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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
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RESEARCH OF QUALITATIVE INDICATORS OF A GEAR PUMP WITH TWO-SHAFT
CONNECTION FOR PUMPING PETROLEUM PRODUCTS

Abstract. productive and uninterrupted operation of the chemical, oil, geological exploration and other
sectors of the national economy of the Republic of Kazakhstan directly depend on the quality of work of units
and assemblies of technological equipment, in particular, from hydraulic drives and hydraulic machines. The
development of the chemical technology of oil and gas cannot be carried out without the improvement and
automation of technological equipment, mechanisms and assemblies, which are accompanied by continuous
improvement of their design and the degree of use of hydraulic devices in them. The main units of each
volumetric hydraulic transmission used in the chemical technology of oil and gas are hydraulic pumps, gear
pumps (GP).

It was revealed that there is a problem of ensuring the quality of manufacturing of the GP, as a result of
which the GP do not always provide the required power and the working elements of the GP wear out rather
quickly, which leads to an unacceptable increase in leakage and a drop in volumetric efficiency. To solve the
above problems, the authors have developed a new design of the GP. This article presents the results of an
experimental study of the technical capabilities and technical indicators of GP with a biaxial connection. The

research was carried out within the framework of the grant NoAP09562459.
Key word. gear pump, power, biaxial compound, the temperature of the heating oil, the operating

pressure of the pump, the pump's performance.

Introduction and relevance of the study.
One of the fundamental sectors of the national
economy of the Republic of Kazakhstan is the
chemical, oil, exploration industries. Productive and
uninterrupted operation of the chemical, oil,
geological exploration and other sectors of the
national economy of the Republic of Kazakhstan
directly depend on the quality of work of units and
assemblies of technological equipment, in
particular, from hydraulic drives and hydraulic
machines. The development of the chemical
technology of oil and gas cannot be carried out
without the improvement and automation of
technological  equipment, mechanisms and
assemblies, which are accompanied by continuous
improvement of their design and the degree of use
of hydraulic devices in them. The main units of each
volumetric hydraulic transmission used in the
chemical technology of oil and gas are the pump,
control equipment, control equipment and power

actuators [1,2,3,4]. Compared to other components,
the reliability and durability of the hydraulic system
is of decisive importance for the reliability and
durability of the pump. In the above industries,
along with other types of hydraulic pumps, gear
pumps (GP) are widely used. To a large extent, this
is facilitated by the operational reliability of GP,
low demand for maintenance, ease of reversing,
compactness, low weight and low cost, which
distinguishes them favorably from other types of
volumetric hydraulic pumps [5,6,7,8]. The analysis
of the current state of production and quality
indicators of hydraulic machines in the conditions
of the above industries in the Republic of
Kazakhstan was carried out. At the factories,
materials were collected to clarify the performance
of hydraulic machines and their compliance with
their operational life, maintenance intervals, as well
as the reasons for premature failure. The results of
the analysis showed that the most common type of
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hydraulic machines is GP, as well as domestic
pumps and hydraulic machines, as a rule, do not
correspond to international dimensions and
parameters, do not have international quality
certificates and a developed maintenance system
[9,10,11,12]. It was revealed that there is a problem
of ensuring the quality of manufacturing of the GP,
as a result of which the GP do not always provide
the required power and the working elements of the
GP wear out rather quickly, which leads to an
unacceptable increase in leakage and a drop in
volumetric efficiency. To solve the above problems,
the authors have developed a new design of the GP
[13,14].

Organizing and conducting experimental
research to ensure high performance and
uninterrupted quality of the developed GP is an
urgent task.

Methodology, equipment, and planning
for experimental research. Experimental studies
of a GP with a biaxial connection were performed
in two stages: study of the state (technical
characteristics) of the GP with a biaxial connection
at the Ki-4200 stand [15,16,17,18,19,20]; study of
technical parameters of the GP with a biaxial
connection and the GP of a standard design. The
study of the state of the GP with a two-axis
connection was carried out at the stand KI-4200,
used in the scientific laboratory of the Department
of "Road construction machines" of KSTU. Figure
1 shows a photo of the KI-4200 stand.

a)
a-front view; b-side view (with fixed GP)
Figure 1-Photo of the KI-4200 stand

0)

To study the technical parameters of a GP
with a biaxial compound in comparison with a GP
with a typical design, a special stand was designed
and built at the base of the lathe [17]. Figure 2 shows

a photo of a General view of a lathe with a special
stand.

a-front view; b-top view; 1-lathe; 2-coupling
coupling; 3-bracket; 4-GP with biaxial connection;
5-HPH; 6-pressure gauge; 7-valve; 8-oil tank

Figure 2 - Photo of a General view of a lathe
with a special stand

To measure the oil temperature, a technical
glass thermometer of direct execution is used. In the
course of performing one-factor experiments, the
levels of variation of factors and their ranges were
clarified. The levels found that meet the
requirements for planning a multi-factor experiment
are a statistical model that allows us to determine
the analytical dependencies of the operating
pressure on the RPM of the GP pump at different
valve positions in the range of wvariation of
arguments under study. Analysis of the nature of the
obtained dependencies suggests that the response
surface can be described by a polynomial of the
second degree, since there is no reason to assume its
significant curvature, and the presence of paired
products in the polynomial is justified by the mutual
influence of arguments traced on the graphs. Thus,
a polynomial of the form is chosen as an
approximating dependence:

y=botb;-1+by-2+b3-3+bio-1:3+b3-1:3+by3-2-3
+bi1-12+byy-22+b33-32 (1)

The experiment was conducted according to
the program of Central compositional rotatable
planning of the second-order [21,22,23,24,25]. The
levels and intervals of factor variation accepted in
the studies are shown in table 1.

Table 1 - Levels and intervals of factor variation

Factor Code mark The range of Natural levels of factors
variation +1,682 +1 0 -1 -1,682
P, MPa X1 0,62 2,75 1,64 1,02 0,46 0,77
T, degree X2 0,08 0,34 0,20 0,12 0,05 0,08
n, min’' X3 0,20 1,00 0,60 0,40 0,20 0,34
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The experiment planning matrix is shown in table 2.
Table 2-Planning matrix and experiment results

Experience X() X1 X2 X3 X1X2 X1X3 X2X3 X12 X22 X32
Ne
1 +1 -1 +1 -1 -1 -1 +1 +1 +1 +1
2 +1 -1 +1 -1 -1 +1 -1 +1 +1 +1
3 +1 -1 -1 +1 +1 -1 -1 +1 +1 +1
4 +1 -1 -1 +1 +1 -1 -1 +1 +1 +1
5 +1 +1,86 0 0 0 0 0 2,829 0 0
6 +1 -1,628 0 0 0 0 0 2,829 0 0
7 +1 0 +1,682 0 0 0 0 0 2,829 0
8 +1 0 -1,682 0 0 0 0 0 2,829 0
9 +1 0 0 +1,682 0 0 0 0 0 2,829

Experimental study of the GP with a
biaxial connection. An experimental study of the
technical capabilities and technical indicators of the
GP with a two-axis connection was carried out on a
special stand installed based on a lathe (see Fig. 2).
Before starting the experiment, the reliability of
fixing the special coupling 2 to the machine
cartridge 1 and the test pump 5 to the bracket 3, as
well as fixing the flanges (suction and discharge),
were carefully checked. To check the reliability of
the experimental stand at low speeds, the test pump
was run in, and artificial pressure was created in the
system using the valve 9. During the inspection, no
oil leaks or air accumulation were detected in the
HPH 6, and the pressure gauge 8 was working
properly. Comparisons were made of the
technological parameters of the GP with a biaxial

connection with a standard GP-50U3 pump at the
same operating conditions. Experimental studies
were conducted in the following order. We started
the lathe 1, setting the rotation at 200 rpm. we fix
the start and end time of oil draining into the empty
half of the container 7, in three different positions
(open, half-closed and slightly open) of the valve 9
and record the readings of the pressure gauge 8.

Repeat the sequence of the experiment,
setting the turns of the series: 400, 800, 1000, 1600,
2000. This method was used to determine the pump
performance, the operating pressure in the system,
and the oil heating temperature. The results obtained
are listed in tables 3,4,5 and 6.

Table 3 shows the results of the study of GP-
50u3s with a biaxial connection.

Table 3-Results obtained in the study of GP-50U3 with a biaxial connection

Ne | The spindle| Starttime | End time of Total oil Volume of Oil
rotation, | of pouring, pouring, pumping time, pumped liquid,1 | temperature
RPM sec sec sec , °C
1 200 7 344 337 50 19
2 400 8 176,5 168,5 50 20
3 800 9 93 84 50 21
4 1000 2 65,2 67,2 50 21
5 1600 3 45 42 50 22
6 2000 6 39,5 33,5 50 23

Table 4 shows the results of the study of the standard GP-50U3.

Table 4-Results obtained in the study of the standard pump GP-50U3

No The spindle | Start time End time of Total oil Volume of Oil
rotation, | of pouring, pouring, pumping time, pumped temperature, °

RPM sec sec sec liquid, 1 C

1 200 9 355,5 346,5 50 21
2 400 10 183 173 50 21
3 800 11 108 97 50 23
4 1000 5 78,4 73,4 50 24
5 1600 8 56 48 50 24
6 2000 6 45,5 39,5 50 25
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Table 5 shows the results of the study of GP-50U3 with a biaxial connection.
Table 5 — Results obtained in the study of GP-50U3 with a biaxial connection at different valve positions

The valve position n, rev/min
200 | 400 | 800 | 1000 | 1600 | 2000
P, MPa
Open 1 2 4 5 8 9
Semi-closed 1,2 2,4 5,3 7 11,6 14,3

Table 6 shows the results of the study of the standard GP-50U3.
Table 6 — Results obtained in the study of a standard pump GP-50U3 at different valve positions

The valve position n, rev/min
200 | 400 | 800 | 1000 | 1600 | 2000
P, MPa
Open 0,75 1,6 3.8 4,5 7,4 8,2
Semi-closed 0,86 2,1 5,3 6,4 9 12,7
The dependence of the operating pressure on
the RPM of the GP pump at different valve positions 2
was evaluated by comparing two GP models: the ,
GP-50U3 with a biaxial connection and the standard
GP-50U3 pump. The results of the study of the
& i 2o /1 Pm

dependence of the working pressure values on the
pump rpm at different valve positions, as well as the
dependence of the oil heating temperature on the
pump rpm and the performance dependence on the
pump rpm, are shown in the graphs (figures 3 + 5).
The oil temperature was measured using a
thermometer to measure the oil temperature. Figure
3 shows graphs of the dependence of the oil heating
temperature on the RPM of the GP pump.

1-GP-50U3 with biaxial connection; 2-
standard pump GP-50U3

Figure 3-Graphs of the dependence of the oil
heating temperature on the RPM of the GP pump

Figures 4,5 show graphs of the working pressure dependence on the pump
rpm at different valve positions.

20 @0 ] mn 1om

1-GP-50U3 with biaxial connection; 2-standard pump GP-
5003
Figure 4-Graphs of the working pressure dependence on the
RPM of the GP pump when the valve is open

The dependence graphs have shown in
figures 4 to 6 show that the new design of the GP-
50U3 with a biaxial connection has better output
indicators in comparison with the standard GP-
50U3 pump. Regression analysis was used to obtain
a mathematical relationship between the operating
pressure and the RPM of the GP pump at different
valve positions in the studied range of argument
variation. As a result of processing the experimental
data, the coefficients of the regression equations

P MPa
L

BA
Ny

E &0 o0 B0 = /1 pm
1-GP-50U3 with biaxial connection;
2-standard pump GP-50U3
Figure 5-Graphs of the dependence of the
operating pressure on the RPM of the GP pump when
the valve is semi-closed

describing the operating pressure from the rpm of
the GP-50U3 pump with a biaxial connection and a
standard GP-50U3 pump are obtained. The
significance of regression coefficients at the 5%
significance level was evaluated using the Student's
criteria. After excluding insignificant coefficients,
the regression equation describing the operating
pressure from the pump rpm GP-50U3 with a
biaxial connection takes the form:

111




N EWS of the Academy of Sciences of the Republic of Kazakhstan

Vo=Bo-Bi'1+B»2-B3:3+B3-13 )
+By-22

The regression equation describing the
change in operating pressure from the rpm of a
standard GP-50U3 pump has the form:

Vo=Bo-B;1-B;,-2- 3)
B3:3+B121:2+B2-22+B51:3+B23:2-3

The coefficients of the regression equations
calculated using the method proposed in [18] are

presented in table 7. The transition from the coded
values of the factors to the natural ones, we obtain
dependencies describing the change in the working
pressure from the rpm for the NSH-50U3 with a
biaxial connection and the standard GP-50U3

pump:
X,= 15,4838 - 9,9555P + 22,6567T - (4)
13,7111ln +  24,8888P'n  +
297,5601T n.
X,= 55,3429-33,8327P - 78,1748T - (5)
84,0888n +453261Pn +

70,4173P-n + 159,2888 T n.

The results of the regression coefficient values are presented in table 7.

Table 7 - Value of regression coefficients

Variable of the Variable of the Value of the coefficient of the regression equation
regression equation regression equation GP-50U3 with biaxial standard pump GP-
connection 50U3
Bo 15,4838 55,3429
X B, -9,955 -33,8327
X2 B, 22,6567 78,1748
X3 Bs -13,7111 -84,0888
Xi-2 Bz - 45,3261
Xi-3 Bz 24,8888 70,4173
X523 Bos - 159,2888
X B2 297,5601 -

Testing the hypothesis of adequacy of models
(4) and (5) showed their adequacy at a 5%
significance level since the calculated value of the
Fisher criterion is less than the table value. A
comparison of the refinement coefficients showed
that the average created operating pressure of the
GP-50U3 with a biaxial connection is 1.39 times
greater than the standard GP-50U3 pump (see tables
3;4).

Conclusions

1. The results of the study showed that a
promising direction in the chemical, oil, geological
exploration and other sectors of the national
economy of the Republic of Kazakhstan is the use
of gear pumps. In the course of the research, defects
in the design of the GP were revealed, which
negatively affect the productivity and quality of
work. To solve this problem, a new GP design with
a biaxial connection is proposed.

2. The results of experimental studies on the
laboratory stand KI-4200 showed the efficiency of
the proposed design of the GP pump with a biaxial
connection. At the same time, the lowest value of
the volume efficiency range is 0.83 with the number
of pulses in 1151, which corresponds to the values
of technical indicators for a standard GP.

3. The obtained values of the working
pressure created in the proposed design of the GP
pump with a biaxial connection at different valve
positions showed that their value is on average 1.39
times greater than the value of the working pressure
of the standard GP. This is due to the large contact
spot and the uniform load distribution between the
gear teeth in a two-axis GP.

4. A slight increase in the oil heating
temperature (by 1.8-2°C) in the GP with a biaxial
connection in comparison with the standard GP
does not affect the performance of the pump, as
shown in figure 3, and with an increase in shaft
rotation, the performance of the GP with a biaxial
connection increases.

5. Regression equations describing the
changes in the operating pressure rpm pump GP-
50Y3 with biaxial compound have shown their
adequacy at 5% significance level because the
calculated value of Fisher criterion is less than the
table therefore, we can conclude that the new design
GP-50Y3 with biaxial compound in comparison
with a standard pump GP-50Y3 has the best
technical (output) indicators.
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MYHAM OHIMJIEPIH AHIAYFA APHAJIFAH EKI OChTI KOCBLIBICKA
HE TICTEI'EPIII COPYBICBIHBIH CAITAJIBIK KOPCETKILITEPIH 3EPTTEY

Annotanms. Kazakcran PecmyOnmkachl XanblK MapyanIbUIBIFBIHBIH HETI3T1 callanapbHBIH Oipi
XUMHSI, MYHal, TeoJIOTHsIIBIK Oapray camanapsl Oonbin TaObuiaapl. Kasakcran PecmyOnmuKackIHBIH XUMUS,
MYHa#, reoJIOTHsUTBIK OapIiay skoHe 0acka Jia XaJblK NIapyallblIbIFbl canalapblHbIH OHAIPICTIK XKOHE Y3IIKCi3
KYMBICBI TEXHOJOTHSUIBIK >KaOJBIKTBIH TOPANTapbl MEH arperarTapblHbIH, aTal alTKaHAa, THAPOKETEKTEP
MEH I'HIPOMAaIIHHANAPIBbIH )KYMBIC CallachlHa TiKeJeld OallnaHbICTHI.

MyHaii MeH ra3iblH XUMHSJIBIK TEXHOJOTHACHIH JaMBITyAbl TEXHOJIOTHSIIBIK >KaOIBIKTAP.IH,
MeXaHU3MJIEp MEH arperartap/bl JKeTUIAIpyci3 )KoHEe aBTOMATTaHABIPYChI3 JKY3€re acklpy MyMKiH eMec, ojap
OJIapAbIH KOHCTPYKLMSCHI MEH TI'MIPABIMKAJbIK KYPBUIFBUIApABl TMalAalaHy IOpeXeciH Y3IiKci3
KETUTNIPYMEH KaTap XKypei.

MyHaii MEH Ta3jiblH XUMHSUIBIK TEXHOJOTHICHIHAA KOJJAHBUIATEIH opOip KejemIi Tuapo OepyidiH
HETI3Ti TYHiIHIEepl COPFHI, OaKbpUIaYy-pPEeTTey amnmapaTypachl, 0ackapy armmapaTypachl XKoHE KYIITIK aTKapyIIbl
arperarrap OOJBIN TaOBUIAABL. | MAPOXYHEHIH CEHIMIUTITT MEH y3aK Mep3iMIUTiriaaeri 6acka TyHiHIepMeH
CaITBICTBIPFaHja COPFBIHBIH CEHIMIUTIT MEH Y3aK Mep3iMIUIIri eTe MaHbI3bl. JKoFaphia aTanFaH cananapaa
THIPaBIMKAJIBIK COPFBIIAPABIH Oacka TypiiepiMeH Karap TicTi coprbuiap (TC) keHiHeH KongaHbansl. byran
TC mafimamany CeHIMAUTITI, oJlapFa KYTIM JKacayOblH TOMEH TaJlallTaphl, KOHBEPCHSIAYIbIH
KapanaibIMABUTBIFBI, BIKIIAMIBUTBIFEL, JKEHIJ cajMarbl )KoHE TOMEH KYHBI BIKIaJ eTe/li, OyJ oJapAbl KeJaeMai
THIPOCOPFBIITApABIH 0acka TypJiepiHeH epeKLIeTIeHIipeai.

Kazakcran PecryOnuKkachIHBIH KOFapblia KOPCETUINeH eHIipicTepi KarmaWblHAA THUAPAaBIMKAIIBIK
MallIMHAJapABIH OHIIPICTEepiHIH Ka3ipri kai-KyHiHe >KOHE calaliblK KOpPCeTKIITepiHe Tauaay >KYpri3iifi.
3aysITTap/a FUAPABIMKAIIBIK MAIIMHATAPABIH OHIMIUIITIH )KOHE OJIapblH MalajlaHy Mep3IMiHE COMKECTIriH,
TEXHHUKAJIBIK KbI3MET KOPCETY MEp3iMiH, COHAal-aK Mep3iMiHeH OypbIH Oy3bUTy ceOenTepiH HaKThUIay YIUiH
MaTepuaiap KuHaapl. Taimjiay HOTHXKelepi THAPaBIUKAIBIK MallWHANIApAbIH eH Ken TapanraH Typi TC
€KEHIH KOPCEeTTi, COHBIMEH KaTap OTaH/IbIK COPFBUIAP MEH THAPABIMKAIBIK MAlTMHAIAD, SJCTTE, XaIbIKAPaIIbIK
eJILIEMIEp MEH IapaMeTpiepre coiKec KeIMeWal, XalblKapajblK carma cepTU(QHUKATTapbl MEH JAaMbIFaH
TEXHHUKAJBIK KbI3MET KepceTy xyHeci >kok. TC maliplHmay camacklH KaMTamachbl3 €Ty mpoOiiemachl 6ap
€KEHJIIT1 aHBIKTaIb], HoTHkeciHae TC opaaiibIM KaXKeTTi KyaTThl KaMTaMackl3 eTe Oepmeiini xoHe TC sxyMbIC
oprasjapbl Te3 To3a[bl, OyJ aFblll KETYAiH KOJIAChI3 ©CyiHe >KOHE KeJeMIIK THIMAUIIKTIH TeMeHAeyiHe
okeseni. XKorapblna atanrad Mocesenepai menty yiril apropiap TC-HblH KaHa AU3aiiHBIH JKacabl.

By makanana exi KocsubIchkl 0ap TC TeXHUKAIBIK MYMKIHAIKTEpl MEH TEXHUKAIBIK KOPCETKIIITEPiH
IKCIIEPUMEHTTIK 3epTTey HoTMKeNepi kenTipiareH. Koc ockTi Kochuibickl 0ap TC TeXHUKATBIK MyMKIHIIKTEPI
MEH TEXHHKAJBIK KOPCETKIIITEpiH 3KCIEPHUMEHTTIK 3€pTTey TOKApJbIK CTAaHOK Oa3achblHIa OpHATBHUIFaH
apHaWBI CTEH/ITE JKYPTi3iii.

OKCHNEPUMEHTTIK CTEHATIH TOMEH >KbUIIaMIBIKTa JKYMBIC iCTEY CEHIMJIUIMH TeKCcepy YLIIH ChIHAK
CODPFBICHI TOCEJII, Al KYHene bICHIpMa KeMETiMeH jKacaH bl KbICBIM Kacaiasl. Tekcepy OapbicbiHIa MailAbIH
arybl JKOHE JKOFapbl KbICHIM/IBI J)KEHAEP/IC aya >KUHAIybl OaiiKaaMaasl, MAaHOMETP Oypbic xkyMbIc icteai. TC
TEXHOJIOTHSIIBIK, KOPCETKIIITEpiH Oipaeit sxymbic pexxumaepinae TC-50Y3 craHmapTThl COPFRIMEH KOC OCBTI
KOCYMEH CaJIbICTBIpY KYprizinai. KinanmanHelH opTypii mo3unmsuiapbiaaa Ounakcuanipl KocbulbiMbl O6ap TC
CODPFBICBIHBIH YCHIHBUIFAH IU3aiHbBIHIA KAaCAJIFaH KYMBIC KbICBIMBIHBIH AJIbIHFAH MOHAEP] OJlapAbIH OpTala
MoHi cTanaapTThl TC-marsl >KYMBIC KBICKIMBIHBIH MoHIHEH 1,39 ece ken ekeHiH KopceTTi. byt yiukeH Ty#icmerni
HYKTETe JXoHE €Ki OChTi KOChUIbIMBI Oap TC-ma penyKTopiapIblH TicTepl apachbIHIAFbI JKYKTiH OipKenki
OeJiHyiHe OalTaHBICTHI.

ApPryMeHTTEepiH TYPJCHY1HIH 3epTTEIETiH AUana30HbIHA BICBIPMaHBIH 9PTYPJIi MO3ULMSATIAPBIHAAFbI
TC cOpFBICHIHBIH aifHATBIMBIHAH KYMbBIC KICBIMBIHBIH apachlHAaFbl MATEMATHKAJIBIK OaiIaHbICThI ATy YIIiH
PETPECCHSIIBIK  TalNay KOJAAHBULABL OKCHEPUMEHTTIK MoJiMerTepli eHaey HoTmkecinae TC-50Y3
CODPFBICBIHBIH OHakcHaiabl KOCbUIBIMBI Oap sxkoHe TC-50Y3 craHmapTThl COpPFbICHI 0ap >KYMBIC KbICHIMBIH
CUTIATTaNTBIH perpeccus TeHAeyIepiHiH K03 puurenTTepi ansiHAbL. 5% MaHBI3ABUIBIK IEHIeHiHIe Perpeccus
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KO3 UIIUEHTTEPiIHIH MaHBI3ABUIBIFEIH Oaranay CTelofeHTa Kpurepuidi OoiprHma xyprizinmi. KM-4200
3epTXaHAIBIK CTCHIIHIET] SKCIIEPUMEHTTIK 3epTTEYJICPAiH HOTHKEIEPi YCHIHBIIFaH OMaKCHAIIBI KOCHIITBIMBI
0ap TC copfbl MU3alHBIHBIH THIMAUIITIH KepceTTi. by perre, kenemaik [TOK kartapbIHbIH €H TOMEHIT MOHI
1151 ummynsctap cansl kesinge 0,83 kypaiiapl, Oy cranaaptTel TC yIIiH TEXHHUKAIBIK KOPCETKIIITEPAiH
MoHzepiHe cotikec keneni. 3eprrey Ne AP09562459 rpaHT asichlHAa OPBIHANIBL.

Tyilin ce3aep. TicTerepimTi COPFBI, KyaThl, €Ki OChTI KOCBUIBIM, MaWIbIH KBI3y TEeMIIEpaTypachl,
COPFBIHBIH JKYMBIC KbICHIMBI, COPFBIHBIH ©HIMILTIT.

Illepos A.K.%, Illepos K.T.%, Cuxumoaes M.P.5, A6caanixos b.H.*, Kyanos U.C.5
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*KaparaHauHCKHi TexHUYecKuil yauBepcuTeT, Kaparanna, Kasaxcran;
’KaparanauHCKHi SKOHOMHYeCKnii yHuBepcuTeT KasnorpeGeorosa, Kaparanna, Kazaxcran;
*MHCcTHTYT XUMHUYecKHX Hayk uMeHu A.B. Bekryposa, Anmatsl, KazaxcraH.

E-mail: knyazluni@mail.ru

HCCJEJOBAHUE KAYECTBEHHBIX IOKA3ATEJENA HACOCA HIECTEPEHHOI'O
C IBYXOCHBIM COEJMHEHUEM JJIs1 TIEPEKAYKU HE®TEIIPOAYKTOB

AHHOTAUMS. OJHMUMH W3 OCHOBOIIOJIATAIONINX OTpacieii HapOIHOTO XO03sicTBa PecmyOmukm
Kazaxcran sBIAIOTCA XUMU4YECKas, HE(TsIHAs, T€0JIOTOpa3BelouHas oOTpaciu. [Ipou3BoaWTENbHAS U
OecriepeOoifHas paboTa XUMHUYECKOH, He(DTSIHOMN, TeoJIoropa3BEeNOYHON M APYTHX OTpaciied HapoIHOTO
xo3siictBa PecnyOnmmkm  Kazaxcran HampsMyro 3aBHUCST OT KadecTBa palOOTBI Y3JI0OB M arperaTtoB
TEXHOJIOTUYECKOro 000y I0BaHMsI, B Y4CTHOCTH OT THPOIPUBOIOB U TUAPOMAIIIHH.,

PasButne XMMHUYEeCKOW TEXHOJOTMM He(pTH © Ta3a HEBO3MOXHO OCYIIECTBUTh  0€3
COBEPIIICHCTBOBAHUS W aBTOMATH3AlHA TEXHOJOTHYECKOTO OOOpYIOBaHWS, MEXaHH3MOB M arperaros,
KOTOpBIE  COIMPOBOXKIAIOTCS HENPEPBIBHBIM  YCOBEPLIEHCTBOBAHMEM WX KOHCTPYKIMM M CTENEHU
HCIIOJIb30BaHUS B HUX TUAPABINYECKUX YCTPOUCTB.

OCHOBHBIMH y3J1aMH KaXI0H 00bEMHOM THIPOTIepeIauH, HCIIOIb3YEMBIX B XUMHUYECKOH TEXHOIOTHH
HepTH W Ta3za, SABIAIOTCS HACOC, KOHTPOJLHO-PETYIUPYIOMIAs amnmaparypa, anmaparypa yIpaBJICHUS U
CUJIOBBIE UCITOJIHUTENbHBIE arperathl. 110 cpaBHEHHIO ¢ IPYTHMMU y3JaMU B HAJEKHOCTH U JOJITOBEYHOCTH
paboThl THAPOCUCTEMBI HAJC)KHOCTH W JIOJITOBEYHOCTh pabOThI HAcOCa MMEET peliaroliee 3HadeHue. B
BBILLIEYKA3aHHBIX OTPACIAX HapsAly C JAPYTMMHU THUIAMHU THAPABIMYECKUX HACOCOB HIMPOKO MPUMEHSIOTCS
mecrepennble Hacockl (HII). B 3HaunTensHON Mepe 3TOMY CIOCOOCTBYET IKCIUTyaTallMOHHAsT HAJEKHOCTD
HII, nHeBbicokas TpeOOBATENHLHOCTh B OTHONICHWM YyXOJa 33 HUMH, MPOCTOTAa PEBEPCHPOBAHUS,
KOMITaKTHOCTh, MaJIbIi BEC M HEOOIBIAsi CTOMMOCTbD, YTO BBITOJJHO OTIMYAET UX OT JIPYTHX THIIOB O0BEMHBIX
rUJpoHacocoB. bbUT MpoBejieH aHaIM3 COBPEMEHHOT'O COCTOSIHUS POU3BOCTB M KaU€CTBEHHBIX MTOKa3aTeen
THJIPABIIMYCCKUX MAIIMH B YCIOBHUSX BBIIICYKa3aHHBIX MPou3BoAcTB PecnyOnmuku Kazaxcran. Ha 3aBomax
ObuUTH COOpaHbl MaTepualbl JUISi YTOYHEHUS TMPOHU3BOJUTENHFHOCTH PabOTHI THUAPABIMYECKUX MAIIWMH U
COOTBETCTBHSI MX IKCIUTYaTAITMOHHOMY CPOKY, IIEPHOJTUKH TEXHHIECKOTO OOCITYKUBAHUS, a TAKKE TPUINHBI
MPEXKJEBPEMEHHON TOJIOMKH. Pe3ynbrarhl aHalin3a IOKa3ajd, YTO CaMblM pPacHpOCTPaHEHHBIM BUIOM
ruApapiudeckux MamuH siBisiercst HI, a Takyke oTeuecTBEHHBIE HACOCHI M THAPOMAIIIUHBL, KaK MPaBUJIO, HE
COOTBETCTBYIOT MEXAYHApOJHBIM pa3MepaM H TapaMeTpaM, He HMEIOT MEXIyHapOTHBIX CepTH(HUKATOB
KauecTBa M Pa3BUTON CHCTEMbI TEXOOCIy)KMBaHUSA. BBISBIEHO, UTO CYIIECTBYET MpobiieMa oOecreueHus
kauectBa usrorosnenus HII, B pesynsrare uero HIIl He Bcerma oOecrneduBaroT TpeOyeMyr MOIIHOCTh U
paboune opransl HII m3HammBaroTcs MOBOJIBHO OBICTPO, YTO MPUBOAUT K HEIOMYCTUMOMY BO3PACTAHUIO
yTedek u manennto oosemuoro KI1JI. J{ns pemenns BeIeyka3aHHBIX MpobiieM, aBTopaMu pa3zpaboTaHa HOBas
koHcTpykuus HIIL.

B nanHOW cTaThe NPUBOAATCS PE3YJIbTAThl AKCIEPUMEHTANIBHOIO HCCIEIOBAHUS TEXHUYECKUX
BO3MOXKHOCTEH W TexXHW4YecKknx mokazarened HIIl ¢ IBYXOCHBIM cOeqWHEHHEM. ODKCIEPUMEHTAIEHOE
HCCIIEIOBAHNE TEXHUYECKUX BO3MOXKHOCTEN U TexHuueckux nokaszareneit HIII ¢ 1ByXOCHBIM COEIMHEHUEM,
MPOBEJICHO Ha CICIUAIBHOM CTCHJIC, YCTAaHOBJIGHHOTO Ha 0a3e TOKapHOro cTaHka. l[lepen Hauaiom
MIPOBEJICHUST JKCIEPUMEHTa TINATENbHO OBUIM TPOBEPEHBl HAACKHOCTh 3aKPeIUIeHHs CIeIHaTbHON
COCIUHMUTEIHLHON MY(THl B AaTPOH CTaHKAa M HMCIBITYEMOI0 Hacoca Ha KPOHIITEHH, a TaKXKe 3aKpeIuieHue
(bnanieB (BcachiBaHUE W HarHeraHue). s MpOBEPKU HAICKHOCTH PabOTHI SKCIIEPUMEHTAIBHOTO CTCH]IA Ha
MaJbIXx 000poTax ObUT OOKAaTaH UCHBITYEMBI HAacoC, MPHU 3TOM CO3/1aBajiOCh MCKYCCTBEHHOE JaBJICHHE B
CHCTEMe C TIOMOIIIO 33/IBIDKKH. B X071e poBepKH He OBLIO 0OHAPYKEHO YTEUKH Macia ¥ CKOIUIEHHUS BO3/IyXa
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B pyKaBax BBICOKOTO [aBJICHHS, MaHOMETp paboTan ucnpaBHO. bbuUM TIPOM3BENEHBI CpaBHEHUS
TexHonornueckux mnokasareneil HIII ¢ nByxocHbIM coennHeHueM co ctanaapTHbiM HacocoMm HIII-50Y3 Ha
OMHUX W Tex e pabounx pexumax. [lomyueHHble 3HauyeHHs1 paboyero NaBICHUS, CO34aBaeMOr0 B
npeanaraeMoii KoHCTpykuuu Hacoca HIII ¢ ABYXOCHBIM COEAMHEHHEM IIPU Pa3IMYHBIX MOJOKEHUAX
3aJIBUKKH MTOKA3aJIH, YTO MX BEeJIMYWHA B cpefHeM B 1,39 pa3 Oorbliie, yeM BelnnuuHA pabOyero JaBIICHUS y
craggaptaoro HIII. DT1o oOBsicHAETCSs OONBIIMM MSATHOM KOHTAaKTa W PaBHOMEPHBIM paclpeleicHHEM
Harpy3ku Mexny 3yObsimu 1mectepeH B HIII ¢ nByxocHBIM coeanHeHHeM. JIJisl MOMy4eHus] MaTeMaTHYeCKOH
3aBHCHMOCTH MEXIy pabouero maaBieHusi or 00oporos Hacoca HIII npu pa3nuyHbIX TOT0KEHHUIX 33 IBUKKH
B HCCIEAYEMOM JHMAala30HE BapbUPOBAHUS APrYMEHTOB HCIIOJIB30BAJICS PErpEeCcCCUOHHBIA aHanu3. B
pe3yibpTaTe 00pabOTKH SKCIEPUMEHTATLHBIX JAHHBIX IMONMy4YeHBI KOX(h(UIMEHTH YpaBHEHUN perpeccuu,
ONMHMCHIBAaKOIIME paboyero naBieHus ot o0opoToB Hacoca HIII -50Y3 ¢ AByXOcHBIM coeqUHEHHEM U
cramaptHeiM HacocomM HII-50Y3. Onenka 3HaunMocTH KO3 GUIMEHTOB perpeccuul mpu 5%-HOM ypOBHE
3HAYUMOCTH TIPOU3BOIMIACE O KpuTepuio CThIoNeHTa. Pe3ynbTaThl SKCIIEPUMEHTAIBHBIX UCCIICIOBAaHUI Ha
naboparopHoM cteHae KN-4200 moka3piBain paboTOCIOCOOHOCTD NpeanaraeMoii KOHCTpYKuuu Hacoca HILI
C IIBYXOCHBIM coenuHeHueM. [Ipu aToM, camoe MuHNManbHOE 3Ha4YeHue psaga oovemHoro KIIJl cocraBnser
0,83 npu uymcne ummysbcoB 1151, 4YTO COOTBETCTBYET 3HAYECHHSIM TEXHUYECKHX IIOKazaTeled s
cragaaptaoro HII. MccnenoBanue BeIMOTHEHO B pamkax rpanta Ne AP09562459.

KuroueBble ¢j10Ba. HACOC LIECTEPEHHBIN, MOILIHOCTb, IBYXOCHOE COCAMHEHHE, TEMIIEpATypa HarpeBa
Macia, pabodee qaBIeHHE Hacoca, TPOU3BOIUTEIHHOCTh HACOCA.
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