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Relevance

One of the fundamentally unresolved problems of the electric power industry is
considered to be the construction of relay protection for high-voltage installations
without the use of traditional current transformers (CTs), which was repeatedly
mentioned at international conferences on large energy systems (CIGRE). The fact is
that current transformers are very metal consuming and bulky, have expensive
insulation and other disadvantages. In PSU them. S. Toraigyrova Professor Kletsel
M.Ya. and his many students, as well as Russians Goryunov V.N., Gurevich V.I. and
Shoffoy V.N. For several decades, protections without the use of CTs on
magnetically controlled reed contacts were developed. Reed switches were selected
due to the fact that they have a number of advantages important for relay protection
compared to other magnetically sensitive elements. The principles of constructing
current, differential, differential-phase and distance protection have already been
developed (more than 100 patents and 30 publications in Moscow magazines and in
Scopus databases have been received). However, for a number of electrical
installations, questions regarding the very possibility of using reed switches to build
protections, installing them near current-carrying buses at a safe distance, calculating
relay parameters and protection settings, assessing their sensitivity, performance and
reliability were not considered. And the developed devices on the reed switches are
overwhelmingly not equipped with either test diagnostics of malfunctions or
functional, although at present this method of increasing reliability in relay protection
technology is considered almost mandatory.

In the present work, an attempt is made to solve the issues raised during the
development of reed current protection of electrical installations powered by 6-10 kV
switchgear. These installations are selected due to the fact that they are very
widespread in the electric power industry.

The object of study is the relay protection of electrical installations.

Subject of study - are reed switch resource-saving current protections with fault
diagnosis for electrical installations powered by switchgear 6-10 kV.

The connection of the topic of the dissertation with general scientific (state)
programs. The work was carried out in accordance with the scientific directions of
the international (European) Research Committee B5 "Relay protection and
automation” of the international organization CIGRE, as well as within the
framework of the budget program "Development of Science”, under the
subprogramme "Grant funding for research" of the project "Creating a globally
competitive resource-saving relay protection of power supply systems ”, funded by
JSC “Science Fund”of the Ministry of Education and Science of the Republic of
Kazakhstan.



The purpose of the work is the development of reed switch resource-saving
current protection with fault diagnosis for electrical installations with switchgear 6-10
KV.

To achieve the goal, the following tasks were set and solved:

1 Construction of a noise-resistant overcurrent relay on reed switches with test
diagnostics of faults, a relay and a reverse sequence current filter with functional fault
diagnostics.

2 Determination of the magnitude of the magnetic field induction inside the
switchgear cell with a voltage of 6-10 kV, the coefficient necessary for introducing
into the Bio-Savard-Laplace formula in order to use it in the calculations.

3 Development of methods for selecting the response current of the reed contact
overcurrent protection installed in the switchgear and the parameters of the reverse
sequence current filter.

4 Development of structures for fastening close to current-carrying busbars of
switchgear 6-10 kV, providing remote control of overcurrent protection settings.

5 Evaluation of the sensitivity, performance and efficiency, the proposed
overcurrent protection on the reed switches.

The wvalidity and reliability of scientific provisions, conclusions and
recommendations is confirmed: by the competent use of the fundamental provisions
of relay protection, the theoretical foundations of electrical engineering and the
foundations of the design of mechanisms and machines, as well as field experiments
in switchgear 6-10 kV. with developed overcurrent relays on reed switches and
testing in the form of publications in a journal with impact factor 4 based on Scopus,
3 patents of the Republic of Kazakhstan, 3 patents of the Russian Federation and
reports at 3 conferences, one of which is foreign.

Scientific novelty of the work:

1. The theory of the construction of shields on reed switches is developed: a)
based on measuring the induction of magnetic fields in different modes and points
inside the switchgear of 6-10 kV. it is proved that their values are sufficient to detect
interphase short circuits in electrical installations powered by these switchgears and
the dependences of these inductions on the position of the reed switch inside the
switchgear under consideration are found; b) it is shown that for their calculation it is
possible to use the simplest formula of the Bio-Savard-Laplace law if we add to it the
coefficient obtained as a result of experiments in this switchgear; c) a procedure has
been created for calculating the overcurrent protection parameters on reed switches
for 6-10 kV switchgear, which differs from the known ones by using this formula and
taking into account the influence of interference from currents in the metal parts of
the switchgear; d) a method for calculating the parameters for the proposed reverse
current filter on the reed switches; €) a method for test and functional diagnosis of
current protection on reed switches is proposed, which consists in supplying current
to the reed switch control winding while blocking the output circuit.

2. One maximum relay with test diagnostics, and the other with functional
diagnostics, as well as two devices that allow mounting the reed switch near the
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switchgear busbars with the possibility of remote control of the settings of the
operation of current protection are created and patented. The first differs from the
known ones by the presence of a control winding and a start button, and the second
also by capacitors and intermediate relays. The third is the presence of a stepping
electric motor with a belt drive, the fourth is boxes with reed switches and plates
moving in two directions.

New scientific results:

1. It is proved that the magnitude of the magnetic field induction inside the
switchgear is 6-10 kV. sufficient to detect interphase short circuits with the help of
reed switches in electrical installations powered by it.

2. To calculate the magnetic field inductions inside the switchgear under
consideration, one can use the formula for writing the Bio-Savard-Laplace law in the
simplest form, if one introduces into it a correction coefficient obtained as a result of
experiments conducted in it.

3. Methods for selecting overcurrent protection settings on reed switches for
electrical installations with switchgear and calculating the parameters of the
mentioned filter have been developed.

4. The two above-mentioned overcurrent relays with test and functional
diagnostics of faults and two designs for their fastening were created.

The practical significance of scientific results:

1. A resource-saving current relay on reed switches without the use of current
transformers with test and relays with functional diagnostics of faults has been
developed, which will increase the reliability of current protections performed with
their help.

2. The proposed relay with test diagnostics is capable of failing during short-
term interference and sticking of contacts, and a reverse sequence current filter with
functional fault diagnostics, which can be used to build particularly sensitive and
reliable current protections.

3. A procedure has been developed for calculating the overcurrent protection
parameters on reed switches in a switchgear with a voltage of 6-10 kV, taking into
account the influence of interference from currents in metal parts in its own and
neighboring switchgears, and a calculation method for the mentioned filter.

4. For the switchgear, anovercurrent protection device on the reed switches with
remote control of the settings was created, which allows the tuning of the operation
settings without disabling the electrical installation.

The practical value of the work.

1. It is proved that the induction of magnetic fields inside the switchgear is 6-10
kV. sufficient for the operation of the reed switches in the current protection, and to
calculate these inductions, you can use the formula of the Bio-Savard-Laplace law,
with the introduction of the obtained coefficient into it.

2. The developed overcurrent relays on the reed switches are more advanced in
comparison with the known ones, since they have advantages, one due to the
availability of simple test diagnostics for faults, the second also not to work for short-
term faults, and the third due to the presence of functional diagnostics.
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3. The created design for mounting the reed switches allows you to remotely and
without disconnecting the electrical installation to adjust the response setting.

4. The proposed method for calculating the overcurrent protection parameters on
the developed relays makes it possible to take into account the errors in the
installation of reed switches inside the switchgear and the influence of currents in the
phases of the protected and adjacent connections, and, very importantly, the effect of
induced currents in their metal parts.

5. The developed methodology for calculating the negative sequence current
filter with fault diagnosis makes it easy to implement them.

The following are submitted to the defense:

1. Two overcurrent relays with test and functional fault diagnosis.

2. The formula for calculating the magnetic field inductions with the
dependences of these inductions on the position of the reed switch inside the
switchgear cell.

3. Methods of calculating the parameters: a) maximum current protection of
switchgear 6-10 kV. using the formula for calculating induction and taking into
account the influence of interference from neighboring cells; b) reverse sequence
current filter with fault diagnosis.

4. A method for test and functional diagnosis of current protection on reed
switches, as well as two devices for mounting a reed switch near the busbars of a
switchgear cell.

Implementation of the results of the work. Consent was obtained for the
implementation of a current protection device in a switchgear unit at JSC PREC
(Pavlodar).

Approbation of work. The main provisions of the dissertation were reported at
the International Scientific Conference “XVII Satpayev Readings” (Pavlodar, 2017),
“X Toraigyrov Readings” (Pavlodar, 2018), 47th International Scientific and
Practical Conference “Actual Issues of Science” (Moscow, 2019).

Publications. The research results were published in 11 scientific works: one
article in the journal included in the Scopus database: 7 publications in publications
recommended by ESMC, among which 3 patents for the invention of the Republic of
Kazakhstan, 3 patents for the invention of the Russian Federation, 2 of which are
included in the Web of Science "; 3 publications in materials of international
conferences, including 1 in materials of a foreign conference. In publications co-
authored, the personal contribution of the applicant is 80%, and in article [55] - 30%.

The structure and scope of the dissertation. Conclusion and three
applications. The work is presented on 95 pages of computer text, includes 45
figures. The list of sources used consists of 73 items.

The first chapter, “Analysis of existing current protections,” discusses
traditional protections that receive information from current transformers with
ferromagnetic cores, current protections on various converters without current
transformers: on magnetic current transformers, Rogowski sensors, magnetoresistors,
magnetodiodes and magnetotransistors, Hall sensors and on inductors. The current
protection of the elements of electrical systems on the reed switches is described in
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detail. The most important advantages of the reed switch for relay protection are
indicated. Their advantages are given in comparison with other magnetically sensitive
elements. It is shown that they have sufficient sensitivity for use in the relay
protection of electrical installations 6-110 kV. The implementation of the maximum
current protection on the reed switches with the choice of settings is presented,
attention is paid to the detuning from self-starting and various interference. Methods
of protection on the reed switches are indicated, including relay circuits and
structures for their fastening. The importance of test and functional fault diagnosis for
relay protection is emphasized. Some circuits with fault diagnostics are analyzed. The
conclusions of the chapter indicate that special attention during research should be
given to the development of simple current protection devices on reed switches with
test and functional diagnostics of malfunctions and determination of the distribution
of magnetic fields inside the switchgear cell.

The second chapter, “Development of current protection circuits on reed
switches with diagnosis of faults and structures for mounting them in 6-10 kV
switchgear”, describes resource-saving current relays on reed switches with test
diagnostics: a relay circuit with a pulse counter and test diagnostics, a relay circuit
with test diagnostics not working unnecessarily with short-term interference and
sticking of contacts. Test diagnostics is carried out by pressing a button and applying
alternating current to the reed switch winding (installed under the electrical
installation bus).

The results of an experimental check on the developed laboratory installation of
the proposed noise-resistant relay with voltage waveforms when the reed switch and
other relays are triggered are presented. The circuits of current protection devices on
reed switches with functional diagnostics are analyzed. A feature of the circuit is that
it gives a test signal every 2 minutes. A circuit with functional diagnostics of the filter
of currents of the reverse sequence on the reed switches and inductors is proposed.
The circuit of the known filter is duplicated and, using one reed switch with two
windings, controls the voltage on the control windings of two filter reed switches
installed under the busbars of the electrical installation.

The proposed designs for mounting reed switches in 6-10 KV switchgear are
described. A feature of one of the designs is that it can be used to automatically adjust
the protection settings, and the second to move the reed switches relative to the
busbars in two directions. A photograph of the location of the prototype of the reverse
sequence current filter in the vicinity of the switchgear buses is presented. The
conclusions indicate that the developed relays on the reed switches with fault
diagnosis are simple, efficient and have sufficient speed.

The third chapter, “Protection parameters with a developed relay and reverse
sequence current filter”, presents the features of calculating magnetic fields in
switchgear 6-10 KV. It is shown that it is preferable for these purposes to use the Bio-
Savard-Laplace law in the simplest form with the introduction of experimentally
obtained coefficients. The results of experiments on the use of the Bio-Savard-
Laplace law for calculating magnetic fields in the switchgear carried out at the
Samara State Technical University are analyzed. Widely used switchgear cells in
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Kazakhstan are described, on which experiments were carried out to determine the
distribution of the magnetic field induction inside the switchgear.

It is shown that they (induction) are of sufficient size to build relay protection.
The experimental setup is considered. The coefficients that evaluate the effect of
various interference, including those generated by currents in neighboring switchgear,
are determined.

The recommended methodology for conducting full-scale experiments in
complete switchgears is presented. A methodology for the selection of overcurrent
protection settings with a developed relay on reed switches and an example of
selection are given. Particular attention is paid to determining the magnitude of the
induction of magnetic fields in studies, with various short circuits in neighboring
cells.

The calculation of the filter parameters of the currents of the reverse sequence
with the arrangement of the phases of the protected electrical installation at the
vertices of the triangle and at a horizontal arrangement is given. In this case, special
attention is paid to the choice of coordinates ensuring the absence of zero sequence
currents. Experimental studies of the presented filter of currents of the reverse
sequence with a horizontal phase arrangement are described, which confirms the
waveforms to be operational. It is shown that the introduction of a current protection
device with a relay with a pulse counter and automatic adjustment of the settings can
bring an economic effect of 902 tons of tenge per year. The conclusions indicate that
the correction factors must be determined experimentally for each switchgear, and the
developed methodology for determining the distribution of magnetic fields can be
recommended for any switchgear.

The results of the work are as follows:

The tasks were solved in the work: development of a current relay with fault
diagnostics, new devices and structures of current protection and methods for
calculating the filter of currents of reverse sequences on reed switches, as well as an
experimental study of the distribution of the magnetic field inside the cell for
electrical installations with switchgear 6-10 kV. The results of the work are as
follows:

1 The theory of building defenses on reed switches is developed:

a) based on the measurement of the magnetic field induction in different modes
and points inside the switchgear 6-10 kV. it is proved that their values are sufficient
to detect interphase short circuits in electrical installations powered by these
switchgears and the dependences of these inductions on the position of the reed
switch inside the switchgear under consideration are found;

b) it is shown that for their calculation it is possible to use the simplest formula
of the Bio-Savard-Laplace law if we add to it the coefficient obtained as a result of
experiments in this switchgear;

c) a procedure has been created for calculating the overcurrent protection
parameters on reed switches for 6-10 kV switchgear, which differs from the known
ones by using this formula and taking into account the influence of interference from
currents in the metal parts of the switchgear;
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d) a method for calculating the parameters for the proposed reverse current filter
on the reed switches;

e) a method for test and functional diagnosis of current protection on reed
switches is proposed, which consists in supplying current to the reed switch control
winding while blocking the output circuit.

2 Created and patented one maximum relay with test diagnostics, and the other
with functional, as well as two devices that allow mounting the reed switch near the
switchgear with the ability to remotely control the settings of the operation of current
protection.



AHIATIIA
6D071800 -  «JHeprermka»  MaMaHAbIFBI  OolibIHIIA,  ¢uiaocodus
FBUIBIMAAPBIHBIH J0KTOPbI (PhD) reuibiMEM J9peskeciH aJjiyFa YCbIHBLIFaH
Hcadexo Jlaypen J[I:kamOysoBuuTiH «l'epkOHIaFbl pecypc YHeMACHTIH
aKayJapblH JHATHOCTHKACHI MEH TOK KOpPrayJaplbl ’Kacay» TaAKbIPbIObIHAAFbI
AUCCEPTALMSACHI

O3exTiJiri

DNeKTp SHEpPreTHKAChIHbIH TyOerein MenJMereH Macenenepinin Oipi ipi
suepretukanblK kyhenep (CIGRE) typansl xanblkapaiblKk KoHepeHIUsuiapa
OipHeme per aWThUIFaH JOCTypiii TOK TpaHchopmaropmapein (TT) maiimananbait
JKOFaphl BOJBTTHl KOHABIPFBUIAP VIIIH pEJIeTiK KOPFAHBIC KYPBUIBICHI OOJIBII
canananel. Kasipri TpaHcopmaropiap eTe MeTaliabl >KOHE KeJIeMIi, KbIMOaT
OKmIayJjay >koHe Oacka ga kemmrutikrepre me. C. TopaiirsipoB areingarsl [IMY-ma
npodeccop Kiremenp M.SI. koHE OHBIH KOITEreH OKYIIBLIAD MEH, COHJai-aK
pecetiikrep I'opronoB B.H., I'ypesuu B.U. xone lllodhda B.H. Gipreme onnmaran
XKbuiiap OoOWbl MarHUTTIK OacKapbUIaThIH —KOHTaKTuUlepiHjae-repkongapaa 1T
KoJaHOail KopraHbICTap Kacanabl. ['epkoHmapel 0Oacka MAarHMTTIK ce3iMTall
JIIEMEHTTEPMEH CAJIBICTBIPFAH/Ia pEJIeNIK KOpFaHbIC YIIIH MaHbI3Jbl OlpKaTap
apTHIKIIBUIBIKTapFa ue OosFaHiblKTaH TaHjganabl. Kasipri  nuddepenunanisl,
muddepeHnnanapi-gpa3aiblK KOHE KAIIBIKTBIKTaH KOpPFayabl Kypy HIpPHHIHUNTEPI
azipaenl (Mackey KypHalaapbeiHAa *KoHe Scopus manimertep 0azacbinga 100-men
actam mnareHtrep MeH 30 >kapusnaHbIMAap alblHAbI).Anaiiga, OipkaTap 3JIEKTp
KOHJIBIPFBIIAPBIHIA KOpIIAy cally YIIIH TepKOHJap NaijaliaHy, oJiapAbl Kayimcis
aIIAKTBHIK KAacblHA OpHATY, pEJEeHIH MapaMeTpiiepl MEH KOPFaHbIC MapaMeTpliepiH
€CernTey, 0JIAPJIbIH Ce3IMTAJIIBIFBIH, OHIMIUIII MEH CEHIMIUTITIH Oaranay MYMKIHAIIT1
Typajibl CypakTap Kapaiamaabl. Al repKoHJap JaMbIFaH KYPBUIFbLIAP, aKayiapIbIH
HEeMece (PYHKIIMOHANJBIK CBhIHAKTApIIbIH JUArHOCTUKACBIMEH TOJIBIK KaMTaMachl3
eTUIMETeH, JEreHMEH Ka3ipri yakbITTa peJelik KOPFaHBIC TEXHOJIOTHSICHIH]IA
CEHIMUIIKTI apTThIPy 9/11C1 MiHAETTI OOJIBIIT CaHAa/Ibl.

by sxymbicTa 6-10 kB 31ekTp TapaTy KOHIBIPFBUIAPBIMEH KOPEKTEHETIH 3JIEKTP
KOH/ABIPFBUIAPBIHBIH  KAMBICTBI TOK KOPFAaHBICBIH JKacay Ke3iHIe TybIHJaFraH
MacenenepAl  Lenlyre  9peKkeT  Jkacalaiabl.  bynl  KOHABIPFBUIAP  DJIEKTP
SHEPreTHKACBHIH/A O6TE KEH TapalFraHIbIFbIHA OalIaHBICTHI TAHAATAIBI.

3epTTey HBICAHBI - YJIEKTP KOHABIPFBUIAPBIHBIH PENIeTiK KOPFAHBICHI.

3eprrey moHi - 6-10 kB onextp Tapary KOHABIPFBUIAPBIHIA 3JIEKTP
KOHJIBIPFBIJIAPBIHBIH aKayJIbIK JUAarHO3BIMEH KOPEKTEHAIPUITeH KAMbIC KOPFAHBICHI.
Huccepranus TaKbIPHIOBIHBIH Kb FBUIBIMU (MEMJIEKETTIK)

Oarnapnamanapmen Oaitmanbichl. JKymbic CIGRE xanbikapanbik yHbIMBIHBIH BS
«Penenik KOpraHbIC JKOHE aBTOMAaTHKa» XaiblKapalblK (EypomnanbiK) FhUITBIMHE-
3epTTeY KOMHUTETIHIH FBUIBIMH OaFbITTapblHA COMKeC, COHJai-aK «F BUIBIMIBI
JTaMBITy» OIOJDKETTIK OarmapiaMachl ascbiHga «FamaMmuaplk Oocekere KaOlaeTTi
pecypcTapabpl  YHEMAEY  Kypy»  KOOAChIHBIH  «3epTTeyjieplli  TPaHTTHIK
Kap> KbUTAaHIBIPY» Killll OaFrgapiaMachl asgChIHAA KYPTi3iial. « IeKTPMEH ka0 IbIKTay
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KYHeNepiHIH pesenik KopraHblcbl», Kazakctan PecnyOnukacel biliM KoHE FBUIBIM
MUHUCTPJITHIH «FbuibiM Kopb» AK Kap:KbLUTaHIbIPaIbl.

KymbicTeiH  Makcatel  6-10 kB 25ekTp  KOHIBIPFBUIAPBIHAA — AKAYJBIK
JTMArHO3BIMEH KaMbIC KOCKBIIITHIH PECYPC YHEMEYII TOTHIH JaMBITY.

MakcaTka xeTy YIIiH KeJieci MiHAeTTep KOWbLIbIN, IeMIiJIi:

1 Axaynapapl CblHAy AUArHOCTHKACHI, pelie jKOHE Kepi Ti30eKTeri TOK Cy3rici
0ap KaMmbIC KOCKBIIITApBIHJAFbI IIYybUIFA TO3IMJI IIaMaJlaH ThIC TOK peJIECiHIH
KYPBUIBICHI, aKayIapIblH (YHKIIMOHAIIbI TUarHOCTUKACHI.

2 Kepueyi 6-10 kB xoMMyTanusiblK >kacylia iIIiHIErT MarHuT ©piCiHiH
WHIYKIUSCHIHBIH IIaMachlH aHBIKTay, OHBI €cenTeylep/e KojaaHy YimH buo-
CaBapp-Jlamnac ¢hopmynaceiHa €HT13y YIIH KaXETT1 KO3 UIIUEHT.

3 KoMMyTanusiibIK KOHABIPFBIA OPHATHUIFAH KAMBIC KOHTAKTIJII IIaMaJiaH ThIC
TOKTBIH KOPFaHBICHIHBIH XOHE Kepl TI30€KTerl TOK CY3TiCiHIH mapameTpiiepiH TaHaay
SAICTEpIH XKacay.

4 MT3 mapameTpiepiH KalIbIKTBIKTaH 0acKapyIbl KaMTaMachl3 eTeTid, 6-10 kB
Taparty J1eKTp OepUIICTEPiHIH IIWHATAPbIHA KAKbIH OCKITY KYPbUIBIMJIAPBIH Kacay.

5 Ce3IMTaNAbIKThI, OHIMIUIIKTI JKOHE THUIMIUIIKTI Oaranay, KambIC
KOCKBIIITAPbIH/Ia MAKCUMAJIJIBI TOK KOPFayBhl.

FoliibiMu epekesiepain, TYKbIPbIMAAP MEH YCBIHBICTAPABIH AYPBICTHIFbI
MeH  ceHimaijiri:  penemik  KOprayablH — (QyHIZAMEHTAIAbl  €pexkeNepiH,
AIIEKTPOTEXHUKAHBIH TEOPHUSUIBIK HET13/IEPIH JKOHE MEXaHU3MJIEp MEH MalluHaIap bl
»o0anmay Heri3epiH, COHbIMEH Kartap 6-10 kB TapaTy KOHIBIPFBUIAPBIHIAFEI
JANaNbIK TOKIpUOenepl cayaTThl KOJNJAaHYy apKbUIbl pacTaiajbl. Scopus HETI3IHAC
uMIMakT-pakTopsl 4 Oap KypHalaa *Kapusuiay TYPIHIErT TepKOH MEH TeCTieyaiH
nambeiran  penecimeH, Kazakcran PecnyOnukaceinpiH 3 mareHTiMeH, Peceit
denepaunsacbiHbIH 3 TATEHTIMEH jkoHE 3 KoH(pepeHmusga OasHaama >Kacauibl,
OJIapJIbIH O1p1 MIETEIIIK.

ZKYMBICTBIH FBIJIBIMU KAHAJIBIFBI:

1. KambIpabl aybICTBIPBIN-KOCKBIIITApAa KAJTKaHIAp caly TEOPHUSCHI >Kacasjbl:
a) 6-10 xB opTypal TapaTKbIITApJbIH 1HIHAETT OPTYpPJl pEXUMIEP MEH
HYKTEJepJeri MarHuT ©pICTEePiHIH MHIYKUHUSACHIH OJIEYTre HETI3IENTreH. JIEKTPIIK
KOHJBIPFbIIApIaFbl MHTEp(A3aIbIK KbICKA TYHBIKTATyJap/bl aHBIKTayFa OJIApJIbIH
MOHI  JKETEpJIKTeH  eKeHAIrl  JJICNJSHII  JKOHE  OChl  WHIYKIHSUIAPIbIH
KApacThIPbUIATBIH ~ KOMMYTAallUs 1MIIHAETT KaMbIC KOCKBIIIBIHBIH JKaFdaiibiHa
TOYENIIITT aHbIKTANIbI; ©) erep omapasl ecenrtey ymiiH Ouo-CaBapa-Jlamiac
3aHBIHBIH KapamaibiM (QOpMYJIachlH KOJIaHyFa OOJATBIHIBIFBI KOPCETUITEH, erep
OFaH OCBhl KOHJIBIPFBIIAFbI TOXKIpUOENep HOTHMXKECIHIE aNblHFaH KO3 UIIMEHT
Koccak; B) 6-10 kB TapaTy KOHIBIPFbUIAPBIHAAFBI KAMbIC KOCKbIIITApbIHAaFsl MT3
napaMmeTpiepiH ecenTey NpoLeaypachl Xacaiabl, OJ Ocbl (OpMyJaHbl KOJIJIaHA
OTBIPBIN, O€Nril OOJIFAaHHAH AaWBIPMAIIBUIBIFBl  KOHE TapaTKBIIITHIH METAJLI
OOJNIKTEpIHAEr1 TOKTapAblH  KEJAEPTUIepIHIH  9CepiH  eCKepeldi; T)  KaMbIC
KOCKBILITApbIHJAFbl YCHIHBUIFAH KEpl TOK CY3TICIHIH MapaMeTpiepiH ecenTey 9JIici;
1) IIBIFBIC Ti30€riH OJIOKTAy KE31HJI€ KaMBICThl aybICTBIPHIN-KOCKBIIITHL Oackapy



opaMachiHa TOK O€pyAeH TYPaThIH TOKTHIH KOPFAHBICHIH CHIHAY JKOHE (DYHKITMOHAIITBI
JUArHOCTUKAJIay d/iC1 YCHIHBUIFaH.

2. CplHaK JuarHocTukacel Oap Oip MakcuMaabl pene, ajl  eKIHIIICI
(GYHKIIMOHAIIBI JUArHOCTHKA, COHBIMEH KaTap TOK KOPFAHBICHIHBIH >KYMBICHIHBIH
napaMmeTpiepiH KallbIKTBIKTaH Oackapy MYMKIHIIN Oap TapaTKbIl HIMHAIAP/bIH
KAHBIH/Ia KAMBIC KOCKBIIITHI OpHAaTyFa MYMKIHIIK O€pEeTiH €Ki KYPbUIFbI >Kacall bl
KoHe maTeHTTen . bipinmrici 6enriai opamanapaaH 6ackapy opaMachIHBIH JKOHE 1CKe
KOCYy OaThIpMAaChIHBIH, CKIHIIICIHAEC KOHJEHCATOPJIAp MEH apaliblK peleaepaiy
OONybIMEH epeKiesaeHel. YIIHImIcT - Oenaik JKeTeri 0ap caTbUIbl JJICKTP
KO3FAITKBIIIBIHBIH ~ OOJIybI, TOPTIHIIICI - €Ki OaFbITTa KO3FalaThlH KaMBbIC
KOCKBIIIITaphl MEH Tabakmaiapel 0ap Kopamrap.

KaHa FpLIBIMH HITHIKEJIEP:

1. KommyTtarop imiHAeri MaraHuT ©piCiHiH MHAYKIUSACHIHBIH Memmepl 6-10 kB
CKCHIIT1 JONEeNACH/II. OJJIGKTP KOHIBIPFBUIAPBIHAAFE KAMBIC KOCKBIIITAPIBIH
KOMETIMEH MHTep(a3anbIK KbICKAa TYUBIKTATYIap/bl aHBIKTAYFa KETKUTIKTI.

2. Kapanpin »xaTkaH KOMMYTalMs IMIHAETT MarHUT OPICIHIH HHAYKIUSICHIH
€CernTey VIIiH, €rep OFaH XYPri3UIr€H SKCIEPUMEHTTEP HOTHXKECIHJIEC aJIbIHFaH
Ty3eTy Koadduumentin enrisce, buo-Capapa-Jlamnac 3aHblH KapamaiibiM (popmaaa
»Kazyra 00J1ajibl.

3. DnexkTp KOHABIPFbUIApbIHA apHaJIFaH KaMblC KOCKbIITapaarsl MTZ
napaMeTpiepiH TaHJay JKOHE arajifaH CY3TiHIH MapaMeTplIepiH ecernTey oaicTepi
YKacaJibl.

4. AxaynapApiH (QYHKIIMOHAIJBI JHATHOCTUKACHI KOHE CBhIHAKTaphl Oap
JKOFaphlJla aTajFaH €Kl KEpPHEY pelieci JKOHE oJjiap/ibl OCKITyTre apHajfaH €Kl JU3aiiH
YKacaibl.

FblibIMu HITHKeIEPAiH NPAKTHKAJBIK MAHbI3AbLIBIFbI:

1. CeoHakrapsl 0ap TOK TpaHcQOpMaATOpIapblH KOHE  aKayJapbIH
GyHKIMOHANABI ~ AMArHOCTHKAchl ~ Oap  pernenepal  KoigaHOaid,  KambIC
KOCKBIIITAPBIHAAFBl PECypCTapbl YHEMICUTIH TOK pereci Kacaiabl, Oy OJapbIH
KOMETIMEH OPbIHJAIFaH aFbIMJIaFbl KOPFAY/IbIH CEHIMJIUIITTH apTThIPaIbl.

2. CplHaK IUMarHOCTUKAChl YCHIHBUIFAH pejie KbICKa MeEp3IMJl KeAepruiepMeH
dKoHE  OalyaHbBICTapJbIH  KAOBICKAHBIMEH JKYMBIC  ICTeM  ajaMmailibl  KOHE
GyHKIIMOHAIIBI aKayJiap JUarHOCTUKAchl 0ap Kepi Ti30eKTeri TOK Cy3rici OoJajsbl,
OHBl EpeKlIe ce3IMTall >KOHE CEHIMJI TOK KOpFaHBICHIH jKacayFa HaiijaliaHyra
OoJIaabl.

3. Kepneyi 6-10 kB OonaTblH KOMMYTAIMSUIBIK KOHIBIPFBIIAFBl  KaMbIC
KockplnTapnarsl MTZ mapaMerpriepiH ecenteyaiH ©31HIIK KOHE KOpII KOCKBIII
KOHJIBIPFBIIAPBIHAFBl METAUT OONIKTEpIHACTI TOKTAPIBIH KEeACPTiIepiHiH OCepiH
YKOHE aTaJifaH CY3TiHI €CeNTey 9MICIH d31pJiey PACcIMI Kacalbl.

4. KomMMyTarusuiblK KOHABIPFBIIAP VIIIH KAIIBIKTaH OacKapbLIaThIH KaMBbIC
KockblTapiarbl MTZ KypbUIFbICE KYPBULIABL, OYJ1 AJIEKTP KOHIBIPFBICHIH OIIIpMEi
YKYMBIC ITapaMeTPIIEpPIH PETTeyre MYMKIH/IK Oepei.

ZKYMBICTBIH NPAKTUKAJBIK KYHAbLIbIFbI.



1. 6-10 xB KOMIUIEKTIK TapaTy KOHJABIPFBIHBIH IIIIHAEIT MarHUT ©PICTEPIHIH
WHYKIMSICH €KEHIITT ToNenAeHAl. AFBIMIBIK KOPFayJarbl KaMbIC KOCKBIIITApPIbIH
KYMBICHI YIIIH >KETKUIIKTI JKQHE OChbl MHIYKUUSJIApAbl €CenTey YILUIH allbIHFaH
ko3 duienTTi enrize oThipbil  buo-CaBap-Jlamnac 3aHbIHBIH  (DOpPMYJIAChIH
KOJIiJJaHyFa 00Jajbl.

2. I'epxoHaarbl AaMblFaH IlIamMaJaH TOK penesiep Oenrial OoJFaHra KaparaHzia
aHAFYPJIBIM KETUIAIPUITeH, OUTKEHI OJapAblH apTHIKIIBLIBIFEI 0ap, Oipeyl akaymap
JKardalbIHAA KapamnaibiM ChIHAK JUArHO3bIHBIH OOJIYBIMEH, €KIHIIICI KbICKa MEp3iM/Il
aKayjnap  OKaFJalblHIAa ~ JKYMBIC  ICTeMEyiMeH,  YHIHIIICT  (DYHKIIMOHAJIBI
JIMarHOCTUKAHBIH 00TybIHA OalIaHBICTHI.

3. T'epkoHmapapl OpHATyFa apHajlfaH JW3ailH dSJEKTP KOHABIPFBICHIH
aXbpIpaTHacTaH JKOHE Kayarn Oepy mapaMeTpiiepiH peTTeyre MyMKIHIIK Oepei.

4. MTK napamMetpiepiH 931pJI€HI€H pejiefie €CenTeyalH YChIHBUIFaH 9ficl 013re
KOMMYTAIUSIIBIK ~ KOHIBIPFBI  IMMNHAETI KAMBIC  KOCKBIIITAPJALI  OPHATYIAFbI
KaTeNIKTEP/l JKOHE KOpFalfaH »JKOHE Ipreiec KOCBUIbICTAp (a3zajapbIHAAFbl
TOKTapAblH OCEpiH JK9HE, €H O0acThIChl, OJIAPABIH METaul  OeJIIKTEpiHe
WHIYKIMSUTaHFaH TOKTapbIH 9CEPiH €CKepyre MyMKIHIIK Oepe/l.

5. AKaynbIK AMArtHo3bl 0ap Tepic Ti30EKTEri TOK CY3TiCIH ecenTey djiicTeMect
OJIap/bl KY3€re achbIpy/Ibl )KEHUIICTE 1.

Koprayra ycoIHBLIAABI:

1. Tecrik xoHe (YHKIMOHANIBIK aKayJaplblH JIUArHOCTUKACHl MEH €Ki
MaKCHUMaJl TOK pesenepi.

2. Maraut epiciHIH HMHAYKIMSICHIH ecenTey YiiH (opMmysa, OCHI
WHIYKIUSIIApIbIH KOMMYTAITUS YSIIBIFBIHIAFbI TEPKOH JKaFaiibIHA TOYEI LTI,

3. TMapametrpnepai ecenrey omictepi: a) 6-10 kB TapaTy KypbUIFbLIapbIHBIH
MaKCHMaJ bl KOPFaHBICHI, MHAYKIUSIHBI €cenTey (OpMyIachiH KOJaHy KoHE KOpIii
YAIIBIKTApPBIHBIH KEeEPTi 9cepiH eckepy; 0) akayJblK IMarHOCTHUKAchl Oap Kepi
TiI30€KTET1 TOK CY3TiCl.

4. T'epkoHAaFbl TOK KOPFaHBICHIH TECTIK XoHE (DYHKIMOHAJIIBI JUATHOCTHKA
oNlici, COHBIMEH KaTap TapaTKbIII KOHIBIPFBUIAPHIHBIH IIWHATApbIHA YKAKbIH JKepe
TepKOH/Ibl OpHATYFa apHAIFaH €Ki KYPBUIFbI.

Kympic HoTmxkenepin enrizy. «I[IPOK» AK (IlaBmomap K.) 37l€KTp Tapary
KOHJIBIPFBICBIHA aFbIMAAFbl KOPFAHBIC KYPAJIbIH €HI13yTe KeICIM aJIbIH/IbI.

KymbicThIH chIHAMYBI. [luccepranusabiy Herisri epexenepl «XVIII Cornaes
OKyJIapbD» XalbIKapaiblK FeUIbIMU KoH(pepeHmusaceiaa (IlaBmomap, 2017 x.), «X
TopaiireipoB okynaps» (IlaBrnomap, 2018 x.), «FeuibIMHBIH 63€KTI Mocenenepi» 47-
i XalbIKapaiblK FBUIBIMU-TIPAKTUKAIBIK KoH(pepeHnuuscoinga (Mackey, 2019)
OastTHIAJIIbL.

Kapusinanbimaap. 3eprrey HoTHxKenepl 11 FbUIBIMH KYMBICTA >KapUsJIAH/bI:
Scopus momimerTep ©0a3acelHa eHri3uireH >xypHaigarsl Oip Makama: KKCOH
YCBIHFaH JKapusiIaHbIMAapaa 7 Makana, oHblH imiHae Kazakcran PecnyOnukachiHbIH
eHepTaObIchiHA 3 maTeHT, Peceil denepalusacbiHbIH ©HEPTAObIChIHA 3 MATEHT, OHBIH
imiage 2 «Web  of  Science» 0a3zackiHa  €HTI3UIAL;, 3 XaJbIKapalbIK
FBUIBIMKOH(EpEHIMSI MaTepHalljapbl, COHbIH 1mIiHAe 1 merengik KoHdepeHuus
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MaTepuaiapbl. bipieckeH aBTOpibIK OachuibiMaapia e31HaiK keke yiect 80%
Kypaibl, ain Makanana [55] - 30%.

JuccepranMsiHbIH KYPbLIbIMBI MeH KeoJiemi. [luccepramus KipicreaeH, Y
OeTIMHEH, KOPBITHIH/IBIIAH XKOHE TOPT KOChIMINIaaaH Typaabl. JKyMbIC KOMITBIOTEPITIK
MOTiHHIH 95 Oetinae, 45 cyperteH Typanbl. [laliananbuiFad 1epeKKe3aep/iiH Ti3iMi
73 TapMaKTaH TYPabl.

Bipinmi Tapayna «Kongansictarbl KOpraHbICTap/ibl Tanaay» (HeppoMarHUTTIK
e3ert  Oap  TpaHcopMaropiapiaH — ajdblHFAaH ~ JIOCTYPJdl  KOpPFaHBIC,  TOK
TpaHcopMaropiapbl JKOK OpTYpJi TYPJCHIIPTIIITEPAETI TOK KOPFAHBICTAPHI,
MarHuTTIK TOK TpaHC(HOPMATOPJIaphl, POTOBCKU JATUYUKTEPl, MAarHeTOpe3ucTopiap,
MarHuTOJMOTTap  KOHE  MArHEeTOTPAHCHCTOPJIAp, XOJJI  JIaTYUKTEpPl  IKOHE
WHAYKIUSIIBIK OpaMayiap Typaiibl. ['@pKOH dJeKTp >KyHelepiHiH AJIeMEHTTEepPiHIH
aFpIMJIaFbl KOPFAHBICHI TOJIBIK CHUIIATTalFaH. Pesemk KOpFaHBIC VIIiH TEpPKOH
MaHBI3JIbI  APTHIKIIBUIBIKTAphl  KepceTuireH. OmapablH  apTHIKIIBUIBIFEI  Oacka
MarHuTT1 ce31MTaj 3JEMEHTTEPMEH calbIcThiprania oepuial. Omnap 6-110 kB anektp
KOHJBIPFBIIAPBIHBIH,  pENeNiK  KOPFAHBICBIHAA MaijajaHy  YUIiH  SKeTKLUIIKTI
Ce3IMTANIIBIKKA M€ eKeHAiri kepceruireH. [lapamerpiepal Tangay apKbUlbl T€pKOH
MaKCHMaJJbl TOKTBIH KOPFaHBICHI ~ YCHIHBUIFAH, ©3MITIHEH JKOHE OpTYpIi
KeJIeprijiepJeH Ha3ap ayaapbuiFaH. ['€pkoH KOpFay oiicTepi, OHBIH IMIIHJE PEJICITIK
TI30EKTep MEH oJlapAbl OeKiTyre apHajFaH KYpbUIbIMIAp KepceTinreH. Pemenmik
KOPFaHBIC YIIIH TECTTIK JKOHE (YHKIHMOHAJNABIK aKayJap JIUarHOCTKAacChl
MaHBI3ABLIBIFBl aTall OTIITeH. AKayJbIK JHAarHOCTHKAChl Oap KeioOip Tiz0ekTepre
Tanmay skacaianbl. TapaynblH TYXKbIPBIMAAPBl 3€pTTEY OaphIChIHAA TECTIK JKOHE
aKaynapAaelH (YHKIMOHAJIABl JIUAarHOCTHKACHI 0ap JKOHE KOMIUIEKTIK TapaTy
KOHFBUIAPBIHJA KapamaibiM TOKTBIH KOPFAHBIC KYPBUIFBUIAPBIH Kacayra >KOHE
aybICllaibl TOPABIH 1IIHAETT MarHUTTIK OpICTEPAlH TapaldyblH aHBIKTayFa €peKIle
Hazap aynapy KepeKTIrlH KepCceTel.

Exinmi Tapayna « AKayJIbIK TUarHOCTUKACHI 0ap TEPKOHBIK TOKTHIH KOPFAHBIC
TI30EKTEPIH KOHE TapaTy KOHAbIpFbUIapblH 6-10 kB imiHze ojapabl OpHATyra
apHajfaH KYpbUIBIMIApAbl KYpy», TECTIK JTUarHOCTHKAchl Oap TepKOHMIAFbI
pecypcTapabl YHEMACHTIH TOK peJiesiepl KapacThIpbUIFaH: MMIYJIbCTIK €CeNTerill
KOHE TECTIK JIMarHOCTHKAChl Oap pesenik Ti30€K, ChIHAK JUarHOCTUKACHI KOK
penemik  Ti30EK. KbICKa Mep3iMIl  KeAEpruiepMeH JKoHe  OaliaHbICTapabl
KAOBICTBIPYMEH KaKEeTCi3 JKYMbIC icTey. TecTik JauarHoCcTUKachl TYHMEH1 Oacy
apKbpUTbI JKOHE TEPKOH OpaMachblHa aWHBIMalbl TOK KOJJAHy apKbUIbl JKY3ere
aCBIPBUIAJBI (IEKTP KOHABIPFBICHIHBIH IITMHACKIHBIHBIH ACTHIH/IA OPHATHLIFAH ).

I'epkon ’xoHe Oacka peie i1CKe KOCBUIFAH Ke3/¢ KEpHEYAiH TOJKBIHJIBIK
KYPBUIBIMBI Oap IIYbUIFa TO3IM1 PEJICHIH 3€PTXAaHAJIBIK KOHIBIPFHICHIH/IA JKacaFaH
DKCIIEPUMEHTTIK  TEKCEpPYyAlH  HOTHXKelepl  KearipuireH.  OyHKIMOHAIIBI
JUArHOCTUKACchl 0ap TE€pKOH TOK KOpFay KYpbUIFBUIAPBIHBIH TI130€KTEpl TajaaHabl.
OnexTp Ti30€riHIH epeKIIeNniri - o 9p 2 MHUHYT CalblH TECTIK CHUTHAJBIH Oepei.
['epkOH MEH MHIYKTIBTIK OpaM€eH Kepi Ti30eKTeri TOKTap GPUIbTPiHIH (YHKIMOHAIIIbI
JIMAarHOCTUKAChl 0ap cXxeMa YChIHBUIFaH. benriii cy3riHiH Ti30eri KalTanaHaibl AKoHE



eKi opamachl 0ap Oip TepKOH MaigalaHbII, JIEKTP KOHIABIPFBICHIHBIH IMHATAPBIHBIH
aCThIHA OPHATBUIFAH CY3TiHIH €Ki TepKOHOACKapy OpaMbIHIAFbl KEpHEY 1 OacKapabl.

6-10 kB TapaTy KOHABIpFBUIApBIHAA KaMBIC KOCKBIIITAPBIH OPHATYbIH
YCHIHBUIFAH KOHCTpYKUMsIapbl cunartairad. KoHcTpykuusuiapAbslH — OlpeyiHiH
epeKIIeNirl - OHbl KOpPFaHBIC NapameTpiiepiH aBTOMATThl Typl€ TY3€Ty YILUIH
KOJIJlaHyFa 0oJiajibl, ajl €KIHIIICI - IMHAJapFa KAaThICThl TEPKOHJBI €Ki OarbITKa
KBUDKBITY yiIiH. Kepi Ti30€KTeri TOK CY3TICiHIH MPOTOTHUITIHIH KOMMYTAIUSIIBIK
HIMHAJIap MAaHbIHAA OpHAIACYBIHBIH (OTOCYpeTi YCbIHBUIFAH. KOpBITBIHABLIAD
aKayJblK JUArHOCTUKAchl Oap TEpKOH jKacaliFaH pejie KapamabiM, THIMII >KoHE
YKETKUTIKT1 )KbUIAAMIBIKKA M€ SKCHIITTH KOPCETE .

Ywinmi tapayga «Kopraneic mapamerpiepl JaMblFaH peNeNiK XKoHE Kepi
Ti30eKTeri Tok cy3rici» 6-10 kB TapaTy KypbUIFBICBIH/IA MarHUT ©PICTEPIH ecenTey
epekmeniktepi 6epinren. Ocel MmakcatTap yuriH buo-Caap-Jlamnac 3aHpin Toxipuoe
KY31HA€ anblHFaH Kod((OUIMEHTTepl eHri3e OTBIPBIN KapamaibiM TYpAe KOJJaHFaH
XKOH eKeHIIrl kepceruireH. Camapa MEMIIEKETTIK TEXHUKAJIBIK YHUBEPCUTETIHAC
JKYPri3UIT€H AJEKTP TapaTKbIIITapAa MarHUTTIK epicTepl ecentey yuuiH buo-Caap-
Jlanmac 3aHBIH KOJIIaHY ToXKIpUOENepiHiH HOTKenepl TainjaaHanbl. Kazakcrania
KEeHIHEH TapaThUIaThlH dJEKTP TapaTKBIIITAPABIH JKacyllajgapbl CUMATTaJFaH,
oJIapblH apachlHAa MarHuT OpPICIHIH MHAYKIUSCHIHBIH TapadyblH aHbIKTAy YIIiH
TOXKIpUOeep KyprizuireH.

OnapaplH pesenik KOPFaHBICThI KYPY YIIIH OJapAblH (MHAYKIUSHBIH) MOJIIIepi
KETKUTIKTI €KeHIT1 KopceTuireH. ToxipuOemK KOHIBIPFbI KapacThIPbLIaAbl. OPTYPII
KeJepruiepAiy acepin OaramailThiH KOd(UIIMEHTTEp, COHBIH IIIHAE KOPII TapaTy
KOHJIBIPFBITIAPBIHIAFBI TOKTAP TYABIPATHIH KOI(PPUITMEHTTEP aHBIKTAIIFAH.

Tapary KOHIBIPFBUIAPBIHIA HATYPJIBIK OKCIEPUMEHTTEp KYPrizy YIIiH
yChIHBbUIFaH onictemeci kentipuireH. MTK mapamerprepiH repkoHAarbl JaMbIFaH
pelieMeH TaHJlay 9/ICTEMEC] )KQHE TaHJay Mblcaibl Kenrtipuired. Kepuiiec taparty
KOH/BIPFBUIAPBIH OPTYPJl KBICKA TYWBIKTANy >KarJaillblHAa 3epTTeysepAe MarHuT
OpICTEPIHIH MHIYKIIUSCHIHBIH IIIaMaChIH aHBIKTayFa €peKIlie KOH1T OeiHe/I].

Y mOyphIITHIH IIBIHAAPBIH/A )KOHE KOJJICHEH OpHAJIacybIHIa KOPFaIFaH dJIEKTP
KOHJIBIPFBICBIHBIH (pa3ajlapblH OpPHAIACTHIPYMEH Kepl TI30€KTeri TOKTapJblH CY3Ti
napaMeTpiepiHiH ecell KenripuireH. by skarmaijia HeJIIK Ti30€KTI TOKTapIbIH
OoiMayblH KamMTamachl3 €TeTIH KOOpAMHATTapAbl TaHJayFa epeKile Hazap
aynapeutaapl. KenjmeHeH ¢a3zanblk OpHaliacybl Oap Kepl Ti30€KTeri TOKTapAbIH
GUIBTPIH SKCHEPUMEHTTIK 3€pTTEYJIep CHUIATTajIFaH, OYJI TOJKBIHIAPABIH KYMBIC
icteyiH pactaiiapl. MMOynbCTIK ecenTerimn  peneci 0ap arbIMIarbl KOpPFaHBIC
KYPBUIFBICHIH €HT13y JKOHE MapaMeTpiep/ll aBTOMATThl TYpAe perrey KbuibiHa 902
MBIH TEHT€ OJKOHOMHKAIBIK THIMIUIIK OKEeIyl MYMKIHIYTIH KOPCETLITreH.
KopbIThIHABIIAp 9p TY3ETKIII YUIIH TY3€Ty KOA(PQOUIUEHTTEPIH SKCIEPUMEHTAIB/IbI
TYP/I€ aHBIKTAy KEPEKTIT1H KOPCETE/1, aJl MArHUT OPICTEPIHIH TapadyblH aHBIKTAHTHIH
931pJICHTEeH ICTEME 3P TAPATKBIII KYPBUIFbIAPFa YCHIHBLTYBI MYMKIH.

KyMBICTBIH HITHKeJIepi:

JKyMmbIcTarbl MIHAETTEp LIENIUIIL: aKayJbIK JUArHOCTUKAchl 0ap TOK peJieciH,
TOKTBIH >KaHa KYpPbUIFbUIAPbI MEH KOHCTPYKUUSJIAPBIH KOHE FEPKOH Kepl T130€KTeri
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TOKTapAbIH (WIBTPIH e€cemTey omicTepi, coHbIMEH Kartap 6-10 kB amextp
KOHJBIPFBIIAPBl YIIIH 3JIEKTP KOHABIPFbUIAPHl YUIIH YAIIBIK 1MIHAETI MarHuT
OPICIHIH TapalyblH YKCIIEPUMEHTAAbI 3epTTeY. KYMBICTBIH HOTHUKENEPI:

1 I'epkoHAaFEl KOPFAHBIC TEOPHUSCHI JKACAIIBI:

a) op TypJi pexumjeri xxoHe 6-10 kB TapaTKbIIITHIH I1MIIHAETI HYKTEJIEpAeri
MarHuT ©PICIHIH UHIYKUUICHIH OJIIICYTe HET13/IeITeH. JIEKTPIIK KOHIBIPFbIIAPAaFbl
UHTEp(a3anblK KbICKA TYHBIKTATyJIap/bl aHBbIKTayFa OJApAbIH MOHI JKETepJiKTeH
EKEHJIT JQJENICH Il KOHE OChl MHAYKIMSUIAPJBIH KapacThIPbUIATBIH KOMMYTAIUs
1IIHJIET1 TEPKOH >KaFaiibIHA TOYEI I aHBIKTAJIIbI;

0) erep omapabl ecentey ymiH buo-CaBap-Jlamnac 3aHbIHBIH KapamnaibiM
dbopMyrackiH KoJIaHyFa O0JIaThIHBIFBI KOPCETUITEH, €rep OFaH OChl KOHBIPFBIIAFbI
TOXIpUOENep HOTHKECIHIE aJbIHFaH KO PHUITMEHT KOCCaK;

B) 6-10 kB Tapary KoHaslpreuiapsiHaarsirepkoniarsl MTK napamerprepin
ecenrTey oiCTeMeci acalapl, O OChl (OpMyJaHbl KOJJaHa OTBIPHIN, OENTii
OOJFaHHAH alBIPMAIIBLIBIFGI )KOHE TAPATKBIIIITHIH METAUT OOTIKTEPIHACTI TOKTAPABIH
KEJIepriJIepiHIH 9CEePIH eCKepe/ll;

I') FEPKOH YChIHBIIFaH K€P1 TOK CY3TICIHIH MapaMeTpiepiH €CenTey dici;

1) IIBIFBIC TI30€TiH OJIOKTay Ke31HJe TepKOHJIarbl Oackapy opamachbiHa TOK
OepylieH  TYpaTblH TOKTHIH  KOPFAHBICBIH  TECTIK JkKoHE  (DYHKIIMOHAJIbI
JMArHOCTUKAJIAay 9/iC1 YCHIHBLIFaH.

2 TecTik IUarHOCTUKAChl Oip MaKCHUMAaJbl pejie JKacalibl oHE MAaTeHTTEN],
eKiHIIicl (QYHKIMOHANABI, COHBIMEH KaTap TOK KOPFaHBICHl >KYMBICHIHBIH
napaMeTpiepiH KambIKTaH 0acKapy MYMKIHAITT 0ap KOCKBIIITHIH YKaHBIHJA TEPKOH
OpHATyFa MYMKIHIK OEpeTiH €Kl KYpBUIFbI Oap.



AHHOTAIIUA
auccepraunu HcadexoBa/laypena/l:xkamOynoBuua «Pa3paGoTka repKOHOBBIX
pecypcocOeperammx TOKOBBIX 3alIMT € JAUATHOCTHKON HEHUCIpPaBHOCTE»,
NPEACTABJICHHOM HAa COMCKaHHMe CcTeneHH JoKrTopa ¢uiaocopun (PhD) mno
crnenuaabHocTH 6D071800 — «DyIeKTPO3HEPreTUKA)

AKTYaJIbHOCTH

OnHoit W3 TPUHIMIHUAILHO HEPEUICHHBIX MPOOJEM AJIEKTPOIHEPTETUKHU
CUMTAETCS] TIOCTPOCHUE PEJIEWHON 3allUThl BBICOKOBOJBTHBIX YCTAaHOBOK 0e€3
WCIIOJIb30BaHUSl TpaauImoHHbIX TpaHchopmaTopoB Toka (TT), o uwem He pa3
YIOMHHAJIOCh Ha MEXIYHAPOJHBIX KOH(PEPEeHIUSIX MO OOJIBIIUM HHEPTreTUYECKUM
cuctemaM (CIGRE). [/leno B Tom, 4TO TpaHncpopMaTopbl TOKa BEChbMa METAIOEMKH
Y TPOMO3JKH, UMEIOT JOPOTyI0 H30JLIuI0 U apyrue Hepocrarku. B III'Y um. C.
TopaiireipoBa npodeccopom Kireenem M.Sl. 1 ero MHOTOUHCIIEHHBIMU YUYE€HUKAMH,
a Taxoke poccusnamu ['opronossiM B.H.,I'ypesnuem B.U. u llloddoii B.H. B Teuenue
HECKOJIBKUX JIECSITUICTUN pa3pabaThiBaIMCh 3allUThl 0e3 ucrnojib3oBanus TT Ha
MarHUTOYIPaBISIEMbIX KOHTaKTaX-repKoHaX. ['epKOHbI ObLIM BBIOpAHBI C CBSI3U C
TE€M, 4TO OHM 00JIaJAIOT PSAOM BAXKHBIX ISl PEJIEHHON 3alMThl IPEUMYIIECTB IO
CPaBHEHUIO C JIPYTMMHU MAarHUTOYYBCTBUTEIIbHBIMU dJIEMEHTAMU. YKe pa3zpaboTaHbI
MPUHIIUIIBI TIOCTPOCHUSI TOKOBBIX, AuddepeHmanbubiX, nuddepennnanbHo-(pa3HbIX
U JIMUCTAaHIIMOHHBIX 3amuT (moiydeHo Oosnee 100 matentoB m 30 myOnukanuii B
MOCKOBCKMX JKypHasiax #u B 0azax Scopus). OnpHako i IeIOro psijaa
JIEKTPOYCTAHOBOK ~ HE  PAacCMaTpUBAJIMCh  BONPOCHI,  KacarOUIMeCcs  CcaMou
BO3MOXXHOCTH HCIIOJIb30BAaHUSI T€PKOHOB I IOCTPOEHUS 3alIUT, WX YCTAaHOBKH
BOJIM3M TOKOBEIYIUX IIMH Ha O€30M1aCHOM PacCTOSIHUM, pacuéTa mapaMeTpoB pelie U
YCTaBOK cpadaThIBaHUs 3aIUT, OLEHKA UX YyBCTBUTEIBHOCTH, pabOTOCTIOCOOHOCTH
u obecnieyeHus: HauexHOCTH. Jla M pa3zpaboTaHHbIE yCTpOHCTBa Ha IEPKOHAX B
NOJABJISIONIEM OONBIIMHCTBE HE O0O0OpPYJOBaHBI HU TECTOBOM JHUArHOCTHKON
HEUCIIPaBHOCTEN, HU (PYHKIMOHAJIILHOM, XOTS B HACTOSIIEE BpEMsl Takoil crnocod
NOBBIIICHUS HAJEKHOCTH B TEXHUKE pEIEHHOM 3alllUThl CUMUTAETCA MOYTH
00s13aTEeIIbHBIM.

B nacrosimield pabote caenaHa MOMBITKA PEHIMTh 3aTPOHYTHIE BOMPOCHI MPHU
pa3paboTKe T'€PKOHOBBIX TOKOBBIX 3alIUT AJIEKTPOYCTAHOBOK, MHUTAIOIIUXCA OT
KOMIUICKTHBIX pacrpenenuTeabubix yerpocTB (KPY) Hanpsokenuem 6-10 kB. DTt
YCTAaHOBKM BBIOPAHBI B CBSI3U C TEM, YTO OHHM OYEHBb IIMPOKO PACTIPOCTPAHECHBI B
DIIEKTPOIHEPTETUKE.

O0BbeKTOM HCCIIeI0BAHMS SBIISICTCS PEJICHHAS 3alIUTa 3JIEKTPOYCTAHOBOK.

IIpenmer wucciegoBanMsi — SBISIOTCA TEPKOHOBBIE pecypcocOeperaromnme
TOKOBBIE 3alIUThl C JAUArHOCTUKONW HEUCIPABHOCTEM Il 3IIEKTPOYCTaHOBOK,
nuratomuxcs ot KPY 6-10 kB.

CBsi3b TeMbl [HCCEPTAIIMM C OOIIEHAYYHBIMH (rOCYJAApPCTBEHHBIMH)
nporpammamMu.PadoTa BeINOJIHSANACH B COOTBETCTBUM C HAYYHBIMU HaIpPaBICHUSMU
MmexayHaponHoro (EBpomeiickoro) uccnenoBarensckoro komurera BS «Penelinas
3allUTa U aBTOMAaTHKa» MexayHaponHou opranmsaunu CIGRE, a Takke B paMmkax
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BBINIOJIHEHUS OIOJKETHOM mnporpamMmbl  «Pa3BuTue Haykm», N0 MNOANPOrpaMME
«['panToBOoe (hUHAaHCHMpOBaHWE HAYYHBIX HCCIeoBaHM» TpoekTa «Co3manue
100aJbHO KOHKYPEHTHOCIIOCOOHOM pecypcocOeperaronieil  peineiHoN  3aliuThl
CUCTEM JJIEKTpOCHaOXkeHus», puHancupyemon AO «Ponxa Haykuw» MuHHCTEpCTBA
obpa3zoBanus 1 Hayku Pecnybnuku KazaxcraH.

Heab padorbl — pa3paboTKa TEepKOHOBBIX pPecypcocOeperarmmx TOKOBBIX
3alIUT ¢ TUATHOCTUKOW HEMCIPABHOCTEM 11 AeKTpoycTaHOBOK ¢ KPY 6-10 kB.

JLs1 ocTHKeH sl HeJiM ObLIM MOCTABJICHBI M PelIeHbI CIeAYIOIIHNe 3a1a4H:

1 ITocTpoeHre NOMEXOYCTOMYMBOTO PEJIE MAKCUMAJIbHOIO TOKA HAa FEpKOHAX C
TECTOBOW JUArHOCTUKOW HEWCIIPaBHOCTEH, pene U ¢uiabTpa TOKa OOpaTHOM
MOCJIEIOBATENHHOCTU € (DYHKIIMOHATBLHON TMAarHOCTUKON HEMCIIPABHOCTEM.

2 OmnpepneneHue BeJIMYUHBI MHAYKIMA MArHUTHBIX MOJEH BHYTpHU siueiiku KPY
HanpsokeHueMm 6-10 kB, xoaddummenra, HeoOXoaAUMOro A BBEACHUS B (popMymy
buo-Cagapa-Jlamnaca, 4ToObl HCTIOIB30BATH €€ MPU pacuéTax.

3 Pa3paboTka MeToIMK BBIOOpa TOKa cpadaThIBaHHUSI TEPKOHOBOM MaKCHUMAaJIbHOM
TOKOBOM 3ammuThl, ycranaBauaemoil B KPY, u mapameTrpoB puiibTpa Toka oOpatHOn
IIOCJIEI0BATENBHOCTH.

4 Pa3paboTKa KOHCTPYKUMN AJisl KperieHus BOM3u TokoBeaymux muH KPY 6-
10 kB, obGecneunBaromyx AMCTAHIIMOHHOE perysinpoBanue ycraBok MT3.

5 OueHka 4YyBCTBUTEIBHOCTH, pPaOOTOCIOCOOHOCTM U SKOHOMUYHOCTH,
MPEIOKEHHOW MAKCUMAJIbHOM TOKOBOM 3aIIUTHlI HA TEPKOHAX.

O00CHOBAHHOCTL M [0CTOBEPHOCTh HAYYHBIX I10JIO)KEHHH, BBIBOJOB H
pPeKOMeHA AN NOATBEPKIACTCH: IPaMOTHBIM UCII0JIb30BaHUEM
byHIaMEHTAIIBHBIX  TOJIOKEHUM  PEeJeHHOM  3allUThl, TEOPETUYECKUX OCHOB
JIEKTPOTEXHUKA W OCHOB KOHCTPYUPOBAHMS MEXAHM3MOB M MAalIMH, a TaKXe
HaTypHbIMU dkcnepumentamu B KPY 6-10 xB. ¢ pa3paGorannbeiMu perne
MaKCHMaJIbHOTO TOKA Ha TepKOHAX W ampobanuell B BuAe MyOIuKanuil B KypHaje ¢
umnakT-pakropom 4 mo 6aze Scopus, 3 marentoB PecmyOmuku Kazaxcran, 3
nateHtoB Poccuiickoit ®denepanmu u gokiagamMu Ha 3 KoHpEpEHUMsIX, OJHA W3
KOTOPBIX 3apyOexHasi.

Hay4ynasi HoBu3Ha padoThbI:

1. Pa3BuTa Teopusi MOCTPOEHUS 3aIIUT Ha TEPKOHAX: a) HA OCHOBE U3MEPEHUS
VMHIYKIIMM MAarHUTHBIX MOJIEd B pa3HbIX pexxumax U Toukax BHyTpu KPVY 6-10 xB.
JIOKA3aHO, YTO WX BEJIMYMUHBI JOCTATOYHBI JUISI BBISIBICHHUS MEXKAYy()a3HBIX KOPOTKUX
3aMBIKaHUM B DJIEKTPOYCTAHOBKAX, nuUTaromuxcs or 3tux KPY u HalzneHsl
3aBUCUMOCTH 3THUX MHAYKIHUH OT IOJIOXKEHHUSI 'E€pKOHA BHYTPH PAcCMaTpHUBAEMOrO
KPY; 0) mokaszano, 4to mii WX pacy€éTa MOXKHO HCIOJB30BaTh MPOCTEHIIYIO
dbopmynry 3akoHa buo-Casapa-Jlaruraca, eciau BHeCTH B Hee KO (HUIIMCHT,
NOJIYUEHHBId B pe3ysbTare 3KcrepuMeHToB B 3ToM KPVY; B) cozmana meromuka
pacuera mapametrpoB MT3 na repkonax mist KPY 6-10 kB, ormnuuaromasicss ot
U3BECTHBIX HCIIOJIB30BAaHUEM 3TOM (POPMYJIBI U YUETOM BIMSHUS IIOMEX OT TOKOB B
Metamnueckux yvactsax KPVY; 1) paspaboran merton pacuéra mnapameTpoB IS
IPEASIOKEHHOro (UIbTpa TOKAa OOpaTHOM MOCIENOBATEIbHOCTH HA TepKOHaX; M)
NPEIJIOKEH CMOCO0 TECTOBOIO U (PYHKIIMOHAJIBHOIO JUArHOCTUPOBAHUS TOKOBBIX
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3alUT Ha TEPKOHAX, 3aKIIYAIOUIMICA B IOJa4ye TOKA B OOMOTKY YIPAaBIICHHUS
TepPKOHA C OJHOBPEMEHHON OJIOKMPOBKOW BHIXOIHOM IIETIH.

2. Co3zmaHbl M 3alMaTeHTOBAaHbl OJHO MAaKCUMAJIbHOE pelie C TECTOBOM
JUArHOCTUKOW, a Jpyroe ¢ (QyHKIMOHAIbHOM, a TaKXke JBa YCTPOUCTBa,
NO3BOJISIIOLME  KpenmuThb TepkoH BOmmM3M 1mmH KPY ¢ BO3MOXHOCTBIO
JUCTAaHIIMOHHOTO PEryJUPOBAaHMs YCTAaBOK cpabaThiBaHMsI TOKOBBIX 3amut. [lepsoe
OTJIMYAECTCS OT M3BECTHBIX HAJIMYUEM OOMOTKHU YIPABJICHHUS W IMyCKOBOW KHOTMKH, a
BTOpPOE €II€ U KOHAECHCATOPAMU M NPOMEXKYTOUYHBIMU pene. Tperbe-HaInduem
[IarOBOTO 3JIEKTPOJBUTaTeNsl C PEMEHHOW Mepefayeil, 4eTBepToe KOpoOKaMu ¢
repKOHAMU U IJIACTUHAMU, IEPEMEIIAIOIINMUCA B IBYX HAMPABICHUSX.

Hosrble HayuHbIe pe3yabTaThl pa0OThI:

1. loka3zaHo, 4TO BeNMYMHA UHAYKUUH MarHUTHOro mnosst BHyTpu KPY 6-10
kB. mocrarouHa aJisi BBISIBJICHUS C MOMOIIBIO TE€PKOHOB MEXIY(Pa3HbIX KOPOTKUX
3aMBIKaHHU B DJIEKTPOYCTAHOBKAX, TUTAIOIINXCS OT HEE.

2. Jlna pacyeTroB MHAYKUMHA MArHATHOTO IIOJISI BHYTPH PACCMaTpUBAEMOTO
KPY wMmoxHo mnonbs3oBatbest Qopmynoi 3anucu 3akoHa buo-Capapa-Jlamiaca B
npocreimein popme, eciau BHECTH B HEe MONPAaBOUYHbIA KOA(DPUIIMEHT, MOTYYEHHBIH
B PE3yJIbTATE SKCIEPUMEHTOB, IPOBEJACHHBIX B HEH.

3. Pa3zpaGoransl Metoauku BbiOOpa ycraBok MT3 Ha repkoHax s
anekTpoycTaHoBok ¢ KPY u pacuéra napameTpoB ynomMsiHyToro (puibtpa.

4. Co3manbl [1Ba BBIIIE YKa3aHHBIX PEJI€ MAKCUMAaJbHOIO TOKA C TECTOBOM M
(YHKIIMOHAIBHOM JHUAarHOCTUKOW HEHUCIPABHOCTEH M JBE KOHCTPYKIIMH IS MX
KpEIUICHHUS.

IIpakTHyeckasi 3HAYMMOCTh HAYYHBIX Pe3yJIbTATOB:

1. Pazpaborano pecypcocOeperarpiiee TOKOBOE pelie Ha TepkoHax 0e3
UCTIONB30BaHUsl TPaHC(HOPMATOPOB TOKAa C TECTOBOM M pene C (yHKIHMOHAIHHOU
JUAarHOCTUKOM HEUCHPABHOCTEH, YTO MOBBICUT HAJEHKHOCTH BBIMOJHSIEMBIX C HX
MIOMOILBIO TOKOBBIX 3aIIUT.

2. IlpensioxeHHOE pelie C TECTOBOM JUAarHOCTUKOM, CTOCOOHO HE cpadaThiBaTh
IpU KPaTKOBPEMEHHBIX MTOMEXaxX U 3aJIUITAHUU KOHTAKTOB, U (PUIBTP TOKa OOpaTHOM
NOCJIEIOBATENBHOCTU ¢ (YHKIMOHATBHOM TUArHOCTUKOW HEUCTIPABHOCTEH, KOTOPHIE
MOXXET CIY>KUTb IUISI MOCTPOEHUS OCOO0 UYyBCTBUTEIBHBIX M HAJEKHBIX TOKOBBIX
3aIlHUT.

3. Coznanbl Meroauka pacu€ra napamerpoB MT3 Ha repkonax B KPVY
HarpsbkeHreMm 6-10 kB, yuuThiBaroiiasi BIMSHUE TOMEX OT TOKOB B METAJUIMYECKUX
yacTsax B cBoeM U coceqHeM KPY, u Mmeroauka pacuera ynoMsHyTOro GpuibTpa.

4. Ina KPY co3nano ycrpoiictBo MT3 Ha repkoHax ¢ JIUCTaHIMOHHBIM
pPEryJIMpOBAaHUEM YCTaBOK, YTO IMIO3BOJISIET HE OTKIKOYasi 3JIEKTPOYCTaHOBKY
nepecTpanBaTh yCTaBKUA CpaOaThIBAHMS.

IIpakTHYecKasi HEHHOCTH PadOThI.

1. JlokazaHo, 4TO WHAYKIMM MarHuUTHbIX noner BHyTpu KPY 6-10 xB.
JOCTATOYHBI JUIsl cpabaThIBaHUS! TEPKOHOB B TOKOBBIX 3alllUTaX, a JJIsl pacuera 3TUX
WHIYKIIMHA MOXHO ToJib30BaTbesi (Gopmysoi 3akoHa buo-Casapa-Jlamaca, c
BBEJICHUEM B HETO MOJY4YeHHOro K03 puiueHTa.
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2. Pa3zpaboraHHbIE pesie MAKCUMMAJIbHOIO TOKA HA TeépKOHax 00Jiee COBEPILEHbI
B CPAaBHCHHUH C M3BECTHHIMH, TaK KaK OHU 00OJAJar0T MPEUMYIIEeCTBAMH, OJTHO H3-32a
HaJUYUs MPOCTOr0 TECTOBOTO AUArHOCTUPOBAHUS MPU HEUCIIPABHOCTSIX, BTOPOE €IIIe
U HE cpabaThbIBaHMEM NPU KPATKOBPEMEHHBIX HEUCIPABHOCTSIX, TPEThE 3a CYET
Haau4usl QyHKIMOHATLHON JUArHOCTUKH.

3. Co3maHHasT  KOHCTPYKUMS U1  KPEIUIEHUS TEPKOHOB  MO3BOJISIOT
JUCTAHIIMOHHO U 0€3 OTKJIIOYEHHUS JJIEKTPOYCTAHOBKHU PEryJupOBaTh YCTaBKY
cpabaThIBaHUS.

4. TlpennoxxenHas MeroAuka pacuera napametrpoB MT3 Ha pa3paboTaHHBIX
peiie MO3BOJISIET YUYECTh MTOrPEIIHOCTH YCTAHOBKU I'epKOHOB BHYTpU KPVY u BnusiHue
TOKOB B (pa3zax 3aIlUIIAEMOTO U COCEIHHMX IMPUCOCIUHEHHUM, U, YTO OYEHb BaXKHO,
BIIMSIHUE HABEJICHHBIX TOKOB B UX METAJUIMYECKUX YACTSIX.

5. Pazpaborannas ~ meTogumka — pacuera  ¢uiIbTpa  TOKa  OOpaTHOM
MOCJIEIOBATEILHOCTU € JMArHOCTHUKOM HEHCIPAaBHOCTEHW MO3BOJSET JIOCTATOYHO
MPOCTO UX PEANN30BATD.

K 3amure npeacraBisiloTcs:

1. IBa pene MakCUMajibHOrO TOKa C TECTOBOM M (DYHKIHMOHAJIBLHON
JUArHOCTUKOU HEUCIIPABHOCTEN.

2. ®opmyna st pacuéra MHAYKIUM MAarHUTHBIX TIOJIEW C 3aBUCUMOCTAMH STUX
MHJYKIUNA OT MOJIOXKEHUS TepKOHA BHYTpH siueiiku KPY.

3. Meroauka pacuera mapaMeTpoB: a) MaKCUMaJIbHOM TOKOBOM 3amuThl KPY
6-10 xB. ¢ ucnons3oBanuem Hopmyibl pacuéra UHIYKIIMHA U yYETOM BIUSHUS TTOMEX
OT COCEeIHHMX s4eek;0) ¢uabTpa TOKa OOpaTHOW TMOCIEAOBATEIBHOCTH C
JIMAarHOCTUKOW HEUCIIPABHOCTEM.

4. Cmoco6 TecToBOro M (yHKIMOHAIBHOTO JIMAarHOCTUPOBAHHMS TOKOBBIX
3alllUT Ha TEePKOHAX, a TaKXke JBa YCTPOMCTBAa KPEIUICHUS T'e€pKOHA BOJU3M IINH
sueriku KPVY.

Peanu3anusi pe3dyabratoB padorbl. I[lomydyeHo coriacue Ha BHEAPEHHE
ycTpoicTBa TokoBO# 3auuThl B stuerike KPY na AO ITPOK (ITaBnogap).

AnpobGanus padorbl. OCHOBHBIE IMOJIOXKEHUS JAUCCEPTALMU JOKJIAbIBAINCH
Ha MexnayHapogHoit HayuHo kKoHpepenmuu «XVIICarnaeBckue UTEHUS
(ITaBmomap, 2017), «X TopaiireipoBckue utenus» (IlaBmomap, 2018), 47-s
MexayHapoaHass Hay4YHO-IIPAKTUYECKasi KOH(EPEeHIUs «AKTyallbHble BOMIPOCHI
Haykn» (Mockga, 2019).

I[Myoaukanuu. PesynbTaThl wucciienoBaHuil omyOnukoBaHbl B 11 HaydHBIX
TpyJax: OJHA CTaThsl B JKypHaje BXoAsSmmMM B 0azy Scopus: 7 myOnukanwii B
uznanusax, pekomenayembix KKCOH, cpean xoTopbhix 3 mareHTa Ha U300pETEHHE
Pecny6nuku Kazaxcran, 3 mateHta Ha nzoopetenue Poccniickoit denepanum, u3 HUX
2 Bomemammx B ©0a3zy «WebofScience»; 3 mnyOnukammm B Marepuanax
MEXIYHAPOJHBIX KOH(EpEeHIH, B TOM uuciae | B wmaTepuaiax 3apyO0eHOM
koH(pepennuu. B myOnmukamusx B COAaBTOPCTBE JIMYHBIA BKJIAQJ COUCKATEIS
cocraBiisieT 80%, a B ctarbe [55] — 30%.

Crpykrypa u o0beM auccepraumm./luccepranus COCTOUT U3 BBEICHUA, TPEX
pa3/ielioB, 3aKJII0YEHUS U YEThIpeX npuioxxeHui. Pabora uznoxkena Ha 95 crpanuiax
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KOMIIBIOTEPHOTO TEKCTa, BKIO4aeT 45 pucyHkoB. CIHCOK HCIOJIb30BAHHBIX
VMCTOYHHKOB COCTOUT U3 73 HAMMEHOBAHHM.

B mnepBoii riaaBe«AHaNN3 CYIIECTBYIOIIUX TOKOBBIX 3aIUT» PaCcCMOTPEHBI
TpaJMLIMOHHBIE 3aLIUTHI, MOJy4YarolKe UHPOPMALUIO OT TPaHC(HOPMATOPOB TOKA C
dbeppoOMarHUTHBIMU ~ CEepJCYHUKAMHU,  TOKOBBIC  3allUThl  HA  Pa3IUYHBIX
npeoOpazoBatensix 0e3 TpaHCPOPMATOPOB TOKA: HA MarHUTHBIX TpaHChopMaTopax
TOKa, JaTYMKOB POroBCKOro, Ha MarHUTOPE3UCTOpPAaxX, HA MArHUTOAUONAX U
MarHuTOTPaH3UCTOpax, Ha JaTyukax XOJula M Ha KaTylmkaX WHIYKTUBHOCTH.
[TonpoOHO oOmnUCaHbl TOKOBBIE 3aIIUTHI 3JIEMEHTOB JJIEKTPUUECKUX CHUCTEM Ha
repKOHax. YKa3aHbl BAXKHEHIINE JOCTOMHCTBA TI'E€PKOHA JUISl PEICUHOM 3allUThI.
JlaHbl WX NOpeuMyllecTBa B CPAaBHEHHM C JPYTMMHU MarHUTOYYBCTBUTEIbHBIMU
anemeHTamu. [lokazaHo, 4To oHM 00JAAAIOT JOCTATOYHOW UYBCTBUTEIBHOCTHIO IS
WCIIOJIb30BAHUSA B PEJIECHHOM 3amure 3ieKkTpoyctaHoBOK 6-110 kB. Ilpencrasieno
BBIIIOJIHEHHE MaKCHMaJIbHOM TOKOBOHM 3allUTBl HA IE€PKOHAX C BBIOOPOMYCTABOK,
o0paleHO BHUMAaHUE Ha OTCTPOIMKY OT caMO3allyCKa U Pa3IMYHbIX OMEX. Y Ka3aHbI
CrocOObI BBINMOJHEHUS 3alUIUT HA F€PKOHAX, BKIIOYAs CXEMbI pelie U KOHCTPYKLIMH
st ux  kpemieHud. [loguepkHyTo 3HayeHUWE TeCTOBOM M (YyHKUHMOHAIBHOM
JAArHOCTUKHU HEHUCIIPAaBHOCTEN IS penerHon 3alUTHI.
[IpoaHanM3upOBAHBIHEKOTOPHIE CXEMBbl C JUAarHOCTUKOW HeucrnpaBHOCTEH. B
BBIBO/IAX TJIABBl YKa3bIBAETCS, YTO 0CO0O€ BHHUMAaHHUE MPU UCCIEIOBAHUSIX HOJKHO
OBITh YJIEJIEHO pa3palOTKe MPOCTHIX YCTPOMCTB TOKOBBIX 3alllUT HA TEPKOHAX C
TECTOBOM W (PYHKIMOHATHHOM JMATHOCTUKOW HEUCIPABHOCTEH U OIPEACIICHUIO
pacnupeneneHrsi MarHUTHBIX 10JIeW BHYTpHU ssueiku KPY.

Bo Bropoii riaaBe«Pa3paboTka cXeM TOKOBBIX 3alllUT Ha TEPKOHAaX C
JUAarHOCTUPOBAHWEM HEUCIPABHOCTEW U KOHCTPYKUUU 1151 uX KperieHus B KPY 6-
10 kB» paccmoTpeHsl pecypcocOeperaronue pene Toka Ha TepPKOHaX C TECTOBBIM
JUAarHOCTUPOBAHMUEM: CXE€Ma peje CO CYETYMKOM HMIIYJbCOB M  TECTOBOU
JUArHOCTUKOM, CXeMa pelie ¢ TECTOBOM IMAarHOCTUKON He padoTaronas U3JIMIIHE IpU
KPAaTKOBPEMEHHBIX TMOMEXAX MW 3aJUIIAHUM KOHTAaKTOB. TecToBas AMAarHOCTHUKA
OCYLIECTBJISIETCS. Ha)KaTUEM KHOMKU U TMOJadyeil MEepeMEHHOro TOKa B OOMOTKY
repkoHa (yCTaHOBJIEHHOTO MO/ IIMHOM 3JIEKTPOYCTAHOBKH ).

[IpencraBiensl pe3ynabTaThl SKCIEPUMEHTAIBHON MPOBEPKUA HA pa3pabOTaHHOM
7a00paTOpHONl ~ yCTAaHOBKE  MpEUIaraéMoro  MOMEXOYCTOMYMBOTO  peie  C
OCIIIJIJIOTpAaMMaMU HaNpsDKEHUW TpU  cpabaTbiBaHMM TE€pPKOHA U JPYTUX pele.
[IpoaHaIM3UpPOBAHBl CXEMbl YCTPOMCTB TOKOBOM 3alllMTBl HAa TEPKOHAX C
GyHKIMOHATBHOM UAarHOCTHKON. OCOOEHHOCTBIO CXEMBI SIBJISETCS TO, YTO OHA
NOJAaeT TECTUPYIOIIMI CHUrHaJl, uepe3 Kaxzable 2 MUHYTHI. lIpennaraercs cxema c
(GyHKIMOHATHHOM AMATHOCTUKON (PUIIBTPa TOKOB OOPAaTHOM MOCIIEI0BATEILHOCTH HA
TepPKOHAX M KaTyMIKaX WHAYKTUBHOCTH. CXeMa M3BECTHOTO (PMIbTpa AyOIHPYETCS H
C HOMOIIBIO OJHOIO IepKOHA C ABYMS OOMOTKAMHM KOHTPOJIMPYET HANpsKEHHE Ha
00OMOTKaxX yIpaBJICHUS ABYX TE€PKOHOB (UIbTPA, YCTAHOBJICHHBIX IO/ IIMHHAMH
3JIEKTPOYCTAaHOBKH.

Onurcansl npeyiaraeMble KOHCTPYKIMM JUIsl KperuieHus: repkoHoB B KPY 6-10
kB. OCO0€HHOCThIO OJTHOM U3 KOHCTPYKIUU SIBJSIETCS TO, YTO C €€ MOMOIIBI0 MOXKHO
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aBTOMATUYECKU PEryJIMPOBATbYCTABKM 3aIlUTHI, & BTOPOW- MEpPEMEIATh T'€PKOHBI
OTHOCUTEJIBHO IIIMH 3JIEKTPOYCTAaHOBKM B JIByX HampaBiieHusix. llpencraBiena
doTorpadgusi pacnoyioKEHUs ONBITHOrO oOpa3ua @uibTpa TOKOB OOpaTHOU
nocieaoBatenbHocTd B Onu3u  mmH  KPY. B BeIBOgax ykasbIBaeTcs, 4YTO
pa3paboTaHHbIe pejie Ha TepPKOHAX C JMArHOCTUKOW HEUCHPABHOCTEH MPOCTHI,
paboToCcIOCOOHBI M 00J1a1al0T TOCTATOYHBIM OBICTPOCHCTBUEM.

B Tpertbeii riaaBe«Ilapamerpsl 3a1UT ¢ pa3pabOTaHHBIM pelie U PUIBTPOM TOKa
00paTHOI MOCJIeI0BATENLHOCTIY MPEACTABICHBl OCOOEHHOCTH pacyeTa MarHUTHBIX
noineii B KPY 6-10 xB. IlokazaHo, 4TO NpEANOYTUTENILHEW MJIS JTUX LEel
ucroyib30oBaTh 3akoH buo-Capapa-Jlarutaca B mpocreiimiein Gopme ¢ BBEICHHEM
MOJIYYCHHBIX IKCIIEPUMEHTAIBHO K03 duimentoB. [Ipoananu3nupoBanbl pe3yabTaThl
AKCIEPUMEHTOB [0 HCIOJb30BaHMIO 3akoHa buo-Caapa-Jlannaca st pacdeToB
MarHuTHbIX mojed B KPY, mnpoBeneHnbix B (CaMapcKoM TIoCyJIapCTBEHHOM
TEXHUYECKOM yHuBepcuTeTe. OnucaHbl MMPOKO IpUMEHseMmble suevikn KPY B
Kazaxcrtane, Ha KOTOpPBIX MPOBOJUIUCH DJKCIEPUMEHTHI IO OINPEICICHUIO
pacrnpeneneHrs MHAYKIMA MAarHUTHBIX TTosiell BHyTpu KPY.

[lokazaHo, 4YTo OHM (MHIYKIMH) HUMEIOT JOCTAaTOYHYIO BEIUYMHY IS
MOCTPOCHUST  peledHOM  3amuThl. PaccMoTpeHa cxeMa H3KCIEpUMEHTATbHOMN
ycTaHoBKU. OmnpeneneHbl KOd()PUIIMEHTHI, OIEHUBAIOIINE BIUSHUE PA3THUYHbBIX
IIOMEX, B TOM YHCJIE CO3JaBa€MbIX TOKaMH B coceqHux KPVY.

[IpencraBiieHa  pekoMeHAyeMas  METOJMKAa  IPOBEACHUS  HATYPHBIX
AKCIEPUMEHTOB B KOMIUIEKTHBIX PaclpeeInuTelbHbIX yCTpoiicTBax. JJlana MeToiuka
BbIOOpa ycraBok MT3 ¢ pa3paboTaHHBIM pejie Ha TEPKOHAX W MpuUMEp BbIOOpA.
Oco0oe BHUMaHHE YJEICHO OMPEICICHUIO0 BEJIMUYMHBI MHAYKIIMH MarHUTHBIX TOJIEH
B HUCCJIEIOBAHUSX, IPU PA3IMYHBIX KOPOTKUX 3aAMBIKAHUSX B COCEIHUX SUCHKaX.

Jlan pacuer mapameTpoB (UIBTpa TOKOB OOPAaTHOW MOCIIETOBATEIHHOCTH MPHU
pacroioxxkeHuu (a3 3auuaeMon 3J1eKTPOYCTaHOBKU 0 BEPUIMHAM TPEYroJbHUKA U
IIpU TOPU3OHTAIILHOM pacnosiokenuu. [Ipu 3Tomocoboe BHUMaHUE yI€IEHO BHIOOPY
KOOpJAWHAT, O0ECMeUnBAIOINX OTCYTCTBHE TOKOB HYJIEBOW MOCJEI0BATEIHLHOCTH.
Onucanbl AKCMEPUMEHTAIbHBIE HUCCIEIOBAHUSI TPEACTaBICHHOrO0 (UIbTPa TOKOB
00OpaTHONM TOCJEAOBATEIBHOCTH MPU TOPU3OHTAIBLHOM  pacmojiokeHuu (a3,
MOATBEPKIAAIOUIMN OCIMIUIOTpaMMaMK CBOIO paboTocnocoOHOCTh. [lokazano, yTo
BHEJIDEHHE YCTPOWCTBA TOKOBOM 3alllUTBI C PEJNE CO CUYETYUKOM HMILYJIbCOB M
aBTOMAaTHUYECKUM PpETYJIMPOBAHUEM YCTABOK MOKET MPUHECTH SKOHOMHYECKUM
abpdexr 902 T. Tenre B roa. B BeIBogax oTMewaeTcs, 4YTO IONPABOYHBIC
KOd(hPHUIHEHTH HEOOXOUMO OTMPEEISITh IKCIIEPUMEHTaIbHO s Kaxaoro KPY, a
pa3pabOTaHHYI0 METOJUKY ONpPEETICHUsI pacipeieICHUsI MarHUTHBIX TMOJIEH MOYKHO
peKoMeH0BaTh J1s Tr00bIX KPY.

Pe3yabTaThl padoThl CBOAATCH K CJEAYOHIEMY:

B pabGore pemenpl 3amaum: pa3pabOTKH pejie TOoKa C JUAarHOCTHKOM
HEHCIIPABHOCTEN, HOBBIX YCTPOMCTB M KOHCTPYKIIMH TOKOBBIX 3aIllUT M METOIOB
pacuéra QuibTpa TOKOB OOpaTHOM MOCJIENOBATEIHLHOCTEH Ha TepKOHAX, a TaKkKe
AKCIEPUMEHTAJIBHOTO HCCIIEIOBAHUS paCIpe/ie]ieHUss MarHUTHOTO TIOJIsI BHYTpHU



Auerku it 3nekTpoycTaHoBok ¢ KPY 6-10 kB. Pe3ynbrarsl paboThl cBOIATCSA K
CleAyIoLIEMY:

1 Pa3BuTa TEOpHUs MOCTPOCHUS 3AILNUT HA T€PKOHAX:

a) Ha OCHOBE M3MEPEHMs] MHIYKLUHUHU MAarHUTHBIX MOJIeHd B pa3HbIX pEeKUMaX U
toukax BHyTpu KPVY 6-10 kB. moka3zaHo, 4yTO MX BEJIWYUHBI JOCTAaTOYHBI JUJIS
BBISIBJICHUST ~ MEXAY(]Pa3HbIX KOPOTKHMX  3aMbIKAaHUH B  DJIEKTPOYCTAHOBKAaX,
nutarommxcs ot 3tux KPY u HaliieHbl 3aBUCUMOCTH 3TUX UHAYKUHUNA OT MOJIOKEHHS
repKoHa BHYTpHU paccMarpuBaemoro KPV;

0) moka3aHo, 4TO JUJIsl UX pacdy€Ta MOKHO KCIIOJIb30BaTh MPOCTEHIIYI0 (HOpMYyITy
3akoHa buo-Caapa-Jlamaca, ecium BHeCTH B Hee KOd(PUIIMEHT, MOJYYCHHBIH B
pe3ynbTare 3KCrepuMeHToB B 3ToM KPVY;

B) cO3/1aHa MeToaMKa pacyeTta napamerpoB MT3 Ha repkonax st KPY 6-10 kB,
OTJIMYAIOLIASICA OT M3BECTHBIX MCIOJb30BAaHUEM 3TOW (POPMYJIBI U yUYETOM BIIUSHHUS
IIOMEX OT TOKOB B MeTaJutmueckux yactsax KPVY;

r) pazpaboTan MeTo/A pacuéra mapaMmeTpoB IS MPEUIOKEHHOTO (QUIbTpa TOKa
00paTHOI MOCIe10BATENLHOCTH Ha T€PKOHAX;

J) TPEeNJoKEeH CHoco0 TEeCTOBOTO U (PYHKUMOHAIBHOTO AMArHOCTUPOBAHUS
TOKOBBIX 3alllMT Ha TIEpPKOHAX, 3aKIOYalolIUiCAd B I0Jaye TOKa B OOMOTKY
YIPABJICHUS T€PKOHA C OJJHOBPEMEHHOM OJIOKUPOBKOM BBIXOAHOU LETIH.

2 Co3ganHbl W 3anaTeHTOBAaHbl OJHO MAaKCHMaJlbHOE pEJle C TECTOBOM
JUArHOCTUKOW, a Jpyroe ¢ (QyHKIMOHAIBbHOM, a TakXke JBa YCTPOUCTBa,
MO3BOJISIONIME  KpemuTh TepkoH BOmm3um 1mmH KPY ¢ BO3MOXHOCTBIO
JUCTAHIIMOHHOTO PETYJIMPOBAHMSI YCTABOK CpabaThIBaHUsI TOKOBBIX 3aILIUT.



