[image: ]

[image: ]


ABSTRACT

Report р. 104, 40 figure, 3 tables, 52 references, 21 app.
TECHNOGENIC ACCIDENTS, RELAY PROTECTION, COMPLETE SWITCHGEAR AND BUSDUCTS, COMPETITIVENESS, REEDERED PROTECTION, EXPERIMENT.
The object of the research is the relay protection of power supply systems.
The goal is to create new globally competitive resource-saving relay protection devices based on reed switches that do not use current transformers.
To implement the project, the following were used: the basics of electrical engineering, relay protection, theories of electrical machines and reliability, modeling and experiments.
In the course of the project, the following results were obtained:
1. Formulas have been developed for the selection of the operation settings (the influence of neighboring electrical installations is taken into account) and the assessment of the sensitivity of the overcurrent protection (OCP) on reed switches for switchgear and differential on a magnetoresistor.
2. We have created patented and competitive protection on reed switches for connections of switchgear, electric motors and a converter installation with diodes and structures for their fastening, which provide resource saving by eliminating current transformers. Three prototypes of protection were assembled, one of which (OCP) was implemented in «Teploaudit-EK» LLP.
3. It was found that: a) The reliability of protection on the magnetoresistor is higher than that of the traditional. It is proposed to take into account the failure rate of the circuit breaker and the coefficients of unavailability of duplicated protections; b) in the magnetizing current of the transformer of the converter installation, the amplitude of the second harmonic is three to four times greater than the fundamental; c) EM protections up to 1000 V should be more sensitive to the small number of closed turns in the stator winding (they occur more often). The dependences of the angle between the currents of the EM phases on their number are found; d) these developments can be used to build a backup relay protection system at power plants and substations, industrial and agricultural enterprises.Which once again points to its global competitiveness.
4. For calculations under item 3, formulas have been developed. To carry out experiments with the developed devices, methods and laboratory facilities have been created. Correction factors have been determined that allow the use of the Bio-Savard-Laplace law.
5. Published two articles in journals from Scopus data, five articles in domestic peer-reviewed journals, a monograph and an article in the conference collection.
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SYMBOLS AND ABBREVIATIONS

In this research report, the following abbreviations and symbols are used:
CI – converter installation.
CT – current transformer.
DP – differential protection.
DPP – differential-phase protection.
EI – electric installation.
EM – electric motor.
EMF – electromotive force.
IC – inductance coil.
IMC – inrush of the magnetizing current.
MF – magnetic field.
NSCF – negative sequence current filter.
OCP – overcurrent protection.
RP – relay protection.
SC – short-circuit.
UC – unavailability coefficient.
МCТ – magnetic current transformer.


INTRODUCTION

At present, in the technique of relay protection (RP) of power supply systems, the rapid introduction of microprocessor devices began. However, the microprocessor devices of the RP, contrary to expectations, have not justified the hopes that they will increase the reliability of RP. Meanwhile, due to the unreliability of RP in the world, a huge number of accidents occur, including technogenic ones, for example, ten years ago in the USA [1], Spain [2], France [2], Moscow [2], the last five years a grandiose accident occurred in Kazakhstan in Almaty, because of the incorrect operation of the RP the whole city was left without electricity, in Russia in 2010, 2016 and 2017 similar accidents took place in St. Petersburg, Yekaterinburg and the Far East [2]. These accidents lead to environmental disasters, for example, as a result of the stoppage of cleaning facilities and the occurrence of fires, not to mention what is happening in factories. Analysis of these accidents shows that the RP is not perfect enough both in terms of the theory of construction and the reliability of implementation. Therefore, the development of the theory of construction and increasing the reliability of the RP are relevant
Note that the use of any sensors in the RP along with current transformers and the replacement of current transformers, as well as the creation of new relay protection devices capable of working with these sensors, was named in 2001 by the International European Council for Electric Power Systems a fundamentally unsolved energy problem. The fact is that current transformers, of which there are more than 500 million in the world, can contain up to 90 kg of high-quality copper and steel and have errors of up to 50% [3].Due to these shortcomings, in the 70-80s of the last century work started on the creation of RP on the coils of inductance [4], magnetic current transformers [5], Hall sensors [6] and magnetically controlled contacts (reed switches) [7], later on magnetotransistors [8] and Rogowski coils [9]. We have chosen reed switches for the construction of protection devices, since in comparison with other sensors they have some important advantages for relay protection: their metal contact is completely sealed; they can work in conditions of high humidity and dust, in the environment of active liquids and gases, with a temperature change from -600С to +1500С; provide full galvanic isolation of the load and control circuits; have low electrical resistance (0.05-0.25 Ohm); long service life with high reliability (106-1012 switching cycles); have low control power from 50 to 200 mW; have high insulation resistance (109-1012 ohms) and performance (0.3-3 ms); have a high resistance to external mechanical influences; have a simple construction; performs at once two functions - the current sensor and the measuring organ of protection, does not require amplifiers for signal transmission and the transmission itself is carried out by control circuits, and not by measuring ones.
Tasks of the project(the timetable and changes made to it during the project implementation are given in Appendices A and B):
1. Development of the theory of OCP construction: a) development of formulas for the selection of OCP settings in switchgear and for OCP in complete current conductors, as well as formulas for sensitivity evaluation; b) refinement of these formulas after carrying out experiments and processing the results.
2. Development of models and prototypes of devices of the maximum current protection and constructions for fastening reed switches.
3. Development of methods and laboratory stands for carrying out field experiments in CSG and complete current conductors.
4. Experimental study of the behavior of the manufactured prototype.
5. Introduction of prototypes of the developed devices into practice.
6.Development of the theory of construction of differential protections of converter installations: a) investigate the inrush of the magnetizing current when the power transformer of the converter installation with diodes is switched on at idle, creating a model of its operation; b) determine the differences between the magnetizing current and short-circuit current;
7.Development of a differential protection model on reed switches and Wheatstone bridge for a converter installation with diodes: a) create a circuit of the protection device, taking into account the features of the magnetizing current and voltage changes using the on-load tap-changer; b) create a technique for selecting the protection triggering current using the properties of the magnetoresistor in the Wheatstone bridge; c) assess the sensitivity of the proposed protection.
8.Development of a technique for calculating the reliability of protections on reed switches to assess their effectiveness: a) calculation of unavailability coefficients of traditional and proposed schemes of differential protection of the converter installation and comparative analysis of their effectiveness; b) improvement of the calculation technique based on taking into account the unavailability coefficient of circuit breakers.
9. Development of a device for the protection of electric motors with a voltage of up to 1 kV: a) an assessment of the likelihood of different winding closures; b) development of a method of protection and a reliable device against winding closures; c) the creation of a technique and an experimental installation for the winding closures in electric motors with a voltage of up to 1 kV.
Inventory numbers of interim reports for 2018 and 2019: No. 0218РК00286 and No. 0219РК00483.

1 Development of the theory of overcurrent protection (OCP) construction

1.1 Development of formulas for the selection of the OCP settings in the complete switchgear (CS) and for the OCP in the busducts, as well as the formulas for estimating the sensitivity
Since the principle of operation of OCP on reed switches remains the same as in traditional protection, it should not work when self-starting electric motors. Therefore, as with the traditional one, the primary current Iop of the protection operation [3]

                                                      (1.1)

whereIop.max – maximum operating current in the phase of the busduct under consideration;
k1and kst – detuning and self-triggering factors.

However, it is impossible to use formula (1.1), since the reed switch reacts not to the current, but to the magnetic flux (MF) acting along its contacts, and is triggered by induction, whereВop – induction of reed switch operation.In this case, not only the induction B1, created by the current Iор, acts on the reed switch, but also the induction B2 from the current in the buses of the adjacent phases of the protected electrical installation, B3 from the currents in the sheath or busbar of the neighboring electrical installation, as well as the earth magnetic field ground. Therefore, the induction Вsz of the protection operation is selected according to the condition:


,                                                 (1.2)

Traditionally, the coefficient ksof sensitivity of current protection is calculated by the formula ks=Isc.min/Iop [3] (where Isc.min– minimum short-circuit current). However, the reed switch is triggered by the induction of the MF. Therefore

ksc=Вsc.min/Вsz,                                                              (1.3)

whereВsc.min – induction of the MF at the point of installation of the reed switch when the minimum short-circuit current flows along the bus.
Here Вор instead of Вsz, since the actuation does not occur at the theoretically selected Bsz, but at Вор.
OCP can be built using negative sequence currents. To do this, it is necessary to supplement the protection circuit with two inductors, the first of which is put on a reed switch, and the second is attached near the conductors of the EI phases. In order for the reed switch to react to negative sequence currents, the following condition must be met:


,                                                 (1.4)


	where–induction of the total magnetic fields, which act along the longitudinal axis of the reed switch;


	and–are the inductions of the magnetic fields (acting along the MOS longitudinal axis) produced by the currents of the electrical installation phases and current in winding put on the reed switch.
Let represent I2 in Eq. (1.4) as [10]: 


,                                    (1.5)

	whereIA, IB, and IC– the total current in the phases А, В, and С; 
	е–j60– the complex number that characterizes the counterclockwise 60-degree phase shift.
This representation has been chosen to exclude the effects of magnetic fields produced by zero-sequence-currents to the reed switch and inductance coil (IC). When decomposing the phase currents into symmetrical components, the zero-sequence-currents are co-directed in all the phases and compensate each other when subtracting.
Equations (1.4) and (1.5) show that reed switch reacts to current I2, if the device parameters and reed switch and IC coordinates provide for the fulfillment of equations


,                                                     (1.6)


.       (1.7)


Since  is created by currents of all phases, in accordance with the Bio-Savart-Laplace law and taking into account the fact that magnetic fields from the currents of all three phases act on the reed switch, the induction


,                           (1.8)

	whereВА (ВВandВС,) – the induction of the magnetic field produced by the current IA, (IB and IC) at the point M of the location of the reed switch; 
	α1(α2and α3) – the angle between the longitudinal axis of reed switch S and ВА (ВВ and ВС); 



	, , and  – the distances from the conductors of phases А, В, and С, respectively, to the point М; 
	μ0 – the vacuum permeability.
The analysis of Eqs. (1.6) and (1.8) shows that condition (1.8) fulfils if



and .            (1.9)



As for condition (1.7), its fulfillment is supported by corresponding coordinates of second IC. The induction  is produced by the current Iout in first IC; Iout is produced by the electro-motive force (EMF) Е at the leads of second IC, and Е is produced by the flux Ф (produced by the currents of the three phases) with the magnetic induction  acting along the longitudinal axis of second IC. Finally,


.                  (1.10)


Let us note that the induction  is represented by similar formulas (with the corresponding angles and distances, denoted below by the superscript IC); lA, lB, lC, α1, α2, and α3 below mean values different from the above considered.


Induction  (1.10) should coincide with  (1.7) therefore,


.                                     (1.11)



To ensure, where  is the proportionality coefficient, it is enough to fulfill conditions similar to (1.9):



and.      	(1.12)

1.2 Refinement of formulas for the choice of OCP settings after the experiments and processing of the results obtained
After the experiments and their analysis, given in Chapter 3, formula (1.2) takes the following form:
- in the absence of a neighboring electrical installation:


;                          (1.13)

- in the presence of a neighboring electrical installation, the larger of the two Вsz is selected, calculated for the modes when the load current flows in the buses of the protected EI, and the short-circuit current in the neighboring one, and, when the self-starting current of the electric motors in the buses of the protected one, and the load current in the neighboring one:


                                  (1.14)


,                         (1.15)

whereIop.max1 – maximum operating current of the adjacent EI;
h1and h2 – distances from the busbars of the protected and adjacent busducts to the reed switch;
ksh – shielding coefficient of the busduct sheath of the protected EI;
Isc – short-circuit current in the busbar of the adjacent EI.

It should be noted that closely located isolated phase busducts are rare in the power industry. Therefore, Eq. (1.13) is used in most cases. Thus, the actuating parameter (Bsz) of the protection suggested can be calculated like in common overcurrent protections, multiplying the operating current Iop by the factor 1.6 × 10–7/h1 (h1 is measured in meters).
If the protection is voltage-lock and the protected and neighboring electrical installations are powered from different buses, then the effect of interference from currents in the busduct of the latter can be ignored and Bsz can be calculated by Eq. (1.13) at the corresponding Iop. This is simply explained: if a reed switch closes the contacts under the current Isc, then the voltage relay contacts remain broken and the protection does not operate.
After the experiments, the formula (1.3) was also refined:

ks=Вsc.min/1,15Вop,                                                         (1.16)

Formulas (1.4) - (1.11), which were specified earlier, are used in the article: M. Kletsel, A. Zhantlesova, P. Mayshev, B. Mashrapov, and D. Issabekov, “New filters for symmetrical current components,” International Journal of Electrical Power and Energy Systems, vol. 101, pp. 85-91, 2018. Scopus percentile for the year of publication - 95.The list of works published on the project topic is given in Appendix C.


2 Development of models and prototypes of devices of the maximum current protection and constructions for fastening of reed switches

2.1 Studying of known designs of CS and busducts
To develop structures for fastening reed switches, the well-known designs of cells of compleet switchgear (CS) and busducts were studied.Cells of CS are divided into two main types: outdoor installation and indoor installation. The latter include cells, for example, type K-129, K-128, manufactured by the "Electroshield" company, and KRU2-10, manufactured in Kazakhstan by the "Kemont" company.The main elements of the CS are: a case, which is divided into several compartments (relay, busbars, cable and withdrawable element), circuit breaker, busbars, current transformers and relay protection devices.However, the arrangement of busbars and current transformers in most cases is different. Busducts are also subdivided into two types: phase-shielded and in a common sheath.The first is a round bus, secured with insulators inside the shell.The second - three buses, fixed with insulators inside a common shell, and they can be made with partitions between the phases and without them.The analysis of design versions of cells CS and busducts showed that almost each of them needs its own design for attaching reed switches.However, some common components can be used, such as a bar and a pencil case, inside which the reed switches are located.

2.2 Development and manufacture of structures for fastening reed switches and their testing
For sensing the magnetic field, the reed switch can be mounted on current-carrying buses or cable cores directly [11 - 14] or near them. The project considers the option of fastening at a safe distance h, since then special measures to ensure safety are not needed, the probability of breakdown is much less, it is easier and more accurate to adjust the pick-up value (it is possible to do this by changing h).During the implementation of the project, two structures were developed for attaching the reed switch. For these designs, patents for inventions No. 33525 and No. 34366 were obtained (Appendix D).They make it possible not only to fix the reed switches at a distance h from the busbars, but also to change it remotely, thereby ensuring the safety of the operating personnel and the ability to change the settings without shutting down the electrical installation.Based on the above, it can be argued that the developed structures are competitive.Schemes of structures are listed in Appendix E.
A structure has been made, the main element of which is a strip (textolite material). On the bar there is a plastic case (junction box). In the box, the reed switches are supposed to be fixed with glue. This structure was tested in one of the cells of the complete switchgear. The structure was finalized (Figure 2.1) and was made using 3D printing, which made it possible to ensure high dimensional accuracy. Now the structure contains two box 2, 3 on bar 1. A terminal block was placed in box 2, which made it possible to reduce the dynamic loads on the reed switch contacts. Added a cable duct for wires extending from the reed switch contacts, which smoothly goes from one box to another. The boxes and the cable duct are closed with a common lid.

[image: ]

Figure 2.1 – Structures for fastening reed switches

2.3 Development of models of OCP devices without self-diagnostics and with self-diagnostics of serviceability
In the course of the project implementation, overcurrent protection devices without self-diagnosis and with self-diagnosis of serviceability were developed. For these devices, patents for inventions No. 34367 and No. 33644 were obtained (Appendix F).Device schemes are presented in Appendices G and H.As shown by a thorough patent study, the closest analogues of the developed overcurrent protections are the circuits in [15-19].The simplest of the schemes [15] contains a reed switch, a pulse expander is connected to its contacts, and an actuator is connected to the latter.The circuit differs from those used with current transformers [13, 20] by the absence of a control winding (which is connected to the secondary winding of current transformers), and the relay by its location.Another circuit [16] with a timer measures the closed state of the reed switch contacts. By this time, the amplitude of the current in the buses of the protected electrical installation is determined.In the third scheme [16], the current amplitude is determined by the time between the moments of the return of two reed switches. The schemes [17, 18, 19] are carried out similarly.In this case, the circuit in [18] operates autonomously due to the storage battery and transmits a signal about the presence of a short-circuit current using wireless communication.The circuit in [19] uses several reed switches connected to a microprocessor and located at different distances from the busbar or cable, which allows the approximate value of the short-circuit current to be determined.To transmit information about the presence of short-circuit current and its value, the relay is equipped with a communication unit. These circuits are quite simple, have high rate of response (≤0.02s-0.03s), and in AC systems and the return coefficient Kv = 1. However, all of them can work falsely in the event of malfunctions of the elements of which they consist, and some may not work when the reed switch contacts stick..The developed protection devices make it possible to eliminate these disadvantages.
Note that the patent study also showed the presence of a certain amount of protection on reed switches for low-voltage equipment [21 – 27].However, most of them are protection against phase loss, for example [21 – 23], and those [24 – 27] that perform the functions of current protection are not suitable for use in networks with voltage above 1 kV without significant modifications.Based on the foregoing, the protection devices developed during the project are globally competitive.
For the developed devices, the article "Overcurrent protection circuits on reed switches with fault diagnosis" in the fourth issue of 2019 of the journal "Bulletin of PSU. Energy Series ", which has an impact factor for KazСВs of 0.078, and" Overcurrent Protection Scheme Utilizing Reed Switches Instead of Current Transformers "in the collection of the International Ural Conference on Electrical Power Engineering UralCon in October 2020 was published.

2.4Manufacturing of the OCP model without self-diagnosis for the CS
During the implementation of the project, a preliminary model of OCP without self-diagnostics (Figure 2.2) and a prototype (Figure 2.3) was made.In figure 2.2reed - 1, wire - 2, for fastening the construction reed - 3.In this case, the structure is made using 3D printing.Published an article in the journal from the Scopus database: M. Kletsel, A. Zhantlesova, P. Mayshev, B. Mashrapov, and D. Issabekov, “New filters for symmetrical current components,” International Journal of Electrical Power and Energy Systems, vol. 101, pp. 85-91, 2018.
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Figure 2.2 – Preliminary layout of OCP without self-diagnosis
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1 - reed switches, 2 - prototype OCP case, 3 - bar, 4 - mechanism for moving reed switches, 5 - boxes, 6 - logical part of protection, 7 – cable channel

Figure 2.3 – Prototype of OCP for CS

2.5Modification of the OCP model after experiments
After the experiments, the OCP layout was finalized.At the same time, the option of attaching all protection entirely to the busbar was chosen.Therefore, the bar was made of textolite.To prevent sticking of the reed switch contacts, miniature intermediate relays were introduced.To ensure their operation - resistors and capacitors. The OCP model after revision is shown in Figure 2.4, where 1 - reed switches, 2 - bar, 3 - canisters, 4 - miniature intermediate relay, 5 - resistors, 6 - capacitors, 7 - terminal blocks.

[image: ]

Figure 2.4 – Protectioncircuitafterexperiments

2.6 Production of the prototype OCP without self-diagnosis for the CS
A prototype OCP without self-diagnostics was made for the CS, which is shown in Figure 2.5, where KL is an intermediate relay; KT - time relay.

[image: ]

Figure 2.5–Prototype of OCP without self-diagnosis

2.7 Modification of the prototype OCP after experiments
After conducting experiments with the OCP model and taking into account all the identified shortcomings in the manufactured prototype, its revision was not required.

3 Development of methods and laboratory stands for conducting full-scale experiments in CS and busducts

3.1 Development of a schematic diagram of a laboratory installation for conducting experiments in CS and busducts
To carry out experiments in busducts and compleete switchgear (CS), experimental installations were developed, shown in Figure 3.1. The first contains an alternating current source 1, voltage regulator 2 (RNO-220-25), load transformer 3, cables 4, current transformer 5, shell 6 of the busduct, multimeter 7 of Fluke 87V type, magnetic field sensor 8 (inductance coil).

[image: ][image: ]
а                                     b

а – forbusduct; b – forcompleete switchgear

Figure 3.1 – Schematic diagrams of laboratory installations

The second contains a three-phase switch 1, cables 2, 5 and 6, voltage regulator 3, load transformer 4, current transformers 7, current-carrying buses 8, wires 9 and 12, multimeters 10 and 13 that measure current and voltage, magnetic field sensors (inductance coils (IC) 11, with the number of turns W=8000 turns), plate 14 made of dielectric material, size 900 * 180 mm, with a scale with divisions equal to one cm.The distance between the centers of the busbars of 8 phases A, B and C is 230 mm and they are located at points 680 mm - phase A; 450 mm - phase B and 220 mm - phase C relative to the right wall of the CS.

3.2 Development of the OCP adjustment technique and the basic diagram of the laboratory installation for the OCP adjustment
The laboratory stand (Figure 3.2) contains an inductance coil L with W = 5000 and a length of 20 cm, a SA1 circuit breaker, an A ammeter (Fluke 87V), a laboratory autotransformer T1, a 220 V DC voltage source T2 (RETOM-21), a two-channel oscilloscope PG (AKIP-4115/4A), resistors R1, R2 (R1 "R2), terminal block ("1"-"4").

[image: ]

Figure 3.2 – Schematic diagram of a laboratory setup.

Before carrying out the adjustment of the current protection on the reed switches, the parameters are set to which it must correspond. Switch SA1 is turned on and voltage is applied to coil L from autotransformer T1 (while the source of T2 is in the off state). By changing the voltage on the coil L, the current I is fixed, at which the reed switch SF starts to operate. This is the protection trip current. The verification of the compliance of the protection with the specified parameters, based on the sensitivity requirement, is carried out at a minimum short-circuit current, which is greater than the current I, at least by a factor of ks (ks is the sensitivity coefficient of the protection being adjusted). Therefore, the current in the coil L is increased by a factor of ks and the switch SA1 is turned off.
Turn on the T2 source by closing the contacts of the SA2 switch. Turn on the SA1 switch, and record the curves of voltage changes at R1 and the inputs of the logic part of the LP protection using the PG oscilloscope. Disconnect switches SA1, SA2. The required voltage and time are measured from the recorded oscillograms. If these values ​​do not correspond to those set initially, then the parameters of the elements of the logical part of the LP protection are changed and the above actions are repeated. After the selection of the necessary parameters of the LP unit, the protection operation is checked at currents in the L coil, exceeding the protection operation current by 3 - 40 times.
3.3 Search and purchase of necessary equipment and materials
To implement the tasks, the necessary equipment was purchased, namely: Fluke 87V multimeters in the amount of 3 pcs., a rectifier unit - 2 pcs., current transformers - 9 pcs., a 3D printer, a laptop, a tablet, a multifunctional device including a printer, a scanner and copier, immittance meters, microohmmeter, magnetic field meters, ballast rheostat. Photos of the equipment are shown in Appendix J.

3.4 Assembly and adjustment of laboratory installations
Using the existing and purchased equipment, laboratory installations were assembled for conducting experiments in complete switchgear andbusducts according to the schemes given in paragraphs. 3.1. Photos of the assembled installations are given in Appendix K.

3.5 Carrying out experiments in complete switchgear and conductors
The method of carrying out full-scale experiments in  switchgear and  busducrs is given in Appendix L.In accordance with this technique, in the busducts the change of the induction of magnetic fields along its length was measured, when the IC was located on its axis.Measurements were made on five tubular conductors.The measurement results have shown (Figure 3.3) that the magnitude of the magnetic field induction inside the conductor sheath (steel pipe, aluminum bus) is strongly influenced by the points of cable connection to it.The further away from them we set the IC, the less their influence. At a distance of 80-90 cm from the connection point, the EMF values at the IC terminals are equalized.Therefore, when building protection, reed switches must be attached at a distance of at least 80 cm from the grounding points of the conductor shells.
Next, we determined how the induction changes from currents at the points of cable connection in the cross section of the busductsheath.For this, the IC was attached at points 1-8 (Figure 3.4a) and the EMF induced on its terminals was measured.The results of the experiments are shown in the form of graphs in Figure 3.4b. From where it can be seen that the reed switches must be attached inside the busduct on the opposite side from their grounding points.
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1 – aluminum tube (1800х400х10 mm), 2 – steel pipe (2000х420х6 mm), 3 – steel pipe (2000х530х6 mm), 4 – steel pipe (2000х220х6 mm), 5 – steel pipe (2000х108х4.5 mm).

Figure 3.3 – Values of magnetic induction along the length of a tubular conductor
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аb
а–EMF measurement points inside the busduct; b –plots of EMF values in the cross section of a round conductor

Figure 3.4 – Measurement points (a) and graphs of EMF dependencies (b) in the cross-section of the conductor

The measurements of the induction of the MF created by the current in the busbar of the busduct were carried out at various distances from the busbar 5 when a current was passed through it. Inductor 4 was installed on the MN segment.Comparison of the measured values of the magnetic field induction with that calculated according to the Bio-Savart-Laplace law showed that the latter is 1.4 times greater than the first.At the same time, the similar coefficient outside the conductor sheath was 1.7.This is due to the fact that the Bio-Savart-Laplace law is valid only for an infinitely long and thin conductor with direct current, in our case it is necessary to take into account the shape and size of the buses, the MF created by nearby electrical installations, supply cables and currents in the ground, and also take into account the influence busductssheaths.With the simultaneous passage through the shell 1 (Figure 3.5) and the bus 5 of current 200 - 600 A and the attaching of IC 4 on the MN segment, the inductions created by these currents are summed up if their directions coincide, and are deduct in otherwise.If these currents are equal, then the total induction increases or decreases by 10%. Therefore, a coefficient equal to 1.15 is introduced into the denominator of formula (1.3).
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Figure 3.5 – Location of KI4 for measuring the magnetic field induction from the current in the bus and the busduct sheath, as well as from the current in the adjacent busduct

In the study of the shielding properties of the busduct shell, it was found that it shields the external MF and does not prevent the spread of the MF created by the current in its bus.In this case, the coefficient ksh of shielding by the shell of the external MF must be determined when setting up the protection for each specific busduct.This is explained by the fact that ksh depends not only on the geometric dimensions of the shell, but also on the quality of the material from which it is made.For example, for a shell with a wall thickness d = 0.004 m and a length of 1.5 m, the coefficient ksh=14.7, and for a shell made (according to technical data) of the same material, with d = 0.004 m and a length of 1.5 m ksh=11.
Experiments with a three-phase busduct were also carried out: the induction of magnetic fields was measured at various points along the busbars and at six points in the middle of the busduct length near the partitions.The article "Magnetic fields in complete switchgears and three-phase complete busbars" was published in the second issue of the journal "Bulletin of PSU. Energy Series", which has an impact factor for KazCB of 0.078.
In the CS cell, the total induction of the magnetic field from the current in one, two and three phases was measured when the IC was located on plate 14 (see Figure 3.1b). The measured values of induction at a current of 600 A are shown in Figure 3.6
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Figure 3.6 – The values of the inductions at different points along the straight line l when current flows in one, two and three phases of the CS cell

Also, the coefficient ksh was determined for the shielding by the shell of CS cell of the magnetic fields generated by the currents in the buses of the adjacent CS cell. To do this, the IC was attached on the inner and outer sides of the wall of the switchgear cell, for which the shielding coefficient was determined. Theexperimentalresultsshowedthatksh = 7.


4 Experimental study of the behavior of manufactured prototypes

4.1 Experimental study of the behavior of the OCP mockup
The OCP 2 model was attached in the CS (Figure 4.1) near the buses 1. The results of the experiments showed: due to the return of the reed switch every half-wave, the intermediate relay does not work; in some cases, the contacts of the reed switches were stuck due to the high power consumption of the intermediate relay; different cells need structures with different sizes, some of which cannot be 3D printed.
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Figure 4.1 – Installation of the MTZ model inside the switchgear during experiments

4.2 Experimental study of the behavior of the prototype OCP
The experiments were carried out under laboratory conditions. The oscillogram in Figure 4.2, where it can be seen that the protection issues a signal to the circuit breaker tripping circuit after a time of 0.53 s (with a time delay of 0.5 s) after the first actuation of the reed switch, confirms the performance of the prototype.
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Figure 4.2 – Oscillograms of voltages U1 from the reed switch contacts and U2 from the time relay output

5 Introduction of prototypes of the developed devices into practice

	The OCP device was installed in trial operation on an electric motor of an overhead crane in the company "Teploaudit-EK" LLP. The Implementation Act is presented in Appendix M.


6Development of the theory of construction of differential protections of converter installations

6.1 Investigate the inrush of the magnetizing current when the power transformer of the converter installation with diodes is switched on at idle, creating a model of its operation
To implement the converter installation (CI) model, the dynamic modeling environment MatLab Simulink with the SimPowerSystems package was used [28]. The model of the CI (Figure 6.1) consists of a three-phase two-winding transformer T, which feeds the Load through a bridge rectifier RF. The primary winding of the transformer is connected through a three-phase switch Q to a three-phase electrical network EN.
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Figure 6.1 – Block diagram of the converter installation model

Transformer T was modeled using the Three-Phase Transformer (Two Windings). The three-phase bridge circuit of the diode rectifier RF is implemented using the Universal Bridge element. Series RLC Branch elements are used as Load and Filter. Modeling of the electrical network EN was carried out using the Three-Phase Source block. The Three-Phase Breaker element is used to simulate the switch Q.



When simulating inrush of the magnetizing current (IMC) using the CI model (Figure 6.1) for transformer T, it is necessary to take into account the nonlinearity of the magnetization characteristic of the core material. For determine the coordinates of the characteristic points of the magnetization curve, the expressions proposed in [29] can be used. The IMC results obtained in the course of modeling for transformers with a capacity of 300  and 800  when they are switched on at idle at time  (the moment when the mains voltage passes through zero) show that the discrepancies with the experimental data [30] for both transformers are 11 %. Thus, we can say that the proposed model makes it possible to determine the IMC of transformers with a high degree of accuracy.

6.2 Determine the differences between the magnetizing current and short-circuit current


The analysis of the known methods of IMC recognition showed that to implement the blocking of the action of the differential protections of the CIs during these throws, it is advisable to use the most informative and widely used method in world practice, based on the fact that with IMC the content of the second harmonic relative to the first is always higher than 17% [31]. FFT-analysis performed in MatLab using the developed model (Figure 6.1) for the above transformers confirms this. So, for a 300  transformer, the percentage of the second harmonic relative to the first in the short-circuit current (SC) (for example, with a SC on the high voltage side of the CI transformer) is 9.29% (Appendix N, Figure N.1, a), and in the magnetizing current – 30.26% (Figure N.1, b). Similarly, for an 800  transformer, we have 9.6% at SC and 31.64% at IMC.

Based on the FFT-analysis of the magnetizing current curves of transformers, a formula was obtained to determine the amplitude value of the first harmonic magnetizing current :


    (6.1)


where – rated transformer current;



, и – the relative voltage at turn-on, the inductive reactance of the network and the displacement of the sinusoidal axis of the flux linkage with respect to the inflection of the magnetizing current curve, respectively.
It has been experimentally proven that reed relays can be used to measure the IMC values and SC currents in all electrical installations with a voltage of 6÷20 kV, simultaneously perform the functions of alternating current converters for measuring instruments and new protections against SC. This will save expensive copper and steel, since metal-intensive current transformers will not be used. Based on the results of this work, the article “Constructive features of resource-saving reed relay protection and measurement devices” was published in the journal “Rev Roumaine des Sciences Techniques-Series Electrotechnique et Energetique” from the Scopus database [32].


7 Development of a differential protection model on reed switches and wheatstone bridge for a converter installation with diodes

7.1 Create a circuit of the protection device, taking into account the features of the magnetizing current and voltage changes using the on-load tap-changer
Known differential protection (DP) on reed switches and a magnetoresistor for CI with a transformer and a rectifier [33], the disadvantage of which is the impossibility of determining the damage to most of its elements, including the majority element and the output relay. To increase the number of detected faults of protection elements, three push-button switches and control windings, five DC voltage sources, time relays, resistors and signal lamps, six intermediate relays were additionally introduced into its circuit. The diagram of the patented device (patent of the Republic of Kazakhstan No. 34592, Appendix P) and a description of its operation are given in Appendix Q. If the transformer has an on-load tap-changer unit, ballast resistors are additionally introduced into the arm of the Wheatstone bridge with resistor 8 (Figure M.1), the number of which is equal to the number of branches in the said unit. The principle of protection operation remains unchanged.

7.2 Create a technique for selecting the protection triggering current using the properties of the magnetoresistor in the Wheatstone bridge
When developing a technique for selecting protection settings, the fact was used that the currents in AC and DC current conductors correspond to the induction of magnetic fields created by these currents. To exclude false alarms in CI load modes and with external SCs, the protection should be configured in such a way that for each of the reed switches 20-22 of measurement units 14, 28 and 29 (Figure M.1), for example, for reed switch 20 of unit 14, two conditions:


                                          (7.1)


                                       (7.2)



where  and  – the MF inductions, created in the load modes of the CI and with external SCs, respectively, by direct current in the control winding 23 of the reed switch 20, acting along its longitudinal axis;


и – the MF inductions, created by the amplitude values of the current in the current conductor 15 under the indicated modes, acting along the longitudinal axis of the reed switch;


 – return coefficient ;

 – MF induction, at which the normally closed contacts of the reed switch 20 open (i.e., it is triggered);

 – MF induction, at which the normally closed contacts of the reed switches return to their original position;

 – magnetic permeability of air;

 – MMF of triggering, determined at the factory using a standard control winding;

 – the current supplied to the winding;


и – the number of turns and the length of the winding.
In (7.1) and (7.2), the coefficient 1.3 takes into account calculation errors, inaccuracies in the installation of reed switches, etc.


The calculation of the induction  is discussed in detail in [34]. From the consideration of the circuit consisting of the resistors of block 1 (Figure M.1) and the control windings of the reed switches 20 of blocks 14, 28 and 29, the induction  can be determined by the following formula:


                             (7.3)


where – resistance of the control winding of the reed switch;

 – source voltage 11;

 – resistances of magnetoresistor 2 and resistors 6-8 (the latter are selected in such a way that the above conditions of protection failure under load and external SCs are fulfilled).


As is known [35], a magnetoresistor changes its resistance under the influence of a magnetic field. In the protection circuit, the magnetoresistor 2 is influenced by the MF induction  from the busbars of the DC conductor 3 (Figure M.1), the value of which is determined by the Bio-Savart-Laplace law [36]. To determine the dependence , catalog data are used, given, for example, in [35].


From (7.1) it follows that  reed switches, taking due to errors  must satisfy the inequality:


                                              (7.4)

7.3 Assess the sensitivity of the proposed protection

By analogy with traditional differential protection, in which the sensitivity coefficient  for the considered under such coefficient we mean


                      (7.5)




This is quite logical, since  is created by  – the minimum SC current at the output of the rectifier 4 (Figure M.1). Induction  is essentially a protection triggering parameter (here 1.1 is the offset coefficient).










As an example, let us consider the CI supplying a DC drive with a load current  [37]. A two-winding 6.3  transformer (primary winding voltage 10 kV) is used for power supply. When using MKS-14104 reed switches () and FP 17L 200E magnetoresistors, and their installation at safe distances and from the AC and DC buses, respectively, and Then by (7.5) Similar calculations using the data [37] show that the proposed protection has sufficient sensitivity () for a control unit with 6.3÷160 transformers (voltage of the primary winding 10÷110 kV), which power electrolysis installations, DC electric drives and vacuum arc furnaces.


8 Development of a technique for calculating the reliability of protections on reed switches to assess their effectiveness

8.1 Calculation of unavailability coefficients of traditional and proposed schemes of differential protection of the converter installation and comparative analysis of their effectiveness
To determine the unavailability coefficients (UC) of the group of elements that make up the protection, we use the technique [38] based on the application of the theorems of addition and multiplication of probabilities. Here, the UC of the i-th element is determined as follows:


                                                           (8.1)


where  – the probability that the i-th element will be operational at an arbitrary moment of time when it will be required to use it for its intended purpose;



 in the case of the simplest flow of failures is considered [38, 39] as an exponential function 


where  is the time interval between preventive checks of relay protection devices, according to [40], years.
All further formulas used in the calculations were obtained by us on the basis of the considered technique and analysis of possible damage to the protection elements and the converter installation.
Determination of the UCs of the CI differential protection on reed switches and magnetoresistor. Protection contains [41]: reed switches with control windings and reed switches without windings; a current measuring unit (Wheatstone bridge with a magnetoresistor) in a DC current conductor, fixed in its MF; blocks of detuning from the IMC CI transformer; adjustable resistor; alarm unit; protection operation current control unit; elements AND and OR; output organ.

Using the data [38] on the failure streams of RP elements and the mentioned technique, as an example, we define the UC of the block of detuning from the IMC, consisting of the elements TIME, NOT, MEMORY and AND (the time interval  is taken equal to 1 year):


                  (8.2)



In a similar way, the UCs of the groups of CI protection elements are determined in case of phase-to-phase SCs at the transformer terminals and in case of damage in the CI converter
( UC of the output organ ), as well as the total UC of the CI protection triggering:


                  (8.3)


where                      (8.4)
– UC of protection for the above damages.
In (8.3), the factors 2 and 6 for the first and second terms take into account possible failures of protection in operation during phase-to-phase SCs at the terminals of the higher and lower voltage of the CI transformer. The factor 6 at the third term takes into account possible protection failures in triggering in case of damage to any of the converter diodes. UC of protection non-triggering


                                          (8.5)


where – UC of a group of protection elements, damage to which can lead to its false triggering.




Determination of UCs of traditional CI differential protection.The protection contains [42]: six current transformers (CTs), three intermediate CTs, three RET 670 relays and one output intermediate relay. Using the data [38] on the failure streams of RP elements, the UCs of protection was determined for various types of damage:  The total UC of protection triggering according to (8.3) is , and the total UC of non-triggering is 
The results obtained show that both protections meet modern requirements for hardware reliability. Comparison of the values of the unavailability coefficients shows that the probability of failure in the triggering of the CI differential protection  on reed switches and magnetoresistor is 3.5 times lower than that of the traditional one; the probability of false triggering for both protections is approximately the same.
Based on the results of the work carried out, an article "Calculation of unavailability coefficients for traditional and new protection of converter units" was published in the scientific journal "Bulletin of the D. Serikbayev East Kazakhstan State Technical University" [43].

8.2 Improvement of the calculation technique based on taking into account the unavailability coefficient of circuit breakers




When assessing the reliability indicators of protection, it seems very important to take into account the failure rate of the circuit breakers on which they act, since until the circuit breaker trips the SC, it cannot be assumed that the protection has fulfilled its purpose (at the moment, this is not taken into account in traditional methods). Proceeding from this, we determine the influence of the reliability of the circuit breaker on the total UCs of the two protections considered above, for which we introduce the terms  into formula (8.4), and  – into (8.5) (where  and  are UCs for the triggering and non-triggering of the solenoid coil of the circuit breaker and its drive mechanism). The calculation results show that taking into account the failure rate of the circuit breaker has the greatest effect on the total UCs of the protection triggering, which increase by 1.8 and 3.9 times, respectively, for the traditional CI differential protection and for protection on reed switches and magnetoresistor, while the total UCs of the non-triggering increase insignificantly - by 1.1 times.
A new technique for calculating the effectiveness of protection is discussed in
Appendix R. Based on the results of the work carried out, an article "Improvement of the reliability calculation procedure for reed switches protections" was published in the scientific journal "Bulletin of S. Toraighyrov Pavlodar State University. Energy series”[44].


9 Development of a electric motors protection device with a voltage of up to 1 kV

9.1 Estimation of the probability of occurrence of different winding closures










The probability of occurrence of turn short circuits in the stator slots of an electric motor (EM) with a single-layer "loose" winding was estimated according to the following method, which consists in the fact that the slot cut is represented as a matrix [m, n] with m rows and n columns.The dimensions of the matrix correspond to the number of conductors in the stator slot. The number of  conductors in the stator slot is given in the reference books for all types of EM.Each conductor is assigned a serial number from 1 to N in the following order: from the first turn of the coil to the last.Then, using a random distribution according to the method of middle quadrants [45], the conductors in the matrix are mixed.Thus, a matrix [m, n] is obtained with a random distribution of numbers in each cell.Each cell of the matrix with adjacent cells can potentially create a short-circuited circuit, which characterizes the turn circuit when the insulation of adjacent turns of the EM stator winding is broken. In order to find the probability of occurrence of a certain percentage  of closed turns of the total number of turns of one phase, determine how many turns  corresponds to this percentage. Next, each cell of the matrix is compared with neighboring cells, and if the difference in modulus of the values of two adjacent cells is equal to , then the number of outcomes  is stored that satisfy the percentage  of closed turns in the motor slot. Then the total number of possible outcomes  is calculated, in which two adjacent cells of the matrix [m, n] form a short-circuited loop, by adding up all the outcomes , satisfying the possible percentage  of closed turns in the groove.




According to the known formulas for determining the probability, counting the number of outcomes  of paired cells, the difference of which in modulus corresponds to , and the total number of possible outcomes r, the probability P of the occurrence of a closure of a certain percentage  of closed turns in the EM stator slot is calculated [46]. It should be borne in mind that the result obtained can be considered constant only with a large number of repetitions (generation of random matrices [m, n]) [47]. Then, to simplify calculations and improve the accuracy of determining the probability, you should use available programming tools, for example, the MATLAB program, which, using modern algorithms, allows you to generate matrices with a random distribution of numbers. The end result will be the average value of the probabilities  of all the generated matrices.

Figure 9.1 shows the graph of the distribution of turn circuits for EM of equal power of the AIR (AIS) series with a single-layer "loose" winding with the number of slots 24, 36, 48, 54. As can be seen from the graph, the probability distribution  has a linear character, and with an increase in the number grooves, the probability of closing a small number of turns increases.
The obtained distribution and the fact that a turn circuit can occur in each EM groove show that it is necessary to develop protections for low-voltage electric motors against one-phase turn short circuits, which will be sensitive to short circuits of a small number of turns.
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Figure 9.1 – Graph  of the distribution of the probability of turn faults in the stator slot of an electric motor of the AIR (AIS) series with the number of slots 24, 36, 48, 54

9.2 The development of a reliable device circuit against winding closures
A scheme of a reliable device against turn faults was developed, according to which a patent No. 34407 of the Republic of Kazakhstan was obtained for the invention "Device for protecting an electric motor from turn faults" (Appendix S). The proposed device can be used to protect electric motors with voltage up to 1 kV from turn short circuits.
The device for protecting EM from turn short circuits, in accordance with Figure 9.2, contains the first 1 and second 2 protection blocks with reacting organs [48]. The first protection unit 1 consists of the first ring 3, on which a ferromagnetic core 4 with a winding is put on 5. The winding 5 with its terminals 6 is connected to the first reacting body 7. The first protection unit 1 is fixed to the stator 9 inside the electric motor by means of clamps 8 so that it the plane was perpendicular to the axis of rotation of the rotor 10, and the geometric center was located on this axis. The second protection unit 2 consists of a second ring 11, in the cut of which a current transformer 12 is connected by its primary winding 12. The secondary winding of the current transformer 12 is connected with its terminals 13 to the second reacting body 14. The second ring 11 is fixed to the bearing shield 15 by means of clamps 16 and screws 17 as well as the first ring. The first 7 and the second 14 reacting bodies are connected to the executive body 18. The clamps 8 (16) are made of a dielectric material. The operation of the device is shown in Appendix T.
The economic effect of the introduction of this EM protection device lies in the timely detection and shutdown of turn short circuits of one phase. This eliminates the likelihood of failure of protection when any of its blocks exits.
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Figure 9.2 – The device and its fastening in the frontal part of the electric motor

9.3 Creation of a technique and scheme of a laboratory installation for conducting winding closures in electric motors up to 1 kV
To carry out experiments to recreate turn circuits and to identify their influence on the parameters of the EM operation, a method for conducting turn circuits was created and a laboratory setup for experiments was developed.According to the proposed method, the EM is turned off, the bearing shield is unscrewed, and the EM stator coil is determined, in which the coil short circuits will be conducted. The first key is connected to the zero terminal of the EM stator. A separate section of the coil is determined, to which a second key is connected using soldering and a connecting wire. Then a small direct current is supplied to the coil and the voltage drop across the coil is measured, and between the first and second switches, the measured voltages determine the percentage of coil turns between the first and second switches. If the obtained number of turns does not meet the requirements, then a separate section of the coil is redefined and the operations are repeated. If the obtained number of turns meets the requirements, then the end shield is twisted, after having passed the connecting wire to the second key through the EM terminal box. The first, second and third current transformers are connected with the primary winding to the EM phases from the side of the switch, the secondary windings of which are connected to the resistors and inputs of the first measuring device. Free contacts of the first and second keys are connected to the primary winding of the fourth current transformer, the secondary winding of which is connected to the second measuring element. Turn on the EM, short-circuit the contacts of the first and second keys. Memorize data from the first and second measuring organs. The contacts of the first and second keys are opened. DisableEM.

[image: ]

Figure 9.3 – Block diagram of the laboratory installation

According to the proposed methodology, a diagram of a laboratory installation was developed, which contains an electric motor M, which receives power from a three-phase AC network with a voltage of 0.4 kV through a QF1 circuit breaker (Figure 9.3). Current transformers TA1-TA3 with their primary winding are included in the cut between the electric motor M and the switch QF1. The secondary winding is connected to the contacts of the resistors R1-R3, respectively, which are connected to the oscilloscope. The neutral wire of the M motor is brought out to the QF2 circuit breaker, the second contact of which is connected to the phase winding of the M motor, creating a short-circuit inside. A current transformer with an ammeter is included in the cut of the short-circuited circuit.

9.4 Purchase of necessary equipment and materials
In accordance with Figure 9.3, which shows a block diagram of the laboratory setup, some components were purchased for its assembly, namely resistors, circuit breakers, current transformers, an ammeter and an electric motor.

9.5 Assembly and adjustment of the laboratory installation
To assemble the laboratory installation, according to Figure 9.3, current transformers T-0.66 U3 100/5, resistors R1-R3 with a nominal value of 1 Ohm, were used, the contacts of which are connected to a four-channel AKIP-4119/4 oscilloscope. The neutral wire of the motor M is brought out to the QF2 circuit breaker, the second contact of which is connected to the winding of the motor phase. This creates a short-circuit inside the EM.A current transformer T-0.66 U3 600/5 with an ammeter (a Fluke 87V multimeter) is included in the cut of the short-circuited circuit.On the assembled laboratory setup, experiments were carried out to implement turn circuits and determine their influence on the parameters of the EM operation. The assembled laboratory setup is shown in Appendix U.

9.6 Carrying out experiments with winding closures
Experiments were carried out with turn-on closures of EM to determine the influence of turn-ons on the magnitude and phase of the current in the electric motor.The experiments were carried out on seven EMs with voltages below 1000 V of different power and speed.In this case, only turn-on closures of one phase were considered.The experiments were carried out on the following electric motors: AIR 63B2U2, AIR 71A4, AIR 80B6, AIR 80A4U2, AIR 100S4UZ, AIR 90L2UZ and AO-41-4 (old model).

All results for the AIR 71A4 electric motor are shown in table 9.1.They show that when turns of one phase are closed, the currents at the terminals of the EM remain unchanged, and the current in the short-circuited circuit is 8 times higher than the current in the phases (which accelerates the thermal aging of the insulation), while there is a shift between the phase currents.
According to the experimental results obtained, it can be said that with turn closures in one phase, a short-circuited circuit is created, in which the current value significantly exceeds the current in the EM phases, which causes heating and accelerates the aging of the insulation. The results on the change in the value of the angle between the phase currents of each of the electric motors with turn closures are given in Appendix V.

Table 9.1 – Results of experiments on the AIR71A4 electric motor (turn circuit in phase A)
	
Numberofclosedturns, 
	Amountofcurrent, А
	Shift angle between phase currents, °

	
	inphase A
	inphase B
	inphase C
	in a short-circuited loop
	А-В
	В-С
	С-А

	0
	1.26
	1.26
	1.26
	0
	120
	120
	120

	5
	1.26
	1.26
	1.26
	10.6
	129
	113
	118

	10
	1.81
	1.62
	1.08
	13.2
	139
	104
	117

	15
	2.45
	2.04
	1.33
	14
	146
	90
	124

	20
	3.01
	2.41
	1.54
	14
	145
	86
	129

	25
	3.56
	2.55
	1.71
	13
	144
	82
	134

	30
	4.51
	3.21
	1.97
	14
	146
	78
	137

	35
	5.42
	3.54
	2.33
	14.8
	154
	69
	137

	40
	6.23
	4.03
	2.67
	15.8
	151
	59
	150

	50
	6.39
	5.13
	3.37
	16.4
	149
	57
	153



Based on the results of the obtained experiments, the article "Experimental study of the parameters of electric motors with voltage below 1 kV with a turn circuit in the stator winding" was published in the peer-reviewed domestic publication with a non-zero impact factor "Bulletin of the D. Serikbayev East Kazakhstan State Technical University" [49].

9.7 Manufacture of a electric motor protection device against winding closures
A prototype of the developed device for protecting an electric motor against turn-on faults was made [48].Figure 9.6 shows a block diagram of a prototype protection device against turn short circuits, where the first KL1 and the second KL2 intermediate relays are used as the first and second reacting organs (from Figure 9.2).Normally closed contacts of the intermediate relays are connected in the control circuit in series one after the other and buttons SB1 "STOP" of the electric motor M. The coils of the first KL1 and second KL2 intermediate relays are connected to terminals 6 and 13, respectively (from Figure 9.2).
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Figure 9.6 – Block diagram of a prototype device for protection against turn short circuits

9.8 Carrying out experiments with the manufactured device




Experiments were carried out with the device, which showed its efficiency. Figure 9.7 shows an oscillogram of currents, which shows how, with a turn circuit, the value of the current in a short-circuited  (5%) loop increases. In this case, the values of the currents in the damaged phase A  and undamaged phase B  remain unchanged. At the same time, an EMF is induced in one of the reacting organs, voltage is applied to the coil of the intermediate relay KL, which opens the power supply circuit of the KM contactor coil, and the damaged EM is disconnected from the supply network. ED protection worked..



The shutdown of the ЕМ with the help of the developed device occurs almost instantly.At the same time, in modern ED protections, such as fuse-links, shutdown at 1.3 currents occurs in 1-2 hours, in thermal relays at 1.3currents up to 4 minutes.Thus, the sensitivity to a small number of closed loops of the  of one phase, increased speed and the patent No. 34407 of the Republic of Kazakhstan received by us proves the global competitiveness of our protection device against turn short circuits.
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Figure 9.7 –Oscillogram of current values during operation of the protection device against turn short circuits

9.9 Completion of the device for protection against the winding closures
The experiments carried out with the device showed that in some EM, to simplify the design of the protection device, a flat cylindrical coil can be used as one of the blocks with reacting organs, the leads of which can be connected to one of the reacting organs (Figure 9.2), and as one of the reacting authorities are proposed to use instead of the intermediate relay KL (4 changeover contacts, 6A, 220VDC), a reed switch with normally closed contacts (MKS-27103) and a control coil (Figure 9.6).

10Scientific trips

Senior Researcher B.E. Mashrapov and junior researcher Barukin A.S. were sent on a business trip in 2018 to participate in the XVII International Conference "Electromechanics, Electrotechnology, Electrical Materials and Components" (Alushta, Russian Federation), held by NRU MPEI, with a report on the topic "Design for mounting reed switches in protection without current transformers".
In the period from 10.10.2019 to 21.10.2019.junior researcher Kaltaev A.G. completed an internship at the Omsk State Technical University (the certificate of internship is given in AppendixX). Business trips in 2020 were canceled by the decision of the NSC (Appendix B).


CONCLUSIONS

The project solves the problem of constructing a competitive resource-saving relay protection, which does not use current transformers, for switchgear cubicles, complete busducts, converter installations and electric motors (up to 1 kV).
1) Formulas have been developed that allow you to select the settings for the operation of the overcurrent protection (OCP), which controls both phase currents and negative sequence currents, with an accuracy acceptable for relay protection.
2) The OCP circuits on reed switches without self-diagnostics and for the first time with self-diagnostics of serviceability were created. They have increased reliability: the first is due to the protection operation when the reed switch contacts stick, and the second is due to the timely detection of the failure of the protection elements. TheschemesreceivedpatentsNo. 33644 andNo. 34367.
3) The developed models of structures for mounting reed switches allow for the first time to change their position in space remotely, thereby ensuring the safety of the operating personnel and the ability to change the settings without shutting down the electrical installation. The manufactured design for mounting reed switches allows them to be installed at a selected point near the buses of many electrical installations. ThemodelreceivedpatentsNo. 33525 andNo. 34366.
4) Developed and assembled laboratory installations make it possible to measure magnetic fields inside complete switchgears and busbars with an accuracy sufficient for relay protection. The experiments performed - to determine the coefficient introduced into the simplest formula of the Bio-Savart-Laplace law for its use in calculations.
5) The developed method of setting current cutoff and overcurrent protection on reed switches makes it quite easy to set them up in laboratory conditions. 
6) Experiments carried out in the laboratory with a mock-up and a prototype OCP have confirmed their performance. The prototype OCP has been implemented in «Teploaudit-EK» LLP.
7) The model of the converter installation (CI) developed in the MATLAB program, built by specifying the coordinates of the characteristic points of the magnetization curve, makes it possible to determine the magnitudes of the magnetizing current inrush (IMC) of power transformers with an accuracy acceptable for relay protection.
8) With the help of this model, it was found that to implement the blocking of the action of the differential protection of the CI at IMC, a known method can be used, based on the fact that in the magnetizing current the second harmonic is three to four times greater than the first.
9) For detuning from IMC, you can use the resulting formula for its curve.
10) For the first time in the world, a highly reliable CI differential protection circuit based on reed switches was created through the use of the majority principle and test and functional diagnostics, in which miniature magnetoresistors are used to measure direct current with the ensuing advantages.Calculations have shown that the reliability of operation of the considered protection is 3.5 times higher than that of the traditional one, and the reliability of non-operation differs insignificantly. The method of selecting protection operation settings is simple enough not to cause difficulties for relay workers with secondary technical education. The protection has the required sensitivity for converting installations with 6.3 ÷ 160 MVA transformers.
11) It has been established that when assessing hardware reliability, one should take into account the failure rate of circuit breakers, which can lead to underestimated values of the total coefficient of unavailability of operation (especially for reed protection). Taking this into account, the reliability calculation method has been improved.
12) A new method for calculating the effectiveness of protection has been developed. The new methodology is supplemented by the calculation of the coefficient of unavailability of duplicated protections, which makes it possible to assess the feasibility of using this or that type of duplication.
13) An assessment of the probability of a short circuit of a given number of turns in the stator winding of an electric motor (EM) with a voltage of up to 1 kV showed that it is necessary to detect short circuits in as few turns as possible, since their probability is higher.
14) The developed device for the protection of EM from turn short circuits has increased reliability and sensitivity due to the use of ring converters located in the frontal part of the EM as current sensors and their duplication together with the reacting organs. The experiments carried out have shown that the proposed device patented by us, in contrast to the currently used protections performed on built-in magnetoresistors and thermal relays, has sufficient speed for timely detection and shutdown of turn short circuits in one phase of the EM. Theseadvantagesmakethecreatedprotectiondevicegloballycompetitive..
15) A technique was developed for conducting experiments with turn circuits in EM with voltage up to 1 kV and a diagram of a laboratory setup, which made it possible to test the performance of the developed protection. It was revealed that in low-power EM, the angles between the phase currents are informative in terms of determining turn closures, and the current value in a short-circuited loop of the damaged EM phase is sufficient to reveal the magnetic flux created by it.
16) Based on the results of the work performed, articles were published in the journals International Journal of Electrical Power and Energy Systems and Rev Roumaine des Sciences Techniques-Series Electrotechnique et Energetique, with percentiles according to the Scopus database 95 and 38, five articles in domestic peer-reviewed journals "Bulletin of PSU. Energy series" and "Bulletin of EKSTU im. D. Serikbayev" with impact factors of 0.078 and 0.058, monograph "Differential-phase protection of electric motors", as well as one article in the collection of the International Ural Conference on Electrical Power Engineering UralCon, indexed in the Scopus database.
17) The obtained methods and mathematical models can be used in the educational process of undergraduates and doctoral students. The developed fundamentally new competitive protection devices can be used in building a backup relay protection system at power plants and substations, industrial and agricultural enterprises. For the commercialization of the created devices, it is necessary to: develop design and engineering documentation; make several dozen prototypes of devices at the plant; to install them for several years in trial operation at various enterprises; after a positive operating experience, start production.
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	Printed or as manuscript
	Publisher, journal (name, year, page number), copyright certificate No, patent No
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	1
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	4
	5
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	2018 year

	Articles in journals from the SCOPUS database

	1
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	International Journal of Electrical Power and Energy Systems 2018, Volume 101, С. 85-91. Процентиль 95
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	Conferences
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	Kletsel, M.Ya,
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Mashrapov B.Е.,
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	Overcurrent protection circuits on reed switches with fault diagnosis
	Printed
	PSU Bulletin. Energy series, № 4, 2019, pp. 98-104.
	0,4
	Kletsel, M.Ya,Mashrapov B.Е.,Issabekov, D.D.

	7
	Improvement of the reliability calculation procedure for reed switches protections
	Printed
	PSU Bulletin. Energy series, № 4, 2019, 
pp. 75-82
	0,4
	Kletsel, M.Ya,
KaltayevА.G.,
Barukin А.S.

	2020 year

	Patents

	8
	Overcurrent protection device on reed switches
	Printed
	Patent KZ № 34367
Bul.№22 от05.06.2020
	0,5
	Kletsel, M.Ya,Mashrapov B.Е.,Issabekov, D.D.
BabashevS.М.

	9
	Structure for mounting reed switches in complete switchgear
	Printed
	Patent KZ № 34366
Bul. №22 от 05.06.2020
	0,5
	Kletsel, M.Ya,Issabekov, D.D.
BorodenkoV.А.

	10
	Device for protecting the electric motor against turn circuit
	Printed
	Patent KZ №34407
Bul. №24 от 19.06.2020
	0,5
	Kletsel, M.Ya,
KaltayevА.G.

	11
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(informative)
Patents for inventions on structures for fastening reed switches
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APPENDIX E
(informative)
Developed structures for fastening reed switches

The structure according to patent No. 33525 contains (Figure E.1): three blocks for attaching reed switches and regulating their operating current, located near the current-carrying buses 8. Each block for attaching reed switches and regulating their actuation current contains a plate 1, six reed switches 2, 3, 4, 5, 6, 7, central 9 and side 10 holders, toothed belt 11, travel axles 12, supporting posts 13 and 14, fastening corner 15, screws 16, bolted connection 17, stepper motor 18, rewinding mechanism 19, toothed pulleys 20 and 22, coupling 21, fastening plate 23, connecting cables 24 and 26, plastic sleeve 25, plastic clamps 27, rubber gaskets 35.

[image: ][image: ]
а                                                                  b

а – fastening unit; б – location of fastening blocks near tires

Figure E.1 – Reed switch fastening unit according to patent No. 33525

The structure of the patent No. 34366 contains: three fastening blocks. Each block contains plate 1 (Figure E.2), three reed switches 2, 3, 4, bolts 5, 28-32, 36, 38, terminal block 6, electric motors 7 and 8, drive shafts 9 and 10, couplings 11 and 12, drive bushings 13 and 37, ears 14 and 35, travel axles 15, 16, 21, holders 17 and 34, stop stop 18, support bars 19, 20, 22 and 23, washers 24, 25, 26, 27, hollow cylinder 33.A detailed description of the functioning of the presented devices is given in the obtained patents.
[image: ]

Figure E.2 - Structure for mounting reed switches according to patent No. 34366


APPENDIX F
(informative)
Patent No. 34367 for OCP devices
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APPENDIX G
(informative)
Protection circuit according to patent No. 34367, and calculation of the time of the closed state of the reed switch contacts

The device without self-diagnostics (Figure G.1) contains for each phase a reed switch 1, D-flip-flops 2, 3, ..., (n + 1) with dynamic synchronizing inputs (n + 2 ), (n + 3),…, (2n + 1), information inputs (3n + 3), (4n + 11),…, (5n + 9) and direct outputs (2n + 3), (2n + 4 ), ..., (3n + 2), elements OR-NOT (2n + 2), NOT (3n + 4), AND (3n + 5), NOT (3n + 7), OR (4n + 7), AND ( 4n + 8), NOT (4n + 10), time relay (3n + 7), (3n + 8),…, (4n + 6) and (4n + 9), executive element (5n + 10).

[image: ]

Figure G.1 – Block diagram of the OCP device without self-diagnosis

The parameters of the circuit components depend on ks and the reset factor kr of the reed switch selected.According to [3], for OCP it is necessary that


,

Then Bop, at which the protection meets the sensitivity requirements:


.                                                           (G.1)

Since the reed switch is triggered and disappears under the influence of the instantaneous value of the magnetic induction, then (figure G.2):


;                                                        (G.2)


,                                                         (G.3)

whereВr is the induction at which normally open contacts of the reed witch return to the initial state after operation.

[image: ]

Figure G.2– Time tclose1 and tclose2 of the closed state of reed switch under the action of the inductions Вsc.min and Вsc.max of the minimal and maximal short-circuit currents

In this case, Br, taking into account expression (G.1), is equal to:


.                                                (G.4)

Substituting (G.1) and (G.4) in (G.2) and (G.3), we get:


;

.

From where

,

,

wheren1 and n2 are integer, and n1 is multiple of 2, n2 = n1 + 1, since operation and return of the reed switch occur, correspondingly, before and after the current passes through the amplitude value.
Then time of closed (tclose1) and broken (topen) states of the reed switch contacts are: 


;


.

For example, at kr = 0.95, tclose = 6.7 ms and topen = 3.3 ms, and at kr = 0.3, tclose=7.8 ms and topen = 2.2ms.


APPENDIX H
(informative)
Protection scheme according to patent No. 33644

An overcurrent protection device (Figure H.1) with self-diagnostics of a malfunction contains a reed switch 1 with an opening 2 and a closing contact 3, elements AND 4, NOT 5, memory 6, 8, 12, 14 and 16, OR 10, time relays 7, 9, 13, 15 and 17, block of logical part of protection 18 , an intermediate relay 11 with an open contact 20 and a contact 22 with a time delay for closing, anintermediate relay 19 with an open contact 23 and a contact 21 with a time delay for closing. An article has been published: KletselM.Ya., Mashrapov B.E., Issabekov D.D. Overcurrent protection circuits on reed switches with fault diagnosis. PSU Bulletin.Energy series.No.4, p. 234-239, 2019.Impact factor of the journal for KazСВ 0.078.

[image: ]

Figure H.1 – Block diagram of an OCP device with self-diagnosis of serviceability
.

APPENDIX J
(informative)
Photos of purchased equipment
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а)                                                                          b)
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g)                                                                 h)
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i)                                                                      j)
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k)                                                                         l)
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m)                                                     		n)
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o)                                                         p)
а – multifunction device; b – multimetersFluke 87V; c - laptop and 3D printer; d – iPad; e, р - rectifying installation; f – current transformers; g – step-down transformer; h – busductTZKR; i – microohmmeter; j – electromagnetic radiation meter; k – magnetic induction meter; l – immittance meter; m – laptops; n, o – ballast rheostat

FigureJ.1 – Equipment purchased during the project


APPENDIXK
(informative)
Designed and assembled laboratory facilities
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Figure K.1 – Laboratory setup for experiments in complete switchgear
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Figure K.2 – Laboratory setup for conducting experiments with busduct

APPENDIXL
(informative)
Methodology for conducting experiments in CS and busducts
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APPENDIX M
(informative)
Implementationact
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APPENDIX N
(informative)

FFT-analysis results for a 300  converter installation transformer
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a)
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b)


Figure N.1 – Results of FFT-analysis for a 300  CI transformer with a SC on the high voltage side (a) and with IMC (b)


APPENDIX P
(informative)
Invention patent No. 34592
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APPENDIX Q
(informative)
Diagram and description of the operation of the device for differential protection of the converter installation on reed switches and magnetoresistor

Device for differential protection of a converter installation on reed switches and a magnetoresistor, according to which a patent for an invention of the Republic of Kazakhstan No. 34592 (Appendix P) was obtained, contains a measurement unit 1 (Figure Q.1) with a Wheatstone bridge, one arm of which is a magnetoresistor 2 fixed in the MF DC current conductor 3 with a rectifier 4 and a load 5 connected to it, and the rest of the arms are resistors 6-8. One diagonal of the bridge is used as outputs 9 and 10 of block 1, and the other is connected to the output of the constant voltage source 11. Measurement units 12 and 13 are performed in the same way as unit 1. The measuring unit 14 is located in the MF of the AC current conductor 15 of phase A of the CI transformer 16 and is made in the form of reed switches 17-19 without windings and reed switches 20-22 with control windings 23-25, the leads of which are connected to outputs 9 and 10 of blocks 1, 12 and 13. Block 14 also includes blocks 26 and 27 of functional diagnostics, performed according to the pulse-time principle. Normally open contacts of reed switches 17-19 are connected to a source of direct operating current (not shown in Figures M.1-M.4) and to the inputs of block 26. Normally closed contacts of reed switches 20-22 are connected to this current source and to the inputs of block 27. The measurement units 28 and 29 are located in the MF of the conductors 30 and 31, respectively, and are made in the same way as the unit 14. The unit 32 for monitoring the health is connected by inputs to the outputs of units 1, 12 and 13. The majority element "two out of three" 33 (Figure Q.2) is connected by inputs to the outputs of logic blocks 34-36, and by the output to output relay 37. Outputs 38 and 39 (40 and 41; 42 and 43) of block 14 are connected to inputs 44 and 45 of block 34 (35; 36). Outputs 38 and 39 (40 and 41; 42 and 43) of block 28 are connected to inputs 46 and 47 of block 34 (35; 36). Outputs 38 and 39 (40 and 41; 42 and 43) of block 29 are connected to inputs 48 and 49 of block 34 (35; 36).



The device works as follows. In the CI load mode, the induction  created by the direct current  in the control winding of each of the reed switches 20-22, and the MF induction  from the current in the current conductor 15 act on the reed switches so that they are in a triggered state, their contacts are open, at the inputs of the unit 27 signals are not received, and relay 37 does not work.

[image: ]

Figure Q.1 – The first part of the functional diagram of the device

[image: ]

Figure Q.2 – The second part of the functional diagram of the device

With a SC in the rectifier 4, the current in at least one of the conductors 15, 30 or 31 increases, and in the conductor 3 it decreases, and the MF of the alternating current of the conductor, acting, for example, on the reed switches 20-22 with windings 23-25, in one of the the alternating current half-waves are greater than the MFs created by the currents of these windings. As a result, the contacts of the reed switches 20-22, falling off, are closed, and signals are supplied to the inputs of block 27. From outputs 39, 41 and 43 of block 14, signals are fed to inputs 45 of blocks 34-36, which produce a difference between the SC current and the magnetizing current. Signals appear at their outputs, through the majority element 33 entering the relay 37 input. Relay 37 is activated, its make contact 50 closes coil 53, and the unit is shut down.
When energized or restored after disconnecting the external SC, a inrush of the magnetizing current occurs. Reed switches 20-22, as in the case of SC, are triggered. Blocks 34-36 produce a difference between the SC current and the magnetizing current, there are no signals at their outputs, and the device does not work.
Units 26 and 27 control the time of the closed and open state of the contacts of the reed switches 17-22, preventing possible incorrect actions of the protection. With the help of block 32, diagnostics of blocks 1, 12 and 13 is carried out by comparing their output voltages in pairs.

[image: ]

Figure Q.3 – The third part of the functional diagram of the device
The identification of malfunctions in three sets of protection, duplicating each other, the majority element 33 and the output relay 37 is carried out as follows. Buttons of switches 58, 67 and 64 (Figure Q.3) are pressed alternately. When you press and hold the switch button 58, its contacts 57, 71, 79 and 84 are closed. As a result, voltage is applied to the windings of time relays 52 and 85, which has a delay:


                                     (Q.1)


where – protection triggering time;

 – the time required to return the normally closed contacts of the reed switches 20 and 21 of blocks 14, 28 and 29 to their original position;

 – delay time relay units 34 and 35, required to detect the difference between the SC current and the magnetizing current;

 – the time required for the output relay 37 to triggering;

 – reserve time, taking into account the error of the mentioned time relays and relay 37.
Opening contact 51 of relay 52 breaks the coil 53, and closing contact 92 of this relay starts time relay 93 with a delay:


                            (Q.2)




whereи – delays of time relays 87 and 89, and 

 – delay of time relay 91;

 – reserve time, providing the possibility of alternately pressing the buttons of switches 58, 67 and 64 and holding them for 1.5-2 s;

 – reserve time, taking into account the error of the time relays units 34-36, relay 37 and relay 89.

When the closing contact 81 of the relay 52 is closed, it becomes self-catching for a time  after which the closing contact 98 with a time delay for closing the relay 93 will close and start relay 83, the opening contact 82 of which will break the circuit connecting the contact 81 of the relay 52 with its winding (Figure Q.3), and relay 52 will return to its original position by closing contact 51 (Figure Q.2).

When button 58 is pressed, voltages are applied to windings 54 and 55. As a result, the resistances of magnetoresistors 2 change (Figure Q.1) and the voltages between outputs 9 and 10 of blocks 1 and 12 decrease, and, as a result, currents  in windings 23 and 24. The contacts of the reed switches 20 and 21 of blocks 14, 28 and 29 are closed, and signals appear at the outputs of blocks 34 and 35 in case of their serviceability. In this case, in the case of serviceability of the majority element 33 and the output relay 37, the latter is triggered, its closing contact 100 (Figure P.4) closes and the signal lamp 102 lights up, which indicates that the majority element 33 and output relay 37 are in good condition.

[image: ]

Figure Q.4 – The fourth part of the functional diagram of the device


After the relay 85 has worked out after a time , its contact 94 starts relay 70, the opening contact 69 of which stops the voltage supply to the winding 55. As a result, the signal at the output of block 35 is removed, and the signal at the output of block 34 remains. If at the same time element 33 gives a signal (and it should give it if it received two or three signals), relay 37 remains activated. Since the closing contacts 103 of relay 70 and the closing contact 106 of relay 37 are closed, the signal lamp 108 lights up, which indicates a faulty state of the majority element 33. When the switch button 58 is released, all illuminated lamps go out, and the voltage supply to the winding 54 is cut off. However, the self-locking relay 52 keeps contact 51 open.



When you press and hold the switch button 67, first, voltage is applied to windings 55 and 56, and after a time  – only to winding 55. In this case, the scheme works in the same way as described above. When you press and hold the switch button 64, first, voltage is applied to windings 54 and 56, after a time  – only to winding 56, and after a time  – to windings 54-56 (the operation of the device is checked with the simultaneous operation of three redundant protection kits).

Lamps 105 and 114 indicate that the holding time of the buttons of switches 58, 64 and 67 was long enough to trigger intermediate relays 60, 62, 70 and 75. After alternately pressing the buttons of all three switches, after a time , as a result of the triggering of the relay 83, the voltage supply to the coil of the relay 52 is stopped, the opening contact 51 of which breaks the circuit of the opening coil 53 of the switch of the installation. The entire circuit returns to its original position.


APPENDIX R
(informative)
New technique for calculating the effectiveness of protection

According to the technique [38], based on the application of the theorems of addition and multiplication of probabilities (logical-probabilistic method), the criterion for choosing the optimal version of a relay protection device, taking into account the reliability of its operation, is the minimum of the reduced costs:


                              (R.1)

where 0.186 – coefficient that takes into account the efficiency of capital investments;

 – total capital costs for relay protection;

 – value of specific damage;

 – power loss of the protected electrical installation.
The second term in (R.1) characterizes the damage from unreliability, which is completely determined by the unavailability coefficients.










Determination of UCs and Z values for protection on reed switches. UCs of groups of elements of differential-phase protection (DPP) of an electric motor [50] and overcurrent protection of a transformer [51] on reed switches for various types of damage are determined according to the method described above (subsection 8.1). The values of the UCs of triggering and non-triggering of protections on reed switches are given in Table R.1. The UCs of traditional protections, determined in a similar way, are equal: for CI differential protection – and ; for differential-phase protection of EM –  and ; for overcurrent protection of the transformer –  and . From the comparison, it can be seen that the UCs of protection on reed switches in many cases is inferior to the UCs of traditional protection (except for the CI differential protection). At the same time, calculations according to (R.1) using  (this value is considered the minimum possible in world practice) show that the reduced costs are reduced by 1.2÷6 times if the values of their UCs become equal to the UCs of the most reliable modern protections (, [52]). As shown below, this can be easily achieved using duplication. To increase the reliability of the RP, tripping duplication is often used now, by simultaneously installing several protection kits, connected according to the OR scheme - two (duplication circuit), sometimes three (triple circuit). But this increases the likelihood of false triggering of protection. As shown in [38], the majority scheme with three RP sets improves the reliability of both triggering and non-triggering. Let us determine which of the protection schemes for CI, transformers and EM on reed switches – duplicated, tripled or majority – will allow us to obtain the lowest reduced costs by increasing reliability. Let's consider two options – both protection blocks and its output organs are duplicated, or only blocks. UCs for the triggering of all circuits when duplicated with output organs are determined on the basis of (8.3). In this case, each component  is squared (when duplicated) or a cube (when tripled). For the majority scheme


                                (R.2)




TableR.1 – UCs values ,  and capital costs  for CI differential protection (first number), differential-phase protection of EM (second number) and overcurrent protection of the transformer (third number) on reed switches
	Variant of the implementation of the protection circuit on reed switches
	
,


	
.


	
, $

	Single-set
	23.8; 45.9; 8.86
	8.7; 27; 2.6
	324; 430; 286

	Duplicated
	0.04; 0.55; 0.01
	17; 54; 5.2
	648; 860; 572

	Tripled
	

 0.01; 
	26; 80; 7.8
	972; 1290; 858

	Majority
	0.12; 1.65; 0.03
	0.23; 2.2; 0.02
	972; 1290; 858




UCs of non-triggering are determined by (8.5), but factors 2 and 3 are introduced for duplicated and tripled circuits, and for majority  UCs of triggering and non-triggering of the considered protections when only protection blocks are reserved are determined in the same way.

Analysis of the results of calculations by formula (R.1) using  shows a significant advantage of the majority scheme over duplicated and tripled in reducing costs in relation to the scheme without duplication (single-set scheme). At the same time, duplication of protection blocks with output organs, in comparison with duplication of only blocks, gives a significantly greater effect in reducing costs. For CI differential protection with a capacity of 4 to 80 MW, majorization allows to reduce costs by 1.4÷18 times, for EM differential-phase protection with power from 2 to 8 MW – by 1.2÷3 times. For overcurrent protection of transformers, redundancy has no effect.

APPENDIX S
(informative)
Inventionpatent №34407
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APPENDIX T
(informative)
The operation of the motor protection device against turn circuits

The proposed protection device against turn faults according to paragraph 9.2 operates as follows. In load and idle modes, the magnetic fluxes in the frontal part of the electric motor created by the currents in the phases are equal and shifted relative to each other by an angle of 120 °. As a result, the sum of the currents induced on the first 1 and second 2 blocks of magnetic flux protection of the phases of the electric motor is equal to zero. Protection does not work.
In the modes of starting the electric motor, external short circuit or phase-to-phase short circuits inside the electric motor, the currents in the phases may have a phase shift relative to each other, however, the geometric sum of the currents induced on the first 1 and second 2 protection units by magnetic fluxes of the phases of the electric motor is also zero, and protection does not work.
With a turn circuit in the phase of the electric motor, a magnetic field of a short-circuited turn appears, which upsets the balance in the magnetic field of the frontal part of the electric motor, and a current flows in rings 3 (11). As a result, an electromotive force is induced through the ferromagnetic core 4 on the winding 5, which is supplied to the first reacting element 7 through the terminals 6. The protection is triggered, and the actuator 18 sends a signal to turn off the electric motor.
At the same time, a current induced in the second ring 11 flows in the primary winding of the current transformer 12. Current flows from the secondary winding of the current transformer 12 to the second reacting element 14. The protection is triggered and the actuator 18 sends a signal to turn off the electric motor.


APPENDIX U
(informative)
Laboratory installation for conducting turn circuits in electric motors up to 1 kV

[image: ]

FigureU.1 – Laboratory installation


APPENDIX V
(informative)
Shear angles between phase currents in the stator winding of an electric motor with a different number of closed turns of one phase

[image: ]

1, 2 - angles between damaged and undamaged phases; 3 - the angle between the undamaged phases

Figure V.1 – Electric motor AIR 71A4 U2

[image: ]

1, 2 - angles between damaged and undamaged phases; 3 - the angle between the undamaged phases

Figure V.2 – Electric motor AIR 63B2 U2
[image: ]

1, 2 - angles between damaged and undamaged phases; 3 - the angle between the undamaged phases

Figure V.3 – Electric motor AIR 80B6 B01 U2

[image: ]

1, 2 - angles between damaged and undamaged phases; 3 - the angle between the undamaged phases

Figure V.4 – Electric motor AIR 80A4 U2
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1, 2 - angles between damaged and undamaged phases; 3 - the angle between the undamaged phases

Figure V.5 – Electric motor AIR 100S4 UZ

[image: ]

1, 2 - angles between damaged and undamaged phases; 3 - the angle between the undamaged phases

Figure V.6 – Electric motor AIR 90L2 UZ
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1, 2 - angles between damaged and undamaged phases; 3 - the angle between the undamaged phases

Figure V.7 – Electric motor AO-41-4
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Tpnnoxenne 1.1
k Jlorosopy Ne__ ot 2018 .
Ha IPaHTOBOE (PHHAHCHPOBAHHE

TEXHHYECKASA CIIEHUOHKALIA U
KAJEHJAPHBIA ILTAH PABOT
Tlo morosopy Ne oT 2018 rona

1. Pecnybimkanckoe rocyiapeTBeHHOE npeIIPRATHE HA IPABE X03SIHCTBEHHOT0 BeeHHST
«IlaBnopapexuit rocynaperseHHblii yausepenter uMenn C. Topaiireipoa» Murnucrepera
obpaszopanus n Hayku Pecny6ankn Kazaxceran

1.1 TTo npropHTeTy: DHEPreTHKA i MANIMHOCTPOCHHE.

1.2 To mopnpropuTery: Temno- M MEKTPOIHEPreTHKA U BIMSIHAE IHEPTETHHYECKOTO CEKTOpa
Ha OKPYXKAIOLIYIO CPEAY, SHEProchepeskeHne.

1.3 Tlo Tteme wmpoekra: No AP05131351 «CoszpaHue rrobanbHO KOHKYPEHTOCTIOCOOHON
pecypcoceperarontell peTeiHON 3aIIUTEL CHCTEM 2K TPOCHAGKEHUS Y.

1.4 Obmas cymma npoekta 25 806 302 (mBaguarh MATh MUIIHOHOB BOCEMBCOT HIECT THICKY
TPHCTA JBE) TEHTe, B TOM HHCJe ¢ pa3OUBKOI IO rofaM, I BEITOIHEHMS PaGOT COMNACHO MyHKTY 3:

- Ha 2018 rox - B cymme 8 602 087 (BoceMb MUMNNHOHOB LIECTHCOT JABE THICAYH BOCEMB/ECIT
CEMB) TEHTE;

- Ha 2019 rox - B cymme 8 602 123 (BoceMb MIUUTHOHOB HIECTHECOT JIBE THICAYM CTO JBAIUATE
TPU) TEHTE;

- 1a 2020 rox - B cymme 8 602 092 (BoceMb MHJLUTHOHOB IECTHCOT JBE THICSUH JEBSHOCTO JBE)
TeHTe.

2. Xapakmepucmuxa HaySHO-MeXHudecKoll —RpoOyKIILI RO KEaHMUKAYUOHHIIM NPUIHAKAM
U IKOHOMHUHECKUE NOKAZAMEH

2.1 Hampasnenue paGoTsl: [IpoTnBoaBapHifHas aBTOMaTHKa CHCTEM 3IEKTPOCHAGKEHIS.

2.2 O6macTh IpUMeHeHHUs: DIeKTPOyCTaHOBKH HampsikeHueM 6-35 kB (Tpancdopmaropsr,
TIpeofpa3oBaTebHbIE YCTAHOBKH, 3MEKTPOJBHTATENH), [IOAKII0UACMBIE Yepe3 FUCHKM KOMIDIEKTHBIX
PACTIPEAETIMTEABHEIX YCTPORCTE M KOMILIEKTHEIE TOKOIIPOBOEL

2.3 KoHeuHEI pesyIbTaT:

- 3a 2018 rox: mBe 3asBKM Ha msobpereHue B KasaxcTame (3afpKa Ha KOHCTPYKIIMIO JLIS
KpenaeHds TepKOHOB M 3asBka Ha MT3 ¢ caMomMarHoCTHKOH mmm Oe3 caMoJMarHOCTHKH
HCTIPABHOCTH) U OJIHA 3asBKa Ha u300perenue B Kazaxcrane mwm Ha Eppasuiickeit NateHT (Ha 3auTy
SAEKTPOABHIATENd OT BHTKOBBIX 3aMBIKAHWI), KOHCIPYKIHS JUI KPEMIEHHS TepKOHOB,
MaTeMaTHIecKas MOJelb IPeofpasoBaTeNbHON YCTaHOBKH;

- 3a 2019 rox: monyyeHsl aBa maTeHTa KaszaxcraHa (OfMH Ha KOHCTPYKIHIO IS KPEILIEHUS
TepKoHOB M oxuH Ha MT3 ¢ ¢camoAMarHocTHKOi MM Ge3 caMoJMATHOCTHKH MCTIPABHOCTH), OyieT
mojaHa OfiHa 3asdBKa Ha m300perenue B Kasaxcrade (Ha Mogens nudibepeHLManpHOH 3aIMTH Ha
TepKoHaX U MOCTe YHTCTOH@), COOpaH ONBITHEIA OOpasel] yCTpoHCIBa MAaKCHMANBHOM TOKOBOM
samptel (MT3), HoBas MeToIuKa pacdeTa S(Q$eKTHBHOCTH 3aTTUTEE

- 3a 2020 rom: cobpaHel ONBITHBIA ofpasen ycrpolictea MT3 ®  ycrpolicTBO 3amyrhi
SIEKTPONBHTATENA OT BHTKOBEIX 3AMBIKGHMI, OONANaloNHe NPEHMYINECTRAME B GHICTPONEHCTBHH M
[IOMEXOYCTONUABOCTH HEpe H3BECTHBIMA, mateHT Kazaxcrana, mateHT Kasaxcrana umi Eppasuticknit, mee
CTaThH B PELEH3UPYEMBIX 3apyOerKHbIX HayqHbIX H3NAHIAX, HHASKCHPYeMBIX B Oaze TaHHbIX Scopus ¢
HEHYJIEBBIM HMITAKT-(HaKTOPOM, YeThIPE CTATbH B PELEH3MPYEMBIX 3apyOeKHBIX MM OTEYECTBEHHBIX
Hay9HEIX M3JaHAAX C HeHYIEBBIM HMIAKT-(aKTopoM.

2.4 IarentocnocoGHOCTE: [TaTeHTOCTIOCODEH.

2.5 HayuHO-TeXHHUEeCKNH YPOBEHb (HOBI3HA):

BynyT paspaGoTaser:

- moMexoycToWumMBasg W OBICTPONEHCTBYIOLAs MaKCHMalbHas TOKoBas 3ammra (MT3) ma
repKOHaX, OTIMHAIOLIALCS OT H3BECTHEIX HAIMYHEM KOHTPOI KONIYECTBA CPAbATHIBAHMI IepKOHA,
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FO3BOTSIOAM IOIYUHTE GoNee MOMEXOYCTOMYNBOE YCTPOHCTBO, YeM CYLICCTRYOLIEE;

- MT3 Ha repkoHax, o6majaiomas Gojiee BBICOKOH HAIEKHOCTBIO 34 CUCT HAIMTHS
CAMOJIMATHOCTHKH;

- 3aMMTA 3MEKTPOIBHTATENS OT BHTKOBHIX 3aMBIKAHUI, OTIMHAIOIIAACS OT H3BECTHBIX
JIODOJHHTENBHEIM ~ KOJBIEBBM  npeobpasoBaTeneM, DACIONOXEHHBIM B JIOOOBOH  wacTH
37IEKTPOBHT AT, TIO3BOIIOLUEM IOBEHICUTE HAJIEKHOCTD U 1yBCTBHTENEHOCTD 3AIHTHL.

Bynyr cozmamsr:

- dhopmynpl asi BeGopa Toka cpabareiBanus MT3 B KOMIUIEKTHOM paclpelefilTeNsHOM
yerpoictee (KPY) m MT3 B KOMIUICKTHEIX TOKONPOBOAEX, 4 Takke MA((epeHIranbHON 3aluThl
TpeobpasoRaTebHOM YCTAHOBKH, i GOPMYTIBI ONEHKH HX YyBCTBUTEIBHOCTH;

- MeTonuka Hanaaku MT3, oTIHuaromasces KOHTPOJIeM KoludecTBa cpabaThIBaHMIl repKOHa, 1
METOfMKA pacyeTa 3(GEKTHBHOCTH 3alMTBl HIpeoOpasoBaTeNbHON YCTAHOBKH, OTIHMYAIOMIASCS OT
M3IBECTHBIX YUCTOM YACTOTHI OTKA3A BEIKIIOMATENCH.

2.6 McmonpszopaHue —HAYYHO-TEXHHYECKON HPORYKUMH  ocymecTeusercsa: HayuHoe
COOBMIECTBO, NPOMBIILICHHbBIE M CEIbCKOXO3SHCTBEHHbIE IPEANPUATHS, HIEKTPHYECKIEe CTAHIME K
TIOICTAHIMH.

2.7 Buj HCTIONMB30BaHI Pe3yIIbTaTa Hay3HOH U (W/IH) Hay4HO-TeXHIYEeCKOi nestensnocTi: Ha
TIPEANPHATHSAX B KaUeCTRE AyOIHpyomel peeiHoi 3aMUTH, KOTOPYIO OHH TOMKHEI GyIyT BHEIPHTE
Tocae TOro, Kak KynmatT B HameM By3e (III'Y um C. TopaiirblpoBa) MPOEKTHYIO TOKYMEHTAIMIO U
3aKAXKYT HA COOTBETCTBYIOLIHX 3aBOJAX Pa3paGoTaHHbIC HAMH YCTPOHCTRA.

3. Haumenosanue padom, CpOKIL UX Peaiu3auitit i pesyasmantst

\udp| Haumenosauue paboT mo | CPoX BHIIOTHEHHS OKumaeMBelii pe3ynbTaT
anamn|  JIOTOBODPY M OCHOBHEIC
HAYATO [OKOHYAHH|
o, STATIbI IO BBITOMHEHHSA e
prana
2018 ro
1. |Passurne TeOpHM | SHBaph | MIOHb |BymeT pasBuHTa TeOpHS MOCTPOSHHS
TOCTpOeHNA MaKcuManbHoil | 2018 2018 | MakcHManbHOH TOKOBOM 3awuTH (MT3)
TokoBoit sanmTs (MT3) TO1A roua

1.1 |Paspaborka ¢opmyn nans| sHBapb | MOHB | BymnyT paspaGoTaHbl  (popmMymBl A
BeiGopa ycrasok MT3  B[2018 roga2018 romal Berbopa ycrapok MT3 B KOMMEEKTHRIX

KOMILIEKTHBIX pacTipenenuTeNBHEIX yeTpoiicTsax (KPY)
pacrpeenuTeTbHbIX n ana MT3 B KOMIIEKTHBIX
yetpoiicreax (KPY) u s TOKOIPOBOAAX, & Takke (OPMYTBl s
MT3 B KOMIUIEKTHEIX OUEHKH  UyBCTBUTEIBHOCTH. Bynyr
TOKONPOBOJAX, a Takke paspaboTanel OPUEHTHPOBOUHEIE
topmyn s OLEHKH thopmyB JuiL  BEIGOpA  TOKa
YYBCTBHTETEHOCTH cpabareBanusg MT3 B KPY u nns MT3 B

KOMILTEKTHBIX TOKOIPOBOAAX, H HOPMYIEL
JUIsSL OTIEHKH 9YBCTBHTEABHOCTH.
2 Paspaborka  Mogmenmeit | smBaps |1 HosGps| ByayT paspaGoTaHEl MOZENH U ONBITHEIS

OTIBITHBIX o6pazuoe2018 roga2018 roxa oGpasus yerpoitcTs MaKCHMATBHON
yCTPOMCTB  MaKCUMATbHOH| TOKOBO! 3alllUTBl ¥ KOHCTPYKIMH UL
TOKOBO# 3ANIHTE i KpeIlIeHus TepKoHoB. ByayT mojaHE! e
KOHCTPYKHHHM I KpeIUIeHHs] 3a%BKH Ha H300peTeHne B Kasaxcrane.
FEPKOHOB

2.1 |U3syuenme H3BECTHBIX | SHBAph | SHBaph | BYJIyT M3yueHE! M3BECTHBIE KOHCTPYKIIAH
KOHCTPYKIHH Kpy u 2018 roza2018 roga KPY 1 KOMIITEKTHBIX TOKOIIPOBOKOB
KOMIUICKTHBIX

TOKOITPOBOJOB
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2.2 |PaspaboTka ¥ m3roToBNcHHE| Mal |1 HoaOpsa|Byayr paspaGoTaHEl ©  M3TOTOBNCHB
KOHCTPYKIH Juig 2018 rogal2018 roza) KOHCTPYKIME /1Sl KPEIUICHHS TEPKOHOB M
KpeIUIeHHs TePKOHOB M WX 6yleT BBUIOJIHEHO HX OMNpoBoBaHHE.
onpoGoBaHue Bymer nonana sassxa Ha u3oGpereHue B

Kazaxcrane. Byner paspaGoTaHa
KOHCTPYKITUSA /15 KPETIJIEHUS TEPKOHOB,

2.3 |PaspaGoTka mMonenelt | erpans |1 HoaOpsa ByAyT paspaboTaHBl MOJENH YCTPOHCTB
YCTPOHCTR MT3 6e3 2018 rona2018 ronagMT3  Ge3  caMOAWArHOCTHKH U €
CAMOJUArHOCTHKH H < C&MOHHHIHOCTHKOﬁ HCHP&BHOCTH. By}lCT
CaMOANArHOCTHKOR MofjaHa OJHa 3asBKa Ha M300peTeHHE B
HCTIPaBHOCTU [Kasaxcrame. Byzmer paspaGoTaHa MOJEINb|

MT3.

3. |Pazpaborka Meromuku H|despans |1 HosOps| Bynyr — paspafoTaHbl — METONMKH ¥
nabopaTopHEIX cTeHxoB s 2018 roga2018 roxal naGopaTopHEle CTEHIABL AMS NPOBEACHWS
TMPOBEEHHS HATYPHEBIX HATYPHEIX 9Kcrmepumento B KPY u
skemepumenTos B KPY m KOMIIIEKTHBIX TOKOIPOBOIAX.
KOMOJIEKTHRIX
TOKOTIPOBOZAX

3.1 |Pa3paGotka ¢eppans | anpens |Bymer paspafoTama IpHHIHNHATEHAS
MPUHITATHANEHOR cxemsl 2018 rona2018 roxa cxema  nabopaTopHOH — yCTAHOBKH LA
NaBOpaTOpHOH  YCTAHOBKH TpoBENeHNst IKCIepuMenToB B KPY m
piosts TIPOBEACHHS. TOKOTIPOBOJIAX. Bynyr paspaGoTaHst
skenepumenTor B KPY u cXeMBI 1aB0opaToPHLIX YCTaHOBOK.
TOKOTIPOBORAX

3.2 | Pa3paGotka METOAMKH | peBpans | ampens | Bymyr paspaGoTaHbl MeTOIMKA HANAXKH
HalaaKu MT3 1 [2018 roma2018 roxal MT3 " TIPHHIUNHATEHAS cxeMa
PHHIMIAATEHOH CXEMEBI NabopaTopHOil YCTAHOBKH IS  HATAIKH
MaBOPaTOPHOR  YCTAHOBKH MT3. Byayr paspaGoTaHbl METOIWKa
Jute Hamagka MT3 Hanagky MT3 m cxema maboparopHoit

YCTAHOBKH.

3.3 |Touck H 3aKym| Maf wions | ByRyT ocyliecTBReHBI MOHCK M 3aKyIl
HeOBXOAUMOro 2018 roma2018 roxal HeoGXoIUMOrO 0GopynoBaHmIA "
ofopynoBanus it MaTEPHAIOB.

MATECPHAIIOB

3.4 |Cbopka u Hanaznka| asrycr |1 HosOps|Bymyt cobpaHbl H HANAXEHBI

naGopaTopHbix yeranosok 2018 rona2018 roza maboparopHble yeTaHOBKH. ByayT roTorsie
X HCIIOMB30BAHAO NabopaTopHEIE
YCTAHOBKH.

3.5 | TlpoBeneHue IKCIIEPHMEHTOB | OKTAODE | | HosGps | ByayT nposoauTses skenepumentsl B KPY
B8 KPVY u Toxonposogax 2018 roxal2018 roma ¥ TOKONPOBOAAX

5 | IlarenToBanue guBaps |1 HOAOpaA{byZET  OCYIIeCTBIEHO — [ATEHTOBAHHE
paspaboTaHHBIX  ycTpoicts 2018 roga2018 rogapaspaboranmsix yerpoiicts B Kazaxcrane u
B KazaxcraHe u 3a pybexoM sa  pyGexom  (Poccms, I'epmannsd,
(Poccns, Tepmanns, Dpanmus, SNOHMA), a Taxke MyOTHKAMAL
Opannus, SMoHUA), a TAaKKe crateif. Bymyr momamsl 3afBKM  Ha
nyOIHKaIus cTaTel. msobperenne B  Kaszaxcrawe, Gyner

[IPHHATO yUacTHe B KOH(EPEHIIUM.

7 | Pasputme Teopuu | sHBapb |1 HosOpa|Byner passuTa  TEOpHS  NOCTPOSHHA
TOCTPOCHHS 2018 roxa2018 rona G depeHImaTEREX 3aIIUT
JE(hepeHINATEHBIX  3aIHT Tpeo6pa3zoBaTeNbHEIX YCTAHOBOK,
TpeoBpazoraTENBHEIX

YCTaHOBOK
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7.1 |Hccreaoats Gpocku Toka| sHBaph ceHIAOPs | Bymyr  mecmemosamsr  Gpocku  TOKa
| HAMATHUYHBAHYS npu 2018 rona2018 rona HaMarHuuuBaHNA Tpu BKIIFOUEHHH
‘ BRJTFOUEHHH CUI0BOTO CUIIOBOIO TpaHcpopMaTopa
| TpaHcdopmMaTopa TpeobpazoBaTeIsHON YCTAHOBKH c
| ipeoSpasosaTenbHolt JIMOJAMH Ha XONOCTOH X0, CO3IaB MOJENb
{YCTAHOBKH C JHOJAMH Ha ce paboTe. Byner paspabotana
IXONOCTOM  XOf,  CO34B MaTeMaTYecKas MozIenb paBoThl
| MOZIESTb €€ PafoThL CHIIOBOTO TpaHchopMaTopa (¢
; peolpa3oBaTeIFHON YCTaHOBKOH

7.2 BeBHTB OTAHYHS TOKa | OKTAOPE |1 HOfOps| BymnyT — BBIABICHH — OTVIMYHS  TOKA
' HamarHpunBaHus oT Toka (2018 roma2018 romd HaMarHuuMBAHUSE OT TOKA KOPOTKOro

KOPOTKOTO 3aMBLIKALTHS 3aMBIKAHHS.

10 | Paspabotka yerpolicta | sHBaph |1 HOAOpA | Byser paszpaGoTaHo ycTpoilc1BO 3aIMTEI
samuThl anekTponsurareneii 2018 roxa2018 roma| snekrponBuratenei HanpsxeHneM po 1
HanpsoxeHueM g0 1 kB K¥B. Byzer rnojana 3aseka Ha u3obperenue

B Kasaxcrane wunm Ha Eppasniickuit
TIATEHT.

10.1 | OmeHKa BEpOSTHOCTH sHBaph | GeBpats | Bymet OIlCHEHA BEPOATHOCTE
BOSHHKHOBEHHS pa3aHUHbIX 2018 roga2018 rona BOZHVKHOBEHHS — PasTHYHEIX  BUTKOBBIX
BHTKOBBIX 3aMBIKaHUIH 3aMBIKAHUI

10.2 | PazpaboTka cxeMbl MapT maii | Byager paspaGoraHa cxeMa HaJeKHOrO
HAEKHOro yorpoiictea or 12018 rona2018 rofal yeTpolfcTBa OT  BUTKOBBIX  3aMBIKAHHI.
BHTKOBBIX 3aMBIKAHUI Byner moaaHa 3asBka Ha H300peTcHHE B

Kazaxcrane mmm Ha Eppasuiickuit matenT,

10.3 |CosmaHEe MeTOINMKH W | HMIOHB | apryeT |ByayT cosmaubl METOIMKE ¥ cXeMa
CXEMBI nabopatopuoit 2018 rona2018 roaal rabopaTopHO# yCTAHOBKM 1,15 NPOBEICHHSA
YCTAHOBKH 1Lt TIPOBEIESHIS BHTKOBBIX 3aMBIKaHHH B
BATKOBBIX 3aMBIKAHWH B SIICKTPOJBHIaTe/IsX HANPSKCHUEM 10 1
3IeKTPOIBATATEIIX xB.  Byzmer paspaBorana cxeMa
HanpsokeHueM o 1 kB 11260paTOPHOH YCTAHOBKH

10.5 | Coopxra o Hanmagka | OkTsGph |1 HosGps| Bynyr Hauwarsr cOopka H  Hamazka
naboparoproit ycranosku 2018 rona2018 roza maGopaTopHo# YCTAHOBKH

11 | Hayumble KOMaHIUPOBKH sauBaps |1 HosOps Bymer Hayumas KoMaHaupoBka. bBymer

2018 roaa2018 rojanpnssaro  yyactme B KOH(GEPEHITHH,
mpoBomuMoi MOU.
2019 rox

1.2 [Yrourende hopMy A7 okTAGpB | OKTAOPE | ByayT yToUHEHE! QopayIB! UL BEIGOpA
BEIGOpa yerapok MT3 nocie 2019 rona2019 roza yerapok MT3 nocne nmposeien#s
MpOBeICHHS IKCIIEPHMEHTOB 3KCTIEPUMEHTOB 1 06PaboTKH
i 06paloTKH IOy YeHHBIX TIONYUYEHHEIX Pe3yNsTaTOB. ByayT
CIYNLTALOB yTOYHeHbl hopMynsl no i, 1.1

2 |PaspaboTka mogmened  u| ssaps |1 HOAOPs| bynyT paspaboTaHBl MORENH H OIBITHEIC
OIBITHBIX o6pasuos 2019 roga2019 roga) o0pasusl  YCTPOHCTE — MAKCHMATBHOM
YCTPOMCTE  MaKCHMATBHOH TOKOBOH 3alUMTEl ¥ KOHCTPYKUMH JUIA
TOKOBOH 3AIUMTEL il KPEIUIEHWs] TePKOHOB. ByIyT monydweHsr
KOHCTPYKLUi JUIS JIBa TAaTeHTa Ha  HW300peTenHe B
KpeILIeHus 'epKOHOB Kazaxcrane.

2.2 |PaspaboTKa U H3rOTOBIEHKE | SHBAps | QeBpaib | Byayr paspafoTanbl #  H3TOTOBJICHB
KOHCTPYKIHH ans 32019 roma2019 roja KOHCTPYKIIHH T KPEIIEHAs TEPKOHOB U
KpeIUTeHHS TePKOHOB M HX BBILIONHEHO mHx orpobosanne., Bymyr
ompoboBaHue popaboTaHbt KOHCTPYKIHA mocie

ompofosarus. Byger momyuen [latent
Kazaxcrana
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2.3 | PaspaSotka wMoyeieit | speapp |1 HoaOpalBynyr paspaboraHBl MOZeTH YCTpOUCTB
YCTpoHCTR MT3 6e3 2019 roga2019 roaagMT3  6e3  caMOJIMarHOCTHKH #H
CAMOIUACHOCTHKH H ¢ CaAMOIMArHOCTHKON UCIPaBHOCTH. bBymeT
Cﬂ.MOﬂl/IaFH()CTHKOﬁ MOJTY4YCH OATCHT Kazaxcrana.

ACOPABHOCTH

2.4 |HsrotosieHue MAaKeTa HIOHE wmons | Bynet usroropiaen Maketr MT3 Ge3
MT3 6ez camozmarroctuxkm 2019 roga2019 romal camomuarsnoctuku aus KPY. Bymer
s KPY U3COTOBICH OnbITHBIA 06pasent MT3 s

KPY.

2.5 |[lopaGotka Makera MT3 | oxtsiGps |1 wosbpst| Bynet nopaboran maket MT3 mocne

TOCTE YKCIEPHMEHTOB 2019 roga2019 rofg sKCIepHMEHTOB

3 |Paspafotka meroauxkd u | sHBapb |l mosOpst|Byayr — paspaGoTaHel — METOQMKM — #
aBopaTOPHEIX cTeHmoB 2019 roma2019 roaa naGopaToOpHEIC CTEHAB! AN IIPOBEAEHUS
JLiIsl IPOBECHNUS HATYDPHBIX HATYpHBIX OkcnepumentoB B KPY
skenepuMentos s KPY u KOMIIIEKTHBIX TOKOIIPOBOJIAX,
KOMIINEKTHBIX !
TOKOIPOBOJAX

3.5 | lposegenne sEBaph |1 HOAOp# | BymyT npoeeneHs! sxcnepumentTs 3 KPY 1
akenepuMerToB B KPY 12019 rona2019 roga Toxomporoaax
TOKO]'!&BOI[GX

4 | DKcnepHMEHTAaNbHOE asrycr |1 HosGpa| ByJeT IpoBeeHO 3KCTIEPUMEHTALLHOE
ucclenoranue  noseaenua 2019 rogal2019 roma necneIoBaHNE TOBEASHUS
M3TOTOBNIEHHBIX  ONBITHBIX M3TOTOBIIEHHBIX OLBITHBIX 00Pa3IOB.
0o0pazuos,

4.1 | OKCTepHMCHTATBHOS apryct |1 HosGpsi | ByZyT IpoBeeHO SKCICPUMEHTATLHOE
uccnegopanne  mosenenus 2019 roga2019 roxa| necaenosarme nopenenns maketa MT3.
makera MT3.

5 |IlarenToRanue auBape |1 HosOps Byner OCYDIECTRIEHO TaTeHTOBAHWE
paspaboranubix yerpodcrs 2019 roxa2019 romapaspaboranueix yerpoiicrs B Kazaxcrane u
& Kasaxcrame u 3a 3a pyGeskom (Pocens, [epmanus, Oparnys,
py6exom (Poccus, fAnonns), a Take mnyOnukauus crareif.
Tepmanms, Dpannus, Byayr nomyweHsl naTeHTH B Kasaxcrane,
Snonus), a TaKKe momana crates Ha koH(epenimio CUTP3,

{ myGuKanua craTel OyIeT IPHIMTO yJacTHe B KOH(SPEHIHT,
7 { Passutie TeopuH | SHBAph | sHBapb |BydeT  pa3BHTA  TeOpMs  TIGCTPOSHHS
{ IOCTPOCHMS 2019 rona2019 roaa wupdepermmaTbHbx 3aLIHT
An(depeHLManLUbIX  3a1uT 1 TIpeoBpaszoBaTeNLHBIX YCTaHOBOK
| PCOBPasOBATETBHEIX |
| ycTanoBoK

7.2 | BHABATE OTIHUAL TOKA | SIHBapb | SHBAPh | ByAyT  BBIBICHHL  OTIHYMA  TOKA
Enawfamnqnnanm ot Ttoka 2019 rogal019 rojgal HAMATHHYMBAHUS OT TOKA KOPOTKOIO
| KOPOTKOrO 3aMbIKAHHS 3aMblkarusd. BymgerT momydena dopMyna
i KPHUBOH TOKA HAMATHHYHBAHUA.

8 PaspaGotka Mojenu | pepans | mak  Byger pazpaboTana MOZEIb

!nncb(pepemmam,ﬂoﬁ samuTel 2019 roma2019 rogamrd depentnanbHoi 3aUThL Ha TePKOHAX 1|
HA T[EPKOHAX 4 MOCTE mMocte Yurcroma ansg mpeoSpa3oBaTellsHOMN|
Yurcrona Jst [VCTAHOBKH ¢ HOJAMH. ByaeT nosxana 3asBKal
ripeodpasoBaTeNsHON Ha p3obperenre 8 Kazaxcrane.

YCTaHOBKHM C AMONAMH





image152.jpeg
8.1 |Cospmats cxemy ycrpoticTsa|espans | Maif | ByseT cossana cxema ycTpoiicTBa 3aIIHTHI
3aLIUTHL c yaerom 2019 rona2019 rozal ¢ VIETOM ocobeHHoCTER TOKA
ocobeHHoCTeH TOKa HaMarHHYABaHUs u H3MEHEHNMS
HaAMarHMYMBaHUSI n HanpskeHns ¢ nomotnpio PITH, a mMenro,
V3MEHCHUS HAIPSKEHHS © Gymer cosjaHa HOBast cxeMa
nomompio PTTH nndepeHaTbHOR 3AUNATH

mpeobpasoBaTensHO YCTAHOBKH ¢
JHOIAMA.

9 |PaspaGotka MmeTonmku | WIOHb |1 HogOpsa|Byner paspaforasa MeTomHMKa  pacters
pacuera Hamex)HOCTH 3amuT 2019 roxa2019 ronaHane:KHOCTH 3alUUT HA FEPKOHAX VIS OHEHKH
Ha TepKOHAX st OLCHKYM HX mx oddexTuBHOCTH.  Byger paspaborans
sddextrsHOCTH HOBas METOIMKA pacdera d(ReKTHBHOCTH

pamuter.  bymer mogama  craTes B
peleHsUpyeMoe  3apyGesxHoe IR
OTECUeCTBEHHOE  HAy4HOE  H3ZAaHHE ¢
HEHYTIEBBIM MMITAKT-(aKTOPOM.

9.1 |Pacuer ko3hduIMEHTOB | HIOHE | aBryer | byayr pPaccUUTaHB! KO3GULHEHTE
HeTOTOBHOCTH 2019 roma2019 rogal HETOTOBHOCTH TpaJUIHOHHON "
TPaTUIHEOHHON u TIpenIosKeH o cxeM mn(epennuansHoM
IPENOKEHHON cxeM 3amIATH [IpeoGpasoBaTebHOM YCTaHOBKH
s deperIraIbHON 3aIHTh! W CONOCTABHTCHBHBIN  amaim3 WX
npeodpazoBaTenhHON ashdexrusrocTu. Byner nogana craths B
YCTAHOBKH " pelieH3upyeMoe  3apyOeKHOe biiyics
COIIOCTABUTENLHBIH — AHAAZ OTCUSCTBEHHOE HAyUHOE W3laHHE C
X 3 dexTHBHOCTU HEHYJIEBBIM UMIIAKT-(aKTOPOM.

9.2 | CoBepimeHcTBOBaHME ceuTabpb| 1 HOAOps By eT yCoBepIISeHCTBOBARA METOHKA
METOJMKH  paciera Ha [2019 roga2019 rogapacyera Ha 0CHOBe yueTa KoodduipieHTa
OCHOBE ydera HETOTOBHOCTH CpabaThiBaHU BEIITFOUATENCH.
pelilinsunisc:y Bymer paspaboTaHa HOBas METONHKA pacyeTa
HETOTOBHOCTH POGEKTHBHOCTH 3alIKTH 1 IJOJAHA CTATES B
cpabaThIBaHHA lpeIIeH3HpyeMOoe 3apyOexEOe MITH
BBIKITEOUATEICH TEUCCTBEHHOE HAYTHOE M3/aHHE C

HEHYJIeBbIM UMIAKT-(PaKTOPOM.

10 |PaspaGotka yerpoiictBa | deBpans |1 HoxOps| Byner paspaboraHo ycTpoifcTBO 3armuTer
SAIIUTHL 3eKTpopBurareneii 2019 rona2019 roga snextpojpurateneil HanpskeHmeM J0 1
HanpsmkerueM 10 1 kB kB. Byzmer cobpaHo ycTpoicTBo 3aIIATEL

3IIeKTPOBHTaTe T oT BHTKOBBIX
3aMBIKAHMH,
10.4 Baxyn HEOGXOMUMOTO | feBpanb | MapT | BymeT 3aKyIuieHo HeobXomuMoe
GopynoBanms 1 MaTepuanos 2019 rona2019 roma oGopyaoBaHHe M MaTepHabL
10.5 | CGopka " Hanajka| sHBaph | sHBaph | Bymer colpana u manwkena naGopatopHas
naboparoproli yeranoBki 2019 roxa2019 rona ycragoBKa. Byner  nmaboparopHas
YCTaBOBKA.
10.6 |IIpoBenenne sKcIepuMeHTOB | deBpans |1 HoAGps | Byayr mposegensl  OKCHEPHMEHTEB: ¢
C BUTKOBBIMH 3aMbIKausvu 2019 roxa2019 roga BUTKOBBIMH 3aMBIKQHPSIMA
11 |Hayusble KOMaHIHPOBKY supaps |1 HosOpst| Byayr mayumele KoMaHAMPOBKH. bymer
2019 roxa2019 roxa npussaTe ydactue B koHGepenmm CHIP3,
OyIeT OHA CTRKHPOBKA.
2020 rox

1.2 [YrouneHue popMy:T L SHBaph 1 Byayt yrounens! GopMyIH I BHIOOPA
BbIGOpa yeTaBok MT3 mocne 2020 rozia voabps | yerasok MT3 mocne mpopeneans
MPOBEIEHHUS IKCIEPUMEHTOB 2020 | 3xCTepPHMEHTOB B 00paGOTKH MOMyIeHHBIX
M 06palOTKH MOMy4EHHBIX ToJa | pesymnbTaToB. ByayT HCIONB30BAHBE
pe3yIBTATOB TOJTY9CHHBIE QOPMYIIBL B CTATHIX
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2 |Paspabotka  Momeme M| sHBAph 1 Bynyr paspaGorambr MORENH M ONBITHBIS
OIBITHBIX o6pasros 2019 roxa HosGps | 06pa3msi yeTpoiicTs MaKCHMATBHON
YCTPOHCTB — MaKCHMANbHOH 2019 |ToKOBOM samMTHL W KOHCTPYKUME Uit
TOKOBOM 3AIUTEL u TONA |KpeIUTeHHs repkoHoB. byner omyGaukoBaHa
KOHCTPYKITHH biuts OJIHA CTATBS B PELEH3HPYEMOM 3apyOeiKHOM
KPEMIEHHS TePKOHOR HayYHOM H3NAHWH, MHICKCHPYyeMOM B Gaze

JMAHHBIX  SCOPUS C HEHYJIEBBIM FIMIIAKT-
¢daxropom  Przeglad Elektrotechnizny, nin
OnextpoTexHnka, win International Journal
of Electrical Power and Energy Systems,
unu Electric Power Systems Research mnun
ap., Oymer omyOnMKOBAaHA CTathd B
PELCH3UPYEMOM  3apyGeiKHOM anu
OTEUECTBCHHOM ~ HAYTHOM  H3JAHAM  C
HEHY/eBbIM UMIAKT-(GAKTOPOM.

2.3 |Paspabotrka MOJeneil | SHBaph 1 PByayr paspabotaHbl Mozenu yerpoiicts MT3
YCTPOHCTB MT3 6e3 2020 roaa HosOps fe3 CaMOAMATHOCTUKHI | € CAMOMArHOCTHK O]
CAMONIMATHOCTHKH H  C 2020 penpasuocts. Byner onyGnukoBaHa cTaThs B|
€aMOIMaTHOCTHKON rofia peleH3HpyeMOoM 3apyOEKHOM wim
HCTIPABHOCTH TeYECTBEHHOM  HAy4HOM  H3JaHHM |

HEHYIIeBBIM MMIIAKT-(paKTOPOM.

2.4 |Msrotopnenue Maketa MT3 | swmaps 1 |Bymer wmsrotoBmeH Mmaker MT3  Ges
6e3 caMOMaTHOCTUKY L1 [2020 roga HosOpPs CaMOIHATHOCTHKH Juts KPV. Byner
KPY 2020 pmyGnukoBaHa cTaThg B PEICH3HPYEMOM

Toma PapyGexHOM HAY9IHOM UAAHAH,
MHICKCHPYeMOM B 0a3e NaHHEIX Scopus ¢
HeHylNeBBIM  HMmakt-dakropom  Przeglad
Elektrotechnizny, wim DIeKTPOTEXHHUKA, M|
(nternational Journal of Electrical Power and
Energy Systers, wiu Electric Power Systems|
Research mnu ap.

2.5 | MopaGotka Makera MT3| sHBaph | sHBaph |Byner nopatotan maxer MT3 mocne
TOCTIE AKCIIEPUMEHTOR 2020 roga 2020 |3KCTIEPUMEHTOB

Toja

2.6 | WsroToBneHne  OMBITHOTO | GeBpaims | MapT |ByzeT HaroToBneH onbiTHENE o6pazers MT3
obpaziia MT3 Ge3 2020 rogal 2020 | Ges camoamartocTrky st KPY
camoguargocTukn g KPY roja

2.7 | NopaGorka OIBITHOTO | aBryct |ceHTAOp| Byner mopabotan ombITHAIA obpasern MT3
abpazia MT3 nocne 2020 roxa) b 2020 | mocre SKCIEPUMEHTOR
SKCIEPHMEHTOB roza

3.3 [[Tomex " 3aKyn  MapT mait |ByZyT ocyIlecTBIeHBI TOMCK H  3aKyI
HeobxomuMoro ofopynosanus2020 rogal 2020 |HeoGXomuMOTO obopyaoBaHus u
M MaTepHasoB TOfla | MaTepHAJIOB.

3.5 | IlposencHue SIHBAph 1 Byayr nposegeHs! sKkemepumenTe B KPY u
skcnepnventos B KPY 1 2020 ronal HosGps | Toxomposogax. byner omyGnukosana CTathst
TOKOIPOBOAAX 2020 |B peneH3UpyeMOM 3apyOemHOM TR

roza |OTEYeCTBEHHOM  HAYYHOM  H3aHMH ¢
HeHy/IeBBIM HMIAKT-(GakTopoM

4 | OKenepHMEHTATBHO® anpens | WIONb [Bymer mpoBegeHo  SKCIEPHMEHTAILHOE
ncenemopanme  nmopenenua 2020 roxal 2020 |ucenemoBaHUe IOBEIEHHS H3TOTOBIECHHEIX
HSTOTOBJIGHHEIX  OIBITHEIX TOXA | OIBITHEIX 00pasIoB.
06pasLoB.
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4.2 | OxcuepuMeHTaNTbHOE aupens | HIONB |ByZeT  BBITONHEHO — 9KCIHEPHMEHTAIBLHOE
necnenoBanue  mobeldeHUd 2020 romal 2020 |uccnexoBaHue OBEEHUs OMBITHOrO
ombiTHOTO 06pasua MT3. rojga |obpazua MT3.

5 | IlareHToBanue SJHBaph 1 |Byzer OCYILIECTBIIEHO TATEHTOBAHHE
pazpabotagner  yerpoifers 2020 rona) HosOps paspaGoTaHHEIX yeTpoiicTs B KasaxcraHe u 3a
® Kazaxcrane n 3a pybexom 2020 pybemxom (Poccus, Iepmanus, Opanmms,
(Poccns, Tepmanus, roma [InoHH), a Takke MyGnuKanus crateit. Byayr|
@pasunsg,  SooHMA), a mongydeHel  mateHTHI B Kazaxcrame,
TaKuKe IMyOnuKanus crareit MyGIMKOBaHEl CTaTbW B PELEH3MPYeMbIX

3apyOeKHBIX HaYIHBIX H3JAHUAX,
HACKCHPYEeMBIX B 0a3e MaHHEIX  Scopus c|
HEHyNeBBIM  HMOakT-hakropom  Przeglad)
Elektrotechnizny, unm DIeKTpoTeXHMKA, HIK
[nternational Journal of Electrical Power and
Energy Systems, wmu Electric Power Systems|
Research mmm ap. m B penedsHpyeMbIX|
3apyGeKHBIX MM OTEUeCTBEHHEIX HAyYHBIX
M3IaHAAX C HEHYIEBBIM MMUAKT-(aKkTopoy, H)
kHura B Kasaxcrame mmm Poccnnm, 6yner
[IPHHESTO YHACTHE B KOH(DEPEHIHH.

6 | Buenpenue OTIBITHEIX | OXTSOPB 1 Ipeanonaraercs oOCYIECTBUTh BHETPERHE
obpasniop  paspaboransbix 2020 rofa HOOPS | OMBITHEIX o6pasIos pazpabOTaHHBIX
YCTPOHCTB B HPAKTUKY 2020 |ycTpoHCTB B IPaKTHKY

roma

72 | BRISBMTR  OTIMYUMS  TOKAa| SHBAphb 1 Bynyr BBIABIECHEL OTIIHYHS TOKa.
HaMAarHMuMBaHMS 0T Toka [2020 roxa Hosbps | HAMATHMYMBAHEA OT TOKA  KOPOTKOTO
KOPOTKOIC 3aMBIKAHNL 2020 |3aMpIkaHuA. Byjer omyOIoMKOBaHa CTaThs B

TOZA |pPEICHSHPYEeMOM  3apy0eKHOM — HaydyHOM
H3RAHUH, HHICKCHPYEMOM B 0a3e JaHHBIX
Scopus ¢ HEHYNEBBIM WMIAKT-HaKTOpPOM
Przeglad Elektrotechnizny, AIH
Dnekrporexnuka, umu International Journal
of Electrical Power and Energy Systems,
umn Electric Power Systems Research mmm
Ap.

8 |Pa3paBorka Moznend | perpans joxTadps| Byxer paspaborana MoJeNnb
nuddepentmansaon samute 2020 roxa) 2020 | nuddepeHnHanpHOM 3aMUTE Ha FEPKOHAX H
Ha TEPKOHAX M  MOCTE roga |Mocte YuTcroHa Nisi IpeoOpasoBaTembHOM
Vurcrona pitivs YCTAHOBKH ¢ IMogaMi. Bymer momyduen
peobpa3oBaTenbHOM natent B Kasaxcrane.

YCTAHOBKH ¢ AMOJaMU

8.2 |Cosmare meroamky BBIGOpa|(eBpant | mionb |bymeT cospama MeToguKa BeIGopa TOKa
Toxa cpabarsiBanus saumuThy, 2020 roga) 2020 |cpabaThIBaHIA 3aUIUTE, HCTIONB3YA CBOHCTBA
HCIONB3YS CBOHCTRA TOfia |MAFHATOPE3MCTOpa B MOCTE  YHTCTOHA.
MAarHATOPE3UCTOPA B MOCTE Byner paspaboTaHa ¢opMyna aag Beioopa
YurcroHa TOKa CPabaTHIBAHM 3AIHTEL,

8.3 |OueHuTs 4yBCTBUTENBHOCTH| aBrycT |OKTAGPBBymer oleHeHa YYBCTBUTENBHOCTE
OPeITOMNEHHON 3aIUTEI 2020 roma| 2020 |mpenoxeHHOM 3alUTEL Byner

roma |paspaborana  GopMyra  AnE  OLEHKH

YYBCTBHTCIbHOCTH 3aITUTEL
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Pazpaborxa METOJHKM | sSHBApE | gHBaph {bymer paspaborana MeTOJMKA —pacdera

pacuera HajaekHOCTH 3amuT 2020 roga 2020 | HaneKHOCTH 3ALIKT HA IEPKOHAX JULL OLEHKH

Ha repKOHaX 7S OLUEHKH MX roga |{mx addextuBHocTH. Bymer omyGiukoBaHa

apdexrHBHOCTH CTAaThSA B PEICHIUPYEMOM 3apyOCKHOM HITH
OTCYSCTRBEHHOM ~ HAYYHOM  M3JaHMH  C
HEHY/IeBBIM HMIIAKT-HaKTOPOM.

9.2 | CorepmIcHCTBOBAHUE SHBAPH | 9HBAph |ByneT — ycoBeplIeHCTBOBaHA — METONHKA
METOIUKH pacyera Ha 2020 roma 2020 |pacueta Ha ocHOBEe yuera xobhUrueHTa
OCHOBE yyera TOXA |HErOTOBHOCTH CPAGATHBAHMS BEIVIOYATENCH.
wxosthduunenta Byner omy6nuKoBaHa CTaThd B
HETOTOBHOCTH PELCH3UPYeMOM  3apyOexHOM anu
cpalaTsIBaHUL OTEYCCTBEHHOM ~ HAYYHOM — M3JAHUH €
BBIKJIFOUATENeil HEHYIeB5IM HMIAKT-GaKTopoM.

10 | PazpaboTka yerpoiicta | heBpats 1 Byner paspaGotano ycTpoHcTBO  3aIIMTHI
3AIUTEL 3MeKTpojBaTatereit 2019 roma HoAGps | AeKTpoABUTaTeNell HAIpIKeHHeM 10 1 kB.
HanpspeHHeM o 1 kB 2019 |Byaer moiydeH HaTeHT Ha H300peTeHHE B

roga | Kasaxcrane wmm Eppasuiickuif marent.

10.2 | Paspadotka CXeMBl | AHBAph 1 Bymer paspaboTaHa cxemMa  HaleXHOTO
HaeKHOTO yeTpolicta 0T 2020 roga Hos6psi | yeTpolicTBa OT BHTKOBEIX 3aMplKanmif. Byner
BUTKOBBIX 3aMBIKaHIH 2020 |monmydeH TATEHT Ha  H300pETCHHE B

rona | Kasaxcrane umu EBpasuiickiii maTent.

10.6 |TIposenenne 2KCIEPHMEHTOB | SHBAPE 1 BynyT  mpoBeneHBl  SKCTIEPUMEHTHL  C
¢ BUTKOBBIMH 3aMpIKaHmsiMu 2020 roga HosOps | BATKOBBIME  3aMBIKaHmsmMu. BymeT momana

2020 |ctates ¥ OLYONHKOBAaHA CTATHA B

TOia | PELEH3UPYeMOM  3apybeimHoM HIH
OTEUeCTBEHHOM ~ HAYYHOM  H3JaHpH ¢
HEHyIIeBBIM HMIAKT-(PaKTopoM.

10.7 |MsrotoBnende yCTpOHCTBa| sfHBaph | MapT |Bymer H3roToBIEHO yCTpOHCTBO 3AIIMTE!
3ammETEl  SexTpoasurarens 2020 roxa) 2020 | ameKTPOJBHTATEN OT BUTKOBLIX 3aMBIKAHNIL
OT BUTKOBBIX 3aMBIKaHMIT roja

10.8 [IpoBeneHAE SKCIIEPHMEHTOB| amlpeNd | aBrycT |BymyT — NpOBENEHBI  IKCHEPHMEHTEI €
c u3roToBaeHHLIM 2020 rogad 2020 | n2roTOBIEHHEIM YCTpOHCTBOM
[yCTpOMCTBOM Toja g

10.9 | HopaGoTka yCTpoiicTBa [ceHTA0PE [okT0ph| Byaer popabotano ycTpolcTBo 3alIUTEL OT
3ALIATEL oT BUTKOBEIX 2020 rona 2020 | BUTKOBBIX 3aMBIKAHHH
3aMbIKaHnH roma

11 | Hayunble KOMaHIMPOBKH SHBapb 1 Bynyr HayuHble KOMAHIHpPOBKH. Byaer

2020 rosa HoA6ps | NPUHATO yuacTHe B KoH(epewumu, Gymer
2020 | aBe CTAXKHMPOBKH.
roga

Ot 3akaszunxa:

IIpeacenarens

TY «Komuzer Haykn Munucrepersa
o6pasoBanis wHaykn PK»

A6apacunos B.C.

Ot Menomnnrens:

Pexrop PTTI na IIXB «diaBaogapcknii
rocyapcTBeHHbINH YHHBEPCHTET
uvenn C. Topaiireiposa» MOH PK

Axwmetosa I'.I'.

Oznakomten:
Hayunplii pykoBOJHTENS IPOSKTa

Kueners M.A.
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JlonosHuTeIbHOE cornalienue NoL

k Jlorosopy Ha rpanToBoe GuHaHcuposanne Ne 193 ot 15 mapra 2018 roma

r. Acrana ot«dS » 09 2018 roga

Tocynapcteennoe  yupexaeHne  «Komurer  Hayku — Munucrepersa
obpasosanus n Hayki PecryGinkn Kazaxcram», uMeHyemoe B fanbiefinem
3akazduk, B Juue H.0. npencenarens Caapixosa ET., nefcTeytouiero Ha
OCHOBAHHH MMosoxerns o Komutere HayKkn, YTBEPKAEHHOIO TPHKA30M
Orteerctrennoro cexperapa or 10 utons 2018 roga Ne 169-K, npwkasa o
posnoxetnn ofszanHocTh  or 12 centsbpa 2018 roga Ne 227-K, ¢ oawo#t
CTOpOHsl,  PecnyGnnKaHCKOoe —OCY/lapcTBEHHOE  LPEANpUATHE  Ha  [1pase
xo3siicTBeHtOoro  Beaenus «llapnogapckuit  rocyilapeTBEHHbIH  yHHBEPCUTET
nmenn C. Topakirsiposa» MunncTtepetsa ofpasosanus W Haykn PecnyGiuku
Kasaxcrau, wumeHyemoe B pJaipHeliwem Mcenonuurtens, B Jlle  pextopa
Axmertosod [.[°,, nmedcTByrOIEro Ha OCHOBaHMW YcTasa, yTBEPICAESHHOIO OT
«20» asrycra 2012 roma No 804, ¢ apyro#t CTOpOHBI, Jalnee COBMECTHOrO
umeryemble CTopownl, Ha ocnoBaHud ctathn 401 ['paxnarckoro Kojekca
Pecniybmukn Kazaxcran ot 27 gexabps 1994 rona, 3akona Pecrnybimku
Kaszaxcran ot 18 ¢enpais 2011 roga «O uayxen, pemieHus Hauuonainnoro
HayYHOTO COBCT& O FPAHTOBOM (DMHAHCHPOBAHMHM 1O MPHOPUTETY «JHepreTura u
MalMHocTpoeHue» (npotoko: Ne | ot « 19y suBaps 2018 rofa, nportoxon Ne 7 ot
24 arycta 2018 rona, mpotokon Ne § o1 19 cenrabps 2018 rona), sakinoduin
nacrositiee  JlononHuteibHoe  cornatiende k- Jloropopy Ha  rpaiToBOC
(Qunancuposanue Ne 193 or 15 mapra 2018 roga (apance — Jlorosop) o
HUDKeC ey oLIeM:

1. B npunoxenun 1.1 JloroBopa HekiaouuTh 0yHKT 5 «llatentosanue
paspaborauHblx ycrpoiictB B Kasaxcrame w 3a pyGewom (Poccus, [epwanus,
Opanums, Anonus), a Takxe nyGaukanMs cTaTelt» KaneHAapHOIO lljaHa
{c yciioBueM coxpaHeHus TpeGoBaHMH K pe3ynbTaTam MPOEKTa COIVIACHO MYHKTY
20 KOHKypCHOH 10KYMEH TALHN).,

2. B npunoxennn 1.2 Jloroopa B rpadhe «Cpok BuIIOJIHCHUS» B CTPOKE
3 caoBa v nubpsl «mait 2018 rofar, 3aMeHUTH 1A coBa W HUPHL «eeHa0psL 2018
rojan».

3. Cpok nedcTBust HacTosiero JIOHONHUTENRHOTO coraalleHus mo 31
nexabps 2020 roja.

4. JIONONHHTENLHOC  COTTIAUICHUE  ABIACTCH  HCOTHOMIICMOH  HACTHIO
Jloropopa.

5. Venosua Jlorosopa, HE 3aTPOHYTBIC HAcTOsSUAM  JON0JHNTC IBHBIM
COrNalIeHueM, OCTAIOTCS B HEU3MEHHOM BHJIE.

6. VCoBHS JONOJIHATENLHOTO COALIEHHs BCTY1aeT B CHITY ¢ MOMEHTa ero
MOANUCAHNS CTOPOHAMH.

7. HNouonnutensHoe CcorialieHWe COCTARNSHO B JIBYX 3K3eMILIApax, Mo
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ONHOMY 9JK3eMIUIApY [OJs KeXIOH 3

IOPHHYECKYIO CHITY.

CTOpPOH, UMEKMIIHX OJWHAKOBYIO

IOpuanveckne agpeca cTopoH

3akazquk:

I'Y «KomuteT Hayku MuHKCTEpCTBA
ofpasoBanus 1 Haykd Pecry6nuku
Kazaxcran»

r. AcraHa, npocuext MeoHrinik Exn, 8
BHH 061 140 007 608

BUK KK MF KZ 2A

HHK K792 0701 01KS NOOO 0000
Kée 11

PI'Y «Komwurer Kasnaueiictsa
Munuctepersa dunancos PK»

Hcnoanurens:

PI'TI na ITXB «IlaBnoaapckuii
rocyJapcTBEHHBI{l YHHBEPCUTET
umenu C. Topalirsiposa»

r. [asnogap, yn. Jlomosa, 64
BHMH 990 140 004 654

BUK HSBKKZKX

WMK KZ 156010241000003308
Kobe 16

AO «Hapoanstit Gank Kazaxcranay
Ten. 8 (7182) 673649

Axmeroa I'.T".
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Ilonoanurensnoe cornamenne Ne 7/
k Jlorosopy Ha rpanToBoc PHHAHCHPOBAHHC
Ne 193 ot «15» mapta 2018 roaa

r. Hyp-Cynrtan «db» « 96, » 2019 roga

locynapcteennoe  yupexjenne  «Komurer Haykm — MuBuCTepeTBa
ofpasopatus u Hayku PecnyGmmxn KazaxcraH», uMeHyemoe B JanbHEHLIEM
3akasunk, B Jyuue llpencenarens AOynkacosoit A.C., geficTByromero Ha
octoBaunu [lonoxeHust o Komnrere Haykn, YTBEPXKAEHHOrO JIPUKA30M
OtsercrsenHoro cexperaps 10 utoas 2018 Ne 169-K, u npukasom Muuncrpa
obGpasosanun u Hayxn Pecriy6nuiu Kasaxceran or 22 mag 2019 roga No 52-xK ¢
OJIHO} CTOpOHBI M PecnyGiuKaHCKoe TOCYIapCTBEHHOE MpeNPUsITHE HA MPABC
xo3sficteenHoro  BejeHns «llaBnojapckuii  rocynapcTBEHHBIA YHHBEPCHTET
umenn C. Topaiireipoa» Muuucrepersa o0pazoBaHis N uayku Pecny6iuku
Kaszaxcran, nmenyemoe B JanbHedinem Vcnonuurenk, B JHUE H.0. peKTopa
Berenraesa M.M., meHCTBYIOIIEro Ha OCHOBAHUM YCTaBa, YTBEPKIEHHOTO OT
«20» asrycta 2012 roma Ne 804, ¢ Jpyro# CTOpOHBI, jajiee COBMECTHOIO
umeryempie Ctoponsl, Ha ocHoBanuu ctateu 401, 402 I'paxnanckoro kopexca
Pecriy6nkn KasaxcTtan, W MpOTOKONbHOro pemenus HauwonanbHOro HaywHOTO
COBETA [0 NPUOPUTETHOMY HANPABICHUIO «DHEPreTHKa H MAlllMHOCTPOEHHUE»
(mpotokont Ne 2 ot «15» mapra 2019 roxa, nporokon Ne 3 ot 24 mas 2019 rona),
3aKIFOMHIY Hacroslee JIOMoTHUTENbHOE coranieHue K JJoroBopy Ha rpaHToBO€
(punancuposanne Ne 193 or 15 mapra 2018 roma (namee - J[orosop) o
HUXKECIEYIOWEM:

1. B npunoxenun 1.1 Jlorosopa, B mm. 104 B cronbue «Cpoku
BHIIOJBEHHS» MEPEelecTH CPOoKy ero peanusaunu ¢ «pespans-mapt 2019 roga» na
«cenTaopb-oksdps 2019 roaan.

2. B npunoxenwn 1.1 Jorosopa, paznen 3, nyHkT 11 3a 2019 roa 3amMeruTh
crnosa «Byner wayunas koMaHAMPOBKA. ByleT NpUHATO ydacTue B KOH(MepeHUKH
CHI'PD, Gynmer onma craxkmporka» Ha «byner HaydHas KOMaHIMpoBKa. bynert
IPUHSTO — yydcTHe B KOH(epeHumd, mnposopnmoit MDH  (MockoBckuM
511ePreTUYECKUM HHCTHTYTOM), GyIeT O/iHA CTAXUPOBKAY;

3. B npunosxenuu 1.2 Joroeopa, B pasnene 3, nynkra 10 B rpade «Cpox
BBITOJIHEHUS cloBa U UNGPsl «Maif 2019 roga» 3aMeHuTs Ha €10Ba U LUOPH
«okTA6pE 2019 roaar.

4. Cpok gedicTBHS HacTosinero JlononsurtensHoro cornaiienus no 31
nexabps 2020 rojia.

5. JIoTIOJHWTENBbHOE —COMJALeHHe SBIACTCS HEOTHEMIIEMO  HacThbio
Jlorosopa.

6. VYcnosus JloroBopa, He 3aTPOHYTBIC HACTOSMKMM  JlONOSHUTENBHBIM
COrfaleHHeM, OCTAIOTCS B HEU3MEHHOM BUJE.

7. YcnoBust TOIOJHUTEIRHOTO COrNALICHUs BCTYTIAIOT B CUITy C MOMEHTA
€ro MoJUIHCAHUs CTOPOHAMM.
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HPUAAYECKYIO CUITY.

3akazuuk:

I'Y «Komuter Hayxu MuHncTepcTBa
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JonosnnurtensHnoe cornamenne Ne6

k JloroBopy Ha rpantoBoe (unancuposanue Ne 1930t 15 Mmapta 2018 roga

r.Hyp-Cyaran « {Q » ﬂr 2019 roaga

TocynapcteenHoe yupexnenue «Komuter HayKu MunHCTepcTBa 06pazoBaHumst
u Hayku PecryGnuku Kasaxcram», umenyemoe B jmanbHeifmem 3aKka3umK, B JMIe
Ipencenatens AGynkacoBoit A.C..neficTByromero Ha ocHOBaHMH IIOJIOMKEHHS O
Komurete naykw, yTBepaeHHOro mpukazom OTBETCTBEHHOro cekperaps 10 uronst
2018 Ne 169-K, u mnpukazom Munuctpa obpazoBanns u Hayku PecrryGiiku
Kasaxcran or 22 mast 2019 roga Ne 52-kk ¢ ommoii CTOpOHBI HPecmy6uKaHckoe
OCYAApCTBEHHO® NPEATIPUATHE HA NPABE X03SHCTBEHHOTO BeeHus «ITaBmonapckuit
rOCyNapCTBEHHBIH  yHuBepcuteT  nmenuC. TopaiireipoBa» ~ MunucrepcTsa
obpasoBanus u Hayku PecrmyGmuxu Kasaxcran, HMEHYEMOE B JallbHeliieM
Hcnonnurens, B nuue npopekTopa 1o Hay4HO! paboTe M MHHOBauusM Ep:xaHoBa
H.T., nefictytomero Ha ocHoBaHuu mprKasa, YTBEPXKIAEHHOTO OT «24» wmious 2019
roga Ne 7.1-09/475, ¢ npyroii cTOpoHsI, faee COBMECTHOrO umeHyemMbie CTOpOHBI,
Ha ocHoBaHuy cTaThy 401, 402 I'pananckoro Kosexca Pecry6nukn Kasaxcran ot
27 nexabps 1994 rona, 3akouna PecryGiukn Kaszaxcran ot 18 ¢espaist 2011 rona
«O  Hayke», pemenus HamuoHambHOro HAyYHOrO COBETa O TIPaHTOBOM
(HHAHCHPOBAHMH 10 NPHOPHTETY «DHEpreTHKa H MaIlIHHOCTPOeHHe» (TIPOTOKOJ
Ne8 or 18 wmoabps 2019 ronma), 3axmouHIH Hactosuee JlomosHUTEIbHOE
cornaurenue k Jlorosopy Ha rpanToBoe dunancuposarneNe 193 or 15 Mmapta 2018
roa (nanee — JIoroBop) o HUKECIETYIOMEM:

1. B npunoxenuu 1.1 Jlorosopa B pasene 3a 2019 rox B rpade «OsxunaeMpIit
pesynsTary B myHKTe 11 (ppasy «BymyT HayuHble KOMAHIHPOBKH. Byner mpunsito
ydactue B KoH(epeHuuu, mnposomumoii MOHM  (MocKoBeKHM SHEPreTHYECKHM
MHCTHTYTOM), OyJeT OIHA CTaXMpOBKAa»3aMEHHTh Ha CIIOBA «byner HayuHas
KOMaHIMpOBKa. byneT ofiHa craxxupoBkay.

B cBsi3u ¢ TexHMYeckoit ommobKoii B pasnene 3:

2. B npunoxernn 1.1 JoroBopa B pasnene 3a 2020 rom B rpade «Cpok
BBIIIOJHEHUA» B MyHKTe 2 cioBa 1 udpsl «suBaps 2019 roxa — 1 HOs6ps 2019 r.y»,
3aMEHHTb Ha CII0Ba U UGPEI «sHBapb 2020 roxa — 1 HOs6pst 2020 roman.

3. B npunoxenun 1.1 Jorosopa B paszene 3a 2020 rox B rpade «Cpok
BEIIOJIHEHUS) B MyHKTe 8 cioBa u mudpsr «despats 2020 roma — OKTAOps 2020
rofiay, 3aMEHHTh Ha CloBa U Mdps! «(espais 2020 roxga — 1 HOs16pst 2020 roza».

4. B mpunoxennu 1.1 Jlorosopa B pasnene 3a 2020 rox B rpade «Cpok
BBITIONHEHHUD) B IIYHKTE 9 cioBa u tudps! «sHBaph 2020 roxa — stBapb 2020 ropmay,
3aMEHHUTD Ha CI0Ba 1 LUGPHI «sHBaph 2020 roaa — 1 Hosbps 2020 rozay.

5. B npunoxennu 1.1 Jlorosopa B pasnene 3a 2020 rox B rpade «Cpox
BBIOJIHEHHsA» B MyHKTe 9.2 cioBa u uudpsl «siuBaps 2020 roga — saHBapb 2020
Troza», 3aMEHUTh Ha C10Ba U LH(pH! «ssuBaps 2020 roga — 1 HoaGps 2020 rogay.
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6. B npunoxennn 1.1 JloroBopa B paszene 3a 2020 rox B rpade «Cpok
BBINOJIHEHUs» B IyHKTe 10 cioBa u uudps! «despans 2019 roxa — 1 HosiGps 2019
I.», 3aMEHUTb Ha cJI0Ba U Ludps! «siHBapb 2020 roga — 1 HoAOpst 2020 rozxa».

7. Hacrosinee JIOMONHUTENBHOE COIJIAlIEHHE SBISETCS HEOTheMIeMOU
yacThio JloroBopa M BCTyNaeT B CHIy ¢ MOMEHTA €ro MOJIHCaHUs CTOPOHAMH M

neiictByer 1o «3 1» mexabps «2020» roza.

8. VcnoBust JloroBopa, He 3aTpPOHYTble HACTOSIIMM JIOMOJHUTENBHBIM
COIIALICHHEeM, OCTAIOTCS B HEN3MEHHOM Bujie, 1 CTOPOHBI IIOATBEPIKAAIOT 110 HUM

CBOM 00513aTeJIbCTBA.

9. ILOHOJ'[HHT@IIBHOC COIVIalICHHE COCTAaBJIEHO B ABYX J3K3E€MIUIApaAX, IIO

OJJHOMY OK3eMIUIApY [UIi KaXOoh Mu3

IOPUITYECKYIO CHITY.

CTOPOH, MMEIOIIUX OJMHAKOBYIO

IOpunauueckue aapeca cTOpoH

«3aKa3zuuK»:
I'Y «Komurer Haykun MuHHCTEpCTBA
o0pazoBauust 1 Hayku PeciyOmuku
Kazaxcran»
010000, r. Hyp-CynraH,
npocnekT MoHrinik Ex, 8
BUH 061140007608
BUK KKMFKZ2A
WK KZ92070101KSN0000000
Koée 11
PI'Y «Komuter KasnaueiicTBa
Mrunucrepcersa punancoB PKy»

Hpencenarens
@mn%’ / f
e\ A. AGyakacoBa

VLT

Hcnonnurenn:

PI'II na I[IXB «IlaBnogapckuii
rocyIapCTBEHHBIH YHUBEPCUTET
umenu C. Topaiirsipoay MOH PK
r. [TaBnozap, yin. JlomoBa, 64

BUH 990 140 004 654

BUK HSBKKZKX

WHK KZ 156010241000003308
K6e 16

AO «Haponusii 6ank Kasaxctana»
Ten. 8 (7182) 673649

IIpopexTop

Ep:xanos H.T.
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KABAKCTAH PECOYBIMKACH] PECOYBIBKAHCKOE MOCY,IAPCTBEHHOE

BLIM KIHE FbLIbIM MUHHCTENTTHIH MPEANMPHATHE HA IMPABE
«C. TOPARFBIPOB ATBIHIAE bl HABIOAAP XOMNCTREHHOIO BEAEHHSA
MEMJEKETTIK YHHBEPCHTETI» «[TABAOTAPCKHI TOCYIAPCTBEHHBII
LIAPYALIBLTBIK KYPTI3Y YHHBEPCHUTET UMERH C, TOPANTBIPOBA»
KYKBIFBIHAAFBI PECTTY BAHKAIBIK MHHHCTEPCTBA OBPA3OBAHNS M HAYKM
MEMJIEKETTIK KOCHIOPHBI PECTIYVEJHKN KABANCTAH
140008, [Tas01ap kanacs, floxios kewec. 64 146008, ropoz Masro:ap. yauta Jloviosa. 64
Te; 8 (7182) 67-37-01. darc: 8 (7182) 67-37-02 Ten: 8(7182) 67-37-01. baxe: 8 (7182) 67-37-02
BCH: 990140004634, e-mail: pauipsu.kz BHH: 990140004654, c-mail: pguid psu.kz

A0, 06. 8040 . A/ 19 — ok

IIpeaceaarenio

I'Y «Komurer Haykn»
Musncrepersa o0pasosannst

n Haykn Pecny6nnkn Kazaxcran
Kypmanranuesoi K. 1.

Yeaxaeman HKanna dyrarosHa

PI'TI ra ITXB «[TaBnonapckmit rocynapersesHeiil yHusepenter nvenn C. Topalirsiposay
npocHT Bac BHECTM CIEAyIONC W3AMEHEHHd B KaleHiuapHBIH niaH wa 2020 r. upoekta
AP05131351 «Cosganue rnodaibHO KOHKYPEHTOCHOCOGHOM pecypeocheperaiomeli pemeiHON
3alTATBI CUCTCM 3JICKTPOCHAGKEHHMS» C YCIIOBHEM COXPaHeHUst TPeGOBaH K Pe3yIbTATaM
TIPOSKTA COTJIACHO II. 20 KOHKYPCHOH A0KyMEH TaLnn:

1. B cBa3m ¢ TeM, uTo 0OhgBIEHA NAEIEMHsI H3-3a KopoHoBHpyca COVID-19, u BReIeH
3aIPET Ha BEIE3 33 PyGeK M MPOBEISHHE MacCOBBIX MEPOLPHUSTHH, nekuounts 11 11 «Hayunbie
KoMarHpoBKu» B 2020 roxy H3 KaJeHapHOro 1LIaHa.

2. B cBa3u ¢ Tem, uTo mo m. 7.2 omyB:mkomaHa ctaThs «Constructive Features Of
Resource-Saving Reed Relay Protection And Measurement Devices» B xypHamze «Rev
Roumaine des Sciences Techniques-Series Electrotechnique et Energetique» ¢ mmmakt-
taxropom 0,763, mrnexcupyemom B Oaze mannsix Web of Science (Clarivate Analytics),
3aMeHHTH B rpade «Oxunaemsiil pesyasrary 1. 7.2 xaleHJapHoro iwiasa va 2020 roy ¢pasy
«Bymer onyONMKOBAaHA ClaThsi B DELEH3MPYEMOM 3a3PYOEKHOM HAyuHOM H3IaHHH,
MHIeKCHpyeMoM B 0ase IJaHHBIX  SCOpuUs ¢ HeHyTeRBIM WMmakT-daktopom Przeglad
Elektrotechnizny, wmn 3OnexTpoTexunka, wnn International Journal of Electrical Power and
Energy Systems, wumm Electric Power Systems Research wunmu ap» na dpasy «byaer
ony0IHKOBaHa CTaThs B PeliCH3MpyeMoM 3apyOesxHoM HayuHoM w3mannm Rev Roumaine des
Sciences Techniques-Series Electrotechnique et Encrgetique, wrgekcupyeMoM B Gase JaHHBIX
Web of Science (Clarivate Analytics) ¢ HenyneBbiM UMnaK1-haKTopoM».

TaK)KC leUCl/lM Bac B CBfI3M C OTMEHO KOMEHIHPOBOK pa’zpe].uuTb nepcpacl‘lpez{em&l‘b B
OIOMKETHOM 3asBKE CPEJACTBA M3 CTaThW pacxoios «HayuHble KOMaHIMPOBKR, CBA3aHHBIE C
NPOBE/CHHEM MCCNEI0BAHMH» B clarbn pacxogos «IIpuoGpeTenne oGopymopanws
TIPOTPaMMHOIC oﬁecneqennx» A (<3ap216OTHaﬂ wiara»,

IpopexTop Mo Hay<IHOM

paboTe H HHHOBALHAM § e

Henonnurens: Mampanos b.E.
Ten.: 8 707 603 72 72

Epwanor H.T.

00084¢
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KA3AKCTAH PECIIY BJIMKACHI D PECIIYBJIMKA KABAXCTAH

REPUBLIC OF KAZAKHSTAN

NMATEHT
PATENT

Ne 34366

OHEPTABBICKA / HA H3OBPETEHHE / FOR INVENTION

(21) 2018/0737.1
10.10.2018

05.06.2020

JKIHBIHTBIKTE! TAPaTy KYPBLTFEIIAPBIHIA TePKOHIAPIE! OeKiTyTe apHATFaH KOHCTPYKITIA
KOHCTpPYKINIIA U1 KpeIUTeHIId TePKOHOB B KOMILTEKTHBIX PacTpe/leIHTeTbHBIX YCTPOoiicTBax
Construction for attachment of reed switch in complete switchgears

Kasakctan Pecmyomnkackl BimiM kaHe FBUTBIM MHHHCIpIITiHiH «C. TopaiifbIpoB aThlHIarsl IlaBromap
MeMJTeKeTTiK YHHBEPCHTeTi» MMApyamIbLIBIK JKYPTi3y KyKBIFEIHIAFBl PeCHyOMNKAIbIK MeMISKeTTiK
xacimopust (KZ)

PecnybmIKaHCKO® TOCYIapCTBEHHOE MpEeINpHATHe Ha IpaBe XO3iCTBEHHOro BeleHIs «IlaBToxapcKini
ToCyIapcTBeHHEIT yHuBepcnTeT nMenn C. TopaiirsipoBa» MIIHICTEPCTBA 00pa3oBaHIA I  HAyKI
Pecrryomukn Kazaxcran (KZ)

«S.Toraighyrov Pavlodar State University» Republican State Enterprise on the Right of Economic
Management of the Ministry of Education and Science of the Republic of Kazakhstan (KZ)

Kienres Mapk SIxoBreBmd (KZ) Kletsel Mark Yakovlevich (KZ)
Bopornerko Butammiii AHatombeBnd (KZ) Borodenko Vitaliy Anatolyevich (KZ)
HcabexoB Jlayper JIxamoymomd (KZ) Issabekov Dauren Jambulovich (KZ)

SLIK Ko KoflBULIE! E. KyaHTeIpoB
Toammcaro ST E. KyaHT5IpoB
Signed with EDS Y. Kuantyrov

«¥TTHIK 31ATKEPIIK MEHIIK HHCTHTYT5D PMK mpeKTopsr
Jupekrop PITI «HaunoHa bHEI HHCTHTYT HHTEUIEKTYaIbHOI COOCTBEHHOCTID
Director of the «National Institute of Intellectual Property» RSE
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KA3AKCTAH PECIIY BJIMKACHI D PECIIYBJIMKA KABAXCTAH

REPUBLIC OF KAZAKHSTAN

NMATEHT
PATENT

Ne 34367

OHEPTABBICKA / HA H3OBPETEHHE / FOR INVENTION

(1) 2018/0738.1
(22) 10.10.2018
(45) 05.06.2020

TepKOHIEI MAKCHMATIB! TOK KOPFAHBIC KYPBUTFEICH
VeTpolicTBO MaKCHMATIBHOI TOKOBOIT 3aIINTEl Ha TePKOHAX
Overcurrent protection device on reed switches

KasaxcTan PecmyOmukacsl BimiM oHe FBUTBIM MHHHCTpTiriHiH «C. TopaifrsipoB aTemHzars! IlaBmozap
MeMIeKeTTiK YHNBePCHTeTi» MApYaIbIIBIK JKYPTi3y KYKBFBIHIAFE PECHyOMIKATEK MeMISKeTTiK KaCimOpHE!
(XZ)

PecryOIIKaHCKOe TOCYIapcTBeHHOe NpeinpHaTiie Ha IpaBe Xo3afiCTBEHHOro BeleHms «IlaBlozapcKmit
ToCyIapcTBeHHbI yHIBepcHTeT mMeHn C. TopaiireipoBa» MHHICTEPCTBA 00Pa30BAHIA I HAYKH PecmyOmuKi
Kazaxcras (KZ)

«S.Toraighyrov Pavlodar State University» Republican State Enterprise on the Right of Economic Management
of the Ministry of Education and Science of the Republic of Kazakhstan (KZ)

Kirenrens Mapk SxosmneBmd (KZ) Kletsel Mark Yakovlevich (KZ)
MamparoB Baysip:kas Epoomoma (KZ) Mashrapov Bauyrzhan Yerbolovich (KZ)
IIcabexoB Jlayper Jikamoynosmd (KZ) Issabekov Dauren Jambulovich (KZ)
Babames Cynran Meiipamosmd (KZ) Babashev Sultan Meiramovich (KZ)

LK KO KoflbIIIs! E. KyaHTBIpOB
Toxmmcaro SIITT E. KyaHTsI1poB
Signed with EDS Y. Kuantyrov

«YIITTBIK 3MATKEPITIK MEHIIK HHCTHTYTE PMK [peKTopst
Jupekrop PITI «HammoHa bHENT HHCTHTYT HHTE/UIEKTYaIbHOI COOCTBEHHOCTIN
Director of the «National Institute of Intellectual Property» RSE
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\‘; menp C. Topaiireiposa
H.T. EpxanoB
2019 roma

MeToanKka NpoBeeH sl HATYPHBIX SKcepuMeHToB B KPY U KOMILIEKTHBIX
TOKOMPOBOAAX.

1. OmpenenseM Mecro B KPY M KOMIUIEKTHBIX TOKONpPOBOJAX, TAC OynyT
YCTAHOBJEHBl NaTIMKH (KAaTYyIIKM MHJIYKTHBHOCTH) MAarHATHBIX TIOTOKOB M
3aKpEIUIIOT UX B 3THX TOUKaX.

2. CobHpaloT yCTaHOBKy I Mofaud Toka B muHbl KPY M oTnenbHO it
KOMIUIEKTHBIX TOKOIPOBOIOB.

3. CoemuHAIOT ycTaHOBKY ¢ MHaMi KPY WM KOMIUIEKTHBIX TOKONPOBOZOB C
OMOIIBI0 Kabens, KOTOpHIH MNpokiajpiBaioT ¢ BHemHeil croponel KPY
KOMIUIEKTHOTO TOKOIPOBO/IA.

4. TloparoT Tok HeGonbloi Bemuuuubl (ckaxem 100 A), u m3mepsior J/IC Ha
BBIXOe HaTYAKOB. 10 3JIC HaXOMST HHAYKIMA MarHUTHBIX TIOTOKOB ACHCTBYIOIIMX
BJIOJIb KOHTAKTOB F€PKOHOB B 3THX TOUKaX. PacCYMTHIBAIOT BO CKONIBKO Pa3 HHIYKLU
5TOrO TOTOKA OTIMYAETCs OT MHIYKLUMH DAcCUMTAHHOH 1o 3akoHy Buo-Casapa-
Jlannaca.

5. 3arem momator ToK (300 u 600 A), W IOBTOPSIOT Omepamy mo I. 4.
CoOCTaBISIOT TAGIHAILY ¥ ONPEJIENSIOT ONPAaBOYHEIN KO3(hQHIMEHT, KOTOPBIH JOIDKEH
6bITH BBeJICH B 3aKoH Buo-Caapa-Jlamnaca Juist ero UCIOJb30BaHUA B pacyeTax.

6. OTKJIIOYAIOT YCTAHOBKY, MEHSIOT MOJIOXKEHHE NATYUKOB M CHOBA IPOBOZST
3aMephl 110 11. 4 | 5, ¥ PacueTOM YTOUHSIOT NIONPABOYHbIE KOI(QHITHEHTEI.

MerTozuKa BHeapeHa B ydeOHBIH IpoLece W HCronb3oBana McaGekoBbM A
[pH BBIIIONHEHHH JOKTOPCKOHM AuccepTaluu PhD Ha Temy «Pa3paGoTka TOKOBOH
3aIUTHI HA TePKOHAX C JUATHOCTHKON HEMCTIPaBHOCTE».

PyKkoBoaUTENb IPOEKTA Knenens M.ST; 10.09./9
oan (nata)
Crapuiunii Hay4HBli COTPYIHUK Mampanos B.E. { £0.09/9

(noanuce) (nara)
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«YTBEPXJIAIO»

. MpeKTopa
«Teyoamﬂbﬁ(/»

C.B. JlutBiHOB
10 2020 r

BHEJIPEHHUS B IPOU3BOZCTBO PE3YJIbT 6-ucceJoBaTeIbCKOM
paboTsl

Mpl, HWKENOANUCABLIMECH, 3aM. JIMPEKTOpa TOO «Temnoaymut-EK»,
Jursuuos C.B., pyxosomurens HWP, nr.m. Knemens M.S., crapumit Hay9qHbli
corpyuuk, PhD MawpanoB B.E., mnanmmit Hayqubii corpynnuk, PhD BapykuH
A.C.

(nomkHocTb, yueHoe 3Banue, ®.A.0.)
COCTAaBMJIH HACTOSAIIMIM aKT O TOM, YTO BHEAPEHbI pe3ylbTaThl Hay4HO-
JHICCIeNIoBaTebCKON paGoThl (3Tana), ONBITHBIA 06pa3ell MAaKCHMAIbHON TOKOBOH
3aLMTHI Ha FEPKOHAX B KAYECTBE 3AIIUThI JJIEKTPO/IBUTATES. MOCTOBOIO KpaHa
Ha3BaHue paboTHI (3Tana)

B_TOO«Temnoaynut-EK»,
(HaMMeHOBaHUe NPENPHATHH HITH YUPEKACHHH)
odrc KOTOPOH pacronoxkeH Ha Teppuropuy _r. [TaBmosap yi. 1 Mas, 1. 140, oduc

306.

Ha ocHOBe TpOBeIeHHBIX Hay4HO-HCCIIe10BATEIbCKIX PaboT (sTanoB) 6bLIH
TOJTy4Y€eHBI CIEYIOIHE PEe3yIbTAThI:
1. VCTAaHOBIIEH B OIIBITHYIO 9KCIUTYATAIMIO ONBITHBIN 00pasel] MaKCUMalbHOR

TOKOBO# 3alIIUTHI HA TepKOHaX.

Bmmeyxa3aHHme Hay4YHbIC pe3ynpTaThl HCIMOJIB3YIOTCA st 3alIMTEL

3JIEKTPOYCTAHOBOK OT KOPOTKHX 3aMbIKaHUH
(onMcane NPUMEHEHNs B PaMKaX TPEITPUATHS HITH Pe3yITAT N0C/Ie BHE/PEHHS B IIPOM3BO/ICTBO)

PyxoBoguren Y Krenens M.SL.

HWcnonuurenn HAP Mampanos B.E.

Bapykun A.C.

Y
3am. du Jlursunos C.B.
«Zb» 10 2020r.
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VeTpoiicTBO VIS 3aIHTHI TEKTPOABUTaTe s OT BHTKOBBIX 3aMBIKAHMIT
Device for protection of electric motor against twisting closures

(73) Kasakctan PecmyOmmkacsl BimiM skoHe FpUIBIM MUHHCTPIITiHIH «C. TopaiffbIpoB aThIHIAFbI
IlaBrogap MeMIEKeTTIK YHHBEPCHTETI» IIapyalIbUIBIK JKYPri3y KYKBIFBIHIAFBI PECITyOTHKAIBIK
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KanraeB A6nymia ['a6asuiMananyist (KZ) Kaltayev Abdulla Gabdylmanapuly (KZ)

SIIK Ko KofbuIas! E. KyaHTBIpOB
Toxmicano SIIIT E. KyaHTBIpOB
Signed with EDS Y. Kuantyrov

«¥ITTHIK 3MATKEPITIK MEHIIIK HHCTHTYTH» PMK [HpeKTops!
Jupekrop PITI «HalmoHaIBHbNT HHCTHTYT HHTEIUIEKTYATbHOI COGCTBEHHOCTIDY
Director of the «National Institute of Intellectual Property» RSE





image264.jpeg




image265.png
9.°§
180
160
140
120
100
80
60
40
20 Wo o
0 -
0 5 10 15 20 25 30 35 40 45 50





image266.png
9.°)
180
160
140 +—
120 < =
100
80
60
40
20 Wo o
0 -
0 5 10 15 20 25 30 35 40 45 50





oleObject20.bin

image267.png
0.4
180
160
140 S e
120 JmrS =r
100 =

80
60
40
20 Wa,s

0 -
0 5 10 15 20 25 30 35 40 45 50





image268.png
9.°§
180
160
140
120
100
80
60
40
20 We o
0 -
0 5 10 15 20 25 30 35 40 45 50





image269.png
.k
180
160
140
120
100
80
60
40
20 W56
0 -
0 5 10 15 20 25 30 35 40 45 50





image270.png
.}
180
160
140
120
100
80
60
40
20 W56
0 -
0 5 10 15 20 25 30 35 40 45 50





image271.png
.}
200
180
160
140
120
100

80

60

40
20 W,
0 -

0 5 10 15 20 25 30 35 40 45 50





image272.jpeg
MuHUCTEpPCTBO Hayku U BbicLero obpasosaHns Poccuickon deaepalium
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image22.wmf
WIND

LA

B


oleObject21.bin

image23.wmf
WIND

LA

B


oleObject22.bin

image24.wmf
IC

60

12

LA

3

j

ВC

K(II)eK

В

-×

-=


oleObject23.bin

image25.wmf
IC

3

LA

ВC

ВK(II)

=-


oleObject24.bin

image26.wmf
3

К


oleObject25.bin

image27.wmf
00

ICIC

323

ICIC

С

22

В

Kcoscos

ll

mm

aa

pp

==-


oleObject26.bin

image28.wmf
0

IC

1

IC

А

0

2

cos

l

m

a

p

=


oleObject27.bin

image29.wmf
7

01stopmax

op

po1

11

105105

1610

214

..kkI

.I

B

h.h

-

××m×××

××

³=

p××


oleObject28.bin

image30.wmf
op.max

sc

7

sz21

12sh

075

06

2110;

I,

.I

B.k

hhk

-

æö

×

×

³××+

ç÷

×

èø


oleObject29.bin

image31.wmf
stop.maxop.max1

7

sz31

12sh

07506

2110

kI..I

B.k

hhk

-

×××

æö

³××+

ç÷

×

èø


oleObject30.bin

image32.tiff




image33.png




image34.jpeg




image35.jpeg




image36.jpeg




image37.png




image38.png




image39.png
bl

~2208

r1

(_/5‘“ - X1 Y1

~2208

T
I Po





image40.png
B,HTA (GUaNEMIM SSAWIMHEI MArHITHOR

paduK 3aBUCMMOCTU MHAYKLMM 31EKTPOMArHUTHOTO NosA
BHYTPU TPYGbl N0 ANMHE OT TOKa B Hell

900

1 F
w | N

500 -

00 3
o] ) |

100

frr—

100
110

Paccroanme oT ueHTHa N0 ATHKE TPYGH





image41.emf

image1.jpeg
Ministry of Education and Science of the Republic of Kazakhstan
NON-PROFIT JOINT STOCK COMPANYTORAIGHYROVUNIVERSITY
(NJSC "TORAIGYROV UNIVERSITY")

UDC 621.316.925.1
State registrationNe 0118PK00262
Inventory Ne

APPROVED

Acting Deputy Chairman of the Board
for Scientific Work and International

2020r.

REPORT
ON SCIENTIFIC RESEARCH WORK

CREATION OF GLOBALLY COMPETITIVE RESOURCE-SAVING RELAY PROTECTION

OF POWER SUPPLY SYSTEMS
(final)
Project Manager ) D /:/L/Ll M.Ya.Kletsel
Doctor of Technical Sciences, Profe‘s&r __signature, date
27./0.202 0

Pavlodar 2020




image42.png
3
H

? 5 500
50 400
0 ag—
§ €
. 8
&30 7 3
E 20 6
0 5
0

12345678
1-8 Touxu 3amepor 3JIC ¢ KH B MONepedHOM Cesernt 0600k




image43.png




image44.png
——Tok B Tpex dasax ---Tok & daax AuC

B.10%Ta — 10K B oot pase

l M

0 01 02 03 04 05 06 07 08 09





image45.jpeg




image46.tiff
AN EZT @ e © & —

at=sszems T
fVREY « veom
(e = onons U2

R —

Ui

<10z HTL
i 1260 =y i oone

T s B4AEme




image47.png
B

14
AN

e T AN
iter Load




image48.wmf
kVA

×


oleObject31.bin

oleObject32.bin

image49.wmf
t0.01s

=


image2.jpeg
LIST OF PERFORMERS

Project Manager

Doctor of Technical Sciences| Jlecer 2702020 M.YaKletsel (Introduction, conclusion)
(signature,-date)

Project executors:

Senior researcher Jeflow)- 27.10.2020 _ Yu.A.Lenkov (sections 6, 7, 8)

(signature, date)

Senior researcher @ A#.10. 2020, B.E. Mashrapov (sections2, 3, 4, 5, 10)

(signature, date)

Junior researcher Tz 24 40 2220 A.S. Barukin (sections6, 7, 8, 10)

Junior researcher é@’ 27./0 2020 A.G. Kaltayev (sections9, 10)
(signature, date)

Junior researcher ﬁuwé " 17.10.2000R M. Mashrapov (sections2, 3, 4)
(sighature, date)

Laboratory assistant &7 2/1% A.A. Shmargai (sections, 3, 4, 9)
(signature, ‘date)

A7 402020

Compliance manager 21542 70 2)2(G.S. Bayakhmetova

(signature, date)




oleObject33.bin

oleObject34.bin

oleObject35.bin

image50.wmf
(1)m

I


oleObject36.bin

image51.wmf
(

)

2

*

(1)mrat

*

U

1

I2IarccosAA1A,

x

=---p

p


oleObject37.bin

image52.wmf
rat

I


oleObject38.bin

image53.wmf
*

U


