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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.

Қазақстан Республикасы Ұлттық ғылым академиясы «ҚР ҰҒА Хабарлары. Геология және 
техникалық ғылымдар сериясы» ғылыми журналының Web of Science-тің жаңаланған 
нұсқасы Emerging Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. Бұл 
индекстелу барысында Clarivate Analytics компаниясы журналды одан әрі the Science Citation 
Index Expanded, the Social Sciences Citation Index және the Arts & Humanities Citation Index-ке 
қабылдау мәселесін қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар мен 
мекемелерге контент тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. Геология және 
техникалық ғылымдар сериясы Emerging Sources Citation Index-ке енуі біздің қоғамдастық 
үшін ең өзекті және беделді геология және техникалық ғылымдар бойынша контентке 
адалдығымызды білдіреді.

НАН РК сообщает, что научный журнал «Известия НАН РК. Серия геологии и технических 
наук» был принят для индексирования в Emerging Sources Citation Index, обновленной версии 
Web of Science. Содержание в этом индексировании находится в стадии рассмотрения 
компанией Clarivate Analytics для дальнейшего принятия журнала в the Science Citation Index 
Expanded, the Social Sciences Citation Index и the Arts & Humanities Citation Index. Web of 
Science предлагает качество   и  глубину   контента   для   исследователей,  авторов,  
издателей  и  учреждений. Включение Известия НАН РК. Серия геологии и технических 
наук в Emerging Sources Citation Index демонстрирует нашу приверженность к наиболее 
актуальному и влиятельному контенту по геологии и техническим наукам для нашего 
сообщества.
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Бас редактор
ЖҰРЫНОВ Мұрат Жұрынұлы, химия ғылымдарының докторы, профессор, ҚР ҰҒА академигі, 

Қазақстан Республикасы Ұлттық Ғылым академиясының президенті, АҚ «Д.В. Сокольский атындағы 
отын, катализ және электрохимия институтының»  бас директоры (Алматы, Қазақстан) H = 4

Редакциялық алқа:
ЖӘРМЕНОВ Әбдірәсіл Алдашұлы, техника ғылымдарының докторы, профессор, ҚР ҰҒА 

академигі, ҚР минералдық шикізатты кешенді қайта өңдеу жөніндегі Ұлттық орталығының бас 
директоры (Алматы, Қазақстан) H = 4

КҮЛДЕЕВ Ержан Итеменұлы, геология-минералогия ғылымдарының кандидаты, 
қауымдастырылған профессор, Қ.И. Сатпаев атындағы  ҚазҰТЗУ Корпоративтік даму жөніндегі 
проректоры,  (Алматы, Қазақстан) H = 3 

ӘБСАМЕТОВ Мәліс Құдысұлы,  геология-минералогия ғылымдарының докторы, профессор, 
ҚР ҰҒА академигі, «У.М. Ахмедсафина атындағы гидрогеология және геоэкология институтының» 
директоры (Алматы, Қазақстан) H = 2

ЖОЛТАЕВ Герой Жолтайұлы, геология-минералогия ғылымдарының докторы, профессор,               
Қ.И. Сатпаев атындағы геология ғылымдары институты-ның директоры (Алматы, Қазақстан) Н=2

СНОУ Дэниел, Рһ.D, қауымдастырылған профессор, Небраска университетінің Су ғылымдары 
зертханасының директоры (Небраска штаты, АҚШ) H = 32

ЗЕЛЬТМАН Реймар, Рһ.D, табиғи тарих мұражайының Жер туралы ғылымдар бөлімінде 
петрология және пайдалы қазбалар кен орындары саласындағы зерттеулердің жетекшісі (Лондон, 
Англия) H = 37

ПАНФИЛОВ Михаил Борисович, техника ғылымдарының докторы, Нанси университетінің 
профессоры (Нанси, Франция) Н=15

ШЕН Пин, Рһ.D, Қытай геологиялық қоғамының тау геологиясы комитеті директорының 
орынбасары, Американдық экономикалық геологтар қауымдастығының мүшесі (Пекин, Қытай) H = 25

ФИШЕР Аксель, Ph.D, Дрезден техникалық университетінің қауымдастырылған  профессоры 
(Дрезден, Берлин) Н = 6

КОНТОРОВИЧ Алексей Эмильевич, геология-минералогия ғылымдарының докторы, 
профессор, РҒА академигі, А.А. Трофимука атындағы мұнай-газ геологиясы және геофизика 
институты (Новосибирск, Ресей) H = 19

АБСАДЫКОВ Бахыт Нарикбайұлы, техника ғылымдарының докторы, профессор,  ҚР ҰҒА 
корреспондент-мүшесі, А.Б. Бектұров атындағы химия ғылымдары институты (Алматы, Қазақстан) H = 5

АГАБЕКОВ Владимир Енокович, химия ғылымдарының докторы, Беларусь ҰҒА академигі, 
Жаңа материалдар химиясы институтының құрметті директоры (Минск, Беларусь) H = 13

КАТАЛИН Стефан, Рһ.D, Дрезден техникалық университетінің қауымдастырылған профессоры 
(Дрезден, Берлин) H = 20

СЕЙТМҰРАТОВА Элеонора Юсуповна, геология-минералогия ғылымдарының докторы, 
профессор, ҚР ҰҒА корреспондент-мүшесі, Қ.И. Сатпаев атындағы Геология ғылымдары институты 
зертханасының меңгерушісі (Алматы, Қазақстан) Н=11

САҒЫНТАЕВ Жанай, Ph.D, қауымдастырылған профессор, Назарбаев университеті (Нұр-
Сұлтан, Қазақстан) H = 11

ФРАТТИНИ Паоло, Рһ.D, Бикокк Милан университеті қауымдастырылған профессоры (Милан, 
Италия) H = 28
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Тақырыптық бағыты: геология, мұнай және газды өңдеудің химиялық технологиялары, мұнай 
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Р е д а к ц и о н н а я   к о л л е г и я:
ЖАРМЕНОВ Абдурасул Алдашевич, доктор технических наук, профессор, академик НАН РК, 

генеральный директор Национального центра по комплексной переработке минерального сырья РК 
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ШЕН Пин, Ph.D, заместитель директора Комитета по горной геологии Китайского геологического 
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METHOD FOR SELECTING THE LOCATION OF THE CLEARANCE 
FIELDS OF THE LANDING SURFACES OF GEAR PUMP PARTS WITH A BIAXIAL 

CONNECTION

Abstract. One of the types of volumetric pumps is a gear pump designed for pumping oil and petroleum 
products that have a lubricating ability, without mechanical impurities and do not cause corrosion of the 
pump’s working bodies, as well as for pumping light-duty liquids and diesel fuel. The authors have developed 
a new design of a gear pump with a two-axis connection. The new connection, which the authors called 
biaxial, consists of two parts with landing surfaces, one of which has a surface consisting of two cylinders 
with two axes, respectively. The use of a two-axis connection in the design of a gear pump allows ensuring 
the accuracy of the location of parts in the connection and the greatest alignment of the axes of holes and 
shafts, i.e. maximum alignment of the hole axes with the shaft axis or the axis of rotation, as well as the 
greatest contact between the shaft and hole surfaces, and ensuring that the shaft and hole axes are parallel. As 
a result of the study of the designs and technological requirements of gear pumps, a new type of “shaft-hole” 
connection was proposed in the designs of fixed joints, in particular the shaft-gear of the gear pumps. The 
use of a two-axis connection allowed us to offer a new design of the gear pumps with a two-axis connection 
confirmed by innovative patents of the Republic of Kazakhstan. The research was carried out within the 
framework of the grant №AP09562459. 

A method has been developed for selecting the location of the clearance fields of the landing surfaces of 
the two-axis connection in relation to gear pumps.

Key words. Gear pump, biaxial connection, clearance fields, landing surface, shaft-hole connections.

Introduction. Currently, a large number of hydraulic machines are used, which work is related to the 
mutual conversion of mechanical energy and liquid energy, with the transportation of liquid, with the transfer 
of forces using the liquid inside the machine [1,2,3]. Hydraulic machines include pumps, hydraulic motors, 
and hydraulic cylinders. Pumps are machines for creating a fluid flow. They are one of the most common 
types of hydraulic machines, used for a variety of purposes [3,4,5,6]. In dynamic pumps, the fluid is moved by 
force in a chamber that constantly connects with the pump inlet and outlet. In volumetric pumps, the liquid is 
moved by periodically changing the volume of the chamber it occupies, which alternately connects with the 
pump inlet and outlet [7,8,9,10]. One of the types of volumetric pumps is a gear pump designed for pumping 
oil and petroleum products that have a lubricating capacity, without mechanical impurities and do not cause 
corrosion of the pump’s working bodies, as well as for pumping light-fast liquids and diesel fuel [11,12,13]. 
The authors have developed a new design of a gear pump with a two-axis connection [14,15], which allows 
providing: accuracy of the location of parts in the connection, the greatest alignment of the axes of holes 
and shafts, i.e. the maximum alignment of the axes of holes with the axis of the shaft or the axis of rotation, 
maximum contact of the shaft and hole surfaces and ensuring that the axes of the shafts and holes are parallel. 
The increase in the above indicators dictates the improvement of manufacturing technologies for gear pump 
parts, which consists in the use of advanced technologies for machining and assembling gear pump parts with 
a two-axis connection [16]. Figure 1 shows the main components and components of the gear pump with a 
biaxial connection.
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METHOD FOR SELECTING THE LOCATION OF THE CLEARANCE FIELDS OF THE 
LANDING SURFACES OF GEAR PUMP PARTS WITH A BIAXIAL CONNECTION

Abstract. One of the types of volumetric pumps is a gear pump designed for pumping oil and
petroleum products that have a lubricating ability, without mechanical impurities and do not cause corrosion
of the pump's working bodies, as well as for pumping light-duty liquids and diesel fuel. The authors have
developed a new design of a gear pump with a two-axis connection. The new connection, which the authors
called biaxial, consists of two parts with landing surfaces, one of which has a surface consisting of two
cylinders with two axes, respectively. The use of a two-axis connection in the design of a gear pump allows
ensuring the accuracy of the location of parts in the connection and the greatest alignment of the axes of
holes and shafts, i.e. maximum alignment of the hole axes with the shaft axis or the axis of rotation, as well
as the greatest contact between the shaft and hole surfaces, and ensuring that the shaft and hole axes are
parallel. As a result of the study of the designs and technological requirements of gear pumps, a new type of
"shaft-hole" connection was proposed in the designs of fixed joints, in particular the shaft-gear of the gear
pumps. The use of a two-axis connection allowed us to offer a new design of the gear pumps with a two-axis
connection confirmed by innovative patents of the Republic of Kazakhstan. The research was carried out
within the framework of the grant №AP09562459. 

A method has been developed for selecting the location of the clearance fields of the landing surfaces
of the two-axis connection in relation to gear pumps.

Key words. Gear pump, biaxial connection, clearance fields, landing surface, shaft-hole connections.

Introduction. Currently, a large number of hydraulic machines are used, which work is related to the 
mutual conversion of mechanical energy and liquid energy, with the transportation of liquid, with the transfer
of forces using the liquid inside the machine [1,2,3]. Hydraulic machines include pumps, hydraulic motors,
and hydraulic cylinders. Pumps are machines for creating a fluid flow. They are one of the most common
types of hydraulic machines, used for a variety of purposes [3,4,5,6]. In dynamic pumps, the fluid is moved
by force in a chamber that constantly connects with the pump inlet and outlet. In volumetric pumps, the
liquid is moved by periodically changing the volume of the chamber it occupies, which alternately connects
with the pump inlet and outlet [7,8,9,10]. One of the types of volumetric pumps is a gear pump designed for
pumping oil and petroleum products that have a lubricating capacity, without mechanical impurities and do
not cause corrosion of the pump's working bodies, as well as for pumping light-fast liquids and diesel fuel
[11,12,13]. The authors have developed a new design of a gear pump with a two-axis connection [14,15],
which allows providing: accuracy of the location of parts in the connection, the greatest alignment of the
axes of holes and shafts, i.e. the maximum alignment of the axes of holes with the axis of the shaft or the axis
of rotation, maximum contact of the shaft and hole surfaces and ensuring that the axes of the shafts and holes
are parallel. The increase in the above indicators dictates the improvement of manufacturing technologies for
gear pump parts, which consists in the use of advanced technologies for machining and assembling gear
pump parts with a two-axis connection [16]. Figure 1 shows the main components and components of the
gear pump with a biaxial connection.

1-housing; 2-bushings; 3-bearings; 4-seals; 5-driven shaft-gear; 6-housing cover;
7-spring; 8-drive shaft-gear

Figure 1-Main components and components of the gear pump with a biaxial connection
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Figure 1-Main components and components of the gear pump with a biaxial connection

The new connection, which is called biaxial, consists of two parts with landing surfaces, one of which 
has a surface consisting of two cylinders with two axes, respectively [17, 18, 19]. For example, the surface 
of the biaxial shaft, on which the connection is made, has a landing and free diameter. The landing surface 
is located on an arc of a circle with a Central angle of φ<180°. The landing surface of the shaft contacts the 
surface of the hole due to the forces of force interaction. The second free cylindrical surface of the shaft has 
a radius that provides a gap in the “shaft-hole” connection. The connection can also consist of a cylindrical 
shaft and a biaxial hole.

Materials and methods. The layout of the clearance fi elds [16, 20, 21, 22] recommended for biaxial 
connections is shown in fi gure 2. Analysis of the layout of the clearance fi elds shows that in the end section, 
in cases where the clearance fi elds shown in fi gure 2, b and 2,c are located, the contact of the landing surfaces 
will differ from the contacts possible when the clearance fi elds shown in fi gure 2, a are located.

The new connection, which is called biaxial, consists of two parts with landing surfaces, one of which
has a surface consisting of two cylinders with two axes, respectively [17, 18, 19]. For example, the surface of
the biaxial shaft, on which the connection is made, has a landing and free diameter. The landing surface is
located on an arc of a circle with a Central angle of φ<180°. The landing surface of the shaft contacts the 
surface of the hole due to the forces of force interaction. The second free cylindrical surface of the shaft has a
radius that provides a gap in the "shaft-hole" connection. The connection can also consist of a cylindrical
shaft and a biaxial hole.

Materials and methods. The layout of the clearance fields [16, 20, 21, 22] recommended for biaxial
connections is shown in figure 2. Analysis of the layout of the clearance fields shows that in the end section,
in cases where the clearance fields shown in figure 2, b and 2,c are located, the contact of the landing
surfaces will differ from the contacts possible when the clearance fields shown in figure 2, a are located.

Figure-2-Layout of clearance fields for shaft-hole biaxial connections in the hole system

When placing the clearance fields shown in the diagram (figure 2, a), a condition occurs

R≤D/2. (1)

If condition (1) is met, the contact of the landing surfaces is made along the cylinder-forming surface 
or, if R≤ D/2, along the cylindrical surface. [20,23] shows the values of the eccentricities of the hole axis 
relative to the shaft axis when the clearance fields are located according to the scheme in figure 2,and for
sizes ranging from 10 to 250 mm. Figure 2 shows three special cases of schemes for the location of clearance
fields of two-axis shaft-hole connections in the hole system.

When the clearance fields shown in figure 2, b, and 2,c are located, the condition (1) is not met. The
value of the radius R may exceed the value of half the diameter of the hole D / 2. That is, both the condition 
R≤D / 2 and the condition R>D/2 can be maintained. Under the second condition, the contact of the landing
surfaces of the shaft and the hole will occur along two forming cylinders located at a distance of the Central
angle . In this contact, a gap is formed between the landing surfaces due to the mismatch of the landing
surfaces along the cylinder-forming surface with the maximum value in the middle of the landing surface in
the end section between the shaft and the hole. Figure 3 shows a diagram of a biaxial connection under the
condition R>D / 2.

Figure 3-Diagram of the biaxial connection "shaft-hole» provided R>D/2

Results. From figure 3 it is seen that in the connection due to inequalities of the arc landing master
cylinder AK2B and arc mounting surface hole AK1B form a gap K1K2. The value of the gap K1K2 will affect
the amount of displacement of the hole axis relative to the axis of the landing diameter of the shaft and,
consequently, affect the amount of radial runout of the sleeve on the biaxial shaft.

The value of the segment K1K2 is determined in the following sequence:

K1K2 =ORK1 –ORK2 ,

Figure-2-Layout of clearance fi elds for shaft-hole biaxial connections in the hole system

When placing the clearance fi elds shown in the diagram (fi gure 2, a), a condition occurs

R≤D/2. (1)

If condition (1) is met, the contact of the landing surfaces is made along the cylinder-forming surface or, if 
R≤ D/2, along the cylindrical surface. [20,23] shows the values of the eccentricities of the hole axis relative to 
the shaft axis when the clearance fi elds are located according to the scheme in fi gure 2,and for sizes ranging 
from 10 to 250 mm. Figure 2 shows three special cases of schemes for the location of clearance fi elds of two-
axis shaft-hole connections in the hole system.

When the clearance fi elds shown in fi gure 2, b, and 2,c are located, the condition (1) is not met. The value 
of the radius R may exceed the value of half the diameter of the hole D / 2. That is, both the condition R≤D / 
2 and the condition R>D/2 can be maintained. Under the second condition, the contact of the landing surfaces 
of the shaft and the hole will occur along two forming cylinders located at a distance of the Central angle 

The new connection, which is called biaxial, consists of two parts with landing surfaces, one of which
has a surface consisting of two cylinders with two axes, respectively [17, 18, 19]. For example, the surface of
the biaxial shaft, on which the connection is made, has a landing and free diameter. The landing surface is
located on an arc of a circle with a Central angle of φ<180°. The landing surface of the shaft contacts the 
surface of the hole due to the forces of force interaction. The second free cylindrical surface of the shaft has a
radius that provides a gap in the "shaft-hole" connection. The connection can also consist of a cylindrical
shaft and a biaxial hole.

Materials and methods. The layout of the clearance fields [16, 20, 21, 22] recommended for biaxial
connections is shown in figure 2. Analysis of the layout of the clearance fields shows that in the end section,
in cases where the clearance fields shown in figure 2, b and 2,c are located, the contact of the landing
surfaces will differ from the contacts possible when the clearance fields shown in figure 2, a are located.

Figure-2-Layout of clearance fields for shaft-hole biaxial connections in the hole system

When placing the clearance fields shown in the diagram (figure 2, a), a condition occurs

R≤D/2. (1)

If condition (1) is met, the contact of the landing surfaces is made along the cylinder-forming surface 
or, if R≤ D/2, along the cylindrical surface. [20,23] shows the values of the eccentricities of the hole axis 
relative to the shaft axis when the clearance fields are located according to the scheme in figure 2,and for
sizes ranging from 10 to 250 mm. Figure 2 shows three special cases of schemes for the location of clearance
fields of two-axis shaft-hole connections in the hole system.

When the clearance fields shown in figure 2, b, and 2,c are located, the condition (1) is not met. The
value of the radius R may exceed the value of half the diameter of the hole D / 2. That is, both the condition 
R≤D / 2 and the condition R>D/2 can be maintained. Under the second condition, the contact of the landing
surfaces of the shaft and the hole will occur along two forming cylinders located at a distance of the Central
angle . In this contact, a gap is formed between the landing surfaces due to the mismatch of the landing
surfaces along the cylinder-forming surface with the maximum value in the middle of the landing surface in
the end section between the shaft and the hole. Figure 3 shows a diagram of a biaxial connection under the
condition R>D / 2.

Figure 3-Diagram of the biaxial connection "shaft-hole» provided R>D/2

Results. From figure 3 it is seen that in the connection due to inequalities of the arc landing master
cylinder AK2B and arc mounting surface hole AK1B form a gap K1K2. The value of the gap K1K2 will affect
the amount of displacement of the hole axis relative to the axis of the landing diameter of the shaft and,
consequently, affect the amount of radial runout of the sleeve on the biaxial shaft.

The value of the segment K1K2 is determined in the following sequence:

K1K2 =ORK1 –ORK2 ,

 In 
this contact, a gap is formed between the landing surfaces due to the mismatch of the landing surfaces along 
the cylinder-forming surface with the maximum value in the middle of the landing surface in the end section 
between the shaft and the hole. Figure 3 shows a diagram of a biaxial connection under the condition R>D / 2.
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The new connection, which is called biaxial, consists of two parts with landing surfaces, one of which
has a surface consisting of two cylinders with two axes, respectively [17, 18, 19]. For example, the surface of
the biaxial shaft, on which the connection is made, has a landing and free diameter. The landing surface is
located on an arc of a circle with a Central angle of φ<180°. The landing surface of the shaft contacts the 
surface of the hole due to the forces of force interaction. The second free cylindrical surface of the shaft has a
radius that provides a gap in the "shaft-hole" connection. The connection can also consist of a cylindrical
shaft and a biaxial hole.

Materials and methods. The layout of the clearance fields [16, 20, 21, 22] recommended for biaxial
connections is shown in figure 2. Analysis of the layout of the clearance fields shows that in the end section,
in cases where the clearance fields shown in figure 2, b and 2,c are located, the contact of the landing
surfaces will differ from the contacts possible when the clearance fields shown in figure 2, a are located.

Figure-2-Layout of clearance fields for shaft-hole biaxial connections in the hole system

When placing the clearance fields shown in the diagram (figure 2, a), a condition occurs

R≤D/2. (1)

If condition (1) is met, the contact of the landing surfaces is made along the cylinder-forming surface 
or, if R≤ D/2, along the cylindrical surface. [20,23] shows the values of the eccentricities of the hole axis 
relative to the shaft axis when the clearance fields are located according to the scheme in figure 2,and for
sizes ranging from 10 to 250 mm. Figure 2 shows three special cases of schemes for the location of clearance
fields of two-axis shaft-hole connections in the hole system.

When the clearance fields shown in figure 2, b, and 2,c are located, the condition (1) is not met. The
value of the radius R may exceed the value of half the diameter of the hole D / 2. That is, both the condition 
R≤D / 2 and the condition R>D/2 can be maintained. Under the second condition, the contact of the landing
surfaces of the shaft and the hole will occur along two forming cylinders located at a distance of the Central
angle . In this contact, a gap is formed between the landing surfaces due to the mismatch of the landing
surfaces along the cylinder-forming surface with the maximum value in the middle of the landing surface in
the end section between the shaft and the hole. Figure 3 shows a diagram of a biaxial connection under the
condition R>D / 2.

Figure 3-Diagram of the biaxial connection "shaft-hole» provided R>D/2

Results. From figure 3 it is seen that in the connection due to inequalities of the arc landing master
cylinder AK2B and arc mounting surface hole AK1B form a gap K1K2. The value of the gap K1K2 will affect
the amount of displacement of the hole axis relative to the axis of the landing diameter of the shaft and,
consequently, affect the amount of radial runout of the sleeve on the biaxial shaft.

The value of the segment K1K2 is determined in the following sequence:

K1K2 =ORK1 –ORK2 ,

Figure 3-Diagram of the biaxial connection “shaft-hole» provided R>D/2 

Results. From fi gure 3 it is seen that in the connection due to inequalities of the arc landing master 
cylinder AK2B and arc mounting surface hole AK1B form a gap K1K2. The value of the gap K1K2 will affect 
the amount of displacement of the hole axis relative to the axis of the landing diameter of the shaft and, 
consequently, affect the amount of radial runout of the sleeve on the biaxial shaft. 

The value of the segment K1K2 is determined in the following sequence:
K1K2  =ORK1 –ORK2 ,         (2)
or
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From triangles ΔORAOD,, considering the known angle 

The new connection, which is called biaxial, consists of two parts with landing surfaces, one of which
has a surface consisting of two cylinders with two axes, respectively [17, 18, 19]. For example, the surface of
the biaxial shaft, on which the connection is made, has a landing and free diameter. The landing surface is
located on an arc of a circle with a Central angle of φ<180°. The landing surface of the shaft contacts the 
surface of the hole due to the forces of force interaction. The second free cylindrical surface of the shaft has a
radius that provides a gap in the "shaft-hole" connection. The connection can also consist of a cylindrical
shaft and a biaxial hole.

Materials and methods. The layout of the clearance fields [16, 20, 21, 22] recommended for biaxial
connections is shown in figure 2. Analysis of the layout of the clearance fields shows that in the end section,
in cases where the clearance fields shown in figure 2, b and 2,c are located, the contact of the landing
surfaces will differ from the contacts possible when the clearance fields shown in figure 2, a are located.

Figure-2-Layout of clearance fields for shaft-hole biaxial connections in the hole system

When placing the clearance fields shown in the diagram (figure 2, a), a condition occurs

R≤D/2. (1)

If condition (1) is met, the contact of the landing surfaces is made along the cylinder-forming surface 
or, if R≤ D/2, along the cylindrical surface. [20,23] shows the values of the eccentricities of the hole axis 
relative to the shaft axis when the clearance fields are located according to the scheme in figure 2,and for
sizes ranging from 10 to 250 mm. Figure 2 shows three special cases of schemes for the location of clearance
fields of two-axis shaft-hole connections in the hole system.

When the clearance fields shown in figure 2, b, and 2,c are located, the condition (1) is not met. The
value of the radius R may exceed the value of half the diameter of the hole D / 2. That is, both the condition 
R≤D / 2 and the condition R>D/2 can be maintained. Under the second condition, the contact of the landing
surfaces of the shaft and the hole will occur along two forming cylinders located at a distance of the Central
angle . In this contact, a gap is formed between the landing surfaces due to the mismatch of the landing
surfaces along the cylinder-forming surface with the maximum value in the middle of the landing surface in
the end section between the shaft and the hole. Figure 3 shows a diagram of a biaxial connection under the
condition R>D / 2.

Figure 3-Diagram of the biaxial connection "shaft-hole» provided R>D/2

Results. From figure 3 it is seen that in the connection due to inequalities of the arc landing master
cylinder AK2B and arc mounting surface hole AK1B form a gap K1K2. The value of the gap K1K2 will affect
the amount of displacement of the hole axis relative to the axis of the landing diameter of the shaft and,
consequently, affect the amount of radial runout of the sleeve on the biaxial shaft.

The value of the segment K1K2 is determined in the following sequence:

K1K2 =ORK1 –ORK2 ,

 , we get 

           (3)

Solving equation (3) with respect to the value of OR OD and substituting in (2), we determine the gap K1K2 
for different values of D, R, and 

The new connection, which is called biaxial, consists of two parts with landing surfaces, one of which
has a surface consisting of two cylinders with two axes, respectively [17, 18, 19]. For example, the surface of
the biaxial shaft, on which the connection is made, has a landing and free diameter. The landing surface is
located on an arc of a circle with a Central angle of φ<180°. The landing surface of the shaft contacts the 
surface of the hole due to the forces of force interaction. The second free cylindrical surface of the shaft has a
radius that provides a gap in the "shaft-hole" connection. The connection can also consist of a cylindrical
shaft and a biaxial hole.

Materials and methods. The layout of the clearance fields [16, 20, 21, 22] recommended for biaxial
connections is shown in figure 2. Analysis of the layout of the clearance fields shows that in the end section,
in cases where the clearance fields shown in figure 2, b and 2,c are located, the contact of the landing
surfaces will differ from the contacts possible when the clearance fields shown in figure 2, a are located.

Figure-2-Layout of clearance fields for shaft-hole biaxial connections in the hole system

When placing the clearance fields shown in the diagram (figure 2, a), a condition occurs

R≤D/2. (1)

If condition (1) is met, the contact of the landing surfaces is made along the cylinder-forming surface 
or, if R≤ D/2, along the cylindrical surface. [20,23] shows the values of the eccentricities of the hole axis 
relative to the shaft axis when the clearance fields are located according to the scheme in figure 2,and for
sizes ranging from 10 to 250 mm. Figure 2 shows three special cases of schemes for the location of clearance
fields of two-axis shaft-hole connections in the hole system.

When the clearance fields shown in figure 2, b, and 2,c are located, the condition (1) is not met. The
value of the radius R may exceed the value of half the diameter of the hole D / 2. That is, both the condition 
R≤D / 2 and the condition R>D/2 can be maintained. Under the second condition, the contact of the landing
surfaces of the shaft and the hole will occur along two forming cylinders located at a distance of the Central
angle . In this contact, a gap is formed between the landing surfaces due to the mismatch of the landing
surfaces along the cylinder-forming surface with the maximum value in the middle of the landing surface in
the end section between the shaft and the hole. Figure 3 shows a diagram of a biaxial connection under the
condition R>D / 2.

Figure 3-Diagram of the biaxial connection "shaft-hole» provided R>D/2

Results. From figure 3 it is seen that in the connection due to inequalities of the arc landing master
cylinder AK2B and arc mounting surface hole AK1B form a gap K1K2. The value of the gap K1K2 will affect
the amount of displacement of the hole axis relative to the axis of the landing diameter of the shaft and,
consequently, affect the amount of radial runout of the sleeve on the biaxial shaft.

The value of the segment K1K2 is determined in the following sequence:

K1K2 =ORK1 –ORK2 ,

 using the formula

           (4) 

The choice of the layout of the biaxial connection clearance fi elds and the values of the Central angles  

The new connection, which is called biaxial, consists of two parts with landing surfaces, one of which
has a surface consisting of two cylinders with two axes, respectively [17, 18, 19]. For example, the surface of
the biaxial shaft, on which the connection is made, has a landing and free diameter. The landing surface is
located on an arc of a circle with a Central angle of φ<180°. The landing surface of the shaft contacts the 
surface of the hole due to the forces of force interaction. The second free cylindrical surface of the shaft has a
radius that provides a gap in the "shaft-hole" connection. The connection can also consist of a cylindrical
shaft and a biaxial hole.

Materials and methods. The layout of the clearance fields [16, 20, 21, 22] recommended for biaxial
connections is shown in figure 2. Analysis of the layout of the clearance fields shows that in the end section,
in cases where the clearance fields shown in figure 2, b and 2,c are located, the contact of the landing
surfaces will differ from the contacts possible when the clearance fields shown in figure 2, a are located.

Figure-2-Layout of clearance fields for shaft-hole biaxial connections in the hole system

When placing the clearance fields shown in the diagram (figure 2, a), a condition occurs

R≤D/2. (1)

If condition (1) is met, the contact of the landing surfaces is made along the cylinder-forming surface 
or, if R≤ D/2, along the cylindrical surface. [20,23] shows the values of the eccentricities of the hole axis 
relative to the shaft axis when the clearance fields are located according to the scheme in figure 2,and for
sizes ranging from 10 to 250 mm. Figure 2 shows three special cases of schemes for the location of clearance
fields of two-axis shaft-hole connections in the hole system.

When the clearance fields shown in figure 2, b, and 2,c are located, the condition (1) is not met. The
value of the radius R may exceed the value of half the diameter of the hole D / 2. That is, both the condition 
R≤D / 2 and the condition R>D/2 can be maintained. Under the second condition, the contact of the landing
surfaces of the shaft and the hole will occur along two forming cylinders located at a distance of the Central
angle . In this contact, a gap is formed between the landing surfaces due to the mismatch of the landing
surfaces along the cylinder-forming surface with the maximum value in the middle of the landing surface in
the end section between the shaft and the hole. Figure 3 shows a diagram of a biaxial connection under the
condition R>D / 2.

Figure 3-Diagram of the biaxial connection "shaft-hole» provided R>D/2

Results. From figure 3 it is seen that in the connection due to inequalities of the arc landing master
cylinder AK2B and arc mounting surface hole AK1B form a gap K1K2. The value of the gap K1K2 will affect
the amount of displacement of the hole axis relative to the axis of the landing diameter of the shaft and,
consequently, affect the amount of radial runout of the sleeve on the biaxial shaft.

The value of the segment K1K2 is determined in the following sequence:

K1K2 =ORK1 –ORK2 ,

 must be carried out depending on the tasks to be solved when using biaxial connections. When using the 
biaxial connection with the location of the clearance fi elds shown in fi gures 2, b and 2, c, it is necessary to 
take into account the effect of the mismatch of the landing surfaces on the value of the eccentricities. In 
[20,23], the values of mismatch of the landing surfaces of biaxial joints in the opening system for landing 
transition sizes ranging from 10 to 250 mm and with Central angles of 60°, 90°, 120°are given. In [23], the 
values of mismatch of the landing surfaces of biaxial joints in the hole system for the landing dimensions of 
shafts that exceed the size of the hole, in the range from 10 to 120 mm and with Central angles of 60°, 90°, 
120°are given.

The location of the clearance fi elds for two-axis connections can be selected using one of the schemes 
shown in fi gure 2, i.e. non-system clearances and fi tments. However, you can select clearances and fi tments 
for standard systems. Selecting and assigning clearances and fi tments for biaxial connections for standard 
systems is more convenient for designers and technologists in many ways. For example, the out-of-system 
layout of clearance fi elds shown in fi gure 2, b can be represented by a system for positioning the clearance 
fi elds of transient landings that meet existing standards. When choosing the layout of the clearance fi elds, 
three schemes (see Fig. 2) are proposed. To select the layout of the clearance fi elds that provide small values 
of eccentricities, the scheme in fi gure 2, b was proposed. In this scheme, the middle of the shaft clearance 
fi eld is equal to the middle of the hole scattering fi eld. This scheme makes it possible to solve the problem 
of ensuring minimum values of eccentricities in a simplifi ed form. According to this scheme, with some 
approximation, we can assume that

еmax = 0,25(TD + Td).         (5) 
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However, a deeper analysis of the diagram in fi gure 2, b does not make it diffi cult to guess that the value 
of the eccentricity calculated by the formula (5) will differ from the actual possible value, since at values 
R>D/2, a certain gap between the landing surfaces is formed. This gap, although insignifi cantly, changes
the minimum possible eccentricity value. The diagram in fi gure 2, b shows that for values R≤D/2, the Emax 
values are calculated using the formula (5). At values of R>D/2

or

.

(2)

From triangles ΔORAOD,, considering the known angle , we get

(3)

Solving equation (3) with respect to the value of OR OD and substituting in (2), we determine the gap
K1K2 for different values of D, R, and  using the formula

(4)

The choice of the layout of the biaxial connection clearance fields and the values of the Central angles
 must be carried out depending on the tasks to be solved when using biaxial connections. When using the
biaxial connection with the location of the clearance fields shown in figures 2, b and 2, c, it is necessary to
take into account the effect of the mismatch of the landing surfaces on the value of the eccentricities. In
[20,23], the values of mismatch of the landing surfaces of biaxial joints in the opening system for landing
transition sizes ranging from 10 to 250 mm and with Central angles of 60°, 90°, 120°are given. In [23], the
values of mismatch of the landing surfaces of biaxial joints in the hole system for the landing dimensions of
shafts that exceed the size of the hole, in the range from 10 to 120 mm and with Central angles of 60°, 90°,
120°are given.

The location of the clearance fields for two-axis connections can be selected using one of the schemes
shown in figure 2, i.e. non-system clearances and fitments. However, you can select clearances and fitments
for standard systems. Selecting and assigning clearances and fitments for biaxial connections for standard
systems is more convenient for designers and technologists in many ways. For example, the out-of-system
layout of clearance fields shown in figure 2, b can be represented by a system for positioning the clearance 
fields of transient landings that meet existing standards. When choosing the layout of the clearance fields,
three schemes (see Fig. 2) are proposed. To select the layout of the clearance fields that provide small values
of eccentricities, the scheme in figure 2, b was proposed. In this scheme, the middle of the shaft clearance 
field is equal to the middle of the hole scattering field. This scheme makes it possible to solve the problem of
ensuring minimum values of eccentricities in a simplified form. According to this scheme, with some
approximation, we can assume that

еmax = 0,25(TD + Td). (5)

However, a deeper analysis of the diagram in figure 2, b does not make it difficult to guess that the
value of the eccentricity calculated by the formula (5) will differ from the actual possible value, since at
values R>D/2, a certain gap between the landing surfaces is formed. This gap, although insignificantly,
changes the minimum possible eccentricity value. The diagram in figure 2, b shows that for values R≤D/2, 
the Emax values are calculated using the formula (5). At values of R>D/2

еmax≠ 0,25(TD + Td) . (6)

Determining the optimal position of the middle of the hole clearance field relative to the shaft
clearance field, where the values of е are equal for both R≤D/2 and R>D/2.

The gap value Δ is determined by the formula (4). Therefore, for values R>D/2

еmax = 0,25(TD + Td)+ Δ . (7)

To align the еmax values determined by (5) and (7), shift the position of the middle of the shaft
clearance field relative to the middle of the hole clearance field by the value Δ1/2 formed when Daverage=

        (6)

Determining the optimal position of the middle of the hole clearance fi eld relative to the shaft clearance 
fi eld, where the values of е are equal for both R≤D/2 and R>D/2.

The gap value Δ is determined by the formula (4). Therefore, for values R>D/2

еmax = 0,25(TD + Td)+ Δ. (7)

To align the еmax values determined by (5) and (7), shift the position of the middle of the shaft clearance 
fi eld relative to the middle of the hole clearance fi eld by the value Δ1/2 formed when Daverage= daverage. Figure 
4 shows the layout of the shaft and hole clearance fi elds, taking into account the offset by the value Δ1/2 in 
the hole system.

When the clearance fi elds are arranged according to the diagram in fi gure 4, the еmax value is as it follows. 
For values R≤D/2, еmax values will be calculated using the formula

еmax = 0,25(TD + Td)+0,5Δ.       (8)

daverage. Figure 4 shows the layout of the shaft and hole clearance fields, taking into account the offset by the
value Δ1/2 in the hole system.

When the clearance fields are arranged according to the diagram in figure 4, the еmax value is as it
follows. For values R≤D/2, еmax values will be calculated using the formula

еmax = 0,25(TD + Td)+0,5Δ . (8)

Figure 4 - Diagram describing the location of the shaft clearance field, taking into account the value of Δ

For values R>D/2, the eccentricity е will be equal to

еmax = 0,25(TD + Td) – 0,5Δ1+ Δ2 , (9)

where Δ2 is the new gap value for values R>D / 2.
If the еmax values determined by the formulas (8) and (9) are not equal, we shift the middle of the

scattering field by the value Δ2/2.. And then we get 

еmax = 0,25(TD + Td)+0,5(Δ1+ Δ2) ;

when R≤D / 2

еmax = 0,25(TD + Td) – 0,5(Δ1+ Δ2)+ Δ3 , (10)

where Δ3 is the new value of the gap at R>D/2.
Discussion. By repeating such calculations and approximating the values of eccentricities at R≤D / 2

and at R>D/2, it is possible to determine the relative position of the tolerance fields of the shaft and the hole
with a second-order margin of error, at which the minimum value of the eccentricity of the hole axis relative 
to the shaft axis will be provided by the values of the clearance fields. In [23,24,25,26], the question of
determining the optimal position of the hole scattering field relative to the shaft scattering field is not
considered. We can only say that when the hole and shaft sizes are dispersed according to the Gauss law, the
greatest probability of matching the sizes R and D/2 must be expected when the clearance fields are arranged
according to the scheme shown in figure 2, b. When considering the actual dimensions of holes and landing
shafts that have a certain size dispersion distribution law [24, 27, 28], the described method will be adjusted
within the batch of parts based on the probability theory.

Conclusion. 1. As a result of the study of the designs and technological requirements of gear pumps, a
new type of "shaft-hole" connection was proposed in the designs of fixed joints, in particular the shaft-gear
of the gear pump. The use of a biaxial connection allowed us to offer a new design of the gear pumps with a
biaxial connection confirmed by innovative patents of the Republic of Kazakhstan.

2. A method has been developed for selecting the location of the clearance fields of the landing
surfaces of the biaxial connection in relation to gear pumps.

3. Using the new type of shaft-hole connection, you can solve the following problems:
- ensuring the greatest alignment of the axes of holes and shafts, i.e. the maximum alignment of the

axes of holes with the axis of the shaft or the axis of rotation.
- ensuring the greatest contact between the shaft and hole surfaces and ensuring that the axes of the

shafts and holes are parallel.
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Figure 4 - Diagram describing the location of the shaft clearance fi eld, taking into account the value of Δ

For values R>D/2, the eccentricity е  will be equal to

еmax = 0,25(TD + Td) – 0,5Δ1+ Δ2,        (9) 

where Δ2 is the new gap value for values R>D / 2.
If the еmax values determined by the formulas (8) and (9) are not equal, we shift the middle of the scattering 

fi eld by the value Δ2/2.. And then we get 

еmax = 0,25(TD + Td)+0,5(Δ1+ Δ2);

when R≤D / 2

еmax = 0,25(TD + Td) – 0,5(Δ1+ Δ2)+ Δ3,  (10)

where Δ3 is the new value of the gap at R>D/2.
Discussion. By repeating such calculations and approximating the values of eccentricities at R≤D / 2 and 

at R>D/2, it is possible to determine the relative position of the tolerance fi elds of the shaft and the hole with 
a second-order margin of error, at which the minimum value of the eccentricity of the hole axis relative to the 
shaft axis will be provided by the values of the clearance fi elds. In [23,24,25,26], the question of determining 
the optimal position of the hole scattering fi eld relative to the shaft scattering fi eld is not considered. We can 
only say that when the hole and shaft sizes are dispersed according to the Gauss law, the greatest probability 
of matching the sizes R and D/2 must be expected when the clearance fi elds are arranged according to the 
scheme shown in fi gure 2, b. When considering the actual dimensions of holes and landing shafts that have a 
certain size dispersion distribution law [24, 27, 28], the described method will be adjusted within the batch of 
parts based on the probability theory.
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Conclusion. 1. As a result of the study of the designs and technological requirements of gear pumps, a 
new type of “shaft-hole” connection was proposed in the designs of fixed joints, in particular the shaft-gear 
of the gear pump. The use of a biaxial connection allowed us to offer a new design of the gear pumps with a 
biaxial connection confirmed by innovative patents of the Republic of Kazakhstan.

2. A method has been developed for selecting the location of the clearance fields of the landing surfaces of
the biaxial connection in relation to gear pumps.

3. Using the new type of shaft-hole connection, you can solve the following problems:
- ensuring the greatest alignment of the axes of holes and shafts, i.e. the maximum alignment of the axes

of holes with the axis of the shaft or the axis of rotation.
- ensuring the greatest contact between the shaft and hole surfaces and ensuring that the axes of the shafts

and holes are parallel.
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ЕКІ ОСЬТІ ҚОСЫЛЫСЫ БАР ТІСТЕГЕРШІКТІ СОРҒЫ БӨЛШЕКТЕРІНІҢ ОТЫРҒЫЗУ 
БЕТТЕРІНІҢ ШАҚТАМА ӨРІСТЕРІНІҢ ОРНАЛАСУЫН ТАҢДАУ ӘДІСТЕМЕСІ

Аннотация. Қазіргі уақытта жұмысы механикалық энергия мен сұйық энергияны өзара 
түрлендірумен, сұйықтықты тасымалдаумен, машина ішіндегі сұйықтықпен күшті берумен байланысты 
гидравликалық машиналардың көптеген түрлері қолданылады. Көлемді сорғылардың бірі сорғының 
жұмыс органдарының коррозияға ұшырауын болдырмайтын және механикалық қоспаларсыз майлау 
қабілеті бар мұнай мен мұнай өнімдерін айдауға, сондай-ақ, оңай ағатын сұйықтықтар мен дизель 
отынын айдауға арналған тістегершікті сорғы болып табылады.

Авторлар екі осьті қосылысы бар тістегершікті сорғының жаңа конструкциясын жасады. Авторлар 
екі осьті деп атаған жаңа қосылыс түрі отырғызу беттері бар екі бөлшектен тұрады, олардың біреуі, 
тиісінше, екі осі бар екі цилиндрден тұрады. Беріліс сорғысының конструкциясында екі осьті 
қосылысты қолдану қосылыстағы бөлшектердің дәлдігін және тесіктер мен біліктердің осьтерінің 
ең үлкен үйлесімділігін, яғни тесіктердің осьтерін білік осімен немесе айналу осімен максималды 
біріктіру, сондай-ақ, білік пен тесік беттерінің ең үлкен байланысын және біліктер мен тесіктердің 
осьтерінің параллельдігін қамтамасыз етуге мүмкіндік береді. Өлшемдердің таралуының белгілі 
бір заңы бар тесіктер мен отырғызу біліктерінің нақты өлшемдерін қарастыру кезінде бөлшектер 
партиясының ішінде сипатталған әдіс ықтималдық теориясы негізінде түзетілетін болады. ТС 
сорғыларының конструкциялары мен технологиялық талаптарын зерттеу нәтижесінде жылжымайтын 
қосылыстардың конструкцияларындағы жаңа түрдегі «білік-тесік» қосылысы ұсынылды. Екі 
осьті қосылысты қолдану ҚР инновациялық патенттерімен расталған екі осьті қосылысы бар ТС 
жаңа конструкциясын ұсынуға мүмкіндік берді. Тістегершікті сорғыларда қолданылатын екі осьті 
қосылыстың отырғызу беттерінің шек өрістерінің орналасуын таңдау әдістемесі жасалды.

Түйінді сөздер: тістегеріш сорғы, екі осьті қосылым, рұқсат өрісі, отырғызу беті, «вал-тесік» 
қосылымдары.

*Бұл мақала AP09562459 ЖТН грантын орындау нәтижелері бойынша дайындалған.
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МЕТОДИКА ВЫБОРА РАСПОЛОЖЕНИЯ ПОЛЕЙ ДОПУСКОВ ПОСАДОЧНЫХ 
ПОВЕРХНОСТЕЙ ДЕТАЛЕЙ НАСОСА ШЕСТЕРЕННОГО С ДВУХОСНЫМ 

СОЕДИНЕНИЕМ

Аннотация. В настоящее время используется большое количество гидравлических машин, 
работа которых связана с взаимным преобразованием механической энергии и энергии жидкости, с 
транспортировкой жидкости, с передачей усилий с помощью жидкости внутри машины. Одной из 
разновидностей объемных насосов является шестеренный насос, предназначенный для перекачки 
нефти и нефтепродуктов, обладающих смазывающей способностью, без механических примесей и не 
вызывающих коррозии рабочих органов насоса, а также для перекачки легкозастывающих жидкостей 
и дизельного топлива.

Авторами разработана новая конструкция насоса шестеренного с двухосным соединением. Новое 
соединение, названное авторами двухосным, состоит из двух деталей с посадочными поверхностями, 
у одной из которых поверхность состоит из двух цилиндров соответственно с двумя осями. 
Использование двухосного соединения в конструкции насоса шестеренного позволяет обеспечение 
точности расположения деталей в соединении и наибольшей сносности осей отверстий и валов, т.е. 
максимальное совмещение осей отверстий с осью вала либо осью вращения, а также наибольшего 
контакта поверхностей вала и отверстия и обеспечение параллельности осей валов и отверстий. При 
рассмотрении действительных размеров отверстий и посадочных валов, имеющих определённый 
закон распределения рассеивания размеров, в пределах партии деталей описанная методика будет 
корректироваться на основе теории вероятностей. В результате исследования конструкций и 
технологических требований насосов НШ было предложено соединение «вал-отверстие» нового 
вида в конструкциях неподвижных соединений, в частности вал-шестерня НШ. Использование 
двухосного соединения позволило предложить новую конструкцию НШ с двухосным соединением 
подтвержденного инновационными патентами РК. Разработана методика выбора расположения 
полей допусков посадочных поверхностей двухосного соединения применительно к шестеренчатым 
насосам.

Ключевые слова: насос шестеренный, двухосное соединение, поля допуска, посадочный 
поверхность, соединения «вал-отверстие».

*Данная статья подготовлена по результатам выполнения гранта ИРН № AP09562459 при
финансировании МОН РК.
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