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Abstract. The purpose of this work is to study the resistance of a quarter-ton yacht by conducting a model experiment
in the experimental basin of the Department of Theory and Design of Ships of the National University of Shipbuilding
of Ukraine.

The work was carried out to improve its racing qualities without increasing the measurement score, which allows
competition with modern plastic yachts and consisted in modernizing the stern of the wooden hull of the yacht by
increasing the wavelength.

In the process of testing in modern computer-aided design systems, two 3D models of the surface of the yacht hull
were created and performed calculations on hydrostatics, stability and running for both models. The test models were
performed at a scale of 1/7.

The pictures of wave formation for both models, made in CAD “Maxsurf” and in the process of towing tests are shown.
Graphs of the total resistance of yachts on the accompanying course and on maneuvering are given, the photo of the
stern of the modernized full-scale yacht is shown.

Experimental results show the possibility of improving the running qualities of the yacht by increasing the wavelength.
The yacht motion calculations and model tests also showed that the increase in the longitudinal moment of inertia
of the yacht’s mass has a positive effect on the resistance to short waves, characteristic of the estuarine and coastal
marine waters.

In the second part of the article the project of improvement of contours of a sailing and racing yacht of a half-ton
class is executed. It was built of fiberglass by amateurs independently according to the project of the French yacht
designer Finot.

But for more than 20 years of operation, it is obsolete and required modernization of the building. To improve the
handling, it was proposed to increase the length of the waterline and increase the fullness of the bow frames in order to
increase the prismatic coefficient, which reduces the resistance of the yacht.

As the yacht did not have a theoretical lines plan, its contours were removed from the existing yacht and further agreed.
Two 3D models of the surface of the hull of the yacht in CAD “Maxsurf” were made and the towing capacity was
calculated for both hulls according to the method of prof. Gerritsma, which showed a decrease in resistance at speeds
of more than 5 knots.

The reliability of the results is justified by their qualitative compliance with known patterns.

A photo of a yacht with a redesigned bow limb is provided.

Practical application of the results is possible in sailing races.
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AHortanisa. Mera po0oTH momnsrae B IOCTIHKEHHI OMOPY SXTH YBEPTETOHHOTO KJacy 3a JOTOMOTOI0 IPOBEACH-
HS MOJENBHOTO EKCIIEPUMEHTY B AOCITITHOMY OaceiliHi kadempu Teopil Ta MpoekTyBaHHA cyaeH HarioHamsHOTO
VHIBEpCHTETY KOpabneOyayBaHHs YKpaiHH.

PoGoTu mpoBoaIITHCS TS OMIIIIIEHHS IIEPETOHOBUX SKOCTEH cymnHa 0e3 TiABHIIEHHS 00OMipHOTO 0aia, o Ja€ MOX-
JIMBICTh KOHKYPYBATH 3 CyYaCHUMH IIACTUKOBUMH SIXTaMH, 1 TTOJISITAJIH B MOJISpHi3aIlil KOpPMOBOI YACTHHH IEPEB’THOTO
KOPILYCY SIXTH 3aBISKH 301IBIICHHIO XBUJICY TBOPIOBAIBEHOT TOBKHHH.



CYOHOBYOAYVBAHHA J)lkei F=laf=l

VY mpoueci BuIpoOyBaHb B Cy4acHHMX CHCTEMaxX aBTOMAaTH30BaHOIO NMPOEKTyBaHHsS Oyiu crBopeHi nBi 3D-moneni
TIOBEPXHI KOPITYCY SIXTH Ta 31HCHEH] PO3paxyHKH 3 TIAPOCTATHKH, OCTIHHOCTI Ta XOI0BOCTI AJ1st 000X Mozeneid. Moze-
i 1t BUtpoOyBaHb Oy BUKOHaHI B MaciTadi 1:7.

HageneHo xapTiHN XBHJIEYTBOPEHHS A1l 000X Moxenel, BukoHaHi B CAIIP «Maxsurf», Ta B mporieci mpoBeaeHHs
OyKCHpYBaJIbHUX BUIIPOOYBaHb. 300paskeHo rpadiki IOBHOTO OIOPY SXT Ha MOIyTHOMY Kypci 1 Ha JlaBipyBaHHi, Haja-
Ha (ororpadis KOpMOBOT YACTHHU MOAEPHI30BAHOT HATYPHOT SXTH.

Pesysnbratu ekcriepuMEeHTaIBHIX TOCTIIKEHb BKa3yIOTh Ha MOMKIIBICTB MOJNINIIEHHS XOJI0BHX SIKOCTEH SIXTH 3aBIAKH
30LUTBIIIEHHIO XBUJICYTBOPIOBAIBHOT TOBKHUHHY.

[IpoBeneHi po3paxyHKH XHUTABUI[ Ta MOJC/IbHI BHIIPOOYBAaHHS TAKOK JOBEJH, IO 30UIBIICHHS MOB3I0BKHBOIO
MOMEHTY iHepuii Macu SIXTH CHPUSTINBO MO3HAYUTHCS HA OIOPI 38 KOPOTKUX XBHIIb, XapaKTEPHHUX JUIA JIMMaHHOI Ta
IpuOEepeKHOI MOPCHKOI aKBaTopii.

YV npyriii 9acTHHI CTATTi BUKOHAHO TIPOEKT BIOCKOHATICHHS OOBOJIIB BiTPUIBLHO-TIEPETOHOBOI SXTH MIBTOHHOTO KJIACY.
Bomna 0Oyna moOyioBaHa 3i CKJIOIIACTHKY aMaTOpaMK CaMOCTIHHO 3a MPOEKTOM (PPaHITy3bKOT'O SIXTOBOTO KOHCTPYKTOpa
XK.-M. ®ino. Ane 3a monan 20 pokiB eKCIUTyaralii CyJJHO MOpaJIbHO 3acTapijo Ta BUMarajio MOJEepHi3alii KopIrycy.
JLi1st moKpaImieHHs XOM0BHUX AKOCTEH OyIi0 3aIpOITOHOBAHO 301IBIINTH JOBKUHY BaTepiIiHii Ta TOBHOTY HOCOBHX IIITaH-
TOYTIB 3 METOIO ITiIBUIIEHHS IPU3MATHIHOTO Koe(illieHTa, 10 3MEHIIIY€E OIip SIXTH.

OCKIJIbKH CYJJHO HE MaJIO TEOPETUYHOTO KPECIICHHsI, TO HOro 00BoaM OyJH 3HSATI 3 HASBHOI SIXTH Ta Y3ro/pKeHi. Buko-
Hadi 181 3D-moneni noBepxHi koprycy sxti B CAIIP «Maxsurf» Ta npoBeneHi po3paxyHKu OyKCHPYBaJIbHOT ITOTYX-
HOCTI U1 000X KOPIYCIiB 3a METOOMKOO mpodecopa [eppiTcmu, mo Moka3aid 3MEHIICHHS OIOpY Ha MIBUIAKOCTIX
moHax 5 By3miB. JIOCTOBiIpHICTh pe3yabTaTiB 0OTpyHTOBaHA iX SKICHOIO BiIIMOBIAHICTIO BiIOMHM 3aKOHOMIPHOCTSIM.
Hanano ¢oto sixtu 3 nepepoOiieHnM HOCOBOIO KiHIeBicTIO. [IpakTHyHe 3aCTOCYBaHHS pe3yJIbTaTiB MOXKE CTaTH y Haro-
Il IMiJ] 9ac MPOBEICHHS BITPUIBHUX TICPETOHIB.

KurouoBi ciioBa: kpeiicepcbka sxTa; MOAEpHi3amis; OyKCHpyBallbHI BUTIPOOYBaHHS;, 3HIKEHHSI OTIOPY; XBHJIEYTBOPIO-

BaJIbHa TOBXXHWHA.

ITOCTAHOBKA 3AJTAYI

3HWKEHHS OIOpy KOPIYCiB KpelcepchKo-Tiepe-
TOHOBHX SIXT BEA€ /O WIJBUINEHHS iX CHOPTUBHOI
e(eKTHBHOCTI. AJic MUTAHHS BIOCKOHAJCHHS OOBOIIB
SIXT, BIUIUBY (DOPMH KOPITyCY 1 TIOCAJIKH SIXTH Ha 11 omip y
CyYacHi{ MpaKTHIIi TOTAaHO BHBYCHI.

AHamizy mepepoOKH KOPIYCIB SXT YBEPTHTOHHOTO
Ta MIBTOHHOTO KJaciB Kpeicepchkoro axt-kirydy HYK
1 aHami3y iX XOMOBOCTI Ha OCHOBI OyKCHpPYBaJIbHUX BH-
poOyBaHb Ta YHCIEHHOTO €KCIIEPUMEHTY 1 IpUCBIYEHA
s podora.

AHAJII3 OCTAHHIX JOCJIIXXEHb
I IYBJIIKALIA

VY miteparypi BIACYTHI CHCTEMHI IOCIHiIKEHHS
XOIOBUX SIKOCTEH KpeHCepCHhKO-TIEPETOHOBHUX  SIXT
YBEPTHTOHHOTO 1 MIBTOHHOTO KjaciB. Bigomi poboTtu
3 JIOCJIJDKEHHS OIIOPY SIXTOBUX KopmyciB [2; 3], mpoTu
BOHHM HE OXOIUIIOIOTH MapaMeTpH KOpIyCiB, sIKi mepe-
OyBaloTh I03a Niala30HOM IIMX OyKCHPYBajJbHHX BH-
npoOyBaHb.

META JOCJIKEHHS

Mera jgoChiyKEHHsI TOJSira€ B OLIHIN XOJOBUX
SKOCTEH CHOPTUBHUX KpEHCEPCHKO-IIEPETOHOBUX SAXT
y JOCIiTHOMY OaceliHi Ta pOo3paxyHKy B CHCTeMax aBTO-
MAaTH30BaHOTO MTPOEKTYBAHHS 3 METOIO 3MEHILICHHSI OTIOpY.

OCHOBHHUM MATEPIAJI I1O SIXTI
YBEPTBTOHHOI'O KJIACY

HasiBHUiT Kpeiicepchbkuil SXTOBUIT (JIOT LIBHIKO
3acrapisae. [IprumHa IbOTO MOJATae B CydaCHUX METOIAaxX
KOMIT FOTEPHOTO TIPOEKTYBAaHHS, B HOBUX YHCICHHHUX Me-

TOZAX TiAPOANHAMIKN Ta OyKCHPyBaJIbHUX BUIIPOOYBaHb,
y M0sIBI HOBHX Oy/IiBEJIbHUX MaTepiajiB i TEXHOJIOTIH.

3 onmsigy Ha TpPHBAJIMI Yac eKCITyaramil sSIXT icHye
HEOOXIiTHICTb 1X YJOCKOHAJICHHS], 1100 MOKPAIUTH XOA0BI
SIKOCTI Ta JTaTH MOXIIMBICTH YCITIIIHO KOHKYPYBaTH B Tie-
pEroHax 13 HOBUMHM CyJHaMH. SIXTH YBEPTETOHHOIO KJacy
CTaHOBJIATH OUTBIIICTh y KpeHcepchbkoMy (ITOTI YKpaiHm.

3HayHa KUIBKICTh MHKOJAiBCBKUX SIXT TaKOrO THITY
3MiHMJIA CBOI Kifi i pyrni 3a pekomernarismu [1]. Bymo
3MiHEHO ¥ 030pO€HHS: Bix TOMOBOTO /10 7/8, 301IBIICHO
TUTOIILY BITPHUI, i IBUIIEHO CTATUYHY OCTiHHICTB SXT. AJie
Ha HaOJNVKEHNX JI0 KPUTHYHUX ISl BOJO3MIIYBaJIEHOTO
POKHMY IIBUIKOCTSAX OyJia MoMideHa TUHaMivHa Pocaj-
Ka SIXTH, HECIPUATINBA iHTep(epeHLisl XBHIbOBOT KApTH-
HH, SIK HACJIJIOK — 3Ha4Ha KOPMOBA XBWJIS, 1110 3aMHUBajIa
noHa 1/3 tpant. Tomy Oyito 3aificHeHO cIipo0y 3HUKEH-
HSl ONOpY 3aBISIKK 30UIBIIEHHIO XBHJIEYTBOPIOBAJIbHOT
JOBKHMHH 10 BEIWYMHH, IO HE MPU3BOMUTH IO 3MIHU
oOMipHOTro 6ana st [BOTo Kiacy.

Byna Burorosiena momens Xt B Macmrabi 1:7 i3
nozioxeHoto Ha 0,4 M KOpMOI0, 1 TIPOBEICHO MOAEIBHUH
eKCIepUMEHT y IochigHoMy OaceifHi kadempu Teopil
Ta IPOEKTYBaHHs cyneH HalioHaJbHOTO yHIBEPCHUTETY
kopaOebyayBaHHs iM. anMipaia Makaposa. [Ipyra mo-
JIeNb HasiBHOI SIXTH OJiep KaHa 3a JI0IOMOTOI0 00pi3aHHs
KOPMOBOI YaCTHHHU JI0 CTaHAAPTHOI.

[IBraKicTh MOZETI TTi] 9ac BUMIPOOYBaHB MIOCTYIIOBO
mifBHIyBaiacs 10 1,5 M/c, 110 BiAMOBITA€E IIBUIKOCTI
HaTypHOi sXTH 7,4 By3mH, TOOTO OXOIUTIOE BECh
BOZIO3MIIIyBaJIbHHH JTiara3oH.

Pesynpratn OykcupyBaHb OyiH IIepeHeceHi Ha HaTyp-
Hy SIXTY 3a CTaHJapTHOIO CXeMolo [4].
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Jliist 060X KopITyciB Oyiy MpoaHati3oBaHi: omip; 60- Jns mpukiagy Ha puc. 6 HaBeOCHI KPUBI OIOPY
KOBa CWJIa; BIUIMB KyTa KpeHy 5°, 10°, 15°; BiMB KyTa HasBHOI Ta MOAEPHI30BaHOI sXT i kpeHy 0° ta 5° Ha
npeiidy 2°, 4°, 6°; BruiuB kyta audepenrty 0-3°. MOy THOMY KypCi.

Ha puc. 4, 5 300pakeHO KapTHHH XBUJICYTBOPEHHS
JUIS KOPMOBOT KiHIIEBOCTI 000X MOJEJCH 3a MIBHIKOCTI
6,15 By3iB.

Puc. 5. Kaptuna XBHIEyTBOPEHHS MOAEPHI30BAHOI SIXTH

250

Puc. 1. Mozens HasiBHOT IXTH

Omip, KT

Puc. 2. Mozens MOJepHi30BaHOT SXTH

IloGynosa TeopeTnuHHMX KpecieHb i 3D-momenedl  pyc. 6. Kpusi onopy saxt
Koprycy Oyia BHKOHaHa 3a JJONOMOIOIO IPOTPAMHHX
rxomruiekciB  «RhinoCeros» Ta «AutoCad» (puc. 3). [TyHKTUPOM TIO3HAYEHO OIIiP HAsBHOI AXTH IS KYTiB
V CAIIP «Maxsurf 31ificHeni po3paxyHKH 3 iJIpoCTaTuKH,  kpeHy 5° Ta 10°.
OCTIMHOCTI Ta XOJOBOCTI [UIs1 000X MOJICIICH.
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BHUCHOBKH IO AXTI
YBEPTBTOHHOT O KJIACY

3a pe3ynpraTaMu MOJEIBHIX BHIIPOOYBaHb «IIPOTO-
THITY» Ta «IIPOEKTY» MOXKHA 3pOOUTH TaKi BUCHOBKH.

3 xypcom ¢opreBiHa 3a KyTiB kpeny 0°, 5°, 10°, 15°
OITip MOAEPHI30BaHOI SIXTH 3MEHITYeThCs 3 24% 1o 11%
3a IMBUAKOCTEH Bix 4 o 7 By3:iB, BiamoBigHo. Takox He-
BeMKHH AudepeHT Ha kopMy (3°), Bcyneped mommpeHii
IYMIIi, 3MEHIIIY€ OIip y pO3MIIHYTOMY JAiana30Hi MIBU/-
xocreit 3 4,6% 10 6,2% (nuB. puc. 7).

3a gpeiidy B 2 rpagycu (naBipyBaHHS 3a cIaOKOTO
BITPY) 3a THX K€ IIBUAKOCTEH 1 KYTiB OITip 3MEHIIYETHCS
3 14% mo 7%.

3a npetidy B 6 rpamyciB (J1aBipyBaHHS 3a CHIIBHOTO
BITPY) 32 THX K€ IMBUIKOCTEH 1 KyTiB Omip 301TBIIyETHCS
3 2,5% no 8% (auB. puc. 8).

Puc. 9. IlepepobinieHa kopMOBa KiHIIEBICTh SXTH

CYOHOBYOAYVBAHHA J)lkei F=laf=l

[IpoBeneHi po3paxyHKH XUTaBHI Ta MOJICIbHI
BUIPOOYBaHHS TaKOXK IIOKa3ajH, 110 30UIbIIEHHS MO-
B3JIOB)KHBOTO MOMEHTY 1HEpLii MacH IXTH (ToOTO po3He-
CEHHs 3MIHHUX BaHTaXIB BIZIHOCHO MiJelisl) CIPUSITIIMBO
MO3HAYA€ETHCS HA ONOPI 32 KOPOTKUX XBUIIb, XapaKTEPHUX
JUIsl IMMaHHOT 1 TprOepeKHOT MOPCHKOI aKBaTopIii.

MonepHizallis HasBHOI SIXTH TOKa3aja, 10 XBUIbO-
Ba KapTHHA OOTiKaHHS KOPILYCYy CYTTEBO 3MIHMJIACH, IO
MPU3BEJIO A0 MiJBUIIEHHS NIBUAKOCTI SIXTU B peasbHUX
BITPUJIBHHX ITE€PEroHaXx.

OCHOBHHWI MATEPIAJI 11O XTI
HNIBTOHHOT'O KJIACY

MerToro poOOTH € BIIOCKOHATICHHS 00BOJIIB BITPHIIEHO-
MIEPETOHOBOI SIXTH MIBTOHHOTO KJIacy KpeHCepChKOTO SXT-
kiyoy HYK mns migBumenHs ii mBuakocTi. Taki SXTH €
ONTUMAJIEHUMU JUTS TPHOEPERHNX MOPCHKHX ITEPETOHIB.
Bonn mBHAKOXiIHI, JIETIIE CIPABISIOTHCS 3 3yCTPIYHOIO
XBHUJICIO, MAFOTh O1NBII MOXIJIMBOCTI MiA00pPy BITPHII 3a-
JISKHO BiJ BITPY 1 MOPIBHAHO KOM(OPTHI JJIS eKimaxy.
IIpuponni Ta KIIMaTW4HI YMOBH MiBAHA YKpaiHU I0-
3BOJISIIOTH YCIIIIHO PO3BHBATH SIXTH IIBTOHHOTO KJIacy.
BusHaHUME CBITOBUMHU JilepaMu y TOOYIOBI TAKHUX SIXT
€ xommaHii «Farr Yacht Design» Ta «Dufoury.

CynHO MBTOHHOTO KJIACy MOXe cTarn 0a30BOI0 MO-
JIETUTIO JJIsl CTBOPEHHS HU3KW CYYacHUX, TIOPIBHSIHO JIeT-
KHX 1 HEAOPOTHX KpeHcepehKo-TeperoHoBux sSxT. CymHo,
0 MOIEPHI3YETHCS, OyI0 MOOYAOBaHO 3i CKIIOTLIACTH-
Ky aMaTropaMH CaMOCTIHHO 3a MPOEKTOM (ppaHIy3bKO-
TO SXTOBOTO KOHCTpyKTOpa JK.-M. ®iHo. Ane 3a moHan
20 poKiB ekcIIIyaralii sSXTa MOpaJIbHO 3acTapiia Ta BHU-
Maraja MoZepHi3allii KopIycy.

Bubip ¢popmu KopITycy Manux sSIXT — CKJIaIHE 3aBIaH-
Hs, MOB’s13aHe 3 3a0e3MeYeHHSIM HEOOX1THOI XOJOBOCTI
1 MOpETIIaBHOCTI 32 TOPIBHSHO BHCOKHX IIBUAKOCTEH
pyXy, a Takox Oe3rekn MoperaBaHHA. [1if gac mpoexk-
TYBaHHSI TEOPETHYHOTO KPECJIEHHS IOBOAUTHCS BPaXo-
BYBaTH INUPOKHH KOMIUIEKC BHMOT TiIpOAWHAMIYHOTO,
KOHCTPYKTHBHO-TE€XHOJIOTI4HOTO, eKCIUTyaTamifHoTo

xapakTepy. 1 mominmenHs X0I0BHX sIKOcTel OyIo 3a-
TIPOTIOHOBAHO 30UTBITUTH JOBKUHY BaTepiiHii Ta TOBHO-
Ty HOCOBHUX LIMTAHTOYTIB 3 METOIO MiJABUIICHHS IpHU3Ma-
TUYHOTO KOe(iIliEHTA, M0 3MEHIIYE Omip SXTH. OCKITEKA
CYIHO HE MaJIO TEOPETUYHOrO KpeCIeHHs, TO Horo 00Bo-
Jtv OyITH 3HAITI 3 HASBHOI SIXTH Ta Y3TOKEHI.

Puc. 10. TeopeTndHe KpeclieHHS HASIBHOL SIXTH
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ITobOymoBa 3D-Mmozeneit kopnyciB Oyjia BUKOHaHA 3a Huxue HaABEJICHO MOPIBHSIBHY TaOIUIIO

JIONIOMOTO10 ITporpaMHuxX koMmruiekciB «RhinoCeros» Ta  po3paxyHKiB OykcupyBaibHOI moryxHocti B CAIIP
«AutoCad» (auB. puc. 3). Y CAIIP «Maxsurf» 3uiiicheni  «Maxsurf» s 060x koprycis 3a MeToankoro [3].

PO3paxyHKH 3 TiJPOCTATHUKH, OCTIHHOCTI Ta XOMOBOCTI

JUIst 000X BapiaHTIB KOPIYCIB SIXT. Bysn Efgf%lﬂ‘ EP[?I le %
0.5 0,001 0,001
0,004 0,004
1.5 0,013 0,013
2 0,03 0,03
2.5 0,065 0,066 1,538
0,113 0,115 1770
3.5 0,182 0,182 0
: 0,286 0,287 0,350
4,5 0,419 0,42 0,239
5 0,604 0,607 0,497
5,5 0,99 0,984 -0,606
P.nc. 11. CI?opMa HOCOBOI P.nc. 12.. ®0pma HOCOBOI s 1,739 1,727 20,690
KIHIICBOCTI1 HasIBHOI SIXTH KIHIICBOCT1 MOZ[CpHBOBaHO’I’ SIXTHU 6,5 3,273 3.137 _4,155
7 5,682 5,528 -2.710
7,5 8,904 8,51 4,425
10,375 99 ~4,578
8.5 14,483 13,758 -5,006
9 18,071 | 17422 3,591
95 21,633 | 20,963 -3,007
10 24,737 24,086 -2,632

BHUCHOBKMH 110 AXTI HIBTOHHOTI'O KJIACY

AHaiiz po3paxyHKIiB MOKa3ye, IO A0 MIBUAKOCTI
5 By3niB OyKCHUpyBaJbHAa IOTYXHICTh SIXTH HE3HAYHO
MiABUINY€eThCs (MeHII HDK Ha 2%), L0 MOSCHIOETHCS
MepeBaKaHHIM CHJIM TePTsl B OaJlaHCI CHJT OTIOPY.

31 30UIBIIEHHSM MIBUIKOCTI OMIP SXTH 3MEHIIYETHCS
(mo 5%), 10 MOSACHIOETHCS 3MEHIICHHSM CHIIA XBHIIBO-

Puc. 13. SIxra 3 nepepoOIeHOI0 HOCOBOIO KiHIIEBICTIO BOI'O OIOpY.

(1]
(2]
(3]
(4]
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