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3AT'AJIBHA XAPAKTEPUCTUKA POBOTHU

AKTYyaJIbHICTh TeMH J0caixxeHHs1. He3pakaroun Ha HETaTUBHI HACTIIKY NaHAeMIi
KOPOHaBIpYCy Ta HalpyKeHy Oe3NeKoBYy CHUTYyallilo, PO3BUTOK MIKHAPOIAHOIO
MOPCBHKOT'O CyJAHOTUIaBCTBA TpuBae. OOCATH MepeBe3eHb Ta KUIbKICTh CYJI€H CBITOBOTO
TOPTrOBEJIBHOTO (PJIOTY AEMOHCTPYIOTh CTIMKY TEHACHIIIIO 10 HMIOPIYHOTO 30UIBIICHHS.
Cawme 116 00yMOBITIO€ 3pOCTaHHS HE JIUIIIEe BUTPAT HAa €KCIUTYaTaIlilo CyJIeH, a i KTbKOCT1
aBapiii, COpUUYMHEHUX CYAHOIUIABCTBOM, Y TOMY YMCJ 13 3HAYHUMH HEraTUBHUMU
TEXHOT€HHUMH, €KOHOMIYHUMHU Ta €KOJOTTYHMMHU HaciigKkaMu. SIK TOBOAMUTH aHAI3
MPUYMH BUHUKHEHHS MOPCHKMX HaBIrallifHUX aBapiid, mepeBa)kHa ix OUIbLIICTH (A0
85 % ycix BUMNaAKiB) BiIOYBA€ETHCS HE Yepe3 BIIMOBY TEXHIYHUX 3ac001B HaBiraiii abo
YIPaBIiHHSI PyXOM CYJHA, a 4Yepe3 HEroTOBHICTh OIEpaTopiB CYAEH CBOEYACHO
NPUIHATH ePEeKTUBHI 1 AKICHI PIllIEHHs, aJleKBaTHI KOHKPETHIN cutyauii. MiniMizanis
HEraTUBHOTO BIUIMBY JIOJICBKOTO (hakTopa Ha Oe3MeKy MOPEIUIaBCTBA 3 OJHOYACHUM
MIABALIEHHSAM €(EeKTUBHOCTI Ta TOYHOCTI YNpPaBIiHHSA PYXOM CYJEH, BKIIIOYaIOUH
aBTOHOMHI Ta CIelialli3oBaHl CyAHa, OOYMOBIIOE 3alUT MPAKTUKH, MOB’SI3aHUUA 3
rOCTPOIO HEOOXITHICTIO YIOCKOHAJIEHHSI TPEHAKEPHOT MIATOTOBKM MOPCHKHUX (PaxiBI[iB
13 3aCTOCYBAHHIM €(DEKTUBHUX CYyYaCHUX IHTEIEKTYabHUX IHCTPYMEHTIB 1 TEXHOJIOT1M.

BripoBapkeHHsT HOBITHIX 1H(QOpPMaLIMHUX TEXHOJOTIA Ta KOHUeNuii e-Navigation
CTBOPIOE MEPETYMOBH JJIsl BUPILIECHHS MPOOJIEM MiIBUILEHHS O0€3MeKH CyIHOIIaBCTBA,
npote 30UTbIIeHHs 1H()OPMAIIHHOTO HABAHTAXKEHHS HA CYIHOBOJIA, SIK HA 0COO0Y IO
npuitmae pimenns (OIIP), Bumarae meperisiy miAXoAiB A0 OpraHizalii MpoIECiB
YIPABIIIHHS CYHOM.

BupimenHio nuTaHb NIABUIICHHS O€3MEKU CYIHOBOIIHHS NUIIXOM 3HWKCHHS
PU3UKIB 3ITKHEHb CY/I€H, CTBOpPEHHs HaBirauiiHux iHdopmamiinux cuctem (HIC),
aBTOMAaTU30BAaHUX CHUCTEM YIPABIIHHS PYXOM, Oprasizauii MHpoUEciB YIpaBIIHHSA,
CTBOPEHHs cucTeM MiATpuMKH npuiHATTA pimeHs (CIIIIP) npucBsueHi qocmiaxeHHs
BIIOMUX BITUM3HSHHUX Ta 3apyODKHHMX BUEHHX, Takux sik: Anekcimud B. I'., Bypmaka
I. O., Barymenko JI. JI., Konaparenko lO.II., Mansues A.C., Ilimuenko O. [,
Tuxonos 1. B., [flum6an M. M., Lisowski J., Patraiko D., Pietrzykowski Z., Wang F.,
Zhang M. Pa3zoMm 3 TUM, Cilii 3a3Ha4UTH, [0 MPOOJIEMHI TMUTAHHS T1IBUIICHHS
edekTuBHOCTI (QYHKUIOHYBAaHHA Ta NPaKTUYHOro 3acrocyBaHHs Takux HIC, 3
ypaxyBaHHSIM OCOOJIMBOCTEH MPOIECIB B3a€EMOJIii 3 0C000I0, IO MPpUKWMAE PINICHHS,
0COOJIMBO B KPUTHYHHMX CHUTYaIllsIX Ta 32 YMOB HETAaTUBHOT'O BIUIMBY <IIOACHKOIO
daktopa» ab0 «IIOACBKOIO YWHHHKAY», NOTPeOYIOTh NoAanblIol Gdopmanizalii,
YTOYHEHHS Ta BUPIIICHHS.

TakuM uymHOM, HaykoBa MpoOJjeMa 3yMOBJIEHA 3alUTOM MPAKTUKU Ta MOJISATae y
HassBHOCT1 IPOTHUPIUUs MK HEOOXITHICTIO OJHOYACHOTO MiABUIIEHHS €(DEKTUBHOCTI Ta
0e3MeKH CyJHOIIABCTBA 3 OJJHOTO OOKY, Ta 3pOCTaHHSAM IHTEHCUBHOCTI pyXy Ta BUMOT
010 MiHIMIi3alli €KOHOMIYHMX 1 YacOBMX BHTpAT, IOB’A3aHUX 13 YIpaBIiHHAM
CyaHaMHd 3 1Hmoro ©Ooky. BupimeHHs [bOro MPOTHUPIUYS — YCKIAAHIOETHCS
HEJI0OCTaTHHOIO (hOpMalTi3ali€0 POLECIB TPUUHATTS PIIEHb Y KPUTUYHUX CUTYAIISX,
BIJICYTHICTIO €(QEKTUBHUX MEXaHI13MIB 3HM)KEHHS HEraTHMBHOIO BIUIMBY JIOJCHKOIO
dakTopa Ta HEOOXIJHICTIO ajamnTalii CHUCTEM YIPaBIIHHA 1O YMOB 3pOCTaI0YoOi
aBTOHOMHOCTI CY/ICH.
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Criiika TeHJEHLI1 CKOPOUYEHHS YMCEJbHOCTI YIEHIB CYy/IHOBOi KOMaHAM Ta CTPIMKE
3pOCTaHHS YaCTKU Oe3eKIMakKHUX 1 aBTOHOMHHUX CYAEH y CBITOBOMY CYJIHOIUIABCTBI
BHU3HAYaIOTh HEOOXIHI CKJIAJOBl PO3B’S3aHHS I[LOTO MPOTUPIYYS: MiABUIICHHS PIBHS
aBTOMaTH3allii TMpolecaMu YNpaBIiHHA PYyXOM CyJIHa Ta CYJIHOBUMH TE€XHIYHUMU
3acobamu, 3acTocyBaHHSI HOBITHIX MeToa1B kepyBaHHsa Ta CIIIIP. HasBHuil cBiToBHiA
nocsin po3poOku CIIIP B cynHOBOAIHHI MTOKA3ye, 1O AJ1 €PEKTUBHOIO MPAKTUYHOTO
BUKOPHUCTaHHS 3a3HayeHuX ckiiagoBux Ta HIC HeoOXiHe BUKOHAHHS HU3KH BaXKJIMBUX
BUMOT, 00YMOBJIEHHUX, 3 OJHOr0 00Ky, ocoOmuBocTsmu pynkuionysanus CIIIIP, a 3
HIIIOT'0 — YMOBAMH NPUUHATTS PILIEHb B CYHOBOIHHI.

VY nmuceprauii copmMylibOBaHO Ta BHUPIIIEHO AaKTyaJlbHy HayKOBO-TEXHIUHY
npoOiemMy HiABUIIEHHS Oe3MeKu Ta e(PEeKTUBHOCTI CYITHOBOAIHHS IIJISXOM PO3POOKU
TEOPETUYHUX Ta METONOJOrIYHUX 3acajl cTBopeHHs 1 BropoBamkenHns CIIIIP
CYJIHOBOJIs, Kl 3a0€3MeuyloTh IHTEJIEKTyalbHy OOpoOKYy HaBiramiiHoi iH(opmarii,
OLIIHKY PHU3UKIB Ta (OpMyBaHHS pPEKOMEHJalld 3 YNPaBIIHHSA CYJHOM Y PEXKUMI
peanbHOro yacy.

3B’430K po00TH 3 HAYKOBUMHM NPOrpaMaMH, INIAHAMH, TEMAMH.

JocnimkeHHs: cpsMoBaHe Ha peaiizauilo HarioHanbHOi TpaHCOPTHOI cTpaTerii
Vkpainu Ha nepioa no 2030 poky (posnopsmxenHss KaGinety MinicTpiB Ykpainu
Ne430-p Bin 30 TpaBus 2018 poky). Jducepraiiiiiny poO0OTy BUKOHAHO BiJMOBIAHO 10
noJiokeHb MopChKOi AOKTpUHM YKpaiHu Ha nepioa 10 2035 poky, 3aTBepaKeHOi
noctanoBoto Kabinery MinictpiB Ykpainu Bif 7 sxoBTHS 2009 p.  Ne 1307 Tta ii HOBO1
penaxiuii, 3aTBepakeHoi nocrtaHoBoro Kabinety MinicTpiB Ykpainu Biag 28 >KOBTHs
2020 p.

Tema mgucepraniiinoi poOOTH MOB'I3aHa 3 BUKOHAHHSAM HAyKOBO-JOCIHIIHUX POOIT,
110 (piHaHCYBaIKCH 13 BUJATKIB 3arajJbHOr0 (POHIY JAEp’KABHOTO OIOJKETY Ta YCHIIITHO
3aBepIIeHI MiJ] KEPIBHUIITBOM 1 Oe3mocepeHbor0 ydacTio aBTopa y 2015-2022 pp., a
came: «Po3pobka cucTteM MIATPUMKUA MPUUHATTSA pIlIEHb CYAHOBOJISA», HOMEpP
nepxkaBHoi peectparii 0115U002517; «CTBOpeHHS BUCOKOTOYHUX IHTEJICKTYaJIbHUX
CUCTEM VIpaBIIHHA PYXOM MOPCBKMX CYAE€H BINCHKOBOTO Ta IUBUILHOIO
MIpU3HAYCHH», HOMEP JepxkaBHOi peectparii 0117U002176; «Po3pobka mporpaMmHux
3aco0iB  JUIsi  MIABUIIEHHS  SKOCTI  (DYHKI[IOHYBAaHHS CHUCTEM JUHAMIYHOTO
MO3UITIOHYBAaHHSI MOPCBHKUX CYyACH», HOMep jAepkaBHO1 peectparii 0119U100948;
«Po3pobka HOBITHIX MOjieNiel Ta MpOorpaMHUX 3aco0iB /i aBTOMAaTU30BAHUX CHUCTEM
KEpyBaHHS PYXOM MOPCBKHUX CYJ€H IUBUIBHOTO Ta CIEUIaJIbHOTO MPU3HAYEHHS»,
HOoMep nepkaBHOI peectparii 0121U109680.

JlocnipKeHHsI € CKIaJ0BOI0 BUKOHAHHS 3aBJaHb MEPCIEKTUBHOTO MJIaHY PO3BUTKY
HAyKOBOro HanpsMKy « TexHI4H1 Hayku» XepCOHCBHKOI JAep>KaBHOI MOPCHKO1 akajaeMii
(XIMA) na 2021-2025 pp., sike (piHAHCOBAHO 3a PaxyHOK KOIITIB JEpP’KAaBHOTO
oromxety, Noe 0121U114703 (2021 p., 2023 p.), 1e aBTOp € KEPIBHUKOM 1 BUKOHABIIEM
IIOpIYHUX eTamiB poOoTu. BkaszaHi moCHiKeHHS MPOBEAEHO Ha 0as3l HayKOBO-
nocnigHoi nabopatopii «Po3poOka cucTeM MiATPUMKH NPUUHATTS PIIIEHb, €praTUYHUX
Ta aBTOMAaTHU30BaHUX CHCTEM KEPYBaHHS PyXOM CyJIeH», sika cTBopeHa y XJ/IMA 3a
1HII1aTUBOIO 1 0e3mocepeHROI0 yuacTio apTopa y 2020 porii.



Meta Ta 3aBJaHHS AOCJTi/’KEHHS.

Metoto pobotu € miABUIICHHS €(EeKTUBHOCTI Ta OE3MEeYHOCT] CYIHOBOIIHHS
[UISIXOM BIPOBAJI)KEHHS CUCTEM MIATPUMKH MPUNHATTS PIIEHb CYTHOBOJIIS.

JIOCSITHEHHS TIOCTABJIEHOI METH OOYMOBIIOE€ HEOOXIIHICTh BUPIIIEHHS HACTYIHHUX
B3a€MOIIOB’A3aHUX 3A0aY.:

— KOMIUIEKCHO JOCHIIIUTA MOTOYHUN CTaH MHUTaHb PO3POOKH Ta 3alpOBaKEHHS
CIIIIP B ramy3i CyTHOBOJIHHS — BU3BHAUUTHU KOJIO ICHYIOUUX MPOOJIEM Ta MPIOPUTETHUX
HUISXIB X BUPIIICHHS;

— Jochiauth  ocoOnmuBocTi cTBOpeHHs Ta 3actocyBaHHs CIIIIP cymgnoBonis, a
TaKOX TpoueciB o0poOku iH(opMalii Ta NPUHHATTSA PIlIEHb Yy TaKUX CHUCTEMax
BIIMOBITHO JO BUMOI MDKHApOAHUX HOPMATUBHO-IIPABOBUX JIOKYMEHTIB, IO
pErjlaMeHTYIOTh PYX CYJIEH;

— po3poOUTH Ta YIOCKOHAJIUTH MATeMAaTHYHI MOJENl Ta METOAM MIATPUMKHU
MPUIHATTS pIIIeHb MPU PO3XOIXKEHH1, MAHEBPYBaHH1 Ta JMHAMIYHOMY MO3UIIIOHYBaHH1
CYJIeH 3 ypaxXyBaHHSM BUMOT JI0 iX MOAAJIBLIOTO MpaKTUYHOTO 3acTtocyBanHs y CIIITP
CYJIHOBOJIS;

— JOCHIIWTH TUTaHHS HETATUBHOI'O BIUIMBY JIIOJCHKOrO (pakTopa Ha MpOIECH
YIPaBIiHHSI PYXOM CYyJI€H Ta BHU3HAUYUTU €(EKTHBHI HUISIXU IIOJO0 HOro 3HMKEHHS,
PO3pPOOUTH METOAM MiJBHUILEHHS €()EeKTUBHOCTI mporieciB iHGoOpMaIiiiHOT B3aeMoii
cynnoBonis Ta CIIIIP;

— JIOCHIIUTH Ta YAOCKOHAJIUTH METOAM aBTOMATH3AaIlll MPOIECIB MPUHHATTS
pillieHb 3 YMOPaBIiHHSI PYXOM CY/AEH, BU3HAUUTH OCOOIMBOCTI iX 3aCTOCYBAaHHS Yy
KPUTUYHUX YMOBAX Ta HassBHOCT1 0OMEXEHb Yacy;

— 3OIICHUTH TpPakTUYHY amnpoOailito, iMiTaliiHe MOJENIOBaHHSA 1 Bepuikailiro
PO3pOOJIEHUX METO/IB MIATPUMKHN MPUUHATTA PIIICHb 3 YNPaBIIHHI PYXOM CYJEH 13
3aCTOCYBaHHSM CepTU(IKOBAHUX HABIrallIHUX TPEeHAXKEPIB.

O0’exTOM 10CJIIIZKEHHS € TIPOIIECH MPUNUHSTTS PILIEHb B CYTHOBOIHHI.

IIpeanmerom [ocC/iIzKeHHAI € CYKYIHICTh TEOPETHUKO-METOJOJIOTTYHUX Ta
MPUKIAJHUX METOJIIB CTBOPEHHS Ta 3aCTOCYBAHHS CHUCTEM HIATPUMKH TNPUHHATTA
pillIEHb Y Cy/THOBOIHHI.

Metonn pociaigkeHHsi. Y aucepraniiHii  poOOTI B MpoOIECi BUPIMICHHS
MOCTABJICHUX 3a/1a4 OYyJIM KOMIUIEKCHO 3aCTOCOBaH1 HACTYITHI METOIU:

- CHCTEMHOI'0 aHaji3y IpH JIEKOMIIO3MIIT TOJOBHOI 3a/1aul JUCEPTallil Ha OKpeMi
CKJIaJ0BI 3a/a4i;

- CHUTYaIIfHOTO aHaJli3y MpU aHaI131 HaBITaI[IMHUX CUTYyallli, BU3BHAYEHH1 PiBHS 1X
HeOe3MeKu Ta MO0y I0BU CLEHAP1iB MOKIUBUX J1H;

- CLIEHAPHO-TIPELEEHTHOrO MIAXOAY JJisi TMpoUenyp NPUHHATTA pIlIeHb 3
YIPaBIIiHHS PYXOM CYJIHA;

- MAaTeMaTHUYHOTO MOJIENIOBaHHS P BU3HAYEHHI TPAEKTOPIL pyXy CYy/IHA;

- aHaNITUYHOI reoMeTpii Ta BEKTOPHOI anreOpu MpH BUPIIMICHH] HaBIraI[liHUX
3aJlay PO3XOJIKEHHs, MAHEBPYBaHHA Ta JUHAMIYHOTO MO3UI[IOHYBAaHHS CYJIEH;

- Teopili aBTOMaTUYHOI'O0 Ta ONTHUMAJIBHOIO KEpyBaHHS MPU CTBOPEHHI MPOILEAYP
aBTOMaTU30BaHOT'O BUOOPY TPAEKTOPIN PYXy CYIEH;

- nudepeHiiHOro O0YUCIICHHS Y ONTUMI3AlIMHUX 3a7a4aX;
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- IMITalifHOrO MOJENIOBaHHS TMpPU CUMYJALIT HaBiraifiHUX CUTyalid 3
BUKOPHUCTaHHSM cepTU(IKOBAaHUX HABITALIIHUX TPEHAXKEPIB.

HaykoBa HOBHM3HA 10C/IiIKEHHS BU3HAYAETHCS BUPIIIEHHSIM OCHOBHUX HAYKOBHUX
3aBlaHb. Y Tpolieci BUKOHAHHS JOCHIIKEHHS, 3100yBayeM 0cCOOHMCTO OTPUMAHO
HACTYIH1 HOB1 HAYKOBI1 pe3yJIbTaTH.

Bnepuwe:

- 3aIIPOMIOHOBAaHAa KaTeropus3allis HampsiMiB ICHYIOUHMX JOCHUKEHb VY Tramys3i
CYJIHOBOJIHHS 32 KOJOM 3a/ay, 10 BUPIIIYIOTHCSA, Ta BU3HAUCHO MPIOPUTETHI HUIAXU
PO3BUTKY KOXKHOT'O HampsiMy, LI0 JO3BOJIMJIO BHOKPEMUTHU NpPOOJIEMH, IMOB’s3aHi 13
3acrocyBaHHsiM CIIIIP Ta iHTeneKTyaJlbHUX CHUCTEM Yy CYIHOBOJIHHI, BHU3HAUYUTH
e(eKTUBHI METO/IU iX BUPIIICHHS;

- 3aIIPOMOHOBAHO 3aCTOCYBaHHS KOMIUIEKCHOro migxonay Ao ctBopenHs CIIIIP B
rajiy3i CyJJHOBOJIIHHS, sIKIi 0a3y€ThCs HA KOMOIHOBAHOMY BHUKOPHUCTaHHI aHATITUYHUX
MoOJIeIell pyXy CyA€H, METOJIB CHUTYAIIfHOTO aHaji3y HaBIramiiiHUX CUTyaIid Ta
MeroniB I, mo mo3BoJIsIE MIABUINMTH OINEPATUBHICTH Ta TOYHICTH PIIICHH 3
YIPaBIiHHS CYAHOM, 110 MPUHMAIOTHCS;

- po3pobisieri  meropoJioriuni  3acamu  noOymosu  CIINP  cyaHoBomis, ski
BIIPI3HAIOTHCS BpaxXyBaHHSIM O0COOJIMBOCTEN MPOIIECY B3a€EMO/IIT JTFOIUHU 3 TEXHIYHUMHU
3aco0aMu CyAHOBOJIHHS, IO J03BOJIIE CKOPOTUTH BUTPATH Yacy Ha (OpMyBaHHS Ta
MIPUAHATTS PillICHb, MABUIIIUTH PIBEHb 1X TOUHOCTI Ta aJIeKBATHOCTI 1100 HaBiramiiHo1
CUTYyalIlli, IKa Ma€ MICIIE;

- 3aMPOTIOHOBAHO 3aCTOCYBaHHA 1HpopMaIliiiHoi B3aemoii cyanoBois 3 CIIIIP, sxe
BIJIPI3HAETHCS BUKOPUCTAHHSAM YOTUPHOX(PA3HOTO IMKIY OOpPOOKH, IIO JAa€ 3MOTY
MIABULIUTH SIKICTh 1 Ta PIBEHb OE3MMOMUIIKOBOCTI IMpolieciB 1HGOpMALIIITHOrO 0OMIHY B
epratuuHiii cuctemi «CIIIP — oco6a mo npuiimae pimenns (OI1P)»;

- 3anporioHoBaHa ctpyktypa CIIIIP cyaHOBOAIs, TOJTOBHOIO BIAMIHHICTIO SIKOi BIJ
BIIOMUX € 3aCTOCYBaHHS MOJeNll poOOTH CYAHOBOIS Ta 3IMCHEHHS aJalNTHBHOIO
IpolLecy B3aEMOJii 3 CYIHOBOJIEM BIAMOBIAHO JO TMPIOPUTETHOCTI OOPOOKHU
iHpopmalliiiHux noBimoMieHb. [IpomoHOBaHa CTPyKTypa JO3BOJISI€E  3HU3UTHU
HEraTUBHUN BIUIUB JIIOJCHKOrOo (akTtopa Ha TMpOIECH YIPaBIiHHA CYAHOM Ta
MIHIMI3yBaTU Cy0’€KTUBHICTH PillleHb, 10 MPUHAMAIOTHCS.

Yoockonaneno:

- KOMIUIEKCHUM METOJ] KUIBKICHOI OILIIHKMA HEeOe3MeKH 3ITKHEHHS CYIEH, SKHUM
BIJIDI3HAETHCSI BU3HAYECHHSM OOJIACTI B3a€EMHUX OOOB’A3KIB CYJE€H Ta TPaHUYHO
JOMYCTUMUX  JAUCTAHIIA HAWKOPOTIIOTO 30JIM)KEHHS, 1[0 /A€ MOXKJIMUBICTD
po3paxoByBatu B CIITIP mapamerpu 30HU O€3I€KH HABKOJIO BJIACHOTO CYJIHA;

- METOJU MIITPUMKHU MPUUHATTS PILIEHb CYIHOBOIS 3 YNPaBIIHHSA PYXOM CY/AEH
IIPU BUPIIIECHHI 33/1a4 PO3XO0/I>)KEHHSI, MAaHEBPYBaHHS Ta JUHAMIYHOTO MO3UI[IOHYBaHHS,
AK1 BIIPI3HAIOTHCA afanTaiieto 10 3acrocyBanus y CIIIIP 3a ymoB HasiBHOCT1 0OMEKEHb
qacy Ta y KpUTUYHUX CUTYaIIsIX, 1110 AO3BOJISAE MIABUIIUTH IIBUAKICTh Ta aJI€KBaTHICTh
pIllIeHb, 1110 TPUNMAIOTHCS;

- MeToaM 1eHTHdIKaIii Ta OI[IHKM HEraTWBHOT'O BIUJIMBY JIIOJICBKOTO (hakTopa Ha
MIPOIIECH YIIPABIIIHHS PyXOM Cy/IHA Ta 3alpOolOHOBAHO MeToau Horo 3HmkeHHs B CIITIP
CYJIHOBOJIisl, OCHOBHOIO BIIMIHHICTIO SIKUX € aBTOMAaTH3allisl MPOLECIB MPUHHATTSA
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pillieHb 3 YNpaBIiHHS PYXOM CYyAHA JJIS OPH PO3XOJKEHHI, MaHEBpPYBaHHI, Ta Yy
KPUTUYHUX CHUTYallifiX, 32 YMOB HAasBHOCTI OOMEXEHb 4acy, IO J03BOJISI€ 3HUZUTU
HaBIraniiHi pU3HKH;

- METOJUKY PO3PaXyHKY MOJ0CA MOBOPOTY Cy/IHA MPH 311HCHEHH] MaHEBPYBAaHHS Y
BY3bKOCTSIX Ta OOMEKEHHUX aKBaTOPISX, sIKa BIAPIZHAETHCA aJaNTalli€l0 g0 BUMOT
nojanpuioro mpaktuyHoro 3acrocyBaHHs y CIIIIP cyaHoBomif, 1m0 J103BOJISIE
MIABULIUTH TOYHICTh JOTPUMAHHS CyJHAMH IUIAHOBAHOI TPAEKTOPli pyxy Ha
MOTEHI1IHO HeOe3NeUHUX AUISTHKAX.

Ompumana nooanvuiuli poO36UmMoK.

- METOJMKA 3/1MCHEHHsS TMHAMIYHOIO IMO3MIIIOHYBAaHHA CYAHA, sIKAa BiIPI3HAETHCS
ypaxyBaHHSIM  OCOOJIMBOCTEW  TpoOlLleCY  B3a€EMOJIi  CHUCTEMH  JMHAMIYHOIO
MO3UIIOHYBaHHS 3 OINEpPaTOpOM, IO JO3BOJISIE 3HU3UTH WMOBIPHICTH BHUHUKHEHHS
MOMMWJIKOBUX JII{ y mporneci kepyBaHHs 00’ ektom JI1;

- metoauka 3actocyBanHs CIIIIP y nporecax ontumizaiiii GopMyBaHHS BaHTAXHUX
IUJIaHIB CyJIE€H KOHTEMHEpPOBO31B, sIKA BIAPIZHAETHCS Bl ICHYIOUMX MOMJIHMBICTIO
aJlalTUBHOTO KOPETyBaHHS BAHTAXXHOTO IUIAHY BIJMOBIIHO /10 3MIH Y MApUIPYTI CyJIHA,
10 TO3BOJISIE 3HU3UTHU €KCIUTyaTallliH1 BUTPATH HA BUKOHAHHSA pEHCY.

IIpakTnyHe 3HAYeHHS] OTPUMAHMX Pe3YJbTATIB MOJIATa€ y TOMY, 10 OTPUMaH1 y
aucepTanii pe3ysibTaTH, MOXKYTh OYTH 3aCTOCOBaHI B OCBITHBOMY IPOIIECI MOPCHKUX
HaBUAJIbHUX 3aKjajiB IiJl Yac MIATOTOBKHM MaWOyTHIX CYJHOBOIiB, a TaKOX Yy
HaBYAJIBHO-TPEHAXKEPHUX LEHTpaXx MpH 311HMCHEHH] TPEHAXKEPHOT MIATOTOBKU (PaxiBI[iB
MOPCBHKOT rany3si, pyu CTBOPEHHI CHEI1aTi30BaHUX aapaTHUX Ta MPOrpaMHUX 3aCO01B 3
YIPaBIiHHS PYXOM CylieH, po3poOui Ta BrnpoBamkeHHi CIIIIP ta iHTenekTyalibHUX
HaBIralifHUX 1HGOPMAIITHUX CUCTEM Y Tally31 CYTHOBOIHHS.

Pe3ynpTaT AuMcCepTallifHOTO JOCHIJKEHHS 3aCTOCOBYIOTHCS Y HaBYaJIbHOMY
Mpoleci MOPCHKUX HABYAJIBHUX 3aKiadiB MPHU MIArOTOBLI KYpPCaHTIB, MiJABUIICHHI
kBasmiikaiii ¢axiBIIB MOPCHKOI Taiy3l, a TaKOX Yy TpPEHaXEpHIM MiAroTOBII
MOPCHbKUX (PaxiBIIB y CHeIiali30BaHUX TPEHAKEPHUX LICHTPAX, a CaMe:

- ocBiTHbOMY mpoueci HamionansHoro yaiBepcutery «Opecbka MOpCbKa
akanemis» (akt Big 28.08.2025 p.), XepCcoHCHKOI Aep:kaBHOT MOPCHKOI akaaemii (akT
Bin 25.06.2025), Opecvkoro HaiioHaJIbHOTO MOPCBKOTO YHIBEPCHUTETY (AKT Bij
27.06.2025);

- TNOpU TPOBEACHHI TPEHAKEPHOi MIJTOTOBKM MOPCHKUX  (paxiBUIB B
CHEIIaTI30BaHUX MOPCHKHX TPEHAXKEPHUX IEHTPaX — XEPCOHCHKOMY MOPCHKOMY
cremianizoBaHoMy TpeHaxepHoMmy ueHTpi (akt 013-1/1/2025 Big 08.07.2025 p.),
IenTtpi migroroBku Ta arecraii mwasckiany HY«OMAy (akt Bix 21.08.2025 p.) Ta
y Kproinrosiili komnanii «Mapnoy Hasireimen» (akt Big 21.08.2025 p.).

Ocobuctunii BHecok 3100yBaua. JluceprauiiinHy poOoTy 3100yBaueM BUKOHAHO
BJIACHOPYYHO, 0€3 3ajdydeHHs CIIBaBTOpIB. TeopeThyHi BHU3HAYEHHS, HAYKOBI
pEe3yNbTaTH 1 MOJIOKEHHS, HAYKOB1 M MPaKTHUYHI BUCHOBKM Ta PEKOMEHJAIli, SK1
BUKJIaJIEH1 Y poOOTI Ta BUHOCSTHCA Ha 3aXUCT, OTPUMaH1 aBTOPOM OCOOUCTO.

AnpoOauisi pe3dyabrarTiB aucepraunii. OCHOBHI TMOJOXEHHS 1 pe3yJabTaTH
JTUCEPTAIIMHOTO JTOCIIKEHHS JOMOBIIAINCH, 0OTOBOPIOBAIKCH Ta OyJIM CXBaJeHI Ha
32 HayKOBUX 3aX0JaX MIKHAPOJAHOIO Ta 3arajbHOJEP’KaBHOTO PIBHS.



6

Ily6aikanii pe3yjabTaTiB J0CaiaKeHHs. 3a pe3yIbTaTaMi poOOTH OMyOJIIKOBAaHO
100 HaykoBux mpaub, 3 HUX 21 — ogHoociOHO. 30kpema, 44 myOikalii y HayKOBUX
npoUILHUX BUJIAHHAX (3 SKUX 9 myOJTiKaiiil IHAEKCYIOThCA Y 0a3ax JaHuX Scopus Ta
Web of Science), 2 wmonorpadii, 1 HaBuadbHUII TOCIOHUK. 3a pe3yibTaTaMu
JOCIIPKEHHS] OTPUMAHO 8 MATEHTIB HAa KOPUCHY MOJENb YKpaiHu, 1 CBIAOLTBO MpPO
peeCTpallilo aBTOPCHKOIO MpaBa Ha TBIp.

OO6car i crpykrypa podoru. Jluceprailis CKIAJa€ThCA 3 aHOTAllld, MEPeiKy
YMOBHHUX CKOpPOY€Hb, BCTYIY, CEMH pPO3JUIIB, BUCHOBKIB, CIUCKY BUKOPHUCTAHHUX
JDKepen 1 J0AaTKiB. 3arajibHuil oOcar poOOTH CTaHOBUTH 387 CTOPIHOK, 1€, KpiM
OCHOBHOT'O T€KCTYy Ha 270 cTopiHKax, MICTUThCS 92 pucyHku Ta 9 Tabnuib. Cucok
BUKOPUCTAHUX JIXKEPEJT CKIIaIaeThes 3 235 HaliMeHYBaHb.

OCHOBHUMM 3MICT POBOTH

VY BeTyni BU3HaY€HO BaXKIIMBY HAYKOBO-TEXHIUHY MPOOJIEMY IMiJIBUILIEHHS O€3MeKU
Ta €()eKTUBHOCTI CYJHOBOJIIHHS B YMOBax BIPOBA/KEHHS Cy4acHUX 1HGOpMAIIITHUX
TexHoyiorid. OOIPpYHTOBAaHO aKTyaJIbHICTh TEMHU JUCEPTAIIHHOTO JOCIIKCHHS,
OKPECJICHO 3B’SI3KM JOCHIKEHHS 3 HAllIOHATbHUMH MTPOrpaMamu, IiaHaMu, TEMaMHU.
BukoHaHO aHaii3 3amUTy MPaKTUKH, BUXOASYM 3 SIKOro c(HOpMyJIbOBaHI HAYyKOBI
OPOTUPIYYSA, Kl OOMEXKYIOTh 1 YCKIQJAHIOIOTH PO3B’s3aHHS MPOOJIEMH MiJBULICHHS
e(eKTUBHOCTI Ta 0€3MEKH CyTHOBOJIIHHS B CY4aCHUX YMOBaX.

ChopmynboBaHO MeTy, 3aBIaHHS JOCIHIKEHHS, BHUKJIAJEHO OCHOBHI METOJIH,
00’ekT 1 mpeameT aociaimkeHHd. ChopMyab0BaHO HAYKOBY HOBU3HY W BHKIAQJCHO
MpaKTUYHE 3HAYEHHS OTPUMAHMX pE3yJbTaTiB. 3a3HAY€HO OCOOUCTUH BHECOK
3100yBaya, HaBEJEHO JIaHi Mpo MmyOiKaIii 1 anmpoOallito pe3yabTaTiB JOCTIKEHHS.

Y mnepumioMmy po3aii mMpoBeNeHO 3araJbHUM — aHaNI3 CTaHy 31 3alpOBaKCHHS
cyyacHux iHpopmaniiHux texnosnorii ta CIIIIP y ramy3i cyaHoBoaiHHs. JoCaiIKeHo
Cy4yacHUH cTaH, rmpobsiemu Ta nepcrnektuBu po3BuTKy CIIIIP B cyaHOBOIHHI, a TaKOXK
MPIOPUTETHI HAIMpPSIMKA 3aCTOCYBaHHS Takux cucteMm, (puc. 1). Ha mingcraBi
MIPOBEJICHOI0 aHAJII3Y MPEIMETHOT rajly31 BU3HAUYEHO 3arajibHy METO/I0JI0T (0 CTBOPEHHS
TaKMX CHCTEM, CTPYKTYpY Ta OCHOBHI €TamlM iX >KMTTEBOTO IUKIY, OCOOJMBOCTI 1X
CTBOPEHHS Ta BNPOBAKeHHsS. BU3HaUu€HO KOO KIIOUOBUX (DAKTOPIB, IO BILUIMBAIOTH
Ha miporiecu o0pooku iHpopmanii B CIITIP cynHoBOisA Ta X BIUIMB Ha BUOIP METOJIB
00poOKHU TaHUX.

[IpoBeneHo aHani3 NOTOYHOIO CTaHy aBapiitHOCTI y CYAHOBOJIIHHI NpoTsiroMm 2002—
2022 pp., Ha MiJCTaBi IKOTO BU3HAYEHO MO0 OCHOBHI YMHHUKH.

BusiBieno, 1o ki04oBUM (aKTOPOM BHHUKHEHHS MOPCHKHUX aBapiil € BIUIMB TaK
3BaHOTO «JIIOJICBKOT0 YNHHUKA)» — BAHUKHEHHS aBapiid BHACIIJIOK ITOMUJIOK KepyBaHHs
YJIEHIB CYJHOBOI KOMaHJ{ BIAMOBIJHUMH CUCTEMaMH 1 MPUCTPOosAMH. HacTka Takux
aBapiil ckiagae 61u3bko 80 % Bim iX 3araibHOI KUIBKOCTI. Bu3HaueHo Mmicme 1 poib
CIIIIP y nomonanH1 mpoOeMu HETaTUBHOTO BILTUBY JIFOJICKKOT0 (DaKTOPY Ta OKPECICHO
[UISIXU HOTo 3ar00iraHHIo.
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KepyBaHHsA KepyBaHH#A KepyBaHHs KepysaHHA MoproBa LiarHocTuKa i
pyxom BaHTaXXHUMM CYAHOBMMM pusuKamu | | iHGpacTpyKTypa || NPOrHO3yBaHHA
cypeH onepaujismu cucTtemMamm i norictuka

D s e e R R —
3aranbHe ®opmyBaHHA OnTumisauyia HasirauiiHi Norictuka [iarHocTuKa
$| NNaHyBaHHA | B BaHTAXHUX | |  pexumis = pU3MKK B MOPCbKUX N BiAMOB
MapuwpyTy NNaHiB cyaeH po6otn CEY MOpennaBCcTBa nepeseseHb obnagHaHHA
Po3xoaKeHHA MepeseseHHA Enektpo- CrpaxyBaHHA OnTumiszauisa BusHayeHHA
> Ta H BEIMKOBAroBuxX | »| eHepreTMuHe | B  CcyAeHTa lp| Po6OTH NOpTOBMX | [P pecypcy By3niB
MaHeBpYyBaHHA BaHTaXiB obnagHaHHA BaHTaXiB TepmiHanis Ta MeXaHi3mis
. MepeseseHHA 3aranbHo- AreHTyBaHHS, KepyBaHHa Bnaus
Aunamidre Hebe3neyHux L HOBI 6epbo iHdpacTpyKTypOlo 30BHiLIHbLOTO
NO3NLiOHYBaHHsA | P . VA > pooyT ) tHOPACTRYKTYP >
BaHTaXiB cuctemu yaprep cyaeH nopris cepefoBuLLa

Pucynok 1. Knacudikauis Hanpsimkis 3actocyBannst CIIIIP B ramysi cynHOBOAIHHS

Po3rnsiHyTO iCHYIOUI METOIM NPUMHATTSA pIlIeHb Yy Taly3l CyJAHOBOMIHHS Ta iX
3aCTOCYBaHHS JUIsl 3HIDKEHHS  PIBHS  aBapiiiHOCTI  CyJeH. 3ampornoHOBAHO
KaTeropu3allilo HampsMiB ICHYIOUMX JOCIIKEHb Yy Taly3l CYJHOBOJIHHSA 3a KOJOM
3ajJ1ay, 110 BUPIIYIOTHCS, BU3HAYEHO MPIOPUTETHI IIJISXU PO3BUTKY KOKHOTO HaNpsIMy,
0 JIO3BOJIMJIO BHOKPEMHUTH MpoOiemMu, ToB’s3aHl 13 3actocyBanHsam CIIIIP Ta
IHTEJNIEKTyaJIbHUX CHUCTEM VY CYJHOBOJIHHI, BHU3HAYUTH €QEKTHUBHI METOAM iX
BUPIIICHHS.

JleTasibHO AOCTIPKEHO OCOOJMBOCTI MpPOLIECY NPUHHATTS pillleHb B €praTuyHid
cuctemi «CIIIIP — ocoba, mo npuiimae pimenns (OI1P)». Busnaueno crpykrypy CIIIP
CYJIHOBOJ1sI, TIepeltiK ii 000B’SI3KOBUX KIIOYOBUX (DYHKIIIM, Ta NUIAXU iX MPAKTHUYHOI
peanizaiii.

BusznayeHo oco6auBoCTI MpoliieciB iHpopMaIiitHoro 0OMiHy B €praTuyHii cUCTeMI1
«CIIIP-OTIIP» (puc. 2). 3 METOI0 MOKPAILEHHS SKOCTI MPOIIECIB MIATPUMKHU MPUHHATTS
pIllIEHb 3alIPOINIOHOBAHO 3aCTOCYBAaHHS YOTHUPbOX(Pa3HOI MOJEIN] UKy 1HPOpMaIiiHOT
B3aemoii cynnosois ta CIITIP.

[IpencraBnena MoaeNb BKIIOYAE HACTYIHI eTanu: 1) aHaji3 MOTOYHOI HaBiramiiHoi
cuTyallii Ta ieHTudikaiis 3arpo3; 2) BU3HAYCHHS MOTCHIIMHUX PU3UKIB Ha OCHOBI
KOMIUJIEKCHUX KPUTEPIiB; 3) MPOTrHO3yBaHHS HACIIAKIB Ta OI[IHKA MOXJIUBHUX 30UTKIB;
4) popmyBaHHS Ta paH>)KyBaHHS MOXJIMBUX BapiaHTIB PIllICHb.

BusznayeHo koji0 MeTOAIB, SIKI CIJiJ 3aCTOCOBYBATH B IPOIECI CTBOPEHHS Ta
npaktuaHoi peanizanii CIIITP cynHoBois.

[IpoBeneno anainiz ocobnuBoctel 3actocyBants B CIIIIP cyaHoBOISI MIXKHAPOIHUX
HOPMATHUBHUX JOKYMEHTIB, IO PErVIAMEHTYIOTh PyX CYyJEH, 30kpeMa M KHapOJHHUX
npaBuil 3anobirands 3iTkHeHb cyaeH (MII33C-72) ta BU3HA4YeHO NUISIXU 3HUKCHHS
HEraTUBHOTO BIUIMBY JIIOJCHKOTO (hakTopa Ha TPOLECH YMPABIIHHA CYIHOM.
OOrpyHTOBaHO OCHOBHMM HamlpsiM JOCHKEHHS — TIABUIIEHHS €(QEeKTUBHOCTI
CyaHOBOAIHHS 1UIsixoM BrpoBakeHHs: CIIIIP cynnoBoais.
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YnpaeniHHA pyxom cyOHa, CyOHOBUMU cUCMEMAMU MA NPUCMpPOaMU ;

Pucynok 2. Ctpyktypa CIIIIP cynHoBOIA Ta iHGOpMAIIHHUX TOTOKIB
y Mpotieci NpUHHSTTS pillieHb

Jpyruii po3aiji JOCIIKEHHsS] TMPUCBSYEHUN METO0JIOTIYHOMY OOTPYHTYBaHHIO
Horo mpoBeneHHS. 31MCHEHO OOIPYHTYBaHHS BUOOPY TeMHU JHCEpTallii, BU3HAYECHO
METOJI0JIOTIYHI Ta TEeXHIYHI Horo acmekTu. Ha ocHOBI aHaii3y 3arajibHOi MpoOsieMu
chopMylIbOBaHO pOOOUY TiMOTE3y HAYKOBOTO JOCIIPKEHHS, BA3BHAUYEHO HOTO METy 1
rOJIOBHY 3a/1auy.

BukoHaHO JEKOMITO3UIIIIO TOJOBHOI 3a/Jadl JOCTIIKEHHS HAa OKpeMmi il CKJIaJoBI
3a/1a4l Ta BU3HAYECHO KOJIO METOJIB, 110 MalOTh OYTH 3aCTOCOBaHI1 JJis 1X BUPIIICHHS.
Bu3HayeHO MOCHIIOBHICTh BHUPILMIEHHS OKPEMUX 3ajad JOCIIIHKEHHs, pO3pOOJIEHO
TEXHOJIOTIYHY KapTy MPoIlecy HOro BUKOHAHHS.

HaBeneno y3arajibHeHy METOJUKY BHUPIIIEHHS HAYKOBUX 3aj]ay, MOCTABJICHUX Y
po0OTi, siIKa BU3HAYa€ OCHOBHI €TalM BUKOHAHHS JOCHIIKEHHS Ta BHU3HAYa€e HOTo
TEOPETUYHY Ta MpakTU4yHy ckianoBy. ChopmynboBaHe OCHOBHE HAYKOBE MOJIOKEHHS
poOOTH, MOKa3aHa ii 3HAYYIIICTh Ta MPAKTUYHA I[IHHICTb.

Y TperboMy po3aIi AuCEpTAIIHHOTO MOCHIIHKEHHS PO3IJISHYTO MPUHIUIN
noOynosu ta (yukiionyBanus CIIIIP cynHoBonis: BU3HAU€HO CKiIaja il MOAIYJIB Ta
CTPYKTYpY NOTOKIB iHGOpMaIiiHOro oOMiHy Mk HUMU. [IpoBeseHo aHai3 MpoIlEeCiB
CIPUUHATTS ¥ 00poOKH 1HDOpMAITii CYyTHOBOIIEM, BUSBICHO KIIFOYOB1 OCOOIMBOCTI, SIK1
MOBUHHI OyTH BpaxoBaHi y mpoiieci cTBopeHHs Ta 3actocyBanHsa CIIIIP. Busnaueno
0a30B1 BUMOTH JI0 MaTEMaTHUYHHMX MOJEJIEH Ta aJrOpUTMIB OOPOOKH HaBIralllMHUX
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naHuX, K1 MaroTh 0yt Bukopuctani B CIIIIP cygHoBois.

3anponoHOBaHO METOAUKY Kiacuikaiii HaBiralidHUX CUTyalld Ta BU3HAUCHHS
MOXJIMBUX 1 cynHoBoAis BignmoBigHO Bumor MII33C-72, apantoBany 10
3actocyBaHHs1 y CIIIIP. Po3po6ieHo MeTos OmiHKUA PiBHS HEOE3MeKH HaBiraliiiHux
CUTYalliil Ta MpoLeaypy NPUNUHATTA PIlLIEHb 3 YIPABIIHHSI PyXOM CyAHA, OCOOIHUBICTIO
AKOI € paH)KyBaHHS MHOXHUHHU CYJEH-I[Iel B 00JacTi pO3XOPKEHHS 3a PIBHEM iX
He0e3MeYHOCTI 13 3aCTOCYBAaHHAM KOMILUIEKCHUX KPUTEPIiB OliHKH (puc. 3).

I104aTOK

[neHTUdiKaIlis MOTOYHOI HaBiraminHOl
cutyarii S (t)

Bu3sHa4yeHHsI IPUITYCTHMUX TPAEKTOPIH PyXY|
cynen mo V;,@;, AV;,Ag;
v
Kpurepii knacudikarii cyneH 1mo cTyneHro
HebesneunocTi (D

Kp > tl('p )

CynHo noreHuiitHo
HeOe3neyne?

y
Orninka piBHS HeOe3MeKn

3a 3MiHOW KK JIBP
"
PamxoBaHa MHOXXHHA
HeOe3MeYHUX Ta OTESHIIHHO
HEeOE3IMEeYHNX CYIeH
[

PO3TISIHYTI BCi Cy/HA
Y s®?

v

BusnaueHHs B3aeMHUX 000B’SI3KiB = vy __
cyzen o MIT33C-72 Ta Mex 30HH Bubip onTrmanbHOT cTpaTerii
Ge3MeKy BIaCHOTO Cy/HA pOSXO)I)KCH*HH CyneH

v Po3paxyHOK 3MiH ITapaMeTpiB

DopMyBaHHS MHOKHUHH MOXJIMBHX
o PYXy BIaCHOTO Cy/Ha Ta HaJaHHS
cTparerii CyzieH . .
P gyxy YA iX CyZAHOBOJIO

Bu3HaueHHS MHOXKHUHHU MOYKJIMBHUX

e [IpuiHATTA pilIeHHs 1Mo
CTpaTeriil pyxy 3a 3a1aHUMHI

. TIPABJIIHHIO CYIHOM
KpUTEpisiMH Oe3reKn yip Y.
|

Pucynoxk 3. [Ipouenypa npuiinsarra pimens y CIIIIP cyanoBonis

Po3po6nenuit anroputm pobotu CIIIP cynHoBomis mepegdayae BUKOHAHHS
HACTYITHO1 MTOCT1AOBHOCTI J1H:

— igeHTU(dIKaIis CYACH, 1110 3HaXOAAThCS B 30H1 MOXKJIMBOTO 31TKHEHHSI;

— MOHITOPHHT MapaMeTpiB PyXy CyA€H Ta TUHAMIKH iX 3MIHU;

— OLIHKa MOXUOKHU MapamMeTpiB pyxy, Kl 0JepKaHo;

— xiacudikaris CyieH 3a CTyIIeHeM HEOE3MeKu;

— BU3HAYCHHS Nap B3a€MOJIIOUNX CYJEH, IS IKUX (POPMYIOTHCS MOMIIMBI ClieHaP1i
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PYXY,

— BHU3Ha4YeHHs o0jacTeil B3aeMHUX 000B’s3KiB BiAnoBigHO 10 MII33C-72 1 mex
30HU O€3IEKH BIACHOTO CY/IHA;

— (¢dopMyBaHHS MHOKMHU MOXJIMBUX CIIEHApIiB (CTpaTeriii) pyxy Cy/AcH;

— BHU3HAYEHHS CTpaTeriii pyxy, 10 BIANOBIIAIOTH 3aIaHUM KPUTEPIIM O€3MeKu;

— BHUPOOJICHHSI MOKJIMBHUX aJbTEPHATHB 3 YIpPABIIHHA CYIHOM 1 HaJaHHS iX
CYJIHOBO/II1O.

Cynno Bunyuaetbcs 13 posrsany CIIIIP y Bunagky iaeHtudikamii oro sk
0e31eyHoro, ajJe MOHITOPUHT TApaMEeTPIB PyXy TPUBAE MpHU MepeOyBaHHI HOTO B Mexax
3ouu aii PJIC.

B SKOCTI KOMIUIEKCHOTO KPHUTEPII0 OLIHKK pPIiBHA HeOe3NmeKu 3ITKHEHHS
3aCTOCOBYETHCSI KPUTEPIN OIIHKK HEOE3IMEKH 31TKHEHHS 3 CYIHOM-LULIIO0 32 3MIHOIO
kypcoBoro kyTta (KK) ninii ioro BimHocHoro pyxy (JIBP).

B sikocTi BUX1IHMX JaHUX 711 GOpMYBaHHSI KOMIUIEKCHUX KPUTEPIiB OLIIHKU PIBHS
HeOe3MeKH CyAeH-11JIeH 3aCTOCOBYIOThCSI HACTYITHI HaBiraniiHi napaMeTpu: IUCTaHIi,
JIBP, nemeHru 1 MIBUIKOCTI.

Jnst cutyauii 30/M>KeHHS JABOX CYIEH, sika mpencrabieHa Ha puc. 4. CygHo A4
XapakTepusyerbcs napamerpamu: VK ,D, (V, — mBuakicte cynHa A, K, — Kypc
cynHa A, D, — OUCTaHLIA 10 CyAHa B ), CylHO B XapaKTEepHU3YEThCs NMapaMeTPaMHUL:
V,.K,,D, (V,— cynna B, K, — Kypc cyana B, D, — muctanuis 1o cyasa A4). K,—
HOTOYHMI Kypc HiHii BitHOCHOTO pyXy (JIBP) nini, K, K,— moxmusi JIBP uini; a_,«,,
, a, — KyTy nepetuny Bianosiguux JIBP i3 kypcom cynna 4,a D,,D,,D, —Bix cynna
B 1o Touok meperuny ioro JIBP i3 kypcom cymua A .D, —mucTaHIis 10 TOYKH
NEepPEeTUHY KypcCiB, P — PI3HUIISI KYpCiB.

Pucynok 4. Ouinka piBHS HeO€3MeKH 3ITKHEHHS CyJIeH 3a 3MiHo0 KyTa JIBP



11

Sxmo o, <«,,, 10 JIBP neperunae Kypc 1o Hocy, SKo «a, > «,, , To JIBP nepetunae
KypcC 110 KOpMi. AHAJIOT19HO, AJIs CYJIEH 3711Ba — SKIIO «, < «, , To JIBP nepetnnae xypc
110 HOCY, KO «a, >a, , To JIBP nepetnnae xypc no xopmi. Bigcrani Mk CyJZHOM Ta

tToukamu nepetuny JIBPiB cyaHa 3 KypcoM cyaHa Oy1yTh 3aJIe’KaTy BiJl BEIUYMHU KYTIB
o, ,Q, ,sKlTOB’s3aHl 3 KyTOM ¢, CHIBBIAHOIIEHH:AM o, +Aq, =a, =a, —Aa,.

nK > nm >

Bianosigno no 3minu KK JIBP nmoGynoBano kiacudikaliiiro MOXKIUBUX CHUTYaIlii
30JIMKEHHSI CYJACH, 3TIHO 3 SKOK 3I1MCHIOETHCA OIIHIOBAHHS PIBHS HeOe3IMeKu
3iTkHeHHs. O1liHKa HeOe3MNeKu 3ITKHEHHS 3a €IMHUM 1H(GOpMAILIfHUM MapaMeTpoM —
3MiHOO Hanpsmky JIBP, no3Bossie migBUIIMTH ONEPATUBHICTh MPUUHATTA PillIEHb
CYJIHOBOJIIEM II0JI0 BUOOPY MAHEBPY ISl PO3XOKEHHS. Y MOPIBHAHHI 3 TPAAUIIHHUMU
MiAX0AaMH, 110 BHUKOPHUCTOBYIOTH CIIOCTEPEKyBaHI a00 OOYMCIIOBaHI IMapaMeTpH,
3apONOHOBAHUIA METOJ] Ja€ 3MOry 3a3Jlajeriib BU3HAYUTU HEOE3NeKy PO3BUTKY
HaBITaIiitHO1 cUTYaIli.

O6poOka wHasiramitHoi iHdopmarii B CIIIIP cynHOBOMis 3IIHCHIOETBCA 13
3aCTOCYBAHHSIM CIIEHAPHO-IIPEIECHTHOTO MIAX0yY, sAKid € onquuM 13 Metoais L. YV
CIITIP npeueneHT siBisie COOOIO CTPYKTYpPY, LIO CKIQJA€TbCA 3 OIMUCY IMOTOYHOI
HaBIranifHoi cUTYyallii, 1 pillieHHs, 0 MICTUTh CIIUCOK MOKJIMBUX Bapi1aHTIB MPUHUHATTS
pIIICHHS YIIPaBIiHHS CYJITHOM, a TAaKOX OIHC CUTYaIlll, SKa (MOXJIMBO) MaTUME MICLE
micist BUOOpy mpeueneHTy (peanizalii NpuiHATOrO PillieHHs ), puc. 5).

Ipenenent p € napoio (s,u) e =S xU , WO CKIaAEThCs 3 HAaBiraliifHoi cuTyanii
s €S Ta MOB’S3aHOrO 3 HEK PIlIEHHS OO0 KepyBaHHS CyaHoM u e U . KoxHiit
CUTYyallil s MOXYTb BIIMOBIIaTH KUJIbKA PIllIEHb, TAKUM YUHOM, TOMYCTUMI IIPELeICHTH
BULY (s,u) 1 (s,u'), SKi BIAPI3HSIOTBCS y BUNAAKY, AKILO U # '

Cdopmopana
cHUTyanis

basoBa curyartist IMorouna cutyaris . \

Binno menns s

.
’/' Hosnii
noxiGrocri J npeue
, peueseHT
Bionowenns nooionocmi § 3Gepenerns "
Bubip [IPELIEJIEHT 36epesken uit
TpeneaeH T

ubpanui

Bu6 .
l MpeleaeHTH

Tpuiinsrra
pitenms

Hapuamua basza nanux
™ CIIIIP

/ Ananrauis
Tpuiinare
pimenns

Pucynok 5. ®a3u uuxny npuitHatts pimens B CIIIP cygnoBoais

e

[puiinsre pilenHs no IlependavyBane pilieHHs

YTPaBIIiHHIO CYTHOM TIO YTIPABIIHHIO CyTHOM

3anponoHoBaHe

pileHHs

Ouninka
npHiinsTOro
piwenns

Bepudikauis

Hani B CIITIP npencraBieHi MHOXHWHOIO MPEIEACHTIB P :

P={<sl,ul>,<s2,u2>,...,<sn,un>}- (1)

Bubip HailOUIBII BIAMOBIIHOTO y KOHKPETHIN CHUTYyallli MpereAcHTY I03BOJISE
chopMyBaTH Ha MOT0 OCHOBI FOTOBE pillleHHS a00 MoTpedye MPOBEICHHS J10JaTKOBUX
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Al 3 aganTaiii pilIeHHS 3 METOI0 BpaxyBaHHS BIAMIHHOCTEH Yy XapaKTepUCTUKAX
MOTOYHO1 Ta 0a30B0O1 cUTYyaIlli. SIKII0 BIAMOBIAHUHN TPEIeeHT He 3HaNIeHO abo mporiec
aganTamii noTpeOye 3amydyeHHs JO0AaTKOBOI 1HQoOpMalii, yXBaJeHHS pIIICHHS
notpebyBaTume 3BepHeHHs 10 Oasu 3HaHb CIIIP. Sk Tinbku moOTOYHA cHTYyallis
1IeHTU(IKOBaHA, CYAHOBO1A MOKE MPUNUHSATH PIICHHS 13 3alPONOHOBAHUX CUCTEMOIO
aJbTEPHATUB HAa OCHOBI BXKE HAsBHUX (30€peKEHUX) MPEIeCHTIB, 800 CAMOCTIHHO.
KoxHa T0TOYHa HaBiramiina cuTyanis S B MOMEHT dacy ¢, —S(t),

XapaKTepU3y€eThCsl HASBHICTIO B 30H1 PO3XOJUKEHHS n CYyHEH, nie i-€ cyaHo (ie[l,n])
OIHUCYETBCS MHOXKMHOIO M, ={x,y,.V,y, AV, Ay .}, fKa CKIaJa€TbCA 13 IIecCTH
napameTpiB: KOOPIAMHATH (x,,y,), WIBHAKICTb V., KYpc y,, Ta MOXiaHi AV, Ay, sKi
BU3HAYAIOTh IMHAMIKY 3MiH ¥, Ta y . 3Ha4eHHs (x,,y,),V; Ta vy, Haaxousth 10 3APII,
a 3Ha4eHHA AV,, Ay, po3paxoByroTecs B CIIIIP Ha ocHOBI monepeaHixX 3Ha4eHb V, Ta
y,. IlapameTpu pyXxy i-TO CyIQHa IO3HAYUMO MHOXXHHOKO M, ={x, v, V. W, , AV, Ay .} .
Toni, nna Oyap-SKOro AUCKPETHO 3aJaHOTO MOMEHTY yacy ! HaBiramiiiHa cUTyallis
S(l‘) OyJe nmpencTaBieHa y BUTIISIL S(t)=(My,.s M ... M)

AHani3 pyxy CyIeH B 30HI PO3XOKEHHS 3IIHCHIOETHCS 3 ypaxyBaHHSM HH3KHU
CTaTUYHUX Ta JUHAMIYHUX OOMEXKEHb Z, 10 AKUX BITHOCSATHCS:

— HaBiramiiHi oOMeXeHHS B 30H1 PO3XOJKEHHS, 10 ICHYIOTh Ha MOTOYHUHN Yac -
Z,;

— BuKOHaHHA BumMor MII33C-72 -Z_;

— BHKOHAaHHS BHMOT KpUTEpiiB Oe3MeYyHOro pO3XOMKEHHS Ha MiHIMAIbHO
OesmeqHiil IUCTaHMIT 30IMKCHHS D, , 4acy 30JIMKEHHS ¢, , TIeTeHry /1 abo KyTa Kypey

KK -Z,;

— OoOMexeHHS, sIK1 3yMOBJIEH1 BpaXyBaHHAM KIHEMAaTHUHUX MTapaMeTpPiB pyXy CyAeH
Ta IX XapaKTepUCTUK MAaHEBPYBaHHA —Z, .

MHoxuHa Z, sBis€ COO0I0 CTaTUYHE OOMEKEHHs 1 MO>Ke OYTH 3alKcaHa y BUIIIA1
O1HapHOi (PYHKIIII T’ ATHOX apryMEHTIB, 3HAUYEHHS KX BU3HAYAETHCS SIK:

7, =2 0Z\227: v ZiZ3), (2)

1e: Z) — 31TKHEHHS 3 1HIIKUM CYJIHOM Y OyAb-IKOMY Hampsmi;
Z; — HaOMKeHHs a0o0 BiJaJICHHS CyaHa;
7’ — IPOXOJUKEHHS Cy/IHA MOIIepe 1y 110 HOCy abo Mo3ajLy Mo KopMi;

4 .
Z, — HaOMMKEHHs CyJIHA 10 HOocy abo0 10 KOpMI;

— .
Z, — HaOJMM>KEHHS CyJlHA cIpasa abo 3I11Ba;

3aranbHa MHOXHMHAa OOMEXeHb Z MoOXe OyTH TpeACTaBleHa Yy BUIJIAAL
Z=7,n2Z,NnZ,nZ,. OOMeXeHHs Z J03BOJIIOTh BHU3HAYUTH MAaTpHIl CTpaTerii

yIPaBIIiHHS Ué(S(t)) IJId BJIACHOIO CyJHA Ta KOXKHOIO CyJOHA SIK€ € YYaCHUKOM

HaBiramiitHoi cutyarii S (t) )
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3acTocyBaHHS 3allpONOHOBAHOTO MiAXony A0 ¢opmanizanii npasun MII33C-72
no3Bonuio peanizyBatu B CIIIIP imitamiiiHy Mozenb pO3XOJKEHHS CYIEH, IO
BpaxoBye sk BuMoru MII33C-72 Ttak 1 joriky naid cyaHoBoAliB. s mojaibIioro
YTOYHEHHS CLeHap1iB po3BUTKY HaBiraniiuux cutyauiit B CIIIIP 3aiiicHIOEThCA OLlIHKA
napaMeTpiB pyxy CYJEH, Ha IiJICTaBl AKOTO Bi0YBA€ThCSl MIPOTHO3YBAHHS MOKIIUBUX
TPAEKTOPIHN IX PyXy 3 METOIO OOMEKEHHS KIJTLKOCT1 MOMKIIMBUX CIICHAPIiB PO3XOIKEHHS,
10 MiJIATAI0Th aHaAJI3Y.

BusznaueHno ctpykrtypy mnporecy iHdopmMaiiiitHoi B3aemonii cynnoBosis ta CIITIP
IpU NPUNAHATTI PIlIEHb Ta MOKa3aHO, 10 MOro AKICTh Ta €PEKTUBHICTH MOXKE OyTH
MiJABUIIEHA IIJITXOM BpaxyBaHHs 0COOJIMBOCTEN CIPUIHATTS Ta 00pOOKHU HaBIraliiHOT
iHpOopMaIlii CyTHOBOIIEM.

VY po3auii, Takoxk, po3riisHyTo nutanHs 3actocyBanHs CIIIIP npu BupimeHH1 3a1a4y
(GbopMyBaHHS ONTUMAJIBHUX BAHTAXKHUX IJIAHIB CyJeH-KOHTeHHEpOoBO3iB. Po3pobiena
ctpykrypa CIIIIP 3 ¢opmyBaHHS BaHTa)XHOTO TIUIaHy KOHTEHHEpoBO3a MJis
MYJIBTUIIOPTOBUX KOHTEWHEPHHMX IEPEBE3CHb. 3acTocyBaHHs mnpencrasieHoi CIITIP
ONTHUMI3y€e TMpolec (OPMYBaHHS BAHTAKHOIO IUIAaHY CYyAHA-KOHTEWHEpPOBO3a 3
OJIHOYACHUM YpaxXyBaHHSAM HOTrO TEXHOJOTIYHOI Ta EKOHOMIYHOI CKJIaJO0BOi, IO
JI03BOJISIE TIOJIIIINTH €KOHOMIUHI OKAa3HUKWA BUKOHAHHS PEicy 32 YMOB JOTPUMAaHHS
000B’I3KOBUX 0€3MEKOBUX BUMOT.

YerBepTHil poO3aUT aucepTallii NPUCBIYEHO AOCIUKEHHIO MUTaHb MIATPUMKHU
OPUMHATTS pIilleHb MpPU BHUPIMIEHHI 3aJa4 PO3XO/JKEHHS, MaHEBpPYBaHHS, Ta
JUHAMIYHOTO TO3MIIIOHYBAaHHS CYJEH. 3 METOI0 3MEHIICHHS KUIBKOCTI HaBiraliiiHuX
cuTyalii, axi migisraoTs aHanizy B CIINIP cymgHoBomis, cTBOpeHO Kiacudikallito
HaBIramiiHuX cutyanii (tabn. 1) 3aJeXHO BiJ B3a€EMHOI'O PO3TAIlyBaHHS CYJEH Ta
MPOXOKEHHS JIIHIM 1X BIAHOCHOTO pyXYy (puc. 6).

Tabmim 1 — Knacabikanis cHTyamil po3xoKe I cyIeH

Cyama KK Ne XapaKTepHCTHKA IpoxomkenHa JIBP
JIBP 30
a<90"| 1 JIBP nepeTuHae NiHI IO Kypey [0 HOCY
a<90" | 2 JIBP mpoxoauTs yepes Hac

a < 90" JIBP mepeTHHAE MiHI0 KYPCY 110 KOPMi

3

g a=90" | 4 JIBP nepeTHHAE JIHI 10 Kypey IO HOCY

§ a= 900 5 JIBP mpoXoIHTh uUepes Hac

é‘ a=90" | 6 JIBP nmepeTHEAE MHIK KyPCY 110 KOPML
a=90" | 7 JIBP nepeTHHAE NiHIK0 Kypey 0 HOCY
a > 90° 8 JIBP mpoXoIHTh Uepes Hac
a=90"| 9 JIBP mepeTHHaE MHI0 Kypey [0 KOpMi
a<90" | 10 JIBP nepeTuHae NiHI 10 Kypey [0 HOCY
a<90" | 11 JIBP npoxoauTs uepes Hac
a<90" | 12 JIBP meperHHAE MHII0 KYPCY IO KOPMi

Z a=90" | 13 JIBP nepeTHHAE NiHI K0 Kypey Mo HOCY

2 a= 900 14 JIBP mpoXoIHTh uUepes Hac

@; a=90" | 15 JIBP mepeTHHAE TiHII0 KYPCY 110 KOPML
a=90" | 16 JIBP nepeTHHac AiHi 0 Kypey Mo HOCY
a=90" | 17 JIBP npoxoanTs depes Hac
a=90" | 18 JIBP nmeperHHae MHIK Kypey [0 KOpMi

Pucynoxk 6. 3mimenns JIBP cyana ta
Kyacudikallisg HaBIraliiHUX CUTYaIlii

3mina JIBP Ta ouikyBanoi miiHii BigHocHOro pyxy (OJIBP) mpeacrasneni Ha puc. 6.
Cynno A po3sramoBane 31iBa, Kypcouil Kyt JIBP a < 90°, JIBP nepetunae niHito Kypcy
1o KopMi. 3MiHa BITHOCHOTO PyXY Cy/IHa XapaKTEPU3Y€EThCS IBOMA IMapaMeTpamMu:
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— HampsSMKOM pPO3BOPOTY OUIKYBaHOI JiHII BIAHOCHOIO NEPEMIIIEHHS UI0JI0
nepBicHO1 JIBP — 3a TOAMHHUKOBOIO CTPLIKOIO 200 MPOTH TOAMHHUKOBOT CTPUIKH;

— 3MiHOI0 postamyBanHs OJIBP BigHOCHO BiacHOro cyaHa — BigjaisieTbcs abo
HAOJIMKAETHCS /10 BIIACHOTO Cy/HA.

3 wmetoro yHukHeHHs 3iTkHeHHs cyneH CIIIIP cynnoBonis ¢opMmye MaHeBp
PO3XO0IPKeHHS TakuM urHOM, 11100 OJIBP Binnansnace Bij BIacHOTO CyaHa.

Ha ocHoBi 3ampomnoHoBaHoi kiacudikailii HaBIrallifHUX CHUTyaIliii po3po0JeHO
QITOPUTM CUTYAIITHOTO aHai3y, aHajli3aTopu BHOOPY MaHEBpPY BJIACHOIO CyAHa Ta
PO3PaXyHKOBI CXEMU JJIs BA3HAYEHHS BiJCTaHE! 710 CyAeH-1IUIEH.

Crnovarky HasiBHa HaBIraiiiiHa cuTyarlis mjjsrae oopoOii B MOyl CUTYalIHHOTO
aHamizy, sikuit 3a 1anumMu AIC po3paxoBye BiJICTaHb JI0 BCIX CYJI€H Y BUTJISAI MATPUILL,
1 BIIKMAAE 3 MOJANbIIOT OOpOOKU Ti, BIACTaHb 1O SIKMX 30UIbIIYEThCS. SIK TOKa3ye
BUKOHAHUN TiJl Yac MPOBEACHHS JTOCIIPKCHHS aHaji3, B OUIBIIOCTI BUIMAJKIB YHUCIIO
Takux cyaeH nocsrae 50 %.

HacTtynHuMm KpokoM € aHaji3 XapakTepy 3MIHM BIIIHOCHOTO pPyXy 3a TpbOMa
dakTopamu:

— po3TallyBaHHS I1HIIMX CYAEH IIOAO [laMETpPalbHOI IUIOMIMHU BIIACHOTO —
mpaBopy4 a0do JTIBOPYY;

— BenuuuHOIO kyra MbK JIBP 1 nmiameTpanpHOIO TUIONIMHOIO CBOrO CY/HA,
xypcosoro kyra JIBP — o< 90°, 0a=90°, 0>90°;

— BIAHOCHUM KYpCOM MDXK JIIHIE€IO JlaMeTpalIbHOI IJIOMIMHHU BJIACHOTO Ta IHIIOTO
cyana, P< 90°, P=90°, P>90°, — mepeTHHac Kypc MO HOCY, IPOXOAUTH Yepe3 Hac abo
MEPETUHAE JIHII0 KypCy MO KOPMI.

Anroput™ BHOOPY BHAY MaHEBPY MOJSATA€ Y PO3PAXyHKY BIICTaHI MK CyJAHAMH 1
Yyacy HacCTaHHS CUTYallll OCTAHHBOI'O MOMEHTY 3 YpaxyBaHHSIM TeoMeTpii 30JIMKEHHS,
napaMeTpiB pyxy IUIeH 1 BIACHOTO CyJIHa, HOT0 MaHEBPEHUX XapaKTEPUCTHK 1 IUICH
JUIsL BCIX allbTepHATUB BUKOHaHHS MaHeBpy. CTpykTypa ajaropuTMy CHUTYaliIHHOTO
aHayi3y HaBeJeHa Ha puc. 7.

Binctane Mk BIaCHUM CYJHOM 1 CyJTHaMH, III0 CIIOCTEPIraloThCsl HA MOMEHT 4acy ¢
NO3HAYEHO SK: D, (?), Dy (t), Dy (t), - D,,(t), @ MDK IHIIUMH 1 BJIACHHM 4epe3

Dlo(t)aDzo(t)a"'Dto(t)»"'» DnO(t)‘

CIIIIP ananizye 3MiHU AUCTAHI[INA MK BJIACHUM CYJTHOM Ta KOKHHUM CYJTHOM-ILLTIO
yepe3 iHTepBan uacy 1+3 c. SKmo ans BIANOBIAHUX €JIEMEHTIB MaTpHIlb, IO
XapaKTepu3yloTh MOTOYHY Ta MHUHYIY HaBITallliiHy CHUTYyallil0 BUKOHYETHCS YMOBa
D(t+1)-D,(t)>0, 1o Ttake cyano posraspaerses CIIIP sk Oesmevne, npote

MOHITOPUHT AMCTAHIIIT 10 BKa3aHOTO CyJIHA MPOJIOBKYETHCS.

Anroput™ BHOOPY BHAY MaHEBPY MOJSATA€ Y PO3PAaXyHKY BIICTaHI MK CyAHAMH 1
Yyacy HacCTaHHS CUTYallli OCTAHHBOI'O MOMEHTY 3 ypaxyBaHHSIM T'e€OMeTpii 301MKEeHHS,
napaMeTpiB pyxy IUI€H 1 BIACHOTO CyJIHa, HOT0 MaHEBPEHUX XapaKTEPUCTHK 1 IUICH
JUISl BCIX aJbTEPHATHB BUKOHAHHA 1 Ti€l, Ika HACTA€ OCTAaHHBOIO.

Takox y yeTBepTOMY PO3ILUIL POTIASHYTI TUTAHHS MIATPUMKU TPUUHATTS pIlICHb
CYJIHOBOJIS MpU HAIMIPHOMY, HEOE3leyHOMY Ta aBapiiiHOMY 30JMKEHHIO CYIEH 1
BUOOpPY MaHEBPY BJIACHOIO Cy/IHA Y TAaKUX BUIAJKAX.
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Pucynoxk 7. CTpyKkTypa aIropuTMy CHUTYaIlliHOTO aHAII3y

Jlns BupimieHHS 3a3Ha4yeHoi 3aaadl OyJo po3po0JICHO PO3PaXyHKOBI CXEMH,
MPOLEAYPH ¥ aJrOPUTMHU, SIKI MICTSTh BIIEpIIE 3alpONOHOBAHI CIIOCOOM 1 METOIUKHU
(YHKIIIOHYBaHHS CHCTEMH VyIOpPaBIIHHA CYJHOM 1 KOHTPOJIIO HaJ MPOIECOM
MEepeMIIlIeHHs] Ta 30JIMKCHHS, BKJIIOYAIOYM OI[IHKY HAJAMIPHOTO 1 HeOe3meYHOoro
30JMKeHHSI, a TAKOXK BUOIp MaHEBPY I 3aMo0iraHHs aBapiiHOi cUTYyallli Ha MiJCcTaBi
nananx AIC.

Amnanizatop BU3Ha4Ya€ po3paxyHKOBY cxeMmy 30JmkeHHs, popMye ii Bizyanizaliio i
BUKOHY€E PO3PaxXyHOK BIJCTaHi 10 HEOE3MEYHOro CyJaHA 1 Yacy Bijjadl BiIMOBIAHOT
KOMAaH/IM 3 YIPaBJIIHHS BJIACHUM CYIHOM JJIsl 3a100IraHHs aBapiitHOTO 30JIMKEeHHS.

OOG6uucIeHHs 32 KOKHOIO PO3PAaXYHKOBOIO CXEMOIO IS 3aJJaHO1 CUTYaIlil 30JIMKSHHS
3aKIHUYIOTBCSl Bi3yaTi3alli€ero 4acy 1 JMCTaHIli 10 HEOE3MEe4YHOro CyJHa B MOMEHT
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HAJMIpPHOT0, HEOE3MEUYHOT0 i aBapitHOrO 30IM>KEHHS.

3anponoHOBaHUM MeToJ Kiacudikauii HaBIrallfHUX CUTyallild BIIPIZHIETHCS BIJ
ICHYIOUHMX THM, 110 epeadavyae BU3BHaYE€HHS HAJAMIPHOT 0, HEOE3MeYHOr0 Ta aBapiiHOIO
30mmKeHHs cyzeH, Ta 3a0e3neuye B CIITIP cyaHoBois BUOIp peKUMIB PO3XOJIKEHHS
3aJIE’)KHO B1Jl HaBITaI[IMHOT CUTYaIlil, sIka CKJIagacs.

VY 10CKOHANIEHO METOJI MIATPUMKH MPUUHSTTS pillleHb NMPU MAHEBPYBAaHHI CYJEH.
[Ipu pyci cynHa B ymoBaxX OOMEXKEHOrOo TMPOCTOPY JUIsi BU3HAYEHHS MICUS
BUKOPHUCTOBYIOThCS O€pEroRi 1 Mi1aBydi 3aco0M HaBIraIiiHOTo 00J1aITHAHHS Ta Bi3yalibH1
MeToau Hapirauii. TexHiuHi 3aco0u Maibke He 3aCTOCOBYIOTHCS, 1110 3HUKYE TOYHICTD
BHU3HAYEHHS TOJIOKEHHS CYy/[HA. 3alpONIOHOBAHO NPH 3/11IICHEHH1 MaHEBPYBaHHS Cy/IHA
3aCTOCOBYBAaTH 1H(OPMAIII0O CTOCOBHO 3MIiHM TOJIOKEHHSI XapaKTepHUX TOUYOK CYIHA,
SIK1 BIJTMBAIOTh HA 3/IaTHICTh CYTHOBO/IIsI 3[1CHIOBATH YIIPABJIIHHS HOTO pyXxoM (puc. 8
(a)).

OcCHOBHUMU NapaMeTpaMu CyJIHa, Ta HOTO XapaKTepHUMU TOYKAMH, K1 MAIOTh OyTH
BpaxoBaH1 NpHU 31ICHEHH] MaHEBPYBaHHS B 0OMEKEHOMY MPOCTOPI € HACTYIHI: IIEHTP
ynpasninHg (L[Y) — Touka Ha MICTKY CyAHA, A€ 3HAXOAMTHCS CYAHOBOJIIN; MOJIIOC
noBopoTy (IIIT) — Touka Ha JNiHIT AlaMeTpaJIbHOI IVIOLIMHU B MeXaX cyaHa abo 3a foro
MeXaMu, HaBKOJIO KO BiI0yBaeThcst 00epTaHHs Kopiycy; ueHTp TsukiHHs (L[T) — Touka
Ha JIIHIT llaMeTpaibHOI IJIOIMHHU B AKIM MPUKIAaIeHa PIBHOAIIOYA CUIT TSKIHHS; KpakHi
XapaKTepHi TOYKH — HOCOB1 JiiBoro 6opty H,, HocoBi mpaBoro 6opty Hy, KopMOBI J1iBOrO
o6opty K, 1 kopmoBi nipaBoro 6opty K, BU3HA4arOTh MIUPUHY MaHEBPEHOT'O 3MIIIEHHS
CyJHa MPHU HUILIMOPEHHI 1 TOBOPOTI; JOBXHHA Cy/IHA MK NMEepreHauKyaspaMu L, —
BIJICTaHb MK KpalilHIMM HOCOBUMH 1 KOPMOBUMU TOUKAMU BaTEPIIiHiI.

Bkazani mapameTpu Ta XapaKTepHI TOYKM CyJHAa BHU3HA4aIOTh 1H(pOpMaIliiiHe
3a0e3neuennst CIIIIP cynHoBozis mpu ympaBiiHHI MaHEBPYBAHHSM 1 BIUIMBAIOTh Ha
Horo Ge3nexy.

1_ 2 __ 3 _

. BuOip pexumy BuaHaueHHA PospaxyHok cuam i
Hﬂ — MaHEBDYBaHHA napameTpie MOMEHTY B8ig BiTpY
BITRY
|
YT nn X ¥
.......................... S LSRN U SRR IO U 4 5 6—
: Po3paxyHoK cvau Big Po3paxyHok abcuncw Po3paxyHok abeumck
: pyna NN 8ig sHYTPiWHIX NN 8in 30BHIWHIX CUA
: oun
: LL)
H | |
Yy Hn s N t .
PospaxyHok = .
L napametpis nonocu REY Ve
Vie
a) 6)

Pucynok 8. XapakTepHi TOUKM Cy/JHa (a) Ta yNpaBiiHHA MaHEBPYBaHHsM (0)

Ha mixcraBi nmpoBefeHUX IOCHIIHKEHb OyJIO YJOCKOHAJIEHO MOIYJb PO3PaXyHKY
abcrucu 11 cynna ana CIIIP cynHoBonis, sikiii BpaxoBye BIUIMB YCIX JIIOYMX Ha
CYJIHO BHYTPIIIHIX 1 30BHINIHIX CHJI. BiH CKJIaa€ThCs 3 HACTYITHUX OJIOKIB:
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— BHUOOpPY peXUMYy MaHEBPYBaHHS;

— OUIHKH HANPSAMKY 1 IIBUJIKOCTI BITPY;

— BpaxyBaHHsS CUJIM 1 MOMEHTY BiJl BITPY NpU MaHEBPYBaHHI;

— BpaxyBaHHS CUJIM BiJ] KepMa;

— po3paxyHky aocuucu [1I1 Bix BHYTpilIHIX CHUJI,

— PO3paxyHKY CHJIH, TIJIeda 1 MOMEHTY BiJl OYKCHPIB,

— PpO3paxyHKY HIMPUHHU CMYTH PyXy, MAaHEBPEHOTO 3MIIIEHHS 1 HMOBIPHOI IIUPUHU
CMYTH;

— Bizyanizauii adcuucu [T Ta 60k0BOTo 3MilIEHHS.

Takox y yeTBepTOMY pO3JUII PO3TJSHYTI MHUTaHHS MiABUIICHHS HAIIHHOCTI
YIpaBIiHHS JUHAMIYHUM TIO3MIIIOHYBaHHSIM cyAHa. BusHadeHo, mo cucrema
nuHamiyHoro nosuuionyBanHs (CHII) cynna npencrasisie cob0r0 CKIagHy epraTUaHy
cuctemy «omnepatop Il — TexHiuH1 3acoOM YNpaBIiHHSA CYIHOM — HAPYIIOI0YU
OPUCTPOI», sIKa (PYHKI[IOHYE B PEXUMI peajlbHOro 4acy 1 MmoTpedye MNOCTIMHOIO
KoHTpouto 3 Ooky omeparopa Il. KnacudikoBani xapakrepui tunu BigmoB CJIII ta
OCHOBH1 YHHHUKH X BUHUKHEHHS.

Busnaueno, 1o sikicth Ta HaaidHICTh QyHKIionyBaHHs C/III cyzaeH B icTOTHIM Mipi
3aJIeKUTH BiJl SIKOCTI MPOIIeCiB IHPOPMaLITHOT B3a€MO/I1i TAKUX CUCTEM 3 ONEPaTOPOM
Ta Horo kBamidikauii 1 nmpodeciiinux HaBuuok kepyBaHHs C/II. Takum yuHOM,
dbynkionansHOI0 ocobnuBicTio CIITIP cyanoBoais nns Bukonanus JI1 omepartii € Te,
10 BOHA He (OpMye YIpaBIIHCHKI PIIEHHS, a MOCTITHO KOHTPOJIOE HOoro podoty 3
METOI0 HEAOMYIICHHS BXKUTTS HUM HempaBWiIbHUX A1 3 ynpasminas C/IL

[Tinpumennst sxocti mporeciB B3aemosii OCJII ta CUAII Moxe OyTH JAOCITHYTO
nusixom 3anpoBamkeHHs CIITIP, skxa 3abe3neuye ¢dhopmyBaHHs, BIAMOBIIHO [0
MOTOYHOT HABITAIIITHOT cUTYyallii, TmonepeKyBalbHUX (TPOAKTUBHUX) 1HPOPMALIITHUX
MOBIAOMJICHb, CIIPSMOBAaHUX Ha 3aMoOIraHHS BXKUTTSA ONEPATOPOM MOMUIKOBHUX abo
HeOe3neunux nii 3 kepyBanas C/I1.

Y m’aromy po3aiji JTOCHIKEHHS PO3TJSHYTO MUTAHHS JIOJCHKOTO (akropa y
npolecax NPUUHATTSA PIlIEHb y Taly3l CYyJHOBOAIHHS Ta HUIAXU 3HWKEHHS HOro
BIUTMBY. Bu3HaueHo, 10 Y3TO/)KEHHsS MapaMeTpiB B3a€MOJIl JIIOJUHU 1 TEXHIYHHX
3ac001B, a TAKOXX €(hEKTUBHUHN PO3MOALT PYHKIINA MK HUMHU € OJTHUM 3 HABaXJIMBIIINX
3aB/laHb O€3MEYHOT0 YNpaBliHHA CYJIHOBHMMH CHCTEMAaMH, 10, B CBOIO YEpry, MOXE
OyTH JIOCSATHYTO LUISIXOM 3allpOBA/KEHHS HOBITHIX 1H(QOpMALIMHUX TEXHOJOTIH Ta
CHUCTEM KepyBaHHs, Iepil 3a Bce iH(opmaliiHux Hapiramiiinux cucrem ta CIIITP
CYJTHOBO/T1S1.

JloBeneHo, 1o mpodiieMa HEraTUBHOTO BIUIMBY JIOJCHKOrO (hakTopa Ha MPOLECH
VIPaBIiHHSI PYXOM CYyAE€H MNOTpeOye KOMILIEKCHOIO BHPIIIEHHS: 3 OJHOTO OOKY,
HEOOXITHO MAaKCHMallbHO HaMaraTUCh 3HU3UTU MEPHIONPUYMHU BUHUKHEHHS
JOJCHKOTO (pakTopa sSK TaKOro, a 3 1HIIOro — BIANOBIAHO, MOKpAIlyBaTH iHTEpdeicH
cynnoBux HIC, CIIIIP, aBToMaTU30BaHUX CHUCTEM YTNPABIIHHA, 3 METOIO MOJIMIIEHHS
AKOCTI MPOLIECIB B3a€EMO/III JIOJUHU 3 BUIIEBKa3aHUMM CHUCTeMaMH Tollo. BusnaueHo
ocobnMBOCTI MOOynoBu 1HGopManiHux iHTepdeiiciB cyanoBux HIC, Ta meronu
11IeHTH(IKALIIT JII0ACHKOr0 (hakTopa B TaKuxX cuctemax (puc. 9).
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Pucynok 9. Po3zramyBanns intepdeiiciB HaBiraiiitnoro tpenaxepa NTPRO 5000 (a)
Ta BU3HAYCHHSI BIUIUBY JIIOJICBKOTO (hakTopa (0)

3anponoHOBaHO MeTOoH 1AeHTHdIKAIlli BIUIMBY JIOJACHKOro (hakTopa Ha MpOIECH
KEpyBaHHS CYAHOM IILJISIXOM aHadi3y MOCHIJOBHOCTEH A1l CYyAHOBOAIS, a TaKOX
KOMIUIEKCHOTO aHajizy mpoiiecy iHdopmaliiiiHoi B3aemomaii cyaHoBoiiss Tta HIC B
imomMy. OOTpyHTOBaHO JOIUIBHICTh 3aCTOCYBAaHHS KUIbKICHOT OIIIHKH BIUIMBY
mosicbkoro (aktopa B cuctemi «CyaHoBoai-HIC)» Ha OCHOB1 €HTPOIIHHOTO MIAXOY.

BusznayeHo, 1mo mnpu IUIaHYBaHHI HUISIXY pyXy CyIHA, CYAHOBOJIIA migOupae
MOCJIIOBHICTh €TaliB BUKOHAHHS HaBirauiiHux 3aBaanb. CHopMOBaHA TAKUM YHMHOM
MOCIIIOBHICTh {B) . B}, € iHAUBIAYyaJdbHa TPAEKTOPIS [, siIKa HaAalll MOXe OyTu
3actrocoBaHa y HIC a6o CIIIP ang ineHtudikamii KOHKPETHOTO CYIHOBOJIA Ta
MoOy1I0BU MOT0 MOJIEJTi B3a€MO/III.

IHdbopmauinHa dokyc ysaru
6a3a CMMNP cyaHoBoais
dopma l l
nogaHHsa CnpuiiHAaTTA
iHcbopmalLlii c2 n
A
c1 C «Cunres» | T «oparHs» n2 3HaHHﬂ.
- AaHi cepBepa |. gakop yacy CynHoBOAis
-Hasiraulha | hoanisnasanHs
cuTyauis cvryauli A
- Kepyroun
MonepeaHs MoTouHa Cmm’am - Bisyanizauis
monenb > monenb O6pobka
cyaHoBogis cyanoBois A «AlHarln's» B «B3zaemopis»
aHani3 ain BU3HAYEHHS!
CcynHoBOAis nonsipHocTi
B pearnbHOMy | nosegiHku B1 OTpuUMaHHst
A2 Yaci cvaHoBoais HoBOT
iHcbopmaLii
OHoOBRNEHHSA A1 B2
mogeni < Peakuia
cyaHoBoaiS T T

IHdbopmauinHa
6aza CMNP

Bwubip

NMoCniAOBHOCTI i

Pucynoxk 10. [Ipouec B3aemonii cyanosoisa 3 CIIIIP ta popmyBanHs ioro
1HpopmaIliitHol Moaenl
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VY mpoueci npoxomkeHHs cyaHa 3a Mapupyrtom, CIIIIP ananizye KiabKicH1
PE3yNIbTATH MPOSIBIB JIOJCHKOT0 (PaKTOpa MUISIXOM aHai3y HACTYIHUX XapaKTePUCTHUK:
HIBUAKICTh MPUUHATTA PIlI€Hb, PIBEHb YCHIIIHOCTI BUKOHAHHS OKPEMHX 3aB/IaHb, a
TaKOX MPUHAIEKHICTh JO TMEBHOrO KJacy Mojelied TMOBEIIHKU. Y mpoleci
iHpopMaliitHOT B3aeMoAli popMyeThCS MOEITH TOBEIHKU CYHOBO/ISI, BA3HAUAIOTHCS
HaNOUIBII «CUITbHD», CTIMKI 3B'SI3KM MK I1sIMU 1 peakiisiMu. TpaexkTopis a1l CyAHOBOIIS
30epiraerbest B CIITIP 3 MeToro mosiniiueHHs NpoIeciB Mo1albIIol B3a€MOIII.

[loka3zaHo, 110 CTBOPEHHS a/IEKBAaTHUX PEATbHUM IpOllecaM MOJEJeil CyJHOBOIIIB
J103BOJISIE BU3HAYATH IHIUBIYyaJIbHY CTPATETIIO iX MOBEIHKH, 1110, B CBOIO Yepry, HaJae
MOXJIMBICTD 1IEHTU(IKYBATH MOXIIMBUI HEraTUBHUN BIUIMB JIIOJCHKOTO (hakTopa Ha
MPOLIECH YIIPABIIIHHS CYJHOM Ta YIEpeIKyBaTh HOro HaCHIiIKH.

Jlist HasiBHOI MHOXUMHU X; anbTepHaTuB B3aemoii cyaHoBois 3 [HC (tpaexropii
nii), i — IHAUBIAYaTbHUM 1HIEKC CYTHOBO/IIS, III0 BXOAUTH 10 CKJIAy BAXTOBOT CIYXKOU
I= {1,2,..., n }, CIIITP Bu3Hauae 6iHapHi BigHOCHHHU O, , 1110 IHTEPIIPETYIOTHCS, SIK CHIIbHI
1 cabKi CTOPOHU i-TO CYIHOBOAIS, 3TIHO 3 SIKUMHU BIIOYBA€ThCS MOPIBHSIHHS Pi3HI
asnbTepHatuBM 3 X;. [{ns / axTopiB BIUIMBY BEKTOpX; € X, CKJIalaeThCcs 3 Habopy

1
1 . co . o [, (R}
)Cl- = ()C ,...,Xl) lH(l)OpMaI_III/IHI/IX IIOTOKIB, KWW OTPUMYE I-U CYTHOBO1H.

Ha01p BekTopiB X = (xl.) € X, ne X =]]X,— no6yrok MHOXHH X; € pO3NOJUIOM B
iel

rpyni /. HasiBHa MHOXXHHa JOMYCTUMHUX YCIX PO3MOJLUIIB MPEACTaBIeHA MHOKHUHOIO

Bc X. B:{xeX

/
DX, SQ} € MHOXHWHOIO BCIX MEPEPO3INOAUIIB, CYMapHUN 3amac

i=1
SKUX CTAHOBUTH MEHIIIE JesKOro (hikcoBaHOTO HabOpy (akTopis /.

[lpu BusBieHHi AucOanmancy x € B, i-ii cynHoBonii BimuyBae meBHuM I, skuit
MOKHA BHUPA3UTH MIMCHUM YHCIOM tl.(x). Koxen i-il cynHOBOAIN Mae mepeBary Ha

MHOXXHMH1 JONycTUMHX cTaHiB B, ske no3sojisie CIIIIP mopiBHIOBaTH pi3HiI CTaHH X/,
X € B 3 TOUKHM 30py HOro iHAMBIIYyaJIBHUX OCOOJIMBOCTEH CIPUHHATTS iHpopMarlrii, a
t.(x) — OinmonspHa (QYyHKIIS KOPUCHOCTI, sika mpexacrtaBnge (. Takum uyuHOM, I

1
nepeBaru ®, BU3HaYeHii Ha X; iCHye MeBHA (YHKIIiSI KOPUCHOCTI U, (xl.).

Ha ocHoBi anamizy ™openi okpemoro cynHoBomiss i€/, CIIIIP Bumiptoe
nudepeHIiaiio Mo KOPUCHOCTI JEAKOTO PO3MOALTY X =(xl.)eB 3a JOIIOMOTOIO
IHAUBINYaTbHOI MIpH, TaKO1, I110:

t,(x)= T max{u,(x; )-u,(x, 0] 3)

jel

3apnannsm CIIIIP e Bu3HaueHHs IS KOKHOTO cynmHoBonis i€/ meHoro IIT
7,0 <y, <1. Habip noporis II1, {y,} =y, iHTEPIPETYETHCSA K MHOXKKMHA TIPIOPUTETIB,
1o npuszHavatoTecs CIITIP.

Takum ymnom, nocnigoBHicTs Al CIIIIP, nop’s3anux 3 mpouecom (HopMyBaHHS
MO/IeJII CYJTHOBO/IiSl 3AMHUKA€THCS B LIUKJI, IKUI MOBTOPIOETHCS, 1 3 KOXKHOIO 1TEPAIIEI0
SIKOTO B110YBa€ThCSI OHOBJICHHSI MOJIEN CYJHOBO/IS, Ta, IK HACIIOK, 3MiHa ¥oro II1.

3aganusam CIIIIP e 3naxomxenus Il sk mepiomy IHTENEKTyalbHOI MOBEIIHKH
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CYIIHOBOJIisI 1 BUSIBJICHHS HeOe3meyHux i abo O0e3AisUTbHOCTI, 10 MPU3BOIATH 0
HETaTUBHUX HACIIAKIB. 3 METOK KOHBEpTaIlli JaHUX CepBepa HaBIraliifHOTO
TpeHaXkepa, /i€ HAKOMUYYIOTbCS Y PEJSLiiiHy CHUCTEMY YIpaBIiHHS 0azaMu JaHUX
MySQL ta dopmar Microsoft Excel po3pobneHo mnporpamHe 3a0e3NedeHHs, sKe
J03BOJISIE TAKOK TIPOBOJAUTH aHaJi3 Ha MPEeJAMET BUSBIICHHS 31TKHEHb CyJHa B Ipoleci
TpeHaKePHO1 MiATOTOBKH.

Takox y m’siToMy po3aiii JUcepTailii po3riisiHyTI MUTAHHS MOJIEIIOBAHHS MPOSIBIB
JOJICHKOT0 (pakTopa KOMaHAM HaBIraliifHOrO MICTKa y MpoLeci MPUHHATTS pIlIeHb 3
KEpYBaHHS CYJHOM.

[IpencraBneni mojeni B3aeMOJIl WICHIB BaxTOBOI CIYXKOU Ta 3ampOrOHOBAHO
KOMIUJIEKC ~ MpOrpaMHO-amapaTHUX  3aco0iB  KOHTPOJIO  MEpeMillleHb  Ta
ncuxo(]i310JI0T1YHOr0 CTaHy WICHIB KOMaHIM Ha HaBiraiiHoMy MicTKy. BusHaueHo
BIUIUB PIBHSA MIATOTOBKM OKPEMHMX 4IEHIB KOMaHAM Ha BHOIp KOMYHIKaIMHHX
CTpaTerii B mpolecax MNPUHHATTS HUMH YNPaBIIHCHKUX pimieHb. JloBeaeHo, 10
HEY3rOJKEHICTh TMpoIleciB 1HGOpMAIIiHOT B3a€EMOJIT € J0AaTKOBUM HETaTUBHUM
YUHHUKOM, SKIM ciix OpaTH A0 yBard IpH OILHII BIUTMBY JIIOACHKOTO (pakTopa Ha
MPOLIECH YIIPABIIHHS CYTHOM.

. [aTepdetic O0'exT
Hagiratop | — epraruunoi KepyBaHHS
Cran CHCTEMH
HaBiraTopa
IMapameTpu Cucrema
aBTOMAaTHU30BaHOI'O
pyXy cyaHa yIpaBIiHHS W
‘ .
[lepexin Ha
3 aBTOMaTHU30BaHC
Cucrema aBJlaHH YIpaBIiHHS
MOHITOPHHTY YHPpaBIIHHA
HaBirariiHol
curyauii
Kamitan
Cucrema CynHa
CUTHAaTI3aIl1
Ta MiIKa30K

Pucynok 11. 3aranpHa cxema epraTU4HOI CUCTEMH KEpYBaHHS CyTHOM

Busnaueno, 110 e(heKTUBHUM 3aCO00M MO 0JIaHHS HETaTUBHOTO BIUIMBY JIFOJCHKOTO
(dakTopa Ha TpoLleCH YNpPaBIIHHA PYXOM CyJHA € 3aCTOCYBAaHHS aBTOMAaTHU30BAHUX
CUCTEM KepyBaHHs Ta Mepexi] Ha BUKOPUCTAHHS TaKUX CUCTEM Y BUMAJKaX HasBHOCTI
MOMWIKOBUX i CyAHOBOJIS (-1B), X BIICYTHOCTI, a00 y KPUTHYHUX CHUTYallisX Ta
HasIBHOCT1 0OMEKEHb Yacy Ha MPUUHATTS PIIICHb.

3 ypaxyBaHHSIM JOCJIJDKEHUX OCOOJIMBOCTEH MPOIECIB B3a€EMOIi CYTHOBOIIS 3
TEXHIYHUMH 3aco0aMu, po3po0JIEHO CXEMY epraTHYHOi CUCTEMH KEepyBaHHS CYIHOM,
puc. 11, sika 103BOJISIE 3HU3UTU HETaTUBHUMN BILTUB JIOJCHKOTO (pakTopa.

BinMiHHOIO pHCOIO 3alpPONOHOBAHOIO MIAXOAY Y TOPIBHAHHI 3 ICHYIOUUMH, €
peamizanis QyHKIINA Mepexoqy Ha aBTOMATHU30BAaHE KEPYBaHHS CYAHOM Y BHMaJKax
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BUSBIICHHS TIOMMJIKOBUX il CYJHOBOJIS, IiX BIJCYTHOCTi, Ta/ab0 y KPUTHYHHX
CUTYaITIsX.

Y moctomMy po3aiii po3risHYTO NMUTAHHS aBTOMAaTH3allii MPOIECIB MPUUHATTS
pillieHb 3 YINpaBIIHHA PYyXOM CcyJaHA. BH3HaueHO BiIMIHHI pUCH Ta OCOOJMBOCTI
MPOLIECIB KEpYBaHHS EKIMaXKHUMHU Ta aBTOHOMHUMH CYJHAaMHU, a TaKOX CTPYKTypH
BIJIMOBIJTHUX aBTOMAaTU30BAaHUX CUCTEM YIPaBJIiHHS.

JloBeneHo, 10 3 OIJsAAy Ha IHTEHCUBHUI PO3BUTOK Trajy3l aBTOHOMHHX Ta
0e3eKiMaKHUX MOPCHKUX CYJAEH, a TaKOX CyJleH, obnanHanux cucremamu 11, icHye
notpebda y po3poOili METO/IIB MiABUIIIEHHS TOYHOCTI 1 HAAIWHOCTI TPOIIECIB YIIPABIIHHS
TaKUMH CyJAHaMH, a TaKOXX CTBOPEHHS 13 3aCTOCYBaHHAM BKa3aHMX METO/IB
BIJIMOBITHOTO MAaTEMAaTUYHOTO 3a0€3MEeUeHHs Ta MPOrPaMHUX 3ac001B, 10 J03BOJIUTH
MOKPAIIUTH SKICTh 1 HAJIHHICTh MPOIECIB YIPABIiHHSA B yMOBaX BIAMOB HaBIrauiiHUX
MPUIAJIB, BUMIPHHKIB 1 PYLIIHHO-KEPYIOUUX MPUCTPOIB.

3 METOI0 BUPILIEHHS BKa3aHOi 3a/1a4i, CTBOPEHO y3arajibHEeHYy MaTeMaTU4HY MOJIETb
PYXy Cy/IHA y BUTJISIAI CUCTEMU HENHIMHUX AU EpeHIIaIbHUX PIBHSAHD, 3 YpaXyBaHHAM
Il BITpY, Teduil 1 XBWJIb Ta MaT€MaTU4YHY MOJIENb KEPYIOUHMX MPUCTPOIB, Y BUTIIAII
CUCTEMHU JIHINHUX JudepeHiaTbHUX PIBHSIHB 3 MOJEIUIIO MOTPIITHOCTEN 1 BIIMOB, SIKa
MpeJICTaBlICHa Y BUTJTISIII:

ﬁt =FX,U)+W, 4)
X, =X+AX  +6X, +VX, , (5)
U=(U,0)+AU,, U _(8)+AU). (6)

ne: X =(V,,V,,Vo,0,0.,0,0,y,X,Y,,Z ) —BEKTOp CTaHy CyIHa,

g8’

V =V ,V.) — BEKTOp JIHIHHOI NIBUJKOCTI Cy/IHa y 3B's3aHi CMCTEM1 KOOPJIUHAT,
0=(0,,0,0,) — BEKTOp KyTOBOI NIBUIKOCTI CyAHa Yy 3B'A3aHIi CHCTEMI

KOOpJIMHAT,
¢ .0,y —KyTH KpeHy, TudepeHTa 1 pucKaHHs, 10 BA3HAYaI0Th KYTOBE MMOJI0KEHHS

MOB'A3aHO1 CUCTEMH KOOPJIMHAT 1110710 6a30BOi,
X . Yg ,Zg — TIOJIOKEHHSI IIEHTPY Mac CyJIHa y 0a30Biil cuCTeM1 KOOPJMHAT,

U — BEKTOp YIpaBiliHb,
F(X,U) — BeKTOp-QyHKIisl IPaBUX YaCTUH CUCTEMHU JIU(epeHIIaTbHUX PIBHIHb,

W — BEKTOp 30BHINIHIX A1¥ BiJ BITPY, T€Uli, XBUJIb,

X =V ,v . 6V o o o 0 X

xm? " ym? " zm, " xm? " ym?> zm’qorn’ m> 1T m>~< " gm,~ gm? gm) - BeKTOp BHMlplB 1 HAOro

KOMIIOHCHTHU,

AXm = (Al/xm’Al/ym’AI/zm,Aa)xm’Aa)ym’Aw A(p AO AWm’AXgm,AngDAng) -

zm 2 m?2 m?

BCKTOP CUCTCMATUYHUX ITOMUIIOK BI/IMipiB 1 HOTO KOMIIOHCHTH,

X, =(8V,,,8V,,.6V, so,,60,,,60,,50,,80,,6v,,6X,, 8Y, 672, ) — BeKtOp

xm ym? xm ym m?3 gm?

GbayKTyanifHUX MOMHUJIOK BUMIPIB 1 HOTO KOMIIOHEHTH,
VX, =vr, Vvrv VvV Ve, Vo, K Vo,V 6 V0 Vy

m > ym? xm 2 ym? zm 2 m?2 m?2 V)(gm, V ng 2 Vng ) -
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BEKTOP BIIXHWJICHb MOKa3HUKIB BUMIPHUKIB IIPU MaHEBPYBAHHSX 1 BIIMOBAX,
U, (0) — BEKTOp CHJI, IO YNPABIIAIOTh B KaHAJI JIIHIHHOTO PYXY,

A U , —BEKTOp 3MIHHU CHJI, 1[0 YIIPABJIAIOTh, IIPH BIIMOBaX BUKOHABYMX IIPUCTPOIB

B KaHaJIaxX JIHIMHOTO pyXy,
U , (8) — BEKTOp MOMEHTIB, 110 KEPYIOTh, B KaHaJIl KyTOBOI'O PyXY,

AU ,— BEKTOp 3MIHM MOMEHTIB, IO KEPyIOThb, NP BIIMOBaX BUKOHABYHMX

MIPUCTPOIB B KaHAJaxX KyTOBOIO PyXY,
0 — BekTOp ympaBIiHHS ABUTYHAMH,
8 — BEKTOp YIpaBIiHHS PYISIMHU.

I
-
1 | 13 |
| P |
[ I |31 I 5 ¢ 8
U K 3] AsTomaTtHEa 1
J. T aHiﬂ YTpaBit ot CHIIOEOL Tow |
| mindie pyxom | ) yeramoer | ¢ I
| ! | Tporpamm pyxy
I * o I
b v, [32 I 5 5 ¥.e :
a -
~JI I Kanan yripan [ql Aeromivor | ¢ o I
I KYTOB PYHOM | N |
| I )
I
CYI[HO | L ______ I
| L 7 I
I
| | == === 1 X, |
I . - - >
I2RAN S T Vim Vo :
T ™ Buwuiprosaui " > = |
e ys=zgl mapameTpis |X5m=ysrrl- sm = Xm 9 I
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r]
I I : 5 I
|C°x=f0:,-=f0;| 42 . !m,,,,:m}.m D 2 = |
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: =
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Pucynok 12. CtpykTypa aBTOMaTU30BaHOI CUCTEMHU YIPABIIHHS PyXOM Cy/IHA

HeoOxigHo copmyBaTu Taki ynpabiiHHS @ 18 , siKi 3a0e3nedyBaiu O ynpaBIIiHHS
CyaIHOM (4) B yMOBax HasBHOCTI NEPELIKOJ 1 BIAMOB BUMIpPHUKIB (5) 1 pymuriiiHo-
KEepYIOUUX MPUCTPOiB (6).

Po3poOnena maTemaTuyHa MOJIENb PyXy CyAHa 3a0e3neuye:

- MIJABUILEHHS HAAIMHOCTI CHCTEM YIPaBJIIHHS CYJIHOM 3a PaxXyHOK BHUSBIICHHS
BIJIMOB BUMIPHHUKIB B KaHajlaxX JIHIHHOTO 1 KyTOBOTO PYyXy O0'€KTa yHpaBJIiHHS 3a
pe3ysbTaTaMH aHalli3y JUHAMIKH HOTo pyXy;

- MIABUIICHHS HAIIKWHOCTI 32 PaXyHOK MapUpyBaHHS BIAMOB BUMIPHHKIB IILISIXOM
3aMiHM ix 1HQopMamii Ti€to, 1O 3aMimae (OTPUMAHOI BiJ IHIIOTO JaT4YWKa,
MPAaIIOI0Y0ro y mapi 3 TUM, 110 BI/IMOBHB B OJIHOMY KaHajl BUMIpY, HANPUKIIAJ, TIpU
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BIIMOBI BUMIpPHHUKA JIHIHHOT IIBUAKOCTI Horo iH@opmalis Moxxke OyTd 3amilleHa
iHpopMaIlier0 BUMIpHUKA TIOJIOKEHHS 1 HaBIaKW, a MpU BIIMOBI BUMIPHUKA KyTOBIH
IIBUJIKOCT1 Moro 1H(opMaIllis Moxe OyTy 3aMilieHa iHpopMaIlliero BUMIpHUKA KyTOBOTO
MIOJIOXKEHHSI 1 HAaBIAKH);

- MIJBUILIEHHS HAJIHHOCTI 32 paXyHOK BHUSBJIEHHS BIIMOB KEPYIOUHUX MPUCTPOIB 3a
pe3ysbTaTaMH aHalli3y JUHAMIKH pyXy 00'€KTa YNpaBIiHHS;

- MJBUILEHHS TOYHOCTI MpU MaHEBpPYBaHHI CyAHA 3a paxyHOK BHUSBIICHHS
HEMPUNYCTUMHUX BIIXWJIEHb BUMIPHHUKIB 1 3aMilleHHs iX 1HGopMalii 0 MOMEHTY
3aKIHYEHHS MaHeBpYy (HAmpHKIaa, MPU PO3roHi, ralbMyBaHHI, pO3BOPOTI Cy/lHA Ma€
Miclle 1HeplidHa JeBialis ripokommnaca. Ha wyac MaHeBpyBaHHS MOKa3HUKU
ripoKoMIiacy MOXXYyTb OyTH 3aMiHEH1 MMOKa3HMKAMH BUMIPHHKA KyTOBOI IIBUAKOCTI B
KaHaJll pPUCKAHHS).

Takox y MmocToMy po3auli JOCHIIKEHI TWTaHHS aBTOMAaTHU3allli MPOIECiB
PO3XO/KEHHS Cy/HA 3 0araThbMa MaHEBPYIOUMMU IIUIAMH Ta aBTOMATHU3Aallll KepyBaHHS
pyxoM cynHa y mrtopMm. llpencraBieHi wmaTemMaTH4HI MOJENI Ta CTPYKTypa
aBTOMaTU30BaHOI CUCTEMH KEPYBaHHS OPIEHTOBAaH1 HAa 3aCTOCYBaHHS B rayly31 po3pooKu
0e3eKIMaKHUX aBTOHOMHHUX CYJIEH, YacTKa SIKUX y CBITOBOMY CY/JHOIUIABCTBI Mae
CTIIKY TEHJICHIIIIO 0 3pOCTaHHS.

OpgHumu 3 HaWOUIBII BaXKJIMBUX MUTaHb B Tajy3l aBTOMaTH3allil yNpaBIIHHS
CyJHaMHU € IUTAHHs 3MEHIIECHHS BUTpAT NaiuBa (MABUIIECHHS eHeproe(eKTUBHOCTI) a
TaKOX TOYHOCTI Ta HaIIMHOCTI KEPYyBaHHS PYXOM 32 HasIBHOCTI 30BHIILIHIX 30ypIOIOYNX
BIUTUBIB (IITOpPM, BITEp, Tewii Ta 1iHIII 30ypeHHs). 3 METOI iX po3B’sI3aHHs
3aIIpOIIOHOBAHO 32 PaXyHOK HAsIBHOCTI Ha CHEILlajli30BaHUX CyJHaX (CyaHa, o0jaaHaH1
cuctemoro Il Ta cynHa 3 miapyaOlYUMU TPUCTPOSIMU) HAAJIUIIKOBOCTI PYIITHHO-
KEepYI4Ooro KOMIUIEKCY (KUJIbKICTh HE3aJIEKHUX KepyBaHb OUTbIIA 32 KUIbKICTh CTYTIEHIB
cBOOO/M, 110 MIJJISATalOTh KEPYBaHHIO), SIKAa 3aKJIa/ieHa KOHCTPYKTHUBHO 3 MIPKyBaHb
HAJIIHOCTI, BUKOPUCTOBYBATH 3a3HAUYEHY HAJJIUIIKOBICTh TAKOX [JIS IMiJBUIIECHHS
e(eKTUBHOCTI MPOIIECIB KEPYyBaHHS.

Hanpuknaa, 3acTocyBaHHs JOJATKOBUX MPUCTPOIB Yy PYILIIHHO-KEPYIOUOMY-
KOMIUJIEKC1 MOKe OyTHM BHUKOPHUCTAHO [IJIi 3MEHIIEHHS EHEpPreTHYHHUX BHUTpAT Ha
NEepeMIllleHHs] Cy/AHa, UUIAXOM 3JIHCHEHHS pyxy ©6e3 npeidy, 3 MEHIIUM
TIPOIMHAMIYHUM OINOPOM, 30UIBIIEHHS PE3YJIbTYIOUMX KEPYIOUHUX CHUJIM 1 MOMEHTY
3aBASIKM ONTHMAJIbHOMY MEPEPO3NOJLTY KEepyBaHb OKPEMHX KEpPYHOUHMX IPHUCTPOIB
BCEpeAMHI caMoi CTpYKTypu. Bkazani 3agadyi BUHUKAIOTh, HANpUKIAA, MiA Yac
TpuBasoro npouecy JI1, Koy AOLUUTBHO: MIHIMI3yBaTH €HEPrOCIIOKUBAHHS CTPYKTYPH
Ha MIITPUMYBAaHHS MO3MINlT; MaKCUMaJIbHO 30UIBIIUTH OOKOBY KEPYHOUYy CHIIY IS
BIIXOJly BiJ TUIaTGOPMHU, IPU HASIBHOCTI CHJIBHOTO MPUKUMHOIO BITPY; MaKCUMAaJIbHO
30UTBIINTH  TO3JOBXKHIO KEpYyHuy CUJly IS HAWMIBUAIIOIO  MO3/I0BXKHBOTO
NEepPEeMIIICHHS.

JUis  BUpIlIEHHS BKa3aHMX 3a/Jad 3alpoOlOHOBAHO 3aCTOCYBaHHS CXEMU
HaJJIMIIKOBOI'O KEPYBAHHS, sIKa HaBEJEHa Ha puc. 13.
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Pucynok 13. Cxema HauIMIIKOBOTO KepyBaHHs cygHoM OSV3

HapnmuimkoBa cTpykTypa KepyBaHHsS BKIIIOYA€ MEPIIYy TBUHTO-PYJIBOBY KOJIOHKY
ACDI, xoopauHatu skoi (-a, -b, 0), apyry T'BHHTO-pYJbOBY KOJOHKY ACD?2,
KoopauHaTu fKoi (-a, -b, 0), Ta HOocoBUl miApymtorouni npuctpii BT, koopaunatu
axoro (c, 0, 0). 'BunTo-pynboBa kosoHka ACD1 cTBOpIoe BEKTOp CHIIM YIIOPY T'BUHTA
P, =(B cosqy, B singy,0), Ta Mae OOMEeKeHHS Ha KepyBaHHS

max max
— Pypy <[P < PiES,— 7 <|ay| < 7. I'Bunto-pysnboBa xononka ACD2 cTBOprOE BEKTOp
cuiu yrnopy reuHta P, =(P cosa,, B sina,,0) Ta Mae oOMEKeHHS Ha KepyBaHHS
— Picp <|Py|< Pi¢p,— 7 <|ay|< 7. Hocosuit migpymorounii npuctpiit BT ctBOproe

_ Pmax S P S Pmax
ooxoBy cuity Py =(0,3,0) Ta Mae 0OMexeHHS Ha KepyBaHHS 57 < |Ps[ < Pgr :
MaTteMaTuyHy MO/IeJIb HaBeICHO1 Ha pUC. 13 CTPYKTypH 3anMILIEeMO y BUTIISIL:

P.=FRcosa, + P, cosa,
P, =Fsing; + Bysina, + B (7)

M. =PBbcosa; — Bbcosa, — Basina, — Pasina, + Bc

ne B, —cymapHa no3/0BXKHs Kepyroua cuiia CTpyKTYpH, F, —cymapHa 60koBa kepyroua

cwia CTpyKTypH, M, — cyMapHUii KepylOunii MOMEHT CTPYKTYPH Yy KaHajli PUCKaHHSI.
Cuctema (7) BKIIOYAE I’'ATh MapaMeTpiB kepyBauus 1,04, 0,0, 5. Jlns kepyBaHHs
MO3J0BXHIM, OOKOBUM Ta KYTOBUM DPYXOM CYyJHA Yy KaHaJll PUCKaHHA MOTpiOHO 3
He3aNexHi kepyBaHust [, B, M, T06TO HAIMIIIKOBICTh CTPYKTYPH CTAHOBHUTH 5—3=2.
BkazaHi J1Ba HaJJIUIIKOBI KEpyBaHHS MOXYTh OyTHM BHUKOpPHUCTaH1 ISl ONTHUMI3allii
MPOLIECIB KEPYBAHHS 1 HAJNAIITYBaHHS CTPYKTYpH. Y 3arajJbHOMY BUIJISIAI LIUIbOBA
(GyHKLIA KEpyBaHHS HAJJTUIIKOBOIO CTPYKTYpOIo (7) Moxe OyTH 3amucaHa y BUTJISIL:
O(B,a,, Py, a,, B) —extr (3aJI€XKHO BiJ 3a/1a4l, ITyKaHUM MOXE OyTH AK MIHIMYM, TakK 1
MaKCUMYM LUJIbOBOI (hyHKIIIT).
KepyBaHHs 311iCHIOETCS 3 YpaXyBaHHAM OOMEXKEHb:
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P (n)=PB(n)cosa,(n)+ P (n)cosa,(n)
P (n) = B(n)sina, (n) + P (n)sina,(n) + P(n)
M (n)=PE(n)bcosa,(n)— P,(n)bcosa,(n)— F(n)asina, (n)— P,(n)asina, (n) + P,(n)c
B(n)=R(n—1)+ B(n)At
a,(n)=a,(n-1)+a,(n)At (8)
P(n)=P,(n=1)+P(n)At
a,(n)=a,(n—-1)+a,(n)At
P(n)=P(n=1)+B(n)Ar

ne: P.(n),P,(n),M ,(n) — HeoOX1iH1 15 KepyBaHHsS CHWJIM 1 MOMEHT Ha N-My TaKT1

00YHCIICHHS,
B(n),aq(n), B (n),a,(n),B(n) — cunu ynopy i kytu nosopory ACD1, ACD2 Ta
cuna ynopy BT Ha n kpo1i 00uuciaeHHs;
Bn-1),q(n-1),B(n-1),a,(n—=1),B(n-1) — cum ymopy i Kyru moBopoty
ACDI1, ACD2 ta cuna ynopy BT Ha (n-1) TakTi o0uncieHHs;

P a],PZ,oc P — ONTUMI3aliiHI TapaMeTpu (IIBUAKOCTI 3MIHM MapaMeTpiB

KEepyBaHb);
At — KpOK OOYMCIICHHS.
JlonaTkoBO MOTPIOHO BpaxoBYBAaTH TEXHIYHI OOMEXEHHs Ha mapameTpu
KEepyBaHHS 1 HIBUAKOCTI 3MIHU MMapaMeTPiB KEPYBaHb:

ACD?

Pmax

ACD?

OC‘Sﬂ',

<P
©)

max max
b <P

< max
ACD? 31— ])BT

< max
1‘ S yepH|X

< max
‘ aACD’

Jlns BU3HAYEHHS ONTHUMI3AIIHHUX TapaMeTpiB P](n),o'c](n),Pz(n),o'cz(n),IZ(n), 110
3aJI0BOJIBHSIIOTh LUIBOBIM (YHKIII, HENHIKHUM oOMexeHHs M (8) Ta JiHIKHUM
oOMexxeHHAM (9), 3acTOCOBaHO ONTUMI3aLlIHY NpoOUEAYpY 3 BUKOPUCTaHHSIM
ontumizaniinoi ¢ynkuii MATLAB fmincon.

Y cbomomy posaini «Po3pob6ka Ta TecryBanHs wMoxayni CIIIIP wa crenni
IMITAIIITHOTO MOJICIIOBAHHS» MPECTABICHO PE3yJbTaTH IMITAI[IHHOIO MOJIEIIOBaHHS
Ta MPaKTUYHOI ampoOaiii po3poO0JEeHUX METOJIB MIATPUMKHU MPUUHATTS pIIICHb 3
VIPaBIiHHS PYXOM CYJIEH 13 3aCTOCYBaHHSAM CepTU(PIKOBAaHMX HaBIraliHUX
TpeHaXXepiB

Hageneno iHdopmalito CTOCOBHO 3aCTOCOBAHOTO TPEHAXKEPHOTO OOJIaIHAHHA Ta
CTBOPEHOTO CTEH/Ia IMITAI[IHHOT'O MOJICIIFOBAHHSI, SIKIM JI03BOJISIE 3IMCHUTH peaizallito
HACTYMHUX 3aB/IaHb:

- IHTEerpyBaHHs iMiTatopa 0opTtoBoro oduucitoBaya ta [1K 3 nmporpamamu oOMiHy Ta
MPOrpaMHUMHU MOJYJISIMH aBTOMAaTUYHOTO KEpPYBaHHS PYyXOM CyJIHAa Yy JIOKaJIbHY
O0OYHCITIOBATIEHY MEPEKY TPEHAXKEPA;

- opraHizaimito iHpopmaIiitHoro oOMIHY MDK TpeHaKepHUM oOOJagHAHHSIM Ta
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nporpaMamMu iMitatopa OOpPTOBOrO OOYMCIIOBaYa 3 METOI CTBOPEHHS €IMHOIO
3aMKHYTOTr0 KOHTYpY «CrcTteMa KepyBaHHs — TpeHaKepHE 00J1aTHAHHS»;

- (hopMyBaHHsI Ta 3aIllyCK Ha poOOYOMY MICI[l IHCTPYKTOpaA HABITaI[IMHUX 3aB/IaHb
(BuOip cyaHa, skuM Oylne KepyBaTH aBTOMAaTUYHA CHCTEMa, paloOHY IIJIaBaHHS,
HEOOXIIHUX O00’€KTIB TPEHAXKEPHOI CIIEHHM, IOTOJHUX YMOB, BIIMOB KOMaHIHHUX
MPWIAIB Ta PYIIIHHO-KEPYIOUUX IPUCTPOIB TOMIO);

- aHaJli3 CTyNeHs HeOe3MeYHOCTI HaBITaIlliiHMX CUTYalllid, 10 MalTh MicIle, Ta
dbopmyBaHHS BIATOBIAHUX 1H(GOPMALIHHUX TOBIAOMIIEHD ISl CYHOBOIIS.

OyYHKI[IOHAIBHO CTEHJ IMITAllIHiHOTO MOJENIIOBaHHS CKJIAJA€ThCS 3 HACTYIMHUX
KOMIIOHEHT: po0Oode Miclle IHCTPYKTOpa HaBiramiiiHoro tpeHaxepa Navi Trainer
Professional 5000, neHTpanbHa CTiKa TpeHa)Xkepa, y SKii pPO3MIIIEHO CcepBep,
iHpopMaIlliiiHi Ta MaTeMaTWyHl MOJeNl, KOMYyTaliiHe oO0JaJHaHHs, JKepelna
0e31mepediMHOro KUBJICHHS, MOBHOMYHKIIIOHAILHUN HaBIralIiHUNA MICTOK Ta OKpEMI
HaBIraniiHi MiCTK1 — po00Yi MICIS JUIsl IPOXOIKEHHS TPEHAKEPHOT MiITOTOBKHU.

Po3pob6nenuit cren imiTaniitHoro MojetoBanHs (puc. 14) 3axuiieHo maTeHToM Ha
KOPHUCHY MOJENb YKpaiHH.

OOMiH 1HpopMalli€l0 MDK IMITATOPOM Ta HaBirauiiHuMm TpeHaxepom N7Pro 5000
3MIACHIOETHCS Yepe3 JIOKAJIbHY OOYMCIIOBAIbHY MEPEXy 3a JOMOMOrow iHTepdeicy
imitatopa NMEA NTPro 5000.

3 MeTOw MepeBIpKU Mpale3JaTHOCTI Ta Baiijallii 3amporoHOBAaHUX Yy poOOTI
METOJIB YNPAaBIIHHSI PYXOM CYJE€H, Oyl0o MNpOBEIEHO HU3KY EKCIIEPUMEHTIB 13
BUKOPUCTAaHHSIM CTBOPEHOI'O CTEHAA IMITAIIMHOIO MOJENIOBaHHS Y 3aMKHYTOMY
KOHTYp1 3 cepTU(IKOBAHUMHU HABIrallIHHUMU TPEHAXKEPAMH.

S

Mogaeni KomaHaHUX Pobove micue Mogeni kaHanis Mogeni
npunaaie IHCTPYKTOpa Bisyanisauji AWHAMIKN

i
e e e

14 15 16 17 " N

ImitaTop BOK

.........................................

Pucynok 14. HaBiraniinuii TpeHakep Ta CTEH IMITaI[iIiHOTO MOJIETIOBaHHS

Ha cepBepi opranizoBano nomeH NTPRO.LAN Tta 30epiraetbcs MporpamHe
3a0€3IeUeHHs] HaBiraliiHuX TpeHakepiB. Mojeni mnpu3HayeHl IJig MOJICIIFOBaHHS
JUHAMIKH pyXy CYJIeH, LIUIeH, IHIIKUX 00’ €KTIB TPEHAKEPHOI CLIEHHU.

B okpemux maGopatopisix BCTAaHOBJEHI BIPTyaJibHI MICTKH 3 HEOOXIIHUM
oOnaHaHHAM IS Bi3yasli3allli HaBirauiiHoi 00CTaHOBKY Ta YIPaBIIHHS PYyXOM CyAHa.

[Ipuknaa iMiTalIfHOTO MOJIETIOBAHHS MPOIECY aBTOMATU30BAHOTO PO3XOKEHHS 3
I’ ATbMa HEOE3MEUHUMU IIISIMHU, 1110 MAHEBPYIOTh, HABEJICHO Ha puc. 15.
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Pucynok 15. ABTomaTu30BaHe PO3XOKEHHS 3 11" ATbMa HEOE3MEeUHUMH LIISIMU,
K1 MaHEBPYIOTh

311iCHEHO MOJIEIIOBaHHS MPOLECIB KEpyBaHHA HAJIMIIKOBUMH CTPYKTypamu
PYLIAHO-KEPYIOYOr0 KOMIUIEKCY Cy/HA JIJISl TPhOX BUAIB HIILOBUX (DYHKIIH:
- QO(P,P,P)=P’ + P+ P’ - min (MIHIMi3aIlis €HEPrOCIIO)XUBAHHS );
0,(P,) = ‘Py‘ — max (BIIX1J CyJHa JIaroM Bij MJIaTOpMu, 3a HasIBHOCTI BITPY,
10 MPUTHUCKAE, a00 TP HEOOXITHOCTI IIIBUIKOTO OOKOBOTO MEPEMIIICHHS);
- 0,(P,) =|P.| > max (BiaXix BiJ miarpopmMu nepeaHiv abo 3a1HIM X0J0M).
Pe3ynpTaTi npoBe1IeHOro MO/ICNIIOBaHHS MIPeICTaBlIeH] Ha puc. 16
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Pucynok 16. MonentoBaHHs IpoleciB KEPYBAHHS HAAJIMIIKOBUMHU CTPYKTypaMu
pYyLIAHO-KEPYIOYOro KOMIUIEKCY CcyaHa, QyHKuUii Q,,0,,0,.

3a pe3ynbTaTaMd MPOBEIECHOTO EKCIEPUMEHTY BHU3HAYEHO, WIO0 KEpPYyBaHHS
HA/UIMIIKOBUMH CTPYKTYpaMH KEpPYIOUMX MPHUCTPOIB MOXKe 3IIMCHIOBAaTHCS 3
BUKOPUCTAaHHSAM TPbOX IUILOBUX (PYHKIINA: MIHIMAJIbHOTO EHEProCHOKMBaHHS Ha
BUKOHAHHSI ONlepalliil, MaKCUMaIbHOI TO3JOBXHBOI CHUIIH, MAKCUMAJIbHOI OOKOBOT CHITH.

[lepia muiboBa (GyHKIIS MOXKE BUKOPUCTOBYBaTHCS pu TpuBaiomy [I1 cynna, ne
MO>KJIMBUM € 3MEHIIICHHSI €HeprocnoXuBaHHsl, moHaitmen Ha 30 %.

Hpyra minboBa (QyHKIISI MOKE BUKOPUCTOBYBATHUCA MPHU BIAXOJ1 Bia miaTdhopMu
HOCOM a00 KOpPMOIO, MpPU HAABHOCTI BITPY, IO MPUTHCKAE, a00 IS MO3J0BXHBOIO
NEePEMIIICHHS CYTHA 3 MAKCUMAIbHOIO IIBUAKICTIO.

Tpers wuinboBa (QYHKIIS MOXKE BUKOPUCTOBYBATHCS JUIsl BIAXOAY JIaroM Bij
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maThopMu, IPU HASIBHOCTI BITPY, IIO MPUTHUCKAE, 200 JjIsi OOKOBOTO MEPEMIIIIEHHS 3
MaKCHUMAaJIbHOIO IIBHJKICTIO. Pe3ynbTaTu eKCepuMEHTY MOoKa3ald, L0 ONTHUMI3allis
MPOLIECIB KEPYBaHHSA JO3BOJISE€ 3MEHILIUTH €HEPTrOCIOKMBAHHS IIOHaMeHI Ha 35 % Ta
30UTBIIMTH KEPYIOUl CHJIM 1 MOMEHT, Y MOPIBHSAHHI 13 BIIOMUMH pilleHHsIMU. Pa3zom 3
TUM, JOJATKOBE HABAaHTAXXEHHS HAa TAaKT OOPTOBOrO OOUMCIIOBAYa, SIKUHA BHUPILIYE
ONTUMI3allIiHY 3a/la4y KepyBaHHs, CTAaHOBUTH 25-50 Mc.

OxpeMo mpoBelieH] ekcrepuMeHTH 3 3actocyBaHHs MoayidiB CIIIIP cymnoBomis.
CrBopene mnporpamue 3abesnedeHHss CIIIIP Hamae MOXIMBICTH HajalITyBaHHS
KpUTEPIiB BU3HAUEHHS PU3UKY 3ITKHEHHS IIJISXOM BBEACHHS MapameTpiB Oe3meqHOi
JUCTaHIl Ta 4Yacy PO3XOKEHHS 3 CyJIHaMH IUISIMU. 3AIMCHIOETHCS Bi3yalli3allis
napamMeTpiB pyxy BJIACHOrO CyAHA Ta MapaMeTpiB pyXy CYyAEH IUIeH: NeleHrH,
JUCTAHIT 00 IHIIMX CYAEH, iX IIBUAKOCTI Ta KYypCH, IUCTAHIIi HaWKOPOTIIOIrO
30mkenHs (CPA), yac no natikopotiioro 30auxenHs (TCPA). O6min iHdopmaiieto 3
TpeHaOXXEpHUM  OOJaJHAHHAM  JO3BOJISIE  LIOCEKYHIM OTPUMYBATH  aKTyaJbHY
iHpopMaIlil0 MapaMeTpiB pyXy BCIX CyJIE€H B 30HI CHOCTEPEXKEHHSA. TakuM YUHOM
3IIACHIOETHCS OI[IHKA PU3UKY 31TKHEHHS 3 YCIMa CyJTHAaMU LIUIAMH, Y TOMY YUCII1 3 TUMH,
10 MAHEBPYIOTb.

RM(R) HDG 073.7°

194 xr

NO ALARMS

TARGET  (5)
RANGE 7.2
TBRG 0412
CPA -

Pucynok 17. Bigyanizaiiis HaBirauiiHoi ingopmaruii ta GopmyBaHHs 1HGOpMAIIITHUX
noBigomieHb B CIITIP cygHoBomis

Ha migcraBi cTBopeHoi kiacudikaiii HaBIiralifHUX CUTYaIlill Ta 3 ypaxyBaHHIM
BUMOT mpaBusl po3xojikeHHs1 cyneH, CIIIIP cynHoBojis B peaJibHOMY 4Yaci OIHIOE
PHU3HKHU 31ITKHEHHS 3 CYJHAMHM IUISMH, 1[0 BU3HAYAIOTHCS BIJIMOBIIHO J0 HaBiramiiHoi
CUTyallli, sKa HasBHa Ha TMOTOYHHM MOMEHT uyacy. Bci icHyrwoul cyaHa Tl
KJIacu(IKYIOThCS 3T1IHO TPhOX KaTeropiii: HeOe3meyHa Iib, MOTCHIIHHO HeOe3neyHa
1Ib, I[UIb, SIKA& HE MPEACTaBisie 3arpo3u. BizyanbHe MapKyBaHHSA CyIEH-IIUICH
BIIOYBA€THCS 13 3aCTOCYBAHHSIM MPUHIUIIIB KOTHITUBHOI Tpadiku: HeOe3MeuHi cyaHa
MapKylOTbCS UYE€pPBOHUM KOJIHOPOM, TMOTEHIIMHO HeOe3NneuHi — >KOBTHM, Ti, IO HE
SBIISIOTH 3arPO3H — 3€JICHUM.

HonatkoBo, B nporieci GpyakiionyBanuss CIITIP 3xiiicHIO€ThCS BUBEICHHS TTPaBUII
3ano6iranns 3iTkHeHb MII33C-72, 3a skuMu Ki1acu(iKOBaHO HABKOJMILIHI CyAHa Ta
BiIOYBaJIOCS. MaHEBPYBAHHS, & TAKOXX HAJAIOThCS PEKOMEHJAlli CYTHOBOMAIIO IIOA0
3MiHHM Kypcy Ta/ab0 MIBHJAKOCTI BJIACHOTO Cy/AHA, SKI HEOOXimH1 s 3amoOiraHHs
31ITKHEHHIO.

Ha ocHoBi HasgBHOT HaBirauiiHoi iHdopmalii nporpamMHe 3abe3neyeHHs
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aBTOMAaTMYHO aHaJli3y€ HaBiramiiiHy OOCTaHOBKY Ta Ja€ pPEKOMEHJaIll 1100
0e3MeYHOro po3X0KEHHS 3 CyAHAMU IUISIMU BIMIOBITHO /10 BUMOT MPaBUJL.

V BikHi 1HTepdeiicy CIIIIP BigoOpaxkaroTbcs HaBIraiiiiHi AaHi BJaCHOTO CyJHa,
Takl sIK: TIPOKOMIIACHMM KypcC, HIBUAKICTb CyAHA BIAHOCHO BoAu. DyHKIiOHAN
MpPOrpamMHOro 3a0e3MeUeHHs J03BOJISE€ BCTAHOBIIOBATH HAIAIITYBAaHHS JMCTAHIIIT
BIIOOpa)K€HHsI CyJAEH I[UIeH, MapaMeTpiB IUCTaHIIi HAWKOPOTIIOTO 30JMKEHHS,
BEJIMYMHU BEKTOPIB pPyXy CYIEH LUIeH Ta XapakTepy BEKTOpiB (BiIHOCHI abo
a0COIIOTHI).

BUCHOBKH

Pe3ynpTaToM BHUKOHaHHS HAyKOBOTO JOCHIIKEHHS € pO3B’SI3aHHS aKTyalbHOT
HAyKOBO-TIPUKJIATHOT MpoOJIeMH MiJIBUILIEHHS O€3MeKH eKcIuTyartailii 3aco0iB BOJIHOTO
TPAHCHOPTY, SIKE 3IHCHEHO LUIIXOM PO3POOKM HAYKOBOi METOJIOJIOTii CTBOPEHHS Ta
3aCTOCYBaHHSl CUCTEM MIATPUMKHA TPUUHATTS pIlIeHb Yy rajiy3i CyZHOBOJIHHA. 3a
MIACYMKaMU JOCIIKEHHS 3p00JIeHO HACTYITHI OCHOBH1 BUCHOBKH.

1. Bnepiue 3ampomoHOBaHa Kareropusailisi HampsMiB ICHYIOUUX JOCHIJIKEHb Yy
rajiy3i CyJJHOBOJIIHHSI 3a KOJIOM 3a/ay, 1[0 BUPIMIYIOTbCSA, Ta BU3HAYEHO MPIOPUTETHI
IUISIXU PO3BUTKY KOKHOTO HAMPSMY, 1110 I03BOJIMIIO BUOKPEMUTH MPOOJIeMHU, TIOB’ s13aH1
13 3actocyBanHsM CIIIIP Ta iHTenekTyanbHUX CUCTEM Y CYAHOBOJIHHI, BU3HAYUTHU
e(eKTUBH1 METOIU iX BUPIIICHHS.

2. Ha miacTtaBl MOBENEHOTO aHali3y MPEJMETHOI Traixy3l BHUCYHYTO TillOTE3Y
HAyKOBOTO JIOCHIJKEHHS, sIKa TOJISArae y MPUITYLIIEHH], 10 MIBUIICHHS €(PEeKTUBHOCTI
Ta 0€3MeYHOCTI MPOLECIB YIPABIIHHSA PYXOM CYAE€H MOXKe OyTH JOCSITHYTE ILISIXOM
BrpoBaikeHHst CIITIP cyaHoBOM1S.

3. Bmepiue 3anpornoHOBaHO 3aCTOCYBaHHS KOMILIEKCHOTO MIAXOAY A0 CTBOPEHHS
CIIIIP B ramy3i CyJHOBOJIIHHS, SIKii 0a3yeTbcsi Ha KOMOIHOBAaHOMY BHKOPHUCTaHHI
aHATITUYHUX MOJIeNIed pPyXy CYACH, METOJIB CHUTYalllfHOTrO aHayli3y HaBIraliiHUX
cutyaniii Ta meronis 111, mo 103BossIE MIBUIIUTH ONIEPATUBHICTh Ta TOYHICTH PILIEHb
3 YOPABIIHHS CYJTHOM, 1110 TPUIUMAaIOThHCA.

4. Buznaueno, mo npu ctBopenHi CIIIIP cynnoBozis ocoOnuBa yBara MOBHHHA
OyTH npuaLIeHA TTpollecaM HAKOMMMUYEHHS Ta OOpOOKH BUXITHUX JTaHUX PO HABITaIiiH1
CUTYyallil, a TaKO)X METOJaM IPOrHO3YBaHHS MOXJIMBUX CII€HAapiiB IiX PO3BUTKY 3
ypaxyBaHHSIM OCHOBHUX ToiokeHb MII33C-72 Ta mnpuHUOMUMIB KOOIMEPaTUBHOT
B3a€MO/IIi CY/IEH B YMOBaX peajibHOTO 4acy.

5. Po3poOinieHi KOMIUIEKCHI KpHUTEpii OILIIHKM piBHS HeOE3MeKHu HaBIraliiiHux
cuTyallii 3a 3miHoto kyta JIBP cyneH-1iiel, nmeneHriB Ta AUCTaHIii. 3acTOCyBaHHS
Bkazanux kpurepiiB y CIIIIP cynHoBoais no3Bojsie (popMyBaTH MPOTHO3U PO3BUTKY
HaBIraliiHUX CUTYaIllll Ta yrnepeKyBaTH BUHUKHEHHS! HAaWO LIl HEOE3MEUHUX 3 HUX.
3 MeTor0 HaKOMWYeHHsA, OOpOOKM Ta y3arajbHEHHs 1H(GOpMAaIllli CTOCOBHO MPOLECIB
pyXy Ta B3a€MOJil Cy/EH, 3alpOINOHOBAHO 3aCTOCYBaHHS CIEHAPHO-MPEIEACHTHOrO
niaxoay 1o nodynosu 6a3u 3Hanbs CIITIP.

6. Po3poOneni wmeromosoriydi 3acagu mnoOymosu CIIIIP cygHoBoOmis, 110
BPaxoBYIOTb OCOOJMBOCTI PYyXYy CYJEH, MpOLEeCY B3a€MOli JIIOAMHU 3 TEXHIYHUMU
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3aco0aMu CyJHOBOJIHHS IIO J03BOJISIE CKOPOTUTH BUTPATU Yacy Ha (OpPMYBAHHS Ta
MIPUAHATTS PillICHb, MABUIIIUTH PIBEHb IX TOUHOCTI Ta aJIeKBATHOCTI 1100 HaBiramiiHo1
CUTYyallii, gKa Ma€ Micue. Ymepiiue 3anpolNOHOBAHO 3aCTOCYBaHHS YOTUPbOX(a3HOTO
nuKiy iHbopmaiiiHoi B3aemoii cyanoBoAis 3 CIITIP, o gae 3MOTY MOIMIINATH SIKICTh
Ta OINEPaTUBHICTb NPUMHSATTS PpIilIeHb 3 YOPABIIHHSA pyxoM cyaHa. Otpumana
noJanbIuil po3BUTOK MeToauka 3actocyBanHs CIIIIP y mpouecax ontumizaiii
(bopMyBaHHS BaHTaXHUX IUJIaHIB CyIeH KOHTEHHEPOBO3iB.

7. 3ampoIrOHOBAaHO METOJ CUTYAI[IfHOrO aHalli3y MpPOLECY PO3XOKEHHS CYICH,
AKIA BIAPI3HAETHCS B ICHYIOUMX THUM, 110 3aCTOCOBYIOTHCS KOMILUIEKCHI KpHUTepil
OILIIHKM PIBHS HEOE3MEKH CYJeH y MOE€JAHAHHI 3 NPUHIMIAMHU CUTYaUIHHOIO aHajizy
HaBIralifHUX CUTYaIli}, 10, Y CBOIO Yepry, A03BOJISIE€ 3MEHIITUTH 00CITY HAaBIralliifHOT
iHpopmarii, sika nigsirae oopodui y CIIIP, ta ckopoTuTH yac, HEOOXIAHMHN s
(dbopMyBaHHS pillIEHb 3 YIPABIIHHSI PyXOM Cy/AHA.

8. YII0CKOHAJICHO METOJIMKY PO3paxXyHKY IMOJII0ca MOBOPOTY CYy/IHA MPHU 3A1HCHEHH1
MaHEBpPYBaHHS y BY3bKOCTSIX Ta OOMEXKEHHX aKBAaTOPISAX, SKY aJalTOBAHO JI0 BUMOT
nojanpuioro mnpaktuyHoro 3acrocyBaHHs y CIIIIP cyaHoBomif, 1m0 J103BOJISIE
NIABALUIUTH TOYHICTh JOTPUMAHHSA CyJAHaMHU IUIAHOBAaHOI TpPAEKTOpli pyxy Ha
MOTEHIIITHO HeOe3neyHux AuistHkax. OTpuMmana nojanbliuid pPO3BHUTOK METOAMKA
3MIACHEHHS] TUHAMIYHOTO TO3UIIIOHYBAaHHS Cy/AHA, SIKa BIJIPI3HAETHCS YpaxXyBaHHSIM
ocobnmBocTel mpouecy B3aemoaii cucremu JI1 3 oneparopom, 110 103BOJISIE 3HUZUTH
HMOBIPHICTh BUHUKHEHHS TOMWJIKOBUX JIIi y Tipoueci kepyBaHHs 00’ extom [II1.

9. JloBeneHo, MO0 BaXIMWBOK CKJIAJOBOIO MiHIMI3aIlli HEraTUBHOTO BIUIMBY
JIOJICBKOTO (hakTOpa Ha MPOIECH KEPYBaHHS PYXOM CYIHA, € ONTHUMI3allisl MPOIEeCciB
B3aemozii OIIP (cygnoBomis) 3 CIIIP Ta TexHiyHMMU 3ac00aMu YIIpaBIiHHS, IO MOXKE
OyTH IOCATHYTO, 3 OIHOTO OOKY, noinieHHaM sxocti inrepgeiicis HIC Ta CIIIIP (o
MOXJIMBO TI€PEBAXKHO Ha e€Tami NIPOEKTYBaHHsS), a 3 IHIIOTO — Oe3mocepeaHbo
MOJIIMIIEHHSM SIKOCT1 IPOLECIB B3aEMO/I1i KOPUCTYBaya 3 TAKUMU CUCTEMAMHU, 1110 MOXKE
OyTH JOCATHYTO B MPOIEC] €KCIUTyaTallll BKa3aHHX CUCTEM IUJISXOM 3aCTOCYBaHHS
BOY/IOBaHOI MOJIeNIl KOpUCTyBaya. 3acCTOCYBAHHS 3alpONOHOBAHOTO KOMILJIEKCHOIO
MIAXOAY 03BOJISI€ 3HU3UTH KUTBKICTh MOMUJIOK y Tipolieci iHdopMalliiiHo1 B3aeMOii y
CUCTEMI «CYAHOBOJIA — TEXHIYHI 3aCO0M YIPaBIIHHS CYJHOM», Ta MIABUIIUTH SKICTh
TaKHX MPOLIECIB B LLIIOMY.

10. Briepmie 3ampomnoHoBaHO 3acTocyBaHHs Mojem cyaHoBonis y CIIIIP, mio
J03BOJIE€ TOMIMIIUTH SKICTh Horo iHdopmauiiinoi B3aemonii 3 HIC Tta 3HM3UTH
HEraTUBHUM BIUIUB JIOACHKOIO (paKkTopa Ha MPOLIECH YIPABIIHHS CYTHOM.

11. CTBOpeHO MaTeMaTH4Hy MOJEIb PyXy CYIHA Yy BUTJIAJ CUCTEMHU HENIHIMHUX
nudepeHIiaIbHUX PIBHSAHD, 3 YPaXyBaHHSAM Jii BITpY, T€Uil 1 XBHJIb Ta MaTEMaTUUHY
MOJIeNIb MPUCTPOIB, IO KEPYIOTh, Y BUIJISAI CHUCTEMH JIHIHHUX AU(EpeHIiaTbHIX
PIBHSIHb 3 MOJIEJUTIO TIOTPIITHOCTEH 1 BIIMOB, IO JO3BOJISIE MIABUIIUTHA TOYHICTH Ta
HaJIHHICTh (YHKI[IOHYBAaHHS aBTOMATH30BAHUX CUCTEM YIIPABIIIHHS PyXOM CY/CH.

12. Po3po6iieH0 METOJ] pO3XOI>KEHHS, IKUI 103BOJIsi€ aBTOMATHYHO Ta ONTUMAIBHO
po3xoauTHCs 3 OaraThMa LUISIMHU, BKJIOYAOUM Ti, U0 MaHEBPYIOTb. Po3pobiieHuit
METOJI MOKE 3aCTOCYBaTHUCS JJiA MOOYAOBH aBTOMAaTUYHUX MOAYJIB PO3XOKCHHS Y
O0pTOBOMY OOYHCIIIOBAaY1 aBTOMATHU30BaHOI CUCTEMH, 1110 1ACTh 3MOT'Y aBTOMaTU3yBaTU
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Ta ONTUMIZYBaTH NPOLECHU PO3XOJKEHHS, CYTTEBO 3MEHIIMTH BIUIMB JIIOJCHKOTO
YUHHUKA Ha MPOILIECH KEpPYyBaHHS, 3MEHILUTH BTOMJIIOBAHICTH E€KIMAXy Ta B LLIOMY
MIJBUIIUTH O€3IMEKYy CYTHOIIaBCTRA.

13. JocmipkeHi ~ OUTaHHS  AaBTOMAaTUYHOTO  ONTHUMAJIbHOIO  KEpyBaHHS
HAJUIMIIKOBUMH CTPYKTYpaMH BHKOHABYMX MHPHUCTPOIB cynHa. Po3pobieHo meronw,
QIrOpUTMIYHE 1 MporpaMHe 3a0e3MeueHHS MOAYJIB ONTUMAJIBHOIO KepyBaHHS
PYLIIHHO-KEPYIOUHM KOMIUIeKcoM odmopHoro cynna OSV3, ski 3a0e3nedyroTh
ONTHUMAJIbHI KEpyBaHHS HAJIMIIKOBUMH CTPYKTYpaMu 3 BUKOPHUCTAHHSM ILUIbOBOI
byHKIII.

14. JocnipkeHi MUTaHHS aBTOMATHYHOIO ONTHUMAIBHOIO IITOPMYBAaHHS CYy/AHA.
3anponoHOBaHa OpUTiHAJIbHA CHCTEMa aBTOMATHYHOIO KEPYBaHHS PyXOM CyAHa Y
mTopM. Po3pobiieHi MeToiu Ta anropuTMHU aBTOMATUYHOTO IITOPMYBAaHHS MEepEeBIpeHi
MaTeMaTUYHUM MOJIETIOBAHHAM y 3aMKHYTOMY KOHTYp1 3 HaBIralliHUM TpPEHA)KepoOM
Navi Trainer 5000. [IpakTuyHe 3HaYEHHS PO3POOICHUX METO/IIB MOJSATAE Y 3MEHILICHH]
IIMPUHUA CMYTU PYXY CyJIHA, NIIBUIIEHH] HOTro 0€3MeKH, 3MEeHILIEHHI I'JIPOJINHAMIYHOT O
OMoOpy Ta BUTpPAT MalliBa, CTBOPEHHI CHPUATIMBUX YMOB Ui BUKOHAHHS
TEXHOJIOTIYHUX Olepaliid, HampuKiIaja, IIBApTyBaHHS CYyAHA, 3MEHIICHHI BIUIMBY
JIOJICBKOT'0 YUHHUKA

15. 3aificHeHO TepeBipKy Mpane3aaTHOCT1 Ta e(EKTUBHOCTI PO3pOOJICHUX METOIB,
QITOPUTMIYHOTO Ta MPOrPAMHOrO 3a0€3MEUEHHS MATeMATHYHUM MOJEIIOBAHHAM Y
cepenoBuill MATLAB Ta/abo Ha CTEHIl IMITAlIHHOTO MOJEIIOBAHHS Y 3aMKHYTOMY
KOHTYpi «IMitatrop OOpTOBOrO OOYHMCIIOBaYa — MOJENb  CyAHA HaBIraliiHOTO
TpeHaXxepay» IS PI3HUX PAaOHIB IIJIaBaHHS, TOTOJJHUX Ta HABIralifHUX YMOB.

16. 3ailicCHEHO TMpaKTUYHY pealizallilo MEeTOIIB Kiacudikallii Ta OLIHKA pPIBHS
HeOesnekn Hapiraniduux cutyamii B CIIIIP cynHoBonis, sIKy IHTErpoBaHO 3
HaBIraliiHUM oOanHaHHsAM TpeHaxkepa Wartsila «Navi-Trainer Professional 5000».
CrtBOpeHo mporpamHi 3acobu aisa peanizaiii iHopMmariitHoro oominy Mmixk CIIIIP ta
HaBIraliiHUM OOJIAIHAHHSM TpPEHaXXepa y PEeXKUMI PEealbHOr0 Yacy, IO J03BOJIAE
3MIACHIOBATH TOCTIMHMI MOHITOPMHI TIPOLECY 3MIHM HaBIraliiHUX CHUTYalliil.
[Ipaktuune 3actocyBanns CIIIIP cynHoBozis, 1m0 cTBOpeHa, MO3BOJISIE MMIJBUIIUTH
AKICTh TPEHAXKEPHOI MIATOTOBKM MOPCHKUX (paxiBI[IB Ta BU3HAUUTU MPOOJIEMHI
aCIeKTH, Kl BUHUKAIOTh y CYJAHOBOJIIB B mpoueci JorpuManns sumor MII33C-72.

17. I3 3acTocyBaHHSIM CEpPTH(PIKOBAHOIO TPEHAXKEPHOIO OOIAJHAHHS MPOBEICHO
HU3KY €KCIEepHMEHTIB 3 BU3HAUYECHHS HETATUBHOI'O BIUIMBY JIIOJICBKOrO (akropa, 1o
J03BOJIUIIO PO3POOUTH METOAM MOTO 11eHTU(DIKaIlIl Ta 3HUKEHHS BIUIUBY.

OcCHOBHI NPaKTHYHI pPe3yJbTaTH JOCTIIKEHHS BIPOBAKEH1 Y HAaBYAIBHUH IMpolLIeC
3BO, mpouecu TpeHa)kepHOI MIATOTOBKH MOPCHKHX  (paxiBIIB Y CIEL1ai30BaHUX
TpeHaXXEPHUX IEHTpaxX Ta MPOWIUIM YCHIIIHY ampoOaiil0 Ha HAYKOBHX 3axoJax
JEP>KaBHOTO Ta MIXHAPOHOTO PiBHSI.
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VY nucepraniiiniii po60Ti HAYKOBO OOTPYHTOBAHO 1 TOBEACHO BUPIIICHHS aKTyaJbHO1
HayKOBO-TE€XHIYHOI MPoOJIeMH MiABUIIIEHHS Oe3MeKn Ta e(PEeKTUBHOCTI CYTHOBOIIHHS,
AKe 31ICHEHO 32 paXyHOK BUKOPUCTAHHS yIepIe 3alpOIIOHOBAHUX Ta YAOCKOHAJICHHS
ICHYIOUMX METO/1IB CTBOPEHHS Ta 3aCTOCYBAHHS CUCTEM MIITPUMKH NIPUHUHATTS pillIEHb
(CIIIIP) mpu BupilI€HH1 KOMIUIEKCHUX 3ajla4 YIPABIIHHS PYyXOM CY/ICH.

3a miCyMKaMu TMPOBEACHOrO0 aHalily MpeAMeTHOI ramy3l chopMyaboBaHa
aKTyajJbHa HAyKOBO-TE€XHIUYHA MpoOjieMa — HEOOXIIHICTh MIABHINCHHS O€3IMeKu Ta
e(eKTUBHOCT1 CYAHOBOJIHHS B yMOBaX BIPOBA/KEHHS Cy4YaCHUX 1H(QOpMaLIMHUX
TEXHOJIOT 1.

BusiBneno, mo IicHye nOpoTupiyus, sKe OOYMOBJIEHE HasBHOIO HOTPEOOIO
MIJBUIIICHHS 00CSTIB CBITOBUX MOPCHKUX MEPEBE3€Hb, 1X MIBUAKOCTI Ta 0€3MEYHOCTI, 3
OJIHOTO OOKy, a 3 IHIIOrO — JIOCSITHEHHS BHILEBKA3aHOTO 32 YMOB MaKCHMAaJbHOTO
3MEHILIEHHS BCIX BH[IB €KOHOMIYHMX Ta YacOBMX BHTpAaT, IO MOB’S3aHI 3 IX
peaizaili€ro.

Ha ocHOBiI mpoBeneHOro aHajizy aBapiiiHOCTI MOPCHKUX CYAE€H BCTaHOBIIEHO
HAsBHICTh CTIMKOT TEHJEHINi 10 30LUIbIICHHS KUIBKOCTI aBapii B aOCOJIOTHUX
MOKa3HHUKaX, sfKa OOyMOBJIEHA, MepeayciM, 3pOCTAaHHSAM KUIBKOCTI CYAE€H CBITOBOTO
(bIoTy Ta 3arayibHOIO 1HTEHCHU(IKAIIEI0 MOPCHKUX TIEPEBE3CHb B IILIIOMY.

BcranoBneHo, 1110 B yMOBax 3alpoBa>)KEHHS Cy4acHUX 1H(OpMAaIiHHUX TEXHOJIOT1H
B CYJHOBOJ1HHI Ta KOHIEMIIil e-Navigation, HaHBaKJIMBIIIOK CKJIaI0BOIO MiABUIIICHHS
0e3MeKH Cy4acHOr0 CYIHOBOJIHHSI € CTBOPEHHS Ta 3aCTOCYBAaHHS I1HTEJNEKTYyaJbHUX
HaBiraniiHux Hpopmaiiiinux cucrem ta CIIIP cynnoBosis.

3n11liCHEHO KaTeropu3allito HarpsMiB ICHYIOUUX JTOCTIIKEHb Y rany31 CyTHOBOIIHHS
32 KOJOM 3a/iay, 110 BUPIIIYIOTHCSA, Ta BU3HAYEHO MPIOPUTETHU PO3BUTKY KOKHOTO
HampsiMy. BuiieBkazaHe A03BOJUIIO BHOKPEMHUTH HM3KY MpoOJeM, IOB’sI3aHUX 13
3actocyBaHHsM CIITIP Ta iHTeNeKTyalbHUX CUCTEM Yy CYIHOBOJIHHI Ta BU3HAYUTHU
HUISIXU iX BUPIILICHHS.

JloBeneHo, mo Ha MOTOYHMA MOMEHT dacy 3actocyBanHs CIIIIP y ramysi
CYJIHOBOJIHHS 3/IaTHE ICTOTHO 3HU3UTU PIBEHb aBApIMHOCTI WIISAXOM MIABUIICHHS
e(eKTUBHOCTI (YHKIIIOHYBAaHHS €PraTUyHOi CHUCTEMH <«IIOJWHA — TEXHIYHI 3aco0u
CYJIHOBOJIHHS» Ta BCEOIUHOTO 3alpOBaKEHHS JOCSITHEHb Cy4acHUX 1HQOpMaLiiHUX
TEXHOJIOT1i B aBTOMATHU3aI[10 MPOLIECIB YIPABIIHHS CYHOM.

3amporoHOBaHO 3aCTOCYBaHHS KOMIUIEKCHOro miaxony no ctBopeHns CIIIIP B
rajiy3i CyJJHOBOJIIHHS, sIKIi 0a3y€ThCs HA KOMOIHOBAHOMY BHUKOPHUCTaHHI aHAJTITUYHUX
MoOJIeIell pyXy CyA€H, METOJIB CHUTYAIIfHOTO aHaji3y HaBIramifHUX CHUTyaIid Ta
MetoaiB mTy4yHoro iHTenekty (II), mo mo3Boisie MIABUIIUTA OMEPATUBHICTH Ta
TOYHICTh MPUUHATTS PILIEHB 3 YIPABIIHHS CYHOM.

VY 10CKOHANEHO KOMIUJIEKCHUM METOJ KUIbKICHOI OILIIHKM HeOe3NeKHu 3ITKHEHHS
CyJleH, SIKId J03BOJISIE BUSHAYUTH OOJIACTI B3aEMHHUX OOOB’SI3KIB CY/IE€H Ta T'PAaHUYHO
JOIYCTUMI JUCTAHI1i HAWKOPOTILIOTO 30JMAKEHHS, 0 JA€ MOKIIUBICTh pO3paxoByBaTU
B CIIIIP napameTpu 30HM O6€3MEeKH HABKOJIO BIACHOTO Cy/IHA. 3aCTOCYBaHHS BKa3aHUX
kputepiiB 'y CIIIIP cynnoBoxis no3Bossie  (OpMyBaTH MPOTHO3M  PO3BUTKY
HaBIralifHUX CUTYaIllll Ta yrnepe)KyBaTH BUHUKHEHHS HaWOLIbII HEOE3MEUHHUX 3 HUX.
3 MeTor0 HaKOMWYeHHs, OOpOOKM Ta y3arajbHEHHs 1H(GOpMAIllli CTOCOBHO MPOLECIB
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pyXy Ta B3a€MOJIl CYy/EH, 3alpOINOHOBAHO 3aCTOCYBaHHS CIEHAPHO-MPEIEACHTHOrO
nigxoay 1o nodynosu 6a3u 3Hanbs CIITIP.

VY 10CKOHANEHO METOAM MIATPUMKHA MPUHHATTS pilleHb CYJHOBOJIS 3 YIPABIIHHS
PYXOM CyJIeH MpW BHUPILMIEHHI 33Ja4 PO3XOJKEHHS, MaHEBPYBaHHS Ta AMHAMIYHOIO
MO3UIIOHYBaHHs, sKi ajganToBaHi a0 3actocyBanHs y CIIIIP 3a ymMoB HasiBHOCTI
O0OMEKEHb Yacy Ta y KpUTHUHUX CUTYaIlIsIX.

Otpumana nopaidplIMii po3BUTOK MeToauka 3actocyBaHHs CIIIIP y mpouecax
ontuMizamii (OpMyBaHHS BaHTAKHUX IUJIAHIB CYJE€H KOHTEHMHEPOBO31B, IIO Ja€
MO>KJIMBICTh 3MEHIIUTH BUTPATH 4acy.

VY 10CKOHANIEHO METOJIMKY PO3PaxyHKY MOJIIoca MOBOPOTY CyAHAa NpH 3A1MCHEHHI
MaHEBpPYBaHHS y BY3bKOCTSIX Ta OOMEXKEHHX aKBATOPISAX, SKY aJalTOBAHO JI0 BUMOT
nojanpuioro mpaktuyHoro 3acrocyBaHHs y CIIIIP cyaHoBomif, 1m0 J103BOJISIE
MIABULIUTH TOYHICTh JOTPUMAHHS CyJHAMH IUIAHOBAHOI TPAEKTOPli pyxy Ha
[MOTEHIIHO HEOE3IMEYHNX AUISHKAX.

Po3pobneni metononoriuni 3acaau nodynosu CIIIIP cyaHoBois, sSiKi BpaXOBYIOTh
0COOJIMBOCTI TIPOIIECY B3a€EMO/IIT JIOJUHU 3 TEXHIYHUMU 3aC00aMH CYTHOBOIHHS, 110
J03BOJISIE CKOPOTUTH BUTPATH Yacy Ha (POPMYBAHHS Ta IPUNHATTS PIIICHb, MM1IBUILIATH
piBEHb iX TOYHOCTI Ta aJEKBAaTHOCTI IIOJ0 HaBIraliiHOi CUTYyallii, fika Mae MicIle.
VYnepiie 3anponoHOBAHO 3aCTOCYBaHHS YOTUPHOX(A3HOro MUKIAY 1H(QOpMaLIHHOT
B3aemo/ii cyaHoBoais 3 CIIIIP, mo gae 3Mory modinImMTH SKICTh Ta ONEPATUBHICTD
NPUIHATTS pillIeHb 3 YIPaBIIHHSA PYXOM CY/JIHA.

3anpononoBana crpykrypa CIIIIP cynnoBoais, sika 0a3yeTbcs Ha 3aCTOCYBaHHI
MOJIeJIl CYJHOBOJIA, Ta 3I1MCHIOE aJanTUBHUNA MpPOLEC B3a€EMOAIl 3 CYAHOBOIIEM Y
BIJIMOBIZHO /10 TPIOPUTETHOCTI 00pOOKHU 1H(MOPMAIIHHUX MOBIIOMJIEHB, 1110 A03BOJISE
3HM3UTH HETaTUBHHUM BIUIUB JIIOJICBKOTO (paKTOpa Ha MPOLIECH YIPABIIHHS CYIHOM Ta
MIHIMI3yBaTH Cy0’ €KTUBHICTH PillIeHb, K1 MPUUMAIOThCS.

3 METOI0 MiJIBUILIEHHS TOYHOCTI Ta HaAIMHOCTI (DYHKLIOHYBAaHHS aBTOMAaTHU30BaHUX
CUCTEM YIPAaBIIHHA PYXOM CYJEH CTBOPEHO MaTeMaTHU4HYy MOJENb pyXy CyAHa Y
BUIJISI/II CUCTEMHU HENIHIMHMX IU(epeHIiaIbHUX PIBHSIHB, 3 ypaxyBaHHSAM Jiil BITpY,
Tedii 1 XBWIb Ta MaTeMAaTUYHY MOJI€Jb MPHUCTPOIB, IO KEPYIOTh, Y BUTJIAl CUCTEMHU
JTHIAHUX TU(epeHianbHUX PIBHSAHD 3 MOJIEIUTIO MOTPIIIHOCTEHN 1 BIIMOB.

Po3po0neHo MeTosl po3XOIKEHHS, SIKUW TO3BOJISIE aBTOMATUYHO Ta ONTHUMAJIBHO
po3xoauTHCs 3 OaraThMa LUISIMHU, BKJIOYAIOYM Ti, U0 MaHEBPYIOTb. Po3pobiienuii
METOJI MOKE 3aCTOCYBaTUCS AJiA MOOYAOBH aBTOMAaTUYHUX MOAYJIB PO3XOKCHHS Y
O60pTOBOMY OOUYHMCITIOBAYl aBTOMAaTU30BaHOI CUCTEMH, 1110 J]a€ 3MOT'Y aBTOMaTH3YyBaTU
Ta ONTUMIZYBaTH NPOLECHU PO3XOJKEHHS, CYTTEBO 3MEHIIMTH BIUIMB JIIOJICHKOTO
YUHHUKA Ha TMPOILIECH KEpPyBaHHS, 3MEHILUTH BTOMJIIOBAHICTH E€KIMAXy Ta B LLIOMY
MIJBUIIUTH O€3IMEKYy CYTHOIIaBCTRA.

3A1MCHEHO MPaKTUYHY peanizaiilo METOAIB Kiacu@ikaiii Ta OI[IHKA PIBHS
HeOe3nekn Hapiranidaux cutyamiiit B CIIIIP cygHoBoOmif, sIKy I1HTErpoBaHO 3
HaBirauiiHuMm oOnanHaHHsIM TpeHaxkepa Wartsila «Navi-Trainer Professional 5000%.
CrtBOpeHo mporpamHi 3acobu aiisa peainizaii iHopMmaiiiitnoro oominy mixk CIIIP ta
HaBIraliiHUM OOJIAJIHAHHSIM TpPEHaXKepa y PEeXKUMI PeasbHOro0 4acy, IO J03BOJIAE
31IACHIOBATH MOCTIMHUI MOHITOPUHT MPOIIECY 3MIHU HaBIral[IMHUX CUTYaLlIH.
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BukonaHo nepeBipKy IMpane31aTHOCTI Ta €(EeKTUBHOCTI PO3POOICHUX METO/IB,
QITOPUTMIYHOTO Ta MPOTPamMHOro 3a0e3NeueHHs MaTeMaTHYHUM MOJICTIOBAHHSIM Ha
CTEHJIl 1MITAlITHOTO MOJICJIIOBaHHS Y 3aMKHYTOMY KOHTypi «Imitatop OGopTOBOTrO
oOyucioBaya — MOJENb CyJHA HaBIraliifHOro TpeHakepa» ISl PI3HUX paloHIB
TJIaBaHHs, MOTOAHUX Ta HABIFAIMHUX YMOB.

OcCHOBHI NpPaKTUYHI Pe3yJIbTaTU JOCIIIKEHHs BIPOBAIXKEH1 Y HaBYAIbHUN MPOIIEC
3BO, mpouecu TpeHa)kepHOI MIATOTOBKH MOPCHKHX  (paxiBIIB Y CIEL1ai30BaHUX
TpeHaXXEPHUX IEHTpaxX Ta MPOWIUIM YCHIIIHY ampoOaiil0 Ha HAYKOBHX 3axoJax
JEp>KaBHOT'O Ta MDXHAPOHOTO PiBHSI.

KuarouoBi ciioBa: cucrema miATpUMKU OPUUHSTTS pillieHb, Oe3MeKa CyTHOBOAIHHS,
YHUKHEHHS 31TKHEHb CYJI€H, YIPABIIHHS CYJHOM, JIIOJICBKUH (hakTOp, aBTOMaTU30BaHa
cUCTeMa KepyBaHHs, MaHEBPYBaHHS CyJlHA, TUHAMIYHE TIO3UI[IOHYBaHHS CYJIHA.

ANNOTATION

Ben A. P. Theoretical and Methodological Foundations for Developing Decision
Support Systems in Navigation. — Qualification scientific work, manuscript. Dissertation
for the degree of Doctor of Technical Sciences, specialty 05.22.13 — Navigation and
Traffic Control — National University "Odesa Maritime Academy", Odesa, 2025.

The dissertation scientifically substantiates and proves the solution to an urgent
scientific and technical problem of improving the safety and efficiency of navigation,
achieved through the use of newly proposed and improved existing methods for
developing and applying Decision Support Systems (DSS) in solving complex vessel
traffic control tasks.

Based on the analysis of the subject area, a current scientific and technical problem
has been formulated: the need to enhance the safety and efficiency of navigation under
the conditions of implementing modern information technologies.

It has been identified that there is a contradiction between the need to increase the
volume, speed, and safety of global maritime transport on the one hand, and the
requirement to achieve these objectives while minimizing all types of economic and
time expenditures associated with their implementation on the other.

An analysis of maritime vessel accidents has revealed a persistent tendency toward
an increase in the absolute number of accidents, primarily due to the growing number of
vessels in the world fleet and the overall intensification of maritime transport.

It has been established that in the context of modern information technologies in
navigation and the concept of e-Navigation, the most important component of enhancing
navigation safety is the creation and application of intelligent navigational information
systems and navigator’s DSS.

A classification of existing research areas in navigation according to the tasks
addressed has been carried out, and development priorities for each direction have been
identified. This has made it possible to single out several problems associated with the
use of DSS and intelligent systems in navigation and determine ways to solve them.

It has been shown that today, the use of DSS in navigation can significantly reduce
the accident rate by improving the efficiency of the ergatic system “human — navigation
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technical means” and ensuring the comprehensive integration of modern information
technologies into vessel traffic automation processes.

A comprehensive approach has been proposed for developing DSS in navigation,
based on the combined use of analytical vessel motion models, situational analysis
methods for navigational situations, and artificial intelligence (AI) methods, which
increases the timeliness and accuracy of vessel control decisions.

A comprehensive quantitative method for assessing collision risk has been improved,
enabling the determination of mutual responsibility areas for vessels and the maximum
allowable closest point of approach distances, which allows a DSS to calculate safety
zone parameters around one’s own vessel. The use of these criteria in navigator’s DSS
enables forecasting the development of navigational situations and preventing the most
dangerous ones. To collect, process, and generalize information on vessel movement
and interaction, a scenario-precedent approach for constructing the DSS knowledge base
has been proposed. Methods for supporting navigator’s decision-making in solving tasks
of collision avoidance, maneuvering, and dynamic positioning have been improved and
adapted for DSS use under time constraints and in critical situations.

The methodology for applying DSS for optimizing container ship cargo plan
development has been further developed, enabling time savings.

The technique for calculating the turning pivot point during maneuvering in narrow
or restricted waters has been improved and adapted for practical application in
navigator’s DSS, enhancing the accuracy of following planned trajectories in potentially
hazardous areas.

Methodological foundations have been developed for creating navigator’s DSS that
account for the specifics of human interaction with navigation technical systems,
reducing the time required for decision-making and increasing the accuracy and
adequacy of decisions relative to the actual navigational situation. For the first time, a
four-phase cycle of information interaction between the navigator and the DSS is
proposed, improving the quality and timeliness of vessel control decisions.

A DSS structure for navigators is proposed, based on the application of a navigator
model and providing adaptive interaction based on the priority of processing
informational messages. This reduces the negative influence of the human factor on
vessel traffic control and minimizes the subjectivity of decisions.

To improve the accuracy and reliability of automated vessel traffic control systems,
a mathematical model of vessel motion has been developed in the form of a system of
nonlinear differential equations considering wind, current, and wave effects, along with
a mathematical model of control devices represented as a system of linear differential
equations including error and failure models.

A method for collision avoidance that enables automatic and optimal maneuvering
against multiple targets, including maneuvering targets, has been developed. This
method can be applied in automatic collision avoidance modules of onboard computers
in automated systems, automating and optimizing avoidance processes, significantly
reducing human factor influence, lowering crew fatigue, and improving overall
navigation safety.

The practical implementation of classification and risk assessment methods for
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navigational situations in a navigator’s DSS has been carried out, integrated with the
Wartsila “Navi-Trainer Professional 5000” simulator equipment. Software tools have
been created to support real-time information exchange between the DSS and the
simulator’s navigational equipment, allowing continuous monitoring of navigational
situation changes.

The functionality and efficiency of the developed methods, algorithms, and software
have been validated using mathematical modeling on the closed-loop simulation stand
“Onboard Computer Simulator — Ship Model of Navigation Simulator” for various
navigational areas, weather, and navigational conditions.

The main practical results of the research have been implemented in higher education
institutions, in the training processes of maritime specialists in specialized simulation
centers, and successfully tested at national and international scientific events.

Keywords: decision support system, navigation safety, collision avoidance, vessel
control, human factor, automated control system, vessel maneuvering, dynamic
positioning



