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KEPYBAHHSA OBEPTAHHSAM CYJIHA HABKOJIO ITOJIIOCY ITIOBOPOTY

Cepcini 3inuenko, Onez Toecmokopuit, Baoum Mameituyk

Xepconcbka 0epacasHa MopcyKka akaoemis,
(Vkpaina)

Beryn. 3a ocranHi 20 pokiB KUIBKICTh Ta rabapUTH CyJI€H CYTTEBO 3pOCIH, Y TOH yac sK
po3Mipu TOPTIB 3pociau 3HayHO MeHmie. [li oOcrtaBuHM TOTPeOyHOTh OMTUMI3AIlT MPOIIECIB
KEpyBaHHs, 3 METOIO 3MEHIIICHHS [TPOCTOPY ISl MaHeBpyBaHHs [1-2]. OmHUM i3 NUISIXIB ONTUMI3AIlT
€ BUKOPHUCTAHHS KOHIIEMIIIT MOJIFOCY MOBOPOTY [3] — abTepHaTHBHOrO OaveHHS MPOIECY MOBOPOTY
cynna. [Ipocte BiqXuieHHS CTEpHA MPU3BOIUTH JIO TIOSIBA OJHOYACHO 00EPTAIHHOTO PYXY HAaBKOJIO
LEHTPY 0O0epTaHHs 1 O0KOBOTO pyxy cyaHa. /[ CyqHOBOIIS 111 1BA PYXHU BUTIISIIAIOTH SIK OJTHE YUCTE
o0epTaHHs HAaBKOJIO ySIBHOI TOYKH, SIKa HE 3aBXIU CHIBIAJA€ 3 HEHTPOM OOEpTaHHS 1 Ha3UBAETHCA
MIOJIFOCOM TOBOPOTY. BHKOpuCTaHHS MOJIOCY MOBOPOTY AJIsi 3MEHILEHHS 00JacTI MaHEBpPYBaHHS
paHime JOoCHiKyBaiocs OaraTbMa aBTOpaMu. B OCHOBHOMY, IIi JOCHTIDKEHHS 3BOJWIHCS 10
BU3HAUEHHS I[IOJIOKEHHS TOJNIOCY IOBOPOTY Ta HaJaHHS pPEKOMEHJAIlil CyIHOBOIISM MIOJI0
BpaxyBaHHs IbOTO TMOJIOKEHHS MPU PyYHOMY MaHeBpyBaHHI. HemomkoM Takux miaXomdiB € Te, 110
BOHHM HE TependadaroTh PO3PAaXyHOK KEpyBaHb, HEOOXITHUX [UIS peaiizaimii oOepTaHHs CyJaHa
HABKOJIO 33JJaHOT0 MOJI0XKEHHS MoJtocy noBopoTy. KepyBanHs GopMyIOThCSl CyJHOBOIIEM BPYUYHY Ha
OCHOBI HaJaHWX pEeKOMEH[alii. Y momnepeanix podorax aBTopis, Hampukiaa, [10-12], po3pobieni
METOIM aBTOMATH3allli MPOIECiB 0OEPTaHHS CyIHA HABKOJIO TOJIFOCY TTOBOPOTY. TaKoX poO3TIsHYTI
MUTAaHHS aBTOMATH3allii JIOMOMDKHUX IPOIECIB: PO3XODKEHHS cyaeH [4], onTumaibHOro
mBaptyBanas [5], imentudikarii mapamerpiB [6-7], TecTyBaHHS aBTOMAaTW4YHHX MOAymiB [8],
CKOPOYCHHS Yacy iHTErpyBaHHS MaTeMaTHYHOI Mojelli B 6opToBoMy obumcroBadi [9] Ta iHmii.

AKTYaJIbHICTh JOCTIIZKeHb. Y JaHid poOOTI pO3TISHYTI TWUTAaHHS aBTOMAaTUYHOTO
(dbopMyBaHHSI KepyBaHb Ul peaizallii o0epTaHHS CyJHa HABKOJIO 33/IaHOTO IMOJOXKEHHS MOJIIOCY
nmoBopoty. Po3paxoBaHi KepyBaHHS MOXYTh HaJaaBaTHUCS CYIHOBOIIEBI Y BUIUISAAI MiJKa3Ku, abo
BUKOPUCTOBYBATUCSI 0O€3MOCEPEIHRO CHUCTEMOIO0 KEpyBaHHS, IO JO3BOJIUTH 3MEHIIWTH BIUIMB
JIOJICBKOTO YMHHUKA Ha TPOLECH KEePYBaHHs, 3MEHIIUTH 3aTPUMKHU Ha (OpPMYBaHHsS KepyBaHb,
3MEHIIUTH O0JIACTh MaHEBPYBaHHS Ta B LLUIOMY HiABUILUTH O€3MEKy CyIHOIIaBCTBA. Tomy,
pO3poOKa TAKMX METOJIIB € aKTyalIbHOI HAYKOBO — TEXHIUHOIO 3a]]auelo.

IMocranoBka 3agaui. /{151 cxemu cynHa, HaBesleHOi Ha puc. 1, po3pobutu metoa hopMyBaHHS
KepyBaHb OOEpPTaHHAM HABKOJO 33JaHOTO IOJIOKEHHS IIOJIIOCY MOBOPOTY 0€3 MO03A0BKHBOI
LIBUJIKOCTI Ta JOCIIIATH IX.

Ha cxemi 300paxeno: uentp obepranns RC, nosmtoc nmosoporty P.P., kopmoBuii migpyorounii
npuctpiii BTi, HOcoBuii mimpymrorounii mpuctpiii BT2, Biaxwienus tenerpady & KOPMOBOTO

HiIPyIFOF0YOro IPUCTPOIO, BiIXUIICHHS Tenerpady 09 HOCOBOTO MiIPyIFOKYOro MPUCTPOr, OOKOBA

cuna Fy (61) KOPMOBOTO IiIPYJII0I040r0 MPUCTPOko, Gokosa cuna Fy (62) HOCOBOTO M1JIPYJIFOI0YOr0

IPHUCTPOIO, TOBKHKHA cyaHa L, Bigcrans R Bij momrocy moBopoty 1o meHTpy obepranusi, mieue |

cum Fy (61) 710 1IeHTpY 0bepTanHs, wieue |y cumm Fy (62) 710 LIEHTPY OOepTaHHS.
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Pucynok 1 — Cxema kepyBaHHS Cy/THOM

PesyabTaTn nociaimkenns. JlineapuzoBana cucremMa MudepeHIIHHUX PIBHSIHb OOKOBOTO 1
KyTOBOTO pyXy Cy/IHa, CXeMa KepyBaHHsI SIKOT0 300pakeHa Ha puc.1, Mae BUTIIST
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Koeiuient Ky, =— pO3Moisie KepyBaHHS MK BUKOHABUYUMH MPUCTPOSIMH,
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TOMYy Yy HOJaibIIOMy OyJeMo Ha3MBaTh Horo koedilieHTOM po3moainy kepyBaHb. KoedimieHT
PO3MOALTY KepyBaHb 3aJISKUTH BiJl T1IPOANHAMIYHUX XapaKTEPUCTHK CYJHA, IUICYEH MiAPYITIOI0UYNX
MPUCTPOIB BIIHOCHO LEHTPY OOEpPTaHHA 1 3aJaHOTO TMOJIOKEHHS moitocy noBopoty R. Takox i3
HaBeJIeHOi (popMyH BUIHO, mo ¢yHKUisA K., (R) Mae Touky Hyn4 i Touky po3puBy dyHkuii. I'padik

kru (R), s opropHoro cynna OSV3, naBeneHo Ha puc.2.
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Pucynok 2 — I'padik 3anexHOCTI KOeDIIIEHTY PO3NOALTY KEpYBaHb BiJl 3aIaHOTO TTOJIOKEHHS
TOJTFOCY TIOBOPOTY 1yt orropHoro cyaHa OSV3

PosrnssHeMo Kkislbka TpUBAaTHUX BUIAIKIB.
1. Tloxroc MOBOPOTY 3HAXOAUTHCS B LeHTpi ooepTanus, R =0. I3 popmynu (3) oTpumyemo
81 =89, (4)
TOOTO TIAPYIIOOYI TPHUCTPOI TMOBHHHI CTBOPIOBATH OOKOBI CHJIM OJHAKOBOi BEIMYMHH 1
MIPOTUJICIKHOTO 3HAKY.
2. Touxka pospuBy ¢ynkuii, Ky, (R) — too. Ha puc.2 Touka po3puBy BiIIIOBiZae 3HAYCHHIO
R =20,7m. I3 popmymu (3) oTpumyemo
8y = (F0)5y = 87 = 0,[81| < S - (5)
PesynbTart (5) o3Hauae, 1110 IpH BIAXUICHHI TUTBKH Telerpady KOpMOBOTO MiAPYIIOI0UYOr0 MPUCTPOIO,
cynHo Oyne obepTaTtucs HAaBKOJIO MOJIOCY MOBOPOTY R =20,7m (mositoc MOBOPOTY 3MilllEHUH Y
HOCOBY YaCTHHY Cy/IHA BiTHOCHO IICHTPY OOEpTaHHS).
3. Touxka nyns ¢ynkuii K, (R) =0. Ha puc.2 Touka Hyns Binnosigae 3HauenHio R = —20,7m
. I3 popmynu (3) orpumyemo
81 =(0)85 —> 8, =0,[85] < Spmax - (6)
PesynbTat (6) 03Havae, 1110 IpU BiIXUIEHHI TUTbKH Tejerpady HOCOBOTO MiAPYIIOIYOT0 TPUCTPOIO,
CcyaHo Oyne obepTaTucs HAaBKOJIO IMOJIOCY MOBOpoTy R =-20,7m (motoc mMOBOPOTY 3MILLIEHHUH Y
KOPMY Cy/IHa BIJTHOCHO LIEHTPY OOEpTaHHs).
4. OntuMmanbHi KepyBauHS. Sk BuaHO 13 dopmymu (3), oOepTaHHS HABKOJO 3aJaHOTO

* . . . . .
ITOJIOKCHHS ITOJIFOCY MMOBOPOTY R=R wmoxe 6YTI/I pCan30BaHO HECKIHYCHHOKO KUIBKICTIO Ha60p1B



28 KepyBaHHsi CyAHOM Ta MoAentoBaHHSA NMPOLECiB yrpaBniHHA CY4HOM

KepyBaHb 101,09, a ODKE, Cepell HUX € ONTUMAJbHI. ONTUMANBHICTE KEPYBAHHS IIOJIATAE
1,02

MiHiMi3alii Yacy MOBHOTO OOEpTaHHS HABKOJO TOJIIOCY MOBOPOTY. Lle mocsraerbes y HACTYyNHUX
BUIIA/IKAX
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BucnoBku. /I cxemMu cynHa 3 HOCOBHUM Ta KOPMOBHUM MiIPYIIOIOYMUMH MPUCTPOSMHU
po3pobieHo Meroa (opMyBaHHS KepyBaHb OOCPTAHHSIM HABKOJIO 3aJaHOTO TOJOXKEHHS TOJOCY
MOBOPOTY 0€3 MO3/0BKHBOI MBUAKOCTI. JloCikeHO KoedillieHT po3MoAlTy KepyBaHb. PO3risHyTI
MIPUBATHI BUMAKU KEPYBaHHS 00€pPTaHHSIM CyJIHA HABKOJIO MOJIIOCY TOBOPOTY JUIsl OCOOIUBHUX TOYOK
¢yskmii Ky, (R). PosmigHyti ontimanbHi kepyBaHHSA. OTpHMaHi pe3ynbTaTH IO3BOJISIOTH

po3paxyBaTH KepyBaHHs JJIsl peanizaiii o0epTaHHS CyJHA HABKOJIO 33JIaHOTO IOJIOKEHHS TOJOCY
MMOBOPOTY, HAJIaBaTH 1X CYJAHOBOJIEBI Yy BUTJISII TMiKa3KU, a00 BUKOPUCTOBYBATHUCS O€3MOCEPETHBO
CHUCTEMOIO KepyBaHHS, IO JIO3BOJISIE 3MEHIITUTH BIDIUB JTFOJCHKOT0 YHHHUKA Ha IMPOIIECH KepyBaHHSI,
3MEHIIUTH 3aTPUMKH Ha (pOpMyBaHHs KepyBaHb, 3MEHIIUTH 00JacTh MAHEBPYBAHHS Ta B ILIIOMY
TIIBUIIATHA O€3MEKYy CYTHOTUIABCTRBA.
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CONTROL OF THE VESSEL’S ROTATION AROUND THE PIVOT POINT
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Introduction. Over the past 20 years, the number and dimensions of ships have grown significantly, while
the size of ports has grown significantly less. These circumstances require optimization of control processes
in order to reduce the area for maneuver. One of the ways of optimization is the use of the pivot point
concept — alternative vision of the ship turning process. A simple deviation of the rudder leads to the
simultaneous appearance of rotational movement around the rotation center and lateral movement of the
vessel. For the navigator, these two movements look like one pure rotation around imaginary point, which
does not always coincide with the rotation center and is called the pivot point. The use of a pivot point to
reduce the maneuvering area was previously studied by many authors. Basically, these studies were limited
to determining the position of the pivot point and providing recommendations to shipmasters to take this
position into account during manual maneuvering. The disadvantage of such approaches is that they do not
include the calculation of the controls necessary to implement the rotation of the ship around the given
position of the pivot point. Controls are formed manually by the master based on the recommendations
provided. In the previous works of the authors, for example [10-12], methods of automating the processes
of rotation of the ship around the pivot point were developed. The issues of automation of auxiliary
processes are also considered: separation of vessels [4], optimal mooring [5], identification of parameters
[6-7], testing of automatic modules [8], reduction of the mathematical model integration time in the on-
board computer [9] and others.
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