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AHOTALIA Posenadaiomvcsi nepcheKmueHi HanpamKu po3guUmKy CUCmeMm agmomMamu3oeano2o npoekmysans kopaoaie. Ilokaszani
nepesazu MamemamuyHo2o 2i0poOUHAMIYHO20 MOOENBAHHS KOpaONie V NOPIGHAHHI 3 (DI3UYHUM MOOEN08AHHAM 2i0OPOOUHAMIKU
020 mooeni. Pozenamymi memoouuni npobnemu awanizy OAHUX MAMEMAMUYHO20 2IOPOOUHAMIYHO20 MOOCTIO8AHHSA KOpabllis.
IIpedcmaeneni memoouuni pivwients ma po3ensAHymi KOHKpemHi Npukiaou 06poOKu CMAmMucmuyHuMy Memooamu pe3yiomamie
MAMEMAMUUH020 2i0POOUHAMIYHO20 MOOem08ants kopabuis. Ha 6azi yughpoeoi modeni kopablis 00cioxnceno anius 2eomempii tio2o
Kopnycy Ha 2i0OpoouHamiume noie, po3pax08aHe WIIAXOM MAMEMAMUYHOZ0 MOOETIOBAHHA 2NUOUHU POSNOBCIOONCEHH AHOMAIN
HAOIUWKOB020 MUCKY 6 HeCmUcCKy8auiu piouni. Pospaxynku euxonaui 01a weuoxocmi pyxy xopabna 30 eysnie. B pesynomami
PO3PAXYHKY NOBHO20, d MAKONC AHOMAILHO20 MUCKY Y 600HOMY cepedosuufi, wo 6ye cmeopenutl 6 npoyeci pyxy kKopabiem, 0yia
anpobo6ana Memoouxa QizuKo-mamemMamuyHo20 MoOeIB8AHHs 1020 2i0poOUHAMiuH020 nos. DizuKo-cmamucmuyte MoOeI08aHH
peanizyemupcst 3a OONOMO20K0 3ACMOCYSAHHS peepeciiino2o auanisy 0ns gopmanizayii emnipuynux 3axoHomipHocmei. Ompumari
Pe3yNbmamu eMnipuLHUX 3a1elCHoOCmelt 2UOUHU AHOMANIN HAOIUWKOB020 MUCKY 6i0 wisuokocmi 06'ekma. [lns paiiony nisHiuno-
3axionozo wenb@y HopHozo Mops 6UKOHAHO PAUOHYBAHHA AKEAMOPIi 34 (aKmopom wieuoKocmi pyxy cyonda, wjo sabesneuye
Henomimue nepemiwjenHs 6 YMo8ax nepeodaAuy8aHo20 pO32OPMAHHA OOHHUX 2IOPOCMAMUYHUX KOMNIEKCI8 MOHIMOPUHEY
2I0pOOUHAMIUHO20 NONA. 3a pesynvmamamu pailoHyéanHa akeéamopii nobyoosana xapma. Pospaxynxu euxomaHi ons KOHKpemHoi
Mooeni Kopabns i He MOdCymb 6Ymu 3aCMOCcO8aHi 051 CYOeH 3 8IOMIHHOW 2eomempieto kopnycy. Kooxcnuil knac xopabnié nogunen
Oymu 3abe3neuenuii OKpemMumu pO3PAXYHKAMU 2IOPOOUHAMIYHO20 NOJIS, WO CMEOPIOEMbCA HUM 8 NPOYECT PISHUX PEXNCUMIE PYXY .
Knruoei cnosa: ziopoounamiune noie xopabiisi, noie GUHAMKOB020 OUHAMIYHO20 MUCKY,; WBUOKICMb CYOHA, 2eoMempis KOpnycy
KOpaobsi, penvbegh MOPCbKo2o OHA,; peepeciiiHuil aHani3, 2iOpoOuHaAMIuHe MOOEN08aHHs; clopoepagis; Hasieayis.

PHYSICO-STATISTICAL MODELING OF THE HYDRODYNAMIC FIELD OF THE
SHIP ON THE BASIS OF HYDRODYNAMIC CALCULATIONS

1. GLADKYKH', M. KAPOCHKINA?*

! Private Company “TSB”, Odessa, UKRAINE
Research Center of the Armed Forces of Ukraine "State Oceanarium”, Odessa, UKRAINE

ABSTRACT The perspective directions of development of systems of automated designing of ships are considered. The advantages
of mathematical hydrodynamic modeling of ships in comparison with physical modeling of hydrodynamics of its model are shown.
The methodical problems of data analysis of mathematical hydrodynamic modeling of ships are considered. The methodical solutions
are presented and concrete examples of statistical methods processing of results of mathematical hydrodynamic modeling of ships
are considered. The influence of the geometry of its body on the hydrodynamic field, calculated on the basis of the digital model of
the ship, is calculated by mathematical modeling of the depth of propagation of excess pressure anomalies in unchanged fluid.
Calculations are made for the speed of ships in 30 knots. As a result of the calculation of the complete, as well as abnormal,
exceptional pressure in the aqueous environment created by the moving vehicle, the method of physico-mathematical modeling of its
hydrodynamic field was tested. Physical-statistical modeling is implemented by applying regression analysis to formalize empirical
regularities. The obtained results of the empirical dependencies of the depth of the anomaly of excess pressure from the object speed.
For the area of the northwestern Black Sea shelf, the zoning of the water area was performed on the speed factor of the vessel, which
provides a hidden movement in conditions of the planned deployment of bottom hydrostatic monitoring systems for the hydrodynamic
field. Based on the results of zoning of the water area, a map was constructed. The calculations are made for a specific ship model
and can not to be used for vessels with excellent body geometry. Each class of ships must be provided with separate calculations
created by it hydrodynamic field.

Keywords: hydrodynamic field ships; field of exceptional dynamic pressure; speed of the vessel; geometry of the ship's hull, relief of
the seabed; regression analysis; hydrodynamic simulation; hydrography, navigation.

Beryn riIpOCTaTMYHOTO THUCKY Y BOJHOMY  CEpEIOBHIIIL.

Po3paxyHKd TiApOIUHAMIYHOTO TOJIT KOpaOJsi AOIIBHO

Kopabmi mixm dwac pyxy IO BOIHIA TOBepXHI  BHKOHYBaTH 3  METOK)  YHEMOXJIMBICHHS  HOro
BIUIMBAIOTh HA BOJHE CEPEOBHINE, 3MIHIOIOYH TI0JIE JEeMAacKyBaHHs. [ iApoIuHAMIYHE [TOJIC BUKOPUCTOBYETHCS
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JUIA TIONIYKY KOpaOIiB, HAaBEOCHHA Ha HUX O0HOBHX
3acobiB. Cmig  BpaxoByBaTH, IO T€HEpyBaHHA
TiAPOJMHAMIYHOTO TIOJIS TIOB'SI3aHE 3 PyXOM KOpaoJs.

3arajgpHOBIIOMO, LIO IOJI€ HAJMIPHOTO THCKY
(piBeHb TIAPOAMHAMIYHOTO TIOJISI PYXOMOTo 00’€KTY)
3MEHIIYIOThCS TPH 3MCHIICHHI MBUAKOCTI HOro pyxy.
3HMKEHHS LBHIKOCTI KOpadisi 10 Oe3neyHoro piBHS €
e(pEeKTUBHUM 3acO00M YHEMOXKJIMBJICHHS BU3HAYCHHS
Horo mosoxeHHs. Bu3HayeHHS Oe3neyHMX IIBHJIKOCTEH
Kopalbist  mepecyBaHHA  KOpabist 3  ypaxyBaHHAM
MIPOCTOPOBUX 3MIH TJIMOMHU MOps € HEoOXiIHOIo
CKJIaJIOBOI0 TUIaHYBaHHS OoifoBUMX Miii B paiioHax, nae
PO3TOpHYTI TOHHI MEPEKEICHTPUYHI CHCTEMH peecTpariii
TIAPOOMHAMIYHOTO TIOJII Ta B palOHaX MOXIIUBOI
ITOCTaHOBKH T1IPOJMHAMIYHHAX MiH.

BBaxaerbcsi, 110 ePEKTUBHUM  TaKTHUYHUM
NPUIIOMOM  YHEMOXIIMBIICHHS  BUSIBICHHS — KOpaoOuist
JOHHMMH  TiIPOCTATHYHMMHU TPUCTPOSIMH €  BHOIp

0e3revHoi MIBHIKOCTI X0y, TOOTO TaKoi MIBUAKOCTI, IPU
sKiii ab0 BenMuYWHA 3MIHM THUCKY IIifi KopaOieMm He
MEPEBUIUTh BCTAHOBJIEHOTO TIOPOTYy MPUCTPOIO 3
BUMIpIOBaHHS TiJpOCTaTUYHOTO THCKY, abo wac nii
obylacTi 3MIHHOTO THCKY BHSBHTBCS MEHIINM, HIXK
BCTAHOBJICHO B  CHCTEMi  peecTpamii  aHOMAaii
TiAPOCTATHYHOTO THUCKY.

JloHHI cucTeMH peecTpamii 3MiH T1APOCTATUIHOTO
TUCKY 3/aTHI peecTpyBaTH 3MiHM, SKi JOPIBHIOIOTH
0,0005% BumiproBanoi BenuuuHW. Hampukman TOHHA
cucTeMa peectpallii 3MiH rigpocrarnunoro Tucky DART,
BCTaHOBJICHA Ha TNIMOWHI 5 THC. M, 3[aTHa BU3HAYaTH
3MiHU PIBHA OKeaHy, MeHII HiX Ha 3 cM [1]. ToGTo, B
menb(oBid 30HI CUCTEMHM 3 TaKOK YYTJIMBICTIO 3JaTHI
peeECTpYBaTH HE TUTBKH TiAPOIUHAMIYHE IOJIE KOpaois,
ale W WIiABHIICHHS pPIiBHA MOPCHKOI IOBEPXHI IEepen
HOCOBOIO YaCTHHOIO KOpalirs1, KopadeabHi XBUII TOLIO.

BBaxkaeTncs, 11 (0) e(pEeKTHBHIX 3aco0iB
TiAPOIMHAMIYHOT 3aXHCTy KOpabis He iCHye. 3MEHIIEHHS
TIAPOOMHAMIYHOTO TIONA KOPaOIli MOMJIMBE NIIIXOM

BUOOPY ONTHUMAJIEHOTO CHIBBITHOIICHHS
BOJIOTOHHAXXHOCTI KOpabdisi Ta ¢opmu Horo kopmycy. B
pobori PO3TIIHYTO HHUTaHHA 3MEHIIECHHS

TIIPOTUHAMIYHOTO TIOJIA  JIKIIIE
HIBUAKOCTI pyXy KopaoJs.

32 PaxyHOK 3MiHHU

Merta po6oTu

Meroro TOCITIIKEHHS [3 HaBiraiitHo-
rizporpadiune 3a0e3MeUeHHs CKPUTHOCTI IepecyBaHHS
KopaOlii B yMOBaX pO3TOPTaHHS MEPEeKESUCHTPHUHNX
TiIPOCTaTMYHUX CHUCTEM MOUIYKY pyxomoi wimi. Tooro,
METOI0 € palilOHyBaHHS akBaToOpii 3a (akropom Oe3neyHol

JUISt CHUCTEM  TiIPOAMHAMIYHOTO CIIOCTEPEKECHHS
LIBUJKOCTI pyXy KOpaOs.
JloCSITHEHHSI  3a3HAY€HOI  METH  JIOCATAEThCSA

HIISIXOM BHPILICHHS TaKUX 3aBJaHb!

pO3paxyHKy IpOCTOPOBOTO TMOJIOKEHHS 1300ap
BIJNIOBIIHOTO  3HAYEHHS JAWHAMIYHOTO THCKY, IO
CTBOPIOETBC KOpabjieM TiJ 4ac pyxy 3a yMOB 3MiHHOI
IIBUKOCTI MTEpeCyBaHHS;

3a0e3nedeHHs] CKPUTHOCTI (Big MOHHHUX CHCTEM
BHUMIPIOBaHHS 3MiH riApOCTaTHIHOTO THUCKY)
IepecyBaHHS KOpaOisd, OUIAXOM BH3HAYCHHSA 3MiHH
LIBHJKOCTI pPyXy HOro 3 ypaxyBaHHSIM (aKTHYHUX
TJIHOMH MOPSL.

AHaJi3 0CTaHHIX A0CTiIzKeHb Ta MyOo TiKamin

BaaxaeTrbes 3araJlbHONPUHHSATUM, 10
CYQHOOYyBaHHS - TPAIUIIIHHO KOHCEPBATHUBHA Tally3b,
sgKa ICTOTHO Bigcrac B o0jlacTi MaTeMaTHYHOI'O

TiIPOAMHAMIYHOTO MOJETIOBaHHS Ta aBTOMAaTH30BaHOTO
MIPOEKTYBaHHS BiJl aBiallifHOI Ta aBTOMOOUIBHOI rairy3ei.
Ha cygacHOMy HayKOBO-TEXHIYHOMY piBHI, HaXXajb,
TOJIOBHOI0O METOI0 TiIpOJMHAMIYHOTO MOJICIIOBAHHS Y
KopabieOyayBaHHI 3a3BUYail € MOPIBHSHHS PE3yJbTATiB

MaTeMaTH4yHOTO  MOJICNIOBAaHHA 3 pe3yJibTaTaMu
(hI3UYHOTO MOJIENIOBAHHS, SIKE MPUHMAETHCS 32 €TaJIOH.
®dakTu4HO, pe3ynbTatu MaTeMaTH4HOTO
TiIPOMHAMIYHOTO MOJENIOBAHHS, SKE BHKOHaHE 3
3aCTOCYBaHHAM cepTH(IKOBaHOTO MIPOTrPaMHOTO
3a0e3meueHHs],  TOCTYMaeThes — Jume  Qi3mgHOMY

MOJCTIOBAaHHIO  ()aKTUYHOTO KOpadisl B  peabHUX
yMmoBax. DizndHe MoeTIOBaHHA Ha 6a3i Moxeni Kopabis,
sIKa BUKOHAHA 3 MacIITa0yBaHHAM, HE € CepTU(IKOBAHNM.

Ha mpaxTumi, BupimeHHS HpoOJIEeMHUX NHTaHb
MPOEKTYBAaHHS KOpaOjisi JOCI BHPIMIYETHCS IIIIXOM
¢izuuHOTO MO/IETIOBaHHS y GaceitHax Ta
aepOJMHAMIYHUX EKCHEepUMEHTaX B aepoAWHAMIYHUX
TpyOax. 3arajpHOBIIOMO, IO (hi3UYHE aepOJAUHAMIYHE Ta
TiIpoIMHaMIYHE MOJEJIOBaHHS HE € CepTU(IKOBAHUM.
Haiibinbie CIIOTBOPEHHS pe3yJbTaTiB TaKoro
MO/ICITIIOBaHHS BiZOYBA€EThCS y BUIAJKaX, KOJIU HUIIXOM
oOYyZOBH MOJIENi, 3MIHIOETBCS TPOCTOPOBHI MacmiTabd
KopaOiisi. 3a TakuX yMOB HEOOXITHO 3MIHIOBATH
mapaMeTpu  CepeNoBHINA. BiamoBimHO  KoedimieHTy
MaciTaOyBaHHS Mojeli Kopabis HeoOXiTHO 3MiHIOBATH
TYCTHHY, B’SI3KiCTh, MapaMeTpu TypOyJIEHTHOCTI PiIuHHU
Ta ra3y tomo. Ha mijcraBi 3a3Hau€HOr0 BBAXKAEMO, IO
T€Ma BUKOHAHOTO HAyKOBOTO JOCIHIKEHHS 3 (i3uKo-
CTaTUCTUYHOTO  MOJIEJIOBaHHS, BUKOHAaHOTO  3a
pe3yibTataMu  pPO3paxyHKiB TiPOAMHAMIYHOTO  TIOJIS
Kopalist 3 3acCTOCYBaHHSIM Cy4YacHHX  TEXHOJIOTiH
MaTeMaTU4HOTO TiJPOJMHAMIYHOTO MOJENIOBAHHS Ha
6a3i  cepru¢ikoBaHMX NPOTPAMHUX TPOAYKTIB, €
AKTYaJIbHOIO.

BpaxoByroun NIePCIICKTUBH NPOSKTYBaHHS
KOpaOJIiB, y TOMY 9HUCIi Oe3eKiNakKHUX, [0 MPUIATHI IS
3aCTOCYBaHHS B YMOBaX, HEIPHUITYCTUMHUX IS 3BUYAIHUX
KOpaoJIiB, TeMa JTOCITIIDKSHHS BBaXKAETHCS
MEPCIICKTUBHOK, &  3aIiiHHSI  METOAIB  (hi3uKoO-
CTaTUCTUYHOTO MOJICIIOBAHHS JJIsl aHali3y pe3yJbTaTiB
TiIPOIMHAMIYHOTO ~ MOJICIOBAaHHS  XapaKTepU3yeThCs
NEeBHOIO  HOBW3HOK. Marematnune Ta  (i3uKo-
CTaTUCTUYHE MOJENIOBAHHS TiJPOJUHAMIYHOTO TIOJIS
Kopalist Mae CyTTEBI TEXHIKO-€KOHOMIYHI IepeBard B
MOPIBHSHHI 3 HATYPHUMH EKCIIEPHUMEHTaMH, TOMY TeMa
JIOCITI/PKEHHS Ma€ MPaKTHYHE 3HaYCHHSI.
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lipponumnaMiyHe MOHENIOBaHHA KOpaOid, sK
NPaBHJIO, MA€ 332 METY IiJABUINEHHS TaKTUKO-TEXHIYHUX
XapaKTEePUCTUK IUIIXOM OINTHMI3allii reoMeTpii Kopmycy.
3aranbHO  BiZIOMO, IO IIBUAKICTH pyXy KopaOus
3MEHIIYEThCS 3a PAXyHOK BTPAaTH €HEprii pyxy Ha
NOMONIAHHS CHJIM TEePTSA, Ha TEHEpyBaHHSA KopaOelbHUX
XBWJIb T4, B yMOBaX MIJIMHH, HA TTOJJONAHHS CHJT TEPTS LIO
BUHUKAIOTh 33 PaxyHOK B3a€EMOJil 30HH HAIMipHOTO
THUCKY HABKOJIO TiJBOJHOI YacTHHH KOPMYyCY KOpalis 3
MOpPCBKMM JHOM. BTpatu eHeprii pyxy Ha MOIONaHHS
CHIIH TepTsi 00yMOBJICHI:

- 0COOJMMBOCTSAMHM TeOMETpii MiJABOMHOI YaCTHHHU
KOopaos;

- OIOPCTKICTIO TOBEPXHIi
KOpaos;

- TYCTHHOIO BOJIH.

Brpatu eHeprii pyxy KopaOiisi Ha TeHepyBaHHs
KopabenbHUX XBHJIb 00YMOBIICHI:

- 0COOJHMBOCTSAIMHM TeOMETpii MiJIBOMHOI YacTHHH
KOpaos;

- MBUJIKICTIO PyXy KOpaoOisl.

Brparu eneprii pyxy kopaOis, B yMOBaxX MUIMHH,
Ha TIOJNOJAHHSA CHJ TEepTs, 10 BHHHUKAIOTH 338 PaxyHOK
B3a€MOJIii 30HM HAJMIPHOTO THCKY HAaBKOJO IIiIBOJHOL
YaCTHHM KOpIycy Kopabis 3 JHOM, JOAATKOBO
00yMOBJICHI CITiBBiTHOMICHHSM TJIMOMHU MOPS IO OCAIKH
KopabJist Ta CHiBBIJHOLICHHSM IIBHIKOCTI pyXy KopaOuis
JI0 TIIMOMHY MOPst (B yMOBax 0OMEKeHOT ITHOUHN).

Ciij 3a3HaYMTH, WO KIHIEBUMH pe3yjbTaTaMu
TiPOJMHAMIYHUX PO3PaxyHKiB 3a3BHYail BBaXKAIOTh:
pO3paxyHOK ONOpy TpU OyKCHpPYBaHHI  KOpaois,
PO3paxyHOK JiHIH TOKY B3IOBX KOpIyCy Kopabis Ta
pO3IIOII TUHAMIYHOTO THCKY Kopabmns [2]. Ha puc. 1
HaBEJICHO PE3YJIbTATH PO3PAXYHKY JIiHIH TOKY.

MIBOAHOI YaCTUHU

Puc. 1 - Pesynomamu pospaxyuxy niniii moxy [3]

BruiuB kopabenbHUX XBHIb Ha HIBUAKICTH PYXY
CyJHa posmisanacs y pooori [4].

lNnponuHamiuHi po3paxyHKH AWHAMIYHOTO THUCKY,
0 CTBOPIOETHCS CYTHOM, HaBeJieHI B pooorti [5]. Ha puc.
2 TOKa3aHO PO3IMOJUI 130MOBEPXHI JMHAMIYHOTO THCKY
2500 ITa (TeMHHM KOJIBOPOM - HETaTUBHHHA THCK, CIpHM
TTO3UTHBHUM).

Puc. 2 - I3ob6apu ounamiunoeo mucky 2500 Ila (memrnum
KOJIbOPOM NOKA3AHO 810 EMHUL MUCK, CIPUM NO3UMUGHULL)

[3]

3a pe3ynpTaTaMH pO3paxyHKy IMiATBEPIKYETHCSI
OYiKyBaHa ITO3WTHBHA aHOMAJIsl IMHAMIYHOTO THCKY B
HOCOBIli YacTUHI Kopalyisi Ta BH3HAYAETHCS KOPMOBA
MTO3UTHBHA aHOMAJIisl AWHAMIYHOTO THCKY.

dopma 300apu auHamivuHoro tucky 2500 Ila, B
YMOBaX MiIMHH, 3MIHIOETBCS 32 PaXyHOK B3a€MOJil 30HU
HAJMIPHOTO JMHAMIYHOTO THCKYy HAaBKOJO MiJBOAHOI
YAaCTHHH KOPIyCy KOpaOisi 3 JHOM, L0 MiATBEepKeHE
pO3paxyHKaMH, BHKOHAHHMH JJIS YMOB «MIIKOD» BOJIH
(puc. 2). 3rimHO pe3yNbTATiB pO3paxyHKiB, BHKOHAHUX
Il TEBHOI MIBHAKOCTI pyXy CyIOHA, TaK CcaMo
TeHEepPYEThCS HOCOBA Ta KOPMOBAa 30HH HAaIMipHOTO
JMHAMIYHOTO THCKY, alleé pPO3MipH aHOMAJIbHHX 30H
30UIBIIYIOTHCS, @ TX (POPMH 3MIHIOIOTHCSL.

OTtpumaHi pe3ynbTaTH MiATBEPUKYIOTh TE3y PO
Te, OO0 M Yac pyxXy KopaOisg Tix HOTro KOpITycoM
BiJOYyBa€TbCS 3MiHA TiPOCTATUYHOIO THUCKY Boau (B
HOCOBIli Ta KOPMOBIH 4YacTHHaX YTBOPIOIOTHCS 30HU
MiJBUIIEHOTO THCKY, B CEpEJHIA YaCTHHI KOPIYCY
007acTh  3HIDKCHOTO THCKY), a IJib, 3a3BHYaii,
BU3HAYAETHCS 3a Bil'€MHOI0 AHOMAIIEI JUHAMIYHOTO
THUCKY.

Ha Hamry gymMKky 1Tl €  CHpOIUICHHSM.
lNppogwHamiuHe  mone  KopaOisi, BHU3HAUCHE  3a
pe3ynpTaTaMu MaTeMaTHIHOTO TiAPOIMHAMIYHOTO

MOJIEIIOBaHHS, XapaKTePH3y€EThCsI KOPMOBOKO, KOPMOBOIO
Ta HOCOBOIO Ta BHUKIIIOYHO HOCOBOIO MO3UTHBHUMH
aHOMAJIISIMM JTUHAMIYHOTO THUCKY. ToOTO, BHM3HAuEHHs
Il MOMIIMBE HE TUIBKM 3a BiJ €MHOIO aHOMAJIICHO
JIUHAMIYHOTO THCKY, a ¥ Ounblr  eeKTHBHUMHU
PpIIICHHSAMM.

B myOumikamisx He pO3IJSIA€ThCS MOXIIHMBICTH
3alydeHHs JaHUX PO3PaxyHKIiB TO3UTHBHUX aHOMANii
JIUHAMIYHOTO THUCKY PYXOMOTO 00’€KTYy Ha MpPaKTHYHO
HECTHCKYBaHE BOJHE CEPEIOBHIIC IS OLIHKH MEXaHi3My
TeHepyBaHHs KopadelabHMX XBHWIb. Cuia nii kopaOms Ha
BOJHE CEpEeIOBHILE, 3TIJHO TPETHOro 3akoHy HploToHa,
«cwia Iii JOpiBHIOE CHIII IPOTHUID», B YMOBaX HPAKTUIHO
HECTUCKYBaHOI BOJIM, IOBUHHA 3MiHIOBAaTH (popMy BOIHOT
MOBEPXHi, TOOTO TeHepyBaTH Ha MOBEPXHI PO3/ily BoJa-
TIOBITpsI MOBEPXHEBI mornepeuHi xBwii. Ha Hamy nymky,
¢dopma (KiJbKicTh Ta Micus (GOpMYyBaHHS IO3UTHBHHX
aHOMaJTiii JMHAMIYHOTO THCKY) Ta po3Mipu (00’€M) 30H
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HaJMIipHOTO AWHAMIYHOTO THUCKY CBIMYaTh MPO KiJIBKICThH
MicIlb TeHepyBaHHS KOpaOeJIbHHX XBHJIb Ta IX BHCOTY
(enepriro).

KopabenpHi XBWII pO3MISANAIOTh K NPUYHHY
BTpaT eHeprii pyxy Kopabis. 3arajJbHOBIIOMO, IIO
CHIBBIJHOIIEHHSI TPaBiTallilHUX Ta IHEPUIHHMX CHI B
yMOBax pyXy KopaOuns Ha BOJAHIN NMOBEPXHI OI[HIOETHCS
yuciiom @pyna (Fr). EdextuBHum € pyx kopabns 3a
Fr<(0,35 — 0,39). 3a Takux yMOB KopaOeib pyXaeTbcs Ha
JIBOX KOpaOeNbHUX XBWISX - HOCOBIH Ta KOPMOBIH.
BBaxkaeTbcsi, MO TIEPEBHIICHHS HABEJCHOTO MOPOTY
yucina Opyna Ui MaJIOMIpHUX KopaOiiB BiOyBaeThCs 3a
YMOB BiJpWBY Ta BiJCTaBaHHS KOPMOBOI XBHWII. 3a TaKUX
yMOB Kopabenb pyXaeTbcs Ha OXHIN (HOCOBiM XBWII),
TOOTO O€3mepepBHO HAMAraeThCs «BHUTH» Ha TpeOiHb
XBWJI, TOOTO, KOpaleslb TOYMHAE BHUTPAYaTH EHEPIil0
PYXY Ha MOJI0JaHHS IPaBITAIHOT CHITH.

3 nmpyroro 60Ky, kopaOesibHI XBHIII MOXYTb OYyTH
MOLTYKOBOIO O3HAKOI0 BUSIBJICHHS KOpaOis JTOHHHUMH
MEpEKECHTPHIHUMHU cHCTeMaMH BUMipIOBaHHS
AQHOMAJTi#f CTATUYHOT'O THCKY.

OKpeMo MOXe PO3MIIIATUCS JeMACKyUnil eeKT
KopabenpHUX XBWiIb. Ha puc. 3 mokasaHo, 110 pyXoMHH
00’exT, o Mae po3mipu MeHri Bix 30 M, reHepye GpoHT
KOpaOeNbHOI XBIITI TOBKUHOIO 110 2 KM, SIKHH MOXKe OyTH
JIOCTIDKSHNHN TP AemupyBaHHI 300paskeHHs] MOPCHKO1
NOBEPXHi,  OTPUMAHOI0  UUISIXOM  JIUCTAHI[HHOTO
30H/IyBaHHS aKBaTOpiil 3 MOBITPSI.

Puc. 3 - Bobapa ounamiunoeo mucky 2500 Ila (voprum
KObOPOM NOKA3AHO He2AMUBHUL MUCK, CIPUM -
nozumugnuil) [5]

Puc. 4 — Domo xopabenvrux xeune 6i0 pyxomux yineu [6]

Cain BiOMITHTH, IIO 3a3Ha4YeHa IOUIYKOBAa O3HAKa
Ma€e SK TepeBar Tak 1 oOMekeHHS. MeTon crporye
Bi3yalbHUI aHali3 300paKeHHS, aje IpU 3acTOCYBaHHI
MaTEeMaTHYHHX METOMIB OOpPOOKH, BTpayae IepeBaru.
Kpim 1pOro, 3actocyBaHHsS KOpaOEIbHUX XBHIIb, SIK
MOLIYKOBOT ~O3HAaKM BU3HAYEHHS LI, OOMexeHe
METEOpOJIOTIYHUMH yMOBaMu [7] Ta HH3KOIO IHIIMX
(axTopis.

Ha puc. 5 HaBezeHi ¢poTo Ha SKMX MOKa3aHO PyX
KOpabyst 31 MIBHIKICTIO, KOJIM KOpaOenb NMPaKTUYHO HE
BTpavyae €HEpril0 Ha TeHEpPyBaHHSA KOpaOEIbHUX XBUIIb
(puc. 5a), konm Kopabeins i 9ac pyxy 3 OLTBII BUCOKOIO
OIBUAKICTIO XOXy IIOYMHAE€ BTpayaTH EHEpriro Ha
TeHepyBaHHSI HOCOBOI Ta KOPMOBOI KOpaOeIThbHHUX XBUIIb
(puc. 50). Ilpm momanpmiomy 30iTBIICHHI IIBHIKOCTI
pyxXy KopaOenb BTpadae KOPMOBY XBHJIIO 1, PyXalO4HCh
BUKJIIOYHO Ha HOCOBIH KopaOenbHii XBWI, OTPUMYE
BEPTHKAIBHY CKJIAJIOBY PyXYy, TOOTO IMOYMHAE JOAATKOBO
BTpavyaTH EHEpril0 pyXy Ha IOJOJAHHS CWIHM TSDKIHHS
(puc. 5B).

8
Puc. 5 — @omo pyxy kopabnis 3 pizHoro weudkicmio ma 3
PisHuMU nokasHukamu uucen Ppyoa a) npaxmuuuo He
2eHepYIoYU KOpabenvbHi X6ulli, 6) 2eHepyroyu HOCO8y mda
KOpPMO8Y KOpabenbHi X6uii, 8) 2eHepyouU UKTIOUHO
Hocosy KopabenvHy xeunio [6]
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BunisieHHs1 He BUpIIIEHNX paHille YACTHH 3arajbHoI
npoojaeMu

liaponuHamiuHe mosie Kopabis (GOopMyeThes Mif
BIUIMBOM JIii MiABOJHOI YaCTHHU KOPITyCy KopaOisi Ha
HECTHCKYBaHy piIMHYy (MOpPCBKY BOJY). 3HauyeHHS
JUHAMIYHOTO THCKY, IO CTBOPIOETBCS KopabiieM y
BOJHOMY CCPEIOBHINI, OOYMOBIICHO OCOOJHBOCTSIMHU
reoMeTpii MiJBOJHOI YACTHHU KOPaOJIi Ta MIBUAKICTIO
HOro pyxy.

Pyxomi 00’ektH, Taki SK HagBOIHI KOpaOmi Ta
MiIBOIHI YOBHH, (JOPMYIOTH TaKi MOIIYKOBI O3HAKH, SK
KOpaOenpHi XBUII, KUTbBAaTePHI CTPYMEHi, JOBIOXBIIBOBI
aKyCTHYHI XBUJIi, aHOMaJIii HaJIMIPHOTO THCKY Y BOAHOMY
cepemoBumi Tomo [8, 9, 10, 11, 12].

[Tone AMHAMIYHOTO THCKY KOpaOisi Ha BOAHY
TOBLIY € OJHHMM 3 TOIIYKOBUX O3HAK BH3HAYEHHsS HOTr0O
NOJIOKEHHSI 33 CTBOPEHUM TiJAPOJMHAMIYHHM IOJIEM.
Tomy 3 ogHOrO OOKY BayKJIMBUM € NMUTAHHS BH3HAUCHHS
3aJeKHOCTI TeoMeTpil TeBHOi i300apu MO3UTHUBHOI
aHOMaJii JMHAMIYHOTO THCKY BIX MIIBHIKOCTI pyXy
Kopabist, a 3 Apyroro OOKy, BaXJIMBUM € B YMOBax
(axTHaHOI TTHOMHHM MOps, BU3HAYWTH IIBUAKICTH PYXY
Kopabms, 3a 4AKOi CTBOpeHa BimmoBimHa i300apa
JUHAMIYHOTO THCKY HE OCATaTHME JTHA.

HeBupimenoro € MetogmyHa IpobiieMa aHamizy

pe3yJbTaTiB MaTeMaTHYHOTO TIAPOIMHAMIYHOTO
MOJIe/IIOBaHHA. [IpOMOHYEThCS  BHKOHYBATH  aHAJI3
pe3yJbTaTiB TiAPOIMHAMIYHOTO MOJICITIOBAHHS

MeToaMi (Hi3HKO CTATHCTUYHOTO MOJICITIOBAHHSI.
BukJiag ocHOBHOT0 MaTepiaty

Hamu npoBeznieHO TinponuHaMiuHe MOJICITIOBaHHS
TiIPOAMHAMIYHOTO TIOJIST KOPaOJIsl HUIIXOM PO3PaxyHKY
(dopmu Ta 00’ eMy i300ap HaAMIPHOTO THCKY.

PesymnpraTi mocmimkeHps mpoiuum ampobario Ha
koHpepeHtisx: «CoinbHi [ii BiHCPKOBUX (POpPMyBaHb
JepkaBu: mpobiiemMu Ta mepcnektuBm», M. Oxeca 10-11
BepecHs 2015 poky; «[IpoOiaeMHI THMTaHHS PO3BUTKY
030po€HHsT Ta BifCbKOBOI TexHiku», M. KwuiB 15-18
rpyaas 2015 p. Ta Ha MiKHapogHOMY HayKOBOMY
¢opymi "Mopchka CcTpaTerii  JIep)kaBH. PO3BUTOK
Ta peaiizamis MOPChKOTro MoTeHIiany Ykpainn", M. KuiB
24-25 TpaBus 2016 poky B paMKax JONOBIJCH:
"MareMaTHuecKoe MOZEIUPOBAaHUE
THAPOJMHAMUYECKOTO M TEIUIOBOTO Tonel Kopabis Ha
npuMepe kopeera. IloctanoBka 3amaun, "Bumorm Ta
TpaHUYHI YMOBH IU(ppPOBOTO MO/ICITFOBAHHS
rizpoguHamikd  migBomHoi  TexHiku" 1 "OcHOBHI
HaNpsIMKH HayKOBHX JOCIIJDKEHb B 1HTEpecax PO3BUTKY
KOpa0ieOyaiBHOT rayry3i YKpaiHu Ta CTBOPCHHS HOBITHIX
3pa3kiB MOPCBKOTO 030pO€HHS Ta BIHCHKOBOI TeXHIKU'",
BiJIIIOBI/THO.

Ha puc. 6 HaBeieHO NPHUKIIAX PO3PaxyHKy NEBHOT
i300apu HaJIMIpPHOTO THCKY, 11O CTBOPIOETHCSI KOopaliem
I pyci 3 pi3HOIO MIBHJKICTIO.

6
Puc. 6 —pezynomamu po3paxyHky nesHoi izobapu
OUHAMIYHO20 MUCKY NPU WBUOKOCMI PYXY KOpaObis, Koau
32i0H0 3Hauens yucia Opyoa a) kopabenvHi X6uni
NPAKMU4HO He 2eHePYIOMbCA, 0) 2eHepyiombCs HOC08d Ma
KOpMOBa KopabenvHi X8uli, 8) 2eHepyEMbCsl BUKMIOUHO
HOC08a KOpabenbHa XGuJis

PesynbraTi po3paxyHKiB, NpUBEEHI Ha puc. 6 y
MEeBHIH  Mipi  BiANOBialOTh  (QAKTUYHHM  yMOBaM
reHepyBaHHs KopabenbHUX XBUIIb 3a PI3HUX MIBUAKOCTEH
pyXy, IO HaBeleHI Ha puc. 5. BaxmuBo po3ymity, 1o
MIPU 3POCTaHHI MIBUAKOCTI PyXy KOpaOJsi TEOPETUYHO He
BUKITIOUCHO MEpexil HOro pyxy B peuM TIICHPYBaHHS,
IpU  SIKOMY  KOpaOedbHI  XBWJII  IPakTUYHO  HE
reHepyoThes. [Ipukinan pyxy B TaKHX YMOBax HaBEACHO
Ha puc. 7.

B pesympraTi MareMaTHYHOTO TiAPOJMHAMIYHOTO
MO/ISITIOBAHHS T'iIPOANHAMIYHOTO TIOJIsl KOpabisl 32 YMOB
mwBHAKOCTI pyxy 30 By3miB, TpH SKid MO3UTHBHA
aHOMaJIisl JIMHAMIYHOTO THCKY T'€HEPYEThCS BIAMOBITHO
puc. 6B, Oyiu BH3HA4YEHI BepTHKaIbHI BijcTaHi i300ap B
miamazoni 6 klla. Jlns i300apu OyIb-SIKOTO YHCEITBHOTO

3HA4YEHHS JOLTBHO, HITSIXOM 3aCTOCYBaHHS
perpeciitHoro aHamizy, po3paxyBaTu PIBHSIHHS
3aJeKHOCTI BEPTUKAIBHOI  BIJCTAaHI BiI MOPCBHKOI

MMOBEPXHI BiJl MIBHAKOCTI pyXy Kopabmsi. 3a Hammm
JIOCBIZIOM, 3aJIeXKHICTh € eKCHOHEHIIHHOI. PesynpraTn
PO3paxyHKy MOKa3aHi Ha puc. 8.
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Puc. 7 — @omo pyxy kopabas é pexcumi enicysanus [6]

M
30

klla

Puc. 8 - I'pagix eepmuxanvroi giocmani 8i0 Mopcvkol
nosepxHi 00 8IONOBIOHOI 1300apu OUHAMIYHO20 MUCKY 3d
yMmo8 usuokocmi pyxy 30 eysnie

3a pesyiapTaTaMH PO3PaxyHKY BCTAHOBJEHO, IO

YHEMOXIIMBJICHHSI ~ BHSBICHHS  KOpaOisi  JOHHUMH
TIIPOCTAaTHYHUMH ~ TIPHCTPOSIMH  MEPEKEICHTPUYHOI
CUCTEMH JIOCSTAETHCS 3MIHAMH PEKUMY MIBHIKOCTI HOTO
PYXYy.

SIxmo BCTaHOBJICHUH mopir JIOHHOT
MEpEeKELEHTPUIHOT CHUCTEMU 3 peectpartii
rizpoaMHaMiyHOro  mossi  KopaOisi  (BUMIpIOBaHHs
riIpOCTaTHYHOTO THUCKY) CTaHOBUTb 6 klIa,
YHEMOXIIMBIICHHST (ikcalil Kopadisi JOCATaeTbesi Ha
rmbuHax  >5 M. Skmo  mopir  peectpauii
ritponmHaMiynoro momsg 3 kl[la, yHEMOMUIMBIICHHS

(ikcarnii kopabns mocsraeTscs Ha TaHOUHAX >9 M. s
mopory peectpamii TimpoamHamigHoro moist 1 xlla,
VHEMOXXJIMBIICHHST  (ikcamii Kopalist mocAraeTecss Ha
rmbuHax >20 M. Jns 3a3HA4eHOro IOpOory JTOHHOI
MEpEeKEUEHTPUIHOT CHUCTEMU 3 peecrpartii
TIAPOAUHAMIYHOTO  MHOJAS  KOpaOas  (BUMipIOBaHHS
riIPOCTaTMYHOTO TUCKY), OYyJi0 mpoBeieHe pailoHyBaHHs
aKBaTopii MiBHIYHO-3ax1AHOT yacTuHU YopHoro mops. Ha
pHuc. 9 OLIUM KOJBOPOM BHAIJICHO paiOHH, AC TTHOWHU
JIO3BOJISIIOTH KOpaOJII0 3 TeoMETpi€ro, 3rifHo IHU(POBOi
MoJiei BUKOpHCTaHIN npu MaTeMaTuIHOMY
TIIPOMHAMIYHOMY MOJCTIOBAHHI IO JAMHAMIYHOTO
TUCKY, pyXaTuch 31 mBumkictio 30 By3miB i He OyTH

3adikcoBaHOMY
peectparii

MEPEKEIICHTPHUUHOIO
T1IPOIMHAMIYHOTO 1OJISt

CHCTEMOIO 3
Kopabis

(BUMIpIOBaHHS TiAPOCTATUYHOTO THCKY) 3 IOPOTOBHM
3HA4YEHHSM TiipocTaTiHyHoro THcKy 1 klla.

Puc. 9 — Pe3ynemamu pationysanHs axeamopii nieHiuHo-
3axionoi yacmunu Yoprozo mops 3a pakmopom
weuokocmi pyxy (6inum Koibopom 8UOiIeHO pationu, de
2IUOUHY 00380IAIOMb KOPADIIO PYXAMUCDH 3i UBUOKICIIO
30 gy3nis i He 6ymu 3aghikcosaromy 3a OaHUMU
BUMIPIOBANHS 2IOPOCMAMUYHO20 MUCKY 3 NOPO2OBUM
snayennam 1 klla)

Po3pobiiena mMeToaMka I03BOJISIE ISl PI3HUX THIIIB
KopaOJiB BUKOHYBaTH PO3PaxyHKH (OPMH Ta PO3MIpiB
i300apu TUHAMIYHOTO THCKY, SIKa € IOPOTOBOIO JUIs
¢ikcanii cucTeMaMH MOHITOPUHTY TiJpOJUHAMIYHOTO
noJ1st. Po3paxyHKy BUKOHYIOTBCS JJISl pi3HUX HIBHIKOCTEH
pyxy xkopabms. OtpuMmaHi pe3ysNbTaTH € BXIJIHUMH
JaHUMHM  JUsl  pailoHyBaHHA OyIb-sKMX  aKBaTOpid
CBiTOBOTO OKe€aHy 3a 03HAKOI BHOOpPY MIBHIKOCTI PYXY
KOpaOuis (BU3HAYCHOTO THITY) 3 METOI0 YHEMOKJIMBICHHS
Horo (ikcartii 3a TiAPOIUHAMIYHIM ITOJIEM.

BucHoBkn
B  pesynbTari  3aCTOCYBaHHS ~ CTATUCTUYHUX

METO/IIB aHalli3y JaHUX PO3PaxyHKY TiIpOoJAWHAMIYHOTO
ToJIst KopabJuisl, MOKa3aHO MOXIIMBICTE (hopmadizanii Horo

XapaKTepUCTHK y aHAITHYHOMY BUIIAL, 1[I0 B
MOJaNbIIOMy  JIO3BOJIIE ~ ABTOMATH3YBaTH  IIPOIIEC
paiionyBaHHsS Oynab-SKMX  aKBaTOpii 3a  O3HAKOIO

IIBUAKOCTI pyXy KOpaOis, ska HE CTBOPIOE KPUTHIHUX
YMOB TIePEBUILCHHS nopory peecrparii
TIAPOJUHAMIYHOTO TIOJII Ta YHEMOJKIIMBIIIOE (iKcalliro
10J1s1 KOpalIIsi JOHHUMH TiIPOCTATUYHIMH TTPUCTPOSMH.
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Tnapknx, M. HW. O>usuko-craTucTUueckoe MOJEIMPOBAHHE THAPOAMHAMHYECKOrO TIONsl Kopabias Ha 0ase
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AHHOTAIIUA Paccmompenvl nepcnekmusHvle HANPAGIeHUs DA3GUMUSA  CUCEM  A8MOMAMUSUPOBAHHO20 NPOEKMUPOBAHUS
Kopabneii. Ilokazanvl npeumyujecmea Mamemamuiecko20 2UOPOOUHAMUYECKO20 MOOeTUPOBaHUsl KOpablia 6 CpAasHeHuu ¢
Qusuveckum mooerupoganuem 2UOpPOOUHAMUKU e20 Modenu. Paccmompenvt memoouueckue npoonemvl aHAIU3A OAHHBIX
MaAmMemMamu4ecko2o 2UOPOOUHAMUYECKO20 Modenuposanus kopabis. Ilpeodnosicenvl memoouueckue peuleHuss U paccMompeHbvl
KOHKpemHble npumepvl 00pabomKu CMAmucmuyecKuMy Memooamu pe3yibmamos MameMamuyeckozo 2uopoOUHaAMULecKo2o
Mmooenuposanusi  kopabas. Ha 6aze yugposou modenu Kopabnsi uUCCIe008AHO GNUSHUE 2eOMempuu e20 KOpnyca Ha
2UOPOOUHAMUYECKOe NOJle, PACCYUMAHHOe NYMmeM MamemMamuyeckoz0 MOOenupo8anus 2nyOuHvl pacnpocmpanenuss aHoOManuy
U3OBIMOYHO20 O0ABNEHUSL 8 HECHCUMAEMOU dHcuokocmu. Pacuemvi evinonnenvt 0 ckopocmu ogudicenusi kopabas 6 30 yznoe. B
pes3yrvmame pacuemos noaHo20, U AHOMANUL U3OBIMOYHO20 OABNEHUsL 8 BOOHOU cpede, cO30a8aAeMbIX 08UNXCYWUMCA Kopabiem, bblaa
anpoouposana Memoouxa QuU3UKO-Mamemamuieckoz0 MOOeIUpoOB8anUs 20 2UOPOOUHAMUYECKO20 noia. DU3UKO-CImamucmuieckoe
MOOenuposanue peatu308aHo nymem NpuUMeHeHuUs pespecCUOHH020 aHanu3a 018 GOPpMATU3AYUU IMNUPULECKUX 3AKOHOMEPHOCTE.
Tonyuenvl pe3ynomamel sMuuUpudecKue 3a8UCUMOCIU 2TYOUHBL AHOMATUL U3OBIIMOYHO20 OasleHus om ckopocmu obvekma. /s
paiiona cegepo-3anaonozo wenvbgha YepHoco Mops GbINOIHEHO pPAUOHUPOBAHUE AKEAMOPUU NO (PAKMOPY CKOPOCMU OBUINCEHUS
Kopabns, obecneuugaioweli CKpblmHoe nepemewjenue 8 YCio8UsIX Npeononazaemoe0 pa3eepmuvléanusi OOHHbIX 2UOPOCHAMUYECKUX
KOMNAEKCO8 MOHUMOPUH2A 2UOPOOUHAMUYecKo2o nois. 1o pezynbmamam paiionuposanus nocmpoena kapma. Pacuemol gvinonnenoi
OJ1s1 KOHKPEMHOU MOoOenu Kopabis u He Mo2ym Ovlmb npumenensl 0is Kopabiell ¢ omauyaioweiics ceomempuetl kopnyca. Kasicowiil
Kaacc xopaobneti 0oaxceH 6vimsb obecneuer OMoenbHbIMU PACUemamil, co30a6aemozo UM 2UOPOOUHAMULECKO20 NOJIA.

Knrouesvie cnosa: 2uopoounamuueckoe noie Kopabns; noie u3obimouHo20 OUHAMULECKO20 OABIeHUs; CKOPOCHb CYOHA, 2e0Mempust
Kopnyca Kopabiis, peved MOPCKo2o OHA, pecpecCUOHHbLL AHAMU3, 2UOPOOUHAMUYLECKOe MOOeTUPO8aHIe; cUOpospapus, Hagueayus.
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