIHKA IO OTHOIIEHHIO K TOYKAM
MPUCOEMHEHHS IIOTpeONTENIeH, a TAaKXKe OT MOTOKOPACIIPEIENICHNS B CIIOKHO3aMKHYTOI CEeTH.
Pacuet mo ¢popmynam (6)—(10) mo3BomuT orpeneauts 6oiice 000CHOBaHHOE 3HaUeHHE T ot

Ecmm TI'TII, Toukm BBImaum wMomrHOCTH 3iekTpoctaHiuit u TTII cybaboHeHTOB
paBHOMEpHO (C y4eTOM BBIJIaBaeMOH M MOTpeOJIsieMO MOIIHOCTH) pacIpelesieHbl 10 CETH,
Tror IpuMepHO OYIEeT COOTBETCTBOBATH BeMMUYMHE, moiydeHHOU mo (11). Takas ke kapTuHa
Oyzmer HaOIIOAATHCS, €CIM MCTOUYHUKH M CyOaOOHEHTHI CKOHIIGHTPHUPOBAHBI B OJHOM paiioHe
CHCTEMBI 3JIEKTPOCHAOXXEHHS, — IIPH 3TOM YMEHBIIAETCS KOJMNYECTBO 3JIEMEHTOB CXEMBI,
Y4YacTBYIOIIMX B Mepeaaye 3JIeKTPOIHEPTHH cyO0aboHEeHTaM, 1 00 00beM NOKYIKH MOTeph.
B cayuae, ecnmu I'TII m snekTpocTaHIMM MaKCHMalbHO yJalleHBI OT BCeX Cy0aOOHEHTOB,
NpUYeM B3auMHas yOaJeHHOCTb oTAenbHbIX [ TII u snekTpocTaHimii Mana, 00beM MOKYIIKH
norepb OyJaeT HamOONBIIMM, 3HAYUTEIbHAS YacTh JJIEMEHTOB CXEMBI OyJeT ydJacTBOBaTh B
nepeaaye 3IEKTPO’IHEPTUN cyOabOHEHTaM, OJHAKO JI0JE€BOM BKJaJ KaKJOTO M3 MCTOYHHKOB
OyzeT NpaKkTUYEeCKH TaKOW >Ke, KaKk M TP KOHIEHTPHUPOBAHHOM DACIIOJOXEHHH BCEX
00bekToB. Bo Bcex npyrux ciydasx TpeOyeTcss OLEHKa JOJEBOrO BKJaja KaxIoro H3
UCTOYHUKOB B cyMMapHble motepd 1o (6)—(10) m yrounHenue c¢opmynsl (11) BBeneHuem
BeCOBBIX K03 urmeHToB Ky 1 Ky

T KWy +ZC3Ci KoeiWoei
=1 +T

, 12
WOC yen ITI ( )

Tl'lOT =

rac
n

K+ Koe =1+n. (13)

i=1

Pacuets, npoBenennbie s cereir 110 kB oObekTa wuccinenoBaHUs, MOKa3aIH
crefyrouiee cooTHomenue (puc. 8).

% ITpukas denepanbHOil cIrykObI 0 Tapudam ot 6 aBrycta 2004 r. Ne20-5/2 «O6 yTBEpKICHHH METOIMYECKUX yKa3aHHii
0 PacyeTy PeryJIupyeMblX Tapu(oB U LEH Ha SIEKTPUYECKYIO (TCIUIOBYIO) SHEPTHIO HAa POSHUYHOM (TIOTPEOHUTENBCKOM)
puiHKe» (B pea. oT 29 mapra 2018 1.).
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Puc. 8. Bkiag HMCTOYHMKOB NHTaHMS B IOTEPH Fig. 8. Contribution of power sources to power
MOITHOCTH losses
*Hemounux: cocmasnero asmopom. Source: compiled by the author

Kak BuaHo u3 puc. 8, Bxiag TOL| B moTepu okaspIBaeTcsi MPaKTHYECKH B JECSTH pa3
6ompire, yeM Uit LI13C, x0T BhIJaBaeMasi MOIIHOCTh €€ NMPEBBIIIACT aHATOTMYHBIN ITOKa3aTelb
3C mpumeprno Ha 30%, uto 00BscHAeTCs HedHauuTedbHOW Bhimayeit 1[DC ma 110 kB mo
cpaBHeHuto ¢ 10 kB. Tak xe oObsicHseTcss W He3HauuTenbHbIN Bkian [IBOC-2 (Bbigaua B
ocHOBHOM B ceTd 6 kB u 10 kB). B nenom notepu B cersix 110 kB 00ycnoBieHs!l, B MEPBYIO
oudepenp, MocTaBkaMu MoIIHOCTH ¢ PPO u otmyckom ¢ mmuH BeIciiero HampspkeHus TOLI. Ilpu
sroM TOII BBIIaeT MOLIHOCTH TOJBKO B HOKHOE KONbIO, CBS3b ¢ CeBEpHBIM KOJBIOM B
HOpMaJbHOM pexume otcyrcTByeT. Koaddumuentsr no (13) Gyayr pausl (mpu 1+n=6): mms
TOII 40,6%x6/100=2,436; mana I'TII posuwmunoro peiaka 52,01%x6/100=3,1206; ams 1[3C
3,94%x6/100=0,2364; mia [IBOC-2 2,76%x6/100=0,1656; musa I'TIDC 0,62%x6/100=0,0372;
TUIS [IBDC-1 0,07x6/100=0,0042. B CyMMe
2,436+3,1206+0,2364+0,1656+0,036+0,0042=6=1+n. B AaHHOM ciaydae BBEIECHUE
koa¢p¢uruenTos (13) yBemmuusaet gonro TOL u I'TII B Tor.

HeoGxonnmas BanoBast BRIpy4YKa B 9aCTH OIUIATHI TEXHOJIOTHYECKOTO pacxonaa (IoTepb)
SJEKTPUYECKON 3Hepruu (NP HCIOJIB30BAHUH METOJA IOJTOCPOYHON HWHIEKCAIUU HBB®)
oTIpesieNAeTcsl Ha OCHOBE TapH(da MOKYNKH MOTEPh AJIEKTPO3HEPTHH B ceTIX Thor M oObema
notepk B ceTax TCO AW,y:

HBB"™" =T ; AW, (14)

D¢ hekTHBHOCTH KOMIIEHCAIINU CTOMMOCTH 1oTeph cybabonenTamu TCO ompenensercs
pasHocTbIo (15), KOTOpas NPy MOJIHOW KOMIIEHCAIMH I0JIXKHA OBITH paBHA HYIIO:

3KCB = TITOT Ach _Tko’rn Z
k=1

i (HTnak% ] (15)

TexHomornueckne morepu ekTpodneprun B cerax TCO, oGycnoBieHHBIE HArPy3KOH
cybabonenTa (cormacHo [Ipukazy Ne32 Munsnepro):

WH.CE.P
WH.CB.P +W1'[.CH.P

rie W cp.p — 00bEM 3JIEKTPOIHEPTUH, NIEpeaBaeMblii Cy0aOOHEHTY;

Wicnp — 00beM anmekTposHepruu, nepenaBaemblii npennpusitueM-TCO coOCTBEHHBIM
MOTPEOUTEISIM;

Wrms.5.p — MTOJTHBIE TOTEPH IIEKTPOIHEPTUH B ceTsiX npeanpusatus-TCO.

HopmaTnB TeXHOJOrMYECKHX MOTEPh 3JIEKTPOIHEPTHU sl cyOaboHeHTa, %, paBeH
(raxoke [Tpukaz Ne32 MuHsHepro, BenMUMHA BKiIaga CyOaOOHEHTa IIPU 3TOM CUMTAETCS PaBHOM
€ro BKJIaJy B OTIYCK B CETh):

AWTHZ).CB.P = Awma.z.P ) (16)

HTIID % = AW e -100%, (17)

OC.CB.P

® Mpukas ®CT Poccun or 17.02.2012 Ne98-3 (pen. ot 24.08.2017) «O6 yTBepkacHMH MeTOAMUECKHX yKa3aHHil 110
pacyery TapuoB Ha YCIyrd IO Tepepade 3JIEKTPHYECKOH SHEPrUM, YCTAaHABIMBACMBIX C NPHMECHEHHEM MeToza
JIOJITOCPOYHOH HHAEKCAIINH He0OX0JUMOi BalloBoH BEIpyUKm» (3aper. B Munrocte Poccun 29.02.2012 Ne23367).
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3A€Ch OTITYCK B C€Thb ONPCACIACTCA KaK
WOC.CB.P :WH.CB.P +AWTH3.CB.P ) (18)

Orcroma mpu DKcp=0 (15) mnomyuaem coortHomenne Mexay Trpor H Tiom
COOTBETCTBYIOIIEE TIOJIHOM KOMIIEHCAIIMM CO CTOPOHBI CyO0a0OHEHTOB MPH 3aJaHHBIX
BennuuHax HTTID,%:

T D.( HTIID , %
THOT _ _KOTI z [
AW, S\ 100

Wesk |- (19)

CootHomrenne (19) Moxer OBITH HCIONB30BAHO IIPU 3aKIIOYEHUH JIOTOBOpa C
TapaHTHPYIOIIUM IIOCTaBIIUKOM (TP HAJIWYHU TaKoil BO3MOXKHOCTH) IS OIpEACICHHS
MHIMBHAYAIBHOTO Tapuda IIOKYIKH NOTEPh IEKTPOIHEPTUH Ha POSHUYHOM PHIHKE.

BennunHa HHIUBHOYATEHOTO TapH(da JI1 B3aHMOPACcCUSTOB MEXKIY KOTIOASPKATEIEM U
npennpustaeM-TCO npu tex xe yenoBusax ([Ipukaz @CT Ne20-3/2):

T _HBB"OT  Tpor AW,
man. TCO = - '

m
2 Weske 2 Wesk
k1 P}

Bripaxkenne (20) MokeT OBITh HCHOJB30BAHO TMPH 3aKIIOYCHUU JIOTOBOpa C
perHOHAJIBHOM  ceTeBOM  KOMIIaHUEH-KOTIoJep)kaTeleM A ONpeAeNieHHs  yCIOBHH
B3aMMOpPaCUYETOB B IIEJSAX KOMIIEHCAIMY HEOOXOAMMOM BaJOBOM BBHIPYYKH HBB"°" s onmater
MOTEPh AJIEKTPOIHEPTUHL.

Bmecte ¢ Tem BaxHO cieayroniee. Beipaxenue (16) He yuuThIBaeT MecTO cybabOHEHTa
B cxeme npeanpuatus-TCO. [Ipeanonaoxkum, uTo peanbHbIi BKIaa cy0aboHEeHTa (C yI4EeTOM ero
MecTa B cXeMme) B moTepu Oomblie, yem mnosydaercs mo (16), t.e. ero HTIID pacuerHsrit
menbmie HTIID peanbnoro. CiiepoBaTenbHO, y JpPYyrux cy0aOOHEHTOB WM COOCTBEHHBIX
norpeburesneld — OoJblle, 1 OHU BBIHYKJEHbI KOMIIEHCUPOBATh MOTEPH, 00YCIIOBJICHHbIE STHM
cyb6abaneHnToM. OcoOEHHO Ba)KHO, €CIIM HOTEPU ITHX CyOaOOHEHTOB MEpeKJIAAbIBAIOTCS Ha
cobcTBeHHBIX mOoTpeOuTeneir npeanpustus-TCO (Bxoxst B moiro TIID Ha cobcTBEeHHOE
notpebieHne, Kotopoe omiaadnBaercs npeanpuarueM-TCO yxe He mo Tapudy Ha MOKYINKY
MOTEpPb, & MO HEPETYIUPYEMbIM PO3HHUYHBIM II€EHAM B COOTBETCTBUHU C LIEHOBOHM KaTeropuei
MPEIIPHUITHS).

TakuMm o00pa3oMm, TpHU CYyNIECTBYIOIIEH HOPMAaTHBHO-IPAaBOBOW 0a3ze B HMHTEpecax
npennpustusix-TCO pacnpenesnsith cy0aOOHEHTOB B CXEeM€ TakuM 00pa3oM, dYTOOBI HX
tdaxtuueckuit HTIID, ompeneneHHBI C ydeTOM aJpecHOCTH TOTepb, ObUT paBeH (WM HE
MeHbIe) pacuetHomy HTIIOD. B 3TOM ciryyae He MPOUCXOIUT MEPEHOCA CTOMMOCTH HOTEPH C
cybaboHeHTOB Ha coOcTBeHHOe moTpebienue npeanpuarus-TCO. Ilpu stom cyGaGOHEHTHI
PacCYMTHIBAIOTCS C TAPAHTHPYIOLUIMM MOCTABIIMKOM B JIIOOOM Clilydyae 1o KOTIoBoMy Tapudy, a
CJICIOBATCIIBHO, IMPU OAHOM M TOM XK€ YPOBHC HANPSXKCHUA B TOYKEC IPUCOCAWHCHUA
cy0abOHEHTBI HE HECYT IOMOJHUTEIbHBIX pacxonoB. HTIID nomkeH ObITh OmpeneneH IO
CTOMMOCTH TIOTEPh C yUETOM CTOMMOCTEH HCTOYHUKOB 110 (4), (5):

(20)

HTIID . % = &100% . (21)

N
2.Cs
i=1

Hamo oTMeTHTh TaKke, YTO JIOJIS OILIATHI HOTEph B ceTsax npeanpuatusi-TCO (AWy),
KOTOpass He KOMIIGHCHpYyeTcsi cyOabOHeHTaMH W B pe3yiabTaTeé 3TOro MpPH pacderax c
rapaHTHPYIOIINM TIOCTAaBIIMKOM IIEPEHOCHUTCS Ha COOCTBEHHOE NOTpeOJieHHE MpPEIpHUSITHS
(dTo He cOoOTBETCTBYEeT (PM3MYECKMM MpOIlecCaM B CHCTEME 3JIEKTPOCHAOXKEHUs), NPH 3TOM
cHkaercsi. ClieoBaTeIbHO, CHIKAETCS BEIMYMHA 3aTpPaT Ha 3JIEKTPOIHEPTHIO M UX JIOJS B
ce0ecTonMOoCTH TOTOBOW mpoaykuuu npeanpustus-TCO. BpisgBieHre ToUeK NpUCOSANHEHHS
cy0aOOHEHTOB B 3TOM Clly4ae 3aBHUCHT OT KOHKPETHOH CXEMBl M TEXHHKO-IKOHOMHYECKHX
XapakTepUCTHK  HCTOYHMKOB THMTAaHUS M JOJDKHO  ONPENENAThCS  MHIMBHIYaJbHO
COOTBETCTBYIOIUMU PACUETaAMHU.

Odcyacoenue pesyromamos (Results and discusions)

Takum 00pa3om, B pe3ysIbTaTe MPOBEJICHHBIX UCCIICAOBAHUI:
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1) npeioxkeHa METOANKA ONPEIEIICHHUS CTOMMOCTH MTOTEPh AJICKTPOIHEPTUH B KaXKIOM
9JIEMEHTE CHCTEMBbl DJEKTPOCHAOXEHUS IPOMBIIUICHHOTO MPEINPHUATHS, I0JIy4alollero
9JIEKTPOIHEPTHI0 KaK OT TapaHTHUPYIOIIEro IOCTaBIIMKAa, TaK M OT COOCTBEHHBIX
9JIEKTPOCTAHLHUH, C YIETOM XapaKTePUCTHK UCTOYHUKOB,;

2) paspaboTaHa METOQMKA ONPEIOCICHHS  JOJCBOTO  BKJIaJa  COOCTBEHHBIX
9JIEKTPOCTAHLUI U TPYII TOYEK TOCTABKH C POZHUYHOT'O PHIHKA CHCTEMBI JIEKTPOCHA0KEHUS
B IIOTEPH HJIEKTPOIHEPTMM W HX CTOMMOCTb, a TaKkKe JOJIEBOr0 BKJIaga COOCTBEHHBIX
notpeduTenel NpeaAnpusTUs U noTpeduTeneii-cy0aboHeHTOB;

3) NpuUMeHEHHE H3JI0XKEHHBIX METOAMK PACCMOTPEHO HPUMEHHTENIBHO K YCIOBHSIM
KPYITHOTO  NPOMBIIUICHHOTO  JHEProysiga C  Ipagoo0pa3yriolluM  HpPEINpHUsITHEM,
pacroyiaraloiero HEeCKOJIBKHMMH COOCTBEHHBIMHM 3JIEKTPOCTAHLMUSIMH HMEIOIIEro CTaTyc
TEPPUTOPUANBEHOW CETEBOW OpraHu3anuu; JUIsi 00BEKTa MCCIEJOBaHUS IpOaHAIM3UpPOBaHA
CTPYKTYpa NMOTOKOB MOIITHOCTH U ()MHAHCOBBIX ITOTOKOB IPH OIUIaTe Cy0aOOHEHTaMH YCIIYT MO
nepeaaye 3JIEKTPOIHEPTHHU 110 KOTIOBOMY Tapu(]y U CTPYKTypa BKJaJa HCTOYHHKOB ITUTAHUS B
CyMMapHbI€ OTePH;

4) npeasiokeH NOAX0 K KOPPEKTHPOBKE HHAWBUIYATbHOTO Tapu(a Ha MOKYIKY OTePh
C YUYCTOM B3aUMHOI'0 PACIHOJIOKECHUA HUCTOYHUKOB MNUTAHUA U HOTpe6HTeJ’IeI>i B CHUCTEMC
AJIEKTPOCHAOKEHHSI, YTO MO3BOJSIET TAK)KE€ YTOUYHHTH HEOOXOJAMMYIO BajOBYIO BBIPYUKY H
MHIMBUAYaJIbHBIN Tapud I B3aUMOPACUETOB C CETEBOM OpraHU3alueil — KOTIoAepIKaTeleM;

5) naHbl pEKOMEHJAUMH 1O BHIOOPY TOYEK MNPHUCOSAWHEHUs MOTpeOuTeNe-
cy0aOOHEHTOB K cucTeMe 3JeKTpocHabxeHus npeanpustusi-1CO;

6) MNpEeAJIOKEHHBIE METOJUKN W PCKOMCHIAAIWU HAIIPpABJICHbBI HAa MOBBIMICHUE CTCIICHU
KOMIIGHCAIlUM ~ CTOMMOCTH  yCIYr  INOTpeOMTeNnsiMH-cyO0aOOHeHTaMH IO  Iepenade
AJEKTPOdIHEpruu uepe3 cetu npeAnpustusi-TCO ¢ 1enpl0 CHIKEHHS MEePEeHOCa CTOMMOCTH
MOTEPh AJIEKTPOIHEPTUH C Cy0aOOHEHTOB Ha COOCTBEHHOE MOTPEOJCHUE NMPEennpusiTHs. JTO
MO3BOJIHMT CHU3UTH JIOJIIO 3aTpaT Ha DJIEKTPOIHEPTHI0 B ce0ECTOMMOCTH I'OTOBOI MPOIYKIHU
NPEINPHUITUS ¥ TOBBICUTD €r0 KOHKYPEHTOCIIOCOOHOCTbD.

3axniouenue (Conclusions)

B cratbe wu3noxkeHa pa3zpaboTaHHAs aBTOpaMHM METOAMKA OIPEJENICHUs BKJIaja
HUCTOYHUKOB DJJIEKTPOSHEPTUH U TMOTpeOHTEeNed CHCTEMBI 3JIEKTPOCHAOXKEHUs KpPYITHOTO
OPOMBILUIEHHOTO MPEAIPUITHS — TEPPUTOPUAIBHON CETEBOM OpraHu3aluud B IOTEPU
AJIEKTPOIHEPTUH U UX CTOUMOCTb. [Ipe/yioskeH yTOUHEHHBIH MOJX0 K pacdyeTy Tapuda MOKYIKH
MOTEPh CETEBOM OpraHM3alueil y rapaHTHPYIOLIEro IOCTaBIIMKAa M K pacdyeTy HOPMAaTHBOB
TEXHOJOTUYCCKUX TIOTEPL DJIEKTPOOHEPIUU C YUYCTOM CTOMMOCTU TMOTEPD. O)KI/I}:[aeMI)II‘/'I
SKOHOMHUYECKUH 3(G(EKT OT BHEAPCHHS pE3yJIbTaTOB pPabOThl OOYCIOBJICH IOBBIIICHUEM
IMOJIHOTHI KOMIICHCAIIMU 3aTpaT Ha Nepeaavdy OJICKTPOIHEPTHUU IO CCTIAM MPEANPUATHA CO
CTOPOHBI TOTPEOUTENECH-Cy0aO0OHEHTOB.

Jluteparypa

1. Xenesko 10.C., AptembeB A.B., CaBuenko O.B. Pacuer, ananu3 u HOpMUpOBaHHE
HOTEPH JJIEKTPOIHEPTUU B MIEKTPUUECKUX CeTAX: PyKOBOICTBO NIl IPAKTUYECKUX PACUETOB.
M.: U3marensctBo HI[ DHAC, 2004. 280 c.

2. Lezama F., Soares J., Hernandez-Leal P., Kaisers M., Pinto T., Vale Z. Local energy
markets: paving the path toward fully transactive energy systems // IEEE Trans. on Power
Systems. 2019. V. 34. No. 5. P. 4081-4088.

3. Zhang H., Zhao D., Gu C,, Li F., Wang B. Economic optimization of smart distribution
networks considering real-time pricing // J. Mod. Power Syst.Clean Energy. 2014. V. 2. No. 4.
P. 350-356.

4. Mahnitko A., Umbrashko I. Determination of electricity nodal prices using Lagrange
method // Journal of Electrical & Electronics Engineering. 2009. V. 2. Iss. 3. P. 43-47.

5. BacekoBckas T.A. Ilokasarenm pa3HHMOBI Y3JIOBBIX IIGH Ha ONTOBOM DBIHKE
anekTpodnepruu // Dnexrpuuectro. 2007. Ne2. C. 23-27.

6. BacbkoBckas T.A., Bonoaun /I.B. Omnpesenenne 30H BIMSHUS CETEBBIX OTpaHUYCHHN
Ha y3i0Bbie 1ensl // V3. PAH. Duepreruka. 2014. Nel. C. 74-83.

7. Varkani A.K., Seifi H., Sheikh-El_Eslami M.K. Locational marginal pricing-based
allocation of transmission capacity in multiple electricity markets // IET Generation,
Transmission & Distribution. 2014. V. 8. Iss. 5. P. 983-994.

8.Jin Y., Wang Zzh., Jiang Ch., Zhang Y. Dispatch and bidding strategy of active
distribution network in energy and ancillary services market // J. Mod. Power Syst. Clean
Energy. 2015. V. 3. Iss. 4. P. 565-572.

9. Mohammad N., Mishra Y. Retailer’s risk-aware trading framework with demand

38



Ipobnemor snepeemuru, 2023, mom 25., Ne 3

response aggregators in short-term electricity markets // IET Generation, Transmission &
Distribution. 2019. Vol. 13. Iss. 13. P. 2611-2618.

10. Murali M., Sailaja Kumari M., Sydulu M. Estimation of locational marginal price in a
restructured electricity market with different loss cases using Seed Genetic Algorithm // Arabian
Journal for Science & Engineering. 2014. V. 39. Iss. 2. P. 1089-1106.

11. Bapronomeit I1.U., Ilazmepun A.A. 3agadya TOTOKOPACHPEHCICHHUS MOTEPh
9JIEKTPO’HEPTMH M TompaBouHble Koddduuumentst Kk  Tapudam Ha nepemauy //
DICKTPOTEXHUYCCKUE CUCTEMBI 1 KoMITIeKChl. 2019. No3(44). C. 4-9.

12. A6nymnazsno 3.}0. I'paueBa E.M., Anb3akkap A., Huzamues M.®., Illymuxuna
O.A., Valtchev S. TIporHo3upoBaHue U aHAJIH3 JIEKTPONOTPEOICHHUS U TIOTEPh NEKTPOIHEPTUH
Ha MPOMBINUIEHHBIX 00bekTax // M3BecTus By30B. [Ipobiemsl sHepretuku. 2022. Ne 6(24). C. 3-
12.

13. Kukots E.A., T'a3uzor @.H. Bribop cTpyKTypsl TEII0BO# reHepanuu B ropojgax Pd
NpY aKTyalu3alMK cxeMm TeriocHaOxeHust // M3Bectus By3oB. IIpoGnemsr snepreruxu. 2020.
Ne5. C. 71-82.

14. Casenko AE., Prioun AT. OnruMusanus CXEMBI MIPUCOETUHEHUS
paccpeoTOUYEHHBIX HCTOYHUKOB 3JEKTPOIHEPTHH K PACIPECIUTENbHBIM 3JIEKTPHUECKUM CETIM
Temprokckoro paiiona // Bectauk KI'DY. 2022. Ne1(53). C. 76-85.

15. BacunbeBa M.B., Kutymun M.I. H3mepeHue u SKOHOMHUYECKas OILIEHKA YCIyT
anekTpoceTeBbiX mpeanpustuii // M3sectus PAH. Duepreruka. 2012. Ne4, C. 49-56.

16. [Tazgepun  A.A., TIlasmepun A.B. IlpenacraBienue mpolecca  mepenadu
AJIEKTPOIHEPTUH HAINPaBJICHHBIMU MMOTOKAaMH 3JIEKTPOSHEPTMH U CTOUMOCTH B cXeme cetu //
DJIeKTPOTEXHUYECKUE CUCTEMBI B KoMIuiekchl. 2017. Nel1(34). C. 31-36.

17. ITaznepun A.B., ITazgepun A.A. [IpuMeHeHne NPUHINIA PABEHCTBA OTHOCUTEIBHBIX
MPUPOCTOB HOTEPH B IJEKTPUUECKUX ceTsX // DHeprus enuHoi cetu. 2018. Nel(36). C. 62-70.

18. 3akaprokun B.I1., Kproko A.B. OmnpeneneHue T1OTEph 3JCKTPOIHEPTHU H
aJIPECHOCTH DJIEKTPONOTPEONeHUsT B CHCTEMaxX TATOBOI'O JJIEKTPOCHAOXKEHHsI 10 JaHHBIM
ACKYD // IIpo6semsr suepretuxu. 2011, Nel1-12. C. 72-82.

ABTOp nmy0auKanuu

Manacgheee Anexceit Bauecnagoeuu — kaHJ. TeXH. HayK, AOIEHT KadeaAphl 3JIEKTPOCHAOKEHHS
MpOMBINUICHHBIX Tpefanpusatuii (DIII1) MarHuToropckoro rocyzapCTBEHHOI'O TEXHHYECKOTO
yauBepcureta uM. I.J1. HocoBa (MI'TY um. I'.'11. Hocoga).

References

1. Zhelezko YusS, Artem’yev AV, Savchenko OV. Raschet, analiz i normirovanie poter’
elektroenergii v elektricheskikh setyakh: Rukovodstvo dlya prakticheskikh raschetov. Moscow.:
Izdatel’stvo NTs ENAS, 2004.

2. Lezama F, Soares J, Hernandez-Leal P, et al. Local energy markets: paving the path
toward fully transactive energy systems. IEEE Trans. on Power Systems. 2019; 34(5):4081-
4088. doi: 10.1109/TPWRS.2018.2833959.

3. Zhang H, Zhao D, Gu C, et al. Economic optimization of smart distribution networks
considering real-time pricing. J. Mod. Power Syst.Clean Energy. 2014; 2(4):350-356. doi:
https://doi.org/10.1007/s40565-014-0086-7.

4. Mahnitko A, Umbrashko |. Determination of electricity nodal prices using Lagrange
method. Journal of Electrical & Electronics Engineering. 2009; 2(3):43-47.

5. Vas’kovskaya T.A. Indicators characterizing the difference in nodal preces on the
wholesale market of electricity. Elektrichestvo. 2007; 2:23-27.

6. Vas’kovskaya TA, Volodin DV. The determination of congestion zones in electricity
markets with nodal pricing. lzvestiya Rossiiskoi akademii nauk. Energetika. 2014; 1:74-83.

7. Varkani AK, Seifi H, Sheikh-El. Eslami M.K. Locational marginal pricing-based
allocation of transmission capacity in multiple electricity markets. IET Generation,
Transmission & Distribution. 2014;8(5):983-994. doi: 10.1049/iet-gtd.2013.0544.

8.Jin Y, Wang Zh, Jiang Ch, Zhang Y. Dispatch and bidding strategy of active
distribution network in energy and ancillary services market. J. Mod. Power Syst. Clean Energy.
2015; 3(4):565-572. doi: https://doi.org/10.1007/s40565-015-0161-8.

9. Mohammad N, Mishra Y. Retailer’s risk-aware trading framework with demand
response aggregators in short-term electricity markets. IET Generation, Transmission &
Distribution. 2019; 13(13):2611-2618. doi: 10.1049/iet-gtd.2018.6294.

39



© Managhees A.B.

10. Murali M, Sailaja Kumari M, Sydulu M. Estimation of locational marginal price in a
restructured electricity market with different loss cases using Seed Genetic Algorithm. Arabian
Journal for Science & Engineering. 2014; 39(2):1089-1106. doi:
https://doi.org/10.1007/s13369-013-0699-6.

11. Bartolomey PI, Pazderin AA. Electric energy loss flow problem and correction
factors for transmission tariff. Electrotechnical Systems and Complexes. 2019; 44(3):4-9.
doi 10.18503/2311-8318

12. Abdullazyanov EYu, Gracheva El, Alzakkar A, et al. Prediction and analysis of
power consumption and power loss at industrial facilities. Power engineering: research,
equipment, technology. 2022; 24(6):3-12. doi: 10.30724/1998-9903-2022-24-6-3-12.

13. Kikot EA, Gazizov FN. Selection of the structure of thermal generation in cities of
the russian federation when actualizing the heat supply schemes. Power engineering: research,
equipment, technology. 2020; 5:71-82. doi: 10.30724/1998-9903-2020-22-5-71-82.

14. Savenko AE, Rybin AG. Optimization of the scheme of connection of reduced
electric power sources to the distribution electric networks in Temryuk region. Bulletin of the
Kazan State Power Engineering University. 2022; 53(1):76-85.

15. Vasiliyeva MV, Kitushin MG. Measurement and economic estimation of grid
companies service. lzvestiya Rossiiskoi akademii nauk. Energetika. 2012; 4:49-56.

16. Pazderin AA, Pazderin AV. Representation of the electric energy distribution process
in an electric network by directed energy and cost flows. Electrotechnical Systems and
Complexes. 2017;34(1):31-36. doi: 10.18503/2311-8318-2017-1(34)-31-36.

17. Pazderin AV, Pazderin AA. Primenenie printsipa ravenstva otnositel'nykh prirostov
poter' v ehlektricheskikh setyakh. Energy of Unified Grid. 2018; 36(1):62-70.

18. Zakaryukin VP, Kryukov AV. Definition of losses of the electric power and power
consumption addressing in systems of a traction electrical supply according to ASCEM.
Problemy energetiki. 2011; 11-12:72-82.

Author of the publication
Aleksei V. Malafeev —Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia.

Hlugp nayunoii cneyuanvnocmu:2.4.2. Dnexmpomexnuyeckue KOMNIEKCbl U CUCHIEMbL
Cmedrcnble wigpol 6 pamxax epynnol HAYYHOU CREYUATbHOCIU:

Ilonyueno 10.05.2023 2.
Ompeodaxkmupoeano 29.05.2023 ..

Ilpunamo 13.06.2023 2.

40



© Mewepsaxos B.H., Manmyxos E.C., Cosusckog A.B.

(@)
YJIK 621.313.3 DOI:10.30724/1998-9903-2023-25-3-41-54

UCCJIEJOBAHUE BEKTOPHOM CUCTEMBI YIIPABJIEHUSI ACHHXPOHHBIM
3JEKTPONIPUBOIOM KOHBEMEPA JJEHTOYHOI'O TUIA C HABJIOJATEJISMUA
CKOPOCTH

Memepsikos B.H., ManTyxoB E.C., CaBu:xkos A.B.
JIunenkuii rocyniapcTBeHHbIN TeXHUYECKHIl YHUBepcUTeT, I. Jlunenk, Poccus

Pestome: AKTYAJIBHOCTD uccnedoganus 3axnouaemcss 6 GO3MONICHOCMU —NPUMEHEHUs!
PAa3uUHbIX Habvoamenell CKOpOCMU ¢ UCNONb308AHUEM ACUHXPOHHO20 0BUSAMENS C BEKINOPHbIM
ynpasienuem, npeonazaemvix O UCHONb308AHUS HA HAKIOHHOM JIEHMOYHOM KOHselepe,
mpauncnopmupylowezo  dicene3opyonvtii - konyenmpam. LEJIBIO saensemca cpasnumenvHoe
uccnedosanue OUHAMUKY ACUHXPOHHOSO INEKMPONPUBOOd C GEKMOPHLIM YRpAGIEHUeM Npu
UCNONB30GAHUU OAMYUUKA CKOPOCU U Habodamenetl ckopocmu pasauunozo muna. METOHAMU
UCCIeO08aHUsL  SGIIOMCA  paspabomka — mMamemamuieckux — mooerell  Habmooamenell,
KOMNbIOMEPHOEe MOOEIUPOSAHUE U AHAIU3 OUHAMUYECKUX DENCUMO8 pAbOmbl INEKMPOnpUBood
npU UCHONB308AHUU OAMYUKA CKOPOCMU U DPA3IUYHBIX HAORiooamenetl cKOpoCmu 8 YCI0GUSIX
pabomvl HAKIOHHO20 JIEHMOYHO20 KOHGelepd, aHAIU3 MOYHOCIU USMEPEHUs. CKOPOCmU
PACCMOMPEHHBIMU  HAOTIO0AMENSIMU € YYEMOM GIUSHUS MENI08020 USMEHEHUsT AKMUBHO2O0
conpomuenenue  0b6momox  acunxpounoeo  ogueamens. PE3VJIIBTATHI. C  nomowwio
KOMNBLIOMEPHO20 MOOCNUPOBAHUS NONYHeHbl 2PAPUKU  NEPEXOOHbIX NpoYeccos, NpoBeoeHO
CpagHeHue pe3yibmamos MOOeIUPOBAHUs OUHAMUYECKUX XAPAKMEPUCMUK U nokasameneu
Kayecmea 6 CUCMeMax dNeKmponpusood ¢ 0amyuKoM CKOpOCmuU U ¢ Habmo0amensimu cKopocmu.
Onpedenena cmenenv GIUSHUAL MENI0B020 USMEHEHUS AKMUGHO20 CONPOMUBTEHUS. 0OMOMOK
ACUHXPOHHO20 dgueamens Ha pabomy Habaodamenell pasnozo 6uda. B pesynomame 6blnoaHeHHbIX
uccne008aHull yCMaHoeieHo, Ymo Habaooamenb CKOPOCMU NONHO20 NOPAOKA obecneuugaem
MUHUMATILHYIO  HOZDEUWHOCMb — UBMEPEHUsi  CKOPOCMU U MOJICem  UCNONb308AMbCsL 6
NEKMPONPUBOOE HAKILOHHO20 IeHMOYHO20 KOHBelepd.

Knrwouesvie cnosa: xoweeiiep NeHMOUHO20 MUNA; ACUHXPOHHBIN INEKMPONPUBOOD; BEKMOPHOE
ynpaenenue, adanmusHsle HAOII00amenu CKOpoCmu, MoOeIUuposaHue, noKazamenu Kaiecmsd.

Jna uutupoBanusi: MemepskoB B.H., Manryxos E.C., CmemxkoB A.B. Hccnenopanue
BEKTOPHOH aJanTUBHOW CHCTEMBI YIPaBJIEHHS ACHHXPOHHBIM 3JIEKTPONPHUBOIOM KOHBeWepa
nenrounoro tuma // W3sectus Beicumx y4eOHbIX 3aBenenuit. [IPOBJIEMbI DHEPTETUKU.
2022. T.25. Ne 3. C.41-54. d0i:10.30724/1998-9903-2023-25-3-41-54.

STUDY OF ADAPTIVE CONTROL SYSTEM OF ASYNCHRONOUS ELECTRIC DRIVE
BELT CONVEYOR

VN. Meshcheryakov, ES. Mantukhov, AV. Sdvizhkov
Lipetsk state technical university, Lipetsk, Russia

Abstract: THE POSSIBILITY of using various speed observers in a vector-controlled
asynchronous electric drive system proposed for use on an inclined conveyor belt transporting
iron ore concentrate is considered. THE PURPOSE is a comparative study of the dynamic
characteristics of the vector control system of an asynchronous electric drive when using a speed
sensor and speed observers of various types. THE RESEARCH METHODS are development of
mathematical models of observers, computer modeling and analysis of dynamic modes of
operation of the asynchronous electric drive vector control system when using a speed sensor and
various speed observers in the conditions of operation of an inclined conveyor belt, analysis of the
accuracy of speed measurement by the observers considered, taking into account the influence of
thermal changes in the active resistance of the asynchronous motor windings. With the help of
computer modeling, graphs of transient processes in the asynchronous electric drive system with
vector control are obtained, the results of modeling dynamic characteristics and quality indicators
in systems with a speed sensor mounted on the motor shaft and with speed observers. The degree
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of influence of the thermal change in the active resistance of the windings of an asynchronous
motor on the work of observers of different types is determined. AS A RESULT of the studies
carried out, it was found that the full-order speed observer provides a minimum error in speed
measurement and can be used in an asynchronous electric drive system with vector control when it
is used on an inclined conveyor belt.

Keywords: belt-type conveyor; asynchronous electric drive; vector control; adaptive speed
observers; modeling; quality; indicators.

For citation: Meshcheryakov VN, Mantuhov ES, Gladyshev VE, Sdvizhkov AV. Study of
adaptive control system of asynchronous electric drive belt conveyor. Power engineering:
research, equipment, technology. 2023;25(3):41-54. doi:10.30724/1998-9903-2023-25-3-41-54.

Beeoenue

HccnenoBanus HAmpaBiCHBI HAa MOBBIIICHHE Pa0OTOCHOCOOHOCTH ACHHXPOHHOTO
AJICKTPONPHUBOJIa KOHBEHepa JCHTOYHOrO THUMA 3a CYeT NMPUMCHEHHUS OC3MaTYMKOBON CHUCTEMBI
UICHTU(QHUKAIIMKA CKOPOCTH JBUTATEIISA, YTO ONPEACISICT UX aKTyalbHOCTh. Llenbio uccienoBanus
ABJIACTCA CpaBHCHHUEC IMYCKOBBIX XapaKTECPUCTUK ACHMHXPOHHOTO JJICKTPONPHBOAAa C BEKTOPHLIM
YIpaBJCHUCM, IMOJYYCHHBIX METOJOM KOMIIBIOTCPHOI'O MOJACIUPOBAaHUA, MPU HCIOJIb30BAHUHN
JaTYMKa CKOPOCTU M HAOIIo[aTeneld CKOPOCTH Pa3jIMYHOrO THIA B CJIOKHBIX YCIOBHSX PabOTHI
AJICKTPOINPHUBO/IA HA HAKIIOHHOM JICHTOYHOM KOHBEHepe ¢ AMAra3’0HOM M3MEHEHHs TEeMIICpPaTyphl
OKpy>Karouiei cpeibl B JETHUM M 3UMHMI Tepuoabl npepbimaromuM 60° C, U aHalu3 TOYHOCTH
I/IJICHTI/Iq)I/IKaLH/II/I CKOPOCTHU pPA3JIMYHBIMHU HU3BECTHBIMU Ha6J'I}O}IaTeJ'ISIMI/I npu TEMIICPATYPHOM
W3MEHCHUHU COMPOTHBIICHHS OOMOTKH cTaTopa. HayuHast 3HaUMMOCTh MCCIICIOBAHUIN 3aKITIOYACTCS
B NOJYYCHHWU HOBBIX PE3YyJIbTATOB, AOIOJHAIOMINX I/IMCIOU.[PIﬁCH B JIMTCPATYPHBIX HCTOUYHHUKAX
CHUCTCMHBIC JOAaHHBIE O TOYHOCTH I/I[[GHTI/I(i)I/IKaHI/II/I CKOPOCTH pPa3JIMYHBIMU HU3BCCTHBIMH
Ha6J’IIOZLaTCJDIMI/I Ipu HU3MEHCHHU COIPOTUBJICHUSA O6MOTKI/I cTraTropa, BCJICACTBUC U3MCHCHUA
TEMIIepaTyphl OKPYKAIOIICH CPE/Ibl B pACCMATPUBAEMOM JHATIa30HE.

COBpeMeHHaﬂ MMPOMBINUICHHOCTD MPEABABIISACT MOBBIIICHHBIC TpeGOBaHI/IH K HAaJIC)KHOCTHU U
3Hepro3pPeKTUBHOCTH PAOOTHI KCIOJIB3YyeMOro 00opymoBaHus. HaKIOHHBIN JICHTOYHBIH
kouBeriep [1b-1, pabotaromuii Ha npennpustuu [TAO «Muxainosckuit 'OK», ocHamieHHbII
JIOCTaTOYHO  SHEProdPQPEeKTUBHON W  OTHOCHTEIBHO MPOCTOM  CHUCTEMOH  YacCTOTHOTO
PEeryJupOBaHUs ACHHXPOHHOTO JJICKTPOINPHBOJA CO CKAISPHBIM YIIPABICHHUEM, MO3BOJIIONICH
BBITIOJIHATE PETYJIUPOBAHHUEC OT AaTYMKa CKOPOCTH, CMOHTUPOBAHHOTO Ha Bally JABUTATCIIA,
paboTaeT B TSKENBIX YCIOBHUSX OKPYXAIOMIEH Cpelabl MPU HATWYMH TBUTM B BO3JyX€, BBHICOKON
BJIQKHOCTH, IIO3TOMY HCIIOJb30BaHHE JATYUKAa CKOPOCTH CHIDKACT HAJCKHOCTh pPabOTHI
anekTponpuBoaa [1]. B ciyuae mepexona Ha cHCTEMY BEKTOPHOIO YIPABJIEHHS aCHHXPOHHBIM
BJICKTPONIPHUBOAOM, BO3MO>XHO MMPUMEHECHUEC 6C3I[aT'-II/IKOBOI\/'I CHUCTEMBI, 3TO SIBJIACTCA
MEPCHEKTUBHBIM PCIICHUEM, MMOBBIMIAIOIIUM HAJACKHOCTh U KAYE€CTBO YIIPABJICHUSA MCXaHU3MaMU
OOIIETIPOMBIIIUICHHOTO HA3HAUYCHUS, HAMpUMep JICHTOYHBIMH KOHBehepamu [2-4]. JlanHoe
pemICeHUE TMO3BOJIUT YMEHBUIUTHL CTOMMOCTHL IIPpUBOJA IIPU TMPOCKTUPOBAHWH, TaK KaK HET
HEOOXOIUMOCTH B 3aKyINKE JOPOrOCTOSIIEIO 000PYIOBAHHUS, B MOHTaXKE JaTUYHUKA U BBITOJHEHUH
KOMMYHHKAIMU ¢ HUM. [10 pe3ynbraTaM HCCIIe0BaHUS MOXHO OyIeT cAeaTh BHIBOI O HauboJjee
MOIXOAIIeM HaOIro1aTeNie K CUCTEME yIIPaBICHHS MJIEKTPOIPHUBOIA.

AHaJ'II/I3 HU3BECTHBIX HCCHC]IOBaHI/Iﬁ, HaIpaBJICHHBIX Ha COBCPHICHCTBOBAHUE ACUHXPOHHOT'O
AIIEKTPOIIPUBO/IA C MCIIOIH30BAHMEM HAOII0IaTeNell CKOPOCTH Pa3IMyHOro THma [4], mokassiBaer,
YTO TOYHOCTh HIEHTH(HKAIMK CKOPOCTH TpeOyeT TOYHBIX MAHHBIX CONPOTHUBICHUH OOMOTKH
acMHXpOHHOTO nBHUrateins (A/l), KOTOpBIE MOIBEPKEHBI TEMIIEPATYPHBIM U3MEHEHUSIM B YCIOBHSA
pa6OTBI JICHTOYHOTI' O KOHBeﬁepa CO 3HAYUTCIBHBIMHU CE30HHBIMHU HU3MCHCHUAMU TEMIIEPATYPhI
OKpY>Karollei cpepl.

C yuetoM O3THX OCOOEHHOCTEH pabOTBl  AJIEKTPONpPHBOJA  KOHBeHepa  ObIIH
chopmynupoBaHbl TpeOOBaHMS K HAOIIOAATEIIO CKOPOCTH:

— MUHUMYM MAaTEMaTUYCCKUX BBI‘[PICJTGHI/Iﬁ;

— MNOHMXCHHAA 9YyBCTBUTECIIbBHOCTh K HCTOUHOCTH ONPEACICHUA MapaMETpOB, BBOAUMBIX B
MO/IEITB,

— BO3MOXHOCTB €T0 (PH3UIeCcKOi HHTEPIIPETAIHH.

IIpoBenenne wuccnenoBaHuii paboThl HaOMIOgATENEeld CKOPOCTH B JHEProcOEeperarommx
CUCTEMAX DJJICKTPOIIPUBOAA IMECPEMEHHOTO TOKA, HCIOJB3YEMBIX Ha pa3HbIX MNPOMBIIIJICHHBIX
MexaHu3Max [5-7], B TOM 4uciie BEKTOPHBIX CHCTEM C DJIEMEHTAMH aJallTHBHOTO YIpaBiIeHHs [8-
10], vanbosee ymoOHO TIPOBOAWUTH METOJOM HMHTAIHOHHOTO KOMITBIOTEPHOTO MOJCIHPOBAHUS
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[15] ¢ ucnomp3oBaHHMEM MAKETOB NPOrpaMM, HAmpuUMep B mporpamMMmHoii obomouke MATLAB
Simulink.

Memoow

Pabora acuHXpOHHOTO 3MMeKTpornpuBoaa kouseitepa [1b-1 ¢ A/l Tuma AUP35554, Py = 250
KBT, ocylecTBISIONIEr0 TPaHCIOPTHPOBKY B  CKJIAJCKOE IOMEIICHHE JKEJIE30PYAHOTrO
KOHIIEHTpaTa, UCCIIeIOBaHa METOJIOM KOMIBIOTEpHOTr0 MosienupoBanus. Ha pucynke 1 npuBenena
cxema koHBeiiepa [1b-1, B3sTa U3 mpoekra Mo peKOHCTPYKIMH KOHBeWepa Ha npexanpusituu [1AO
«Muxaitnosckuiit 'OK».

Puc.1. Cxema xonBeliepa Fig. 1. Pipeline diagram
*HMcTouHUK: cocTaBlieHo aBTopoM. Source compiled by the author

Kunemarnueckasi cxema dJIEeKTPONPUBOA KOHBEHEpa COAEPKUT PELYKTOP, YTO IO3BOJISAET
COIJIacOBaTh CKOPOCTH JIBUTATEIsI M MEXaHHW3Ma, a TaKKe YBEJIMYUTh MOMEHT, NPHJIOKEHHOH K
npuBogHOMY Oapabany. C MPOTHBOIOJIOKHOW CTOPOHBI KOHBEWepa YCTaHOBIEH HENPUBOIHOMN
Oapaban i oOecrieueHHss MABMIKEHHS JIGHTBL. JIsl peryjaMpoBaHUS HATSDKEHUS JICHTHI
UCTIONB3YeTCs HaTshkHas ctaHiud. [loctymaronuii Ha neHTy KoHBedepa [1b-1 ceimyunit marepuan
3arpyaeTcs JOCTaTOYHO PaBHOMEPHO, M3MEHEHHE CTaTHYECKOH Harpy3kd Ha Baiy JIBUTaTess
MPOUCXOJNT TJIaBHO. MeXaHU3M SIBJISETCS BBICOKO HHEPIIMOHHBIM, BpeMsi pa3roHa cocrasisier 150
c. Temmeparypa OOMOTOK ABMrateisi HE OCTAeTCsl IOCTOSIHHOM, IMOCKOJIBKY Ha TEMIIeparypy
BJIMSIET CTaTWYecKasl Harpy3Ka JIBUTaTess, KpOME TOro, M3MEHSETCsI TeMIIepaTypa OKpYyKarolei
cpenbl. TeruioBoe uW3MEHEHHE CONPOTHBICHUS OOMOTOK BHOCHT HOIPEUIHOCTH B paboTy
HaOJII0AaTeNsl CKOPOCTH, YTO HEOOXOJMMO YYUTBIBATh MPU €TI0 BEIOOpPE U CHHTE3€ TapaMeTpOB.

Cucrema ynpaslieHHs TpeOyeT Hauuuus MHGOPMAMKU O CKOPOCTH JIIEKTPONPUBOAA,
KOTOPYIO MOXKHO MOJYYUTh WJIM OT JIaTYMKa CKOPOCTH, MM OT HaOmroziarensi ckopoctd. OOmmit
BUJI MHOTO()YHKIIMOHAJILHOM CXEMBI DJIEKTPOIPHBOJA, OCHAIIEHHOTO HaOI0JaTelieM CKOPOCTH,
paspaboranHoii B pabote [4], npencTaBieH Ha pUCYHKeE 2.
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Puc. 2 -  MuoropyukiponaneHas — cxema Fig. 2/ Functional diagram vector control of an

ACHHXPOHHOTO NPHUBOJIA ¢ HAOMoAaTeeM coctostuust  asynchronous drive with an observer
*Hemounuk: cocmasnerno asmopom. Source: compiled by the author

WccnenoBanme paborel HaOmomaTene CKOPOCTH B paccMaTpHUBaeMON — CHCTEME
3JIEKTPOINPHUBO/JIA, PE3YJIbTATHl KOTOPHIX NMPUBEACHBI B JAHHOM CTaThe, MPOBOJUIOCH METOJIOM
KOMITBIOTEPHOTO MOJEIMPOBAHHS C UCIIOJIB30BAHIEM PACCMOTPEHHBIX HIKE OJIOK-CXEM MOJAEnei,
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pa3pabOTaHHBIX aBTOpPaMH CTAaTbU. BpeMcHHBIC 3aBHCHMOCTH IEPEMEHHBIX JBUTATENSA MPH
MPUMEHCHUU JaTYMKa CKOPOCTH M HAOJIOAATeNeld CKOPOCTH, MPHUBEICHHBIC HUKE, MOIYYCHBI
aBTOPaMU CTAThbH B PE3YJIbTATE BBHIOJHEHHOTO KOMIBIOTEPHOTO MOJIEIUPOBAHUS.

Ha pucynke 3 mpuBeneHa KOMIBbIOTEpHAsE MOJENb BEKTOPHOU cucTeMbl ynpaBieHus AJll,
MO3BOJIAOIAS MOAETUPOBAThH MYCK 3JEKTPONPUBOA MPU UCTIOIH30BAaHUH TATYMKA CKOPOCTH.

Vector Control of AC Motor Drive

Vector Control3

step Torque
selection
(N.m)
Tm
A
. ﬂ— DC Voltage Source
o . 1
AAP35554 IGBT Inverter
260kW Scope
L o
i " labe (&)
labe (4)
abe (A4) <Rotor speed (wm )=
p1 <Rotor speed (wm )= <E lectrom agnetictorue Te (N*m J=
1 “

Puc. 3. KommbrorepHas Mojiesib BektopHoii cucrembl  Fig.3. Physical model of the vector control system
yIIpaBJIeHUs
*Uemounuk: cocmasneno agmopom. Source: compiled by the author

Pe3ynomamui
Pe3ynbraTel MOEIMPOBAHUS ITyCcKa IEKTPONPUBOJIA C JATYHUKOM CKOPOCTH, TTOKA3aHBI Ha
pHUCyHKe 4.

50 100 150 200 250 0
c

Puc. 4 - BpeMeHHbIC 3aBUCHMOCTH: & - TOKa cratopa;  Fig. 4- Time dependences: a-stator current; b-speed;
6 - CKOPOCTH; C — MOMEHTA B CHCTEME C JATYHKOM c-moment in a system with a speed sensor

CKOPOCTH

*Ucmounux: cocmasneno asmopom. Source compiled by the author
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CxeMa KOMIBIOTEPHOU MOJENH 3IEKTPOIPUBOJIA C HAOII0AaTeIeM CKOPOCTH, [IOKa3aHa Ha
pHCYHKE 5.

Constant

Zad_speed
torque Vector Control
0 —,— Zad_speed
pulses speed
T
:::E Torque
selection
(N.m)
Tm Ll
+@B——mn
A a .
m J— DC Voltage Source
B l B T
-l—mn
C
Induction Maotor IGBT Inverter
AWF3IE554
250w
T 1abe(a)
4 < Rtor speed (wm)>
¥ »

| Us_a
<Stor witage w_d (V)= -

plis =

<Stator current is_d (Al

» is_b
<Stor wltage w_g (V)= -

o Us b

<EStor curent &_g (A=

Blodk Observer State

Puc.5. Mogenp  cucrembl  ympasienust ¢ Fig. 5 Sensorless control system
HabJIr0/1aTeNIeM CKOPOCTH

*Ucemounuk: cocmasgneno aemopom. Source compiled by the author

Jlns HaGmoaTens ¢ uAeHTH(GUKaIKEl MOTOKOCIEIUIEHHUS] pOTOpa CHCTEMa ypaBHEHUS
UMeeT BUL!

L
Vra :Lr'(J.(USa_ISa'Rs)dt_G'Ls'Isu)
m

‘Vra:j

N

Vi =|'_‘—r;-([(usB “lg -Ry)dt—o- L Igs)

1
ﬁ'(lsa'l—m _‘lfra)_pn '@'Wrﬁj
1

Vi ZI ﬁ'(lsﬁ'l—m _\VrB)+pn '(D'\Vraj

CumMBoJioM * 0003Ha4aeTCs OICHOYHOE 3HAUCHHE U3 MOJIEII POTOpa.
CkopocTb onpesensercs mo Gpopmyse
N N AN

We = kp"’Fi ) \Vra'\VrB_\VrB'\Vra )

Peanmzanuns agantueHOrO HaOmonartelns ¢ WAGHTH(UKANWEH MOTOKOCIEIUIEHHs pOTOpa C
(uIBTPOM IpescTaBlieHa Ha PUCYHKE 6.
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PELYIUPYIOULWW ALANTEP

n :
Produzia
Pecman w

e
exapoctn Dhals

Puc. 6 - Mogens amantuBHoro HaOmozmarenas ¢ Fig. 6 - Model adaptive the observer working on
uneHTudukanyeii  morokocuemieHuss poropa ¢ based on comparisons flow coupling of the rotor
MPUMEHEHHEM CTIIaXKHBAIOIIEr0 QHIIBTPa with the use of smoothing filter

*Ucmounuk: cocmagneno agmopom. Source: compiled by the author

HpI/I MOACINPOBAHUHN pAaCCMATpUBAJINCh BPEMCHHBIC 3aBUCUMOCTH CKOPOCTH, MOJTYUCHHBIC
C Ha6J'IIO,I[aTeJ'I$[, a TakKXXE TOKa CTatopa M MOMCHTA JABUTATCJIA, HOJYYCHHBIC H3 MOACIH
QJICKTPOIIPHUBOAA.

PeSyJ’IBTaTLI MOACINPOBAHUA aJalITUBHOI'O Ha6J'IIOZ[aT€J'I$[ C H,Z[eHTI/I(I)I/IKaHI/Ief/’I
MOTOKOCHCIUICHUA POTOpa € (1)I/IJ'IBTp0M, YCTAaHOBJICHHBIM Ha BbIXOAC MOJCIMN CTATOPA, MMOKa3aHbI
CHHHUM [BCTOM HA PHUCYHKE 7, aun 7, 6, Ha 3THUX KXC PUCYHKAX, 4 TAKIKC Ha MOCICAYIOMNX PUCYHKAX
KpAaCHBIM LBETOM ITOKAa3aHbI Fpa(l)I/IKI/I B CUCTEMC C JaTYUKOM CKOPOCTH.

ESD‘

W, —-(n-\.r-'-

paxie|

100

S0

t.c
O £ 0 O] 350 pi z
a 6

Puc. 7. Bpemennsie 3aBucumoctH: a — Fig. 7. Time dependences: a- stator current; b-speed

CpaBHHUTENbHAs XxapakTepucTuka ckopoctu mpu in the presence of an output filter in the stator and
HAJMYMK BBIXOJHOTO (uibTpa B Ilemu cratopa u  rotor circuits

poTopa; 6 — CpaBHMTENbHAs XapaKTePHCTHKA

MOMEHTA HPH HAJIMYMH BBIXOAHOTO (GHIBTPA B LENH

CTaTopa M poTopa

*Hcemounuk: cocmagneno asmopom. Source compiled by the author

W3 pe3ynbTaToB MOAENMPOBAHUS CIEIYyeT, 4TO HaOuoaaTeslb 00ecednBaeT NpakTHYECKN
UIGHTUYHBIE C JaTYUKOM CKOPOCTH 3aBHCHMOCTH IO CKOPOCTM M MOMEHTY 3a HCKIIIOUEHUE
MEepPEXOAHBIX TPOLECCOB, TIJe KojeOaHWs MO MOMEHTY YBEIMYUBAIOTCS, YTO HETaTUBHO
CKa3bIBAETCs HAa IIPUBOJIE.

Bt wccnenoBaH METOA CHIDKEHHS! KojeOaHMH MOMEHTa, 3aKIIOYaloIIUiics B 3aMEHE B
CHCTEMe YIMpaBICHUsI HMHTErpaTopa Ha amepuogudeckoe 3BeHO W nobaBnenuu [1M-3Bena (Ha
PHCYHKE BBIIEIICH XKEITHIM 1[BeTOM). Peann3auuns MaTeMaTH4eckoil MOJEIM TaKoro aJanTHBHOTO
HaOJIo1aTeNs MpecTaBlIieHa Ha PUCYHKE 8.
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(L IER L LR

Puc. 8 Mopens anmantuBHOro Habmrogatens ¢ Fig. 8 - Model of an adaptive observer operating on
uneHTHuKanueil morokocuerieHus  poropa ¢ the basis of identifying the rotor flux linkage using
anepuoandeckuM ¢rsrpom u [11-38eHOM an aperiodic link filter and setting a P1 controller
*Ucemounuk: cocmagneno agmopom. Source compiled by the author

BpeMeHHbIe  3aBUCHMOCTH, XapaKTepHble JJs  aJalTHBHOrO  HaOmojaTtenst ¢
ueHTUGHUKAUK TOTOKOCLEIUICHHIT poTopa ¢ amepuoaudeckuMm ¢wistpoM u [11-3BeHOM
NpUBEJICHBI Ha pUCyHKax 9, a u 9, 6.

150
W,
pax'e

100

50

2000

Puc. 9. Bpemennsie 3aBucumoctd: a — Fig. 9. Time dependences: a- stator current; b-
CpaBHHUTENbHAs xapakTepucTuka ckopoctu mpu  Velocity, with an observer limiting the flow coupling
nobasmennu  [IM-3Bena; 6 — cpasuurensHas  Of the rotor

XapaKTepHCTHKa MOMEHTa mpu pobaBmeHmn [1U-

3BCHaA

*Hcemounux: cocmagneno agsmopom. Source compiled by the author

Habmogarens ¢ momomauTensHEIM [1M-3BeHOM Ooiiee HaleKeH, YeM OMFCAaHHBIC BHIIIEC
CHUCTEMBI YIpaBJICHUS C OrpaHHYCHHEM IIOTOKOCHECIUIEHUS poTopa, nobaeneHue [1M-3BeHa
CHIDKACT CTATHUYCCKYIO OIIMOKY JaXke NP 3HAYCHUSX COMPOTHUBIICHUS, ONM3KUX K JOIMYCTHMBIM
MPEACIIbHBIM.

Habmogarenn, BBEUUCIIONIME MMapaMeTphl IO pe3yibTaTaM aHajm3a TOKa CTaTopa,
XapaKTepU3YIOTCS BBICOKOM TOYHOCTBIO ONPEIENICHUs NapaMeTpoB B JHAa30HE HU3KHUX
CKOPOCTEH, MOCKOJIbKY PaCUETHBIE M U3MEPEHHBIE 3HAUEHUS JIMHEUHBI.

YpaBHEHUSI, CBSI3bIBAIOIINE TIOTOKOCUEIUIEHHE POTOPA U TOK CTATOpa UMEIOT BUJ

Tr d\V Yo

dt Vg = lsg L = Tr -0 - Yip,

d\VrB
T — dt +yg =lsg Ly —Tp - 0g - Wy,
Bpra)KeHI/ISI JUIs1 OUCHUBACEMBbIX 3HAYEHUI TOKa cTaTopa UMCHOT BU
" 1 d
lso = ——| Wy + Ty - AWra + T 0 Wi |
L, t
T 1 Ay
Isg = +T,- -T,-®
B = I—m | Vi dt e Vra

PaSHI/IHa MEXKAY p€ajIbHbIMH U OLICHMBACMbIMH TOKAMU
N T N
lsy = lsa = Vip *| We —We |,
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Peanuzanus aganTUBHOTO HaOJIIONATEIs, aHATTM3UPYIOIIETO TOK CTaTOpa, MPEACTABJICHA Ha
pucynke 10.

e K = — IIOCTOSIHHBIH KO3((DHULIUEHT.

MORENk CTATOPA (3TANOHHAR MORENL) MOREN, POTOPA (ARANTHEHAR MOENL) ARATTER.

Puc.10. Mogens  amamruBHOro — HaGmomarenst  Fig. 10. Model of adaptive stator current observer
AHAIM3MPYIOIIEro TOK CTATOpa
*Hcmounux: cocmaeneno asmopom. Source: compiled by the author
PesynbraThl, mOMydeHHBIE MPH MOJACIHPOBAHUH aJalTHBHOTO HAONIOJATeNs] CKOPOCTH,
aHATM3UPYIOIIETO TOK CTaTopa, MPeCTaBICHH Ha pucyHKe 11.
160

w, pax'e
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fi

Puc. 11 Bpemennsie 3aBucumoctH: a — Fig. 11. Time dependences: a- stator current; b-
CpaBHUTENIbHAs  Xapakrepuctuka ckopoctu ot  Velocity, with an observer analyzing the current
HaOmrofarens 1O TOKy; O — CpaBHHUTEIbHAs

XapaKTepHCTHKAa MOMEHTA OT HaGJIF0JaTessl 10 TOKY
*Ucemounux: cocmasneno aemopom. Source compiled by the author

PesynbraThl TOKa3zagw, 49TO (haKTHYECKash CKOPOCTh M CKOPOCTh, pPacCUHUTAHHAS
HaOJIFO1aTeNIeM, aHATM3UPYIOIIMM TOK CTaTopa, MPAaKTUYeCKH coBmaaamT. Ha rpaduke MOMeEHTa,
MOJIy4eHHOTO TIpu paboTe HaOmoJaTeNss, MUMEITCS KojeOaHUs MOMEHTa ABUTrarens. Takue
KOHe6aHI/IH HNMCIOT HETAaTUBHOC BJIMAHUEC HA IIPUBOJ, HA €T0 HAACKHOCTH U JOJITOBEYHOCTD.

HaGmronarenb, BBITIOJHEHHBI Ha oOcHOBe ompeaeneHus OJIC, umeeT Oo0NbIIyIO
MOTPEIIHOCTh IPY HU3KOU CKOPOCTH IBUTATEIIs, Koraa npotuBo-2/]C uMeeT Maioe 3HaueHHe.

Cucrema ypaBHeHui Habmrogarens no D/]C nMeeT cieayromui Bu

L d
Era:ﬁ' US(l_ISa'RS_G'LS'ISa'a ’
L d
ErB:Lir USB—ISBRS—GLSISBE y
m
1
Erq :ﬁ'(lsa'Lm _\Vra)_pn "0 Y,
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1
ErB :ﬁ'(lsﬁ ‘Lm _\Vrﬁ)+ Pr @ Yy
CKOpPOCTP BEIpaKkaeTcs
N k- N N
We = kp+—| . Em'ErB_ErB'Era

p

Peanuzanust amantuBHOrO HaOmonarens ¢ wupaeHtudukanumedn 3JIC mpencraBieHa Ha
pucynke 12.

WOLIETE CTATOPA (31 ANOHHAR MORENE)

PELYIMPYIOWHA ARATITEP

Puc. 12 - Mopuenp anmantuBHoro Habmomarenss no  Fig.12. Model of an adaptive EMF observer
3JIC
Hemounux: cocmasaeno asmopom. Source: compiled by the author
PesymbraThl MOmenMpOBaHUS ~ANANTHBHOTO HAOMIOAATENs CKOPOCTH Ha  OCHOBE
unerTudukannu 3J]C poropa moka3aHsl Ha pucyHkax 13, au 13, 0.

180 - - T . T yene, M-Hu

g0
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& %0 100 e FIT 20 U0 W 16 150 P11 300
a [4]
Puc. 13 Bpemennsie 3aBucumoctd: a — Fig. 13- Time dependences: a- stator current; b-
CpaBHUTENbHAs  Xapakrepuctuka ckopoctu ot  Velocity, with an observer identifying EMF
HaOmomarens mno DJIC; 6 — cpaBHUTEIbHAs

XapaKkTepHCTHKa MOMeHTa oT Habmozaatens o DJ1C
*Hemounuk: cocmasnerno asmopom. Source: compiled theauthor author

W3 pe3ynbTaToB MOMACIMPOBAHUS BHIHO, YTO CKOPOCTH M MOMEHT, ()aKTHUECKUE U
paccYMTaHHbIE C HCIOJIb30BAaHUEM HAOJIOAaTeNsl MPAKTUYCCKH COBMANAIOT, HO Ha rpaduke mo
MOMEHTY BUJHO, YTO BO BpeMs MEPEXOJHBIX MPOIECCOB UMEETCS MOTPEIIHOCTh U HAOIIOJAI0TCS
KoJsiebaHus.

Habsroqatenb MOHOTO TOPSIIKA B XOJ€ BRIYUCICHUN MCIIOIB3YET BCE JHOCTYITHBIC JTaHHBIC
AIEKTPOMATrHUTHBIX MPOIECCOB, YTO YBEIMUYMBAET O0O0bEM BBIUMCIICHHU. [laHHBIH HaONIOAATENH
obecreunBaeT MUHUMAJIBHYIO CTAaTUYECKYIO OIIMOKY U TIOJBEPraeTcsl MEHBIIEMY BIHSHHIO OT
W3MEHEHHUsl TIapaMeTpoB BO BpeMsi pabOThl MpUBOJA. BhIpakeHus, ONMUCHIBAIOIINE HAOIIOAATETh
MOJIHOTO TIOPSIIKA, MOXHO TOJNYYUTh MYTeM paccMOTpeHHs I depeHINaTbHbIX ypaBHEHUH
craTopa.

d 1 1 oc-L, d

= U, — A R. — S =,
dt‘lfra K, sa K, sa s K, dt s*
d 1 1 c-Lg d

S Wa=—Uwpn——-1lx -R.— e,
AT SRS BRSSPSR T
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d R k, d 1
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Hcnons3ys cucteMy 0003Hau€HHUH, TOTYYNM JaHHBIC YPaBHEHUS B yJJOOHOM BHJE
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HpOI/I3BO[[HLIe HpOCKHHﬁ HOTOKOCHCHHGHI/Iﬁ poTopa onpeaACIA0TCA
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e =, App=-—, 22 =0
Tr Tr
CoBMeCTHOE PaCCMOTPEHHUE MPHUBEICHHBIX YPAaBHCHUH MO3BOJISCT MPEICTABUThH 3aKOH
aganTtanyvu B CJICAYIOIEM BUIC
AN AN AN

k.
We = kp"'Fl ' AISa'WrB_AISB'\Vra

Peanusanust aganTUBHOTO HAOJIOIATENs MOIHOTO TOPsAKa MPEeACTaBIeHa Ha pUcyHKe 14,

Puc. 14 Mogens amantuBHoro HaGmomarens Fig.14 Adaptive observer model full order

TIOJTHOTO MOPSAIKA
*Ucmounux: cocmasneno asmopom. Source: compiled the author

PesynbTarel, TONydyeHHBIE TP MOJACTUPOBAHWUU HAOIIONATENS TIOJTHOTO TOPSIKa,
MOKa3aHbl Ha pUcyHKax 15, a u 15, 6.
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Puc. 15 Bpemennsie 3aBucumoctH: a — Fig. 15 Graphs: a — comparative characteristic of

CpaBHHTENbHAs  XapakTepucTHka ckopoct oT  Speed from an observer of full order; b —
HaOIrOIaTeNs OJTHOTO HopsiaKa; 6 — cpaBHHUTENbHas — comparative characteristic of the moment from an
XapaKkTepuCTHKa MOMeHTa oT Haburomarest mojaoro  observer of full order

MOpsiIKA.

*Hcemounuk: cocmasneno asmopom. Source: compiled the author

W3 pe3ynapTaToOB MOIEIUPOBAHUS CIEAYET, 4YTO TrpadMKH CKOPOCTH U MOMEHTa OT
HaOmoaarens ¥ GpakTHueckre U3MEPEHHbBIE TaTYMKOM CKOPOCTH MPAKTHUECKH COBIA/IAIOT, TaK JKe
MOXHO OTMETUTb, 4YTO HAOJIIOAATENhb HMMEET MalIyl0 CTaTHYecKyl0 OHIMOKY NpH KpalHHX
3HAYEHHAX MOTPEITHOCTH CONPOTHUBIICHUS, BHOCHMBIE B Pa0OTY HAOJIO1aTes.

Jns Ooiee fAeTanpbHOTO aHAIW3a pPE3yJbTaTOB HCCICNOBAaHUSA OBUIM  OIPEAENICHBI
CTaTU4ecKHue OUIMOKU OIpeesIeHUs] CKOPOCTH IPU YCIOBUHU BHECCHMs MOTPEIIHOCTH B 3HAUCHUS
AKTUBHOTO COINPOTHUBJICHUS CTaTopa M aKTHBHOIO COIPOTHUBJICHUS poropa. /[l anHanusza
CTaTHYECKOH OIIMOKM ONpe/ieieH sl CKOPOCTU MCIIOIb30BaH METO HHTETPUPOBAHUU MI'HOBEHHBIX
3HAYEHUH BBIXOJHBIX IIEPEMEHHBIX IEKTPOIPUBOAA. BrIpaskeHue, KOTOpOe MO3BOJISAET BEIUUCIUTD
UHTETPAJIbHBII KPUTEPHUM KauecTBa, UMEET BUJ

tKOH

g 0y (B, By 1)~ 0 (O] dt
L(By. Bys-Pnst) = i~ 100% *
NG
tHa‘i

rne & ([, f,,..3,,t) — 3HaUEHHS CKOPOCTH, TOTYIEHHBIC OT HAOIIOAATEIS;
@,(t) — 3HaYCHHE CKOPOCTH MONYYECHHE OT YCTAHOBICHHOTO 1aTIHKa;

By, BB, — TapaMeTpsl JIeKTPOIPHBO.IA.

CrpyKTypHas cxema, peaqu3ylolasi METO]| BBIYUCICHHS MapaMeTpUIecKoi poOacTHOCTH,
MpHUBE/ICHA HA pUCYHKE 16.

] o)

o JeKTpONpHBOA ¢ o) T A | \l 1 .[

nabaoaatenem paife

COCTOSIHHS

K I I
— {100 (—
0., %
JAeKTPONpPHBOA
C laTYHRAMNI o (9
. |(.) (t)| —> I
nepeMeHHbIX pave
COCTOSTHHS

Puc. 16 CrpykrypHas cxema, peamusyromas meron Fig. 16- Block diagram of the method calculations
BBIYHCIICHUSI HHTETPAIBHOTO KPUTEPHSI KAueCcTBa integral quality criterion
Hcemounuk: cocmaeneno asmopom. Source: compiled by the author

Bo Bpemst paboTbl B AJ] mpoucxoIAT M3MEHEHHUs] apaMeTpoB, HauOoOIbIIee BIMSHUE HA
TOYHOCTh BBIYHMCIIEHMH HMEIOT aKTHBHBIE COINPOTHBIIEHHS OOMOTOK. Pe3ynbTaThl orpeneneHus
cTaTH4YecKoi ommuOKku mpu yBennueHuH Ha 40% u ymeHpmeHnun Ha 40% 3HaueHWI aKTUBHBIX
COIPOTHUBJICHUH OOMOTOK JABHIaTeNs MpeJCcTaBlIeHbI B Ta0muie 1.
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MakcuMaibHas omnoka OIIPCACICHNS CKOPOCTHU alalITUBHBIMU Ha6.HIOIIaTeJ'I$IMI/I Ipyu UBMCHCHUHN

AKTHUBHBIX COHpOTHBHeHI/Iﬁ c¢TaTopa u poTopa

Maximum speed error by adaptive observers when changing stator and rotor active resistances

Bux nccneryemMoro aganTHBHOTO HaOIIOaTeNst
TpenienbHoe Hab6mromarens
COTIPOTHUBJICHHUC Ha6mogarens o Hab6mronarens, Ha0imona
6 ITOTOKOCIIETLIC Ha6monarens,
OOMOTOK ITpH momoToKoCHeNe | Tona aHAIM3UPYIO N Telb
N3MEHEHMSIX HUIO pOTOpa C (1)1}/1?15 :p(())s[ HC muit TOK — 9;[ Cp }(I(I;) TIOJTHOTO
TEMIIEPATyphl 0 () ° 0
¢umsTpoM (%) I-38eHoM cratopa (%) nopsiaxa (%)
(%)
1,4R;

98,36 1,83 53,78 0,99 2,3
14R, ) ' ' ' )
1,4R,

94,72 0,65 10,19 0,761 0,34
0,6R,
0,6R

. 5,616 16,09 26,69 1,232 2,193
1,4R,
0,6Rg
1,07 6,241 9,324 1,13 0,5
0,6R,

Hcemounuk: cocmasneno asmopom. Source: compiled by the author

Buieoow

CoBpeMeHHBIE TPOTPAMMHBIE CPEICTBA KOMIIBIOTEPHOTO MOJAEIMPOBAHUS IO3BOJIIOT
MOJICTIMPOBaTh AWHAMHUYECKHE TIIPOIECCHl B CHCTEME AaCHHXPOHHOTO BJEKTPONPHBOAA C
BEKTOPHBIM YIPaBJICHNUEM C HCIIOJIb30BAHUEM HAOII0AaTeIel CKOPOCTH PA3IMYHOTO THIIA.

BbruncianTenbHas MOLIHOCTH COBPEMEHHBIX — YNPABIIONIMX KOHTPOJUIEPOB  AETaeT
BO3MOXKHOH MNPaKTHYECKYI0 PEAM3alMI0 W BHEAPECHHE HaOJIOAaTeNed CKOPOCTH B CHUCTEMBI
YIPaBICHUSI AaCHHXPOHHBIMH 3JIEKTPOIPHBOJAMH, UTO TO3BOJSIET OTKA3aThCsl OT HCIIOIb30BAHMS
JaTYNKOB CKOPOCTH, YCTAaHABIMBAEMBIX Ha BaJly MABHrareleii M TOBBICUTh HaIEXKHOCTb
3JIEKTPOIIPUBOJOB  PA3NMYHBIX IPOW3BOJACTBEHHBIX MEXAaHM3MOB, HAaNpUMEp HAKJIOHHBIX
KOHBEHEPOB.

AHanu3 pe3ysbTaToB KOMIBIOTEPHOT'O MOJIEIMPOBAHHS CHCTEM BEKTOPHOTO YIIPABICHHS
AJl ¢ paccMaTpuBaeMbIMH HaOJIOAATENsIMHM TIOKas3aj, 4YTO TPH YCIOBHAX HW3MEHEHHSA
CONPOTHUBJICHUSI OOMOTOK ACHHXPOHHOT'O JIBUTaTeNs, HauOOJBIIYI0 TOYHOCTh HAECHTH(UKAINU
CKOpOoCTH o0ecrneunBaloT HaOmomarens, aHammsupytomunit 9/IC, u Habmomarens MOJIHOTO
HopAIKa.

BrinosHeHHbIE HCCeI0BaHMS TTOKa3aly, YT0 HAOII0AaTelb TOJHOTO TTOPSAKA ITO3BOJISIET
MOJYYUTh HAWITYYIIHE Pe3yNbTaThl HACHTU(PHUKAIIMNA CKOPOCTH 3JIEKTPOIPHUBO/IA, 1 BOZMOXHA €ro
MpakTHYecKass peanu3als B CHCTEME ACHHXPOHHOTO 3JEKTPONPHBOJA C  BEKTOPHBIM
YIpaBICHUEM, CIIEIOBATENIBHO 3TOT JIJICKTPOIPUBOJ MOXKET OBITh PEKOMEHIOBAaH I
WCTIONIb30BaHMS HAa HAKJIIOHHOM KOHBEHepe JIEHTOUYHOTO THIIA.

[loxyueHHsle B JaHHOM HCCIIC[OBAHUHM JWHAMUYECKHE XapaKTEPUCTHKH CHCTEMBI
3JIEKTPOIIPUBOJA C BEKTOPHBIM YIpPABICHHEM M HAOJIOAATENsIMA CKOPOCTH pPacHIMpSIOT H
CHCTEMaTH3HPYIOT HM3BECTHBIE M3 APYI'MX HCTOYHHUKOB JaHHBIE O TOYHOCTH HJICHTHU(HUKAIIH
CKOPOCTH PpAa3IMYHBIMH H3BECTHBIMH HAOJIOJATENsIMH IPH  TEeMIIEpaTypHOM HM3MEHEHUH
CONPOTHUBJICHHUSI OOMOTKH cTaTopa. I10CKONBEKY M3MEHEHUsI TeMIIepaTyphl OKpYXKaloliel cpensl B
pPacCMOTPEHHOM JHala30HE XapakTepHbl AN ILEHTpaldbHOI M ceBepHOl uactu Poccuiickoit
®denepanuy, SIEKTPONPUBOABI M CPEACTBA ABTOMATUKM, YCTAHOBJIEHHBIE HA OTKPBITOM
TEPPUTOPUH TIPEANPHUATHH, TOIKHBI BEIOMPATHCS C YyUYETOM 3THX OCOOEHHOCTEH KIMMaTHYECKOH
30HBI.

PesynbraThl McciieIoBaHUi MOTYT OBITH HCITOJIB30BAHBI HA PACCMOTPEHHOM HAKJIOHHOM
JIEHTOUYHOM KOHBelepe, a Takke IpU IPOEKTUPOBAHHMM U MOJEPHU3AIMU 3IIEKTPONPUBOJOB
MEXaHN3MOB  OOIICNPOMBINIIEHHOTO M CIIEHUAIBHOTO Ha3HAYeHUs C  peryIupyeMbIMU
ACHHXPOHHBIMH 3JIEKTPOIIPHUBOIAMH C HAOJIIOAATENSIMA CKOPOCTH.
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AHAJIN3 TEXHUYECKOI'O YPOBHSA PABPABOTOK B OBJIACTH MOBUJIBHBIX
3APSATHBIX YCTAHOBOK JUISAA SJIEKTPOTPAHCIIOPTA

Cadun A.P., Bacenko B.P., Huzamues M.®., Iserkos A.H., Ilerpos T.H.

Ka3zaHckmnii rocyfapcTBeHHbIN YHepreTHYecKuii yHuBepcuTeT, I. Kazansn, Poccus
vasiliybas123@mail.ru

Pestome: AKTYAJIPHOCTD. Omcymcmeue 1e2K0OOCMYNHBIX 3APAOHbIX CMAHYULL CAHOBUMCSL
He2amusHuiM paxmopom pocma eneopenus snekmpomoodunel. CredogamenvHo, NIAHUPOSAHUE U
pasmewjenue 3apAOHbLIX CMAHYull Habupaem 000pomvl cpedu ucciredosameneti 80 8cem Mupe.
OO0HuM u3 nepcnekmueHbIX peuleHuil A6IAemcs UCHOIb306AHUE MOOUTLHBIX 3aPAOHBIX CMAHYUL,
KOmopble MO2ym peuwiums npobiemy cmayuoHapHocmu cyuecmeyrowux pewenuu. LEJIb. /[na
nOOmeEepIICOeHUss AKMyarbHOCMU UCCIe006aHUS U ONPEOENeHUsl COBPEMEHHO20 MeXHUYECKO20
ypoeHsi 6 obnacmu 3apAOHLIX CMAHYUli Ol DNEKMPOmMpancnopma (01s CpAGHeHUs ¢
paspabamuieaemoii mexuonoeueti Ha 6aze Kasanckozo zocydapcmeennozo sHepeemuieckozo
VHUBEpCUmMema u nPou3800CMEEHHO20 00beOUHEHUsL « 3apHUYay), NPou36e0eH anaiu3 nameHmHou
ungopmayuu. METO/IBI. Asmopamu cmamvu 6vLiu onpeoeienvl mepMutbl U Kirouegble closd OJis
ananusa, npoeeder cOOpP OAHHLIX HA CREYUANUUPOBAHHLIX CAUmMax u Ovll nposedeH noopoOHbLI
aHanus pada NAmeHmMo8 pasHblX cmpaw, ucciedosamenvckux opeanmuzayui. PE3YJIPTATHL
Maxcumansneiii ypogenv pazpabomox naxooumcsa na yposwe TRL 3-5, no amanuz namemmmuotu
AKMUGHOCMU 2060pUM O pOCME HYUCIA O00BLEKMO8 UHMENNeKMYANbHOU COOCMBEHHOCMU, YMO
Modcem 2080pums 0 Oyoyuem peskom yeeaudenuu ypoeus TRL, u neobxooumocmu cobcmeentvix
Paspabomox 20moewix 015 CepUliH020 NPou38o0Cmed, 08 Ye2o asmopamu paspabomara 610K-
cxema paspadamvleaemol MoOUNLHOU YCMAHOBKU 3apsod 2NeKMPOMPAHCNOpma, ¢ YKA3aHUuem
0cobeHHOCmell: 803MOJICHOCHb  6b10ABAMb MOWHOCHb 6 cemb, becnpogoonas 3apsaoka Ons
9NEeKMPOMPAHCNOPMA, ~HAIUYUE B6CeX OCHOGHLIX TMUNOE 3apA0OK Ol dNeKmpomoouel,
B03MOJICHOCIb  UHMEZPayuu  GO300HOBNAEMbIX — UCHOYHUKOE — dHepeuu,  OUHAMUYECKOe
pacnpeodenenue duepeuu. 3AKJIFOYEHUE. Texnuueckuil yposeHb paspabomox 6 obracmu
MOOUNIbHBIX 3aPAOHBIX YCMAHOBOK OJ1A INEKMPOMPAHCNOPMA He NO360JAem 2060PUMb 0 2OMOBbIX
Ppeuenusx, Komopule MOJICHO UCNONb308aMb OJi pA36UmMuUs 3apsaoHou ungpacmpykmypor PO, u
paspabomxa omeyecmeeHHO20 peweHUs: 8 8U0e CEPUIIHO20 NPOU3BOOCHBA HEODX0OUMA.

Kniouesvie cnoea: snexmpompancnopm; MoOUNbHAA ~ 3APAOHAS  YCMAHOBKA; YPOBEHb
MEeXHUYECKOU 20MOBHOCTIL, 3aPSIOHOE YCIPOLICMBO, 3apSOHas UHppacmpykmypa.

Brazooapuocmu: Ilybauxayuss cmamvu ocywecmeniena 6 pamkax npoekma «Opeanusayus
BbICOKOMEXHONLOSUUHO20 NPOU3EOOCIBA MOOUNLHBIX YCMAHOBOK 3apida 3AEKmMpPOmMpaHCcRopma
BbICOKOU ~ MOWHOCMbIO € UHMESPUPOBAHHOU CUCMEMOU HAKONACHUSI  DJIeKMPOIHEPSUUY,
Coenawenue Ne075-11-2021-048 ¢ Munobprayxu P® om 25 uons 2021 2.

Jns nurupoBanus: Capun A.P., Bacerko B.P., Huzamues M.®., I{setkoB A.H., [letpos T.U.
AHaM3 TEeXHHYECKOTO YPOBHS pa3pabOTOK B 00JaCTH MOOWIBHBIX 3apsSIHBIX YCTAHOBOK IS
anekTpoTpancnopra // WM3Bectus Boiciiux yueOHbIX 3aBeacHuil. [IPOBJIEMbI DHEPT'ETHKU.
2022. T.25. Ne 3. C. 55-64. d0i:10.30724/1998-9903-2023-25-3-55-64.

ANALYSIS OF THE TECHNICAL LEVEL OF DEVELOPMENTS IN THE FIELD OF
MOBILE CHARGING INSTALLATIONS FOR ELECTRIC TRANSPORT

AR. Safin, VR. Basenko, MF. Nizamiev, AN. Tsvetkov, TI. Petrov

Kazan State Power Engineering University, Kazan, Russia
vasiliybas123@mail.ru

Abstract: RELEVANCE. The lack of easily accessible charging stations is becoming a negative
factor in the growth of the adoption of electric vehicles. Consequently, the planning and
placement of charging stations is gaining momentum among researchers around the world. One
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of the promising solutions is the use of mobile charging stations, which can solve the problem of
the stationarity of existing solutions. TARGET. To confirm the relevance of the study and
determine the current technical level in the field of charging stations for electric vehicles (for
comparison with the technology being developed on the basis of Kazan State Power Engineering
University and the Zarnitsa production association), an analysis of patent information was made.
METHODS. The authors of the article defined terms and keywords for analysis, collected data on
specialized sites and carried out a detailed analysis of a number of patents from different
countries, research organizations. RESULTS. The maximum level of development is at the level
of TRL 3-5, but the analysis of patent activity indicates an increase in the number of intellectual
property objects, which may indicate a future sharp increase in the level of TRL, and the need for
their own developments ready for mass production, for which the authors developed a flowchart
of the developed mobile electric vehicle charging installation, indicating the features: the ability
to supply power to the network, wireless charging for electric vehicles, the availability of all
major types of charging for electric vehicles, the possibility of integrating renewable energy
sources, dynamic energy distribution. CONCLUSION. The technical level of developments in the
field of mobile charging stations for electric vehicles does not allow talking about ready-made
solutions that can be used to develop the charging infrastructure of the Russian Federation, and
the development of a domestic solution in the form of mass production is necessary.

Keywords: electric transport; mobile charger, level of technical readiness; Charger; charging
infrastructure.
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Beeoenue

CeroaHs Ha J0porax Bce OOJIbIIE AIIEKTPOMOOHIICH, KOTOpbIe HY)KAAIOTCS B IOCTOSHHOMN
noyzapsake. Oxuaaercs, 94To B OyaylleM NMPOHM30WAET JalbHeilliee 3HAYUTEIBHOE yBEIUYCHHUE
KOJIMYECTBA JJICKTPOMOOMJIEH Ha Joporax, B BO3AyXe M Ha BOAE, T.C. JIIEKTPOMOOMIIEH,
IPY30BUKOB, CaMOJISTOB M  JIOZOK. TakuMm o00pa3oM, HaOJIOJaeTcss TEHISHIHMS K
00e3yriIepOXKUBaHHUIO BCEX BUIOB TpaHcmopTa [1].

Ilepexon Ha 3JIEKTPOMOOWIBHBIA TPaHCIOPT 00s3aTeNbHO TpeOyeT HHPPACTPYKTYPHI
3apsAHBIX cTaHIMi. CTaHUMHM AU 3apsiikd AJIEKTPOMOOmIeil HeoOXoauMbl il obecreyeHus
JELICBOI ¥ YUCTOM JIEKTPOIHEPTUEH, TPOU3BOAUMON CEThI0 U BO30OHOBIISIEMBIMH HCTOYHUKAMH
9HEPIHH, YTO YCKOPSET BHeApeHue snekrpomobmient [2,3]. Co3maHue HOBBIX CeTel 3apsaHBIX
CTAaHUMI MO3BOJUT PELIUTh NPOOJIEMbl BIAJCIBLEB ANIEKTPOMOOMICH, W 3TO MO3BOJUT UM
KOHKYPUPOBATb C JIBUTATEIAMH BHYTPEHHETO CrOPAaHHs C TOYKH 3pEHHS POU3BOIUTENBHOCTH [4].
Jnst BnajieNplieB 3MEKTPOMOOWICH BaXKHO HalW4uMe BCeH HEOOXOIUMOW HH(PaCTPYKTYpHI,
KOTOpasi TapaHTHPYeT YCHELIHOe 3aBepLICHHE TMOe3IKH 0e3 3aJepKeK 3apsakd WiH ¢
MHHHMAaJIbHBIMA BpPEMEHHBIMH 3aJepKKaMu. [103TOMy HHBECTOpBI XIOYyT, KOTAa Ha J0porax
HOSIBUTCSA ~ JIOCTATOYHOE  KOJHMYECTBO  ANIEKTPOMOOMJICH, YTOOBI  chenaTh OH3HEC IO
UHOPACTPYKTYpE 3apsIKK NPUOBUILHBIM. [10MUTHKA IPABUTEIILCTBA TAKXKE HIPAET BAKHYIO POJIb B
petieHny 3tuX mpobiieM [5]. OTCyTCTBHE HEIOPOrHX aKKyMYJIATOPOB, KOTOPBIE MOTYT XPaHHTh
JOCTaTOYHO HHEPIUH B TeUeHHe OoJiee ATHUTEIBHOIO MepHoaa BPEMEHH Ul YBEIMYCHHs 3araca
X0Ja DIEKTPOMOOWIICH, SBIAETCS elIe OJHUM BaXKHBIM (HaKTOPOM, BIHMSIOINIMM Ha BHEIPCHHUE
anekrpomobusieii [6,7]. Kpome Toro, B mocjaeaHHe robl BaXKHBIMH TEMaMH HCCIICTOBAHUI CTAIH
ONTUMAJIEHOEC DPACIIONOXCHUE 3apsHBIX CTAHLUUHA WM BIMSHHE JJICKTPOMOOHJICH Ha CHUCTeMy
pacmpezeneHus IeKTposHepruu [8].

MoOunbHbIe 3apsiIHble CTAHIMK OBUTM OMHCAaHbl B 0030pHOM nokymeHTe [9], B KOTOpOM
pasiMYHbIC CTPATerWH 3apsAAKH MOJPAa3Ne/SIFOTCS Ha TPU OCHOBHBIC KaTeropuu: MOOWIbHAs
3apsiaka (BKIIOYAs MOJKATCTOPUH: TMOPTATHBHAS 3apsiHAs CTAHIMSA, MOOMJIbHBIC 3apsiIHbIC
CTAQHLUK Ul TPY30BUKOB M Iiepefada dHEPTUH OT TPAHCIOPTHOTO CPEACTBA K TPAHCIIOPTHOMY
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cpeactBy (V2V), cranmoHapHas 3apsiika (YacTHbIE M OOILIECTBEHHBIC 3apsAHBIC CTAHIMHU) H
OeckoHTaKTHas 3aps/Ka (3ameHa Oarapen U OecIipoBOAHAs JOPOXKHAS 3apsKa).

Onnako B Poccun ecth mpodiema ¢ pa3BUTHEM 3apsiHOW MHPPACTPYKTYPHI, U PElLICHHEM
MOJKET CTaTh CO3JaHie MOOHIBHBIX YCTPOUCTB IS 3apsiaKu dekTpoModuei [10-13].

B pamkax paboThl NMpoBeJeH MAaTEHTHBIN MOWCK ISl BHISABJICHUS HANPABICHUH Pa3BUTHS
YCTPOMCTB B 00JIACTH 3apsJKH 3JIEKTpOMOOWIel, 1 Ha 0a3e aHaiaM3a MOJy4YeHHOH MH(pOpMaIn
nopaboTaHa Ook-cxema MY 3D, 4o sBIs€TCSI HOBBIM TEOPETHUECKUM pelieHneM. [IpakTuueckas
3HAYUMOCTb 3aKJIIOYaeTCsl B CO3JaHMM IMATEHTHOW 0a3bl, IOATBEp)KAAoLIed HEOOXOAUMOCTH B
CO3/1aHNH OTe4ecTBeHHOro MY30.

Mamepuanot u memoowt. Oyenra yposrei comognocmu mexronozuti TRL

[lo pesynbraraM NAaTEeHTHOrO NOMCKAa OBUIM BBISBJICHBI pa3iM4YHbIE pa3pabOTUMKU U
TEeXHUYECKHE pEeIleHHs], HMEIIe Ha3Hau€HHe, COOTBETCTBYIOIEE PErIaMEHTYy IMaTEeHTHOrOo
noucka. Ocoboe BHMMaHHE OOpaIlalioch Ha PEIICHHs, YTO OCYIIECTBISIOT NPABOBYIO OXpaHy
M300peTeHN M TIOJIE3HBIX MOJENEH, CBS3aHHBIX C YCOBEPLICGHCTBOBAHHEM  3apsiIHON
MHQPACTPYKTYpBl Al IJIEKTPOTPAHCIIOPTa W HMEIOUIME BBICOKMH TEXHUUYECKHH YpOBEHb
MPEJCTAaBICHHOTO MPOAYKTA.

OreHka HaWAEGHHBIX TEXHUYECKUX PpeIIeHUH Npou3BoAMiIack Ha 0a3ze IIKalbl ypOBHEH
rotoBHOCTH TexHoioruit NASA — ¢ momompro Kanekyistopa TRL s oneHku cremneHu
TOTOBHOCTH TEXHOJOTHMH W TexHumdeckux pemennil. Kampkynatop TRL wumeer crnenyromyto
KJIacCupUKAIHIO:

TRL 1 — YTBepxneHue u my0OauKanus 6a30BbIX IIPHHIUIIOB TEXHOIOTHH.

TRL 2 — ®opMynupoBKa KOHIEHINU TEXHOJIOTHH U OLIEHKA 00J1acTH NPUMEHEHHUSL.

TRL 3 — Hauano uccrnenoBanuii u pa3padbotok. [loaTBepkaeHue XapaKTePUCTHK.

TRL 4 —IIpoBepka OCHOBHBIX TEXHOJIOTMYECKMX KOMIIOHEHTOB B JIaDOpaTOpHBIX
YCIOBHSIX.

TRL 5 — ITpoBepka OCHOBHBIX TEXHOJIOTHYECKUX KOMIOHEHTOB B PEAJIbHBIX YCIOBUAX.

TRL 6 — McnibITanust MOACIH WK IPOTOTHIIA B PEAIbHBIX YCIOBHSX.

TRL 7 — JlemoHcTpalus mpoToTUIa (OMBITHOTO 00pa3iia) B YCIOBUAX IKCILTyaTalllu.

TRL 8 — OxoH4aHue pa3pabOTKK 1 UCTIBITAHUE CUCTEMBI B YCIIOBHAX HKCILTyaTalHH.

TRL 9 — JleMoHCTpalysi TEXHOJIOTUM B OKOHYATEILHOM BHJIE NP JIETHBIX HCIBITAHUIX
obpasia.

Ananuz pazpabomox 6 obnacmu 3apsAOHOU UHPPACMPYKMYPbL 0I5t JIeKMPOMPAHCNOPMA

Jlis yeTpoiicTB u perieHuil B 061acTH 3apsAHON CTAHIIMK JIEKTPOTPAHCIIOPTA BHISBICHBI
JIBa MaTeHTa OT pa3paOdOTYMKOB, a WMEHHO: HAIMOHAIBHBIA HCCIIEIOBATENILCKUIA LEHTD
«KypuatoBckuit uacTuTyT», OOO «EBay.

HanmoHanbHBIM HCCIIEIOBATENILCKMM LEHTPOM «Kyp4aToBCKUI MHCTHTYT» HpEIUIOKeHa
3apsiiHasl CTaHIMS DIIEKTPHUYECKOTO TPAHCIIOPTa, COo/IepIKallas 0 MEHbILEH Mepe TP 3apsIHbIX
0J510Ka, KaXIblil U3 KOTOPBHIX COEAMHEH C OTIENIBHBIM MOAYJIEeM HAaKOIUICHUS! YHEPrHH, KOTOphIE
MOCJIE/IOBATENILHO COEIMHEHBbI 4Yepe3 KOHTPOJUIEp 3apsiia M paclpelesieHus] DIIEKTPOIHEPTHH,
COE/IMHEHHBII uepe3 CPEeICTBO KOHTPOJISI M ydeTa DJIEKTPOIHEPIHU C BHEUIHEH 3JIeKTPOCEThIo, C
OTAEJIBbHBIMH MOJYJISIMA T'€HEpalli, BBIIIOJIHEHHBIMH COOTBETCTBEHHO Ha COJIHEYHBIX Oarapesx,
Ha [0 MEHbIIeH Mepe OJTHOM BETpPOTreHepaTope, Ha BOJOPOAHBIX TOIUIMBHBIX JJIEMEHTaX U MOAYJIe
Ha TPHUBO3HBIX TOIUIMBHBIX 3JEMEHTaX, KOHTPOJJIED 3apsja M paclpeieieHHs COCAMHEH C
AIIEKTPOJIU3EPOM, KOTOPBIH OTIEIbHBIMU TPYOONPOBOJAMHU COCIHHEH C Pe3epByapoM C BOJIOH, U
yepe3 pe3epByap C BOJOPOJOM C MOJYJEM IeHepald Ha BOJOPOAHBIX TOIUIMBHBIX DIIEMEHTAX,
COE/IMHEHHBIM TPYOOIPOBOJIOM C PE3epBYapoM C BOJOH, MOJYJb TeHEpalld Ha HPUBO3HOM
TOILIMBE Yepe3 TPyOOIPOBO COSAMHEH C TOIUIUBHBIM PE3EPBYapOM.

00O «EBa» pa3paboTain dJIEKTPO3apsAHYIO CTAHIMIO, BKIIOYAIOMAas B ceOsl KOpIyc, a
TaK)Ke YCTAHOBJICHHbIE BHYTPH HEro IPOrpaMMHPYEMBbIH JIOTHYECKHH KOHTPOJUIEp, a TaKkKe
YCTPOMCTBO  yNpaBiieHHs IPOLIECCOM  3apsiia  3JIEKTPOMOOWIIS, YCTPOMCTBO  3alIMTHOTO
OTKJIIOYEHHS C TPHBOJIOM JAMCTAHIIMOHHOTO aBTOB3BOJA, AATYMK YIJia HAKIIOHA, MOJIYJb CBS3H,
BHYTPEHHUI1 TaTYMK TEMIIEPATYpbl BO3/yXa, JaTYUK OTHOCHTENILHOM BIQKHOCTH BO3/yXa, IAaTYHK
TOPIOYMX Ta30B, TEPKOHOBBIM JATYUK, pelie HANpPsDKeHUs, TpaHc(hOpMAaTOp TOKA M HAIIPSHKSHUS,
MO/IyJIb U3MEPEHHs MapaMeTPOB IJIEKTPUUECKON CETH, pejie KOHTPOJIS CONPOTHBICHHUS U3O0JISIIMA
Herneil MepeMeHHOro TOKa, pelie KOHTPOJIS DJIEKTPUYECKUX BEIWYHUH U YCTPOWCTBO 3alUTHI OT
HUMITYJIbCHBIX TIEpEHANpPsDKEHUH M TOMeX, COSAMHEHHBIE C KOHTPOJUICPOM, NPH 3TOM CHApPYXH
KOpITyca pacIioIO’KeH 3apsAHBIH pa3beM, OECKOHTAKTHBIA TEPMHHAJ OIUIATHI, MOIYJb BHEUTHEH
WHAWKAIIMM W BHEUTHWHA [JaTYNK TEMIIEPaTypsl BO3AyXa, COCOHMHEHHBIE C KOHTPOJIICPOM.
TeXHUUECKUM Pe3yIbTaTOM SBIISCTCS MOBHIIICHHE d()(HEKTUBHOCTH MPEIyIPEeKICHIS aBapUiHBIX
CUTyalMi Ha AJIEKTPO3aAPSITHBIX CTAHIINAX.
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JlanHble pa3paboTKU UMEIOT ypoBeHb TexHuueckoii roroBHocTH TRL 3, Tak kak He MMEIOT
MOATBEPXKJICHHBIX JJa00PAaTOPHBIX UCTIBITAHUI O CBOUX TEXHMYECKUX XapaKTepUCTHKAX.

Jnst ycTpoHCTB M pelieHHi B 00aCTH HAKOMMTENeH BBISBICHBI MATEHTHI OT CIEAYIOIINX
pazpadorunkoB: OOO «Manasi U pacrpeneieHHas SHepreTHka — WHHOBAI[HOHHBIC PELICHUSY,
OI'BOY BO «Omckuii rocynapcTBEHHBIH YHHMBEpCUTET myTei coobmenus», ®I'BOY BO
«MOCKOBCKMI MOJIUTEXHUYECKUN YHUBEPCUTETY.

00O «Manas u pacnpeseseHHas SHepreTuka — MHHOBALIMOHHBIE PEIIeHUs», IPpeCcTaBuiIa
YCTPONCTBO aKKyMYJIHPYIOLIUX UCTOUHUKOB BTOPUYHOTO 3JICKTPONUTAHUS JUI IEKTPOIPUBOJIOB,
UCTIONB3YIOMMUX pEKylepalnuio, a TakkKe KOMIIEHCAaTOpOB IIyCKOBBIX TOKOB. IIpeanmoskeHa
KOHCTPYKLMSL MOJAYJS YIpaBICHHs aKKyMYyJUPYIOUIMM yCTpOWCTBOM Ha 0aze cOOpku
nocienosarensHo coequHeHHbIX CK u mocnegoBatensHO coeauHeHHbIX AKD, Bkmrouaromas
YCTPOMCTBO OOLIEro ympaBlieHUs, BBIIOJHEHHOE Ha MHKpOKOHTpoiuiepe. IIpemnoxkeHHoe
YCTPOMCTBO 0OecreYnBacT:

- BO3MOXKHOCTh U3MEHEHUS IapaMeTPOB MOJIYJsS ¢ MOMOILBIO YIPABIAIOIIETO yCTpoiicTBa
Ha 0a3e MHKpPOKOHTpOJLIEpa,

- aktuBHyW0 audpdepenumanbuyro OamancupoBky CK u AKB B cbopke ¢ mnomomibio
yCcTpoiicTBa cpaBHeHHs HampsbkeHus Ha kaxnoil sueiitke CK m AKDB ¢ sTanoHHbIM, W mpu
JIOCTIDKEHUM TaKOTO HAIpPSDKEHHs OTKIIOYEHHE 3TON SYEeHKH C MOMOIIBI0 KOMMYTHPYIOIIETO
YCTpOMCTBA.

Peanmu3zanust mosie3HOM MojenuM TO3BOJSET MOBBICUTH  9HEProd((GEeKTUBHOCTH U
6e3omacHocTs Hakonurenel sHeprud Ha CK m AKDB u cyIiecTBEeHHO C3KOHOMUTh HMUKIMYECKUH
pecypc AKbB B cuctemax, MpUMEHSIOIIUX PEKYIIEPAIIHIO.

OMCKHII TOCYIapCTBEHHBIH YHHBEPCHTET MyTeH COOOIICHUS TMPEACTABIACT CHCTEMY
TSATOBOTO 3JIEKTPOCHAOKEHHS, KOTOpasi COAEPKUT TMOPHIHBIH HAKOMHTENb JICKTPOSHEPTHH Ha
mocTy cekuuoHupoBaHus. Ilpeamaraemoe  yCTpOHCTBO — IO3BOJISIET  COKPATUTh  IOTEPH
ANIEKTPO’HEPIHMH B MpeoOpa3oBaTene W peajr30BaTh YIpaBiIeHHE MOJYJSIMH HAKONUTENEH
AIIEKTPOIHEPIHHU PA3IMYHOTO BH/A IPU COBMECTHON paboTe B pexuMax 3apsija U paspsia.

MOCKOBCKHI MOJIMTEXHUUECKHH YHHBEPCUTET CO37aj TMOPHIHBIA HaKOMUTENIb dHEPTUU
(F'HD) anst 3apsimHBIX CTaHIMKA DJIEKTPOTPAHCIOPTA CONEPKUT OTCEK aKKyMYISTOPHBIX Oarapei,
OTCEeK CYINEPKOHACHCATOPOB M CHJIOBON 3JIeKTPOHUKH. OTCEK aKKyMYJISITOPHBIX OaTapeil u oTcek
CYNEPKOHACHCATOPOB M CHIJIOBOW JJICKTPOHMKH SBIIIOTCS YacTAMH OAHOro Kkopmyca. Otcek
AKKyMYJIITOPHBIX OaTapeil M OTCeK CYNEepKOHAEHCATOPOB M CHIJIOBOH 3JIEKTPOHHUKH COJEpXKAaT
BEHTHJIATOPHI oxnaxaeHus. OTceKk CyNepKOHIEHCATOPOB M CHJIOBON SJIEKTPOHUKH COJIEPKHUT
KOHTYpP JKHAKOCTHOTO OXJaKAEHHUS, MOABOABI JUISI MOJKIIOUEHHS KOHTYpPOB KMIKOCTHOTO
OXJaXJICHUS K OXJKJAOIIMUM IUTUTaM. BEHTHISATOPHI OXJAKICHHS 3aKpeIUIeHbl Ha KOpILyce
THOPUIHOTO HAKOIMTENs PHEPTUH, KaK U KOHTYPHl JKUAKOCTHOTO OXJAKICHHA. TeXHHYeCKHH
pe3yNbTaT 3aKII0YaeTCsl B JOCTIKEeHUU 0e30TkasHocTu I'HD 3a cuet oxnaxaenus moaynst AKb u
moaynsa CK, Bxoasmumu B KOHCTpyKiuio ['HD.

IIpencraBneHHbIEe pemIeHUs] HAXOAATCS HAa 5 ypoBHE TOTOBHOCTH MO kiaccupuxanuu TRL,
TaKk KaK JaHHbIE HAKONMTENM OSJICKTPOIHEPTHH YK€ HMENIH pealbHylo ampoOaIfio CBOUX
KOMIIOHEHTOB, HO IIPU 3TOM JI0 CHX IOp HE MIPUMEHSIOTCS B COBOKYITHOCTH.

VYcerpoiictBa M pemieHdss B 00nacTH 3apsija 3J€KTPOTPAHCIOPTA MPEJACTABICHBI OT
cnexyrommx paspaborunkos: OOO «DHeprus», PexepaabHBIN HAYIHBIH arpOHMHXSHEPHBIH IEHTP
BUM, ®I'bBOY BO «HoBocubupcknii rocyAapCTBEHHBIN TEXHHYECKHHA YHUBEPCUTETY.

000 «OHEPI'M» mpencraBisieT 3apsaHOE yCTPOICTBO U aKKyMYJIATOpHOW OaTapem.
ITone3nast MOZENTH OTHOCUTCS K O0JIACTH ANEKTPOTEXHUKH, B YACTHOCTH K 3apSAHBIM YCTPOUCTBAM
Ha OCHOBE THPUCTOPHBIX PETYTUPYEMBIX BBIIPAMUTENCH, MCIONB3YEMBIX IS  3apsaKd
aKKyMYJSITODHBIX OaTapedl. TexHWUecKwid pe3ylbTaT 3akKiarodaercs B 00ecredeHHH THOKOCTH
PEeryIUpOBaHMSA HANPSOHKCHHS W TOKa B IIMPOKOM AMAINa30HE UIA 3apsSAKH aKKyMYJISTOPHBIX
Oatapeilt MUPOKOH HOMEHKIIATYPHI.

JocTuraercs Tem, 4TO 3apAJHOE YCTPOMCTBO A aKKyMYJIATOpPHOU OaTapew, cojepixariee,
M0 MEHBIIEH Mepe, OJUH PEeryIupyeMbIil THPHCTOPHBIN PETYISATOP-BBIIPSMHUTEIb HAIPSHKEHIS
MOCTOSTHHOTO TOKa C HMITYJIBCHO-()a30BBIM PETYISATOPOM, JATYNKHA HANPSKEHHUS W TOKA, OJUH
MOBBIMNAIOMINN TpaHCHOPMATOp, MO MEHBIIEH Mepe, OAWH PErylsaTop HANPsDKEHHS MePeMEHHOTO
TOKa, OTIMYAETCS OT MPOTOTHIA TEM, YTO IOBBIMIAIONINHA TpaHC(HOPMATOp YCTAHOBICH IeEpen
PETyaITOPOM HANpPsDKEHUS TEePEeMEHHOTO TOKa, KOTOPHIA MpEACTaBIseT COOOW MarHUTHBIHA
YCHIIMTENb M BBIXOJ KOTOPOTO, B CBOIO OY€pENb, CBSI3aH CO BXOJOM THPUCTOPHOTO PETYISATOpaA-
BBIIIPAMUTEIIS, NIPU 3TOM YIpaBICHHE OOMOTKOH IOJMArHWYMBAHMUS MAarHUTHOTO YCHIIMTEIS
OCYILECTBIIIETC KOHTPOJIJIEPOM, KOTOPBI BBINOJIHEH TAKKE C BO3MOMKHOCTBIO YIIPABIICHHS
TUPHUCTOPHBIM PETYJIATOPOM-BBIIPSIMHUTENIEM HAINPSHKEHUS MOCTOSHHOTO TOKA € HCIOJIb30BaHUEM
HMITYJIbCHO-()a30BOT0 PETYIATOPA, BHIIOJIHEHHOTO HA JUCKPETHBIX AJIEMEHTAX C UCIIOJIb30BAHHEM
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0oOpaTHOW CBSI3M N0 BBHIXOAHOMY HAaNpPsDKEHHIO M TOKY, H3MepsieMOMy Iocie (uiIbTpa
HU3KOYaCTOTHBIX IIOMEX.

®DenepanbHblil HAy4YHBIH arpouH>XeHepHblid 1ieHTp BYM npeuiaraer cucteMy ynpaBieHHs
3aps/IOM  aKKyMYJSITOPHBIX Oarapei Uil DJIEKTPOTpaHCHIOpTa OT CTaHIAPTHOTO CETEBOTO
HarpspkeHus. CucTeMa ynpaBJIeHHs 3apsiioM aKKyMYJIATOPHBIX Oatapei Ui 3JIeKTpOTpaHCIopTa
OT CTaHJAPTHOIO CETEBOI0 HANPSDKEHUS I JJIEKTPOTPAHCIIOPTAa OT CTAHAAPTHOIO CETEBOIO
HaINpsOKeHUsT cHaO)KeHa aKKyMYyJISITOpaMH, pe3MCTOpPaMH, TPaH3UCTOPAaMH, NUOAAMH, JUOJHBIMU
JaMnaMu, cTabMIMTPOHAMH, KOHAEHCATOPaMH, KHOIIKAMH, KOHTAaKTaMH, MarHUTHBIM ITyCKaTeJeM,
IUIABKOM BCTAaBKOM, NPENOXPAHUTEIIIMU, KOHTAKTOPOM, COEAVHEHHBIMU IOCIEA0BATEIBHO MEXKITY
co00i1 1 pa3/ieIeHHBIMU Ha JIECATH 3aps/IHBIX TPYIIIL.

HoBocubupckuii rOCyAapCTBEHHBIN TEXHUYECKUU YHUBEPCUTET paspabotain
0OECKOHTAKTHOE 3apsiHOE YCTPOMCTBO Ui 3ieKTpoMoOwis. [lose3Has Mopenb OTHOCHTCS K
3apsHOM cucTeMe M MOXKeT OBITh HCIIONIb30BaHa JUIs 3apsia aKKyMyJsITOpHOWH Oartapen
3IEKTPOMOOHIICH.

BeckoHTakTHOE 3apsiiHOE YCTPOMCTBO I 3JIEKTPOMOOMIICH, coiepkaliee MOABIKHYIO
wiaTGopMy ¥ H3IydaloIlyl0 KaTyIIKy, HIpH 3TOM IOJBHXKHAs IUIaTGOpMa HMeEeT IIapHHPHO-
COUWICHEHHYIO CBS3b, a U3JIydarollas KaTyILIKa, [IOKPBITas 3KPAHUPOBAHHBIM CIIOEM, pa3MeIlleHa B
pame, paMa C U3Iy4arolled KaTyIIKOHM MEXaHMYECKU JKECTKO 3aKpEIUICHbl C IOABU>KHOMI
wiaTGopMoi, JaTYUK JBHXKEHUS YCTaHOBICH Ha paMe B OJHOW IIOCKOCTH C HW3JIydarollei
KaTyIIKOM.

TexHu4eckuM pe3ybTaToM MpejJiaraeMoi Mojae3Ho Moaenu spisiercs ypenudenne KITJ]
33 CUET COKpalICHUs PAcCTOSHUS MEXIy M3JIyyarolled W NMpUHUMAarIled kaTymkamu. Takxke
JIaHHOE€ YCTPOMCTBO IO3BOJIUT COKPATUTh BpeMs 3apsja TPAaHCIIOPTHOIO CPEICTBA.

Pertenust oT AaHHBIX Pa3pa0OTYUKOB MMCIOT YPOBEHb TeXHHUYecKoW roroBHocTH TRL 4,
MOTOMY YTO OHHM HaxoJsTCS Ha CTaAMU anpodauuu 1abopaTOpPHBIX Pa3pabdOTOK ISl UCTIBITAaHUMN
CIoCcO00B 3apsiia MEKTPOMOOHIICH.

Jnarpamma ypoBHsS TOTOBHOCTH (pHc. 1), MoNyueHHOH aBTOpaMH B XOJ€ HPOBEAEHHOIO
aHaJIM3a, IIOKA3blBAaCT, 4YTO HAWJEHHBbIC PEIICHUS WMCEIOT CPEIHUN YPOBEHb TEXHHYECKOMN
rotroBHocTH Ha ypoBHe TRL 4, uro He sBise€TCs IOCTATOUHBIM JUIsl JajbHEHIEro pa3BUTHUS
3apsiHoit nHdpactpykrypsl B Poccum.

TRL

~ | W

= oW

3apAIHAR CTAHIHA HapOmuTeNE 3NeKTPOSHEPTHE  3apPAd MIEKTPOTPAcIopTa

Puc.1 unarpamma ypoBast roroBHOCTH TexHomoruid B Fig.1 Diagram of the technology readiness level in
oGmacti 3apsIIHBIX YCTaHOBOK mis the field of charging installations for electric
AIIEKTPOTPAHCIIOPTA vehicles

Hcemounuk: cocmaeneno asmopom. Source: compiled by the author

AHanu3 CyIIeCTBYIOIIMX pa3pabOoTOK HE BBISBWI pEHICHHs, KOTOpble oOnanaiu Obl
«MOOMJILHOCTBIO» - BO3MOXKHOCTBIO OBICTPOrO pa3BEpPTHIBAHUS 3apsJHON YCTAaHOBKH JUIS
OIepPaTHBHOTO PELICHU 3a/1a4 IIOCTABKHU AJICKTPOIHEPTUH IS 3JIeKTpoTpancnopra [14].

Mobunvhass 3apaduas ycmanoska O01a diekmpompancnopma na 6Oase Kasanckoeo
20CY0apCmEeHH020 IHEPLeMUYECKO20 YHUBEPCUmema

PazpabareiBaemMasi MOOHMIIbHAsI yCTAHOBKa 3apsijga siekrporpancnopra (MY33) ®I'BOY
BO «KI'DY» no3BOIUT 3HAYUTEIBHO MOBBICUTh YPOBEHb TEXHUYECKOH FOTOBHOCTH YCTPOMCTB B
naHHOM obmactu B Poccum, u, TeM cambIM, J1acT BO3MOXXHOCTb K Pa3BEPTHIBAHHIO 3apsaHON
uHdpacTpykTypsl B Poccun.

MoOuibHBIE YCTAaHOBKHM 3apsifia 3JEKTPOTPAHCIIOPTa SIBIISIOTCS YHHMKaIbHBIM pELICHHEM
JUIs Pa3BUTUS M MOBBIIIEHUS YCTOMYMBOCTU CHCTEMBI D3JIEKTPOTPAHCHOPTAa, B UYACTHOCTH
anekTpomobuIeit [15].

O06o06mmenHas 010K - cxema cocraBa MY33, pa3zpaboTaHHasi aBTOpaMH, IPEICTaBIeHa Ha
pucynke 2, riae CH- 6110k coOcTBeHHBIX HYX1, Y3 — YCTpOCTBO HHBEPTOPHOE 3apsIHOE.
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Hannass cxema crpoenus MY3D wumeer oOwmmii XapakTep M MOXET MEHATHCS B
3aBUCHMOCTH OT THIIa MCIIOJHEHHs YCTPOMCTBa 3apsia, oOIIel MOIIHOCTH M 3a/ad, pPelraeMbIX
TEM WUJIM UHBIM YCTPOUCTBOM.

Tparcgopramop

H

Brox nakanumened W
3HEpAIU

|§mm 0P 44 ‘ |_$7mm/f5 0P |

Tyoe 2

Type 2

\Zapadusi modus 3 }——{ (hadema

Chademo

—{ Japadsiu rodyas 1 =

-

‘ Chademo }—7—{34091?;%/0 Modyns 2 hl *_l Fapadsio madyns & }7;__{ (hadema ‘
Puc.2 O6o6uieHnas 610k - cxema coctasa MY33 Fig.2 Generalized block diagram of the composition
of the MUSE

Hcemounuk: cocmasneno asmopom. Source: compiled by the author

BeiienuM 0CHOBHBIC 0COOSHHOCTH pa3padarsiBacMoit MY 30:

1) Bo3MOXXHOCTE HE TOJBKO MOTPEONIATh MOIIHOCTh U3 CETH, HO M BBbIJaBaTh €€ 3a CYeT
JIByHAIIPaBJIICHHOTO HHBEPTOPA.

2) Hanuume ycTpoiicTBa HMHBEPTOPHOI'O 3apsiIHOrO, KOTOPOE II03BOJIET pean30BaTh
6ecIIpoBOIHYIO 3apsIKY JUIS AIEKTPOTPAHCIIOPTa.

3) Hanuuue Ha 3apstHOM IOCTY BCEX OCHOBHBIX THITOB 3apSJIOK JIISL DJIEKTPOMOOHIICH.

4) BO3MOXHOCTb HHTETPALUN BO300HOBIISIEMBIX HCTOYHHKOB SHEpru™M  IJId
JOIIOJTHUTCIIbHOI'O ITUTAHUA.

5) Peanmzaumsi QyHKIMH TUHAMHYECKOTO DPACIPENENICHHUS SHEPrHU MEXIy 3apsIHbIMU
MOCTaMH.

Pesynomamul. Ananuz namenmuon aKmugHOCmMu 6 o0nacmu 3apsaoHbIX CMAHyull 07
anexmpompancnopma

Pe3ysbraThl aHann3a NaTeHTHOW aKTHBHOCTH ITOKa3bIBAIOT, YTO aKTUBHBIN POCT JMHAMUKU
MATEHTOBAHUS 3apsSOHBIX CTAaHIMHA Ui dJeKTpoTpaHcmopra Hadaics ¢ 2014-2015 romos wu
MPaKTU4YeCKH 0e3 CYIIEeCTBEHHBIX CNAZOB pacTeT BBepX. M3 aBTOPCKOro pucyHKa 3 BHAHO, YTO
KOJIMYECTBO OXPAHHBIX JOKyMeHTOB 3a 17 nerHerid mepuoa (1997-2013 rr.) cocrasmsitor 37
MaTeHToB, a 3a 9-netHuil nepuoy (2014-2022 rr.) — 118. A Ha OCHOBE TpeHia IKCIIOHEHIIUAILHOTO
npubamxkenust Ha 5 yer (ko3d¢uunent aerepmuHaimu 0,79) MOKHO TOBOPDUTH O TOM, 4YTO
JUHAMUKA MATEHTOBAHUS 3apsIHBIX CTAaHIMH I AJIEKTPOTpaHCIOpTa OyAeT CTPEeMHTENBHO
Pa3BHUBATHCS, U JIOCTUTHET MaKCUMAIBHOTO 3HadeHust B 2027 roxy B 43 oXpaHHBIX JOKYMEHTA.

Pactymiee BHeapeHHE 3IEKTPOMOOMIICH C YU9E€TOM 3KOJOTHYECKUX TPeOOBAHUU SIBISETCS
OCHOBHBIM (DaKTOPOM TEHJCHIIMM Ppa3BUTUS HOBBIX TEXHOJOTHH B 00JAacCTH 3apsiTHBIX
3JEKTPOCTAHIINH.

Pacupenenenne no rogam

R = 0,7962

1995 2000 2005 2010 2015 2020 2025 2030

Puc.3 Pesynbrarhl aHanu3a nareHTHOW aktuBHocTH —Fig.3 Results of the analysis of patent activity by
no rojxaM it kmodeBoro cioBa «Electric Vehicle years for the keyword «Electric Vehicle Charging
Charging Station» Station»

Hcemounuk: cocmaeneno asmopom. Source: compiled by the author
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PesynbraThl aHanM3a MaTEHTHOW aKTMBHOCTH MOKa3bIBAIOT, YTO aKTHBHBIW POCT TUHAMHKH
MaTEHTOBAHMs CHUCTEM HAaKOIUICHMsI 3JIeKTpodHepruu Hadaiucs ¢ 2018 roma u npaxtudecku Oe3
CYLIECTBEHHBIX CIaJ0B pacTeT BBepX. M3 aBTOpckoro pucyHka 4 BHIHO, YTO KOJIMYECTBO
OXpaHHBIX JTIOKyMeHTOB 3a 10 nerHslit nepuon (2008-2017 rr.) cocraBnsitoT 42 nareHra, a 3a 5-
netauit nmepuoa (2018-2022) — 114. OcHoBHoli muk mpuxoauTcs Ha 2019 ron, xorma ObLIO
3aperucTpupoBaHo 38 OXpaHHBIX JOKYMEHTOB, a Ha OCHOBE TPEHJAa MOXHO TOBOPHUTH O
BO3BpAILEHUH YHCiIa MaTeHToB A0 35 exunun k 2025 roxay. Poct nuHamMuku CBsi3aH C aKTUBHBIM
BHEJIPEHHEM TMOPTAaTHBHBIX MOOWIBHBIX 3apsiTHBIX CTaHIUH, KOTOpBIE BKIIOYAIOT B ceOs
MOOWJIBHYIO aKKyMYJSITODHYIO CHUCTEMY HAKOIUIGHHS DHEPIMH, KOTOpas OyKCHpyeTcs WU
MEPEHOCUTCST TPAHCIOPTHBIM CPEACTBOM, 4YTO OOECHEeYMBAaET ABTOHOMHYIO pa0OTy 3apsiaHON
CTaHIIMH.

Pacnpe)‘(e.rleﬂne nmo roaamM

V]
2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026

Puc.4 Pesynbrarhl aHanu3a nareHTHON aktuBHocTH — Fig.4 Results of the analysis of patent activity by
rogam st kiaroueBoro crmoBa "Energy Storage  years for the keyword «Energy Storage Systemy»
System"

Hcemounuk: cocmasneno asmopom. Source: compiled by the author

PesynbraThl aHaNM3a MaTEeHTHOW aKTHBHOCTH IMOKa3bIBAIOT, YTO aKTHBHBIN POCT JTUHAMUKH
MaTEHTOBAaHUs OECIPOBOAHON CHCTEMa TMepefauyd >JIEKTPOIHEPTHU sl IIEKTPOTPaHCIIOpPTa
Havaics ¢ 2017 roga u mpakTUIecKd 03 CYIIECTBEHHBIX CIaJoB poc BBepx 10 2021 roxa, HO Ha
OCHOBE aHAJIM3a TPEHIa MOXKHO TOBOPHUTH O CYLIECTBEHHOM yBEIWYEHHH NaTeHToB (40 exnHMI) K
2027 rongy. M3 aBTOpCKOro pHCyHKa 5 BHUJHO, YTO KOJMYECTBO OXPaHHBIX JOKYMEHTOB 3a 6
netHeiid nepuon (2011-2016 rr.) cocraBnser 12 maTteHTOB, a 3a TOT ke nepuoy 2017-2022 rr. — 64.
OcHoBHOW mwmk mpuxomurcs Ha 2020 Tox, Korma OBUIO 3aperHCTPHpPOBaHO 19 OXpaHHBIX
JOKyMEHTOB. PocT nMHaMMKM cBS3aH C aKTHBHBIM BHeIpeHHeM OecnpoBonHoi 3apsaxu (BI1D),
KOTOpast He TpeOyeT NpsAMOro 3JIEKTPUYECKOTO COSAMHEHUS MEXKIY JJIEKTPOMOOWISIMUA |
3apaaHBIMHU ycTpoiicTBamu. BIID sBiseTcs npenmMeToM MHOTHX MCCIIEA0BaHU N3-3a €ro yao0cTBa

1 0e30I1aCHOCTH.
PHL‘]IPL‘JIL‘JIL‘IIIIL‘ no rojaam

40 RI=0,5156

2010 2012 2014 2016 2018 2020 2022 2024 2026 2028

Puc.5 PesynbraTel ananusa mareHTtHOM aktmBHOcTH — Fig.5 Results of the analysis of patent activity over
rogam s kimodeBoro cioBa «Wireless Power the years for the keyword "Wireless Power
Transmission Systems» Transmission Systems"

Hcemounuk: cocmaeneno asmopom. Source: compiled by the author

PesynbpTaThl aHanm3a NMAaTEHTHOW AaKTHBHOCTU IO TOJAaM UL 3apsAHBIX CTaHIMH I
JIEKTPOTPAHCIIOPTA, CHCTEM HAKOIUICHUS 3JIEKTPOPHEPTUH, OECIPOBOMHBIX CHCTEM Hepenavyn
JIEKTPOIHEPIHH MOKa3bIBAIOT, YTO AaKTHBHBIM POCT AMHAMHKM IaTeHTOBaHWs Hawaiucs ¢ 2015
roza. Tak or oOmiero ymcia OXpaHHBIX JOKYMEHTOB B IPOLIGHTHOM COOTHOLICHHWH IIATEHTOB 0
2015 roga — 23%, a mocine — 77%. HanbGonbiryto AMHAMUKY HMOKA3bIBAIOT CUCTEMbI HAKOIICHUS

61



Ilpobnemvi snepeemuxu, 2023, mom 25, Ne3

AIIEKTPORHEPTUH IS 3apSAAHBIX CTAHIMH W OECHpPOBOIHBIC CHCTEMBI IEpeNadyd 3JICKTPOIHEPTHU
AIIEKTPOTPAHCIIOPTY. DTO TOBOPUT O TOM, YTO JaHHBIE TEXHOJOTMHM Ha ONmKaniiee BpeMs
SBIISIIOTCSL HanOosee TMEepCHeKTUBHBIMH ¥ BOCTPEOOBAaHHBIMH ISl 3apSTHBIX CTAHIMHA I
3JEKTPOTPAHCIIOPTA.

B Hacrosmee Bpems UIA YCHEITHOTO MPOJABIKCHUS NPONYKIWHA Ha PHIHKE MAalo
BBIITYCKaTh KAYECTBCHHYIO NPOMYKIIMIO HAa CBOMX MPEeNnpuATHAX. UTOOBI MpomyKmus ObLia
KOHKYPEHTOCIIOCOOHA HEOOXO0ANMO MMETh KaKk MOXHO OoJjiee MOJHYI0 MH(POpMAIHIO 0 GpupMax-
MPOU3BOJUTENAX JaHHOHM MPOAYKIHH, 00 MX HAYYHOH M MPOU3BOJIUTENBHON 0a3ax, O COCTOSHHU
Ha 3TUX (UpPMax NaTEeHTHO-JIUIECH3MOHHOW JESATENbHOCTH, O CYHIECTBYIOICH Ha TPeIIpUSITUIX
Hay4YHO-TEXHUYECKOI MOIUTUKHU.

3HaHUE BCEro CINEKTPa COCTABILIOIIUX HE TOJBKO MPOU3BOJCTBEHHON, HO M HAy4YHOMH
JIeITeNIbHOCTH (pUPM KOHKYPEHTOB IO3BOJIUT OOJIee CBOEBPEMEHHO PearupoBaTh Ha W3MEHEHHMs
KOHBIOHKTYPHI PBIHKA, TCHICHIINN Pa3BUTHUS MPOIYKINH, HA TIOCTOSHHO MEHSIOIHIACS CIIPOC.

3aknrouenue

MoOunipHBIE 3apsIHBIE yCTPOWCTBAa MO SIEKTPOMOOWMIIEH — 3TO YHHKAIbHOE
pemieHne A Pa3sBUTHS M YCTOWYMBOCTH CHCTEMBI 3JIEKTPOTPAHCIIOPTa, B YaCTHOCTH
anexTpomoOmieir. [lo cpaBHEHHIO C HCTOYHHKAMH JIHTEPATYpPHOTO 0030pa, MpeacTaBlIcHA
opurvHaipHas cxema MVY3D 0TedecTBEHHOro NPOU3BOACTBA, Y KOTOPOH CYIIECTBYIOT
YHHUKaJIbHBIE OCOOCHHOCTH.

ITo pe3ynbraTaM NaTeHTHOTO MOWCKA OBUIM BBISBJICHBI Pa3JIMYHbIC Pa3pabOTUUKU U
TEXHUYECKHE PEIICHUs, MMEIOIINe Ha3HaueHHE, COOTBETCTBYIONIEE PErIaMEHTy IaTeHTHOTO
MOMCKa, W CBS3aHHBIX C CO3JaHMEM WIM MOJEpHM3alMed  OTAeNbHBIX YacTel
ANIEKTPOMOOHMIILHON 3apsiTHOH WHQPPACTPYKTYphl, U IpPH 3TOM C BBICOKAM TEXHHUYECKHM
YpOBHEM.

Texauueckue penieHus pa3pabOTINKOB B 00JACTH 3apsAOHONH HMMCEIOT YPOBEHB
TexHndeckoil roroBHoctd TRL 4, moTroMy YTO OHM HaXONATCA HAa CTaAWd ampoOanuu
mabopaTopHBIX pa3paboTOK A HCHBITAaHUH CHOCO00B 3apsAga AJIEKTpOMOOWICH, 4To HE
SBIIICTCSL AOCTATOYHBIM JUIA JAalbHEHIIET0 pa3BUTHA 3apsAgHON MHPpacTpyKTypsl B Poccum.
CeromHsi HET OTCYECTBEHHBIX 3apSAHBIX CTaHIIMHA, KOTOPhIE MOTIH OBl 00eCIeYnUTh THOKOCTB,
MOOHMIIBHOCTb, 00ECHEUUTh 3apsAAKy paziIHyHBIX MOTpeOUTENed, U BCE pElICHHsS YaCTUYHO
YAOBIETBOPSIOT TEM 3aJadaM, KOTOPBIE CETOAHS CTaBATCS Iepe] 3apsiAHoN HHPPaCTPpyKTypoi.

PazpaboranHas MoOWIbHAs 3apsaHas yCTaHOBKa s diekTpomoduieit ®TBOY BO
«KI'9Y» u 000 TIO «3apHHuIa» 3HAYUTENHHO MOBBICUT YPOBEHb TEXHHYECKOW T'OTOBHOCTH
YCTpOMCTB B 3TOU cdepe B Poccun u, TeM cambiM, MO3BOJIUT aKTUBHEE Pa3BUBATh HE TOJIBKO
3apAAHYI0 MHOPACTPYKTYpPy, HO M B MEPCIEKTHUBE CTaTh 0a30i i pa3paboTok B 00JacTh
HAKOMHTEJNCH SHEPTUN A PETYIUPOBAHUS YaCTOTHl IHEPTOCUCTEMBI, M 3apSIIHBIX YCTAaHOBOK
JUTSE OECTIMIIOTHBIX JICTaTEIBHBIX allapaToB.
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Abstract: Power transformers are one of the main components of power supply systems needed to
reliably supply electricity to consumers. As we know, the value of the allowable load of
transformers is determined by the value of the allowable heating of structural elements, on which
the service life of transformer period depends. Reliable data on the technical condition of the
structural elements of transformers is the decisive information for making decisions on the
replacement and maintenance of transformers. METHODS. To assess the service life of
transformers, methods were used to evaluate the statistical parameters of consumer load graphs,
load factors and the heating temperature of the windings of transformers with a capacity of S, 1=
20 MVA, a voltage of 33/11 kV at substation Kabun-1. THE AIM. The aim of the work is to
evaluate the service life of the transformers at substation Kabun-1 (Syrian Arab Republic) with
various options for the type of load power consumption graph (first; second; third). THE
RESULTS. The main statistical parameters of the characteristics of the original and proposed
options of load power graphs (active, reactive and apparent) per day of transformers, the main
electrical consumer of which is the spinning and weaving factory, are determined. Approximating
functions of daily graphs of power loads of transformers, from which the spinning and weaving
factory receives power (first and second approximations), have been developed. It is proved that
with the considered options for shifting the time of the start of work of electrical consumers - with
the third option -the maximum load power is reduced by 12.8%, load variation is reduced from
0.33 to 0.17 in relation to the second option for the subdivisions of the spinning and weaving
factory. It has been established that for all the considered options, the average value of the load
power of the transformers at substation Kabun-1 is constant. The laws of change in the relative
value of the service life of transformers during the implementation of various technical measures
are determined.

Key words: power consumer, power transformer, load graph, transformer load factor, winding
heating, service life.
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Pe3tome: Cunosvie mpanc@opmamopsl AGAAOMCSH OOHUMU U3 OCHOGHLIX IJIEMEHMO8  CUCHEM
INEKMPOCHAOIICEHUsl,  HEoOX0OUMbIX Ol HAOENCHO20  obecneveHusi  nompedumeneu
anekmpoonepeued. Kax uzeecmno, eeruuuna Oonycmumoun HAepY3KU MPAHCHOPMamopos
onpeoensiemcs, 3Hayenuem OONYCIMUMO20 HA2pe8a NEMEHMO8 KOHCPYKYUU, On  KOMOpPO2o
3asucum nepuoo cpoxa ciyicowl. [Jocmosephvie dannvle 0 MEXHUYECKOM COCMOSHUU INEMEHMO8
KOHCMPYKYUU  Mpancghopmamopos seIsiiomes.  onpeoensiowei  ungpopmayuei 0as npuHsmust
peuleHull no 3amere u o00cayxcusanuro mpancgopmamopos. LEJIb. [lenvio pabomvl signsemcs
OYyeHKa cpoka caydcovl mpancgopmamopos nodcmanyuu «Kabyn-1» (Cuputickas Apabcekas
Pecnybnuka) npu paziuunvix eapuanmax euda zpagurxa nompeorsemou MOWHOCMY — HA2PY3KU
(ucxoomwitl; nepsou;, emopou; mpemutr). METO/bBL Jlna oyenxku cpoxka ciyscovl
MPAHCHOPpMaAmopos UCHONb306AHbI MEMOObl OYEHKU CMAMUCMUYECKUX NAPAMempos cpaguxos
Haepy3oKk nompebdumenetl, KOIPOuUYUeHMOs 3azpysKu U memnepamypsvli Hazpesa 0OMONOK
mparncgopmamopog mowHocmoio Snom.mp= 20 mBA, nanpsowcenuem 33/11 kB nodcmanyuu
«Kabyn-1».  PE3VJIBTATBI.  Onpedenenvt  0CHOGHble — CMAMUCMuYecKue  napamempol
Xapakmepucmux UCXOOHbIX U NpedNideaemblX BAPUAHMOS 2PAQUKO8 MOWHOCIMU HAZPY3KU
(axmueHOU,  peakmueHOU U  NOJHOU) 3a  CYMKU  MPAHCHOPMAMOPO8,  OCHOBHBIM
anexkmponompebumenem Komopwix sesemcs Illpaounvrho-mkayxas @abpuxa. Paspabomanul
annpoxcumupyroujue QYHKYuu CymoyHwix 2papuxos MowHOCmel HA2Ppy30K Mmpanchopmamopos,
om Komopwix noiyyaem numanue Ilpsounvno- mraykas Gabpuxa (nepsoe u emopoe
npubnudcenue). JJokazano, 4mo npu paccMampueaemMvlX GApUAHMAX COBUSA 8PEMEHU HAYaLd
pabomvl s1eKkmponompedbumenetl -npu Mpemvem- HaUbOIbULASE MOUWHOCHb HASPY3KU CHUNCACTNCS
na 12,8%, eapuayus naepysox cuudicaemes ¢ 0,33 0o 0,17 no ommnouienuio Ko mopomy eapuanmy
o noopaszoenenuti  Ilpsounvho-mrayxou  gabpuxku.  Ycmanoeneno, umo 01 6cex
paccmampueaemvix 6apuaHmos cpeoHee 3HaYeHue MOWHOCMU HAZPY30K MPAHCHOpMamopos
noocmanyuu «Kabyn-1» nocmosnno. Onpedenenvl 3aK0Hbl USMEHEHUS. OMHOCUMENbHO20 3HAYEeHUs
CpoKa  cryoucObl Mpanchopmamopos npu 6HeOPEHUU PA3TUYHBIX MEXHUYECKUX MEPONPUSMULL.

KaloueBble cioBa: anexmponompebumens, cuiogou mpancgopmamop, 2epa@ux Hacpy3Ku,
KO puyuenm 3azpy3xku mpauncgopmamopa, Hazpesanue 0OMOMOK, CPOK CLyHCcObL.

Jdasi uurtupoBanus: AoOnymiazsHoB D.}0., I'paueBa E.M., Anb3akkap A., Valtchev S.,
MectaukoB H.I1. Biusuaue Buna rpadukoB Harpy30Kk Ha CPOK JKCILIyaTal[dl TPaHC(HOPMAaTOPOB
HanpsokeaneM 33/11 KB moxacranuun «KaGyn-1» (Cupuiickas ApaGckas Pecmy6iuka) //
N3sectusa Beicmux yuebHbIx 3asenenuil. [IPOBJIEMbBI DHEPTETUKMU. 2023. T.25. Ne 3. C.
65-80. doi:10.30724/1998-9903-2023-25-3-65-80.

Introduction (Beedenue)

In the current conditions of development of the Syrian Arab Republic, special attention is
paid to improving the quality of power supply to the industrial city Adra, which is one of the
largest in the Republic. In 2022, new industrial enterprises were put into operation in the city
Adra, where there are 31 enterprises, including food factory, engineering and chemical enterprises,
whose products on the local market account for more than 60%. At present, considerable attention
is paid to the regulation of electricity consumption modes due to the increase in the cost of
electricity. Below is an analysis of some of the scientific works of scientists conducting research in
this field.

The authors E. Yu. Abdullazyanov, E. I. Gracheva, A. Alzakkar [1] presented a study that
makes it possible to increase the reliability of predicting the magnitude of power consumption and
power losses at industrial enterprises. At the same time, it is proposed to use the dynamics of
changes in the value of the equivalent resistance of intra-factory power supply networks, which
will make it possible to control the modes of electricity consumption and make adjustments to the
forecasting processes.

A. Naderian, P. Pattabi, L. Lamarre [2] presented an updated estimate of the residual life of
transformers based on the results of an improved dynamic model.

K. Chitnavis, N. R. Bhasme [3] developed a power transformer life evaluation method, i.e.
a method for calculating the actual serviceability index, including additional factors such as
preload, bushing condition, aging, physical measurements of DGA, oil quality, power factor.
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K.T. Muthanna, A. Sarkar; K. Das, K. Waldner [4] presented new methods for assessing
the life of the insulation of high-power generator units in power plants. This paper shows modeling
methods for estimating load factors and ambient temperature, taking into account preliminary
operating conditions.

A. Alzakkar, E. Gracheva, Y. Samofalov [5, 6] conducted a study of the calculated power
loads of communal electrical consumers and compared with the experimental power consumption
in Adra city. Parameters and graphs of loads of electricity consumers at the facilities of the city of
Adra were determined by methods of statistical data processing.

D.K. Yakubova [7] considers the effect of load modes on the wear of the insulation of
power transformers using the example TNTS-000/220 1000-UHL.

V. A. Anishchenko, V. V. lvanov [8] developed a method for determining the permissible
duration of a systematic non-emergency overload of a distribution oil transformer, taking into
account changes in the overload coefficient over the time interval of its operation and, accordingly,
changes in the thermal state of the transformer structural elements.

A. Chatterjee, N. K. Roy [9] presented an analysis and simulation of the characteristics of
dissolved gases in transformer oil in order to develop an oil change and filtration graph, which in
turn regulates the quality of the oil when a failure occurs.

E.l. Gracheva, O.V. Naumov, E.A. Fedotov [10] calculated the operating mode of power
transformers to determine the optimal load at which the efficiency of the transformer reaches its
maximum value, and also proposed options for increasing the efficiency of power transformers of
industrial enterprises.

D. S. Serebrennikov, V. G. Goldshtein [11] explore topical issues of assessing the actual
state of power transformers with a significant service life using thermal imaging diagnostics.

The scientific and practical significance of the proposed article is the results of the studies
that show that in conditions of high temperatures in the summer in Syria, which can reach 48 ° C,
it is necessary to control the change in the load factors of transformers and the heating temperature
of the windings, which are the determining factors in changing the relative service life of power
transformers. This is especially important at the present time in connection with the imposition of
economic sanctions by unfriendly states against the Syrian Arab Republic.

The difference between the presented work and the results of other studies is that for the
first time the operating conditions of transformers with a voltage 33/11 kV (substation "Kabun-1",
Syria) were studied on the basis of statistical data on power consumption by industrial and non-
industrial facilities. The dependences of the change in load factors and the heating temperature of
the windings are determined, and recommendations are made for technical solutions aimed at
increasing the relative service life of transformers.

Materials and methods (Mamepuanovt u memoowt).

To select the type of approximating function for daily graphs of active power loads of
transformers of a spinning and weaving factory we perform a two-stage approximation

A - First approximation.

To study the characteristics of the load graphs under consideration and the choice of
approximating functions, we use the results of estimating the parameters of electrical consumers of
the spinning and weaving factory, which is powered by substation Kabun-1, given in [5, 6]. The
average value of the approximating function must be equal to the average value of the original
graph. The maximum value of the approximating function should approach the maximum value of
the original graph and approximately coincide in time. Therefore, the form of the function
approximating the graph of the active load in the first approximation can be represented as [12,
13]:

T

o (t)=B,5-A,Heos(wt)=B,5-A, Ueos ( 2mj
ey

B, ~ M, (+)= M, ()

Mp=P,, — is the average value per day of the original active load graph, obtained from
statistical data;

M, — is the daily average value of the active load approximation graph in the first
approximation;

Ap™ — is the amplitude of the cosine can be approximately determined by the expression:
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active load;

Ap[l] ~ AP

)
AP :O’S(PMaKc -PMHH)
Pax 1 Prin — respectively, are the maximum and minimum value of the daily graph of the

Table 1 shows the total and average values of the original daily graphs of active power
loads for 36 transformers of the spinning and weaving factory.

Table 1
Statistical values of the original daily graphs of active power loads of transformers
Mp, KW Prax, KW Prin, KW 0,5(Pmax - Pmin); KW | @, KW ( Kmax
Sum 14517 26730 4634 11048 7279 | 18,17 | 66.45
Average 403 743 129 307 202 0.51 1.85

*Ucemounuk: cocmagneno agmopom. Source compiled by the author

Table 2 shows:
1. Arguments of approximating functions of daily active loads of transformers in the first
approximation with a period T =24 h and frequency T=0.25 1/h.

oM (H)=B,"-A,Mcos (0.25t)
2. Mean values of differences:

M [ £ -0 ) ]
Ml

MP[l]

©)

4)
M[é] 0=

3. The value of the standard deviation of the differences:

24

Q)

o, _ 9
8 %=

»

Table 2

Arguments and estimation of the error of the approximation function (first approximation) Bp* - ApM
cos(0.25t) of daily graphs of active power of loads of 36 transformers

Arguments function N (t) approximations in the first
approximation Mg wgl
Bp[l] AP[1]
Sum (kw) 14090 10480 62 4362

*Ucemounux: cocmagneno agmopom. Source compiled by the author

The data in table 2 show that the average values of the differences between the original
graph and the approximating function are fractions of a percent of the average value of the active
load per day for all transformers. Fig.1 shows the original graph of the active load of the
transformer 25 (with the highest value of the load factor K_ = 0.98) and their function
approximation.

—o—Sapp T-25=460-440c0s(025t)  —— P25orig, kW

1200

(11:30; 1000kW)

1000 (12:30; 897kW)

(01:00; 35kW)

0 2 4 6 8 10 12 14 16 18 20 22 24
HOURS

Fig.1. The original graph of the active load T-25 and its function approximation
460-440c0s(0.25t)
*Ucmoynux: cocmagneno agmopom. Source compiled by the author
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Fig.1 shows that the maximum time of the original graph is 11:30 am and the maximum
time of the function approximation is 12:30 pm. Values of root mean square error for loads (28) of
transformers exceed 20%, which indicates the need for a more accurate approximation. Table 3
shows the statistical characteristics of the approximated graphs of the active load of 36
transformers.

Table 3
The values of the statistical data of the daily graphs and approximation functions of the active power
of the loads of transformers with a voltage of 11/0.4 kV of the spinning and weaving factory (first
approximation)

M, Y kW Pax, KW Pin, KW @, kKW ( Kimax
Sum 14579 24310 4126 7232 17,85 | 59,98
Average 405 675 115 201 0,49 1,67

*Hcmounuk: cocmasneno asmopom. Source compiled by the author

Table 4 presents the characteristics of the original total graphs of the active load of the
spinning and weaving factory and the sum of the approximating functions of the transformers.

Table 4
Statistical parameters of the original graphs and approximated (first approximation 14090-
10480co0s(0.25t) total daily graphs of the active power of the loads of the spinning and weaving factory.

Graph EMp, KW | EPpa, KW | ZPpin, KW 0, (av (Kma)av
KW
Original 14517 26730 4634 7279 0,51 1,85
Approximate 14579 24310 4126 7232 0,49 1,67

*Ucemounux: cocmasaeno aemopom. Source compiled by the author

Expression (2) determines the function of approximation of the total load graph of the
factory.

B,"_ -Al1_ cos(0,251)=14090-10480c0s(0,25 1) (6)

Fig.2 shows the total graphs of the active power of the loads of the spinning and weaving
factory of the original and approximated ones.

—e—o[1](t) =14090-10480co0s(0.25) —@— Porig
27500

25000
22500
20000
17500

E 15000
a- 12500
10000
7500
5000
2500

0

(12:30; 24508 KW)
14:30; 23225 kW)

0 2 4 6 8§ 10 12 14 16 18 20 22 24
HOURS

Fig.2. The total active power graphs of the loads of the spinning and weaving factory of the original and
approximated @) =14090-10480cos(0.25t).
*Ucemounuk: cocmasneno aemopom. Source compiled by the author

The data in table 4 and Fig. 2 show that with the practical coincidence of the average values
of the load power graphs, there is a significant difference in the minimum and maximum values.
The maximum load of the original graph is observed at 14:30, and the approximated one - at
12:30, so the approximation needs to be refined.

B- Second approximation.
To approximate the daily graphs of the active load of transformers in the second
approximation, the sum of harmonic functions was used:

1. The first one with the period T:#=20 4w 24 4 ( ,/#70.25 1 0.33);
2. The second one with the period T,@~6u ( ,4=1).
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For a more accurate approximation of the maximum load time in the original graph to the
time of the maximum of the approximation function, various initial phases were selected.

P=2nt,0?  (5)
Therefore, the form of the function approximating the graph of the active load in the second
approximation.
o ()=8,,%-A,,Mcos (@14, ) £A,,Pcos (@, t+i,, )

(")
q)[Z] (t)= BPI[Z] 'API[Z]COS {% +j01[2]] * APZ[Z]COS { FI%TF:} +j02[2] J
1 2

First Function Second Function

Let's find the approximation of the function in the second approximation for the
transformer 25 using (8):

1. First function ( BPl[z] - APl[z] COS(a)l[z]t + jm[z] )) :

(8.), = (b:&ﬂ )Tzsmz 480 kW ®
(A1)~ Poa~Paus 800 . 200 0w

T-25 2

2. Second function (APZ[Z] cos (a)g[Z]t + oo )) :

(A7), =(Pm )T725=235 kw (9

Too5  \ Min
3. The total approximation of the function in the second approximation for the transformer
T-25:
[‘D[Z] (t)} =480—300cos(@+0 _235c0s| 2L _g
® 24 6

T-2!

(10)

First Function Second Function
[2] — _ _ -
[@(t)]  =480-300c0s(0.25t)-235cos(t-8)
Fig.3 shows 4 graphs, first, second, total approximation of the function and the original for
the transformerT-25:

== ( &1)T-25 =480-300c0s{0.25t) —8— ((2)T-25=-235c0s{t-8)
—a—P25app2, kW ——P250rig, kW
1200
1000
800
600

2| R

-400

(11:30; 980 kW)

PKW

0 2 4 6 8 10 12 14 16 18 20 22 24
HOURS

Fig.3. Graphs of the original and functions of the refined approximation of the active load T-25.
*Ucmoynux: cocmagneno agmopom. Source compiled by the author

Fig.3 shows the agreement between the original and approximated graphs, especially
during the maximum (11:30; 980 kW).
Table 5 and 6 show the statistical indicators of the original graphs (average and total) of the
active load and approximation functions in the second approximation.
Table 5
Statistical indicators of the original graphs of active load and approximation functions in the second
approximation (part-1)

Mp, KW Prax, KW @, kW
Original Second Original Second Original Second
approximation approximation approximation
Average 403 403 743 743 202 201
Sum 14517 14513 26730 26754 7279 7227

*Ucmounux: cocmagneno agmopom. Source compiled by the author
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Table 6
Statistical indicators of the original active load graphs and approximation functions in the second
approximation (part-2)

Pmina kBT ( Kmax
Original Secgnd . Original Sechd . Original Secgnd .
Approximation Approximation Approximation
Average 128 61 0.51 0.51 1.84 1.86
Sum 4634 2162 18.17 18.13 66.45 66.60

*Ucmounuk: cocmasneno asmopom. Source compiled by the author

Let’s calculate the errors for the second approximation of the graphs of the active power of
the loads of the spinning and weaving factory (for transformer 25):

1. Approximation function.

®L)(t) = 480—-300c0s (0.25t) - 235cos (t -8) (11)
2. Average values of differences (Fig. 3).
2 o2 ]216 L
M 0 -0 | = 23 =066 (1)
MElo6 = 9100 - 0.149%
483

3. The value of the standard deviation of the differences.

o [65599
o= /—24 =52.28 (13)

5806 = 5228 1001106
483
Table 7 presents comparisons of the error for the first and second approximation of the
graphs of the active power of the loads of the spinning and weaving factory.
Table 7
Approximation error values (first and second approximation) on average for transformers of the
spinning and weaving factory

. . Root mean square Root mean square
Average difference | Average difference q q
Graph type error error
MR[Z]KBT MR[llKBT MR[Z]% MR[ll% *R[Z]KBT *R[llKBT *R[Z]% *R[ll%
Average -0.13 2 -0.03 0.418 67.67 121 17.18 30

*Ucemounux: cocmagneno asmopom. Source compiled by the author

Table 8 presents a comparison of the values of the original and (first, second)
approximation daily graphs of the active power of the loads of the spinning and weaving factory.

Table 8
Statistical parameters of the original graphs and approximation functions, the first approximation
(14090-10480c0s(0.25t)) and the second approximation of the daily graphs of the active power of the loads of
the spinning and weaving factory

Graph IMpkw [ B ] T ) e, | Keada

Original 14517 26730 14:30 4634 7279 0.51 1.85
Approximate (1) 14579 24310 12:30 4126 7232 | 049 1.67
Approximate (2) 14513 26754 14:30 2712 7227 | 051 1.86

*Ucemounuk: cocmasneno asmopom. Source compiled by the author

It is noted that for second approximation a fairly accurate degree of coincidence of the
graphs is shown by the statistical data in tables 5 and 6; time error estimates and maximum values
are shown in tables 7 and 8 (14h:30min; 26750 kW).

The discussion and results (O6cyacoenue u pezynomamet).

The possible ways to align the load graphs [14, 15] of the spinning and weaving factory

1. The shift in the start time of the weaving production from 5:30 to 12:30, the rest of the
production works in the original modes (first option).

2. The shift in the start time of the weaving production from 5:30 to 12:30 and the spinning
production from 5:30 to 22:30, the rest of the consumers work in their original modes (second
option).

A. First and second options.

71




Ipobnemvr snepeemuxu, 2023, mom 25, Ne3

In tables 9, 10 and 11 show the calculations of the parameters of the approximate graphs of
the total power of the loads for the original, first and second options.

Table 9

Approximate values of the total power of the loads of electrical consumers at substation Kabun-1,
taking into account reactive power compensation at the spinning and weaving factory.

Scom: Sweav: Ssoin . Sother: S S
15- 5.7- 6.6- 2.1- sum.a sum.Kabun-
7c0s(0.5t+5) | 3.5c0s(0.25t) | 3.8c0s(0.25t) | 1.9cos(0.25t) PP Lorig.comp
Sam 6.77
MVA 14.99 5.86 2.18 29.81 28.93
S — 10.39 3.99
MVA 22 9.19 42.69 42
Kiin 0.68 0.64 0.65 0.55 0.70 0.69
Setf, 22.36 8.96 30.88 30.46
MVA 7.28 2.57
s, MVA 7.13 3.41 2.69 1.34 8.41 9.53
Gs 0.48 0.58 0.40 0.61 0.28 0.33
*Ucemounuxk: cocmasaeno aemopom. Source compiled by the author
Table 10

Approximate values of the loads of electrical consumers at substation "Kabun-1" (Option 1), the start time of
the weaving production is 12:30

Scom: Sweav: Sspin : Sother: IS
15-7c0s(0.5t+5) | 5.7-3.5c05(0.25t-8) | 6.6-3.8c05(0.25t) | 2.1-1.9c0s(0.25t) sum.app.opt.1

Savy MVA 14.99 5.65 6.77 2.18 29.6

Shmaxs MVA 22 9.18 10.39 3.99 374

Kiil 0.68 0.62 0.65 0.55 0.79

Setis MVA 22.36 6.19 7.28 2.57 30.29

&5, MVA 7.13 2.56 2.69 1.34 6.92

(s 0.48 0.46 0.40 0.61 0.23
*Ucmounuk: cocmagneno agmopom. Source compiled by the author

Table 11

Approximate values of loads of electrical consumers of substation “Kabun-1" (Option 2), start time of
weaving production 12:30 and spinning production 22:30

Scom: Sweav: Sspin: Sother: S
15- 5.7-3.5c0s(0.25t- 6.6- 2.1- sum.app.opt
7cos(0.5t+5) 8) 3.8c0s(0.25t+2) 1.9c0s(0.25t) §
Sany MVA 14.99 5.65 6.55 2.18 29.38
Smax;
MVA 22 9.18 10.39 3.99 36.36
K 0.68 0.62 0.63 0.55 0.81
Sen MVA 22.36 6.19 7.15 2.57 29.74
@5, MVA 7.13 2.56 2.81 1.34 5.15
(s 0.48 0.46 0.43 0.61 0.18

*Ucemounuk: cocmasneno aemopom. Source compiled by the author
Using table 6, the total capacity of the spinning and weaving factory at the substation
"Kabun-1" for the second option:

S

'sum.Kabun-1.fact.opt.2 —

S

sum.fact

All calculated values are presented in table 12.

+S

com.orig

(14)

Table 12

The values of the total power of loads of electrical consumers of transformers 33/11 kV at substation
"Kabun-1", a spinning and weaving factory, with a shift in the start time (option 2) and compensation of
reactive power of domestic consumers.

Ssum.Kabun-l.oriq.comD Ssum.fact Scom.oriq Ssum.Kabun—l.fact.ont.z
Savs MVA 28.93 14.39 14.46 28.85
Shax MVA 42 14.59 23 37.47
Kisin 0.69 0.99 0.63 0.77
Sein MVA 30.46 14.39 21.90 29.46
&, MVA 9.53 0.13 7.85 5.62
(s 0.33 0.01 0.54 0.19
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Fig.4, 5, and 6 show the graphs of the loads of transformers with a voltage 33/11 kV at
substation Kabun-1 and their terms - in real and approximate form - for various cases of the time
when the production of the spinning and weaving factory began to work.

—+—Scom:15-7cos(0.5t+5) —m—Sspin: 5.7-3.5cos(0.25t) —a— Sweaving: 6.6-3.8cos(0.25t)

~—Sother:2.1-1.9cos(0.25¢) == Ssum,app,Kabun-1 Ssum,app,Kabun-1,orig,comp

Fig. 4. Approximate graphs of the total power loads of electrical consumers at substation Kabun-1, taking into
account reactive power compensation at the spinning and weaving factory.
*Ucemounuk: cocmasneno asmopom. Source compiled by the author

=#—Scom:15-Tcos(0.5t45) =M= Sspin: 57-3 5c0s(0.25-8) &~ Sweaving: 6.6-3 8cos(0.25t)
~é—Sother:2.1-19cos(0.25t)  —w—Ssum.app.fact.opt1

0 4 8 12 16 20 24 28 32 36 40 44 48
HOURS

Fig.5. Approximate graphs of loads of electrical consumers at substation "Kabun-1" (Option 1), the start time
of the weaving production is 12:30.
*Ucemounuk: cocmasneno agmopom. Source compiled by the author

—+—Ssum.Kabun-1.origcomp ~ —®-Ssumfact —&—Scom.orig —%—Ssum.Kabun-1factopt.2

(9:30;42 MVA)

(20:30,37,47 MVA)

0 4 8 12 18 20 24 28 32 36 40 44 48
HOURS

Fig.6. Actual load graphs of electrical consumers of transformers 33/11 kV at substation Kabun-1, spinning
and weaving factory, with a shift in the start time (option 2) and reactive power compensation of domestic
consumers.
*Ucemounux: cocmagneno agmopom. Source compiled by the author

Table 13 shows the statistical characteristics of the conducted studies.

Table 13 shows that in the second option of shifting the start time, the maximum load is
reduced by 4.5 MVA (42-37.47), and its onset time is shifted from 9:30 in the original option to
20:30 in the second option (Fig. 6). The value of the load variation decreases from 0.33 in the
original case to 0.19 in the second case, i.e. the graph is compressed. To assess the service life of
transformers [16], it is required to determine the graphical changes in the dependence and load
factors of transformers and the corresponding winding heating temperatures, and then the value of
the relative service lives.
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Table 13

Statistical characteristics of the actual and approximate load graphs of transformers with a voltage
33/11 kV at substation Kabun-1 with various options for shifting the start time of the spinning and weaving
factory divisions.

Index Original with compensation Option-1 Option-2
Approx Real Approx Approx Real
Sav, MVA 29.81 28.93 29.60 29.38 28.85
Smax MVA 42.69 42.00 37.40 36.36 37.47
Kiin 0.70 0.69 0.79 0.81 0.77
Seir, MVA 30.88 30.46 30.29 29.74 29.46
@5, MVA 8.41 9.53 6.92 5.15 5.62
(s 0.28 0.33 0.23 0.18 0.19

*Ucemounuk: cocmagneno agmopom. Source compiled by the author

The load factor of the second option is calculated by the expression

S
KL_Om_Z: 'sum.Kabun-1.fact.opt.2
t=1h= Sor (15)
21.99
Koo == =055

Using [6], we calculate the value of the relative service life, the second option

Tser.life.opt.z :_1'46K2L.opt.2 _O'SKL.opLZ +1.83
t=1h = T eertite.opt.2 :-1.46(0,55)2 —0.5(0.55) +1.83 (16)
Tser.life.opt.z :135
All calculated values are presented in table 14
Table 14
Calculations of the value of the load factor of the transformers at substation "Kabun-1" of the second
option
Ssum.Kabun-l.fart opt.2; MVA Sn.T ' MVA KL.oot.Z Tser.life.oot.z
Average 28.85 40 0.75 0.9
Sum 37.47 40 0.94 1.35

*Ucemounuk: cocmagneno agmopom. Source compiled by the author
Fig.7 and 8 show the results of calculations of the load factor and the relative service life of
transformers, the second option.

——KLav —m—KLopt2

1.00
090
080
0.70
0.60
2 050
040
030
020
0.10
0.00

0.94

0.54

0 2 4 ] 8 10 12 14 186 18 20 22 24
HOURS

Fig.7. Graphical dependences of the daily values of the load factor of the transformers at substation "Kabun-
1" (the second option for shifting the start time of electrical consumers).
*Ucemounux: cocmasneno aemopom. Source compiled by the author
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Fig.8. Graphical dependences of the relative service life of the transformers at substation Kabun-1
(the second option for shifting the start time of work)
*Ucemounuk: cocmagneno agmopom. Source compiled by the author

From Fig. 7 it is shown that the value of the average load factors of transformers (the
second option for the start time of the spinning and weaving factory) is 0.75, the limit values are
0.54 -0.94.

It can be seen from Fig. 8 that the value of the average relative service life of transformers
(second option) is 0.9.

From [6], we consider the values of the heating temperature of the transformer windings of
the second option
T =-0.125t

ser.life.opt.2 —

+11.792

winding.opt.2

11.79-T

ser.life.opt.2

winding.opt.2 = O 125
_11.79-1.35
winding.opt.2 — W
Table 15 shows the values of the heating temperature of the transformer windings at
substation Kabun-1 of the second option.

17
t=lh =t (17

t =83.52 °C

Table 15
Calculation of the heating temperature of the transformer windings at substation Kabun-1 of the
second option

twindinq.oriq (OC) Tser.life.opt.z Lwinding.opt.2
Average 90.3 0.9 87
Max 97.5 1.35 91.76
Min 83.5 0.32 83.52

*Ucemounuk: cocmasneno aemopom. Source compiled by the author

Fig.9 shows graphs of the calculation results from table 15 for various load options.

~4—twinding.opt2 —f=twindingopt3 —s—twindingorig

98°C

0 4 8 12 16 20 24
HOURS

Fig.9. Graphical dependences of the daily values of the heating temperature of the winding of the
transformers at substation Kabun-1 for various load options.
*Ucmoynux: cocmagneno agmopom. Source compiled by the author

From Fig. 9, it is noticed that it is less than desired, since the period of the greatest loads,
the value of the heating temperature of the windings is higher than the permissible 85°C.
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Table 16 presents a comparison between the original, second and third option.
Table 16
The values of the winding heating temperature and the service life of the transformers at substation
Kabun-1 for various options for load graphs

Coefficient

Winding heating Relative
. transformer L
Load characteristic loading temperature, °C service life
T .
KL.max KL.av twindinq.max tWindinu.av serlife
Original graph for reactive power 105 0.75 98 90 0.63

compensation

Graph according to option 2 when
approximating reactive power 0.94 0.72 92 87 0.9
compensation

Graph according to option 3 when
approximating reactive power 0.9 0.72 90 84 1.05
compensation

*Hcemounux: cocmagneno asmopom. Source compiled by the author

From table 16, it is noted that the value of the service life of transformers for the load graph
for the second equalization option is significantly greater (about one and a half times) (0.63—0.9)
than for the original load graph, taking into account reactive power compensation.

B. Third option.

It is possible to analyze additional measures to equalize the load graphs of transformers
when changing the start time for some small industrial power consumers in the new sector of
Adra.

The results of studies of the characteristics of the load graphs of communal, administrative
and public electrical consumers, a mechanical workshop and a juice factory plant in the city of
Adra, powered by transformers with a voltage 33/11 kV at substation Kabun-1, are presented in [1,
5, 6].

The third option for reducing power consumption and leveling the load graph of
transformers with a voltage 33/11 kV at substation Kabun-1 includes the following measures:

1. Installation of a capacitor bank on the low voltage side of transformers in a spinning and
weaving factory.

2. Shift in the start time of the weaving production from 5:30 to 12:30.

3. Shift in the start time of the spinning production from 5:30 to 22:30.

4. Shift in the start time of the mechanical workshop from 7:30 to 23:30.

5. Shift the start time of the juice factory from 8:30 to 0:30.

The total power at substation "Kabun-1" of the third option:

S S +S

Kabun-1.0pt.3 — “~Com.opt.3 Spin&weaving.opt.3

17
SCom.opt.3 _Sad&pub + SJuice.opt.S +SMec.opt.3

Table 17
Calculations of the total power at substation "Kabun-1" of the third option
Administrative Mechanical Juice il el
. Communal | weaving 1»
&public workshop factory
factory opt.3
Average 13.05 0.46 0.90 14.41 1451 28.92
(MVA)

*Ucmoynux: cocmagneno agmopom. Source compiled by the author

Fig.10 shows the graphs of the total power loads of transformers of the third option.
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Fig.10. Graphs of the total power loads of transformers with a voltage 33/11 kV for the original and for the
third shift option
*Ucemounuk: cocmagneno agmopom. Source compiled by the author

For the third option of shifting the start time of work, the largest load power is reduced by
5.38 MVA (42.0 - 36.62), the load variation is reduced from 0.33 to 0.17 in relation to the second
option only for divisions of the spinning and weaving factory, the largest value decreased by
another 0.85 MVA (42.0 - 37.47), while in all options the average value of the load power of
transformers with a voltage 33/11 kV at substation "Kabun-1" is constantly equal to 28.9 (table
18).

Table 18
Statistical parameters of the actual load graphs of transformers with a voltage 33/11 kV at substation
"Kabun-1" for the third option of shifting the start time of electrical consumers

Administrative | Mechanical | Juice | Communal | Spin & | «Kabun- | «Kabun-
Parameter & public workshop | factory weaving 1» 1»
factory opt.3 original
Sav, MVA 13.05 0.46 0.90 14.41 14,51 28.92 28.93
S 21.40 1.10 1.80 21.70 15.94 36.62 42.00
MVA
K 0.61 0.42 0.50 0.66 0.91 0.80 0.69
Ser, MVA 1412 0.64 1.06 15.22 14.54 29.33 30.46
@5, MVA 5.39 0.45 0.57 4.90 0.99 4.89 9.53
(s 0.41 0.98 0.63 0.34 0.07 0.17 0.33

*Ucemounuk: cocmasneno aemopom. Source compiled by the author

Also, as the second option, you can evaluate the service life of the transformer of the third
option (we use (15), (16) and (17)) and the results in the tables 19 and 20.

Table 19
Calculations of the value of the load factor of transformers and the relative service life at substation
"Kabun-1" of the third option

Sn.T Ssum.Kabun—l.o:)t.3 KL.oot.3 Tser.life.om.s
Average (MVA) 40 28.75 0.72 1.45
Max (MVA) 40 36.21 0.90 1.02
*Ucemounuk: cocmasneno asmopom. Source compiled by the author
Table 20
Calculations of the heating temperature of the transformer windings at substation Kabun-1 of the third
option
twindinu.oriq Tser.life.oot.3 Lwinding.opt.3
Average (°C) 90.3 1.45 84
Max (°C) 97.5 1.02 90

*Ucmoynux: cocmagneno agmopom. Source compiled by the author

Fig.11 and 12 show the results of calculations of the load factor and the relative service life
of transformers of the third option.
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Fig.11. Graphical dependences of the daily change in the load factor of the transformers at substation
"Kabun-1" (the third option for shifting the start time of electrical consumers)
*Ucmounux: cocmasaeno aemopom. Source compiled by the author

=4=Tserlife.opt3 ==Tav.ser.life.opt.3
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Fig.12. Graphical dependences of the relative service life of transformers "Kabun-1" (the third option for the
start of operation of electrical consumers)
*Ucemounux: cocmasneno asmopom. Source compiled by the author

Table 16 compares the original and second options with the third option. The research
results showed the following:

1. The value of the average load factor of transformers (the third option of the shift in the
start time of the operation of electrical consumers at substation Kabun-1) is 0.72, the limit values
are 0.61-0.91.

2. The value of the average relative service life of transformers in the third option is 1.05 -
slightly more than desired. This is explained by the fact that the value of the average winding
heating temperature [17, 18] is less than 84°C (allowable temperature of 85°C).

3. The value of the relative service life of transformers in the case of the load graph
corresponding to the third option is significantly higher (almost twice) (0.63—1.05) than with the
original graph with the installation of compensating devices.

Conclusion (3akaouenue).

1. Approximation functions have been developed for daily graphs of active power loads of
transformers of the spinning and weaving factory (first and second approximations).

2. A sufficiently high degree of coincidence of the statistical parameters of the load graphs
has been proved; estimates of the error of the approximation function for approximation 2.

3. It is proved that the numerical parameters of the sum of the approximated graphs and the
original graph of the spinning and weaving factory approximately coincide. Therefore, to align the
load graphs of the factory, the developed approximation functions were used, and then the
obtained results of the load parameters were compared with the real charts.

4. As a result of the research, it was established that the service life of the transformers at
substation Kabun-1 (the second option and the third option) depends on the start time of the
spinning and weaving factory units. At the same time, it was revealed.

A. In the second option, the service life of transformers with an equalization load graph is
significantly longer (about one and a half times) (0.63—0.9) than for the original load graph taking
into account reactive power compensation and the average winding heating temperature decreased
by 3 °C (90 — 87) °C.
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B. In the third option, the service life of transformers is significantly higher (almost twice)
(0.63—1.05) than with the original graph with the installation of compensating devices and the
average winding heating temperature decreased by 6 °C (90 — 84) °C.
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IJEKTPOOHEPI'ETUKA
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IMPOI'HO3UPOBAHHUE BBIPABOTKH 3JIEKTPOOHEPT U
®OTOIJIEKTPUYECKOMN CTAHIIUA METOJAMM MAIIMHHOI'O OBYYEHUSA

3anapuHHasn [0.H', Peyrun I'. B!, Kypunos C.C.}, Mcaera O.B.', Koases I.C.°

"Kazanckuii roCy/IapcTBEHHBII JHepreTnyecKuii yHuBepcurer, . Kazans, Poccust
’Kaszauckuii (enepananHnelii yunsepceurert, r. Kazans, Poccus

Pestome: AKTYAJIBHOCTD. Cezo0usi cmenenv unmeepayuu BUD 6 snepeocucmemy signsemcs
nokazamenem mMexHOIOSUYeCKO20 U NPOMBIUIEHHO20 paseumus 2ocyoapcemed. Bosobuosnsemas
9HepeemuKa A65emcs OPaleepoM pa3eumust IKOHOMUKU, HAYKU U obpazoeanusi. B Poccuu camulii
O0NbLUIOU MEXHUYECKUTI NOMEHYUAL U3 80300H0BIAEMbIX UCTMOUHUK08 dHepeuu y Coanya (6 maH.
monnax ycnoeno2o monauea) cocmagnsem 2,3*10% emopoe mecmo sanumaem suepeusn éempa -
2*10°. Ho npu ucnomvsosanuu ouepeuu Conmya, Kax u MHO2UX Opyeux 60306HOGIAEMbIX
UCMOYHUKO8 DIHEpeUlU, BOZHUKAIOM OONbUlUe CIONCHOCIU C RPOSHO3UPOBAHUEM BbIPAOOMKU
9NEeKMPOIHEp2UU U3-3 3ABUCUMOCTIU UX OM Memeoyclosuli. Aemopamu cmamvy peuiaemcs
aKmyanbHas 3a0aiya NPOSHO3UPOBAHUS 2eHePAYUU SHEepPUl Om COTHEUHbIX JINeKMPUUecKUx
CMAanyuil ¢ UCNONb308AHUEM cucmem maulunno2o obOyuenus. L[EJIb. Ilenvio Oannoil pabomul
A6NA€MC  UCCLe008aAHUe  NPOU3BOOUMENTLHOCU — COBPEMEHHBIX  Memo008  UCKYCCMBEHHO20
unmennekma Onsl CO30QHUL NAAMMOPMbI NPOSHOZUPOBANUSL 8bIPADAMBIEAEMOL MOUHOCU OM
COTHEYHOU cmaHyuu 6 cywecmayiowyio cemo. Pazpabomame apxumexmypy ungopmayuoHHo-
KOMMYHUKAYUOHHOU — CUCIEMbl  PACHPEeOeTUMeNbHOU  cemu U MOOelb  NPOCHO3UPOBAHUS.
Gomosnekmpuneckoll. MOWHOCMU DJIEKMPUYECKOU CMAHYUU HA OCHOBE MemMO0008 MAUUHHO2O
obyuenusi. METO/IbI. O0num u3 nooxo008 K peweHuio 3mou 3a0auu S6158emcsi UCNOIb308aAHUe
aneopummos MawunHozo obyuenus. Taxue aneopummvl npu NPAGUILHO BbLIOPAHHOU MOOeNU
00yueHust CcnocoOHvl ¢ GbICOKOU mounocmvio 00 95% npedckaszvieams 0b6veM 2eHepayuu
anekmpoduepeuu na cymxu eneped PE3YJIBTATHI. Ilposedeno cpasnenue 3naueHull peanbHou
2eHepayuu U npeoOCKA3aHHOU 2eHepayuu namvlo aieopumMamy MawunHo20 00yYenus, maKue KaKx
HeUpouHble cemu, TUHEUHAs pespeccus, 0epedo peuleHull, CIy4atnslil iec, adanmuuslil Oycmume
Haumenvuyio cpednexeadpamuueckyio owubKy Ha NPOGEPOUHbIX OAHHLIX UMeem al20pUmm
cayuatinoeo neca. Pewena 3a0aua onmumuszayuu paouanvHol Monoaocuu cemu, KOMOpas
MUHUMUBUPYIOM  COBOKYNHble nomepu akmugnou mownocmu. 3AK/FOYEHUE. Ananus
nocmpoenust paboyeti Mooenu MAUUHHO20 00YUeHUsl, RPOOEMOHCIMPUPOB8AL, YO OJis NOCMPOEHUs
ONMUMATILHOU  MOOenU, HeoOX00UMAa MOIbKO UCMOPUL GbIPAOOMKU INEKMPOIHEPeUU MOl
CMAanHyuy, CONOCMABIEHHAS C  PACCUUMAHHLIMU U USMEPEHHbLIMU  OAHHBLIMU  HO200bl.
Cmabunvrocms mooenu Ovlia nposepena nymem npumMeHenus Memooa nepexpecmuol npoeepKu 8
PA3IUUHBIX YCO08UAX 00yYeHus u mecmuposanus. Ilonyuennvie pe3yiomamel ROKA3AMU, YMO
MOOenb HA0eICHO pabomaem, NOCKOILKY CPEOHEK8AOPpAmu4eckas oumuoKa camol mouHou Mooenu
nHaxooumcs 8 patione 600xBm*u (4 %).

Knrwuesvie cnosa: pacnpe()eﬂeHHaﬂ cenepayus; 680300H06I5IeMAS OHepeemuka, CoOJHe4YHas
SJIEKMpOCmaHyust,; npocHosuposarnue eblpa6omku COJIHEeYHO IHepeuu, uCKyCCWtGeHHbZZZ

unmeiiekm, mauuHnoe 06yt¢enue.

Jas nuruposanns: 3anapunsas 0. H., Peyrun I'. B., Kypunos C.C., Hcaesa O.B., KoBanes
I'.C. IIporHo3upoBaHHE BBIPAOOTKH 3JICKTpOdHEepruu OT BUD MeTogamu MaimmHHOTO
obyuenus // UsBectus Bbicmmux y4deOHbIX 3aBenenuid. [IPOBJIEMbI DHEPTETUKU. 2023.
T.25. Ne 3. C.81-92. d0i:10.30724/1998-9903-2023-25-3-81-92
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PREDICTION OF ELECTRICITY GENERATION FROM RES BY MACHINE
LEARNING METHODS

YUN. Zacarinnaya®, GV. Reutin®, SS. Kurilov', OV. Isaeva’, GS. Kovalev?

'Kazan State Power Engineering University, Russia
’Kazan Federal University, Russia

Abstract: RELEVANCE. Today, the degree of integration of renewable energy sources into the
energy system is an indicator of the technological and industrial development of the state.
Renewable energy is a driver for the development of the economy, science and education. In
Russia, the largest technical potential from renewable energy sources in the Sun (in million tons of
standard fuel) is 2.3 * 10% the second place is occupied by wind energy - 2 * 10°. However, the
use of solar energy is associated with great difficulties in predicting the generation of electricity
due to its dependence on meteorological conditions, and there is an acute issue of forecasting the
generation.

In this article, the authors propose a solution to the urgent problem of predicting energy
generation from solar power plants using machine learning systems. TARGET. The purpose of this
work is to study the performance of modern artificial intelligence methods to create a platform for
predicting the power generated from a solar station to an existing network. Develop the
architecture of the information and communication system of the distribution network and the
model for predicting the photovoltaic power of the power plant based on machine learning
methods. METHODS. One approach to solving this problem is to use machine learning
algorithms. Such algorithms, with a correctly chosen training model, are capable of predicting the
volume of electricity generation a day ahead with a high accuracy of up to 95%. RESULTS. The
values of real generation and predicted generation were compared by five machine learning
algorithms, such as neural networks, linear regression, decision tree, random forest, adaptive
boosting. The random forest algorithm has the smallest mean square error on the test data. The
problem of optimization of the radial topology of the network, which minimizes the total loss of
active power, is solved. CONCLUSION. An analysis of the construction of a working machine
learning model showed that in order to build an optimal model, only the history of the power
generation of this plant, compared with the calculated and measured weather data, is needed. The
stability of the model was tested by applying the cross-validation method under various training
and testing conditions. The results obtained showed that the model works reliably, since the root-
mean-square error of the most accurate model is in the region of 600 kWh (4%).

Key words: distributed generation; renewable energy; solar power plant; forecasting the
generation of solar energy; artificial intelligence; machine learning.

For citation: Zatsarinnaya YuN, Reutin GV, Kurilov S S, Isaeva OV, Kovalev GS Forecasting
electricity generation from renewable energy using machine learning methods. Power
engineering: research, equipment, technology. 2023;25(3):81-92. doi:10.30724/1998-9903-2023-
25-3-81-92.

Beéeoenue (Introduction)

B coBpemenHOM Mupe HaONIOMAeTCS HOBOE HANpaBlICHHE pa3BUTHS TIIOOATBHON
SHEPTEeTHKU: MHpP BCTyHaeT B ATalml 4-TO IHEPTeTHUECKOTO TEepexXofa, XapaKTePU3yIOMIETOCs
IIMPOKUM HCTONb30BaHHeM BUD W mMOCTEeneHHBIM BBITECHEHHEM YTJIEBOJOPOJHOTO TOILIHBA.
Vcrionp30BaHne BO30OHOBISIEMBIX HCTOYHUKOB YHEPTUN CTAHOBUTCS MPHOPUTETHOW 3amadueil s
MHOTHX cTpaH. CymecTByeT psiji MIPUOPUTETHBIX cep NPUMEHEHUS BO30OHOBIIEMBIX HCTOYHUKOB
9HEpTUH, (GOPMUPYIOMINX HAWOONBIINE CEKTOPHl BHYTPEHHETO pBHIHKA M 00eCHeYMBAIONINX
JIOCTYOKEHUE  HamOombimero dddexra s HSKOHOMHKH. K HHUM  OTHOCATCS  CHCTEMBI
pacripesieleHHOH JHEPreTHKH, MUKPOTPHABI, CcMapTrpuiasl. IIprMeHeHHe BO300HOBIIEMBIX
HCTOYHHUKOB B Ka4eCTBE MCTOYHWKOB PHEPTHH JUII MHUKPOTPHUIOB aKTyaJbHO H3-3a YHIAJCHHOCTH
OompIIOr0  KOJMIMYECTBAa PAHOHOB OT TOIUIMBHBIX ~MAarucTpaje W IEeHTPaIN30BAHHOTO
sHeprocHa0kenust [1]. ['aBHBIM 00pa3oM, HEHTPAIN30BAHHOTO JJIEKTPOCHAOKEHUS HE HMMEIOT
CeNbCKUE HaceJleHHbIe MyHKTHI paiioHoB CeBepa, JlambHero Bocroka m Cubupu. Bcero takmx
M30JIMPOBAHHBIX HHEProy3iaoB HacuuthiBaeTcss okojio 30 000, a mpoxuBalOT B HUX CyMMAapHO
oxoiio 11 miH. genoBek. ObecriedeHue dEKTPOIHEPTHEH TAKUX PAiOHOB BO3MOXHO JTHOO 3a cUeT
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CTPOUTENLCTBA CTAHLUKM BHYTPH JCLEHTPAIN30BAHHON 30HBI, JIMOO 3a CYET LEHTPAIU30BAHHOTO
sHeprocHaOxeHus [2]. Yarie Bcero aeKTpOCHAOKEHNE TaKUX PaliOHOB MOXKET OCYIIECTBIISCTCS
JU3ENBHBIMU  JIEKTPOCTAHLUSAMH C BBICOKMMM omnepanuoHHbiMH 3aTpaTamu (OPEX) wu3-3a
JIOPOTOBU3HBI MPUBO3HOrO ToIUuBa. Mcnons3oBanue BIID B kauecTBe HCTOUHMKA YHEPTUU UMEET
Huskuit OPEX u nenecooOpa3HOCTh MX NMPUMEHEHUs B MUKPOTpHUAAX MOATBEPKAAETCS PSIIOM
uccnenoBanuit [2,3]. CormacHo sHepreTuueckoi ctparerun Poccum B mepuon no 2030 rona
BOBJIEYEHHE OOBEKTOB BO30OHOBIISIEMBIX HCTOYHHMKOB sHepruu (BUD) B TorumBHO-
9HEPreTUYECKUil KOMIUIEKC Hallel CTpaHbl OyleT OcTaBaThCsl akTyalbHOH 3amadeii. OO0 sToM
CBUJICTCIILCTBYCT TpuHATHE (enepanbHoro 3akoHa Ne 471 27 npekadps 2019 roma
TocynapctBennas Jlyma Poccuiickoit @enepanuu npusana DenepanbHelii 3ak0H «O BHECEHUH
m3menennii B DenepanbHblii  3ak0OH  «O0  JNEKTPOIHEPIETHKE» B YaCTH  Pa3BHUTHA
MHUKpoOreHepauuu». JlaHHBIH 3aKOH MO3BOJT OOBEKTaAM MHUKPOTCHEpaIlH, MaKCHMalbHas
MOIIHOCTh KOTOPbIX He Oyzaer mpeBblimate 15 kBT craTh W3 CTOPOH KYIUTH-IIPOJAXKH
IEKTPOIHEPTUH. JJaHHBIN 3aKOH TTO3BOJIAT 00BEKTAM MUKPOTEHEpAIMN, MAKCUMaJIbHAsl MOIIHOCTb
KOTOpBIX He Oyaer mpeBbimarh 15 kBT craTh M3 CTOPOH KYIUIM-TIPOAAXKH OJIEKTPOIHEPTHUH.
OCHOBHBIC MCTOYHHMKH TaKUX MHHHU-IJIEKTPOCTaHLUH — 3T0 BUD, B 0COOCHHOCTH COJNHEUHAs W
BETpoBasi PHeprus. Takum 00pa3oM, JaHHBIH 3aKOH OyIeT CIOCOOCTBOBATh CO3MAHHIO OOBEKTOB
MHUKpOTCHEpallii ¥ TOBbIIICHUIO 1o BHD B sHeprobamance Poccuu. Ilo ngaHHBIM
MextyHapoJHOTO HepreTuaeckoro arenTcrsa (MDA) conHewHas GpoTodekTpuiecKkas SHeprust 1
HaXOJHUTCsI HA TpeTheM MecTe B Mupe cpeau BUD, Ho Haumnas ¢ 2016 rona cpeaw BBOJUMBIX
MOIIHOCTe Ha ocHOBe BUD, mepBoe MecTo Mo 00beMy 3aHMMAIOT COJNHEUYHbIe maHenu [3].
JlaHHBIE MHCTUTyTa OHEpPreTH4ecKodl CTpaTeruu CBHUACTENBCTBYIOT, uTO B Poccum camblif
0O0JIBIION TEXHUYECKHH MOTEHIMAN U3 BO30OHOBISIEMBIX HCTOYHUKOB 3Heprun y CosHua (B MITH.
TOHHAX YCJIOBHOTO TOIUIMBA) cocTaBisieT 2,3*103, BTOpoe MeCTO 3aHMMAaeT JHEprusi Berpa -
2*103. ConHeuHas paaualisi, KOTOpas IOCTyMaeT W3 KOCMOCa COCTaBISICT MPUMEPHO 7,5
kBTu/roz, 4To npeBbIIaeT MOTEHIMAN BCeX BO30OHOBIISIEMBIX U HEBO30OHOBIISIEMbIX HCTOYHHKOB
SHEPrHH, Npeodpa3oBaHue KOTOPHIX MO3BOJHT YIOBICTBOPUTH BCE DHEPreTUUECKUE MOTPEOHOCTH
yejoBeuecTBa. Kpome TOoro, 0CHOBHBIM M3 (pakTOpoB pazBuTus BUD MOXHO Ha3BaTh CHHU)KEHHE
BPEIHBIX BO3JCHCTBUII Ha 3KOJIOTHUECKYIO Cpeay MpH mepexoe K Bo300HOBIsIeMo reHeparuu. B
2022 rony B Poccun BeipaboTKka sHEprun Ha TeruioBbIx AnekTpoctaniumsx (TOC) cocrasnser 611,
9 mupn kBT u (62,9%) [4]. Ilpu cxxuraHuu yrieBOJOPOJHOIO TOIUIMBA MPOUCXOMUT BHIOPOC B
aTMoc(epy MapHUKOBBIX I'a30B, YTO BEJIET K M3MEHEHHIO KIMMaTa U HEraTHMBHO CKa3bIBACTCS Ha
OKpY)XKaloIllel cpele W, Kak cleAcTBHe, Ha Onaromomyumu Jofed [5,6]. OmHako pa3BuTHE
SHEPIreTHUECKOTO CEKTOpa, a OCOOCHHO ocBoecHHe BUD cBsizaHO ¢ OOMBIIMMH (DHUHAHCOBBIMU
BIIOKEHUSIMU BO BCEX CTpaHaX OCYIIECTBISETCS MPH 0CO00H 3aKOHOJATENILHON M TOIUTUYECKOM
MOJIePKKE MPaBUTENBCTBA. OCHOBHBIMU BO300HOBIISIEMBIMH MCTOYHHKAMHU BO BCEM MHpPE CTalU
CONTHEYHast U BeTpoBas »Hepruu. [lociennue necsaTuneTuss HaOMIOJAeTCS TEHICHLUS CHIKCHUS
3aTpar Ha 000pyIOBaHKE, UCTIONB3YeMOe IS MOJIyUYeHHs DHEPTUH C UCTIONB30BAaHHEM COJTHEUHOU
n BeTpoBoW dHepruu [7]. JlaHHYIO TEHICHIIMIO MOXKHO MPOCIEIUTh Ha MPHUMEpPE CTOMMOCTH
CONHEYHBIX TaHeded. OHa CTPEeMHUTENbHO CHIDKAeTCd 3a CYET CHIDKGHHUS YJIeIICBICHUS
KOMIUIEKTYIOIINX M PACXOJ0B HAa YCTAHOBKY, a Takke Ojaromapsi MOJUTHKE M MapKETHHIOBBIM
ycuiIusiM KoMnaHuii. B Oyayiem sta TeHIeHIHs OyAeT YCHIMBAThCS, M HOBbIE TEXHOJIOTHH OyayT
WCTIONB30BaThCSl JUIA CHIDKEHHSI 3aTpaT Ha CTPOUTEIbCTBO, SKCIUIyaTallMI0 M HMHTETPALUIo
00BEKTOB Ha BO30OHOBISIEMBIX HCTOYHMKAX JHEPTHH B CYIIECTBYIOIIHE YHEPrOCHCTEMBI, YTO
MOJKET CIIOCOOCTBOBATH YCKOPEHHIO MEpexoAa K BO30OHOBISIEMBIM HCTOYHHKAM HHEPIHU B
Poccun.

[[Mupokoe pacnpocTpaHeHUH (HOTOIIEKTPUIECKUX CHCTEM H PacTymias MOIIHOCTh
COJTHEYHBIX DJICKTPOCTAHIMHA TPUBOJUT K BO3HHKHOBEHHMIO IBYX OCHOBHBIX TMPOOJIEMBI 3THX
MCTOYHUKOB T€HEPAIIUH — 3TO M3MEHYHBOCTH M HEOTPEIEICHHOCTh BEIPAOOTKH, a CIeI0BATENBHO,
MOITHOCTh (DPOTOIEKTPUUECKUX MOAYJIEeH H3MEHYMBA BO BCEX BPEMEHHBIX MacIITabdax M ATy
N3MEHYMBOCTh HY)KHO YYHTHCSA TPOTHO3UPOBATH ST HKOHOMHYECKH A(PQPEKTHBHON pPabOTHI
sHeprocucTeM. TOUYHBIA MPOTHO3 pPACIONaraeMbBIMH TEHEPHUPYEMBIMH MOIIHOCTAMH HMEET
3HA4YCHHE JJI CHCTEMHOTO OIepaTopa, OCYMIECTBISIONIET0 OaTaHC MOIIHOCTH B YHEPrOCHCTEME.
Jis mosrydeHUsT MaKCMMAalbHOTO JI0XOJa OT COJHEYHBIX CTAHIMH HEoOXOaMMo pa3paboTaTh
QITOPUTM MPOTHO3MPOBAHUSA BBIPAOOTKH SJIEKTPOIHEPTHH C YYETOM TIOTOAHBIX YCIIOBHH,
BEPOSATHOCTHOTO XapakTepa TPOTHOZHBIX 3HAYCHWA B KPATKOCPOUYHOM MU JOJTOCPOYHOM
TUTAHUPOBAHUN.

3amaua TOMCKAa ONTHUMAJIbHOTO TIOTOKA MOIIHOCTH (OPMYNHPYyeTCS CO BCEMH
OTPAaHMYEHUSIMH CHUCTEMBl W BIOCIEIACTBHM pEHIAeTCAs IS TOJNYyYeHHS ONTHMAIbHOW
pexoH(puUTyparuu ceTH. PexoH(UTypamus CeTH CBOAWTCS K W3MEHEHHIO TOIOJIOTHIECKON
CTPYKTYPBI IIyTeM M3MEHEHUS COCTOSHUS BBIKIIOUATENCH, 4TO ABIsAeTCA 3((HEKTHUBHBIM CIIOCOO0M
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0aJaHCHPOBKM HArPY3KM U MOBBIIICHUS HAJIEKHOCTH PaOOTHI SJHEPrOCHCTEMBI U CHH)KEHHUSI TIOTEPh
MomHOCTH. CeTh MOXKET COCTOSITh U3 FeHEPATOPOB Ha TPAJULMOHHBIX, a TAK)KE BO30OHOBIISIEMBIX
HUCTOYHUKOB JHEPIUH, TAaKUX KaK COJIHEUHble djekTpocTaHuuu. Kiaccuueckuit mMoOUCK
ONTHMAJIBFHOTO TIOTOKAa MOIIHOCTH MPEACTAaBIsIeT CO0Oi pelieHne CHCTEMbl ypaBHEHHH ¢
HEJIMHEHHBIMH OTPAaHUYEHUSIMH. YUeT MPEphIBUCTON MPUPOJBI COMHEYHOH SHEPrHM yCIOKHSIET
npobiieMy TIOMCKa OINTHMYyMa, II03TOMY HPOTHO3UPOBAaHHE BBIPAOOTKH BO300HOBIISIEMBIX
HUCTOYHUKOB B HACTOAIIEe BpeMs ABISIETCS KpalfHe aKkTyaJbHbIM M MEPCIEKTUBHBIM
HarpasjeHHeM. MaliMHHOe OOyueHHe paclIMpsieT BO3MOXHOCTH JUIsi 00paOOTKM M aHaiu3a
naHHbIX. [losToMy, mmiaToOpMbl NPOTHO3WPOBAaHMS TEHEpPALMM DHEPrHM C  MOMOUIBIO
MCKYCCTBEHHOT'O MHTEIUIEKTa O0Jeryar IlaHHpOBaHUE IMOKPBITHS rpaduka Ha CYTKH BIEpEa U
ONTUMANIbHON 3arpy3kM BCEX CTaHIMH, TeM caMbIM MHHHMMHU3UPYS 3aTpaThl Ha INPOU3BOJACTBO
3JEKTPOIHEPTUHU B SHEPIOCUCTEME B LIEJIOM.

ABTOpaMH CTaThbU IOCTaBJCHA IeJdb HCCIEAOBATh IMPOU3BOAUTEIBLHOCTh COBPEMEHHBIX
METOJIOB  MCKYCCTBEHHOI'O  HMHTEJUIEKTa JUIi  CO3JaHus  IuiaTGopMbl  IPOrHO3MPOBAHUS
BbIPa0AaThIBAEMOM  MOIIMHOCTH  OT  COJIHEYHOH  CTaHIMH, pa3pabdoTaTh  apXHUTEKTYpy
MH()OPMAMOHHO-KOMMYHUKAIIHOHHOW CHCTEMBI PACIpe/IeIUTEIbHON CETH U pa3paboTaTh MOJIEIb
MPOTHO3UPOBaHMs (POTOIIEKTPUUECKON MOIIHOCTH DJICKTPUUECKOW CTAHIIMU Ha OCHOBE METOJIOB
MalMHHOTO O0y4eHus. OTH IIaTGOpPMbI C POCTOM TIEHEPAalMH O3JEKTPOIHEPTHH  OT
(hOTOINEKTPUUECKHUX CTAHIMH PHEPIHU OKAXKYTCS LICHHBIMU B OJIMDKAMIIeH epCIeKTHBeE.

Jumepamypuutit 0630p (Literature Review)

CymiecTByeT MHOXKECTBO Pa3IMYHBIX METOJIOB, TIO3BOJISIFOLIMX TPOTHO3UPOBATH BHIPAOOTKY
AIIEKTPOIHEPTHH (POTOIEKTPUIECKUMH YCTaHOBKaMu. Harpumep, CyIiecTByr0oT MateMaTHYeCKHue
MOJIeNIM, KOTOpbIE MPUHHUMAIOT Ha BXOJ MapaMeTphl TEeMIEpaTyphl OKpY’KaroIied cpensl,
MHTEHCUBHOCTh M3IYy4YCHHMS U CKOPOCTh BETpa M BBIAIOT B KauyeCTBE BBIXOJHOIO IMapaMeTpa
TeHEPUPYEMYIO MOIIHOCTh. Takue MOJEeNN OTHOCATCS K KOCBEHHBIM METOJaM NMPOrHO3UPOBAHUSA
BBIPAOOTKH COJHEYHOM HHEpPruH, HO OHHU XOPOUIM M MEPBOHAYAIBHOIO NPOEKTHPOBAHUA
CTaHIMM, HO OHM MOTYT OBITh HEI(P(PEKTUBHBI JUISi PEATBHOrO MPOTHO3UPOBAHUS BBIPAOOTKH,
MOCKOJIBKY B HHUX HCIIOJIB3YIOTCSI NPUOIM3UTEIbHBIE JaHHBIE IPOLECCOB, MPOMCXOMSIINX Ha
peanbHO 3IeKTpOCTaHINH. [8]

Taxke pacmpocTpaHEHHE IMOIYYWIM CTAaTUCTHYECKHE METOJbl, BKIIOUAlOIIUe B cebd
MOJIENIb  ABTOPETPECCUU CKOJIB3AIIET0 CPEIHEro M SKCIOHEHIMAIbHOE CIylakuBaHue. Takue
MOJIENIN ABISIOTCS JOBOJBHO TOMYJISIPHBIMHU JUIS TPOTHO3UPOBAHUS BBIPAOOTKH >HEPTUH, HO HE
YUHUTBHIBAIOT TPOTHO3 (POTOAIEKTPHUECKOTO HU3ITYUCHHUSI.

MeToap! MaIIMHHOTO OOYYEHUSI MCIOJIB3YIOT alTOPUTMBI MAIIMHHOTO O0y4YeHHMs, TaKHue
KaK HEMpPOHHBIC CETH, JIMHEHWHas perpeccus, NEPEeBO PELUCHUi, CloydaillHbli JieCc, aJalTHUBHBII
OYCTHHI HCIIONB30BAIUCH TSI NMPOTHO3WPOBAHMS BBIXOJHOM MOIIHOCTH (POTOIIEKTPHUUECKUX
Gartapeit. Maed ucronb30BaHMA MAIIMHHOTO OOYYEHHS 3aKIOYaeTcs B IOJHOM HUTHOPHPOBAHUH
(hm3n4ecKoil B3aMMOCBSI3M MEXIY BXOJHBIMH U BBIXOAHBIMH JAHHBIMH M CaMOCTOSITEBHOM
MOUCKE KOMITBIOTEPOM HaunboJiee y00HOro COOTHOIIEHUS MEXy HUMHU. TOYHOCTh TaKOro MeTo/a
3aBHCHUT OT pa3Mepa 0a3bl JaHHBIX, BRIOPAHHOM METOHONIOTHHU U MIPABAUBOCTH HCXOMHBIX TaHHBIX.

I'nbpuHbIe METOIBI OOBIYHO OOBEANHSIIOT METEOPOJIOTMYECKIE MOJICTH C UCKYCTBEHHBIM
UHTEIUIEKTOM U CTATUCTHYECKUMHU MOJEIAMH. [9]

Mamepuanvt u memoo (Materials and Methods)

IIpennaraemslii B paboTe MOAXOA B NMPOTHO3MPOBAHUIO BHIPAOOTKHM CONHEYHOW SHEPTHH
MpeJIoaraeT UCIoJb30BaHUE HECKOJIBKUX MOJIeNiell MalllMHHOTO OOy4YeHUs: JIMHEeHHas perpeccusi,
JIEPEeBO PpEIIeHNH, CIy4YalHbId JieC, AaNTUBHBIA OYCTHHT. OTH aJTOPUTMBI ONTHMH3AINH
WCTIONB3YIOTCS IS 3a/1a9 TIOMCKA B3aMMOCBA3EH C METeodaHHBIMH. Taxke aBTOPBI UCIIOIB30BATN
HEHPOHHBIE CETH, TOCKOJIBKY OHHU JJOBOJBFHO YaCTO BCTPEYAIOTCS B aHAJIOTHYHBIX UCCIICIOBAHISX.

A. Hetiponuvie cemu

Heiiponnsie cetm — 3T0 OONBIINME CHCTEMBI B3aUMOCBS3aHHBIX JJIEMEHTOB, COBMECTHO
paboTaromux HaJ pemeHHeM KOHKPETHBIX 3a/1ad. BIOXHOBEHMEM K WX CO3IaHUIO IMOCTYKHIH
OmosTorHUecKue CHCTEMaMBbl U TO, KaK TaKHe CHCTEMbI 00pabaThIBatoT HHAOPMAIIHIO.

Ha Bxopn HeilpoHHOU ceTH MoAaroTCs MCXOJHBbIE JaHHBIE, COCTABISIONINE TEPBBIM ClIOH
cetu. IlocnenHuil cioil ceTu — 3TO BBIXOJHBIE JaHHbIE — 3HAUEHUE IreHepaluu. Mexay nepBbIM U
MOCJIETHAM CIIOEM CYIIECTBYIOT TaK Ha3bIBAEMBIE CKPBITHIE CIIOH.

CyTtp HelipoceTH, Kak MeXaHH3Ma 0O0pabOTKHM WH(OPMAIUK, COCTOMT B aKTHUBAIUU
HEHpOHAMH 3 HPEABIIYIIETO CJI0S HEHPOHOB B CIEIYIOMIEM CJIO€ C IeTbI0 OOHAPYKHUTH KaKoii-
HUOY b mabaoH. {1 3TOro KakJoMy COeIMHEHHIO MEXIY HeHPOHAMH Ha3HAYaIOT BeCca M CIUTAIOT
B3BEIIICHHYIO CYMMY BECOB JJISI KXKI0TO HelpoHa. B pe3ynbTare MOXKeT MOIydIuThCs I000€e YHCIo.
Jis akTHBHM3aIMM HEHPOHOB B CIEAYIOMIEM CJIOE€ MPU ONpPEAETICHHOM 3HauYeHWH HEOOXOAMMO K
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B3BEIICHHOW CyMMe J100aBUTH KOHCTaHTy, Ha3bIBaEMYyIO CIBMIOM W IIepefaTb 3TO YHCIO B
(YHKIMIO aKTUBALMK, KOTOPAst Yallle BCETo SIBIISETCS CUTMOUJION.

B pesynbrare HEHpOHHAsI CETh COAEPIKHUT THICSYN BECOB M CIIBUTOB, KOTOPBIE MOYKHO MEHSIThH
4yTO0OBl HAaCTpauBaTh IMOBeAeHHE ceTH. [109ToMy Korjma Mbl TOBOPHM 00 MalIMHHOM OOY4YEeHUH,
MMeeTCsl BBUAY — 3aCTaBUTh KOMITBIOTEP HAWTH Takhe 3HAUEHHMs JUI BCEX dTHX YUCEN TakK, YTOOBI
9TO PEIIMIO OCTABICHHYIO 3a7ady.

Jlnsi MaTeMaTH4ecKOro IMpEICTaBICHHUs BCEX BECOB M CIABHIOB, HEOOXOJIMMO IMPEACTaBUThH
BCE Beca B BHJE MaTpHIIbI, JAHHBIC NIEPBOTO CJIOSI CETH B BHJE BEKTOpPa- CTOJIONA U MPOU3BECTH
MaTpUYHOE TIPOU3BEJICHUE ITHX MATpPHILL, a 3aTeM 100aBUTh K MATPUYHOMY IIPOU3BEACHHIO C/IBUTH,
NPE/ICTaBJICHHBIC B BUJIE BEKTOPA-CTOJIONA U MPUMEHUTD K MOJIYYUBIIECHCS MaTpUIE CUTMOMIHYIO
¢byukmuto aktuBarmu. [10]
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MaTpHUIa BECOB

b - Marpuma cieuros

o

@
b,

@
by

B paboTe aBTOpBI HCHOIB30BAIN HEMPOHHYIO CeTh C 10 CKPBITHIMHU CIOSMH U3 7 HEHPOHOB,
CUTMOUIATIFHYIO (DYHKIMIO aKTHBAIMM M HCTIONB30BAIN (PYHKIMIO OalleCOBCKON peryispu3aIiiuu
JUTsT OOYYEHHUS CETH.

B. Jluneiinas peepeccus

SIBnsieTcst 6a30BOM Pa3HOBUIHOCTHIO perpeccuu. IIpocTas JTHHEHHAs PErpeccHst MO3BOISIET
MOHATh B3aUMOCBS3b MEXY IBYMs HENpephIBHBIMH TiepemeHHbiMU [11] JluneiiHas perpeccust
OTIHCBIBACTCS CIEAYIONIM yPaBHEHUEM:

Y=B; +B X +..+B X, +¢€,

rae - K03()GUIMEHTHI PErPECCHH, € - OITHOKA PErPECCHH.

C. Hepeso pewrenuii

JpeBoBuIHAs CTPYKTypa, HamOMHHAIONIAs OJOK-CXeMy, KOTOpas HCIIONB3YyeT METOJ
BETBJICHUS, WUIIOCTPUPYS KaKAbIi BO3MOXHBIA pE3ysbTaT NPUHATH pewieHus. Kaxawlil ysen
JlepeBa COOTBETCTBYET OJIHOM IIPOBEPKE YCIIOBUS II0 ONPEJEICHHON IEPEMEHHOM, a KaX/1asi BETBb
SIBJIIETCS. PE3YJIbTATOM 3TOW IIPOBEPKHU.

3amada MaKCHMH3AINN MTOTyYeHHOW HH(DOPMAINH MPH KaXIOM pa3[eNeHuH, CBOIUTCS C K
3a/1a4e ONpEeNeIeHUs IeNIeBOW (PYHKINH, KOTOPYI0 HEOOXOIMMO ONTHMH3HUPOBATH C ITOMOIIBIO
anroputMa jaepeBa pemeHnil. lleneBas ¢yHKIHS B JaHHOM CiIydae OIMCBHIBACTCS CIIEAYIOIINM
YpaBHEHUEM.

IG(D,_, f)=1(D,)- %I(D +MI(D )
p! - p N left) N right / |

p p
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rie T — dynxums pasnenenus, Dp, Dyeiis Dright — HaOOpBI JaHHBIX POAMUTEIBCKOTO M AOYEPHUX
yanos, | — mepa mpumecn, N p — OOLIEe KOIMYECTBO BBIOOPOK B POJUTEIBCKOM Y3II€, a Nleft u

N right “KOJIMYECTBO BHIOOPOK B I0YEPHHX y3IIaX. [12]

D. Cayuaiinouii nec

Cny4aliHBIH JIeC COCTOWT W3 OONBIIOrO KOJMYECTBA OTACIBHBIX [CPEeBBEB DPELICHUH,
KOTOpBIE PabOTalOT Kak aHcamOmb MeTooB. Kaxknoe nepeBo B ciIydailHOM Jiecy BO3BpamacT
MPOTHO3 KJIacca, W KJIacC ¢ HanOOJBIIUM KOJMYECTBOM TOJIOCOB CTAHOBUTCS IPOTHO30M JIeca.
City4aiiHblii JieC OTIMCHIBACTCS CIIEAYIOMNM ypaBHeHHeM [13]

l N
F(x)= _Zbi(x) )
N =
rzie N- 4HCIIo IepeBbeB PEIIeHUH CITy4aifHOTo Jieca, bi(X) — epeBo pelieHuH.

E. Aoanmusnviii Oycmune

AnanTHBHBI OYyCTHMHI — 3TO YacTHBIM Ciydail TpagMeHTHOro OycTHHra. OTO TEXHHKa
MalIMHHOTO OOyYeHHs i 3a/a4 KIAacCU(PUKALUM M PErpeccuu, KOTopas CTPOMT MOJEIb
npejckasanus B (opMe aHcamMOns caaOblx NPEACKa3bIBAIOIIAX MOJEICH, OOBIYHO IEPEBHCB
perieHuit. AZanTHBHBINA OYCTHHT OIMMCHIBACTCS CIACAYIOMINM ypaBHeHHeM [14]:

FOO =D ahe (0,

rae hm — OazoBast pyHKUUS, IEPEBO PELICHHUH.

Mooenv mawunnoeo obyuenus

F. Ucxoonvie dannvie

Jns mporHosupoBaHus TreHepauun oT COC wucmonp3oBajiach clexylomias HCXOTHAs
undopmanus:

1. MeTeoponoqueCKHe JaHHBIC, B3ATBHIC U3 OTKPBITBIX HCTOYHUKOB. B YaCTHOCTH, 6]:IJ'II/I
UCIIOJIb30BaHbI lTapaMeTPhl BIAXKHOCTH, IIPO3PAYHOCTH U TEMIIEPATYPbI OKpYIKaIOLIel cpe/bl;

2. U3mepeHHble JaHHBIE — I[I0YacOBas BBIPAOOTKA OJIEKTPOIHEPTHH  COJHEYHOU
JNEKTPOCTAHIMEH, JaHHbIE COJTHEYHOT'O M3ITyYEeHUsI

3. PaccunTaHHbIe JaHHbBIE COJIHEYHOTO YIJIa, JUIMTEIBHOCTh COTHEYHOTO JIHSI.

Koppemmm[ napaMeTpoB HMCXOJHBIX HAaHHBIX C BEJIMUMHOU réHepaluru SJICKTPOIHEPIUn
n300pakeHa Ha pucyHke 1. M3 pucyHKa BHIHO, YTO HAWOOJBIIYI0O KOPPEISIIIHIO C BhIPAOOTKOU

QJICKTPOIHECPTUU UMECT BEJIMYUHA COJTHEYHOI'O IMOTOKaA.
100
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Puc. 1. Marpuna Ko3)GHUIMEHTOB KOPPENAIN 1. Matrix of correlation coefficients of
MapaMeTpoB. parameters.
*Hemounuk: cocmasneno asmopom. Source: compiled by the author
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OmHaKO, TIOCTPOUTH MOJIENTh MAIIIMHHOT'O OOYYCHUsI BBICOKOW TOYHOCTH, UCXO/S TOJEKO U3
BEJIMYMHBI COJHEYHOTO IMOTOKA HEBO3MOXHO H3-32 BBICOKOTO pa3dpoca 3aBHCUMOCTH OJHOM
BEJIMYHMHEI OT Ipyroit (puc. 2). s moydeHus] BRICOKOTOYHOW MOJIEA HEOOXOUMO YUYHUTHIBATh
BCE MapaMeTphl, OKa3bIBaIOIIKE BIUSHIE HAa 3HAYCHHE BEIMUUHBI T€HEPAIIHH.

norok, Br/m?

Puc. 2. Jluarpamma paccesiHusi, coorBercTByromnas —Fig. 2.Scattering diagram corresponding to arrays of
MaccHBaM Iap [aHHBIX TeHepaluH U cojHeyHoro generation and solar radiation data pairs.
U3ITYYCHHUS.

*Hcmounuk: cocmasneno asmopom. Source: compiled by the author.

G. Coop unpopmayuu na COC

Jdnst co3manusi 3¢¢GeKTHBHOW MOIENU IMPOTHO3UPOBAHUS BHIPAOOTKH AJIEKTPOIHEPTHUH,
HeoOXo/uMa aBTOMATH3MPOBAHHBIH COOp JaHHBIX CTaHLUM, BKJIIOYAIOMIME B ce0s HMCTOPHUIO
BBIPAOOTKH, [AHHBIC COJHEYHOTO H3JIy4CHHUsS, a TaKkkKe HEOOXOMUMbl  (aKTHUCCKHUE
METEOPOJIOTHYECKHE TaHHbBIC, TAHHBIE METCOPOIIOTHICCKOTr0 MPOrHo3upoBanus. OJHAKO BCEe OHH
MOTYT OBITH MOJNy4EHBI OT O0OPYZOBAaHHS COBEPIUICHHO PA3MYHBIX MPOHU3BOJHUTENCH, MOITOMY
MOY€ET BO3HMKHYTH BOIPOC O COBMECTHMOCTH 3TOr0 000pymoBanus. [15]

Crangapt IEC 61850 oTBedaeT 3a COBMECTUMOCTUMOCTH YCTPOWCTB, MPEIOCTABISIET
eIUHBIN MPOTOKOJ 0OMEHA TaHHBIMHU, HEOOXOAUMBIMH s HYHKIIHOHUPOBAHHUS CTAHIIHH.

Ha pucynke 3 mpencraBieHa cxemMa WH(QOPMAMOHHBIX W KOMMYHHKAIIHOHHBIX
TEXHOJIOTHH cTaHiuu. OHa COCTOMT M3 TPEX OCHOBHBIX ypoBHEM. [16]

——————— IncxTpirucerie Kabem
gl E E Cers coxsn
!

. Lexp odpasorus  Cepeep
VpoBeHs KOHTPOIR iy

Tepairmme Tammme

-—

=y T

Coaneunsie nanem: Hsseprop| TMoxcrasms |

Vposens remeparmm t & & l

Puc. 3. Uudopmanuonnsie u xommyHukanuonusie  Fig. 3. Information and communication technologies
TEXHOJIOTMH HA COJIHEYHOM 3JIEKTPOCTAHIINI of a solar power plant
*Hemounuk: cocmasneno asmopom. Source: compiled by the author.

Ha HmkHeM ypoBHE — YpOBHE TI'C€HEpAlMH YCTAHOBICHBI JATYHKH, KOHTPOIHPYIOIIHE
COCTOSIHME COJIHCYHBIX MAaHENeH, B MHBEPTOPaX CO BCTPOCHHBIMU BBIKIFOYATEISIMUA HATPY3KH
YCTAHOBJICHBI TATYMKH TOJIOKEHHS BBIKIIOYATENICH, a TakKe aMIepMETPbl M BOJIBTMETpPhL. Takke
NEePBUYHBIMU JAHHBIMU B HEKOTOPOM PO/JIC SIBIISIFOTCS METEOPOIOTHYECKHE JAHHbIE, OTyYCHHBIE C
YCTPOMCTB U JaTYMKOB, YCTAHOBJICHHBIX HA METEOPOJIOTHYECKOU OallHe.

WudopmManus OT KOHTpOJUIEpa BEIKIIOYATENS U KOHTPOJIePa IIOCTOSHHOTO U MIEPEMEHHOTO
TOKa MOCTYMaeT B YCTPOMCTBO CBSI3H. YCTPOMCTBO CBsI3M ympapisieT paboToil KOHTPOJUIEPOB,
coOupaeT JaHHBIE M MepenaeT X Ha BepXHHW ypOBEHb CXEMbI, B JaTa LEHTp, IJie 3TH JaHHbIC
xpaHstcs. BnocneactBun 3TH JaHHBIC YK€ MOTYT OBITh HCIOJIb30BaHBI AITOPUTMAMU MAIIHHHOTO
o0yueHust A7t peCKa3aHus BRIPAOOTKHU NIEKTPOIHEPTHU COJTHEUHOH dneKTpocTaniumeii [17].

Pesynemamol u oocysncoenue (Results and discusions)
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Ha pucynke 4 u300pakeHO CpaBHEHUE 3HAUCHUI PEabHOM reHEepallMy U NPEACKa3aHHOM
TCHepaluy Pa3HbBIMH aTOPUTMAMH MAIIMHHOTO 00ydeHus. CpaBHEHHE ObUIO CIENaHO Uit 9-TH
nHel okTsa0pst 2019 roga. 3 pucyHka BUIHO, YTO BCE aNTOPUTMBI, 32 MCKIIOUCHUCM JIMHCHHOM
perpeccuyi, B HOYHOE BpeMs MOKa3bIBAIOT HYJIEBYIO T'€HEpalUio, a B JTHEBHOE BpeMs IeHepalus
NpEJICTAaBIsIeT U3 ce0sS KpUBYH JHHUI. J[Is cpaBHEHUs MEXIy COOOW pa3HBIX MoOAeeH
MAIIMHHOTO O0YYeHUs, ObLIa MCIOJh30BaHA MEPEKPECTHAs MPOBEPKA JAHHBIX, CMBICT KOTOPOU
3aKJIIoyaeTcsl B TOM, 4TO oOydaromuii HaOop nmenutcs Ha K moaBelOOpOK, ofHA TOABBIOOpKA
COXpaHsCeTCS B KaYSCTBE JNAHHBIX JJI MOJCIH BepU(UKAIUK, a APYTUE BHIOOPKH HCIOJIB3YIOTCS
Uit o0yuenus. [lepexpectHast mpoBepka moBropsiercs K pas, u KaxIplil MOABBIOOp MpOBEpsACTCS
oauH pa3. [To mosydyeHHBIM pe3ysibTaTaM BBICUMTBHIBAECTCS CpEeAHEe AJIs MOJNyuYeHHUs: JOCTOBEPHOM
oneHku TouHOCTH Mojenu. [14] Tlpu mepekpecTHOM MpOBEPKE CpeAHEKBaIpaTHUYECKas OIIMOKa
paccuuThIBaiach 1o opmyie:

1 a(PiH)-R,0)
RMSE = NZ:‘ ) 100

2 . @ Axryatssas resepans
1 * @ Hefipormmse cen
A “ ! r‘ " o Azarruesit Gycrumr
@ Jlameiinas perpeccns
Cayaifisiit zec
Jlepero pemenmit
.y

. / . \
b " bl P b s | Al |
R | [ 1]
b ,
] 8
}

Ienepaips, kBT*q

e | 14

i1 ENEREEIRENEN
H s e BN A Bl et I e B

Mecawy/ Jletib

Puc. 4. CpaBHenuwe Tekymmux u mnporHosueix Fig.4. Comparison of current and forecast
3HaYeHWH TeHepalMu  pasHbIMH  anroputmamd — generation values by different machine learning

MAIIMHHOTO o0yueHus LTSt conreunoii  algorithms for a solar power plant with an installed
SIIEKTPOCTAHIMK YCTaHOBJIEHHONH MoIHocThio 15 capacity of 15 MW
MBrT

Hcmounux: cocmasneno asmopom. Source: compiled by the author

Cpez[HeKBaz[paTquCKaﬂ omrOKa ObllIa MOCYMTaHA JJIL TIPOBEPOYHBIX U TPCHUPOBOYHBIX
JaHHBIX. IT10 cA€IaHoO i TOro, YTOOBI IPOBEPHUTH, HACKOJBKO XOpOLIO ObLIN HO,Z[06paHBI
napameTpbl MOJCIIA. Bricokas pasHulla MEXKAYy TPCHUPOBOYHBIMHU W MPOBCPOYHBIMU JaHHBIMH
CBHJCTCIHCTBOBAJIA OBl O r[epeo6yqu1/H/I, a BBICOKOC 3HAYCHHE Cpe,I[HeKBaI[paTH‘IeCKOﬁ OIIMOKHU
npyu mno4Tu MHUHHAMAaJIbHOMI pasHune MEXAY TPCHUPOBOYHBIMHM W IIPOBCPOYHBIMU JaHHBIMU
CBHJCTCIBCTBOBAJIA OBl O He,[[OO6y‘IeHI/II/I MOICIN. B peE3yJbTaTe PacyYCTOB ObLIN IOJIYYCHBIL
JaHHbIC, HTPCACTABJICHHBIC Ha PHUCYHKE 5. WUz pUCYHKa BHUJAHO, 4YTO HAWUMCHBIIYIO
CpCAHCKBAAPATUICCKYIO OH.II/I6I(y Ha MPOBEPOYHBIX HJaHHBIX UMECT aJITOPUTM cnyqaﬁﬂoro Jieca.

3 aIpaTHIHAL OUWHOKA, KBT®Y

Puc. 5. CpennexBanpatiuynsle ommOKH, nonydeHnsie  Fig. 5. The root-mean-square errors obtained during
mpud  TEepeKpecTHOW mpoBepke Mmoxenedd mpu  cross-validation of models when comparing current
CpaBHEHMHM TEKYIIMX H [OpPOrHO3HBIX 3Hauenuit and predicted generation values by different machine
reHepamuy pasHbIMH anropuTMamMu MamuaHOTO  learning algorithms. *

o0y4yeHus

*Hemounuk: cocmasneno asmopom. Source: compiled by the author.
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Jis  onTHMM3aUMM  HEOOXOIMMO  OCYHMICCTBUTh  PCKOH(UTYPAIUI0  CHUCTEMBI
3JIEKTPOCHAOKEHHUS C PACTIPEICICHHON TeHepauei. TOmoJOrHio CeTH MOKHO U3MCHUTD, U3MCHHB
COCTOSIHUC JIMHCHHBIX  BBIKIIOYATENCH. 3amavell  ONTHMHU3AIUHM  SBISIETCS  HAXOXKICHHE
ONTUMAIILHON paaualibHOW TOIMOJIOTHU CETH, KOTOpas MHHUMH3UPYIOT COBOKYITHBIC IOTEPH
AKTUBHOMW MOIIIHOCTH.

CdopmynupoBanHas mpobiieMa MOXKET ObITh ONUCAaHA CICAYIONIEM ypaBHeHHEM: [15]

mln Ioss z loss — ZiR (P ) +(Q )

h=1 i=1 (U )

[Ipu cnenyromux orpaHNYEHUSX:

- CoGmronieHre 6ananca aKTHBHOM W PeaKTUBHON MOIITHOCTH;

- YpOBHH HaIpsOKEHUSI B CXEME HAaXOIATCA B IOMTYCTHIMOM JIHANa3oHe;

- PexoH(uryparms pactpenenuTensHON CETH pagnaibHas.

CymiecTByeT MHOXXECTBO CIIOCOOOB, C MOMOIIBIO KOTOPBIX MOXHO ONTHMH3HUPOBATH
KOH(UTypanuio pachpeaennTenbHo cetd. OXHEUM M3 CHOCOOOB SBISETCS TNPHUMEHEHHS
anroput™Ma Opytdopca (OT aHTIIMHACKOTO BBIpAXCHHS «brute force»). Vnes WCIONb30BaHUSA
QITOPUTMA COCTOUT B TOM, YTOOBI 1O OdYepeaH NepeOHpaTh IOJOXKEHUS BCEX BO3MOKHBIX
BBIKJIFOUATENEH € IIEIbI0 IOMCKA ONTHMAILHOTO MTOJI0XKEHHS PEKOH(UTYPALIUH CETH.

B kauecTBe MCXOIHOM cXxeMbl ObLIa BHIOpaHa cxeMa ¢ 15-10 muHaMu, IpeicTaBIeHHAs Ha
PHUCYHKE 6.

9 10

A=
JFJ
PVNo1

= \ \, 1800 kW
; —
\ S \_7/1/
15
|‘ 1

 /

~—" PVNo2
2500 kW

i I

Pucynok 6. McxomHas cxeMa JUis ONTHMHU3AIHN Fig. 6.  Original circuit for optimization
*Hcmounuk: cocmasneno asmopom. Source: compiled by the author.

st oTo#t cxembl ObUIa COCTaBieHa MOIEIb B mporpammHoM obecriedennn MathWorks
Matlab & Simulink. Dta mMozens 3amaBana rpadukud HArpy30K JUis KaKAOW W3 IIHH U rpaduk
BBIPA0OTKH BIEKTPOIHEPIUH COJHEYHBIMH 3JIEKTPOCTAHIHAMH. 3aT€M MOJCIb II00YEPEIHO
nepeGrpaa MoJ0KeHHE BCeX BBIKIIOYATENCH B CXEME.

Pesynbrar paboThI 3TOr0 aIropUTMa MPeICTaBIeH HAa PUCYHKE 7.

EU'I?IJII MOILTHOCTH B TEYEHHH CYTOK BCEX TOTOMOTI, KBT

600,00

U000
01 0
oo

oA

Puc. 7. Tlorepu akTMBHOW MOINHOCTH Juis pasHeix  Fig. 7. Active power losses for different topologies of
TOMOJIOTUI UCXOIHOMN CXEMBI the original circuit
*Ucmounux: cocmagnerno asmopom. Source: compiled by the author.
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PaccMoTpeHHBIH €cOCOO ONTUMHU3ALUK MOAXOOUT TOJBKO Uil HEOONBIINX CXEM U HE
MaciTabupyercs i KpymHbIx ceteil. [lo 9To#t mpuumHe, HEOGXOAUMO MPEOOPa3OBBIBATH ITY
3aa4y B 6oJjiee MPOCTYyI0 U MeHee TpyaoeMKyo [12].

3axntouenue (Conclusions)

TouHOEe NPOrHO3UPOBAHUE CONHEYHOU (POTOINECKTPUUECKOI MOIIHOCTH HEOOXOIUMOE ISt
ONTHUMAJBHON WHTErpalii CTAHIMA Ha BO30OHOBISAEMBIX HCTOYHHKAX B CYIICCTBYIOIIHE
9HEPrOCUCTEMBbl B CYIEPrpHIaXx W Ui HPOrHO3a MOTpeONeHHs B MHUKpOrpHiaax. B crarbe
NpeCTaBICHA METOJOIOTHS IIPOTHO3UPOBAHUS BHIPAOOTKH (HOTOIIEKTPHUESCKUX CUCTEM HA CYTKH
BIIEPE/, OCHOBaHHAs HA alrOpPUTMax MAaIIMHHOTO oOydeHwus. [IpoBeAeHHBII aHAIN3 MOCTPOCHHS
paboueil MOAENH MAIIMHHOTO OOYYeHHs, MPOAESMOHCTPUPOBAN, 4YTO JUISl MOCTPOCHHUS
ONTUMAJIbHOM MOJEIH, HeOOXO0AUMA TONBKO MCTOPHS BBIPAOOTKH 3JICKTPOIHEPIHH 3TOM CTAHIIHH,
COIOCTABJICHHAS] C PACCUMUTAHHBIMH U H3MEPEHHBIMH JTaHHBIMH MOTrojbl. CTaOUIBHOCTh MOJICIH
ObLTa MPOBEpEHa MyTeM MPUMEHEHHs METO]a MEPEeKPECTHOH MPOBEPKU B PA3IHYHBIX YCIOBHSX
o0yueHust u TecTupoBanus. [lomydeHHbIe pe3yabTaThl MOKA3AIH, YTO MOJIETh HalIEXKHO paboTacrt,
MOCKOJIbKY CpEHEKBaJpaTHuecKasl OIMIMOKa CaMOd TOYHOW MOJEIH HAXOAUTCS B paioHe
600xBT*u (4 %).
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PA3BPABOTKA AJITOPUTMA ONPEJAEJIEHUA MECTA IIOBPEX/IEHUSA
KABEJIbHOM JIMHUM C UCITI0JIb30BAHUEM EE AMILTUTYJIHO-®A30BBIX
KOOPJIUHATHBIX XAPAKTEPUCTHUK

Jorynos A.B*., ILisik F0.K?

TromMeHcKkuii HHAYyCTPpHATBHBINH YHUBepcuTeT, I. Tiomens, Poccus
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Pestome: AKTYAJIPHOCTD. 3adaua onepamuerHo20 u mMOYHO20 ONpedeNeHus Mecma
nospesicoenus (OMII) 6 kabenbHblX TUHUAX INEKMPONepeoady A68emcs 00HOU U3 KIOYeBblX 8
npoyecce  obecneuenuss  HAOelCHO20 U  bOecnepebolino2o  CHabOdCeHus  nompebumenetll
anexmpoanepaueu. Paspabomxa nosoco aneopumma pewienus 2mou 3a0auu, KOMopbiil nO3601UM
MUHUMUSUPOBAMb 8PEMsL U Pecypchl, 3ampadugaemvle HA NOUCK NOBPENCOCHUU, S6ISAemcsl
AKMYanbHbIM  HANpagieHuem cospemennvix ucciedosanuti. L[EJIb. Paccmompems ocHOGHbIE
Hedocmamku u oepanudenusi cywecmeyouux memooos OMII kabenvnvix nunuil. Pazpabomamo
aneopumm OMII kabenvHOU AUHUU HA OCHOBE MeOpPUU OAUHHBIX AUHULL C UCNONb308AHUEM
OPULUHATLHBIX AMNIUNMYOHO-PAZ08bIX KOOPOUHAMHBIX Xapakmepucmuk. Peanusosams anrcopumm
NONYYeHUs. MeopemuyecKux Xapakmepucmur 3a6UCUMOCIU NAPAMempos 6X00H020 MOKA Om
KOOpPOUHamul NOGPENCOCHUS IUHUU HA KOHKpemHoMm yuciosom npumepe. METO/IBI. Ilpu pewenuu
HOCMABIEHHBIX 3A0aY NPUMEHSIUCL MemOObl Meopul ONUHHBIX JUHULL U KIACCUYECKOU meopuu
INEKMPUYECKUX Yenell, pealu308aHHble CPeOCmEaMU NpoepamMmnozo Komniekca Wolfram
Mathematica. PE3VJIbTATHL. B cmamve onucana axmyaibHOCHb MeMbl, PACCMOMPEHDL
OCHOBHble HedocmamKu cywecmayiowux memooog OMII kabenvnvix aunuti. Paspaboman u na
KOHKPEMHOM YUCIOB0M NpuMepe peanu3o8an aiOpUmm OnpeodeneHuss Mecma nospesicoeHus sl
00HOGhazHOU KabeNbHOU TUHUU, OCHOBAHHBII HA COBMECTNHOM UCHOIb308AHUL CREYUATLHOZ0 6U0d
0youposannvix koopournamuo-zagucumvlx (AKX) u (OKX) xapaxmepucmux, paccuumanHwvix ¢
ucnonvzosanuem  npozpammuozo  xkomniexca  Wolfram  Mathematica.  [Ipueedenn
coomsemcemeyoujue 2paguueckue nOCMpoenus U ONUCAH BAPUAHM NPAKMUYECKOU peanu3ayuu
npeonazaemozo anreopumma. 3AKIIIOYEHUE. [lo pesyrvmamam meopemuyeckux pacuemos
NPeONONCEHHBLI AOPUMM ONPEOeieHUss MeCma No8Pedcoenuss 0OHOPA3HOU KabenbHOU AUHUU
aleKmponepedayy no360Jslem ¢ 3a0aHHOU MOYHOCbIO ONpedesimb KOOPOUHAMY NOBPENCOEHUS
0151 cyyaeg obpwiea u KOPOMKO20 3AMbIKAHUA 60 6CeM Ouanasone Onumwl aunuu. [lonyuennvle
meopemuiecKue pacueml HyHcOaomcst 8 COOMEEmMcmsylouel IKCHePUMEHMAIbHOU NPo6epKe Ha
credyioujem damane uccied008aHull.

Knrwouesvie cnoea. mooenuposanue; mMecmo nospexicoeHuss TUHUU; aneopumm;, KabeibHds TuHUL,
AMAIUMYOHO-()A308a51 KOOPOUHAMHAS XAPAKMEPUCTUKA.

Jast murupoBanus: Jlorynos A.B., [llnsik FO.K. Pa3zpaboTka anroputMma onpeaeiacHus MecTa
TMMOBPECKIACHUA Ka6eJ’IBHOI71 JIMUHHUU C UCIIOJIBb30BAaHUEM €€ aMHJ’II/ITyI[HO-(baSOBI)IX KOOPJAWHATHBIX
xapakTepucTrK // 3Bectus BoicinX yueOHbIX 3aBeaeHuii. [IPOBJIEMbBI DQHEPT'ETUKU. 2023.
T.25. Ne. C.93-104. doi:10.30724/1998-9903-2023-25-3-93-104.

DEVELOPMENT OF ALGORITHM FOR DETERMINATION OF LOCATION OF
CABLE LINE DAMAGE USING ITS AMPLITUDE-PHASE COORDINATE
CHARACTERISTICS

AV. Logunov®, YuK. Shlyk?

Tyumen Industrial University, Tyumen, Russia
'ORCID: http://orcid.org/0000-0002-3735-7877,
logunovav97@mail.ru’shlyk53@mail.ru

Abstract: RELEVANCE. The task of prompt and accurate determination of the fault location in
cable transmission lines is one of the key in the process of ensuring a reliable and uninterrupted
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supply of electricity to consumers. The development of a new algorithm for solving this problem,
which will minimize the time and resources spent on finding damage, is an urgent area of modern
research. THE PURPOSE. Consider the main shortcomings and limitations of the existing
methods of determining fault location to cable lines. Develop an algorithm for the determining
fault location to cable line based on the theory of long lines using the original amplitude-phase
coordinate characteristics. Implement an algorithm for obtaining theoretical characteristics of the
dependence of the input current parameters on the line fault coordinate using a specific numerical
example. METHODS. When solving the tasks set, the methods of the theory of long lines and the
classical theory of electrical circuits were used, implemented by means of the Wolfram
Mathematica software package. RESULTS. The article describes the relevance of the topic,
considers the main shortcomings of the existing methods of determining fault location to cable
lines. An algorithm for determining the fault location for a single-phase cable line has been
developed and implemented on a specific numerical example, based on the joint use of a special
type of duplicated coordinate-dependent (ACC) and (FCC) characteristics calculated using the
Wolfram Mathematica software package. The corresponding graphic constructions are given and
a variant of the practical implementation of the proposed algorithm is described. CONCLUSION.
According to the results of theoretical calculations, the proposed algorithm for determining the
location of damage to a single-phase cable power transmission line allows, with a given accuracy,
to determine the coordinate of damage for cases of breakage and short circuit in the entire range
of line length. The obtained theoretical calculations need appropriate experimental testing in the
next stage of research.

Key words: modeling; the location of the line failure; algorithm; cable line; amplitude-phase
coordinate characteristic.

For citation: Logunov AV, Shlyk YuK. Development of algorithm for determination of
location of cable line damage using its amplitude-phase coordinate characteristics. Power
engineering: research, equipment, technology. 2023; 25(3):93-104. doi:10.30724/1998-9903-
2023-25-3-93-104.

Beseoenue (Introduction)

D¢ deKTBHOCTD PaOOTHI JIOOBIX MIEKTPOTEXHMYECKUX KOMIUIEKCOB HEPa3phIBHO CBsI3aHa
¢ OecriepeOOHOI TOCTABKOW 3JIEKTPOIHEPTHUH K MOTPEOMTENIM, KOTOpas OCYLIECTBISICTCS MO
KaOeJTbHBIM WJIH BO3IYIIHBIM JIMHUAM 3JIEKTpOTIepeIayn.

Besxoe HapymieHHe IEJIOCTHOCTH JIMHUH, BBI3BAHHOE TEM WM HMHBIM BHAOM
MOBPEKICHHUS, HEU30SIKHO OTPA3UTCS Ha pexkiMe paboThl Bcero Komiuiekca [1].

[Ipu Takoii mpobiemMe OCHOBHOH 3ajadeil SKCIUTyaTHPYIOMIEH CETeBOW OpraHH3alud
ABJSIETCS MAaKCHMaJbHO OBICTpOE M TOYHOE oOmpexaeneHne Mecta mnospexaeHus (OMII)
JNEKTPUYECKOH  JIMHWM,  YTOObl ~ WMCKJIIOYMTh  JJIMTENBHBI  IIEpephblB  HOPMAaJbHOTO
NIEKTPOCHAOXKEHHS MOTpeduTeNeil 1 MUHUMU3UPOBATh COMyTCTBYIOIINE YOBITKH.

Hens uccnenoBanus: pazpabotars anroputm OMII kaGenbHON JTUHUU, OCHOBAHHBIM Ha
HCIIOJIb30BaHUH 3aBHCHMOCTEI MapaMeTpoB BXOAHOTO TOKa OT KOOPIMHATHI MMOBPEXKACHHUS JTNHUH,
KOTOpBII 00ecreunT HEeoOXOAMMYI0 TOYHOCTh M JOCTOBEPHOCTh pe3ynbTaroB. HayuHas
3HAYUMOCTh HCCIIEJIOBAHHS 3aKJIIOYaeTCs B pa3pabOTKe HOBOTO ajiropurma, Oasupyromierocs Ha
UCIIOJIb30BAaHUN OPHUI'MHAIIBHBIX aMIUIMTYIHO-()a30BbIX KOOPAMHATHBIX XapaKTEPUCTUK B paMKax
TEOPHUH JUITMHHBIX JMHUHA. [IpakTrdeckas 3HAaUUMOCTh PE3YJIbTATOB HMCCIIEIOBAHUS OTPEIEIIAETCS
BO3MOKHOCTBIO MIX HCIOJB30BAHMS B KAUeCTBE YHUBEPCAIBHOTO IOAXOJAa K PEUICHHWIO 3aJa4d
OMII kabenpHBIX JMHUN OIS CIydaeB OOpbIBa W KOPOTKOTO 3aMBIKAHHSA, YTO ITOITBEPKAACTCS
pacueToM YUCIIOBOTO MpUMeEpa.

Jumepamypnuiii 0630p (Literature Review)

ApceHan COBpPEMEHHBIX METOJOB M CPEIACTB OMNpPEJIEIECHUS MECTa HOBPEXKICHUS
ANIEKTPUYECKUX JINHUH BecbMa pa3sHooOpaszeH. B ux dmcie MOXXHO Ha3BaTh TaKue AUCTAHIIMOHHBIC
METOJIbI, KaK: UMITYJIbCHBIN, TIETIEBOM, METO/I KOJIEOATEILHOTO Pa3psiia, EMKOCTHON M BOJTHOBOM
[2-7].

CamocTosTeNnbHyI0 Ipyniry 00pa3yroT Tonorpaduieckie MeTo ibl, K KOTOPBIM OTHOCSTCS:
MOTEHLMAIbHBIN, HHIYKUUOHHBIN U aKyCTUUYECKHM.
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Bce 3TH MeTompl MMEIOT Cyry0o SKCIepHMEHTaIbHbII Xxapaktep. VX Lenbio sBiseTcs
olIpeieNieHre KOOPAMHATH MECTa ITOBPEXKICHHS JIMHIH, OJJHAKO JOCTUraeTcs OHA ONOCPENOBAHO,
4yepes M3MEepeHUe APYTHX BEMYHH, IPHYEM HE JIEKTPUISCKOI NPHPOIBL.

K npumepy, B MMIYJIBCHOM M BOJHOBOM METOIAaX H3MEpsAEeMOil BEIMYUHOW SBIISECTCS
Bpems [8, 9]. B eMKOCTHOM MeTO/ie H3MEPSIFOT EMKOCTh 00OPBAHHBIX JKIJI Kabes, a B METICBOM —
UX dNIeKTpHUeckoe conpotusienue [10-13].

Bce aKCIeprMEHThI, KOTOphIC MPOBOAATCS B PaMKax peanu3alid Ha3BaHHBIX METOIOB
SBIIIOTCS, KaK MPABHJIO, CIIOKHO OPraHM30BaHHBIMH, IIOCKOJIBKY OHH OCYLIECTBIAIOTCS C y4eTOM
BBITIOJTHEHHS PA3JIMYHOTO POJa O0COOBIX YCIOBHH, TAKUX KaK AJIEKTPUYSCKUIl IPOOOH N30IALMHU B
MeToe KONeOaTeIbHOTO Pa3psiia, WIM OTPAaHWYCHHH, KOTOpPBIC HAKIAABIBAIOTCS Ha BEIUYUHY
MEePEXOJHOTO COMPOTUBIICHHS B MECTE MOBPEKACHHS MPU HCIOJIb30BAHHM €MKOCTHOTO METO/a
[71.

Tonorpaguyeckre METObI BOOOIIE HMEIOT OCOOBIH CTaTyc, MOCKOIBKY MPUMEHSIOTCS B
HOJICBBIX YCIOBHAX M MOTYT HCIOJIB30BAThCSA M YTOYHEHUS KOOPIUHATHI MECTa MOBPEKACHHUS,
NpPEeIBAPUTEIEHO ONPENCICHHOW TeM WIM MHBIM METOJOM AWCTAaHLUHMOHHOH rpymmsl. [Ipu sTom
NOMCK MOBPEXKACHHSA Ha Tpacce MNPOKIAIKH Kabens OCYLIECTBIACTCS C HCHOIb30BaHUEM
CIEUAIN3UPOBAHHON KOHTPOJIBHO-U3MEPUTENBHOM alnapaTypsl IPOMBIIUIEHHOIO IIPOU3BOJCTBA
[14].

W3 Bcero CKa3aHHOTO MOXKHO C/ENaTh BBIBOJ O TOM, YTO CYIIECTBYIONIME HA CETOMIHS
METOABI He CBOOOIHBI OT HEJOCTaTKOB. B UHCie INIaBHBIX BBHIICIHM CIOKHOCTh TEXHHYECKOH
pea3aliy ¥ HEBBICOKYIO TOYHOCTh B ONpPEICICHHH MeCcTa MOBPEXKICHHS JIMHUY, KOTOpas B psiae
CITy4aeB KOMIICHCHPYETCSl COBMECTHBIM HCIIOJIb30BAHUEM JBYX H 00Jiee METOJOB OJHOBPEMEHHO
[15-17].

JlaHHOE 0GCTOSATENBCTBO SABISICTCS OCHOBAHHUEM JUTS pa3paboTKU MPUHIIUNHATIBHO HHOTO
MOAXOAa K PEHICHHI0 3TOW MpoOieMbl, B KOTOPOM IJIaBEHCTBYIOIIAS POJIb OYJET OTBOIUTHCS
TEOPETUYECKUM pa3pabOTKaM MOJEIH IJIEKTPHUYECKOM JTMHUHM ¢ MOBpexaAeHHeM. Kiaccnueckum
NPUMEPOM MOJEIH TAKOTO POJa MOXKET CUMTATBHCS JIMHUS C PACIpEC/ICHHBIMU ITapaMeTpaMu, B
KOTOPOi TIPOM30IIIIO HAPYIIEHHE OJHOPOIHOCTH €€ CTPYKTYPHI .

Mamepuanvt u memoowvt (Materials and methods)

ITocTaBum 3aa4y OINpCIACICHNUd BXOAHOI'0 TOKa JIMHHUU, HaXOﬂﬂHleﬁcﬂ B PEKUME
XOJIOCTOTO XOJIa MM KOPOTKOTO 3aMBIKAHHUS, C MOCIEAYOINM yMeHbienuneM miunsl | (puc. 1),
KOTOpoe OyneT oOyCIIOBICHO BO3HHKHOBEHHEM STHX NPEICIbHBIX PEKHMOB B TOM HJIH HHOM €¢

ceuennu X.
. X
II.\'.\’ l
L — — — — — - — 05
U, | XX
7, AR RSy S S S | SR ——— S
X=0 | X= Iy
X=1
. X
Liks I
Lt — — — — — — — —
U, | K3
7, S S S S| (R S
X=0 S| X= Iy
X=1

Puc. 1. Pexxumbr xonmocroro xoma u koportkoro Fig. 1. Open circuit and short circuit modes.

3aMBIKAHUS JTMHAA., X — KoOpJAnHaTa BO3MOKHOI'O

mecra nospexaenus, 1, u | - KOMILIEKCHBIE

1K3
TOKH JIMHAM B PEXKHMAaxX XOJOCTOTO XOJa H
KOPOTKOT'0 3aMbIKaHHSI COOTBETCTBEHHO ™
*Pa3paboTaHo aBTOPOM

X - is the coordinate of the possible damage site,
I,,, and I, -are the complex currents of the line

in the idle and short circuit modes, respectively*
*Made by the author

*Ucmounuk: cocmagneno asmopom. Source.: compiled by the author

! OcHoBwI Teopun neneii / T. B. 3eseke, I1. A. Houkun, A. B. Heryuman, C. B. CtpaxoB. — YueGHUK 111 BY30B. 4-€ H3JL.,

nepepab. M.: Dueprus, 1975. — 752 c.: ui.
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YKaBaHHBIe COOTHOILICHUA OJd KOMIIJIICKCHBIX TOKOB IlXX n |1K3 HGHOBpG)KI[GHHOfI
JIMHUN l'IpI/IMyT BI/II[:
- u
| =S on t;] X 6
, -cth(y1)
Ul
@)

Iy = ——2—
1K3
Z,-th(y1)
re U, =U, e";
Ulm - AMIUIMTYJla CUHYCOUJAJIbHOT'O UCTOUYHUKA HAIIPSAKCHUS, MATAOIICTO JIMHUIO,
¥/, - HadanbHas (aza HANPKEHHUS;
R, + Jol,
G, + JaC,

RO’ LO’ CO’ GO - COIIPOTUBJICHHUEC, HWHAYKTUBHOCTb, C€MKOCTb U IPOBOAUMOCTH

- BOJIHOBOC COIIPOTUBJICHUC JIMHUM,

CAUHUIBI AJIMHBI TNHWUHU,
=1
w = 272' f - yFJ'IOBa?I qacToTa UICTOYHHUKA HaHpﬂ)KeHI/IFI;

f -erouacrora B [[u];

th u Cth - FI/IHep6OHI/I‘{€CKI/I6 q)yHKL[I/II/I TAaHI'CHC U KOTAHI'CHC,

Y= \/ (R, + joLy) - (G, + jaC,) - nocrostunas pacnpocTpaHeHHs THHAH.

OueBuHO, YTO MyTeM 3ameHbl noctosHHo# |, BXomsmeit B dopmymsl (1) u (2), Ha
NepeMEHHYI0 KOOpAMHATy Bo3MoxHoro mecta nospexaenus 0 < X <|, moxno momyuuts

COOTBETCTBYIOIIHE KOMIIIEKCHBIE (DYHKIHH TOKOB | Xy ( jX ) U |1 K3 ( jX ) :

. . i, 1) X
|1)0((JX)= IlmXX(X)'eJWIXX( ) @)
[y (1X) = 1y (X) €750
1 (UX) = 1y, (X) € (4)
rre IlmXX (X) " |lm K3 (X) — aMIuuTy1HO-KoopanHatHble (AKX) xapakrepucTukuy;
l//i%( (X) u l//i% (X) — dazo-koopaunataeie  (PKX) xapakTepucTHKH —
COOTBETCTBEHHO.

ITo cymectBy ¢Qyukimu (3) u (4) SBIAOTCS aMIUIMTYIHO-()Aa30BBIMH KOOPIAHHATHBIMU
(ADKX) xapakTepHCTHKaMH JIMHHHM C IIOBPEXJCHHEM, KOTOpHIE MOXKHO paccMaTpuBaTh B
KadyecTBe JKBHBajJeHTa oOmemsBecTHBIX (ADUX) xapaktepuctuk [18], sBiustommxcs 0a30BbIM
UHCTPYMEHTOM HCCIIEJOBAHUS CIOXKHBIX TEXHUUECKUX CHCTEM.

B pamkax paccmaTtpuBaemoii 3amaun (ADPKX) xapakTepHUCTHKH MO3BOJIAIOT YCTAaHOBHUTH
B3aMMOCBS3b MEX]y IapaMeTpaMH BXOJHOTO TOKAa JIMHUHM M KOOPAWHATOH MECTa €€ BO3MOXKHOTO
00pBIBa MM KOPOTKOTO 3aMBIKaHHSL.

Pesynvmamur (Results)

PeannzyemocTs mpennaraeMoro aiaropuTMa ONpPEAEIEeHUs MecTa MOBPEXKJICHHs JIMHUM,
MOKa)KEM Ha KOHKPETHOM UYHCIIOBOM MPHMEpE.

JI715 5TOrO paccMOTPHM HEKOTOPYIO yCJIOBHYIO KabenbHyto juauio auHoit | =10k co

CpeHEeCTaTHCTHYECKHM [OroHHbIMK mapamerpamu: R = 20,5 Om/km; L, =0, 6-107° I'n/km;

C, =35, 2:10"° d/xmu G,=0,7 107 Cm/xm.
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3azaB mapamerpsi uctounuka Hanpsukenns: U, =10 B, ¥, = 0 u f =20-10°TI,

npousBeneM pacuer (ADKX) xapaxrepuctuk (3) u (4), UCIONB3Ysl NMPOTPaMMHBIH KOMILIEKC
Wolfram Mathematica.
Pe3ynbTaThl npuBeieHb! HA PUCYHKaxX 2 U 3.

+, A

P X

0.2}
0.1
0.0 +1, A

.\y 0.2 03 04
-0.1
-
Puc. 2. (ADKX)xx xapakrepucTuka* Fig. 2. (APhCC),p, characteristic*
*Hemounuk: cocmasneno asmopom. Source: compiled by the author
+, A
Yo
0.1 m
. 05 o010 o1 Joz A
-0.1
-0.2
Puc. 3. (A®KX)y3; XapakTeprucTHKa Fig. 3. (APhCC)sct characteristic

*Hcmounuk: cocmaesnero asmopom. Source: compiled by the author

Ha nannoM sTare uccienoBaHusl Cy3UM MOCTABICHHYIO BBIIIE 3a/ady W OTPaHHYMMCS ee
peleHneM NMPUMEHUTENBHO K PEXKUMY XOJIOCTOro xoaa (00psIBY) simHMH. [ist aTOrO NepeiiaeM ot
komiutekcHOH (ADKX)yxx mo puc. 2 k xoopaumHatHo 3aBucUMbIM (AKX) u (PKX)
XapaKTEePUCTHUKAM.

CootBercTByronye rpadyKy JaHbl HA pUCYHKax 4 u 5.
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Himxxs A
035
0.30
025 F
020
015
0,10 ¢
0,05 } v ) {
X, KM
Puc. 4. (AKX)xx XapakTeprcTHKa Fig. 4. (ACC),p. characteristic
*Wemounuk: cocmaeneno asmopom. Source: compiled by the author
P, %x. paa
1.5
1.447
1.0
0.709
0.5
X, kM
10
0275
05
-0.858
Puc. 5. (PKX)xx XapakTepucTuka Fig. 5. (PhCC),p. characteristic

*Hemounuk: cocmaeneno asmopom. Source: compiled by the author

W3 mpencTaBneHHBIX 3aBUCUMOCTEN OYEBHIHA B3aUMOCBS3b MMapaMeTPOB BXOJHOTO TOKA
| (€]
muEnd (b B Wiy ) B KoopauHaThl IoBpexaeHus (X). OpHako, B CHUIy NEPHOIHIHOCTH
JTAHHBIX (DYHKIUH Ta B3aHMOCBS3b HEOTHO3HAYHA.

K mpumepy, nns IlmXX = 0,1 A (puc. 4) xoopauHaTel X TPUMYT 3Ha4eHUA: 1596; 3759;
7157 u 8895 meTpoB, a i 3TUX K¢ X HadadbHbIC (Ha3bl l//i%< oynyt: 1,447; — 0,858; 0,709 u —
0,275 pamuaH cOOTBETCTBEHHO (pHC. 5).

Heob6xoanmo oTMeTnTh, 4TO l/’i%( OIIpeAeIAeT XapakTep Harpy3KH JIMHUH, T.€. yroi @ ,

KOTOpHﬁ OIPEALIIACTCS 10 COOTHOLICHUIO:

O=Y,~Y;, =Y, ,(5)
yuuThIBas panee npunstoe snauenne ¥, = 0.

@
TakuM 06pa3’oM, 3HAKONEPEMEHHOCTh iy (X) Jenaer HeoqHO3HAUHBIM M XapakTep
Harpy3KH JUHHHA OTHOCHTENILHO 32KMMOB HCTOYHHKA.
& @
Mpuunna nepuopmanoctd GyHkumit |y o (X) u Wixx (X) obbsicustercs Tem, uto

du3MYecKas JUIMHA JMHAM CyIIECTBEHHO IPEBBINIACT JUIMHY BOJHBI TOKA W HAmpsokeHus A
KOTOpPast MOXeT OBITh ONpeiesieHa Mo GpopmyIie:

1%
,1:74), ®)

rae Vli’ - (1)3303215{ CKOPOCTD paCIIpOCTPAaHCHUSA BOJIH TOKA U HAIIPAKEHHA B JIMHUU.
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W3 cka3anHOro cienyer, 4to npobneMmy HeopHo3HauHoctd ¢(yHkumit (AKX)xx u
(PKX)xx MOXKHO pEIIUTh IyTeM 0A00pa COOTBETCTBYIOLIEH YaCTOTHI MCTOYHUKA HAPSDKEHHMS.
Ona [o/mKHA OBITH TAaKOM, YTOOBI COOTBETCTBYIOIIAs €l JMHA BOJHBI o Gopmyre (6) B 4 pasa
npeBblana Gu3ndecKyo AIUHY JIMHUK. B Haiem ciydae ee 3HaueHHe cocTaBUT A = 40 KM.

3aiaBasich CpelHUM 3HAUCHHUEM V » =17 .10° KkM/c s KaGenbHbIX HHHHﬁZ, onpeaenuM

BEpXHEe 3HAUCHHE YaCTOThI HCTOYHHKA, KOTOpoe Oyer paBHsaThest T = 4250 T,
[punse k panbueimemy pacuery f = 4000 T'u, moctpoum st Hee HoBbie (AKX)xx u
(PKX)xx - XapaKTEpUCTUKH, KOTOPBIC IPUBEICHBI Ha PHCYHKE .

Limxx, A

0,08 1
0,06 |
0,04

0,02 |

X, kM

m
Wi xx, pan

05

X, kM

o 1 2 3 4 5 6 7 8 9 10
Puc. 6. (AKX)xx 1 (PKX)xx xapakrepuctuku npu  Fig. 6. (ACC)p. and (PhCC),p, characteristics at f
f=4000 ' = 4000 Hz

*Hcmounuk: cocmaeneno agmopom. Source: compiled by the author

Hcnone3ys ToT sxe anroputM perenus, moctpouM (AKX)3 n (DKX)g3 xapakrepucTuku
MIPUMEHHUTEIBHO K PEKUMY KOPOTKOTO 3aMBIKaHWs JUHUHU. VX BUJ IpeICTaBIICH HA pPUCYHKE 7.

“11)
Vi3, pan

15}
Limk3, A

0.8 F 0

0.6 F

04 F

-0.4

" o n 7S i X, KM
0 1 2 3 4 S 6 7 8 9 10

Puc. 7. (AKX)3 u (DKX)y3 xapakrepuctuku npu f - Fig. 7. (ACC)scr and (PhCC)scr characteristics at f
=4000 T'a = 4000 Hz
*Ucmounux: cocmasneno agmopom. Source: compiled by the author

-0.6

HpI/I HpaKTH‘leCKOﬁ peajin3anu NpeAJIOKCHHOTO aJIrOpUuTMa JIMHUIO C MOBPEKACHHUCM
MOJAKIIOYAKT K CUHYCOUJAJIbHOMY T'€HEPATOPY HAIPAKEHHUA C PACUCTHBIMU 3HAYCHUSIMUA Um u f.
I[anee MMpOU3BOAAT HU3MCPCHUC AMIUIMTYJbl BXOJHOI'O TOKa JIMHUU Ilm n ec yria ¢@; €

2 OcnoBsl Teopun 1eneii / T'. B. 3eseke, I1. A. Monkun, A. B. Herymmn, C. B. CTpaxoB. — Y4eGHHUK /Ui By30B. 4-¢ U31L.,
nepepab. M.: Dueprus, 1975. — 752 c.: un.
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UCIIONB30BaHKeM, HanpuMep, BupTyaibHoro komrmiekca National Instruments Elvis 11, a 3atem o
XapaKTepUCTUKaM pHC. 6 Win puc. 7 ONpeAeNsIIoT HCKOMYIO KOOPAMHATY MecTa IOBPEXKACHHS X.

Baxno ormeruth, yto coBMectHoe ucnonb3oBaHue (AKX) n (PKX) xapaxrepuctuk
MOBBIIACT JOCTOBEPHOCTh B ONPEAEICHUU KOOPAMHATHI X, NMOCKOIBKY €€ PacyeTHOE 3HaueHHe
OyneT npoayOIMpoOBaHO pe3yabTaTaMU OJHOBPEMEHHOTO M3MepeHus Toka |l ¥ yria @; Ha BXoze
JIMHUH.

Odcyacoenue (Discussions)

W Bce ke, NPeUIOKEHHBIH alTOPUTM HMEET OJUH CYIIECTBEHHBIH, Ha Haml B3TJILL,
HEJ0CTaTOK. Peub maeT o perncTpanyy TOKOB Ha BXOJE JIMHUU B O0OJNACTH MallbIX 3Ha4eHUH X.
[Ipuuem 310 KacaeTcsi 000MX BHIOB IMOBPEKACHHM.

ITpu X — 0 BXoaHBIE TOKU OyIyT CTPEMUTHCS K CBOMM TIpENIeNIbHBIM 3HAUCHHAM |ymxx —
0; lymks — %, 4TO CO37aeT OUEBHIHbIE IPOOJIEMBI B INIaHE TOYHOCTH MX U3MEPEHHUS Ha IPaKTHKE.

JlaHHYIO CJIO)KHOCTH MOJYKHO IIPEOJOJIETh, ecnu K yxe umeommmes limxx u limgs
J00aBUTH PETUCTPALIMIO TOKOB Ha BBIXOJE JTUHUH lomxx U lomis.

370 NIerKo peaan3oBaTh MyTeM MOJKIIOUCHHUS TeHepaTopa HanpsukeHus ¢ temu sxe Up u f
K BBIXOJIHBIM 32)KMMaM JIMHHH.

Takoil moxxox mo3Bosun noctpoutsh BTopble BeTBH (AKX) m (PKX) xapakrepucTHK,
KOTOPBIE 3epKaIbHO PACIIONOKEHBI OTHOCUTEIBHO OCH, MPOXOAAIIeH depe3 KOOPIUHATY CEePEIHHEI
auHuH. X pacuer OBbUT NPOM3BEAEH C KCIOJIB30BAHUEM TOTO JKE€ MPOTPAMMHOIO KOMILIEKCa
Wolfram Mathematica.

PesynbraThl puBeieHb! Ha prUcyHKax 8 n 9.
1V xx, paa
50_ S (. :

— |
S~

'I’;’:/x X, pan

Lmxx, A
: ‘OA 5

(1) 1
N\

Timxx> A
e (2)

008} 008

£
2)

006}

05

|

|

|

|

|

|

I {

| 105
002 | |

|

|

L

5

|
|
I
|
I
| |
! S S S e 7\ 1
1 2 3 4 5 X, kv 10 X, Km

and (PhCC),p.

6 7 8 9

5 6 7 8 98 10 ——————
Puc. 8. Hy6muposamusie (AKX)xx u (®KX)xx Fig. 8. Duplicated (ACC)p.

XapaKTePUCTHKU: characteristics:

(1) - xapaxrepucruku, mnonyuenasie npu (1) - characteristics obtained by connecting the
MOAKIIOYSHHN TeHepaTopa B Haualle JINHHH, generator at the beginning of the line;

(2) - xapaxrepuctuku, mnonydeHaeile npu (2) - characteristics obtained by connecting the

TMMOAKITIOYEHUH T€HEpAaTOpPa B KOHIIC JUHUN

generator at the end of the line

*Ucmounuk: cocmasneno asmopom. Source: compiled by the author

llc-:m A l:uim~ A (V3 pan
\ |
008 \ “N @
\ == /
0.07 % o7 N
! 2 3 4
006 : 006
(2) : '
: g 4 o 7]
04 4004 04
003 | : s -
‘ 3 02 406: — e 08
e 1 2 3 4 - 7 8 9 10 X.KkM o= - Q
Puc. 9. Iy6muposanusie (AKX)x; u (PKX)x3 Fig. 9. Duplicated (ACC)ser and (PhCC)scr
XapaKTePUCTHKH: characteristics:
(1) - xapakrepucruky, mnonydenusie mnpu (1) - characteristics obtained by connecting the
MOAKITIOUCHHH TeHepaTopa B Havase JINHHUH; generator at the beginning of the line;
(2) - xapakrepucruku, mnonydeHnsle mpu (2) - characteristics obtained by connecting the

NOAKIFOYCHUU I'CHEPATOpa B KOHIEC JIMHUA

generator at the end of the line

*Hcmounuk: comasneno asmopom. Source: compiled by the author.

U3 l"pa(l)I/IKOB OYCBUJHO, YTO BCIMYHHA
OrpaHUYCHHOM  JHala30He.

310 Aa€T OCHOBAaHHUC CUYHUTATh,

HU3MCHCHUSA TOKOB M WX HAaYaJIbHBIX (1)33 JIC)KUT B
4TO B XOAC TIPOBCIACHUA

OKCIICPUMECHTAJIbHBIX I/ICCJ'IC,HOBaHI/Iﬁ OHU MOT'YT OBITh HU3MEPECHBI C 3aIIaHHOI>i CTCIICHBIO TOYHOCTH,

100



© Jloeynoe A.B., Lnvix FO.K

KOTOpast OyZIeT OIpEeAessThCS KIACCOM TOYHOCTH CPEJICTB M3MEPEHHUs NapamMeTpoB JIMHHM Ha
BXOJIE.

IIpu »TOM BOIpOC MNPHUHAIEKHOCTH IapamMeTpa K TOM WM WHONH XapaKTepUCTHKE
penraercs ciaeayouM 00pa3oM: MPOBOAUTCS M3MEpEHHE TOKa |, M yrila ¢ NmpH MOJKIIOYEHUH
reHepaTopa B Hayalle JIMHUU (XapakTepUCTHKA 1), U B Cilyyae MOJY4YEHHs 3HAYCHUS, JICKAIETo
BHE 30HBI UyBCTBUTEJIBHOCTH M3MEPUTEIBHOIO KOMILIEKCA, IPOU3BOIUTCS aHATIOTUYHBIN 3aMep B
KOHIIE JINHUH, YTO MO3BOJISET ONPEAEIUTh KOOPAUHATY X 110 XapaKTepUCTUKe 2.

BazoBblit BapuaHT 0J10K-CXEMBI TIPEIIOKEHHOTO aJlrTOpUTMa MPEeACTaBiieH Ha pucyHke 10.

Havano

BSOAHTCR NOroHHbIE NapameTpsbl
Anuun (Ry, Lo, Co, Go) M ee anmma L,
HanpAaMeHHWe NCTOYHUKA NUTaHUA,

3HauyeHue Ha30BON CKOPOCTH Vg

Onpegenexue pacyeTHbix Napamerpos
A=4L; f=vy/A

v

MNonyuerue 6azosbix AKX 1
pacyeTHbIX AKX 1 OKX xapakTepucTuk
¢ nomoubio N0 Wolfram
Mathematica

v

W3mepenne amnantyabl BXOAHOrO TOKa

AvHAN [i, W yINa @) NPY NOAKMKOYEHUN
reHepaTopa HanpPsXKeHWA B Hauane NMHUU

3HaueHua
napameTpos nexar
8 30HE HyBCTBUTENbHOCTH
cpeacTs

Na Her
A 4
Onpepenexne
KoopAuHaTbl TOKa MHUKN [, 1 yrna @2 Npu
NOBPEXAEHUA NO NOAKNIOYEHNUN reHepaTopa
XapakTepucTukam 1 HaNPAXeHWA B KOHLE IMHUK

A 4
U3mepeHue amnanTy bl BXOAHOTO

A 4
Onpegenenue
KOOpAuHaThbl
NoBPEXAEHUA NO
XapaKTepucTukam 2

»{ KoHey, Je

Puc. 10. Brok-cxema mpemnoxkennoro amropurma Fig. 10. Block diagram of the proposed algorithm
ompezmeneHusi Mecta moBpexaeHus kabenpHOM  for determining the location of damage to the cable
JHHUA line

*Hemounux: cocmasneno agmopom. Source: compiled by the author

3aknrouenue (Conclusion)

Ha ocHOBe kiaccMueckoi TEOpPHH MIHHHBIX JIMHUHA MOJMYYCHHl CIEIHAIbHOTO THIIA
KOMIUICKCHBIE ()YHKIIMHA 3aBHCHMOCTH IIapaMETPOB BXOIHOTO TOKAa KaOeIhbHON JHHUHM OT
KOOPJWHATHI €€ TIOBPEKICHUS.

[pensnoxkeH anropuT™ oNpeaeIeHust MecTa MOBPEXKAeHHUS OHO(a3HON KaOelbHOH IMHUH
JJIEKTpPOIIepeiaul, OCHOBAaHHBIH HAa COBMECTHOM  HCIIOJIb30BaHMHM  CIELHHAJbHOTO  BHAA
IyOnMpoBaHHBIX KoopauHaTHO-3aBHCHMBIX (AKX) n (DPKX) xapakTepHcTHK, pacCUMTaHHBIX C
UCIIONB30BaHKeM NporpamMmHoro komiiekca Wolfram Mathematica.

Bo3MoxHOCTD peanu3aniy NpeaiokeHHOTo ajJropuTMa MPOTECTHPOBaHA Ha KOHKPETHOM
YHCIIOBOM NpUMEpe Ul Ciy4aeB OOpbIlBa M KOPOTKOTO 3aMBIKAHHS HEKOTOPOI YCIOBHOM
oHO(a3HOH KaOeIbHOW JTMHUH. BBIABIEHO, YTO IO MOCTPOSHHBIM IpaduKkaM MOXKHO OJHO3HAYHO
OIPEICTINTh TOYHYIO KOODJMHATY MeECTa IOBPEXKACHHS JIMHHWH, 33 HCKIIOYEHHEM 00JlacTh
Ipe/ieNIbHBIX 3HaYeHNH TapaMeTpOB TOKA B HavyaJle JIMHUH.

Jnst obecrniedeHust 3aJaHHOH TOYHOCTH OTIPEJIENICHNS] KOOPAWHATHI TOBPEXICHNS BO BCEM
JManasoHe JUIMHBI JIMHUM IIPEJUIOKEHO HMCIOJIB30BAaHUE METOJa JIByXCTOPOHHHUX HM3MEPEHHH |
COBMECTHOE HCII0JIb30BAHHE TOJyYEHHBIX B PE3yJIbTATE 3TOTO XapaKTEPHCTHK.

[TomyueHHsle ~ TeOpeTWYECKHME  pacdyeThl  HYXHAOTCS B COOTBETCTBYIOIIEH
9KCIIEPUMEHTAIILHOM MPOBEPKE, YTO CTAHET NMPEIMETOM JUTLHEHIINX HCCIIEAOBAHUM.
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Peztome: AxmyanvHocms memul UCCIe008aAHUSL 00YCNIOBNEHA CYWECBOBAHUEM IKOJIOSULECKOU
npobnemvl,  C6A3AHHOU ¢  8peOHbMu  gblopocamu 6  ammocgepy.  Haubonee
8bICOK03(heKmusHbIMU  ABNAIOMCA  d1eKkmpoduirbmpsl U mranegvle @uavmpsl (~90-99,5%
yrasausanus). Ha @one Oanmvix annapamosé uHepyuoHHvle OMCMAOM U N0  CEOell
appexmusnocmu ynasIUGaHUs U NO CREKMPY YIAGIUBAHUS 2PAHYIOMEMPULECKO20 COCMAsa
30261. Hccnedosanus, nposooumbvie 6 cmamve HANpasiensl Ha co30aHue maxko2o UHepYUuoHHO20
annapama, Komopwiii 0vl 001A0AN KaK MUHUMATLHLIM CONPOMUGTEHUEM, MAK U BbICOKOU
agpgpexmusnocmuio.

LEJIb. Paccmompems 603MONCHOCING CHUNCEHUS AIPOOUHAMUYECKO2O CONPOMUBTIEHUS NymeM
U3MEHeHUs] KOHCMPYKYUY annapama, a UMeHHO, yeeauieHuem Ouamempa 6xoono2o nampyoxa &
UHEPYUOHHO-6AKYYMHOM 300yN08umene. Paccmompems pao unvix cnoco6oé no oanvbHenuemy
CHUDICEHUIO AdPOOUHAMUYECKO20 CONPOMUGIeHUs annapama. Buiasume nepcnekmusHoCms u
OYEeHKY KanUumalbHblX 3ampam Ha peKoHCmpYKyuio 3onoynasnusaioujeco annapama. METO/DBI.
IIpu pewenuu nocmaegieHHOU 3a0auu NPUMEHSNCS Memoo0 pacyema OUHAMUKU OUCHEPCHO20
nomoka 6 UHEPYUOHHO-B8AKYYMHOM 3010yno0eumene, peanrusosanuviti MKP. PE3YJIBTATHI. B
cmambe ONUCAHA AKMYANbHOCHb MeMbl, PACCMOMPENbl pe3yIbMmamsl YUCIEHHO20 paciema.
IIpousseden pacuem GIUAHUA SPAHULHBIX YCAOBUL, 8 HUCTIO KOMOPBIX 8XOOUM CKOPOCMb HOMOKA
Ha 6xo0e, MeNI08ble U 2UOPAsIUYecKue Napamempsvl NOMOKA YXOOAWUX 2A306 HA 6X00e 6
3010Y106UMeNb, NO OMHOWEHUIO K UCKOMOMY nepenaoy OdeleHuil Ha annapame, a makxoice
agppexmusnocmu ynagiusanus. B oaummnoii cmamve onucam npoyecc, 8ciedcmeue KOmMopo2o
npoucxooum usMeHenue UOpaAGIULecKUx Xapakmepucmux 6001b npomoyHo uacmu HB3.
3AKJIFOYEHUE. H3menenue KOHCMPYKYUU annapama 6e0em K YMEHbULeHUIO CONPOMUBLeHUS.
UB3, npu smom Ooannvle usMeHeHUs KpalHe 4y6cmeumenbHsl K GIUAHUIO HA CIMeneHb OYUCIKU .
Pacuemvr noxasanu, umo oOannvlii cnocod onpasovigaem cebs ¢ MOUKU 3PEeHUs CHUICCHUS.
conpomugnenus. Ilepenad oOaenenus xonebremcs 6 ouanazone 279,8-1273 mm. 600. cm.
Cxooumocms umepayuonHozo paciema, ¢ y4emom Kaiecmea cemku, 0becnequsaiom 2ubKocmo,
oocmueaemesi MeHbUWUM KOJIUYECBOM umepayull, 0OHAKO 6peMeHHble 3ampamvl HA paciem
MeHbule He CIMAHO6AMCS.

Knwueesvie cnosa: MH@pouOHHO-GaKyyMHblIZ 30J10)y106umentb, CHUJMCEHUe Cconpomueilenust,
Cl9p00uHaMu‘leCKO€ conpomuesjieHue; aspoducnepcnbul NOMOK, 6blCOKaA CcmeneHb Oo4YUCmKuU,
3aNblIeHHbL NnOmMoOK, YucjleHHoe Mor)eﬂupoeal-tue.

Jas uutupoBanusi: MoctoBenko JI.B., benormazos B.I1. CHmwkeHue a’poanHAMHUYECKOTO
COTIPOTHBIICHUS HWHEPLIUOHHO-BAKYYMHOTO 30JI0yJOBHUTENs // W3BecTHsl BBICHIMX Y4YEOHBIX
3agenennii. [IPOBJIEMbI DHEPT'ETUKUN. 2023. T.25. Ne. C. 105-116. doi:10.30724/1998-
9903-2023-25-3-105-116.
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Abstract: THE RELEVANCE of the research topic is due to the existence of an environmental
problem associated with harmful emissions into the atmosphere. The most highly efficient are
electrostatic precipitators and fabric filters (~90-99.5% capture). Against the background of
these devices, inertial one’s lag behind both in terms of their catching efficiency and the
catching spectrum of the ash particle size distribution. The research carried out in the article is
aimed at creating such an inertial apparatus that would have both minimal resistance and high
efficiency.

PURPOSE. Consider the possibility of reducing aerodynamic resistance by changing the design
of the device, namely, by increasing the diameter of the inlet pipe in the inertial-vacuum ash
collector. Consider a number of other ways to further reduce the aerodynamic drag of the
apparatus. To identify the prospects and assessment of capital costs for the reconstruction of the
ash collector. METHODS. When solving the problem, the method for calculating the dynamics
of a dispersed flow in an inertial-vacuum ash collector, implemented by the MFD, was used.
RESULTS. The article describes the relevance of the topic, considers the results of a numerical
calculation. The calculation of the influence of boundary conditions, which include the flow rate
at the inlet, thermal and hydraulic parameters of the flow of exhaust gases at the inlet to the ash
catcher, in relation to the desired pressure drop across the apparatus, as well as the collection
efficiency, was made. This article describes the process that results in a change in the hydraulic
characteristics along the flow part of the IVAC. CONCLUSION. A change in the design of the
apparatus leads to a decrease in the resistance of the IVAC, while these changes are extremely
sensitive to the effect on the degree of purification. Calculations have shown that this method
justifies itself in terms of reducing resistance. The pressure drops ranges from 279.8-1273 mm.
water. pr. The convergence of the iterative calculation, taking into account the quality of the
grid, provides flexibility, is achieved by fewer iterations, but the time spent on the calculation
does not decrease.

Keywords: inertial vacuum ash collector; resistance reduction; aerodynamic drag; aerodisperse
flow; high degree of purification; laden flow; numerical simulation.

For citation: Mostovenko LV., Beloglazov VVP. Development of algorithm for determination of
location of cable line damage using its amplitude-phase coordinate characteristics. Power
engineering: research, equipment, technology. 2023; 25(3):105-116. doi:10.30724/1998-9903-
2023-25-3-105-116.

Beeoenue

JlanHnas mpoOjema BHepBble BO3HUKIA MPU MPOBEJACHUH HATYPHOTO SKCIEPUMEHTa Ha
TOII-4 ropoga Omcka. Ammapar BCIEACTBHE HaNWYUS OOJBIIOTO COMPOTUBIEHUS HE MOT
MpOITycKaTh IPOEKTHOE KOJIMYECTBO pacxoma ra3oB. lMcxoas HX TpOBEICHHON X03.
JIOTOBOPHOW pabOTHI HAa OJHOM M3 ITANoOB OBIJIO NMPHUHITO YCOBEPIIEHCTBOBATh YCTAHOBKY IO
anmapata ¢ MaKCHMaJbHBIM MPUEMJIEMBIM COMPOTHBICHUEM I KadeCTBEHHOW paboThI
TATOAYTHEBBIX YCTPOWUCTB MO TpakTam. [lapaMeTpsl CONMPOTHBJIEHHS afmapara, pacxoja
yXOIAmMUX Ta3oB W dS(QQeKkTHBHOCTH amnmapaTa B WHEPIUOHHBIX ammaparax CHIBHO
B3aUMOCBS3aHbl. Bce ydeHble MO-pa3HOMY MOAXOAAT K PENICHHI0 JaHHOW MpoOIeMbl Mpu
pa3paboTke TPOTOYHOW UYAaCTH CBOMX ammapaToB. B OONBIIMHCTBE CBOEM IIOMOTAaeT
MPOBEJCHHE MPEABAPUTEIHFHOTO THAPABINIECKOTO pacyeTa, KOTOPHIA MO3BOJIET OLIEHUTH BCE
TUHEHHbIE W MeCTHbIe compotuBieHus. B VB3 kpaiiHe CI0XHO MPOHW3BECTH pacdeT To
MPUYHHE OTCYTCTBUS TOYHBIX KO3(PQOUIIMEHTOB COMPOTUBIEHUHN, TaK KaK MHOTHE W3 HHUX HE
Ta0yITMPOBAHBI M SKCIIEPUMEHTANBHO HE BBIBeZeHBl. OpHEeHTHPYACh Ha NaHHBIE [4,5], OO U3
HaTYpHOTO OKCIIEPUMEHTa TIOJIYYeHO IIOJHOE CONPOTHBIEHHE YCTPOMCTBA, KOTOpOE
CYMMHPYETCS U3 BCEX CONPOTUBIEHMUI MO MPOTOYHOM yacTu ammaparta. Pemenue nanHo#
npoOJeMbl MO3BOJWIO OBl CHUXATh CONPOTHUBIEHWE W B JPYTUX THAPABIMYECKUX,
TEIUI00OMEHHBIX aNmapaToB NOA00HEIM criocoOoM. 1 3ayMbeIBaTECS 00 3TOM MOXHO OBITIO OBI
Ha 3Tare NpeIBapUTeIbHOT0 KOHCTPYKTUBHOTO pacdera.

Panee mpoBeneHHBIe wHccienoBaHus [4, 5] mo gaHHOMY amnmapary MmoKasailu, YTO
HEBO3MOXXHO CHHU3HUTH CONPOTUBJIEHUE amnmapara TOJbKO 3a CYET KOHYCHOCTHM Yyrja Ha
nporouHoit wactu MB3, mpuxomutcs Takxke neppopupoBaTh IOBEPXHOCTH pacceKarens,
JIAaHHBIN cIOCO0 TO3BOJISIET CHU3HUTH COMPOTUBICHUE ycTpoiicTBa Ha 3000 Ila, eciu mpu 3TOM
Oymer cpaemano 24 otBepctus. VI3MeHeHHs KOH(Y30pHOW 30HBI TO3BOJIMIM YMEHBIINTH
conporusnenre Ha 10000 ITa. Y1 TeM He MeHee, BONIPOC €T0 CHIKCHHS OCTACTCSl aKTyaJIbHBIM,

106



© JI.B. Mocmoesenko, B.I1. beroznazoe

Tak Kak npoekTHoe 3HaueHue — 660 Ila, mpu 3TOoM Ha peanbHO AeicTByIOLIEH yCTaHOBKE TEM
BpeMeHeM comnpotuBieane B ~13000 I1a.

Manuass paboTa sBIseTCS TPOJOIDKEHHEM wHccienoBanus [4, 5] um paccmarpuBaer
BOIIPOC CHIDKEHHSI COINPOTHBICHHA YCTAaHOBKM 3a CUET HM3MEHEHHs AMAaMETpa BXOIHOTO
narpyoka [13, 15]. OcoGeHHOCTh HCCIEAOBAHUS B TOM, YTOOBI MOJYYHUTh YHUCTYIO YOBUIb
mepenajga JaBJIeHMS Ha  amlmapaTe UCCleNyeTcs M3HadajabHass  KOHCTpyKuus  0e3
JIOTIOJTHUTENIBHBIX U3MEHEHUH (11epoprupoBaHHBIX OTBEPCTHUH, JOMOIHUTENbHBIE OCOOEHHOCTH
KOH(]y30pHOTO ydacTKa). [Ipy maHHBIX U3MEHEHUSIX T€OMETPHS BBIXOJHOTO MAaTpyOKa HUKOUM
obOpa3om He MoaAH(HUIMPOBATIACh, YTOOR HE BHOCHTH HE3aIDIAHUPOBAHHBIX M3MEHEHUI.

Ha ceropnsmHMil AeHs pa3sHHUIA TEOPETUIECKUX M MPAKTHUECKUX PE3yIHTATOB CBEICHA
K MUHHMyMy. MaremaTndeckass Mozenb pacuera ¢ nomouipto MKP anpoOupoBana ¢ ToYku
3peHHs TPAaHUYHBIX YCIOBHH M 1MOJOMpaeMoil MOJ pacyeT CEeTKH M MOCIEIYIONINe Pe3yIbTaThl
MOJKHO CMEJIO TPUMEHATH IPU pa3paboTKe M BHEAPEHHH KOHCTPYKIHHU 30JI0YJIaBIHBAIOIIETO
YCTPOHCTBA B MPOMBIIIICHHOCTb.

Jumepamypnutii 0030p

B [6] Bompoc cHWXEHHS a’pOJMHAMHYECKOTO CONPOTHUBICHUS DPEMIAcTCs TEM, 4YTO
W3HAYaJIbHO KOHCTPYKIHS 30JIOYJIOBUTENS HE IPEJACTABISET COOOW CIOXHYIO NPOTOYHYIO
9acTh, NPUHIUI yJIaBIMBaHUSA — MPEUMYIIECTBEHHO I'PaBUTALMOHHBINA. YacTHIBI JHaMETPOM
cBpimie 5-10 MKM ynaBiauBaroTCs co creneHblo ounctku 100%, Hmke — 50%. Takxxe
COIIPOTHBIICHUE YBEINYMBACTCS NP U3MEHECHUH KOHILECHTPAINU YacTUI] B TIOTOKE B OOJIBIIYIO
CTOpPOHY. A Tarke 4acTb COIpPOTHBICHMS allapara yCTPaHSET BKJIIOYCHHBIH B CHCTEMY
HAJTyB, KOTOPBIH TO3BOJSET YBJICKaTh 3a co00# wacTh moToka. B [11] Temu ke aBTOpamm
SKCNEPUMEHTAJIBHO TPUBOAUTCSA M1 YMEHBIIEGHUS CONPOTHUBICHHS — TaHTEHI[MAJIbHBIN
packpyduBaTenb MOTOKa (CHIKEHHE COMPOTHUBIEHHUS Ha 15%), Tak Kak IHEPrHI0 3aKpyTKH
MOJKHO TIEpEBECTH B YHEPIHIO OCEBOT'0 JBM)KEHHUS, a €CJIM BCTPEUHbIe 3aKPyUCHHBIE IIOTOKH, TO
COTIPOTHBIICHUE M BOBCE CHIDKaeTcs Ha 17,2-23,6%. B [12] momoOHBIA (akT moATBEpKACH
JIPYTUMH y4EHBIMH.

B ny0aukanusx [2,7,8] aBTropaMu paccMaTpUBaeTCsl yCOBEPLUICHCTBOBaHHAS YCTaHOBKA
UKJIOHA-(OUIbTPA M CONPOTUBIIEHUE TOPUCTHIX GUIbTPOB. B [2] kpaiiHe ci10kHO, XOTs OBl 110
NPUYHMHE TOTO, YTO (GUIBTP CJI0XKHO MOAAaeTcss (U3UUECKOMY MOJEIMPOBAaHUIO. ArmapaT
MOJXKET yJIOBUTH 4acTuiel guamerpoM 0,5-20 mxm. IIpomecc ymepkaHHMA MBUIM HAa BOJIOKHAX
3aBHCHUT OT MEXMOJEKYISIPHOTO B3aHMOJCHCTBUS MX MOBEPXHOCTHBIX JJIEMEHTOB — CHTOBBIH
3¢ ¢exT, oTceB, KacaHue. PacyeTsl ocaxeHUS UMEIOT 0c000€ 3HaUYCHHE /ISl TPOSKTHPOBAHUS
W SKCIUTyaTallil CUCTEM OYHCTKH TIPOW3BOACTBEHHBIX BBIOPOCOB C PaAMOHYKINIHBIMH,
0aKTepHOJIOTMYECKH AKTUBHBIMH M TOJOOHBIMU 3arpssHUTeNnsMH. B [7] wu3HagampHO
IUTAHUPOBAJIOCH pa3paboTKa ammapaTa C HHU3KUM THAPABIWYECKUM CONPOTHBICHUEM s
yJIaBIMBaHUsI TOHKOW (pakuuy 4acTull (IBOWHOE OCa)<IleHHE BKIOYaeT B ceOs QuibTp u3
TKaHu [lepMsakoBa, puIbTpyIOIIas BCTaBKa, CTCHKH LIUKIIOHA).

B [1,14] mpemnokeHa yCTaHOBKa KOHIIEHTPHUYCCKUX HANPABIAIONINX, paJHajbHBIC
pa3Mepbl KOTOPBIX Ha BXOJle B KOPOTKUH aAn(p(dy30p ONpeAessoTcs ¢ y4yeToM Npoduiist mos
CKOpocTell B Bo3myxoBoje mepen auddyszopoM. B pesynbTaTe B BBIXOJHOM CEUYCHHH
mudy3opa OTCYTCTBYIOT IPKO BBIPaKEHHBIE JIOKATBHBIE CKOPOCTH Ta30BOTO ITOTOKA, a TaKXKe
YMEHBIIAIOTCS BUXPEOoOpa3oBaHUsA. AHANN3 PE3yIbTaTOB YHCICHHBIX MCCIIEIOBAaHUI TOKa3aml,
YTO YCTAHOBKA KOHIEHTPHUYECKUX HANPAaBISIONIMX B IIPOTOYHON YacTH KOpOTKoro auddysopa
MO3BOJISIET YMEHBIIUTh HEPABHOMEPHOCTHh NMPOGMIISA MOJS CKOPOCTEH Ha BBIXOJAE W3 HETO |
CHHM3HTH a3POANHAMHYECKOE CONPOTHUBIICHHE (UIBTPa B LIEJIOM IO CPABHEHHIO C BapHAHTOM
muddy3opa 6e3 HampaBIAIOMINX.

Ha pucynke 1 a) mpuBenmeHo m3obpaxenme pacrnosnoxenus VB3 ma TOIl-4 ropona
Omcka. Ha pucynke 1 6) cxeMa HCIIBITYyeMOW YCTAaHOBKH, a Ha B) U300pakeH XOJ JIBVIKCHIUS
MOTOKa yxXoIsmux ra3oB. Ha pucyHke 1 r) ke IOKa3aHO MaKCHMAJIbHO YBEIMYCHHOE
n300pa’keHne AnaMeTpa BXOJHOTO IaTpyOKa Co CABUI'OM BHEIIHEH 4acTH KOopIyca.

TpynHOCTH, BO3HHKAIOMIME B Pa3pabOTKe TEMBI CBSI3aHBI C TEM, YTO Ka)KAbI y4YEeHBIH
paccMaTpUBAcT BOIIPOC CHUKEHUS CONPOTHUBIICHUS ¢ TOUKU 3PEHHS CBOETO pa3padaThIBAEMOTO
obopynoBanus. CIOXHO BBIPBaTh U3 KOHTEKCTa CMBICH MPHUMEHEHUS OIpPEICICHHON
MoaupUKAMK K CBOSH a’poAMHAMUYECKOW KOHCTpPYKIuu. HecmoTps Ha TO, dYTO
BBIUHCIUTEIbHBIE CPEJCTB IOUYTH Y BCEX YUEHBIX OJUHAKOBBIE.
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Puc. 1. VIHepuinoHHO-BaKyyMHBIH 30J0yJIOBUTENb.
1 — kopnyc , 2, 3 — unnMHApHYECKUe oOeyaiiku, 4
— BXOJIHOHM marpy0oK, 5 — KaHaJl JUIS OYHMIIEHHBIX
JOBIMOBBIX Ta30B, 6 — 30JIONIPUEMHAs Kamepa
(3IIK),7 — BeIXOAHOW maTpyOoOK, 8 —MOBOpOTHAs
kamepa IIK, 9 —paccekarens, 10 — xoHpy3opHOe
BbIXOAHOE comuio, 11 — BxoxHo# auddysopHbIi
ydacTok, 12 - kompuma , 13— ynepkuBaromas

KOJIbLIa KPEeCTOBHHA , 14 - OCb.

04 3EMbIE

0)

2)

Fig. 1. Inertial-vacuum ash catcher. 1 - housing,
2, 3 - cylindrical shells, 4 - inlet pipe, 5 - channel
for purified flue gases, 6 - ash receiving chamber
(ARC), 7 - outlet pipe, 8 - PK rotary chamber, 9 -
divider, 10 - confuser outlet nozzle, 11 - inlet
diffuser section, 12 - rings, 13 - ring retaining
cross, 14 - axis.

*Ucmounuk: cocmasneno asmopom. Source: compiled by the author.
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Mamepuanvt u memoowl

Jns yncneHHbIx pacyeroB ucnoib3oBayicsi CFD-monyns Ha ocHOBe MeTona KOHEUHBIX
pasuocreit (ANSYS CFX). Jlns cBemeHHST K MHHHMYMY TIOTPEITHOCTH BBIYHCICHHUS CETKa
(hopmupoBanach ¢ BbIJICPKUBAHUEM TAKUX KPUTEPHEB Kak:

- orthogonality angle (opToroHaabHOCTS),

- expansion factor (koaddunueHT pacupenmus),

- aspect ratio (OTHOIIECHHUE TUTOMIACH COCETHUX SUCCK).

Ba)kHO mpu MOJECTUPOBAHUHU 3aHTH B MPHUEMIIEMbIC AMANA30HBI [0 JAHHBIM 3HAYCHUSIM:
orthogonality angle > 20°, expansion factor < 20, aspect ratio < 100, Torma ceTka u
MPOBEICHHBI JKCIIEPUMEHT CYHMTAIOTCS BBIMOJIHEHHBIMH C MHUHUMAIbHBIMH ITOKA3aTEISIMU
MOTPEIIHOCTH.

Maremaruueckasi MOZEIb TOMOTEHHOTO TIOTOKA ITPHUBE/ICHA HIKE.

ypaBHeHI/Ie HCPA3PBIBHOCTU:

dp 0
E + a (pU]) =0.

YpaBHEHUS IBUKECHUS:

ot " ax ) T T ok o M \axy T ax )| T
VYpasHuenus K- Mmozenu:

d(pk) 0 0 we\ ok

——U-k=—< —)— P, — Pip;

ot "o UK = g |\t G g | P pet P

d(pe) 0 d u\ de| €
_+_xj(pUJ'€) =_j (u"’a)a +E(Cslpk — Ce2pe + Ce1 Pyp).
YpaBuenue 111 3QPEKTUBHON U CYMMapHOU BSI3KOCTH:

k2
Herr = Kt e, He = Cup—.

CMelleHre YacTHULbl PACCUMTHIBAETCS C HCIIOJB30BAHUEM MPSIMOTO HHTETPUPOBAHUS
DOiiiepa CKOPOCTH YACTHIBI IO BpeMeHHOMY mary, ot. Takum oOpaszom, (dxp / dt) =U ,
MEPEMEIIEHNE YaCTHULIBI 3alIUCHIBAETCS KaK

n _ ,0 o
xXp = xp + Upét.
T 2
PacueTr macchel yacTHIl Ha BXOJ€ ¥ Ha BBIXOJE OLIEHMBAETCSI Kak M = Pa T’ rae Pg —

IJIOTHOCTH 4aCTHUIbI, a d — €€ IMaMeTp. AHannuTuueckoe PEUHICHUC YPABHCHUA UMITYJIbCA YaCTUIIbI:
dw,,
mp_dt = FD + FB +FR +FVM +Fp +FBAl

rae My, — Macca YacTUIbL, a F,jinpuanmaeTcs kak cymma BCeX CHJI, BIMSIONIMX Ha YacTuiy, Fp—
cua a’poJMHAMUYECKOTO compoTuBnenus; Fp — cuma tsxectw; Fp — cuna, oOycnosnenunas
BpallaTebHbIM JBHKeHHEM; Fipy — cuita, 00ycIOBIEHHAs YCKOPEHHEM YaCTHUIBI OTHOCHUTEIBHO
rasa; Fp — cunia, 00ycIIoBNIeHHas rpaauenTom aasnenus; Fg 4 — cuna Bacce.

OcHOBHas cuiia, OKa3bIBAlOIIAs BIUSHHUE Ha ylaBIMBaHWE dacTHIl 3076 B VB3 BTOporo
[IOKOJIEHUS, 3TO a3pOIMHAMHUYECKasl CUIa.

AdpomMHAMUYECKas CHJIa CONPOTHBICHHWS YaCTHUIBI MPOMOPHHOHAIbHA CKOPOCTH
ckonbxeHnst Us MeXIy 9acTHIIEH B CKOPOCTHIO XKUIKOCTH:

1 124
Fp = ECDpFAFlLISlUS =7

2E(l + 0,15Re°'687)ppAp|UF — Up|(Ug — Up),

Cp — momnpaBoYHbIN K03(QOUIIUCHT COMPOTUBIICHHUS; PR~ ILIOTHOCTh Fa30BOM COCTABIISIOIICH
IOTOKa, Kkr/mS; Ag — uiomaae, 3aHUMaeMasi YacTulei, M Ug — CKOpOCTb CKOJIBXKEHUSI, PA3HOCTh
cKkopocTH noToka UpIo OTHOLIEHHUIO K CKOpocTH yacTHIpl Uy, M/c; Re-uncno Peitnonsaca;

pp —TUIOTHOCTD JACTHIIBL, kr/mC.

AbspoauHamuueckas cuiia Fp nponopiuoHanbHa 3HauYeHUI0 yncia PeitHonbaca. 3HaueHue
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CUIIBI TsDKECTH Fpg He y4WTBIBaeTCs, T. K. OTOK YacTUll MenkoaucnepceH. CKOpOCTh ocelaHus
gacTHIl u3-3a cribl TsokecT <0,1 m/c. Cunma Kopuroinrca, BOSHHKAIOIIAs TP BPAIIEHUH YaCTHIIBI
Fr, Oka3pIBaeT 3HAYNTEIHHOE BIMSHUE TOJHKO IPH CO3MAHIH KPYHMHOMACIITaOHBIX BUXper. Cria
rpagueHTa paBneHus Fp, BUpTyanpHas maccoBas cmia Fyy, cuma baces Fga He yuuTeiBaroTcs mo
MPUYHHE HECYIECTBEHHOCTH M3-3a OTCYTCTBHUS IBYX()a3HOCTH ra30BOTO IIOTOKA.

OCHOBHBIM TIOKa3aTeJeM, XapaKTepH3YIOMKM paboTy amnmapatoB OYHUCTKH BO3IyXa OT
TBUIH, SIBJISETCS CTENCHb OYUCTKH (3 PEKTUBHOCTH 00CCIILLTUBAHMS), Y0:

m
n =—=-100.

BX

My; — MAcCOBBIii PacXoJl YIOBICHHBIX YACTHIL, KI/C, IMpy — MaCCOBBIN PACXOJ YaCTHIL Ha BXOJC B
YCTaHOBKY, KI/C.

K-& Momenp B3sfTa B pacyeT, TaK KaK SBISIETCS CaMOM pacnpocTpaHEHHOH B
BBIYHMCIINTEIPHOW THIPOJMHAMHUKE, W PE3yNbTaThl pacdeToB C HEH anpoOMpOBaHBI B XOje
HaTypHOTO SKCIepuMeHTa Ha anmnapare VB3 npowmsinnienHoit Bepcun. Taxoke monoOHas Mojaenb
MOXeT OBITh NpHUMEHHMa M MOTOKOB, B KOTOPBIX BaXHO Yy4eT 30H PEHUPKYIAIUH HU
NOAK/IIOYEHHE Y’ W MPOM3BOJUTH Y4YeT BIMAHHUS MPUCTEHOYHOTO CNOS HAa a’poJMHAMMYECKHE
XapaKTEepUCTUKN NOTOKa. B crexcTBue m3ydeHMs M 000OLICHUS OBIIM IMOJYYEHBI CIEAYIOIIHE
pe3ynbTatel. OTKJIOHEHHWE pE3ylbTaToB OT JAHHBIX, MOIYYCHHBIX B IIPOMBIIUICHHOM
JKcrepuMenTe 10 5%, 3TO CBA3aHO C OMIMOKAaMM BBIYHCIHTEIHFHOTO ammnapaTa IpH MpopadoTKe
MEIIKOCETOYHOIH MOJIEIH.

B mpouecce maremMarnueckoro MoOJENUpPOBaHMS ammnaparta ObUIM CO3/aHbl CPEICTBAMH
CAD paznuyHble Bapualyy yCTAaHOBKU C IIAaroMm yBeJln4eHus: auamerpa Ha 40 mm. Jlanee npu
T'PaHUYHBIX YCIOBHUSAX: CKOPOCTh Ha BXOJe (MEHsUIach B 3aBUCHMOCTH OT JHAaMeTpa yCTaHOBKHU
14-23 m/c mpu coOXpaHEHHH PACXOJHOM XapaKTEPUCTUKH MOTOKA), TPaHyJIOMETPUUECKUH COCTaB
gactun 1-40 MKM, paspexeHHe MEXAY BXOJOM M BBIXOJOM YCTaHOBKH, TeIIO(U3NYECKHE
CBOIiCcTBa MOTOKa (BS3KOCTh MOTOKA, IUNIOTHOCTH Ta30BOIl COCTaBIAIONIEH, MNIOTHOCTh YacTHII).
PacxomHas xapakTepucTHKa IIOTOKa HE MEHsJIach. B3auMOCBS3p MOTOKa C YacTHIIAMU
orpakanace (ynkumeii — One-way coupling (motok cimabo3anbUICHHBINH, T.K. KOHIEHTPAIUs
qacrur 70 t/m°).

Pesynomamot

B xozxe npoBeneHNs YUCIEHHBIX SKCIIEPUMEHTOB OBLIN MOJIYYEHBI pe3yIbTaThl pacueTa,
cBesieHHble B Tabnuy 1. OCOOEHHOCTh TaHHOTO UCCIENOBaHUs B TOM, YTO MOJOOHBIH crIoc00
MOJICTTHPOBAHMUS CBS3aH C €CTECTBEHHBIM CHIDKCHHEM [aBJICHHA 3a CUET pPaCIIUPEHHS
BXOJTHOTO CEYCHHUS.

Tabnuna 1
O6U_U/Ie JIAHHBIC MOJIYYEHHBIC B XOA€ YHUCJICHHBIX SKCIIEPUMCHTOB
General data obtained in the course of numerical experiments

JlnameTp BXOZHOTO

1500 |1540 |1580 (1620 |1660 (1700 [1740 |1780 {1840 |1900 (1960 [2020 |2080
natpyOka d, Mm

Ilepenan naBneHus
Ha anmaparte, dp, 1273 |863,9 [570,1 |495,7 | 490 |468,9 |430,2 [395,8 |315,6 [279,8 (307,8 |285,9 | 289
MM. BOJI. CT.

Ilepenan naBneHus

12730 (8639 |[5701 |4957 |4900 |4689 |4302 |3958 |3156 |2798 |3078 |2859 |2890
Ha anmapare, dp, [Ta

3HayeHue
MaKCHMaJIbHOM 125 | 105 83 82,6 |875 78 70,8 |78,7 75 75 |59,95 | 57 58
CKOPOCTH Wiax, M/C

Crenenn
3¢ dexTrBHOCTH 77,63 (94,58 (83,1 (86,7 (81,34 (92,88 |95,78 (95,44 |97,63 (94,37 | 77 49,2 | 63
o4ncTKH 7, %

Makcumanbnas
CKOPOCTB
(pa3BuBaercst
J10/mocIie moBOpOTa)

A0 A0 0 IMOCJIC [IOCJIE [[MOCJE [[TOCJIE€ [[IOCJIE |[[IOCJIE [[IOCJIE [[IOCJIE ([[TOCJIE [[TOCJIE

*Ucmounuxk: cocmaeneno asmopom. Source: compiled by the author.

VYBenuueHne quaMerpa narpyoka MpHBeio K YMEHBIICHHUIO Tepernaja JaBieHust Ha 9932
[Ta. MakcuManbHasi CKOPOCTb Pa3BUBAETCS HCKIIOYUTEIBHO IOCIE Pa3BOpoTa IMOTOKA B
CTOPOHY BBIXOJIHOW YacTH Kopryca. [Ipuemiemast creneHb 3QEeKTUBHOCTH Oblia JOCTHIHYTa
npu 1840 MM BXOJHOrO JuaMeTpa, Ie 3HaueHHe nepenanaa AaBJIeHU Ha yCTAHOBKE COCTABHIIO
315,6 I1a, uto Ha 9574 Ila MeHbIIE CONPOTUBIECHUS IPU U3HAYAIBHOM AUAMETPE.

Obcyicoenue

Hcxons U3 1BETOBBIX I'pajlaliiii O aHAJIM3y PUCYHKA 2 CKOPOCTH JOXOoAsAT mo 125 m/c
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mpu otoM nepenaxn nasieHui 12730 [la. MakcumanibHas CKOPOCTh DPa3BHBAETCS BJOJIb
paccekares 1o BXOJHOMY MaTpyOKy BOJIM3M K MECTY JI0 IIOBOpOTa MOTOKa razoB. Ha BepxHei
4acTH paccekaTtens o0pa3yeTcs 30Ha HyIEBBIX CKOPOCTEH II0TOKA, CBS3aHO 3TO € M3HAYAIBHO
OOJNBIIMMHU CKOPOCTSIMH Ha BXOJIE, MOTOK CTOJKHYJICS C TOPLEBOW YacThIO M 3aTOPMO3HIICS,
9TO TaKXe€ MOTIJIO BBI3BaTh JIONOJIHUTEIBHOE CONPOTHBIEHHWE Ha yd4acTke. HHTepecHas
0COOEHHOCTH — IOSIBJICHHE 30HBI C TE€M JK€ JIaBJICHHEM I10CJIe BBIXOJa U3 BXOJHOTO MaTrpyoka.
3T0 MOXeT OBITh CBSI3aHO C TE€M, 4TO B OyHKepe IMOJJCpPKUBACTCSl CTATUYECKOE JaBJICHUE,
KOTOPOE MOJKET BBITECHATH ITOTOK M3 30HBI OyHKepa. TeM BpeMeHeM IbIJICBOTO MTOTOKA 3TO HE
kacaercs. HabpaHHOI Ha paccekaTene KMHETUUECKOM SHEPIUU XBaTaeT Ha IPEOJOJICHUE 3TOTO
Oapbepa.

BunrtoBoil kaHan u packpyuuBaromee ycTpoiictBo [3] B mporouHoit uactu B3
BBIIOJNHATH HeynoOHo. IlemecooOpasHo ero pacmonaraTb Ha BBIXOAe, HO Jroboe
JIOTIOJTHUTENIEHOE BMEIIATENBCTBO 110 M3MEHEHHMIO T'€OMETPHU IpHBENET K J00aBICHHOMY
COIIPOTHBIICHUIO B IIOJIHOE JaBJICHHE Ha ammapare [5].

Ha pucynke 2 mnpeiacTaBleHO pacHpefeleHHue CKOpOCTed M JaBIeHUH Mo NpOTOYHOI
YacTH YCTAHOBKH IPH KOHCTPYKTHUBHBIX JAaHHBIX 110 3alIaTEHTOBAHHOM YCTaHOBKE.

M

Puc. 2. HauanbHble mapameTpbl ycTaHoBkH mo Fig. 2. Initial parameters of the installation for
H3MEHEHHIO CKOPOCTH M JaBleHHs B mpoTouHoit changing the speed and pressure in the flow path of
YaCTH YCTaHOBKH the installation
*Hcemounuk: cocmasneno asmopom. Source: compiled by the author.

Ha PUCYHKE 3 BapuaHT C CaMbIM OOJIBIINM AXaMETpOM BXOJHOTO nany6Ka. FGOMeTpI/ISI
pacceKkareid Ipu BCEX OIbITax OCTaBaJlaChb HEHU3MEHHOM.
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Puc. 3. MakcuManbHblii BXxogHOW mauamerp (2080 Fig. 3. Maximum inlet diameter according to
MM) [0 pacyeraM ¢ IUIOCKOCTBIO ¢ pasBepkoit calculations with a plane with a pressure and
JIaBJICHHS 1 CKOPOCTH TI0 CCUCHUIO velocity scan over the section

*Hcemounuk: cocmasneno asmopom. Source: compiled by the author.

Ha pucynke 4 u 5 mnpuBeneHBl HCCIEIyeMble 3aBUCHMOCTH. ECTh ONTHMAalbHBIC 3HAYCHHS
JIMaMEeTPOB, MPU KOTOPBIX JIOCTHrAeTCsl MakCHMaibHas 3(QeKTHBHOCTH ynaBnuBaHus. [Ipum amamerpax
1700-1900 MM 3¢ deKkTHBHOCTD yIaBIUBaHUs CBbIIE 92%, CONPOTUBIICHHE anmapara py 3TOM MajaeT Ha
8000-10000 ITa oT W3HAYANTBHOTO.
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OuameTtp BXxogHoro natpybka, mm
Puc. 4. 3aBucumocts wu3MeHeHus nepemana Fig. 4. Dependence of the change in the pressure
JaBJCHMs Ha ammapaTe OT yBeiuueHus aumamerpa drop on the apparatus on the increase in the
BXOJHOTO MaTpyoOKa diameter of the inlet pipe
*Ucmounuk: cocmasneno asmopom. Source: compiled by the author.

W3 pucyHka 5 BHIHO, YTO THpH CHIDKCHMH CONPOTHBIIEHMs ammapara go 184-307,8
MM.BOJ.CT. HaOmromaercs CHIKeHHE OS((EKTUBHOCTH  ammapara, YTO CBA3aHO C
COOTBETCTBYIOIIUMH MM OonbinuM auamerpam (1970-2080 mm), B kKOH(DY30pHOM ydacTKe He
JOCTUraeTcs HeoOX0oANMOMH Ul pasjesieHus moToka ckopoctu (60 m/c u 6onee). KauectBennoe
CerNaprpOBaHUE YACTHUIl OT Ia30BOT0O MOTOKAa paHee ObUIO 3a()MKCUPOBAHO MMEHHO IPU TaKUX
CKOPOCTSIX.
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Puc. 5. 3aBucumocts m3Menenust addexruBHoctn  Fig. 5. Dependence of efficiency on the change in

Ha anrapaTe OT H3MEHEHHS Tepernasa NaBIeH s pressure drop across the apparatus

*Ucmounux: cocmaeneno asmopom. Source: compiled by the author.

PucyHok 6 WLIIOCTPHPYET CIIO)KHOCTH, BO3HHUKAIOIIUE IIPH OYUCTKE IIOTOKa MpHU
MakcuMaibHOM nuamerpe. CreneHsb ynaBiauBanus — 50%. DTo cBsi3aHO c:

1) VYMeHbIICHHEM CKOPOCTH B KOH(PY30PHOM MPOXOJIHOM CEUCHHH;

2) VYHocom 30iibl U3 OyHKepa.

Puc. 6. Pacnipenenenue konuentpaunn  Fig. 6. Distribution of the dust concentration of the
3alBUICHHOCTH TOTOKa 1o Mepe wuHTeHcuBHOcTH  flux as the ash is captured

yJIaBIMBAHUS 30JIBL.

*HUcemounuk: cocmasneno asmopom. Source: compiled by the author.
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3aknwuenue

Hcxons W3 TMONYyYEHHBIX JAHHBIX MOXKHO OTMETHTB, YTO pE3YJbTAaThl PacdeToB,
CBS3aHHBIC C VBCJIIMYCHHBIMHA pa3MepaMU BXOJHBIX CCUCHHM, MO3BOJISIIOT TMPOBECTH
JIOTIOJTHUTEIBHBIC HCCIICJIOBaHMS. DTH HCCICAOBaHUSA OYIyT CBSI3aHBI C YXE MOJYyYCHHBIMHU
pe3ysibTaTaMH PacyeToB, MPOBCACHHBIMH paHEe i1 pPA3JIMYHBIX BHYTPEHHUX HW3MCHEHUN
ammapara, 4To IMO3BOJISCT HAICAThCS HA TOIYUYCHHUE JOCTATOYHO HAJCKHBIX PACUCTHBIX JAHHBIX
MIPH YBEJIMYCHHBIX BXOHBIX pa3Mepax U 3(pPeKTHBHOM 30J10yIaBIUBAHHH.
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Pezrome: AKTVAJIPHOCTH. Luknonnvle cenapamopsl npumeHsaom OJisk OmoeieHus meepovix
yacmuy nuliu U3 8030yxa, nocmynaioujezo 6 mypoumny. Kmouesvimu gaxmopamu npu ux
8vib0pe AgnAOMCs nepenad odaeienus u 3¢ggexmusnocmo. Hcecnedosanus, nanpasnenHvle Ha
VIyYuieHue OaHHLIX noKazamenel Npu COXPAHEHUU OCMANbHBIX OOCMOUHCME YUKIOHOS, d
makoice paspabomra HOBbIX YCMPOUCME NbLIE2A300YUCKU, He YCIYRAIOWUX UM, AGIAIOMC
akmyanonoimu. L[EJIb. Cpagnenue mexXHUYECKUX Xapakmepucmux MYJIbMUSUXPEEo2o
cenapamopa ¢ YUKJIOHAMU PA3TUYHBIX MOOUGuKayuli no 3¢pgexmusHocmu cenapayuu uacmuy
u3 3anvlieHHol cpedsl, Kpumepuio Dpyoa u xpumepuro Dinepa. METO/[bl. Hccredosanus
NPOBOOAMCS. C UCHONLIOBAHUCM COBPEMEHHBIX MemOo008 pecUCmpayuy napamempos Ha
nabopamopuom cmende. PE3VJIBTATHl. ®paxyuonunas s@dexmusnocms cenapayuu
meepovix wacmuy pazmepom om 1 00 80 MKM u3 2a306020 HOMOKA Yy MYJIbMUBUXPEBOSO
cenapamopa eviuie, wem y yukiouHvlx cenapamoposg: CK-I[H-24, I[H-11, I[H-15, [[H-24.
Ananuz  sgppexmusnocmu  no kpumepuiro  @Ppyoa Fr ananocuyHo  nokasan, — 4mo
MYyIbmMUsuUXpesoll cenapamop npeonoumumensuee yukionos YI[-38-250, VI]-38-500, VI]-38-
750, VI]-38-850, CLIH-40 u I[H-11-400. Ycmawnosneno, umo c ygenuuenuem Fr k.n.o.
sospacmaem. Ilo «xpumepuro ODiinepa Eu MOJCHO YCMAHOBUMb, UYMO UCHONLIOBAHUE
MYTLIMUBUXPEBO20  Cenapamopa  OCYWeCmeIAemcs ¢  MEHbWUMU — IHepeemui4ecKuMu
3ampamamiy. OMHOCUMENbHO YUKI0H08 moodugukayui VI ¢ ouamempom xopnyca 500 mm u
bonee, CL[H-40 u I[H-11-400. 3AKJIFOYEHUE. [Iposedennvie ucciedo8anus noKazvleaiom,
YmMo npuMeHenue MYIbMUBUXPEEO20 Cenapamopa Modcem Oblmb PAcCMOMPEHO 8 Kauecmee
3aMeHbl  YUKAOHHBIX —Cenapamopos Oisi OYUCMKU YUKI0B020 6030yXd 2A30MypOUHHbIX
ycmanosok. Jocmouncmea — npocmoma KOHCMPYKYuu, OMCymcmeue mpenus euxpeii o
CmeHKu cenapamopa, manoe 3uavenue kpumepus Jinepa, s¢gexmusnocme Oauskas k 100%
npu YIasaueanuu vacmuy ouamempom bonee 6 mkm.

Knroueewvie cnosa: rommniexcnoe 6030yX00HUCMUMENbHOE YCMPOUCMBO; MYJIbMUBUXDEGOT
cenapamop, Yukaow, kpumepuu Dinepa; xpumepuu Ppyoa; s¢pdexmusnocms, yrasiusanue
yacmuy.
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Abstract: RELEVANCE. Cyclone separators are used to separate solid dust particles from the
air entering the turbine. The key factors in their selection are pressure drop and efficiency.
Research aimed at improving these indicators while preserving the other advantages of
cyclones, as well as the development of new dust and gas cleaning devices that are not inferior
to them, are relevant. THE PURPOSE. Comparison of the technical characteristics of a multi-
vortex separator with cyclones of various modifications on the efficiency of separation of
particles from a dusty medium, the Froude criterion and the Euler criterion. METHODS. It
carried the research out using modern methods of recording parameters on a laboratory
stand. RESULTS. The fractional efficiency of separation of solid particles with a size from 1 to
80 microns from the gas stream of a multi-vortex separator is higher than cyclone separators:
SK-CN-24, CN-11, CN-15, CN-24. An analysis of the efficiency according to the Froude Fr
criterion similarly showed that a multi-vortex separator is preferable to cyclones UC-38-250,
UC-38-500, UC-38-750, UC-38-850, SCN-40 and CN-11-400. We establish that with an
increase in Fr, the efficiency increases. According to the Euler Eu criterion, it can be
established that the use of a multi-vortex separator is carried out with lower energy costs
relative to cyclones of the UC modifications with a body diameter of 500 mm or more, SCN-40
and CN-11-400. CONCLUSION. The conducted studies show that the use of a multi-vortex
separator can be considered as a replacement for cyclone separators for cleaning the cyclic
air of gas turbine installations. Advantages — simplicity of design, absence of friction of
vortices on the walls of the separator, low value of the Euler criterion, efficiency close to
100% when capturing particles with a diameter of over 6 um.

Keywords: complex air preparation device; multi-vortex separator; cyclone; Euler's criterion;
Froude's criterion; efficiency; particle capture.
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Beeoenue (Introduction)

TOIUIMBHO-3HEPIeTUUECKUN KOMIIJIEKC COCTAaBJsAE€T OCHOBY 3HepreTuku Poccuiickoil
Oeneparyn. [lorpebnenne n MPOU3BOACTBO 3JeKTpodHeprun mo maHHbeM AO «CO EDCy» B
Poccun pacrer, mo3TOoMy AJs YAOBIETBOPEHHUS PACTYIIETO CIIPOCA OJHOM M3 KIIOYEBBIX 33]a4
IMPOU3BOJACTBCHHBIX HpeﬂHpHHTHﬁ, OTHOCAIIUXCA K OHEPICTUKE, MABJIACTCA MOBBINICHUEC
sHeprodddexTuBHOCTH paboTel cucteM. CoBpeMEHHbIE TypOOMAamIMHBI TPEOYIOT BBICOKOU
YAETBHOW BBIXOAHON MOITHOCTH ¥ TIOBBIIIEHHOW 3HEPro3(pexTHBHOCTH HpPHU MPOU3BOJCTBE
QJICKTPOOHEPIrUnu, HHU3KHUX KaHHTaJ’[OBJ’IO)KeHPIfI, 3aTpar Ha TEXHUYCCKOE OGCJ'ly)KI/IBaHI/Ie u
OKCILTyaTalluio, HU3KAX BBIOPOCOB 3arps3usoniux Bemects [1]. TazoBeie TypOUHBI BO Bpemsi
paboThl HCIOJB3YIOT B KadecTBe pabouero Ttena aTtMochepHbI BO3AYyX, YYHUTHIBas, 4TO
3HAUYUTCJIbHAsA HX 4YacCTb pa60TaeT B CJIOXHBIX KINMATHYCCKUX YCIOBUAX (BI)ICOKaH
TEMIICpATypa U 3albIJICHHOCTD BOSIIyX&) C MHTCHCHUBHBIM NPOMBINIJICHHBIM HCIIOJIB30BAHUEM,
TO CYIIECTBEHHBIM (DaKTOPOM TIPOM3BOAWUTENBHOCTH, TEHEPHPYEMOH 3IEKTPHUUECKOH
MOIITHOCTH U CPOKa CIIYXkOBI Ta30BOM TypOUHBI SABJISIETCS KAYECTBO BO3/yXa, MOCTYMHAIOIIETO B
Hero [2]. TIpaBuibHbIA BEIOOP KOMILIEKCHOTO BO3LYyXOOYHCTHTESIBHOTO YCTPONCTBA MTO3BOJIUT
3(PeKTUBHO BIUATH Ha pabOTy ra3oBOi TYpOHWHBI, IpeAOTBpaNIas 3arps3HEHUs, KOPPO3HIO U
apo3uio [3], 4To CyIIECTBEHHO CHU3MT 3aTpaThl Ha IJIAHOBBIE M aBapUiiHBIE OCTaHOBHI [4, 5].
Cremyer ydnThIBaTh pa3Mep YacTHUI] 3arps3HSAIOMIMX BEIIECTB, MPUCYTCTBYIOMINX B BO3IYyXE,
UX KOJMYIECTBO, 3)(HEKTUBHOCTD OYNCTKH, HOTEPU JABJICHHS B CHCTeMe GuiibTpanun u ap. [6].
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KomrmnekcHoe BO3AyXOOYUCTUTEIBHOE YCTPOUCTBO COCTOUT M3 HECKOJBKUX CTYICHEH,
B KOTOPOM, KaK IPaBWJIO, Ha CTYNIEHU IPyOOH OUNCTKH HCIIONB3YIOTCS UKIOHHBIE CETapaTophl
WIM [UIOCKHE MaHend ¢ (QUIBTPYIOIIMMH DIEMCHTaMH HakomurteapHoro tuma [7, 8]. B
HACTOSIIEE BpeMs IPHUMEHEHHE IMKJIOHOB MOPAJBHO YCTapeslo IpPH BCEX WX HMEIOLIMXCS
JOCTOMHCTBaX (IIPOCTOTA KOHCTPYKIMH M €€ ONTUMHU3ALMs, OTCYTCTBHE ABHKYIIUXCS YacTe,
PEMOHTONPUTOIHOCTh, CTA0WIBHOCTH pabOTHl B ILIMPOKOM JHarna3oHe TeMIeparyp H
arpeccUBHBIX Cpelax), Ha CMEHy UM HpPUXOAAT Oojiee KOMIAKTHBIE M MEHEe METaNIOEMKHE
¢uneTpel ¢ pasHbiMH Kiaccamu QuibTpannun G2-G4. Ha crymeHu OCHOBHOW QuibTpanuu
NpUMEHSIOT (GUIBTPbl ¢ Kiaccamu ¢uibrpanuun ot F8 mo E11/HI12. OOmee kosimdecTBO
(UIBTPOB Ha KaXKJOW CTYIIEHH B 3aBUCUMOCTH OT HMPOM3BOJUTENBHOCTH cocTasiser oT 100 mo
600 mTyxk.

O¢pdexTHBHOCTS QUIBTPYIONINX 3JIEMEHTOB OBUIa TPEIMETOM MHOTOYHCICHHBIX
uccienosanuit [4, 9, 10], mpu 5TOM MPOTHOZMPOBAHHME WX CPOKA CIYKOBI, 0OYCIOBICHHOTO
mepenagoM [aBJICHHs BO BpEMs 3acOpEHHs, BCE €IIe aKTyallbHa, OCOOCHHO, B cCIydac
yJIaBIMBaHUS MEJIKOAMCIEPCHBIX dacThl. Kpome 3TOro, CTOMT MOHMMAaTh, YTO CTOMMOCTH
(UIBTPOB TOHKOM OYMCTKM BEJIMKAa W HEOOXOJUMO NPHUHUMATh MEpPhl 10 CHIKCHHIO
IKCIUTyaTallMOHHBIX u3zepkek [11, 12]. AHanmu3 KOHCTPYKIOMH M OMNBIT OSKCIUTyaTalldH
(UIBTPYIOIUX YCTPOHCTB BO3yX03a00PHBIX TPAKTOB ra3oTypOMHHBIX YCTaHOBOK [2] mokasain
HEYIOBJIETBOPUTEIbHBIE a3POJANHAMHYECKHE XapaKTEPUCTUKU U HH3KYI0 J(PQPEKTHBHOCTS.
Taxke cieayeT OTMETHTh, YTO HCIIOJb30BaHNE WHEPIIMOHHBIX anmnapaToB (LMKJIOHOB) B 30HAX C
MOBBIIICHHBIM ~ COJEP)KaHMEM IIbUIM  SIBJISIETCSl Ooyiee  HaJeKHBIM, YeM MpPUMEHEHHUE
JIOPOTOCTOSIIIMX CMEHHBIX (UIBTPOB HAKOMUTEJIBHOTO THIIA, YTO TpPeOyeT BBIHYKICHHBIX
OCTAHOBOB M OIIpE/eIeHHON (HPMHAHCOBOM YCTOMYMBOCTH NMPEINPUATHS B YaCTH PacxolOB Ha
nproOpeTeHne U coiepkaHne CMEHHBIX GuiIbTpoB. TakuMm 00pazoMm, MO-NMPEKHEMY HEOOXOIUMO
U CJI0)KHO yCOBEPIICHCTBOBAThH CYNIECTBYIOIINE TEXHOJIOTHH OYHCTKH BO3AYXa, TOCTYIMAOIIETO
B KOMIIPECCOp Ta30TypOMHHON YCTaHOBKH OT TBEPABIX B3BEIICHHBIX YACTHIl JJISI MOBBIICHHS
3¢ ¢dexTHBHOCTH pabOThl KOMIUIEKCHOW BO3JyXOOUYHCTUTEIHHOH YCTaHOBKH, YTO B CBOIO
ouepenb BIMAET HAa TEXHUKO-JKOHOMHYECKHE TMOKa3aTelIH Ta30TypOMHHOW YCTaHOBKH.
Teoperuueckass 3HAYUMOCTh 3aKJIIOYACTCS B IOJYYEHHH 3aBUCHUMOCTH [UIs OINpeeNeHUs
3¢ GEeKTUBHOCTH MYJIbTHBHXPEBOTO Ceraparopa ¥ pPEKOMEHJAAlMi JUisi ee WCIOJIb30BaHMS,
MOJYYCHUH CPaBHHUTEJBbHBIX XapaKTEPUCTUK KPUTEPUEB MOJOOHMS IIMKJIOHOB Da3IHYHBIX
Moaudukannii u paspaboTaHHOro cemnaparopa. IlpakTuueckass 3HAYMMOCTb HCCIIEIOBaHUS
COCTOUT B pa3paboTKe KOHCTPYKLMH MYJIbTHBUXPEBOIO CEMapaTtopa M BO3MOXXHOCTH €ro
UCIIOJIb30BaHMs JJIsi OYMCTKM BO3JyXa Ha IPEJABAPUTENBHON CTYIEHH, IPOTHO3MPOBAHUH
M3MEHEHHUs nepenaja faBieHnil u 3¢ (eKTUBHOCTH (GUIAbTpanuy, YTOOb YMEHBIIUTh HArpy3Ky
Ha OCHOBHOM (MIBTP TOHKOM OYHMCTKH, HNPOJJIHMTH CPOK €ro CIyXXObl M CHU3UTH CTOMMOCTD
3aMEHBI.

Onucanue myavmueuxpesozo cenapamopa. llenv uccnedosanus (Description of the
multi vortex separator. The purpose of the study)

ABTOpaMu OblT pazpaboTaH MyIbTHBHXPEBOW Cemaparop, KOTOPBIN NpelHa3HaueH s
yIIABIMBaHUSl MEIKUX, CPEIHMX M KPYINHBIX YACTHIl W3 3albUICHHOTO II0TOKa BO3AyXa.
Koncrpykiust cenaparopa samuineHa natentoM P® [13]. OxHoli W3 KIIOYEBBIX 3a1a4 MpU
paspaboTke maHHoro ammapara (puc. 1) SBISUIOCH CO3lIaHME KOMIIAKTHOTO YCTPOWCTBA C
BO3MOYKHOCTBIO €r'0 Pa3MEeIICHUs] B OTPaHUYEHHBIX MMPOCTPAHCTBAX MPH JTOCTHKEHHH BBICOKOI
3¢ HEKTUBHOCTH M HU3KOTO THAPABINYECKOTO COIPOTHBIICHHUS.

3a cyer OpUTMHAIBHOW KOHCTPYKIMM B CENAapalloHHON 30HE INIpU TEYCHHHU
3aIBIJICHHON CPEeJIbl CO3JIAa0TCs [IEHTPOOEKHbBIE CHIIBI BHICOKHX 3HAYEHUH, CYyIIECTBEHHO BHIIIE
AQHAJIOTHYHBIX CWJI, 00pa3ylomMXcs B KJIACCHYECKHX IIEHTPOOEKHBIX amlmaparax — IHMKIOHAX,
YTO N03BOJIAET AP PEKTUBHEE OTACIATH MEJIKHE YacTHIBI pazmepoMm 10 10 MkM u3 Bo3ayxa. [Ipu
9TOM HECOMHEHHBIM MPEUMYIIECTBOM SBIISETCS OTCYTCTBHE IBIDKYLIMXCS 3JIEMEHTOB U
POCTOTa KOHCTPYKIMH, 4YTO OOecleYnBaeT HHU3KOE THJIPABINYECKOE CONPOTHUBIICHUE
MYJIBTUBUXpEBOro cenaparopa. CONpPOTUBIEHHE NpPEAIaraeMoro yCTPOWCTBA Ha HECKOJBKO
MOPSIIKOB MeHbIle, 4eM Y GWIBTPOB TOHKOW OYMCTKH, Jaxe IpH OTCYTCTBUHM B HHX
ynoBleHHBIX dacTHll. [14]. IlpuHnun paboTHl cemapallMOHHOTO YCTpoWcTBa. Bo3myx co
B3BCILICHHBIMU YaCTUI[AMH BXOJIUT B MYJIbTHBHXDPEBOil cemaparop (puc. 1) uepe3 KBaJpaTHbIE
sa4yeiikun 2, oOpasyloliue cernapanuoHHbIe 3JeMEHThl. 3afHss KpbIIKa HE IO03BOJIIET Cpasy
BBIMTH IIOTOKY BO3JyXa M3 YCTPOWCTBa, NEpEHAINpaBiisisd €ro K CTeHKaM. B cTeHkax KakIoro
CeTapalroHHOro 3JIEMEHTa 2 ¢ OIpeeNICHHBIM IIaroM HMeeTcs rpynna 0oynpmux 3 1 Maisix 4
OTBEPCTHUH, Yyepe3 KOTOPbIE IPH CBOEM JBIKCHUHU IIOTOK BO3JyXa C YaCTHUIIAMU IIONAAeT B 30HY
cenapauuu 6. Heo0Xo1uMo OTMETHTB, YTO POJb OOJBIIMX 3 M MajbIX 4 OTBEPCTHH pa3iuyHA.
Bonpuie otBepcTHs 3 omnpenensioT GOpMHPOBAHUE BUXPEBOM CTPYKTYpPHI B 30He 6, a Maible
OoTBepCTUsl 4 OTBEYAIOT 3a MOJAEPKAHHE CTPYKTYPbl HECTAOMIIBLHBIX BHXPEH B YIJIOBBIX 30HAX
MYJIBTHBHXPEBOrO cemaparopa. Takum o0pa3oM, MOTOK BO3AyXa IpPH INPOXOXKICHHH UYEpPE3
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0oJIbIIOE OTBEPCTHE 3 MHEPLMOHHO paclpeieNsieTcs 10 ABYM CTOPOHAM BIEBO M BIPABO, TEM
caMbIM 0oOpa3ys aBa BUXpi. KOHCTPYKTHBHO cocemHue OOJBLIME OTBEPCTUS PaCIIONIOKEHBI
TakuM 00pa3oM, 4TOOBI IPH BBIXOJAE M3 HHX BO3IyXa CO3JaBacMble 3aBHXPECHUS BpaILaJIUCh B
cBoeil obmacTH MOJO0HO «IIecTepeHKaMy, He MepeceKasiCh ¢ COCEAHUMH, YTO IMPUBENO OBl K UX
paspymieHuto. IIp 3TOM B TOYKAaX KOHTaKTa COCEOHUX BHUXpEH BEKTOPBI CKOPOCTH OyIyT
COHAmNpaBJeHbl. BUXpH OrpaHHYeHBl CTEHKaMH TOJNBKO C IBYX CTOPOH: BHYTPCHHEH CTCHKH
KopITyca cernaparopa | 1 BHEIIHEl CTEHKHU CelapalMoOHHBIX 3JIEMEHTOB KBaJpaTHOW (hOpMEI 2, B
pe3yinbTare TpPEHHE T[OTOKAa O CTEHKHM CYIIECTBEHHO YMEHbBIIAeTCs, CJIeJ0BaTeNbHO,
YMEHBIIAIOTCS  DHEPreTHYeCKHe 3aTpaThl IpPH TEYEHHUH BO3AyXa  (THIPaBIMYECKOE
COIPOTHBIICHHE).

AR RRAN!

Puc. 1. VYmpomwenHas tpexmepHas wmonenb Fig. 1. Simplified three—dimensional model of a

MyJIBTHBUXpEBOTO cemapatopa: 1 — xopmyc; 2 — multi-vortex separator: 1 — housing; 2 — square—
cemapanroHHbIE DIIEMEHTHI KBajapatHoit ¢gopmbr; 3  shaped separation elements; 3 — large holes; 4 —
— Oonpime otBepcrusi; 4 — mansie otBepetusi; 5 —  small holes; 5 — entrance to the separator; 6 —

BXOJ B cemapatop; 6 — 30Ha cemapauunu; 7 — BRIX0Z  Separation zone; 7 — exit from the separator
W3 cernaparopa
*Ucmounux: cocmaenero asmopom. Source: compiled by the author

Kak BugHO 13 pucyHka 1, quaMerp OOJBIINX KPYTIIBIX OTBEPCTHH 3 Mal OTHOCHTEIHHO
CaMoTo YCTpo¥icTBa u cocTaBisieT MeHee 15-25 mm. CrieoBatenbHO, AHAMETP 00pa3yIOUINXCs
BUXpEH BIBOE MEHBIIE, a IEHTPOOEIKHBIE CHJIBI, BOSHUKAIOUINE TIPH BPAIATEILHOM JIBHKEHUHT
BO3AYIIHOW cpelbl, MMEIOT Oonblive 3HaueHus. [lox MX AEWCTBHEM, YacTUIBl Pa3In4HOM
JTUCTIEPCHOCTH TIepeMeIIaoTcs K BHYTPEHHUM CTEHKaM KopIyca cemapaTopa 1 m mocTemeHHO
ocelarT. 3aBUXPEHHbBIN OYHMIEHHBIH BO3IyX MOJHUMAETCS, MIOKUIAET 30Hy cenapauuu 6 u cam
MYJIbTHBUXpEBOU cenaparop. Heo0XoanMo OTMETHTB, 4TO Ha pUC. | MpelcTaBieHa yrpolieHHas
MOJIeJIb YCTPOMCTBA, HE NIOKAa3aHO, YTO B HIDKHEW 4acTH 30HBI 6 mMmeercsi cepus wielneil, yepes
KOTOPbIE€ YaCTHIBl CCBHIMAIOTCA B IbUICCOOpHBIH Memok. CTOUT OTMETHTb HalIn4He
HEeCTaOMJIbHBIX 3aBUXPEHUH B YIJIOBBIX 30HaX, T.€. BUXpEBas CTPYKTypa MOXeT HmpuoOperaTh
Xa0TUYHOE JABIKEHHUE, YTO NPHUBOAUT K YHOCY YacTHIl U3 cemaparopa. Jns pemieHus 3ToH
npoOJeMbl € ILebl0 CTaOWIM3alMi BHUXPEBOW CTPYKTYpHl OBUIM IIPEIyCMOTPEHBI Malble
orBepctust 4 (puc. 1). HeoOXoaumMo OTMETHTH, YTO HpoOJeMa MOXET OBITh pEIICHAa TaKXkKe
M3rOTOBJICHWEM ammapara ¢ KOpIycoM IIuHIpudeckoil gopmel. PazpaboTanHoe ycTpoiicTBO
OBUIO ampoOHMPOBAHO B CHUCTEME OYMCTKH M IOJOTPEBa BO3IyXa B OKPACOYHO-CYIIFIBHOW
kamepe kommannu OO0 «Kamarteky. VcnpiTaHus TOKa3aid, 4TO MPUMEHEHHE PeaiaraeMoro
yCcTpoiicTBa B KadecTBe HpeAdMIbTpa CIOCOOHO YBEIMYUTH BpeMsi pabOThl (MIBTPOB TOHKON
OYHCTKH J0 UX 3aMEHBI IIOYTH B 2 pasa, a MHOT1a U OoJbIe.

[IpoBeneM cpaBHEHHE MYJIBTHBHXPEBOTO CemapaTropa ¢ M3BECTHBHIMHM LHKJIOHAaMH, B
KOTOPBIX MPEBANUPYIONIIMHE CHIIAMH, BIUSIONIMMHE Ha MPOIECC BEIOMBAHUS YaCTHI] U3 BO3yXa,
SBIISIIOTCS LIEHTPOOEIKHBIE, TE JKE€, YTO ¥ B MYJIbTHBUXPEBOM CeIapaTope.

[Mapnenne naBnenus u 3pQPeKTHBHOCTH pa3eleHus SBISIOTCS OOIIMMH MapaMeTpamH,
UCHONB3YEMBIMU [Js1 OLEHKM MPOU3BOAUTENBHOCTH cemnapaTopoB. lLlenpro wuccienoBaHus
SIBJIIETCS. CPAaBHEHHE TEXHUYECKUX XapaKTEPUCTUK MYJIBTUBUXPEBOIO cemapaTopa ¢ HUKIOHAMU
Ppa3auYHBIX MOAUGUKALMN 10 CISAYIOUMM MapaMerpaM: 3pGEeKTHBHOCTD CEeNapanuy 4acTull U3
3anblUIeHHOM cpensl E, kpurepuii ®pyna Fr u kpurepwuit Diinepa Eu.

Mamepuan u memoodunt uccnedosanus (Material and methods of research)
D¢ heKTHBHOCTh MYJIBTUBUXPEBOTO CEMapaTopa pacCYUTHIBAIACh IO PaHEe MMOJIyYCHHOH
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bopmyne [14]:

_8 a Zpa\A/in 2 a Zpa\lviﬂ

=—— |ainiq Z = [Tt | pppac<ag, 1
3 A0 m 3 Ab e p cr 1)

rre a — AMaMeTp YacTHLBl, M; A — OTHOIICHHWE BXOJHOW CKOPOCTH IOTOKa B CEMapallMOHHOM
JNIeMEHTEe KBaApaTHOW (OPMBI K CKOPOCTH MOTOKA B KPYINBIX OTBepcTHsx; b — mmmpuna
CernapalMoOHHBIX SJIEMEHTOB KBaJpaTHOW (OPMBL, M; Z — BBICOTa 30HBI CEHapaluH, M; P —
MI0THOCTH wacTH, Kr/M>; W, — CKOPOCTh BO3yXa Ha BXOJE B MYJIbTHBHXDEBOIl cermapatop, M/c;
UG — K09 GHUINEHT AMHAMUYECKON BS3KOCTH BO3/yXa, [1a-c; @ — KpUTHUYECKHH AUaMeTp YacTHIL,
M.

Heobxoaumo oTtmeTuTh coOnopeHue yciaoBus a < ag it ¢opmynsl (1). Tak kak c
YBEJIMYCHUEM pa3Mepa 4YacThl & 3¢¢eKTUBHOCTh ycTpoiicTBa E moOBBIIIaeTCs, TO T1pH
JOCTHKEHUH JMaMeTpa 4acTHLl ¥ OoJiee ONpeaeIeHHOT0 KPUTHIECKOTO pa3Mepa g, CIUTAEM, YTO
3(h(HEeKTUBHOCTh COOTBETCTBYET 3HaueHuto 0,991,

PacueTtHnas ¢opmyna s onpeneseHuss KpUTHYECKOTO pa3Mepa YacTHIl g

a, :§Ab H—G : (2)
4 zp,W,

in

B kauyectBe 3()(peKTHBHOCTH LIEHTPOOEIKHOTO pa3JeiieHNsi HEOAHOPOAHBIX CUCTEM ObLI
BbIOpaH Kkpurepuil ®pyna Fr, KOTOpBIil paBeH OTHOIICHHIO LEHTPOOEKHON CHUIIBI M CHIIBI
TSKECTH:

Fr=—, )

rae W — CKOpOCTb MOTOKA BO3AyXa, M/C; § — ycKopeHHe cBOGOHOro mamemms, m/c’; L —
XapaKTepHBII pa3Mep 00JIacTH, B KOTOPOIl paccMaTpUBaeTCs TCUCHUE MTOTOKA, M.

Cunraercs, 4To ¢ yBeianueHHeM Fr K.m.J. nukioHa Bo3pacraetT. HeoOX0IMMO OTMETHTb,
4TO MpH pacueTe uyncia Ppyna Ui UHUKIOHOB IOJ CKOPOCTBIO W NPUHHMMAIAach CKOPOCTh Ha
BXOJE B ammapaTbl, MMOJ XapakTepHbIM pa3MepoM L mpuHHMAancs paanyc HUIHHAPHYECKOI
yacti R = D/2, rne D — auaMeTp UMIMHAPHYESCKOH YacTH LUUKIOHA, M. JIJIi MyJIbTHBHXPEBOTO
cermapaTopa IOJ CKOPOCTBIO W IIPHHUMAJAaCh CKOPOCTh B KpPYINIBIX OTBepcTHsX. CToHT
OTMETUTb, 4YTO TEOPETHYECKMM (II0 CpEACTBaM ypaBHEHMS CIUIOIIHOCTH Cpelbl) H
IKCIEPUMEHTAIBHBIM MyTeM OBUIO YCTAHOBJIEHO, YTO CKOPOCTh B KPYIJIBIX OTBEPCTHSX U Ha
BXOZI€ B MYJBbTHBUXPEBOH Cemaparop OTIMYAIOTCS B AuamnazoHe +10% aiast KOHCTpyKIWH,
n3o0paxxeHHod Ha puc. 1. Ilom xapaktepHbIM pasmepoM L mnpuHHMancs pagmyc OXHOTO
3aBUXpeHHA B 30He cemapamuu 6 R, = Dy/2, roe Dy, — muameTrp OoibmIOr0 OTBEpPCTHS B
cernapaloOHHOM 3JIEMEHTe.

B kauecTBe KpuTEpHs T'HJIPABIMYECKOTO COIPOTHBICHHUS PACCUHUTHIBAICS KPUTEPHUH
Otinepa Eu (ko3 duimenT nasieHus), xapakTepu3yOM il COOTHOIIEHUE CHJI JaBJICHHUS U CHII
MHEPIMHU B IIOZOOHBIX MTOTOKAX:

Eu=2P (4)
pW

rae Ap — IOTEPHU JABJICHUA B allliapare, Ha; P — INIOTHOCTH Tequeﬁ Cpeanl, KF/MS.

[MageHue maBieHUs SIBISETCS MEPOH MOIIIHOCTH, HEOOXOIUMOM Jij1si pabOTHI IUKJIOHA, U €T0
HaVMCHBIIICE 3HAYCHHE JKEJATEIbHO C TOYKH 3PEHHS JHEPTOMOTPeOICHUs. YBEIUYCHUE MOTEPh
JABJIICHUS B cUCTeMe (WIBTpalMu TPHUBOAUT K CHIDKCHHIO BBIXOJHOW MOIIHOCTH Ta30BOM
TypOHHBI ¥ YBETHYCHHIO TEIUIOBOW MOIIHOCTH. CTOUT OTMETHTH, YTO 3HAYCHUE CKOPOCTH MOTOKA
W mpu pacuere Kpurepus Ditiepa Eu mo gopmyse (4) s pa3IM4HBIX anmapaTtoB MPHHUMAIOCH
TaKXke, KaK U B BBIIICIICPEYHCIICHHBIX CIy4asx npu pacuyere kpurepus Opyna Fr mo popmye (3).

B o0mmpHOH nuTepaType MOKa3aHo, YTO MPOUM3BOJAUTEIBHOCTD IUKIOHHOTO cemapaTopa
Ype3BBIUAIHO UYYBCTBUTCIIbHA K TICOMETPUYECKMM Tapamerpam. Jlins wucciiejoBaHUS ObLIH
paccMOTpeHbl HUKIOHHBIE cemnapaTopsl, cienyromux moneneit: CK-IIH-24, IH-11, IH-15, I1H-
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24, V11-38-250, YII-38-500, VII-38-750, YII-38-850 u CLIH-40. KoHCTpYKTUBHOE HCHOIHCHUEC
LIUKJIOHOB TIPEJICTABJICHO Ha PUCYHKE 2.

TexHUYeCKHEe XapaKTEpPUCTUKU M HEKOTOpPBIE PAacCUETHBIC ITapaMeTphl Ul UX CPaBHEHHS C
JAHHBIMH 110 MYJBTUBHXPEBOMY Cellaparopy OBUIM B3STHI W3 OTKPBITBIX HCTOYHHUKOB!
(dhpakimonHas 3 (HEeKTHBHOCTh OT pa3Mepa YacTHUIl s CK-I[H-24%, ITH-11% I1H-15, [{H-24 [15],
3Hauenms kputepues ®pyna Fr u Diinepa Eu mns mukinoros Y1I-38-250% VII-38-500, YII-38-
750, V11-38-850 [16], pacuetHbie mapametpsl mis ompenencuus ®Opyna Fr u Diinepa Eu mns
mmknona CL{H-40* [17] u muxona [{H-11-400° [18].

Pacuer oddextuBHOCTH MyIbTHBHXpEBOro cemaparopa E mo  ¢opmyne (1)
OCYIICCTBIISUICS TPU CICAYIONINX 3HaueHUAX mapametpos: A = 0,5, p, = 2000 kr/m®, b = 80 MM,
pe = 0,0000178 Ila-c, z = 50 mm. Ilpu naHHBIX 3HAUEHUSAX IapaMeTPOB KPUTUUECKOE 3HAUCHHE
JInaMeTpa 4acTHIIbI 8¢ PaBHO 5,66 MKM.
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Puc. 2. KoucrpykruBaoe odopmiienne mukmnonoB: Fig. 2. Design of cyclones: a) CN — NIIOGAZ

a) IIH - muxnon HHNUOI'A3a; b) VII — cyclone; b) UC — universal cyclone; ¢) SCN —

yuuBepcansHbiii ukioH; €) CIIH — crnupansusiii  NIIOGAZ spiral cyclone
mukiion HUMOI'A3a

*Ucmounux: cocmaenero asmopom. Source: compiled by the author

s omnpeneneHus NOTepU JABICHUS B MYJIbTUBUXPEBOM cenaparope AP U CKOpOCTH ras3a B
KPYTJIBIX OTBEPCTHUAX OBII COOpaH 1abopaTopHBIil CTeH (pUC. 3), OCHOBHBIE JIEMEHTHI, KOTOPOTO
ObLTH pacniedatansl Ha 3D mpuHTEpeE.

Crenp BKIIO4aeT B ceOd BO3AYXOAYBKY 1 Ui mojadu MOTOKAa BO3AyXa B YCTaHOBKY,
peCuBEcp 2 C OTBEPCTUAMU, KOTOPHIC OTKPBIBAJINCH WM 3aKPBIBAJIUCH [JII UBMCHECHUSA pacxonga
noroka, Tpyba Benrypu 3, mo3Boisifoiias onpeaesuTh nepemnaja AaBieHus B MUPOKON U y3KOi
qacTiax ]laHHOﬁ prGBI, n npajee pacCyuTarb CKOPOCTH IMOTOKAa Ha BXOJE B MyHBTHBHXpeBOﬁ
cenaparop 4. [lepenan nasienus B Tpyoe Bentypu 3 u motepu JaBiieHus AP B MyJIbTHBUXPEBOM
cernaparope 4 pacCUMTHIBAIUCH C MOMOIIBIO auddepeHInaIbHbpIX MaHOMeTpoB testo 5101 5 u 6
COOTBETCTBEHHO. IIOrpemHoCcTs JaHHBIX U3MEPUTENBHBIX YCTpOHCTB cocrasiser + 5 Ila mpu
n3MepeHun AapieHus B auanazone ot 0 go 100 ITa u £+ 2 [Ta + 1,5% 0T U3MepeHHOT0 3HAYEHUS
Ipu u3MepeHnu naBieHus B Aauamasone oT 100 mo 15000 ITa. Cromt oTMeTuTh, 4TO Tpyda
Bentypu co3aasanack coraacao I'OCT 8.586.4-2005 T'CH® (puc. 3).

124 — cooTHOIMIEHHE TMAMETPOB BBIXJIOMHOM TPYObI M IIIIHHAPHUECKOH YaCTH IUKIIOHA
11 — yros HAKJIOHA BXOJIHOTO ATPYOKa OTHOCHTE/IBHO FOPH3OHTAIH, TP,
3Y11-38 — monens mknona BHUM3 (Menbctpos), 250 — muameTp Kopriyca, MM
#40 — oTHOIICHHE IMAMETPa BBIXIIONMHOM TPYObI K AHAMETPY HHIHHApHUIecKoi uacTu (0,4)
5400 — BHYTpEHHHIT IMAMETP HIHHAPMYECKOH YaCTH IIMKIOHA, MM
*rOCT 8.586.4-2005. TCH. Vi3MepeHne pacXoa M KOTHYECTBA KUAKOCTEH ¥ ra30B C TIOMOIIBIO CTAHAAPTHBIX CYIKAOIIMX
yerpoiictB. TpyOs! Bentypu. Jlata BBenenust 2007-01-01. Mocksa: CtangapTHHGOpM.
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Puc. 3. JlaboparopHsbriii crenn: 1 — Bosayxoayska; 2 Fig. 3. Laboratory stand: 1 — blower; 2 — receiver; 3
— pecuBep; 3 — T1pyba Benrypu; 4 — — Venturi pipe; 4 — multi-vortex separator; 5 —
MYJIBTHBHXPEBO cemaparop; 5 — differential pressure gauge to determine the pressure
muddepennuanbHbiii MaHoMeTp s onpexaencuus  drop in the Venturi pipe; 6 — differential pressure
mepenaga JjgaBieHus B TpyOe Bentypu; 6-— gauge to determine the pressure loss in the multi-
muddepeHranbHEIl MaHOMETp JUIS OlpeAesieHus — Vortex separator

TMOTEPU AABJICHUA B MYJIbTUBUXPEBOM CE€IlapaTope

*Ucmounuxk: cocmaeneno asmopom. Source: compiled by the author

Peszyrvmamot uccnedosanusn u ux oocyacoenue (Research results and their discussion)
Pe3yJ'H)TaTI)I CPaBHUTCJIIbBHBIX HaHHBIX MYJIbTUBUXPEBOTO CE€laparopa MW IUKJIIOHOB
pa3nUYHBIX MOAM(UKAIMH TPpeACTaBICHbI rpad)UuecKy Ha pUCYHKE 4 U CBEJeHbI B TabauLy 1.

E
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0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 &, MKM
Puc. 4. 3aBHCUMOCTH ¢pakumonnoit  Fig. 4. Dependence of fractional efficiency on
s¢dexTHBHOCTH  OT  pa3mepa gactun s particle size for apparatuses: 1 — multi-vortex
anmapatoB: 1 — MyJIbTHBHXpEBOH cemapatop; 2 — separator; 2 — CN-11; 3 — CN-15; 4 — CN-24; 5 —
I1H-11; 3 — ITH-15; 4 — I{H-24; 5 — CK-1TH-24 CK-SN-24
*Ucmounuk: cocmasneno asmopom. Source: compiled by the author

B xome mccienoBaHuil ycTaHOBIEHO, 4TO (pakunoHHas 3(QeKTHBHOCTH cenapanun
TBEPIBIX YacTHIl pazMepoM oT | mo 80 MKM M3 BO3IYIIHOTO IIOTOKa y MYJBTHBHXPEBOTO
ceraparopa BbIIIe, YeM y IUKIOHHBIX cenapartopoB: CK-11H-24, [TH-11, IIH-15, ITH-24 (puc.
4). Anamu3 3¢ (eKTUBHOCTH IEHTPOOEKHOTO paslesieHHs YacTHIl OT BO3/AyXa IO KpHUTEPHIO
Opyna Fr anamormuHo moxaszan, 4YTO MYJBTHBHXPEBOH cemapaTop IpearnoyYTHTENIbHEe
ukionoB Y1I-38-250, Y11-38-500, Y11-38-750, Y11-38-850, CLIH-40 u L{TH-11-400 (tabm. 1).

ITo xpureputo Ditepa Eu MOXHO ycTaHOBUTH, YTO HCIOJIB30BAaHHE MYJIbTHBHXPEBOTO
cermaparopa OCYIIECTBISETCSI C MEHBIIMMH DHEPreTHYECKHMMH 3aTpaTaMd OTHOCHTEIHHO
IUKJIOHOB Moaudukanuii Y1 ¢ quamerpom kopryca 500 MM u 6onee, CIIH-40 u 1{H-11-400
(tabs. 1). bomee BbICOKYIO (pakiMOHHYIO >(PPEKTHBHOCTH MYJIbTHBHXPEBOTO Ceraparopa
(puc. 4) OTHOCHTENHHO IHKJIOHOB HAaIVIIIHBIM 00pa3oM OOBSACHSIOT pacueTHbIE 3HAYCHHUS
kputepus @pyna Fr (tadin. 1). BugHo, 4To y MyabTHBHXpEBOro cenapaTtopa 3Hauenus Fr s 5,1 -
42,6 pasza Bbeime a”anoroB. CTOMT OTMETHTb, 4YTO TaKHe BBICOKME 3HaueHuMs Fr
MYJIBTHBHXPEBOIO CeIaparopa JIOCTUTaIOTCs NPH 0oJiee HU3KUX CKOPOCTSX noToka (6,38-12,76
M/C) OTHOCHTEIIFHO CKOpOCTEH MOTOKa B IUKJIOHAX (IMAara3oHbl CKOPOCTEH HAYMHAIOTCS OT
9,96 Mm/c u 3akaHuuBatoTcs 24 Mm/c). B cBoio ouepenp, aHanmu3 pacuetHod ¢Gopmynsl (3)
kputepus @pyna Fr nokaseiBaer, 4To [uis €ro pocra He00X0AUMO yBEIMUEHHE CKOPOCTH H/WIIN
YMEHBIIEHUE XapakTepHOro pasMepa. OUeBUIHO, YTO YBEIMYEHHE CKOPOCTH B OoublIed
cTerneHn Biuser Ha yBesmuenue Fr, Hexenu ymenbmienune L. CormocraBiss JaHHBIE MO
CKOPOCTH M pajluycCy anmaparoB (Tabmuna 1), moaTBepiAaeTcs paHee BbICKa3aHHAs TEOPHS
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OTHOCHUTEJIBHO OPUTMHAJIBHOCTH KOHCTPYKLMHU MYJIbTUBUXPEBOIO CEMapaTopa, MO3BOJISAIOIIASL
c03/7aBaTh 3aBUXPEHUS Majoro pajanyca, TEM CaMbIM IPU HEBBICOKHMX CKOpPOCTIX BO31yXa
JocTuraroTcsi Oonee BbICOKME 3HadeHHs kputepus @Dpyna Fr u, CcoOTBeTCTBEHHO,
¢$paxkunonHoii a3 pexTuBHOCTH E.
Ta6muna 1
Table 1
CpaBHeHI/Ie KpUTEPUCB HOI[O6I/IH IUKJIIOHOB pa3JIMIHbBIX MOZ[I/I(bI/IKaHI/Iﬁ U MYJIbTUBUXPEBOTO CE€IlapaTopa
Comparison of similarity criteria of cyclones of various modifications and multi vortex separator

Monens Omnpeaensonumii pazmep CkopocTs (W), Kpurepuit ®pyna Kpurepuit

anmnapara (R), Mmm M/C (Fr) Diinepa (Eu)
VII-38-250 125 9-12 80-133 2,5
VII-38-500 250 10-12 41-64 5
VII-38-750 375 9-12 27-42 7,5
VI1I-38-850 425 10-12 24-38 8,5
CIIH-40 200 16-24 132-293 3,05
11H-11-400 200 13-18 92-172 3,57
My T THBIXpEBOT Paiyc 0JJHOTO 3aBUXPCHUS

B 30HE cemaparnmu R, = 6-12 691-2766 2,6

ceraparop 6 ana

*Uemounuk: cocmasneno asmopom. Source: compiled by the author.

[IpocToTa KOHCTPYKIIMK W OTCYTCTBHE TPEHHS BHXpPEH O CTEHKH Cemaparopa C ABYX H3
YEeTHIpEX CBOMX CTOPOH MO3BOJIOT JOCTHYh MEHBIIETO 3HAadYeHHWs KpuTepus Oimepa Eu
OTHOCHTEIIFHO IUKIOHOB. He00X0ANMO OTMETHTH, YTO MYJIBTUBHXPEBOI cemapaTrop yCTyIaeT Mo
Eu na 0,1 Tonpko yHuBepcanbHOMY IHKIOHY YI[-38-250 ¢ muamerpom kopmyca 250 MM, 4TO
BXOJIUT B NOTPEUIHOCTh PAacdyeTOB. B OCTalbHOM BHUIHO, Y4TO yBENWYEHHE NHaMETpa IMKJIOHA
MPUBOJUT K POCTY YMcia Difiepa.

Pacuetnast QpaxkumonHass 3¢¢exTuBHOCTE Onu3kas K 100% MyJIbTHBHXPEBOTO
cemaparopa, [{H-11, ITH-15, [TH-24 u CK-I1H-24 cooTBeTcTBYeT AUaMeTpPy YJIOBJICHHBIX YaCTHIL
6, 40, 30, 70 m 20 MxM cooTBeTcTBeHHO. IIpn 3TOoM 3(h(eKTHBHOCTH MYJIBTHBHXPEBOTO
cenaparopa, [{H-11, IIH-15, I1H-24 u CK-LIH-24 B cpennem cocrasiuser 76,3, 83,1, 81,8, 80,8 u
78,8% mns muama3oHa pa3mepoB yactun 1-6, 1-4, 1-9, 1-5 u 1-6 MkM cooTBeTcTBeHHO. Kak BUAHO,
3(h(eKTUBHOCTD YJIaBIMBaHHUS YACTHI[ pasMepoM MeHee 6 MKM y HEKOTOPBIX MOAU(DUKAIIA
[UKIOHOB HE3HAUWTENIFHO BBHINIE 3HAYCHUH JUIsI MYJNBTUBHUXPEBOTO cemaparopa. OmgHaKo,
MOBBICHTE 3(PQPEKTHBHOCTh B CIydae MYJIBTHBHXPEBOTO Cemaparopa JOCTaTOYHO IIPOCTO,
VBEJIMYHB BBICOTY CEMapaliOHHONH 30HBI Z, T.., BHITSHYB cemaparop. Ha ruapaBmmdeckoe
COIPOTHUBIICHHE TO CYIECTBEHHBIM 00pPa30M He MOBJIHSIET.

Cpenu paccMmoTpeHHbIx Monudukanmii nukiaonos Y1, CIIH-40 u ITH-11-400 xpurtepwmii
Fr BapbupoBaincs B auanazone ot 24,32 mo 293,5, kpurepuit Eu — ot 2,5 mo 8,5 mpu ckopoctu
notoka ot 9,96 1o 24 m/c. [1pu aTOM U1 MYJIBTUBHUXPEBOTO cenapaTopa Kpurepuit Fr namensuics
ot 691,6 1o 2766,6, kpurepuii Eu coorBeTcTBOBaN 2,6 TIPU CKOPOCTH MOTOKA OT 6,38 10 12,76 M/c
(tabn. 1).

Takum o00pa3oMm, H3MEHEHHE TC€OMETPHHM LUKIOHA (BBIOOp pa3HON MOIMQUKAIIH)
MOJKET NOBBICUTH 3(P(GEKTUBHOCTh CEMapalMy 3a CYET YBEJHWYCHHUS Iepernana JaBiCHUS B
anmapare WM YMEHBIIUTH Iepemnaj [JaBjeHHs 3a cyeT yMeHbleHus 3¢ddexkTuBHOCTH
paszneneHusi. Henerxko o1HOBpEeMEHHO MHOBBICHTH 3()(EKTUBHOCTH pa3ieieHUs M yMEHBIIUTDH
nepenas AaBlIeHHs, U3MEHUB I€OMETPHUIO [UKIJIOHA. [IpuMeHeHne MyJIbTHBUXPEBOTO cenapaTopa
MOXET OBITh PAaccCMOTPEHO B KauyeCTBE 3aMEHbl IMKIOHHBIX CEMapaTopoB, 4YTO SBIISETCS
O0COOCHHO aKTyaJbHbIM NpPU €ro pa3MelleHHMH B OTPaHUYEHHBIX NpOCTpaHcTBaxX. IIpu 3ToM
3¢ GEeKTUBHOCTh Cenapaliyd TBEPJAbIX YacTHIl M3 aTMOC(HEPHOrO BO3AyXa MYJIbTHBHUXPEBBIM
CernapaTopoM JOCTUTAETCS BbILIE OTHOCUTEIbHO LUKIOHOB, & THIPABIHYECKOE COIPOTUBIICHUE,
Kak ImpaBmio, HWke. K BO3MOXKHBIM HEJIOCTaTKaM MYJIbTHBHXPEBOTO Ceraparopa MOXKHO
OTHECTH CHIXEHHE ero (pakuMOHHOW A(PPEKTHMBHOCTH NMPH BBICOKOW 3aIlbIJICHHOCTH MOTOKA,
TaK Kak 4dYacThb 4YacTHIl, BEpOsITHEE BCEro, OyJIeT MNOBTOPHO YHOCHThCS. B manbHeimem
OXKHJIaeTCs IIPOBEJCHHUE HCCIEAOBAHUN 110 OIpelesieHHIo (pakunoHHOW 3ddekTuBHOCTH
MYJIbTHBUXPEBOIO Celaparopa IpW Ppa3IMYHONH 3albUIEHHOCTH BO3JYIIHOTO  ITOTOKA.
MynbTUBUXPEBOH cemapaTop MOXeT OBITh PEKOMEHIOBaH K NPUMEHEHHIO B CHCTEME
KOMIUIEKCHOM  BO3JyXOOUHCTHUTEJILHOH YCTAaHOBKM COBMECTHO C JAPYIMMH 0a30BBIMH
ycTpolcTBaMu (Bo31myx03a00pHBIE KO3BIPbKHY; aHTHOOJIEICHUTEIIbHAS cUCTEMa;
BJIATOOTICINTENH;, CTYNEeHb (UIBTPOB TOHKOH OYHCTKH), 9YTO IIO3BOJIUT TIPEAOTBPATHTH
MomagaHie HAaXONANIUXCSI B aTMOC(EpHOM BO3IyXe YACTHI[ MBUIM B TPOTOYHYIO YacTb
KOMIIpeccopa Ta30TypOMHHOTO JBWTAaTeNs, KaK CIEACTBHE, CHU3HUTH HPO3HOHHO-OMACHOE
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BO3JICCTBUE JTHUX YACTHUIl Ha MPOTOYHYIO YacTh Ta30TypOMHHOHN ycTaHOBKH. [Ipm 3TOM, CpoK
CITy’k0bl (PMIIBTPOB TOHKOH OYHMCTKH YBEJIHYUTCS, KaK CICACTBHE INEPHOJUYHOCTH 3aMEHBI U
YUCTKN (GUIBTPOB OTPA3UTCS HA 3aTpaTax MO UX OOCITYKHBAHMUIO.

Buoieoowt (Conclusions)

Ha ocHoOBe npoBeieHHOH pabOThI MOXHO CAENATH CIEAYIOIINE BBIBOBI:

1. D¢ dexTHBHOCTD MYIBTUBHXPEBOTO cenaparopa 6mm3ka k 100% mpu nuamerpe gacTuiy
Oosiee 6 MKM, 4YTO CYLIECTBEHHO BBINIE OTHOCHUTEIBHO IMKIOHOB pPa3HBIX MOAM(UKAUui, y
KoTOopbIX 3ddexTnBHOCTS Omu3Kast kK 100% mocTuraercst MpH yNaBIMBaHUU YacTHIl TUAMETPOM
20-70 MKM.

2. Bonee Bbicokast 3(h)(PEeKTHBHOCTh MYJIBTHBUXPEBOTO CEIapaTopa HarJsTHBIM 00pa3oM
OOBsCHSIETCS PacueTHBIMU 3HaueHWsMH Kputepus @pyna Fr, npesblmarommmu 3HaYeHUS IS
IUKJIOHOB B 5,1-42,6 pa3a, 4TO B CBOIO OYepelb SBISETCS CIEACTBHEM OPHIHMHAIBHOCTH
KOHCTPYKLIMH MYJBTHBUXPEBOTO CEHapaTropa, IMO3BOJIIOIIEH CO374aBaTh 3aBHXPEHUS MaJloro
pamyca Ipu HEBBICOKHUX CKOPOCTSIX.

3. Kpurepuit Fr mis MyIsTHBHXpEBOTO cemapaTtopa u3MeHsuics ot 691,6 no 2766,6 npu
CKOpOCTH TOTOKA OT 6,38 mo 12,76 m/c.

4. IIpocToTa KOHCTPYKIIMU W OTCYTCTBHE TPEHHS BUXPEH O CTEHKH Cemaparopa ¢ ABYX
U3 YETHIPEX CBOUX CTOPOH IO3BOJIAIOT JOCTHYh MEHBIIETO 3HAUCHUS KpuTepus Diiepa Eu = 2,6
JUIsL HETO OTHOCUTENIBHO IIMKJIOHOB, /I KoTopbix Eu pasen ot 2,5 1o 8,5. Ilepenan naBneHus Ha
HECKOJIbKO MOPAAKOB MCHBIIC, YCM Y aHAJOTO0B, JAaXE MNPU OTCYTCTBUM B HUX YJIOBJICHHBIX
YaCTHII.

Jlutepatypa

1. Chowdhury T.S., Mohsin F.T., Tonni M.M. et al. A critical review on gas turbine cooling
performance and failure analysis of turbine blades // International Journal of Thermofluids. 2023.
Vol. 18. pp. 100329. https://doi.org/10.1016/j.ijft.2023.100329.

2. MuxaiinoB B.E., Xomenok JI.A., lllepanioB B.B. [Ipobnemsl co3maHus cOBPEMEHHBIX
KOMIIJICKCHBIX BO3AYXOOYNCTUTCIIbHBIX YCTpoﬁCTB OHEPIreTUYCCKUX I'TVY B Poccun 1 criocoOnI Ux
perrenust // Temnosnepreruka. 2016. Ne 8. C. 3-9. https://doi.org/10.1134/S0040363616080075

3. Suman A., Casari N., Fabbri E., Pinelli M., Di Mare L., Montomoli F. Gas Turbine
Fouling Tests: Review, Critical Analysis, Particle Impact Behavior Map // Journal of Engineering
for Gas Turbines and Power. 2019. V. 141. pp. 032601. https://doi.org/10.1115/1.4041282

4. Auda S.A., Ali O.M. Effect of operating conditions and air filters maintenance on the
performance and efficiency of gas turbine power plant // Materials Today: Proceedings. 2023. In
Press. https://doi.org/10.1016/j.matpr.2023.01.290

5. Akduman C., Demirel V., Tezcan F. Filter life comparison of different levels of
nanofiber coated cleanable-surface filter for gas turbine // Journal of Applied Polymer Science.
2021. V. 138(4). http://dx.doi.org/10.1002/app.50820

6. bmmuo B.JI., 3yokoB U.C., Bpomor IO.M., Mypmanckmii b.E. Mogaemiposanue
TCUCHHS B TPAKTC KOMIUICKCHOI'O BO3YXOOYHUCTUTCIBHOI'O YCTpOﬁCTBa I'TY /] U3BecTus BoICIIUX
yueOHbIX 3aBeseHuid. [Ipobnmembr  sHeprermku. 2021. T. 23. Ne 4. C. 66-83.
https://doi.org/10.30724/1998-9903-2021-23-4-66-83

7. Mazyan W.1., Ahmadi A., Brinkerhoff J. et al. Enhancement of cyclone solid particle
separation performance based on geometrical modification: numerical analysis // Separation and
Purification Technology. 2018. V. 191. P. 276-285. http://dx.doi.org/10.1016/j.seppur.2017.09.040

8. 3amanmena A.T., 3uranmmna M.I'. YcoBepuieHCTBOBaHHAs yCTaHOBKA (DMILTPALIMK T'a3a
JJIA TIOATOTOBKU TOIUIMBA SHEPTETUYCCKUX CUCTEM /| VI3BecTHsl BBICIIHX y‘-IC6HI)IX 3aBeZLeHHI>i.
[po6nemsl sHepreruxu. 2019. T. 21. Ne 5. C. 124-131. https://doi.org/10.30.724/1998-9903-2019-
21-5-124-131

9. Gao D., Zhou G., Yang Y., Duan J,, Kong Y., Meng Q. Design of pulse cleaning
device for single-filter cartridge dust collector by multi-factor orthogonal method based numerical
simulation 1 Powder Technology. 2021. V. 391. P. 494-509.
https://doi.org/10.1016/j.powtec.2021.06.040

10. Cuiping Y., Guijian L., Haiyan C. Effect of induced airflow on the surface static
pressure of pleated fabric filter cartridges during pulse jet cleaning // Powder Technology. 2013.
V. 249. P. 424-430. https://doi.org/10.1016/j.powtec.2013.09.017

11. Tian X., Ou Q., Liu J., Liang Y., Pui D.Y.H. Influence of pre-stage filter selection and
face velocity on the loading characteristics of a two-stage filtration system // Separation and
Purification Technology. 2019. V. 224. P. 227-236. https://doi.org/10.1016/j.seppur.2019.05.031

12. Bourrous S., Bouilloux L., Ouf F.-X., Lemaitre P., Nerisson P., Thomas D., Appert-
Collin J.C. Measurement and modeling of pressure drop of HEPA filters clogged with ultrafine
particles I Powder Technology. 2016. V. 289. P. 109-117.
https://doi.org/10.1016/j.powtec.2015.11.020

125



Ipobnemor snepeemuru, 2023, mom 25, Ne 3

13. Tlar. Ne 208304, Poccuiickast ®enepauus, MIIK B04C 5/103. MynbTHBHXpEBOi
cemaparop ans ouuctku razoB / W.H. Manenues, A.B. JImutpuen, O.C. [Imwutpuesa, B.B.
XapekoB, B.J. 3uHypoB; 3asBuTens W nareHTooOnanmaress KazaHCKMH  HalMOHAIBHBIA
UCCIIEJIOBATEIbCKUI TEXHOJIOTHYECKHUI yHMBepcuteT. 3assi. 14.07.2021; omy6n. 13.12.2021.
bron. Ne 35.

14. 3unypoB B.D., bukkynos P.S., Jmutpue A.B. u nap. Pacuer sddexruBHOCTH
yJIaBJIUBAHUS MEJKOAUCIIEPCHBIX YaCTHI] CEeMapalliOHHBIM YCTPOHCTBOM C KaHajlaMU KBaJIpaTHOTO
ceuenus // Xumudeckoe 1 HererazoBoe MammHoctpoenue. 2022. Ne 7. C. 10-13.

15. Batun H.M., Crpeneny K.M. Ouncrka Bo3ayxa Ipy MOMOIIM amIapaToB THMA IUKJIOH.
CII6.: Usa-so CII6O3IIII, 2003. 65 c.

16. 3nouesckuii B.JI., Myxonan K.A. Ananu3 ¢opmupoBaHus a’poroToka B IMKIOHE //
1OxH0-Cubupckuii HayuHbIit BecTHUK. 2015. Ne 4(12). C. 5-13.

17. Huxon CLIH-40 [DnexTpoHHbBIi pecypc]. URL: https://e-
formula.ru/Cyclons/Cyclons_SCN-40.htm

18. LuxinoH yHUBepcalbHBIA JUIs ynaBnuBaHus Meikod neun 1[H-11-400: macmopr
[DnexTpoHHBI# pecypc]. URL: https://e-
formula.ru/Cyclons/tsn_11/tsn_11 Passport.html?tsn_11 400

ABTOpBI NyOJIMKATHHA

3unypoe Baodum Doyapooeuu — KaHI. TeXH. HayK, accucTeHT Kadeapsl «Teopernyeckue
OCHOBBI TEIJIOTEXHUKH», Ka3aHCKUH rocy1apCTBEHHBIH YHEPTeTHUECKUN YHUBEPCUTET.

JImumpuee Auopeit Bnadumuposuu — I-p TEXH. HayK, AOIECHT, 3aBEAyIOUIHi kadenpoit
«TeopeTrndyeckie OCHOBBI TEIUIOTEXHUKW», KazaHCKMH TOCYJapCTBEHHBIH 3HEPreTHYecKuil
YHUBEPCUTET.

Bukkynoe Pycmem HAoxaposuu — nmxenep 1 xareropun kadenpsl «O00pyI0BaHHE MUILEBBIX
MPOU3BOACTBY, Ka3aHCKUI HallMOHATIBHBIA UCCIIEIOBATEIbCKUN TEXHOJIOTHIECKUI YHUBEPCUTET

JImumpueea Oxcana Cepzeeéna — KaHA. TEXH. HAyK, JOICHT, IOIEHT Kadeapsl
«O0opynoBaHne MHUIICBBIX MPOU3BOACTB», Ka3zaHCKWH HAIMOHAIBHBIN HCCIICI0BATEIbCKHUIA
TEXHOJIOTUYECKUN YHUBEPCUTET.

A6dynnuna Azanus Aiipamosena — ctyneHt, KazaHckoro rocyJjapCTBEHHOTO YHEPTETHUECKOTO
YHHUBEPCHUTETA.

References

1. Chowdhury TS, Mohsin FT, Tonni M.M. et al. A critical review on gas turbine
cooling performance and failure analysis of turbine blades. International Journal of
Thermofluids. 2023;18:100329. doi: 10.1016/j.ijft.2023.100329.

2. Mikhaylov VE, Khomenok LA, Sherapov VV. Problems in Creation of Modern Air
Inlet Filters of Power Gas Turbine Plants in Russia And Methods of Their Solving. Thermal
Engineering. 2016;63(8):529-535. doi: 10.1134/S0040601516080073.

3. Suman A, Casari N, Fabbri E, et al. Gas Turbine Fouling Tests: Review, Critical
Analysis, Particle Impact Behavior Map. Journal of Engineering for Gas Turbines and Power.
2019;141:032601. doi: 10.1115/1.4041282.

4. Auda SA, Ali OM. Effect of operating conditions and air filters maintenance on the
performance and efficiency of gas turbine power plant. Materials Today: Proceedings. 2023.
In Press. doi: 10.1016/j.matpr.2023.01.290.

5. Akduman C, Demirel V, Tezcan F. Filter life comparison of different levels of
nanofiber coated cleanable-surface filter for gas turbine. Journal of Applied Polymer Science.
2021;138(4). doi: 10.1002/app.50820.

6. Blinov VL, Zubkov IS, Brodov YuM, et al. Modelirovanie techeniya v trakte
kompleksnogo vozdukhoochistitel'nogo ustroistva GTU. lzvestiya vysshikh uchebnykh
zavedenii. Problemy energetiki. 2021;23(4):66-83. doi: 10.30724/1998-9903-2021-23-4-66-83.

7. Mazyan W.I., Ahmadi A., Brinkerhoff J. et al. Enhancement of cyclone solid particle
separation performance based on geometrical modification: numerical analysis. Separation and
Purification Technology. 2018;191:276-285. doi: 10.1016/j.seppur.2017.09.040.

126



© 3unypos B.D., [mumpues A.B., Buxxynoe P.A., Imumpuesa O.C., A6oyrnuna A.A.

8. Zamalieva A.T., Ziganshin M.G. Usovershenstvovannaya ustanovka fil'tratsii gaza
dlya podgotovki topliva energeticheskikh system. lzvestiya vysshikh uchebnykh zavedenii.
Problemy energetiki. 2019;21(5):124-131. doi: 10.30.724/1998-9903-2019-21-5-124-131.

9. Gao D, Zhou G, Yang Y. et al. Design of pulse cleaning device for single-filter cartridge
dust collector by multi-factor orthogonal method based numerical simulation. Powder Technology.
2021;391:494-509. doi: 10.1016/j.powtec.2021.06.040.

10. Cuiping Y, Guijian L, Haiyan C. Effect of induced airflow on the surface static pressure
of pleated fabric filter cartridges during pulse jet cleaning. Powder Technology. 2013;249:424—
430. doi: 10.1016/j.powtec.2013.09.017.

11. Tian X, Ou Q, Liu J. et al. Influence of pre-stage filter selection and face velocity on the
loading characteristics of a two-stage filtration system. Separation and Purification Technology.
2019;224:227-236. doi: 10.1016/j.seppur.2019.05.031.

12. Bourrous S, Bouilloux L, Ouf F.-X. et al. Measurement and modeling of pressure drop
of HEPA filters clogged with ultrafine particles. Powder Technology. 2016;289:109-117. doi:
10.1016/j.powtec.2015.11.020.

13. Madyshev IN, Dmitriev AV, Dmitrieva OS. Multivortex separator for gas cleaning.
Patent RF, no. 208304; 2021.

14. Zinurov VE, Bikkulov RYa, Dmitriev AV. et al. Raschet effektivnosti ulavlivaniya
melkodispersnykh chastits separatsionnym ustroistvom s kanalami kvadratnogo secheniya.
Khimicheskoe i neftegazovoe mashinostroenie. 2022;(7):10-13.

15. Vatin NI, Strelets KI. Ochistka vozdukha pri pomoshchi apparatov tipa tsiklon. 1zd-
vo SPbODZPP, Sankt-Peterburg 2003. 65 p.

16. Zlochevsky VL, Mukhopad KA. Analiz formirovaniya aeropotoka v tsiklone.
Yuzhno-Sibirskii nauchnyi vestnik. 2015;12(4):5-13.

17. Tsiklon STsN-40. Available from: https://e-formula.ru/Cyclons/Cyclons_SCN-
40.htm.

18. Tsiklon universal'nyi dlya ulavlivaniya melkoi pyli TsN-11-400: passport. Available
from: https://e-formula.ru/Cyclons/tsn_11/tsn_11 Passport.html?tsn_11 400/

Authors of the publication

Vadim E. Zinurov — PhD in Technical Sciences, Assistant of the Department «Theoretical
Foundations of Heat Engineering» of Kazan State Power Engineering University, Kazan,
Russia.

Andrey V. Dmitriev — Doctor of Technical Sciences, Associate Professor, Head of the
Department of «Theoretical Foundations of Heat Engineering» of Kazan State Power
Engineering University, Kazan, Russia.

Rustem Ja. Bikkulov — Engineer 1st category of the Department «Food Production Equipment
of Kazan National Research Technological University, Kazan, Russia.

Oksana S. Dmitrieva — PhD in Technical Sciences, Associate Professor, Assistant Professor of
the Department Food Production Equipment of Kazan National Research Technological
University, Kazan, Russia.

Azaliya A. Abdullina — Student of the Department «Economics and Organization of Production»
of Kazan State Power Engineering University Kazan, Russia.

Hugp nayunoii cneyuanvnocmu: 2.4.5. Dnepeemuueckue cucmemuvl u KOMNIEKCbl

CmedicHble cheyuanbHOCmu 8 pamMKax epynnel HayuHot cneyuarvbHocmu: 2.4.6. Teopemuyeckas
U NPUKAAOHAS NENTOMEXHUKA

Ilonyueno 02.05.2023 2.

Ompeoaxmuposano 29.05.2023 2.

Ilpunamo 31.05.2023 2.

127



© A.B. beowcan, FO.H. 36onapesa, P.A. Ilonomapes

(e RN
YK 621.311.24 DOI:10.30724/1998-9903-2023-25-3-128-138

CHUXEHUE CEBECTOMMOCTH TEILJIOBOM SHEPTUHU 3A CUYET
UCIOJIb30BAHUS BETPOOHEPTETUYECKHUX YCTAHOBOK COBMECTHO C
KOTEJbHBIMM HA HYKJIbl TEIVIOCHABXKEHUS B YIAJTEHHBIX PAHOHAX

APKTHYECKOM 30HbI POCCUMCKOM ®EJEPAIIMA (HA IPUMEPE
MYPMAHCKOM OBJACTH)

A.B. Besxkan', 10.H. 3Bonapesa’, P.A. Ilonomapes’

1I],'eﬂTp ¢pusnko-rexunyeckux npodsaem snepreruxu Cesepa - puanaa ®I'BYH
DegepaibHOTO HCCJIeJ0BaTEbCKOI0 HeHTpa «Koybekuil HayuHblil neHTp Poccuiickoit
aKa/JieMMu HaAyK», I. Anaturthbl, Poccus
’Kazanckuii rocy1apcTBeHHbI JHepPreTH4ecKuii yHUBepCUTeT,
r. Kazanp, Poccus

ORCID: https://orcid.org/0000-0002-4602-5161, a.bezhan@ksc.ru

Pe3zrome: B cospemennoii Poccuu 6ajxcHulM ycroguem cmabuibHo20 pazgumus u OdibHelue2o
Ccyuecmeo8anus yOanieHHvlX paiioHo8 Apxkmuueckoii 30ubl Poccuiickoni @edepayuu (A3PD)
aensiemcsa obecneyenue KOMPOPMHLIX YCA08Ull Npodcueanus mecmnozo nacenenus. Ocobas
POb 8 IMOM npoyecce OmeedeHa CUcmemam MmeniocHabcenus, nadedxrcnas u decnepeboiinas
paboma KOMOpuIX conpaxjceHa ¢ pasiudnbimu npoosemamu. OCHO8HbIe NPOOIEMbl CEA3AHBL C
NOBBIUEHHBIMU OCHEICHBIMU PACX00AMU HA NOKYNKY OP2AHUYECKO20 MONIUBA U €20 34603 8
yoanennvle pationvl. Jannoe 00CMOAMENbCME0 NPUGOOUm K MOMY, 4mo cebecmoumocms
MennoBoll IHepUU 0KA3bI8AEMC DOabUE YPOSHA Mapudos, 8 pe3yibmame 4e2o 0eamenbHOCHb
mennoceHepupyroux 00vbeKmos Noayuaemcs YObUMOUHOU, U NOIMOMY UX OdilbHeliuiee
cywecmeoganue 6e3 20Cy0apCmMEEeHHbIX CYOCUOUT CMAHOBUMCS He GO3MOMNCHbIM. B amux
VCAOBUAX 8 YOANEHHbIX PAUOHAX C NOBLIUEHHLIM NOMEHYUALOM 6empa OOHUM U3 HANPAGLEHUT
9KOHOMUU — NPUBO3HO20 — OP2AHUYECKO20  MONAUBA, d, Cle008AMeNbHO, U  CHUICEHUS
cebecmoumocmu Menio6ou dHep2UU, MOdACem OblMb UCHONLIOBAHUE BEMPOIHEPLEMULECKUX
yemanosok (BOY) coemecmuo ¢ xomenvuvimu Ha wuyscovl mennocnabowcenus. IEJIb. Ha
npumepe Mypmanckou obracmu nokazame, uymo ucnoavzosawue BIY coemecmmno ¢
KOMENbHbIMU HA  HYHCObl MENIOCHADICEHUS 8 YOANeHHbIX pPAUOHAX SGNAEMCS XOPOUlUM
peuwienuem 0 CcHudcenus cebecmoumocmu mennogou sHepeuu. METO/bBI. Cpasnenue
cebecmoumocmuy menjoeol dHepeuu Npu MenioCHaAbICeHUU MOIbKO OM KOMENbHbIX U Npu
ucnoavzoganuu  BOY  coemecmno ¢ komenbHbMu  HA  HYICObL  MENAOCHAOICEHU.
PE3YJIBTATBI. [lokazano, ymo ucnonvsosanue BOY coemecmno ¢ komenbubimu MOwHOCMb10
bonee 0,1 I'kan/u na HydxHCObl MeniocHabICeHUs 8 YOanieHHbIX pauonax Mypmanckou obracmu
n0360.1em CIKOHOMUMb Ha KomeavHuix 60-90% opeanuyeckoeo monausa cmoumocmyio 25000-
72000 py6/m y.m. u mem camvimM CHU3UMb cebecmoumocms mennogoti snepeuu na 10-60%. /s
KOMeNbHbIX MeHblel MowHocmu dggexm om ucnoavsosanus BOY cnuscaemces, npuvem vem
MeHbUle MOWHOCHb KOMebHOU, mem bonbule ucnonvzosanue BIY oxazvieaemcs s3KkoHomMudecku
He YenecooOpaA3HbLIM NO CPABHEHUIO C 6APUAHINOM MENIOCHAOICEHUSI MOLKO OM KOMENbHOU.
3AKJTIOYEHHUE. [lonyuennvie  pe3yibmambl — NO360JAION  OYEHUMb  NepCHeKmugyl
ucnoawvszosanus BOY coemecmno ¢ xomenvnvimu nHa HyscObl meniocHadiceHus 8 yOanieHHbIX
pationax A3P® ¢ mouxu 3penus 3¢pghexmusnocmu maxoeo UchOIb3I0BAHUS.

Knrouesvie cnosa: éemposnepeemura; meniocHadceHue; cebecmoumocms meniogoil IHepeuu,
MeXHUKO-3KOHOMUYecKas oyenka, Apkmuueckas sona Poccutickou @edepayuu.

Eﬂazodapuocmu: OcHognvlie pes3yiibmanibl UCCe006aHUs. NOJIYY€EHbl 6 PAMKAX 6bINOJHEeHUS —

2oc. 3a0anus NeQ75-03-2023-91 om 16.01.2023 u 2oc. 3adanus NeFMEZ-2022-0014.

Jdas unwurupoannsa: A.B. bewxan, IO.H. 3Bonapesa, P.A. Ilonomape. CHukeHHe
ce0eCTOMMOCTH TETUIOBOI SHEPIHHU 32 CUET MCIOJIb30BAHMS BETPOIHEPTETHUECKUX YCTAHOBOK
COBMECTHO C KOTEIBHBIMHM Ha HYXXIbl TEINIOCHAOXXEHHSI B yJaJCHHBIX paiioHaX apKTUYECKOM
30HBI poccuiickoll Qenepauuu (Ha npumepe Mypmanckod obnactn) // WM3BecTust BBICIIMX
yueOnbix 3aBeneHuii. [TPOBJIEMbI OHEPTETUKM. 2023. T.25. Ne 3. C. 128-138.
doi:10.30724/1998-9903-2023-25-3-128-138.
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Abstract: Providing comfortable living conditions of the local community is the important
condition of the stable development and continued existence of remote areas of the Arctic Zone
of the Russian Federation (AZRF) in modern Russia. The particular role played in this process
is assigned to heat supply systems whose reliable and uninterrupted operation is fraught with
various problems. The main ones are related to increased costs for the purchase of organic fuel
and its delivery to remote areas. This circumstance leads to the fact that the prime cost of
thermal energy is higher than the rates level, resulting in unprofitable activity of heat
generating facilities, so their continued existence becomes impossible without government
subsidies. Under these conditions one of the ways to save imported organic fuel and therefore
reduce the prime cost of thermal energy can be the utilization of wind power plants (WPPSs) in
conjunction with boiler houses for heat supply in remote areas with increased wind potential.
THE PURPOSE. It should be shown on the example of the Murmansk region that the utilization
of WPPs in conjunction with boiler houses for heat supply in remote areas is a good decision to
reduce the prime cost of thermal energy. METHODS. The comparison of the prime cost of
thermal energy in a case of heat supply only from boiler houses with the one when utilizing
WPPs in conjunction with boiler houses for heat supply. RESULTS. It is shown that the
utilization of WPPs in conjunction with boiler houses with a capacity of more than 0.1 Gcal/h
for heat supply in remote areas of the Murmansk region saves 60-90% of organic fuel worth
25,000-72,000 rubles/tce at boiler houses and thereby reduces the prime cost of thermal energy
by 10-60%. An effect of the utilization of WPPs is reduced for boiler houses of lower capacity,
with the lower the boiler house capacity, the more the utilization of WPP being economically
impractical compared to a case of heat supply only from a boiler house. CONCLUSION. The
results obtained allow us to assess the prospects of the utilization of WPPs in conjunction with
boiler houses for heat supply in remote areas of AZRF in terms of the effectiveness of such
utilization.

Keywords: wind energy; heat supply; cost of thermal energy; feasibility study; Arctic zone of the
Russian Federation.
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Beeoenue (Introduction)

B coBpemenHOU Poccum BaXHBIM yCIOBHEM CTaOWIBLHOTO Pa3BUTHUS W JaIbHEHIIETO
CyIIeCTBOBaHUS paiioHOB ApkTuieckodt 30HBI Poccuiickoii ®enepanun (A3P®D) sBnsercs
obecrnieuenre KOM(POPTHBIX YCIOBHI MPOXKUBAHUS MECTHOro HaceneHus. Ocobas posib B 3TOM
mpoIiecce OTBEICHa CHCTEMaM TeIJIOCHAOKeHUs, HaJexHas 1 OecriepeboitHas paboTa KOTOPHIX
CONpsDKEHA C Pas3sTUYHBIMH TpoOsieMamMu. OCOOEHHO OCTPO ATO TPOSBIACTCS B YIAICHHBIX
pationax A3P®, rae uMeercs MHOXKECTBO MOTPEOUTENEH TEIUIOBOW YHEPTHH, UCIIBITHIBAIOITUX
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pasnu4HbIe TPYIHOCTH C OpraHu3anuell TteruiocHaOxeHus. IIpexnae Bcero, 3To CBsA3aHO C
CYpPOBBIMHU IIPUPOAHO-KIMMATUIECKUMH YCIOBUAMH, YCIOXKHSAIOIUMU JOCTaBKY OpPraHUUECKOIo
TOIJIMBA B YAAJCHHBIC PaOHBI W SIBISIOIIMMHCS NPUYMHON IOBBIMIEHHBIX HOTpEeOHOCTEH B
TEIUIOBOM  SHEpPruM Ha MOPOTSKEHUHM MPOAODKUTENIBHOTO  OTOMUTENBHOTO  IEepHoja,
JIOCTHUTAIOIIEro B OTAEIbHBIX pailoHax A3P® 9 mecsues u O6onee. BMecTe ¢ 3TUM ynaneHHOCTh
norpedureneld oT MecT JOOBIYM OPraHMYECKOTO TOIUIMBA, KOHEYHAs CTOMMOCTh KOTOPOTO Yy
norpebuTenell MoXeT OBITh B HECKOJBKO pa3 BBILIIE O CPABHEHUIO C OTIYCKHOW IIEHOH Y
MOCTaBIUKOB, SIBISIETCS OCHOBHON INPUYMHOMN MOBBIIMICHHBIX JEHEKHBIX PACXOJ0B HA MOKYIKY
TaKOro TOIUTHBA M €r0 3aBO3 B yAajJeHHbIe paiionsl [1]. JaHHOe 006CTOATENBCTBO MPUBOIHUT K
TOMY, 4YTO Ce0EeCTOMMOCTh TEIIOBOM DHEPrUM OKa3bIBaeTcs OoJblle YpPOBHS Tapu¢oB, B
pe3yibTaTe 4Yero AEATENIbHOCTh TEMJIOTCHEPHPYIOMIUX OOBEKTOB IOJIydaeTcs YOBITOUHOW, U
MO3TOMY TOCYIapCTBO BBIHYXK/IEHO CYOCHANPOBATh MOKYIKY M 3aB0O3 OPraHMYECKOrO TOIUIMBA B
ynaneHHsle paiionsl A3P® [2]. B Takoil cuTyanmu XOpOLIMM pEUICHHEM JUIS 3KOHOMHHU
OpPraHUYEeCcKOT0 TOIUIMBA U COKpAIleHHUs CyOCHIIUil Ha eTo MOKYIIKY, MOXKET ObITh MaKCUMaIbHOE
HCIOJIb30BaHUE MECTHBIX BO30OHOBISIEMBIX HCTOYHUKOB dHEpTHH [ 3].

B paiionax A3P® c mOBBIIIEHHBIM IOTCHIHAJIOM BETpa HMEETCS BO3MOXKHOCTh
WCIIONIb30BaHUsl  BETPOSHEPreTHUECKNX ycTaHOBOK (BDY) coBMECTHO ¢  KOTEIbHBIMU,
paboTaroNMMI Ha JOPOrOM MIPHUBO3HOM OPraHUYECKOM TOIUTHBE, Ha HYXIbI TCIUIOCHAOKeH s [4-
7]. OmuuM U3 Takux pailoHOB sABIsieTcss MypMaHcKast 0071acTh, KOTOpasi pacloioXKeHa B CeBEpo-
sanmagHoi 4yactu A3P®D. Uccrnemosanust [8-11] mokasanu, 4TO HaAMOONBIIME CPETHETOIOBBIC
CKOpOCTH BeTpa B MypMaHCKOW oOnacTu HaOJronaroTcsi B NPHOpPEXHBIX paifoHax bapeHueBa u
benoro mopeii u cocraBisitoT 5-9 mM/c Ha BbicoTe 10 METpOB OT MOBepXHOCTH 3eMiu. [Ipu 3TOM
HauOOJBIINE 3HAUEHHUS CKOPOCTH BETpa OTMEYAIOTCS B 3MMHEE BpeMs, KOTJa M CYLIECTBYET
HanOonbIIasi TOTPeOHOCTh B TemyIoBoM sHepruu [12]. Takum o0pa3oM, MOXKHO KOHCTaTUPOBATh,
YTO B PErHOHE CKJIAJBIBAIOTCS OJIArONPUSATHBIC YCIOBHS Uil 3(PQPEKTUBHOTO HCHOJIb30BaHUS
SHEPrUHU BeTpa Ha HY)KIbl TETNIOCHA0XKEHNUS IS ITUPOKOTO KPYTa YAaleHHbIX MOTPEOUTEINCH.

Oowan  xapakmepucmuka MmenaoCHaAdICeHUa  YOaleHHbIX  nompedumenei
Mypmanckoi obaacmu

B 3aBucHMOCTH OT HamlpaBIEHHUS XO3AHCTBEHHOW NESATEIHHOCTH MU IMPOU3BOJCTBEHHBIX
MOTPEOHOCTEH, CONUANBHBIX (QYHKIUHA U 00BEMOB TEIUIONOTPeOaeHUsT B MypMaHCKOW 00IacTu
MOXHO BBIACTHUTH CICAYIOIINE TPYMIbl YAAIEHHBIX MOTpeOUTENel: MasKd W METeOCTaHIINH,
00BEKTH BOGHHOTO HAa3HA4YEHUS, HEOOIbIINE HACEJICHHbIE MyHKTHI (H.I1.). TemnocHa0xeHne 3Tux
MoTpeOUTENeH OCYIIECTBISETCS B OCHOBHOM OT KOTENBHBIX HEOONBIIOW MOIIHOCTH WM OT
MPOCTBIX OTHEBBIX Ievel, paboTaroIIuX Ha JpoBax M yrie. MakcUMaibHas TEIUIOBas Harpyska
JUTSL OJTHOTO TIOTpeOuTest B OOJIBIIMHCTBE ClyyaeB He mpeBbimaet 5 ['kan/4a (tadu. 1).

Ta6muua 1
TeruioBast Harpy3Ka MOTpeOUTENeil TEIIOBO YHEPTHH, PACTIOIOKEHHBIX B yIaJCHHBIX pailoHax
MypmaHckoit obaacTu

Table 1
The thermal load of thermal energy consumers located in remote areas of the Murmansk region
Ha3zBanne notpedurens BennunHa TemoBoi Harpy3K U OMHOTO MOTpeduTes, [ kan/a
Masiku 1 METEOCTaHIUHI 10 0.02
OOBEKTHl BOSHHOT'O Ha3HAYEHUS okoio 0.1-0.5
HeOomnpme H.1I. oT 1-3 J10 HECKOJILKUX JECSITKOB

*Ucemounux: cocmasneno asmopom. Source compiled by the author

MypmaHckas 0671acTh HE UMEET MPEANPUSATHHA 10 T00bIYe OPraHUIeCKUX BHIOB TOILUIMBA
(yrnsa, Hedtm, rasza). [losToMy ans TPOM3BOJACTBA TEIJIOBOM JHEPIUH NPEHUMYIIECTBEHHO
UCIIOJNIb3YETCsl IPUBO3HOE OPraHUYeCKOe TOILUIMBO, JOCTaBIsIEMOe U3 JIPYrux pernoHos Poccun. B
OCHOBHOM 3TO YTOJNb W Ma3yT, peXe IU3eJbHOE TOIUIMBO M CXKIKEHHBIH ra3 (tabm. 2). Ilo
cocrostHMIO Ha 2022 roJ CTOMMOCTH TaKOTO TOIDIMBA C YYETOM TPAHCIIOPTHBIX PAaCXOJOB IOCIE
JIOCTaBKY MOTPEOHTENIO B IICHTPAJIbHBIE IIPOMBIIIUIEHHO Pa3BUTHIE pailoHsl MypMaHCKO# obacTh
B cpenHeMm coctaBisuia 70000 pyOnelt 3a TOHHY am3enbHOTO TorummBa, 23000 pyOusei 3a TOHHY
Masyta u 5000 pyOeii 3a TOHHY yTJIsl.

HeobxomuMo oTMeTHTH, 4TO, HauMHas ¢ anpess 2022 rojma, CTOUMOCTh MazyTa B Poccun
uMela TeHICHINIO K YMEHBIICHUIO, YTO CBSI3aHO CO CHIDKEHHEM CIIPOCa CO CTOPOHBI 3apyOEKHBIX
ctpan, TiaBHeiIM obOpazom EC u CIIIA, xoropeie B Mapte 2022 Toma BBenm 3>MOapro Ha
HedTenpoaykTel 3 Poccuu. B pesynbrate sToro HedrenepepabaThIBAIONIUNE 3aBOIBI OKA3AIUCh
TIOJT YTPO30ii MEePETIoTHEHHSI CBOMX Ma3yTHBIX XPaHWIHII M OBUIH BBIHY)KICHBI POJABATH Ma3yT
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M0 CHW)KEHHBIM IIeHaM. MOXXHO NpENNOJIOKUTh, YTO JaHHAs CUTyalMs HMMEEeT BPEMEHHBIN
XapakTep M I0Cie CTa0MIM3aluy OOCTAHOBKM Ha MHPOBOM PBIHKE HE(TENPOIYKTOB CTOUMOCTb
Ma3yTa CHOBa Oy/eT pacTH.

CoBceM Mo-IpyroMy OOCTOMT JIENIO B YAAJICHHBIX PaiiOHax, OOJNBIIMHCTBO MOTpeOUTENeH
TEIJIOBOW HHEPruM KOTOPHIX HaxoAMTCs Ha mnobepexbe bapenueBa u bemoro mopei, rae
AaBTOMOOWJIBHBIE TPAchl IUIOXO PAa3BUTHI, a XKeJE3HbIE IOPOTH M BOBce OTCYTCTBYIOT. Ilo aToii
OpUYMHE B NPUOPEKHBIC paffOHBI TOIUIMBO (B OCHOBHOM 3TO IH3EIbHOE TOIUTHBO M Ma3yT)
JOCTaBJII€TCS 110 MOpIO B IE€pHUOJ JIETHEW HaBUrallMM, TJ€ MOPCKHE Cyla IPOU3BOJST
MOOYEpETHYI0 OTTPY3Ky TOIUIMBA BCEM HACEJICHHBIM IyHKTaM. /lajee TOIUIMBO JOCTaBIISICTCS OT
nobepexbss BO BHYTPEHHHE paifoHbl Mypmanckoil obmactu. Takas MHoOrosramHasl JOCTaBKa
OPTaHWYECKOr'0 TOIUIMBA IPUBOJUT K €ro yIOpPOXKaHHIO, KOHEYHas CTOMMOCTh KOTOPOTO Y
NOTpeOuTeNel B 3aBUCUMOCTH OT MX PACIOJIOKEHUSI MOXKET BO3pacTaTh B cpeaHeM B 1,5 pasza u
cocTaBiate okosio 105000 py6/T 3a quzensbHoe TorumBo u 35000 py6/T 3a Ma3yT. B mepecuere Ha
YCIIOBHOE TOIUIMBO JW3EJIbHOE TOIUIMBO M MasyT OyayT cTouTh coorBeTcTBeHHO 72000 m 25000
pyo/T y.T. BbICOKas CTOMMOCTh TOIUIMBA OKa3bIBA€T HETaTHBHOE BIHMSHUE HAa TEXHHUKO-
3KOHOMMHYCCKHUEC I10Ka3aTCIn pa6OTLI KOTCJIbHBIX MW HOPHUBOAUT K TOMY, 4YTO Ce6eCTOI/IMOCTI)
TEIJIOBOW DHEPrHMM OKa3bIBaeTcs Oosblie ypoBHs TapudoB. Bmecte ¢ 3TUM Ui KOTENBHBIX
HeOOJIBIION MOILIHOCTH CBOWCTBEHHBI HU3KHI YpOBEHb aBTOMAaTH3AllMM, BBICOKHE YJIENbHbIC
pacxo/ibl TOIUIMBA Ha BBIPAOOTKY TEIUIOBOW DHEPIHH, a TAKKE HM3KHU KOAI(P(PHUIHUEHT MOJIE3HOTO
JeicTBusa. Bce 3TO co3maeT AONMONHUTENBHBIE (MHAHCOBBIE TNPOOJIEMBI, CBS3aHHBIE C
COACPIKAHUEM U O6CJ'Iy)KI/IBaHI/IeM TaKUX KOTCJIbHBIX. I[J'IH OLICHKH BJIMAHHUA J3THUX (baKTOpOB Ha
ce0eCTOMMOCTh  TEIJIOBOW DJHEPrHMM Oblla MpOBEIEHa Cepusl pacyeToB JUIs  CIIEAYIOLIEro
MOIITHOCTHOTO psiaa kotenbhbix: 0.02, 0.1, 0.5, 1.0, 2.0 u 5.0 'kan/u.

Tabmuna 2
CrpykTypa noTpebieHus TOIUINBa (BKIIOYast JJIEKTPOIHEPTHIO, 3aTPAYCHHYIO Ha IIPSIMOI HarpeB BOJIBI)
TEIIIOBBIMHU JJIEKTPOCTAHIUAMU U KOTCIbHBIMHU MpraHCKOﬁ 06J‘IaCTI/I1
Table 2
The structure of fuel consumption by thermal power plants and boiler houses of the Murmansk region

(including electricity spent on the direct water heating)

. | JAm3enpHOE
Bun tonmmuBa | ['a3 cxkeHHBIN TOHEO Masyt Yrons HpoBa | DnexTposHeprus
Pacxom, Ty.T. | 256 1740 1388542 | 329908 | 1613 56 946
Homst B
TOIUTUBHOM 0,01 0,10 78,05 18,54 0,09 3,20
bamance, %

*Hcemounux: cocmaegneno asmopom. Source compiled by the author

Pacuem cebecmoumocmu menyiosoi IHepzuU HA KOMEIbHbIX

l'omoBble AKCIUTyaTallMOHHBIE PAcXOAbl KOTENBHOH 3k, (pyO/Tonm) CKIagbIBarOTCs W3
3aTpaT Ha TOIUIMBO 3,, OIUIATy TPYAA 3k,;, aAMOPTU3AIMIO M TEKYIIMH PEMOHT 3, M NPOYMX
pacxoa0B 3kpp.

TorumBHas cocTaBISIOIAS SKCIUTyaTAlMOHHBIX PAcXol0B KOTEIbHOM MOXKET OBITh
HaliJieHa 110 ciieyrouiei popmyie:

31‘:(07143 ']—[T' QK' hK)/(nK'nnT)n (1)

rae 0,143 — xoaddunment nepeBona n3 ['kan B TOHHBI YCIOBHOTO ToILMBa, T y.T./I'Ka;
I[;"- cTonMOCTb YCIIOBHOTO TOIUIMBA, PYO/T y.T.; Qg'- yCTaHOBIICHHAs MOIIHOCTb KOTEJIHHOH,
I'kan/u; hy — 9KMCIO YacOB UCMOJIB30BaHKS YCTAHOBICHHONW MOIIHOCTH KOTEJIBHOM B TONY, 4 T -
ko3¢ ¢unnent mnomneznoro aedcreus (KIIJ) xormos, ex; m,, = 0,95 — xoadpdunuent,
YUUTHIBAIOIIMKA MOTEPH TOIUIMBA INPU TPAHCHOPTHPOBKE, pasrpy3Ke, XPaHEHUU U JIPYTUX
TOIUTMBHO-TPAaHCIIOPTHBIX ONEPaLUAX AJIs )KUIKOTO TOIUTHBa, ea. [13].

3aTparsl Ha TOIJIMBO CHJIBHO 3aBHUCAT OT OTIYCKHOH LIEHBI Y TIOCTABIUKOB, YAaJEHHOCTU
NoTpeduTeNel 1 pa3BUTHA JOPOKHO-TPAHCIIOPTHOM crcTeMbl. JlJist yueTa BIUSHUS 3THX (HaKTOPOB
pacdeTsl ObUIM ITPOBEJCHBI ISl ABYX BapHaHTOB CTOMMOCTH ycJIoBHOrO Tormsa: 25000 u 72000
pyo/T y.T.

B 3aBucnMocTH OT Ha3HauyeHHUs, pexuMa paboThl U MPUPOIHO-KINMATHUECKUX YCIOBUH
paifoHa pacHoJOXKEeHUs: KOTENbHOM YMCIO0 YacOB UCIOJIb30BaHUS €€ YCTAHOBJIEHHON MOIIHOCTH B

! Pacnopskenne I'yGepuatopa MypMmasckoii o6mact ot 30.04.2021 Nel33-pr "O6 yTBep IEHHH CXEMBI M TPOTPAMMbI
Pa3BUTHUS DJIEKTPOodHepreTukn MypmaHckoi obmactu Ha mepuox 2022 - 2026 roxos" // Omy6mukoBano 30.04.2021 na
opumaIEHOM caiire MumsHepro u KKX MypMmaHcKoii obacTy. https://minenergo.gov-
murman.ru/documents/npa/tek/reg/
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cpenneM MoxkeT cocTaBiATh 3000-4000 uacoB. B pacuerax 3TOT mokasaTenb NPUHIT HAa YpOBHE
3500 yacos.

KII[ xOTIOB 3aBHCHT OT MHOTHUX (AaKTOPOB W TNPHOIMIKCHHO MOXKET OBITh MPHHST
pasaeM 0,6; 0,6; 0,65; 0,7; 0,7 u 0,75 mis KOTENBHBIX, pabOTAIONIMX HA KUJAKOM TOIUIHBE,
cootBeTcTBeHHO MorHOocTh0 0.02, 0.1, 0.5, 1.0, 2.0 u 5.0 T'kan/u [14].

Exxerogneie 3aTpaThl Ha OIUIATy TpyJa BKIOYAlOT B cebs 3apabOTHYHO IUIaTy
00CITy’)KHBAIOIIETO MEPCOHANA U OTYHMCICHUS HAa COIMAJbHBIC HYKIBl M MAaTEMATUYCCKH MOTYT
OBITH pacCYUTaHBI IO CIEAYIONICH hopMyIIe:

Bian=Nur' Q307 12,

rae Ny, - MWTaTHeI Ko3dduimenT obcmyxuBaromero nepconana, yen./(I'kan/g); 3, —
MecsiuHas 3apa0OTHas IIaTa M OTYHCIICHUS HA COIMAJBbHBIC HYXIbI OJHOTO pabOTHHKA
KOTEJILHOH, py0/4en.; 12 — 4nciio Mecsues B Ty, €1,

[taTHbI K03)OUIUEHT 3aBUCUT OT TCIUIOBOM MPOU3BOAUTEILHOCTH KOTSIHHON U BHIA
C)KHTaeMOT0 TOTLJIMBA U OPUEHTHPOBOYHO MOXKET OBITh OMPEICIICH B COOTBETCTBUH C TaOnHIeH 3.

Tabnuna 3
3HauCHUsI [ITATHBIX KO3 GHUIHECHTOB IS KOTSIbHBIX, pa00TAIOMINX Ha KHIKOM TorutiBe [15]
Table 3
The values of staff coefficients for boiler houses powered by liquid fuel [15]
YcraHoBneHHas MOIITHOCTh

N 0,02 0,1 0,5 1,0 2,0 5,0
KoTeapHOM, ['Kan/u

HITatHbIit KO3 PHILIHEHT,

e /T 150 0 |12 |7 4 28

*Hcemounuk: cocmasneno asmopom. Source compiled by the author

Mecsranast 3apaOOTHas TUIaTa ¥ OTUHCIICHHS HA COIMAIbHBIC HY)KIbl OJHOTO pabOTHHKA
KOTETIbHOH B CyMMe MpHHUMANUCh paBHBEIM 115000 pyOmeif, 4TO COOTBETCTBYET CpenHel
MECSIYHOH OoIlIaTe Tpyaa paboTHHUKOB 10 MypmaHckoit oomactu B 2022 roxy.

3arpaThl Ha aMOPTH3ALHUIO W TEKYIIMH PEMOHT OOOPYIOBAHHS M CTPOCHHH MOXHO
OTIPEIETNTH 110 clieayronel popmye:

3Ka:HKaM’ kK ’ QKu

rae Hg,y = 0,1 - cpemssis HOpMa aMOPTH3ALMOHHBIX OTYHCIEHHH IO KOTENBHOH OT
KaIUTAJIOBJIOKCHUH B €€ CTPOHMTEIBCTBO U MOHTaX, €1.; Ky - Y/AeNbHbIC KallMTaJOBIOXKEHHS B
KOTEThHYIO0, paO0TAONIYI0 Ha KUAKOM TorutuBe, pyo/(I'kan/9).

B kauecTBe HMCXONHBIX AAHHBIX O BEIMYMHE KaIUTAJOBIOKEHUI B KOTENbHBIE ObLIa
WCIIONIb30BaHA CTaTHCTHYECKas HHGOpPMAIWs, IOJydeHHass Npu oOpabOTKe WHBECTHIIMOHHBIX
IporpaMM  TEIUIOCHAOXKAIOIMX opraHusanuii MypmaHCKOW 007acTH 1O  CTPOUTEIBCTBY,
MOJICPHM3AIIMM M PEKOHCTPYKIMH CHCTEM TEIJIOCHAOKeHUS, a TakKe MPeIIOKEeHUH psaa
NPeANPUATHH, 3aHAMAIONIMXCS M3TOTOBIEHHEM M peallM3alyeil KOTEeNbHBIX, Pa0OTAIOMMX Ha
XKHUIKOM ToruBe. CoOrnacHO TOJyYEHHBIM JAaHHBIM, YAEJIbHBIC KallMTAJIOBJIOXEHUS B TakKHe
koTenbHble MomtHocTeio 0.02, 0.1, 0.5, 1.0, 2.0 1 5.0 I'kan/4 cocTtaBWIM COOTBETCTBEHHO 78.8;
31,6; 14,1; 10,6; 7,9 u 5,2 mumH. py6/(I'kan/4).

IIpu pacdere npounx pacxog0B MOKHO BOCIIOJIb30BaThCS CIEAYIOIIMM PABEHCTBOM:

3Knp:072 ' (3K3n+3Ka) '

rre 0,2 — xoaddunmeHT, YUUTHIBAIOIIMA COCTABISIIONIYI0 MPOYMX PAaCXOOB,
npUHUMaeMBbli B pasMepe 20% 3aTpaT Ha aMOPTU3ALMIO, TEKYLIUH PEMOHT U OIUIATy TPyJa.

Takum o00pa3om, 3Has Bce COCTABISIONIME T'OJOBBIX OSKCIUTyaTallMOHHBIX PAaCcXOJ0B
KOTEJIbHOH, MOXHO OIPENEIUTh Ce0ECTOMMOCTh TEIIOBOW AHEPIHH, HCIIONB3Ys Clielyloliee
BBIpa)KEHUE:

Cx=(3:3kamt3kat3kmp)/ (Qxk i), py6/T'kaim.

Ha pucynke 1 mpezacraBieHbl pe3ynbTaThl pacieToB ce0ECTOMMOCTH TEIUIOBOM SHEPTrUH
Ha KOTEJIFHBIX B YyJNAJICHHBIX pailoHax MypmaHckoi oOmactu. VM3 pucyHKa BHIHO, 4TO Ha
KOTEJIHBIX MOIIHOCThIO Ooyiee 1 I'kay/4 ceGecTOMMOCTh TEIUIOBOM 3HEPTMH HAaXOAWTCS HIKE
20000 py6/T'kan. Torma kak Ha Oojiee MEIKMX KOTEIBbHBIX OHA Bo3pacTtaeT noutd a0 90000
py6/I'kan. B 3THX ycnOBHSX OZHMM M3 HAIpPABIEHUH SKOHOMHMHU IPHUBO3HOTO OPTaHWYECKOTO
TOILUINBA, @, CIJIEIOBATENILHO, W CHIDKEHUS! ce0ECTOMMOCTH TEIJIOBOH JHEPTMH Ha KOTENbHBIX,
MOXeET OBITh HCIIOJIb30BaHHE BETPOIHEPIeTHUYECKHX YCTAHOBOK COBMECTHO C KOTEJILHBIMU Ha
HYX[Ibl TEIUIOCHA0KEHMSI.

Pacuem cebecmoumocmu menJjoeoii IHepzuu npu UCROJIb306AHUU
6empoInepcemudecCKux yCmaHo060K CO6MECMHO C KOmelbHbIMU

132



IIpobnemvi snepeemuxu, 2023, mom 25, Ne3

OcHOBHOW 3(PQEKT OT HCHOIB30BaHUS BDOY COBMECTHO C KOTENBHOW HA HYXKIBI
TEIJIOCHAOKEHNSI  MOXHO  TOSICHUTH  cienylomuMm  obpasom. Ecimm  TeruiocHabxenue
OCYILIECTBIISIETCS. TONBKO OT KOTEJIBHOM, TO JIOJIsl Y4acTHsl KOTEJIBHOM B TEIUIOCHAOXXEHUH paBHA
enunuue (y = 1). Mcnonp3oBanne BOY coBMECTHO ¢ KOTEIBbHON CIOCOOCTBYET TOMY, YTO JIOJIS
yyacTusl KOTEJIbHOM B TEIUIOCHAOXKeHHMU CHIXaeTcst (Y < 1), COOTBETCTBEHHO COKpallaeTcs H
pacxo/i OpraHMYeCcKOro TOIJIMBA, UCIIOIb3YEeMOTo Ha KoTenbHOU. C y4eToM CKa3aHHOTo (hopMyiy
(1) MO>XXHO IIpeACTaBUTh B BUJE:

3:8oy=(0,143 L Q- hi y)/ (M M) )

B [16] B pesynbrare 06pabOTKH OOLIMPHOrO MarepHana, BKIOYAIONIEro B ceds
CHHXPOHHBIE 3aIIMCH TEMIIEPaTyphl HAPYKHOTO BO3yXa M CKOPOCTH BETPa — OCHOBHBIX (DaKTOPOB,
00yCIIOBIIMBAIOIINX O0BEMBI TEIIONOTpeOIeH s, Oblia MoJlydeHa aHaJUTHYeCKas 3aBHCUMOCTb,
OTIpeIeNIoNIas y4acTie KOTeJIbHOH B TEIIOCHA0KEHHH:

2

Y =exp _3’2. \ﬁ IB , (3)
VP

rie Vyoy - CPEIHETo[0Bas CKOPOCTBIO BETpa Ha OCH BETpoKojeca, M/c; V,, - pacueTHas
CKOPOCTb BeTpa Ha OCH BeTpokojeca, M/C; B=Qpsy/Qx - coorHomenue MomHocTell BIY wu
KOTEIIbHOM, €1I.

£ 90000 -
£ 80000 A
e}
2 70000 -
2 _ 60000 -
=R
5 & 50000
= @ -|
2 'S, 40000
IS ="
£ 300001 2
£ 20000 -
S 10000 -
@]
0 1 1 1 1 1 1 1 1 1 1

0 05 1 15 2 25 3 35 4 45 5

VYcTaHOBICHHAS MOIIIHOCTh KOTEIILHOH, I'kan/4

Puc. 1. Cebecrommocts TeruoBoii sHeprum ©a Fig. 1. The prime cost of thermal energy in boiler
KOTENIbHBIX B yAaleHHBbIX paiionax Mypmanckoit houses in remote areas of the Murmansk region at
obmacti mpu crommMocTtd ycioBHoro TormmBa: 1 — the cost of coal equivalent: 1 — 25,000 and 2 —
25000 u 2 - 72000 py6/T y.T. 72,000 rubles/tce

*Ucemounux: cocmagneno agsmopom. Source compiled by the author

IMoncrasiss (3) B (2), MOXKHO TOJIyYUTh (YOPMYITY JJISL ONIPEAEIECHHS 3aTpaT Ha TOIUINBO
NP UCTI0JIB30BaHNH BOY COBMECTHO C KOTENBEHON Ha HYKbI TEIIOCHAOKECHUS:
2

\
3T+B3Y:(05143.I—[T.QK.hK. exp - 3’2 : \;00 : ﬂ )/(nKnl'[T)

P

lonmoBele skcmryarannoHHble pacxoabl BDY 3psyio, (py0./rom) B oOmem ciydae
CKJIAJBIBAIOTCS M3 3aTpaT Ha OINIATy TPyAa 3pnys;, AMOPTH3ALUI0 U TEKYIUI PEMOHT 3psy, H
HPOYUX PACXOJ0B 3p5yyp.

st obciyxuBanus BOY nortpedyercst ouH COTpyIHUK, paboTaromuii Ha 1/2 cTaBKHU C
3apabOTHON TUIATOM M OTYMCICHHSIMH Ha COLMAIbHBIE HYXIBI 3pyys; = 690000 pybOneit B rox
(57500 pyGneir B Mecsi), YTO COOTBETCTBYET IIOJIOBUHE CpEAHEH TOJO0BOM oOIulaTe TpyAa
paboTtHrKOB 10 Mypmanckoi obnactu B 2022 roxy.

3arpaThl HA aMOPTHU3ALMIO M TEKYIINI PEMOHT MOKHO OTIPEJIENHTh 110 hopMyIie:

3esva=Hpsvan Keay* Qpoy,

rae Hpyyay = 0,07 - cpennss HOpMa aMOPTH3alMOHHBIX OTYHCICHUU miss BOY ot
KaIUTATIOBJIOXCHUH B €€ CTPOUTENIBCTBO M MOHTaX, €.; Kpyy - yIeabHbIC KAMHUTAIOBIOKEHHS B
B3V, py6/(I'kan/q), Qpyy - ycTaHOBIEHHAs MOITHOCTh BOY, 'kan/4.
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VY aenbpHbIC KalUTATOBIOXKEHUS coBpeMeHHBIX BOY MomHOoCcThIO 0T 0.02 10 5.0 'kan/4 ¢
YYETOM JIOTIOTHUTEIBHBIX PACXO0B HAa TPAHCIIOPTUPOBKY, COOPYKCHHE M BBOJ B DKCILTyaTAIIHIO
HaxomsATcss B quama3oHe oT 200 mo 90 muH. py06/(I'kam/4) ¥ XOpomio ammpoKCHUMHUPYIOTCS
ypaBHEHHEM CJIeIyIolIero Buaa (puc. 2):

Koy=112,47- Qpoy ***.

C y4eToM cka3aHHOTO (GopMyITy Ui OTPEACICHUS 3aTPaT Ha aMOPTH3ALHUI0 U TEKYIIUH
PEMOHT MO>KHO MEpenucaTh CJeIyIoIHuM 00pa3om:

3pova=Hpovan (112,47 Qpay ***) - Qpoy,

[Ipoure pacxompl OOBIYHO MPUHUMAKOTCS B qUana3oHe 1-5% OT CyMMBI BCEX OCTalIbHBIX
JKCILTyaTA[HOHHBIX pacxoaoB BOV [17]:

385ymp=0,05"(3poyant3pava),

rre 0,05 — koadduimeHT, yUUTHIBAIOIIMI COCTaBISIIONIYIO TIPOYHMX PacXOOB,
MPUHUMAEMBIH B pa3Mepe 5% 3aTpar Ha aMOPTH3AIMI0, TCKYIIHHA PEMOHT | OILIaTy TPpYy/a.

[Ipu uCMONIE30BaHUM BETPOIHEPICTUUCCKUX YCTAHOBOK COBMECTHO C KOTCIHHBIMH Ha
HYXKJIbI TEIUIOCHAOKeHHS (OPMYITY ISl ONPENEICHUS CeOSCCTOMMOCTH TEIUIOBOM YHEPTUU MOKHO
3anucaTh CICAYIOIIM 00pa3oM, pyo/I'kai:

Ciov=Br+Boy 1 BksnBkat 3kup T 3B3vsnT38ovat389v1p)/(Qk "Nk ).

200 %

180 ~

160 -

y = 112.47x%4%%

VY aenbHbBIC KalUTaI0BIOKCHHS
B BOVY, mun. py6/(I'kan/q)

80 T T T T

0 1 2 3 4 5
VcranoBiennas MomHoc s BOY, I'kan/4

Puc. 2. 3aBucuMocTp yaenbHbIX KanuTtanoBmoxenuin Fig. 2. The dependence of specific investments in
B BDYVY 0T nx ycTaHOBJIEHHOW MOIIHOCTH WPPs on their installed capacities
*Hcemounuk: cocmagneno asmopom. Source compiled by the author

PesynbraTtel pacdeToB ceOECTOMMOCTH TEIUIOBOH IHEPTHH NpPH HWCIOIh30BaHWU BIY
COBMECTHO C KOTEJIFHBIMHM NPEACTAaBICHB B BHAE TpadukoB Ha pucyHke 3. OTu rpadukn
TIO3BOJISIIOT OTBETUTH Ha BOIPOC, BO3MOKHO JIM (M B KaKMX Hpe/esiax) CHHXEHHE ce0eCTOMMOCTH
TEIUIOBOM SHEPIrUU 3a CueT UcHosb30BaHMM BOVY. BuaHo, 4To B 3aBUCUMOCTH OT CTOUMOCTH
TOIUINBA, MOIIHOCTH KOTEJIHHOH M €€ COOTHOLIEHHUs ¢ MOIHOCThI0 BOY (mapamerpa ) rpaduxu
UMEIOT Pa3HbIi XapakTep.

OO6parumMcest k pucyHkaMm 3a U 30 (kpuBble 1) W3 KOTOPBIX BHJIHO, YTO IPU CTOMMOCTH
toruuea 25000 py6/T y.T. ucnonb3oBanue BOY coBMeCTHO ¢ KOTEIBHBIME MOIIHOCTHIO MeHee 0,1
I'kan/g MpUBOJWUT K YBEJINYEHHIO CEOECTOMMOCTH TEIUIOBOM SHEPIHH, U MO3TOMY 3TOT BApHAHT
ucronb3oBaHuss BOY oka3piBaeTcsi 3KOHOMHMYECKHM HE I€JIeCOOOpPa3HBIM MO CPaBHEHHUIO C
BapUaHTOM TEIUIOCHA0XEHHs TOJBKO OT KOTENIBHOH. DTO OOBICHSAETCS TE€M, YTO y KOTENBHBIX
MaJIol MOIIHOCTH TOIUIMBHAS COCTAaBJIIOIIAs B OOLIEH CTPYKType HX SKCIUTyaTalMOHHBIX
pPacxoJ0B HE3HAUUTENIbHA 110 CPABHEHUIO C JPYTUMHU 3aTpaTaMU U MOATOMY IKOHOMMS TOIIMBA Ha
KOTEJIbHBIX 32 CUET HCIOJIb30BaHust BOY B maHHOM cilyuae HUKaK He CIOCOOCTBYET CHIDKEHHUIO
ce0ecTOMMOCTH TEIUIOBOW 3Hepruu. JlaHHasi CHTyalus COXpaHseTCsl M IPH CTOMMOCTH TOILTHBA
72000 pyO/T y.T., HO TOJNBKO IJII MEJIKHX KOTEIBHBIX MOITHOCTHIO okoio 0,02 I'kam/u (puc. 3a,
kpuBas 2). Ilo Mepe yBelMueHHsI MOIHOCTH KOTEJbHBIX MCHONB30BaHue BOVY yxe oka3biBaeTcs
3¢ GdexkTUBHBIM, TpUYeM dYeM OOJbIlE MOIIHOCTh HCHOJb3yeMoi BIY, Tem Ooibmmii
9KOHOMUYECKHH 3(PPEKT MOKET ObITh JOCTUTHYT. CKazaHHOE WILTIOCTPUpYET puc. 30 (kpusas 2),
U3 KOTOPOTO BHJHO, YTO HCHOJb30BaHHME BOY MomuocThio B 1,2 — 2 pasa mpeBslmaronien
MomHocTh KoTenbHol (Qk = 0,1 I'kan/4) no3BossieT CHU3UTH Ce0ECTOMMOCTh TEILIOBOM YHEPTHH C
38000 no npumepHo 30000 py6/I'kan.
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Ha pucynkax ¢ 3B 1o 3e n300pakeHbl rpaduKu M3MCHEHUS CCOSCTOMMOCTH TEILIOBOM
SHEPIHHU MPHU UCTIONB30BaHNH BOY COBMECTHO ¢ KOTEIBHBIMEH MOITHOCTBIO Ooee 0,5 I'kan/a. Jlns
TaKWX KOTEIBHBIX HCIONB30BaHue BDY okasbiBaercss 3(p(EKTUBHBIM Jake MPU CTOUMOCTH
tomuea 25000 py6/T y.T. [lo Mepe yBenmueHus momrHocTH BOY (B > 0, Qi = const) sxkoHOMUs
TOIUTMBA Ha KOTEJBbHOI BO3pacTacT, B pe3yJbTaTe Yero ceOECTOMMOCTh TEIUIOBOH JHEPrUU
cHIDKaeTcs. [Ipu 3TOM, 4Yem OONBIIE CTOMMOCTh TOIUIMBA, TEM HWHTCHCUBHEE MPOHCXOIUT
CHIDKEHHME CCOECTOMMOCTH TEIUIOBOW dHepruu. OIHAKO, CHIDKCHHE CEOECTOMMOCTH TEIUIOBOU
SHEPrHU BO3MOXHO JIO OMPEACICHHOTO MHUHUMYMA, IOCIE KOTOPOTO JajbHCHINee yBEITHUCHHE
MoiHocTH BOY He nenecoobpazHo.

CylecTByeT HEKOTOPOE ONTUMAILHOE COOTHONICHHE MOIITHOCTEeH BOY 1 KOTENbHOM By,
o0ecreynBarIee MUHUMYM CEOSCTOMMOCTH TCIUIOBOW SHepruu. Kak mokaszanu pacdeTsl, MpH
croumoctH torutuia 25000 py0/T y.T. ¥ MOIHOCTH KOTENbHO# 0,5 ['kai/4 onTUMaIbHOI SBIACTCS
MomrHocTh BOY, paBnas 0,7-1,25 momHOCTH KOTEabHOM. J[J1s KOTenbHBIX MOIIHOCTRIO 1.0, 2.0 1
5.0 T'kan/g B, cocraBuser coorBercTBenno 0,7-1,3, 0,8-1,35 u 0,9-1,45. [1pu cTouMOCTH TOILIHBA
72000 pyO/T y.T. MHHUMYM CEOSCTOMMOCTH TEIJIOBOW YHEPTUU HAXOJUTCS Y)KE B HHTCpPBAJIC
0osiee BBICOKHX 3HAYCHUH Po;; U I KOTeNbHBIX MomHOCcThIO 0.1, 0.5, 1.0, 2.0 u 5.0 I'kan/u
cocrapisieT npumepHo 1.6-2.0. Ilpu Takux 3HaYCHHAX P, UCHONIb30BaHHEe BOY coBMecTHO ¢
KOTCIbHBIMH HA HYXIbl TCIUIOCHAOKCHHS IMO3BOJSICT COKOHOMHUTh Ha KOTedbHBIX 60-90%
OPTraHUYeCKOr0 TOILIMBA M TEM CaAMBbIM CHU3UTh CE0ECTOMMOCTD TEILIOBO#t sHeprun Ha 10-60%.
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Puc. 3. Tpaduku wu3meHenus cebecroumoctu Fig. 3. The graphs of changes in the prime cost of
TEIUIOBOM SHepruu mpu Hcnonk3oBanud BDY  thermal energy when using WPPs in conjunction
COBMECTHO C KOTelbHbIMH MorHocThio oT 0.02 mo  with boiler houses with capacities from 0.02 to 5.0
5.0 T'xasn/u B 3aBrcuMocTH OT croumoctd TormBa U Gcal/h, depending on the cost of fuel and parameter
mapamerpa B: 1 um 2 — coorBerctBenHo mpu f: I and 2 — at the fuel cost of 25,000 and 72,000
croumocty tommea 25000 u 72000 py6/T y.T. rubles/tce respectively

*Ucemounuk: cocmagneno asmopom. Source compiled by the author

3axniouenue (Conclusions)

B MypmMmaHckoit obiacTu, Kak U Ha BCe TeppuUTOpuH ApKTHUECKOH 30HBI Poccuiickoit
Ddenepanun, IMEETCss MHOKECTBO yIAJICHHBIX MOTPEOUTENEH TEIIIOBOH SHEPTHHU, UCIBITHIBAIOIINX
pa3nuYHbIe TPYIHOCTH ¢ OpraHu3anueil TemtocHabxeHus. OCHOBHbBIE TPYAHOCTH CBSA3aHBI C TEM,
YTO KOHEYHas CTOMMOCTh OPraHWYECKOTO TOIJIMBA IIOCNE JOMOJIHUTEIBHBIX PAacXOJ0B Ha €ro
JIOCTaBKY yIAJICHHBIM IOTPEOUTEIISIM TEIJIOBOW SHEPTUU MOXKET BO3PACTaTh B HECKOJBKO pa3 Io
CPaBHEHMIO C OTIIYCKHOM LIEHOM y MOCTaBUIMKOB. B cBOIO ouepenp BbICOKas CTOMMOCThH TOILIMBA
MPUBOAMT K TOMY, YTO Ce0ECTOMMOCTh TEIUIOBOI SHEPrUH OKa3bIBaeTcs 0oJIblIe ypOBHS Tapu(oB,
B PE3yNbTaTe Yero IesTeIbHOCTh TEIJIOTCHEPHPYIOUINX OOBEKTOB IOJydaeTcs] YOBITOUHOW, H
MO3TOMY HX JajbHelIIee CyIIeCTBOBaHME 0€3 TOCYZApCTBEHHBIX CYOCHIMH CTaHOBUTCS HE
BO3MOJKHBIM.

B »3TEX ycnoBmsX B paifoHaxX C MOBBIIIEHHBIM TIOTEHI[MAJIOM BEeTpa OJHHUM U3
HalpaBIeHUIl SKOHOMHM MPHUBO3HOIO OPTaHMYECKOI'O TOIUIMBA, a, CIENOBATEIbHO, U CHUKEHUS
ce0eCTOMMOCTH  TEIJIOBOW HSHEPrdH, MOXKET ObITh HCIOJIb30BAHUE BETPOIHEPIETHUYECKUX
YCTaHOBOK COBMECTHO C KOTEIBHBIMU Ha HYXKIBI TeINIOCHaO)eHud. VccienoBaHue mokasano, 9To
HCIIOJIb30BaHUE BETPOIHEPTETHUECKUX YCTAaHOBOK COBMECTHO C KOTEIBHBIMHM MOIIHOCTBHIO Oosee
0,1 Tkan/u Ha HyXZAbl TEIUIOCHA0XKEHUs TO3BOJIIET COKOHOMUTH Ha KotesnbHbIX 60-90%
opranndeckoro TorumBa croumoctbio 25000-72000 pyO/T y.T. M TEeM caMbIM CHHU3UTh
cebecTonMOCTb TeruoBoit aHeprun Ha 10-60%. [{ist KOTeNnbHBIX MeHbIe#H MorHoCTH 3ddekT ot
HCIIOJIb30BAaHUS BETPOIHEPTETHUECKUX YCTAaHOBOK CHMIKAETCSA, MPHUYEM UY€M MEHBIIEe MOITHOCTh
KOTETbHOH, TeM OOoJbIIe WCIOIb30BAHHE BETPOIHEPIEeTHYECKUX YCTAHOBOK OKa3bIBACTCA
HSKOHOMHMYECKH HE IeIecO00pa3HBIM M0 CPaBHEHUIO C BapHAaHTOM TEIUIOCHAO0KEHHS TOJBKO OT
KOTEJIbHOM.
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OIITUMAJIBHASA NEPUOJUYHOCTD UIBMEHEHHUA TEMIIEPATYPBI
TEIUVIOHOCHUTEJISI HA MCTOYHHMKE TEIIOTHI U BJIMSTHUE CKOPOCTH EE
U3MEHEHUS HA IOTEPU TEILJIOBOM SHEPTUU
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Pezwome: [EJIb. B coepemennvlx peanusix IKCHAyamayusi MeNnI08ublx cemel Cucmembl
YEHMPANU308AHHO20  MENJIOCHADNCEHUsL  CONPSICEHd €  NOCMOSHHLIM — HOUCKOM — CROCOD08
Munumuzayuu nomepv mennosou snepeuu. METOBI. I[loomomy 6vICOKYI0O aKmyaibHOCMb
npuobpemaem 3a0a¥a MUHUMU3AYUU NOMEPL TENI0B0U dHEpeul Nnpu  OCYWecmeneHuu
Dpe2yIuposanus memnepamypel, nooasaemoll menioHOCUmens om UCMOYHUKOE menaomsl. llpu
9KCHIyamayuu Mmeniosvlx cemell YEHMPAIU308aHHO20 menaocHabxcenuss 6 Poccuiickoi
Dedepayuu pezynuposanue nooayu Meniomvl nompedumensmM 8 meueHue OmMONnUmenbHO20
nepuooda oCywecmeansiemesi 8 3a8UCUMOCIU Om MeMnepamypbl HAPYICHO20 8030yYXd, KAK NPABUTO,
08YMsL CROCODAMU. KAYECMBEHHbIU CROCOO 3a CYem U3MEHEeHUsl MeMnepamypuvl 800bl 6 HOOAIOWel
Ma2ucmpany menyiogou cemu,; KauecCmeenHo-KOIU4eCmeeH blll 3a cuem U3MeHeHUus memnepamypbsl
u pacxooa 6006l 6 nNoOalowell Masucmpaiu menniogou cemu. Ilpumensemvie cnocoovl
PecyIuposanusi CA3aHbl ¢ HE0OX0OUMOCHbIO NOO0EPICAHUS CMADUTLHO20 2UOPABIUYECKO20
peodicuma mennosvix cemei. [lelicmeus no peyiuposanuio nooayu meniomvl HOMpeoumenim
BbINOAHAIOMCA HA UCMOYHUKE MEeNnogol dHepeuu 8 COOMBemcmauy ¢ yKazauuem oucnemuepda
MENIoBbIX Ccemeli CO2NACHO VMBEPAHCOCHHOMY MEMNePaAmypPHOMY epauky O0as cucmembvl
mennocuabocenus. PE3YVJIIBPTATBL. B pabome npugoosimcsi pe3yiomamol UCCAEO08AHUS
3a6UCUMOCIU  USMEHEHUsl  (DAKMUYECKUX Menjiogulx nomepsb Ol Y4ACMKA —Meniocemu,
HAaxo0sWe20 8 npoyecce SKCNLYaAmMayul 8 HeCmayuoHapHom pesicume. Ilpeodnoocenvl Kpumepuu
3a0anus Oucnemuepom meniocemu memnepamypsbl MmenjioHOCUmens HA UCMOYHUKE Meniombl,
mpebyemol 015t UCHONHEeHUsi memnepamypnozo epaguxa. [lomyuennvie pezynvmamvi maxoice
Mo2ym  Oblmb  UCHONBL30BAHBI 6  OP2AHUBAYUAX,  IKCHAYAMUPYIOWUX — Meniosvie  cemu
YeHmpanu308aHHO20 MeNIOCHAONCEeHUA, 0N obecneyeHus pe2yiuposanus pexcuma pabomol
meniocemu npu Munumyme nomepsb meniogou snepeuu. 3AKJIIOYEHUE. Xapaxmep uzmenenus
memnepamypvl n00A8AEMO20 MENJIOHOCUmMens 8 cemv (UHMeEP8an 3a0aHUsi HOB020 3HAYEHUS U
CKOpPOCMU U3MEHEeHUS meMnepamypbl) HenoCpeOCMEEeHHO 6UAEm HA NOMepU Menioeoll IHepeuu 8
OKpYAHCalowyio mpyoonpogoovl cpedy, 603HUKAIOwue 8 pesyavbmame 2pacueHma memnepamyp
menioHocumenst 8 mpyoonposode u OKpydxcaiowel cpedvl. Yuumwvigas mo, 4mo 3HAYEHUs
MemMnepamyp HApyHCHO20 8030YXd, MENIOHOCUMENS, SIUAIOWUX HA PeXCUM pabomel meniocemu,
ROCMOSAHHO UBMEHAIOMC 60 GDEMEHU, NPOYeccvl MeniooomMeHa (menionepedauir) Mmexncoy
menjonocumenem u OKpyjcaowel mpyoonpoeoo cpeool AGIAIOMCA HeCMAyuoHapHblMu. B
pabome  paccmompenvl  meKywue mpebosanus  HOPMAMUGHO-MEXHUYECKUX — OOKYMEHMO8
KACAMeNbHO 3a0aHUs pedcuma pabomvl meniocemu, npoaHaIu3uposansl Gaxkmopul, euusiowue
HA U3MEeHeHUe PexcumMa meniocemu.

Knrouesnvte cnosa. menflocya6ofceyue; pezyruposanue nooauu meniomaut, ducnemqep menJjioeblx
cemeﬁ; nomepu mennosoil IHepauu, memnepamypa menjioHoCumers.

Jdasi uutupoBanusi: Axmeroa W.I'., Jlamun K.B. OntumanbHas NepruogudHOCTh U3MEHEHHS
TeMIIepaTyphl TETUIOHOCHUTENSI HA UCTOYHUKE TEIJIOTHl M BIUSHHAE CKOPOCTH €€ M3MEHEHHS Ha
nmoTepu TemnoBoi oHepruu // W3Bectus Bwicmux yueOHBIX 3aBenenmit. [TPOBJIEMBI
OHEPT'ETHUKMU. 2023. T.25. Ne 3. C. 139-149. d0i:10.30724/1998-9903-2023-25-3-139-149.
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OPTIMAL FREQUENCY OF TEMPERATURE CHANGE OF A HEAT TRANSFER
AGENT ON A HEAT SOURCE AND THE INFLUENCE OF THE RATE OF CHANGE
THEREOF ON HEAT ENERGY LOSS

IG. Akhmetova, KV. Lapin
Kazan State Power Engineering University, Kazan, Russia
ORCID: 0000-0002-7082-2005, irina_akhmetova@mail.ru; lapinkv@yandex.ru

Abstract: THE PURPOSE. In modern realities, the operation of heat networks of the district
heating system involves a constant search for ways to minimize heat energy losses. METHODS.
Therefore, the task of minimizing heat energy losses while controlling the temperature of the
supplied heat transfer medium from the sources of heat becomes very important. When operating
district heating networks in the Russian Federation, regulation of heat supply to consumers during
the heating period is carried out depending on the outside air temperature, as a rule, in two ways:
qualitative method by changing the water temperature in the supply main of the heating network;
qualitative-quantitative method by changing the temperature and water consumption in the supply
main of the heating network. The methods of regulation used are related to the need to maintain a
stable hydraulic mode of heat networks. Actions on the regulation of heat supply to consumers are
performed at the heat source in accordance with the indication of the heat network dispatcher
according to the approved temperature schedule for the heat supply system. RESULTS. This paper
presents the results of a study of the dependence of changes in the actual heat losses for the
section of the heating network, which is during the operation process in a non-stationary mode.
Criteria for setting the temperature of the heat carrier at the heat source required to meet the
temperature schedule by the heat network dispatcher are proposed. The results obtained can also
be used in organizations operating district heating networks to ensure the regulation of the
heating network operation mode with minimum heat losses. CONCLUSION. The nature of
changing the temperature of the supplied coolant in the network (the interval of setting a new
value and the rate of temperature change) directly affects the heat energy losses in the
surrounding pipeline environment, resulting from the temperature gradient of the coolant in the
pipeline and the environment. Given the fact that the values of the temperature of the outside air,
heat-carrier, affecting the operating mode of the heating system is constantly changing over time,
the processes of heat-exchange (heat transfer) between the coolant and the environment
surrounding the pipeline are unsteady. The work reviewed the current requirements of regulatory
and technical documents on the setting of the heating network operation mode, analyzed the
factors affecting changes in the mode of the heating system.

Keywords: heat supply; heat regulation; heat network dispatcher; heat losses; coolant
temperature.

For citation: 1G. Akhmetova, KV. Lapin. Optimal frequency of temperature change of a heat
transfer agent on a heat source and the influence of the rate of change thereof on heat energy loss.
Power engineering: research, equipment, technology. 2023; 25(3):139-149. doi:10.30724/1998-
9903-2023-25-3-139-149.

Beeoenue. JTumepamypuotii 0630p

[penycMOTpeHHBIE HOPMATUBHO-TEXHHYSCKUMHU AOKYMEHTaMH [1, 2] pexuM HM3MEHEHUs
TEMIepaTypbl IOJaBaeMOW CETEBOH BOIBI B CETH IIEHTPAJIM30BAHHOTO TEINIOCHAOXEHHS W3
KOJIJIEKTOPOB HMCTOYHHKOB TEIUIOTHI B COOTBETCTBHUHU C 3aJaHWEM JAHCIETYepa TEIUIOBOW CETH
OTIpeZiesIeH CIeayIoInM 00pa3oM:

- TeMIIepaTypa CeTeBOM BOJBI B TOAAIONINX TPYOOIPOBOIAAX M3MEHSIETCS B COOTBETCTBHH C
YTBEP KICHHBIM I CUCTEMBI TeIJIOCHA0KEHNS TEMITEPaTypHBIM IpaduKoMm;

- TeMIepaTypa CeTeBOH BOJbI JOJDKHA OBITh 3a/laHa MO YCPEIHEHHOH TemIepaType
Hapy»XHOTO BO3yXa 3a MPOMEXYTOK BpEeMEHH B npenenax 12-24 4 (oauH WM 1Ba pa3a B CyTKH), B
3aBHCHMOCTH OT JUIMHBI CeTeH, KIIMMAaTHIECKUX YCIOBHH U IPYTHX (paKTOpPOB.

B cootBetcTBHE ¢ [1, 2, 3, 6] peryaupoBaHue TEMIEPaTypbl BOIbI HA BBHIXOAE U3 CETEBBIX
MoJorpeBaTeNief, Ha BBHIBOJAX TEIUIOBOM CETH, a TakXKe Ha CTAaHIWAX [OIMEIINBaHHA,
PACTIOJIOKEHHBIX B TEIDIOBOM CETH, MJOJDKHO OBITh pPaBHOMEPHBIM CO CKOPOCTBIO, HE
npesbimatomeit 30°C B uac. Takoe orpaHudeHHe IO pEXuUMY palbOThl TErIO(pUKAIMOHHON

140


mailto:irina_akhmetova@mail.ru
mailto:lapinkv@yandex.ru

© Axmemosa U.I"., Jlanun K.B.

YCTaHOBKM HCTOYHHMKA OOYCJIOBIEHO TEM, 4YTOOBI HCKIIOYHTH BO3MOXKHOCTH 3HAYUTENBHBIX
TEIIOBBIX JedopMaliiii TpyOOTpOBOIOB U pabOUNX MOBEPXHOCTEH TEINIOOOMEHHBIX arapaToB.

Hcxons u3 cylecTBYIONIMX HOPMAaTUBHO-TEXHUUECKUX TpeOOBaHMH, 3a1aHie (M3MEHEHHUE)
JIMCIIETYEPOM TEIUIOBOW CETH TEMIIEPaTyphl TEINIOHOCHTEINST HE MOCTABJIEHO B 3aBUCHMOCTH OT
e MUHUMH3AIUN TOTeph TEIUIOBOH HHEPTHH dYepe3 TEIUIOM30JIAIHUOHHBIE KOHCTPYKIIHU
TpyOOIIPOBOMIOB.

Ilocmanoska 3a0auu uccnedosanus

AKTyaTbHOCTh MCCIICIOBAHHUS 3aKIII0OYACTCS B PACCMOTPEHHUH BOTIPOCA KPUTECPUEB BIHSIHUS
peKMMa M3MEHEHMsI TEMIIEpaTyphl CETEBOI BOJBI Ha IOTEPH TEIUIOBOI 3Hepruu B ceTsx. B [7]
Npe/IoKEeHa METOIUKA IUIaBHOTO PEryIMpPOBaHMS TEMIEpPaTypbl TEIUIOHOCUTENIS Ha BBIXOJHBIX
KOJUIEKTOPaX JHEPTOMCTOYHHKOB HCXOIS W3 IEeTH 00eCHeYnuTh OTIYCK TEIJIOBOM SHEpruH 3a
MEepHOJ IIECTH CYTOK MaKCUMaJbHO OJM3KHH K BEJMYMHE HOPMATHBHO-PACUETHOTO OTIIYCKa,
YMEHBIIUTh YacTOTy M aMIUIMTYAy KOJeOaHWH TemIepaTypbl TerioHocurtens. IlpakTuueckoe
WCIIONB30BAaHNE TAHHOW METOAWKH Il MOTomHbIX ycioBuil r. Caskt- IlerepOypra B mepuon
OTOIIMTENIBHOTO CE30HA MpPEAIojiaraeT, 4ro pacdeT TeMIEPaTypHOTO pekMMa Ha I0CIeTyIOUTHH
MepUoOJ PerylIupoBaHus (IPOJOKUTENBHOCTRIO 3-0€ CYTOK) BBINONHAETCS exenHeBHO B 13:00
(mocie monmy4yeHHA TPOTHO3a [WOpOMETHEHTpa O TOTroA€ Ha MPEICTOSAIIYI0 HEHETIO).
dakTuueckas KOPPEKTUPOBKA TEMIEPATypPHOTO 3a/IaHHs BBHIIIOJIHIETCS B Clly4yae, eClId pe3ysbTar
pacueTa TpeOyeT U3MEHCHHS TeMIIePaTyphl TCIIOHOCUTEIIS Ha Benu4yuHy Oosee 2°C.

[Ipu 3TOM BIHSAHWE MPEIIOKEHHONW METOMUKH IUTABHOTO PETYIHPOBAHUS TEMIIEPATYpPhI
TEIUIOHOCUTENS Ha NMOTEPH TEIUIOBOI SHEPTHH B CETAX HE PACCMOTPEHO.

B [8] paccmotpena mpobiiemMa BbIOOpa ONTHMAIBHOW TEMIIEPATYPhl TEIUIOHOCUTENS IO
KPUTEPUI0O MHUHUMAJBHBIX 3aTpaT JIEKTPOIHEPTUN Ha MEPeKadKy TEIIOHOCHUTENS M COKPAICHUS
MOTepPh TEIUIODHEPTHMHM NPH €ro TPAaHCIOPTHPOBKE, NPHUXOAAMIMXCS Ha | TOTOHHBIH MeTp
TpyOOIIpOBOAa TEIIOCETH. ABTOPOM MpPEIJIOKEHA METOJMKA IOCTPOCHUS TEMIIEpaTypHOTO
rpaduka KadeCTBEHHO-KOIMIECTBEHHOTO CIT0C00a peryIMpoBaHus TEMIIEPAaTyphl TEIUIOHOCUTEIIS,
NPUBEJICHBI Pe3yJIbTaThl pacueTa ONTUMAJIbHOW TEMIEPaTypbl I KOHKPETHBIX KIMMAaTHYECKHUX
ycioBuil. PexuM uW3MeHEHHs TeMIepaTrypbl CETeBOM BOAbBI B COOTBETCTBUHU C 3aJaHUEM
JIICTIeTYEpa TETIOBOM CETH HE paccMaTpHBAJICS.

Y4uThIBasg Malyl0 UCCIEAOBAHHOCTD BIHMSHUS PEKMMa M3MEHEHHUS! TEMIIEPaTyphbl CETEBOM
BOJbI Ha IOTEPH TEIUIOBOW HSHEPTrHMHM B CETSX, BHICOKYIO aKTyaJbHOCTh MPHOOpETaeT BOMPOC
pa3paboTKK ANl AUCHETYEPCKON CIYXKOBI TEIUIOCETH KPHUTEPHEB W3MEHCHHS TEMIIEPATypHI
TEIJIOHOCHUTEJIS, TO3BOJISIONIMX MHUHHMHU3UPOBATh IOTEPU TEIUIa 4Yepe3 TeIJIOU30JISLIUOHHbIC
KOHCTPYKLIHHU TPYOOIIPOBOJIOB.

Mamepuanvt u memoowl

CormacHo [4] cpeaHss CyTOYHast aMIUTUTYAa KolneOaHU TeMIIepaTypsl HApYKHOTO BO3TyXa
B ropojax Poccum Haxomutcs B mpenenax 3,8...16,9°C. Pa30Opoc cpeqHux 3Ha4EHHH CYTOUHOU
aAMIUTUTYABI XapaKTePU3yeTCs CIICAYIOIUMH (PaKTopaMu:

- TEpPUTOPUAIIBHBIH (YCIOBUS Pa3INUHBIX KIMMATHUECKHX 30H);

- BpEMEHHOM, KOT/]a CyTOYHAs aMILUTUTY/Ia 3aBUCHUT OT BpeMeHH roja. [Ipu atom amruiutyna
M3MEHEHHSI TEeMIIepaTypbl Hapy>KHOTO BO3[yXa pacTeT C YBEIMYEHHEM CPEIHEMECSIHON
TeMIlepaTypbl HAPY)KHOTO BO3yXa.

Ha nporspkeHMM rojia MakCHMallbHas CYTOYHAas aMIUTMTy[Ja TeMIepaTypbl HapyKHOTO
BO3JyXa Bbllle cpeaHed B 2-4 paza. IlpuyeM KpaTHOCTh MaKCHUMajlbHOW aMIUIMTYABI K
CPE/IHECYTOUHON yBEJIMYHMBAETCS B OCCHHE-3UMHHMU TEpUOJ W JOCTUTaeT MaKCHMAalbHOTO
3HAYEHHs B XOJIO/HBIE MECSIIBL.

I'paduk cyroyHoro xoja TeMmIeparypbl Hapy>KHOTO BO3JlyXa MMEET BHJ CHHYCOWJBI, TaK
KaK 3TO CBSI3aHO C CyTOYHBIM XOJIOM OCBEIICHHOCTH 3eMJIM (HarpeBOM BO3JyXa M IMOBEPXHOCTEH
COJTHEYHOH paguanueii). B TedeHun cyTok HOCTHTAIOTCS 3HAYCHHUS MaKCHUMAabHOW (OJHOKPATHO),
MUHHMAJIBHOM (OJJHOKPATHO) ¥ CPeIHEH (IBYKPATHO) TEMIIEPaTyPhl HAPYKHOTO BO3yXa.

Hanpumep, cormacuo mnpuenenHod B [4] mns 1. Kasamm B pecrmybamke Tartapcrtan
CyTOYHAs aMILTUTYZa TeMIIepaTypsl BO3ayxa cocTanisieT (Tabi. 1):
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Tabmuna 1
Table 1
CyTouHas aMIIIMTyJa TeMIIEPaTypbl BO3oyXa.
Daily air temperature amplitude.

A =) 4 e 2, A A A
2 5 ] g = = = g 5 £ 2 s
CpenHss cyTouHas aMIUIUTY/a TeMIIEpaTyphl HapyKHOTo Bo3ayxa, °C
65 | 76 | 8 | 81 [107 ] 119 [ 111 ] 108 ] 92 [ 61 | 52 | 62

MakcuMalbHasi CyTOYHasi aMILTUTYy/1a TEMIIepaTyphl Hapy>KHOTO Bo3ayxa, °C

204 | 197 [ 195 | 187 [ 207 [ 219 | 191 [ 198 | 213 [ 173 | 223 | 26,7

Cpennsist MecsyHast TeMieparypa Bo3ayxa, °C

-116 | -109 | 43 | 53 [ 132 ] 176 | 197 [ 174 | 115 | 42 [ 32 | -89

*Uemounuk: cocmasneno agmopom. Source: compiled by the author.

Hcnonb3yst AeHCTBYIOMMK HAa TEKYHIIMH MOMEHT TEMIIEpPaTYpHBIH TpaduK KaueCTBEHHO-
KOJIMYECTBEHHOTO peryiaupoBanus (yrBepxaeH 28.06.2021) mist cHCTEMBI IEHTPATH30BAHHOTO
tertocHabkenns s Kazanckux TOI[-1,2 (115/70°C), pacuetHas amIiuiutyaa (IuamasoH)
CYTOYHOT'O M3MEHCHHS TEMIEpPaTyphl MOJaBaEMOr0 TEIJIOHOCUTENS B MOMAIOIIEM TPYOOIPOBO/IC
OT UCTOYHHUKA TEIUIOTH! B 3UMHUI ePHOJ JOJKHA COCTABIATH (TabuI. 2):

Tabmmna 2
Table 2
PacuetHas aMIUIUTyia ()mana30H) CYTOYHOI'O USMCHCHUS TEMIICPATYPhI 10JJaBA€EMOI'0 TEIIJIOHOCUTEIIA B
MOJTAFOIIEM TPYOOTIPOBOIC OT HCTOYHUKA TEIUIOTHI B 3UMHUI EPUOT
Calculated amplitude (range) of the daily variation of the supply temperature in the supply line from the heat
source in winter period

) 2 A 2
& 2 £ 3 & & &
: : g 5 : 5 :
= _g < é == %
IIPH CpeIHeH aMIUTATY/Ie TEMITEpaTyphl Hapy>KHOTO Bo3ayxa, °C
12,2 | 14,4 | 17,8 | 2,8 | 2,8 | 12,1 ] 12,4
TIPY MaKCHMaJIbHOHM aMIUIMTY/Ie TEMIIEPATYpbl HAPYKHOTO Bo3ayxa, °C
34,8 | 35,6 | 341 | 14,1 | 15,2 | 34,7 | 42,8

*Ucemounuk: cocmasnero agmopom. Source: compiled by the author.

CKOpOCTh U3MEHEHHS TeMIIepaTyphl TEIUIOHOCUTENS B IEPHOJ OCEHHE-3UMHET0 Nepruoia
(Hos10pb-mMapt) cocraBut mnopsaka 0,50...0,74°C/uac  juisi  yclioBHsI COOJIOJIEHMSI CpenHen
ammatyael u 1,42...1,78°C/yac s MakcHMaJbHOW aMIUIMTYAbl (IpU pacdere CKOPOCTH
MCKITIOUEHBI NEPEXOHbIE MECSIBI anpelib, OKTAOpb, T aMIUIMTYAa MHHUMalbHa). YKa3aHHbIC
3Ha4Y€HHs MHOTO MEHbIIIE yYCTAHOBJICHHOIO HOPMAaTHBHO-TEXHHYECKUMH TPEOOBAHUSIMH Ipejiesa
30°C/uac.

3amanHoe 1-2 pa3a B CyTKM JAWCIETYEPOM TEIUIOCETH 3HAYCHHE TEMIepaTyphl
TEIUIOHOCHUTEIA 110 YCPETHEHHOW TeMIIepaType Hapy>KHOTO BO3yXa coriacHo [1,2] He yuauTeIBaeT
aMIUTATYAy KoJIeOaHWH TeMIiepaTyphl BO3[yxa B Te€UEHUE CYTOK (CM. TaOi.1) U BCIEACTBHE YEeTO
HE MOXeT OBITh coOmroeHa HeoOXoaumas aMIUIMTyJa (Auama3oH) W3MEHEHHS TeMIIepaTyphl
M0JJaBA€MOTO TEIUTOHOCHUTENS (CM. Tab.2).

OTO MPHUBOAWT K TOMY, YTO B TEUYEHUH CYTOK TEMIIepaTypa TEIUIOHOCHTENs He Oyaer
COOTBETCTBOBaTh TEMIEpPATypHOMY TrpaduKy B OOJBUIMHCTBE BPEMEHH, YTO INPOTHBOPEUUT
HOPMaTHBHOMY YCIOBHUIO HW3MEHEHHS TeMIlepaTrypbl CETeBOW BOJAbI B COOTBETCTBHU C
YTBEPIKACHHBIM JIJIS CUCTEMBI TEIJIOCHA0KESHUSI TEMIIEPATYPHBIM rPadhHUKOM.

K Tomy e, 3aBBIIIEHHOE 3HAUYEHHE TEMIEPATyphl TEIUIOHOCUTENS IPOBOIHMPYET
BO3HMKHOBEHHE JIOTIOJHUTEIbHBIX TEIJIOBBIX MOTEPh M3-32 YBEIMYCHHUS IPAJMEHTA TEMIIEPaTyphl
MEXK/y TETNIOHOCUTENIEM U OKpYXalollel Cpeo.

TakuM 00pa3oM, B yCIOBHSX HEOOXOIUMOCTH HAJUIeKAIIET0 OOSCIeueHHUs] TEIUIOBOM
SHeprueil moTpebwTeNneil MEPHOTUYHOCTh 3aIaHHS IHCIIETYEPOM TEIUIOCETH TEeMIIepPaTyphl
TETIIOHOCHUTEIISI TPEOYETCsl YCTAHOBUTD allle.
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Jnst MCKIIOYWEHWs BBINICONHCAHHOTO 3(@eKTa HECOOTBETCTBUS B TEUCHHE CYTOK
3aJJaHHOM TUCIICTYEPOM TEIUIOCETH TEMIEPATYPhI TEINIOHOCUTEISI OTHOCUTEIILHO TEMIIEPATyPHOTO
rpagyka B TEPBOM MPUOIIDKCHUH IEPUOJUYHOCTH 3alaHUsi HEOOXOJMMO YMEHBLIMThH JI0
MHHHUMYMa (TO €CTh IIOCTOSIHHO).

Mexny TeM, COBPEMEHHBIH YPOBEHb CHCTEM aHalIuM3a M IPOTHO3a CHUHONTHYECKHX
MPOLIECCOB Ha OCHOBE JNAaHHBIX CIYTHHKOBBIX M Ha3eMHBIX METEOCTAHLMWH, MX JOCTYMHOCTbH JUIS
UCIIONIb30BaHMsl IIMPOKUM KPYIOM IIOJIb30BAaTelNel, IMO3BOJSIOT IPOTHO3UPOBATh H3MEHEHHE
TeMITepaTypbl HAPY)KHOT'O BO3/yXa HE Yallle, YeM KayKAbIi Jac.

Hcxonst w3 tpeboBanus [1,6] MO BO3MOXKHOMY OTKJIOHEHHUIO TEMIIEPaTyphl BOJbI,
MOCTYMAIOIIEH B TEMJIOBYIO CETh, OT 3aJaHHOTO PEXKUMA Ha MCTOYHHKE TEIJIOTHI He bosee +/- 3%
(umu 6% 1O MOJYIIO), BBIYMCIUM CpeJHEe 3HAUeHHE JIOMYCKAaeMOro OTKJIOHEHHUS TEeMIIEpaTyphl
TEeIIOHOCHUTENS TI0 hopMmyore:

jon __ LfTH
tomn _O’ 06 tnpomo3’ (1)
roe t™ - TeMIeparypa TEIUIOHOCUTENA IO TeMIepaTypHOMy TIpaduky IpH cpenHeil

TIPOrHO3

TeMIIEpaType Hapy KHOTO BO3/IyXa 3a MPEJICTOAIININ eprUo/1 CYyTOK (COTIacHO MporHo3y), °C.
Hcxons w3 ycioBus HEOOXOAMMOCTH COOJNIIOJCHHS TeMIIEpaTypHOro rpaduka

MCPUOANIHOCTD 3alaHus TEMIIEPATYPhI TCINIOHOCUTEIA B CYTKHU ITPU 5TOM 6y):[eT paBHa:

MPOTHO3

11 — _TH.aMmn (2)

cyT t J1011 !
OTKII

MPOTHO3
TH.aMII

rae t - aMIIUTyAa CYTOYHOI'0 HU3MCHCHHSA TCEMIICPATYpPbI IMMOJAABACMOTO TCIIJIOHOCUTCIIA,

COOTBETCTBYIOIIAs aMIUIMTYAE CYTOYHOTO HM3MEHEHHS TEMIEpaTypbl HApY)XHOTO BO3AyXa IIO
JaHHBIM MIPOTHO3a Ha MpeAcTosnme cyTKH, °C.
O0bvenuHUB Gopmysl (1) u (2), moxyanm:

TIPOTHO3
TH.aMII

| -
cyT 0706-tTH (3)

TIPOTHO3

Ha mpumepe 1. Kaszanm, paccunTaeM ONTUMAJbHYIO NEPHOAWYHOCTD 3aJaHUS
JHUCIIETYEPOM TEIUIOCETH TEMIIEPaTyphl TEIUIOHOCHUTENS HWCXOIs M3 CpeAHedl aMIUINTYAbI
CYTOYHOTO M3MEHEHHs TeMIIepaTypbl Hapy»KHOTO BO3AyXa B MapTe Mecslle, KOTOpbIi Hamboiee
OIIM3KO XapaKTepu3yeT CpellHHE 3HAUCHMs TeMIlepaTyphbl HapyXHOTO BO3AyXa B OCEHHE-3UMHHUH
HIEPHOI.

Pesympratel pacuera mo ¢opmynam (1,3) Ha mpumepe 1. Kaszanu: Ttemmeparypa
MOZIaBaEMOT'0  TEIUIOHOCHUTENS 110 TeMIepaTypHOMy Tpaduky TpH cpenHed Ttemmeparype

TH
— o
Hapy’>XHOTO BO3[yXa 3a MApT COCTaBJIACT TIPOTHO3 88 C, JAO0IMYCKAaeMO€ OTKJIIOHCHHC

TEMIEpaTyphl TEIDIOHOCUTENs HAa WCTOYHUKE TEIUIOTHI COCTaBISIeT tiay, =5,28°C, amrmuryna

CYTOYHOT'O M3MCHCHHSA TEMIICPATYPbl NOAABAEMOI'0 TCIIOHOCUTEISI COOTBETCTBYHOIIAA cpe,uHeﬁ
AMIUIUTYZI€ CYTOYHOI'0 U3MEHCHUSA TEMIICPATYPhl HAPYKHOI'O BO3AyXa B MapTE U3 [9] COCTaBJISACT

t TIpOTHO3
TH.aMII

= 17,8°C, nepuogmyHOCTh 3aJaHUSI TEMIIEPAaTyphl TEIUIOHOCHUTENS B CYTKH COCTaBUT
Iy, = 3,37 (= xaxkIble 8 HACOB CYTOK).

IIpuHumas ycrnoBHE€ O TOM, UYTO HEPUOJUYHOCTh 3aJAaHUS AMCHETUEPOM TEILUIOCETU
TeMIepaTyphl TeIIOHOCUTENs Mo I. KazaHu JomkHA rapaHTUPOBATh UCIOIHEHUE YTBEPIKICHHOTO
JUIL  CHCTEMBI TEIUIOCHAO)KEHHs TEMIIepaTypHOro rpaduka, HCIOJIb30BAaHHE 3HAYCHHS
MaKCHMaJIbHOM aMIUIMTYAbl CYTOYHOTO HM3MEHEHHS TEeMIIepaTypbl Hapy)KHOTO BO3AyXa JUIs
pacdera ONTHMAaJIbHOM NMEPHOIUYHOCTH 3aJaHusl TeMIeparypsl TerioHocutels o ¢gopmyie (3)
000CHOBAHO.

Hcnonp3yst 3HaueHHEe MAaKCUMAaJIbHOW aMIUTUTYIIBI CYyTOYHOI'O M3MEHEHHUS! TEMIIEPaTyphI

tnpon—[03 .
HapyXHoro Bo3nyxa no r. Kazanu B mapre u3 [9], kotopoe cocraBnsieT iy v = 34,1°C, pacuér
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110 hopmysie (3) ONTUMANBLHON NEPUOMIHOCTH 33 IaHUsI TEMIIEPATYPhI TEIIOHOCHTENS 1aeT [y, =
6,46 (= kaxapie 4 4aCOB CYTOK).

Heo6xoauMo OTMETHTH TO, YTO TETJIOBAsi CETh 00IaacT MHEPIHOHHOCTHIO - BEITMIMHA
BPEMCHHU NPOXO’KACHHSA TEIUIOHOCUTENS IO YYacTKy TEIJIOBOH CETH OT MCTOYHHKA J0 OOBEKTa
noTpeOuTeNst (BpeMsl MPOXOXKICHUS TaK HA3bIBAEMOHM «TEMIIEpATypHOM BOJHBI»), KOTOpas Ul
Pa3BETBICHHBIX CHCTEM IIEHTPAIM30BAaHHOTO TETNIOCHAOKCHMS JOCTUTACT OT HECKOJIBKUX HYacOB
JI0 TIOJTCYTOK.

TakuM o0Opa3om, AucCreTYep TEIUIOCETH IPH 3aJaHWU TEMIICPATyphl TEIUIOHOCHUTEINS
JOIDKEH B 00s3aTEIBHOM IOPSIIKE YUUTHIBATH MHEPIIMOHHOCTH TEIUIOCETH, a MMEHHO CperHee
BpEMSI IPOXOXKICHUS TEMIIEPATYPHOH BOJIHBI 1O OOBEKTOB TEIIONOTPEOICHUS, YTOOBI KOPPEKTHO
3a7aTh TPeOyEeMyIO TEMIEPATypy TEIUIOHOCUTEISI, KOTOpast He0OXO0MMa ISl OTOIJIEHUSI OOBEKTOB
MOTpeOUTENEH COTIaCHO MPOTHO3HBIM JAaHHBIM O TEMIIEPATypPe BO3IyXa.

Pesynromamul u ux odcysyncoenue

B [5] mpuBeneHsl pe3ynbTaThl MCCIEIOBaHUS MPOOJIEMBI pacdera TEIUIOBBIX IOTEPh B
HECTAIMOHAPHBIX  YCIOBUSIX TPH TOCTOSHHO W3MEHSIOIIMMCS TPAAWCHTE TEMIIepaTyp
TETJIOHOCHUTENIST HA UCTOYHHUKE TEIUIOTHI M B KOHIIE HCCIIEAYEMOTO YJacTKa TEIUIOCETH (B PeXXnUMe
peanbHOTO BPEMEHH), B PE3YJIbTaTe KOTOPHIX MOJTydeHa MaTeMaTHdecKas (YHKIHS 3aBHCHMOCTH
W3MEHEHHS COOTHOIICHHS (AaKTHYECKUX M HOPMATHBHBI TEIUIOBBIX IOTEPh MU ydacTKa
TETIOCETH, HAXOISIIETO B IIPOIIECCE IKCIITyaTaluu.

PesynpraThl MccnemoBaHMS MOKA3bIBAIOT TO, YTO INPH IKCIUTyaTallMM TEIUIOBBIX CETEH
COOTHOIIIEHHE (AKTUYECKHMX M HOPMATHUBHBIX TEIUIOBBIX IOTEPh MU yYacTKa TEIUIOBOM CeTH
M3MEHSCTCS BO BPEMEHH U JIMHEHHO 3aBUCHT OT CKOPOCTH W3MEHEHHUS TEeMIepaTyphl
TETIIOHOCHTEJIS.

AHanoru4HbIe WCCIICOBAaHMS TPOBEACHBI Ha ydacTke Temiocetd B r. Kasanmm ot
paiioHHOI#1 KoTenpHOH «CaBHHOBO» 0 00BEKTa TEIUIONOTPeOIcHNs «MHOTOKBAPTHPHEBIN TOM MO
yi1. MycuHa, 53».

Jannble 0 (aKTHIECKOH TeMIIepaType TEMJIOHOCHTENS B KOHIE MCCIEAYeMOTo ydacTKa
TCIJIOBOW CETH W3 CHCTEMbl JUCTAHIMOHHOTO CHATHSA IOKAa3aHMH M HOPMAaTHBHOE 3HAYCHHE
TEeMIIEpaTyphl TETJIOHOCHTENS, paccunTaHHOe 1Mo HopMmaM u3 [10], 32 mpOMEXyTOK BpeMEHH C
19.12.2021 mo 25.12.2021 (6 cyToK) IOKa3aHEI HA pUCYHKE 1.

daktudeckan (T1) u HopmatusHasa (THoOpM) TEMNEpaTy pbl TENNOHOCUTENA B
KOHLe yyacTka TennoceTv (nogarowmia ipybonposog)
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Puc. 1 [ammeile o ¢akrudeckoii Ttemmneparype Fig.l. Data on the actual coolant temperature at the
TEIJIOHOCUTENST B KOHIe wucciemxyemoro ydactka —end of the investigated heat network section
TEIIOBOI1 ceTn

*Hemounux: cocmasneno asmopom. Source: compiled by the author

Kak BugHO U3 puc.l, dakTryeckas TeMIeparypa TeIUIOHOCUTENS U3MEHSUIaCh BO BPEMEHH
(BBUIY W3MEHEHHUS TeMIlepaTypbl TEIUIOHOCUTEN IO 3aJaHUI0 JMCIeT4Yepa TEeIUIOCETH H3-3a
KOJICOAHWH TeMIlepaTypsl HApY)XHOTO BO31yXa) W ObUIa HW)KE HOPMATHBHOTO 3HAYCHHS
TEeMIIEPATypPbl TEINIOHOCUTEIS.

Brrunciienue cooTHOMmeEeHUs (PAaKTHISCKUX U OINpPENeIICHHBIX 1Mo HopMaM [10] TermioBeix
MOTEPb JJIs1 KCCIIEyeMOro yJacTKa TEIUIOBOM CeTH MPOou3BeaeM 1o (hopmyre:
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TH.Ha4 TH.KOH
-1

- T TH.Ha41 _ T TH.KOH (4)
Ty HOpM
TH.HaA41
raoe - (hakTHUeckas TemIiepaTypa IOJaBacMOTO TEIUIOHOCHUTENS OT PaOHHOI KOTEeIbHOW
To

«CaBHUHOBO» TI0 NaHHBIM CHCTEMBI JUCTAHIIMOHHOTO CHITHS MOKa3aHWH B MOMEHT BPEMEHH T,
° TH.KOH
G - (akTmueckas Temmeparypa TEIUIOHOCHTENS, IOCTYMAIONIETO B  CHCTEMY

K
TCHHOHOTpe6JICHI/Iﬂ 00BEKTA I10 JaHHBIM CHCTEMbI JUCTAaHIITMOHHOI'O CHATHSA MOKa3aHU B MOMEHT

TH.KOH

BPEMCHH Ty, °C; yopy - HOPMATHBHAS TEMIICPATypa TEIUIOHOCHTENIS, MOCTYIAIOMIETO B CHCTEMY

TeruronoTpednenus obbvekra, °C.

[lpyauMas BO BHHMaHHME TO, YTO CHUCTEMa MAWCTAHIMOHHOTO CHSTHS ITOKa3aHU
(uKcHpyeT BpeMs KaXI0ro U3MEPEHHs, 3Ha4eHHE (HaKTHIECKOW TeMIepaTyphl TEINIOHOCUTENS B
KOHIIE Y4acTKa TETJIOBOH CETH, MOIYyIEHHOE B MOMEHT BPEMEHH T,, HEOOXOJUMO COOTHOCHUTH C
TEMIIEpaTypol TEIUIOHOCHTENs B Hadaje ydJacTKa TEIUIOBOM CETH B MOMEHT BPEMEHH T, C
3aJep)KKOM Ha BENIMYMHY BPEMEHH MPOXOXICHHS TEIUIOHOCUTENS MO yJacTKy TEIUIOBOH CEeTH OT
paiioHHO#1 KoTenmpHOW «CaBHHOBO» O 00BEKTa TerutonoTpedneHus: « MHOTOKBapTHPHEI OM 10
yi. Mycuna, 53» (48,2 MunyT).

BpeMst npoxokIeHUsT TeMIIepaTypHOUW BOJHBEI OMPENENICHO MCXOA U3 THAPABIMIECKOTO
pacdera MO IJaHHBIM 3JEKTPOHHOH Monenu Cxemsl TerutocHaOxeHus r. KazaHM, yTBEep>KIEHHOU
npuka3zoM Munsnepro Poccun ot 30.12.2021 Nel1543.

Ha pucynke 2 mpencraBieHbl TpadUKH Ui HCCIEAYEMOTO YyYacTKa TEIJIOCETH OT
paiioHHOI1 KoTenpHON «CaBHHOBO» 0 00BEKTa TEIUIONOTPeOIeHNsT «MHOTOKBAPTHPHEIN TOM IO
yi1. MycuHa, 53»:

- 3HAYEHUH CKOPOCTH HW3MEHEHHUs TEMIIEpaTypbl TEIUIOHOCUTENS B IIOJAIOIIEM
TpyOOIIPOBO/E TEIUIOCETH OT PaOHHON KOTeIbHOH «CaBHHOBO» BO BPEMEHH;

- 3HaYCHUN COOTHOIICHHS (PAaKTUICCKUX W HOPMATUBHBIX (TI0 HOpMaM B [10]) 3HaueHHi
MOTEPh TEIUIOBOW YHEPTHH Yepe3 TEIUIOM30IAIIMOHHBIE KOHCTPYKINH, PACCYUTAHHBIX 110 opMyIIe

(4).

MpaduK CKOPOCTU U3MEHEHMA TEMMEPATYPbI TEMAOHOCUTENA U GAKTUUECKMUX

o 3HaYeHuH I'IOTeprEI'I}'IOBOﬁ SHeprmun =
o T
% 2,50 400 &
% 3,00 Icé‘
(]
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o =
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= =
= =
x 300 £
E=3 5]
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o DR B B T I IR IR I | =z
Bpemsn B yacax (c 0:00 yacos 19.12.2021no 0:00 yacos 26.12.2021) -

OTHOWeEHNe ¢zar<mqecm4x TeNnNonoTepb K HOPMATUBHbBIM

==CKOPOCTb UI3MEHEHWUA TeEMNEPaTYpbl TENAOHOCUTENA

Puc.2 Tpabuku s wuccnenyemoro yuactka Fig. 2. Graphs for the investigated heat network
TETUIOCETH section
*Hcemounux: cocmasnero asmopom. Source: compiled by the author

B3anmHOE KoIMHEapHOE pacrojioXKeHHe TIpaUKOB yKa3blBa€T HA WX JIMHEHHYIO
3aBUCUMOCTb JIPYT OT ApYyra.

[Tyrem anmpoxkcuManuy JaHHBIX, [TPEACTABICHHBIX HAa PUC.2, IO METOJY HaMMEHBIIMX
KBa/IpaTOB BBIIIOJIHEHO IIOCTPOCHHE MaTeMaTHUecKod (QYHKIMHM 3aBHCHMOCTH HW3MEHCHHUS
COOTHOIIEHHS (PaKTUYECKUX M HOPMATHBHBI TEIUIOBBIX OTeph (Koddduiment K) ot ckopoctu
U3MEHEHUsl TEMIIEPaTypbl TEIUIOHOCHUTEN OT PalOHHOM KoTenbHOM «CaBHHOBO», 3aJaBaeMoOM
JqucnerdepoM teriocetd. [lonyuennas GyHkuus u ee rpaduk npeacTaBiIeHbl Ha puc. 3.
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3aBMCMMOCTb M3MeHeHUA KoadpuumeHTa K oT cKopocTm
U3IMEHEHWA TeMNepaTypbl TENNOHOCUTENA

x )

= . e .
1,5( .

ﬂs; "; "--.. - :

= ',':.ﬂ . *

a4 { ogte | :.

ﬁ' . 3K y =0,3018x + 1,2549

=] . .

x

cKOpDCTb M3IMEeHEHWA TeEMNepaTypbl TENNOHOCHUTENA
B Hauase yyacTka rennocet, °C/uac

Puc.3. Touku O3KCIepUMEHTaNbHBIX MAaHHbIX st Fig.3. Experimental data points to construct a
MOCTPOCHUS IpadrKa 3aBUCHMOCTH dependency chart
*Ucmounux: cocmasneno asmopom. Source: compiled by the author

B pesynbraTe nonyuena maremarideckas GpyHKIMS JTUHEHHON perpeccun:
K=0,3018-AT ™™ +1,2549 (5)

roe K - xosddumument (cooTHomeHne) (QakTHYECKHX MW OIpedeNieHHBIX mo HopmaM B [10]
o AT TH.Ha4
TEIUIOBBIX MOTEPh ISl y4acTKa TEIUIOBOH CETH; % - CKOPOCTh M3MEHEHUS TeMIepaTyphl

TEIUTOHOCHTENA (Ha BEIBOAAX pallOHHOU KOTenbHOH «CaBHHOBOY), °C/u.

Takum o0Opa3om, MOJMyYCHHAs JIMHEHAas 3aBUCUMOCTh COOTHOIICHUS (aKTHUECKUX M
HOPMATHUBHBIX TEIUIOBEIX IIOTEPh OT CKOPOCTH HM3MEHCHHWS TEMIIEPAaTyphl TEIUIOHOCUTENS B
TOJAIOIIEM TPYOOIIPOBOIE TEIUIOCETH OT MCTOYHHKA IO KOHEYHOTO MOTPEOUTENI, MOJTYICHHAs C
WCIIOJIE30BAHUEM CHUCTEMBI JUCTAHIIMOHHOTO CheMa TI0Ka3aHUH CPeICTB U3MEPEHUS TeMITepaTyphI
TEIUTOHOCHUTEIS, UMEET CICAYIOMINN BHI;

K= f (AT )= A- AT +B ®)

rze A - K03 PUIUEHT, XapaKTepPHU3YIONINH BINSHUE TEIUIOBOTO COCTOSHHSI MHOTOCIIOHHOM CTEHKH
(Merayur TpyOompoBOja, TEIUIOBas M3OJIILMS, TPYHT - IS CeTed IOJ3EMHOW IPOKIAIKH,
BO3AYIIHOE POCTPAHCTBO KaHalla) Ha MMOTEPH TEIDIOBOW 3Hepruu Bo Bpemenu (4 > 0), 4/°C; B -
COOTHOIIEHHE (aKTHIECKMX M HOPMATHUBHBIX TEIUIOBBIX IOTEPH JUI CTAI[OHAPHOI'O Mpolecca
IPU OTCYTCTBHM U3MEHEHHMS TEMIIEpaTyphl TETUIOHOCHTENSI B HA4aJIe y4acTKa TEIUIOBOH ceTH (TIpu
AT‘L’—T:.Hal{ = 0).

YuuteiBas TO, 4TO:

Q™
el

b :
rae Qi - (I)aKTI/I‘leCKI/Ie IIOTEPHU TEIJIOBOM DHEPIrUM 4Y€pe3 TCIUIOBYIO HU30JLILMIO I-TO y4YacTKa

K= 7)

H.II .
pr6OHpOBOHOB; Qi - HOPMATHUBHBIC MTOTCPH TEIJIOBOI SHEPIruM 4€pe3 TCIUIOBYIO U3O0JIALUIO I-

r'O y4acTKa TpyOoonpoBoJioB, popmyita (6) MOXKeET ObITh IpeoOpa3oBaHa K CIeIyIOIEeMY BUIY:

Q™

H.I
i

A-AT™™ 4 B ©

PaccmatpuBas ¢opmyiny (8), mpuxoanM K BBIBOJLY O TOM, YTO B CIly4ae IOBBIMICHHS
TH.Ha4Y
TEMIIEPATYpPbI TEIUIOHOCUTENs B TpyOonpoBogax Temtocetn (mpu AT > 0) dakruueckue
HOTEpU TEMJIOBOI SHEPruM yBEIUUUBAIOTCS 332 CYET YCBOCHMS TEIJIOBOM SHEPruM MaTepUaroM
TEIJION30JIALIMK, METAJUIOM M OOOJIOYKOH TPYyOONpOBOJa, a TaKKe OKpYXKalolled TEeIoceTh
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Cpesioil. A B cilydyae CHIKEHMs TEMIEpaTypbl Temnonocutens (mpu AT < 0) paxrnueckue
MOTEPH TEIUIOBOM SHEPIHU YMEHbBIIAIOTCS 32 CUET OTAA4YM TEIUIOBOH SHEPTUH TEIUIOHOCHUTEIIO OT
Marepuasa TEeIUIOU30JISIIMY M OKPY’KaroleH TeIyIoceTh cpenbl. [Ipu 3TOM KITIOYEBYIO pOJIb UrpaeT
CKOPOCTb HM3MEHEHHSI TEMIIepPaTypbl TEIUIOHOCHTEJNS, KOTOpash (aKTUUECKH HaXOIMTCS O[]
yrpaBlieHHEeM (BIHSHHEM) TEPCOHATA UCTOYHHKA TETIOBOW HEPIUH MPU BBHIMOJHEHUH 3aJaHUsI
JHCTIETYEPa TEIIOCETH.

Hcxond w3 BBIMICONMCAHHON JIMHEMHON 3aBUCHMOCTH, B LENAX MHUHHMHU3ALHUH NOTEPh
TEIUIOBOM SHEPruu OT TPyOOIPOBOIOB TEIUIOCETH B OKPYXKAIOLIYIO Cpely 3aJaHHe ucrerdepa
TEIUIOCETH C paccYUTaHHOW 1o (opmyie (3) MEepHOANIHOCTHIO JOIDKHO COAep)kaTh B cebe He
TOJNBKO 3HAa4eHWe TpeOyeMoll TeMIepaTypsl TEIUIOHOCHUTENS COTJIACHO YTBEPIKICHHOMY
TeMIepaTypHOMY rpaduKy, HO M CKOPOCTb H3MEHEHHS TeMIIepaTyphl TEIUIOHOCHTENS IIO
CIIEIYIOIIIM KPHTEPHSM:

- IpHU HEOOXOMMOCTH HOBBIIIECHHS TeMIIEPaTypPhl TEIDIOHOCUTENS (B CIydae MOHIKECHHS
TeMIepaTypsl Hapy>KHOI'O BO3AyXa) CKOPOCTh M3MEHEHHUS TEMIIepaTyphl TEIUNIOHOCHTENS IOJDKHA
OBIT 3a/1aHa UCTIETYEPOM TEIUIOCETH MUHMMAIIBHOH (B 9TOM ciydae npu AT " > 0, AT —

min, Q?"" - min);
- TIpH HEOOXOIMMOCTH MOHMKEHHS TeMIIEPATyPhl TEMIOHOCHTENS (B CITydae TIOBBIIICHUS

TEMIIEpaTypbl HapyXHOTO BO3/yXa) CKOPOCTh U3MEHEHMS TEMIEpaTyphl TEIUIOHOCUTENS OJDKHA
ObITh 3a/]aHa JIUCIIETYEPOM TEMIOCETH MAKCUMATIBHOM 10 MOJYJIIO (B 9TOM citydae npu AT <
0, |ATTT:'“3“| - max, be'" - min).

OmpenencHne  IEHCTBUTENFHOTO 3HAYEHHS CKOPOCTH W3MEHEHHS TEMIICpaTyphl
TCIIOHOCHUTENISI B 3aBUCUMOCTH OT TIPEUIOKCHHBIX KPHUTCPHUEB [OIDKHO OBITH B BEICHUH
JHCIIETYepa TETUIOCETH U 3aBHCETh OT TEXHUYECKOTO YPOBHS TEIUNIOMEXaHHIECKOTO 000PYI0BaHHS
WCTOYHHMKA TEIUIOTHI, CHOCOOHOCTH OCYHIECTBIISITH M3MEHEHHE TEMIIepaTyphbl TEIUIOHOCUTEINS,
MOJAaBaEMOr0 B CE€Th, M TOYHOCTH pabOTHl peryaupyromero obopynoBanus. TexHuueckas
BO3MOXKHOCTb MCIOJIHEHHS YCIOBUIT MHHUMYMa, MaKCUMyMa CKOPOCTH M3MEHEHUS TeMIIepaTyphl
TEIJIOHOCHUTEJISI Ha HWCTOYHHMKE TEIUIOThl OIpPEAessieTCs] TEeXHHYECKHMH XapaKTEepUCTUKAMHU
PEryIupyronero o00pyjoBaHus, a TAKKe PEryIUpyIoleld apMaTypoi.

Buigoownt

B pabore mnpuBemeHBI pe3yabTAaTHl MCCICAOBAaHMS B YacTH pa3paboTkm  ais
JHCIETIEPCKON CITyKOBI TEIUIOCETH KPUTEPHEB HM3MEHEHHUS] TEMIICpaTyphl TEIUIOHOCHUTEIS,
MO3BOJISIOIINX MHWHHMU3UPOBATh IOTEPU TEIUla dYepe3 TEIUIOW3OJSIIIMOHHBIE KOHCTPYKIIMU
TPYOOIIPOBOIOB.

Hcxonst u3 3HaueHHWs MaKCUMAJIBHON aMIUTMTYIbl CyTOYHOTO M3MEHEHHUS TeMIIepaTyphl
Hapy»HOTO BO3JyXa IpeayiokeHa (opMmylia pacyeTa ONTHMAIbHON NEPHOAMYHOCTH 3a/IaHMs
JIICIIETYEPOM TEIUIOCETH TEMIIePaTypbl TEIUIOHOCHUTENS IJisi 00ECHeueHUs] rapaHTHPOBAHHOTO
WCIIOJIHEHUsI YTBEPKCHHOTO JUIsSl CHCTEMBI TEIUIOCHA0KEH !SI TEMIIepaTypHOro rpaduka.

[Mpeacrapnen o0 BUJI MareMaTHYeCKoil (hOpMyIibl, ONKCHIBAIOIIEH 3aBUCHMOCTD
COOTHOIIEHHS (PaKTUYECKUX U HOPMATHUBHBIX MIOTEPh TEIUIOBON SHEPTUH MO Y4aCTKY TEIUIOCETH OT
CKOPOCTH M3MEHEHHs TEMIIepaTypbl TEIUIOHOCHUTENS B MOJAIOIIEM TPYOONpPOBOJIE TEIUIOCETH Ha
WCTOYHHKE TEIUIOTHI.

Ha ocHoBe wmcciieoBaHusi HECTAIMOHAPHOTO TIIpollecca TEIUIONEepelaul B CETAX
[EHTPAIN30BAHHOTO  TEIUIOCHAOXKEHHWS B  PEKHME  pEalbHOro BPEMEHH 00OCHOBaHA
HEOOXOIMMOCTb  3aJaHusl JIUCIIETYEPOM TEIUIOCETH CKOPOCTH H3MEHEHMS TeMIepaTyphl
TETJIOHOCHUTENIS B LIENSIX MUHUMHU3AIMN MIOTEPh TEIJIOBOM SHEPTHH OT TPYOOIPOBOJOB TEILIOCETH
B OKPY’KaIOIIyIO Cpeny.

Pa3zpaboTanbl KpUTEpUHM 3aJaHHs JUCIIETYEPOM TEIJIOCETH CKOPOCTH H3MEHEHHUs
TEeMIIEpaTypbl TEINIOHOCHTENS, MO3BOJISIOIIUE MOJYYUTh HOJOKHUTENbHBIN 3(dexT oT BiansHUS
TEIJIOBOTO COCTOSIHUSI MHOTOCIIOWHOM CTEHKM KOHCTPYKIIMH TEIUIOCETH Ha IOTepH TEILIOBOM
SHEPrHU BO BPEMEHHU.

Hcnonb3oBaHue B COBOKYITHOCTH MPEJIOKEHHOTO crocoba pacyera ONTUMAalbHOM
NEePHOJNYHOCTH 33JaHUs TEMIIEpaTyphl TEIJIOHOCHTENS M 3aJaHhue CKOPOCTH W3MEHCHHMS
TEeMIIEpaTyphl TEIUIOHOCHUTENSI COIVIACHO TPUBEAEHHBIX B paboTe KpPUTEPHEB ITO3BOJISET
OpraHM3ali{, SKCIUTYaTUPYIOUIEH TEIUIOBbIE CEeTH, 00ecTIeYnTh MUHUMAIIBHBIE 3HAYEHUs MOTEPh
TETJIOBOW SHEPTHU.
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TEXHOC®EPHAA BE3OITACHOCTD
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OCOBEHHOCTHU U3BMEHEHHU I BOJHBIX BUOPECYPCOB KYHUBBIIIEBCKOI'O
BOJOXPAHWJIHNIIA B COBPEMEHHbBIX KIMMATHYECKHUX N
I'NAPOJIOINYECKHUX YCJOBUAX

Kanaiina M.JI., llapadyTraunos P. I'.

Ka3zaHckuii rocyjapcTBeHHbIN JHepreTu4ecKuii yuusepcuret, . Kazanb, Poccus
kalayda4@mail.ru

Peztome. Axmyanvnocms onpedensiemcs HeoOX0OUMOCMbIO peUeHUs IKON02UHeCKUX 3a0ay npu
axcnayamayuu eodoxpanunuuy. Kytibviuwesckoe eoooxpanunuue Qyukyuonupyem c 1957 eooa u 6
NOCEOHUU NePUo0 NPOUCXOO0AM 3HAUUMbIE USMEHEHUS. 8 MEeMNePAMYPHOM U SUOPONOULECKOM
peodicume, UMO OMpANCAEMCs HA KAYeCMEEHHOM U KOIUYECHGEHHOM COCMAGe UXMUOPDAYHYL.
Ynpaenenue 6o0onvimu buopecypcamu neobxooumo 0 yayuuleHuss IKOA0SUYECKOU cumyayu u
nPO00BOILCMEEHHOU OE30NACHOCMU Pe2UOHA

L[EJIb. Paccmompems 6u00801 COCMA8 YI0808, KOIUYECMBEHHYIO NPeOCmA8ieHHOCHb
pbid 6 ¢hakmuueckom 6bvli08e 6 YCI0BUAX COBPEMEHHO20 YPOGHEB020 U MeMNepamypHo20
peosicumos Ha yuacmkax Kyubviuesckozo eodoxpanunruwa 8 npedenax Pecnyoruxu Tamapcman;
BbIAGUMb  OCHOBHbIE MEHOEHYUU USMEHEeHUU KayeCmBeHH020 U KOIUYEeCMEEHHO20 COCMAasd
uxmuogaynvl  Onis  onpeoeienuss Nymel COXPAHEHUs U  VIYHWEeHUs Kayecmea BOOHbIX
ouonoeuueckux pecypcos. METO/BI Ilposeden cpasHumenvHulll  AHAIU3 COOCMBEHHBIX
uccne0o8aHull U IUMEPAMYPHbIX OAHHBIX N0  PbIOOXO3AUCMBEHHHLIM — XAPAKMEPUCTHUKAM
Kyiibvlwescrkoeo sodoxpanunuwa, peloonpooyKmueHOCMU U COCMOAHUL uxmuogayHel. B pabome
011 AHAAU3A COBPEMEHHO20 COCMOSHUSL BUO0BO20 COCMABA Y0808 U NPEeOCMAsIeHHOCMU PblO 6
Gakmuueckom  6blL108e  UCHONB306AMbL  OaHHble, npedocmasienuvie I ocydapcmeeHHbIM
komumemom  Pecnybnuxku  Tamapcman no  ouonocuueckum  pecypcam. PE3YVJIPTATHL
Paccmompenvl kauecmeennbill U KOIUHECMBEHHbIL COCMAS 800HbIX Ouopecypcog Kyuibwviuiesckozo
B00OXPAHUIUWA 8  COBPEMEHHBIX — YCIIOBUAX USMEHEHUSl  KIUMAMUYECKUX —Xapakmepucmux u
audponoaueckozo pexcuma. Ocoboe HUMAaHUe YOereHO COCMOSHUIO UXmuoyerno306 Kyibviuesckozo
so0oxpanunuwja 6 npedenax Pecnyonuxu Tamapcman. [Iposeden ananusz OUHAMUKU USMEHEHUS V10808
puibvl 6 p.Borea u Kyiibviuesckom eodoxpanunuuje. Tlokazano, 4mo 0CHOBY HpoOMbICia hOpMUpyIom
newy, 2ycmepa, cuney, niomsa u cyoax. Cumey, zycmepa u Jaewy emecme NpaKmu4ecku onpeoensiom
okono 65% evinosa. B omux ycnosusx ¢ nosuyui yayuweHus cocmasa uxmuogaynel u ee
HANPAGIEHHO20 (POPMUPOBAHUS. HAYUMENLHO BO3PACMAEN PO MAKUX AKIMUGHBIX XUUWHUKOB, KAK
cyoaxk u bepw. Paccmompenvl ocobennocmu ounamuxu ynogog cyoaxa u bepwa. Ilokazano, umo
yeenuuenue 00U 8 Yio6ax cyoaka u b6epuida CeésA3aHo ¢ YayduleHuem ux Kopmoeou 0azvl — ¢ pocmom
YUCTIEHHOCIU COPHOU PblObl, CPeOU KOMOPOU BAJICHOE 3HAYEHUE, KAK KOPMOBOU KOMNOHEHM, umeen
mionvka. Coenan 6bi800 0 MOM, YMO OMCYMCMBUE 3HAYUMETLHO20 BbLI0BA MIONLKU CHOCOOCMEYem
POCIMY YUCTIEHHOCIMU U, COOMBEMCMBEHHO, V0806 bepuia u cydara. OmmeyeHo, ymo coOpocsl 600bl U3
B000XPAHUIUWA He OMPAICATOMCS CYWECMBEHHBIM 00PA30M HA 3anacax cyoaka u bepuia,

3AKJIIOYEHUE. Ilposedennas oyenka pulioonpodykmuernocmu  Kyiibviuesckozo
soooxpanunuwa 6 npederax Pecnyoruxu Tamapcman 60 epemenHoM —acnekme U HO
PHIOONPOMBICIOBHIM — YHACNKAM — NOKA3AAd, HMO HA 6CeX PblOONPOMBICIOBbIX  YYACHKAX
Kytibviuesckozo 6o0oxpanunuwa peiOoOnpooyKmueHocms 6 nocieonue 200vl 6ospacmaem. Camas
8bICOKAS PLLOONPOOYKMUBHOCHL NO PE3YTbMAmam Qakxmuyecko2o 8bLi06d pbiObl OmMme4aemcs Ha
Temwuwckom u Cnacckom yuacmxax. Cpeonss 3a nocieonue 2oovl pblOONPOOYKMUEBHOCHb
cocmasuna Ha Temwouckom u Cnacckom yuacmrax — 31,53 xe/ea, Kamcko-Yemvunckom — 11,89
ke/ea, Jlauwesckom u Anexceesckom — 8,11 «ke/ea, Pwiono-Cnoboockom — 7,19 keea,
Mamaovuuuckom u Enabyscckom yuacmrkax — 18,15 xe/ea. Clenan 6vi600, 0 mom, umo
ommeyarowulics npoyecc yckopenusi 2empoghuposanus Kyubviuuesckoeo 6000Xpanunumyda 6
VCNOBUAX UBMEHEHUS GHEWHUX KIUMAMUYECKUX YCIO8UU U COBPEMEHHO20 2UOPON0SULECKO20
DpexcumMa npusooum He moibko K «yGemeHuio» 600bl, HO U K yBeluueHuro cmenenu mpoguu (8
npedenax mMe3ompo@QHo20 Kiacca Kaiecmea 600).
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FEATURES OF CHANGES IN WATER BIORESOURCES OF THE KUIBYSHEV
RESERVOIR UNDER MODERN CLIMATIC AND HYDROLOGICAL CONDITIONS

Kalaida M.L., Sharafutdinov R.G.

Kazan State Power Engineering University, Kazan, Russia
kalayda4@mail.ru

Abstract. The relevance is determined by the need to solve environmental problems in the
operation of reservoirs. The Kuibyshev Reservoir has been functioning since 1957 and in the
recent period there have been significant changes in the temperature and hydrological regime,
which is reflected in the qualitative and quantitative composition of the ichthyofauna.
Management of aquatic bioresources is necessary to improve the ecological situation and food
security of the region.

THE PURPOSE. Consider the species composition of catches, the quantitative representation of
fish in the actual catch under the conditions of the current level and temperature regimes in the
areas of the Kuibyshev reservoir within the Republic of Tatarstan; identify the main trends in
changes in the qualitative and quantitative composition of the ichthyofauna to determine ways to
preserve and improve the quality of aquatic biological resources. METHODS. A comparative
analysis of our own research and literature data on the fishery characteristics of the Kuibyshev
reservoir, fish productivity and the state of the ichthyofauna was carried out. In this work, to
analyze the current state of the species composition of catches and the representation of fish in the
actual catch, we used data provided by the State Committee of the Republic of Tatarstan on
Biological Resources. RESULTS. The qualitative and quantitative composition of aquatic bioresources
of the Kuibyshev reservoir under modern conditions of changing climatic characteristics and
hydrological regime are considered. Particular attention is paid to the state of ichthyocenoses of the
Kuibyshev reservoir within the Republic of Tatarstan. An analysis of the dynamics of changes in fish
catches in the Volga River and the Kuibyshev reservoir was carried out. It is shown that the basis of the
fishery is formed by bream, silver bream, blue bream, roach and pike perch. Blue bream, silver bream
and bream together practically determine about 65% of the catch. Under these conditions, from the
standpoint of improving the composition of the ichthyofauna and its directed formation, the role of such
active predators as zander and bersh increases significantly. The features of the dynamics of catches of
zander and bersh are considered. It is shown that the increase in the share of zander and bersh in
catches is associated with an improvement in their food supply - with an increase in the number of
weedy fish, among which sprat is important as a food component. It is concluded that the absence
of a significant catch of sprat contributes to the growth in the number and, accordingly, the
catches of bersh and pike perch. It is noted that water discharges from the reservoir do not
significantly affect the stocks of pike perch. CONCLUSION. The assessment of the fish
productivity of the Kuibyshev Reservoir within the Republic of Tatarstan in the temporal aspect
and for fishing areas showed that in all fishing areas of the Kuibyshev Reservoir, fish productivity
has been increasing in recent years. The highest fish productivity according to the results of the
actual fish catch is noted in the Tetyushsky and Spassky areas. The average fish productivity in
recent years was 31.53 kg/ha in Tetyushsky and Spassky plots, 11.89 kg/ha in Kamsko-Ustyinsky,
8.11 kg/ha in Laishevsky and Alekseevsky, 7.19 kg in Rybno-Slobodsky, ha, Mamadyshsky and
Yelabuga plots - 18.15 kg / ha. It is concluded that the observed process of accelerating the
eutrophication of the Kuibyshev reservoir under conditions of changing external climatic
conditions and the current hydrological regime leads not only to the “blooming” of water, but
also to an increase in the degree of trophy (within the mesotrophic class of water quality).

Keywords: Kuibyshev reservoir; aquatic bioresources; ichthyofauna; catch; valuable fish species;
fish productivity; eutrophication.
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Beeoenue

B [1] mokasaHbl OCOOEHHOCTH COBPEMEHHOTO COCTOSIHHSI THIPOJIOTHYECKOTO PEKHAMa
KylOpmreBckoro BOJOXpaHMIIHIIA 32 TIOCIETHIH TePHO/I, BIMSIONIETO Ha COCTOSHHUE NXTHOIIEHO3a. JTO
TaKWe XapaKTePHCTHKH, KaK MaKCUMaJIbHBIE, MUHAMAIBHBIC W CPEAHIE YPOBHH BoAbI B KyHOBIIIeBCcKOM
BOJIOXpaHWIIHINE. 3a TIOCIIECAHUI TIepHO.] CPeIHIH ypoBeHs Konebascs ot 50,34 mo 52,31 m npu HITY
— 53,00 m BC, YMO - 45,5 M. AHaimm3 JaHHBIX II0 CPEJHAM YpOBHsSM B KyiiObieBckoM
BOJIOXPaHWJIMIIIE HATIITHO MOKa3bIBaeT ManoBoaHbIe Tosl — 2010, 2011, 2017 n 2021 u MHOTOBOIHBIE
—2013 - 2016, 2018 1 2020. MuAIMaTEHEIC YPOBHU B KyHOBIIIIEBCKOM BOIOXPAHIIIHUIIE OTMEYAIIHCH C
Maprta o Mail. CpemHEeMHOTOJIETHEE 3HAYCHHE BOJHOCTH TOJa XapaKTepu3yeTcs mpuxomom 254
kM3 Bogsl. B mocieqanit mepuon mpuxonsr 240 kM3/Ton 1 MeHee, XapakTepHBIE I MAIOBOJHBIX
nmer otmewanuch B 2009, 2010, 2011, 2014, 2015, 2021 rr. [puxoxasr 311 kM3/ron u Goiee,
XapaKTepHBIE IS MHOTOBOIHBIX JIET He ObuM oTMedeHBl. OcrambHble Toasl (2007, 2008, 2012,
2013, 2016-2020) xapakTepH3yIOTCS CPEeIHEH BOTHOCTHIO.

[IpoBeneHHBIN aHAMN3 AMHAMHUKHA W3MEHCHHS MAKCHMAaJbHBIX U MHHAMAIBHBIX YPOBHEH
Bombl B KyHOBIIICBCKOM BOJOXpAHIININE HAa COBPEMCHHOM JTale BBISBII CIICAYIOIIUC
MIPOUCXOAIINE N3MCHCHHS:

- MUHUMAaJIGHEIH 3aIKCHPOBaHHEIN ypoBeHb BoAbI (48,16 M) oTMedeH B saBape (20111.),
B KOHIIe XX CTOJIETHSI MUHUMAIIFHBIC YPOBHH (PUKCHPOBAIICH B MapTe - alpeiie ¥ OHU OBLTH HIDKE
Ha 1-1,5 M mpu netHei cpaboTke u Ha 2,5 — 3,5 M B 3UMHHI IEPHOL;

- TIOJBbEM YPOBHS TIPUXOIUTCA HA anpellb, B TO BpeMs KaK paHbIIC OH MPUXOIUIICS Ha
Maii. [IpogomKHUTeNEHOCTE MTeproia BEICOKON BOIBI (0KOIIO 53 M) yBenmumiach 1o 4 Mec;

- MaKCHMallbHbIE YPOBHH BOJBI — OKOJIO 53 M — OTMEYaroTcs dYaile, BEICOKHE YPOBHHU
BOJIBI CTAITH OTMEYATHCS M BO BTOPOI! MTOJIOBHUHE JIETa M OCEHBIO;

- B sHBape W (eBpaliec OTMEUANNCh HHU3KHE YPOBHH, KOTOpPBIE HE (PHKCHPOBAINCH B
TPEIBIAYITUE TIEPUOIBL;

- B Jlekabpe ypOBHH BOJABI OTMedaroTcs okoiio 50 M, B TO BpeMs Kak paHee YpOBEHb
HanOoJee 9yacTo ObLT BhImIe 51 M.

AHamm3 THIPOIOTHYECKUX XapaKTEPHCTHK ITOKa3bIBAET, YTO B COBOKYIIHOCTH COPOCHI
BOJBI U W3MCHCHHUS YPOBEHHOTO pEeXMMa BOJOXPAHWIIUINA XapaKTEPU3YHOTCS MEKTOJOBBIMH H
BHYTPHUTOIOBBIMU KOJICOAHUSAMHE, KOTOPBIE OTPAXKAIOTCS HAa PEXHME BOCIPOM3BOJICTBA pPEHIO B
KyiiOpimieBckoM Bomoxpanmmuine. Hambonee ysS3BUMBIMH BHAAMH PHIO SBISIOTCS (HDUTOQIIIBL,
JUIST KOTOPBIX XapaKTepHO WCIIOJNIB30BaHWE JUIsI HEepecTa MEJIKOBOIWUH C pacCTHTEIBHON
koMmmoHeHTo#. [IpoBeneHne cOpPOCOB BOABI TOCIIE HEpecTa MPUBOTUT K THOCTH HKPHl Ha
OCYIICHHBIX NPHOPEKHBIX yuacTkax. Jnsa s¢dextuBHOrO Hepecta (GUTOGMIOB HEOOXOAUMO
coYeTaHue Takux (akTOpPOB Cpellbl KaK YCTOWYHBOCTh YPOBEHHOTO PEXHMMa W COOTBETCTBYIOIIAS
TeMIIepaTypa BOJIBL.

[IpoBeneHHbIH aHANU3 H3MEHEHHUS TEMIIepaTyp B paccMaTpuBaeMblii nepuos [1] nokasan,
YTO KOJIMYECTBO JHEH C TeMIepaTypoil Bo3ayxa Bbime 15°C, XapakTepusyromed pbiOOBOIHYIO
30HY, BapbUPYET B pa3HbIe TOMABI Mocieanero nepuoaa ot 71 aus (2017 r.) mo 133 gueit (2020 r.).
CpaBHHBasi KOJIMYECTBO JHEH C TemmepaTypoil Bozgyxa Beimme 15°C B 2001-2011 rr. c
COBpPEMEHHOH cuTyaluel, oOpamaeT Ha ce0si BHUMaHHE HE TOJBKO ITOTEINIEHHE N0 CPaBHEHHUIO C
neprosoM 80-90-x et XX cToseTusi, HO ¥ OTHOCUTENILHOE CHIKEHHE TEMIIEpaTyp B HACTOsIIEe
BpeMsI 110 CPAaBHEHHIO ¢ HadyaioM XX CTOJIETHSL.

B npecHoBopHOl akBakynpType Poccum K HacTosieMy BPEMEHH CIOXWINCH |
pa3BHBAIOTCS IBA OCHOBHBIX HAIPABJIEHHS — NACTOUIIIHOE U TOBAPHOE.

[lpumeneHnne MeTONOB  NAacTOMINHOM  aKBakKyJbTYpbl  IO3BOJISIET — palMOHAJIBHO
UCIIOJIb30BaTh TPOAYKIMOHHBIM TOTEHIMan BojaoxpaHwmil. HarmpasieHHoe ¢opMupoBaHue
MXTHOLIEHO3a MO3BOJISIET MOJIy4aTh JIOMOJIHUTENBHYIO BEICOKOKAUECTBEHHYIO PHIOHYIO ITPOIYKIIHIO
3a cueT OoJiee MOJHOTO OCBOEHMS TPO(UUECKOTro MOTEHIHANa U CIIOCOOCTBYET BOCCTAHOBJICHHIO
LIEHHOH a0OpUTreHHOW UXTHO(DAYHBI.
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PasBuTie macTOMIIHON akBakymbTyphl Ha 0a3e KyHOBIIIEBCKOTO BOJOXPaHUIIHINA
ABJIETCA ONHUM M3 HE TOJIBKO MPHOPUTETHBIX, HO U HEOOXOANMBIX HAIPABICHUH, B CBSI3H C TEM,
YTO B pPE3ylIbTaTe CTHXUHHOTO (POPMUPOBAHUS MXTHO(AYHBI HAOIIONACTCS YBEIHICHHE B yJIOBaxX
JIOJT MaJIOIICHHBIX M COPHBIX BUIOB [2].

Uctopnueckn nxtnodayna KyifOBIIeBCKOTO BOMOXpaHIINIA 0a3upyeTcs HA BHUIOBOM
cocrase prIO p.Borra.

Hawano wxtnonormuecknMm wuccnenoBanmsiM Cpexneit Bomrm momoxumu  pabOTHI
Kosaneckoro A.O. 10 HCKYCCTBEHHOMY OILTIONOTBOpEeHHUO crepiisimk B 1868 1. [3]. Dt paboTs
MOCTYyXUIA ocHoBoW B.B. 3eneHckomy Ui m3ydeHHWs >MOpuoJiormH 3Toro Buzma B 1878 1.
HxTHomormyeckne HCCIEAOBaHUS M TOATOTOBKA KaJpOB HXTHOJIOTOB OBUIM HauyaTel A. A.
OCTpOYMOBBIM, CpeIM BOCHHTAHHHKOB KoToporo — B.M. MeiicHep — mepBbIii HAPKOM PHIOHOM
MPOMBIIIICHHOCTH. TakuM 00pa3oM, TJIaBHBIMH OOBEeKTaMH HaOmofaeHwit 3a peioamu CpemHei
Bonrn Obmm oceTpoBBIE, CpeaM KOTOPBIX TYBOJHOHM CTEPISIIH YIENSUIOCH 0CO0OE€ BHHMAaHHME.
Crepnsinp (Acipenser ruthenus L.) siBaseTcss omHMM W3 Hambojee ICHHBIX MpEICTaBUTENCH
MecTHOH mxtHodayssl. B pernone Cpennero I1oBoKbsl OHa BCerAa MpUBJICKala BHUMAHHE Kak
MPEJCTaBUTENh OCETPOBHIX, HE COBepIIaromuil Oompmmx murpanuii. Eme B mepuon ¢ 1910 mo
1917 rox mpoBOAMANCH PabOTHI IO U3YYEHHIO BOIIPOCOB BOCIIPOM3BOJCTBA CTEPILIIN. YKE TOT/Aa
OTMEYaJoCh, YTO «HEIIOMEPHBII BBUIOB CTEPJIAN, HECOOTBETCTBHE CPOKOB 3alpeTa IEPHOLY
MKPOMETaHUsI ¥ BOOOIIE HEJOCTATOUYHOCTh €€ OXPaHBI JaXe B OJIArONPHATHBIX YJacTKax Uil ee
JKU3HH TIPUBOJAT K IIOCTETICHHOMY YIIaIKy CTEPIISDKBEr0 MpOMBICTay [4].

[IpoBeneHHble cCreNMaNBHBIE HCCIENOBAHMA OHOJIOTHMM CTEPIUSIIM  IIOKa3alH, dYTO
«CTepIsib - OAMH W3 HanboJee yCTOWYMBBIX, HE CKJIOHHBIX K MCYE3HOBEHHIO BHJOB PHIO U JIMIIb
TOJBKO KpaliHE HAacTOWYMBOE W TNPOJOIDKHUTEIBHOE IIPECNICOBAHHE €€ UEIOBEKOM MOJKET
UCTPeOUTh € B TOM WM HMHOM Y4YacTKe peku». OKOHUYaTelnbHOMY HCTPEOJICHHIO CTepIsin
npensaTcTBoBay, mo MueHuio B. Kiepa [4], ocobeHHOCTH ee HepecTa W HECOBEPIICHCTBO JIOBA.
Cpenu ocobennocreil Hepecta crepiuinu B. Kiep oTMeder riaBHyI0: OHa MedYeT MKpY HE Ha
OOJIBIINX HEPECTHIINIIAX, I'7Ie COOMpaeTcs B CTaja, a BCIOAY, IJIE €CTh COOTBETCTBYIOIINE YIACTKH
rpyHTa U nojgxoxasumue yciaosus. B. Knep nucain, uro «crepisixbs kamnanus 1916 ronos, xoraga
ObUTH OpPraHW30BaHBl OYEHb MHOTOYHCIICHHBIC HAOIIOaTeNbHbIC MyHKTH B KazaHckom paiioHe,
0COOCHHO HAIIAJHO JOKa3aja, 4YTO CAMKH CTEpsiI MEYyT HMKPY B OJIMHOYKY M OCOOBIX
HEPECTHIINII HE CYIIECTBYET».

W3 mpoxonmueix pbi0 B KyHOBIIIEBCKOM BOMOXpaHWININE B HAYAIBHBIA IEPHOJ €ro
CYIIECTBOBAHMS OCTAINCH TOJBKO PYCCKHMH oceTp M Oeiryra, KOTOpble B MOMEHT 0Opa3oBaHMs
Bogoxpanunuma (1957 r.) naxogwnuce Beime wiotunsl [5] (Jlykun, Cunbuenko, 1985). Okoino
1000 pa3HOBO3PACTHBIX PYCCKHX OCETPOB OBUIO TAaK)Ke 3aBE3€HO M3 ACTpaxaHHW M BBIIYIICHO B
Bogoxpanumuiie [6]. Tlocne 1957 roxa mosoas Gexyru mo 1963 r. B ynoBax He BCTpevaiach, a
aeroM 1963 r. nosiBUIack B J0BOJIBHO OoJibiioMm kosiuuectse [7]. [To muenuro A.B. Jlykuna [6], B
1963 r. mpouzomen MOBTOPHBIH HEPECT PbIO, 3aJep)KaHHBIX B BOAOXPAHMIIMIIE TPH NEPEKPHITHN
Bonru mmotuHo#t. K oceHn Momons Oenmyru cKaTtwiack B Mope, U mocie 1964 r. oHa mepectana
nonajgaTecs B ynoBax Ao 1977 r. Jlerom 1977 r. B paiioHe TeTiom BHOBb CTajla MOMagaThbCs
Mojonb Oemyru. B Tex mecrax, rae JoBWiIack MOJIOJb, IO 0Opa3oBaHMS BOJOXpaHWIHIIA OBIIO
HEepeCTUIIMIIE, Ha KOTOPOM pa3MHOXKAIHCh CTepisiab, Oemyra m ocerp [8,9]. IlpoBeneHHsIit
MOP(HOJIOTHYSCKUI aHAIIN3 JIOBUBLIMXCS JK3eMIULIPOB Mo3Boimin A.B. Jlykuny [5] BeIABHUHYTBH
NPEIOI0KEHNE O TOSBICHUN B BOJOXPAHMININE 'MOPHUIIOB CTEpISAM ¢ OeNlyroil W crepisian ¢
0CETPOM, KOTOpBIE CYIECTBEHHO pa3lM4aalCh MO psay Npu3HAKoB. IIo ero MHEHHIO, 3TO MOIIIO
OTpa3uThcss Ha (POPMHUPOBAHMHM 3aAIacOB CTEPISAM B BOAOXPAaHWIMIIE M HAa €€ MOPQOIOTHH.
[Nocnennsis kpymHast Genyra - camen; Becom 207 kr - Obula moiimMaHa B ycThe Kambl B QeBpaie
1983r. [5].

C onmHOHM CTOpPOHBI, 3HAUEHHE CTEPJSIIM B COCTaBe MXTHO(MAyHBI BO3POCIO B CBSI3U C
3aperyaupoBaHUEM CTOKa p. Boiarm M Mcue3sHOBEHHEM APYIMX HpPEJCTaBUTENEH OCETPOBBIX, C
JPYroil CTOPOHBI, CTEPISIb - THUIMYHBIA peouil, U ee MOy IIpeTepreNna CyleCTBEeHHbIE
M3MEHEHHUS B YCIOBHAX Bojoxpanwmma. [lomysims crepisaau KyHObIeBckoro BoA0XpaHHIIHIIA
copMupoOBaIach Ha OCHOBE CTaja CpelHEBOJDKCKOW crepisimu. C MoMeHTa 0oOpa3oBaHMs
BOJIOXPAHWINILA U CTAHOBJIEHUS €r0 3KOCUCTEMBI IPOU3OLUIN CYIIECTBEHHbIE U3MEHEHHS B psje
Ouonorndyeckux ocoOeHHocTeH crepisiaun. OHa SBISETCS JOCTATOYHO XOPOIIO H3yYEeHHBIM
00beKkTOM MecTHOHM uxTHodayHbl. I1o Mepe 0cBOEHMS HOBBIX YCIOBHH OOMTaHMS, CKOPOCTH POCTa
cTepnaau ysenuuunack. Eciau B nepuoa ¢ 1956 mo 1960 roxel crepisau AeCATUIETHETO BO3pacTa
umMen ey okouo 35 em [10, 11, 12], To k Havyanxy 80-X ro0B OHM UMEINH UTHHY OKOJIO 55 cM.
W3yuenne pocra crepasau mnokaszano, 4to 78,3% caMOK B KOHTPOJIBHBIX YJIOBaX HMMeEIH
abcomoTHyI0 AnuHYy 0T 45 10 65 cM. Camku Berpedanuch ot 1 1o 21 rozxa, O0IbIIMHCTBO 0cobei
umenu Bospact oT 3 go 13 ner. OpHako, HECMOTPSL HA yBEIMYEHHE CKOPOCTU POCTa CTEpPIsau,
CTaJO OTMeYarThCs ee OoJiee IMO3/1HEE IO0JOBOE CO3pEBaHME NPH OONBIIMX pa3Mepax: camble
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MJIAJIIIE CaMKH, TOTOBBIE NPHHSTH y4acTHE B HEpecTe W Haxoiusimecs Ha Y cragum 3penoctn
TOHAJ, UMeNH Bo3pacT 9 set npu mmmHe 48-51 cM. BonpmuHCTBO mMONOBO3pENBIX caMok (86,3%)
uMmenu Bo3pacT 11 mer. Berpewanmcs B ytoBax HETMONIOBO3penble caMku, Haxomsmmecs Ha 11 u I1-
JKUPOBOH CTagusIX NOJOBOM 3pEJIOCTH B Bo3pacTe 13 mer.

B konHume XX croseTHss MXTHOJOIM CUMTAlIM HCYE3HOBEHHE CTEpISIIM M3-32 OLEHOK
COCTOSIHMSI €€ TOHajJ TP CHIDKCHHH CKOPOCTEH TEUYEHHS B BECCHHHMIH IIEPHOJ BEPOSATHBIM B
KOPOTKH# TPOMEKyTOK BpeMeHHu [13]. DToMy MHEHHIO CIOCOOCTBOBAIO M €€ COKpAIlCHHE B
ynosax (puc.1) [14]. 3anacse crepasiau Beerna 6puth HeBenmuku [ 14]. B 80-90-e rogsr XX croserns
TIPOM30INIO 3HAYUTENFHOE COKPAI[CHHE YIIOBOB CTEPILIAN B mpenaenax pecrmyomuku ¢ 141 T (70-¢
ronbl) 70 5-10 T B Havane XX croneTws.
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Puc. 1. [lunamuka ynoos crepisiau B Pecnyonmuke  Fig.1. Dynamics of sterlet catches in the Republic of
TarapcraH 1Mo JaHHBIM O HIHAIBHON CTATHCTHKH Tatarstan according to official statistics
*Ucmounuk: cocmasneno agmopom. Source: compiled by the author

B Hacrosiiee BpeMst CTepIsiib OTHOCHTCS K PEIKUM BHIAM U 3aHeceHa B KpacHble KHUTH
psina cyosekToB Poccuiickoit deneparmn:

» Kpacnas kaura Poccuiickoit @enepanuu (momymnsamuu BepxHaeit u cpeqaeit Kamsl, Cypbr)
/mctournk uHGopMarun: http://biodat.ru/db/rb/rb.php?src=1&vid=167/.

» KpacHas KHHUTa Bamkoprocrana (ucToUHMK nHpopmanmm:
http://lwww.redbook.ru/article88.html);

= KpacHas KHMTa UyBanickoii PecnyOnmxu (McToUHMK HHPOPMALINH:
http://enc.cap.ru/?t=publ&hry=159&Ink=4171);

= KpacHas KHHra Mapuit On (mcTouHHMK HHPOPMALINH:
http://lwww.gov.mari.ru/debzn/ekolog/ekol—post_pravit75.doc);

» KpacHas KHUTa VYIIbsTHOBCKOH obJslacti (ncTouHUK nHpopmanmu:

http://redbook73.ru/docs/02—-3—-3-003.php);

» KpacHass kuura Hmxeropojckoit obnactu (Mctounuk wHbopManmu: http://red—book—
nn.ru/docs/02—-3-02-001.htm);

» Kpacras kumra KwupoBckoit oOmactu (uctounmk wHpopMmarwm:  http:/hi—
bio.narod.ru/redbook/fishes.html#1);

= Kpacnas KHHUTA OpeHOyprekoit obnacTu (McToUHMK HHPOPMALINH:
http://lwww.orenobl.ru/priroda/kr_kn.php);

Bun oxpansercs Bo Bcex mnorpaHu4HbIX ¢ PecmyOmmkoit Tarapcran cyObexTax
Poccuiickoit @enepauuu, a NONyJSIUA CTEPISLIM Bbllle 1o TeyeHuto p. Kamel u B p. Cypa umeror
HaMBBICIINHA rOCY/IapCTBEHHBINH CTaTyC oXpaHbl — 3aHeceHb! B KpacHyto kaury Poccun. [Tockonbky
u B KoHIe XX CTOJNETHS W B HACTOSIMH IEPHOJl OTMEYAaeTCs €XKEroJHOe IOSIBICHUE MOJIOAN
crepisimn B Kamckom mtece, B Pecriyonmike Tartapcran B 2017 roay coszgan ['ocynapcTBeHHBIN
NPUPOJHBIA 300JIOTHYECKUI 3aKa3HUK perrHoHanbHOro 3HaueHus «Hepectunmiue crepisam»
(puc.2) obmeit uromaaeto 1750 ra.

> & Vinescxoe

“Tanpetnan 30ma;HikHeKaMcKoH 3C
Coxonscxoe
)
yrckoe
mBaHAOBCHOE.
o8

DoAY PAACKOR Lo rnirmomoninoe.

Meummexoe
Araacacxoe

Puc. 2 TocymapcTBEeHHBIH npuponusiii  Fig.2 State natural zoological reserve of regional
300JIOTHYECKHI 3aKa3HUK PErHOHABHOrO 3HaueHus  Significance "Spawning ground for sterlet".
«Hepectunuuie crepasany».
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*Hemounux: cocmasneno asmopom. Source: compiled by the author

VioBel B peke Bosra g0 3aperymupoBanus kosebaimuch ot 1350 mo 1910 Tomn [7].
MaxkcumanbpHBIE  YIOBBI B BOoJoeMax larapcrana g0 oOpa3zoBanus KyHOBIIIEBCKOTO
BOJIOXPAHHMITHIIA TPUXOAATCA Ha Hadano 30-x rogoB XX cromerust — 2020 (1932 r.) — 2300 ToHH
(1933 1.). B 1950-¢ romsr mpu oprann3amuu KyObIIeBCKOTO BOJZOXPAHWININA IDIAHUPOBAIUCH
ynoBBI pIObI B 00beMe 20-24 THIC. TOHH, OCHOBY KOTOPBIX JOJDKHBEI (popmupoBath Jsent (35%),
cazal (15%), cymak (10%), myka (8%) u ocerpoBsie (2%) [7]. OcTanpHbIC BUABI TOIHKHBI OBLTH
cocTaBiATs 30%.

[IpomsicioBEIi 10B peIOB B KylOBIIeBCKOM Bomoxpanminiie oepetr Havaso ¢ 1961 r. o
3TOro OBII MEpHOJ 3alpEUICHUs BBUIOBA I HApalMBaHMA cTaga pbi0. IlepBble MakCcHMasbHbBIC
(bakTHUeckue ymoBsl ObUTH oTMeUeHHI B 1963- 1966 romax — 2,5 — 3,2 teic.T. OCOOSHHO BBICOKOI1 B
ynmoBax OblIa 1071 uryku — B 1963 1. ee BeutoBmmn okono 600 T B Pecrybnmke Tatapcran u 1400 T
B 11e71oM 110 Bojoxpanmwmmnty [2, 3]. K 70-m romam XX croneTrs OBUTH CIeNaHBl BEIBOIBI O TOM,
YTO JIEIl, CYAAaK CMOIJIM aJalTHUPOBAaThCd K BOJOXPAHWIHIIHBEIM YCIOBHSAM H CIOCOOHEI
o0ecreunTh MOMOIHEHNE CTaAa PhIO 3a CYET ECTECTBEHHOTO BOCIPOU3BOJCTBA. A TaKHWE BHIBI KaK
IIyKa W CHHEI, M3-32 HEIOCTAaTKa MECT /I OTKJIAIbIBAHUS HKPbl HE CMOTYT IOJJICPXKHUBAaTh
YUCICHHOCTh Ha BBICOKOM ypoBHe [3]. C 1970 —x mo 1990-¢ roxmer ynoBel B PecmyOmmke
Tarapctan konebanuck okono 2000 ToHn B rox [1, 4]. CHmKanuch YJOBBI CyAaka MU IIYKH.
Menkuii 9acTUK (CHHEIL, TycTepa, MII0TBa, YeXOHb, OEpII) IO BUAAM IIPOMBICIIOM HE YUUTHIBAJICS.

B 2000-x romax OpITa OTMEUCHAa TEHICHIMS HW3MEHECHHS CTPYKTYpHl CTaga pbeid B
Ky#ObImeBckoM BOZOXPAaHWIMINEG: yBENWYWIACH 10T MAIOIEHHBIX M COPHBIX BHIOB PHIO H
COKpalanach J0Ji1 LEHHBIX HpoMbIcioBblXx BuaoB [1]. Ha pucynkax 3 u 4 mnpencraBieHa
JVHAMUKa yIoBOB B KyHOBIIIEBCKOM BOZOXPaHMIIHIIE.
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Puc. 3. ®@akruueckue yaoBel  peiObl B Fig.3.Actual fish catches in the Kuibyshev reservoir
Kyii6biieBckoM — Bogoxpanwiniie B mpeaenax — within the Republic of Tatarstan from the beginning
Pecny6nuku Tarapcran ¢ Havana jtoBa 10 2008 r. of fishing to 2008

*Uemounuk: cocmasneno asmopom. Source: compiled by the author
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Pecny6auxu Tatapcran

Puc. 4. ®aktuueckue ynoBsl B KyiiOsimesckom  Fig.4.Factual catches in the Kuibyshev reservoir in
BOJIOXPAHUIIUIIE B OTAEIBHBIE TOIBI selected years
*Hemounux: cocmasneno asmopom. Source: compiled by the author

Ha pucyHkax 5 m 6 moka3aHO COOTHOIIEHHE (akTHyecknx yioBoB B KyiiOwimeBckom
BogoxpaHwmiie mo pernonam B 2014 r. u 2017 r. Kak BUIHO W3 TpUBEISHHBIX Ha pHC. 5 U 6
naHHbIX Pecnybmuka Tarapctan mooOeBaeT 6omnee 50% Boabx OuopecypcoB KyiObImeBCKOTO
BOJOXpaHWININA. B CBSA3M C 3THM aHanM3 NAaHHBIX 1O BBUIOBaM B PecrmyGmmke Tarapcran
OTpa’kaeT OCHOBHBIE N3MEHEHHS B COCTAaBE M CTPYKTYpPE MXTHO(AYHBI BOJOXPAHHIIHIIA.

B HayanbHBIN MEpHOJ CYIIECTBOBAHUS BOIOXPAHHWJIMING JA00BIYa pHIOBI CHMXKAlach. B
1989 1. BeUTOB MO KyiiObIIIeBCKOMY BOJOXpaHWIUITY B 1ienoM coctaBua 5981,1 T. B 1994 r. —
2619,7 1, B 2005 r. — 2114,2 1. Tonbko ¢ 2006 roma Ha4aIOCh MOCTEIIEHHOE YBEIMUEHUE TOOBIIH
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peo6r: B 2007 1. — 2863,2 T, B 2008 rTomy BhuTOB moctur 3140,2 T, a B 2009 r. HECKOIBKO
cHuM3MIICS cHoBa — 2891,8 T.

319,5; 8% 57; 1% 84,5; 2%

»

1546,7; 37% 2189,1; 52%

O Mapuii Ja B Yysamus O Tarapcran

O VYasauosckast 06;1. B Camapckas 061,

Puc. 5. CootHourenue ¢akTiuueckux ymoBoB B Fig.5.The ratio of factual catches in the Kuibyshev
KyiObinieBckoM BOJOXpaHMIJIMIIE [0 PErMOHAM  reservoir by region in 2014
B2014r

*Uemounuk: cocmasneno asémopom. Source: compiled by the author
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Puc. 6. CooTHomeHne (aKTHYECKUX YJIOBOB B Fig.6.The ratio of actual catches in the
Kyii0pImeBckoM BoOXpaHMIMIIE 110 pernoHam  Kuibyshev reservoir by region in 2017.
B 2017 r.

*Ucmounuk: cocmasneno agmopom. Source: compiled by the author

Hayunasi 3HaYMMOCTb HMCCJIeIOBAHHUS 3aKJII0YACTCS B BBISIBJICHUHM 3aKOHOMEPHOCTEH B
(hopMHpOBaHNH Ka4eCTBEHHOTO M KOJMYECTBEHHOTO COCTaBa BOJHBIX OMOpPECYpCOB, YTO MMEET
BBICOKYIO MPAKTHYECKYI0 3HAYUMOCTD IIPH OPTaHU3AIMY POMBIIIJIEHHOTO JIOBA PHIObI, BEAECHHS
KpacHoit kaurH, onpezeneHus BO3MOKHOCTH M HEOOXOJMMOCTH JIOBa KOHKPETHBIX BHJIOB PHIO

Llenv dannozo uccnedosanus — pacCMOTPETh KAaYECTBEHHBIH M KOJMYECTBEHHBIN COCTAB
BOJHBIX Omopecypcos KyiOblmeBckoro BojoxpaHmwimma B npeaenax Pecrybmmku Tarapcran mo
MoKa3aTelnssM (aKTUYECKOTO BBUIOBA PBIOBI PBHIOOTOOBIBAIONIMMH OpraHW3alMsIMK; BbISBUTDH
OCHOBHBIE TEHAEHIMH M3MEHEHUs CTPYKTyphl CTaja pbl0 B CBS3M C COBPEMEHHBIMH
0COOCHHOCTSIMM YPOBEHHOTO peXMMa M3MEHEHWSMU KJIUMara JUisl YIPaBJCHUS BOJIHBIMH
OMONIOTMYECKUMH pEecypcaMH: COXpaHEHHEM W YBEJIMYEHHEM CTaja LEeHHBIX BHIOB H
UCIIOJIb30BAaHWEM MAJIOLIEHHBIX M COPHBIX BHAOB JUI DEIICHHs NPOOJEeM 3KOJOTHUECKOH W
MPOJIOBOJILCTBEHHOH 0€30I1acHOCTH.

Mamepuan u memoouxa ucciedoeanus

B xozme paboThl OBII MpOBENeH aHaIM3 COOCTBEHHBIX HCCIEIOBAHMH M JHTEPATypPHBIX
JaHHBIX 10  THAPOJIOTHYECKMM  XapakTepucThkaM  KyHOBIIIEBCKOro  BOJOXpPaHMIIMINA,
TEMIIEpaTYpHOMY PpEXHUMY pETrHOHa MW cocTossHMs uxTthodayHel. B pabore mnst aHanmmza
COBPEMEHHOI'0 COCTOSIHHMS PECYPCHOM YacTH CTaja PO MCIOIb30BaHbl IAHHBIE 110 BHIJIOBY PHIOBI
pBI00IOOBIBAIOIIMMY  OPTaHM3alMsAMM, [PEJOCTaBICHHbIE [ OCYyZapcTBEHHBIM  KOMHTETOM
PecnyOmmuku TarapcTan Mo OMOJIOTHYECKUM pecypcam.

Pezynomamot uccnedosanusn u ux oocyicoenue

B Pecny6nuke Tarapcran k 2008 r (puc.3) ynoBbel cocraBisuin okono 2000 1, TO B
nocsieiHue rosl (puc.7) onn okoio 3500 T.

156



Ipobnemvi snepeemuxu, 2023, mom 25, Ne3

2300 " *
2000 4 r_‘__.___—r/

TOHH
=
[
=
=

2016 2017 2018 2019 2020 2021 2022

== DaxTiueciil EBUIOE, T

Puc. 7. @akrmueckue ynoBel  peibbl B Fig.7.Factual fish catches in the Kuibyshev reservoir
KyiibpimieBckoM — Bomoxpanmwimine B mpenenax — Within the Republic of Tatarstan in the period from
Pecniyonnkn Tatapcran B mepuon ¢ 2016 r. mo 2016 to the present

HACTOsIIEE BPeMsI

*Uemounuk: cocmasneno asmopom. Source: compiled by the author

Takum oOpa3zoM, ¢ Hauasa XX| crojerus oTMeuaeTcsi IMOCTENIEHHOE YBEJIMUCHHE
(haKTHYECKOTr0 BHUIOBA PHIOHI.

UtoObl pa3o0paThcsi 3a CYET, KaKMX BUIOB PhIO HAET yBEIMYCHHE YJIOBOB, Ha pucC. 8
Npe/ICTaBIeHbl JaHHbIe MO0 cooTHoweHUIo (%) prl0 B dakThyeckux ynoBax B KyiObieBckom
BOJIOXpaHWIHINE B mpeaenax Pecrnyomuku Tarapctan BO BpeMEHHOM acrekTe ¢ maroM B 10 jer: B
1998 1,2008 r. u B 2018 .

OcHOBY mpoMbicia (OPMHPYIOT JIell, TycTepa, CHHEIl, IUIOTBa W cyaak (puc.2).
BcnoMHHM, YTO TIpH CTPOUTENBCTBE BOJOXPAHWIIMIIA IUIAHHPOBAJIOCH, YTO OCHOBY BBUIOBA
obecmeuar semy (35%), cazan (15%), cynak (10%), uryka (8%) u ocerpoBbie (2%). Kak BugHO 13
MPUBEICHHBIX JIAaHHBIX Ha pUC. 5 m0id jema BapbupyeT okosio 31-34% u OH 3aHMMaeT mepBoe
MecTo B yJioBax 3a Bech mepuoj. Cazana B ()aKTHYECKOM BBUIOBE OYeHb Maiyio: Bmecto 15% -
okoo 2%. MOXHO MOCMOTPETh, CBsI3aHa JIM HU3Kas JI0JIS B YJIOBaxX ¢ OPaKOHbEPCKUM BBUIOBOM
cazaHa. B [15] npuBoasiTcs JaHHBIE 1O COCTaBY YJIOBOB PhIOAKOB — JFOOHMTENEH M phIOAKOB -
OpakoHbEPOB Ha pa3HbIX ydacTkax Ky#OsiieBckoro Bomoxpanunuina B Pecrnyomuke Tarapcrah.
OCHOBHBIE BH/IBI B yJIOBAaX PHIOAKOB M3 KapIOBBIX PBIO — JIEIll, IJIOTBA U CHHELl. B ynoBax pri6akos
Ha p.Kame u B KamckoMm mece Bojoxpanwmmia Berpedanuch Jjeir (10%), cazan (7%), mioTBa
(6%), cuner (5%), xepex (5%), yexons (4%) u xapack cepebpsiubiii (3%). B MemmHckoM 3avBe
n yctee p.Memmu nossatcs nemr (12%), miotBa (12%), cazan (7%), cunery (6%), yexons (6%),
Kapach cepeOpsaHbii (6%) u xepex (3%). B p.Cusire u CBHSIKCKOM 3ajJMBE BOJOXPAHMININA
nosstest ey (10%), cazan (8%), cunent (8%), uexonb (6%), mmotsa (6%), kapach cepeOpsHbBIMA
(5%) u xepex (5%), rycrepa (1%). B ycthe p.Kazanka nosites mnotsa (15%), nem (12%), cunery
(10%), uexons (8%), kapack cepebpsnblii (3%), xepex (2%), ryctepa (2%), 5136 (2%), cazan (2%),
ykies (2%), kapach 3omotoit (1%). Ilo pesympraram ompoca BBIIBWINCH M OCHOBHBIE MecCTa
BBUIOBA Ca3aHa — 3TO paifoH Bonrm nHampotuB yctes Ceusarn (BacunbeBo-3aiimmuine) U ycThbe
Memmn - ycrbe Kamsl (AtabaeBo). 3a ofHy ppIOaIKy B MapTe Ha 3THUX y4acTKaxX BBUIABIMBAIOCH JI0
300 kr ca3ana cpeJHel MTydyHOM Maccoi okoyio 3 kr. Heo0XoauMo OTMETHTh, YTO B pailoHe dTHX
Y4YacTKOB DPbHIOX03aMHU IMPOBOAMIIMCH BBIIYCKHM ca3aHa. TakuMm o0pa3om, Mmaias /Ol ca3aHa B
(hakTHUECKOM BBIJIOBE PHIOBI HE CBSI3aHa ¢ OPaKOHBEPCKUM BBUIOBOM ATOH LIEHHOH PHIOHI.

Cunen, rycTepa W Jien BMECTe NPAKTHUECKH OIPEeNAoT OKoJIo 65% BBUIOBA.
Esxeromnsrii Bei1oB cuHIA B 90-¢ romsl XX crosetns BapbupoBan ot 305 1o 396 T, ZOCTHTHYB K
2009 r. - 440 T u B 2022 1. - 451,5 T. IHTEpecHO OTMETUTH, YTO JOJISI CHHIIA, TYCTEPHI U Jiema
ITUX PBIO MOCTENEHHO CHMXKAeTcsl. B TO BpeMs Kak CcyJak B IHOCIHEIHEe JEeCATHICTHE yBEIUYnII
JIoJTto B ynoBax ¢ 5% 1o 9%.
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Puc. 8. Coornourenme (%) poi6 B ¢aktnuecknx Fig.8. Ratio (%) of fish in factual catches in the
yiaoBax B KyiiOsimeBckom Bomoxpanmnmumie B Kuibyshev reservoir within the Republic of Tatarstan

npeznenax PecyOmuku Tatapcran
*Ucmounuk: cocmasneno asmopom. Source: compiled by the author

OObikHOBeHHBIH — cymak  (Stizostedion  lucioperca  L.)  sBisiercss  MIMPOKO
pacnpocTpaHeHHbIM BuaoM B Cpenneil u Bocrounoit EBpome. Cynak BcTpewaercs B pekax u
o3epax OacceifHa bantmiickoro, Yeproro, Kacmuiickoro u Apansckoro mopeii [16]. O oburaet
Kak B NPECHBIX, TaK U B COJOHOBAaTHIX BOJaX, oOpasyeT mosynpoxoinsie (Gopmbel. B mocnenxne
TOBl apeayl paclpoCTPAHEHUS cyJaka OBICTPO PACIIUPSIETCS 3a CUET ero aKKIMMATH3aLUH |
UCIIONIb30BAHMS KaK MEPCIICKTUBHOTO 00BEeKTa aKBaKyJIbTyphl Kak B Poccun, Tak u B EBpone [17;
18; 19]. B EBpore B pekax Peiin u JlyHaii cygak sBiseTcs 00bEKTOM CIIOPTUBHOTO PHIOOJIOBCTBA.
Ero makcumanbHas mmHa nocruraet 130 cm npu macce 12 kr [19]. lupokoe pacnpocTpaneHue
CyAaKk TOJydWwI W B CBs3M C ruapocTpoutensctBoM. OH Obn BcenmeH B HoBocmbupckoe
BOJIOXPAaHWIIUIIE, U3 KOTOPOTO cirycTuiics BHU3 o O6u 1o O6ckoit 1 TazoBckoi Ty6 [16].

Cynak 3aHMMaJl BTOpPOE€ MECTO B TIIpPOMBICIE IEHHBIX BHIOB B KyHObImeBckoM
Bomoxpanmmie 1o 80-imet XX Beka. Ero moOeua B 80-X romax Haxoamnace Ha ypoBHE 247 TOHH
B roj. TeHaeHLUsI MajeHusl YJIOBOB cyAaka HameTwiach ¢ Hauana 90-x rogoB XX cronerus. B
2000-x romax ero BBUIOB cocTaBisiI Ookoio 84 T B rox (5,9% ot obmero ymora). B 2002 r. ero
BeutoBIH 42,9 T (3,1%). C 2004 Toma oOmuii BEUIOB CyaKa B BOJOXPAHIIIHIIE YBEIUIMWICS ¢ 92
10 172 1. HeoOXonMMoO OTMETHTH, YTO CHI)KEHHE UHMCICHHOCTH Cyllaka OTMEJaJoch BO BCEX
BHYTPEHHHX BojioeMax ctpanbl Oosee yem 50 ser [20,21]. B mocneanue rojpl BHUIOB Cy/aKa
BapbupoBan ot 14,5 182017 r. 1o 22,2 7B 2021 1.

VYBenuyeHHe 0 B YJIOBaX Cy/laka CBS3aHO C YJIydLIEHHEM ero KOpMOBOW 0asbsl — C
pPOCTOM YHCIEHHOCTH cOpHOH pbIObl. B 60-x romax XX cronerus B KyiiObimeBckom
BOJIOXPAHWINILE OCHOBY IMUTAHUS CyAaKa COCTABIUIU JIEII U OKYHb [22] U cpelu KOMIIOHEHTOB
MHIIM OTCYTCTBOBAIM TIONIbKA, Oepmr U cynak. K 90-m rogam B KyHObImeBckoM BOJOXpaHUIIHIIE
M3MEHWINCh COCTaB W COOTHOIICHHWE KOMIIOHEHTOB MXTHO(ayHbl. B 3TOT mepmon B MaccoBbIX
KOJINYECTBAX B BOJOXPAHMIMILE BCTpEUaNach THOJIbKA, CTaBIIAsl ITaBHOM muilel cynaka. 3amnacel
TIOJBKH B BOJIOXPAaHWIUIIE OlIEHUBAINCE B 9 - 20 THIC. T, a € BO3MOXXHBIE YIOBHI - B 4 ThIC. T [23].
B aTOT mepmox oTMeuaeTcss CHIDKEHHE pa3HOOOpasusi B cocraBe nmmm cynaka [24]. Ilo
cpaBHeHHIO ¢ 60-Mu rogaMu B munie cygaka B 90-X rogax He ObUIM BCTpEUEHBI yKJes, IUIOTBa,
Jel, epul, CHU3WIOCh 3HAUCHME XepeXa, MOoAycTa U OKyHs. HOBBIM NMHIIEBBIM KOMIIOHEHTOM,
KpOME TIOJIbKH, CTaJl OBIYOK-KPYIIISIK. TronmbKa cocraBisiia, B cpequeM, 71,4 % 1o 4ucieHHOCTH U
31,8 % mo Macce numeBoro komka. Ha BTopom mMecte o yacToTre BCTPE4aeMOCTHU B MUILE CyAaKa
HAXOIWIIach ero cooctBeHHas Monons (11,8 %), a mo macce oHa Obuta Ha iepBoM Mecte (40,8 %).
B aToT nepuox s cynaka ObUI0 XapakTepHO OTCYTCTBUE BBHIPAKEHHOW M30MPATENBEHOCTH K TIHILIE.
On nurtancss HanboJiee MHOTOYMCICHHBIMH KOMIIOHEHTAMHM JKOCHUCTEMBbI, JOMHHHUPYIOIIMMH B
neJjlaruaiy: 3MMOH, BECHOM U OCEHbIO, B OCHOBHOM, TIOJBKOIi, a JIETOM — COOCTBEHHOW MOJIOJbIO
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[24]. B magane XXI cronerrss OCHOBHBIMH KOMIIOHEHTaMH palliOHa cynaka ObUTH TIOJbKA, YKIIes,
rycrepa, Jell, IUIOTBa, Oepil, cyaak u oKyHb [25]. JIeTOM M OCEHBIO OCHOBY MHIIEBOTO KOMKA
cocraBmsu TiONbKa (o 100% wmaccel mumeBoro Komka) u ykiest (mo 50%). %). Anamms
M30MPaTETBHOCTH ITUTAHMS Cy/laka ITOKa3all, YTO MPENIOINTaeMOIl MUIIEH SBISFOTCS OepIll, CHHEN
W TIONbKa (MHIEKCH m30mpanus coorBercTBeHHO 0,9; 0,6; 0,5). Takwe BHIBI Kak Jiell, IJIOTBA,
rycrepa, ykies, 5i3b OTHOCHINCh K m30eraemoi mume. Kpome ppid B mumime cymaka B MalbIX
KOJIMYECTBAX BCTPEUATHNCH PaKOOOPa3HbIC, TMIMHKI HACEKOMBIX M MOJUTIOCKH. V3ydeHue mutaHus
cymaka B KyHOBIIIEBCKOM BOJOXPAHWINILNE IOATBEPXKIAET €ro BBICOKYIO 3HAYMMOCTh Kak
Omonorndeckoro Menwopatopa. OIHON W3 OCHOBHBIX OCOOCHHOCTEH NHTaHHS Cynaka ObBLIO
npeobIagaHre BECHOW B COCTaBe MUIEBOTO KOMKa OKYHEBBIX phIO (OepIla u OKyHS) W IDIOTBHI, a
JIETOM W OCEHBIO OCHOBY IIHTAHUS CyJaKa coCTaBILuUIHN TIobKa (12-100%) u yxies (o 50%).

[orenmmanpHas peiOomponykiuss K Havamry XXI| cromermss B KyiiOpmmeBckom
BOJOXpaHWIMIIE B Tmpenenax Pecmybmmkn Tartapcran cocraBmsima okomo 200 xr/ra, dro
COOTBETCTBYET BO3MOXKHOH €XErogHo# pbIOHON mpoxykiwn okoio 6000 T, 3 HUX Ha JTOJIO PHIO-
6entodaros npuxoauiaoch 12,7% [7, 10]. Cazan B 3THX YCIOBHSIX YK€ HE SIBISCTCS JIyUIIHM
0o0bekTOM Uil paboT 1O HampaBieHHOMY QopMmupoBaHH0 uxTHO(ayHbl. C MO3MIUH
WCIIONIb30BaHMS BOAOXPAaHWIMINA Kak 0a3bl IAcTOMIIHOW aKBaKyJIbTYphl BO3pACTaET pPOJb
wiaHkTo(aroB  (puTOIUTaHKTO(PAroB+300IWIAHKTO(PAroB) — TIECTPOrO TOJCTONIOOMKA H  €ro
THOPHUIOB ¢ OEITBIM TOJICTOJIOONKOM H, BO3MOXHO, BECIOHOCA, KaK HanboJjee eHHOro o0beKTa. Mx
KOHKYPEHTaMH 110 MMTAHHIO B BOJOXPAHWIUILE B HACTOSIIECE BPEMs SIBISIFOTCS CHHEI M TIOJIbKA.
[TockonmbKy BCElEeHHS LEHHBIX IUIAHKTO(AroB He IPOBOIUTCS, 3aKOHOMEPHO IPEATOIOXKUTH
yBEIMYEHHE B yJI0BaxX a0OpPHUTeHHBIX IIaHKTO(aroB. TroabpKa 3a MOCIeAHIH IEPHO IPEBPaTUIIACH
U3 BHJA, 5)KOHOMHYECKAs [1eJIeCO00pa3HOCTh BBUIOBA KOTOPOTo obcyxaanack [23], B BUX, KBOTA Ha
BBIJIOB KOTOPO#i cocTaBuina B nocnenuue rofst 41,9 — 49,9 toun (puc.9).

AHanu3 AaHHBIX MO YJIOBaM CBHJETENBCTBYET O POCTE NONHM MAJIOLECHHOW pPHIOBI B
nocaeauuid nepuof. K 2010 r. manoueHHsle BUabI cocTaBuwin 53,4% B yJoBax, B OCIEIHUE TObI
uX g0 BeIpocia a0 62,3% - 68,3%.

Cuneny cpeam pblO, OOIMIA MOMYCTHMBIH YJIOB KOTOPBIX HE YCTaHABIMBACTCA B
KyiiopimeBckoM BomoxpaHwiuine B mpenenax PecrmyOmukm TaTtapcrad, 1Mo KBOTaM BBIJIOBa Ha
BTopom Mmecte (puc.10).

B 3THX ycnoBusX ¢ MO3MIMH YITydIICHHS COCTaBa MXTHO(ayHBI M €€ HarpaBIeHHOTO
(hopMHpOBaHMS 3HAUNTEIHEHO BO3pAcTaeT pOJb TAKUX aKTUBHBIX XHITHUKOB, KaK CyJaK U Oepi.

bepmr wim Boipkckuii cymak - S.volgense G. — sBusiercs oOuTatesieM TOJBKO
npecHOBOAHBIX OacceiiHoB Kacmmiickoro m YepHoro Mopeit [16]. B mocnemnee Bpems B
pe3yJibTaTe HPPUTalHOHHOTO CTPOUTEIBCTBA €ro apeai Takke pactmpsercs. OH cran oouTarenem
p. KybGanm, nosurcs B KpacHomapckoMm Bogoxpanwnumie, lllancyrckom, KprokoBckoM wu
Kybanckom mmmanax [26], akknumaTH3upoBaH B 03. bamxam. bepm siBrisieTcs mpOMBICTIOBBIM
BHUJIOM, YHCJIEHHOCTh KOTOporo B 2000-X rojjax MoBCEMECTHO CHUKAACh.

B KyiiObimeBckoM BoTOXpaHMITHINE OepI B yiIoBax A0 1973 r. oTHeNbHO HE YIUTHIBAJICS.
B 80-x ronmax ynoBsl Oepma coctaBimstiin oT 75 no 140 T B rox (puc.10). B 90-x rogax BbUIOB
Oepma cHmkaics u coctaBisul okono 40 T B roa. B 2000-x rogax yioBbl Oepiia BapbHpOBaIH
okono 27-35 T B roa. B 2009 r ero ynoBsl coctaBisiia okono 78 T (2,7% ot obuiero ynosa.) [10,
7]. B Hacrosiiee BpeMs YIOBBI cyaaka, Oepma u OkyHs pactyT (puc.l10, 11) u cocrapistoT
cooTBeTcTBeHHO Oojnee 250 T, Gomee 100 T m Gomee 150 T. B cCBSI3M C HM3MEHEHUSMH,
MPOUCXOSIIMMHU B 3KocucTeMe KyHOBIeBCKOro BOJOXpaHWIMINA, OTMEYAIOTCS H3MEHEHUsS B
OMOJIOrNH ITHX BHUJIOB.
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Puc. 9. Keotsl Ha BbUIOB pHIO B Kyitobimesckom  Fig.9.Quotas for fishing in the Kuibyshev reservoir
BoZloXpaHwiMiie B mpeneinax  Pecmy6mmkm - within the Republic of Tatarstan, the total allowable
Tarapcran, obumit gomycTuMbIid yiaoB KoTopeix He — catch of which is not established

YCTaHABIIMBACTCS

*Ucmounuk: cocmasneno agmopom. Source: compiled by the author

OcHOBY nuTaHUs OepIa COCTaBIAIOT TIOJIBbKA, MOJOAL Oeplla M Cyaaka, pakooOpa3HbIE
(ramMMapuabl, MU3UIBI, KyMOBBIE padykd) M MOJUTIOCKH (ApelicceHa, auToriaud, kuBopozaka). B
MUIIEBBIX KoMKax Oepieit maccoit 230-260 T (Bo3pact 3+ - 4+) BcTpedaeTcs 10 10 9K3. TIONBKH.
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Puc. 10. VYnoBel cymaka, Gepmia u okyns B Fig.10. Catches of zander, bersh and perch in the
KyiiObimeBckoM — BomoxpaHmnumie B mpexaenaax — Kuibyshev reservoir within the Republic of Tatarstan
Pecnyonuku Tatapctan

*Hcemounux: cocmasneno asmopom. Source: compiled by the author

BaxHoe 3HaueHNe B MUTaHNUH Oepiia UMEIOT MPEICTABUTEINN IIOHTO-KACTIMICKOM (ayHBI —
rammapust (10 36%), musuast (Paramysis intermedia, P.ullskyi) (mo 11,8%), kymoBsie paku (10
8,6%), apeiiccena (mo 76%). N3 mommrockoB kpome Dreissena polymorpha (Pall.) B muranum
Oepma Bcrpevanack D.bugensis (Andr.) u Viviparus viviparus L. JlnuHa npeiiccen BapbupoBaja B
MHUIIEBapUTEIBHBIX TPaKkTax oT 6 10 15,2 MM, a ux macca — ot 37 1o 292 mr. B nurannn Gepra B
eMHUYHBIX JK3eMIUIIpax BCTpedanunch 3aHeceHHbie B Kpachyro Kuaury Pecny6mmkm Tartapcran
y3konaisle pakd (Pontastacus leptodactylus Esch.). Ha puc.11 npejcraBiieHsl JaHHBIE 110 BHUIOBY
cymaka, Oepmia W OKyHS B KyHOBIIIEBCKOM BOJOXpaHWJIMINE IO peruoHaM. M3 HaHHBIX,
npencTaBieHHbIX Ha puc. 10 u 11 BUgHO, YTO OCHOBHBIM OOBEKTOM JIOBA SIBISIETCS CylIaK, a OKYHb
B yJIOBax IpeodIagaeT 1o CPaBHEHHIO ¢ OepIIIoM.
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Puc. 11. VnoBwl cymaka u Gepmia u okyHs B Fig.11.Catches of zander and bersh and perch in the
Kyii6bimiesckoM Bojoxpanmwiuie mo perdonam B Kuibyshev reservoir

2017 1. by region in 2017

*Ucmounuk: cocmasneno agmopom. Source: compiled by the author

Pocra 4umciaeHHOoCcTHM cymaka JOOWBAlOTCS TIPH  HAMpaBICHHOM  (opMupoBaHHA
UXTHO(ayHBI BOJOXPAHIUINI BCEJICHHEM €ro MOJIONU. B COBpEeMEHHOH CHTyallul OTMEYaeTCs
YBEITMUCHHE 3allacOB U PECYpPCOB CyAaka W Oepma. DTO CBS3aHO C CYIIECCTBCHHBIM yBEIHUCHHUEM
COpHOH PBIOBI, a 3HAYUT — KOPMOBOU 0a3bl XUITHUKOB. C 3THUX MO3UIMHA HHTEPECHO PACCMOTPETh
BBUJIOB TIOJIbKHM KaK BaXKHOT'O KOMIIOHEHTA TUTAHUs CyAaka u Oepiua. 3amackl TIObKU [23, 7] BO
BceM Ky#OpImeBcKOM BOJOXpaHHWIIHIIE OIEHUBATUCH B KoHIlE XX cromeTtus B 4500 T. KBOTHI Ha
BBUIOB TIONIBKM W €€ (PaKTWYEeCKHUl BBUIOB B IIOCIICAHWI MEpHO] MpencTaBieHsl Ha puc.12. IIpu
9TOM YTBEPKICHHBIC KBOTHI JOOBIYH TIOIMBKH cocTaBmin B 2020, 2022 romy 49.9 ToHHEI, a B 2023
rony — 41,9 ToHHBI.
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Puc. 12. KBOTbI Ha BBUIOB 1 (haKTHUESCKHUIA Fig.12. Catch quotas and actual catch of
BBUIOB TIOJbKU B KyHOBIIIIEBCKOM BOIOXPAHUITHIIE B kilka in the Kuibyshev reservoir in the Republic of
Pecny6mmke TaTapcran Tatarstan

*Hcemounux: cocmasneno agmopom. Source: compiled by the author

Takum oOpa3oMm, akTuyecknii BBUIOB TIONbKM cocTaBiuser 5,1% — 84% or
YTBEPKIEHHON KBOTHI. [10CKOIBKY MIMEHHO THOJIbKA UTPAET 3HAUUTEIbHYIO POJIb B MUTAHUU CyJaKa
u Oepmia OTCYTCTBHE €€ 3HAYMTENBHOTO BBUIOBA CIIOCOOCTBYET PpOCTY UHCICHHOCTH W,
COOTBETCTBEHHO, YJOBOB 3THX IEHHBIX XHIIHUKOB. COpOCHI BOABI W3 BOJOXpaHWIUIIA HE
OTpaXkaloTcs CyLIECTBEHHBIM 00pa3oM Ha 3amacax CyAaka W Oeplia, IMOCKOJIBKY CyJaK SIBISIETCS
IUTACTUYHBIM BUIOM B OTHOLIEHUU MECT HEPECTa U UCTONbB3YET I HEPECTa KOPSTH, ITHH, IECOK B
KauyecTBe HEepeCTOBOI'0 CyOcTpara Ha NPHPYCIOBBIX ydacTKax C INyOMHaMu 70 1,5 M n ydacTkax
OTKPBITOH BOJIBI C TITyOMHOM 2-8 M, a Oepll nMeeT MOpLHMOHHBII HepecT. OKyHb — HeTpeOoBaTeIeH
K cyOcTpaTy, MCIOJIB3yeT JUIl HepecTa NPHOPEKHBIE M OTKPBITBIE YYacTKH, NOTPYXEHHYIO
PacTUTENBHOCTD, KOPATH, ITHU.
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MOXHO OTMETHTh, YTO eclii B Hadase XX| cTojeTHs oTMedaynach 4eTKas TEHICHIUS
YBEJIMYEHMsT COBOKYITHOM J0JIM MaJIOILIEHHBIX M COPHBIX BHIOB pbI0 [15, 25], To B mocieaHue roipl
COBOKYITHAS JTOJIS IEHHBIX BUIOB PHIO IepecTalia CHIDKAThCS U IaXke BeIpocia (Tabmuma 1).

Tabnuya 1. CoomHouieHue YeHHLIX U MALOYEHHbIX BUO08 8 COoCmase 10808
Kyiibvuuescrozo sodoxpanunuwa 8 Pecnybauxe Tamapcman

The ratio of valuable and low-value species in the composition of the catches of the
Kuibyshev reservoir in the Republic of Tatarstan

IlenHbIe BUABI KBoTtbI BbLIIOBA, % MaJioneHHbIe KBoTbl BbLIOBA, Y0
2017 2021 2022 BH/IbI 2017 2021 2022
Cmepnsiob 0,17 - - Tycmepa 22,31 21,00 20,93
Cazan 0,84 1,70 1,79 Cuney 16,99 14,10 13,97
Com 0,26 0,31 0,33 IInomea 7,50 7,13 7,49
Cydax 6,52 7,80 7,77 Yexonv 3,40 3,10 3,10
]yka 0,56 0,98 0,97 Bepw 3,32 3,02 3,00
Hanum 0,46 0,42 0,42 OxkyHb 4,13 4,04 4,00
Jlewy 22,85 26,50 26,38 Kapacw 2,33 2,82 2,71
Toncmonobux 0,06 0,05 0,05 Vinetika 5,09 4,21 4,19
Tronvka 1,54 1,36 1,35
JKepex 0,73 0,68 0,67
36 0,47 0,45 0,46
Benoanasxa 0,47 0,42 0,42
Bcezo 31,72 37,67 37,71 Bcezo 68,28 62,23 62,29

ITo panseiM pokmaga B 2020 1. IIpomOBOIBCTBEHHOW U CEIBCKOXO3SHICTBEHHOM
opranmzanuun O0bequHeHHBIX Hanmii [27] oTMewaroTcs [Be OCHOBHBIE TEHACHIIMU B M3MEHEHUH
BBUIOBA PBIOBI TI0 OCHOBHBIM BOJOCOOpPHBIM pedHbIM OacceifHam. llepBas TeHAEHIMS — POCT
BbUIOBA DPBHIOBI BO BHYTPEHHHX BOJOEMax — OTMedaercss B 37 CTpaHax, Ha JOJI0 KOTOPBIX
npuxoauinock 58,7 % MUPOBOTO BBIIOBA PHIOBI BO BHYTPEHHUX BOJOEMAaX: CaMblid 3HAUUTEIHHBIN
poct 6611 oTMeueH B Kurtae, Muaun, Kam6omxe, MUanonesuun, Hurepuu, Poccuiickoit denepanuun
n Mexkcuke. B 28 crtpanax, Ha KOTOpbIe MPUXOIMIOCH 5,9 % MHPOBOTO BBIJIOBAa BO BHYTPEHHHUX
BOJIOEMAax, BBUJIOB COKpallayicsi, a O0beM MPOAYKLUUH aKBaKyJIbTYpbl 3HAUUTEIBHO POC — B
bpasunuu, Taunanne, Beetname u Typuuun. ons pexu Boiru B rmo0anbHOM BBUIOBE PBIOBI 1O
OCHOBHBIM BOJOCOOpPHBIM pe4HbIM OacceiiHaMm B Mupe oT oOmero BeutoBa — 0,28 %, a
Kacrmuiickoro mopsi — 0,76 % [27].

K nauamy XXI| Beka cpenHss prIOONPOAYKTHBHOCTh KyHOBIIIIEBCKOI0 BOJOXpAaHHUIIHIIA B
npezenax Pecriyoniku Tarapcran olieHMBanach B SKr/ra, a ¢ yueToM OpakoHbepCKOro JjioBa — B 14
kr/ra [10, 15]. IIpoBeneHHass coBpeMeHHasi OLEHKAa PBIOOIPOIYKTHBHOCTH PHIOOIIPOMBICIOBBIX
ydacTkoB KyHOBIIIEBCKOTO BOJOXpaHUNIIA B ipeaenax PecnyOmuku Tatapctan mo pesysibrataMm
(hakTHUECKOTO BBIIOBA PHIOBI ITpeCTaBIeHa Ha puc.13.
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Puc.13. PoibonpoaykTuBHOCTS (KI/Ta) Fig.13. Fish productivity (kg/ha) of
y4acTkoB KyiObIIIEBCKOr0 BOAOXPAHHIIHIIA 110 sections of the Kuibyshev reservoir based on the
pe3ynbTraraM (pakTHYCCKHX BHUIOBOB PhIOBI results of actual fish catches

*Hcemounux: cocmasneno agmopom. Source: compiled by the author
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Kak BumHo w3 mpuBeneHHBIX Ha puc. 13, 14 nmaHHBIX Ha BCEX PHIOOIPOMBICIOBBIX
yuactkax KyHOBINIEBCKOrO  BOJOXPAHWIMINA PBIOONPOAYKTUBHOCTh B TIOCIHCTHHUE TOJbI
BO3pacTaer.

40 . e . * - —
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—&— TeTIOLWICKMIA  CnaccKuii —— KamCKO-YCTbUHCKUIA
JNanweBcKuii n AneKceeBCKUiA PbI6HO-Cnoboackuii

—*%— MamagpblLCcKuii u Enabyxckuii

Puc. 14. V3meHeHne puIOONPOIYKTHBHOCTH (KI/Ta) Fig.14. Change in fish productivity (kg/ha)
yuyactkoB  Kyiiobimiesckoro Bomoxpanmmuma 1o Of sections of the Kuibyshev reservoir based on the
pe3ynbTraraM (paKTHYECKUX BBUIOBOB PBIOBI 110 TO/1a results of actual fish catches by years

*Ucmounuk: cocmasneno agmopom. Source: compiled by the author

Camast BbICOKasi pHIOONPOAYKTHBHOCTH IO pe3ynbTaraM ()aKTHYEeCKOTO BBUIOBA PHIOBI
ormeuaercst Ha TeriomckoM u Cnoacckom ywacTkax. CpenHss 3a TOCIEIHHE TOXBI
PBIOOTIPOAYKTHBHOCTE cocTaBmia Ha TertomckoM u Chacckom ydacTtkax — 31,53 kr/ra, Kamcko-
VYcereuackoM — 11,89 kr/ra, JlaumesckoM u AnexceeBckoM — 8,11 kr/ra, Peiono-Cio6oackoM —
7,19 xr,ra, Mamanmsickom u Ena0yxckom yuactkax — 18,15 kr/ra.

TakuM 00pa3zoM, OTMEHAIOLINICS MTPOLIECC YCKOpeHHUs 3BTpodupoBanus KyiiObImeBckoro
BOJIOXPAHWIINIIA B YCIOBHAX H3MEHCHUS BHEIIHMX KIMMATHIECKUX YCIOBHH M COBPEMEHHOTO
THIPOJIOTUYECKOTO PEKMMa TNPHBOJUT HE TOJNBKO K «IBETEHHIO» BOIBI, HO M K YBEIHUICHHIO
PBIOONIPOAYKTUBHOCTH. YUMTHIBasg, 4To B Hawyate XX| cToseTnss pboIOONPOIYKTHBHOCTD
Kyii6pimeBckoro Bojoxpanwmma B npeaenax Pecryomukn Tarapcran oneHuBanach B SKr/ra Imo
JTAaHHBIM O(HIIMATBHON CTaTUCTUKH, @ C yIeTOM OpaKOHBEPCKOTO JIoBa — B 14 Kr/ra ,a B HacTosIIee
BpeMs OHa TOJILKO MO JaHHBIM O(GHINAIBHONW CTaTHCTHKU BapbHpyeT oT 7 1o 35 Kr/ra, MOKHO
czienaTh BEIBOJ 00 yBennueHHH crerneHu Tpoduu KyHObineBckoro BoJOXpaHMIMIIA (B Mpeaenax
Me30Tpo]HOro Ki1acca KauyecTBa BO.).

3axnouenue

B pabore aHanmm3MpyroTCsl Ka4eCTBEHHBIH M KOJMYECTBEHHBIH COCTAB BOJHBIX OHMOpPECYpcoB
KyHObIIIeBckoro BOJOXpaHWIMINA M MX OCOOCHHOCTEH B YCIIOBHSIX COBPEMEHHBIX KIMMATHYECKHX
XapaKTepUCTHK U THUIPOJIOrHYecKoro peskuma. Ocoboe BHUMAHHE Y/IENIEHO COCTOSIHHIO MXTHOLIEHO30B
KytiOpmreBckoro BoJjoxpaHumina B rpenenax Pecryomku TatapcraH.

PaccMoTpeHBl B HMCTOpHMYECKOM aclieKTe M3MEHEHHs B yioBax crepisiau. IlokasaHa
HEOOXOIMMOCTh ~ OpraHM3allMd | OCyZapCTBEHHOTO — TPUPOAHOTO  300JIOTMYECKOrO  3aKa3HHKa
peruoHansHOro 3Hauenus «Hepectumie crepisaam».

[MpoBeneH aHanM3 IUHAMHUKHM HW3MEHEHMs YJIOBOB phiObI B p.Bonra m KyiiOsmesckom
BOJIOXpaHWIIHIIE. YIIOBBI B peke Bonra no 3aperymuposanus xonedanmuch ot 1350 go 1910 ToHH.
MakcumanbHble  YJIOBEI B BojoeMax Tartapcrana 1o oOpasoBanusi  KyiiOblmeBckoro
BOJIOXpaHUIHIIA Tpuxoasrcst Ha Havano 30-x rogoB XX cronerust — 2020 (1932 r.) — 2300 ToHH
(1933 r.). B 1950-¢ rogpl npu opranmuzanun KyObIIEeBCKOro BOJOXpaHWINIIA TIAHUPOBAIUCH
yIOBBI pBIObI B 00beMe 20-24 ThIC. TOHH, OCHOBY KOTOPBIX JOJDKHBI opMupoBath Jeny (35%),
cazaH (15%), cynak (10%), myka (8%) u ocerpoBble (2%). OcrambHble BUABI JOJDKHBI OBLIH
coctaBiath 30%. [IpombicioBelii J10B peiObl B KyiiObIIEBCKOM BOAOXpaHWIMIIE OEpeT Hadayo ¢
1961 r. Jlo sroro ObUI mepHOJ 3alpelleHHs] BBUIOBA Ul HapalluBaHHs crajaa poio. [lepBele
MaKCUMaJIbHbIC (PaKTHYECKHE YJIOBHI OBLIM OTMEYEHHI B 1963- 1966 romax — 2,5 — 3,2 THIC.T.
Oco0OeHHO BBICOKOH B yioBax Obuta joist myku — B 1963 1. ee BbuloBHIM okoio 600 T B
Pecny6imuke Tatapcran n 1400 T B niesom no Bojoxpanmmiry. K 70-m rogam XX cronerus ObutH
CAeTaHbl BBIBOABI O TOM, YTO Jell, CyJaK CMOINIM aJanTHPOBATHCS K BOAOXPAHMIUIIHBIM
YCIOBUSAM UM CIIOCOOHBI 00ECIeuuTh MOMOJHEHHE CTaja pbI0 3a CUYET eCTECTBEHHOTO
BOCIIPOU3BOACTBA. A Takue BHUJbI KaK IIyKa U CHHEL, U3-3a HeJOCTaTKa MECT Ul OTKJIaJbIBaHUS
UKpBI HE CMOT'YT MOJJEP>KUBATh YUCIEHHOCTh Ha BbICOKOM ypoBHe. C 1970 —x mo 1990-e roxsr
ynoBsl B Pecriyonmuke Tatapcran konebanucs okosno 2000 ToHH B roj. CHUKAIKCH YIIOBBI Cy/Iaka U
mykd. Menkuii yacTuk (CHHEl, rycrepa, IUIOTBA, YEXOHb, OEpIl) IO BUAAM IPOMBICIOM HE
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yauteiBasicss. B 2000-x romax OblTa OTMEUYEHA TEHIEHIMS YBETHMYCHHUS JOTM MAJIOICHHBIX H
COPHBIX BHJOB PHIO M COKpAIIEHUS JOJH IIEHHBIX MPOMBICIOBBIX BHAOB. K 2010 r. ManorneHHbIe
BUABI cocTaBuid 53,4% B yloBax, B OCIEIHHE TOABI UX IO BBIpocia 1o 62,3% - 68,3%.

B pabore mpencraBieHa AMHAMHKA COBPEMEHHBIX YiIoBOB B  KyiObImeBcKOM
Bonoxpanwmmnie. |Ipencrapnensr panubie no cootHomennio (%) poid B GaKTHUECKHX yIOBAaX B
KyiiOpimieBckoM BomoxpaHmMIne B npenenax PecmyOmuku TarapctaH BO BpEMEHHOM acIeKTe C
mraroM B 10 met: B 1998 1, 2008 1. 1 B 2018 1. IlokazaHo, 9YTO OCHOBY NpOMBICTA (POPMUPYIOT
Jem, TycTepa, CUHEL, IoTBa U cynak. CHHel, rycrepa M JIel] BMECTe IIPAKTHYECKH ONPENEIIIOT
okono 65% BBUIOBA. B 3TuX yCHOBHAX C TO3MLIMHA YIyYIIEHHs cocTaBa HMXTHO(QAayHbI M ce
HAIpaBJIEHHOTO (pOpPMHUPOBAHMS 3HAYUTEIHFHO BO3PACTAET POJIb TAKMX aKTUBHBIX XHIIHUKOB, KaK
cyIak u Oepr.

PaccMoTpeHBl 0COOEHHOCTH AWHAMHUKH YIIOBOB cynaka W Oepima. B mocnemHme rofp
BBUIOB cynaka BapeupoBain oT 14,5 T B 2017 r. mo 22,2 T B 2021 1. YBenudeHne IOIH B yIOBaxX
CyJaKa CBS3aHO C YIy4IIEHHEM €ro KOPMOBOH 0a3bl — ¢ POCTOM YHCICHHOCTH COpHOU pHIOBL. B
60-x romax XX cronerus B KyHObImeBCKOM BOIOXPAaHMIIHIIIE OCHOBY IMUTAHUS CyIaKa COCTABIISIIH
JIeNI ¥ OKyHb M CPeI KOMIIOHEHTOB UM OTCYTCTBOBAJIH TIONIbKa, Oepir u cynak. K 90-m roxam B
Ky#ObImeBckoM — BOJOXpAaHMININE HM3MEHWINCh COCTaB M COOTHOLIGHHE KOMIIOHEHTOB
uxTHodayHsl. B 3TOT mepno B MacCOBBIX KOJMYECTBAX B BOAOXPAHMIIMIIE BCTPEUANACh TIOJIBKA,
CTaBIIas TJIABHOW NHWINEH cypaka. AHanu3 M30MpPATENbHOCTH NUTAHUA Cylaka IOKasal, 4YTo
MPEANOYNTAEMON THIIEH SBISIFOTCS OepIll, CHHEI! ¥ TIONbKa (MHAEKCHl H30MPaHUsl COOTBETCTBEHHO
0,9; 0,6; 0,5). Takue BUIBI KaK JEMI, IUIOTBA, TyCTEPa, YKIIEs, si3b OTHOCHIIICH K H30eraeMoii muie.

B KyiiOpimeBckoM BotoxpaHuIuIne Oepi B ynoBax A0 1973 r. oTHenbHO HE YIUTHIBAJICS.
B 80-x romax ymoBsl Oepmra coctaBmsid oT 75 mo 140 T B rox (puc.10). B 90-x romax BbUTOB
Oepmra cHmKaicsa U coctaBisil okoio 40 T B rox. B 2000-x romax ynmoBEI Oepiia BapbHPOBAIH
okoyio 27-35 T B roa. B 2009 r ero ynoBsI coctaBisum okoio 78 T (2,7% ot obmero ynosa.) [10,
7]. B HacTosimiee BpeMs YJIOBBI cynaka, OepIia U OKyHS pacTyT M COCTaBIISIFOT, COOTBETCTBEHHO,
6onee 250 T, 6onmee 100 T m Gomee 150 T. VBenmmueHme 3amacoB M PEeCypcoB Cyaaka U Oepmia
CBSI3aHO C CYIIECTBEHHBIM YBEIHMUYCHHEM COPHOM PBHIOBI — KOPMOBOW 0a3bl 3THX XHIHHKOB.
PaccMoTpeHBl aHHBIE 1O KBOTAaM HA BBUIOB TIONBKHM U ¢ (pakTHUECKHil BBUIOB B ITOCICIHUI
nepros npezacrasieHsl. [TokazaHo, 4To ¢akTHyecknii BBUIOB TIONBKH cocTasisieT 5,1% — 8,4% ot
YTBEPKJICHHOH KBOTBI.

CnenaH BBIBOA O TOM, YTO OTCYTCTBHE 3HAYHUTEIHHOTO BBUIOBA TIOJIIBKH CHOCOOCTBYET
pPOCTY UHCICHHOCTH M, COOTBETCTBEHHO, YJOBOB Oepma wu cynaka. COpocsl BOABI W3
BOJIOXPaHMIIAIIA HE OTPAXKAIOTCS CYIIECTBEHHBIM 00pa30M Ha 3aracax cyzaka u Oepiia,

ITpoBenena oreHka poIOONPOIYKTHBHOCTH KyHOBINIEBCKOTO BOOXpAaHIIININA B TIpeeiax
PecnyOmmuku TatapctaH BO BpEMEHHOM aclieKTe W IO PHIOOIPOMBICIOBBIM ydacTkaM. [lokasaHo,
YTO HAa  BCEX  PHIOONPOMBICIOBBIX  ydacTkax  KyHOBINIEBCKOTO  BOJOXPAaHMIMIIA
PBIOONIPOAYKTUBHOCTE B MOCIIEAHUE Toabl Bo3pactaeT. Camasi BBICOKAs pHIOONPOAYKTHBHOCTE I10
pe3ysbTaTaM (aKTHUECKOTO BBIJIOBa PHIOBI oTMedaeTcs Ha TerromickoM W CraccKOM y4acTKax.
Cpenssisi 3a TMOCIEIHUE TOABI PHIOONPOAYKTUBHOCTh cocTaBwia Ha TeriomckomM u Cnacckom
yuactkax — 31,53 kr/ra, Kamcko-Ycreuackom — 11,89 kr/ra, Jlammerckom u AnekceeBckom — 8,11
kr/ra, Peioro-Cnobonckom — 7,19 kr,ra, Mamassmickom u Enabyxckom ydactkax — 18,15 kr/ra.
CnenaH BBIBOJ, O TOM, 4YTO OTMEUAIOIIMHCS IPOLECC YCKOPEHUsS 3BTPOGHUPOBAHMS
Ky#HObImeBcKoro BOAOXpaHWININA B YCIOBHAX M3MEHEHHS BHEIIHHMX KIMMATHYECKUX YCIOBHH M
COBPEMEHHOI'0 THAPOJIOTHYECKOTO PEKMMa HPHBOAUT HE TOJBKO K «IIBETCHHUIO» BOJBI, HO M K
YBEJIMYEHHIO CTEIeHH TpoduH (B rpezenax Me30TpodHOro Kiacca KadyecTBa BOJ).
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