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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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STUDY OF STABILITY OF A TANK-CONTAINER
WITH A FILLED LIQUID AT LONGITUDINAL OSCILLATIONS

Abstract. The effect of the oscillating fluid on the dynamic stability of the tank-container is studied at different
filling capacities. The main method for studying the dynamic stability of a railway platform with a tank- container in
theoretical calculations is the method of full integration, i.e. all the solutions of the system of differential equations
describing the movement of the tank-container with liquid are found, and from them a conclusion is made on the
stability of the movement. The study of the longitudinal vibrations of the liquid and the tank-container is considered
at various impact speeds and without taking into account the galloping angle. The solution of the system of
differential equations reduces to the solution of the hydrodynamic problem.

Key words: dynamic stability, tank-container, spring kit, acceleration, hydrodynamic force, collision speed.

The problem of determining the effect of an oscillating fluid on the dynamic stability of a partially
filled tank-container is solved by comparing the dynamic stability areas of a full and partially filled tank -
container obtained with the same parameters of the tank-container and the railway platform, types of
disturbances and driving conditions. The longitudinal vibrations of the container with the liquid have a
significant effect on their stability during movement. Consider the longitudinal vibrations of the tank-
container, similar to transverse vibrations. To do this, we introduce the inertial coordinate system (fixed)
0OXZ, and the tank-container located in the plane of the unperturbed surface (movable) Ox,z;, connected

to the tank’s surface (see figure 1).
A Z,
7 @

—'—l ;Xl
— So—— ”
— -
”“ M;
x
0 < »_— »}(

Figure 1 — Design diagram of a platform with a tank-container

The fluid motion relative to the moving system O;x;z; will be determined by the function ¢,(?), and
the longitudinal motion of the «container-liquid» system will be determined by the coordinate function-
X(t). Then the problem of hydrodynamics is formulated as follows, it is necessary to find the potential of
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the absolute velocities ¢, (x, z,t) - particles of a liquid in a container moving with a speed - X (t). Since
the progressive movement of the tank-container is investigated, the potential velocity of the absolute
movement will be [1]:

Pa =0 +XOx; , (1)

where X- the speed of the tank-container in the longitudinal direction. The function ¢(x,, z;, t) satisfies
the Laplace equation and the boundary conditions:

Po , Po _
ax2 + az2 0, )
1) %¢ 1)
P 0 - on a wettable surface and Pro Fr 0 - on a free surface. (3)
The equation of the free surface in the tank-container is written in the form [2]
S0 = ) 4n(©) $(xr,0).
Then the solution of equation (2) taking into account the boundary conditions (3) can be represented
as

01, 21,8) = B2 (D (1, 20), @

where g, (t) - time functions characterizing the movement of the liquid, d - length of the tank-container;
Y, (x1,z,) are the eigenvalues obtained by the Fourier method for ¢, (t) = cos(wyt), i.e. when studying
the natural vibrations of a liquid, the eigenvalues are determined by the formula [3]

mn ch%n(zl +R+h)

2 .
Yn(xy,21) = st —chnT:(RTHh) . (%)
Natural frequencies are defined as follows
_ Wi _nm,mmn
yn—g—dthd(4R+h). (6)

We proceed to obtain a system of equations of longitudinal oscillations of the liquid and the tank-
container, taking into account the galloping of the platform. In this case, the potential velocity of the
absolute motion of the liquid particles, determined by the relation (1), will take the form [4]

. 2 . .
o= ¢ + 9o + (X + W)x,, @)
where ¢§2)- is the Zhukovsky potential, whose approximate value is determined by the relation
Sh(zu;l)n( RV®

+2 4 h
(2 0 0o (=1D™'8d? 1 S ) . (2n-Dm

=X1Z X{Zq1 — X1Z{ — — x 8
(7 1Z1 + 141 141 3 n=1 (2n-1)2 Ch(2n;1)n-(R\/ﬁ+h) d 1 ( )

2

where x?, z — are the coordinates of the center of gravity of the fluid.

To compile the Lagrange equation, we represent the kinetic and potential energy in the form [5]
1 . oo s 1 , 1 .
T =-mX? +ypX Lz dnan +5m,¥X? + 5y Emady,
I1=20eX? +ypg T g + 501 h(X),

and the dispersion function from vibration dampers in spring sets and from the conventional absorbing
apparatus of the tank-container will be found by the formula [6]

@ = %yZenq% + poc|XX|.

The static characteristic F(X) of the absorbing apparatus, taking into account the rigidity of the tank-
container, will take the following values
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0,if a|X| < 6&;
F(X) = {X[1 + @sign(XX)],6 < X < A; )
fX),if alX| >4
where
0,at X < A;
f&) = {N+9fc2(X—A) at |X| > A;

A - is the course of the absorbing apparatus, the characteristic of the real absorbing apparatus is shown in
figure 2.

FeX)
N
/-A
(¢
b
o d
-A al———— LX A
i ————— s 0 & A
dT
b,
<,

Figure 2 — Static characteristic of an absorbing apparatus

Substituting the potential and kinetic energy ratios, the scattering functions into the Lagrange
equation of the second kind and, after performing some transformations, we obtain a system of differential
equations describing the longitudinal vibrations of the liquid and the tank-container, taking into account
the galloping of the railway platform at various speeds of collisions [7]:

ME + Lm* Y + p Y aznoy Gzn—1 + F(X) = 0,
(I + )Y + Lm™ X + p X Pon1 Gan1 + K* + 2Bl3Y — pg X azn—1 Gan-1 =0, (10)
PBon-1P +—L—lizn_1 + pazn_. X + 2€2n—1L_16I2n—1 — P91 + pgqon-1 =0,

Hon-1 Han

where [, is the distance from the center of gravity of the «tank-container-liquid» system to the center of
oscillation O; 215 - base of the tank-container; m”*- is the compressed mass of the tank-container and
railway platform; I; - moment of inertia of the tank-container relative to the transverse axis of rotation;
I*- is the moment of inertia of the equivalent body; k? = 213 — pgtol; — m;gl,.

The hydrodynamic coefficients a,,_; and S,,_1 are the coefficients of series expansion [§]

X2 ) an (i, 0 ugh = ) fuiby(y,0)dx,
n=1 n=1

morceover

an= | xiwnle, Odxupfn= | (¢7) _ ¥na,0)dx.

1

QA na

2

|
N I e TS

Calculating these integrals, we obtain

3
2dz
Gon-1 = Groryit (11
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3 3
Pan-1 = (Zrzlioll)izznz (Zn?(ﬁ37t3 h(Zn—l)” (Rz_\/E +)' (12)
By changing variables in the system of equations (10) gyp—1 = Xop—102n—1H2n—1 We get [9]
mX + lym* ) + ¥ iiyy_q Xpp_y + F(X) = 0,
I + Lm™ X + 3 8pn— Fign_1Xpn—1 + k2P + 2Bl3p — g ¥ My Xpp—q = 0, (13)
Son1P + X + ¥pn_1 + 260n_1%n_1 — g + Wiy_1X2p4 = 0,tmen = 1,23, ....

The following notation is introduced in these equations:

4q tnE= DT 1)n(\/_R+h)
1_11+I 62-” 1_Zl+? 2n—1

All coefficients of this system can be calculated and, therefore, it can be integrated. Using
standard programs, all unknowns that are part of the system of equations (13), functions and their
derivatives were obtained. At the same time, the longitudinal force was calculated according to relations
(9) and the coefficient of dynamics kgy, of spring sets according to the formula

.2 _ e _ 2
y Win—1 = GUon—1; Moap—q = PAZn—1H2n-1Y-

Kayn = %. (14)

The resulting force of the hydrodynamic pressure of the liquid on the right bottom X* and on the
left bottom X? will be equal to:

6 6
Xl—pff <Pa 2 4s; X2=—p ff <pa ds.
x— x———

The magnitude of the hydrodynamic force will be equal to: X, = X!+ X2. To calculate the
hydrodynamic pressure of the liquid on the bottom during the collision of the tank-container, hydrostatic
force should be added to the hydrodynamic force [10]

P,=X + X" =X+ ff(po + pgz1)ds.
e
Below are some results obtained on the basis of the proposed methodology using standard programs.
Figures 3 and 4 show graphs of the dependence, respectively, of the coefficient of dynamics and

longitudinal force on the speed of collision. The curves correspond to loading cases: 1- one tank-
container; 2- two tank-containers; 3- three tank-containers.

kdyn F tf

/!
0.8 400
112 3 / 1 2] 3 /
0.6 : 300 . / /
0.4 200 y /
0.2 / 100 ):/

A~

7 = "

T 4/

/
0 2 4 o 8 V,km/h 0 2 4 o6 8 V,km/h
The curves correspond to the load: 1-one tank-container; The curves correspond to the load: 1- one tank-container;
2- two tank-containers; 3- three tank-containers 2- two tank-containers; 3- three tank-containers
Figure 3 — Graph of the dynamics coefficient Figure 4 — Graph of longitudinal force
versus impact velocity versus impact velocity
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As can be seen from figure 3, the dynamic coefficient in the cases of loading two and three tank-
containers is much less for the case of loading one tank-container for all impact speeds. The decrease in
the value of the dynamics coefficient in these cases can be explained by the significantly greater inertia of
these tank-containers, i.e. an increase in p - is the radius of inertia. For the case of loading three tank-
containers, the limit value of the dynamics coefficient is reached at approximately a collision speed of
10 km/h.

Figure 4 shows that the longitudinal force increases with an increase in the collision velocity;
moreover, the longitudinal force in the case of loading two and three tank-containers is higher than in the
case of loading one tank-container. This is explained by the fact that the maximum longitudinal force is
proportional to the square root of the platform mass [2,11] and, therefore, for the same stiffness of the
inter-car connections, a greater longitudinal force will be manifested when a larger tank-container collides.
Figures 5 and 6 show graphs of, respectively, the longitudinal force and hydrodynamic pressure versus the
collision speed during underfilling of the tank-container. The curves correspond to the cases:
1- underfilling 0.3m; 2- underfilling 0.6m; 3- underfilling 0.9m.

2
F tf P, kgf/cm

400 0.8

//
Z

300 0,6

AN

100 // 0,2 s
s
0 2 4 6 8 V,km/h 0 2 4 6 8 V,km/h
The curves correspond to: 1 - underfilling 0.3 m; The curves correspond to: 1 - underfilling 0.3 m;
2- underfilling 0.6m; 3- underfilling 0.9m 2- underfilling 0.6m; 3- underfilling 0.9m
Figure 5 — Graph of the longitudinal force versus collision Figure 6 — Graph of hydrodynamic pressure versus collision
speed during underfilling of the tank-container speed during underfilling of the tank- container

From the analysis of graphs 5 and 6 it is seen that the longitudinal force and hydrodynamic pressure
of the liquid on the bottom of the container with an increase in the impact velocity increase at the same
level of filling with liquid. With an increase in underfilling at the same collision velocity, the
hydrodynamic pressure of the liquid increases. It should be noted that the effect of the oscillating fluid on
the maximum longitudinal forces of the tank-container is less affected than the hydrodynamic pressure of
the fluid in the bottom.

Conclusions: The dynamic coefficient in cases of loading two and three tank-containers is much less
than in comparison with the case of loading one tank-container for all impact speeds. The decrease in the
value of the dynamics coefficient in these cases can be explained by the significantly greater inertia of
these tank-containers, i.e. an increase in p- is the radius of inertia.

Longitudinal force increases with an increase in collision velocity; moreover, the longitudinal force in
cases of loading two and three tank-containers is higher than in comparison with the case of loading one
tank-container. The longitudinal force and hydrodynamic pressure of the liquid on the bottom of the
container with increasing collision velocity increase at the same level of filling with liquid. With an
increase in underfilling at the same collision velocity, the hydrodynamic pressure of the liquid increases.
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B.T. Cononemcol, H. M. MaxmeTOBal, B. A. Hmconaenz, M. 4. KBa]JIHI/[HI,
H. C. Bonnapbl, K. K. )lmonzlaconal, M. M. AJ‘[I/IMKyJ'IOBl

"M. THIHBIIGAEE ATHIHAAFEI Kazak keJik y»oHe KOMMYHUKaIUsIap akaaemuscel, AiMarel, Kazakcran;
2OMOBI MEMIIEKETTIK 5KOJT KATBIHACHI yuusepcureti, OMObI, Peceit

BOMJIBIK TEPBEJIIC BAPBICBIHIA CYUBIKIIEH TOJITBIPBLIIF AH
TAHK-KOHTEMHEPAIH TYPAKTBLJIBIFBIH 3EPTTEY

AnHotanusi. TepOenmeni CYHBIKTBIKTBIH TaHK-KOHTEHHEPIIH JUHAMHMKAIBIK TYPAKTBIIBIFbIHA TYPJI JeHrenne
TONTHIPY OapbICHIHIAFHI acepi 3eprreneni. TeopHsIbIK ecenTeyie TaHK-KOHTelHepi 6ap TeMipoul miaThopMachl-
HBIH JTUHAMUKAJIBIK TYPAKTBUIBIFBIH 36PTTCY/IiH HET13T1 9JIiCI — TOJIBIK MHTETPAIMSIIAY JJIICI, SIFHU 1IIiHIEC CYHBIKTHIK
0ap TaHK-KOHTEHHEp KO3FANBICHIH CHIATTANTHIH IU(QPEepeHIHANIBIK TeHACYIep >KyHeciHiH OapiblK IIenrimi
QHBIKTAJI/IBI JKOHE COJI OOMBIHIIA KO3FAIBIC TYPAKTBUIBIFBI TYPaJIbl KOPBITHIHIBI Kkacayabl. CYHBIKTBIK TI€H TaHK-
KOHTEWHEPIiH OOMIBIK TepOeTicTepiH 3epTTey TYPIIi COKTHIFBICY KBUITAMIBIFBIHIA KAPACTHIPBLIATBL.

Kosranmaran 6oc 0etTiH O;X;Z; JKa3bIKTHIFBIHIA OpHAlTacKaH, MHEpIHUIBIK OXZ jkoHE TaHK-KOHTEWHepre
OallyTaHBICTBl €Ki KOOPAMHATAIBIK >KyHeHi eHrizeMi3. CYHWBIKTHIK TI€H TaHK-KOHTEHHepIiH OOHIBIK TepOemicTepi
cepriylic OYPBIITE €CKEPYCi3 KapacThIpajbl, SFHU KO3FAIAThIH KOOpIWHATAIAp JKYyHEeCiHe KaThICThI CYMBIKTHIK
KO3FanbIchl ((t) (QyHKUMSCHIMEH, ai OOWIBIK TepOenic «KOHTeWHEP-CYWBIKTBIK» IKYHeCiHiH Kosrajbichl X(t)
KOOpAMHAT (PYHKIHUSCHI TYPiHAE KapacThipbuiaasl. LllemnriM ruapoauHaMUKaIBIK €CENTI MISHIYre CENTIrH TUTi3el,
srau X (t) KbULIAMIBIKIIEH KO3FAaThIH KOHTEHHEPIeTi CYHBIKTHIKTBIH a0COMOTTI KBLIIAMIBIFBIH TA0yBIMBI3 KAJKET.

Temip:kon m1aTOpMachHBIH CEPIUTYiH eCKepe OTBIPHIN, CYHBIKTHIK IeH TaHK-KOHTEWHEpiH OOMIBIK TepOe-
JicTepiHiH TuddepeHnaIabK TeHASYIep Kyiieci COKTHIFBICY KBUIIAMIBIFBIH €CKepe OTHIPHII, 2-11i peTTi Jlarpamxk
TEH/Iey1 HeTi31Hae abIHbL. 2-11i peTTi Jlarpamxk TeHAeyiH Kypy YIIiH KHHETHKAJBIK JKOHE MOTEHIHAJIBIK YHEPTUs,
cepimmeni AIPUIASTKII KOHIBIPFbUIApAaH XOHE TaHK-KOHTEWHEPIHIH ONETTEri CiHIpYy amnmapaTrTapblHaH MIAIIbIpay
(YHKIMSCHI €CenTe/i.

CranmaptTsl Oarmapiamanapibl KoJgaHa OThIPbIN, AuddepeHInalIbIK TeHACYIep KyiHeciHe KipeTiH 0apiibiK
Oenrici3 ManiMeT, QyHKIHMS JKOHE OJIApJbIH TYBIHABLIAPH! ajdbHIbl. COHBIMEH KaTap Cepimmesi »KHUbIHTHIKTapIbIH
OOIIIBIK KYIII MEH AMHAMUKA KO (UIIMEHT] ecenTei.

Cannplk ToXiprOenep YChIHBUIFAH oJiC HETi3iHJAE CTaHAapTThl Oargapramaiapibl KOJJaHy HeTi3iHxe XKypri-
3iani. CaHABIK TOXKIpUOE HATHIKeNepi COKTHIFBICY JKbLIJIaMJIbIKTapblHAH JUHaMUKa Kod(duimenTi, OOMIBIK XKoHE
THIPOAMHAMHKAIBIK KYIITEP TOYSNILUTIK rpaduri TYpiHIe KeNTipijireH.

Exi skoHe yII TaHK-KOHTEHWHEpiH THEey Ke3iHAe AMHAMHUKA KOA(PQOHUIMEHTI OapibIK COKTBHIFBICY JKBUTLTAMIIBIFBI
YIIiH Oip TaHK-KOHTEHHEpIH THEyMEH CallbICTBIpFaHAa, eadyip a3. by »kxarmaiima auHamMuK Ko3(QUIMEHTIHIH
TOMEHJEY JKarJalblH OCBl TAHK-KOHTEHHEp MHEePLHUSACHL, SFHU p-MHEPLUs PallyChIHBIH eoyip *KOFapbulay CHIIAThI-
MeH TYCiHaipyTe Ooasl.

BOMIIBIK KYII COKTBIFBICY >KbULAAMIIBIFBIHBIH JKOFApBUIAYBl HET131HAE apTaibl, JEereHMEH €Ki JKOHE YII TaHK-
KOHTEHHEpiH THey Ke3iHJe OOMJIBIK KYIUTIH MOHI, Olp TaHK-KOHTEHHEpIH THEYMEH CalbICTBIPFaHIa YIIKEH Kellesi.
COKTBIFBICY KBUIIAMIBIFBIHBIH JKOFapbUIaybl apKbUIbI KOHTEHHEpP TYOiHIeTi CYHBIKTHIH OOMIBIK KYIIl MEH THAPOIH-
HaMUKAJIBIK KBICBIMBI CYHBIKTHIKIIEH TOJNTBIPY Oip JAEHreHre >keTKeHae apraibl. bipiel COKTHIFBICY JKbUIAAMJIbI-
FBIMEH KYHBUIBII, a3 TOITHIPBUIFaH/IA CYHBIKTHIKTEIH THAPOANHAMUKAIIBIK KBICEIMBI apTaIbl.

Tyiiin ce3nep: TMHAMHKAIBIK OPHBIKTBUIBIK, TAHK-KOHTEHHEP, PECCOPIIBIK )KUHAK, YIEY, THIPOIUHAMHUKAIIBIK
KYL, COKTBIFBICY JKbUIIAM/IBIFbL.
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UCCJIEJOBAHUE YCTOMYNBOCTHU TAHKA-KOHTEMHEPA
3ANIOJTHEHHOM KUKOCTBIO ITPH ITPOOJIbHBIX KOJEBAHHUSIX

AnHoTtanus. VzydaeTcs BIusHIE KOJIEOMFOMIEHCS )KUAKOCTH Ha TMHAMHYECKYIO YCTOHYNBOCTh TaHKa-KOHTEH-
Hepa IpH pa3InyHON 3aIOTHAEMOCTH eMKOCTH. OCHOBHBIM METOIIOM HCCIIEIOBAaHHS JHHAMHUYECKOH yCTOMIUBOCTH
JKEIIE3HOTOPOKHON TUTATGOPMBI C TAaHKOM-KOHTEHHEPOM MPH TEOPETHYECKHX pacdeTax SBISETCS METOJ MOJHOMH
MHTErpaluy, T.e. HAXOISTCS BCE PELIeHHs CHUcTeMbl auddepeHInanbHbIX ypaBHEHHH, ONMUCHIBAIONIMX JBHKEHHE
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TaHKa-KOHTEWHepa C XHUIKOCTHIO, U 10 HUM BBIIAETCS 3aKIIOYEHHE 00 yCTOWYMBOCTH JABMKeHMA. VccinenoBanue
MIPOJIOIBHBIX KOJIEOAHWH JKUIKOCTH U TaHKa-KOHTEHHEpa pacCMaTpHUBACTCS MIPH PA3IMIHBIX CKOPOCTSIX COYNapEHHS.

Baenmem aBe cucTeMbI KOOpAMHAT: HHEPIHOHHYI0 OXZ W CBA3aHHYIO C TAHKOM-KOHTEHHEPOM, HAXOISAIIYIOCS B
IUIOCKOCTH HEBO3MYIIEHHOH cBOOOaHON mosepxHocTu O;X,Zz;. PaccMaTpuBaroTcst mpoaoIbHbIE KOJIeOaHHs KUIKOC-
TH ¥ TaHKa-KOHTEeHHepa 0e3 ydeTa yriia TaJIONMPOBaHMUs, T.€. ABHKEHHE XMIKOCTH OTHOCHTENBHO IHMOABHKHON
CHCTEeMBl KOOPAMHAT paccMaTpuBaeTcs GyHKLueH q(t), a mpoaoIbHOe KoJeOaHue NBM)KEHHUE CHCTEMbl «KOHTEHHep-
KHUIKOCTb» B BHJE (GYHKIMU KoopauHathl X(t). PemieHune cBOOUTCS K pEICHHIO 3aJaud TMAPOJIMHAMUKH, T.C.
HAXO0YXKJIEHHIO aGCOJIOTHOM CKOPOCTEH SKIIKOCTH B EMKOCTH KOHTEHHepa, IBIKYIIEics co ckopocThio X (t).

Cucrema muddepeHInaNbHBIX YpaBHEHUHA TPOIOIBHBIX KOJICOAHUH KUAKOCTH U TaHKa-KOHTEHHEpa ¢ y4eToM
TaJIONMPOBAHMS KENE3HOAOPOXKHON MIaTdOpMBI TTOJydeHa Ha OCHOBE ypaBHeHHMs Jlarpamka 2-To poja ¢ yd4eToM
CKOpOCTH coymapeHus. s cocraBieHus ypaBHeHus Jlarpamxa 2-ro pona ObUIM BBIYHMCIEHBI KMHETHYECKas U
NOTEHIUAaNbHasT dHEPrus, (QYHKIUS pacceMBaHHMsA OT racurenell KoseOaHWH B PECCOPHBIX KOMIUIEKTaX U OT
YCIIOBHOT'O TOMJIOIAOIIETO annapara TaHKa-KOHTEHHepa.

C ucnonb30BaHUEM CTaHJAPTHBIX NIPOTPaMM OBLIN TOJIyYEHBI BCE HEM3BECTHBIC, BXOIINE B cucTeMy audde-
pPEeHLMAJIBHBIX ypaBHEHUH, (QYyHKIMHK U X Npou3BojHble. OHOBPEMEHHO OBbLIM BBIYMCIICHBI MPOJOJbHAS CUIIA U
K03(h(PUIMEHT TNHAMUYECKOH MePerpy3Knu peCCOPHBIX KOMILJIEKTOB.

Bbreun MPOBCACHBI YHCJICHHBIC OJKCIICPUMEHTHBI Ha OCHOBC npe}momeﬂﬂoﬂ METOAUKHU C HCIOJBb30BAHHCM
CTaHAAPTHBIX NMPOrpaMM. Pe3ynbTaThl YMCICHHBIX SKCIIEPUMEHTOB IIPEACTABICHBI B BUE rPpaKOB 3aBUCHMOCTEH,
COOTBETCTBEHHO, KO PHIIMEHTa AMHAMUKH, IPOJIOIBHON ¥ THAPOJUHAMUYIECKON CHIIBI OT CKOPOCTH COYAapEHHS.

Koadpunment auHaMukn B ciaydasx 3arpy3ku ABYX M TpeX TaHKOB-KOHTEHHEPOB 3HAUMTEIHHO MEHBIIE, YeM
10 CPaBHEHHIO CIIydaeM 3arpy3Kd OZHOTO TaHKa-KOHTEHHEpa sl BCeX CKOPOCTEH coynapeHus. Y MEHbIICHHE 3HAYe-
HU Kod(dumeHTa AUHAMUKN B JAHHBIX CIy4asX MOXHO OOBSICHUTH 3HAUMTEIBHO OOJIbIICH HMHEPLUHOHHOCTBHIO
9THUX TAHKOB-KOHTEHHEPOB, T.€. YBEIUUCHUEM P - PaiNyCa HHEPIIHH.

IIpononbHas cuma pacTeT € yBEIMYEHHEM CKOPOCTH COYAAPEHHs; MPHYEM 3HAUCHHE IPOAOJILHON CHIBI B
Cllyyasix 3arpy3KH JIByX M TPEX TaHKOB-KOHTEHHEPOB OOJIbIle, YeM 110 CPAaBHEHHIO CIIyYaeM 3arpy3Ku OJJHOTO TaHKa-
KOHTeﬁHepa. Hpo,uoanaﬂ cujia U THAPOJUHAMUYECKOE NaBJICHUE )KUAKOCTH HA JHUILEC KOHTeﬁHepa C YBCJIIMYCHUCM
CKOPOCTH COyAapC€HUA YBCIUYMBAIOTCA IPHU OAHOM U TOM KCE YPOBHE 3allIOJTHCHUSA KUIKOCTBIO. le/l YBCJIUYCHUN
HEJI0JIMBA TP OJJHO U TOM K€ CKOPOCTH COYIapeHHUs THIPOANHAMUYECKOE aBJICHNE KUIKOCTH yBEIHINBACTCS.

KioueBble ci1oBa: auHaMuyecKkas yCTOHYMBOCTb, TaHK-KOHTEHHEp, PECCOPHBIN KOMIUIEKT, YCKOpEHHE,
THIPOJMHAMHUYECKAs CHJIa, CKOPOCTh COYIapeHHS.
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