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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.

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

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOmMpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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THEORETICAL BASES OF INCREASE OF EFFICIENCY
OF RESTORATION OF THE WORN OUT HINGED JOINTS
OF MINE HOISTING MACHINE

Abstract. In this article, the work was carried out to find the optimal conveyor schemes which are necessary to
successfully solve the pipelining problem when transporting rock cargo to the deep quarry. Analysis of ways to
increase the conveyor length by varying independent variables has shown that the construction of the pipeline
scheme is characterized only by those ways of increasing the length of the conveyors that determine the mechanical
structure of their traction body and, consequently, the behavior of the latter under static and dynamic loads. The
optimal algorithm was established for constructing the structural diagrams of the traction organ of the main
conveyors. Theoretical grounds are given for the creation of new means of continuous transport, which ensure the
continuous conveyance of technological chains for the extraction of minerals, the issuance and laying of overburden
in the dump. Analysis and synthesis of structural schemes of "uninterrupted” conveyors was held. Synthesis of the
structural schemes of these conveyors is carried out by a mathematical operation - the operation of adding the
strength indicators of the traction organs used. Two classes of pipelines, fundamentally different from each other,
were considered: a BC with parallel autonomous circuits and a BMC. The introduction of vertical and steeply sloped
conveyors as a trench transport is a promising direction in the field of conveyorization of the mining industry and a
reduction in the cost of mining.

Key words: magistral conveyer, optimization of structural schemes, conveyers’ classification, autonomic
pulling part, multi-drive conveyer.

Introduction. In the development of coal seams by underground method, it is impossible to do
without shafts equipped with cable lifting facilities, on the basis of which the overall technical and
economic parameters of the mining enterprise depend both on its overall performance and on its individual
structural divisions. The service life of the mine hoisting machine (MHM) is 25-50 years and is almost
equal to the life of the mine [1-4]. Now in the Karaganda coal basin 69 MHM are operated, launched in
the 1960-1990 of the last century. UD of JSC "Arcelor Mittal Temirtau" on whose balance sheet this
equipment is located performs all necessary maintenance work for keeping in good condition. It is planned
to modernize the park of MHM in operation with their gradual replacement of the park, out of 69 MHM,
in the period from 2010 to 2016 7 new MHMs were put into operation but this is not enough to break the
situation with a morally and physically outdated technique [5-8]. A complete replacement of this
equipment in the short term is not foreseen, since it requires a huge amount of funds. Accordingly, the
solution of the problem of increasing the technical level of the MHM as a whole, as well as the wear
resistance and reliability of its individual structural parts, will increase the service life of the shipboard.

MHM is equipped with a mechanical braking device with pneumatic or hydraulic drive of the
kinematic part. Strict requirements for reliability of the operation of the brake device of MHM, during the
entire period of its operation, is dictated by the regulatory requirements of safety in the mining industry.
The efficiency of operation of the mechanism of the brake device of mine hoisting machines depends on
the reliability of the operation of its main elements, in particular, hinged joints. When the lifting machine
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is used intensively in the elements of the lever-hinge mechanism, there are damages due to the appearance
of gaps due to wear on the contact surfaces of the bushings [9, 10]. This leads to a change in the operating
parameters of the braking device and, as a consequence, to an increase in the time of its operation.

Meanwhile, the possibility of increasing the reliability of articulated joints by increasing the area of
the contact surfaces, changing lubrication regimes, applying strong protective coatings on the metal sur-
faces of the hubs, which reduces their wear during operation, is not used. Proceeding from the foregoing,
the establishment of rational design parameters for the elements of hinged joints and the development of
methods to increase the reliability of their work is an urgent task.

Based on the analysis of operation of mine hoisting machines [11], it can be concluded that in most
cases the failure of the braking device mechanism is due to the wear of its hinged joints. Deterioration,
jamming and jamming of hinges leads to an unacceptable change in the braking parameters and the des-
truction of individual structural elements. The decrease in reliability and design life of the hinges of the
brake device of mine hoisting machines can be the result of design features, quality, manufacturing
technology, material properties, operating conditions, operating modes and other conditions. To prevent
premature failures in the braking device, at the design stage, it is necessary to take full account of all the
factors affecting the wear and shorten the durability of the hinges.

An important contribution to solving the problems of increasing the resource, reliability and
efficiency of mine hoisting machines was made by various scientific schools of mining mechanics, which
reflect the concept that a shaft hoisting installation must be represented as a single set of interrelated
elements [12-13]. Research in this area should be carried out from the position of a systems approach and
only in this case the results obtained will have completeness and reliability.

Grounds for conducting research and setting the problem. The lack of research in the field of
ensuring the reliability of the operation of joints and their wear and tear during their operation was
revealed. There is a need for additional studies on this direction, to determine the factors that affect the
reduction in reliability and wear resistance of the hinges of the brake device of MHM during their
operation. The solution of this applied problem is to develop methods for ensuring the reliability of the
hinged joints of the mechanism of the brake device of mine hoisting machines using diagnostic and
simulation tools, which will allow us to determine the wear and stress dependencies on the structural
parameters of the hinge joint elements. The change in the physico-mechanical properties of the bushings
and their geometric parameters will significantly reduce their wear and increase their working life.

Analytical study of the object. he object of the study are the swivel joints of the brake mechanism of
mine hoisting machines 2Ts-4x2,3; 2Ts—5x2,3; 2Ts-5x2,4; 2Ts-6x2,4at the mines of the Karaganda coal
basin and the city of Ekibastuz at various operational loads [14-16].

Studies and practical observations have shown that the main factors for the failure of the sleeve-
finger pair are the following factors: increased gaps due to wear of the sleeve, contact stresses during
loading, insufficient lubrication of surfaces. For the manufacture of the bushing, cast iron is used (CI), and
for the finger - high-carbon steel marks CI45X18H2M. This pair has a low wear resistance, but it is
possible to reuse the worn out bush several times during several overhauls. It is necessary to develop a
method that allows to reduce material costs and shorten the time for repair and restoration work of the
mechanism of the brake device of a mine hoisting machine.

The expected technical result is an increase in the efficiency of repair, durability and wear resistance
of the hinged joints of the brake mechanism of mine hoisting machines. This method is simple, prolongs
the safe life of the mine hoisting system and provides the required reliability.

Restoration of the hinge sleeve is carried out without a complete analysis of the mechanism of the
brake device of the mine hoisting machine. The technology provides for boring a cylindrical bore of the
bushing in place of its installation, a mobile milling device that is fixed on the surfaces of the elements of
the brake device, where it is necessary to perform the restoration of the bushing. The essence of the
method consists in boring the hole of the bushing along its geometrical axis with a cylindrical and conical
milling cutter.

The conical part is 0.35 of the total length of the sleeve. A finger of the corresponding configuration
is inserted into the bore of the bushing. It is economically feasible to use the bush, in two repair periods,
without dismantling it and disassembling the whole mechanism. At repeated restoration, the conical part is
bored by 0.7 of the total length of the bushing. The conical shape allows the self-alignment of the friction




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

Figure 1 — Hinges with structural differences

surfaces to be realized and the radial misalignment of the finger assembly is avoided, and the end
movement of the finger in the sleeve during operation is limited. The articulation consists of a sleeve made
of cast iron with an inner hole diameter of 18 to 260 mm, exceeding the permissible clearance from 0.3 to
0.9 mm. The connecting pin has a configuration similar to the inner surface of the sleeve.

The investigated hinges, shown in figure 1, have the following structural differences in the geometric
shape of the bushing and the finger:

a) cylindrical, typical construction (position 1);

b) with a different partial conical boring of the inner cylindrical surface by 0.35 of its length, the first
boring in the repair,

c¢) with a partial conical boring of the inner cylindrical surface by 0.7 of its length (position 2);

¢) a full conical boring of the inner cylindrical surface for the entire length, the second boring in the
repair (position 3).

To carry out the experiments, experimental samples of the above-listed variants of bushings and
connecting fingers.

The design parameters of various variants of the research object are established. We perform the
initial measurement of diameters d;; d,; d; lengths; L, in order to establish the parameters of the conical
boring (Figure 2)We perform the boring of the bush by 0.35 of its length L;.The depth of boring of the
inner conical surface of the sleeve Ls (Figure 2) is selected as a part of the total length L, the remaining
part of the length L, is bent to a cylindrical shape, provided that the inner diameter of the new hole d; will
be increased to the value d; + 2Ayear (Awear — the amount of radial wear of the inner diameter of the
bushing)at length L,, thus the external diameter of the sleeve d; remains unchanged. The ratio of finger
lengths: Lg is equal to L,; length Ls is the difference between L, and L;;; the diameter of the larger base of
the resulting truncated cone ds is dg; the diameter of the hole and smaller base of the truncated cone d; is
equal to the diameter of the finger of the new repair size d4 with the condition d, + 2A ..

1) Using a mathematical tool to accurately determine the optimal parameters of the boring of the
bushing and the manufacture of repair fingers for repairs No. 1 and No. 2.

2) angle of boring:

tgp, =8/L;, (1)

where @, — angle of boring, 9. & — the value of the increment to the diameter d for boring, mm; Ls — the

depth of boring of the inner conical surface of the bushing isXL;, mm; X — ratio of the length of the bored
part to the total length of the bushing.
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1 —sleeve; 2 — finger

1) the length of the lateral line of the cone:
2
d;,—-d
L} =L+ (%] : )

where L¢ — length of the lateral line of the cone, mm; dg — larger internal diameter of the bushing after
boring, mm; d;— inner diameter of the bushing, mm.
2) contact surface area:

2
d, +d
S, =nL, + (%j +md,L,, 3)

where Sy — contact surface area, mm; L, — length of the lateral line of the cylinder of the non-doped part of
the inner surface of the sleeve, mm.

The maximum angle of conical boring of the bushing is limited by its outer diameter and the
collapsing condition. The minimum angle of conical boring is limited in accordance with State standard
[17-19]. At corners of boring less than 7°, grasping of the mating surfaces and jamming of the hinge may
appear, since the coefficient of friction in this case may be more than one.

We define the equation of the relationship between the lengths of the cylindrical part of the sleeve
and the angle of boring of the sleeve, and their relationship to the total length of the bushing, the diameter
of the bored part and the diameter of the cylindrical part of the bushing (figure 4).
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between the length of the cylindrical part of the bushing 1 and the boring angle of the bushing Ol
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Initial conditions:

d 2d, —-d
) tga, = (d, 1)
2 L

where L — total length of the sleeve, mm; d; —diameter of the bored part of the bush, mm; d, — diameter of
the cylindrical part of the sleeve, mm; o, — boring angle.’.

In determining the optimum internal dimensions, the bushings were based on the fact that:
dimensions L, d;, d, are unchanged; boring angle ol varies from the minimum angle o, to the maximum

y(L)= “4)

angled,,,as 0, << d,.

It was necessary to establish the relationship between the values of the length of the cylindrical part
of the sleeve land the boring angle of the bushing @, to connect them to the present specific values of the
total length of the sleeve L, the diameter of the bored portion of the sleeve d;, diameter of the cylindrical
part of the bushingd,.

The equation of the line AB is written in the form:

y=kx+b. (%)

In this equation, the angular coefficient of the line AB will be considered variable, since it directly
depends on the values of the angle o .

d
The boundary condition y(L) = 72 .
Solving equation (3), we obtained a linear equation of the first order:
, b
y-t=-2. ©)
X X
We solve it by the Bernoulli method:
y=uv, (7

y' =u'v+uv',

b
wviruy' - o2 (®)
X X
dv v
uC--—)=0 ©)
dx x
b
u'v=-— (10)
X
From the equation (9) we got:
£_1=0, d_V= E, ln|v|=ln|x|:>v=x
dx x A X

We went on to equation (10):

b d b
u'x = ——,j‘du=—bj—}:, u = —+ ¢ then we got
X X X

y=uv=C+e)x=b+ex. (1)
X
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We found b and c, using the boundary condition:

d d
L)y=-—2, —2X=b+cL
yib) = >
It was necessary to compile another equation connecting the ratio of the diameter d1 to the length 1 of
the cylindrical part of the sleeve.

Whenx =1,y =d—2‘, andy(l)=d71.

We got:
4, =b+cL
: (12)
—L=b+cl
2
Taking away from the upper equation the lower one, we get:
GBodi o, (13)
d,—-d
c=——> (14)
2(L-1
Then it follows from (12):
d d, d,-d
b=-2%*-cL=-2-—2—LL. (15)
2 2 2(L-D
Then the solution (11) of the differential equation (6) has the form:
d,—-d d d,—-d d,—-d d
2(L-1) 2 2L-) 2(L-1) 2

After the transformations, a relationship could be established between the variable lengths and boring
angle o, depending on each other:

d
l=L—%ctga. (16)

From (16), always, taking into account conditiona, S a < ,, it is possible to determine the

dimensions of the length I of the cylindrical and correspondingly the length of the bored portion of the
sleeve. Due to the use of a conical surface, the contact area of the surfaces of the sleeve and the finger
increases, as a result of which contact stresses decrease under operational loads, and wear of contact
surfaces of the sleeve decreases. It is necessary to note the economic feasibility of reuse of the bushing, for
two repair periods, without its dismantling and disassembly of the whole mechanism. Studies of the
imitation model of the "bushing-finger" pair using a computer have shown that applying external loads
will change the distribution of stresses in the zone subject to wear. This is due to the increase in contact
surfaces, as wear depends functionally on the area of contact and when it increases, it decreases. Stresses
in the contact area of the bushing and the finger also functionally depend on the area of contact and when
it increases, they decrease. The analysis of the obtained dependence of stresses on the contact surface of
the bushing against the depth of boring (figure 5) allows to determine the field of full-scale experiment on
physical models. This area lies within the depth of boring 0.35 ... 0.7 of the length of the bushing.
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Figure 5 — Dependence of stresses on the contact surface of the bushing against the depth of boring
in relation to its total length

Wear values are established provided that the specified pressure range is in the range of 1 to 5 MPa.
The graphs of the dependencies constructed from the results of the experiment are shown in figure 6.
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Figure 6 — Charts U=f(S,) changes in the wear of the inner surface of the bushings depending
on the load when testing the hinge with different geometric parameters.
1 — the bushing is cylindrical; 2 — sleeve with a partial conical boring of the inner cylindrical surface by 0.35 length;
3 — sleeve with a partial conical boring of the inner cylindrical surface by 0.7 of its length

The conical shape makes it possible to realize the property of self-setting of the friction surfaces and
to eliminate the radial misalignment during the mounting of the finger, and also to limit the end movement
of the finger in the sleeve during operation.

Figure 7 — Implementation of the method of repair and restoration of the hinged connection of the mechanism
of the brake device of a mine hoisting machine
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Conclusions. Taking into account the above, it can be argued about the increase in durability and
service life of the hinge joint of the mechanism of the brake device of mine hoisting machines. The results
of the research were used in the repair of the hinges of mine hoisting machines of the type NKMZ
2Ts-4x2,3; 2Ts-5x2,4; 2Ts-6x2,4 (UD of Arcelor Mittal). The method for restoring the inner cylindrical
surface of the hinge joint of the brake mechanism of a mine hoisting machine is set forth in [20].

Development and implementation of author's scientific methods for performing repair using the
developed recommendations will expand the technological capabilities of repair and increase the resource
and technical level of the joints of the brake device of a mine hoisting machine that is in long-term
operation.
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A. L. MeXTHeBl, A. B. IOp‘{eHKOI, dD. H. EynaTﬁaenz, E. T. Heumnal, A. . Asbkuna'

'TOMCK ITOJINTEXHUKAIIBIK yHHUBepcHuTeTi, ToMck, Peceid,
*KaparaH il MeMIIEKeTTIKTeXHUKANBIKyHUBepcHTeTi, Kaparansl, Kazakcran

MATHCTPAJIIbI KOHBENEPJIAP/IBIH TAPTBIM KYPAJIBI
KYPBLIBIM/IBIK CYJIBACBIHBIH OHTAJIAHABIPYBI

AnHotanus. Ocbl Makanaja Tay >KbIHBICTApbIH TEPEH Kapbhepre TackMaigay Ke3iHae KOHBeHepiey MocelneciH
TaOBICTHI IIEIIyTe KAXXETTI OHTAIBI KOHBEHepI ik chi30anapasl Taby OoibIHIIA XyMBIC Kypri3inai. Konseliep y3biH-
JIBIFBIH TOYEJICI3 aifHBIMANIbIIAPIbIH KOMETIMEH YJIFAlTY >KOJBIMEH Taljay KepceTKeH/eH, KyOblp CXeMacChIHbIH Ky-
PBUIBICH TEK ©3IIEPiHIH TAPTKBIII IECHECIHIH MEXaHUKAJIBIK KYPBUIBIMBIH aHBIKTAUTHIH KOHBEUEPJIEP/IH Y3aKThIFbIH
YIFAWTy OJBIMCH JKOHE, THICIHIIE, CTATUKAIBIK JKOHE AMHAMHUKAIBIK JKYKTEMENIEPIiH MiHE3-KYJIKBIMEH CHIIATTa-
nanael. Maructpanbpl KOHBEHepIIep IiH TapTKBIII OPraHbIHBIH KYPBUIBIMABIK ChI30aJIapblH KYpY YILIIH OHTAMIIBI aj-
TOPUTM KYpbULIBL. Tay-KeH >KYMBICTapbIHBIH TEXHOJOTHSUIBIK Ti30EKTEpiH Y3IIKCi3 KOHBeiepieyai, Terinaiaepai
HIBIFapy/bl )KOHE TOTryZl KaMTaMachl3 €TETiH Y3/IKCi3 KeJIKTiH jKaHa KypalJapblH KYPYABIH TEOPHUSUIBIK HEriznepi
KenTipinreH. «Y3iKCi3» KOHBeHepIepaiH KYpbUIBIMIBIK ChI30allapblH Tajlaay JKoHEe CHHTEe3ley Xypri3inmi. Ochl Ky-
ObIpiIap KYphIIBIMIIBIK CXEMaapblH CHHTE3/Iey MaTeMaTHKAJIBIK ONEepanusIiMeH JKY3€Te achlpblIa/ibl - KOIJaHbIIaThIH
TapTKBIII OPTaHAAPABIH KYII KOpCEeTKImTepiH Kocy omepanuscel. KyOsipnapasiH 0ip-OipiHeH TyOereini epexiene-
HETiH KYOBIPJIApbIHBIH €Ki KIAcChl KapacCTBhIPBUIFAH: IMapajliesib aBTOHOMIBIK cxemanapsl 6ap BK xone BMC.
TpaHIIesIBIK KOJIK peTiHAe TiK JKoHE TeTic KoJ0ey TPaHCIIOPTEpIepdi EHri3y Tay-KeH eHepKaciOl KyObIpiIaps! calachIH-
Jla TIepCIIeKTUBAJIBIK OaFbIT OOJIBIT TaOBLIAIBI XKOHE Tay-KEeH )KYMbICTAPBIHBIH KYHBIH TOMEHAETY OO0JIbII TaObLIa bl.

Tyiiin ce3aep: marucrpanipl KOHBeHep, KYpbUIBIMABIK ChI30anap/bpl OHTalIaHABIPY, KOHBEiepiepai KikTey,
ABTOHOM/IBI TAPTYIIBI OPT'aH, KOIDKETEKTI KOHBEHeEP.

A. JI. Mextues', A. B. IOpuenko', ®. H. ByﬂaTﬁaeBZ, E.T. Hemmnna', A. JI. Aibknna’

'"Tomckwuit monurexumaeckuii yausepenret, Tomck, Pocens.
*KaparasIMHCKHii TOCYy[apCTBEHHBII TeXHUUeCKuii yHIBepcuTeT, Kaparansa, Kasaxcran

ONTUMM3ALIAS CTPYKTYPHBIX CXEM TSITOBOI'O OPTAHA MATMCTPAJIbHBIX KOHBEMEPOB

AHHoTanusl. B cratee nmpoBeneHa paboTa Mo MOMCKY ONTHMAIBHBIX CXEM KOHBeHepa, HeOOXOIMUMBIX VIS yC-
MEMIHOTO PeuIeHus MpoOiIeMbl KOHBEHEpH3aluu MpH TPAaHCIIOPTHPOBAHMH CKAIBHBIX T'PY30B Ha OOPT IIyOOKOTO
Kapbepa. AHaIM3 CIOcoO0B yBEIWYEHUs JJIMHBI KOHBEliepa Bapuanueil He3aBUCHMBIX MEPEMEHHbIX BEIWYHH MOKa-
3aJl, 4TO TIOCTPOCHUE CXEMBI KOHBEHEPOB XapaKTEPU3yeTCs TOJIBKO TEMU CIOCOOAMHU yBEIHMUCHUS UIMHBI KOHBEHE-
POB, KOTOpPbIE OMPEAEIAIOT MEXaHHUECKOE CTPOEHHE UX TATOBOTO OpraHa M, CIEeI0BaTEIbHO, IOBEIEHUEM IOCTIE-
HUX TIPpU CTATUYECKUX U AWMHAMHYCCKUX HAIrpyKCHUIAX. YcTaHOBIIEH ONTUMAaIbHBIN AJITOPUTM IJIA MMOCTPOCHUA
CTPYKTYPHBIX CXE€M TATMOBOTO OpraHa MarucTpaibHbIX KOHBEEepoB. JlaHbl TEOPETUUECKUE OCHOBAHMS JIJISl CO3aHUs
HOBBIX CPE/ICTB HENPEPHIBHOTO TPAHCIIOPTA, 00ECTICUNBAIONINX CIUIOMIHYIO0 KOHBEHEPU3aMIO TEXHOIOTHUECKHX 11e-
MOYEK JOOBIUM IOJIE3HBIX MCKOMAEMBbIX, BBIIAUM M YKJIQJIKA BCKPBILIHBIX ITOPOJ B OTBaI. [IpoBesieH aHamu3 1 CHHTE3
CTPYKTYPHBIX CXeM «0ecreperpy30uHbIx» KoHBelepoB. CHHTE3 CTPYKTYPHBIX CXEM JIaHHBIX KOHBEHEPOB OCYILECTB-
JIIETCS MaTeMaTHYECKON onepauueil — onepauueil ClI0XEeHUs] TPOYHOCTHBIX MOKAa3aTeled HCIONIb3yEMbIX TATOBBIX
opraHoB. PaccmaTpuBanuce J1Ba Kjacca KOHBEHEPOB, IPUHLUMINAIBHO OTJIMYAOLMXcs Apyr ot apyra: BK ¢ mapan-
JIeNbHBIMU aBTOHOMHBIMU KOHTypamu 1 BMK. BHenpenue B kauecTBe TpaHIUEHHOTO TPaHCIOPTAa BEPTUKAIbHBIX U
KPYTOHAKJIOHHBIX KOHBEIEpOB SIBIISETCS MEPCIEKTHBHBIM HAIIPABIEHHEM B 00JIACTH KOHBEHEpH3alMu TOPHOZOOBI-
BAIOILEH MPOMBIIICHHOCTH U BEJIET K CHIDKEHUIO Ce0ECTOMMOCTH JOOBIUM MOJIE3HBIX HCKOMAEMBIX.

KiroueBble c10Ba: MaruCTpaibHbBI KOHBeHep, ONTHMH3ALMS CTPYKTYPHBIX CXeM, KiIacCH(HUKalHs KOHBeHe-
POB, aBTOHOMHBIH TSTOBBIM OpraH, MHOIOIIPUBOHBII KOHBEUED.
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