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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]:

0o =@ +XOx; , (1)

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

At | P
w2 Tz = 0, (2)
ap % ap
Pl 0 - on a wettable surface and Szt 96_21 = 0 - on a free surface. (3)
The equation of the free surface in the tank-container is written in the form [2]
20 = ) an(O) P, 0).
Then the solution of equation (2) taking into account the boundary conditions (3) can be represented
as

Q1,20 t) = T ==y (O (51, 21), )

where ¢,,(t) - time functions characterizing the movement of the liquid, d - length of the tank-container;
Y, (x4, ;) are the eigenvalues obtained by the Fourier method for ¢,,(t) = cos(w,t), i.e. when studying
the natural vibrations of a liquid, the eigenvalues are determined by the formula [3]

_ 2 . 7mn ch%(zl +R+h)
Yn(x1,2,) = N kraia —ch’%‘(Rn+h) g (5)
Natural frequencies are defined as follows
2
un=%=%th’;—”(§R+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 . .
9o = ¢+ + (X + 1)xy, (7)
where (p1(2)_ is the Zhukovsky potential, whose approximate value is determined by the relation
Sh(zn;l)n( RVT

+—=Z+h

@ _ 0, _ o _ (=1D™18d2 1 21t ) . (2n-Dn

Q17 = X121 + X721y — X127 o n=1{z2n_1) rn-Dn RVE l FERREY )
ch———=—+h

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 . 5 oo . 1 ’ 1 .
T= EleZ +ypX Y=1qnan + EmochXZ + 3V D mnqrzu
1T = >0eX? +2ypg 3. g2 + 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]

D= %yZenq% + porc| 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] > A4

0,at X < A;
f(X)—{ (X — &) at |X] > A;

MX + Lym* P+ p Y azn_1 Gan-q + F(X) =0,
(I + I + Lbm* X + p ¥ Bon—1 Gan—1 + k*P + 28133 — pg ¥ azn_1 Gon-1 =0,
pPBon-1¥ + uzi-l Gon—1+ Pasn_1X + 2631 ﬂzi_l G2n-1 — P9%2n—1Y + Pgq2n-1 =0,

6= a 03 =) Butbn(x, 0,
n=1 n=1
d d
2 2
a= | x Bo=| (¢?) _ ¥nlx;, 0)dx.
21=0
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mX + lzm*l/) + ZmZn_l 55‘2n—1 + F(X) = 0,

I + Lm*X + 3 851 Mgy 1Xon_q + k2P + 2Bls) — g X g1 X1 =0,
n=123...
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TAHKA-KOHTCIHEPA C KUIAKOCTHIO, M 10 HUM BBIJACTCS 3aKIOUCHHEC 00 YCTOWYMBOCTH ABWKCHMS. McciemoBaHue
TIPOJOIBHBIX KOJICOAHHUH KUIKOCTH W TAHKA-KOHTEIHHEPA pACCMATPHBACTCS IIPH PA3THIHBIX CKOPOCTSX COYJAPCHHUL.

Bsenem age cucTeMbl KOOPAMHAT: HHEPIHOHHY0 OXZ U CBI3aHHYIO C TAHKOM-KOHTCHHEPOM, HAXOISIIYIOCS B
IUTIOCKOCTH HEBOBMYIICHHOM cBOOOIHOH moBepxHOCcTH O)X;7,. PaccMaTpuBaroTCs MPOJOIbHBIE KOJICOAHHS JKHIKOC-
TH W TaHKAa-KOHTCHHEpa 0e3 ydera yIiia TajuIoNHMPOBAHUSA, T.C. JBHKCHHE XHAKOCTH OTHOCHTEJIHHO ITOJBHXKHOH
CHCTEMBI KOOPAMHAT paccMarpuBaercs GyHKuueH q(t), a mpoJoIbHOE KOIeOAHHE JBIKCHHUE CHCTEMBI «KOHTCHHED-
JKAAKOCTE» B BHAC (DyHKUMH KOOpAWHATHI X(t). PemicHHE CBOAWTCS K PCIICHHUIO 33aJa4H THAPOIHHAMHUKH, T.C.
HAXO/KICHHIO A0COFOTHOM CKOPOCTEH SKHAKOCTH B €MKOCTH KOHTEHHEPA, ABIKYIIEHCA cO CKOpOcThio X (t).

Cucrema muddepeHIHATbHBIX YPABHCHHH MTPOJOIbHBIX KOTCOAHHH >KUIKOCTH W TAHKA-KOHTCHHEPA C YUCTOM
TaJOTIMPOBAHMS KEIC3HOJOPOKHON MIATHOPMBI ITOIYUYECHA HA OCHOBE ypaBHEHHWS Jlarpamxka 2-TO poAa ¢ y4eToM
CKOpOCTH coyaapeHus. Jma cocTaBiacHHSA ypaBHCHHA Jlarpamka 2-ro poaa OBLTH BBEIMHCICHBI KHHCTHYCCKAS H
MOTCHIMANBHAS 3HEPIWA, (YHKOMSA PACCCHBAHUS OT TacHUTEICH KOJICOAHMH B PECCOPHBIX KOMIUICKTAX H OT
YCIOBHOTO NOTIOIIAOINETO aNapaTa TAHKA-KOHTEHEpa.

C uCcronp30BaHUEM CTAHAAPTHBIX MPOTPAMM OBLTH MOJIYYCHBI BCE HEM3BECTHBIC, BXOIAMINE B CHCTEMY Iu(pde-
PCHIMATBHBIX YPaBHCHUH, (PYHKIWH M WX MPon3BoAHbIC. OJHOBPEMECHHO OBLTH BBHIMHCICHBI MPOJOJNBHAS CHJIA H
K03(p(pUIHEHT THHAMUYECKOH MEPETPy3KH PECCOPHBIX KOMILJICKTOB.

brutH TPOBEIEHBI YHCICHHBIC SKCIEPHMEHTHI HA OCHOBE MPEAIOKCHHOM METOJUKH C HCHOIb30BAHHEM
CTAHAAPTHBIX MPOTPAMM. Pe3yIbTaThl YUUCICHHBIX 3KCIICPHMEHTOB MPEICTABICHBI B BUAC IPa(hMKOB 3aBUCHMOCTEH,
COOTBETCTBCHHO, KO (QHIMCHTA TMHAMHKH, TIPOJOIBHONW M THAPOAMHAMAYCCKON CHIIBI OT CKOPOCTH COY/IAPCHHUS.

Koa(puument tuHAMUKY B CIIy4asx 3arpy3KH ABYX H TPEX TAHKOB-KOHTCHHEPOB 3HAYHTEIHHO MCHBINE, UCM
IO CPABHCHUIO CIIYYAEM 3arpy3KH OJHOTO TAHKA-KOHTEHHEpA A1 BCEX CKOPOCTEH COyJapeHus. YMEHBIICHHUE 3HAYC-
HUS KO3(UIMEHTa THHAMHKA B JAHHBIX CIYYasAX MOXKHO OOBSICHUTH 3HAYUTEIHHO OONBIICH HHEPIHMOHHOCTHIO
3THX TAHKOB-KOHTCHHEPOB, T.€. YBEIHYCHUEM 0 - DIy Ca HHEPIUH.

IIpogonbHasd cuiaa pacTeT C YBEIHMYCHHEM CKOPOCTH COYJAPCHHA, MPHYEM 3HAYCHHUC MPOJOJBHOH CHIBI B
CIIy4asIX 3arpy3Kd JBYX H TPEX TAHKOB-KOHTCHHEPOB OOJIbINE, YEM IO CPABHEHHIO CIIyYaeM 3arPy3KH OJHOTO TAHKA-
KOHTeHHepa. [IpomonpHas CHila U THAPOAWHAMHYCCKOE JABJICHHE KUIKOCTH HA JHUINE KOHTEHHEPA C YBEIUUYCHUEM
CKOPOCTH COYAAPCHHA YBEIWYHBAIOTCA MPH OJHOM H TOM JK€ YPOBHE 3ANOJHCHHA SKHAKOCTBIO. IIpH yBeTMUCHUH
HEIOJINBA TIPH OAHOM M TOH 7K€ CKOPOCTH COYAAPEHUA THAPOTUHAMHYCCKOE JABJICHUE KIUIKOCTH YBEIHUUBACTCA.

Kiarouerpie cioBa: IUHAMHYCCKAS YCTOWYHMBOCTH, TAHK-KOHTCHHEP, PECCOPHBIM KOMILUICKT, YCKOPCHHC,
THAPOAMHAMHYCCKAS CHIIA, CKOPOCTh COYAAPCHHUA.
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