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PERFORMANCE OF GROUND CHAIN DRIVES OF ROD PUMP UNITS
FOR HIGH-VISCOSITY OIL EXTRACTION

Abstract: in the development of deposits at a late stage of design, especially during high-viscosity oil
extraction in difficult operating conditions, the question of revising and selection of promising equipment and
technologies occurs. Technologies improve production efficiency of hydrocarbon raw materials at minimal
cost. High viscosity oil occurs not only at a late stage of development, but also during the development of new
fields. Proof is from the analysis of the activities of oil producing enterprises in Kazakhstan and Russia, as
well as some companies from far abroad.

Work experience of scientific and design organizations and production associations of Tatarstan, one of
the main oil regions of Russia has shown the promise of application in fields of OJSC “Tatneft” of chain drives
(CD) as part of plunger rod borehole pumping units (RBPU) instead of the usual balancing pumping units
(PU).

In Kazakhstan, such technologies were first applied at the Zhanazhol high-viscosity oil fields (Mangistau
region) based on Chinese-made RBPU chain drives. It should be noted that there are also other fields in
Kazakhstan, which, in terms of oil properties and geological and technical conditions, are identical with the
above. The use of the RBPU CD in these fields would give significant results in improving the efficiency of
wells operation.

An analysis of previous studies has shown that, in addition to advantages, CDs have several
disadvantages, which, first, are the presence of nodes of increased wear, especially at the junction of the
converting mechanism and its individual load-bearing elements, which are caused by dynamic loads. These
shortcomings require the development of scientifically grounded methods for assessing the bearing structural
elements of the chain transmission for strength, considering the peculiarities of the operation of the RBPU.

In this work, the authors substantiated the basic principles of ensuring the operability of the CD RBPU
when acting on the bearing elements of dynamic loads.

Key words: chain drive, roller chain, ground chain drives, rod borehole pumping unit, high-viscosity
oil, dynamic loads, stress-strain state, bearing elements.

effective direction of acceleration of mechanical
and chemical processes occurring in a hydrocarbon

Introduction. Fundamental and applied
research of a number of authors is devoted to the

study of the peculiarities of high-viscosity oil
production in Kazakhstan, who proposed promising
technologies and technical means for increasing oil
recovery [1-5]. In work [6], the authors investigated
unconventional methods of processing high-
viscosity oils and their heavy residues produced in
wells. The mechanism of chemical transformations
of high-molecular components of various types of
petroleum raw materials under the conditions of
mechanical-wave and other methods of exposure
has been studied. The possibilities of using the
method of mechanical activation of oil as an

|

substance due to intense mechanical loads are
considered.

Despite the large number of studies carried
out in this area, only thanks to research devoted to
the use of chain drives as ground drives of plunger
RBPU it became possible to improve their
operational and technological qualities in the
production of high-viscosity oil, which are as
follows [1, 4]:

- the efficiency of operation of marginal wells
with high-viscosity o0il due to the uniform
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movement of the rods in a low-speed pumping
mode, contributing to their continuous operation;

- reduction in specific energy consumption
(10 - 20%) for lifting production during the
operation of high-rate wells with long-stroke RBPU
in comparison with installations of centrifugal
electric pumps (ICEP), due to sufficiently large
strokes of the rod traction drive (RTD);

- a significant decrease (by 1.7 times) of the
hydrodynamic resistance forces in the underground
part of the sucker rod pumping unit.

The CD, in comparison with the balancing
drives of pumping units (PU), differ in the following
design and technical features [1]:

- constant speed of movement of the point of
suspension of the rods (PSR) on the predominant
part of the stroke, which is approximately 1.6 - 1.7
times less than the maximum speed of the rods per
cycle for the PU (Figure 1);

- the presence of reducing properties in the
converting mechanism, because of this, to ensure
the same technological characteristics of the CPU, a
gearbox with a lower gear ratio and torque is
required (by a factor of 5 - 8). This, in turn,
significantly reduces the dimensions, and,
consequently, the metal amount and weight of the
gearbox and the sucker rod pumping unit drive as a
whole;

- less dependence of mass and dimensions on
the stroke length of the PSR compared to the PU
crank mechanism;

- the possibility of providing a mode of
operation with a small number of oscillations due to
the use of the reducing property of the converting
mechanism for this, without additional devices, i.e.,
without complicating the design and reducing the
efficiency of the mechanism.

The most promising direction for improving
the design of chain drives of RBPU is drives based
on the use of carriages as a connecting intermediate
link between the traction chain working body (chain
transmission) and the rod of the rod string.

The actuators developed by the Highland
Pump Company (USA), due to their simplicity and
reliability, have now become in demand. The basis
of these designs is the so-called reducing converting
mechanism (RCM), the kinematic diagram of which
is shown in Figure 2. The drives created based on
this mechanism were later called ROTAFLEX
drives, which, in more advanced versions, found
application in the central CD of the RBPU produced
by the Bugulma Mechanical Plant of Tatarstan and
OJSC "Izhneftemash", which began to be used also
in Kazakhstani fields. The main difference of the
ROTAFLEX drive is the presence in the RPM of
only one loop with a closed flexible link - a chain,

while in the previous schemes there were two
parallel circuits with closed flexible links.

py Urnu
/2\,1
g5 —Z- \
| 2
0
[ 94 \\0,6 o 1

-9 // ]
-f \/
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Figure 1 - Comparative characteristics of the
change in the relative speed vpsr of the rod PU and
the CD for one cycle of time t. of the PSR stroke at
the same pumping speed:
1-PU;2-CD

The emergence of this kind of a new design
of the drive made it possible to create a more
compact and easy-to-operate device that provides
high maneuverability of installation and tangible
cost-effectiveness in relation to energy and metal
consumption. Moreover, in these drives it is
possible to widely use conventional sleeve-roller
chains, which, after simple structural
transformations due to the cantilever attachment of
a special pin to them, can carry the counterweight of
the sucker rod-pumping unit, as shown in Figure 2.
The latter, at the same time, plays the role of a
balancing weight, which, if necessary, can be
equipped with additional removable weights - metal
or reinforced concrete plates.

Aims and Objectives. Nevertheless, the
operating experience of the CD of the RBPU shows
[7-11] that the main reasons for the failure of the
load-bearing elements can be their damage, the
main types of which are given in table 1.

Results of theoretical research. In the CD
of the RBPU, drive roller chains of the DR or
DRM type (multi-row) are used as traction
elements of the RCM [12-13].

Figure 3 shows a generalized design
diagram of the chain transmission 6 of the RCM
RBPU, the driving sprocket of which is driven
by an electric drive consisting of a series-
connected electric motor 3, a V-belt transmission
4 and a gearbox 5.

The dashed lines show the sags in the
leading and driven branches of the chain drive,
which are characteristic when they are used as
traction bodies in the CD of the RBPU. Figure 4
shows the chain drive separately with a detailed
indication of all geometric parameters of the sag.
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Table 1 - The main reasons for the failure of chain
drives used in RBPU as ground drives and types
of damage

Type of damage Performance criterion

Chain pivot wear Wear resistance of
hinges

Fatigue failure of Fatigue resistance of

plates plates

Loose connections of
rollers and bushings

Connections strength

with plates

Chipping and Impact-cyclic strength
splitting of rollers of rollers

Seized joint friction Contact strength of
pair rollers

Figure 2 — Kinematic scheme RCM of
ROTAFLEX drive

In most cases, setting up chain drives comes
down to choosing an initial sag arrow f, (figure 4)

(without regard to transmission durability). In the
technical and reference literature [14, 15], it is
recommended to set the branch sag arrow within

f,=(0.01+0.02)a,, (1)

where a: — chain drive interaxial distance (see
figures 3 u 4).
Some sources [15] propose to assign

£, =0.025/, 2)

in this case, the tension in the driven branch of the
operating gear should be .S, <0.1P, where | and P

|

— respectively, the span of the driven branch and the
net force transmitted by the chain.

The main criterion for the performance of
chain drives operated at low speeds and high
variable loads is the fatigue resistance of the
working elements of the chain. In the first place,
intermediate plates are adhered to such loads. This
is since these plates are set on rollers with a gap, in
contrast to the outer and inner plates, which are
pressed with an interference fit, which increases
their fatigue resistance.

Fracture of plates under the action of
alternating stresses is caused by the formation of
fatigue cracks in the most stressed zones of the
plate, as a rule, in places of the highest stress
concentration. In the chain plates, such a place is the
lugs, where the stresses during operation are always
much higher than the average (nominal) stresses

Tnom [16].

H @)
N
—

C)

SN
X
XSS

£
7

ANARANE:

\
TTIRE

Figure 3 - Design scheme for the study of the
traction and bearing capacity of the chain RCM
CD RBPU
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Figure 4 - To the study of the geometric
parameters of the sag of the CD of the RBPU

When determining the bearing capacity of
chains, designing plates, and calculating them for
endurance, it is important to know the actual nature
of the distribution of stresses in the eyelet and be
able to quantify their concentration at the most
dangerous points. The work of many local and
foreign scientists is devoted to the calculation of
lugs [16 - 20]. However, the calculation method
considering the elastic deformation of elements is
not fully understood. Moreover, a comparative
methodology that summarizes the properties of
various types of roller chains has not yet been
developed. Therefore, it is necessary to investigate
the stress-strain state of the intermediate plate of the
most common chains of the DR and DRM type to
determine their rational shapes and sizes.

The design schemes presented in Figure 5
simulate the typical cases of loading the plates of
roller chains of the DR and DRM types, used as
traction working bodies of RCM CD RBPU (Fig.
5,a u5,b). On these schemes: 1 —roller, 2 — axle.

The calculation of contact stresses when
placing a plate on a roller with a small gap was
performed on the basis of the results of [21], in
which, by analogy with the Hertz distribution, the
dependence for contact stresses was adopted in the
form of an elliptic law

2
O = Ormax 1_¢_2’ 3)
\ 9

where ¢ - angular coordinate; ¢, - halfofa contact

angle; O, ., - maximum value of contact stresses,

O-rmax = 2F ’ (4)
z-d-h-J;(e,)

where F - force, applied to plate; d - hole
diameter; h - plate thickness; J,(¢,) - Bessel
function of the first kind [22].

| 106

Figure 5 - Design schemes for loading the
intermediate plate.

When determining the contact angle 2¢, the

empirical formula was used [21]:

m F
20, = 7 -th0,68 —— | —, 5
%o m—1\ Eéh ©)
where m - eyelet parameter (M=2R/d); E-
modulus of elasticity; & - radial clearance.

Relative clearance (& =2¢/d) in this

study, it is assumed to be constant and is equal to
0,00585.

The design loads on the plate from the axis
according to the loading option shown in Figure Sc
were determined based on a study [23], which
makes it possible to conclude that an independent
solution of the problems of stresses during pressing-
in and under loading with zero clearance gives
sufficiently accurate information about the actual
stresses from the total effect.

The contact stresses from pressing the axle into
the plate were calculated using the Lamé formulas
at a constant relative tension equal to
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&y =0,00592, but from the action of force F -
by the well-known expression [15]:

O-I’
z-d, -

—L'COSQ,

(6)

where F =2Fsin«; 6 - angular coordinate.

When solving problems for areas with
complex geometry and loading, such as plates,
where the use of traditional analytical methods of
the theory of elasticity becomes either ineffective or
simply does not allow bringing the solution to the
result. The most effective is the finite element

method (FEM) [24].

Comparative analysis of the stress-strain state
of intermediate plates of DR and DRM type chains
at a pitch of 25.4 mm, load = 5.88 kN and angle =

Table 2 - Quantitative characteristics of grids on the surface of roller plates

60° was performed by the FEM in the form of the
[25] using

displacement method proposed in

standard computer programs. In this case, it is
assumed that the stress state of the plate is flat, and
the stress level does not exceed the proportionality
limit. Considering the geometric shape of the plates,
half of the DRM chain plate (Figure 6) and a quarter
of the DR chain plate (Figure 7) are considered.

To determine the rational shape of the chain
plate (displacement coefficient y =
strain state was analyzed by varying the angles of
the plate shape f1 (see Figure 6). The total number
of triangular plate and nodal elements, as well as
support nodes for various values of f is given in
located in the
assumed stress concentration zones and larger ones

Table 2, with smaller elements

in the remaining areas of the plate.

0.4), its stress-

chains of type DR and DRM
Number of elements and nodes at angle
Type of chain plate B, plate shape
30° 45° 60° 90°
number DRM 394 397 401 412
of nodal DR 155 163 172 187
elements
number DRM 677 684 692 714
of lamellar DR 251 266 280 310
elements
number of DRM 13 14 15 17
supporting DR 18 20 22 25
nodes
B, =90 =

X2
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Figure 6 - Division of a chain plate of the DRM
type into finite elements
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Figure 7 - Division of a chain plate of the DR type
into finite elements

Conclusion. By studying the stress-strain
state of intermediate plates of chains of the DRM
and DR types, it was established that:

- comparison of the calculation results
obtained by the FEM give a more realistic picture
and accuracy (7 ... 8)% of the dynamics of the force
interaction of the elements of the chain transmission
in comparison with the reference data;

- the greatest concentration of stresses in the
lug of the plate occurs on the contour of the hole in
which the roller is installed with a small gap;

- in terms of mass, stiffness, and stress

plates of the DR and DRM chains are at the same
level, therefore, their application in practice as
traction elements in the CD of sucker rod pumping
units gives the same results.

Developed based on the research, new
technical solutions for improving the CD of the
sucker rod pumping unit [26], when introduced into
practice, make it possible to realize the following
advantages:

- significantly reduce the costs associated
with material and metal consumption;

- to improve the quality of control of the
kinematic and dynamic parameters of the liquid
lifting process over a wide range;

- increase the lead angle at a minimum load
of the drive electric motor (10+15%);

- reduce dynamic loads, increase the service
life of downhole equipment;

- to reduce the costs of transportation,
installation, and maintenance, and of course, as it
was said at the beginning of this work, the efficiency
of operation in the production of high-viscosity oil
from deep wells increases with the maximum
permissible amounts of solid mechanical inclusions

concentration, and, consequently, in terms of
traction and bearing capacity, the intermediate

in the well product.

AxmeroB C.M.Y", Axmeros H.M.%, 3aiinemona K.K.!, Uxnacosa JK.Y.%, Uxcanos E.Y.2

'C. OrebaeB aThiHIaFBI AThIpay MyHail 5KOHE ra3 yHHBEpCHTETI, AThipay, Kasakcram;
? AThIpay MHKEHEPIiK-TyMaHUTapIbIK HHCTHTYThI, AThipay, KazakcTan.
E-mail: axmetov_aing@mail.ru

TYTKBIPJIBIFbI )KOFAPHBI MYHAMJIBI OHJIPYTE APHAJIFAH IIITAHTAJIBI COPFBI
KOHABIPTBIJIAPBIHBIH KEPYCTI TI3BBEKTI ’KETEKTEPIHIH K¥MbIC KABIVIETTLJIIT'T

AHHOTaNMA: KeH OPBIHAAPBIH UTEPYIETi 931piey/IiH Kell CaThIChIH/AA, dCIpece, TYTKBIPIBIFBI KOFaphl
MYHal eHJIpy Ke3iH/e naiananyAblH KYPASTi JKaFaaiaapbelHaa, KapaXaTThlH €H a3 MIBIFBIHBIMEH KOMipCyTeK
MIMKI3aTBIH OHAIPY THIMIUIITIH apTTHIPY/IBI OOJallIaKTa KAMTaMachl3 €TETiH TEXHUKA MEH TEXHOJIOTHsIIapIbl
KaliTa KapacThIpy JKOHE TaHJAy Typallbl MOCeleNiep TybIHIAMIbI. TYTKBIPIBIFBI )KOFaphl MYHAH TEK HIepyIiH
COHFBI CaThICHIH/IA FaHA €MeC, COHJIali-aK yKaHa KeH OpBIHAAPBIH Urepy Ke3iHje ae ke3aeceni, Oyran Kazakcran
MeH Peceiinin MyHail eHZIIpymli KocIOPBIHAAPBIHBIH, COHAAW-aK, aiblc LICTENJAEepAiH KeHoip
KOMITaHHUSUIAPbIHBIH KbI3METIH Tanjay Aaiei 0oja anaipl.

Peceiiniy Heri3ri MyHall aiiMakTapbIHBIH Oipi Oonbin TaObmaTeiH TaTapCcTaHHBIH FRUIBIMH-XKO0aIay
yiibIMaapbl MeH eHAipicTik OipiecTikTepiHiH xkyMmbic Toxipubeci "TarnedTs" AAK keH opwiHAapbiHIa
IUTYHKEPJIIK IITAHTAJIBIK YHFBIMAJBIK CcOpFbl  KOHIBIPFbUIapbIHBIH (ILI¥YCK) KypbulBIMBIHIOA oneTTeri
tepbenmme cranoktapelHbIH (TC) opHbIHA Ti36ekTi xerekrepai (TXK) KommanyasiH OojamrakTa THIMIITITIH
KOPCETTi.

Kazakcranma MyHmal TeXHONOTHSUIApD aliFalll peT TYTKBIPIBIFEI sxkorapel "Kaxaxon" (MaHFbicTay
00BICE) MyHal KeH opbIHIapblHAa KeITalimbelK [II¥CK-HBH Ti30ekTi keTekTepi OazachlHAa KOJAaHbLIA
Oactanel. AiTa KeTeTiH HOpCe, OHIIPY TEXHOJOTHSACHI, MYHAMIAPBIHBIH KacHETTepi MEH T'€OJIOTHSIIBIK-
TEeXHUKAIBIK JKaFJainapel OOMBIHIIA KOFaphlaa aTanFanra ykcac Kasakcranna 6acka 1a KeH OpBIHAAPBIHBIH
0ap exengiri. Ocer ke opsiHAapeiHAa ¥ CK TXK xonmany yHFpIManapabl Haianany THIMIUTITIH apTThIpy
OOMBIHIIIA eJIeyJIl HOTHXKEeep Oepepi co3cis.

Bypbia conapl xyprizinren 3eprreynepai tangay, 1)K e3iHiH apTHIKIIBUIBIKTapbiHaH Oacka, OipkaTap
KEeMIIUTIKTEePiHiH Je 0ap eKeHIITiH KOpCeTTi, aTan alTKaH/Aa, eH aJIbIMEH, OJIapAblH KaTapblHa, THHAMHUKAIBIK
KYKTEMENEepIiH TYCYIHeH TYBIHIAUTHIH, ocipece TYpISHAIpY MEXaHN3Mi MYIIENepiH OipiKTipy KepiepiHae
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JKOHE OHBIH 06JICK YK KOTEpPIilll 3JIEMEHTTEPIHC YKOFAPhI TO3Y TOPANTAPBIHBIH OONYBIH XKATKbI3yFa O0MaIbl.
by kemmrimiktep Y CK-HBIH mafiganany epeKIIeTiKTEPiH eCKepe OTHIPHII, Ti30eKTi Oepilic KYPBUIBIMBIHBIH
TIPEeK 3JICMEHTTEPiH OCepIKTiIKKe Oaraiay IbIH FHUIBIMH HETI3CITeH 9MICTEPIH a31piey il KaKeT eTel.

Byn xymbicta, HI¥CK TX-HiH XYK KOTEprilll 3JIEMEHTTEPiHEe TUHAMHKAIIBIK KYIITEP 9CEpP €TKEH
Ke3JIeTi oJapblH KYMBIC KaOUIETTIriH KaMTaMachl3 eTyAiH Heri3ri MPUHIUIITEP] aBTOPIapMEH HET13/elTeH.

Tyiiin ce3mep: Ti30exTi Oepiiic, poNUKTI Ti30€K, KepycTi TIZ0EKTI KETEKTep, IITAHTATbl YHFIMAJIBIK
COPFBI KOHJIBIPFBICHI, )KOFAPhI TYTKBIP MYHaH, JMHAMUKAJIBIK KYIITEDP, KEpHEYJIi fehopMalsIaHFaH KYH, YK
KOTEPTilll JIIEMEHTTED.

Axmetos C.M.Y", Axmeros H.M.!, 3aiinemona ’.K.!, Hknacosa %K.V.!, Mxcanos E.Y.?

' Ateipayckuit yauBepcuter Hedtn u raza um. C. YreGaesa, ATsipay, Kazaxcran;
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E-mail: axmetov_aing@mail.ru

PABOTOCHOCOBHOCTb HABEMHBIX HHEINTHBIX ITPUBO/1OB LITAHI'OBBIX HACOCHBIX
YCTAHOBOK JJIA JOBbIYU BBICOKOBSA3KOU HE®THU

AHHOTAUMsA: B OCBOCHUU MECTOPOKICHHHA HA TIO3MHEH CTamuu pa3paboTKH, 0OCOOCHHO IPH AOOBIUE
BBICOKOBSI3KOW HE()TH B OCIIOKHEHHBIX YCJIOBUSAX JKCIUTyaTallid, OCTPO BCTA€T BONPOC O IMEPECMOTpEe U
BbIOOpE TEPCHEKTUBHBIX TEXHUKH W TEXHOJOTMH, OOECHECUMBAIOIINX TMOBBIIIEHHE J(PPEKTUBHOCTH
MIPOM3BOZCTBA YIJIEBOJOPOIHOTO CHIPbS INPH MHHHMAIBHBIX 3aTpaTax CpelCTB. BBICOKOBs3kas He(Th
BCTpeUaeTCs He TOJIBKO Ha MO3JHEeH cTaauy pa3padOTKH, HO M MPH OCBOCHUH HOBBIX MECTOPOKIACHHUN, O YEM
CBHUJIETETILCTBYIOT aHAIN3 AeATeNbHOCTH HedTenoOpBatomux npeanpuatuii Kazaxcrana u Poccun, a taxxke
HEKOTOPBIX KOMIIaHUH JalbHEro 3apyOexKbs.

OmbIT paboThl HAYYHO-POSKTHBIX OPTaHMU3AIlMil W MPOM3BOICTBEHHBIX OOBbeAMHEHHMH TarapcraHa,
OJHOTO M3 OCHOBHBIX HE(TSIHBIX pEruoHOB Poccuu, mMmoka3zan MEpCHEKTUBHOCTh NPHUMEHEHHS B
Mectopoxkaenusix OAO «Tarnedtb» wnenneix npuogoB (LII) B cocraBe miIyH)XEpPHBIX IITAHTOBBIX
CKBaXMHHBIX HACOCHBIX ycTaHOBOK (ILICHY) BMecTo mpHUBBIYHBIX OalaHCHPHBIX cTaHKOB-Kavaok (CK).

B Kazaxcrane Takvue TEXHOJIOTUHW BIIEPBBIE HAYAIM MPUMEHATHCS HA MECTOPOXKICHHUSX BBICOKOBSI3KOM
Heptn «Kana sxom» (Manrucrayckas ob6nacte) Ha 0Oase uenHeix mnpuBonoB UHICHY  kutaiickoro
npousBozcTBa. Cieayer OTMETHTh, uyTo B KasaxcraHe MMEIOTCS TakkKe U Ipyrue MECTOPOXKICHHUS, KOTOPbIE
[0 TEXHOJIOTUH JOOBIYM, CBOMCTBaM HEPTH ¥ TeO0JOrO-TEXHHYECKHM YCJIOBHAM HACHTHYHBI C
BeinieHa3BaHHbIM. [Ipumenenne LT IIICHY Ha 5THX MecTOPOXKAEHUSX Aai Obl 3HAYUTEILHBIE PE3yIbTAThI
10 MOBBIMIEHHIO 3PPEKTUBHOCTH IKCILTyaTalluH CKBa)KUH.

AHanu3 TIpOBE/IEHHBIX paHee UCCIEAOBaHUH IMMOKa3alH, YTO, MOMUMO AOCTOWHCTB, LII1 mmeroT psin
HEJO0CTaTKOB, KOTOPHIE, TIPEXK/IE€ BCET0, 3aKIF0YAOTCS B HATMYMHN Y3JIOB MOBBIIIEHHOTO W3HOCA, 0COOEHHO B
MeCTax COWICHEHHs MpeoOpasylolero MexaHu3Ma M OTHEIBHBIX €ro HECYIIMX 3JIEMEHTOB, KOTOpBIC
00yCIIOBIIEHBI TMHAMHUYECKAMHU Harpy3kaMu. OTH HEJOCTaTKH TPEeOYIOT pa3paboTKH HaydYHO-O0OOCHOBAHHBIX
METOJIUK OIIEHKH HECYITUX 3JIEMEHTOB KOHCTPYKIIMH [IEITHOW TTepeIady Ha MPOYHOCTH C YI€TOM 0COOEHHOCTH
skcruryatarmu LHICHY.

B nannoii pabote aBTOpaMu 000CHOBaHbBI OCHOBHBIE MPUHLUIIBI 00ecnieueHus paborocnocodHocTr LIT
IICHY npu aeiicTBUY Ha HECYLIUE 3JIEMEHThl JUHAMUYECKUX HArPY30K.

KirodeBble cjoBa: 1enHas nepejnada, pojMKOBasi I€Nb, Ha3eMHBIE LIETIHBIE MPHUBOJBI, LITAHIOBAS
CKBR)XMHHAasg HACOCHAsl YCTAaHOBKA, BBICOKOBS3Kash He(QTb, AWHAMUYECKHE HArpy3KH, HalpsKCHHOE
ne(pOpMUPOBAHHOE COCTOSIHUE, HECYIITUE SJIEMEHTHI.
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