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2 Clarivate

Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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SYSTEM OF THE OIL PUMPING STATIONS’ EQUIPMENT
PROTECTION FROM HYDRAULIC LOADS

Abstract. In the work analysis of existing systems, methods and devices on protection of the oil pumping
station equipment from waves of the high pressure has been made. Mainly, there are equalizations tanks, which are
widely used in pipeline systems of low pressure for protection from hydraulic loads. Air chamber allows to smooth
waves of the different pressure by the transmission of high frequency pressure fluctuations to the low frequency
pressure fluctuations with decreased amplitude. Automated regulation system, implementing the smoothing of
pressure waves by throttling of flow with control valves etc. Despite the advantages on struggle with hydraulic loads,
they have plenty of existing defects, related to process modes of the oil transportation. For their elimination, it is
proposed the protection system, on the basis of which there is a method on smoothing of the pressure pulsation on
counter flows. Average speed of the pressure growth, supported by the system does not exceed the allowed, specified
in the process regulation of volume 0.03 Mpa/sec. The system can operate in several smoothing modes for provision
of reliable protection with different waves intensity of high pressure and switches on self-regulation mode of
emission-discharge processes. System efficiency is supported by the automated control system.

Keywords: oil pipeline, pumping station (PS), hydraulic loads, pulsation smoothing, pressure waves, air
chamber, equalization tank, flap, valve.

Introduction. For protection of the pipeline from high and low pressure waves, there are existing
different technologies, methods, and technical devices, which are permanently being advanced and added
with new developments. At the same time, despite the existing progress in solution of the put assignment,
many of issues are left open [1-3]. Due to this, advancement of famous and creation of new pressure surge
relief system is a crucial task. For comparative analysis, we will consider basic methods and protection
devices from hydraulic loads [4].

Methods. Equalization tank. Equalization tanks [5,6] are frequently used in pipeline systems of low
pressure for protection from high and low pressure waves, appearing in transitional process. In figure 1,
there is an example of unidirectional equalization tank, which is vertical pipe of small diameter, connected
with basic pipeline. Usually, equalization tank is located near the regulation device, which can be a source
of undesirable appearances. Closing of the control element leads to braking of the leakage, in the result of
which, pressure in the pipeline is increased. Herewith, leakage starts to leak to equalization tank.

As soon as the leakage arrives to equalization tank, level of the leakage is increased. Because of the
reason that the part of leakage gets to the equalization tank, braking of flow slows down and pressure
wave amplitude is significantly decreased.

Similar, with opening of control element, the leakage is speed up, and the pressure in the pipeline is
decreased, that is why, leakage from equalization tank flows out, partially compensating pressure fall in
the internal cavity of pipeline.

In figure 2, there are curve amendments of total head in the pipeline, equipped with equalization
tanks, with transitional process, evoked by shut-down of pump. It is shown that with shut-down of pump,
at its outlet, pressure is down fast and down the flow, wave of the low pressure is distributed. Taking into
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Figure 2 — Amendment of head on length of the pipeline, equipped with three unidirectional equalization tanks

account profile of the considered pipeline, appeared wave leads to pressure decrease in pipe up to the
pressure of elastic leakage steams, leading for boiling, which is unacceptable. In order to exclude the
possible boiling of leakage in the considered case, three unidirectional equalization tanks are installed on
pipeline, which do not allow the pressure in the connected pipeline to decrease lower than the static
pressure, which is determined by height of the container innage [7, 8].

Air chamber. Air chamber, (figure 3) is one of the types of popular equalization tanks. This device
allows to smooth waves of high and low pressure, appearing in the pipeline in transitional processes. Also,
air chamber allows transducing high-frequency vibrations in short pipes to low-frequency vibrations with
small pressure amplitudes [9].

In general, air chamber is closed content, part of which is filled with pumped fluid, and other space
with pressurized gas. Gas can be in free contact with liquid or separated with flexible divider.

Let’s consider the principle of operation of the air chamber as an example of the transitional process,
evoked by start up/shut-down of the pumping station. With start-up of pumping station, pressure on its
outlet is increased fast and down the flow high pressure wave is distributed. For smoothing of such a
wave, air chamber is installed on outlet of the station.
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Figure 3 — Air chamber on outlet of the pumping station

After start-up of pump units, leakage consumption in the pipeline is increased, herewith part of the
leakage starts to arrive at the air chamber, and the other part to the basic pipeline. As soon as it is filled up,
gas into it is pressurized and pressure is increased, as a result, the pressure in the pipeline is increased to
the relevant volume. Depending on size of the air chamber, for pressurization of gas, it is required to pump
into the chamber different quantity of liquid. With relevant sizes of the air chamber, we can get the
gradual increase of pressure on outlet of the Pumping Station with its start up.

With shut-down of the Pumping Station, it is observed the backward situation — pressure in inlet
station is increased fast and up to the flow, high pressure wave is distributed.

Herewith, braking of flow is performed, id. est decrease of the pumping consumption. For protection
of the pipeline from such pressure wave, air chamber is installed on entrance of the station. After shut-
down of the pumping station, liquid is braked not immediately, it starts to enter the air chamber, thus gas
pressure is increased. As the pressure in the chamber is increased, liquid is braked more and more up to
the full shut down. Thus, air chamber of the relevant volume can smooth the appearing pressure wave on
entrance of the Pumping Station with shut down.

However, air chambers have a significant defect. For smoothing of the pressure waves in trunk
pipelines, volume of the air chamber shall compound no less than 100 m’, which with accounting of the
sufficient high pressure into the chamber, makes its using difficult in trunk pipelines. Effective using of air
chambers is possible on short pipes of small diameter. In such cases, the necessary volume of air chamber
compounds several cubic meters.

Pressure automatic control system (PACS). Maximum pressure on outlet of the pumping station is
determined with carrying capacity of the pipeline, following after this station, and the minimum pressure
on entrance — positive suction head of pump units, installed on the station. In transitional processes, in the
pipeline, pressure in the inlet and outlet of Pumping Station can get out of the specified ranges. For
purpose of avoiding this dangerous occurrence, system of automated pressure control is foreseen at the
station. Pressure control on pumping station can implemented with following methods: throttling of flow;
bypass of the flow part from discharge line to suction line of the station; amendment of rotation frequency
of pumping units [10, 11].

Throttling of flow with purposes of pressure regulation is implemented by control valves, which are
installed on discharge line of pumping station. Throttling of the liquid flow in the control valve of
Butterfly type is shown in figure 4.

There is a cover of valve with increase of pressure on outlet of the pumping station higher than
maximum or decrease of pressure on inlet lower than minimum, thus, the artificial local resistance is
created. It leads to that the leakage consumption through the Pumping Station is decreased, pressure on
entrance of station is decreased. Fast effect of control valves on trunk pipelines compounds 20—40 sec.
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Figure 4 — Throttling of liquid flow in control valve of Butterfly type

Basic defect of such a regulation method is high losses of capacities during transitional processes,
with which the necessity of throttling creates, as well as the inertance of control valves.

Amendment of rotation frequency of pumping units can be implemented by power actuator with
regulating rotation frequency or installation of hydraulic coupling on shaft between the electric motor and
pump. Decrease of rotation frequency of pump units leads to decrease of the differential head, created by
the pumping station, that is why, pressure on inlet of the station is increased, and on outlet — is decreased.
Advantage of this method is low losses of capacity; high fast effect.

With bypass, part of the liquid from discharge line is returned on special bypass to the suction line.
Partial bypass of liquid can be implemented on one unit or through the whole pumping station. Taking into
account downward characteristics of centrifugal pumping units, during the oil bypass through the pump,
differential head, created by pumping station is decreased, that is why, pressure on inlet of the station is
increased, and on outlet is decreased [12].

Pressure surge relief system. For pressure surge relief, created on inlet of pumping station with its
shut down, it is used pressure surge relief system [13, 14]. Principle scheme of the pressure surge relief
system is shown in figure 5. Pressure wave smoothing is implemented by partial discharge of oil from
pipeline through the pressure surge relief system 4 to the container 5. As distinct from safety valves, pres-
sure surge relief system reacts if not to absolute volume of pressure, than to speed of its amendment. It is
provided by control system of the pressure surge relief system, which compounds of orifice valve 2 and
hydro pneumatic accumulator 3. Pressure surge relief system does not restrict the pressure on inlet of
pumping station on the certain level, pressure is continuously increased, but with lower adjusted speed.

1 2 3 4 5

mono-ethylene gas
glycol

From the linear plot E— to pumping station

Figure 5 — Principle scheme of operation of the pressure surge relief system

— 131 ——



N E W S of the Academy of Sciences of the Republic of Kazakhstan

Pressure surge relief system, installed on trunk pipelines, provides the average speed of pressure
growth on inlet of pumping station with its termination 0.01-0.03 MPa/sec. For purpose of increase of
reliability of the pressure surge relief system with its working liquid is in general ethylene glycol, which
gets to the system through the dividing capacity /. Installation of necessary pressure growth speed on inlet
of the pumping station is implanted by orifice valve and hydro-pneumatic accumulator. Pressure surge
relief system 5.

One of the basic advantages of pressure surge relief system is its independence from power supply.
Oil discharge volume through the pressure surge relief system valve with its operating on trunk pipelines
compounds 30-100 m [15-17].

Fast-response valves with adjustable drive. Also, for smoothing of the pressure waves, appearing on
inlet of pumping station, with its termination, fast-response valve with adjustable drive can be used. With
shut down of pumping station, such a valve opens fast, and then closes slowly. Such property of valve
operation is provided by “smart” drive, operation of which is implemented on special algorithm.

Specified system is similar with pressure surge relief system, however its basic defect is dependence
on source of the power energy, whereas frequently the basic reason of emergency shut-down of pumping
station is disruption in supply of the power energy. Of course, in such cases, this system does not operate
[18, 19].

Results. For decrease of hydraulic loads and protection of oil pumping station equipment from
negative influence of pressure waves, as power fluctuations, resistance moment, hydro dynamic moment
and leading to possible loss of working capacity of the basic equipment, fast wear out and unjustified
expenditures in Kazakh National Research and Technical University, risks control system was developed
during transportation through the main pipeline.

The system is assigned for control and management of transportation mode with the purpose of
prevention or minimization of risks situation consequences and supposes:

— prevention of passing of high pressure wave to operation zone of oil pumping station on timely
operation of discharge valves;

— possibility of regulation of quantity and direction of coming and leaving leakage in ring shaped
pressure surge relief system by discharge valves on adjusted algorithm depending on amplitude of form
and wave period of the impact pressure. It means that system has in its compound pressure ring pipe
waves smoother, operating based on the energy dissipation by counter flows and connected with main
pipeline on discharge line of oil pumping station by means of two discharge valves.

Fast-response valves with pneumatic and power drive are controlled by automated control system,
consisting of several boards. Differentiating unit on time allows to determine size of consumption jump,
comparison unit detects difference of consumption in two points of the pipeline, delay unit on time serves
for timely opening of the valve in time of wave coming to its section, regulation unit provides necessary
volume of opening of valve and smooth close on the adjusted algorithm. Pressure regulation unit of the air
smoother. Basic system of risks management is protection method of oil pumping station equipment from
pressure waves, operation scheme of which is shown on the drawing 6.

Figure 6 — Scheme of protection system from the pressure waves: 1 — pump station; 2 — station supply line;
3 — station discharge line; 4 — fastener on linear part of the pipeline; 5 — ring smoother;
6 — automated control system; 7 — compressor; 8 — pressure sensor; 9, 10 — smoother valves; I, II — flow meters
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Waves smoothing is implemented in three modes, depending on amplitude of length of the form front
and wave period, which is conditionally divided to 3 level. Value of parameters, in accordance with each
level is entered to the program of control system. In the installed flow condition, when the consumption in
point 1 equals to consumption in point 2, both smooth valves are closed during appearance of the high
pressure wave (for example, in the result of close of the fastener 4) low consumption wave appears, which
with pressure wave is distributed in the direction of pump station. When the wave achieves the section I, it
is registered by the flow meter, signal of which is received to the control system. Automated control
system determines the level of wave and by the adjusted delay, determined by the pressure wave speed
gives the signal for opening until the first level of wave parameter of two smoothing valves. Oil from the
main pipeline, under the effect of shock pressure intensively fills the smoother with two flows, moving
towards each other. Herewith, pressing with liquid flow of the air, in the ring pipe of smoother is per-
formed while the pressure in the air lock will not be equal to the pressure, discharged by the liquid shock
wave. Air pressure of smoothers is controlled by pressure sensor, signal of which receives to the control
system, if necessary, Automated Control System switches on the Compressor for increase of the pressure.

Process of the air pressing because of the transience can be deemed adiabatic [20]:

})OVO}/ = f)l,'.’JIC I/c};/( ’ (1)
where F,,V is initial pressure and volume; P,V — pressure and volume with air compression in the
smoother.

Relevantly, work fulfilled by liquid flow with gas loading is equal to:
DANEAS
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Protection of the equipment from negative influence of shock wave in the developed method is
conditioned by decrease of wave energy before working zone by the managed discharge of part of the
liquid flow to the smoother. During the passing of section by the low pressure wave discharge, air lock
presses the oil from the smoother to the trunk pipeline, by increasing the pressure in the flow. By
equalization of pressure in the flow and air lock, oil discharge from the smoother is terminated. Thus, the
device can smooth the pressure pulsation in self- regulation mode of the oil emission/discharge process
from the smoother to oil pipeline and conversely.

= with security system = without security system

85

80

Ll . A At—h, /

-~
(92
-

u

absolute pressure, 10 Pa
o ~
(¢)] o
N

_J-\_J

(o]
[==]

%3]
w

0 5 10 15 20 25 30 35 40 45 50 55 60 ©65tc

Figure 7 — Measurement charts of the pressure amendment in the section after the pump station
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Control system during recovery of the flow stationary mode, by following the signals closes valves.

Using in researches of imitation of hydraulic stroke on section of the trunk pipeline allowed to
increase work efficiency of the protection system in the result of prediction of development phase of the
pressure wave, selection of optimum configuration and sizes of active part of the smoother, determination
of flow parameters and their value for the sustainable management.

Effect from proposed protection system is specified on the drawing 7, from which is shown that ave-
rage speed of the pressure increase, supported by the system does not exceed the permissible volume,
specified in the process regulation as 0.03 MPa/sec.

Conclusion. Developed system fulfills all necessary functions on control and management of
transportation modes with the purpose of prevention or minimization of hazardous situations consequence,
which provides:

— prevention of passing of high pressure wave to operation zone of oil pumping station by the timely
discharge vales,

— regulation of quantity, speed, and direction of coming — leaving leakage by discharge valves o the
adjusted algorithm,

— possibility of the system to operate in several modes of smoothing, including the self-regulation
mode of emission-discharge processes, for provision of reliable protection with different values of the
pressure waves.

H. B. Umancakunosa', T. U. Upru6aes’, I'. X. Camuryinn’

'K. W1. Cor6aeB athinarsl Kaszak yITTHIK TeXHHKANBIK 3epTTey yHHBEpCHTeTi, Anvarsl, KasakcraH,
*Cankr-TletepOypr Tay-keH yuusepcureri, Cankt-IlerepGypr, Peceit

MYHAIi AiIAY CTAHIMATAPBIHBIH JKAB/IbIFbIH
TUAPABJIUKAJIBIK )KYKTEMEJEPIEH KOPFAY JKYUECI

Annoranus. XXyMmbicta MyHail alijay CTaHIIUACHIHBIH jKa0IBIKTAPBIH KOFAPHI KBICHIM TOJKBIHBIHAH KOPFAUTHIH
dmictep MeH KYPBUIFBUIAPIBIH JKOHE KONIAHBICTAFBI JKYHeNepIiH Tanaaysl Kyprisinren. Herisri xylie peTiHme run-
PaBIMKAJIBIK KYKTEMEIEepAeH KOpFay YIIiH TOMEH KbICBIMIBI KYOBIp Kyienepinae KeHiHeH KONIaHbUIaThIH TEHECTi-
py1Ii pe3epByapiap KapacThIpbUIFaH. Aya Kamarsl KbICBIMHBIH JKOFaphl )KUUTIKTI TepOemicTepiH KillipereH aMIum-
TyZIaFbl TOMEH JKHUIUTIKTI KbICBIMFA TYPJICHAIPY apKbUIBI OPTYPIi KBICBIMIAFBl TOJKBIHAAPIBI TEricTeyre MYMKIHIIK
Oepeni. ABTOMATTHI peTTeY JKYHeCi peTTerill JKalKbIIITap/IblH Kypajaapbl )koHe T.0. OOWBIHILA aFbICTHI HIEKTEY ap-
KBUIBI KBICHIM TOJIKBIHAPBIH TEricTeyAl ’ky3ere aceipajbl. [ MapaBIuKabIK )KYKTeMeepre Kapcehl Kypec OolbIHIIA
Oipkarap apTHIKIIBLUIBIKTAPFa KapamacTaH, OJlap MYHAMIbl TachIMAJJAayAblH TEXHOJOTHSUIBIK pPeKUMAEpiHE Oaii-
JaHBICTBI OipkaTap eneynmi kemuiutikrepre ue. Ochl KEMIIUTIKTEP KO0 YIIIH KbICBIMHBIH ITyJIbCAlUSICHIH KapChl
arblHJa TETiCTey TOCUIiHE HEeTi3JIeNreH >KaHa KOpFaHbIC jKyleci ychiHbUIansl. JKyile KONmaWThIH KBICHIM OCYiHiH
opTalla XbUIIaMJIBIFBl TEXHOJOTHSUTBIK, pernamentTe kepceriired 0,03 Mma/c miamaceiHal acmaiabl. JKyiie sxoFapbl
KBICBIM TOJIKBIHIAPBIHBIH P TYPJIi KapKBIHABUTBIFBI Ke31HAE CEeHIMII KOPFayIsl KaMTaMackl3 €Ty YIIiH OipHemre Te-
ricTey peXuMAepiHAe )KYMBIC icTell amaabl KOHE JaKTBIPY-IIBIFapy MpOIecTepiMEH 031H-631 PeTTey PEeKUMIH KaM-
tuabl. JXKyHeHiH THIMILIITT aBTOMATThl 0acKapy *KyHeciMEeH KaMThbLIa b,

Tyilin ce3aep: MyHail KYOBIpBI, aiifiay CTaHIMUACHI, THAPABIUKAIBIK JKYKTeMeJep, MyJIbCalUsHBI TETIiCTEy,
KBICBIM TOJIKBIHJIAPHI, aya KaJIIaFbl, TCHECTIPTill pe3epByap, KaIKpIII, KIaraH.
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CHUCTEMA 3AIIIMTHI OBOPYJIOBAHUA HE®TEINNEPEKAYMBAIOIIAX CTAHIIAI
OT 'MAPABJIMYECKHUX HAT'PY30K

AnHoTanus. B paboTe nmpoBeneH aHaN3 CyMIECTBYIOMINX CHCTEM, METOJIOB M YCTPOUCTB IO 3aIuTe 000pyI0-
BaHMs HedTenepeKaynBarolieil CTaHIIMU OT BOJIH MOBBIIICHHOTO JIaBiieHus. B KauecTBe OCHOBHBIX CHCTEM PacCMOT-
PEHBI ypaBHHUTEIBHBIE pe3epByaphl, KOTOPBIE MIUPOKO MCIIONB3YIOTCS B TPYOOIPOBOAHBIX CHCTEMAaX HHU3KOTO JIaBiIe-
HUSL JUIS 3aLUTHI OT THUAPABIMYECKUX Harpy3oK. Bo3oyIIHBIN KOJIAK MO3BOJISIET CIIIaXKMBaTh BOJHBI PA3IMUuHOTO
JIaBJICHUS] 32 CYET NpeoOpa3oBaHMsl BHICOKOYACTOTHBIX KOJICOAaHMU JaBJIEHHsS B HU3KOYACTOTHBIE C MOHIKEHHOU
amrutyoi. CrcreMa aBTOMaTH4eCKOro PEryJMpOBaHUs, OCYIIECTBISIIONIAs CTIIQ)KMBAHUE BOJIH JIABJICHHS JIPOC-
CeNTMPOBaHUEM IOTOKA 110 CPEJICTBAM PETYIIMPYIOIINX 3aCIOHOK U T. A. HecMoTpst Ha psiix 1ocTOMHCTB 1o Oopnbe ¢
THJPaBIMYECKUMH Harpy3KaMd OHHM HMEIOT sl CYIIECTBEHHBIX HEIOCTAaTKOB, CBS3aHHBIE C TEXHOJIOTMYECKHUMH
peKMMaMH TpaHcnopTupoBaHus HedTH. [ MX ycTpaHeHHWs IpeasiaraeTcsi CHCTEeMa 3alliThl, B OCHOBE KOTOPOU
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JISKHUT CIOCOO M0 CrIAKHUBAHUIO MYJBCALMH JABICHUS Ha BCTPEUHbIX MOTOKaX. CpeHssi CKOPOCTh POCTA JIABJICHHUS,
MOJIJIepXKUBaeMasi CUCTEMOI He MPEBBIIIAeT IOMYCTUMOM, YKa3aHHOW B TEXHOJIOTHYECKOM PErjaMEeHTE BEIMYMHBI
0,03 MIla/c. Cucrema MOXeT pabOTaTh B HECKOIBKHIX PEKUMAX CTIAKUBAHUS [T 00eCTieueHIsI HaJe)KHON 3alTUThI
NpPU Pa3IMYHON WHTEHCHBHOCTH BOJIH TOBBIIICHHOTO NIABJICHUS U BKIIIOYAET PEXKUM CaMOPETYJIMPOBAHUS IPOLEC-
camu BeIOpoca-copoca. DPPEKTUBHOCTH CUCTEMBI MTOAAEPIKUBAETCST aBTOMATHYECKON CHCTEMBI YIIPABICHHUS.

KirueBble ciioBa: He(TCIpPOBOA, IEPEKAYMBAIOIIAs CTAHIMSA, THAPABIMYCCKUAC HArPY3KH, CrUIKUBAHUE
MyJIbCALlUi, BOJIHBI JJaBJICHHS, BO3AYIIHBINA KOJIIAK, YpaBHUTEIBHBII pe3epByap, 3aCIOHKH, KJIaNaH.
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