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06 ’exmom 0ocniodicens € npoyec nogopomy cyona. Cmamms npucesuena NUMaHHAM 30ilUCHEH s YUCETbHUX
PO3DAXYHKIG NONONCEHHS BCIX DA308UX MOYOK 3MICIOBHOT MOOei NOBOPOMY CYOHA.

3acmocysanna smicmognoi modeni nogopomy cyoHa i Memooi6 PO3PAXYHKY HONONCEHHS 0A306UX MOYOK
003801€ pO3PAXY8AMU Npoyec NOBOPONY CYOHA | SUSHAYUMU NONONCEHHA 6a306ux mouok. Ilonodscenms
yeHmpa 6azu 3HIMAEMbCA 3 BAHMANCHO20 NAAHY cYOHA. T10102CeH s NOMOCY NOBOPOMY | NOIONCEHHS YeHMPa
00epmants  BUSHAYAIOMBCA  NPOCNUMU  eKCHEPUMEHTNATbHUMY A  eKCHePUMEHTNATbHO-PO3PAXYHKOBUMU
Memooamu.

Busnauenns nonoxdcemus yewmpy 00epmauHaA i NOICY NOBOPOMY HAOAE MONCIUBICIL 3HAYHO MOYHIWe
BUBHAYAMU NOJOAHCEHHS CYOHA NPU NOBOPOMI, WO NIOBUUMb Oe3neKy NIASAHHA.

Busnauenns abcyucu noniocy nogopomy no maHeHYiUHUM WEUOKOCMAM HOCA Ma KOPMU MOJICHA
suxopucmogyeamu 0jis CYyOHA 3 0yO0b-SIKUM TMUNOM [ KIIbKICHIO 20J06HUX OBUZYHI8 [ 0YO0b-saKUM MUnom i
KITbKICMIO PYWLIiB.

Busnauenns smiwenns yenmpy obepmanns 6i0 yeHmpy a2 WIAXOM NOPIGHAHHA NOJONCEHb AOCYUCU NOTIOCY
nOBOPOMY NpU HYIbOSIU | MAKCUMATNbHIU WEUOKOCHAM CYOHd, GUSHAYEHUM NO MAHSeHYIIHUM WEUOKOCAM
HOCA Ma KOPMU MONMCHA 8UKOPUCTNOBYS8amU OiA CYOHA, Y AKO20 OOKO8A CUNA YMBOPIOEMBCA PISHUMU WAAXAMU,
ane 8 0OHOMY U MOMY JHC MicYyi AK Npu HYIbO8Ill WEUOKOCMI, MAK i NPU WUBUOKOCMI NOBHO20 X0OY.

Kntouogi cnosa: nasicayiiina besnexa; 3micmosHa Mooeib NOBOPOMY CYOHA; BUSHAUEHHS NOIONCEHHA NOTIOCY
n0BOPOMY, BUSHAUEHHS NOLONHCEHHS YeHMPY 0DEPMAHHA, MAHEEPYBAHHA 8 CIUCHEHUX B00AX.
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Beryn. 3HaHHS 3aKOHOMIPHOCTI pyXy CyJHa @pH MOBOPOTax IMiJBUIIYE TOYHICTh
PO3paxyHKy HUIAXY CyAHA. 3HAIOYHM 3aKOHOMIPHOCTI pyXy CyJHa, MOTPiIOHO BHpaxyBaTH YHCEIbHI
3HAa4YeHHs MepeMilleHHs #oro 0a3oBux Touok [mentpa Barm (IIB), mentpa oGepramus (I1O) i
nojrocy nosopory [II1)], oo miABHIIMTE TOYHICTH BU3HAUCHHS PYXY CyIHA, IO, B CBOIO Yepry,
ITiIBUIIUTH O€3TEKy.

[TonoxxeHHs EHTpa Baru 3HIMAETHCS 3 BAHTAXKHOTO TUIaHy cyaHa. I1oTpiGHO po3risHYTH
SKUM UYMHOM Ha MPAKTHUI[l MOXHa pO3paxyBaTH MOJIOKEHHS 0a30BUX TOUOK 3MICTOBHOI Teopii
noBopoTy cyaHa: 11O Ta I 11 nmigBUIEHHS TOYHOCTI BU3HAYEHHS TOJIOXKEHHS CyJIHA MPH pycCi
10 KPUBOTIHIHHINA TPAEKTOPIi 1 TAKUM YHMHOM ITiIBUIIICHHS HaBIraI[iiHOT O€3MeKH IIaBaHHS.

[TonokeHHs TOMIOCY MOBOPOTY 1 MOJIOKEHHS IIEHTPa 00epTaHHS MPOIOHYEThCS BU3HAYATH
MPOCTUMHU  €KCIIEPUMEHTATBFHO-PO3PAXyYHKOBUMHU METOJaMHU. BHKOpUCTOBYIOUM Taki METOMH,
BU3HAYEHHS 3MIIIEHHA LEHTPY OOepTaHHs BiJ IEHTPY Baru i BU3HAYEHHS IOJIOKEHHS TOIIOCY
MOBOPOTY MOXXKHAa BHKOPUCTOBYBATHU JUIsl CydHA 3 OyAb-IKUM THUIOM 1 KIJIBKICTIO TOJIOBHUX
JIBUTYHIB 1 Oy/Ib-SIKUM THIIOM 1 KUTBKICTIO PYIIiB.

[ToTpiOHO pO3IISHYTH SIKUM YMHOM Ha MPaKTHIll MOXHa PO3paxyBaTH MOJIOXKEHHS 0a30BHUX
TOYOK 3MICTOBHOI Teopii moBopory cyana: L[O rta IIII ams migBWIEHHS TOYHOCTI BH3HAYCHHS
MOJIOKEHHSI CyJHa TpU Pyci TO KPHUBOJIHIMHIN TpaekTopii 1 TaKMM YHWHOM ITiJIBUILECHHS
HaBirariiHoi Oe3neKku rIaBaHHs.

IocTanoBka npodaemu. 3rigHo 3 iHGOpMaIIiero mKepena [1] cTocoBHO 3MICTOBHOI MOJIeITi
MOBOPOTY Cy/HA, BIJIOMO, SIK MepeMily€eThCs ojoxkeHHsa 6a3oBux Tovok: 11O Ta III. Ilpore, cain
3a3HAYUTH, IO B 3a3HAYCHUX yMoBax, AivicHe 3mimieHHs 1O Ta I1I1 e Bimome, 110 1 € mpobiIeMoro,
SKY TOTPiOHO BUPILIUTH.

AHaJi3 oCcTaHHIX JI0c/ifxKeHb Ta myOuaikauiil. BusHaueHHs 1 pO3paxyHKHU IOJIOKEHb
LHEHTpY oOepTaHHS 1 TOJIOCY TOBOPOTY paHille po3rigganocs OaratbMa aBTOpaMu. Mu
MIPOIMOHY€EMO PO3IIIIHYTH, K Pi3HI aBTOPH MPOMOHYBAIN BU3HAYATH I1OJIOKEHHS TOJIIOCY TOBOPOTY
abo 1eHTpy 0OepTaHHS.
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Tak, y crarti [1] Oyna 3amporoHOBaHA 3MiCTOBHA MOJIENb TOBOPOTY CYHA, SIKa OIMHUCYE
Ipoliec MOBOPOTY CyJHA, BUKOPUCTOBYIouM 3 6a3oBi Touku: LB, IO Ta III.

Kamitan X. Xoitep y [2] BBaxkae, 10 IOJIOC TOBOPOTY, SKHA BiH HA3WBa€ IEHTPOM
o0epTaHHA, 3HAXOAUTHCS Ha BIJICTaHI BiJ YBEPTI O TPETHHH JIOBKHHU CYyAHA BiJ KIHI[IB CyJHA MPU
pyci cyaHa Briepea abo Ha3al, BiAMOBITHO.

Kanitauu Jlpomin C. 1. 1 ManbueB A. C. y po6otax [3] Ta [4] BBaxaroTh, 1110 IpH pyci CyTHA
BIIEpE]l HA TTOBHOMY XOJIOBI TTOJIFOC TIOBOPOTY 3MIIIY€ETHCA B TOYKY, SIKA PO3TAIlIOBaHA Ha BiJICTaHI
0,1 1OBXXUHM Cy/1HA BiJ (DOPIITEBHIO.

Takox kamitan Jlpomin C. 1. y poGoti [3] mpomonye Bu3HaueHHs mnojiockeHHs [II1 st
CTOSYOTO Cy/JHA PO3PAaXyHKOBUM NUISXOM. ABTOPOM 3HailleHa 3aleXHICTh MIX BiJIHOCHUM

TIOJIOKEHHSM TIONIOCY MOBOPOTY X, 1 BiAHOCHHMM IuiedeM GOKOBOI cuimn X ;

1g 1o 1
7 :gxnn_zxnn_@. (1)
S IS

37 nn ' 2 nn
151 3aneKHICTh TAKOXK MPEICTABICHA Y BUIIIAI rpadika, HaBegaeHoro B [3].
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Kamitan X. KaBbe B [6] BBaskae, 110 1EHTP 00epTaHHS MOKE 3MIIIyBAaTHCS BITHOCHO LIEHTPA
Baru MmakcumyMm Ha 10% 1OBXHHU CyJIHA.

ABtopu B [7] moka3yloTh pyX CyJHa JIaroM I BIUIMBOM Jii 2 OyKCHUPIB 1 NOSICHIOIOTb, 1€
3HAaXOAMUTHCS MOJIOC TOBOPOTY.

S. G. Seo B [8] BBaxkae, MO 3aJ€KHO Bix GOPMH KOPITYCY IOJIFOC ITOBOPOTY HA TIOBHOMY
XOJIOB1 BIEpe]] MOKE po3TamioByBatucs Ha Bifctadi Big 0,3299 no 0,3984 nomxuHM cyaHa BiX
(dbopuITeBHS, MPUIOMY, YUM OUTBLINM € KOe(Dilli€HT 3arajibHOT TOBHOTH, TUM IOJIIOC IOBOPOTY Oy/ie
pO3TaIIoOBYBaTUCS OJIMKYE IO HOCY.

Astopu B [9] Ta [10] mpomnoHyIOTh BH3HAYATH TOJIOKCHHS TIOJNIOCY IOBOPOTY IO
TaHTCHIITHAM IIBUAKOCTAM HOCa Ta KOpMH Oe3 ypaxyBaHHs Tedii Ta B [11] Ta [12] 3 ypaxyBaHHIM
TeYii BIIIIOBIIHO.

3MICTh CKJIQJIHUX MaTeMaTHYHUX PO3PaXyHKiB MOXKHA 3alpOINOHYBaTH €KCIIEPUMEHTAIbHE
BU3HaueHHs nosioxkeHHs [111 3a TaHTeHIIaIbHUME HIBUIKOCTSIMU HOca Ta kKopmu [9, 10].

BusHauaroTh TaHTeHIIaNbHI MBUAKOCTI Hoca Vi Ta KopMu Vi cyaHa (puc. 1) [9].
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Pucynok 1 — Cxema BU3HAUCHHS IOJI0KEHHSI [IOJIFOCY TIOBOPOTY
0 TAaHTEHI[IATbHAM IIBHIKOCTSIM HOCA 1 KOPMH CyTHA

Busnauenns nonoxxenns adcuucu [1I1 MojkHa BUKOHATH 32 HACTYITHOIO (POPMYIIO0
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X = VitV |L 4
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ne X — abcuuca 1moiocy moBopoTy;

Vu — TaHTeHIlIfHA MBUIKICTh HOCA,

VK — TaHTeHLI{HA MBUIKICTh KOPMU;

L — noBxuHa Cy/THa MDXK TIEPIECHANKYJISIPAMH.

IIpu HasgBHOCTI Teuii, TaHreHIiaJbHI MIBHJKOCTI HOCY 1 KOPMU CyAHA BIJIHOCHO IPYHTY
OyIyTb BIAPI3HATHUCA Bl TAHIEHIIAJIBHUX IIBHJIKOCTEH HOCY 1 KOPMH Ha BEJIMYUHY ILIBHUJKOCTI
Tedii, a Takok OyayTh BiapisHaTucs i monoxxenns 111 [11, 12]. Ha puc. 2 nokasaHi TaHTeHIIIbHI
mBuakocti Hocy Vyr 1 kopmu Vgr CcydHa, a TakoXk MOJIOXKEHHs moirocy moBopoty [II1p mpu

HasBHOCTI Teuil [11].

PucyHnok 2 — TanreHmianbHi IBUAKOCTI HOCY 1 KOPMH CyIHA
Ta MOJIOKEHHS HOJIIOCY MTOBOPOTY MPH HASBHOCTI Teuii

TanrenmiangbpHi CKIaA0B1 MIBUAKOCTI BIAHOCHO BOAY BU3HAYAEMO SIK
Vi =Vur =Vrr, Vg =Vgr =Vir, ()
Ie VH — TaHreHIliiHa BUIKICTh HOca Oe3 Teuil;
V k — TaHTeHIliiHA MBHUJIKICTh KOPMU 0€3 Tedil;
VHT — TaHTeHIiliHA IBUAKICTE HOCA 3 TEYIEIO;
VKT — TaHTeHIII{HA BUIKICTH KOPMH 3 TEUI€I0;
VT —TaHTreHIIiHA [BUIKICTE TeYil.

ABtopu B [13] mpomnoHyIOTh BU3HAUEHHS MOJOXEHHS LEHTpa OOepTaHHsS 3aJIeKHO BiJ
MO3/TIOBXHBOT MIBUIAKOCTI 1 BBAKAIOTH, 110 MAaKCHUMAaJIbHE 3MIIIEHHS IIEHTpa O0epTaHHs BiJl IIEHTpa
Baru Mpy HEOOMEKEHIH MIBUAKOCTI MOKE TOCITTH MOJOBUHU JJOBKUHU KOPITYCY CyJIHA.

ABtopu B [14] mpONOHYIOTH BH3HAYHUTH 3MIIICHHS IEHTPY OOEpTaHHS sl KOHKPETHOI
IIBUAKOCTI Cy/IHA B BiJICOTKAX BiJl IBHIKOCTI TIOBHOTO XOJY.

OCKIJIbKY TIOJIO’KEHHS! TOUYKH [TOBOPOTY OOUMCIIOETHCS BiJl LIEHTPY OOEpTaHHS, SIKUH TaKOXK
3MINIYEThCS 3aJIEKHO BiJ MIBUAKOCTI CyJHA, BaXJIMBO 3HATH PYyX TOYKH TMOBOPOTY BiJIHOCHO
(hiKCOBaHOT TOUKHM Ha KOpIYCl CyJHA, HallpUKIal, MiJenro. SIK BUIHO 3 pUCYHKa 4, IS B1JICTaHb
TOPIBHIOE
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Pucynok 3 — Cxema kepyBaHHS KOHBEHI[ITHUM OZHOTBUHTOBUM CYJTHOM
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[TepemimeHHs IEHTPY 0OEPTaHHS BIHOCHO IIEHTPY Baru MOXHa po3paxyBaTH 3a (HOpMyJIoio
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— NpUBCACHA MMO30BXH H_IBI/I[[KiCTb CylHa,

¢ — € xoedilieHTOM, KU BU3HAYAETHCS BITHOUICHHSM MaKCHMAJIBHOTO TEPEMIIIEHHS IIEHTPY
o0epTaHHA 10 JOBKUHU CyJTHA.

ABtopu B [15] mpONMOHYIOTh BH3HAYMTH 3MIIICHHS IIEHTPY OOEpPTaHHS pPO3pPaXyHKOBO-
€KCIIEPUMEHTAJIbHUM LUISIXOM.

ABtop y [16] Ta B [17] moka3ye monoKeHHsI TIOTIOCY TOBOPOTY Ha CY[HI, IO HE Ma€ X0y
BiJIHOCHO Bojiu [ 16] Ta mpu pyci cyaHa Briepen Ta Hazaz [17].

VY crarri [18] aBTOp BBaXkae, 110 HasBHA MOJIEIIb TOBOPOTY CyJIHA HE BiIMOBiA€ NIHCHOCTI 1
MPOTIOHYIOTH i1l NEPETIISHY TH.

VY crarti [19] aBTOp BBaxkae, MO KOJIM CYJTHO IMOBEPTAETHCS HOCOM a00 KOPMOIO, TMOIIOC
MOBOPOTY JOCATae po3TalryBaHHS Aech MDK 1/3 1 1/6 moBXWMHU cyaHaA Bijl HOca abo KOpPMH,
3aJeXHO Bix (opMu Koprycy, IIBHIKOCTI Ta 3aCTOCOBAHOTO MOMEHTY Kepma. PosramryBanHs
TMIOJIFOCY MOBOPOTY BHM3HAuUA€ pajiiyC KoJa, 3aBeplIeHOro abo CHpSMOBAHOTO IMijl 4ac MOBOPOTY.
MeHIe KOO0 JOCATAEThCS, IMOJIOC MOBOPOTY 3HAXOAMTHCA ONmkdue 10 Hoca abo KOpMH, JUis
MOBOPOTY BIlepen a0o Hazaja BiAMOBiAHO. /[ moIOCYy MOBOPOTY, PO3TAIIOBAHOTO Jajil BiJ HOca,
KoJsio Oinbiie. 3 TOUKH 30py (OpMH KOPITyCy, CyIHO MOBHImOI opMmu, sK-oT Oankep abo TaHKep,
Mag€ TIOJIFOC TIOBOPOTY OJFKUE 710 HOCA, HIK OUTBII CTPYHKI Cy/IHA.

TakuM YMHOM, pi3HI ABTOPH MPOIOHYIOTh PI3HI METOAM BH3HAUEHHS O0a30BUX TOYOK
MOBOPOTY CyJHA.

Meta Ta 3aga4i aocaizkeHHsA. MeTor0 JOCHIKEHHS € BU3HAYEHHS METOJIB OTPUMAaHHSI
MO3UIIIH 0a30BUX TOUYOK.

Ile nacTh 3MOTry CTBOPUTH CUCTEMY BUHAMJIECHHS IMOJIOKEHHS 0a30BUX TOYOK 1 MiJBUIIEHHS
TOYHOCTI KEpPYBaHHS CyJHOM Y CTHCHEHHMX BOJaxX, IO TPU3BOAWTH 10 TiJBHIICHHS Oe€3MeKu
CYJTHOBOJIIHHS B ILIIOMY.

[TocTaBieHa MeTa JOCATAETHCS NUITXOM BH3HAYCHHS UYWCIOBUX 3HAu€Hb 0a30BHX TOUYOK
HOBOI 3MICTOBHOI MOJIENI TIOBOPOTY CyJIHA, pOo3p00IeHOT Ha OCHOBI 3-X TOYKOBOI CXEMHU IOBOPOTY,
13 BpaXyBaHHSIM OCTaHHIX MOTJIA/IIB HA TEOPiI0 OBOPOTY Cy/HA 1 3BEJIEHHS IX Y CHCTEMY.

3amadero JOCHIHKEHHS € BU3HAYEHHS YMCIIOBUX 3HAUE€Hb 0a30BUX TOYOK HOBOI 3MICTOBHOI
mozem: [lentpa O6epranns ta [lomtocy [loBopoty anis Oyab-sSKuX CyAeH, 3 OyIb-IKOI0 KUIBKICTIO 1
OyAb-SIKUM THIIOM PYIIiiB.

BukiageHnsi ocHoBHOTo Mmatepianxy. UucenbHe BH3HA4YeHHs 0a30BHX TOUYOK TIOBOPOTY
cynHa. ExcnepuMenTanbHe BHM3HaYeHHA mnojoxeHHs Ilomrocy IloBopoTy 1o TaHTeHIiHHUM
MIBUJIKOCTSIM HOCa Ta KOpMH cyqHa. [TomokeHHs aOCIMCH TONIIOCY MOBOPOTY MO TaHTEHI[IHHUM
HIBUAKOCTSM HOCA Ta KOPMU MOKHA BU3HAYUTH 32 METOJUKOIO, OMMMCAaHOI0 B poboTtax [9] ta [11] 3a
dbopmynamu (4) Ta (5) — BapiauT 1.

Takosx monokeHHs abCIHCH TOII0CY TTOBOPOTY MOKHA BU3HAUUTH 3a (hopmynamu (2) Ta (3),
3anpoNOHOBAaHUMHE B poOoTi [6] — BapiaHT 2.

SIkmo BinOyBaeThcsi BU3HaueHHS monoxkeHHs IIII Ha OJXHOTBUHTOBOMY KOHBEHILIHHOMY
CYIHi, TO MOYKHAa BUKOPHCTATH OOWIBa METOIH 3 MO3UTHBHUM PE3yJIETATOM.

Ane BXXe TIpH JBOTBUHTOBOMY KOHBEHI[IHHOMY CYJHI BHHHKAE MOTpeda BpaxoOBYyBaTH JIBi
cunu. [lpu pospaxyHKy 3a (opmyiiamu, 3arpornoOHOBAaHMMH B poOOTi [6], MOTpiOHO mMOmAaTKOBI
PO3paxyHKH JUIsl OTPUMAHHS PE3yIbTyI040T CUIIH.
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Takox morpeba B MONATKOBHX pO3paxyHKax BHHUKA€ MpPH BHUKOPHCTAHHI IOIATKOBO
HOCOBOTO TAPYIIIOI0YOT0 IPUCTPOI0, 00 1HIIOT AOJATKOBOI OOKOBOI CHIH (HampuKIad, OyKCHUPIB).

[Ipu BUKOpPUCTAaHHI a3MMyTaJBbHUX IMOBOPOTHUX KOJIOHOK BHHHKAE MOTpeda B ypaxyBaHHI
PI3HUX CHJI, @ TAKOX HAMPSAMKIB YIIOPY IIUX CHIL.

Taxki >k cami mOTpeON BUHUKAIOTH TP BUKOPUCTAHHI KPHIIBYACTHX PYIIIiiB.

[Ipy BUKOpPHCTaHHI BITPUJIBLHOTO OCHAIEHHS MOTPIOHO BPaxoOBYBaTH PE3yJbTYIOUY CHUITY
BITPY, SIKa 3MIHIOE CHJTY 1 HaNPSIMOK 3aJI€KHO BiJl KUIBKOCTI BITPHJI 1 HAMIPSIMKY BITPY.

MoxHa TakoX MPUBECTH W 1HIII MPUKIAAM, ajie BCl BOHU MOKa3ylOTh, IO BUKOPUCTAHHS
METOy 1O BapiaHTy 2 KpIM OJJHOTBUHTOBOTO KOHBEHIIIWHOTO CyJHA 3aBXIH MOTPiOHI JOJATKOBI
PO3paxyHKH 1 B JISSIKUX BUIA/IKaX BOHU MOXKYTh OYTH IOCUTh CKJIaJHUMHU.

®opmyi BU3HAUEHHS MTOJIOKEHHS a0CIHMCH TIONIIOCY MTOBOPOTY MO BapiaHTy | He BKIIOUaE
HISKMX HATSAKIB HA KUIBKICTh 1 $KICTh BUKOPUCTAHHUX pYIIiiB, OepyTbcs TUIBKM JaHi Ipo
TE€OMETPUYHE TEePEMIIIEHHS HOCA Ta KOPMH CyIIHA, SKi MOXKyTh BH3HAYaTHCS PI3HUMH METOAAMHU
(GPS, Honmuep-nar touio), 6e3 Oy1b-sKOro 3B'A3Ky 3 KUJIBKICTIO 1 SKICTIO JIBUTYHIB 1 pymiiB. I mo
CyTi, HEMa€ 3HAYCHHS, KU JBUTYH 1 pylliid (BKJIIOYAIOYU BITPUIIO) MAa€ CyJIHO, Ma€ 3HAYCHHS
TIIBKY TAHTEHIIHHI MBHUIKOCTI HOca 1 KopMu. ToOTO, 11eif METOA € YHIBepCATbHHM.

OTxe, BU3HAUCHHS aOCIUCH IIOJIOCY TIOBOPOTY MO TaHTCHIIHHMM IIBUAKOCTSIM HOCa Ta
KOPMH MOKHa BUKOPHUCTOBYBATH AJIsI CyJHA 3 OYJb-SKUM THIIOM 1 KUTBKICTIO TOJOBHHMX JIBUTYHIB 1
OyIb-sIKUM THUIIOM 1 KIJIBKICTIO pyLIiiB. L[poro paniiie He Ka3amu.

Bu3HaueHHs OJI0KEHHs a0CLMCH TOJIOCY MOBOPOTY HAa MOBHOMY XOJOBI IpU HepeKiIaIii
KepMa MOKHA BH3HAYUTH 10 TAHTECHIIIHHAM IIBUIKOCTSIM HOCA Ta KOPMH.

Bu3HaunTH NOJI0XKEHHS MOJIIOCY MOBOPOTY MO TAHTCHLIMHUM IIBUAKOCTSAM HOCA Ta KOPMHU
IIPU HYJIbOBIM IIBUJKOCTI HEMOKJIMBO BU3HAYUTH TUIbKHU 3aBISKU nepekiaaku kepMma. [loTik Bonu
He Oyze HabiraTu Ha KepMo 1 He OyJie yTBoproBaTH 00KOBOT cuii. ToMy 1110 OOKOBY CHITy MOTPiIOHO
CTBOPHUTH B TOMY X MicIi, Jie ii cTBOproe KepMo. Hampukimay, nuisixoM BHKOPHCTaHHsS OyKCHpa,
KU TpaIioe 3 KOPMOBOIO K03y Ha OJHIM JiHil 3 mepom kepma mia kytom 90° no Il cynna
(puc. 4).

[HIIMM MeTOIOM BH3HAuUEHHS aOCIMCH TOJIOCY TOBOPOTY € PO3paxXyHKOBUH MeETO.
BU3HAYCHHS 11 MOJIOKEHHS Ha CTOSYOMY CY/IHI, IKH 3alIpOTIOHOBAaHUH y po0oTi [3].

ExcnepumenTasibHe BH3HAYEHHSI TMOJIOKeHHsI LeHTpa oOepranHs. [lonoxenns 1[0
3aJIe)KUTh BiJ] MMO3JJ0BKHBOT MIBUAKOCTI cyHa. [Tomoxkenns T111 3anexxuts Bij ruieda OOKOBOI CHIH
BimHocHO [[O. Ilpm mpuxmameHHi OOKOBOI CHJIM B OJHIM 1 Til K€ TOMYII, IOJIOXKEHHS IOJIIOCY
MMOBOPOTY Mae OYTH TaKOX B OJHIN 1 Tiil ke Touii. AJe, SIKIIO BU3HAYUTH 3HAYCHHS TOJIOKEHHS
aocrucu I1IT mpu mpocTo mpu HyIBOBIH IBUAKOCTI, a00 MPHU BIACYTHINH MBUAKOCTI X 1 nipu
MaKCHMAaJIbHIH MIBUAKOCTI (IIBHIKICTh IMOBHOTO XOAY) X772 , TO TIOJOXKEHHS TOJIOCY TTOBOPOTY
OyJzie pi3HUM. 3a TIMOTe3010 aBTOpa PI3HMIN IIUX 3HAYCHB 1 Oye BenumunHOo 3MimieHHs 1O - AX.
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Pucynoxk 4 — Ilopsinok 3naxomkeHHs Bennanay 3Mimieras Leatpy O6epranns (L{O) - AX

AX =X — X - ©)
3HaueHHs AX MOXKHAa BU3HAYUTH 3a 3HAYCHHSIM Xy77, B3SITUM 3 Tpadika 3aleKHOCTI
TOJIOXKEHHS TIOJIFOCY TIOBOPOTY BiA Iuieda OOKOBOi CHMIM 1 3Ha4YeHHSAM X2, OTPUMAHHUM
CKCIICPUMCHTAJIBHO. Takum YMHOM, BH3HAUCHHS TIOJIOKCHHA LCHTPA 06epTaHHH MOXKJIINBO
PO3paxyHKOBO-EKCIIEPUMEHTAILHUM METOJIOM, SIKUi Omucanuii y crarti [16].
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Tak, y mid cTaTTi MakCUMaJbHA BEIWYHMHA 3MIIICHHS IEHTPY OOEpPTaHHS, BHU3HAUCHA
PO3PaxXyHKOBO-EKCIIEPUMEHTAILHIM METOAO0M, TOPIBHIOE:

AX =X, — Xy = 0,37L—0,17L = 0,2L .

mar

VY pasi pyxy cynHa 31 MIBHIKICTIO MEHIIE MaKcHManbHOi BenuuumHU 3MimeHHs [[O
BHPAxOBY€eThCcsl 3a (opmysoro (8). 3HAUYCHHS TOJOXKEHHS IIEHTPY OOepTaHHS ISl PI3HUX
IIBUAKOCTEH MOKHA PO3paxyBaTH 3a3/IaJIeTib | BAKOPUCTOBYBATH MIPH PEATbHUX MAHEBpaX.

I'padix 3 mxepena [3] moOymoBaHuii g ycepeaHeHoro cynaHa. Jlist OUTbII TOYHOTO
BH3HAYCHHS MaKCUMaIbHOTO 3MimmeHHs [[O MoxHa 3HAUTH 11e eKCTIEPUMEHTAILHUM IIJISTXOM:

— IMonoxenns 111 npu HyIHOBIM MBUAKOCTI BUBHAYUTH 32 JOMOMOIOI0 OYKCHPY METOJIOM,
SIKWI OIMCaHUM BUIIIC;

— Ilonoxenns IIIl mpu MWBHUAKOCTI MOBHOIO XOHAYy, IO € pPEaTbHOI MAaKCHUMaJbHOIO
MIBUJIKICTIO JIJIS1 KOKHOT'O KOHKPETHOT'O CY/IHA, MOXHA BU3HAYHTH, SIK OIKCAaHO B poOoTi [9].

OTtpumaHi pe3ynbTaTH BIAPI3HAIOTBCA B BIAOMHUX pIIIEHh THM, IO aBTOPaMHU
EKCIIePUMEHTAIbHO JOBEJCHO 3MIIEHHS IMONIOCY TOBOPOTY MJii MaKCHMAalbHOI IIBHAKOCTI
IUPKYJIALIi, 2 TAKOK BHUCIIOBJICHO MPHUIYIICHHS, IO MPUYMHOIO TAKOTO 3MIMICHHS € 3MIIICHHS
LEHTpY 0OepTaHHs.

MeTon BH3HAYCHHS MakCUMaibHOTO 3MimieHHS [[O NOUISIXOM MOPIBHSIHHS TOJIOKEHHS
MOJIFOCY TIOBOPOTY TIPU HYJNbOBIM IMIBUAKOCTI 1 MIBHAKOCTI MOBHOTO XOAY, OTPUMaHHX
€KCIIEPUMEHTAJIbHO, € HOBUM 1 HE NPOIIOHYBABCS paHILIe.

[Tonoxxenns 1O Ta I1II mpu po3rasai BUnaaky 3 2 OyKCHUpaMu, siKi IPOCYBaIOTh 3yIMIMHEHE
CyIHO JaroM. Mo)KHa PO3TJISHYTH BUIAQJOK 3 CYJHOM, SIKE 3yIMHHUIIOCS 1 HOro MTOBXalTh abo
TATHYTh JIarOM JIBa OYKCHpPU 3 OJHAKOBOIO CHJIOK 1 3 OJHAKOBUMH BIiJCTaHSAMH BiJl TOYKH
MPUKIIAJICHHST CHJIM JI0 MIJCNI0 CyJHA, sike CUauTh Ha piBHoMY Kumi (Pucynox 5). Llei Bumamok
PO3IIIsIIANN 33]J0BrO IO MEHE Taki to0pe Bimomi aBTopH, sk Hooyer H. H. y [2]; Dr. Seong-Gi SEO
ta Captain Kevin EARL y [7].
f -
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Proof of Pivot Point Movement

Pucynok 5 — JIa OyKcHUpH TSATHYTh CYIHO JIATOM 3 PIiBHOIO MOTYXHICTIO [7]

VY 1mboMy BHIIAJKy IOJIOKCHHS TOYKH P HE € TOJI0KEHHSIM IOJIFOCY TIOBOPOTY, 00 B TOJOCI
MOBOPOTY OOKOBA MIBUAKICT CyHA Ma€ nopiBHIOBaTH 0.
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Jlyia OlibIl HAOYHOTO IMOSICHEHHS I[bOTO I MOSICHIOK L€ HAa PUCYHKY 0, 1€ NpU THUX XKe
yMOBax TOKa3aHi TAaHTEHI[IIHI MIBUAKOCTI HOCa Ta KOpMH, a TakoX mojoxkeHHs LIB Tta 1O 1
TAHTCHIIIHI IMBUIKOCTI MUX TOYOK. Hi ofHA 3 BUIEBKAa3aHUX TOYOK, Hi B HOCOBIH, Hi B KOPMOBIH
YaCTHHI CyJHA HE MalOTh TAHTCHIIIIHOI MBUAKOCTI, Aka AopiBHIOe 0. ToOTO, y IbOMY BHIIAJKy B
Me)Kax KOPITyCy HeMae Hi O/IHi€l TOUKH, 1€ TaHTeHIIIiHA IBUIKICTH Oyia 6 piBHOO 0.

CynaHo 3ynuHeHe CynHo Ha piBHOMY Kii

110© 1IB

Cynano mae xij Buepen

PucyHnok 6 — /IBa OyKcupH TSATHYTh CyIHO JIarOM 3 PiBHOIO MOTYKHICTIO

SIk HacmpaBIi BUIIIAJA€E ISl KapTHHA, MIOKa3aHO HA PHUCYHKY 7. Bi3bMeMO MOJOXEHHS, KOIH
OYyKCHpH TATHYTH 3 OJIHAKOBOIO CHJIOIO, @ KOPMa PYXA€ThCS 3 TAHTCHIIHHOI MBHIKICTIO VK, SKa
OLIBIIIE HOCOBOT MIBUAKOCTI VH.

Cynano Ha piBHoMY kil CyHO Mae X1J1 Biepe/

kxnn

Pucynok 7 — PosramyBanns 11O Tta I npu pyci cynHa Bnepen

[Tpu 3ynuai cynxa O 36iraerscs 3 LIB. Ilons THCKY HaBKOJIO KOPIYCY OJHAKOBI 3 ycix
6okiB. Konu cyano #iae Bnepen (puc. 7), moiis TUCKY HAaBKOJO KOPIYCY 3MIHIOIOThCS. Y HOCOBiH
YaCTUHI MM MAa€EMO 30HY BHCOKOTO THCKY, HABKOJIO OOPTIB TUCK HU3BKHUIL. 3a TaKUX 0OCTaBUH LIEHTP
6okoBoro onopy (LIBO) pyxaetbes 10 001acTi BUCOKOTO TUCKY [6]. Jlesiki aBTOpH BBa)KalOTh TOUKY
1O na upomy pucyHky Toukoro L{BO, 6o B Hilf mpuKIageHa TiIpoJuHaAMIYHA CHJIa CIIPOTHUBY BOJAU
1, BIITIOBIIHO, MOMEHT 11i€1 cuiH, ane B Toulll [[B — HaliMeHIuii MOMEHT iHepIIii CyTHa He3aJIeKHO
BiJl 30BHIIIHIX CHJI i MOMEHTIB 3 00Ky cepenoBuma. 3a gymkoro aBropa 11O e kommpomicom 1B i
HBO. MoxHa mpuUIyCTUTH, 1110 BKa3zaHy Touky ciia HazuBatu [[BO. OcHoBHOIO ifeero € Te, 10
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BOHAa iCHye, 1 Bix Hel BIAPaXOBYIOTBCS BCi Bakelli OOKOBUX CHJI, TNPHUKIAJICHHUX JO CYIHA.
Po3zpaxynku nonoxenns 11O, 3 ypaxyBaHHSIM BKa3aHOTO, HaBeseHl BUIIE. Y OyJb-IKOMY BHUIAAKY
touku L{BO 1 11O He BUXOIATH 3a MexXi Koprycy cyaHa. O0epTaibHUN pyX CyAHA 3aJIEKUTh BiJl
KPYTHUX MOMEHTIB, IPUKJIAZICHUX OyKCUpaMH, 5IKi, Y CBOIO Yepry, 3aJIe)KaTh BiJ MPUKIAACHUX CUII 1
BakenmiB 1ux cwi. Cunm piBHi. Lle o3nauae, mo Baxkeni pizHi. Konmu cygHO pyxaerbcsi BIepen,
KpyTHHI MOMEHT OyKcupa, IO TpaIoe B KOPMi, CHUJIBHIMINNA, HI)K KPYTHUH MOMEHT OyKcHpa,
po3TaimoBaHoro B HocoBi. Cy/1HO 00epTaEeThCs 3a FOJMHHUKOBOIO cTplikoo. Konu cynHo mae pyx
Ha3aj, CUTyallis IPOTHIIEKHA, CyTHO 00EpTAEThCs MPOTU TOAMHHUKOBOI cTpiiku. [Tonoxenns L[O
3aJIEKUTH Bl BIMHOIIECHHS IJI€Y CHIL.

AJle MM TaKOXX MOKEMO 3HaiTH Ha bOMYy pUCYHKY nosioskeHHs [1I1. [lns nporo mu Oyiemo
BHKOPHCTOBYBAaTH METOJ TaHTCHIIWHUX MIBUIKOCTeW Hoca i KOopMHu [8], sIKMii BHKOPUCTOBYE Y
cBoix Bigeo mpodecop Kuyn beneauxr [15], [16].

BukopucToByrourn BeIMYMHM TAHTEHUIMHMX IIBUIKOCTEH VH 1 VK TakoX MOKHA 3HAWTH
nonoxkenHs PP 3a popmynoro (4). s Touka Oyze B iHIIOMY MicIli, Hixk Touka P 3 pucyHka 5.

VY Bunajky, KoJId HOCOBA IIBUJKICTh VH MEHIIA 3a KOPMOBY HIBHAKICTh VK 1 BOHM 0OM]IBI
COpsSIMOBaHI B OJHOMY HampsIMKy (10 BIAMOBIZAE TOJOXKEHHIO CyJIHA), MOJOXKEHHS XIII
3HAXOJIUTHCS TMOMNEpey HOCOBOI YacTHMHM cyJaHa. BiH Takox Moxke mnepedyBatu B pPIZHOMY
MIOJIO’KEHHI 3aJIeKHO B1Jl OMEPEYHOI IBUIKOCTI HOca Ta KopMH, aie 3arajiom 111 ta LO € pisaumu
TOUKAMM, 1 BOHH 3aJIeXKaTh B PI3HUX (I3MYHUX IPUHLIUIIIB.

VY BUNaAKy, KO HOCOBA IIBUIKICT VH OUIbINA 32 KOPMOBY IIBUIKICTH VK 1 BOHU OOHJIBI
CIPSIMOBaHI B OJIHOMY HaIpsIMKY, [TOJIOKEHHS X1t OyJie 3a KOPMOIO Cy/Ha.

OcHoBHi pe3yabTaTH Ta IX 00ropopeHHsi. OCHOBHMMM pe3yJbTaTaMH € OTPHUMAaHHS
MeTo 1B Bu3HadeHHs nonoxkenHs 111 ra 11O.

IIIT MoxHa BHU3HAUaTH JIBOMAa METOJAMH: EKCIEPUMEHTAIbHO-PO3PAXyHKOBUM Ta
eKCIIEpUMEHTAIBHUM.

3mimeHHs nojoxeHHs L[O mpornoHyeTbes BU3HAYATH SIK PI3HUIO MDK nojoxeHHsM I1I1
IIpU HYJIBOBIN Ta MPH MOTOYHIN MBUAKOCTAX. Lle mponoHyeThes K rinoresa aBTopa.

BucHosku.

1. TTonoxxenHst aOcCIEiCH TOJIOCY MOBOPOTY MOXKHA EKCIIEPUMEHTAJIFHO BHU3HAYHTH TIO
TaHTeHIIMHUM IMIBUAKOCTSM HOCA Ta KOPMU CyJHA Ha OyJb-sKiil IIBUIKOCTI, BKJIIOYAIOUU HYJILOBY
MIBUKICTH 1 IIBUAKICTH MOBHOTO XO/1y. BU3HAaUEHHS aOCIMCH TOTIOCY TIOBOPOTY 1O TaHTCHIIIHHUM
HIBUJIKOCTSIM HOCA Ta KOPMHU MOKHA BUKOPUCTOBYBATH JUIsl CyJiHA 3 OYy/Ib-SIKUM THIIOM 1 KUIBKICTIO
TOJIOBHUX JIBUTYHIB 1 Oyb-IKMM THIIOM 1 KUTBKICTIO pymIiiB. PaHime Hige He mucanock, o METO.
TaHTNeHIIMHNX MIBUIKOCTEH HOCA Ta KOPMHU MOKHA BUKOPUCTOBYBATH AJIsl Oy/Ib-SIKUX CYJIEH.

2. JInsg KOKHOTO CyJHa MOKHA BU3HAUUTH moyioxkeHHs adcuucu [T crosgoro cynmHa
eKCIEpUMEHTAIbHUM IIIJISIXOM, HANpHUKIaJ, BUKOPUCTABIIM OyKCUp, SIKUH 3aKpinuB OyKCHPHHUI
TPOC 4epe3 KOPMOBHUH KII03 Ha OJHINM JiHII 3 mepoM KepMma i BHKOHYyeE Tiry mia Kytom 90° i
BUKOHABIIM pO3paxyHOK moioxeHHs [III mo TaHreHumiiHUM MIBHIKOCTSAM Hoca 1 kopMmu. lle
MiABUIIUTh TOYHICTh BHU3HA4YeHHs moiyiokeHHs abcipcu [1I1. BusHaumBmm mosjoxeHHs aOcimcu
MOJIFOCY TOBOPOTY AJISt HYJIbOBOI IIBUAKOCTI, MO’KHA BUKOPHCTOBYBATH HOro Bech yac. BusHaueHHs
niostoxkeHHs 111 cTos9oro cyiHa NpoONOHY€EThCS BIIEpLIE.

3. JI1s KOXKHOro CyJHa MOXKHAa BU3HA4YMUTH monoxeHHs adcuucu III1 cTosdoro cynHa 3a
rpagikom Ha puc. 1.

4. IlopiBusBmu nonoxkeHHst [III crosyoro cynHa 3 eKCHEPUMEHTAIbHUMHU JTaHUMHU
nosioxkenHs [T mpu pyci cyanHa, 3rifHO 3 TIMOTE30K aBTOpPa, MOXHA BH3HAYUTH BEIHYUHY
3mimeHHs 11O. Ile MokHa poOUTH HE TUIBKM U1 MAaKCUMalIbHOI IIBUAKOCTI, ane i /g MOTOYHOI,
YHHUKAIOUH, TAKUM YHHOM, TIEpepaxyHKy 3a Gpopmyoro (8). BusHaueHHs BeTMYMHA MaKCUMAIILHOTO
3mineHHs 1O ekcriepyMeHTalIbHUM METOIOM 3allPOIIOHOBAHO BIIEpILE.

5. Meron BuzHaueHHs nosioskeHHs L{O mUIsIXOM MOPIBHSHHS MOJIOKEHHS a0CIUCH TIOJIIOCY
MIOBOPOTY IPH HYJIbOBIH IBUKOCTI 1 IIBUAKOCTI IOBHOTO X0y, OTPUMAHUX €KCIIEPUMEHTANIBHO, €
HOBUM 1 HE IIPOIIOHYBABCS paHILIe.
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6. Buznauenns 3mimensas 11O Bixg LB nuisixom mopiBHsiHHS monoxeHb adcrmen 111 mpu
HYJBOBIM 1 MakCUMaJbHIN MIBUJIKOCTSM CyAHA 0 TaHTEHIIMHMM IIBUAKOCTSM HOCAa Ta KOPMHU
MO>KHA BUKOPUCTOBYBATHU UIS CY/IHA, Y SIKOTO OOKOBa CHIJIa YTBOPIOETHCS PIZHUMH IIUISIXaMH, ajie B
OJTHOMY ¥ TOMY 3K MICIIi SIK TP HYJIbOBIN MIBHUAKOCTI, TaK 1 MPU MIBUIKOCTI TOBHOTO XOY.

7. TakuM YHHOM, CTBOpEHA CHCTEMa BHHAWICHHS YHCIOBHUX 3HAuY€Hb 0a30BHUX TOYOK
MOBOPOTY CyJHA MPOCTUMH, 4YacTO TEOMETPUYHMMHU METOAAMH, SKI Jal0Thb MOKJIMBICTh
BHKOPHCTOBYBATH 3MICTOBHY MOJIEJIb TIOBOPOTY CcyjaHa [17] mpu MaHeBpyBaHHI B peajbHUX YMOBaX.
Taka cuctema 3anponoHOBaHa BIEpIIIE.

8. Bu3HaueHHs YMCENbHUX 3HAU€Hb 3MIMICHHS IEHTpa OOEpPTaHHS 1 IOJIIOCY TOBOPOTY
3HA4YHO MIiJBUILY€E TOYHICTH NPOLIECY MaHEBPYBaHHS 1 B3araji Oe3leKy IUIaBaHHS, OCOOJIMBO B
CTHCHEHHX BOJIaX.

IlepciekTHBM NOAAJBIIMX AOCHIAKeHb. [Ipy nOJANBIIMX JOCHIDKEHHSX MOXKHA
30CepeIUThCS HAa BU3HAUEHHI MPAKTUYHHUX 3aC001B BUKOPUCTAHHS 3MICTOBHOI MOJEINI IOBOPOTY
CyJHa y pi3HUX BUIAJIKaX MOPCHKOI PAKTUKH.
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Tovstokoryi O. M. PRACTICAL METHODS FOR CALCULATING THE POSITION OF THE BASIC
POINTS OF THE SUBSTANTIVE MODEL OF THE SHIP'S TURN

The object of the study is the process of turning the ship. It is necessary to numerically calculate the positions
of all the base points of the substantive model.

Knowledge of the substantive model of ship turning and methods for calculating the positions of the base
points allow us to calculate the process of turning the ship and determine the positions of the base points. The
position of the center of gravity is taken from the ship's cargo plan. The position of the pivot point and the
position of the center of rotation are determined by simple experimental and experimental-calculation
methods.

Determining the position of the center of rotation and the pivot point makes it possible to determine the
position of the ship during turning much more accurately, which will increase the safety of navigation.
Determination of the abscissa of the pivot point by the tangential speeds of the bow and stern can be used for a
vessel with any type and number of main engines and any type and number of thrusters.

Determination of the displacement of the center of rotation from the center of gravity by comparing the
positions of the abscissa of the pole of rotation at zero and maximum vessel speeds, determined by the
tangential speeds of the bow and stern, can be used for a vessel in which the lateral force is generated in
different ways, but in the same place both at zero speed and at full speed.

Key words: navigational safety substantive model of vessel rotation; determination of the position of the pivot
point; determination of the position of the center of rotation; maneuvering restricted waters.
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