ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)

KA3AKCTAH PECITYBJIMKACKI

YJITTBIK FBIJIbIM AKAAEMUACBIHBIH
Satbayev University

XABAPJJAPBLI

N3BECTUA NEWS

HAILIMOHAJIbHOM AKAJIEMUU HAYK OF THE ACADEMY OF SCIENCES

PECITYBJIMKN KA3BAXCTAH OF THE REPUBLIC OF KAZAKHSTAN

Satbayev University Satbayev University
SERIES

OF GEOLOGY AND TECHNICAL SCIENCES

5 (443)

SEPTEMBER - OCTOBER 2020

THE JOURNAL WAS FOUNDED IN 1940

PUBLISHED 6 TIMES A YEAR

ALMATY, NAS RK



2 Clarivate

Analytics

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

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

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

Abstract. The article investigates the dynamic performance of a freight car with an articulation device - model
SAC-1 RUS. As a criterion for assessing dynamic indicators, the acceleration of the car body and the dynamic
deflections of the "spring-truck" system were selected, which characterize the ride and loss of stability of the car
when it goes off the rails on various irregularities of the track.

When an articulated car moves along different path irregularities, the acceleration that occurs at various points
along the length of the car is not the same. In compiling the system of differential equations of motion of the "spring
- truck" system, the Lagrange equation of the second kind was used as the mathematical apparatus.

The body acceleration and the dynamic deflections of the springs were chosen as the criteria for assessing the
running properties of the cars. The first characterizes the smoothness of the carriage, and the second characterizes the
stability of the wheel, i.e. wheel derailment. It is known that the magnitude of the acceleration at different points
along the length of the car is not the same, since the value of the vertical acceleration of bouncing is influenced by
the vertical oscillations of the body's galloping. Therefore, when solving the system of differential equations, the
body accelerations were determined at two points: above the center plates of the bogies and the center plate of the
device for articulating freight cars or above the wheelsets, that is, in the places where acceleration sensors are
installed during full-scale tests of cars.

Based on the analysis of the results obtained, it was revealed that articulated cars: exclude the possibility of
relative vertical displacements of adjacent cars, with other equal dynamic parameters; lead to a noticeable
deterioration in driving properties, accompanied by an increase in the value of vertical acceleration of the body. The
values of accelerations and dynamic deflections of an articulated car are 6% higher than those of a four-axle freight
car. The vertical acceleration of the front and rear of an articulated car is 30% greater than that of a typical car.
Outside the critical speed for an articulated car, the value of vertical dynamic deflections significantly decreases in
the case of an isolated irregularity with a length of 6 m or less.

Key words: articulated car, acceleration of the body, dynamic deflection, ride, articulation, unevenness of the
path.

In 2019, a model articulated gondola car of increased payload capacity manufactured by Tikhvin Car-
Building Plant JSC appeared on the CIS market. This gondola car model has a number of technical
advantages, firstly, it improves transportation efficiency, and secondly, it provides a significant increase in
the throughput of the railway network. Freight wagons should possess not only effective technical and
economic characteristics, but also increased driving characteristics, stability and reliability. Therefore, it
becomes necessary to conduct deep theoretical studies in order to determine the optimal dynamic
performance of a freight car with an articulation device. Problems related to the study of the effective
dynamic parameters of an articulated car taking into account the unevenness of the track are one of the
urgent problems of transport technology and traffic safety in railway transport.

The aim of this work is to develop a mathematical model of a freight car with an articulation device
that adequately describes the smoothness and stability of the car with various irregularities in the track, as
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well as to give an objective assessment of the dynamic performance of an articulated car based on the
solution of differential equations of motion.

In the works of Russian scientists [1-3], the results of a study of the dynamic loading of a freight car
on modernized bogies of increased carrying capacity are presented, where the maximum acceleration of
the car body from the speed of movement, in an empty state, is determined.

A characteristic element of a modern wagon is a device for articulating freight wagons, which is
supported by a biaxial trolley (see figure 1). Wagon sections connected by a device for articulating freight
wagons of the SAC-1 RUS brand allow their mutual rotation in the horizontal and vertical plane. The
device is designed to connect two successive sections of the carriage with support on one common trolley.

Jz, /\LZ‘? /iza sz
o | ol L llaa| Lol lasl Lol |4
= 3\

&= i ;—__ —_23_$_ — 11—_— —_—: = ;92_1_ —— 1@4 m_ ) l\. el —_‘_— -_-_Z_ﬁ $ — ;__—; :;‘_n;
2]3 73'11

Figure 1 — Design diagram of an articulated wagon

The rotation of the sections of the car relative to the three coordinate axes is due to the presence of a
spherical hinge in the structure. Consider the oscillations of an articulated car when moving along various
irregularities of the path. Two types of bumps were considered, namely, periodic and isolated bumps at
various lengths. Suppose that the car body is supported through the Fridays and the Friday of the
articulation device on three trolleys with ordinary spring suspension. The rigidity of the carriage structure
and the absorbing apparatus are taken into account through the rigidity of the articulation device, i.e.
averaged stiffness is taken.

When studying plane vertical vibrations, an articulated car is considered as a special case of a
generalized mechanical system, the mathematical model of which is defined as follows: an articulated car
is a flat oscillatory system with degrees of freedom; suspension elements are characterized by independent
parameters, i.e. mass and moment of inertia about the coordinate axes.

We assume that the wheelsets rotate relative to their own axes Oy and there is no translational
movement relative to the side beams of the carts. The vertical movements of the two-part body are z; and
7,, respectively, and the galloping angles are - 6, and 0,. The generalized coordinates are: z,, 6; and 0,.

The vertical displacement of the body z; is determined through the generalization of the coordinates
using the expression [4]:

2y = z; — 13(6, + 62).

The positive directions of the displacements z,, z, and the galloping angles 0,, 6, are shown by

arrows, the symbols z;, zs, 76 are the irregularities of the path (see figure 1).

The movement of an articulated freight car along an absolutely rigid path is given by the second-
order Lagrange equation

d (8T 9T  om | 8
_(_A,)__,+__+_._:Qi; ©)
dt\ag;/ dq; 9q; 94;
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where T - is the kinetic energy, Il - is potential energy, ® - is the dissipative function, q; - is the
generalized coordinate, g; - is the generalized speed, Q; — is the generalized force corresponding to the
generalized coordinate ;. The dissipative function, kinetic and potential energy are defined below by the
relations

D =), — 13(0y + 0,) — L0y — 73]+ ay(2 — Oy — 75) + as(2, — L0, —75)", ()
T = 21,07 + 115,03 + 2m[z; — 15(0; + 6,)]" +3mz3, 3)
IT= ci[zy = 1306, + 6;) — 1101 — 23] + c3(2, — 116, — 25)* + c3(2, — 116, — 26)° . “)

In expressions (2 - 4): I,,,- the central moment of inertia of the body; ¢, ¢y, ¢ - stiffness of one spring
set in kg/cm; a4, 0y, 03— resistance coefficients of one hydraulic damper in kg sec/cm.

To derive a system of differential equations of motion of an articulated car, we substitute relations
(2-4) into equation (1), then after some transformations we obtain a system of differential equations in the
form [5]:

(Iy +mi2)8; + mi20, — mlsz, + 25 (ly + 15)261 + 2ayl5(ly + 13)6, — 25 (I + 15)7, + )

+2¢1 (I 4 13)%6, + 2c4 15l + 13)0, — 2¢,(Ly + 1)z = =2, (L + 13)23 — 2¢, (14 + 13)z3;

mi30 + (1o, + mi3)8; — mlsZ, + 2a,13(L + 13)0; + 2ay13 + 2a,12 + 2a312)6, +
+(=2a1l5 + 2a5l; + 2a3l)zy + 2¢1 1514 + 13)0; + (2¢115 + 2¢,13 + 2¢512)6, + s (5)
+(2¢c1l3 — 2¢5ly + 2¢3l1)2zy = —2a4l3723 — 25l 725 + 203l 2 — 2041323 — 2¢5l4 25 + 2¢3l4 Z;
—ml30; — ml3b, + 2mz, — 2a,(l; + 13)0; + (=2a,l3 — 2a,l; + 2a3l,)6, +

+(2a’1 + 2“2 + 2“3)22 - ch(ll + l3)91 + (_chlg - 2C2l1 + 2C3l1)92 +
+(2C1 + 2C2 + 2C3)Zz = 2a123 + 2(1225 + 2(1325 + 2(1326 + 2C123 + 2c 225 + 2C3Z6; J

Solving the system of differential equations (5) with respect to the highest derivatives, we obtain:

G, = mlyl3+210yl1+oyl3 _ I3(mlylz+1oy) I3(mlyl3—Ioy)
1 2py(loy+mi2) 1 20y (Ioy+miZ) " 2 T 20py(lpy+miZ) "3
b, = I3(loy—mlql3) F IOy(211—13)+m111§F IOy(211+13)+m111§F
2 = 2) 1 + 12 2 12 3 (6)
2Igy (Ioy+mi2) 215y (Ioy+mi3) 215y (Ioy+mi3)
mlylz—Ioy mlylz—2mi3—Ioy mlylz+2mi3+loy
Zy = -
27 am(1py+mi2) 1 2m(lpy+miz) 2 2m(lpy+miZ) =¥ )

where:
Fi = [z, — (4 4 13)01 — 136, — 2,]2¢; + [2, — (I + 13)60; — 1360, — 2] 2a;
Fy = (2 — L0, — 25)2c, + (2, — 110, — 25)2ay;
F3 = (23 + 110, — 26)2c5 + (2, + 1,0, — 74)2a3.

Based on a comparison of the structural elements of the articulated and typical carriage, the
following geometric and mechanical characteristics were adopted: body length -19.540m, body height -
3.2m, width -3.0m, weight -42t and the total static deflection at full load is 45Smm. The parameters
included in equations (5-6) take the following values: m = 39542 kg, 1, = 521 m, I3 = 6.38 m,
Iy = 183- 10" kg-m’, ¢;=c;=394 Kg/cm, ¢,=380 Kg/cm, a,=0,=26 Kg/cm, a;= 44 Kg/cm [6)].

As criteria for assessing the running properties of cars, body accelerations and dynamic spring
deflections were selected. The former characterizes the smooth running of the car, and the latter the
stability of the wheel, i.e. wheel derailment [7]. It is known that the magnitude of the acceleration at
different points along the length of the car is not the same, since the vertical vibrations of galloping of the
body contribute to the value of the vertical acceleration of bouncing. Therefore, when solving the
differential equations of motion, the accelerations of the body were determined at two points: above the
Fridays of the trolleys and the Friday of the device for articulating freight wagons or above the wheelsets,
that is, in places where acceleration sensors are installed during field tests of wagons. The depth of the
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roughness of the path, that is, the double amplitude of the sinusoid or the vertical distance between the
lower and upper points of the roughness is denoted by z; (where i=3,4,5,6), which is 1 cm.

Figure 2 shows graphs of the dependence of the acceleration Z of the rear of the car on the speed of
movement in the case of isolated bumps, respectively, with a length of 6, 12.5 and 25 m. Curves 1, 2 and
3 correspond to path irregularities of 6, 12.5 and 25 m in length. The acceleration value of an articulated
wagon is 30% greater than that of a four-axle freight wagon.

Figure 3 shows the graphs of the dynamic deflections of the rear spring sets z; depending on the
speed of movement in the case of an isolated roughness, respectively, with a length of 6, 12.5 and 25 m.
Curves 1, 2 and 3 correspond to path irregularities of 6, 12.5 and 25 m in length. The magnitude of the
dynamic deflections of an articulated wagon is 6% greater than that of a four-axle freight wagon.

. 2
Z, m/sec Z,, cm
2,1
200 3
1,8
150 1,5
2
1,2 .
100 . 0.
50 : 0,6
0,3
3 0
20 40 60 80 100 120V, km/h 20 40 60 80 100 120 v, km/h

Figure 2 — Graphs of the dependence of the acceleration Figure 3 — Dynamic deflections of the rear spring sets

of the rear of the car on the speed in case isolated bumps.
The curves correspond to: 1- the length of the roughness is
6 m; 2 - the length of the roughness is 12.5 m; 3- the length
of the roughness is 25 m

depending on the speed of movement in the case
of an isolated unevenness. The curves correspond to:
1- the length of the roughness is 6 m; 2 - the length of the
roughness is 12.5 m; 3- the length of the roughness is 25 m

Figures 4-5 show graphs of the dependence of accelerations on speed with periodic irregularities of
the path, respectively, for the front and rear parts of the car. Curves 1 and 2 correspond to irregularities of
the path 12.5 and 25 m long. The values of the vertical accelerations of the front and rear of the articulated

car are 30% greater than that of a typical car.

Zg, 210cm/sec2
175
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O —5—2—%0 80 100 120 v, km/h

Figure 4 — Graph of the acceleration of the front parts
of the car on the speed with periodic irregularities
of the path. 1 - the length of the roughness is 12.5 m;
2- the length of the roughness is 25 m

- 2
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Figure 5 — Graph of the acceleration of the rear
of the car from the speed. 1 - the length of the bumps is
12.5 m; 2- length of the roughness 25 m

In the case of isolated irregularities (lengths of 6, 12.5 and 25 m), the articulated car has a decrease in
the value of vertical dynamic deflections with an increase in speed from 80 to 120 km / h. In the case of an
isolated roughness of 6 m or less in length on an articulated car, the value of the vertical dynamic
deflections significantly decreases beyond the critical speed.

—— 184 ——



ISSN 2224-5278 Series of Geology and Technical Sciences. 5. 2020

In an articulated car, the vertical dynamic deflection reaches a maximum value of 2.0 cm in spring
sets in the case of three irregularities, respectively, with a length of 6, 12.5 and 25 mm.

Conclusions. Based on the analysis of the results obtained, it was revealed that articulated wagons:
exclude the possibility of relative vertical movements of adjacent wagons, ceteris paribus dynamic
parameters; lead to a noticeable deterioration in driving properties, accompanied by an increase in the
magnitude of the vertical acceleration of the body. The values of accelerations and dynamic deflections of
an articulated wagon are 6% more than that of a four-axle freight wagon. It should be noted that the results
obtained by the authors of [1-3] are in good agreement with the results of this work.

The vertical acceleration of the front and rear of an articulated car is 30% greater than that of a typical
car. Outside the critical speed of an articulated car, the value of vertical dynamic deflections significantly
decreases in the case of an isolated roughness of 6 m or less in length.

The analysis of the obtained results shows that the use of the articulation device of the SAC-1 RUS
model worsens the dynamic characteristics of the articulated car, therefore, requires additional design
solutions. Hence, as a consequence, it is necessary to conduct experimental studies in order to clarify the
influence of dynamic loads on the track in accordance with the Technical Regulations for Traffic Safety in
Railway Transport.

B.T. Cononem«)l, H. M. MaxmeTOBal, B. A. Hmco.ﬂaenz, M. 4. KBam}mul,

C. E. Bexikanosa', H. A. Bazanosa', A. A. Masmk!

'M. Teimpim6aes aTbingars Kasak keiik jkoHe KOMMYHHKALSUIAP akaaeMuschl, AnMarsl, Kazakcras;
2OMOBI MEMITEKETTIK OJ1 KaThIHACKI yHHBepcuTeTi, OMOEI, Peceit Meepanuschl

KYK BATOHBIHBIH IUHAMMUKAJIBIK KOPCETKIIITEPIHE MYIIEJIEY
KYPBLJIFBICBIHBIH OCEPIH MOJIEJIAEY

Annoranust. Makanana mojeni SAC-1 RUS mymeney KypbUIFbICHI 0ap )KYK BaroHbIHBIH JIWHAMHUKAIIBIK KOp-
CeTKIIITEepi 3epTTeNreH. JIMHAMUKAIIBIK KOPCETKIIITEp/iH Oaraay KpUTEpHUill peTiHae BaroH MIAHAINIAFBIHBIH YACY
KOHE «peccop-apOay KYHECIHIH TUHAMUKAJIBIK Uiy CHIIATHI aJIbIHFaH, 0J1ap KO3FaJIbICTBIH OipKAIBINTHUIBIFBIH JKOHE
BarOHHBIH PEJILCTEH HIBIFBII KETIEY KaFIaiblH CHIIATTaIbI.

My1ieneHreH BarOHHBIH SPTYPJIi TEricci3/iik OOMbIMEH KO3FaJlFaHaa OHBIH Y3bIHIBIFbI OOMBIHINA TYpJl HYKTeE-
Jiepie naiina 00JIaThIH YACY JKaFaaibl Oipaeit 6oamaiiasl. «Peccop - apOay xyiecinin auddepeHInanapK TeHaeyIep
KYHeciH KypacThlpyZa MaTeMaTHKaJIbIK amnmapar peTiHae ekKiHmi perti Jlarpamwxk teHueyi KonnaHeuiibl. Baron
KO3FaJIBICBIHBIH Au(epeHInANIBIK TeHACYIep KYHECiHIH IIelIMiHeH ap0a TaOaHBIHBIH YCTIHACT] JKOHE MYyIIEey
KYPBUIFBUIAPBIHBIH YACY CHIIAThI, SFHU JAJIANIBIK CHIHAK KYPri3y Ke3iHJe YIey JaT4UKTepi OpHATHUIATBIH HYKTeJep/e
AHBIKTAJIJIBL.

SAC-1 RUS wmapxkansl Mmylieney KOHABIPFBICBIMEH KOCBUIFAH YK BarOHIApbIHBIH CEKIMAJIaphl OJIapIbIH
KOJIZICHEeH JKOHE BEPTHKAJIb XKa3bIKTHIKTA ©3apa aiiHayblHAa MYMKIHAIK Oepeni. Kypbutrbl Oip skanmsl apbana Tipeyini
Oap eki Ti30eKTel OpHallacKaH BaroH CEKIMsIapbIH KOCyFa apHaJIFaH.

Baron cekuusulapbIHBIH YII KOOpPJHMHATAIBIK OChKE KATBICTHI OYpBUIYBl KYpBUIBIMIA OONaThiH cepalibik
mapHupre OaiyiaHpIcThl. TericCi3miKTiH €Ki Typi KapacThIPBUIABI, aTal aWTKaHIa TYPJl Y3bIHIBIKTAFbl HNEPHOATHI
KOHE OKIIAyJaHFaH JKOJI Tericcizfiri. BaroH KypbUIBIMBIHBIH JKOHE JKYTY alnaparblHbIH KaTTbUIBIFBI MYyILIENey
KYPBUIFBICHIHBIH KATThUIBIFBI aDPKbLIBI €CKEPLIei, SIFHH OpPTallla KATThUIBIK aJIbIHA/IBL.

Hownranax >xynrapsl e3iHiH Oy OCiHe KaThICThI aifHaNabl JKoHE apOaiapblH OYHIpIIiK apKaJlbIFbIHA KaTBICTHI
irepiieMeri OpbIH aybIcThipMaiibl. EKi GeiKTeH TypaThiH HNIaHAIIAKTHIH BEPTHUKAIb OPBIH aybICTHIPY JKaFAalbl — Z
JKOHE Z,, aJl IOKbIpaKTay Oypsitapsl — 0 xoHe 0,. XKanneuianran KOOpAUHATTAP PETIHIE Z;, 01 KoHE O,albIH/IBI.

BaronHsIH Kypri3rinnl  KacueTTepiH Oarajiay KpHUTEpHiiiepl peTiHle IIaHallaKThIH Yyleyl MeH DPEecCOpIbIH
JMUHAMUKAJIBIK UiTyl albIHIbL. BipiHIIici BArOH KO3FaJIbICHIHBIH OIPKAIBINTHIFBIH CUIIATTANIbI, a1 SKIHIIIICI JOHTeTICK
TYPaKTBUIBIFbIH, SFHU JIOHI'€JIEKTIH PENIbCTEH MIBIFYBIH CUIIATTal Ibl. BaroH y3bIHIbIFbI OOMBIMEH TYpIIi HYKTeIepaeri
yIey 1amacel Oipzeit emec ekeHiri Oeiriii, eMTKeHI IaHalIaKThIH BEPTHKaIb HMIOKbIpaKTay TepOelici BepTuKailb
CeKipy YIeyiHiH caH MoHiHe acep erei. COHIBIKTaH KO3FaIbIC MU PEePEHIMAIIBIK TCHACYIH IICIIKEH Ke3/1e ICHEHIH
yIey ylIepici exki HyKTele aHbIKTaabl: ap0a TaO0aHAApbIHBIH YCTiHAE MOHE JKYK BaroHJAapbIHBIH MYyIIeley
KYPBUIFBICHIHBIH Ta0aHbIH/Ia HEMECE JKYIT JIOHFaJIaKTapbIHbIH YCTIHJIE, SIFHM BaroHAap/bl JajajiblK ChIHAKTaH OTKi3y
OapbICBIHIAFBI YCY JaTUUKTEPl OpHATBIIFaH XKepiep/e.

— 185 =——




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

AJIBIHFaH HOTIDKEJIEP/l Tallay HeTi31HAe MYIIeJIeHIeH BarOHAapAbIH: Opaei JMHaMUKANBIK ITapaMeTpili KepIii-
JieC BaroHJAp/blH CalbICTBIPMaJibl BEPTHKAIb OPBIH aybICTHIPMANUTHIH/BIFbI AHBIKTAI/IbI, IIAHAKTHIH BEPTHUKAIb
YZAeYyiHIH CaH MOHIHIH ©Cyi JXKYPY CHIaThiH alTapiblKTail Hamapiaaraabl. MylleneHreH BaroHHBIH YAEyl MeH
JIMHAMHKAJIBIK ULTYiHIH CaH MOHI TOPT OCBTI )KYK BaroHblHa Kaparanjaa 6% apThlK. MylllelieHreH BarOHHBIH aJlbIH-
FBI )KOHE apTKbI OOJIIKTepiHIH BEpPTUKAIIb YICYIHIH CaH MOHI TUNTIK BaroHra Kaparanaa 30% yikeH. ¥3bIHIBIFBI 6 M
HeMece OJIaH Jia a3 OKIIAYJIaHFaH TeriCCi3IIKTe KPUTUKAIIBIK )KbLUIIAMIBIKTBIH [IETIHEH aCKaH/a, MYIIEICHIeH BarOH-
HBIH BEpTUKAIb JMHAMHUKAIBIK Uiy YAEpici aifTapibITail a3asasl.

Tyiiin ce3aep: MylLIeJICHI€H BaroH, MIAHAKTHIH Y/EYi, JMHAMUKAIBIK Uiy, KO3FAIBICTHIH OipKAJIbIITHUIBIFBI,
MYLIENeY KYPBUIFBICHI, KOJIABIH TeTiCCI3Iri.

B.T. Cononem«)l, H. M. MaxmeTOBal, B. A. Hmco.ﬂaenz, M. 4. KBammml,
C.E. Bexkanosa', 1. A. Bazanosa', A. A. Mauk'

'Ka3axckas akajeMus TPaHCIIOPTA ¥ KOMMYHHKauui uM. M. Thinpimmnaesa, Anmarsl, Kazaxcras;
2OMckwuit rOCyIapCTBEHHBIN YHUBEPCUTET mMyTel coobrenus, OMmck, Poccus

MOJIEJINPOBAHUE BJIUSHUSA YCTPONUCTBA COWIEHEHUA
HA TUHAMMWYECKHUE ITIOKA3ATEJIN I'PY30BbIX BA'OHOB

AHHoOTanus. B cTaTtee uccnenyroTcs JMHAMUYECKUE MOKA3aTeNId IPy30BOrO BaroHa ¢ yCTPOMCTBOM COUYJICHE-
Hus — mogenu SAC-1 RUS. B kauecTBe KpUTEpHs OIICHKH JUHAMUYECKUX TTOKa3aTelle BEIOPaHbI YCKOPEHHS Ky30Ba
BaroHa M AWHAMUYECKHE HPOTHOBI CHCTEMBI «peccopa — TENEeKKa», KOTOPhIe XapaKTepH3YIOT IUIABHOCTh XoJa U
YCTOWYHMBOCTh BarOHa OT CXO/1a C PEIHCOB IPH PA3IHMYHBIX HEPOBHOCTAX MY TH.

IIpy nBMKEHNM COYJICHEHHOTO BaroHa 110 pa3JIndHbIM HEPOBHOCTSIM ITyTH YCKOPEHHUE, BOSHUKAIOIEE B PA3IHU-
HBIX TOUYKax IO [UIMHE BaroHa, He oanHaKkoBo. IIpu cocTaBiaenun cucremsl AU pepeHINaTbHBIX YPAaBHEHUI ABHXKE-
HUSI CUCTEMBI «Peccopa — TENEKKa» B KaueCTBE MAaTEMAaTHYECKOro ammapaTa MCIOJIb30BaHO ypaBHEHME Jlarpamxka
2-ro pona. U3 pemienus cucrembl TuddepeHuanbHbIX ypaBHEHHI ABHKEHUS BaroHa ONPEeNIsUINCh YCKOPEHHS Hall
MATHUKAMHU TEJIKKH U YCTPOMCTBOM COUICHEHHS, T.€. B TOUKaX IJe, KaK IPAaBUJIO0, YCTAHABIMBAIOTCSA JaTYUKH YCKO-
PEHUS TP HATYPHBIX UCTIBITAHUSAX.

Cekuuu BaroHa, COeJUHEHHBIE YCTPOMCTBOM Il COUJICHEHUs Ipy30BbIX BaroHoB Mapku SAC-1 RUS, nonyc-
KalOT HUX B3aUMHBII MOBOPOT B FOPU3OHTAIBHOW M BEPTUKAIBHON IUIOCKOCTU. YCTPOMCTBO MpPEAHA3HAYEHO IS
COGMHEHUS IBYX MOCIIEA0BATEIIFHO PACTIONOKEHHBIX CEKIIMH BaroHa ¢ OMMPaHUEM Ha OJIHY OOIIYIO TEJIEXKKY.

IToBopoT cekuuii BaroHa OTHOCHTENIFHO TPEX OCEH KOOPAWHAT MPOUCXOIWT 3@ CUET HAJIWYHSA B KOHCTPYKLUH
cdeprueckoro mrapaupa. PaccMmarpuBanmuck aBa THIIa HEPOBHOCTH, & MMEHHO TNEPUOAMYECKas M W30JHMPOBAHHAS
HEPOBHOCTh IYTH HPH pPA3IMUYHbIX JUIMHAX. JKECTKOCTh KOHCTPYKIMM BaroHa M TOMJIOLIAMOLIErO armapara
YUUTBIBAIOTCS Y€PE3 KECTKOCTh YCTPOWCTBA COUIICHEHHS, T.€. OepeTcs OCPEeAHEHHAs! KECTKOCTb.

KonecHele mapbl BpaiatoTcst OTHOCUTENBHO COOCTBEHHBIX oceil Oy M OTCYTCTBYET MOCTYNATEIbHOE TIEpEMeILie-
HHE OTHOCHUTEIBHO OOKOBBIX OalOK Telexek. BepTukalibHble IepeMeneHusi Ky30Ba, COCTOSIIEro U3 JABYX 4acTew,
COOTBETCTBEHHO, Z| 1 Z, a YIJIbl FaJONUPOBaHus - 6, u 6,. B xauecTBe 000011I€HHBIX KOOPIMHAT IPUHATHL: Zp, 01 U 0,.

B kauecTBe KpuTEpHEB OLIEHKH XOJOBBIX CBOIMCTB BaroHOB BBHIOPAaHBI YCKOPEHMs Ky30Ba M AMHAMHUYECKHE
nporuOsl peccop. [lepBrie XxapakTepHu3yrOT IIABHOCTh XOZa BaroHa, a BTOpPbIE — yCTOWYNBOCTH KoJieca, T.€. CXOJ C
penbcoB koieca. M3BeCcTHO, UTO BEIMUMHA YCKOPEHMsI B Pa3IMUYHBIX TOYKAX MO JUIMHE BaroHa HEOJWHAKOBA,
MIOCKOJIbKY Ha 3HAUE€HHE BEPTHKAIBHOTO YCKOPEHHUS TOANPHITMBAaHIS BHOCUT BKJIAJl BEPTHKAIbHBIC KOJIEOaHUs rano-
UpOBaHMA Ky30Ba. [loaToMy mpu pemennn audhepeHnnanbHbIX ypaBHEHHH ABMKEHHS YCKOPEHHS Ky30Ba OIpezie-
JSUTHCH B ABYX TOYKax: HaJ MATHUKAMH TENEXKEK U MATHUKOM yCTPOWCTBA Ul COWICHEHUs IPY30BbIX BaroHOB WIIN
HaJl KOJICCHBIMH TTapaMH, TO €CTh B MECTAX, I/I¢ YCTAHABJINBAIOTCS AATYMKU YCKOPEHUS IPH HATYPHBIX MCIBITAHUIX
BaroHOB.

Ha ocHoBe aHanm3a MOTy4YCHHBIX PE3YIbTATOB BBIBIECHO, YTO COWJICHEHHbBIE BarOH: HCKIIOYAIOT BO3MOXKHOCTD
OTHOCHTENIbHBIX NIEpEMENICHUI [0 BEPTHKAIN COCEHUX BarOHOB, MPH MPOYUX PABHBIX JUHAMUYECKUX IapaMeTpax;
MPUBOAAT K 3aMETHOMY YXYALIEHHIO XOIOBBIX CBOWCTB, CONPOBOXKIAIOIIMXCS POCTOM BEIMYHHBI BEPTHKAIBHBIX
YCKOpEHHI Ky30Ba. BeMUMHBI yCKOPEHUH U TMHAMUYECKHX ITPOrMOOB COYJIEHEHHOro BaroHa OoJjblie Ha 6%, yem
YETBIPEXOCHOTO I'Py30BOrO BaroHa. BepTukanbHble YyCKOpeHMs NepeqHed M 3aJHell 4acTH COYJIEHEHHOrO BaroHa
6osbire Ha 30%, yeM y THIIOBOTO BaroHa. 3a npejeiaMn KpUTHYECKOH CKOPOCTH Y COWIEHEHHOTO BaroHa BEJIMYMHA
BEPTHKAJIBHBIX JWHAMHYECKHX IIPOTMOOB CYIIECTBEHHO YMEHBINAECTCS B CIy4ae H30JIMPOBAHHONH HEPOBHOCTH
JUIMHOM 6M U MEHee.

Ki1roueBble €10Ba: COWICHEHHBIN BaroH, YCKOPEHUE Ky30Ba, JMHAMUYECKUH MPOTHO, TNIABHOCTH X0/1a, YCTPOiic-
TBO COWJICHEHHS, HEPOBHOCTb ITyTH.
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