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ABSTRACT

By the features of loading of containership which complicate the calculation of
preliminary cargo plan, there is the necessity of account of rotary press of ports at the
loading or unloading in a few ports and account of forces of inertia, affecting loading
at tossing. If a ship adopts a loading which will unloading by parts in a few
successive ports, on every transition between ports his nautical state will be different,
that will lead to the change of forces of inertia, which will undergo a loading during
transition.

At the loading of containership with the subsequent unloading in a few ports in
the holds of ship it is necessary to produce placing of loading taking into account the
sequence of ports of unloading, providing access to necessary parties of loading, and
also taking to account that all transient states of loading must suit on stability, landing
and durability of ship, and forces of inertia, arising up at tossing, must were in
possible limits.

It is shown that forming of initial loading must be begun with determination of
the possible last loading before handing over of loading in the last port, and then be
incrementally moved to the previous loading, while the initial loading in the last port
of loading will not be got.

At the decision the set problem it is necessary to take into account
communication between the loading of ship and parameters of her tossing, which
determine descriptions of nascent angular accelerations and influence on the size of
forces of inertia.

To minimize the size of force of inertia operating on a container at tossing of
ship, to the required legitimate values it is possible besides placing of container yet
and by diminishment of peak value of angle of roll, for what it is necessary to obtain
a maximal difference between frequency of own vibrations of ship and seeming
frequency of agitation. It is shown that seeming frequency of agitation is an out of
control variable and its size can be only forecast on forthcoming transition, however
much the size of frequency of own vibrations of ship depends on the loading of ship.
Exactly the loading of ship determines the size of transversal initial metacentric
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height and moment of inertia of ship in relation to the longitudinal axis X-X. If from
the great number of possible loadings to choose that, for which the difference of
frequencies has the maximal value, other things being equal it is possible to provide
implementation of requirement of legitimate values of forces of inertia at tossing of
ship.

Keywords: nautical safety of ship, loading of ship, force of inertia on tossing.

PE®EPAT

Oco0nMMBOCTSMU ~ 3aBaHTXEHHS ~ KOHTEHHEPOBO3IB, SIKI  YCKJIAJIHIOIOThH
PO3paxyHOK MOIMEPEIHHOTO BAHTAKHOTO IUIaHYy, € HEOOXITHICTh ypaxXyBaHHs pOTaLii
MOPTIB NP 3aBaHTaXEHH1 a00 PO3BaHTaXEHHI B JACKUJIBKOX MOPTAaX Ta CHJI 1HEpIii,
AKl BIUIMBAlOTh HAa BaHTaX NpPU KadyaHHI. SKIIO CyIHO NpHUiIMae BaHTaX, SKUM
3JTA€ThCSl YaCTMHAMM B JEKIJIbKOX MOCIIAOBHUX IMOPTax, TO HA KOKHOMY IEPEXojil
MDK [TOpPTaMH HOT0 MOpEXiAHMM cTaH Oyje pi3HUM, IO MOBEJIE 10 3MIHHM CHJI 1HEpIIii,
SKHUM I11JaBaTUMETHCS] BAHTAXK 1/ Yac Mepexomy.

[Ipu 3aBaHTaXEHHI KOHTEMHEPOBO3a 3 TOJAIBIIMM pPO3BAHTAXKECHHAM B
JEKIIbKOX MOPTaxX pO3MIIICHHS BaHTaXy B TPIOMAaxX CyAHA CIIJ TNPOBOJUTH 3
ypaxyBaHHAM IOCIIJOBHOCTI TOPTIB BHUBAHTAKEHHS, 3a0e3Meuyroud JOCTyN J0
HEOOXITHUX MapTiil BAHTAXKY, @ TAKOXK 3 YpaxXyBaHHSM TOT0, IO BCl MPOMIXH1 CTaHU
3aBaHTa)XCHHS IMOBHHHI 3aJ0BOJILHATH BHUMOTIaM IIO0 OCTIMHOCTI, ITOCAJI]l 1 MIITHOCTI
Cy[lHa, a CWIM IHEpIii, BUHUKAIOYl MpU KavyaHHI, TNOBUHHI 3HAXOIWIHCS B
JOIYCTUMHUX MEXKaxX.

[Tokazano, 1110 hopMyBaHHS TOYATKOBOI'O 3aBAHTAKEHHS HEOOX1THO MOYMHATH 3
BU3HAYEHHS JTOMYCTUMOIO OCTAHHBOTO 3aBAaHTAXEHHS TEpe] 3/1auel0 BAaHTaXy B
OCTaHHBOMY TMOPTY, a TOTIM TIOKPOKOBO NEPEMIIATUCS 1O IONEPEAHbOIO
3aBaHTAXKEHHS, TIOKK HE Oyne ojepkaHe MOYaTKOBE 3aBaHTAXCHHS B OCTaHHBOMY
MOPTY 3aBaHTAKEHHSI.

[Ipu pimendi mTOCTaBiI€HOI 3ajavl  CiIiJi BpaxoOBYBaTH 3B'S30K MK
3aBaHTAKEHHSIM CyJHa 1 MapaMeTpaMud Horo KayaHHs, $Ki BHM3HA4alOTh
XapaKTePUCTUKN BUHUKAIOUMX KyTOBHX MPUCKOPEHb 1 BIUIMBAIOTh HA BEJIMYUHY CHII
1HepIii.

MiHiMi3yBaTH BEJIMYMHY CHJIM 1HEPIi, [1I040i HAa KOHTEHHEp NpH KadaHHI
CyJlHa, 10 HEOOXIJHUX JOMYCTUMHUX 3HAUYCHb MOXHA KpIM PO3MIIIICHHS KOHTEHHEpa
e 1 3MEHIICHHSIM AaMIUIITYJTHOTO 3HA4YeHHs KyTa KpeHy, IJIi 4oro HeoOX1AHO
NO0OUTHCA MAaKCUMAJIbHOI PI3HUII MK YaCTOTOIO BJIACHUX KOJIMBAHb CYJIHA 1 YSIBHOIO
4acTOTOI0 XBWIIOBaHHS Mops. [lokazaHo, 1o ysBHa YacToTa XBWJIIOBaHHS €
HEKEpOBAHOIO 3MIHHOIO 1 ii BEJIMYMHY MOKHA TUIBKM MPOTHO3YBAaTU HAa MalOyTHIN
nepexiy, MpoTe BEJIMYMHA YaCTOTH BIACHUX KOJHMBaHb CYyAHA 3aJIeKHUTh BiJ
3aBaHTaKeHHS cyaHa. CaMe 3aBaHTaXEHHs Cy/lHa BH3HA4Ya€ BEJIUYMHY MONEPEYHOT
MMOYAaTKOBOI METAIICHTPUYHOT BUCOTH 1 MOMEHTY 1HEpIIii Cy/THa 010 TIOIOBXKHBOT OCi
X-X. SIKo 3 MHOKMHHU JOMYCTUMHUX 3aBaHTaXXEHb BHOpAaTH Ty, AJS SIKOT PI3HULSA
YacTOT Ma€ MaKCUMaJIbHE 3HAYEHHSI, TO 3a 1HIIKWX PIBHUX YMOB MOKHA 3a0€3MEUUTH
BUKOHAHHS BUMOTH JOMYCTUMUX 3HAUYE€Hb CHJI IHEPI] NPy KayaHHI Cy/AHA.
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Kuarouogi cjioBa: mopexinHa Oe3neka Cy/iHa, 3aBaHTaXEHHS Cy/IHA, CUJTU 1HEpIIii
Ha KavyaHHI.

ITocranoBka npo0/ieMbl B 001eM BH/IE U €€ CBSA3b ¢ BA)KHbIMH HAYYHBIMH
WIN NPAKTHYECKUMH 32Ja4aMu

OcoOeHHOCTAMHU 3arpy3Kd KOHTEHHEPOBO30B, KOTOPHIE YCIIOXKHSIOT pacyer
MpeBAPUTEILHOTO TPY30BOrO IJIaHA, SBISIETCS HEOOXOAMMOCTh yuyeTa pOTaIUH
IIOPTOB IPH 3arpy3Ke WM Pas3rpy3Ke B HECKOJIBKHUX IOPTAX M y4ET CWJI HHEPLUH,
BO3JICHCTBYIOIIMX HA IPy3 MpHU Kauke. Eciau cynHO npuHUMAET rpy3, KOTOpbIA Oyaer
BBITPY’KAaThCSl YACTSMU B HECKOJIBKMX IOCJIEOBATEIBbHBIX MOPTAaX, TO HA KaXXJIOM
nepexoae MEeXIy MOpPTaMU €ro MOPEXOJHOE COCTOSIHME Oy/leT pa3HbIM, YTO MOBEAET
K U3MEHEHMIO CUJI MHEPLIMU, KOTOPBIM OYJET MOABEPraThCcs Ipy3 BO BpeMs MEPEX0/a.
Bo Bpems kaxmoro mepexoja IapaMeTrpbl OCTOMYMBOCTH, MOCAAKUA U IMPOYHOCTU
CyIHO JOJDKHBI HaxXOIWUTBCSA B JOIYCTUMBIX IIpeleiax, a BO3HUKAIOLIME CHUIIBI
MHEPLHH OT €ro KayKu, HE TOJKHBI IIPEBOCXOAUTD JOIYCTUMBIX IIPEIEIIOB.

AHAJIU3 TNOCJHEIHUX JTOCTHKEHUH W nyOJuKanuii, B KOTOPbLIX HA4YaTo
pellieHUe JAaHHOW NMpo0JieMbl U Bble/IeHHEe HEPelIeHHbIX PaHee 4acTel o01eit
npooJieMbl

Meton dopMupoBaHus ONTUMAIBHOW 3arpy3kd CyJIHA TapHO-IITYYHBIMU
rpy3amm TpemiokeH B pabore [1], a B pabore [2] paccMmoTpeH cmoco0
(hopMUpOBaHUs ONITUMATBHOM 3arpy3KH HAaBAJIOYHBIX CYJOB CHITyYUMH TPYy3aMHu.

B paGote [3] paccmoTpena pa3paboTka MeToAa OINEpPaTUBHOM OLIEHKHW KpPUTEPUEB
MOPEXOJAHOCTH CyAHA C IOMOINBI0 WMHUTAIMOHHOTO MojaenupoBanus. [Iporemypa
pacdeTa YIJIOBBIX YCKOPECHHM, BO3HUKAIOIIME TIPH KAauKe CyAHA, U3JI0KEHA B CTaThe

[4].

DopMyJIMPOBKA LeJIel CTaTbU

[lens naHHOM CTaThU - aHAJIW3 HEKOTOPHIX OCOOEHHOCTEH COCTaBJICHUS
MPEABAPUTEILHOTO TPY30BOT0 IIaHA KOHTEHHEPOBO3a, BHI3BAHHBIX CIIEU(HUKOI ero
paboTHI.

N3n0:xeHNEe OCHOBHOIO MATepHaJia MCCJIEI0BAHUA C O00OCHOBaHHMEM
MOJIYYEHHbIX HAYYHBIX Pe3yJ1bTATOB

IIpu 3arpy3ke KOHTEWHEPOBO3a C MOCIEAYIOLIEW pa3rpy3KOM B HECKOJIBKUX
IopTax pa3MElICHUE Ipy3a B TPIOMax CyJdHa CIEAYyeT IPOU3BOJIUTH C YYETOM
MOCJIE0BATEILHOCTH MOPTOB BBITPY3KU, oOecrednBas JOCTYNl K HEOO0XOIUMBIM
MapTUsIM Tpy3a, a TAKXKE C YYETOM TOro, UYTO BCE MPOMEKYTOUHBIE COCTOSHUS
3arpy3Ku JOJKHBI YIOBJETBOPSATH TPEOOBAHUAM 10 OCTOMYMBOCTH, IOCAJKE M
MPOYHOCTHU CYyJIHA, & CUJIbl HHEPLIUH, BOSHUKAIOIIHNE MTPU KAaYKe, JOJDKHBI HAXOAUIUCH
B JIOITYCTUMBIX IIPEAEax.

bonee mnoapoOHOE paccMOTpPEHHE STOro BONpPOCA IO3BOJIIET MPEMJIOKHUTh
CIEIYIOIYI0 (QopManu3aluio 3arpy3kd cyAHa. B mepBoM NpUOIMKEHHH TOJ
3arpy3koil cyaHa G OyaemM MoHUMaTh MHOXKECTBO MapTUH Ipys3a P;, HAXOIAIIUXCS

Ha CyJiHe, Cy/10BbIe 3amacel P,, Gamtact P, u ux pasmemenue Ha cyane Q. Uepes P
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0003HaYMM TapTUIO TPy3a, K KOTOPOH MMeeTCsi CBOOOAHBIN TOCTYI AJI BBITPY3KH,
[ToaToMy (popManbHasi 3anmuch 3arpy3ku cynHa G, Kak COBOKYIHOCTH Harpy3ok OT
IPY30BbIX MAPTUH, OaacTa, CyJ0BBIX 3allaCOB U UX Pa3MEIlCHUs Ha CyHE:

G :{Uphpb’Pz’Q}-
Hauasnpnas 3arpyska cyasa B nopry ornpasienus G, ={p,Up;,P,.P,,Q.}

JOJDKHA O00ECHEeYHTh JOCTYIIHOCTh K TIPy3aM, BBITPY’KaeMbIM B IIEPBOM IIOPTY
pasrpysKku, 00eceunTs T0IyCTUMOe MopexoaHoe cocrosane M, e Mng, rne Mn g

- MHO>KECTBO 0€30I1aCHBIX MOPCXOOHBIX COCTOHHHﬁ, d 3HAYCHUS CHUJI MHCPIUH KaYKHU

ij ) I[GﬁCTBYIOIHHX Ha I'py3, OOJDKHBI HAXOAUTLCA B HOIIYCTHMBIX IIPpCACIax, T. €.

Fio <Fjq- Llemecoobpasto pasmndars pasmerienue rpysa Q, u OamractaQy.

HOBTOMY HadaJIbHas 3arpy3ka CyJHa:
GO :{p]_U p| !QCO’ PZ ) PbO’QbO} nim

Gy ={Gco:PhosQbol
rie G, ={P1UPi,Qco,P,}- pasmelienue rpys3a Ha CyIHE, JIOIYCKas HEU3MEHHBIM

3Hauenue P,.

[Tocae BHEITPY3KM B IIEPBOM IIOPTY OCTaBIIAsCS 3arpys3ka CyaHa 00O3HauYeHa
Gy ={P2 UPi: Qc1:P;,Pp1,Qp} mmu Gy ={Gy,Pyy,Qpe}. Ilocne Berpysku B

izl
MPEABIAYIINX MOPTAaX 3arpy3ka CyaHa IMOCJe CAaud Tpy3a B S-M MOPTY (opMaibHO
BBIPAXKACTCS CIICIYIONIIUM 00pa3oM:

Gs :{Gcs'Pbstbs}’
Upi’ch’Pz}-
1,2..s

npraeM Geg ={Ps;1
i#
CJie10BaTeNbHO, KOK/Ias U3 3arpy30K cyaHa G mepes BBIXOAOM K 0UEPETHOMY

MOpTy Ha3HAyYeHUs JOHKHa o0ecnedyuTh CBOOOJHBIM  JOCTYH K  Tpy3y,
MPEJHA3HAYEHHOMY JUISl BBITPY3KM B CIEAYIOIIEM TIOPTY U YJIOBJIETBOPATH

TpeOOBaHUAM MOpEXOAHOH OesomacHocTH Mg € MNng, Kak M JOIYCTHMOCTH CHII
MHepUUN Ha Kauke Fyo <Fj, Ha mpexcrosiem mepexoze, 4To GOPMAIbHO MOXKHO

BBIPA3UTh CJICAYIOIIMM 00pa3oMm:

Gs :{Gcs'Pbstbs}’

GCS :{ﬁs+1_ Upi!ch:PZ}, (S=O...n'1)
i#1,2..s

MS (S Mnsf ,
Fiks <Fia

rae N — 4ucio IIOPTOB BBITPY3KH.
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Jdus  gopMupoBaHus ~ IOCIENOBATENbHOCTH  3arpy3ok  cymaHa  Gg,
YAOBJICTBOPSIONMIMX  MEPEYUCICHHBIM  TpeOOBaHUSIM, CJIEAYEeT y4ecCTh, UTO
pasmerenue rpysa Qg B KaX/IOi 3arpyske CyaHa BKIIOYCHO B IpeAbLayInee Qe qy.
CrnenoBarenbHO, Ha4aabHOE pasMelleHue rpysa Q., COIEPKHUT BCe IMOCIEAYIOLIHE
pasmenieHus Q.q ¥ CIpaBeIIMBbI COOTHOILCHM:

Ges =Gy (s=0...n-1)

n-1
UGcs = Gco-
s=1

[TosToMy (opmupoBaHue HadanbHOH 3arpy3skn G, HEOOXOIUMO HAYMHATH C
ONpEeJieNICHHsT TOIyCTUMON mocienHei 3arpysku Ggq,.qy mHepen cradeil rpysa B
MOCJIEAHEM MOPTY, a 3aTEM IOILIAr0OBO MEPEMEIIATHCS K MPEAbIAYIIEH 3arpy3Ke, oKa
He OyJIeT NoJydeHa HavaabHas 3arpy3Ka B MOCJIEIHEM MOPTY 3arpy3KHu.

[Ipn pemieHMH TOCTABICHHOM 3a/auyd CIEIYET YYHUTHIBATh CBS3b MEXKIY
3arpy3Koil CyJHa U mapaMeTpaMH €ro Kauku, KOTOPbIE OMPEAEIISIIOT XapaKTEPUCTUKHI
BO3HUKAIOIIMX YTJIOBBIX YCKOPEHUH U BIUSAIOT HA BEJIMYUHY CUJI HUHEPLIUH.

B pabGore [5] moka3zaHo, YTO MaKCHMAaJIbHOE€ 3HAUYCHHE TOPHU3OHTAIHHOM
cocTaBisilOlel cwi uHepuuu MaxFy, npum kauke cynHa, AEHCTBYIOLIEW Ha

KOHTEHWHEP OMPEEISICTCS CICTYIONTUM BEIPAKCHUEM:

maxF = mcmkz{[AZBm sin(oyt-yg)— (i2 +0,5h,, sinw, t) cososinp]? +

Wk
- g - c 0121172
+[AzemS|n(cokt-\|/)+(—2+0,5hwsmcokt)sme] ¥, (1)
Wk

rae B, - aMIUIMTyIHOE 3Ha4YeHue yria quddepenra 3;

W, - HavalbHas (haza mpoaoIbHBIX KOJICOAHMIA.

0, - aMIUIUTYIHOE 3HAUCHHE YIJIa KPEeHa;

V - HavanbHas (asa;

®) - KaXymascs 9acToTa BOJIHCHNS,

M, - Macca rpy3a, AZ - paccTosHHE MEXIy LEHTpaMH Macc rpys3a U CyJHa o

BBICOTE.
Anann3 npuBeeHHOro BbIpakeHus (1) mokasbiBaeT, 4To Ha 3HaueHue Maxky

HaOoJIbIlIee BIMSHUE UMEIOT pa3MelleHne KoHTeHepa (AZ) U yriiOBbIE YCKOPECHUS
OOpTOBOI KauKH, KOTOPbIE ONPEEIIAIOTCSA BEIMYMHON 0,

2
X/e('oo

[(02 —of)? + 4h2wi]l/2

O (2)

race oy - Kaxyliasiacs 4acToTa BOJIHCHU,
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o - cOoOCTBEHHAs YacTOTa CyJIHa ITPU OOPTOBOM KauKe, MPUYEM

Dh
> (3)

(DO = J— ,
+m
(@ +m )
hO = HOHCpC‘-IHaﬂ Ha4daJlbHas MeTaHeHTqueCKaH BBICOTA.

MunrMusupoBate BenuuuHy MaxFy, A0 TpeOyeMBIX IOIyCTHMBIX 3HAYEHWH

MOXHO IIOMHUMO pa3MElIEHUsI KOHTEWHepa elle U YMEHBIICHUEM aMIUIUTYAHOTO
3HAa4YeHUs yria kpeHa 0., A 4ero, Kak ciexyer u3 (2), HEOOXOOUMO JOOUThCA

MaKCUMaJIbHOM pa3dHubl MCXKAY 4YaCTOTaMHU (Do H . Ecan @y ABJIACTCA
HCYHpaBHSIGMOﬁ HGpGMGHHOﬁ H CC BCIIMYMHY MOXHO TOJIBKO IIPOIHO3HUPOBATH Ha
HpeI[CTOiIHII/Iﬁ IIepexoa, To BCINYHNHA (Do 3aBHUCHUT OT 3arpy3Ku CyJdHa, 4TO CJIICAYCT

u3 BeIpaxkeHus (3). MimMeHHo 3arpy3ka cyjHa OMNpeesseT BEIMYMHY MONEpEeuyHON
HAyaJIbHOM METalleHTPUYECKOW BBICOTBHI N, W MOMeHTa HHepIMH cyaHa J,

OTHOCHUTENBHO MPOAOJabHOU ocu X-X. EciM M3 MHOXKECTBA JTOIYCTUMBIX 3arpy30K
BBIOpaTh Ty, IJIsI KOTOPOM (oa0 - ) MMEEeT MAaKCHMajJbHOE 3HAYEHHUE, TO IIPU

IMpoOYrX paBHBIX YCIOBHAX  MOKHO 00ECIICUHTh  BBITIOJIHEHHUE TpC6OBaHI/IH
AOITyCTUMBIX 3HAUCHUI CUII HHCPUOWH IIPU KAYKC CyaHa.

BbIBOABI M EpPCNIEKTUBA JaJIbHEHIe padoThI 110 JAHHOMY HAIIPABJICHUIO

Takum o0pa3oM, pacCMOTPEHBI OCHOBHBIE OCOOEHHOCTHM COCTaBIICHUS
MPEIBAPUTENLHOTO IPy30BOro IJIaHa KOHTEMHEPOBO3a, BbI3BaHHBIE CHEIM(PUKOMN ero
paboOThl W BIUSIOLIME HAa MOPEXOJHYK O€30MacHOCTh CcyJqHa. B panbpHelem
1e1ecoo0pa3Ho HUCCIIEN0BaTh 3aBHCUMOCTh CWJI MHEPLMHM Ha Kayke OT 3arpys3ku
CyJHa.
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