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Abstract. Climate change and growing environmental risks are accelerating the global shift
toward renewable energy sources (RES), but this transition brings new challenges for power
systems. Replacing conventional generation with RES reduces system inertia, which can negatively
affect dynamic stability.This article analyzes how reduced inertia impacts the stable parallel
operation of the Mangystau power plant and the Unified Energy System of Western Kazakhstan.
The study focuses on electromechanical transients in scenarios with high-RES penetration and
generator outages. Five inertia scenarios were modeled under two initial operating conditions using
PowerWorld Simulator 23, evaluating the effects of a three-phase fault with unsuccessful reclosing
on 220 kV lines.The results show that lower inertia significantly weakens dynamic stability,
creating potential risks for secure power system operation. The findings highlight the need to
account for inertia when planning RES integration and underscore the importance of developing
new principles of emergency automation. These results demonstrate the critical importance of
maintaining sufficient system inertia to ensure reliable and stable power system operation under
increasing RES penetration.

Key words: renewable energy sources, inertial constant, transient stability, emergency
automation, automatic re-activation.

Introduction

Climate change is becoming a growing global concern, largely driven by rising greenhouse
gas emissions since the Industrial Revolution. According to the IPCC [1], CO: from fossil fuel
combustion and methane are the primary contributors to warming. The power and heat sectors
remain the largest emitters, producing about 16 GtCO: in 2019 [2].

The global energy transition is accelerating the retirement of coal-fired plants and the
integration of renewable energy sources (RES). Kazakhstan has been actively implementing the
Paris Agreement since 2016 and has recently expanded its climate initiatives [3]. By the end of
2022, the country operated 130 RES facilities with a total capacity of 2,400 MW, generating 5.11
billion kWh (4.53% of total production) [4]. In 2023, another 16 plants with 495.6 MW of capacity
were commissioned [5]. Despite clear environmental benefits, large-scale RES integration
introduces technical challenges. A key issue is the lack of rotational inertia, which can threaten
frequency stability and dynamic stability of interconnected power systems [6—7]. A real example
occurred in South Australia [8-9], where low inertia caused the system frequency to fall below 47
Hz after a major generation outage, leading to system collapse.This article examines how reduced
inertia from a high share of wind power affects the dynamic stability of the parallel operation of the
Mangystau power plant with the Unified Energy System of Western Kazakhstan. Lower inertia
alters the parameters of the rotor motion equation [10], decreasing the system’s ability to maintain
synchronism. Loss of synchronism and the onset of asynchronous mode represent the most
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dangerous operating condition, producing severe voltage fluctuations [11-12] that can trip auxiliary
systems of thermal or nuclear plants [13]. Extensive research has addressed dynamic stability issues
in inverter-based renewable systems. Studies have examined inertia’s impact on fault clearing times
[14], transient behavior and power contributions of DFIG-based generators [15], stability criteria
using delta—power—frequency relationships [16], and time-varying equivalent inertia under high-
RES penetration [17].

This work continues the analysis presented in [18] by studying the impact of reduced inertia
on the dynamic stability of the 220 kV L-2075+L-2085 (Beineu-MAEK) corridor. Two additional
initial operating modes are included, and five scenarios involving generator-unit outages at
Mangystau are evaluated.

The objectives of the study are:

l. Develop a 110-220 kV network diagram of the Mangystau power system.

2. Link inertia constants to rated parameters of MAEK synchronous generators.

3. Define generator-outage scenarios representing different inertia levels.

4. Establish two initial modes (maximum and minimum).

5. Simulate electromechanical transients caused by a three-phase fault with
unsuccessful reclosing on 220 kV line L-2075 (Beineu—-MAEK).

6. Analyze and compare results for five reduced-inertia scenarios under both initial
modes.

All simulations are carried out using PowerWorld Simulator 23.

Theoretical basics of transient stability

Case study considers the simplest system with a single generator operating in parallel with a
large power grid and connected to an infinite bus via two parallel power lines. Figure 1 shows the
system in pre-emergency (I), emergency (II) and post-emergency (III) mode, when the line
damaged by a short circuit is disconnected from both sides.
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Figure 1. The scheme of the simplest power system in 3 modes

It is assumed that the generator generates a certain amount of active power P. The equivalent
reactance of the network through which the generator outputs active power is determined as
follows:

X/l—l (: XJZ—Z)

5 (M

Xow= Xg+ X, +
Where,
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Xy — transient reactance of the generator;
X, — transformer reactance;
X,_1(= X,_,) —reactance of two power lines.

The relationship between the power P, the absolute values of £’ and U, and the angle J can
be determined using the vector diagram shown in Figure 2. The diagram illustrates the active and
reactive components of the current (/, and /). The current itself is derived from the power output of
the generator. Accordingly, the longitudinal (/.-Xq) and transverse (/,-Xgq) components of the voltage
drop (I-X) are shown. The electromotive force E’ and the voltage J are represented as phasors. The
corresponding equation follows from the diagram.

I,-X = E"-sin (6)

2)
Multiplying both parts by 3-U/Xeqv, one gets the following equation:
3E"-U E U
3U-1, = -sin(8) = ——= - sin(8) 3)
Xeq Xeq

Knowing the three phase active power P = 3-Upnla, one gets the following equation:
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Figure 2. Vector diagram of voltages and currents for a single generator operating on a large
power grid

Equation (4) is called the angular characteristic of the generator, and expression (5) defines
the limit of static stability of the generator, which supplies its power to the network through a
transformer and two power lines. Expression (5) defines the amplitude of the angular characteristic
of the generator:

1. When the network is weakened (for example, when one of the lines is disconnected), the
limit of static stability decreases due to the fact that the equivalent resistance increases.
Accordingly, the amplitude of the angular characteristic decreases.

2. In case of a short circuit on any part of the network in Figure 1, the voltage on the infinite
power bus and the EMF of the generator are reduced to unacceptable values. Accordingly, the
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amplitude of the angular characteristic of the generator in the short-circuit mode is significantly
reduced.
In the future, expressions (4) and (5) will be used in the equation of motion of the generator

rotor.:
d?s
Ty=z = Pui—P (©6)
where, - T; — inertial rotation constant of the generator;
& — the angle of the generator rotor relative to the angle of the voltage vector IB;
P,, — the power of turbine;
P, — the electromagnetic power of the generator, defined by the expression

(4).

The second time derivative of the angle (acceleration) depends on the balance of the
mechanical and electromagnetic power of the generator. When the generator is operating at a
frequency of 50 Hz, the angle takes on a certain value, which is determined by the operating mode
of the network. At the slightest fluctuations in the load or generation in the external network, the
angle of the generator rotor changes according to the conditions of the mode change. By shifting the
inertial constant of equation (6) to the right-hand side, it becomes clear that how much the angle of
the generator rotor changes in any transient process depends inversely on the inertial constant.

Figure 3 shows the angular characteristics of the generator in pre-emergency, emergency
and post-emergency modes. The initial mode corresponds to point 1, the intersection of the power
developed by the turbine with the angular characteristic of the generator in pre-emergency mode. In
this case, the electric transmission angle has the value 80.

When an emergency occurs in the form of a short circuit, the angular transmission
characteristic of the generator weakens and takes the form illustrated in Figure (II). Due to a short
circuit and a deep voltage drop in the network nodes, there is a significant reset of the active
electrical power of the generator, determined by point 2. The reset of electrical power depends on
the nature of the damage (the location of the short circuit and its type). Since electromagnetic
transients and relay protection operation occur in fractions of a second, it is assumed that the turbine
regulators do not have time to work to increase or decrease the steam supply. Accordingly, the
turbine power is assumed to be equal to a constant. When moving from point 1 to point 2, there is
an imbalance between the electromagnetic and mechanical power of the generator. According to
formula (6), the mechanical rotation of the turbine begins to accelerate the rotor of the generator,
which leads to an increase in its angle. This process proceeds according to characteristic II up to
point 3, and the angle of the generator rotor takes the value 62. Point 3 corresponds to the moment
of disconnection of the connection, where a short circuit occurred, i.e. disconnection of the
transmission line from both sides. During the time when 80 grew to 62, the generator rotor acquired
kinetic energy, which 1s proportional to the area S1, limited by turbine power, angular
characteristics I and II, and points 1 and 3. S1 is called the acceleration area of the generator.

After the damaged line is excluded from the circuit, the angular characteristic of the
generator switches to the III state, and point 3 switches to point 4. At this point, based on the figure,
it can be seen that the electromagnetic power of the generator is higher than the turbine power.
Accordingly, at point 4, the braking process of the generator will begin, accompanied by an increase
in the angle. Point 5 corresponds to the angle 83, which is the moment when all the stored kinetic
energy is not exhausted and converted into potential energy. The depletion of stored energy is
directly proportional to the braking area (S2), which is limited by the angular characteristic, the
turbine power in the initial mode, and the angles 62 and 63. The S3 area from Figure 3 determines
the reserve braking area of the generator. In other words, the braking area margin is the area
determined by the critical angle of dynamic stability. The smaller the margin of braking area, the
higher the probability of a violation of dynamic stability and the occurrence of asynchronous
operation.
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The condition for maintaining dynamic stability is determined by the fact that the braking
area of the generator must be greater than the acceleration area:

62 5crit
f (P, — Pl sins)ds Sf (Pl sin§ — P,)dS
B 5, (7

0
where - PIl sind — a function that determines the angular characteristic of the generator in
emergency mode;
PIllsing — a function that determines the angular response of the generator in
emergency mode;

Ocrit = 180 — 8§, — the critical angle of dynamic stability, which is determined by
the angle of the established emergency mode (J;).

poBy A

Figure 3. Angular characteristic of the generator in 3 modes

In equation (7), 3 constants are noted, which are determined by the initial regime — turbine
power, initial angle and critical angle of dynamic stability. Accordingly, the angle 62 at which the
damaged line is disconnected determines the result of the transient process and the preservation of
dynamic stability. Increasing the angle 82 expands the acceleration area and reduces the braking
area. In turn, 62 is determined by the equation of motion of the rotor during a short circuit.

1% bt sins
J dt2 — Im naxS (8)

Integrating both parts of expression (8) over time, an expression of the rate of change of the
rotor angle over time is obtained:

42 _ L p _ Pl gins ftldt—l P,— P sind)t
dt _Tj(m MaxSLn) o _T](m MaxSln) (9)

where, - t; — duration of the short circuit.

Further, integrating both parts of expression (8), the value of the angle at the moment of
termination of the short circuit is obtained:

275



Ne3 (52) 2025 «Yessenov Science Journal»

1 ty 1
8, =8y + = (P,— Pl sind) f tdt = 5y + —— (P,— Pl siné)t? (10)
U 0 2-T

Taking into account that the duration of the main protection and the connection switch does
not change, the angle after the short circuit is eliminated depends on the value of the inertial
constant for a certain initial mode.

The angle 83 is also determined by the equation of motion of the rotor. However, it is
determined by the angular response in the post-emergency mode.

d2s
T, F; = P,—Pllgins (11)

Having performed the integration similar to (9) and (10), we obtain:

(P,— PLsing)t3 (12)

1 t2

83 = 8, + —(P,— Plisind f tdt = 6, +

3 2 T] ( m max ) 0 2 2. Tj
where, - t 2 is the time taken to exhaust the stored kinetic energy of the generator.

Thus, from equations (10) and (12), it can be concluded that a decrease in the inertial
constant of the Mangystau receiving power system affects not only the increase in angle during
acceleration of generators (in short-circuit mode), but also the increase in angle during braking (in
emergency mode). In addition, the angle 82 also affects the growth of the angle 63, which results in
the effect of superimposing the acceleration area in short-circuit mode on the braking area in
emergency mode.

In the case of an unsuccessful AR of one of the overhead lines-220kV Beineu — MAEK, the
dynamic processes on the angular characteristic are reflected in Fig. 4 [18].
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Figure 4. Angular characteristic of power transmission in the scenario of a three-phase short
circuit and unsuccessful AR

In this case, the condition for maintaining dynamic stability will look like:
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63 67
f (P, — P sin&)ds + f (P, — PI sin&)ds
61 65

(55 akpum (13)
< | (PYsins— P,)ds + f (P sing — P,)dé
53 67

The values of the angles in certain integrals of equation (13) are determined by the following
formulas

1 t1 1
83 =6, + = (P,— Pl siné) f tdt = 8; + ——(P,— Pl siné)t?
Jj 0

2T, (14)
85 =65 + Tij(Pm— PMLsing) [,? tdt = 85 +
- (P— Pliksin)t (15)
Z'Tj ,
1 1 1
_ ~(p _pll o _ _ pll 2
6; = 05 + T (P,— P,;,Sind) J;) tdt = 65 + 2T, (P,— P,,.Sind)t; (16)
1 ta 1
09 = 65 + Fj(Pm_ BJ%SLTL(S) jo tdt = 6, + Z_TJ (P,— RJ%SLH(Y)IE% (17)

Where, 63— angle at the moment of termination of the first short circuit cycle;

05 — the angle, at the moment of exhaustion of the stored kinetic energy, obtained from the
acceleration of the generator in the first short circuit cycle;

07 — angle, at the moment of termination of the second short circuit cycle after an
unsuccessful AR;

d9 — the angle, at the moment of exhaustion of the stored kinetic energy, obtained from the
acceleration of the generator in the second short circuit cycle after an unsuccessful start-up.

In equations (14-17), there is an effect of superimposing an angle increment from the
process of accelerating the generator in short-circuit mode due to a decrease in the inertial constant.

Methodology

The main components of the Mangystau power system are:

* 3 generating sources of MAEK — TPP-1, TPP-2 and TPP

* TPP-1 and TPP-2 generators are presented as equivalents, rolled into 1 generator

* Generators at the MAEK thermal power plant are modeled separately due to the significant
value of the inertial constant of each unit

* The collapsed UES system of Western Kazakhstan is connected to the 220 kV Beineu
substation and acts as a balancing node

* One of the overhead lines 220kV L-2075/L-2085 between Beineu and TPP MAEK is
damaged.

This figure shows the inertia constant of each generator block and the equivalent station (for
example, the inertia of CHP-2 is 11.5 seconds). The essence of the methodology of this article is the
gradual reduction of the inertial constant intake system of Mangystau.

Table 1 shows the composition of each turbogenerator unit at all 3 MAEK stations and the
inertial constant of each unit, adjusted to a base power of 100 MVA.

Based on the data in this table, it is possible to create 5 scenarios, each of which outputs
alternately blocks of turbo generators and their replacement by generation from wind farms.
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Table 1. The composition of generators and their inertial constant

Power H(s) . .
plant Generator Shase = 100 MVA Total inertia
CHP-1 G-1,32 MW 0,666
75 MW G-2,32 MW 0,666 1,998
G-3,32 MW 0,666
G-1, 60 MW 1,184
G-2, 60 MW 1,184
G-3, 60 MW 1,184
CHP-2 G-4, 100 MW 1,603
630 MW G-5. 60 MW 1,184 11,494
G-6, 60 MW 1,184
G-8, 63 MW 1,184
G-9, 63 MW 1,184
G-10, 100 MW 1,603
PP G-1,200 MW 3,083
625 MW G-2,210 MW 3,081 8,768
G-3,220 MW 2,604
Total Mangystau power system 22,26 22,26

Descriptionofscenarios:

1) Scenario No. 1 — full complement of synchronous generators at MAEK stations

2) Scenario No. 2 — replacement of units No. 1-3 at CHP-1 and unit No. 1 at CHP-2

3) Scenario No. 3 — replacement of units No. 1-3 at CHP-1 and units No. 1-3 at CHP-2

4) Scenario No. 4 — replacement of units No. 1-3 at CHP-1 and units No. 1-5 at CHP-2

5) Scenario No. 5 — replacement of all units at TPP-1 and TPP-2 and unit No. 1 at TPP

In addition, this paper considers 2 modes:

1) Mode Ne 1 is minimal. The balance between generation and consumption (Mangystau
deficit) is 25 MW. The transfer of power in the section L-2075 + L-2085 is 33 MW towards
MAEK. The angle difference between the voltage vectors Beineu and MAEK is 2.62 degrees.

2) Mode Ne 2 is the maximum. The balance between generation and consumption is 95 MW.
The power flow in the L-2075 + L-2085 section is 103 MW towards the MAEK, while the angle
difference between the Beineu substation and the MAEK TPP is 9.17 degrees.

Then, electromechanical transients (hereinafter referred to as EMF) are calculated and
modeled using the PowerWorld Simulator 23 software. In EMF modeling, it is set:

* The occurrence of a three-phase metal short circuit on the L-2075 Beineu- MAEK (close
to the 220kV MAEK buses), followed by the operation of the main protections and disconnection of
the 220kV L-2075 overhead line from both sides.

* With a shock-free pause time of 3 seconds, the AR works to turn on the line. The short
circuit is stable, and the AR operates on an unresolved short circuit.

* Re-operation of accelerated protections for line disconnection on both sides and AR bans.

In addition, several assumptions are accepted:

* Intermittent generation from wind farms is ignored.

* The location of wind farms that replace individual MAEK units is not taken into account.

Results

Figure 5 shows graphs of fluctuations in the angle between the voltage vectors Beineu and
MAEK at the minimum initial mode.
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It is worth noting that in the minimal initial mode, dynamic stability is not impaired in all
five scenarios. However, based on Figure 6, there is a tendency to increase the value of the
difference in the angles of the voltage vectors between Beineu and MAEK.

Thus, the maximum deviation of the relative angle 0 in different scenarios increased from
10.2° (Scenario No. 1) to 12.3° (Scenario No. 5) during the first short-circuit cycle. Also, a similar
behavior of the mutual angle is observed in the second short-circuit cycle after the unsuccessful
action of the AR.

In addition, based on the figure, it can be seen that the mutual angle increases and reaches its
maximum value at different times under different scenarios. For example, inscenarioNo.1, when all
the generator units are switched on and inertia is high, the angledreaches a maximum value of
10.2degreesat2.1seconds of the transition process (in the first short-circuit cycle),
whileinscenarioNo.5(a  significant decrease in inertia of the power system), the
angledreaches12.3degreesatl.8seconds. In other words, reducing the inertial constant of the power
system contributes not only to an increase in the parameter of the mutual angle itself, but also to a
reduction in the time at which this angle increases.
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Figure 5. EMF simulation results for 5 scenarios in mode Nel

Figure 6 shows graphs of fluctuations in the angle ¢ under five scenarios and the maximum
initial mode. It is noteworthy that in this mode there is a violation of dynamic stability and the
occurrence of asynchronous running. The initial mode for EMF simulation turned out to be very
difficult for Scenario No. 5, since it is obvious that the asynchronous mode occurs even before the
operation of the AR.

It should also be noted that, although the initial electric angle 6 in mode No. 2 is higher than
in mode No. 1 by a small value (+6.55 degrees), the discrepancies of this angle in the transient
process are significant (50-65 degrees). This indicates that the angular characteristic of the L-
2075+L-2085 section is significantly reduced, due to the low voltage level in the initial mode.

In general, based on the simulation results in mode 2, dynamic stability is maintained under
the first 4 scenarios. However, the additional output of unit No. 1 to the thermal power plant, which
is the station closest to the section L-2075+L-2085, leads to the fact that dynamic stability is not
maintained even without the action of an unsuccessful AR.
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Figure 6. EMF simulation results for 5 scenarios in mode No2

Thus, under different initial conditions, i.e., at different values of the deficit or excess of
active power in the Mangystau power plant, the conditions of dynamic stability differ significantly.
For example, in [18], there is also a violation of dynamic stability after the second short-circuit
cycle, while in this work, stability was disrupted before reaching the action of the AR. This
indicates that under different modes, the location of the short circuit, its type, stability may or may
not be maintained.

Conclusion

The study of reduced inertia in the Mangystau power system under high wind energy
penetration shows that lowering the system’s inertia constant has a substantial impact on dynamic
stability. Simulation of electromechanical transients indicates that replacing synchronous generators
with inverter-based sources increases the angular divergence of voltage vectors between nodes,
especially in low-load modes where stability is lost more quickly and with larger deviations.

The results demonstrate that under minimal load, the system remains dynamically stable in
all scenarios, though the growing angle differences and shorter time to reach peak angles signal a
reduced stability margin. Under maximum load, however, significant inertia reduction leads to loss
of dynamic stability—particularly when generator units near the fault location are taken offline.
This underscores the need to consider system inertia carefully when integrating renewable energy
sources.

To ensure reliable operation of a grid with a high share of renewables, additional measures
are required. These include modernizing emergency control algorithms, incorporating AR modes
into automation actions, developing new principles for automatic stability prevention, and
implementing smart grid technologies such as stability-margin monitoring and centralized
emergency automation. Together, these measures can enhance both dynamic and steady-state
stability in an evolving energy landscape.
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3}OskHO-Y panbCkuii rocynapcTBEHHBIH arpapHslil yauBepcuteT, Uensounck, Poccuiickas
Oenepanus
e-mail: e.aisayev(@gmail.com, k.tergemes@aues.kz, sakenu@yandex.ru

AHHOTanusA. l3MeHeHune KiauMMmara W pacTylue 3KOJOTMYECKHE PHUCKU YCKOPSIOT
rio0abHbIA Nepexo Ha BO300OHOBIIsIEMble UCTOUHUKY 3Heprun (BUD), HO 3TOT nepexos co3aaér
HOBBIE TPOOJIEMBI IS SHEPrOCHUCTEM. 3aMeHa TPaJuIMOHHOW TreHepamun Ha BUD cHmxkaer
MHEPLHUOHHOCTb CUCTEMBI, YTO MOXKET HErATUBHO CKa3aThCs HA €€ TMHAMUYECKON yCTONYHBOCTH.

B nanHOI craThe aHaJM3UpPYETCs BIMSHUE CHM)KEHHS HMHEPLMOHHOCTH HA YCTOMYMBYIO
napajiesibHy0 paboTy MaHrucrayckoi anekrpoctaHuuu U EnuHol sHeprocucremsl 3anagHoro
Ka3zaxcrana. MccnenoBanue coCpeloTOUYEHO HA BJIEKTPOMEXAaHUYECKUX INEPEXOJHBIX MPOLECCax B
CLICHAPUAX C BBICOKMM YpPOBHEM MNpOHMKHOBeHMs BHMD mn orkmoudeHusMu resepatopoB. C
nomoitnesio Power World Simulator 23 6bu10 cMoaeIHpOBaHO NATH ClIEHAPUEB WHEPLUUOHHOCTH TIPU
JBYX HA4yaJIbHBIX YCJIOBUSX SKCIUIyaTallMd AJIs OLEHKU MOCIENCTBUH TPEX(PazHOro KOPOTKOIrO
3aMbIKaHUs C HEYJaBIIMMCS IOBTOPHBIM BKJIIOU€HHEM Ha JuHusAX 220 kB.

Pe3ynpTarel 1MOKa3bIBalOT, 4YTO CHM)KEHUE WHEPLMOHHOCTH CYIIECTBEHHO CHMXKAET
JMHAMUYECKYI0 YCTOWYMBOCTB, CO37aBas IOTCHIMAIBHBIE PUCKHA Il O€30MacHOi paboTHI
SHeprocucreMbl. Pe3ynpTaTbl NOJYEPKUBAIOT HEOOXOJUMOCTb Y4eTa WHEPLUUOHHOCTH IIpU
TUTAHUPOBaHUK MHTErpanuu B u BaXXHOCTH pa3paOOTKH HOBBIX NMPHHIUIIOB POTHBOABAPUIHON
aBTOMAaTUKH. OTH PE3YyJbTaTbl JEMOHCTPUPYIOT KPUTHYECKYIO Ba)XKHOCTb IOAJEPIKAHUSA
JIOCTaTOYHOM WHEPUUOHHOCTH CHUCTEMBI IS OOECHeueHHUs] HaJIeKHOWM M CTaOMIBHOH paboTHI
SHEPrOCUCTEMBI B YCIIOBUAX PACTYLIET0 NPOHMKHOBEHMs BUD.

KuroueBble cjioBa: BO30OHOBIISIEMblE MCTOYHUKU HHEPrUM, WHEPLMOHHAs MOCTOSIHHAS,
IIEPEXO/IHasl YCTOMYMBOCTb, IIPOTMBOABapUiiHas aBTOMATHUKA, aBTOMAaTUYECKOE IIOBTOPHOE
BKJIIOUEHUE.

MAHFBICTAY SHEPIETUKA JKYHECIHJEIT OTKIIITIK TYPAKTBLIBIKKA
A3ANTBUIFAH MHEPHUSLIBIK TYPAKTBLIBIKTBIH KATBIMCBI3 OCEPI

E.C.Aiicaes!”, K.T. Tepremec?, C.K. IllepbsizoB’
TAK «KEGOC», «Kyiienik onepaTopabiH YITTHIK JUCIETUEPIIK OPTAIIBIFI»;
Acrana, Ka3zaxcran
*Fymap6ek JloykeeB aThIHIaFbl AIMAThl SHEPIeTHKA 5KOHE GaiiaHbIC yHUBEPCUTETI;
Anmatel, Kazaxcran
30nTYyCTiK-Opan MeMJIeKeTTiK arpapiblk yHuBepcuTeti, Yensounck, Peceit deneparusce
e-mail: e.aisayev(@gmail.com, k.tergemes@aues.kz, sakenu@yandex.ru

Anparna: KiuMaTThiH e3repyl »oHE ocilm Keje >KaTKaH SKOJOTUSIIBIK TIyeKelaep
xaHapTeIaThlH dHeprus keszaepiHe (OKOK) sxahannpik kemryni sxeaenneryne, Oipak Oysl aybicy
SHEpreTUKANIbIK JKYHenep YIIiH *aHa KUbIHABIKTap TyFbi3yAa. Jloctypri renepanusubl XKOK-men
ayBICTBIPY KYHEHIH WHEPUUSCHIH TOMEHIETell, OYJl OHBIH JMHAMUKAIBIK TYPAaKTBUIBIFBIHA TEPIC
ocep eryl MyMkKiH. byn makanmana ManrbicTay 31ekTp craHcackl MeH barteic KazakcTaHHBIH
BippiHFall SHEPTeTHUKANBIK JKYHECIHIH TYpaKThl Mapajuielb XYMBICHIHA TOMEH/ICTCH WHEPIUSHBIH
ocepl TannaHajubl. 3epTTEy >KAHAPTBUIATBIH HHEPTUSHBIH JKOFApbl €Hyl JXKOHE T'€HepaTOpIbIH
y3uticTepi 6ap ClieHapuHIepaeT! AIEKTPOMEXaHUKAIBIK OTIIEN TIpoliecTepre OarbITTaIFaH.

Power World Simulator 23 kemerimen 220 kB »xemninepneri corci3 Kaita xaOblTyMeH YII
(azanbl KbICKa TYWBIKTAIYABIH callapblH Oarajay YIIIH €Ki OacTanKbl KYMBIC KarJailbiHga Oec
Kijipic-)kayan cleHapuiii mojenbaeHal. HoTuxkenep KbpICKapThUIFAH >Kayam Oepy yaKbITHIHBIH
JUHAMHKAJBIK TYPAaKTBUIBIKTHI aWTapiIbIKTall TOMEHJIETETIHIH, HHEeprusl KYHWECiHIH Kayirci3
KYMBICBIHA QJIEYeTTI TOyeKeNAepAl TYAbIpaThIHBIH KepceTeai. byn HoTmxkenep »aHApTbUIATHIH
SHEPTHsI KO3/IepiH OIPIKTIPYIl JKOCTapiay Ke31H/Ie 9PEKET €Ty YaKbIThIH €CKepy KaKETTUIITIH JKOHE
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amatThl OacKapyZbl aBTOMATTAaHABIPY/bIH J>KaHAa NPUHIUOTEPIH O3ipieydiH MAaHBI3IbUIBIFBIH
kepceteni. byn notmwkenep XXOK eHyiHiH Korapbulaybl KarJaiiblHAa KyaT >KYMeCiHIH ceHiMIi
’KOHE TYPAKThl JKYMBICBIH KaMTaMachl3 €Ty YIIiH >KYHEHIH >KEeTKUIIKTI WHEPIMSACHIH CaKTayJIbIH
MaHBI3IbIIBIFBIH KOPCETEI.

TyiiiH ce3aep: XaHAPTHUIATBIH DHEPIrUsl Ke3lepl, HHEPUMSUIBIK KOHCTaHTa, OTHell
TYPaKThUIBIK, aBAPUSIIBIK aBTOMATHKA, aBTOMATTHI KaliTa KOCY.
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