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HEPEAMOBA

Lllanoeni xonecu!

Bu tpumaete B pykax 30ipky Te3 nonosiaen [lepmoi MixHapogHOi HayKOBO-IIPAKTUYHOI
KoH(pepeHtil «/Ipobremu cmanoco pozsumky mopcwkoi eanysin (PSDMI-2021)», meroro sikoi €
aHaJli3 Ta y3arajJbHEHHsS HOBHMX TEOPETUYHUX 1 NMPHUKIAJHUX PE3yJbTaTiB LIOJ0 BUPIIIEHHS
NUTAaHb CTAJIOTO PO3BUTKY MOpPCHKOi ramys3i. KoHdepeniis mpoxoauts y MicTi XepcoHi, L0
po3TanioBaHe Ha MaJbOBHMYMX Oeperax piukm JlHIIpo, Ha 0a31 XepCcOHCHKOI AepKaBHOI
MOpPCBKOi akaziemii, sika Mae JaBHIO icTopito Ta Oyna ctBopena y 1834 poui. B opramnizamii Ta
po6oTi KoH(]epeHIIii 6epyTh ydacTh MPOBIIHI HAYKOBO-OCIIIIHI Ta HABYAJIbHI 3aKyIaid Y KpaiHu,
JlutBu, Pymynii, I'py3ii, A3epOaiijpkany Ta iHIIUX KpaiH 3apyOixKs.

OCHOBHUM 3aBJaHHAM KOH(]epeHLii € 00roBOpeHHs MUPOKOro Koja HOBUX HAyKOBHUX 1
NPaKTUYHUX PE3YNIbTaTiB 3aCTOCYBAaHHS IHHOBaIlid; OOMIH JIyMKaMHd Ta TOLIYK HOBHUX
IPIOPUTETHUX HANPSAMKIB HAYKOBUX JOCHIJKEHb; BCTAHOBJIEHHS Ta PO3BUTOK HOBMX KOHTAaKTIiB
y cdepi HayKOBOTO CIIBPOOITHUIITBA MK HABYAJHLHUMH 3aKJIaJ[aMU, HAYKOBUMH YCTaHOBaMH,
mianpueMcTBaMu YKpaiHu Ta 3apyOixoks. OmHa 3 ocoOnuBocTel KOH(EpeHLii — 3alydeHHs
MOJIOJIX HAyKOBIIIB JI0 PO3POOKH HaWOUIBII aKTyaJbHUX HANPSIMKIB HayKOBHUX IOCHIKEHb Y
MOPCBKIiH TPaHCTIOPTHIM ranysi.

[Tporpamoro koH(epeHii nmependadyeHo MpPOBEACHHS IUICHAPHOTO 3acifaHHs Ta podora
¢daxiBIiB y CEKIisIX: MOpPChbKa €KOJOTis Ta 3aXHMCT HaBKOJMIIHLOTO CEpeloBHINA; Oe3reka
KHUTTEASUTBHOCTI B MOPCBKIH Taiy3i; JIIOJICHKI PEecypcH MOPCBHKOi IHAYCTpii Ta JFOICHKUN
YUHHUK; MEHEKMEHT DPH3HMKIB MOPCHKUX I€pPEBE3EHb; IpO0JIeMH €Heproe(eKTUBHOCTI Ta
pecypco30epekeHHST Ha MOPCHKOMY TPAHCIIOPTI; IHHOBAIIIHI TEXHOJIOTIT y TIPOIEC] MiArOTOBKA
(axiB1iB MOPCBHKO] rary3i JUIsl CTAJIOr0 PO3BUTKY.

Mu BHeBHEHi, IO JOCUThH IIMPOKa MpoOIeMaTHKAa HAYKOBUX Mpailb KOHQepeHiii Oymae
CHPUATH HE TUIBKU IUIJHOMY aHali3y Ta 0OOrOBOPEHHIO BHUINE3a3HAYEHUX MHUTaHb, a i OOMiHY
11esIMH Ta JyMKaMH, MOIIYKY NMPIOPUTETHUX HANPSIMKIB HAyKOBHUX JOCHIIKEHb, BCTAHOBJIEHHIO
HOBMX KOHTAaKTIB y c(hepi HayKOBOro CHiBpOOITHUITBA (paxiBLiB ramysi, 3aJy4eHHIO MOJOAMUX
HAYKOBIIIB JI0 y4acTl Y BUBUEHHI HalOUIbII aKTyadbHUX HAIPSIMKIB JOCIIIPKEHb Y TPAHCIIOPTHIM
ramysi.

Opranizaropy MUPO ASKYIOTh YCIM Y4YacHMKaM KOH(epeHIil Ta CHOJiBalThCs, IO
PSDMI-2021 crane HOBOO mu1aTdopMO0 JUIsl 3ycTpiueil Ta crijKyBaHHA. MU MaeMo HaJilo, 1110
Tpaauuii, 3a04aTKOBaHI KOH(epeHIlielo Ta JaHa 30ipka marepialiB CTaHYTh KOPUCHUMH HE
TIBKY JUI 11 YYaCHHKIB, a ¥ A HIMPOKOTO KOJIa HAyKOBIIB, (axiBIliB, MOJIOJAUX YYEHUX, SKi
3aiiMalOTbCSl  TEOPETUYHMMM Ta MPUKIAAHUMHM  JOCIHIDKEHHSAMHM  1HQOpMaumiiHuX  Ta
IHHOBAI[IITHUX TEXHOJIOT1H y TPAaHCIIOPTHIM ramysi.

BucnoBmoemMo CBOI0 mupy MHOASKY yCiM aBTOpaM JOMOBilEH 3a IMOPO3yMIHHS Ta
CHIBITpAIIIO 3 OpraHi3aTOpPaMH.

Bbaxxaemo BciM HOBUX HAayKOBHX i7Ieil Ta JOCATHEHb, IIJTIAHOT POOOTH, HOBUX BIAKPUTTIB!

3 nosazorw, Opeanizayitinui ma IIpoepamuuii komimemu.



FOREWORD

Dear colleagues!

You are keeping in your hands a collection of abstracts of the First International
Scientific and Practical Conference "Problems of Sustainable Development of the Maritime
Industry” (PSDMI-2021), which aims to analyze and summarize new theoretical and applied
results in addressing issues of sustainable development of the maritime industry. The conference
is held in the city of Kherson, located on the picturesque banks of the Dnieper River, on the basis
of the Kherson State Maritime Academy, which has a long history and was established in 1834.
Leading research and educational institutions of Ukraine, Lithuania, Romania, Georgia,
Azerbaijan and other foreign countries take part in the organization and work of the conference.

The main goal of the conference is to discuss a wide range of new scientific and practical
results of the innovations application; exchange of views and search for new priority areas of
research; establishment and development of new contacts in the field of scientific cooperation
between educational institutions, research institutions, enterprises of Ukraine and abroad. One of
the features of the conference is the involvement of young scientists in the development of the
most relevant areas of research in the maritime transport industry.

The conference program includes a plenary session and the work of specialists in the
sections: marine ecology and environmental protection; safety of life in the maritime industry;
human resources of the maritime industry and the human factor; maritime risk management;
problems of energy efficiency and resource saving in maritime transport; innovative technologies
in the process of training maritime professionals for sustainable development.

We are sure that a wide range of scientific papers of the conference will contribute not
only to fruitful analysis and discussion of the above issues, but also to the exchange of ideas and
opinions, finding priority areas of research, establishing new contacts in the field of scientific
cooperation, attracting young scientists to studying the most relevant areas of research in the
field of transport.

The organizers sincerely thank all the participants of the conference and hope that
PSDMI-2021 will become a new platform for meetings and communication. We hope that the
traditions started by the conference and this collection of materials will be useful not only for its
participants, but also for a wide range of scientists, specialists, young scientists engaged in
theoretical and applied research of information and innovative technologies in transport.

We express our sincere gratitude to all the authors of the reports for their understanding
and cooperation with organizers.

We wish everyone new scientific ideas and achievements, fruitful work, new discoveries!

Sincerely, Organizing and Scientific Committees.
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MMPOEKT CTBOPEHHSA ABTOHOMHOI'O HEHACEJIEHOT'O
HIABOAHOI'O AITAPATA BAHTAKHOI'O TUITY

bnainyos B.C., Anooa JI.T., baokiu I'.B., Boumacuxk A.M., Knoukos O.II., Cipieuyx A.C.
Hayionanvnuii ynisepcumem xopabaebyoyearnns imeni aomipana Makaposea
(Vkpaina)

Beryn. [Ipuknagna BupoOHMYa 3a1a4a MiIBOAHOI AOCTaBKM KopucHoro BaHtaxy (KB) B
ABTOMATHYHOMY DPEXHMIi BIJHOCHTBCS 10 aKTyalbHUX 3a7ad MOpPChKoi poOororexniku [1]. Lle
00yMOBJIEHO MEHIIMMH BUTpaTaMu Ha TpaHcnopTyBaHHs KB Ta MEHIIO00 3aI€XHICTIO MOPCBKHUX
TPaHCHOPTHHUX ONepaliii BiA TiAPOKIIMATUYHMX YMOB eKkciuryatamii. Ha mei dac
MPOCKTYBaHHSAM 1 OyJIBHUITBOM  aBTOHOMHHX  HEHACEJICHUX IIIBOJIHUX  amapartiB
tpancnoptaoro tuity (AHITA-T) 3aiimatoTbcsi y 6araThOX MPOBIIHUX MOPCHKUX KpaiHax CBITY
[2, 3]. V nmomoBini HaBeaeHo BimoMocTi mpo po3podky AHIIA-T B iHTepecax BITUM3HSHUX
opraHizaiii, siKi BeIyTh BUPOOHUYY MisTIbHICTD HA MOPI.

AKTYa/IbHICTh JOCJHIJJKeHHsl. YKpaiHa € BEJIMKOIO €BPOIEHCHKOI MOPCHKOIO
JIepKaBoIO, SIKa Ma€ BJIACHI €KOHOMIiYHI iHTepecu Ha Mopi. BoHa mMae oauMH 3 HaWAOBIIMX Y
€Bporni MOpchbkuil KOpAoH mpoTspkHicTIo y 1355 kM (1056, 5 km — Yopue mope, 249,5 km —
A3zoBcbke, 49 kM — KepueHcbka mporoka), a Takok 200-MuIbHY BHUKIIOYHY (MOPCHKY)
€KOHOMIYHY 30HY IUIOIIEI0 MOHAJ 72 THUC. KB. KM 3 CYBEpEHHMM IpPaBOM IIOJO PO3BIJIKH,
pO3pOOKH 1 30epeKeHHs MPUPOJTHUX PECYpPCIB, & TAKOX 3AIMCHCHHS 1HIIUX BHUJIIB CKOHOMIYHOI
nistibHOCTI [4]. TepuTopianbhi Boau YKpaiHu — 1€ nNpudepekHi MOPChKI BOAM 3aBUIMPUIKK 12
MOPCBKHX MHWJIb 3 3arajgpHoro Iwiomer 29 454 xB. km [5]. Ilicns okynamii Pociiickkoro
Oenepaniero Kpumy BepxoBna Paga Vikpainm yxBamuna 3akoH YKpaiHM MpO CTBOPEHHS
npuiiersioi 30Hu Ykpainu [6]. Takum unHOM, YKpaiHa Mae 3HayHI MOPCBHKI akBaTopii, Ha SKHUX
MoXe OyTH PpO3rOpPHYTO MiJBOAHY TPAHCIOPTHY JISIBHICTE  HPUPOIOO0XOPOHHOTO,
MIPOMHCIIOBOTO Ta 0OOPOHHOTO MTPU3HAYCHHS.

ITocTanoBka 3agaui. [lomepenHi nociifkeHHs aBTOPIB CBi4aTh, M0 Ha Led 4Yac B
1HTepecax BITUM3HSIHOI MOPCBHKOI Tamy3i nomnuibHO crtBoproBath AHIIA-T nmns mizBogHOrO
TPaHCHOPTYBaHHs BaHTaxy Macoro a0 1000 kr Ha BincTanb 10 120 kM Ha rmubuHi 10 20 M npu
MaKCHMaJbHIN MIBUAKOCTI MapioBoro xoay 3 M/c. Takuii miaBOAHMIN anapar Mae MpawoBaTH 3a
HACTYIHHUX T1APOMETEOPOIOT I YHUX YMOB:

— TemnepaTypa Boau, rpal. Llensciro: -2 - +35;

— TemnepaTypa nositps, rpaf. Llensciro: -20 - +50;

— MBHJIKICTH BITPY, M/C: 10 12;

— BOJIHA TIOBEpPXHsI, OamiB: 110 4.

Pe3yabTaTH nociinkenb. Y pe3yibTaTi BUKOHAHHS €CKI3HOTO MPOEKTY OyJIO OTPUMAHO
HACTYIIHI pe3y/bTaTH 1010 NMEepetiKy OCHOBHUX ckianoBux AHITA-T:

1) Hecyua pama 3 T1IpOJIMHAMIYHUM 00 TiKaueM (30BHIIIHIM JIETKHUM KOPITyCOM);

2) pyWIiHHO-PYIbOBHI KOMIUIEKC y CKJIaJi JIBOX MapIIOBHX i YOTHPHOX BEPTHKAJIbHUX
eJIEKTPOPYIIIHHUX IPUCTPOIB;

3) akyMyISTOpHE JKEPEJIo )KUBIICHHS,

4) 6anacTHO-BUPIBHIOBAJIbHA CUCTEMA;

5) HaBiraiiiHa cucTema,

6) T1IpOaKyCTHYHA CUCTEMA,

7) BimeocucreMa

8) cucreMa aBTOMAaTUYHOTO KepyBaHHS

9) cucrema qUCTaHIIITHOTO 3B’ SI3KY.

Kpim Toro, HeoOXiTHO pO3pOOUTH HACTYITHI KOMIUICKTH:

— KOMIUIEKT 3allaCHUX YaCTHH 1 IPUCTOCYBaHb;

— KOMITJIEKT €KCIUTyaTaIlliHOi JJOKyMEHTAII11;

6 3-5 aucmonada 2021 poky
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— KOMIUIEKT MOHTaxHuX yactuH AHITA-T.
3oBHimHIN Burisg npoektoaHoro AHITA-T 31 ckianenoro (a) Ta miaHaTor (0) Moriorw
pamio- Ta CYIMyTHUKOBOTO 3B’S3Ky MTOKa3aHO Ha puc. 1.

Pucynok 1 — 3oBHinmHi# Burisin AHITA-1 (ecki3HUI TIPOCKT)

Ha mnodaTkoBOMy erTami NpOEKTYBaHHA OYJIO OIPalbOBAaHO KOMITOHYBQJIbHI CXEMHU
AHIIA-T 1 BU3HaueHO PO3MILEHHA MOro OocHOBHMX cucTeM. Ilpu npomy Oyno 3acTocoBaHO
00'eMHY KOMITOHOBKY ILIHX CHCTEM Ha CIPOUICHOMY KoMl foTepHOMY 3D TBepIOTiTBHOMY
MaKeTi.

Haii0inpim BakMBE NWTaHHSA, K€ HEOOXiAHO Oyno BHUPIMIMTH HA €Tami EeCKi3HOTO
HPOEKTY — 1€ BUOIp KOMIOHYBAJIbHUX MPOEKTHUX PillIeHb, 110 BU3HAYAIOTh CTATUKY 1 JUHAMIKY
AHITA-T y niaBogHux ymoBax. LleHTpanbHUM MOMEHTOM TYT OyJl0 BU3HAUEHHS TOCTOBIPHHUX
OLIIHOK JIMHAMIYHUX XapaKTepUCTUK BUpoOy. Ha mnpoekTHHX cTaaisx, SK IMpaBUIO, HEMae
JIOCTaTHBO TOYHO OIPallbOBAHUX JaHUX, HEOOXITHUX ISl PO3PaxyHKy OUHAMIKU pyXxy, MO
pO3MOAITy MacoBUX 1 XapaKTEpUCTHK >KOPCTKOCTI, TOMYy iXx OyJl0 OTpMMaHO Ha OCHOBI
HAOJIMKEHUX T€OMETPUYHUX MOJIeJIe, Kl OylyTh YTOUHIOBATHCS HA HACTYITHHUX eTarax.

Jlo ocnoBHux 3aaau ctBopeHHs: AHITA-T 6yno BinHeceHo:

— BUPILIEHHS TUTaHHS KOHCTPYKLIT Ta MilfHOCTI BaHTaxxHOTO Bijciky AHITA-T;

— BU3HAUEHHSI TUILY Ta MOTY>KHOCTI pymiitHo-kepMoBoro komiuiekcy AHITA-T;

— BU3HAYECHHsI TUITY Ta NOTY>KHOCTI aBTOHOMHOTO Jpkepena eHeprii AHITA-T,

— BUpIIIEHHS MUTaHHS 3a0e3neueHHs 3a1anoi miasydocti AHITA-T;

— BUpINICHHS NuTaHb 3a0e3nedeHHs Hapiramii AHITA-T 3 Bu3HaueHHsAM aOCOTIOTHHUX
reorpagiuHuX KOOpAMUHAT;

— no0y/10Ba 1HTENEKTyalbHOI cucTeMu aBToMatnyHoro kepyBaHHs AHITA-T.

Jo cxiany pyuiiiHo-kepmoBoro komiuiekcy AHITA-T BXoasTh pymlii TOpU30HTaILHOTO
pyXy Ta MiAPYJIOI0UYl TPUCTPOI BEPTHKAIBHOIO MaHEBPYBAHHA. Y SKOCTI IPHUCTPOIB
TOPU3OHTAILHOTO PyXy BHOIp 3IIHCHIOBaBCS cepel: BIAKPUTHUX TBUHTIB; TBHUHTIB Y
CIPSIMOBYIOYMX HacaJKax; BOJOMETHUX PYLIIiB.

s maneBpyBanHs AHITA-T B BepTHUKaNbHOI IUIOIMIMHI Mepe0avyaeTbcsi BUKOPUCTAHHS
€JIEKTPOBOJlY 3 CHUCTEMOIO «TBHUHT Yy TpyOi». AJje, mpuiiMaiouu 10 yBaru HPOEKTHI PO3MIpH
AHIIA-T, saxi BHU3HauarOThCsI 00’€MOM KOPHCHOTO BaHTaXxy, OYyJl0 NPUHHATO pIIIEHHS Ha
KOPHUCTh BUKOPHUCTAHHS YOTHUPbOX MPUJIAAIB, PO3TAIIOBAHUX TOMApPHO B HOCOBIM Ta B KOPMOBIH
yactuHax AHITA-T. Take pimeHHs 3a0e3neuye CyTT€BO MEHIY CyMapHy MOTYXHICTh NPUBOIIB
Ta pIBHOMIPHUI pO3MOLI X CHJI BIIHOCHO IIEHTY Mac.

VY sxocTi aBTOHOMHOTO JKepena eneprii anss AHITA-T oOpano akyMmymsiTOpHY OaTapero.
AHai3 ICHYIOYHX THUIIIB aKyMYJIATOPIB MMOKa3aB, 1110 KOXKEH THUI OaTtapel Mae sIK mepeBary, Tak 1
Henoiku. HalOunpIn nommpeHnii TN CBUHLIEBO-KHCIOTHUX aKyMYJSTOPIB Ma€ BHCOKI Maco-
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rabapuTHI TOKAa3HMKHM 1 B 3araJbHOMY HiJICYMKy Maibke BIBiYl IMiJBUIIUTH 3arajibHy Macy
AHIIA-T. BuxopucTanHs JITIEBUX aKyMYJISTOPIB J03BOJISIE CTBOPUTH KOMIIAKTHE JKEPENO
JKUBJICHHS, ajie TOTpeOye MPUAUIATH MiIBUIIEHY YBary NUTaHHSAM 3a0e31eueHHs TepMETHIHOCTI
KOHTEHHEpIB 3 aKyMyJsTOpaMH TOMY, OCKUIBKM TOTPAIUISIHHSA BOJM HA KOHTaKTH MOKe
NPU3BECTH JI0 Henepea0aueHuX HaCIiAKIB.

Pimenns nmutanp 3a0e3nedeHHS HYIBOBOI IIABYYOCTI TPAJAMIIIHHUMHU 3aco00aMu, M0
BUKOPHUCTAIOTBCA y 3ac00aXx MOPCHKOi POOOTOTEXHIKM HEMOXIIMBO, OCKUIBKH CyMapHa Bara
AHIIA-T Ta #oro KB mepeBumrye 2 T. YpIBHOBOKEHHS TaKoi Barud MOJKJIMBO JIMIIE IPH
BUKOPHUCTAaHHI TOBITPSIHOT 0aJlaCTHO-BUPIBHIOIOUOI CUCTEMH. Y TakoMy pasi Ha HOCii moOOpTHO
PO3TalIOBYIOThCA 0OaJacTHI LUCTEPHU 3 AUCTAHLIMHO KEPOBAHMMH KIIAllaHAMHU, a y HWKHIN
gactuHi koprycy AHITA-T BcTaHOBIIOIOTHCS OallOHM 31 CTUCHYTHM IOBITPSAM. 3arac MmoBiTps
MOBHMHEH 3a0e3MevyyBaTy 110 HaWMEHII JBa ITaTHUX Ta OAHO aBapiiiHe crumBaHHs AHIIA-T 3
rpannuHoi riamOuHu. ManeBpyBanHs AHIIA-T B ToBmII BoAaM mependadaeTbes 3a paxyHOK
OpUiIagiB PyLIifHO-KEPMOBOIO KOMIUIEKCY, TOMY 3amlaciB CTHCHYTOTO MOBITPS Ha LiE He
nepenbavaeTbes. KoHTponmb KpeHy Ta AMQEpeHTy CHCTEMOI0 aBTOMATHYHOTO KepyBaHHS
3a0e3rneuye pIBHOMIpHE 3allOBHEHHsI OallaCTHMX LHUCTEpH JUIsl 3a0e3nedeHHs CTabuIbHOro
ropusoHTaIbHOTO MojoxeHHss AHITA-T y BogHOMY IpoCTOpi.

Hagiramis AHIIA-T npo pyci mo 3agaHoMy MapHIpyTy 3I1HCHIOETBCS OOpPTOBOIO
HOBITaI[ifHOI0 CHCTEMOIO Y pPEeXHMMi YHCICHHS 3 BHMIPOM IOTOYHOTO KYypCy, IIBHAKOCTI Ta
MIUOWHY 3aHypeHHs. B Touni Bignpasku, y HaaBogHoMmy nonoxeHHi, AHITA-T ¢dikcye motouni
reorpadiuHi KOOpJMHATH Ta KypC Ta B CHUCTEMY KEpYyBaHHS BBOJAATHCS KIHIIEBI KOOPIUHATH
mapuipyty. Ilicng 3aHypeHHs, cucTeMa aBTOMaTHYHOTO KEPYBaHHS pPO3PAaXOBYE TPAEKTOPIIO 1
AHITA-T mounnae pyx 10 KiHIEBOro MyHKTY. OCKUIBKH HaBiramidHi CHCTEMH MarOTh MTOXHUOKY
3a yac nepemimieHHs AHIIA-T Moxke BIATBOPIOBAaTUCh CYTT€BAa PI3HHULSA 3 KOOpIUHATaMHU
KIHIIEBOI Toulll MapupyTy. [[ias KoperyBaHHS HaKONMYEHOI MOXMOKM HaBirauiiiHa cucreMa
AHITA-T mae TeneckomiuHy IIOTTY 3 KOMIUIEKCOM aHTeH /i 3B’s13Ky Ta GPS. Jlns BUKOHaHHSA
koperyBaHHsi AHIIA-T, 3a paxyHOK BepTHUKaJbHUX MpPHJIAJIB, MiJHIMAETHCA HA «IIEPUCKOIHY
IIIMOMHY» Ta 3J1HCHIOE TiAHoM 1oriu. [Ipu 1iboMy 3a1HCHIOETBCS 3B’ 30K 3 IOCTOM KepyBaHHS
AHITA-T ta xontponpHuii BumMip GPS-koopaunar. Ilicns yoro morna onyckaersest Ta AHITA-T
MOJIOBKYE€ CBIH pyX /10 KiHIIEBOT TOULlI MapIIpyTYy.

AHIIA-T € nmocuth ckiIagHUM O0O0'€KTOM YIPABIIHHS BHACIIIOK BEJIMKOI KITBKOCTI
napameTpiB, 110 BIUIMBAIOTh Ha Horo poboty. [IpaBunbHe QyHKIIIOHYBaHHS BCiX 1HOpMaIiitHux
CUCTEM MoXke OyTu 3ale3mneueHe TUIbKM Ha OCHOBI KOMIUIEKCHOTO IMPOEKTYBAaHHS CHUCTEMH
KEpyBaHHS.

[HTENneKTyanbHa cucTeMa KepyBaHHS MPU3HAYEHA TS

— 3a0e3MevyeHHs KepyBaHHs ycix enemMeHTiB Ta cuctema AHITA-T;

— KOHTPOJTIO CTaHy ycix enemeHTiB Ta cucteM AHITA-T;

— aHai3y CTaHy Ta BUKOHAHHS Jiil y pa3i BUHUKHEHHs aBapiifHOI CUTYaIli;

— BUKOHaHHS HaBirauiiHoro 3a6esnedenns AHIIA-T npu pyci mo 3ajaHoMy MapupyTy
Ta MPH MiJXO0/1 TO MYHKTY 3aBaHTAXEHHS/PO3BaHTaKEHHS,

— BIJICOJJOKYMEHTYBaHHS MpoIleciB HaBaHTakeHHs/po3BaHTakeHHsT AHITA-T.

Ha nanoMy erami NpoeKTHUX pOOIT BUPILNIYIOTHCS MHUTAHHS IONEPEIHBOTO0 BHOOPY
€JIEMEHTIB CHCTEMHU KepyBaHHs, MOOYJOBH CTPYKTYpHOI CX€MH Ta pO3poOKa alropuTmiB ii
¢ynkuionyBanHs. Peamizamist (QyHKIIOHYBaHHS CHUCTEMH KEpyBaHHS 3HIMCHIOETbCA 3
BUKOPHUCTAHHSM aJTOPUTMIB, 3aCHOBAaHUX Ha IITYYHOMY 1HTEJIEKTI.

BucHoBku. [Toka3zaHo akTyaJIbHICTh PO3POOKH aBTOHOMHOT'O HEHACEJIEHOTO MiJABOIHOIO
arapara TPaHCIIOPTHOTO THITY ISl TTOTpeO MPOMHCIOBOCTI YKpainu Ta cBity. ChopmynboBaHO
HU3KY HaYKOBO-ZOCIIJIHUX Ta 1H)KEHEPHO-TEXHIYHUX 3aXOiB, SIKI HEOOX1IHO peani3yBaTH s
BUKOHAHHS  €CKI3HOIO IPOEKTYy AaBTOHOMHOIO  HEHACeJIeHOro  MiJBOJHOrO  amapara
TpaHCcHopTHOTO TUIy. OOIPYHTOBAHO MEpPETiK OCHOBHHUX CHUCTEM AaBTOHOMHOI'O HEHACEJIEHOTO
HiZBOJHOTO arapara TPaHCIOPTHOTO TUIY, HEOOXITHMX IJIsl WOro ocHamieHHA. Po3pobieHo
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€CKI3HUI MPOEKT aBTOHOMHOTO HEHACEJICHOTO MiABOJHOTO arapara TPaHCIIOPTHOTO THUITY, SKHMA
3JIaTCH BUKOHYBATH IEPEBE3CHHS KOPHCHOTO BAaHTAXKy Macol B OJIHY TOHY Ha Bijactanb g0 120
KM Ha riaubuni 10 20 M.
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TEXHOJIOI'TSA POBOTU30BAHOI'O EKOJIOI'TYHOT'O
MOHITOPHUHI'Y MIJIKOBOJJHUX AKBATOPIN

bninyoe B.C., bainyoe O.B., baokin I'.B., Bypynina 7K. 1O., Tpuoynvkesuu B.B.

Hayionanvnuil ynisepcumem xopabaedyoysanns imeni aomipanra Maxaposa
(Vkpaina)

Beryn. ABroHoMHI HeHaceneHi minBoaHi anapatu (AHITA, B aHrmoMoBHi# smiteparypi —
autonomous underwater vehicles, AUV) BigHOCATbCS 10 BHCOKO€()EKTHBHOTO BHIY MOPCHKOI
POOOTOTEXHIKH Ta IHUPOKO BUKOPUCTOBYIOTHCS JIJIsl BAKOHAHHS MOIIYKOBHUX Ta 00CTEKYBaJIbHUX
po0OiT Ha BchoMY Aiana3zoHi rimbuH CeiToBoro okeany [1-3]. OcHoBHI 00acTi iX 3acToCyBaHHS
— OXOpOHAa HABKOJMIIHBOTO CEPEIOBHINA, OKeaHorpadisi, reoJoropo3Bigka, MOpPChbKa ra3o- i
Ha(TOBUI00YBHA MPOMUCIIOBICTh, O0OpPOHHI omepamii Ta iH. [4-6]. Bkazani BuAM miIBOJHHUX
POOIT CTOCYIOTHCSI BETUKMX MOPCHKUX Ta OKEAHCHKUX TNIMOWH, OCKUJIBKM CaMe TaM 3aCTOCYBaHHS
AHITA He Mmano anbTepHaTHB IHIIMM MOPCHKUM TexHoJorisiM. OAHak cboroaHi B YKpaiHi
HiABOAHI POOOTH MPHUPOJOOXOPOHHOTO CHPSIMYBaHHA HEOOXiJHO BHKOHYBATH TaKOX Ha
MimkoBOl (Ha TimbOuHax 1o 50-100 MerpiB), OCKUIBKM caMe Ha NMPUOEPEIKHHMX aKBaTOPIAX
AKTUBI3YEThCS BUPOOHMYA [iSUIBHICTH BITYM3HSHHUX KOMIIaHiM, sKi BeayTb pobotu Yy
TEpUTOPiAIbHUX BOJAX JIEPIKABH.

AKTyaJIbHICTh JOCTiTKeHHs. MIIKOBOIHI TepuUTOpiaibHI BOAM YKpaiHW aKTHBHO
BUKOPUCTOBYIOTbCS Ui TPAaHCIOPTHUX IEpeBe3eHb, BUJIOOYBaHHS MIHEpPAJbHUX 1 XapyOBHX
pecypciB, I peKpearfiiiHol TisuTbHOCTI TOmIO. J[ogaTKOBEe aHTPOIIOTCHHE HABAHTAXCHHS HA HUX
CTBOPIOIOTH CTOKHM PIYOK, OCKIIBKM iX BoAM 3a0pydHEHI BiIXOJAaMHM TPOMHCIOBHX Ta
CLITBCHKOTOCTIOAAPCHKUX BUPOOHHUIITB.

Tomy mnpuxiagHe HayKOBO-TEXHIUHE 3aBIaHHA pPO3POOKH e(EeKTUBHUX TEXHOJOTIH
€KOJIOTIYHOTO MOHITOPMHTY MIJKOBOJHHUX aKBAaTOpi BOayaeTbcs aKkTyalbHUM, a po3poOKa
pPOOOTH30BaHUX TEXHOJOTIM iX MOHITOPUHTY € MariCTpajJbHUM I[UISIXOM IiJIBULIEHHS
e(eKTUBHOCTI IPUPOTOOXOPOHHUX 3aXO/IB.

IloctanoBka 3amavi. /g  omepaTuBHOrO  BHUMIPIOBaHHS  TiAPOXIMIYHUX — Ta
riApoQi3UYHUX TapaMeTpiB BOJHOIO CEpPEJOBMINA, a TaKOX JJs OINEpaTHBHOI IHepenayl
oTpuMmanoi iH¢opmauii B OeperoBuil ueHTp npuiiHATTA pimens (LIIP) npononyerscs
BUKOPHCTOBYBaTH MOPTAaTUBHUM AaBTOHOMHMI HEHAceleHWH MiJIBOJHUI amapaT 3 paniodyem
(AHITA-PB), na skomy sik kopucHuii BaHTaxk (KB) Mae OyTu BCTaHOBIEHO KOMILIEKC
BIJINOB1/IHOT BUMIPIOBAJILHOT anapatypH.

Amnani3 in¢popmarii, orpumanoi Big KB, mo xapakTepu3sye eKoJoriuHui cTaH akBaTopii,
JIACTh MOJKJIMBICTH OI[IHMTH MTOTOYHUI CTaH ii mapaMeTpiB Ta BUSBUTH O3HAKH TIEPETyMOB MO0
HMOBIpHUX EKOJOTIYHHMX IMOMIN, IO JacThb 3MOTY BXHTHU MOMNEPEIKYyBaJbHUX 3aXOMIB /0 iX
HEJIOMYIIICHHSI.

ABTOpamH MPOMOHYETHCS /1Ba BapiaHTH kKoHCTpykiii AHITA- Pb:

- QaBTOHOMHHMW HEHaceleHWd migBoaHuii amapat mnpoekty "AHITA-PB", cknag
yCTaTKyBaHHS SIKOTO IMOKa3aHUH Ha puc. 1, a;

- aBTOHOMHUI HeHacelleHUuH MiABOAHUMN amapat npoekTy "Ckanep", cKkiaa ycTaTKyBaHHS
SKOTO TIOKa3aHui Ha puc. 1, 0.

O6unBa Bapiantu koHcTpykuii AHIIA-PB  wmicTaTe camoXigHuii aBTOHOMHHUMN
HeHaceneHuid migBonHuit amapat (AHIIA), npupomooxopoHHHMI BHMIpIOBaJbHUM KOMILIEKC
(Environmental Measuring Complex, EMC) ) i Gykcupoanuii paniooyii (Pb, Towed Radio
Buoy, TRB).

[Ipusnauennss AHITA — kepoBana mocraBka EMC no wmiciisg BUMIpY TiIpOXIMIYHHX Ta
rizpodi3MUHNX XapaKTEPUCTUK BOJHOTO CEPEIOBHUIIIA.

10 3-5 aucmonada 2021 poky



IIpo6aemu cmasozo po3sumky Mopcovkoi 2anysi (PSDMI-2021)

[Mpuznauenns EMC — BumiproBaHHs Ta IHU(PPOBE JTOKYMEHTYBAaHHS TiIpPOXiMIYHHX Ta
riapodi3nyHUX XapaKTePUCTUK BOJTHOTO CEPEIOBHUIIA.
[Tpuznauenns Pb — 3abe3neuenns on-line 38’s3ky 31 LIIP ans mepemaui pesynbraTiB

u(ppoBOTrO JOKYMEHTYBaHHS ¥ CUTHAIIIB KepyBaHHs aiist AHITA.
AHTeHa
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Pucynok 1 — ApxitektypHo-koHcTpykTHBHI THIIH AHITA-Pb

AKKYMYJIATOPHBIN

BigMiHHICTD y KOHCTPYKIIT IIUX BapiaHTIB MOSCHIOETHCS PI3HOIO aBTOHOMHICTIO pOOOTH
nigBoaHOro amnapara. [lepmmii BapiaHT MiJIBOAHOTO anapaTa Ma€ po3paxyHKOBY aBTOHOMHICTb
4-8 roauH (3aJEKHO BiJl €MHOCTI aKyMyJnsTOpiB), a Apyruil Bapiant (mpoekT "Ckanep') mae
PO3paxXyHKOBY aBTOHOMHICTh 6-12 MiCSIIB (TaK0X Yy 3aJIEXHOCTI NMPO €MHICTh aKyMYJISTOPHOI
Garapei).

OcHoBHa 11es 3actocyBanHsi AHIIA- Pb nyist BusiBieHHs cyniB, 110 MalOTh NepeayMOBU
JI0 €KOJIOTIYHHUX MOJIIH, CKIIJa€THCA B:

- HEKOHTaKTHOMY 3HiMaHHI iH(opmamii npo rigpoakyctuuHi mymua CTC (ocHOBHOTO
TEIUIOBOTO JIBUTYHA, IBUTYHIB CYJAHOBUX JIOTIOMDKHUX MEXaHI3MiB Ta iH.), sIKi B IbOMY BUIAJIKY
MO’KHA 33/JI0KyMEHTYBAaTH 3 HaWOUIbII BHMCOKOIO SIKICTIO, TOMY LIO BOHHU MOIIHUPIOIOTHCA Y
BOJIHOMY CEpEIOBUIIII 3 MiHIMAIIbHUMHU BTPaTaMH;

- orepaTuBHOI (on-line) mepenayi 3aokymenToBanoi iHopmartii va LITP s i1 mimpoBoi
00pOOKH 3 METOIO BUSBIICHHS NIEPEAYMOB JI0 BUHUKHEHHS €KOJIOTIYHUX IMOJIIH Ha aKBaToOpii.

Takum urHOM, TIPONTOHOBaHa 0a30Ba TEXHOJIOTIA Mependayae po3MIIICHHS Ha 3aXHUIICHIN
akBatopii oxHoro abo nekinbkox AHIIA-PB ans exonoriyHOro MOHITOPHHTY aKBaTopii,
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JOKYMEHTYBaHHA B Lu(ppoBoMy Buai iHdopMmamii mpo ixHI rigpoximiuHi Ta TigpodizndHi
XapakTepUCTUKU Ta JUlid OlepaTWBHOI mepenadi orpumanoi iHdopmanii B I[P 3 meroro
MOJabI0i OOpPOOKM Ta BUSBICHHS KUIBKICHUX a00 SKICHUX O3HAaK MOMKIIUBUX EKOJOTIYHUX
NOJ1M Ha KOHTPOJIbOBAHUX aKBAaTOPISX.

BeperoBuii ieHTp NPUHHATTS pillieHb 3A1HCHIOE 00poOKY iH(pOpMAIlii, sika HAIXOAUTH Bif
AHIIA-PB 1, Takum 4yuHOM, 3a0e3leuye HenepepBHE BIJICIIIKOBYBAHHS €KOJIOTIYHOTO CTaHy
aKBaToOpii, a TAKOXX Ja€ 3MOTY MpUUMaTH PEKOMEHJaliiHi a00 JUPEKTUBHI PIMICHHS (3aJIeKHO
B crarycy LIIIP) mpo monambiry ekclulyaTalilo KOHKPETHOI akBaropii. 30Kpema, SKIIOo
pe3yNnbTaTH OOCTEKEHHS TOKa3ylTh, IO EKOJIOTIYHWUN CTaH aKBaTopii HAOIMKAETHCS JO
KPUTUYHOTO, TO IOBUHHE OYyTH yXBaj€HE PIIICHHS PO MPUIIUHEHHS eKCIuTyaTallii miei akBaropii
a0o0 Tpo Mmepexij Ha MOJETIICHHH PEKUM BUKOPUCTAHHS 3 OJHOYACHUM BXKMBAaHHSM 3aXO/IIB, IO
3a0€31evyI0Th €KOJIOTTYHY O€3I1eKy aKkBaTopii.

KoMmruiekec TexHiYHMX 3aco0iB, IO pealizye 0a30By TEXHOJOTII0 POOOTH30BAHOTO
MOHITOPHHTY €KOJIOT1YHOTO CTaHy aKBaTOPiif, MICTUTh Y CO01 HACTYITHE BCTATKyBAaHHS:

- OeperoBuii neHTp NpuiHATTA pimens (LITP) — 1,

- OeperoBuii moct 3amycky AHIIA-Pb nns BukoHanHs Micii W mnpuifomy micns ii
3aBepuIeHHs — 1;

- Oeperowuii noct TexHiuHoro odciayropyBanus AHITA-Pb — 1,

- AHITA-PB (3anexHo Bij BUMOT 0 IPOAYKTUBHOCTI Micii) — 1-N.

Po3rnsiHeMO KOpPOTKO NpPHU3HAYEHHS KOKHOI CKIJIaJJOBOI IPOMOHOBAHOI'O KOMIUIEKCY
TEXHIYHHUX 3aCO01B.

beperoBuii 1LeHTp NPUHHATTS pilleHb NOPU3HAYEHUN U1 BHUKOHAHHA HACTYMHMX
OCHOBHHX pOOIT:

- muaHyBaHHA migBoaHux wmicii jqus AHITA-PB nmo marpynioBaHHIO €KOJOTIYHO
3aXMIIEHOI aKBaTOPIi,

- 3aBaHTaXxeHHs B OopToBuil KOHTposiep AHITA-PB ninBoaHo1 Micii (Micii);

- pyuHe kepyBaHHs nigBoaHoIo Micieto AHITA-PB onepatopowm, mo nepedysae B LII1P;

- npuiiom, 00poOka i JokyMeHTyBaHHA iH(popMaii, mo Hagxoauts Bigx AHITA-PB npu
BUKOHAHHI I1ABOJIHOI MiCiT;

- BUSBJIEHHS B pe3yibTari oOpoOKku iH(popMalii O3HaK, 10 CBiIYaTh MPO HAsBHICTbH
nepeIymMoB J0 €KOJIOTIYHUX TMOAIM Ha oOCTeXyBaHIM axkBaTopli Ta TIeHEpyBaHHS
pekoMeHAalifHNX a00 JUPEKTUBHUX pIlIeHb BIAMNOBIAHO [0 IOPUJIMYHOTO CTaTyCy
IIPOITOHOBAHOT'O KOMILJIEKCY TEXHIYHHUX 3aC001B.

beperosuii mocr 3amycky AHIIA-Pb npusHaueHunii i BUKOHAHHS — CITYCKO-
nigHiManbHuxX onepanii no cnycky AHITA-PB Ha Boay mepen modyatkom MiJIBOAHOI Micli Ta
miiioMy HOro 3 BOAM Micis 3aBEPIICHHS MiABOIHOT Micii.

Bbeperosuii noct TexniyHoro odciayropyBanHs AHITA-Pb npusnHauenuit s TeXHIYHOTO
obciyrosyBa HHsI AHITA-PB (rpynu AI'TIA-PB) y nepio Mi>k BAKOHaHHSM IiJIBOJHUX MICIi.

TyT BUKOHYIOTBCSI HACTYIIHI OCHOBH1 pOOOTH:

- Texniyga maroroska AHITA-PB go BUKOHAHHS HMiABOSHUX MICIH;

- orisin 1 mpodinaktuka AHITA-PbB micist BukoHaHHS miIBOIHOT MiCIT;

- pernamenTHi po6otu 3 AHITA-PB BinnosinHo 1o "lHcTpykii 3 excruryarariii AHITA-
PB".

ITpu poMy B ckJajii 6eperoBoro nocTa nepeadadeHi:

- Halip 3amacHuX 1HCTpyMeHTIB 1 mpunaniB (3UII), HeoOXinHUX AJIT ONEPaTUBHOIO
npi6Horo pemonty AHITA-PB;

- Ha0lp J1arHOCTHUYHOTO BCTATKYBAHHS W MPUJIAAIB JUIsl J1arHOCTYBaHHS HECIPaBHOCTEH
AHIITA-PB i ixuboro ycynenHs B ymoBax ekcruryatanii AHITA-PB;

- HaOip MaTepiamiB, IHCTPYMEHTIB 1 OCHAIICHHS JJIsi BUKOHAHHS PETJIAMEHTHHUX POOIT 3
AHITA-PB.
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ABTOHOMHMI HeHaceleHMH miABogHMI amapatr 3 paniodyem AHITIA-Pb (mpoektu
"AHITA-PB" 1 "Ckanep") sBIAIOTH cO0OI0 MpPOrpaMHO KepoBaHI Ta/abo BpyYHY KepoBaHi
MiJBOJIHI HOCIT KOPHCHOTO BaHTaxy (MPHUPOJIOOXOPOHHOTO BHUMIPIOBAIBHOTO KOMILICKCY),
iH(opMallis Bij SIKOTO 332 JOTIOMOTOK0 paiio0ys rmepeaaeThes mo paaiokanany Ha LITP.

[IporpamMue KepyBaHHS 3HIHCHIOETBCS TPH I[HOMY 3a JOMOMOIOI i1HTEIEKTYaIbHOI
CUCTEMH KEpyBaHHSI B aBTOMaTHUYHOMY PEKUMI, Py4HE KEpyBaHHS — OIEPaToOpoM, 1110 nepedyBae
B L{[1P, 3a normomororo kaHaiy iHpopmariitHoro ooMiHy «0epir-paaioOyii».

OcnoBHi pexumu podbotn AHITA-Pb sk OCHOBHOTO BHKOHAaBYOTO IPHUCTPOIO
PO3pOOITIOBAIEHOTO KOMILIEKCY TEXHIYHUX 3aC001B HACTYIIHI:

- pexuM Rp 3araJlbHOro KOHTPOJIIO TIAPOXIMIYHUX Ta TiAPOIZMYHHX XapaKTEPUCTUK
aKkBaropii; mpu mpboMy pamio0yi mepeOyBae B "rapaxi", a cam AHITA moxe, 3alexHO Bif
MOTOYHOTO CTaHy Micii, mepeOyBatu Ha JgHI a00 BUKOHYBAaTH IUTAHOMIPHI IEPEMIIIEHHS I10
ABTOMATHYHOMY IMATPYJIIOBAHHIO aKBaTOPIT;

- pexuM Rgs JIOKaJIbHOTO  BUMIPIOBaHHS TiAPOXIMIYHMX Ta  Tiapodi3nyHuX
XapaKTEPUCTHK OKPEMOi JUISHKM aKBaTOPil; Yy IbOMY PEeXuMi pamioOyit Moxe repedyBaTé B
"rapaxi" abo OykcupyBaTHCs 10 TOBepXHi Mops (pexxkuM "on line");

- pexxuMm R 38’s3ky 31 LIIIP; y npomy pesxumi AHITA-PB mMoxe BHKOHYBaTH HacTyMHI
OCHOBHI (DYHKIIIi:

e  ¢ynkuig nepenadi B LIITP indopmarii moao pe3ynbpTaTiB MOHITOPHHTY aKBaTOPIi;

e  (ynkuis oxepkaHHs HOBOT miaBoAHOI Micii Bix LIITP;

e  (yHKIIS pyYHOTO KEpyBaHHS MiABOAHOIO MICi€lO.

3a3HauMMO TaKkoX, 1o, 3actrocyBaHHs AHIIA-Pb no3Bonse BUKOHYBaTH W sl iHIINX
3aBllaHb, cepel SKHX, Y MepIly Yepry, CTOSITh 3aBJAaHHS BiICOOOCTEKEHHS MiIBOAHUX 00 €KTIB.
Hanpuknan, mist psiny 3aBaaHb IMiABOJHOTO OOCTEKEHHS aKBAaTOPid aKTyaJIbHUMH € 3aBIAaHHS
HOLIYKY, OOCTEeKEHHs i TOKyMEHTYBaHHS (LU(ppOBOro KaprorpadyBaHHs) 3aTOHYINX 00 €KTIB,
K1 € TTOTEHIIITHUMU JKepeTaMH €KOJIOTTYHOTO 3a0pyIHEHHS aKBaTOPIil.

BucHoBku. [l peanizauii 3aBjaHb €KOJIOTTYHOTO MOHITOPUHTY MIJIKOBOJHHMX aKBaTOpii
JIepKaBH 3alpOTIOHOBAHO JBA BapiaHTH 3aCTOCYBaHHS aBTOHOMHHX HEHACEIECHUX ITiJIBOIHUX
amapatiB 3 paniodysMu, MO0 JacThb 3MOTY TMIABUIIMTH TMPOAYKTUBHICTE 1 SKICTh
IPUPOIOOXOPOHHUX POOIT HA TAKUX aKBaTOpisAX. JJaHO omuc CTpyKTypu Ta cKiaay oOjagHAHHS
KOMIUIEKCY TEXHIYHHUX 3aco0iB, sKi 3abe3neuyloTh on-line mnepemauy 3aJ0KyMEHTOBAHOI
iHdopmanii Ha L{ITP ans i n1b0BOi 0OPOOKM 3 METOIO BUSIBJICHHS MEPEIYMOB 10 BUHMKHEHHS
€KOJIOT1UHUX MOJIM Ha aKkBaTopii.
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BOJOPO/ - ITIEPCIIEKTUBHOE TOIIJIMBO U CBIPBE JIA
TEXHOI'EHHBIX CUCTEM

Jleonoe B.E., I'ypos A.A.
Xepconckas 20cyoapcmeeHHasi MOPCKAask akaoemust
(Ykpauna)

BBenenne. B coBpeMEHHBIX YCIOBUSX HAPYIIAIOTCS OCHOBHBIC NPHHIMUIBI 3KOJIOTHH,
YTO NPUBOAUT K TJI00AIBHBIM 3KOJOIMUYECKUM Ipo0iieMaM, a UMEHHO: MCUYEpIbIBAHUE ChIPbs
HEBO300HOBUMOI'O XapakTepa, 3arpsi3HEHHE OKpyXawolledl cpeabpl U, Kak CJIEICTBHE,
KJIMMAaTUYECKUH «KPHU3UC», MaHJEMHsI, HeXBaTKa MPOJYKTOB MUTAaHUS M MPUPOJHON IpPecHOH
BOJbl. Bpllleyka3aHHble NPUYMHBI CTald OCHOBHBIMHM (DAaKTOpaMU HEYCTOHYMBOTO Ppa3BUTHS
COBpeMEHHOT0 obmiecTBa. EcTecTBEHHO, 3Ta HEYCTOHYMBOCTD PAaCHpPOCTPAHSETCS Ha MOPCKYIO
orpacib. B paGoTe mnpUBOIATCS MAaHHBIE IO BOJOPOIHOW DJHEPreTHKE, OCHOBAHHBIC Ha
pe3yibTaTax COOCTBEHHBIX KCIIEPUMEHTAIBHBIX UCCIIEI0OBAHUI.

AKTyalbHOCTH HcciaegoBaHuil. CoBpeMeHHOE OOIIECTBO SBISETCS IO OIPENEICHUI0
HeyctoiunBeM [1,2]. HeycroitumBocTs oOmmiecTBa OOYCJIOBICHA CIEIYIOIUMH OCHOBHBIMHU
1J100aIbHBIMU TEXHUYECKUMH, COLIAJIbHO-IKOJIOTMUECKUMH U SKOHOMHUYECKUMH MpodiieMaMHu, K
YUCITy KOTOPBIX ciieayer oTHecTH [1-3]:

1) neguuuT KUCIOpoAa Ha TIAHETE;

2) ucuenbIBaHUE 3aM1acoB YIIIEBOAOPOIHOTO ChIPhs HEBO3OOHOBUMOTI'O XapaKTepa;

3) «KIMMaTUYECKUI» KPU3HC Ha IUIAHETE;

4) «KHCIIOTHBIC» TOXKIH;

5) nemorpaduyueckuii «B3pbIB» Ha IUIAHETE.

IMocTtanoBka 3anauu. Bomopon sBiIseTCS TMEPCIEKTUBHBIM HSKOJIOTHYECKH YHCTHIM
sHepronocutesneMm. OaHaKo, 1015 BOJOPoa B o0mieM OajaHCe TEXHOTEHHBIX CUCTEM HEBEIHKA,
Bcero 0,01 %, u mpuMeHsieTcss OH B OCHOBHOM JUIsl CIIELIMANIbHBIX 1eJIel UM B J1a00paTOPHBIX
UCCIIEIOBaHMSX.

Bonopon monmy4yaroT METOIOM 3JIEKTPOXMMUYECKOIO PaszjIoKEHHs BOJABI Ha BOAOPOJ U
Kucinopoa. Peakius pasinoskeHust BOJbI SK30TepMUUecKas U TpeOyeT H30bITOYHOr0 MOoTpeOIeHus
SHepruu u3BHe. HecMoTpss Ha BHEIIHIOK MPOCTOTY 3TOr0 IMpolecca CIeAyeT OTMETUTh
OCHOBHBIE HEIOCTATKU ATOTO Ipoliecca, KOTOPhle HE MO3BOJISAIOT €r0 pealn30BaTh B IIUPOKOM
MPOMBIIIUICHHOM MaciiTade, a UMEHHO: 1) Moapo-B3phIBOOMIACHOCHOCTH MPOIIECCa, MTOCKOIBKY
o0OpazyeTcs «rpeMydas» CMechb BOAOpOAa U KHUCIOpOJa; 2) 3arTparThl HHEPrUud JAjs
ANIEKTPOXUMUYECKOTO PA3JIOKEHHUS BOJBI MPEBBIIIAIOT YHEPIUI0, MOTYyYAEMYyIO MPHU CKUTAHUU
BOJIOPOJia B IOTOKE KUCIIOPOAA.

B npombinuieHHOM MaciiTabe BOJOpPOJ UCHOJIb3yeTCs B CMECHU C APYTMMHU Ta3aMH Jist
KPYITHOTOHHa)XHBIX TPOM3BOJICTB, TAKMX KakK: IMPOW3BOJACTBO aMMHaka (CMech BOJOpOAa M
azoTa), MeTaHojla (CMECh BOAOpOJa M OKCHIOB YIJepoja), TUAPUPOBAHHUE HEMPEAETbHBIX
COEMHEHUH (CcMech BOJOpPOJAa W YIJIEBOJOPOJOB), THIPOOYUCTKA Ta30BBIX IIOTOKOB OT
TOKCHYECKUX BEIIECTB M COEIUHEHMH (CMeCh BOJOPOAA M MEPKANTAaHOB) B XMMHUYECKOH WU
He(pTEeXUMHUUECKON TPOMBIIIICHHOCTH [4].

B nacrosiniee BpeMsi TEXHOT€HHbIE CHCTEMbI IPUMEHSIOT B OCHOBHOM (90 %) B KauecTBe
HCXOJHOTO CBIPbSl YIJIEBOJOPOHBIE HOCUTENIN HEBO30OHOBHUMOIO XapakKTepa: MPHUPOJHBIN ras,
HE(PTh, Yroib, CIAHIBI, OMTYMHUHO3HBIE IIECKH, «IIaXTHBIH» METaH, KOTOphIE B TIpoIecce
nepepadOTKU BBIACTSAIOT KOMIIOHEHTHI «IIaPHUKOBBIX» Ta30B, OCHOBHBIM MapKepOM KOTOPBIX
SBIISICTCSA AUOKCUJ yriiepoja. YTIEBOAOPOAHOE ChIPhE ¢ OJHOW CTOPOHBI UMEET OTpaHUYCHHBIC
pecypcehl, a ¢ Ipyroil CTOPOHBI KOHBEPCHUS YIIIEBOJOPOIHOTO CHIPhSI MPUBOIUT K MHTEHCUBHOMY
3arps3HEHUI0 OKpYXKarolllel cpe/ibl U U3MEHEeHUIo kiumara Ha [lnanere.
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B MPOMBIIIIEHHOCTH OCBOEHBI CIIEeIyIOIINe IPOLIECCHI MOJTyYeHUs
BOJIOPOJI0COIEPKAIUX TA30B:

1) mapo-kucnoponHasi, nmapoBasi ra3uuKanys yris, B OCHOBE KOTOPBIX HCIIOJIB3YIOTCS
peakuun: C+H,O=CO+Hy; CO+H,0=CO,+Hz; CO+0,50,=CO,. IIpoiiecc 0CBOEH B «KUIISIIEM)
U CTAI[MOHAPHOM PEKUMAX;

2) mapo-KUCIOpOJHAas KOHBEPCHS MPUPOJHOTO Traza [0 OCHOBHOM peakluu:
CH4+H20=CO+3Hy;

3) mapo-yriaekuciaoTHass KOHBEpPCUS MPUPOJHOIO Ta3a IO OCHOBHBIM PEAKIHSIM:
CH4+H,0=CO+3H,; CH4+CO,=2CO+2H,; CO+H,0O=CO,+H,;

4) mapo-KHUCIOpOJHas KOHBepcHsi HedTH, HE(TSIHBIX OCTaTKOB B CHHTE3-Ta3, CMeECh
OKCHJIOB YTJIepoJia U BOJIOPO/A;

5) nepepaboTKa OpraHM4YEeCKUX TBEPABIX ObITOBBIX U MPOMBIIIJIEHHBIX OTXOJ0B B CUHTE3-
ras.

[lepepabatbiBaTh MPUPOAHBIN ra3, B cocTaBe KoToporo Oonee 96% meTraHa, B BOJIOPOJ]
(100%), mpencraBiseTcst HelEeIeco00pa3HbIM, MTOCKOJIBKY METaH COAEPKUT 75% Macc yriepoja
u Toipko 25% wmacc Bomopoaa. Bosnukaer 3amava, a yTo Jenarh ¢ M30BITKOM YIJIEpoja,
MOJIyYEHHBIM B pe3yJibTaTe KOHBepcuu Merana???

PesyabraTrel  ucciaenoBanuii. IlpencrtaBmsiercs  pasyMHBIM M B3BEIIEHHBIM
CETOAHSIMHPOBOMY COOOILIECTBY HCCIENOBAaTh IYTH IEpexoja TEXHOTEHHBIX CHCTEM Ha He
YIJIEBOAOPOAHOE CHIpbE C OONBIIONW KPAaTHOCTHIO 3aacoB IIOKAa PECYpPChl YTIEBOJOPOIHOTO
CBIPbsI HE HICUEPIIaHbI.

K He yriaeBomopoaHOMY CBHIPBIO CIEOyeT OTHECTH BOJOPO, CEPOBOIOPOJ, TOHHBIC
KPUCTAIJIOTUAPATHI, AUOKCU]] YTIIepoa, BOAY.

[Ipobnema n00blYM W mepepabOTKM MOPCKOro TNIyOMHHOIO —CEepoBOAOpO/ia B
AJIEKTPOIHEPTUIO, TOIUIMBO, MPOILYKTHl XUMUYECKOTO U HE(PTEXMMHUYECKOTO CHHTE3a MOAPOOHO
omucaHa B pabore [2,5-7].

Hamu npesuiaraercst mporecc nojydeHus BoJ0opoJa U KUCIOpoJia Mo CIeayroue cxeme
(puc.1), BKiIroyaromei cienyromue CTaauu:

Cluster
\V [K]WS ¢ A G
2 H,O o 4H:K - _'_ 07}
4—
A t,T,C
HT HT
—> L 5
E —> > E2
1, SP v, =
2 HZOL <—[K] + 2H2 —> TS —>
T 2 H,0"

E;, E,, E3 — expended energy; E, — th(; resulting energy; HT — heat transfer agent;
K — catalyst; TS — technogenic systems; G,V, L, SP — respectively, gaseous,
vaporous, liquid, solid phase, GW — gaseous waste.

PI/ICYHOK 1 — Cxema MOJIYYCHHUA BOAOPOAAa U KMCJIOPOJa U3 BOAbI

1) ucniapenue BOJbI;
2) KaTaJuTHYECKas CONpsKEHHAas peakliis KOHBEPCUM BOJBL;
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3) pasneneHue MOJNYYEHHON B pe3ylbTaTe CTaJAuM 2 ra3oBOil cMecH Ha BOAOPOI U
KHCIIOPOJI;

4) cxxuranve BoJIOpojia B CYJOBOM SHEPreTUYECKON YCTAHOBKE C MOJTYyYE€HUEM TEIUIOThI U
SHEPruH, MPeoOPa30BaHHON B IBIKEHUE CYIHA,

5) BO3Bpar kaTanu3aropa B npoiecc. Lluki 3ambikaercs.

B pesynbrare cxuranvs BoJOpoOJia B MOTOKE KUCIOpoJa He o0pa3yercs TOKCHYECKUX
BEIIECTB U COCAMHEHMIA, a 00pa3yrolascs Boia BHOBb MCIIONb3YETCs TSl Pa3Nio’KEeHUs BOJIbI Ha
BOZIOPOJ U KUCIOPOJI.

PaccmoTpenbl Tpu BapuaHTa OCYLIECTBIICHUS HOBBIX TEXHHMYECKHUX PEIICHUH IO
IIPUMEHEHHUIO U CUHTE3Y KUCIOPO/a U BOJIOPOAA U3 BOJbl HEOCPEACTBEHHO Ha OOpPTY CyAHA:

1) cynHo 3ampaBiseTcss XHIKUM KHCJIOPOJIOM B CICHUANBHBIX TaHKaX M OOBIYHBIM
CYZIOBBIM JU3€JIbHBIM TOILIUBOM,;

2) CyIHO 3ampaBiIIeTCS XHUIKAM KHCIOPOIOM H KHIKHAM BOJOPOIOM B CIICIHATbHBIX
TaHKax;

3) CyaHO 3ampaBisIeTCsl CyTOYHBIM 3aIllacOM BOJIOpOJA M KHUCIOpOJa, a Ha OOpTy Cy/aHa
OCYIIECTBIISACTCS HEMPEPBIBHBIM MPOLIECC PA3IOKEHHSI TIPECHON BOJIbI MK / 1 MOPCKO# BOJIbI Ha
BOZIOPOJ U KUCJIOPOI.

B kauectBe ©0a3pl AN CpaBHEHHS C YyKa3aHHBIMU BapHaHTaMU MPUHUMAETCS
SKCIULyaTalusl CYJOBBIX YHEPreTUYECKHUX YCTAaHOBOK, HCIIOJb3yeMas B HACTOSILEE BpeMs Ha
MopckoM (ote. Kak M3BeCTHO BCe CyOBBIC PHEPTETHUECKUE YCTAHOBKU PabOTAIOT HA Ma3yTe
WJIM HA TA3TOTUIUBE.

[Ipobnema y Bcex AMU3ENbHBIX ABUTATENICH COCTOUT B TOM, YTO CMEIIMBAHHUE PA3HBIX IO
TEMIIepaType BO3JyXa M TOIUIMBA MPOUCXOAUT JIMIIb B Kamepe cropanus. s cmemmBaHus
MMEETCS OUYEHb MaJI0 BpeMEHU. B pe3ynbTare B Kamepe CropaHusi HE IOJIy4aeTcsl MOJHOCTHIO
OJIHOPOJHOTO pacHlpeeNieHnuss cMecH. XOTs AM3ENbHBIN ABUTaTelb pabOTaeT C 3aMETHBIM
M30BITKOM BO3/1yXa, B KAMEPE CrOPAaHMs MOKET UMETh MECTO JIOKaJIbHasi HeXBaTKa Bo3ayxa. OHa
MOXXET CTaTh NMPUYMHON oOpa3zoBaHus caku. Eciam XO0JmoJHOMY TOIIMBY HE JaTh JIOCTATOYHO
BPEMEHU HAa CMEIIMBAHUE C BO3AYXOM, TO MPOU3OMAET peaklusi HE OKUCIICHHS, a KpekuHra. B
pe3ynbTaTe KpEeKHMHIra PBYTCS YIJIEBOJOPOJHBIE LEMOYKHA B TOIUIMBE M OTUICTUISIIOTCS aTOMBI
yraepoaa. OOpa3yercs caxa. Uucteiii yraepon (caka) odeHb wHepTeH. OfHAKO B Mpoiiecce
CKUTAHUS ISl CTOPAHMS STUX YAaCTHI] CaKU HE OCTAeTCsl TOCTATOYHO BPEMEHH. DTO NMpPUYUHA
o0pa3oBaHUsl CaXW M, Kak CIEJICTBHUE, BBHIOPOCOB YaCTHI[ Yy JU3CJIbHBIX JIBUTATEIEH.
JIMUTEeNbHOCTh TPOTOPAHUSI CMECH CTAHOBUTCS TEM MEHBIIE, YeM OOJIbIIe UMEETCS BPEMEHH Ha
MOATOTOBKY TOILJIMBA U CMEIIMBAHUS €T0 C BO3yXOoM. OCHOBHBIE TTPOOIEMBI BHIOPOCOB BPEIHBIX
BEIIECTB y MU3ETbHBIX ABUTATENCH SIBISIFOTCS BHIOPOCHI OKCHAOB a3oTa U vactuil. Oba 3Tux
BpPEIHBIX KOMIIOHEHTA TaK)X€ CTOST B ILEHTPE BHHUMAHHUS B IJIaHE JAIbHEHIIEr0 CHUXKEHUS
MpeenbHBIX 3HAUCHUN y MU3eNbHBIX aBurateneid. Ha pabory aBurartens KpymHOTOHHAKHOTO
CyllHa B CyTKH pacxomayercs mopsiaka 40 ToHH TorumBa. [Ipu pabore cyqoBBIX aBHUTaTeNeii HE
cropaetr 2% mnpumeHseMoro (IMPEeUMYIIECTBEHHO IU3EJIbHOT0) TOIUIMBA, HEIO0XKOT KOTOPOTO
OKa3bIBAET HETATUBHOE BIIMSIHUE HA 3KOJIOTHIO.

B nporecce cropanust mpoucxoanuT o0pazoBaHUE:

— OKCHJOB YIJIEpOJa, a30Ta, CEPHI;

— aTOMapHOTO BOAOPOJA;

— HU3KOMOJIEKYJISIPHBIX YIJI€BOIOPO/IOB;

— CaxWu.

HcTounnkamMu BpemHBIX BBIOPOCOB SIBISIFOTCS MPOHW3BOJHBIE XUMHUYECKHX BEIIECTB,
COETMHEHUH U 3JIEMEHTOB, COJEPKAIIUXCS KaK B aTMOC(EPHOM BO3/AYyX€, TaK U B TOIJIUBE, U TEM
Oojee B MPOJNYKTaxX CropaHHsl [W3EIbHOTO TOIUIMBA. B CBA3M C 3TUM KadyecTBEHHOE H
KOJIMYECTBEHHOE CHUXEHHE BPEIHBIX BEIIECTB U COEIMHEHUH B OTPAOOTAaHHBIX Ta3ax MOKET
OBITH JOCTUTHYTO: BO-TIEPBBIX, ITyT€M YMEHBIICHUS KOJMYECTBA BPEAHBIX COCTABISIONIUX B
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UCXOJHBIX TOIUIMBE U BO3/AYX€, YYaCTBYIOIIUX B MPOIIECCE TOPEHHUS; BO-BTOPBIX, OpraHu3aluen
mpolecca CropaHusi TOIUIMBA, MPU KOTOPOM PAa3HOCTH JIOKAJIBHBIX TEeMIIepaTyp CropaHus
TOIJIMBA MO 00BbEMY TOpeHHUsi ObUTH Obl MUHUMAJIBHBIMHU, & TEMIEpaTypa B JIOKAJbHBIX 30HAX
o0bema ropenusi Obia Obl BeIpaBHeHa (grad t° = const); B-TpeTbHX, U3MEHEHHUEM (OPMBI U
pa3mMepoB 00beMa rOpeHHsl; B-UeTBEPTHIX, M0/1aueii B 30HY TOPEHUS] MHHUMAJIBHO BO3MOXKHOTO
KOJIMUECTBA BO3JyXa M3 arMocdepbl ¢ TeMIepaTypoil MoJorpeBa, MpU KOTOPOl KOJIMYECTBO
KHCIIOpOJIa B €r0 cocTaBe HambosbIee [8].

Jlanee, aHanmu3upys MpUBEACHHbIC BBIIIE BapHAHTHl HCIOJIb30BAaHUS BOJIOpPOAA U
KHCJIOpPOJ1a HA MOPCKUX CyJlaX, HY’)KHO OTMETHUThH CJIEYIOIIee.

1. Kpome mpoOiieM 3amuThl BO3AYIIHOTO OacceifHa 000 CcynoBiameie, MpH
MOCTpPOIiKe CyJHA, CTPEMUTCS K YBEJINYCHHUIO JIeIBEHUTA MTPU HEN3MEHHOM BOJOU3MEIIEHUH. DTO
MO>KHO JJOCTUYb, HAIIpPUMEp, TyTeM OO0JIETYeHUs Beca CyI0BOI SHEPreTHUECKON YCTAaHOBKH, YTO
OCYIIECTBIISICTCS HCIIOIB30BAaHMUEM BOJIOPO/IAa U KUCIOPOA.

2. B mepBoM mpeasioxkeHHOM BapHaHTE CYIHO HCIONb3YeT Uis paboThl JBUTATENS HE
BO31yX, a KucimopoA. Takoit nBuratens Oojiee SKOJOTHYECKH Oe3omaceH U 0ojiee SKOHOMMYEH,
YeM TPaJUIMOHHBIN [3].

3. Bo BTrOpoM BapmaHTe 3amachkl BOJOpOJA W KHCIOpoja aisi pabOThl JBHTaTess
3arpy»karoTcs B clielhajibHble TAHKU Ha BECh PEIC U PacCXOAYIOTCS IO Mepe HEOOXOAUMOCTH.

4. B TperbeM BapHaHTE BOJAOPOJ M KHUCIOPOJ 3arpykarorcs g paboThl TOJIBKO Ha
CyTKH, a B JlaJbHEHIIeM, B TEYCHUH peiica, CyoBasi YCTaHOBKA MOIYy4YaeT KUCIOPOJ M BOJOPO.
U3 MOPCKOM BOJIBI CAMOCTOSITEIIBHO.

Kaxnplii w3 TpUBEACHHBIX BapHAHTOB O0O0JagacT CBOMMH IPEHMYIIECTBAMU U
HEIOCTaTKaMH, HO TJAaBHOE HX NPEUMYIIECTBO B TOM, YTO JIOOOW M3 HUX HKOJOTHYECKH
Oe30maceH M HKOHOMHYECKM pPEHTa0eleH M HMMeeT MEHbIIee MO Macce O0OpYIOBaHHUE, YTO
YBEJIUYMBAET JI€IBEUT CyAHA.

BoiBOaBI.

1. Omnucanbel oTpuLIaTENbHBIE MOCIEACTBUS I OKpYXKAIOLIEH U MOPCKOM Cpenbl
UCTIOJIB30BaHUSI HA MOPCKOM ()JIOTE TPATUIIMOHHOTO CYIOBOTO AM3EILHOTO TOTUIHBA

2. IlpemnokeHo OTKa3aThCs OT MCIOJIB30BAHUS TPAAMIIMOHHOTO JW3EIHHOTO TOIUIMBA U
aTMOC(EpHOro BO31yXa.

3. IlpeasiokeHO MCMOIB30BATh B KAadeCTBE CYJOBOTO TOIUIMBA BOJIOPOJ, a B KauecTBe
okucnurens kucuopor (100 %).

4. JlaHBl TEXHUYECKHE TPEATIOKECHUS TI0 MOYYSHHIO BOJIOPOJIa U KHCIOPOAAa METOJIOM
KaTaJIMTHYIECKOTO PA3JI0KEHUS BOJIBI.

5. Jlng HOBOro CyAOBOTO TOIUIMBAa HEOOXoAMMa pa3paloTka HOBOM KOHCTPYKIUHU
CYJZIOBOI SHEPreTHYeCKON YCTaHOBKH.
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IMPACT OF SEA AND RIVER TRANSPORT ON THE ENVIRONMENT
AS AN URGENT PROBLEM

Pozdniakova V., Marukhenko O.
Azov Maritime Institute
National University Odessa Maritime Academy
(Ukraine)

Introduction. In connection with the economic development and the increasing of
human economic activity, the transportation of various cargoes by water transport is increasing
and accounts for 60-67% of the world cargo turnover. At the same time, there is a negative
impact on the environment, its pollution, the consequences of which affect both the existing
generation and the future one.

The purpose of the study. Therefore, the impact of water transport on the environment
is an urgent and pressing issue of the day. Ecological hazard of water transport is represented by
two components - operational and accidental. The causes of pollution of the world ocean water
area as a result of ship operation are sewage and oily waters, ship engines. Accidents result in oil
products and other toxic substances. Ecological damage is caused by exhaust gases discharged
from ships, collisions with mammals and noise pollution.

The results of the study. Ship accidents cause 14% of oil pollution. The main
contribution is made by tankers. The main causes of accidents are:

— collisions;

— grounding;

— explosions;

— fires;

— engine damage.

Thus, during the disaster caused by the grounding of the tanker “Tory Canyon” near the
southwest coast of England in 1967, there was a spill of 117 thousand tons of oil. The tanker
Argo Merchant lost 29,000 tons of product off the coast of Massachusetts America in 1977. The
Exxon Valdez tanker collided with a reef off the coast of Alaska in 1989 and spilled over 45,000
tons of oil. The leak from the Greek tanker “Tazman Spirit” in 2003 was 7,000 tons [1].

Pollution of the environment by water transport occurs through two channels: firstly, sea
and river ships pollute the biosphere by wastes of operational activity, and secondly, by
emissions in cases of accidents of ships with toxic cargoes, mainly oil and petroleum products.

In usual operation conditions, the main sources of pollution are ship engines, first of all,
the main power plant as well as the water used for washing cargo tanks and ballast water
discharged overboard from the cargo tanks [2].

Power plants of ships pollute the atmosphere with exhaust gases, from where toxic
substances partially or almost completely get into waters of seas, rivers, and oceans. Steam-
turbine vessels account for a small share, and their number has been decreasing in recent years
(due to less efficiency in comparison with diesel engines). So far, there are only a few gas
turbine units.

River and sea vessels move for long distances at a set speed, at which the engines operate
for a long time in an optimal mode, and therefore the exhaust gases contain a minimum of toxic
substances. Engines of various types on ships pollute the atmosphere and the hydrosphere, and
the amounts of land and aquatic pollution are statistically related. Reducing pollution on
continents has an immediate effect on reducing pollution in rivers, lakes, seas and oceans.
However, the degree of harm caused to the air and aquatic environments may be different, and
the question of assessing the environmental and economic consequences cannot yet be
considered resolved. It is estimated that pollution of the world's oceans reduces their productivity
by 20-25%. The yield of agricultural land in mainland areas is reduced by the same amount.
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Using data on maritime transport activities, it is possible to estimate the amount of
harmful emissions and the harm it does to the environment. Water transport carries a large
amount of oil cargo, which increases the effect of pollution of the aquatic environment due to the
large amount of hydrocarbons. At the same time, tankers account for more than 50% of marine
pollution by oil and petroleum products.

CO, CO,, CH gases are heavier than air and accumulate on the surface of the aquatic
environment. CO and gaseous hydrocarbons emitted by ship diesel engines take part in oxidative
reactions and finally turn into CO,, the presence of which in the atmosphere causes the
greenhouse effect. In the first approximation the ecological damage to the aquatic environment
can be calculated as a sum of losses from sulfuric anhydride, nitrogen oxides, soot and emissions
of unburned fuel of ship engines, as well as evaporation of oil cargoes of the transport fleet [3].

Calculations of environmental damage from operation of individual types of power plants
have shown a significant advantage of gas turbines over diesel power plants with a low-waste
engine. Thus, the environmental and economic damage of the former is about 5% of the damage
of the latter. Additional ecological harm from emissions of oxidizing nitrogen, carbon dioxide,
carbon monoxide and gaseous carbohydrates by NPP is connected with their participation in
creation of greenhouse effect. However, the quantitative side of this issue has not yet been
sufficiently studied. In addition, nitrogen oxides destroy ozone and stratosphere, which leads to a
number of negative natural phenomena. It is necessary to take into account the harm to the
aquatic environment from heavy metals and oxidizing, including iron, as well as from noise and
vibration of heat engines.

Highly toxic oxidizing nitrogen, sulfur dioxide, soot, the concentration of which is high at
high loads and gradually decreases at medium loads. At medium loads the concentrations of
soot, SO,, NOx decrease significantly, and CO and CH increase. The greatest soot emission is
observed at higher loads. However, the toxicity of CO and CH is low [3].

It follows from the above-stated that the main role in the sea pollution at sea
transportations is played by emissions of heat engines; therefore, it is reasonable to raise a
question about replacement of engines which use high-sulfur fuel with new cleaner and more
economical ones. It is also justified from the ecological point of view to transfer ships from
MODs to COs, since the volume of pollutant emissions in the latter is less.

Conversion of coastal ships and port fleet to natural gas and application of hydrogen from
hydride accumulators to liquid fuel can play an important role. For this purpose it is necessary to
carry out a complex of measures, including issues of utilization of vapors of liquid residual oil
cargoes of tankers to ensure economic operation.

Conclusions. Disposal of oil cargo vapor is one of the effective measures to protect the
environment. Such projects are now being developed. In this connection we can point out the
equipment of offshore drilling platforms Gas turbine generators. The latter are expedient to use
as a part of mobile power plants, research stations working in Arctic and Antarctic ice,
ecosystems of which are lightly polluted.

The ecological situation in the world is steadily worsening, which makes it necessary to
reassess the directions and prospects of power plant development, energy schemes used in ship
installations and modes of their operation. The attitude to use of high-sulfur heavy fuel grades in
ship power engineering can change due to the fact that amount of sulfur oxides in exhaust gases
is directly proportional to the sulfur content in fuel. It should be expected that already in the
coming years the priority will be given to such installations, in which the harmful environmental
impact will be minimal due to the high energy efficiency.
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AHAJII3 EKOJIOTTYHOI'O CTAHY NIBHIYHO-3AXITHOI YACTUHHA
YOPHOI'O MOPS 3A 1ONOMOI'OXO METOIB JIUCTAHIIMHOI'O
3OHAYBAHHA 3EMUJII

Hlsuoenxo LK., Pawenko O.1.
Jlynaticokuti incmumym 600H020 MPAHCHOPMY
Hepotcasnozo yHieepcumemy iHghpacmpykmypu ma mexHonoeii
(Vkpaina)

Beryn. YkpaiHa € MOPCBKOIO JAEPKABOIO, SIKA CEpE MPUYOPHOMOPCHKUX AEpKaB MAa€
HaiiioBry GeperoBy ninito (1 628 km). Iif HanexuTs 57 % 3aranbHoi IIIONII YOPHOMOPCHKOTO
menbdy, y Tomy yncii 87 % miBHIYHO-3aXiqHOTO Ienb]y. AHTponorenHi npobiaemu YopHoro
MOpsi GOPMYIOThCSI 1 HAUOLIBII TOCTPO MPOSBISIOTHCSA B MPUOEPEXHIi 1 menb(oBiid 30HI MOpIB,
Jie CKOHLIEHTPOBAaHA TOCHOJApChKa [isSUTBHICT Ta OCHOBHI JpKepena 3a0pyaHeHHss YopHOTO
Mops [1]. Haiibisbmn noTy)KHUMH JKepeIaMid aHTPOIIOTEHHOTO 3a0py/AHEHHS MiBHIYHO-3aXiqHOT
gacTuHU YOpHOTO MOps, OCOOJIMBO NpUOEpPEKHOI akBaTOpii, € PIYKOBHH CTIK Ta Oeperosi
TOYKOBI JKepena, 70 SIKUX y Meplly Yepry BiTHOCSITHCS BUITYCKU CTIYHHX BOJ| PI3HUX CYO’€KTIB
TOCIOJapIOBAaHHS, a TAKOK MOPCHKI MOPTH. Bci 111 aHTpONOreHHi pKepena Ta mpupoaHi Gpakropu
(pexxuM TemIiepaTypH, COJIOHOCTi, aTMOCHEPHUX OMaJliB, BITPY, Te€Uill Ta iHIIE) 0OYMOBIIOIOThH
(dbopMyBaHHS TiAPOXIMIYHOTO PEKUMY BOJI 1 BIUIMBAIOTH HA CTAH MOPCHKOT ekocucTeMH [ 2].

Exonoriuni HacaiAKK aHTPOMOTEeHHOTO 3a0pyTHEHHS! CTAHOBIIATH LIJTHI KOMILIEKC SIBHIIL,
HAMOLIBII CYTTEBI 3 SIKUX — MPOTrpecyroda eBTpodikallisi, HAKOMUYEHHS XIMIYHUX TOKCHKAHTIB Yy
PI3HMX KOMITIOHEHTaX E€KOCHUCTEMH, 3HWKEHHs O010J70TIY4HOI MPOJYKTUBHOCTI, MIKpOOiOJOTiUuHE
3a0pynHeHHs npuOepexHux Boxa. IllopiuHO 3 pPIYKOBHMH BOJAMH B MOPCBKE CEpEIOBHIIE
Ha/IXOJUTh 653 TUC. TOHH 3BaXEHUX PEUOBHH, OHAJ § THUC. TOHH OPraHIYHUX PEYOBUH, OJIN3BKO
1,9 tuc. TonH azory 1 1,2 tuc. ToHH ocdopy [3]. Hacininkom HagmipHOi eBTpodikaliii MOKHa
BBAXATH TaK 3BaHE «IBITIHHA» BOAUM — IHTEHCUBHUH PO3BUTOK MIKPOBOAOPOCTEH, IO
BII0OYBA€THCS 3a MEBHHUX CHPUITIMBUX YMOB 1 Mae BHOyxomoaiOHMH xapakTep. SIK HaciiJok
3pocTae canpoOHICTh BOJOWMH, YHACHIJOK $KOI MOPYLIYIOTBCS MPOLECH CaMOperyJsuii,
CaMOOYHIIEHHS, BIAMOBIIHO 3MIHIOETHCS CTaH BCiel ekocucteMu. OTHUM 13 TOJTOBHUX (haKTOPIB,
SKMI IPOBOKYE LIBITIHHS BOJH, € TEMIIEPATypa BOJAH.

IlocTanoBKka MeTH Ta 3a/a4 A0cJiT:KeHHsA. MeToro 1aHoi poboTH € aHali3 TPOCTOPOBO-
4acoBO1 AMHAMIKK KOHIEHTpallii xiaopodiny-a B HopHOMY MOpi Ta BU3HAYEHHS KOPEISIIITHIX
3B’SI3KIB MK TEMIIEpaTypOIO MOBEPXHI BOJIM Ta KOHUEHTPALIEI XJIOpOoPuIy-a, 3a JTOIOMOIOI0
Bi3yasizauii Ta aHaji3y JaHUX OTpUMaHuX 31 cymyTHHkoBHMX 3HIMKIB MODIS Aqua nopramy
Giovanni NASA.

MeToauka JOCTiIKEeHb TONATac B CTBOPEHI Ta Bi3yami3alii KapT 3 ycepeIHEHUMH
3HAYEHHSIMH KOHIIEHTpalii xJopodiny-a, TemiepaTypu BojaHOI moBepxHi YopHoro mops 3a
2015-2020 pp. Ta BU3HAYECHHS MK HUMH KOPEJLIMHUX 3B’A3KiB 3a JIOMIOMOIOI0 IHCTPYMEHTIB
noprany Giovanni NASA. Kaptu posmominy KOHIEHTpaIii XJjaopodidy-a [aloTh HaOYHE
YSIBIIGHHS 1PO 010J10T1YHY aKTHUBHICTh B 6aceiiHi Ta I MpocTOPOBO-YaCOBY MIHJIMBICTb.

OcnoBHi pe3yabTaTH. Giovanni (Geospatial Interactive Online Visualization And
aNalysis Infrastructure) — mmardopma, ne BiIOOpakarOThCS MPOCTOPOBO-TIPUB’SI3aHI JaHi 13
cyrmyTHUKIB NASA y pizHEX (hopMarax, BKIFOYAOUN aHIMAIliio0, TUIOIIHHHY Bi3yalli3alliio, 4acoBi
psiu, ycepeHEeHHI 3HaueHHsI (MepUIi0HANIbHI Ta 30HaJIbHI ), BEpTUKAIBHI Ipoditi Tomio [4].

Ha ocHoBi cynyraukoBux manux MODIS Aqua noprany Giovanni NASA namu Oyiio
CTBOPEHY KapTy yCepeIHEHHMX 3Ha4eHb KOHIEHTpalii XJ1opodity-a y BoAHIN noBepxHi YopHOTO
Mopst (puc. 1). 3aBASKH OTpUMaHHM JaHMM MH JOCIIAMIN MPOCTOPOBO-YaCOBY MiHJIMBICTD
KOHIIEHTpaIlli XxJI0podiny-a y BoAHIN moBepxHi YopHOTO MOps 32 OCTaHHI 5 pokiB. MakcuMallbHi
yCepeIHeH] 3HAYCHHS KOHIEHTpaIliil XjgopodiTy-a BiAMIYEHO B palloHaX MPWICTIUX 10 30H
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aKyMyJsLii piuKoBUX BOJ. BcTaHOBIEHO, IO y Mipy BiJJaJ€HHs BiJ TMPJIOBUX JIUISTHOK B OiK
BIZIKPUTOTO MOPS KOHIIEHTPAIIisl 3HU)KYETHCH.

Time Averaged Map of Chlorophyll a concentration monthly 4 km [MODIS-Aqua MODISA_L3m_CHL v2018] mg m-3
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—— - Selected date range was 2015-Jan - 2021-May. Tile reflects the date range of the granules that went into making this resuft.
Pucynok 1 — Kapra ycepeHeHUX 3Ha4Y€Hb KOHIICHTpaIlii XJ0podisy-a y BOJHIHN MOBEPXHI
Yoproro mopst 3a 2015-2021 pp., mr/m>

AHami3z CymyTHHKOBHX JIaHUX II0Ka3aB, IO Yy perioHax 3MillyBaHHI BOJ
cepeaHb0o0araTopiuHi 3HaYeHHS KOHIIEHTpaIllii xjJopodiny-a konuBanmuch Bix 1,3 mo 10,0 MF/MS,
MiHIMaJbH1 3HAUE€HHS B JITHIN nepiof 3adikcoBano y uepBHi 2020 p. — 3,2 MI/M.

HaiiBumi nmokasHuku xjiopodiny-a B 3MMOBHIl nepioa 3adikcoBaHo y aucronaii 2020 p.
— 5,7 Mr/m® (puc. 2, a). Y BIZKpUTOMY MOpI CEpeJIHI 3HAUYEHHS XJIOpO(DUTy-a CTAHOBUIIN: B3UMKY
Big 0,4 mo 0,5 MF/M3, BHiTKY Bix 0,8 10 1,6 Mr/mM°. MiHiMasIbHi 3HAYEHHS xyopodiny-a B TiTHIN
nepion ¢ikcyBamm y 2015, 2016, 2020 pokax, came B JIMIHI TOKAa3HUKH CTAHOBWJIA B
cepeauromy 0,4 mr/m®. MakcuManbHi [TOKa3HHKH xJopodiny-a B 3UMOBMHA mepion Oyio
3acikcoano y moromy 2021 p. — 1,5 mr/m® (puc. 2, 6). [cTOTHHIT BIUIMB Ha MPOCTOPOBO-YACOBY
MIHJIMBICTh KOHIIEHTpAIlii XJI0podisly-a HaJla€ pIUKOBUH CTiK, 0COOIMBO B MEPio]] MABOAKY.

Time Series, Area-Averaged of Chbrophﬁyll & concentration monthly 4 km [MODIS-Ag U Time Series, Area-Aveaged of Chiorophyl a concentration monthly 4 km [MODIS-Aqua
MODISA_L3m_CHLv201€] mg m-3 over 2015-01-01 00:10:01Z - 2021-07-01 02Z, Rei\opISA_L3m_CHL v2018] mg m-3 over 2015-01-07 C0:10:01Z - 2021-07-01 02Z, Regic
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Pucynok 2 — YcepeaHeHuit 3a TUIOIIEI0 YaCOBUM PSIJT MIOMICSYHOT KOHIICHTpaIIii XJ10podiy 3a
2015-2021 pp., mr/m® (Modis Aqua, Giovanni NASA): a) 30Ha 3mimnyBasHs BOI; 6) BiZKpPHTE MOpE

Binomo, 1o Temreparypa MmoBepxHi MOpsl TaKOXK € OJHUM 13 OCHOBHHUX (DaKkTOpiB, KU
3lIaTeH ICTOTHO BIUIMBATH Ha mepedir (i3uko-xiMiyHUX 1 TiApoOiosoriyHux mporeciB. Tomy
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BapTO MPOBECTH JOCIIHKEHHS TEPMIYHOTO pexkuMy Oaceiiny YOpHOT0 MOpsi, OCKIJIbKM BiH Mae
nmeBHI 0COOMMBOCTI. JlUCTaHIIHHI METOAM BHUMIPIOBaHHS TEMIIEpaTypd 3a JIOIIOMOTOIO
CYNyTHUKIB € Ha JaHWH MOMEHT OJHMMH 3 HaWOUIbII iHPOPMATHBHUX METOJNIB OTPUMAaHHS
JaHUX PO MPOCTOPOBHUI PO3IOILT TEMIIEPATypH MTOBEPXHI MOPSI.

JJA nontks (2015-06-)1 0C:45:011 - 2020-08-11 08.49Z)
Average Sea Suriace Temperature 2t 11 microns (Day) monthly 4 tm [MODIS-Aqua MODISA_LIn_SST_Monthly 4km vR2019.0] C for JIA months
2015-06-01 00:45:011 - 2030-08-31 08:492, Region 27.325E, 4067781, 42.2124F, 4703330
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Pucynok 3 — Kapra ycepeaHeHO1 TeMIiepaTypu BOAHOI ToBepxHi HOpHOTO MOps 3a JIITHI MiCsIIi
(uepBenb-cepnenn) 2015-2020 pp., C (Modis Aqua, Giovanni NASA)

AHaJi3 KOCMIYHUX 3HIMKIB Ja€ MOKJIMBICTh HE JIMIIE XapaKTepU3yBaTH TeMIEPaTypy
Bosu y HopHOMY MOpi, a i 3HaXOAUTH MPUYHMHHU IPOCTOPOBO-4acoBUX 3MiH. HaBeneHi Ha puc. 3
JlaH1 OKa3yI0Th, 1110 ICHYIOTh JIOCUTh 3HaYH1 BIIMIHHOCTI TEPMIYHOTO pexxuMy YopHOro Mops B
HOro MINKOBOAHIA MIBHIYHO-CXIAHIM MIMSAHINI 1 OUIBIN INIMOOKIH miBAeHHO-3aximHiM. Tak,
3HIKEHHSI TEMIIEPATypy MOBITPS. 3yYMOBIIIOE€ IIBUJKY 3MIHY TeMIEpaTypu BOAM B MIJIKOBOJHIN
OUISHIIL — BOJia TYT CTa€ iCTOTHO XOJOJHIIIOI 3a TEMIEpaTypy BOAM Ha OUTBII TTUOOKHUX
nuisiHkax. Ha  Temmeparypy BoaM MiBHIYHO-3aX11HOT dYacTUHH YOpHOro Mops BIUIMBAE
npubepexHa MiIKHA, cTiK pidok JHicTpa, ninpa i [lyHato, koauBaHHS piBHS Boau Oist OeperiB
BOJIOMMH, BUKJIMKAHI JI€I0 BITPY Ta BOJAOOOMIH 3 MIMOOKOBOJHHUMHU paiioHaMu Mmops. s
YaCTUHM BIJKPUTOTO MOpS XapaKTepHa HaiHMXKuya TemIepaTypa MOBEpPXHI BOJU B yCl CE30HU
POKY, a cepelHbOpiuHI 3MIHU TEMIIEpaTypu BOAM B MpubepexHiil 30HI YopHOTO MOpsl MaroTh
no0pe BUpaKEHU CE30HHUM XapakTep.

Ha puc. 4 npencraBinena 3miHa Oararopiunux (2015-2021 pp.) cepeaHbOMiCIYHUX
3Ha4YeHb TEMIIepaTypud BOJAM 3a JITHIA TNepioJ;, XapaKTEpPHUX PETriOHIB MPHOEPEk HOI 30HU
MIBHIYHO-3aX1/THO1, TIIBHIYHO-CX1THOI Ta cX1HOT YacTuH Mops. [lo BCiit JoBXUHI OeperoBoi miHii
YopHoro Mopsi HallHMXK4Yi TeMIepaTypd BOAM BiIAMIYAIOTHCS B CIUHI-IIOTOMY 1 BiJOBIJaOThH
MiHIMyMaM TeMIIepaTypH MOBITPSI.

VY mepionu TemaMX 3WM HaBiTh Yy HIBHIYHOMY pailoHi y30epexokss HopHoro mops B
TPYAHI-TIOTOMY CepelHs 3a Micslb TemmepaTypa ctaHoBuiau 4,0-5,5 °C, a y miBAEHHUX —
6,0-8,0 °C. AGcomoTHI MaKCUMaJIbHI BETMYMHH TEMIIEPATypH BOJAU B JIITHIN MepioJ B MiBHIYHIN
gactuHi jgocsramu 24,0-25,0 °C, a na miBaai 25,0-28,0 °C. B kiHIi Oepe3Hs - MOYaTKy KBIiTHS
TeMIeparypa BOAM IIBHAKO MiABHMIIYETHCS 1 JOCATa€E MAaKCUMyMY B JIMITHI-CEpIHi, KOJH
CEepeNHBOMICSIYHI TeMmrepaTypu jgocsaraotb 25-27 °C. CepeaHbOMICIYHI MaKCUMyMHU
BiZIpi3HsAIOTECS Maino (25-27 °C), a abcomoTHI MakcumyMu focsiraiote 30-32 °C B 30HI rupia
Hymnaro (ITpumopceke) (puc. 5).
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Time Series, Area-Averaged of Sea Surface Temperature at 11 microns (Day) monthly 4 km
[MODIS-Aqua MODISA_L3m_SST_Monthly_4km vR2019.0] C over 2015-01-01 00:10:01Z - 2021-
08-01 02:20:00Z, Region 27.325E, 40 67T8N, 42 2224F, 47 5333N
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Pucynok 4 — YcepenHeHi Micsi9HI TTOKa3HUKH TEMIIEPAaTypy BOAHOT moBepxHi YopHOTo MOps 32
2015-2020 pp., C (Modis Aqua, Giovanni NASA)

Correlation for 2015-01-01 00:10:01Z - 2021-07-01 02Z

Ist Variahle: Sea Surface Temperature 2t 11 microns (Day) monthly 4 km [MODIS-Aqua MODISA_L3m_SST Monthly dkm vR2013.0] C

nd Variable: Chiorophyll a concentration monthly 4 km [MODIS-Aquz MODISA_L3m_CHL v2018] mg m-2
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Pucynok 5 — KapTta kopesitii 3aiexHOCTI XJ10podiay a Ta TeMIepaTypy BOIHOT IIOBEPXHI Y
Yopuomy mopi, 2015-2020 pp. (Modis Aqua, Giovanni NASA)

VY npurnuOMHHUX CX1AHUX OeperiB, 3 XOPOUIMM BOJOOOMIHOM, TEMIIEpAaTypa BOAM BIIITKY
pinko pocsrana 30 °C. IlpakTHYHO KOXKEH JiTHIM Ce30H B Oyab-sKiii 4acTWHI MiBHIYHOTO
y30eperoKst MOXKIIUBI Pi3Ki 3HWKEHHS TeMIepaTypy BOM, sIKI BUKJIMKaHI 3aX1AHUMH 1 TIBHIYHO-
3axXiJHAMHU BITpaMM, IO CYIPOBOJUKYIOTHCSI 3TOHAMH TIOBEPXHEBHX BOJA 1 PO3BUTKOM
MPUOEPEIKHOTO aIBEIIIHTY 3 BUXOJOM Ha MOBEPXHIO OUTBII XOJOAHUX BOJI 3 HIDKUYUX TOPU3OHTIB.
OTtxe, naHi sIKi MM OTPUMAaJHM CBIYaTh NpO Te, IO HA TeMiepaTypy Boau B HopHomMy Mopi
ICTOTHO BIUIMBAa€E 1 IIMOMHA: HAa MIJIKOBOJHUX JAUISHKAaX TEMIEpaTypd BOJIM BHILA HIXK Ha
rim6okux. 1o B cBOO yepry TakoX iCTOTHO BIIMBA€E Ha MPOLEC eBTpodiKarlii.

ToMy HacTynmHMM HalIMM 3aBAAHHSIM OyJIO0 BUSIBUTH YH ICHYE 3B’SI30K MK «IIBITIHHSAM»
BOJIM, TOOTO KOHIEHTpAII€l0 XJIOpodisly-a Ta TeMIepaTyporo BoIHOI moBepxHi YopHOro Mops 3a
JIOTIOMOT OO Bi3yauizartii TAHUX Ha nopTaii Giovanni NASA
(https://giovanni.gsfc.nasa.gov/giovanni/doc/UsersManualworkingdocument.docx.html).

Ha ocHoBI oTpumaHuxX naHux Oyja CTBOpPEHA KapTa KOpPEJAIii TeMmeparypud BOIHOL
noBepxHi YopHoro Mops Ta xJiopodiny-a. 3aBISKH OTPUMAHUM JaHUM MOXKHA JIMTH BHCHOBKY,
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10 B pailOHaX MiBHIYHO-3aXiHOT YacTUHU YOPHOTO MOps, A€ YaCTillle CIIOCTEPIraeTbcs BUCOKA
KOHIICHTpaIlis XJ0podiny-a, iCHYe IpsiMa 3aJIKHICTh «IBITIHHS» BOAM BiJl TEMIIEpaTypy BOJIHOT
noBepxHi Mops. [IpoBenenuii KopensuiiHuil aHali3 TOKa3HUKIB TeMIepaTypHu BOIHOI MOBEPXHi
Ta KOHIEHTpalii Xyopodiry-a Moka3aB HasSBHICTh JIHIKHOTO ITO3UTUBHOTO 3B’s3Ky. Lle
HOSICHIOETBCA 1€ W TUM, 110 YacTuHa Mops Bing mucy Kamiakpu (Bonrapis) i no Kapkiaunpekoi
3aTOKHM € OOIIMPHOI MIJTKOBOJHOIO OOJIACTIO Ta Ma€ 3HAYHHKA 0OCAT piuyKOBOTO CcTOKY JlyHaro,
Huictpa, IliBgennoro byry i ninpa.

Y BIiIKpUTOMY MOpPi1 KOpEJAiNHUN 3B'I30K OYB BiJ €MHHH, TOOTO Temrmeparypa
MOBEPXHEBUX BOJ Majla JOCUTh HHM3bKWU BIUIMB HA <«IIBITIHHS» BOAHW. B TakoMy BHUMAAKY
MOTPiOHO TPOBECTHU JOJATKOBI JOCHIKEHHS BPaxOBYIOUM TEMIIEpaTypy IOBITPs, BITPOBUH
PEKUM, COIOHOCTI MOPCHKOT BOJIH.

BucnoBku. EdexTuBHUM 3aCO00M MOHITOPHHTY CTaHy BOJOWM 1, 30kpema, YopHOro
MOps € IUCTaHIlIiHe 30HIyBaHHS 3e€MIIi, a TAKOXX BiJNMOBiIHA 00pOOKaA, OTPUMAHUX KOCMIYHHX
3HiMKiB Ha tiatgopmi Giovanni NASA. OmwmcaHi MeTOAM 1ai0Th 3MOTY BCTaHOBIIIOBATH
TEMIIepaTypy MOBEPXHi BOJIH, KOHIICHTPALiI0 XJIOpOohiTy Ta BU3HAYATH MK HUMH KOPEISLIHHY
3aJIeKHICTD.

Ha ocnoi cynyraukoBux manux MODIS Aqua noprany Giovanni NASA namu 0yio
BHU3HAUEHO KOHIIEHTPAIII0 XJOpodily-a y BIIKPUTOMY MOpPi Ta pailoHax MNPUIETIIUX IO 30H
aKyMyJsiii piukoBux Boj. CTBOPEHO KapTy yCepeaHEHUX 3HaUYeHb KOHIIEHTpaIii Xjaopodiny-a y
BO/HIM moBepxHi YopHoro Mops 3a 2015-2021 pp. CTBopeHO KapTy ycepeaHEHOi TeMIepaTypu
BOIHOT ToBepxHi YopHOTO MOpst 3a JTiTHI Micsi (depBeHb—cepriens) 2015-2020 pp.

BusiBneHo uu icHye 3B 130K MIXK «I[BITIHHSM)» BOJIM Ta TEMIIEPATypOIO BOJHOI MOBEPXHI
YopHOro Mops 3a JOMOMOIoI0 Bizyamizarii manux Ha moptaini Giovanni NASA. Tlposenenwuit
KOpeIsLIHHUN aHali3 MOKa3HUKIB TeMIIEpaTypy BOJHOI MOBEPXHI Ta KOHIEHTpaIii xiopodiny a
MO0Ka3aB HasBHICTh JIHIHOTO MO3UTUBHOIO 3B’53Ky. CTBOPEHO KapTy KOpeslii TeMneparypu
BOJIHOT MOBepxHI YopHOTO MOps Ta XJI0podindy-a.
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3OOEKTUBHBINA CIOCOB OBE3BPEXKUBAHUSA
BAJIJIACTHBIX BO/JI

Jleonoe B.E., Epmonenko A.B.
Xepconckas 20cy0apcmeenHas MOPCKasi akademus
(Ykpauna)

BBenenue. Mopckoli Oamract SBISETCS HE3aMEHUMBIM I O€30MacHOM M
3pPEKTUBHON  IKCIUTyaTalldd COBPEMEHHOTO MOPCKOTO  TpaHCHOpTa, obecnednBas
OCTOMYMBOCTh CY/IOB, COBEPIIAIOLINX IUIABAaHUE MOPOXKHEM U B Ipy3y. OaHako, OangacTHble
BOJIbI IIPEJCTABIIIOT CEPHEZHYIO YIpo3y, KaK JUIsl OKPYXKAIOUIEH cpeabl 1 S3KOHOMUKHU, TaK U
s Ouocdepsl, 370pOBbs uesloBeKa, MOpcKoW (opsl 1 (ayHbl. BrnepBble mnoHsTHE
«Ouonornyeckasi, MOpcKas HHBa3us» BO3HUKIO B 1988 rony mocne Ttoro, xak Kanana
npouHpopmupoBana Komurer mo 3ammre Mopckoit Cpenst MexayHaponHoit Mopckoit
Opranuzauun (MMO) o Tom, uto B Benukux o3épax oOHapyXeHbl MOPCKHE OpPraHU3MBbl,
HECBOMCTBEHHBIE JAHHOM SKOCHUCTEME.

IlocTanoBka 3agauu. [lepeHoc 4y KepoAHBIX MOPCKUX OPraHU3MOB B HOBBIE JUISl HUX
OpUPOJHbIE  YCIOBUS C OanjgacTHBIMH  BOJaMU  CcyaoB ompenenéH [noOanbHbIM
Oxonornueckum DoHAOM, Kak 0AMH U3 HauboJiee CYHIECTBEHHbIX YIpo3 MupoBomy okeaHy
[1-3].

3a mocienHue AECSATUIIETHS B CBA3M C OypHBIM pa3BUTHEM CYAOXOJCTBA yYaCTHJIUCH
CJlydyau paccesieHHs JKUBBIX OPraHU3MOB C IOMOILBIO CYJOB B CaMble pa3JIMYHbIE pailOHBI
MupoBoro oxeana. [lepeHoc 4y epOAHBIX OPraHU3MOB CyIaMU MOKET OCYIIECTBISATHCS C
ero OamnacTHBIMH BojamMu M ocagkamu. Ilo omenkam MexayHaponHoii Mopckoit
Opranuzanuu €XeroJHbli MUPOBOW 000pOT OayIaCTHBIX BOJ COCTaBIsieT OKOJo 12 Mipa.
TOHH.

Yucno BUIOB, €KECYTOUHO MEpEMEIIaeMbIX ¢ BOASHBIM OaiiiactoM, npesbiiiaer 7000.
MHorue u3 rugpoOMOHTOB HE TOJBKO BBDKMBAIOT B OalIaCTHBIX BOJAX, HO U YCHEIIHO
aJaNnTUPYIOTCd K HOBBIM YCIOBUSIM B IOpTax M TNPUIIETAIONIMX aKBAaTOpUSAX Npu cOpoce
Gatacra.

KonunuecTtBo HaTypaln30BaBIIMXCS BHUIOB KaTacTpO(UUYECKU YBEJIUYUBAETCS, 4YTO
NPUBOAUT K HEOOpaTUMBIM MociencTBusAM. Kaxaoe cyqHo, mepeBossiuee U cOpachiBaroliee
0ayuTacTHBIE BOJBI, MOXKET PACCMATPUBATHCS KaK MCTOUYHUK TMOTEHIUAIBbHON ornacHocTH — 90
% XonepHbIX 3a00JeBaHUN O0OYCIOBJIEHBl MMEHHO MEPEeHOCOM OaylacTHBIX BoA. MHBazus
YYXXEPOAHBIX OPraHM3MOB MOPCKHUMH CyJaMU YyXe€ TIpuUBela K MHOTOYHCIEHHBIM
HKOHOMHUYECKUM YOBbITKaM U MaryOHbIM BO3JEHCTBUSAM Ha NPUPOIHYIO CPEly U Ha 3J0POBbE
HaceJIeHNUs NpUOPEekKHbIX pailoHOB [4-8].

B 2004 ronry MMO npusnsuia «MexayHapoaHyt0 KOHBEHIIMIO O KOHTPOJIE BOJHOIO
OajutacTa W OCaJKOB CYJOB U yIpaBiieHHs UMU». KOHBEHIUS 00s3bIBaeT Bce KOMMEPUECKUe
cyna BajioBoM BMecTUMOCTbIO OT 400 ¥ BbIlIe BBINOJHATH ONpeAenéHHble 0a30BbIe
TpeOOBaHUs, KOTOpbIE OOecreuyrnBaloT MpU cOpoce BOJHOrO OajulacTa MUHUMAIBHYIO
OMACHOCTh MPUYMHEHUS BpeAa OKpYXKalollell cpeie MU 3/0pOBbIO UEIOBEKa BCIEACTBHE
nepeHoca BpeHbIX puro- u 6noopranuzMoB. CornacHo KoHBeHIIMU Ha cyHE JODKEH OBITh
[Inan ympaBiaeHUs BOJHBIM OajllacTOM, B KOTOPOM H3JIaratOTCsi OCHOBHBIE MPOIEAYPHI,
CBSI3aHHBIE C YIIPABJICHUEM, yIaJICHUEM OCaJKOB B MOPE, IOPTY WM CYXOM JOKE, IPOLETypHI
M0 KOOpJAWHAIIMK YNPaBIEHUS BOJHBIM 0ajlllacTOM C BIACTSIMH NMPUOPEKHOrO TOCyIapcTBa
WIM 1IOpTa, B BOJAX KOTOPOTO BBINOJHAIOTCA Takue naeicTBusa. Ha cynHe JOMKEH BECcTHCh
XKypHan omepauuii ¢ BOJHBIM 0ajlIacTOM, a Cy[HO M €ro COOTBETCTBYIOIlEe OajllacTHOE
000OpyJIOBaHUE TOMJICKUT MEPUOTUYECKUM  OCBUACTEIBCTBOBAHUAM Ui MOJYYCHHUS
MesxayHapoIHOTO CBUAETENbCTBA 00 YIPaBICHUN BOJHBIM 0alsIacTOM.
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Cornacuo TpeboBaHUAM MeXIyHapOIHOW KOHBEHLIUH 10 OOph0e ¢ 3arpsA3HEHHUSIMHU C
cynoB MARPOL — 73/78 [9] B wacTu KOHTpOJISI W yIpaBjicHUs OaIaCTHBIMH BOJAMHU U
CeIMMEHTaMH KaX/J0€ CYAHO JIOJDKHO HMETh Ha OOpTy NOAroToBIeHHBbIH «llman 1o
yropaBieHuo OaacTHeIMU Bogamuy» (Ballast Water Management Plan), a taxke umerp u
BECTU KypHaJl perucrpanuu OautacTHbix Box. [lpunoxenue B — 4 B MARPOL-73/78
PEKOMEHIyeT 3aMeHY OaJlJIaCTHBIX BOJI MPOM3BOIUTH He Orrke 200 MOPCKUX MIIIb 10 Oepera
Ha rnyoune He meHee 200 m, CIIIA u Kanaga — tpeOyror Ha riyoune He menee 2000 wm.
bpazunus npeanuceiBaeT nepes cOpocom Mpou3BOAUTh 00pabOTKy 0ayIaCTHRIX BOJ Ha CyJTHE
XUMHUYECKHMH TTpeTapaTamH.

Pesyabrarsl  ucciaenoBanmii. B nHactosmee BpemMs MMO  noarotoBieHO
[Mpunoxxkenne VII k MAPIIOJI-73/78, koTOpoe OTHOCHUTCS K BOMPOCY O€30MacHOTO
yhpaBieHUs] BOAHBIM OamnactoM Ha Oopty cynHa. [lpenioxen HoBwili crangapt D-2 s
Oe3omacHOro ympaBieHusi BOAHbIM Oammactom. Ho mo cux mop ato [lpunoxenune He
BHEJJPEHO B MOPCKYIO MPAKTHUKY.

B pesynbprare aHanmza u 00001ICHUS HAYYHO-TEXHUIECKUX M TTATEHTHBIX MaTEPUAIOB
CIIelyeT BBIICIUTh CIIEAYIONHE CrocoObl 00paboTku OammactHeix Box — Ballast Water
Treatment (BWT) — u ux neritpanuzamnuu [10-13]:

1. BeicokoTemnepaTypHas AeCTPYKIHUSI.

. Ynbrpaduoneronas oopadorka BWT.

. Xumnueckast oopaborka BWT.

. YnbTpasBykoBas oopabotka BWT.

. buonoruueckas oopadorka BWT.

. ®usnueckas obpadorka BWT.

. KomOunupoBannas oopaborka BWT.

. Ucnionb30BaHue HHEPTHBIX ra3oB mpu o0padbotke BWT.

OnHakKo nepeyncieHHbIe CITOCOObI UMEIOT CYIIECTBEHHBIE HEOCTATKH.

HayuHno-uccienoBaTenbckue, ONbITHO-KOHCTPYKTOPCKHE PadOTHI, IPOBOJMMbBIE HAMH,
BKITIOYAIOT TPU OCHOBHBIC HAINPABJICHHS, OTIIMYHBIC OT M3BECTHBIX HAYYHO-TEXHUYCCKUX W
MAaTEHTHBIX MaTepPHajoB, a uMeHHo [10-12]:

1. Peanmm3anust 06e30aIaCTHBIX MOPCKHX JIOTHCTHYECKHX TIEPEBO30K, YTO TTO3BOJIAT
UCKITIIOYUTh TPOIEAYPHl MOPCKHX CHCTEM OaljJacTHpOBKH — Je0alllIaCTUPOBKU U,
COOTBETCTBEHHO, HCKITIOYHUTH «MOPCKYIO HHBA3ZUIOY.

2. Pa3zpaboTka TeXHOIOTUH 00E€3BpEKUBAHMS OAJIACTHBIX BOJ HEMOCPEICTBEHHO Ha
OoOpTy CyaHa, OTBEUYANIIEH TPEOOBAHHAM  PECypCOCOEPEKEHUs, IKOHOMHUYECKOM
3¢ (HEKTUBHOCTH M SKOJIOTHUECKOI 0€30MacHOCTH.

3. Pazpaborka >3(QEeKTUBHBIX HEWUTPAIU3aTOPOB UYKEPOJHBIX OPraHU3MOB B
0alIacTHBIX BOJAX, HE MPHUBOMALIMX K MOBTOPHOMY 3arpsi3HEHHUIO MOPCKOW CpeIbl U HE
NPEICTABIISIONINX OMACHOCTD JIUIS KHITaXa Cy/THa.

B macrosmieit cratbe mpennoxkeH 3()(EeKTUBHBIN, YKOHOMUYECKH OOOCHOBAHHBIN U
DKOJIOTMYECKH Oe30macHbli  crnocod  00e3BpeXMBaHMSI  CYIOBBIX  OaJUIACTHBIX  BOJ
HEMOCPEACTBEHHO Ha OOpTY Cy/HA.

CyTb crioco0a 3aKITF0YaeTCs B CIEAYIOMIEM:

1) Mopckast Bona mepes moaauell B OaljacTHBIE TaHKH MOJIBEPraeTCs OYUCTKE OT
B3BCIICHHBIX YaCTHI[ C MTOMOINBI0 THAPONMKIOHOB Ha OOpTy CyIHA, 4YTO TIO3BOJISIET
UCKITIOYUTHh OCaXJEHUE CeIUMEHTa B Oa/sIaCTHBIX TaHKaX, 0Opa3yloIIUNCs MOCIe OYHUCTKU
MOPCKOM BOJIBI OCaJIOK COpachIBaeTCsl B MOPCKYIO cpeny 6e3 yiepoa Jjisi MOPCKOM Cpebl;

2) mocne 3arpy3ku B OajulacTHBIE TaHKM MOpCKas BojJa TojBepraercs oOpaboTke
COrIacCHO maTeHTa YKpauHbl [14] c momydeHHeM THIOXJIOpUTAa HATpus — OCHOBHOTO
00e33apaKMBAIOIIET0 BEIIECTBA MHUKPOOPTAaHU3MOB, COJAEPIKAIIUXCS B OAIIACTHBIX BOJAX,
OJIHOBPEMEHHO € 3THUM oOpa3yercs razoBas (paza , comepskamiasi BOAOPOJ U KHUCIOPO, 3Ta
ra3oBasi CMECh HAIPAaBISETCS B KATATUTHYECKHUI PEaKTOPHBIN ammapar, TAe Mpu e COKUTaHuu
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BBIJICTISICTCS] TEIUIOTA, MCIOJIb3yeMasi Ul KaTaMTUYeCKOW HEeWTpanu3amuu OTpabOTaHHBIX
ra3oB CYJOBBIX SHEPreTUYECKHX YCTAHOBOK OT TOKCHUECKUX BEIIECTB U COCIMHEHHIA;

3) mpotuecc 1o 1.2 opraHu3yeTcs Mo HUPKYIAIUOHHOMY PUHIIHITY — OaslacTHas BOJa
HAIpPAaBIISETCS HA CTaJAMIO TMOJYYEHHUS THIIOXJIOpUTA HATpHUs, BO3BpallaeTcs B OaJIacTHBIM
TaHK M TaK J0 TeX MOp MOoKa He OyAeT NOCTHUTHYTa HEOOXOAUMas Macca TUIIOXJIOPUTA HATPUS
B OayutacTHOM BOJe, JOCTATOYHOW AJISl MOJHOTO 00€3BpEKUBAHUS YY>KEPOIHBIX OPraHU3MOB,
coJiepKaluxcs B OallJIacCTHON BOJIE;

4) mporecc no 1.3 OCyIIeCTBIISETCS B MPOIECCe MITATHOIO MEPexo0/ia U 1Mo NpUOBITUU B
MOPT Ha3HAYCHHsI 00E3BPEKECHHAsT OaJJIaCTHAsE MOPCKask MOXKET OBITh COpPOIICHA B MOPCKYIO
cpeny, 1100 OTKaTaHa B XpaHWJIUILE 7S TIOCTIEAYIOIIETr0 UCIIOIb30BAHUSI IPYTUMHU CYIaMU;

5) mpeasio)keHHas cxeMa He TpeOyeT Mpoleayphl 0auIacTUPOBKH-Ie0aIIaCTHPOBKH,
o0nasaeT BBICOKMMH TEXHUKO-DKOHOMHUYECKUMH U JKOJIOTMYECKUMHU IOKa3aTelsiMHu,
0o0JalaeT KOMILJICKCHOCTBEO OYMCTKM OaUTacTHBIX BOA H oTpaboTaHHBIX Ta3zoB CDY,
HEo0X0uMOe 000pyIOBaHUE KOMIIAKTHO Pa3MEIIAaeTCsi B MAIIMHHO-KOTEIbHOM OT/IEJICHHH,
He TpeOyeT JOTMOIHUTENBHOTO MIEPCOHala, OKYIIaeMOCTh He 0oJiee Tpex JIeT.

[Io namemy wmHennro MMO MoOXeT HPHUHATH 32 OCHOBY pPa3pa0OTaHHYI0 HaMU
TEXHOJIOTHIO 00€3BPEIKMBAHUS CYIOBBIX OQJIAaCTHBIX BOJ IPU OKOHYATECIHLHON TOJIOTOBKE
[Mpunoxenus VII k MAPITOJI-73/78.

BriBOaBI.

1. BolnonHeH aHanu3 COCTOSHUS MPOOJIEMbI UCTIOIB30BaHUS CYIOBBIX OAJIAaCTHBIX BOJ B
IIPOLIECCE MOPCKUX IPY30IIEPEBO3OK.

2. Omnwucanbl TyTH HEUTpandu3aluu CYIOBBIX OalacTHBIX BOJ — (u3MYecKue,
XUMHUYECKHE, OMOJIOTHYeCKHEe, KOMOMHUPOBAHHBIE CIIOCOOBI.

3. Ha ocHOBaHMU Hay4yHO-HCCIEIOBATENbCKUX PAOOT MpeIIokKeHa MPOCTast TEXHOIOTHUS
HeUTpanu3auu, 00€3BPEKUBAHUS CYIOBBIX OA/NIACTHBIX BOJ C MOMOIIBIO XJIOP-COAEPIHKAIINX
COEIMHEHUH, MOYYeHHBIX U3 MOPCKOW BOJBI HETIOCPEICTBEHHO HA OOPTY Cy/IHA.

4. Jlns mpakTUYECKUX IIeNiel pa3paboTaHa KOMIUIEKCHAsI TEXHOJOTUS 00E€3BpEKUBAHUS
CYIOBBIX OaNJaCTHBIX BOJ HEMOCPEICTBEHHO Ha OOpTy CyaHa, BKIoYaromas (GU3MYecKuil u
XUMUYECKHUM CTIOCOOBI.

5. Pa3paboTanHas TexHOJIOTHUS O0E3BPEKMBAHUS CYAOBBIX OalJIaCTHBIX BOJA 0O0JamaeT
HAyYHOU HOBU3HOM, MPOCTOTON, THOKOCTHIO YITPABJICHUS H SKOHOMHUYECKAMHU TIPEUMYIIIECTBAMHU.
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MATEMATHYHA MOJIEJIb NIIJTAOMY BUBYXOHEBE3IIEYHOI'O
HPEIMETY BOAOJA3ZAMU-CAIIEPAMMU JCHC YKPAIHU

Conogiiog 1.1.
Asapiino-pamysanvruil 3a2in cneyianbrhozo npusnadenusa 1Y JJCHC Ykpainu
v Xepconcokitl obnacmi
(Vkpaina)

Cmpineyv B.M.
Hayionanvnuii ynisepcumem yuginvnozo 3axucmy Ykpainu
(Ykpaina)

Beryn. HesBaxaroun Ha Te, IO iCHYIOUMH PIBEHb TEXHOJIOTIYHOTO MPOTPECY JT03BOJISE
npotsiroM 2010 ta 2030 poxkamu Ha 100% 30iMBIIATH BUKOPHUCTAHHS BOJHHX PECypCiB, BCI
npubepexxni kpaian €C 3iTKHYINCHh 3 BUKIMKAMHM, IO TMOB’s3aHi i3 TOBOEHHUMH 3aJIUIIKAMHU
BuOyxoHeOe3neunnx [1,2] ta ximiunux [3,4] pedoBHH y BOAHHMX akBaropisx. Kpim 1poro y
BChOMY CBITI Ha IIell 4ac BcraHOBJIIeHO Outst 70 MUTBHOHIB MiH, 3 SKHX, WMOBIpHO, 15%
BCTAaHOBJICHI HAa MUIKOBOJHI MIJITHKM BHYTpilHIX Bopoiimumy [5]. B Vkpaini i BHKIUKH
YCYT'YOJISIFOTHCS SIK 3HAYHOIO KUIBKICTIO BHOYXOHEeOe3MeuyHuX MpeaMeTiB Ha y30epesxski YopHoro
Ta A30BCBKOTO MOpIB, XapaKTepHUM IMPUKIAIOM Yoro € XepcoHchbka oOnacth [6], Tak 1
3017IbIICHHAM BHOYXOHEOE3MEeUYHUX IMPEAMETIB, sKi 3a0pyIHIOIOTh MHPHI BOAHI aKBaTOPil
BHaciinok arpecii Pocii. 3 ypaxyBaHHSM TOro, 10 B Hamliid KpaiHi MUTaHHS IiJABUILEHHS
PO3BIAKM Ta PpPO3MIHYBaHHS BOJHOTO CEpElOBHINA Yy TMOPIBHAHHI 3  JIKBiJIAII€IO
BUOYXOHEOe3MeUHUX MpeaMETIB Ha CyXOJO0Ji, /€ HaKONMYEeHO Beauue3Huil nocBin [7],
noTpeOyIOTh MOAANBINOK po3polku [§], mpobrema miABUINEHHS €(PEKTUBHOCTI MOMEPEIKEHHS
Ham3BuyaiiHux cutyaiiit (HC), moB’s3aHuX 3 MiJBOJAHUM PO3TAIIyBaHHSIM BHOYXOHEOE3MeuHUX
MPEIMETIB, € aKTYaJIbHOIO.

AKTyaJbHiCTh Aociaif:keHHs. [IuTaHHS MepeIOBOTO MOCBiNY, KU BUKOPUCTOBYETHCS
i 9ac 0OCTEeKEHHS Ta 3HEIIKOKEHHS MiBOIHUX BUOYXOHEOE3MeUHUX OO€MpHIaciB, HaBeIeH1
B [9], ane Tam po3rismaioTbcs KOHKPETHI BUMAAKK Ta HamaeThes ix anami3. lle Hamae
HAI[IOHAJILHUM OpraHaM BJIagy 1 OprasizailisM 3 HPOTHUMIHHOI MiSUTBHOCTI KEPiBHHUIITBO
MOYJIMBICTIO Kpallle 3pO3yMITH NMpoOJIeMH 1 CKIaJHOCTI MiZABOAHUX OOCTEXEHb 1 omeparii 3
po3minyBaHHs. [IpoTe mpu 11bOMY MHUTaHHSA MPOTHO3YBAHHS Pe3yibTaTiB JiSILHOCTI BOAOIA31B-
camepiB Ta MOAAIBIIOTO yINPABIiHHS BIAMOBITHUMYU HAI3BHUYAHHUMU CUTYAIIsIMH 3aTHIIAIOTHCS
103a yBaroxo.

B Oimbmiocti HAyKOBHX JIOCHIKEHb, J€ PO3TJSAAIOTHCS TMUTAHHS  YIPaBIiHHS
HAJI3BUYAHUMH CUTYaIlisIMH, MOB’SI3aHUMHU 3 BUOYXO- Ta XIMiYHO HEOE3MEYHHUMH 00’ €KTaMu,
OCHOBHA yBara 3BEpTAEThCS HA XapaKTEPUCTHKY 00’ €KTa Ta pe3ynbTaTH ioro obcrexenHs [10,
11], y Tomy pa3i miJIBUILEHHS ONEPaTUBHOCTI iH(POPMYBaHHS BIHCHK II010 MiHHOT OOCTaHOBKH
Oe3nocepelHbO B paifoHi OoioBux nii [12], ominky pusuky [13], a TakoX MOTEHITiIHI
npo0yieMu, 10 MOB’sI3aHi 13 3I0pOB’SIM Ta MIATOTOBKOIO 0COOOBOTO CKIIATy MipOTEeXHIKIB [14-
16].

TakuM ymHOM, 3 ypaxyBaHHSM pe3yJbTaTiB MPOBEACHOTO aHali3y, sAKi MOKa3alu, II0
HaliMeHIlle BChOTO yBaru MpUIUISETbCS Oe3mocepeHiM AisiM BOJoJIa3a-canepa, a TaKoX TOro,
0 cepel OCTaHHIX BXE MPOBOJWINCH JOCIIIKEHHS CTOCOBHO MiJIBOJHOTO TOIIYKY
BUOyxoHeOe3neyHnx mpeaMeTiB [17], BaXIMBOIO Ta HEPO3B’S3aHOI0 YACTHHOK MPOOIEeMHU
MiBUIICHHS €EKTUBHOCTI MOMEPEHKEHHS HAA3BUYAMHUX CUTYaIlil, OB’ sI3aHUX 3 MIJBOJIHUM
pO3TalIyBaHHSIM BHOYXOHEOE3EUHUX MPEIMETIB, € BIICYTHICTh MATEMaTHYHOI MOAETI HigiomMy
BUOYXOHEOE3EUHOTr0 MPeIMETY il Yac MiABOJAHOTO PO3MiHYBaHHS BOJHUX aKBAaTOPIH.

IlocTanoBka 3agavi. MeToro mociiKeHHS € TOOynoBHM OaratodakTopHOI MoJemi
niaioMy BHOYXOHEOE3MEUHOTr0 MPEMETY BOJI0JIa3aMHU-CallepaMHu.
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JUist TOCSITHEHHSI TOCTABJICHOT METH MOTPEOYIOTh BUPIIICHHS HACTYITHI 3aBIAaHHS:

- BUOIp TUIaHy JJI MPOBEJEHHS 0arato(hakTOpHOTO EKCIIEPUMEHTY;

- OTPUMAaHHJ Ta OIL[IHKA BUXIAHUX JaHUX;

- BH3HAYeHHs MapaMmeTpiB OaraToakTopHOi MOAeNi MmigiioMy BHOYXOHEOE3MEYHOTO
IpeMETY BOJI0JIa3aMHU-CarepaMu;

- TepeBipKa JOCTOBIpHOCTI OaratodakTopHOI Mozesi migiioMy BHOYXOHEOE3EeUHOTo
IpeaMeTy BOA0JIa3aMHU-CallepaMu.

PesysabTaTn AochaifkeHb. Bu3HaueHHS NOKAa3HMKIB, IO XapaKTepU3YIOTh IPOLEC
nigiomy BI/I6yXOHe6e3nequro MpeAMETY 3 TJIMOMHH, CTOCOBHO SIKOTO TMPAKTHYHO BIJICYTHI
CKCIICPUMCHTAIIbHI JjaHi 100 Yacy BUKOHAHHS IS BCIX BapiaHTIB peamisauil uiaxy 3x3x2,
CTOCOBHO SIKMX MpPAaKTUYHO BIJCYTHI €KCIIEPHUMEHTAJIbHI JaHi MIOAO0 4Yacy BHUKOHAHHS,
OpeCTaBisie 3HaYHy CKIQAHICTh. Buxonmsum 3 1poro Oyno NPUHAHATO pIMICHHS MIOA0 iX
OTPUMAHHS 32 pe3yJbTaTaMU €KCIIEPTHOI'O OL[IHIOBAHHSL.

TakuM 4MHOM, 3aCTOCYBaHHS METOAY Oe3MmOCepelHiX eKCIEPTHHX OLIHOK (HpI/IKJ‘Ia,Z[
LbOTO HAaBEJEHO B TabI. 1) no3BonmiIO OTpHMATH CTATHUCTUYHI IOKa3sHUKH 4acy MifHoMy
BHOYXOHEOE3MEUHOT0 MPEIMETY Y BIAMOBIAHOCTI 10 00paHoro miany 3x3x2.

Tabmuus 1 — Pe3ynbraTi €KCIIEPTHOTO OIIHIOBAHHS PO3IIIIHYTHUX Y BiAMOBIIHOCTI /IO IUIaHY
3x3x2 BapiaHTiB migiioMy BUOYXOHEOE3EYHOT 0 IPeAMETY Y HOPMOBAHOMY BHIJISII

BapianT niniiomy 1 2 3 4 5 6 7 8 9
X1 -1 -1 -1 -1 -1 -1 0 0 0
X2 -1 -1 0 0 1 1 -1 -1 0
X3 -1 1 -1 1 -1 1 -1 1 -1

X 1,000 | 0,938 | 0,694 | 0,635 | 0,546 | 0,474 | 0,881 | 0,754 | 0,507

(O 0,155 | 0,153 | 0,149 | 0,147 | 0,142 | 0,138 | 0,136 | 0,132 | 0,123
BapianT migitomy | 10 11 12 13 14 15 16 17 18
X1 0 0 0 1 1 1 1 1 1
X2 0 1 1 -1 -1 0 0 1 1
X3 1 -1 1 -1 1 -1 1 -1 1

X 0,395 | 0,297 | 0,185 | 0,843 | 0,694 | 0,429 | 0,268 | 0,159 | 0,000

Oy 0,129 | 0,102 | 0,104 | 0,123 | 0,129 | 0,119 | 0,112 | 0,102 | 0,095

YrhopsiaKkyBaHHSI pe3yJbTaTiB 0araro(akTOPHOTO EKCIEPTHOTO MOJCIIIOBAHHS TaKUM
YMHOM, III0 HaWripili MOKa3HUKW BIANOBiNalOTh piBHIO "-1-1-1", a Haiikpamn — "+1+1+1",
JTIO3BOJISIE CYTTEBO CIIPOCTUTHU MOOYIOBY KOHKPETHUX MOJIHOMIATBHUX MOJEINIEH, IK1 HEOOX1T1HO
3HaWTH, OCKIIBKM B pe3yibTaTi IBOTO IMiJ Yac pPO3paxXyHKY OIIHOK KoeQillieHTiB
bg,bj, bjj, bij MOXHa BUKOpHCTOBYBaTH [18] roTosi popmysu:

bo =A,(0Y)-> Ay (ii0Y), (1)
b, =A.(iY), 2
bj; = Aij(in)v 3)
b, = A, (iiY )— A, (0Y), (4)
ne Ag, Agiy Ay Ayjy Ay — mocriiini ans pospaxyky koedinientis perpecii mpn

cumerpuunnx mianax; 0Y, Y, IY, IJY — cymu pe3ysbTaTiB eKCIEPTHHX OLHOK B Taou. 1.

Ile mo3BoMWIIO 3a OTPUMAHUMHU pe3yiabTatamu (Tadin.l), BuxopucroByroun (1)-(4),
po3paxyBatu KoeilieHTH TPUPAKTOPHOI KBAJIPATUIHOT MOJIENI, SIKi BCTAHOBJIOIOTh KUJIbKICHHUM
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3B'I30K MK 4aCOM ITiIHOMOM BHOYXOHEOE3IEeUYHOTO NPeIMETy (B HOPMOBAHUX TMEPEMIHHUX) Ta
obpanumu pakTopamu:

yniﬂﬁOM = 01449 - 01158 Xy — 0,285 "Xy — 0,057 “Xg +

()
+0,054 - X2 +0,077 - X5 — 0,059 - X, - X, —0,021- X, - X5 + 0,004 - X, - X5

HasBuicte Mopenmi (5) 103BOJIss€ OTpPUMATH OIIHKM CEPEIHBOTO dYacy IMigidomMy
BHUOYXOHEOE3MEeUHOro MPEeaMETy BOAOJIA30M-CallepoM y BIAMOBITHOCTI JO BHU3HAYECHOTO
CITIBBITHOIIICHHS 0OpaHuX (PaKTOpiB, 31HCHUBIIN 3BOPOTHIN TIEPEXi:

(X1, X5, X3) = VaisionX1s X2, X3) [f(—l,—],—l) - T(+1,+1,+1)]+ t(+1+1+)  ©)

Takum YnMHOM, OTpUMaHO OararoakTOpHY MOJeTb MiTHOMY BHOYXOHEOE3IEYHOTrO
npeaIMeTy BOJOJIa3aMU-CallepaMyd Yy BUMIAAI TpU (AKTOPHOTO KBAJAPATHYHOTO TMOJIHOMY,
Koe(iI[ieHTH SKOT0 BCTAHOBIIIOIOTH KiJIbKICHHH 3B'SI30K M PIBHEM IiJrOTOBJICHOCTI 0COOOBOTO
CKJIa/ly, 30BHIIIHIMU YMOBAaMH, B SIKUX BiH IPALIIO€, Ta CIIOPSAKEHHSIM PSATYBAIbHUKIB.

IlepeBipka pocToBipHOCTI OaraTodakTopHOi MOJeN MiAKOMYy BHOYXOHEOE3MEYHOTrO
npeaIMeTy Bojoja3zaMu-carnepamMu (5) mpoBoaMIIach LUISIXOM TOPIBHSHHS —Pe3yJbTaTiB,
OTPUMaHUX Y BIAMOBIAHOCTI 70 (6), 3 pe3yapTaTaMH peajbHOro MiioMy BHOYXOHEOE3MEeUHUX
IpeIMeTiB 0COOOBUM CKJIQJIOM BIAJIJICHHS MiJBOJAHOTO PO3MIHYBaHHS TPYIHU MIPOTEXHIYHHUX
poOIT Ta cHeiaIbHUX BOJOJA3HUX POOIT aBapiiHO-PATYBAIBHOIO 3aroHy CIHEIialbHOTO
npusHaueHHs ['onoBHoro ympasninag JJCHC Ykpainu y XepcoHchKii 061acTi.

Amnani3z maTemMatuyHoi Mozedi (5) mokasas, 110 Y BUMAJKY MiTHOMY BUOYXOHEOE3eYHOTO
MpeIMeTy MiJIBUIIECHHS PiBHS MiATOTOBICHOCTI OUIBII CHJIBHO OyZe MPOSBISATHCH Y BOJOJA31B-
camepiB 3 TEPBUHHHM pIBHEM, K 1 Te, IO caMe JUIsi HHUX Ha 3HIKCHHS CEQPEKTUBHOCTI
MiJBOJHOTO pPO3MIHYBaHHS OyAyTh BIJIMBATH IIOTaHl 30BHIIIHI YMOBH pobotu. ToOTo,
MIJBUIIEHY yBary noTpiOHO 3BEPHYTH Ha IMIJrOTOBKY BOJ0JIa31B-canepiB 10 poOOTH B CKIIAIHUX
yMOBax Ta Ha IUIAaHYBaHHA OMEPATUBHOI MiSUTBHOCTI CIIEHiali30BAHOTO IMIPOTEXHIYHOTO
nigpo3aury. KpiM niporo, BUAHO, 110 € BEIMKA HEOOX1IHICTh Y 3aCTOCYBAaHHI HOBITHIX TEXHIYHUX
pileHb, 1100 3MEHIIUTH BIJIUB OTaHUX YMOB M1JBOJHOTO PO3MIHYBaHHS.

BucnHoBku. Pesynbrary, siki Oyiau BH3HAYEHI 3a JONMOMOTOK MaTeMaTudHol moxeni (5)
nifiioMmy BUOyxoHe0e3eyHOro NpeaMeTy BoJ0JIa3aMU-CcallepaMH, CIIBIAIal0Th 3 pe3ylIbTaTaMu
HaTYpHUX €KCIIEPUMEHTIB Ta YKJIa/laloThCs B JOBIPYl IHTEPBAJIHU, SIKI pO3paxoBaHi 3 HaIMHICTIO
0,95, mo miaTBEepIKYE HAMIMHICTE PO3POOIEHOI MaTeMaTHYHOI MOJENi  IiABOJIHOTO
PpO3MiHYBaHHS TIiJ] 4ac JIKBiaIlli BIAMOBIIHOT HAJ3BUYAaWHOI CUTYAIIl.

OrnepaTUBHO-TEXHIUHI pEKOMEHaIlli, Kl Oyau pO3poOJIeHI 3a pe3ysbTaTaMH aHalli3y
MaTeMaTUYHOI MojeNl TiaioMy BHOYXOHEOE3MEYHOro TMpeaMETy BOJ0JIa3aMHU-cariepaMu
BIIPOBA/DKEHI B MPAKTUYHY MASUIBHICTD BIAJUICHHS MIJBOJAHOIO PO3MIHYBaHHS TpYIU
MIPOTEXHIYHUX POOIT Ta CHEIiaJbHUX BOJOJA3HUX POOIT aBapiIHHO-PATYBAIHHOTO 3aroHy
cnerianbHoro npusHadeHHs 'Y JICHC Vkpainu y XepcoHcbKiit 001acTi.
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CUCTEMA HIATPUMKHU NIPUMAHSTTA PINIEHD CYJTHOBO IS
B KPUTUYHUX CUTYAIIAX

benwv A.IL, Ilanamapuyk 1.B., Paoin B.K., Ilisosapoe FO.B., @eoopos A.l
Xepconcvka OeparcasHa MOpcoKa akademis
(Vkpaina)

Beryn. 3pocTaHHS 1HTEHCHUBHOCTI MOPCBKHMX II€PEBE3€Hb 3a OCTAHHE JIECSATUPIYYS
IPU3BENO 10 3HAYHOI KUTBKOCTI MOPCBKHX aBapid, y TOMY YHCIIi 3 JIIOJCBKUMH KE€PTBaMH 1
CKJIQJIHUIMH TEXHOTCHHMMH HACIIJIKAMH, TOMY MiIBUIICHHS OE3MEeKH CYIHOBOJIIHHS € OJIHI€IO 3
HaOlIbIl  BaX¥JIMBUX MPOOJEM CY4aCHOrO CYAHOIUIABCTBA. 3aCTOCYBAHHSA  CYyYacHHMX
iHpOpMaLIHHUX CHCTEM YIpPaBIiHHSA PYXOM CyIHA, 3 OJHOTO OOKy — TOJETIIye IpaIto
CYIHOBOJIiB, aje 3 IHIIOr0O — YHUM CKIaJHime QYHKIIi TaKuX CHUCTEM, THM TOCTpile
BiTUYBa€ThCS MOTpebda B KOOPAMHYBAaHHI POOOTH TEXHIYHMX 3aco0iB yMpaBIiHHS CYIHOM Ta
dbopmyBaHHs iHOpMaIlli, IO HAZAETHCA CYIHOBOJIEBI. [HIIOW BAXIMBOIO MPOOIEMOIO
ChOT'OJICHHS € MiJBHUIICHHS TOYHOCTI JOTPUMAaHHsI CyJHaMH TUIAHOBaHOI TpaekTopii pyxy [1-3].

AKTyaJIbHICTh A0CTiKeHHs. SIK NoKa3ye aHalli3 IPUYMH BUHUKHEHHS aBapiil Ha MoOpi,
TOJIOBHUM iX (akTopoM € 1 3aJuIIaeThCcs, TaK 3BaHUM, JOJICHKUN (akTop. bimbmiicts
HaBiramifHUX aBapiii BimOyBaeTbcs HE Yepe3 BIAMOBY TEXHIYHHMX 3aco0iB HaBiramii abo
YIpaBIIiHHSA PyXOM CYJHA, a 4epe3 HErOTOBHICTh CYAHOBOJIIB CBO€YACHO NpUHMATH PILIEHHS
BIJIMOBIAHO 1O CHUTyalli, sika ckiagaerbest (Onmm3pko 85 % ycix BumajakiB). BrpoBamxeHHs
HOBITHIX TEXHIYHHMX 3acO0iB YNpPaBIiHHSA PyXOM CyqHA MNPHPOJHUM UYHUHOM «BiTOKPEMITIOE»
CYIHOBOJIiSI BiJl TPOILECY IMITPHUMKH 33JaHOTO PIBHA OE3MEKH, OCKIIbKM BiH HE B 3MO31
OJIHOYACHO aHalli3yBaTW 3HauHI o00csru HapiramiiiHoi iHQopmamii Ta O6e3mocepenHbo
KOHTPOJIIOBATH OE3IEeKy Cy/HA B peabHOMY Yaci.

BumeszasnaueHi o0cTaBUHM ~ OOYMOBIIOIOTH — aKTyaJbHICTh CTBOPEHHS CYYacHHX
HaBiraniiHoO-iHpOpPMaLIHHUX CHUCTEM Ta CHCTEeM MIATPUMKU NpuiiHATTs pimens (CIIIP) 3
YIpaBIIiHHA PYXOM CyJHa, IO BPaXxOBYIOTb OCOOJMBOCTI MpOLECY B3a€MOJIl JIOJUHU 3
TEXHIYHUMHU 3aco0aMHu CYIHOBOJIHHSA Ta 3a0€e3NeuyloThb NPUMHSATTS HEI BIPHUX pIIIEHb B
CKJIaJIHUX HaBIirallifHUX YMOBaX Ta KPUTHYHUX CHUTYAIlisX [4-6].

OcHoBHa 4vacTHHa. Metoo po6oTH Oyn0 MiABMIIEHHA O€3MEeKH Cy4acHOTro
CYJIHOIUJIAaBCTBA IUIAXOM PO3POOKM HOBHX MOJIEIEH 1 METOMIB YIPABIIHHA PYXOM CYAEH IpH
MaHEBPYBaHHI I CUCTEM MIATPUMKHU NPUNHHATTS pIlIEHb B CYJHOBOIHHI.

ITpoBenenuit nopiBHsuIbHUE aHani3 icHyrouux CIIIIP cyaHoBonis 03BOJIMB BU3HAYUTH
0a30Bl MNPUHUMIM iX TMOOYAOBH, (YHKIIOHAIbHI MOMKJIMBOCTI, TPIOPUTETHI HAIPSIMKHU
NPaKTUYHOTO 3aCTOCYBaHHS, a TaKOX MDKHApPOIHI BHUMOTH JIO CTBOPEHHS TaKHUX CHCTEM.
BcranoBrneHo, 110 Ha MOTOYHUIT MOMEHT 4acy iCHye HarajbHa 1oTpeda B CTBOPEHHI Cy4acHHX
CIIIIP 3 ympaBiiHHS MaHEBpPYBaHHSM CYIEH, Kl BpPaXOBYIOTh OCOOJIMBOCTI MPOLIECY B3a€MOJIT
JIOVHU 3 TEXHIYHUMHU 3ac00aMU CYIHOBOJIHHA Ta 3a0€3MeuylOTh NPUUHATTSA HEIO pIllleHb B
CKJIQJIHUX HAaBITAIlIfHUX yMOBaX Ta KPUTHYHUX CHUTYyaIlisiX, a TaKoX 37aTHI e(QEeKTUBHO
BUpINIYBAaTH 3HAYHY 4YacTKy NUTaHb, IOB’SA3aHUX 13 mpouecamu (opMyBaHHA pillleHb 3
YIIPaBIIiHHS CYJAHOM Ta 3HWKCHHSIM BIUTUBY JIFOJICHKOTO (haKTOPY Ha IEH Mmporiec.

ITin uyac mnpoBelneHHS MOCHIIKEHHS Oyno BHSBIEHO, IO MPIOPUTETHOIO 3a7ayero
HiABUIEHHS O€3MeKH CyAHOIUIaBCTBA HA MOTOYHMNA MOMEHT 4acy € BUKIIOYEHHS MOXKIJIMBOCTI
NPUMHSTTA KaliTaHOM 1 IITYPMaHCHbKUM CKJIa/I0M CYO'€KTUBHUX PIIIE€Hb.

Busznaueno, mo 3actocyBanas CIIIIP nae MoxnmuBICTh 371HCHIOBATH TIarHOCTUYHI Ta
aHamTHYHI (QYHKIII, SKi JO3BOJSIOTH HA paHHIM cTafii BUSABIATH HeOe3NeuyHi Ta aBapiiiHi
cuTyarii 3 popMyIIIOBaHHSM BiATOBITHUX PEKOMEH Al CYTHOBO/IIEBI 1O iX 3ar00IraHHIo.

3a pesynbTaTaMu TMPOBEICHOTO aHali3y OyJ0 BH3HAYEHO KOHIENTYaJIbHI 3acaigul 0
ctBopenns CIIIIP cyaHoBois 3 ynpaBiIiHHS MaHEBPYBaHHIM CYJHOM Ta ii OCHOBHI (pyHKIIIT.
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Buxonsun 3 HEOOXiIHOCTI 3HIKEHHS BIUIMBY JIIOJICBKOTO (DakTOpy Ha Mpolecu
VOpaBIiHHSA CyaHOM, Oyno Bu3HadeHOo oOcHOBHI Bumoru no CIIIIP cynHoBomis, ki
periIaMeHTyIoThcs MIKHAPOJHUMH TpaBUIAMU TONEPEKEHHsS 3iTKHEHb cyleH 1972 poky
(MIIII3C-72):

— pobora CIIIIP B pexxumi peasbHOro 4acy Ta ii 1HTErpallis 3 HasBHUMH Ha CyJIHI
CHCTEMaMH YIPABIIHHA PYXOM;

—  HeoOximHicTh BpaxyBaHHs Bcix Bumor MIITI3C-72;

—  HEOOXimHICTh rpadivyHOTO TOJAHHS HaBIramiiHOI cHTyalli, IO CcKiajgacs, 3
3a3HauEHHSM MEX 30HU O€3MeKU BJIACHOIO Cy/IHA 1 IMHAMIKH iX 3MiH;

—  HEOOXIJHICTh aHai3y MiJ Yac MPUUHATTS PIlICHb AEKUIBKOX MOXIUBUX CLEHapiiB
PO3XO0KEHHS, 00YMOBJICHUX IIECTIPSIMOBAHOIO TIOBEIIHKOIO CYICH-IIUICH ITiJ1 Yac iX pyxy;

—  HEOOXIJHICTh BpaxyBaHHS BIUIMBY 30BHINIHIX BIUIMBIB Yy 30HI MaHEBpPyBaHHS,
30KpeMa T1IpOMETEOPOIIOTIYHHX, TiiporpadiyHuX (akTopiB i HaBIraitHUX HEOE3MEK;

— BpaxyBaHHsS [ONEPETHBOTO JIOCBIAY VIPaBIIHHA PYXOM CyIAHA B aHAJOTIYHUX
YMOBaX, SIKIIIO BiH MaB MicCIIe.

3 MeTOI NPaKTHYHOI ampoOarlii po3po0JIeHUX MOJelel, METOAIB Ta iH(OpMaIiitHIX
MPOLCAYp YIPABIIHHSI PYXOM CYIeH OYyJO TMPOBEACHO HAYKOBI €KCIICPUMEHTH 3 YIPaBIIHHS
CYJHOM B CKJIQJHHUX HaBIralifiHMX CHUTYyallisIX 3 BUKOPUCTAHHSAM HAaBIraliiHOIO TpeHaxepa
NTPRO 5000 mns ninsaku npotoku bochop Ta ainsHku akBatopii nopty ['OHKOHT Bia paiioHy
Lamma Patch no paitony Ma Wan Bridge.

IIpoBenenuil aHanmiz pe3yibTaTiB HAyKOBOIO EKCIIEPUMEHTY 3 MPOXO/UKEHHS 23
TpaekTopiii B akBaropii mopty ['onkoHr Ta 16 Tpaektopiii B mpotoui bocdop mokasas, 1o
3acrocyBannsa CIIIIP cyaHoBois MpH BUKOHAHHI HaBIralifHUX 3a7ad Ha TPEHaKepax JT03BOJISIE
3HU3UTH KUIBKICTh MOMMJIKOBUX Al CyAHOBOIIiB Ha 25-30% Ta CKOPOTUTH BUTPATH yacy Ha
OPUNRHATTA pillieHb [IPH YIPaBIIiHHI PyXOM CyJHA.

BucnoBkun. Ha ocHOBI po3poOieHux Mojened, METOAIB Ta aJIrOpUTMIB CTBOPEHO
nportotun CIIIIP cyaHoBomis, sIKUi O3BOJISE BUPIIIUTH HU3KY BaXKJIMBUX HAYKOBO-TIPUKIIATHUX
3aBJlaHb B Trajly3i 3aCTOCYBaHHSA 1H(QOPMALIHHUX TEXHOJOTIH B CYAHOBOJIHHI — MiJABHUILIEHHS
Oe3nexky YOpaBliHHSA CYJHOM, DIBHS €KOHOMIYHOCTI MOPCBKHMX II€pEBE3€Hb, Ta 3HUKCHHS
BIUTMBY JTIOJICBKOTO (DaKTOpy Ha TPOIECH YIpaBIiHHSA CyIZHOM. I[IpakTHdHEe 3acTOCyBaHHS
ctBopeHoro mportotuny CIIIIP cynHoBOAis 103BOJslE MIABULIMTU SIKICTh TPEHaXepHOI
HiATOTOBKU IUIABCKJIAAy B 3aKiIafiaXx OCBITH Ta TpeHaXepHUX LeHTpax. CTBOpeHI MporpamHi
3ac00M TaK0X MOXYTh OyTH BUKOPUCTaHI B KPIOIHTOBUX KOMIAHISX JUIsl IEPEBIPKU PIBHS 3HAHb
MOPCHKHUX (haxiBIIiB.

OpneprkaHi pe3ylbTaTH HayKOBUX JociijkeHb BrpoBakeHi y TOB «lliBnenHe piukoBe
MapOoIUIABCTBOY» ISl YIPABIIHHS MPOIIECOM MaHEBPYBAHHS CYAHOM B CKJIQIHUX HaBirariitHuX
ymoBax. HaykoBi pe3ynpTaTh Ta pO3pOOKM BHKOPHCTOBYIOTHCSI B OCBITHBOMY IIpOLIECi Ha
Kadeapi CcynHOBOAIHHA XEpPCOHCHKOI Jep)KaBHOI MOPCBKOi akajaemii NpHU BHKJIAJaHHI
muciumtia:  «Hasiramiss 1 jouis», «Hapiramiiiai iHdopmaliiiHi cUCTEMU», a TaKOoX Mpu
KYpCOBOMY Ta TUTUIOMHOMY TIPOCKTYBaHHI.
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PREVENTION OF SHIP FIRES IN ENGINE ROOM

Lykhoglyad K., Musorina M., Mazur T.
Danube Institute of the National University «Odessa Maritime Academy»
(Ukraine)

Introduction. Every year, fires on ships lead to loss of life and damage to ships. Most
ship fires start in engine rooms as a result of breakdowns in pipelines that carry flammable
liquids onto hot surfaces. In addition, many fires in engine rooms are electrical in nature (short
circuits or overheating of switchboard elements).

The identification and protection (isolation) of high temperature surfaces in the engine
room is considered a very effective preventive measure against possible fires in the engine room
and can be relatively easily accomplished by the ship's forces and means. In this regard, there is a
need to raise awareness of the potential risk associated with exposed, high-temperature surfaces
in engine rooms.

The core requirements of the current regulatory framework are for companies to ensure
that engine room systems are maintained in a safe and compliant manner. Current requirements
throughout their operation [1].

The safety of life at sea convention (SOLAS-74) provides the main regulatory framework
for fire safety on board ships, and regulation 4 of section 11-2 contains a list of measures to
reduce the likelihood of ignition of spill products in the engine room. SOLAS-74 recognizes that
in the presence of a leak of fuel oil, lubricating oil or other flammable liquids, the chances of
preventing a fire will increase significantly, provided that all possible sources of ignition are
identified and eliminated or they are properly isolated. Accordingly, the following basic safety
measures have become mandatory by SOLAS for all ships:

— lined (double) fuel supply pipelines under high pressure;

— insulation of all high-temperature (+2200 C and above) surfaces, which can get
flammable substances in case of rupture or cracks in the pipelines along which they move;

— equipped with splash guards or pipe guards that carry flammable liquids (fuel,
lubricating oil, hydraulic oil) directly above or near potential ignition sources.

Potential ignition sources are sources of sufficient energy to cause ignition. These include
surfaces with high temperatures; sparks and flames escaping from leaks in flanges or joints;
electrical discharges in a static-laden atmosphere or faulty electrical contacts. such sources can
be, for example, pipes of exhaust manifolds of internal combustion engines, passing through the
joints of the boiler furnace and electrical equipment inside the premises of fuel pretreatment
units [2].

Compliance with rules and regulations is usually monitored by Classification Societies,
the flag state administration and port authorities. At the same time, the issues of fire safety, of
course, are perhaps the most basic in the process of their visits to ships. However, the time
available to them is usually not enough to carry out a full inspection and when it comes to
checking the health and functionality of mechanisms and systems, it happens that the survey is
limited to “spot” checks of known risk areas and increased danger in the engine room. Class
surveyors and port state inspectors typically visit a ship while docked in port when the ship's
engines are not running at full load. High-temperature surfaces in the engine room are not always
recognizable under these conditions, even with the use of the most modern temperature
measuring instruments — for example, thermal imagers, which in some cases are used for
inspections [3].

Many companies are making tremendous efforts to ensure a safe environment in the
engine rooms of their ships, and some are investing heavily in the use of thermal imaging
cameras to detect exposed high-temperature surfaces. At the same time, the effect of the
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provisions of SOLAS-74 is not as positive as expected, and the initial focus on the required
preventive measures has somewhat eroded. The fire hazard reaches its maximum level during the
performance of work on routine maintenance or immediately after their completion [4]. The risk
associated with performing a certain range of repairs or routine maintenance operations is not
always amenable to precise definition and is sometimes underestimated due to the seeming
simplicity and familiarity of the planned work. As a result, additional precautions may not be
taken either during or after such work. Typical examples are unofficial permits for hot work and
the absence of a fire watch. After performing routine maintenance work, the time to prepare the
vessel for returning it to service may not be sufficient for installation in the regular places,
dismantled splash guards or heat-insulating lining, and this work is often postponed to be
performed by the crew already during the voyage.

Engine room fire safety is the result of both good design and construction, as well as the
constant attention that the company and the crew put on fire prevention measures on board.
Therefore, company administrations should not forget that while compliance with fire safety
requirements is monitored by Classification Societies and public administration authorities, the
company is responsible for developing and implementing procedures on ships to ensure that the
vessel is maintained in accordance with the relevant rules and regulations (Section 10 of the ISM
Code), as well as the education and training of crews and providing them with the appropriate
means and tools to carry out their tasks in accordance with the established standards (Sections 6
and 3 of the ISM Code, respectively). Particular attention should be paid to the following
individual fire prevention measures:

— increased standards of cleanliness in the engine room are essential to prevent fires, and
any leaks in fuel lines, lubrication systems or hydraulic drive systems must be properly repaired.
The location and condition of splash guards on high and low pressure flammable fluid lines
should be inspected regularly, as should the drains on lined fuel lines.

— the materials used to insulate heating surfaces may deteriorate over time. They should
be inspected periodically, both visually and using temperature gauges. A very useful measure in
this case can be taking measurements using thermal imagers, which make it possible to recognize
the surfaces of engine parts, exhaust pipelines and electrical equipment, the temperature of which
reaches + 2200c. As part of the standard maintenance and inspection work, it is recommended
that regular (for example, annual) measurements be carried out, either with the involvement of
specialized company employees or by a trained crew.

— particular attention should be paid to the risk of fire during repair work or routine
maintenance work. Before carrying out any operation, the associated risks should be determined
and additional precautions should be taken. Particular attention should be paid to re-installing the
splash guards and insulating cladding after work is completed.

— for the definition of SOLAS 74 leak tightness and impermeability standards, IMO
Maritime Safety Committee Msc.1 / Circ.1321 “Guidelines for Fire Prevention in Engine Rooms
and Cargo Pump Rooms” published by the IMO Maritime Safety Committee should be
consulted. It is also necessary to define standards for routine maintenance of electrical systems.

Conclusions. The most serious fires have arisen from an inability to determine the
potential risk of a fire, and a well-trained crew is the best fire prevention method. Crew training
and exchange of experience is aimed at creating a common understanding of all the hazards
present in the engine room and their likely consequences.
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AHAJII3 HEITACHUX BUITAJIKIB HA CYJJHAX TUITY RO-RO
TA UAHHHUKIB, 1110 IM CIIPUSIOTH, HA OCHOBI 3BITIB I1PO
PO3CJIIIYBAHHA ABAPIN HA CY/IHI

Hecmepenxko B.b., Axkywenko C.B., bozomonoea 1. B.
XepcoHcoka 0epaicasHa Mopcbka akaoemist
(Vkpaina)

Beryn. Ilopoky peecTpyeTbes 3HAUHA KUTBKICTh HEIIACHUX BHIAJKIB, IOB’S3aHUX 3
IIEPEeBE3EHHAM BaHTa)XIB MOPCHKUM TPaHCIIOPTOM. BrposioBx ocTaHHIX 6 pPOKIB OopraHizalisiMu
€poneiicekoro Coro3y, ski po3cmiayioTh HemacHi Bunaaku (European Maritime Safety
Agency, EMSA), Oyno po3noudaro 923 po3scmigyBanns, 3 Hux 74 y 2020 pomi, a 757 — Oyno
3aBepiieHo [1]. 3arampHa KiIBKICTH CyAEH, SIKi Oynu 3afisiHi B HEIIACHUX BHIIAJKaX 3a el
nepiog csrae monan 21000 cynen. 3Baxkaroun Ha cutyanito 3 nangemiero COVID-19 ta ii
BIUIMBY HA CYAHOIUIABHY Tay3b, 3arajbHa KiTbKicTh kepTB y 2020 porti ckoporuiacs Ha 18% y
nopiBHsHHI 3 2019 pokom.

Brpogosx 2014-2019 poxkiB 320 aBapiii mpusBenu g0 3arubeni 496 moneit. biuspko
IIOJIOBUHU HEUIACHUX BUMAJKIB 3 KEpTBaMHM, IO CTAJIUCSH Ha OOpTy cyaHa, Oynu MHOB’s3aHi 3
cynnamu tuny Ro-Ro (Roll-on/Roll-off). 3Baxkaiounm Ha HeraTMBHY CTaTHCTHUKY HEIIACHHUX
BUIIA/IKIB, OB’ A3aHUX 3 POJIKEpaMH, OCOOIMBY yBary Ciijl 3BepHYTH Ha BCTAHOBJIEHHS NPUYUH
HEIIACHUX BHUITAKIB Ta (GOPMYITIOBaHHS pEKOMEHIAIIH MO0 IX YHUKHEHHS Y MallOyTHbOMY.

AKTYaJIbHICTh [IOCTiIKeHHsl. AHaII30M Ta BCTAHOBJICHHSM MPHUYMUH HEIIACHUX
BUIIAJIKIB 3aWMAEThCS IMMPOKE KOJIO JOCTIIHUKIB [4-6] Ta o(DimiifHMX OpraHi3aiii, Takux SK
EMSA, Marine Accident Investigation Branch (MAIB) [2], National Transportation Safety
Board (NTSB) [3] Ta inmi. Po3ciigyBaHHS NpPOBOASTHCS 3a PI3HUMHU METOOJIOTISIMHU, SKI
JIO3BOJISIFOTh BUSIBUTH NPUYMHU Ta HACHiAKM aBapid. 3okpema, y poOoTi [4] 3amporoHOBaHO
JIBOETANTHY METOOJIOTII0 JOCHi/keHHs. Ha mepmiomy ertami TpoBOJSTH CTaHAApTH3AINIIO
HEOoOX1JHOi (hakTOpHOI iH(popMallii, sKa MICTUTBCS Y 3BITaX MPO PO3CIIyBaHHs aBapiil Ha CyHI.
Ha ngpyromy erari BUKOHYIOTh CTAaTUCTUYHHIA aHAIII3 32 TPbOMa METOJIaMHU, BUKOPUCTOBYIOUH T-
koedimienT Kenmamma, V-anamiz Kpemepa ta Ttect Kpyckans—Yosmica, ans 3’scyBaHHS
¢dakrTopiB, 110 BIUIMBAaIOTh Ha MPUYMHU aBapii Ha cyaHi. JlochmigHuku [5] BUKOPHUCTOBYIOTH
aHAJIITUYHY CHCTEeMY aHalizy Ta kiacu¢ikauii monacekux (akropiB (Human Factors Analysis
and Classification System, HFACS), 3acHoBaHy Ha HEUITKOMY aHAJIITUYHOMY 1€papXiYHOMY
npolieci sl BUSBJICHHS POJIl JIIOJCBKUX MOMMWIJIOK Y aBapifx Ha CyqHI. AHaji3 NnepuonpuuuH
(Root cause analysis, RCA) — 1ie 111e 0uH METOA JOCTiKEHHS (PaKTOPiB, IO MPHU3BOIATH 10
aBapii. Ileif meron OyB BUKOpUCTaHMH [y aHamizy aBapii y Bocdopi [6]. Asropu [7]
PO3pOOUIIN aHATITUYHY MOJENb JUIsl KUThKICHOT OIIIHKY TOMIKOIKEHb MacaKUPChKUX cyneH Ro-
Ro, konm BiOMI XapakTepUCTUKHU CYIAEH — «yAapHOrO» Ta TMOIIKOKEHOro. 3BITH IpO
PO3CIiTyBaHHS MICTATh BEJUKY KUIBKICTh A€TajbHOI 1H(OpMallii mpo cyIHOBI aBapii, K Ha eTari
aBapii Tak 1 micins Hei. Li 3BiTH € 000B’SI3KOBUMHU y 0araTtbox KpaiHax i iX JOKYMEHTYIOTh CIiaui,
notpumytounch BkaziBok IMO. Jlesiki OOCTIAHUKKM BUKOPHUCTOBYBAJIM CIpPaBXKHI 3BITH PO
pO3ciiiyBaHHA aBapii Ha CyIH1 7S IPOBEJCHHS iX MPUYUHHO-HACIIIKOBUX aHAIII31B.

OTxe, AOCTIKEHHS NPUYMH aBapid Ha CyAHI, PO3YMIHHS iX HACHIAKIB, BUBYCHHS
YacTOTH BUHUKHEHHS Ta KUTbKICHA OIIHKA 3B'SI3KY MK HACHiKaMU aBapii Ta YUHHUKAMH, IO
CHPUSIOTH IIHOMY € B)KIIMBUMH CKJIAZOBUMH ITiIBUIICHHS O€3MeKH CYTHOTIIABCTBA.

IMocranoBka 3amaui. BHecok mporo pocmikeHHs mojBiiHui. [lo-mepimie, mpoBecTH
CUCTEMHMI aHall3 HAcHiJKIB HEIIaCHUX BHUMAJKIB Ha cyaHax tumy Ro-Ro, BcranoButh ix
YacTOTy Ta YMHHMKH, [0 CHPHUSAIOTH LbOMY. EMmipuyHO nocmiauTu peanbHi 3BITH IPO
pO3CiiyBaHHS aBapii Ha CyJqHaX Ta 3’sICyBaTW YMHHUKH, sKi mMpu3Benu Ao aBapiit. [lo-apyre,
chopMyBaTH peKOMEHAalli 11010 3HWKCHHS BUHUKHEHHS aBapiiHUX CUTYyallill y BUMaaKax, siKi
OB’ s13aH1 3 POJIKEpaMHU Ha eTarll MiJAroOTOBKM MailOyTHIX Cy/IHOBOJIIiB.
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Pe3yabTaTi gociaigxenb. Y poOOTI mpoaHaIi30BaHO 3BITH MPO PO3CIIAyBaHHS aBapii
(HemacHUX BHIAJKIB) Ha cyaHax 3a nepion 3 ciuns 2011 no Bepecens 2021 poky. Binibpano 25
IHIIMJICHTIB 32 Y4YacTi POJIKEPIB, AKI BIAHECEHI 0 CEPHO3HUX, BIAMOBIIHO A0 HUPKYIsipy IMO
MSC-MEPC.3/Circ.4 «Casualty-related matters. Reports on marine casualties and incidents»
(Tabn. 1). Y nmochimkeHHl Oyja0 pO3TIASHYTO Cy[IHA, sKI HajeXaThb 10 OJHOTO 3 HIDKYE
HaBEJACHUX KJIACIB:

. ROPAX, RoPax (RORO + passenger) — 3xaTHi npuiiMaTti KpiM BaHTaKiB 3HAYHY
KUIBKICTh MMacakKupiB; 4acTo MaroTh car-deck.

. ConRO (container ship + RORO) — ribpun konreiiHepoBo3a i RORO; Ha
BHYTPIIIIHIX MMajTy0ax mepeBo3aTh aBTOMOOLTI, a Ha BepxHil — |ISO-konTeliHepH.

. RoLo (roll-on/lift-off) — yactuHa BaHTaXxiB JOCTyIHA Yepe3 amapesb, a pelira —
3a JIONOMOTO0 KpaHa.

Ha ocHOBi 3BiTiB Tpo po3chigyBanHs HemacHux umnankie NTSB, MAIB, EMSA
BCTaHOBJIEHO, y BifcoTkax (Puc. 1), npuunnHu aBapiii, a came:

- 36 % — mopymenHs mpaBwi Hapiramii: 3iTkHeHHsS (20%), mocagka Ha MITHHY
(16%);

- 36 % — moxxexi (BUOyxH) Ha Cy/Hi;

- 16 % — Btpara octiiiHOCTI uYepe3 HemoTpumanHs BuMor IMO o moyaTkoBoOi
OCTIHHOCTI CY/IHA,

- 12 % — iHII IPUYUHM.

Takox, cmig 3a3HauuTH, IO aBapii 3 NPUYMH MOPYIICHHS TpaBWJI HaBiramii,
HEJAOTpPUMaHHS MpaBui Oe3nekd Ta BuMor IMO maroTh 1 HalOinble TOACBKUX BTpaT (MV
Sewol), i ekoHOMIYHKX BTpaT Ta mKoau s okt (MvV Hoegh Osaka, mv Golden Ray, mv
Modern Express) (ta6:. 1).
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Pucynok 1 — Knacudikauis HemacHux Bunajxis: 1. 3 moacekumu xeptBamu; 2. [loxkexa Ha cyHi;
3. Ilocanka cynna Ha Minuny; 4. Henorpumanns sumor IMO 10 mo4aTkoBoi OCTIHHOCTI Cy/1Ha;
5. 3iTkHeHHs. 6. [Hui.

TakuM YMHOM BWINIE3a3HAUYECHUN aHali3 HEMIACHUX BUMAJKIB CIOHYKA€ MPUAIIATH
0COOJIMBY yBary caMme amapisiM 3 BTPaTOI MOYATKOBOI OCTIMHOCTI (HEHAJICKHUM PO3IMOALIOM
0anmacTHUX BOJ, PO3MIIICHHSAM 1 3aKpilJICHHAM BaHTaXIB NpU IUIaHyBaHHI mepexoay). 3
OQIIIfHMX 3BITIB BCTAHOBJEHO, 110 T'OJOBHUM (AKTOPOM, KM CTaB MPUYMHOIO aBapii MV
Sewol i, sk Hacminok, 304 THOACHKHMX JKEPTB, € 3MEHIICHHS 0aJaCTHUX BOJ 3 PEKOMEHIOBAHHX
2030 T go 280 T, A 301LTBIIEHHS KUTBKOCTI KOPUCHUX BaHTaXIiB (aenBeuty cymana) mo 3,608 T,
mo B 3 mepeBuirye momyctumi 987 1. IlpoBeneni MaHimynsiii 3 0amxacToM Ta BaHTaXeM
MPU3BEIM JIO 3MEHIICHHS TodaTkoBoi MertaneHTpuyHoi Bucotn (GMp) mo HemomycTtumoi
BEJIMYMHHU, IO 3pOOMIIO CYAHO OUIBII CXWJIBHUM 10 KpeHy Ta nepekumanHs. CymHo Oyio
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nepeBaHTaxkeHe i, BimmosimHo mo «The International Code on Intact Stability 2008» [8], He
MOBUHHO OYJI0 BUXOJIUTH 3 MOPTY [HUXOH.

VY Bumanky 3 mv Hoegh Osaka cynno Buiinuio 3 nmopty Cayrremntod B 20:06 (5 ciuns,
2015), norman O6yB Ha 60pTY Ta KepyBaB pyxoM. JlogaTkoBuil BaHTax 0yio B34TO Ha OOpT cyznHa
Oe3nocepelHbO Tepes, BIANpPaBICHHSAM Ta 3aBaHTakeHo Ha 6 mamyOy. Yepes 20 xB micis
BIJIIIBAPTYBaHHS CyAHA MOMIYHUK KaliTaHa pa3oM 3 MaIyOHUM KaJeTOM IOYaId TEPEeBipKY
OCTilHICTH cyaHa «Ha Biaxim». Yepe3 30 XB (BUKOPHUCTOBYIOYHM IIPOTpamMy PO3MOJIICHHS
BAaHTAXIB Ha CYyJHI) MOMIYHUK KarliTaHa BCTAHOBHB, IO CYyAHO Mae 3Ha4HO MeHIry GMy, Hik
OyIo npu nomnepeaHpOMY po3paxyHky. B 21:15 cyano cino Ha MinuHy Ta Maio KpeH 40°.

3 npuuunu HeporpuMmanHsa BuMor IMO no modaTtkoBoi octiiiHOCTI cymHa y 2019 pori
cranacs karactpoda 3 posnkepom Golden Ray. CynHo Mano MEHIIy OCTIHHICTb, HIXK MOpaxyBaB
MOMIYHUK KamiTaHa. ToMy, 1[0 BiH JONYCTUB IOMIJIKH 3 BBEICHHSIM JIaHUX IPO pPiBEHb
0amacTHOr0 TaHKa B KOMITIOTEPHHA pO3PaxXyHOK OCTidHOCTI cymHa. lle mpu3Beno o
HENPAaBWJILHOTO BHU3HAYEHHsS OCTIHHOCTI CynHa, a caMe: CyaHO HaOyno Big €eMHOT
METalEHTPUIHOT BUCOTH, 110 CIIPUYMHHIIO HOTO TIepeBEpTaHHS.

VY OinplIocTi BUMAIKIB €KOHOMIYHI BTpaTH, ab0 JIOJICHKI KEPTBH Oyl CIPUYMHEH1
HEHAJIS)KHUM JAOTpUMaHHAM pexoMmeHaanid IMO mono nepeBe3eHHs, po3MIIIEHHS, 3aKPIIJICHHS
BAaHTaXIB, HECIPaBHICTIO oO0JagHaHHSA ab0 CHUCTEM, HEIOCTAaTHHOI KBamidikalliero ocolu,
BiJIOBIAJILHOT 32 HABAHTAXKEHHS, KPITJICHHS Ta TiepeBe3eHHs (TToHa 55% HEmacHuX BUTAIKIB
OB’ sI3aHi 3 TOMIJIKaMH odimepiB maxyoHoi komanau). ToOTo, JHOACHKUIA (AKTOpP MPOIOBKYE
MaTH BEJIMKHI BIUTMB HA BAHUKHEHHS HEOE3MEUHUX CUTYaIlild Ha CYIHI.

OT1xe, 3a pe3yiabTaTaMH aHalli3y 3BITIB MOXXHA COPMYIIOBATH HACTYIHI PEKOMEHJAIlii
110710 3MECHIIICHHS HEIaCHUX BUITAKIB Ha cynHax Ty RO-RoO:

1. Ilepernsa cuctemMu ympaBlliHHS O€3MEKOI0 CYIHOIJIABHUX KOMIIAHil; BCTAHOBICHHS
IpOLEAYpPH TEPEBIPKU PO3pPaXyHKIB OCTIHHOCTI Ta BIPOBAPKEHHS MPOLEAYpPU ayauTy, 11100
NEpeKOHATUCs, W10 CyAHa BIANOBIIAIOTh BHMOTaM OCTIMHOCTI, MepIl HDK MOYaTH ixX
3aBaHTa)KCHHS;

2. [llepernmsa cucrtemu ynpaBiiHHS O€3MEKOI0 I MEPeBIPKU JAOTPUMAaHHS EKilaxeM
Arrival/Departure Checklist 111010 3aKpUTTSI BOJOHEITPOHUKHUX JBEpPEH;

3. BuacHe Ta HajexHe o3HaiomieHHs 3 International Safety Management System
OeperoBMM MEHE/DKMEHTOM Ta CYIHOBHM KEpiBHUITBOM, INO0 MEPEKOHATHCS, IO BOHU
MOBHICTIO 0013HaHI 3 MOJIITUKOO Ta MPOLEAYPAMHU B CUCTEMI YIPaBIiHHS O€3MEKO10;

4. 3amydyeHHs KalliTaHa Ta TOMIYHUKA KaliTaHa SKOMOTa paHilie 10 MiArOTOBKH
BAaHTAKHOI'O IUIaHY, a TaKOX M0 3aTBEP/PKEHHS Oylb-SKUX 3alpOlOHOBAaHMX OHOBJIEHb B
pe3ysbTaTi 3MiH MapuIpyTy abo 10 MPUHHATTS J10laTKOBOTO BaHTAXKy Ha CYJIHO;

5. TouHmii pO3paxyHOK OCTIHHOCTI Mae OyTH TPOBEACHUH TMICIs 3aBEPLICHHS
3aBaHTaXEHHS, aJie JI0 TOrOo, K CYIHO BIJIJIUBE, 1100 MEePEKOHATUCS, IO OCTIWHICTh TOCTaTHS
JUIS 3aIUTAaHOBAHOTO peiicy;

6. Horpumysarucs pesomomii IMO A.581(14) momo BUMOT MiHIMAJIBHOTO KPITUICHHS
BaHTaXiB Ha cynHax Tumy Roll-on/Roll-off;

7. TlepeBipka pATYyBaJbHOIO OOJAJHAHHS Ha CY[HI, BKIIOYAIOUM MPOLEAYPH BEICHHS
00ITiKy, Ta 3HaHHS OOPTOBUX CHUCTEM UWICHAMH €KIMaXy JJs 3MEHIICHHsS JIOACHKHX BTpAT MiJ
Jac HEI[aCHUX BUIIAIKIB.

A 3 MeTOI0 MiIBUIIEHHS SKOCTI MATOTOBKH 3400yBayiB BHIOI OCBITU 3 BiIMOBIIHUX
($haxoBUX IUCHIUIUIIH JOIUITHHO:

1. B nHaBuanbHOMY IpOLIECi aKIIEHTYBAaTH yBary 3100yBauiB OCBITH Ha HOPMAaTHBHUX
nokymentax (STCW, The International Code on Intact Stability 2008, SOLAS, Tta inHmi) Ta
HEOOXIJTHOCTI 1X HEYXUIIBHOTO JOTPUMAaHHS Yy npodeciifHiil NisIbHOCT;

2. BxioynTH B HaBYAIBHUH TMPOIEC aHATI3 3BITIB PO3CIiAyBaHbh HEUIACHUX BUITAJIKIB
Ha CyJHaX;
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3. 3Bamyuarm 3700yBadiB OCBITH JO Y4YacTi Yy HAyKOBUX TYpPTKaxX, JIHUCKYCIHHHX
Mai/laHYMKax, HAYKOBHX KOH(EpPEHIIsSX Ui TPEACTaBICHHS pe3yibTaTiB aHali3y 3BITIB
po3ciiayBaHb aBapiii, 0OOMIHY 3HaHHSIMH Ta HAOYTTS OUIBIIIOTO JOCBIY.

BuchoBkn. RO-RO cyana € He3aMiHHOIO YaCTHHOIO MOPCBHKHX BAHTQXHHUX Ta
MacaXUPChKUX IepeBe3eHb. B pe3ynbTaTi aHami3y 3BITIB HEIIACHUX BHITAJIKIB Ha POJIKEpAX
BCTaHOBJICHO, IO MOHAA 55% BUMAAKIB MOB’s3aHI 3 MOMWIKaMHU O(]irepiB maayoHOI KOMaH[IH.
BusHaueHo 4YMHHUKH, SIKI TPU3BOJAATH /10 BUHUKHEHHSA HeOe3NeyHuX curyariil Ha cynHi. Ha
OCHOBI 3BITIB HaJIaHO PEKOMEHIAITIT 11010 3MEHIIICHHS HEIaCHUX BUIIQJKIB Ha CyaHaxX TUIry RO-
RO Tta migBumieHHS SKOCTI MiArOTOBKHM 37400yBadiB BHUINOI OCBITH. OCKUIBKH, Yy OUIBIIOCTI
HEIIaCHUX BUIIAJKIB MPHUCYTHIA JIOACBKUNA (aKTOp, TOMY PO3TJISAI 1 JIOBEICHHS JO BijoMa
3100yBayiB BHUIOi OCBITM NMPUYMH Ta HACHIJKIB HENPABHIBHUX il TO3BOJHUTH KOMILJIEKCHO
MiArOTYBAaTH iX 10 POOOTH B MOPI.

Y HaCTyNMHUX JOCHIDKEHHSX TUIAHYETHCS OLIBII JIETATBHO PO3TJISHYTH BHIAJKH 3
HepoTpuMaHHsIM BUMor IMO 10 moyaTkoBoi OCTIHHOCTI CyAHAa.
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AHAJII3 ABAPIMHOCTI KOHTEHHEPOBO3IB

Konon H.M.
Hayionanvnuil ynieepcumem « Odecbka Mopcovka akademisy
(Vkpaina)

Beryn. JlonoBine mpucBsSYeHa pe3yabTaTaM JIOCIHIKEHb CTOCOBHO aHAIIi3y aBapiitHOCTI
KOHTEWHEepoBO3iB. B poOoTi Oynn BUKOpUCTaHI JaHi 13 22 3BITIB MPO PO3CIiyBaHHSI MOPCHKUX
aBapiit 3a nepioa 3 2012 mo 2019 poxu. Po3risiHyTi MOpChKi aBapii KiIacu(ikyrOTbCs SK JyKe
cepiio3Hi Ta cepitosni (very serious and serious marine casualties) sriguo 3 mupkyasipom IMO
MSC-MEPC.3 / Circ .3 “Casualty-related matters. Reports on marine casualties and incidents”.
Mertoro NOCHiJKEHHsI € BU3HAYEHHsSI OCHOBHUX (DaKTOPIB, IO CHPUSAIOTH MIABUILEHHIO PU3MKY
aBapiiiHoi cuTyanii Ha Mopi. 3 II€I0 METOI0 MOJIMBI MPUYMHHU aBapid Oyiam po30uTi y ABI
Ipyny: NepBUHHI Ta BTOpUHHI. bazyrourch Ha Kopensiii pe3ynbTaTiB, Oyl BU3HAYCH] HAWO1IbII
NOLIMPEH] MPUYMHY aBapii 3a y4acTi0O KOHTCHHEPOBO3iB.

AKTYaJBHICTh A0CTiIKeHb. 3 KOXKHUM POKOM KOHTEWHEPHHU (IOT 3aTBEPKY€E BIACHY
3HAYMMICTh Yy MDKHApOJHUX MOPCHKHX TOPTiBEIbHUX BiJJHOCHHAX Ta B TJOOANbHIN cucTeMi
jorictuku. Ha choromHimHiA JIeHb, KOHTCHHEPHI TEPEBE3CHHS B MIDKHAPOIHIN TOPTiBIi
30epiraroTh mepIIe Micle 3a KUIBKICTIO TPAaHCIIOPTOBAHWX BaHTaXXiB HEHACHIHOTO THiy [4]. 3
METOI0 MiJBUIICHHS EKOHOMIYHOI e(EeKTUBHOCTI, CYIHOOYIiBHA I1HAYCTpis MPOJOBKYE
HAaCHYYyBaTH MDKHApPOIHUHI (JIOT KOHTEHHEpPOBO3aMH i3 Bce OULTBIIOI MICTKICTIO. OgHHM i3
CyJlleH Takoro kiacy craB Teruoxia “Ever Ace” cmymenuit Ha Boay y 2019 poui B [liBaenHii
Kopei, mo craB nepmmm 3 11 y cepii ULCS (Ultra Large Container Carrier) MicTKiCTIO OJIM3bKO
23 992 TEU, 13 noBxunor 400 MeTpiB, MHUPUHOIO 62 METPH Ta 0caliKoto 16,5 MeTpiB.

Tum uacom, He JUBISYUCH Ha CTPIMKUH PO3BUTOK CYYaCHHX TEXHOJIOTIH Ta iX
YNPOBA/DKEHHSAM Ha CyJHaX TOPTiBENbHOro (hJIOTYy, MOPCHKI aBapii MPOJOBKYIOTh BUHUKATH. B
HOMNEePeHbOMY JOCTIKeHI OyB pO3IISIHYTHH IHOMOGHT 3a ydacTio T1/X “Ever Given”,
MiIKPECITIOIYN  aKTyalbHICTh TpoOnemu Oe3neku cyaHoruiaBcTBa Ha cboroani [10]. [o
(axTopiB, 10 MiABUILIYIOTh PU3KK aBapIHHOCTI MOXKHA BITHECTH HACTYIIHI:

1) po3uMpeHHs: MiXKHAPOJAHUX MOPCHKUX TPAHCIIOPTHUX TOTOKIB;

2) MiIBUINEHHS BAaHTaX000iry;

3) 30LIbIICHHS PO3MIpPIB CY/ICH;

4) BinCyTHICTH CTAOLIBHOCTI MiJ] YaC BUKOHAHHS IIEBHOTO PEHCY;

5) moacekuit GpakTop.

ITocTanoBka 3anawi. B mnpezacraBieHomMy AOCiHiUKeHHI OyB NpoBeAEHUI aHami3
Cepo3HUX MOPCHKHUX aBapiil 3a y4acTO KOHTeHHEepoBO3iB. g ananizy Oynu Biaiopani 22 3BITH
PO PO3CITiTyBaHHS MOPCHKHX aBapiii y mepion 3 2012 mo 2019 pokwu [7, 8]. OcHOoBHOIO METOIO €
BU3HAYCHHS NEPBUHHUX Ta BTOPHUHHUX TPHYWH, BUSIBICHHS TEPEBAKHOTO TUIYy aBapiil, Ta
BUBEJIEHHS BIJAMOBIIHUX 3aX0/1B OE3IIEKH.

Mopceki aBapii 3a y4acTiO KOHTEHHEpPOBO31B, PO3IJISHYTI Yy MPEACTaBICHOMY aHami3l,
KJIacu(iKyIOThCS K Ty’Ke cepio3Hi Ta cepilo3Hi Mopchki aBapii. Knacugikauis 3rigao 3 IMO
Circular MSC-MEPC.3/Circ.3: “Casualty-related matters. Reports on marine casualties and
incidents” [6].

Hacnigku po3risiHyTHX MOPCHKHX aBapiii MOXKHA 3rpyITyBaTH 3a HACTYITHUMH O3HAKaMU:

1) yoTHpH BHUNIAJIKK 3aTOIUICHHS Cy/IHA, TPH 3 SKHX BKIIOYAIOTh JIFOJICHKI )KEPTBH;

2) M’ ATHAAUATh BWIAJKIB, IO TPHU3BEIU [0 CEPHO3HUX CTPYKTYPHHUX IOIIKOKECHb
CyaHa, 3a0pyJHEHHS HABKOJMIIHBOI Cepel, 3 SIKUX YOTHPH 13 JIIOJCBKUMH TpaBMaMH Ta
KEepTBaMU;

3) IBa BHIIAJIKH CBIIYaTh PO CTPYKTYPHI MOIIKOKCHHS Cy/IHA Ta BTPATy KOHTCHHEPIB;

4) oIWH BHUITAJIOK 13 JIOACHKOIO 5KEPTBOIO.
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AHaJ3yl0ud pO3MOALT YaCTOTH BUHMKHEHHS MOPCHKHMX aBapiid BIPOJOBX TMEpioay 3
2012 mo 2019 poku (puc.l), MOXHaA 3a3HAYUTH TEHACHIIIO A0 30UIBIICHHS aBapiliHOCTI
nounHarouu 3 2016 poky. 3rizno anamizy UNTCAD Bixg 2017 poky [9], y 2016 pomi 3aransHuii
MOMHUT Ha MOPCHKI MEepPEeBE3eHHs IMiBUIINBCS H 00CSITH CBITOBOT MOPCHKOI TOPTIBII 3pOCIU Ha
2,6 BigcoTka (mopiBHsIHO 3 1,8 y 2015 pori). KoHTpakTn nepeBe3eHHsI BaHTaXy Y KOHTEHHEpax
30imbpmmncs a0 3,1 Bigcotka y 2016 poui (mopiBasHO 3 1,5 y 2015 pomi). Takum duHOM,
o6csru  pocariau  npubnu3Ho 140 wmineionis TEU. 3 iHmoro OoKy, [eske 3MEHIICHHS
aBapiiiHocti 'y 2019 pomi (puc. 1), MOXJIMBE 3a paxyHOK CKOHOMIYHHX HACIiJIKIB,
CcpuYuHEHUMH r100anbpHoI0 manaemiero COVID-19.

2012 2013 2014 2015 2016 2017 2018 2019

Pucynoxk 1 — Po3nosin MOpchKUX aBapiii 3a ydacTio KoHTeiHepoBo3siB 2012-2019 pp.

PesyabraTn pocaimkenb. BuBuaroun 3BITH Mpo po3ciijyBaHHS, MOPCbKI aBapii Oyiu
pO3/iJieH] Ha KaTeropii BIAMOBIAHO A0 THUIY: 31TKHEHHs, BTpaTa XUTTS a00 TpaBMa JIOJWHHU,
BTpaTa KOHTEIHepiB, mocajka Ha MUIMHY. Ha pucyHky 2 npuBefeHHMI MPOLIEHTHUIN pO3MOJLT
aBapiii 3a TUNIOM. B pamkax JaHOTO AOCHIKEHHSI MOPCHKHX aBapiii 3a y4acTio KOHTEHHEpOBO3iB
NepeBaKAOYUN TUN aBapiiHOl cUTyalii € 3iTKHeHHsS (63,6 %). 31TKHEHHS CyJHa MOXHa
TPaKTyBaTH K (I3MYHY B3a€MOJII0 MDX JBOMa (abo Oinblie) cyaHamMu abo cropyaamu, 10
MPU3BOJMTS JI0 aBapii Ta MOUIKOKEHb.

63.6%

54.5%

45.5%

36.4%

27.3%

18.2%

9.1% [

I
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Pucynok 2 — Po3moin MOpchKuX aBapiii 3a THIIOM

ITin yac mpoBedeHHs aHalizy, OyiaM BHUBYEHI (DaKTOpH, IO MPHU3BENU IO aBAPIHHMUX
cutyarii. OCHOBHI 3 HUX OyJaW BHJUICHI, Ta BHUKOPUCTAHI IS TMOMAIBIIOTO JOCIIIKEHHSI.
Hwoxue 3a3HaueHi 9 0CHOBHUX rpym LuX (HakTopiB:

1) meycBimomenicts cutyarii (Lack of situational awareness);
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2) manMmipHa goBipa gisim jgorvana (Over-reliance on Pilot);

3) HemocTaTHHO eEKTHBHE YIPABIIHHSA pecypcamMu MiCTKa Ta poboToro komanau (Poor
Bridge Resource Management (BRM) performance);

4) BiICYTHICTh HAJIC)KHUX 3aXOJiB OE3MEKH MPH IJIaHyBaHHI Ta BUKOHAHHI IIEBHUX POOIT
(Lack of safety precautions);

5) HexTyBaHHs TIpolLleaAypamMH Iepeaadi BaxToBoi ciyxOm (Poor changeover watch
procedure);

6) Bukopucranus pamio3s'ssky VHF mis yaukuaenns 3itkHens (Use of VHF radio
communication for collision avoidance);

7) HEKOMIIETEHTHE BHUKOPUCTAaHHS HaBiramiiiHoro oOmaguanns (Improper use of
navigation equipment);

8) mopyieHHssT BUMOI MO0 IUTaHY PO3MIIICHHS Ta KpimieHHs BaHTaxy (Inadequate
stowage and lashing plan);

9) HeBiAMOBiHE O00OCITYyroByBaHHS CyIHOBOro obOiamHaHHs Ta cucteM (Inappropriate
maintenance).

BaxuuBum € Toii ¢akT, 1m0 y BCiX 22 00paHUX BHUIMAIKaX MOPCHKHX aBapiil, MPUYUHU
BUHUKHCHHS OB’ 5I3aH1 13 JTIOACHKUM (haKTOPOM.

Percentage distribution of primary and secondary causes
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Pucynok 3 — Po3no/iii nepBUHHUX Ta BTOPUHHUX MPUYMH MOPCHKHX aBapiid

3 MeTOI BHBUYEHHS TEHJCHII YacTOTH BUHUKHEHHS NPUYUH, IO MPUBOJAATH IO
MOpCBKHX aBapiii Ha KOHTeWHepHOMY (0TI, BOHU Oyiu po3AiIeHI Ha MEPBUHHI Ta BTOPUHHI.
[TporieHTHUI PO3MOAIN MPEACTaBICHUA Ha PHUCYHKY 3, 3 SKOro BHJHO, 110 came (akTop
HEJI0CTaTHRO1, a00 MOoBHOT HeycBimomieHocTi curyartii (Lack of situational awareness) B mpomy
aHaJi31 mepeBaXkae sIK MEpBHHHA, TaK 1 BTOPMHHA MPUYMHA B OUIbIIOCTI BUMaakiB. HeoOxigHo
TaKOXX 3ayBKWUTHU, IO B IIHOMY JOKYMEHTI TEPMIH “‘CHTYyalliliiHa YCBIJIOMJICHICTH  JOJATKOBO
BKJTIOYAE:

1) norpumanns npaswin MIITN3C, 1moa0 OIHKM PH3MKY 3iTKHEHHS, HAIPUKIA
“OpUIyIIEHHs HE CiJ pOOMTH Ha MiJCTaBl HEJOCTATHROI 1H(OpMaIlii, 0COOTUBO HEIOCTATHHOT
pamionokartiiHoi iHpopmarii” [1]

2) miaTpuMaHHs HaJeKHOTO criocTepeskeHHs (lookout);

3) KOMIIETEHTHICTh B 00p0OIIi HaBiramiiHo1 iHdopmartii Ta ii omiHIli Ta iH.

BucnoBku. KonreitHepHi cyJqHa BiAirpaioTh BaKJIMBY POJIb Y MDKHAPOJIHUX MOPCHKHX
TOPTiBEIbHUX BiMHOCHMHAX. Taki (GakTopu sIK 30UIBIICHHS PO3MIPIB KOHTEHHEPHUX CYJCH, a
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TaKOX 3POCTaHHS KOHTEHHEPHOTo (PIIoTy MarOTh 3HAYHWU BIUIMB Ha O€3IMEKy CyIHOILIABCTBA.
Uepes CKOpOYEHHS €KiMmaxy poOoTa MOpsKa BHMarae Imie OUIBIIOT  KOHIEHTpAIii
BIJIMOB1IaJILHOCTI BiJI MEHIIIOI KiJIbKOCTI JIFOJICH, 1 I1€ MOKE MPU3BOJIUTH JIO ITiJIBUIICHHS PU3UKY
PO3BHUTKY aBapiiiHOi cuTyarii.

B pesynbrari gociimpkeHHsT aBapiiHOCTI KOHTEHHEpoBO3iB 3a mepiox 3 2012 mo 2019
pOKH, OYyJI0 BU3HAUEHO, 10 HAMOIIBII MOMIMPEHOI0 MOPCHKOIO aBapi€r0 B MEXax aHaji3y IMOCTae
3iTKHEHHs cyieH. Kpim Toro, 3a3Ha4eHo, 1o HEeYCBIIOMIICHICTh CUTYAIil IPY IbOMY TIepeBaXKkae
SIK TIEPBUHHA 1 BTOPMHHA NMPUYUHU B OLIBIIOCTI BUNAAKIB. BUBUMBIIM pekoMeHallii, HaaaHl y
3BITax PO PO3CIIMYyBaHHS aBapiil, CHiJA MiIKPECTUTH, L0 BOHU MEPEBAKHO CTOCYIOTHCS
HaBYaHHS, MIJITOTOBKU Ta MEPEBIPKU KOMIIETEHTHOCTI €KiNaXKy 3aJIy4eHOT0 Y MOPCBKY aBapito.

Buxonsun 3 pe3ynabTariB MOTOYHOTO aHaji3y, MOKHA HiJCYyMyBaTH, IO OCHOBHIi
NEPUIONPUYMHA TIPEICTABICHUX MOPCHKMX aBapiii MOB'sI3aHI 3 OIepaiisMu, sSKi BHKOHYE
mronnHa. HeraTwBHI CKIaq0Bi JIIOJCHKOTO (haKTOPY MOB'S3aHI 3 HENOATICTIO BiANOBITAIBHUX
0Ci0 100 HAJIGKHOTO CIIOCTEPEIKEHHSA, OOpOOKM HaBiramiiHoi iH(opMalii, JTOTpUMaHHS
MII33C, o6miny iH(OpPMAILIIE€I0 MK CyTHOBOKO KOMAHJIOI0 Ha MICTKY Ta JIOIIMAHOM, CUTYyaIliiHOT
YCBIAOMJICHOCTI TOLIO. Y MOJANbIINX MOCTIPKEHHSIX IJIAHYEThCS OLIBIN JETalbHO BUBYMTH
came npoOJeMy 31ITKHEHb KOHTEHHEPOBO3iB.
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PO3PAXYHOK NAPAMETPIB OCTIHHOCTI OJHOSIPYCHOI'O
KOHTEMHEPHOI'O XAYCBOTY

Konoeanoea I'.B., Il]eoponocee O.B., Tepauu C.B.
Hayionanvnuil ynisepcumem xopabaedyoysanns imeni aomipana Maxaposa
(Vkpaina)

Beryn. YV 383Ky i3 30UIBIICHHSM MOIMYJSPHOCTI OyMiBHUITBA IUIABYYMX OYAWHKIB
(xaycOOTiB) BHUHHMKA€ HEOOXIAHICTH pO3pOOJEHHS METOJMK 3a0e3ledyeHHss iX Oe3rneuHol
excrryaranii [ 1, 2]. Xayc6otu, 3rigHo i3 kiacudikamiero Perictpy cyqHomnascTBa Ykpainu [3],
BIJTHOCSATBCSL 10 CTOITYHUX CYAEH HaBiTh IPU HASBHOCTI EHEPreTHYHOi YCTaHOBKHU. Jlis
Oe3aBapiiiHOi eKcIuTyaTalii TaKuX IJIABYy4YHX CIOpPYJ HEeoOXiIHUM € 3a0e3redeHHs] OCTIHHOCTI,
BPAaxOBYIOUHM iX Maily OCajKy NpH BIAHOCHO BEJIMKIiH BITPUIBHOCTI Ta, SIK NPaBUJIO, HEAOCTATHIN
HA/IIHHOCTI SIKIpHOTO Ta/ab0 MIBApTOBHOTO MPHUCTPOiB [2]. 3rimHo TepMiHoJOTrii Teopii kopadis,
OCTIMHICTh — 1€ 3/IaTHICTh CyJHA 30epiraT CTaTUYHY PIBHOBAry sIK MpPU HAABHOCTI, TaK 1 MPH
BIZICYTHOCTI OyAb-fKOi 30BHINIHBOI Jii (TOpHUB BITPY, CKYNUYEHHS JIOAEH 3 OIHOTO OOpTY,
HasBHICTh XBWUJIb Towo) [4]. OctiiiHicTe XaycOOTy, eKcIUlyaTalis $KOro mepeidadeHa y
npubepeXHUX BOAAX, OIIHEHO 32 KPUTEPIIMHU BITPOCTIHKOCTI. B SKOCTI mpuKiazy mpuiHATO
OJTHOSPYCHUIM KOHTEHHEpHHUI XaycOOT, €CKi3HUH MPOEKT SKOro po3pobieHO aBTopamu; iHoro
xapakrepuctuku Ta 3D 300paxkeHHs HaBeneHo y poboTi [1].

AHaJi3 ocTaHHIX AocaigxkeHb Ta myOaikaniii. TeopeTnyHowo 6a3010 € HayKOBI poOOTH
B rally3l IPOEKTYBaHHS Ta KOHCTPYIOBaHHs XaycOoTiB, nebapkanepiB, MOHTOHIB, HOPMATUBHO-
npaBoBa 0a3a Perictpy cyaHomiaBcTBa YKpaiHM, a TakoX JOCHIJDKEHHS 100 MOJAYJIBHOIO
(dopMyBaHHS Ta KOHCTPYKTUBHO-TEXHOJIOTIYHHX PIlICHb IUIABYYMX Ta OEperoBux cropyn. Y
JOCIIJDKeHHI NpUHHATO N0 yBaru po3podku M.B. Casunbkoro ta C.€. Illexopkinoi, sKi
B110Opa)katoTh KOHCTPYKTHBHI 3aJadl MO3MIIOHYBaHHS XaycOOTIB 3a JIOMOMOTOI0 SKIPHUX
CTIMOK, SIK1 BOJIHOYAC KOHTPOJIIOIOTh MOCA/IKY MJIAaBY4Oro OyJUHKY Iij Yyac 3HAYHUX MPUIINBIB Ta
BIJUIMBIB, XapaKTepHi Juid HWKHbOI Teuii JlHinpa Ta JlyHato. ApXITEKTypl Ta KOHCTPYIOBAHHIO
IUTaBYYUX PIUKOBUX BOK3aJIB Ta MaBUIbHOHIB MpHucBsueHo npaii M.C. €nencrskoro, b.B. IoHosa,
P.A. Xirepa. ApxXiTeKTypl MaJoONOBEpXOBHX Oy/iBellb Ha BOJAlI IMPHUCBSIYEHO HAYKOBI Iparll
I.C. ExonnomoBa, A.B. Ilandinosoi, B.€. bapumesa. B HUX po3MIssHYTI akTyajdbHI HMUTaHHS
TEXHOJIOT1H (OpMyBaHHS IUIABY4YMX CHOpPYI B pI3HMX yMmoBax. [IuTaHHs 3ani300€TOHHOTO
cynHoOyayBanHsl ocBitieHi y mpaisgx M.I'. Cnyuskoro, O.C. PamkoBcbkoro, B.M. KonHoga,
O.M. TIlocrynmansctkoro. Takox, y [AOCHIKEHHI BHUKOPHUCTAHO pE3YyJIbTaTH aBTOPCHKUX
po3pobok [1].

IMocranoBka 3agaui. Kputepiili BITPOCTIKOCTI XapaKTEpPU3YEThCS OL[IHIOBAHHAM
MNOTEHIIIHOT MOXKIIMBOCTI Cy/IHA MPOTUIISITH 30BHIIIHIM BITPOBUM HAaBAaHTAXEHHSAM, TOOTO!

M, <[M]=V-y-1_,, 1)

ne Mgp — MOMEHT, IO KPEHHMTh BiJl BITPOBOTO HaBaHTaKEHHs, T'M (pO3paxOBYEThCSA 3a
MeToIuKaMu Teopii kopabis); [M] — MakcMManbHO TOMYyCTHMHUN MOMEHT, IO KPEHUTh, T'M
(Bu3HauaeThest 3a Metogukamu [3]); V. — 00’eMHa BOJOTOHHAXHICTB, M Y — muToMa Bara
3a00pTHOT BOIH, /M | max — MAKCUMaJIbHE TUTEYE niarpamu Pima, m.

MakcumanbHo gonyctuMuii MomeHT [M] BH3HauaeThCsl 3a AiarpamMor0 JAMHAMIYHOT
ocTiitHOCTI (Tpadik 3a1eKHOCTI ITUIeYa BiJHOBIIOIOUYOTO MOMEHTY IpU JUHAMIYHOMY KpeHi) 3a
METOIMKOI0, onucaHo y po6orti [4]. ITinede x cTaTH4HOT OCTIHHOCTI MOKe OyTH pO3paxoBaHe, SIK

[4]:

Ie:xc-cose+(yc—yco)-sine—aosine, 2)

Jie 3HaYEHHS 3aJIeKHOCTI (2) mpencTaBiieHo TpadiyHo Ha puc. 1.

3-5 aucmonada 2021 poky 49



[Ipo6JsieMu cTasI0r0 PO3BUTKY MOpChbKoi ranysi (PSDMI-2021)

]

Pucynok 1 — Cxema BU3HaYeHHs IIe4a CTATUYHOI OCTIHHOCTI

Metoau aocaimzkeHHs. s po3paxyHKy miedeld CTaTUYHOI OCTIHHOCTI BUKOPHCTaHO
JIBA OCHOBHMX MeTOAa Teopil Kopalis: piBHOOO €MHMX HAaXWICHb Ta OOEpTaHHS BITHOCHO
HepyxoMmoi Bici [4], [5, €. 542-543].

Crnioci0 piBHOOO’€MHMX HaXWJICHb Iependadyae MPOBEICHHS JOMOMIKHHMX BaTEPJIiHIM, SKi
HAOJIMKEHO BIJICIKAIOTHh IMOCTIHHWK 00’€M MiABOJHOI YaCTHHH IMOHTOHY. Hemoiikom maHoro
METOJly € HEOOXIIHICTh IyONIOIYMX OOYMCIEeHb AJS [Ji04Yoi Ta JOMOMDKHOI BaTepiiHii, y
3B’SI3KY 13 YAM BHHHKAE MOXKIIUBICTh HAKOITMYCHHS TTOXHUOOK.

Meton o0GepTaHHs HAaBKOJIO HEPYXOMOI BIC1 pO3IIIsJia€ HEPIBHOOO €MHI HaXWJIEHHS, 3a
JOIIOMOIOK0 SIKMX BH3HAYACTHLCS 3aJIEKHICTh BEIMYHMHU IUI€Ya CTATHYHOI OCTIMHOCTI BIZX
BOJIOTOHHQKHOCTI Ta KyTy KpeHy, Tob6TOo |, = f(V,G). [lpn upomy it BU3Ha4eHHS |, ske

BIJINOBI1/JIa€ 3a/IaHii BOJIOTOHHAXKHOCTI, HEOOX1THO BUKOHYBATH J0JIaATKOB1 OOYMCIICHHS.
MartemaTtuuna moaelib. [lonepeynuii mepeTHH MiJBOAHOI YaCTUHU TOHTOHY VSIBIISIE
co0010 0araTOKyTHHK, SIKU CTBOPEHO CIMEHCTBOM rpadikiB MpsIMUX y KOOPAWHATHIN IJIOIIKHI

B
XOVY (mommHa MiJelb-INMaHroyTy) X = 5 (mo3. 1, puc. 1), y=H (mo3. 2, puc. 2), y =0

B
(mos. 3, puc. 2), X = > (rmo3. 4, puc. 2).

I'padik BaTepiiHii MOXKHA MNPEACTAaBUTH y BHUIVIII PIBHSAHb MNpPSIMOI 13 KyTOBUM
Koe(ILIEHTOM, SIK1 MPOXOJIATh Yepe3 3aJlaHy TOUKYy (1o3. 5, puc. 2):

y=T +tan9(x—Yf), 3

ne tan® — kyroBuil KoedillieHT, SIKUI JOPIBHIOE TAHTEHCY KpeHy xaycOota; T — ocajka
MOHTOHY, M; Yi— OpJIMHATa NEHTPY TSDKIHHS BaTepiiHii (Bici oOepTaHHs), M.

Lentp TtsokiHHSA TUIOMMHHOI (Qirypu, sika oOMexxeHa TpadikaMu TPSIMUX, MOXKHA
BU3HAYNTH 32 3QJICKHOCTIMU:

M, . M (4)

ne M, ta M, — CTaTI/IgHi MOMEHTHU BiIHOCHO Bicei x Ta y, T'M; S — IUIolIa 3aHypeHOI YaCTUHU
M1ACIIb-IOIIAHT0yTa, M .

B cBoio dyepry, CTaTM4Hi MOMEHTHM Ta IUIOILYy IIONEPEYHOr0 TEPETHHY (MiJelb-
IIMTaHTOyTYy) MOXXHA BU3HAYMTH METOJaMH iHTErpaIbHOTO 00uHcIcHHs [6]:
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M, = %j[fz(x)2 - fl(xz)]dx :

M, = j’ X[, (x)— f,(x)]dx; (5)

ne f1(x) Ta fo(X) — psmi, ki 0OMeXyIOTh IUIOIUHAY (Qirypy; a Ta b — Mexi iHTerpyBaHHsI.

Touka nepeTuHy BaTepiliHii 13 BEpXHBOIO Ta HIPKHBOIO MEKaMH MOIEPEUYHOT0 NEPETHHY
MOHTOHY MOKHa BU3HAUUTH Yepe3 TAHT'€HC KyTa KpeHy xaycOoTa BUXOASYH 13 CXeM, HaBEICHUX
Ha puc. 2

H-T T

tan0=———, tanf=———. 6
B B (6)
—+Y —+Y;
2 2

OTtpumaHni 3aJeKHOCTI Ul BU3HAYEHHS CTATMYHMX MOMEHTIB Ta IUIOII IOIEPEYHOTO
HEPeTHHY MiJeJb-IIIAHT0yTy PeACTaBIeHO y Talum. 1.

¥ ¥
1 s = 1
\'\
AT I B
oawl ] :L‘_F_-::—:LZ___L__ Joyw
H _.________,__.,_,-———f"" . fo [ a
- (]
al ™ - Ea ol W
-B/2 B2

B/2 ’ -B/2 B/2

0 100
]
Pucynok 3 — INonspra giarpama ocTiHOCTI
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Tabmumst 1 — 3Ha4eHHs] CTATUYHUX MOMEHTIB Ta IUIOIII MiJENb-IIMTAHTOYTY B 3aJI€KHOCTI BiJl
po3TaIryBaHHs BaTePIiHIT

YMoBa ‘ CtaTr4Hi MOMEHTH [Lnoma nepetuny
Cxema a)
tan < 1= 2
B,y M, = jx-['r+tan9(x—Yf)}jx; .
f B s
2
tano < 5 S= L[T+tan6(x -Y )dx
oYy M, = %J'thtane(x Y, Jox. ?
_B
2 Cxema 0)
tan0 < 1 2
':erf Mx:jx-[TthanE)(x—Yf )}jx; ;
‘ 2
2 S= ”T+tan6(x Y, )ldx.
0
o >§+Yf m, =L tanofu, o a
Cxema B)
— B B
tan 0 > T 1! 2
+Y, | M, = B j[‘l’+tan6(x Y, ]dx+J-H2dx : b .
¢ 2
tano > . S =.[['I'+tan9(x—Yf )]dx+£de.
b a
i M, =.|'x-[T+tan6(x—Yf)]dx+J2'x-de.
a b
Cxema r)
tan@ <11 b 5
_2+Yf Mx:% L[T+tan6(x—Yf)]2dx+.t|:H2dx ; b .
il 2
. BT b ? . S= .[B[T+tane(x—Yf )]dx+£de.
2 il
PRAIRRY :J.x~[T+tan6(x—Yf)]dx+Ix-de. ?
b

_B
2

3a oTpuMaHKMH 3aJexKHOCTAME y pexximi MathCAD BHKOHaHO PO3paxyHKH TapaMeTpiB
CTaTHYHOI OCTIHHOCTI JAJISl OTHOSIPYCHOTO XaycOoTa KoHTelHepHoro tumy [1], pe3ynpTaTti skux
HaBEJEHO Ha puc. 3.

BucHoBku. Po3po6ieHo MeTonn4HI peKoMeHAallli po3paxyHKY OCTIMHOCTI IIaBy4HX
OyIMHKIB Ha MPUKIAJl OJHOSPYCHOTO KOHTEHHEPHOIo XaycOoTy. 3anponoHOBaHI MaTeMaTUYHI
3aJIeKHOCTI Ta rpadivyHi MOSCHEHHS 10 HUX J03BOJIAIOTH BU3HAUMUTH IapaMeTpu aiarpamu Pina
JUISL PI3HUX PO3MIPIB MMOHTOHY, HOTO OCAJKM Ta 3HAYCHb CTATEH HABAHTAKCHHSI IIPU MiHIMAIbHIN
KIJIBKOCTI BUXIJHUX JaHUX.
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MMPOBJIEMA KUBEPBE3OITACHOCTHU HA COBPEMEHHBIX CYJIAX

Kannuna A.A., bapanenxo I'.0O.
Xepcouckas 2ocyoapcmeennas Mopckas akaoemuist
(Ykpauna)

Berynmienne. CynoxoaHast oTpacib UIPAaeT BAXKHYIO pOJIb B MUPOBOM JIOTMCTHYECKOM
uH(ppacTpykType, qt000e HapylieHHe paboThl OKa3bIBaeT OOJIBIIOE BIMSHHE Ha OOIIECTBO U
MHUPOBYIO TOpromiw. HecMoTps Ha TsDKEenyl0 OOCTaHOBKY, CBSI3aHHYIO C KOPOHABHUPYCHOM
uH(peknuel [ 1], UHIMICHTHI CBSI3aHHbBIE ¢ KHOepOe30MacHOCThIO BCe OOMBIIE BIUSIOT Ha PadoTy
cynoB. PaccmorpuMm prcku kubepOe30macHOCTH Ha CyAax M OIpeaesiiM BO3MOXHBIE Oyaymiue
pOoOJIeMBI, OITUPASCh HA 3HAHUSAX 0 KHOepOe30macHOCTH Ha cyiie. [2]

B mocnennue rompl vacto cynaa HasbiBaroT Kak «cyaHo [oT (Internet of Things)» u
«ymHble cyaa (smart ship)» [3]. CymoBoit IoT — »T0 MexaHu3Mm ansi aHalW3a JAHHBIX MYTEM
nepesayd TakuX JAaHHBIX, KaK HHQOpPMAIHMS O MECTOIMOJIOKEHUU [4], CKOPOCTH U JAHHBIX OT
JIBUTaTeJIeN U T€HEepaTOpOB, HA HA3EMHBIA CEpBEP MOCPEACTBOM CITyTHUKOBOW CBSA3H C CYJOB BO
BpeMs peiica.

[lo pesynbraraM aHajlv3a MOXKHO BBISIBUTH IPU3HAKK OTKa3a, IPEIOTBPATUTH
KpyIHOMAacIITa0Hble OTKa3bl M aBapuiiHble cuTyanuu [5], BeIOpaTh 3((eKTHBHBIE KYpCHI H
CHU3UTH 3aTpaThl Ha TOMIUBO [6]. UToObI Hcmonb3oBath Takoe cyaHo loT, B HacTosIiee Bpems
IPOBOAMTCS CTaHJapTU3auus crneurdukanuii cepBepa cOopa JaHHBIX M pa3paboTKa METOJOB
aHaJu3a JaHHBIX ¢ ucronb3oBanuem M.

AKTyanabHoCcTb. PocT nonymnsaproctu cynosoro [oT rae cymecTByroT BEICOKHE CKOPOCTH
U TOCTOSHHOE MOJKIIIOYEHHE YCIYr CIYTHUKOBOW CBSI3U, U CYAHO MPUOIMKAETCA K TOM ke
udpoBoi cpene, YTo M cyma. B pesynbraTe Ha Ccygax TakKe YBEIMYMIICS PUCK Yrpo3 B
MHTEPHETE, TaKUX Kak BpegoHocHoe I10 [7].

Bonpoc akTyaJbHOCTM TeMaTHKHU €IIe OCJOXKHSeTCs TeM, 4TO, MO JaHHbIM Reuters,
JaJieKo He Bcsl MH(popMalus 00 yCIEeNIHO MPOBEACHHBIX aTakax IMOJIydaeT IIUPOKYIO OIJIacKy:
4acTO KOMIIaHMM MOTYT YMaluuMBaTh €€, Onacasch TaKMX IOCIEACTBUM, KaK MOTEps UMUK,
IIPETEH3UM CO CTOPOHBI KJIMEHTOB M CTPAXOBBIX KOMIIAHWM, Hayajao paccleOBAHUM,
MIPOBOJIUMBIX CTOPOHHUMH OpPraHU3alMsIMU U TOCYIapCTBEHHBIMU OpraHaMi [ §].

IMocTranoBka 3amaun. Onpenenuts KUOEP-3JI0yYMBIIIJICHHUKOB U UX MOTHBBI aTaku Ha
CynoBoW cekTop. HailTu pasznuums Mexay MepamMu Oe30MacHOCTH Ha Cylle W Mepamu
0€30MacHOCTH Ha CyJIHE.

PesyabTaTt HcciegoBanus. Ataku Hadanuch npumepHo B 90-x ropax, koraa HTepHer
OBbUI MOBCEMECTHBIM, B OCHOBHOM COBEPIIATIHNCH JIOJbMH, 001aJal0IIMMU HaBBIKAMHU pabOTHI C
KOMIIBIOTEPOM, M UX 1eJdb 3akiiouajgach B NPOBEPKE HUX TEXHUYECKUX HABBIKOB U
YIOBJIETBOPEHUHN CaMOBBIpakeHUs. KpoMe TOro, yBEIMYMIIOCH KOJUYECTBO «CKpHUIIAYyei»,
KOTOpBbIE€ U3 JIIOOONBITCTBA HMMHUTHPYIOT XakepoB. C JApyroil CTOpOHBI, OpraHU3alUd U
OTJIENIbHBIE JIUIA, KOTOPBIC OCYIIECTBISIOT (anbcudukaimio Be6-caiiToB 1 DDoS-ataku, 4To0bI
HacTauBaThb M HaBS3bIBaThb OCOObIE TOJUTHYECKHE WJIEH, HA3bIBAIOTCS «XaKTUBHUCTAMU», WU
«Anonymous» — BCEMMPHO U3BECTHAas TPYIa XaKTUBUCTOB.

OpranuzainoHHble KUOepaTaky, HalleJIeHHbIE Ha (PMHAHCOBBIE €T, PAa3BEIbIBATEILHYIO
JESATEIIBHOCTh U JIECTPYKTHBHBIE NEHCTBUS, C KaXIbIM TOJIOM YBEIMUYUBAIOTCI. B neHexHo-
KPEAUTHBIX LENAX CYLIECTBYIOT MPOTrPaMMbI-BHIMOTATENId, MOIIEHHUYECKHE OaHKOBCKHE
NEepeBO/bl Yepe3 HHTEPHET W LeJeBble aTakW, HaIlpaBJIICHHbIE HAa MOIIEHHUYECKHH OTTOK
BUPTYalIbHBIX BaOT. C Opyroil CTOPOHBI, KUOEPBOMHBI MEXy HAapOJaMH TaKKe CTaHOBSITCS
peanbHOCThIO. KuOeprpocTpaHCTBO HeE3psi Ha3bIBAIOT «IISATHIM IOJEM OHMTBBD) IOCIE 3E€MIIH,
MOpsI, BO3[IyXa U KOCMOCA, U 3a KyJIHUCaMU MPOTUB NMPABUTEIbCTBEHHBIX ar€HTCTB U KOMITAHUN B
JpYruxX CTpaHax IPOBOAATCS pPa3BElbIBATEIbHbIE M pa3pylIUTENbHbIE AeiicTBusA. HaBepHska
HEKOTOpBIE CTPAHbI 3aHUMAIOTCS MPOMBILUICHHBIM IIMHOHAXKEM KaK Halusl, YTOOBI JaTh CBOUM
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KOMIIaHUSIM KOHKYPEHTHOE IpPEUMYILECTBO. B cTpaHax OpraHm3yroTcs XaKepCKUE OTpsIbl, U
xakepoB oOyuaroT. Kubeparaku 3aTpyqHsIOT OOHApy>KEHHE PEAIbHBIX 3JI0YMBIILICHHUKOB, a
croumMocTh araku s MT-cpenbl HM3Ka, MMOTOMY CTPaHbl, Y KOTOPBIX HET SKOHOMUYECKOU
MOIIH, MOTYT 0€3 KakuX-JIM0O TpyAHOCTEH HadaTh aTaky. Mcxons nu3 3Toil nHpOpMaLMKU MOXXKEM
HOCTPOUTH TaOJIMIly 3aBUCUMOTH JIMYHOCTH KMOEpaTaKyOLUX U LI UX aTaku (PUCYHOK 1).

JInunoctu Opranuzanuu Hamun
Wurepec /
Cxkpunrt-xkuaau
CaMoBBIpaxeHHe
PaszButne /
XaKTUBUCT
CamoyTBepKacHIE
IIporpammel- Brikyn / B3nom BamOTHBIX CYETOB/
BBIMOTATENHN / MOoIIEHHHYECTBO C 3J1.IMChbMaMu OU3HECa
JleHbru WNuTtepHer-6aHKUHT
MouieHHIYeCKHit LIInnoHaX
ITepeBon (HarmoHastbHBIN IITHOH /
KopropaTuBHbIi MIIHOH)
HanumonanpHeIi Ku6en TennonmsM
unTepec / O6opoHa P Teppop Kubep
BOMHA

Pucynok 1 — Kubeparaku Ha Cyaa 1 MOTHBBI HX OCYIIECTBIICHUS

[Tpu mpubmmxennn UT-cpenst Ha cynax k UT-cpene Ha cyiie puck moJBEprHyThCS TEM
K€ yrpo3aM Ha CyIlle YBEeJIMYMBAeTCs Jake Ha cyaax. EcTb Tpu ocHOBHBIX (hakTopa. IlepBbiit —
TO  JBOJIOLMS  KOMMYHHUKAllMOHHOW  WHGPACTPYKTYpbl  cymoB. KomMmyHUKalnoHHas
uH(ppaCcTPyKTypa CyJI0B OTCTaeT OT HazeMHOU Ha 10-15 met. OmHaKO HaYaNoCh MPEIOCTaBICHUE
YCIIYT, KOTOpBIE BCETJa MOKHO MOJKIIOYUTh K UHTEPHETY uepe3 CIIyTHUKOBYIO CBSI3b, U YCIVT,
00€eCTeunBarOIUX CBsI3b C OOJIBIIONW TPOIMYCKHOM CHOCOOHOCTBIO, TaK YTO CE€Th Ha CyJax
Oonblle HE U30JMpPOBaHA OT MHTEpPHETa. BO-BTOPBIX, CHUCTEMBl Ha CyAax MPOJOJIKAIOT
HCIIOJIB30BaThCA enie noiroe Bpems. KuzHenHsid 1uki obmero UT-o6opynoBanust cocTaBiser
npumepHo 5-6 netr. Ilo wucTeyeHMH cpoka MOJAEpkKKa OO0OpPYyIOBaHHS, MPOTPAMMHOTO
obecnieuenus, OC u T.a. mpekparutcsi. C Apyrol CTOpOHBI, CUCTEMBI Ha CyJaX 4YacTo
UCTONB3YIOTCS HenpepbIBHO Ooisiee 10 net. B pesynbrare OC Mopckoro o60pyaoBaHus 60ble
HE TOJJIEPKUBACTCS U YSI3BUMOCTH YCTPOMCTB OCTAlOTCS, IOBBIIMIAETCS PUCK 3apaKeHUS
«BpenonocHsIM [10». B-tpethux, mpobiema ynpasieHust U'T- o6opynoBannem Ha cynax. Jlaxe
cedyac HMHIUIEHTHl 3apakeHusi BpenoHOCHbIM [IO  mpoucxomsiT ¢ KOMIIBIOTEPOB,
UHTEJUIEKTYaJbHBIX ycTpoiicTB, USB-HakonuTeneit u T.1., KOTOpble OepyT Ha OOPT SKMUIAXKH.
Mb1 MOKeM NPeA0TBPATUTh MHUKIEHThI, YCTAHOBUB IPaBUjia U MOMPOCUTh YKUIAKU 3aALUTUTH
cebst, HO TPYAHO 00ECNEeYUTh TIIATEIbHOCTh, MOCKOIbKY KUMKW YAaCTO MEHSIOTCS B KaXJI0M
perice.

Kakue paznuumst mexay mepamu 0€30MacHOCTH Ha Cyllle U MepaMu O€30MacHOCTH Ha
cynax. Bo-mepBbIX, pa3HuIla B TOM, C KakoW IENbI0 JeNaeTcs yrnop Ha Mepbl 0€30MacHOCTH.
CymectByeT Tpu »dieMeHTa HMH()OpPMAlMOHHOW 0€30MacHOCTH:  KOH(PHIECHIMAIBHOCTD,
LIEJIOCTHOCTH M JIOCTYITHOCTh. B 11e710M, Mepbl IPOTUBOACHCTBUS yTeuKe HH(POPMALIUU IICHATCS B
chepe nHPOPMAITMOHHON 0€30MaCHOCTH, TIOITOMY CYIIECTBYET TEHACHITUS K 00jiee Cephe3HOMY
BOCIIPUATHIO B ClIy4ae HapylleHus «koHpuaeHuuanbHocTu». C  IOpyroil  CTOPOHBI,
«ILIETIOCTHOCTBbY» U «JIOCTYITHOCTB» 0o0Jiee BaXHbI, MOCKOJbKY OCHOBHas II€Jib CYIOB —
oOecrieyeHne Oe30MmacHOCTH MoperutaBanus. [lpu peanusanuu mep 6€30MacHOCTH HEOOXOIMMO
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BBIOpATh Mephl, COOTBETCTBYIOLINE ATOH 1eiau. Bropoe otnuumne — 310 0cobast cpena Ha cynax.
KoMMyHUKanmoHHas cpeia MpaKTUYECKH OIpaHMYEHA CIIyTHUKOBOW CBsA3bl0. HecMoTps Ha ToO,
YTO yCIAYyrd IIOCTOSSHHOTO  IOAKJIIOYEHHS  CTAHOBSTCS  IOMYJSPHBIMH, HEBO3MOXKHO
HOJ/IEP)KUBATh TaKOM 00bEM CBs3H, Kak Ha cymie. KpoMe Toro, naxe eciu B OKeaHe Ipou30iier
cOoil 060pyAOBaHMS MM MHLUACHT, TO HEBO3MOXXHO cpa3y e OTPEMOHTUPOBATh €ro ¢ CYIIH.
Taxoli BuAi peMOHTOIPUTOHOCTH CIIEAYET YUYUTHIBATh IPU BBEIEHUH Mep KHOepOe30I1acHOCTH.

K kubep6e30macHOCTH CyJHa €CTh TPH OCHOBHBIX BOIIPOCA.

[TepBas mpobiieMa — 3TO 0COOCHHOCTH OKPYKAIOIICH cpebl Ha cynHe. UTo KacaeTcst Mep
0€30IaCHOCTH Ha Cylle, C MOMEHTa pAaCIpOCTPAHEHUS HHTEpHETa OBUIM TPEIOCTABICHBI
pasyIn4Hble NPOAYKThI U yciyrd. OHaKO He BCE MPOJYKTHI M YCIyTH O€3011aCHOCTH MOT'YT OBITh
YCTAHOBJIEHBI Ha cCyAHe. bbIBaloT cioywyam, Korma cpeaa YCTaHOBKM, Cpela  CBsI3H,
PEMOHTONPUTOJHOCTb, ONEpPAlMOHHAs CUCTEMa UM T.J. He moaxoliaT. Ilockosbky Ha cyqHe HET
CUCTEMHBIX aJMUHUCTPATOPOB, CIOXKHO CHPABIATHCA CO CIOXHBIMU onepanusmu. Kpome toro,
KaKk 0COOCHHOCTh CYIIECTBYIOUIMX MPOIYKTOB O€30MMaCHOCTH, MHOTHE W3 HHUX TPeOyrOTCS IS
oOHOBNeHHsT (ailyloB 1Ia0JIOHOB, a CIIyTHHKOBAash CBS3b SIBISETCA JIOPOTOCTOSIEH U
HernpakTuyHOW. Kpome TOoro, mockoibKy caMO CyIHO HMMEET AJUTEIbHBIA CPOK CIIYKOBI,
YCTQHOBJICHHOE Ha HEM CYAOBOE€ OOOpYAOBAaHHUE MOXKET MCIIOJIb30BaThbCd 10 HCTCUCHUU
HECKOJIBKHUX JIET SKCILTyaTal|H.

Bropoii Bompoc — 3TO 4eIOBEYECKHE PECYpChl. XOTS O3TO HE OrPAHUYHUBACTCS
CYIOXOJHOH OTpaciibl0, HEMHOTHE KOMIIAHWM MOTYT OOECIEYUTh JOCTATOYHO YEJIOBEYECKHX
pecypcoB st obecniedenus: kubepOezomacHoctu. [pyroit (akrop 3akiarodaeTcsi B TOM, 4YTO
npuBuUTh UT-rpaMOTHOCTH Ha OOBEKTE CII0KHO, IOTOMY UTO Opurajisl, paboTaromue Ha 00bEKTe,
PEryJsIpHO MEHSIOTCs, a TpeOyemble 3HaHMsA CHIbHO pasiauuarorcs. s 3Toro HeoO6Xxoaumo
CO3/aTh MEXAaHU3M M MPOBOAUTH IOCTOSHHBIE MEPOTIPUATHS 110 MOBBILIEHUIO OCBEIOMIEHHOCTH
0 0€30IaCHOCTH B COTPYJHUYECTBE C IKCIEPTaMU 10 KHOepOe3011acHOCTH.

Tperuii Bompoc — MHBECTUITMOHHBIE 3aTpaThl. Mephbl 6€30MacHOCTH ISl Cy/IHAa TPEOYIOT
OBICTPOrO BHEJPEHUS, 1 BO MHOTHUX Clly4yasix TpeOytoTcs HOBble HHBecTULIMU. Kpome Toro, 11enp
aTak — He TOJbKO HOBBIE CyAa, HO M yxke cymectBytomue. IloaTomy Mepbl GezomacHOCTH
TpeOYIOTCS HE TOIBKO JUIs CYJOCTPOCHHUS, HO U JUI CYJIOB, HAXOISAIIMXCS B OKCIUTyaTallUH.

BriBogpl. MBI paccMOTpeNin COCTOSIHUE W TIPOOJIeMbl KHOEpOe30MacHOCTH Ha CyJax.
Onpenenuyiin KTO MOXET OCYLIECTBIATh KHOepaTakud, HO TaKKe€ M C Kakoil LEeJIbl0 OHU
npousBogaTcs. g pa3BUTHS CyIOXOAHOM OTpaciv, HEOOXOAUMO paboTaTh HaJ MepaMu
KnOepOe30nacHOCTH  Juis  obecriedeHus: Oe30MacHOCTH  MapajuleIbHO C  MPOJBHUKEHHUEM
3 GEKTUBHOTO HCIIOJIb30BaHUS TPOrPAMMHOT0 0OecIeueHusl.
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OTKPBITBIE METOJOJOI'MYECKHE BOIIPOCHI PASBUTUSA
ABTOHOMHBIX TPAHCITIOPTHBIX CUCTEM

Ilpoxonuyk IO.A.
HUnemumym mexnuveckou mexanuku HAH Yxpaunot
(Vxpauna)

BBenenne, akTyajJbHOCTH HMcciaenoBaHuil. llepexoq K aBTOHOMHBIM TPaHCIOPTHBIM
CHUCTEMaM — 3TO YCTOMUMBBIN TexHONornueckut Tpeua B XXI| Beke, 3aTparuBarmui 1 MOPCKYIO
00nacTb. AKTyalbHBIM SBJISETCS BblAENIEHHE OOLIUX METOAOJIOTHYECKUX MPOOJeM ISl Pa3HBIX
chep (MOPCKOi, aBTOMOOHMILHOM, aBHAKOCMHYECKOM, JIOTHCTHYECKO# / CEPBUCHOM — «JIeTaroIiee
/ muaBaroiee TaKCH», MHAYCTPUAILHON) U TIEPEHOC PELIeHU U3 oHOM cdepbl B apyryto [1-11].
Opnolt U3 HauboJsee TPYAHBIX NPOOJIEM SABISETCS Pa3BUTHE «MATEMATUKU aBTOHOMUN», TaK KaK
ABTOHOMHasl CHCTEMa — 3TO, MPEXKAE BCEro, KOTHUTUBHAs TEXHHWYecKas cuctema [4, 5, 7, 8].
CnenoBarenbHO, Ha TEPBBIM IJIaH BBIXOJAT BOMPOCHI MO3HAHMS, OBICTPHIX (MHTYUTHBHBIX)
pemieHui (IPOTOTUIT SKCTPEHHBIX BBIUMCICHUA B KPUTHUECKUX CHUTYalUsX), THUOKOCTH,
aJaTUBHOCTH, XUBYYECTH, KPUTHYHOCTH, SKOHOMHHU BCEX BHJIOB PECYpPCOB B YCIIOBUSX
paavKaIbHON HEONPENEICHHOCTH M BBICOKOW AuHaMuku cpenbl [9]. Pemaromee 3HaueHue
IPUOOPETAIOT KOJIJIEKTUBHBIE paclpeie/ieHHble BBIUMCIECHUS (KOJJIEKTUBHBIM HHTEIIEKT,
KOTHUTHBHBII VHTEpHET) ¢ KOTHUTHBHBIM SIAPOM, KOTOPBIA MOXET ObITh 4YacThio LleHTpa
OIEPAaTHBHOTO KOHTPOJISI 3KCTPEHHBIX CHUTyanuit / katactpod (MOPCKHX, aBHAKOCMHYECKUX,
ABTOMOOWJIBbHBIX, WHAYCTPUAJIbHBIX M T.0.). Bce OONBIIYI0 aKTyaJlbHOCTh MPUOOPETAIOT
Cumounornueckrie AproHomubie Cucremsl (Symbiotic Autonomous Systems — SAS) [10],
BKJIFOUYAsl aCCHCTHBHBIC TeXHOJIOrMH Ha TpaHcmopte (Assistive technology). Cumraercsi, 4to
MMEHHO COY€TaHHWEe KOTHUTHBHOIO U CUMOMOTHMYECKOIO MOAXO0/I0B MO3BOJIUT CIPABUTHCS C BCE
BO3PACTAIOIIEH CI0XHOCTHIO YIPABJICHUS, B TOM YHWCIIC, aBTOHOMHBIMH cuctemamu [7, 10].
OnHO M3 OOBACHEHHMH Ha YPOBHE 3KHIIaXa COCTOMT B TOM, YTO Mbl JOCTHIVIM CJIOXXHOCTU
CHUCTEMBI, KOTOpasi, XOTS M MpUEMJIEMa B HOPMAJbHBIX YCIOBUSX, BpAJl JIU COBMECTHMA C
KOTHUTHBHBIMU CIIOCOOHOCTSIMU YEJIOBEKA B YXYAIIEHHBIX YCIOBHUSX.

Kak u B m000# KOMIBIOTEPU3UPOBAHHON CHUCTEME, CYIIECTBYET PUCK BBIXOA M3 CTPOSI
UCIIOJIb3YEMBIX KOMIIOHEHTOB, YTO MOXET IIOBJIMATH Ha BBICOKOTOYHOE U CTaOMIbHOE
MO3UIIMOHUPOBAHUE CyIHA. B TakuxX yCIOBHUSX pEIIeHHEM MOTYT CTaTh KOTHUTHUBHBIE (MATKHE)
U3MEpEHHs, OCHOBAaHHbIC Ha TOTAJILHOM MPOTHO3€ U ayAWTE BCeX MH(OPMAIMOHHBIX MOTOKOB,
BKJIFOYAsl OIEHKY JOCTOBEPHOCTH BCeX MEPBUYHBIX cHTHaI0B (moaxomsl «Cyber-Physical-
Cognitive Systems», «Cognitive Technical Systemsy) [1, 4, 7]. HccrnenoBanust B aBHanuu
MOKa3ajd, 4TO TaKOM MOAXOJ CHOCOOEH NpPeJOTBPAaTUTh OOJBIIYI0 YacTh aBHAKaTacTpod
(coBmecTHBIe pa3paboTku AirBus u IBM B pamkax mporpammbl «YMHBIH (QuioT»). [Ipumepom
ACCHCTUBHBIX U CHMOMOTHYECKHUX TEXHOJOTHA MOXET CIYXUTh pa3pabortannbii mist MKC
AaBTOHOMHBIM JeTaronuii uHTeekTyanbHbplii nmomomuuk CIMON (Crew Interactive Mobile
CompanioN; Intelligent Flying Assistant Drone; Cimon’s ‘flying brain’ was provided by IBM),
KOTOpBIA OyzneT moMoraTh KOCMOHABTaM B TIpoIecce MX paldOThl. YCTPOMCTBO OCHAIIEHO
CHCTEMOM MCKYCCTBEHHOT'O0 MHTEIIJIEKTAa Ha OCHOBE HapaboTok mpoekTa IBM Watson, criocoOHoO#M
MOHMMATh BONPOCHI HA €CTECTBEHHOM S3bIKE U TE€HEpUpOBaTh OTBEThl. B KkauecTBe
omepaimonHoi cucremsl mpuMmensietcss Ubuntu Linux. CIMON 6bu1 otnpaBines Ha MKC 6 uroHs
2018 roma B pamkax wmuccuu "T'opuzonThl". CIMON MOXET OII€HUBAaTh OKpPYXKaIOLIyIO
00CTaHOBKY, BOCIIPMHUMATh KOMaH/IbI U TOJICP)KUBATh TUAJIOT HA €CTeCTBEHHOM si3bike. B BJ]
CIMON 3anoXeHbl CBEIIEHHUS O MPOBOJMMBIX HA CTAHIIMH SKCIIEPUMEHTaX, pa3HOOOpa3Has
cripaBoYHasi MHGOPMAIKsI ¥ UHCTPYKIIMU TIO JNEUCTBHIO B HemMTaTHBIX cuTyanusx. B CIMON
TaKk)Ke 3aJ]0XKeHbl (YHKIUHU A CHIDKEHUS CTpecca B KOMaH/IE U OH MOKET MPUMEHSTHCA,
HarpuMep, JUIsl BOCIPOU3BEACHUS MY3BIKH, MOKa3a BHJEO WJIM YCTAHOBKM KaHalla CBSA3U IO
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npocbbe kocMoHaBTOB. [1o100HBIX TOMOITHKUKOB AirBus u IBM pa3pabaTbiBator, nmpexae BCero,
Ui aBuanuu. Anamornunsie momontauku (Al assistant), sxarouas Intelligent (Flying) Assistant
Drone, nomkHbl OBITH pa3pabOTaHbl JJII MOPCKUX CYJIOB, 4YTO OOECICUYHUT peaTu3aIuio
KoHIenuu SAS, MOBBICUT KOM(OPT SKUIAKAa U MUHUMHU3UPYET PUCK MOPCKUX KaTtacTpod. IBM
Watson MOXET paccMaTpuBaTbCs KaK IMPUMEP-IIPOTOTUI YHUBEPCAIBHOM BBIYHMCIUTEIBHOM
w1aTopMbl AJi1 KOTHUTUBHOTO sifipa LleHTpa onepaTUBHOTO KOHTPOJIS KaTacTpod.

Jlyumiee ympaBieHHE€ KOHUTUBHBIMU peCcypcaMd — OJIMH U3 KIIOYEeH K IOBBIIICHUIO
ypoBHSI 6e3omacHoCTH paboThl. UTOOBI mojaepkaTh OMepaTOpOB TPAHCHOPTHBIX CHCTEM B HX
NeSITeIbHOCTH, 00s13aTeIbHO HYXKHO TTOMOub UM Jtyutie npeasuaets (Changing the Paradigm for
Higher Safety: Operator Cognitive Resources Management; Anticipation Support for Planning;
Aggregative Model of Anticipation [7]). Takas noauepka 3HaYUTEIBHO BBIMTPACT OT JAN3aNHA,
OPHEHTHPOBAHHOTO Ha IMOJIb30BaTelNs (Pe3yJabTaT COTPYAHUYECTBA HCCIIEAOBATENCH B 001acTH
KOTHUTUBHON TICHXOJIOTUHU, YIPABJICHUS 3HAHUAMH, KOMIBIOTEPHBIX HAyK, MPOMBIILICHHOM
aBromarusammu) [11]. JlaHHBIC BOMPOCHI TECHO CBSI3aHBI C MOJCIMPOBAHHEM M Pa3BUTHEM
9KCIIEPTHOW M/MJIM MCKYCCTBEHHOM MHTYHLIUH [7].

Kocmuueckast oTpaciab MOXKET CIY>KUTh IPUMEPOM CHCTEMHOTO MOAX0Ja K pa3padoTke
aBTOHOMHBIX cucteM. Tak, NASA aktuBHO pa3pabarbiBaeT «NASA Platform for Autonomous
Systems (NPAS)». IlporpamMmmHoe obecrieuenue, paspaboranHoe llentpom NASA Goddard,
o0ecreunBaeT caMOynpaBiIeHHe U OE30MaCHOCTh AJI PACIPEeICHHON CUCTEMBI, TAaKOI Kak poi
CIIyTHHUKOB, B KOTOPOW KOpaOJIM aKTHBHO KOMMYHHIIMPYIOT M B3aMMOJCHCTBYIOT (Autonomous
and Autonomic Systems: A Paradigm for Future Space Exploration Missions). [lepBonavanbHo
pa3paboTaHHast JIsi KOCMHUYECKMX MHCCHH, 3Ta BO3MOXXHOCTH TENeph paclIupeHa Juis
HCIIOJIb30BAaHUsI B Ha3eMHBIX MPUIOKEHHIX, BKIIOUasi 00JauHbIe M CETEBbIE CUCTEMBI, a TaKXkKe
JpyTrue TMPUIIOKEHUs], TpeOyrolie BbICOKOpacIpeneneHHoNH pabotsl (Adapts autonomic and
apoptotic functions developed for space to cloud, grid, and other distributed systems). Takoii
MIOJIXO/1 1IEJIeCO00Pa3HO MCIIOIB30BaTh U B MOPCKOW OTpaciu 1ist (JIoTa aBTOHOMHBIX KOpaOJIei.

IMocTranoBka 3anau. llenpro wWccnenoBaHust sBisSETCS pa3paboTKa  CIETYIONINX
KOHIIENITYaJbHBIX M METOJOJOTMYECKUX BOIPOCOB-3a/au (HA OCHOBE OMOMHCIMPHUPOBAHHOTO
HO/IX0/1a B paMKax MapaaurMbl mpeaenbHbix 00oomenuit — II10 [7]):

- obecrieyeHne CHUCTEMHO-MH()OPMAIIMOHHONW 0€30MacCHOCTH, NMEPMAaHEHTHOIO ayauTa M
ri1yOoKol auBepcHUpHKAMKM BCeX WH(POPMAIMOHHBIX MOTOKOB; (YHKUIMOHAIBHOHM, OTKa30-u-
KaTacTpo(OyCTONUUBOCTH, QaHTUXPYIIKOCTH TPAHCIIOPTHBIX CPEICTB M TeXHOJIOTUH [2, 5, 7];

- MUHUMH3AIMS PHCKA YpPE3BBIYAHHBIX CUTYyaIllMii HAa TPAHCIOPTE C HCIOJIb30BAaHHEM
KOHIICTIIUH  KOTHUTHBHBIX  HM3MEPEHHH, OSKCTPEHHBIX W KOTHUTHUBHBIX  BBIYHCIICHUH,
CUMOMOTHYECKUX ¥ aBTOHOMHBIX CHCTEM, aCCHCTUBHBIX M areHTHBIX TEXHOJOrUil (Community of
autonomous software agents) [1, 3, 7, 10]; ympaBieHHe pUCKOM Ype3BbIUANHBIX CHTYallUd Ha
OCHOBE TIPOTHO3MPOBAaHUS M MUHUMM3ALMU BIMSHUS  4YEJIOBEYECKOro (QaxkTopa Ha
(HaBHUTAMOHHYIO) O€30MACHOCTH IIaBaHus cyaHa [2, 11];

- co3naHue YHH(UIMPOBAHHBIX TUIATPOpPM aBTOHOMHBEIX cucteM (mpumep «NASA
Platform for Autonomous Systemsy);

- co3mganue lleHTpa omepaTHBHOrO KOHTPOJsS (MOpCKHX) KaTtacTpod: CTpyKTypa H
(YHKIMOHAJBHBIE AJIEMEHTHI LEHTPA SKCTPEHHBIX BBIYUCIECHUM MpU ONEpaTMBHOM KOHTPOJIE
MOPCKUX KaTacTpo() CylOB Ha OCHOBE HHTErpallMMl WHTEJUIEKTYaJbHBIX CHCTEM HOBBIX
nokosieHui  ([IpuHIMOBL GOpMHUPOBaHKS YHHBEPCATBHOTO OECIIOBHO MPOrPAMMHUPYEMOTO H
KnOepOe30MmacHoOro BBIYUCITUTEIFHO-AITOPHTMHUYECKOTO MIPOCTPAHCTBA; Enunoe
BBIYUCIIUTENIFHOE TPOCTPAHCTBO MO TEXHOJOrMM uHTeekTyanbHoro GRID; cucremsl
CMBICIIOTIOPOKJICHHS; MAaTeMaTH4YeCKd OJHOPOJHOE AITOPUTMUYECKOE IPOCTPAHCTBO —
mathematical homogeneous algorithmic space; yHHUBepcalbHBIN CETEBOM KOMIIBIOTEP C «TEJIOM:
UCITIOTHATEIILHBIMU/TIPOrPAMMHBIME  areHTaMu» — universal network computer with "body™:
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community of autonomous software agents; IBM Watson kak IpOTOTHII YHHBEPCAIbHOMN
BBIYUCIUTENbHOU T1aThopmsl) [1, 3];

- CHCTEMHAas HHTEerpanus HH()OPMAIMOHHOTO, AJITOPHUTMUYECKOTO U IMPOrPaMMHOTO
obOecrieyennss Ha  0a3e  JaHHBIX  pACHPEACICHHBIX  JWHAMHYECKHUX  HU3MEpEeHUH U
CTPYKTYPHPOBAaHHOI MHOTOIIENeBOI Oa3bl 3HaHuit [7, 9];

- Pa3BUTHE «UHTEIUICKTYyaJIbHON MaTeMaTuku» (MO3r ¥ HOBbIE OCHOBAHUS MaTEMATHKH)
Wi «MmareMaTuku asronomum» [4, 7, 8] (The Framework for Designing Autonomous Cyber-
Physical Multi-agent Systems; Cyber-Physical-Cognitive Systems, Fault/Disaster-Tolerance
Systems; Mathematics of Autonomy under Uncertainty; Intelligent Mathematics);

- MOJICJIUPOBAaHME HEIIMHEHHBIX CHCTEM B CIOKHBIX JUHaMU4YecKux cperax [9];
uccnenoBanue [ moGanbHONM CTPYKTYPBI AMHAMUYECKON CUCTEMbI Ha OCHOBE MHOTOMACIITA0OHOTO
($a30BOro MpoCTPaHCTBA, BKIIOYAs CKPBITHIE ATTPAKTOPbl U «CKAuyKU» (C HCIOJIb30BAHHEM
METOJIOB CaMOOPTaHH3aIui, 000OIIEHHOTO CUMBOJUYECKOIO aHaIM3a JUHAMUYECKUX CHUCTEM,
TPaHCHUCIUIUIMHAPHON 001aCTH HAYK O CJIOXKHOCTH, COBpEMEHHO# Teopuu karactpod) [2, 6, 7].

PesyabTaTsl uccienoBanuii. Penienue 3amad skcnpecc-aHaIM3a TEKYLEH CUTYallud U
ONEpaTUBHOIO JIOCTyNa K KOHTPOJMPYEMOMY CYIHY BEJIETCS Ha OCHOBE MaTeMaTH4YeCKU
OJIHOPOJHOTO ANTOPUTMUYECKOTO MPOCTPAHCTBA HE3aBHUCHMO OT MECTa HaXOXKJEHUS CyJHa,
BPEMEHH Pa3BUTHS CUTYalldd U COCTOSHUSA BHeImHeW cpeabl. Ilpu 3TomM obecneunBaeTcs
KOHKYPEHTOCIIOCOOHOCTh PEIICHHI W YIPaBIAIOMINX BO3acicTBH [7]. BaHk MaTeMaTHUYeCKHUX
MOJICIIEl M aIrTOPUTMOB B paMKax Oanka tectoB {G(t)}upencrasum B Buze [7]:

k={f/ln: {Ja a/A}, Jo e/E — {J b/B}, pne{u}pPk, rme J — omeparop OICHKH
WCTUHHOCTH; Py — mpaBuiia KOMITIO3UIIMK ¥ 0000IIEHUS CUCTEMOIATTEPHOB.

IIpu wuccnenoBaHuu «rpy0oro» IMOBEACHHUS JUHAMUYECKHX CHCTEM YHMCIECHHBIMU
cnocobamMu  yqoOHO HPHUMEHSTh MeETOAbl (0OOOIIEHHOH) CHUMBOJMYECKOW JIMHAMUKH.
OO6oO011IeHHas CUMBOJIMYECKass JMHAMUKAa — 3TO HAOOp METOJOB M YHCICHHBIX aJIrOpUTMOB
WCCIIE/IOBaHMs TJI00AJIbHON CTPYKTYpBl AMHAMUueckoit cuctembl [7]. IlpumeHeHune 3TuX
METO/I0B He TpedyeT Kakoi-mubo mnpenBaputenbHoi nmHpopMmaiuu o cucreme. OOmas cxema
uccienoBanus cienyomas. [Ipeanonoxum, 4ro pa3zoBoe MpocTpaHCTBO M MOKPHITO KOHEYHBIM
YHUCIIOM slueeK U uMeercs "pudop", KOTOPHIN MOKa3bIBAET HOMEP MM MHJEKC I sueliku, Koraa
TOYKa X JI&KUT B stuerike M(r). Sueiiku MoryTt nepecekaTbcs. TakuM 00pa3oM, TpaeKTopus
CHCTEMBl KOJUPYETCS IMOCIEeI0BaTEeIbHOCThIO MHAEKCOB. MHIexkcaMu MOTYT OBITb CHMBOJIBI
10001 pUpoIbl: HOMEpa, OYKBbI, KOOPAWHATHI U Tak jAajee. YacTo roBopsr o OykBax angaBuTa.
B sTOM citydae uncio OykB COBIANAET C YUCIOM siU€eK, M TPAeKTOPUM KOAUPYIOTCS (Ha KaKJ0M
ypoBHE OOIIHOCTH) TIOCJIEI0BAaTEIbHOCThIO OYKB, KOTOpbIE HA3bIBAIOTCA JIOMYCTUMBIMU
cioBaMu. BaxxHOo, 4TO, M3MEHSsI pa3Mephl S4Y€eK, MOKHO YIPaBISATh CTENEHbIO TOYHOCTH
ONHUCAHMs TOBeAEHUs (TpaekTOpuM) AMHAMUYEcKoW cucrembl. Takum ob6pasom, [II1O
dopmupyer MHOromacimitabHoe (¢a3zoBoe TPOCTPAHCTBO, a TPACKTOPUU CYLIECTBYIOT
OJTHOBPEMEHHO Ha BCEX MacIITadax, MO3BOJISISI TMOKO MEpeXOAMTh € OJHOro Macmrtada Ha
npyroi. [lpumep cuctembl KOOpAMHAT MHOIOMAcCIITaOHOTO (pa30BOT0 MPOCTPAHCTBA MPUBEJEH B
[7].

BoiBoabl. PaccMoTpensl mpoOnembl M NPUHIUIB (OPMUPOBAHUS YHUBEPCATBHO H
0€CIIIOBHO MPOrpaMMHUPYEMOM CpeJibl pacipeeIEHHBIX BHIYUCICHNUN B MYJIbTHAar€HTHON Cpefie ¢
KOTHUTHBHBIM siipoM (mipumepoM K-Snpa moxer cnyxuts IBM Watson). K-SAnpo moxer 6patb
Ha ceOs Hekoropble QyHkIHMU «LleHTpa omepaTMBHOrO KOHTpOJS (MOPCKHX) KaracTpody,
MPEKEe BCEro, IKCTPEHHbIE/yPreHTHbIE BHIYMCICHUS (MMUTALUs MHTYUIMH). g nepexona K
YHHUBEpPCAIbHOMY O€CIIOBHO MNPOTrpaMMHPYEMOMY M KHOepOe30macHOMY BBIUMCIUTEIBHO-
AITOPUTMUYECKOMY MTPOCTPAHCTBY PACHPEIEIEHHBIX BBIUMCICHUN NPEIIokKeHa MaTeMaTHYECKU
3aMKHYTas (hopMa MpeCcTaBICHUS TaHHBIX U IporpaMM: baHk TecToB, 3a1au paznuueHus u bank
BBIYUCIUTENBHBIX MAaTTEPHOB B paMKax MapaurMbl NpeAeibHBIX 0000menuid. BaxxkHyio poib
UTpaeT KOHLEMIH «KOTHUTUBHBIX YHCET». BbluncnurenbHas cuctemMa MOXeT 0a3upoBaThCsl Ha
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J000H COBOKYIHOCTH areHTOB-KOMIIBIOTEPOB W areHTOB-UCIOJHUTENEH, CBSA3aHHBIX CETAMU
(KOHILIETILIMS YHUBEPCAJILHOTO CETEBOTO KOMITbIOTEpa C «TejIoM»). Bce areHThl (aBTOHOMHBIE
CUCTEMBI, Cy/Ia, JIeTaTeIbHbIC allapaThl) CHA0KEHBI «OeIbIM SITUKOM» JIJIs cOOpa U Iepeavn B
K-Snpo Bceit umHpopMamuu, Ha OCHOBE KOTOPOH NPOM3BOISATCS KOTHUTHUBHBIC (MSTKHE)
u3MepeHus. Bcs  uHboOpManus —MPOXOAUT  ayIUT C  HUCHOJB30BAaHHMEM  KOHIICHIUU
«HMCKYCCTBEHHOTO KOHHEKTOMa». O0paboTka M MPOrHO3 MOTOKOB JAHHBIX OCYIIECTBIISIETCS C
MCIOJIb30BAaHNEM HMHCTPYMEHTOB HCKYCCTBEHHOM MHTYHIIMH (aHAJOT YEeJIOBEYECKOW MHTYMIIMH)
[7]. Jauueiii moaxoa MO3BOJISET YIOBUTH ClIa0ble CUTHAIBI MPHOIMKAIOIINXCS YIPOKAFOIIHX
COCTOSTHUN WJIM KartacTpo() W TPHHATH CTPATETUYECKHE PEIICHHUS M0 MX MPEIOTBPALICHUIO.
CrexTp BO3MOXXHBIX CTPATETHUYECKUX PELICHUN COJIEPKUTCS B «TOHKOM Cpe3e» KaKI0W 3aaauu
pa3iudeHus (IBPUCTUKHU-PENICHUS (OPMUPYIOTCSI HA OCHOBE KOJUJIEKTUBHOTO «OIBITA) PEIICHUS
MOJ00HBIX 3a/1a4 areHTHOU CPeIoH).

CeromusiiiHee CHU)KEHHE pHUCKa (MOpPCKMX) KaracTpod OCHOBBIBAETCS Ha OOYUYCHHUH
VIOPaBICHUIO YPE3BbIYAWHO pEAKUMH (HECTaHIAPTHBIMHU) CHUTYallUsIMH, OOBSICHIEMBIMU
MOTEHIIMATPHOM KOMOWHAIIUEW OTKA30B OYEHb CJIOKHBIX CHCTEM C M3MEHUYMBON OKpYKaroIiei
cpeno M ¢ U3MEHYMBBIM 4YesnoBekoM. KornutuBHbii moaxox Ha ocHoBe [IIIO mo3Bosser
clenaTh CeAyromui oommii Beios [7, 11].

W3yyass orpaHWuYeHHss M CHJIbHBIE CTOPOHBI OIEPATOPOB, MbI MOKeM Haitu (c
HEKOTOPBIMH OYCHb 0A30BBIMU 3HAHMSIMH O KOTHUTHBHBIX CTPATETHAX YEJIOBEKA) CIIOCOOBI
MEePECMOTPETh HAIM TMPUHIUIIEI TPOSKTUPOBAHUS, YTOOBI BEPHYTH ONEPAaTOpaM BO3MOKHOCTH
OCTaBaThCSA B Kypce: HE Uepe3 yNpaBJICHHE Bce OOJee CIOKHBIMH CHCTEMaMH, a MOMOTas UM
JienaTh TO, YTO y HUX TMOJIY4aeTCs JIy4Ille BCEro — YIPaBIsATh CBOMMU COOCTBEHHBIMHU peCypcaMu
JUIsl TIPUHATUSA aeKBaTHBIX pemeHuid. J[pyrumu cioBamu, NpU MPOECKTUPOBAHUM JOJIKHBI
YUUTHIBATHCSI KOTHUTUBHBIE CTPATETHH, YTOOBI CAKOHOMUTH PECYPCHI ONEPaTOPOB.
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STUDY OF THE DEVELOPMENT PROSPECTS OF FERRY SERVICES
IN GEORGIA AND ITS IMPORTANCE IN THE MARITIME, LOGISTICS
AND TOURISM INDUSTRIES

Baramidze M., Tukvadze V., Dzneladze T., Tavberidze I., Metreveli M., Makharadze A.,
Sharabidze 1.
Batumi State Maritime Academy
(Georgia)

Since ancient times, the maritime industry has been an important factor in the country's
rapid and sustainable development. The Black Sea has always determined the strategic
geopolitical position of Georgia, but in fact, the development of the maritime industry begins
from19th century. With regard to passenger traffic, which is associated with the development of
ferry traffic in this region, began in the 20th century. As a result of certain economic and
political events, the development of the ferry industry in Georgia was characterized by less
intensity and, ultimately, became dependent on the actions of a monopoly company.

It should be noted that Georgia's strategic development plan provides for the development
of the maritime industry, which, in turn, includes the development of ferry traffic. This article
explores the prospects for the development of ferry transportation in Georgia and their impact on
tourism and logistics. It is noteworthy that ferry services are presented on the Georgian market
only in the form of foreign companies, whose services are incomplete, which is the basis for the
creation of competitive Georgian shipping companies. Today, the monopoly of one or another
company in the ferry market on the Black Sea determines the pace of development of this sector.

The article provides an overview of foreign and domestic literature on ferry services, as
well as the prospects for the development of tourism and trade at sea; also, The challenges and
problems of the development of ferry transportation (freight and tourist transportation) have been
assessed; The related industries of the ferry industry in the Adjara region, as well as the
activities of leading international ferry companies, were studied. Based on the results of this
study, it is possible to assess the prospects for the creation of Georgian maritime companies
(providing ferry services). In addition, according to the results presented in the article, it is
possible to optimize the loading at the Sarpi checkpoint and propose alternative directions of
passenger traffic; It will also simplify the process of finding ways to reduce the cost of passenger
/ tourist travel. According to the results of the study, it should be noted that the strategic location
of the country in terms of logistics and high tourism potential creates a favorable environment
for the development of the ferry sector and its auxiliary territories.

Key words: Ferry Industry, Ferry Services Development, Marine Tourism, Logistics,
Black Sea Region.

Introduction. Recognized as a logistics center in the Caucasus region, the port of Batumi
has been a popular cruise and ferry destination since the second half of the 20 th century. In
general, the tourism sector in Georgia has been recognized a priority sector of economic
development for more than 20 years. Since the 90’s, much has been done in the area to
rehabilitate and rebuild the sector, resulting in an increase in the number of tourists arriving in
the country and the income generated from them.

According to statistics, in 2019, the tourism industry in Georgia continued to grow. The
number of visits made by international travelers this year increased by 678,420 and for the first
time exceeded nine million. International and domestic tourism play a big role in the country's
economy. Expenditures of foreign travelers have a significant impact on Georgia's balance of
payments.

Tourism accounts for about 71% of the country's export earnings from services.
International travel revenues grew and surpassed $ 3.3 billion in 2019. The share in GDP reached
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8.1%. The achievement of this indicator became possible due to an increase in the added value
created in the tourism sector by 511 million lari. [1]

The results obtained from the development of tourism are of great importance for the
economic development of the country's regions. A region like Adjara ranks second in Georgia in
terms of the number of foreign tourists and the income received from them. Consequently, it
occupies a special place in the development of tourism in the country, not only in recent years,
but also historically. In general, Adjara is distinguished by traditions, a variety of tourist
resources and unigqueness.

The main Adjarian tourist resources are: favorable climate, mountain-bar and different
valleys, covered with forests and endemic vegetation, wildlife, unique natural monuments,
centuries-old archeological, historical and architectural monuments, rich folklore, varied cuisine,
hospitality, Museums, theaters, mountain-ski resorts and the most important factor for the
development of tourism in Georgia today - the Black Sea. [1]

The ferry industry is still relevant in the world market, as for a number of countries, such
as Norway, Finland, Estonia, Great Britain, etc., it is one of the main means of transporting
passengers and various types of goods. As for the Black Sea region, the market monopoly
hinders the development of the sector, however, according to the Strategic Development Plan of
Georgia, there are prospects for the development of ferry traffic, which is also confirmed by the
EU-Georgia Association Agreement for Georgia Maritime Strategy Document, According to
which: “The most important strategy for the maritime sector is to attract private sector
investment in cruise ships and associated terminals through financial and other incentives:

The study also describes the international experience of the ferry industry, which includes
the study of the ferry operations of one of the Estonian companies, the Talink Grupp, using a
comparative analysis method. Tallink Group is a pioneering company that has transformed ferry
traffic into a mini-cruise tourism industry. It is considered the leading European company
offering high quality glass cruise services to its passengers. In the framework of qualitative and
quantitative research were studied: Company routes, passenger segments, passenger flow
volume, revenue received level, cargo volume, freight revenue and cost structure of the
company.

The subject of the research is to reflect the reality of the ferry industry and determine its
future prospects in Georgia. The main methodological foundations of the research are qualitative
and quantitative research methods, which include Interviews with representatives of leading
companies in the field , surveys on the research issue, as well as processing and analysis of
statistical information obtained.

Challenges and Problems of Development of Ferry Services (Cargo and Tourist
Transportation Service).

Georgia has long been a transit corridor between Europe and Asia, through which is
transported strategic cargo. That is why the development of the transport sector is a strategic task
of the country. The geopolitical location allows the country to develop a maritime logistics
industry. Therefore, it is important to implement projects that will help to attract cargo flows and
passengers to Georgia and increase the efficiency of the country's transport systems. Today there
are two seaports and three port terminals in Georgia. Today there are two seaports and three port
terminals in Georgia. Let's look at each port to clarify the problem.

The Poti Sea Port is the largest port in Georgia, handling container, liquids, dry bulk
cargo and passenger ferries. The multi-purpose facility has 15 berths, a total quay length of 2,900
meters, more than 20 quay cranes and 17 km of rail track. [1]

The port serves as a European gateway for international trade in Georgia, Armenia and
Azerbaijan, and is ideally located to become a hub for Central Asia trade. It offers direct ferry
traffic with the Black Sea ports of Ukraine, Russia and Bulgaria and is connected to the nation’s
railway network, with connection to all key cities in Georgia. [3]
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The Batumi seaport is the second largest port, it has a long history, was distinguished and
is still distinguished by its geostrategic and natural advantages. The main factor in the
development of the port of Batumi was the transportation of petrol by rail from Baku to Batumi.
The Batumi port has an oil loading terminal, a container terminal, a mooring complex for ferry
transportation and a dry cargo terminal. Throughput efficiency of the oil terminal is — up to 15
million tons annually. The terminal specializes in refining raw oil and almost all types of oil
products: diesel fuel, petrol, reduced cruel and so on. The maximum capacity of the dry cargo
terminal is 2.0 million tons per year.

The economic development of Georgia largely depends on the efficient use of the
country's transit potential. For the implementation of the transit function, it is important to ensure
effective cargo throughput by simplifying customs checkpoints. Over the years, the throughput
of the Sarpi customs checkpoint has been hampered, due in part to an increase in the flow rate
and, on the other hand, to the relief conditions. This is in some ways of a seasonal problem,
especially in the summer when the already busy traffic is exacerbated by the influx of tourists in
buses and private cars. [2] Based on the above, it is necessary to unload the Sarpi customs post.
Since maritime transport is considered a cheap means of transportation, it can be considered an
alternative. The development of ferry routes will facilitate the redirection of cargo flows from
land to sea transport.

The agenda of the research project included the need to survey companies operating in
the tourism and logistics sectors, as it was clear that they were in the mood for more ferry traffic.
The interviewed companies have some experience of ferry cargo transportation to the following
countries Turkey-Ukraine-Georgia, which once again emphasizes the strategic directions of ferry
transportation. The same companies mainly transport various types of cargo by ferry: cars,
containers, etc.

It should be noted that the logistics sector in Georgia faces a number of problems with the
ferry sector. For example, the infrastructure required for optimal cargo handling with minimal
time and financial costs; You should also take into account the lack of personnel in this area,
which can become a big problem in the case of an excessive flow of passengers and heavy traffic
development. That is why it is important to anticipate the appropriate personnel policy and
structure for the sector in order for the labor market to respond to the personnel demand in a
timely. Again, the port fee in the ports of Georgia, which is considered to be the most expensive
among the Black Sea regions, remains a significant challenge. It is important to develop an
appropriate system and set a fee that will help expand the sector and arouse the interest of
foreign companies.

And furthermore, it should be noted that under Covid-19, the process of integration of the
ferry sector with the tourism sector will begin to intensify rapidly, as travelers are refraining
from large-scale tours, instead choosing the planned so-called. "Slow tourism", during which the
emphasis is not on the volume / quantity of leisure but on its quality. In the post-pandemic
period, factors such as safe travel and leisure became important for the tourism sector. Therefore,
ferry transport is a safe and relatively inexpensive transportation alternative for tourist flow
movement.

Georgia has a very promising tourism potential, which is very attractive to the global
tourism market, as evidenced by tourism statistics.

As part of the study, it was important to establish the attitudes of passenger and cruise
ship owners regarding the intensification of ferry traffic in the region. Their attitude is positive,
the overwhelming majority of respondents agree that the ferry service as a new tourism product
will be attractive for tourists, moreover, it will help develop their activities, since the ferry
service will increase the flow of tourists to its target segment.

Thus, as a result of the study, we can conclude that the yacht industry in the region is
developing, the pricing policy and conditions of the yacht club are flexible for business,
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including for foreign representative organizations. The demand for this service is growing, but it
needs to be expanded, which requires additional investment in this area.

In order to share the international experience of the ferry industry, the ferry operations of
one of the Estonian companies "Tallink Grupp" were studied. “Tallink Grupp is a leading
provider of mini-cruise and passenger transport services in the northern Baltic region.

The cruise ferry industry has gained a foothold in the Baltic region, where ferries are now
a major means of transportation. About 10 million passengers travel by ferry on the Baltic Sea
between Finland and Sweden. The region is dominated by high quality liners that are considered
an alternative to cruise ships. [1]

Ferry transport remains competitive in a number of countries. According to the main
indicators, the advantage of the ferry is in the low price and the possibility of transporting a
private car, and the advantage of air transport - in the speed of travel. [2]

The development of ferry services will contribute to the revitalization of the tourism
sector in post-pandemic conditions, the expansion of the tourist flow and the formation of a new
tourist product. The model of the ferry service as a tourist product can be represented in the form

of a diagram showing the main industries that will be comprehensively involved in the formation
of the product:

-
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Diagram 1 — Ferry as a model for tourism products

Companies on modern ferries have the opportunity to offer passengers a variety of
services, which together create a new tourism product of an integrated nature. While traveling by
ferry, tourists will be able to use the restaurant, hotel services (special cabins), entertainment
zones, casinos and etc. Also, to buy the desired products in Duty Free and shopping zones, all
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this will be placed on board and tourists will use this service only on the ferry. In addition, the
company that provides ferry services can offer additional tourism services on land, which will
combine different destinations in the tourism sector: Hotel, restaurant services, entertainment,
various excursions, etc. All this will activate and develop the tourism potential of the region and
facilitate the process of opening new destinations.

Although ferry traffic as a tourism product has great potential for development, it still
faces a number of challenges in the Georgian market. Although ferry services are provided in
Georgia, the sector is still focused on logistics services, which has hampered the development of
passenger transportation services. In addition, one of the key problems for the development of
the sector is the lack of appropriate infrastructure, in fact, there is no terminal for servicing
passengers, which is less attractive for the tourism market. Attraction of investments in
infrastructure is also provided for by Georgia's tourism strategy for 2025. The ferry service is an
additional channel for the tourist flow, which will contribute to the expansion and development
of the tourism industry in the region.

Apart from infrastructural problems, due to the obstacles to the development of the
sector, in the region it is lacks human resources that can offer a high quality ferry tourism
service. Despite these challenges, they create other additional opportunities in the region, in
particular additional jobs and new professions. In case of demand in the labor market, the
educational programs operating in the region are noteworthy, in particular, the Batumi State
Maritime Academy has a cruise tourism management educational program, which prepares
direct specialists in this field.

Conclusion.

The study confirmed the hypothesis of the research group about the prospects for the
revitalization of the ferry service:

1. Demand for cruise tourism will increase demand for port facilities (ports and
passenger terminals), as well as port and maritime transportation services;

2. An increase in the flow of tourists crossing the land border from Turkey and Russia
could increase the ability of passenger ships to serve along the coastline (for example,
connecting Batumi with Trabzon, Sochi, etc.).

The study shows the following tendency: the strategic location of the country in terms
of logistics and high tourism potential create a favorable environment for the development of
the ferry sector and its ancillary areas. The same circumstances put on the agenda a number of
needs that necessery to be developed and improved, such as the relevant terminal infrastructure,
qualified staff and a coordinated system that will integrate the logistics and tourism sectors.

The study also confirms that the ferry sector is an untapped market with strong demand.
The increase in demand stems from both the need for alternative vehicles and a number of
logistical constraints created by the Covid-19 pandemic.

The study also shows the economic benefits of the development of the ferry sector,
which contributes to the revitalization and sustainable development of related transport,
tourism and other socio-economic sectors, as evidenced by international experience.

You can see a detailed overview and results of this research in the full article:” Study of
the development prospects of ferry services in Georgia and its importance in the maritime,
logistics and tourism industries”.
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IHHOBALIMHI NIIXOIU 1O ®OPMYBAHHS
KOHKYPEHTO3JATHOCTI MMOCJIYT BITYM3HSIHUX MOPTIB

bezoax O. M., be3yznoea 1. B.
Xepconcoka oeporcasna mopcbka akaoemist
(Vkpaina)

Beryn. CydacHi yMOBH BeIE€HHS TOPTOBOrO Oi3HECY XapaKTEpU3YIOThCS CTPIMKUM
PO3BHTKOM IHTETpAIliiHUX Ta TJ00aTi3alliiHUX TMPOIECIB, IO BUMArarOTh NEPEXOAy O
CTAHOBJIEHHS 1 PO3BUTKY HOBOI'O IIOCTIHAYCTPIaJIbHOTO CYCHUIbCTBA, OPIEHTOBAHOIO Ha
IHHOBaIHI 1H(OpMaIliiHI TEXHOJOrii, 3HAaHHS, IOCWJICHHS BIUIUBY CIIO)KMBAYiB IOCIYT,
JOMIHYBAaHHSI POJIi TAPTHEPCHKUX BIJHOCHH, NPAKTHUYHI peaizamii KOHIEMIil Cy4yacHOTro
MapKETUHTY TOIIO. ICTOTHO 3MIiHMIHUCS i BHMOTH CIOXHBAdiB: BEIUKY yBary BOHHU 3apa3
OPUIUIAIOTE HE TIABKM SIKOCTI TPOMYKIi, anxe W piBHIO J0- Ta MiCISA-MPOAAKHOTO
00CIyroByBaHHS, BUKOHAHHIO I1HAMBIAYaJIbHUX TMOOaXaHb, IO POOUTH HEOOXITHUM IS
nocrayalbHUKa Tocayr Ta / abo mpojaBusd mepcoHiikalito 1 PO3BUTOK TPUBAIUX,
B3a€EMOBUTIIHUX BiTHOCHH.

VY 3B’513KYy 3 IIM, 3 METOIO 3aBOIOBAHHS CTIMKMX KOHKYPEHTHHX MepeBar ChOoroiHi 6araro
HiANPHEMCTB PI3HUX Taly3eil YTBOPIOIOTH AJIbSHCH, TUIOBI MEpEXi, a TaKOX OOMPArOTh 1HIII
dopmu cmiBmpami, MmO J03BOJSIE 1M JOCSATaTH CHHEPTeTUYHOTO e(eKTy 3 MiHIMaIbHUMHU
BuTpatamMu. Pa3oM 3 THWM, BUKOHAaHHI aBTOpaMM IMONEpPEAHI JOCIIKEHHS IMOKa3aliH, L0 Y
TeNepiliHii MOMEHT KOHKYPEHTOCHPOMOXKHICTh BITUM3HSHUX MOPCHKMX IOPTIB W MOPTOBUX
MOCIYT JIOCHIDKYIOTbCS BHUKIIOYHO B paMKax JIOTICTUYHOTO Ta BUPOOHHYOTO MiAXOJIB,
OpIEHTYIOUUCH, B TEPIIYy uYepry, Ha TEXHIYHHUM, TEXHOJOTIYHUN Ta 1H(QOpPMALIMHUNA acCHEeKTH
[1-3].

AKTYaJBHICTh JOCHIZKeHHSl. Y 3B’SI3Ky 3 LIMM, a TaKOX BpPaXxOBYIOUM KOHKYpPEHTHI
YMOBH, III0 TpaHCPOpPMYBAIUCS, Ha NYMKY aBTOpPiB, 0auuThCsi O0’€KTHBHA HEOOXiJHICTH B
pO3po0IIi HOBOrO MiAX0Ay 10 (OpMYBaHHS KOHKYPEHTOCHPOMOXKHOCTI MOPTOBUX IOCHYT, IO
MOCWINTh PUHKOBI TIO3UIII BITYM3HAHUX TMIAMNPUEMCTB Taly3l MOPCHKOTO TPaHCIOPTY.
VY3aranbHIOIOYM BUKJIAJEHE, IMILIM A0 BUCHOBKY PO T€, IO ChOTOJIHI BITUM3HSIHI MOPCBKI
MOPTH 3MYIIEH] MPAIOBaTH B JIOCHTh HEMPOCTHX YMOBAX, IO BUMAra€ IMomryKy HOBHUX IUIAXIiB
HiABUILIEHHS X KOHKYPEHTOCIIPOMOXKHOCTI Ta, B MEPIIY Yepry, yepe3 3a0e3neueHHs alanTUBHOT
JI0 CUTYallii, 10 CKJIanacs, KOHKYPEHTOCIPOMOXHOCTI MOCIYT, 10 HaJAl0ThCS.

VY 3B’I3Ky 3 IUM, a TaKoXX Ha IMIiJCTaBl pe3yibTaTiB JOCIIIKEHb OCOOJIMBOCTEH
00CIyroBYBaHHS CIIOXHBAadiB MOPTOBUX IOCIYr, BUKOHAHMX HA OCHOBI JaHUX IOAO IOPTIB
XepcoH Ta FOxHuUM, aBTOpY MPUHAIILIN 10 BUCHOBKY, IO 3 TMO3UIlT MIAXOAY, SIKHA JAOCTIIHKYE
B3a€MOJII CIOXHMBAdiB Ta IIOCTAYaJIbHUKIB, @ TAaKOXX MAapKETHUHTY B3a€MOJli, CydacHUM
BITYM3HSIHUNA MOPCBKHUU MOPT MPEACTaBiIsA€ COOOI0 CYKYNHICTh PI3HOMAHITHHX IiJIPUEMCTB,
TaKUX SK EKCHEeIUTOPChbKi, areHTChbKi, CIOpBEHepChKi, CTHUBINOPHI TOLIO, Ta JEp’KaBHUX
CTPYKTYp, TaKUX SK MHUTHHUI, AJAMIHICTpalis MOpTy Tollo. bepyun 10 yBaru BHKIAjieHe, a
TaKOX BPAaXOBYIOUH, IO CHOTOJIHI MOPCHKI MOPTH — 1€ NMYHKTH CTHUKYBaHHS PI3HUX BU/IIB
TPAHCIIOPTY, a OUIBIIICTh BEJIMKHX MOPTIB € TPAHCIOPTHO-JIOTICTUYHUMH LIEHTpaMH, IO
BXOJSITh B CKJIQJ JIOTICTHYHMX JIAHITIOTIB JOCTABKH BAaHTAXKIB MOPEM, iX MISUTHHICTH HEOOX1THO
JIOCITIJIKYBAaTH KOMIUIEKCHO, aKLEHTYIOUM yBary He TUIbKM Ha BHYTPIIIHIX IMpolecax, a i Ha
30BHIIIHIX JIJIOBUX 3B’s3KaX.

PesyabtaTn pocaimkennsa. Y Kopgekci TOproBenbHOro MoperuiaBcTBa  YKpaiHu
MOPCBHKHN TIOPT TPAKTYETHCSA SK CYKYMHICTh OO0 €KTIB 1H(GPACTPYKTYPH, PO3TAIIOBAHUX Ha
CIEIIaJIbHO BIJIBEICHUX TEPUTOPISAX Ta aKBATOPISAX Ta MPU3HAYCHUX 711 0OCITyrOBYBaHHS CYIEH,
10 BUKOPUCTOBYIOTBCS B LUIIX TOPrOBOIO MOpEIIaBaHHs, KOMIUIEKCHOTO OOCITyrOBYBAaHHS
CyIeH pHUOOIPOMHUCIOBOTO (IIOTYy, OOCITYroBYBaHHS MACaKUpiB, 3IIMCHEHHS omepamii 3
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BaHTAKaMM, B TOMY YHCII JUIsl IX NEpPEeBaJKH, 1 IHIIMX IOCIYT, 3a3BUYai, IO HAJAlOThCS B
TaKOMY IOPTY, & TAKOX Ul B3a€MOJI1 3 IHIIMMH BUJAMU TpaHCHIOPTY [3].

ITig 00’exTamMu 1HPPACTPYKTYPHU MOPCHKOTO MOPTY PO3YMIIOThCS HOPTOBI TiAPOTEXHIUHI
CHOPYAM, BHYTPIIIHI pEWaH, SKipHI CTOSHKH, JOKH, OYKCHMpPH, KpUTOJaMHU 1 iHIII cCynxHA
nopToBoro (IoTy, 3aco0W HaBiraliiHOro OOJaJHAHHA Ta iHIII OO €KTH HaBiramifHOro Ta
rigporpadgiyHOro 3a0e3MeueHHs MOPCHKUX MUIAXIB, CHCTEMH YIPABIIHHSA PYXOM CYJICH,
iHopMaliifHi CHCTEMH, IMEPEeBAHTAXKYBAJIbHE O00IaHAHHS, 3aJII3HUYHI Ta aBTOMOOLIBHI i’ 13H1
HUISXH, JiHI 3B’5I3KYy, PUCTPOIO TEIUIO-, ra30-, BOAO- Ta €JIEKTPOINOCTaYaHHs, 1HUII IPUCTPOI,
oOiagHaHHA, IHKEHEepHI KOMYHIKalii, ckiaau, Ta iHmm OyaiBii. A Takox, Oynisii / ciopynu,
po3TamioBaHi Ha TepuTOpii Ta / a0 akBaTOpii MOPCHKOTO MOPTY ¥ MpU3HAYEH] A 3a0€3MeUeHHs
0e3meky MOpeIIaBaHHs, HaJaHHS MOCIYT Yy JaHOMYy TMOpTYy, 3a0e3ledyeHHs JepKaBHOTO
KOHTPOJIIO 1 HAMJIAY B iaHOMY mopty [2-3].

TakuMm 4WHOM, SKIIO pO3IJISAATH MOPT BUKIOYHO B  pPaMKax TpaKTyBaHb,
3allpOIIOHOBAHMX HAa 3aKOHOJABUYOMY PIiBHI, CTa€ OYEBMJIHHUM, L0 HEOOXIJHO IepHl 3a BCE,
MiJBUIYBaTH KOHKYPEHTOCHPOMOXHICTH O0’€KTIB  iHQPACTPYKTYpH, TOOTO TOPTOBHX
TIAPOTEXHIYHUX CIIOPY[, IHKECHEPHUX KOMYHIKAIi, CKIaaiB TOIIO, IO HAJIEKAaTh, K MPABHIIO,
a0CoMIOTHO pi3HUM BracHUKaM. [To1iOHe TpakTyBaHHS MOPCHKOTO MOPTY aOCONMIOTHO HE 3a4inae
COLIIaIbHUH aCIeKT HOoro AisIbHOCTi, TOOTO OOCIIyrOBYBaHHS MOKYIIIIB MOPTOBUX MOCTYT, METa
SKOrO IIOJIira€ HE TUIBKM B TOMY, IIOO TIpPaMOTHHM YHHOM BHKOHATH BaHTa)XHO-
pO3BaHTaXyBaJbHI oOlepalii, ajge i B TOMY, HI00 3aJy4dTH ¥ yTPUMAaTH CIIOKMBAdiB, IO B
pe3ysbTati 301IbIINUTE BAHTAXK000IT.

[IpakTrKa moka3sye, 0 OCHOBHA MeTa ()YHKIIOHYBaHHS ITiIIPUEMCTB, PO3TAIOBAHUX HA
TEpUTOPii MOPCHKOTO MOPTY, 30CEPEeIKEHA Ha Ha/laHHI MOPTOBUX MOCIYT, i IKUMH, B paMKax
JAHUX TE€3, PO3YMIIOTBCS MOCIYTH 13 3a0€3MEeUeHHs MepEeBaJKU BaHTaXIB (OCHOBHI), a TaKOX
CYNyTHI 1 JONMOMDXKHI MOCIYrH, IO HAJAIOThCS CYTHOBJIACHMKAM, BJIACHMKAM BaHTaXy, iX
3aKOHHHUM IPEJCTaBHUKAM Ta 1HIIUM 0c00aM KOMIAaHISIMHU, OpraHi3alisiMU Ta CTPYKTypaMHu, K1
3/11MCHIOIOTH CBOIO JISUIBHICTh HAa TEpUTOPii TpaHcopTHOro xaldy. Crenudika HIOPTOBUX MOCITYT
nojsirae B HactymHomy. [lo-mepime, BOHM MarOTh BIIACTHBOCTi, XapaKTEpHI Ui TMOCIYT SK
TOBapy, Taki K HEBIJUYTHICTh, HEMOXJIMBICTh CTBOPEHHs BEIMKHUX 3amaciB Tomio. Ilo-apyre,
OJlHa KOMIIaHid HE MOXK€ HaJaTHU CII0)KMBAa4yeBl YBECh CIEKTP HEOOXiAHMX mociyr. OTxe, mpu
BU3HAYEHHI1 (aKTOPIB KOHKYPEHTOCIPOMOMXHOCTI MOPTOBUX MOCIYT HEOOX1HO PO3IJISLAaTH He
TIJIbKA BUPOOHUYMH acneKT (IepeBajKy BaHTaXiB), aje 1 COLiaJbHUM (MapTHEPChKI BITHOCHHH,
1110 BUHUKAIOTh [TPU 00CITyTOBYBaHHI CII0KHBAya).

JIOUIBHICTh aKIEHTYBAaHHS yBaru Ha COLIAJBHOMY acleKTl TakoK OOIPYHTOBYETHCS 1
NPUHIUIIAMUA MEHEDKMEHTY SIKOCTI, 110 € ckiIagoBumMu 0azu ctannapty ISO 9001:2015, 3rigno 3
SKMMHU BEJIMKa yBara MOBMHHA OyTH HpUJiJIeHa CIOXKMBAaYeBl, MOTHBAIlI{ Ta 3aJIy4€HHIO BUIIOTO
KEepiBHUIITBA J10 OOCITYyroByBaHHsS CrHoKuBadiB. OcoOMuBY pojib Iei cTaHgapT BiABOIUTH
MPOLECHOMY MIJIXO0y 1 MOCTITHOMY BIOCKOHaneHHsS. 3okpeMa, Bukopuctanus ISO 9001:2015
rapaHTye, M0 CHOXKHBAYl OTPUMAIOTh MPOIYKIIIO 1 MOCIYrH CTa0lIbHO BHCOKOi SKOCTI, IO, B
CBOIO Yepry, JacTh OaraTo mepesar camomy Oi3Hecy [4-5].

VY 3B’A3Ky 3 LIUM, a TaKOX Ha MiJCTaBl pe3yJabTaTiB BUBUYEHHS (DaKTOpIB, IiJ] BIUIUBOM
AKUX (POPMYETHCS KOHKYPEHTOCIIPOMOXKHICTD BITYM3HSIHUX MOPTOBUX IOCIYT, BCTAHOBIIEHO, 1110
iX MO’KHA TOAUTUTH HA HACTYIHI TPYIH:

— MAaKpOpiBEHb, /10 IKOT'0 MOKHA BIAHECTH TEHICHIIT PO3BUTKY MOPCHKUX MOPTIB CBITY,
piBEHb HAyKOBO-TEXHIYHOTO TMpOrpecy, 1HHOBAILili B cdepi raiysi MOPCHKOTO TPaHCIOPTY,
HOJIITUYHI, COLIaJIbHI Ta eKOHOMIYHI (paKTOpU Ha PiBHI CBITOBOI €KOHOMIKH Ta JIEPKABHU;

— ME30pIBEeHb, /IO SKOTO MOXHA BIJIHECTH IMIONITUYHI, COI[iaJIbHI Ta EKOHOMIiYHi
0COOJIMBOCTI PO3BHUTKY Tally3l MOPCBKOTO TPAHCIOPTY, a TaKOX pErioHy, B SIKOMY
pO3TalioBaHUN JaHUM MOPCHKHM TOPT, TEHACHIII KOHKYPEHTHOTO CEpeIOBHINA B Taiys3i,
JiepKaBHE PETryIIOBaHHS;
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— MIKpOpPiBEeHb, JO0 SIKOTO MOJHA BIJHECTH BapTICTh, SKICTh, Yac OOCITYroByBaHHS,
(h1HAaHCOBHI CTaH KOMIIaHI{ MOPTY, 3/IaTHICTh aJalTallii 10 JUHAMIYHUX MIHJIMBUX YMOB, PIBE€Hb
PO3BHUTKY MOPTOBOI JIOTICTHKH 1 TTOPTOBOTO MAapKETHHTY, IIEPCOHAJ, PiBEHb OpraHizamii mpari
TOIIIO.

3 oAy Ha Te, IO B Cy4aCHUX YMOBaX, BHACIIJIOK BHCOKOTO CTYIICHS OPi€HTOBAaHOCTI
€KOHOMIKHM Ha KIHIICBUX CIIOKMBa4YiB, OCOOJIMBA yBara MPUIIISETHCS SKOCTI MOCIYT, MM SKHUM,
SK IpPaBUJIO, PO3YMIIOTh CYKYNHICTh XapaKTEPUCTHK, 3a JOINOMOIOK SIKHX IIOCIyra Mae
3IaTHICTh 3aJIOBOJIBHATH 3asBJIeHI a00 mepeadadyBaHi MOTpeOH CIIOXKUBAYiB, € HEOOXITHICTh
pPO3MIIAHYTH (AKTOp <«SIKICTh» OUIbII JeTanbHO. ['apHa MOpChbKa MpPaKTHKA IEMOHCTPYE, IO
SKICTh TIOPTOBOI IMOCIYrM MICTUTh HACTYIHI KJIFOYOBI ACHEKTH: TEXHIYHHHA, TEXHOJOTTUHHH,
€KOHOMIYHUH, TPaBOBUH, 1H()OpMAIi HHHIA.

Ha miacraBi oTpuMaHuMx pe3yiabTaTiB AOCTIHKEHb CYTHOCTI SIKOCTI TPaHCIOPTHO-
eKCIeIMIIHOro0 00CIyroByBaHHSI BAaHTAXIB y BITUM3HSHUX MOPCHKUX IMOpPTax MHPOMOHYETHCS
kiacudikaiisi IKOCT1, sIKa MICTUTh TaKi MOKAa3HUKH, K CTIMKICTh 3B’S3KY 3 MOCTavyajJbHUKaMHU,
pemyTamis (iMiJK) KOMIaHI1 Ha PUHKY, 3araJIbHUH 00CST KIIEHTCHKOT 0a3u, KUTbKICTh 3aly4eHUX
B yroay CyO'eKTiB, JOTpPUMaHHS BCTAaHOBJICHHX TIPABWJI POOOTH, CHUCTEMa CTHUMYIIOBAHHS,
B3a€MOBIJTHOCUHU MDK Hifpo3aigaMu mopty Touio. [Ipu 11bOMy, OCHOBHOK METOI0 CHCTEMH
MEHE/PKMEHTY SIKOCT1 CTa€ He 3a0e3leyeHHs SKOCTI MPOMYKINi, a 3aJ0BOJICHHS MOTped ycix
3aIliKaBJICHUX CTOPIH Ta 30UIbIIECHHS IHHOCTI IS KOJKHOI 13 3alliKaBJICHUX CTOPiH [5].

BucHoBku. Y 3B’S3Ky 3 HaBeACHOI iH(OpMAIi€l0, a TaKOX OPIEHTYIOUHCh Ha TakKi
OPUHIUIA MEHEDKMEHTY SIKOCTI SIK OpI€HTalis Ha CIOXXHBadiB, 3aJy4CHHS IMEPCOHATY,
B3a€MOBHTI/IHI BITHOCHHH 3 TIOCTadaJIbHUKaMH, MPH BHU3HAYCHHI PIBHS SKOCTI BITYM3HSIHHX
HOPTOBUX IOCIYT, aBTOPU BBAKAIOTh 32 HEOOXIJHE BUALIMTU COLIAJIbHUNA aCHEKT, MiJ SKUM
aBTOPH PO3YMIIOTh IIHHICTh BIIHOCHH, 1110 BUHMKAIOTh MIPU HaJaHHI Mocayr. B nanomy BuUnajaky
MOBa iiie mpo Ti BUIOJH, SIKI OTPUMYIOTH CIOXHBAyi MOCIYT B Pe3yibTaTi B3a€MOBUI1HOTO,
IUTIIHOTO CHIBPOOITHUIITBA YIIPOIOBXK MPOIIECIB OOCIYTOBYBaHHS Y BITYM3HSHUX MTOPTAX.

JlocipkeHHsT MPaKTUYHOI MAISUIBHOCTI CTUBLAOPHMX, EKCHEAMTOPCHKUX, areHTChKHUX
KOMIIaHi}, a TaKOX 1HIIMX MiANPUEMCTB Taly31 MOPCHKOTO TPAHCIOPTY, SIKI BUCTYIAIOTh B PO
IPO/aBLIB TMOPTOBUX IMOCIYT JO3BOJSIOTH KOHCTaTYBaTH, IO YIPOJOBX BCIX TpaH3aKLii
HOKYIIII 1 HOCTa4yaJIbHUKU MOCTIHHO KOHTAKTYIOTh, IPUYOMY HaBITh Micisl (PAKTUYHOTO HaJlaHHS
HOCIYT, HallpUKJIAJ 3aBEpLIYIOTh (DIHAHCOBI Ta 1HIII Omeparlii yrmpoaoBX Mepioay, TPUBAIICTh
SIKOTO CTAHOBUTH 1HOII OUIBINE MIECTH MICSIIB. BiIbil TOro, HEOOX1THO MIAKPECTUTH, 110 B CUITY
3a3HAYEHOI paHille crenu@iku MOPTOBUX IMOCIYT B OOCIYyroBYBaHHI CIOKMBadiB Oepe ydacTh
JIeKiTbKa HE3AJIeKHUX KOMIAHii, HANpPHUKIAA, CTHUBIIOpHA, AareHTChKa, eKCIeIUTOPChKa,
CIOpBel€epChKa TOWIO, MAPTHEPCHKI BIIHOCHHU SIKUX TaKOXK BIUIMBAIOTh HA SIKICTh IOCIIYT.

Ile BupaxaeTbCsi B TOMY, IO BHACHIIOK CJIAa0KOi KOOpAMHALIi il MOXYTh OyTH
NOPYIIEHI TEePMIHM HAJaHHS TIOCIYr, TOOTO 3HU3UTHCS HAAIWHICTH POOOTH TPAHCIOPTHOI
CUCTEMH, 1110 HEraTUBHO BIJi0’€ThCSA Ha PiBHI 0OCIYyroBYBaHHS KJIIEHTIB. Y 3B’A3KYy 3 LIUM, Ha
JTyMKY aBTOpIB, MPHU JOCIIDKEHH] YUHHUKIB KOHKYPEHTOCTIPOMOXHOCTI BITYM3HSIHUX MOPTOBHUX
MOCJIYT, MApTHEPChKI BITHOCWHU, 10 BHHUKAIOTH MPH 1X HAJIaHHI, HEOOXITHO PO3IIISIATH SIK
OKpeMy IpyIly YNHHHUKIB MiKpOPIBHS:

— TMAapTHEPCHKI BITHOCHUHHU 3 KJIIEHTAMU;

— MAapTHEPCHKI BITHOCHHHU MIX Y4aCHUKaMH 0OCIYrOBYBaHHS CIOXKHBAYiB MOCIYT.

Takox HEOOX1MHO MIAKPECIUTH, IO B CYYaCHMX yMOBaxX HE CIIiJ 3aJMIIaTu Oe3 yBaru
3HAYUMICTh IIPU 0OCIIYTOBYBaHHI CIOKUBAYiB POl NEPCOHATY KOMIaHII-IPOAaBIIs, 1110 BUMarae
BUOKPEMJIEHHS 1€ OJHOro (akTopy — (akTopy BIIHOCHH MepcoHany 1 poOoronmaBus. Lle
JO3BOJIUTh MIiANPUEMCTBAM, SKi HAJalOTh TOPTOBI TOCIYTH, 3HAWIM JOJATKOBI JKepelna
KOHKYPEHTHUX ITIepeBar, 110, 0€3yMOBHO, € aKTyaJIbHUM, OCKUIBKU aHATITUKaMHU MIPOTHO3Y€ETHCS
CTIAKE 3pOCTaHHS OOCATIB TOPTOBOI TOTYXHOCTI, IO BHUMAarae 3allydeHHS JOJATKOBHUX
BAaHT)KOMOTOKIB 1, BIJIMOBITHO, PO3IMIUPEHHS KIIEHTCHKOI 0a3H.
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CEKI[IA:
JIOJICHKI PECYPCH MOPCBHKOI IHJYCTPII TA JIFOJCbKHH YHHHHUK
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BCTAHOBJIEHHS «ETAJIOHHOI» CUCTEMM IEPEBAT
ABIAIUCIIETYEPIB HA CIIEKTPI XAPAKTEPHUX ITOMHNJIOK

Pesa O.M., 3aszopoownin C.O.
Hayionanvnuu asiayitinuii ynisepcumem
(Vkpaina)

bopcyk C.IL., 3acancovka C.B.
Yrpaincoxuii incmumym nayxoso-mexniunoi excnepmu3su ma ingpopmayii
(Vkpaina)

Cazanoecovka JI.A.
Jlvomnua axademia Hayionanbhoeo asiayilinoco yuieepcumemy
(Vkpaina)

Hacipoe IILIII.
Tonosnuti yenmp eounoi cucmemu ynpagninusa nogimpanum pyxom AZANS
(Azepbatiosncan)

Beryn. Ha croronHi 3aranbHOBH3HAHO, IO Yy OyAb-sIKid TPaHCIOPTHIA ramy3i came
moacbkuid ynHHUK (JIY) € mepmonpuunHO abcoioTHOI OimbmIocTi aBapiii Ta KaracTpod.
[Ipuuomy, He 3Bakal0YM Ha CYTTEBY aBTOMATH3AIlil0 BIAMNOBIAHUX TPOIECIB, OCOOIMBO B
YacTUHI  0E€3MOCEepPeTHhOr0  ONEepPaTOPCHKOrO KEepyBaHHS TPAHCIOPTHHUMH 3aco0aMu  Ta
301IBIICHHS iX eKCIUTyaTaliiHoi HaAiiMHOCTI, poiib JIU QakTU4YHO HE 3MIHIOETHCS, a OTKE HOro
JTOCJIIJDKEHHS € BOKJIMBOIO 1 HAYKOBOIO, 1 TPAKTUYHOIO 33/1a4€l0.

AKTyaJbHiCTH Jociigxenb. B apiamii pons JIY € mnpoBigHOW Yy TOSCHEHHI
B3a€MO3B’A3KY CKJIAJHUKIB MOTOYHOi mapaaurmu Oesneku mnoibotiB (BII) ICAO [1] 1
NPOSIBIISIETHCSL YEpe3 «CTABJIEHHS IEepCOHAlTy a0 HeOe3neyHux i abo yMoB», IO HAOYHO
umoctpye puc. 1 [2-4 Ta iH.]. SIk MOXHa MO00AYUTH 3 IILOTO PUCYHKY, 3a3HAUYEHE «CTABJICHHS»
BU3HAYA€ThCs yepe3 Moka3sHukH BIUMBY JIY Ha mpuitnarTs pimens (IIP). Ockinbku, 3 ogHOrO
O0oOKy, caMe el BHJ IHTENEKTyaJlbHOI MISJIbHOCTI JIIOJUHH IMOBTOPIOETHCS OUIbII YacTo. 3
1HIIOro * OOKy, mpodeciiiHa NiAabHICTH aBiamiiHuX omneparopiB (AO) «IepeIHbOr0 KParo»
(mucneTtuepiB ynpaiaiHHA NOBITPSIHUM pyxoM (YIIP), wieHiB JTbOTHOTO €Kimaxy), L0 MOJISITrae
came y OesmocepenqHbOMYy 3a0e3rneueHHi HalexxHoro piBHA bBII, 3a3Buuail ysBiseTbcs sK
Oe3nepepBHUN JIAHIIOT PIIIEHb, 1110 BUPOOJISAIOTHCA 1 peali3yloThCsl Y SIBHUX / HESIBHUX (hopMax
Ta iz BILJIMBOM PI3HOMaHITHUX YUHHUKIB (00’ €KTHUBHUX/CYO’ €EKTUBHHUX,
BHYTPIIIHIX/30BHIIIHIX ), 0COOJIMBO PU3UKIB CTOXaCTUYHOI 1 HECTOXACTUYHOI TPUPOJIH.

BpaxoBytoun 3ayBaskeHHs MPOBIIHUX aBiallifHUX aJAMIHICTpaIlii, BITOMUX HAYKOBIIIB Ta
¢daxiBIiB 1100 HEJAOCTAaTHHOTO PO3BUTKY B AO «I€peIHbOr0 Kpar» «HABHYOK MEHTAJIbHOTO
nepen0OaueHHsT HeOe3nek», OCOOJMBO TMPOAKTUBHUX, BBAXKAEMO AaKTYaJIbHUM JOCHIHKEHHS
CKJIQJIHUKIB OJIOKY «e» Ha puc. 1.

IlocranoBka 3anavi. B koHTekcti 1iel myOmikamii #aeTbecs Tpo  JOCTIIKEHHS
npoakTuBHOro ctaBieHHs nucnetdepiB YIIP (IAYIIP) no nebGe3nek xapakTepHUX MOMUIOK, SKHX
BOHM MOXYTh IIPUITYCTUTHCS y mpodeciiiHiil aisubHOCTI (Tadn. 1), a oTxke, - X cuctem nepesar
(CII). TIpuuyomy mix inausimyansHumu CII (ICIT) 1 rpymoBumu CII (I'CII) posymitumemo
YIOPAIKOBaHUN psii mepeniyeHUX B Tabm. 1 xapakrepHux nomuiok JIVIIP: Big HaitGinbIn
HEeOe3MeYHNX — JI0 MEHIII HeOe3eYHUX.

Busisnenns ICII 1 I'CIT Ha MHOXUHI XapaKT€pHUX MOMUIIOK € BaKIMBUM. AJDKe, MO-
nepuie, HaeTbcsi Mpo MAIMCHE NPOAKTUBHE BHU3HAYEHHS BXkKE C(HOPMOBAHOTO MEHTAIBHOIO
nepeabdavyeHHsT HeOE3MeKH KOXKHOI MOMMWJIKM B TMOPiBHAHHI 3 iHmmMMH. [lo-npyre, hopmyBaHHS
HAaBUYOK PO3pIZHEHHS, 3armaMm’sITOBYBaHHS, a OT)Ke — 1 3amoOiraHHs MOMMJIOK B TpodeciitHii
nisuibHOCTI. Tlo-Tpete, BusiBnene cyrreBe po3xomkeHHs ICII 3 craructuuno-y3romxenoro I'CII
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CBiAUMTHME a00 MPO YHIKAIBHUH OCOOMCTHI JOCBiA PO3B’SI3aHHSA MOTCHUIHHO-KOH(IIKTHUX,
KOH(IIKTHUX 1 aBapidiHUX CHUTYaIlil, 110 MOXXYTh BUHUKHYTH B mporeci YIIP, abo npo meBHi
Bagu npodeciiinoi miaroroBku yu cucremu ynpasiinas BII (YBII). [To-ueTrBepTe, MOXKIUBICT
BUSIBJICHHS BaJl TPYIIOBOTO MHUCIICHHS, 30KpeMa IpyloBUX JeopMalliii i 3pyIIeHHS PU3HKY, [0
chopMyBaIOCsT B KOHKPETHOMY JHCIETYEPCHKOMY COIiyMi i MOXK€ HEraTWBHO BIUIMHYTH Ha
3arajabHui piBeHb bII.

Yce HaBenene mae Oytu 000B’s3k0BO BpaxoBaHo B cucremax YBII (CVYBII), mmo
BianoBigHo 10 BuMor ICAO [1] maroTs OyTi po3po0bJieHi i peani3oBaHi B aBialliiHUX yCTaHOBAX.

e) CTABNEHHA 0O HEBE3MEYHWX AIN ABO YMOB

i) i) k) 1) m) n)
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1 1
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d) | C) |

CTyniHb BusiBneHHs gxepen Hebesneku
f) | h) N
JoTpumMaHHs 3abesneyeHHs Geaneku
HODMaTUBHUX B HELUTATHUX aBabiNHUX CUTVaUiIsX.
b) v a)
BiacyTHiCTb YMHHUKIB HynboBwiA piBeHb aBiaLinHMX NoAin

YN CEPMO3HUX IHUMOEHTIB

9) N

HeponyuieHHs BTpat

Pucynok 1 — Imroctpartist B3aemoii ckinanoBux konueniii 0esneku ICAO 3 no3uuiit nposiBy
JIIOJICBKOTO YNHHHUKA

Bkaxxemo Takox Ha e(EeKTHBHICTH TaKOro pPOAY HPOAKTUBHUX JociimkeHb CII.
Bceranosneno, mo JIVIIP, mo BU3Ha4anu CBOi JyMKH LIOJO0 CTaBJIEHHS /10 HEOE3MEK MOMMUIIOK
nepe; IPOXOPKEHHAM TPEHAKEPHOI MIATOTOBKH, MPUITyCKaucs B ii Mpolieci Ha TPETUHY MEHIIIe
TIOMUJIOK, HIJK Ti 3 HHUX, SIKM HE OyJIM OXOIUIEHI TaKOTO POy ONMUTYBaHHsM [5].

Jo nocmimkenb Oymo 3amyueno M =102 mpodeciiinux JIYIIP, 3 sxkux 65 —
CHiBpOOITHUKM aepoHaBiraiiiiHoi cucremu Azepbaiikany, a 37 — criBpOOITHUKH JI€P>KaBHOTO
nianpueMcTBa «YKpaepopyx». CHUIbHUI pO3IIsA CTaBIEHHS IMX BUIPOOYBaHUX 10 HEOe3Mek
MOMUJIOK € TMPUUHSITHUM, OCKUIBKH JOCIHIJDKEHHS, 10 OyJId MPOBEEHI BIAMOBIAHO O BHUMOT
ICAO [6], He BUsIBHIM BIUIMBY KPOCKYJIBTYPHUX YHHHHKIB Ha 1X CTAaBJICHHS 10 HeOe3rneK [7].

3acTocoByroUM 0araTOKPOKOBY TEXHOJIOTIIO BHSIBJICHHS 1 BiJCIFOBaHHS MapriHaJIbHUX
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IYMOK, 3 BHUXIJHOI Tpymnu BHUIPOOyBaHMX Oyl0 BHOKpEMJIEHO 5 WIArpyn 3 BHYTPIIIHBO
IPYNOBOIO Y3IO/PKEHICTIO IyMOK, BCTAHOBJIEHOIO HAa HE3BUYAMHO BUCOKOMY /s ociiaKeHs JIH
piBHI 3HauymocTi =1%: mg=52 ocid, Mg=14 ocid, my=7 ocid, mp=15 oci6, Ms=5 ocib. ILlo 3a
CYTTIO, € YCYHEHHSIM TaK 3BaHOI «CTATUCTUYHOT MOXHOKH TOro, XT0 BKuBY [8]. [Tpruomy I'CIT
MIArpynyu Ms HAMU B KOHTEKCTI ITi€i myOmikarii gam po3rsigatucs He Oyje, OCKUIBKKA BOHA HE

30iraerncs 3 sxonHO00 ['CII mepumx 40THpHOX 3 MepeiueHuX MiArpy.

Takum ynHOM, B nojaansiioMy Oyaemo opientyBatuca Ha ['CII miarpynu Mg, OCKUIBKU

BOHA € OUIBII YHCENBHOIO, @ OTKE M pe3yabTaTu i onpaiioBaHHs Oy yTh OUTBII HAAIHHUMH.

Tabmuns 1 — Ilepenik xapakTepHUX MOMMIIOK, SKHX MPUITYCKAIOTHCS TUCHETYEPH YNPaBIIHHS

HOBITPSIHUM PYXOM B IpodeciiiHiil aisuibHOCTI

3MicT MOMHUJIKH

I1;
I [Topymenns ¢pa3eosorii pagiooOMiHy
I HeysromkeHicTb BXOly OBITPSIHOTO Cy/IHA B 30HY CYMIKHOTO YIIPaBIIiHHS
2 HOBITPSHUM PYyXOM
13 [TopymenHst TOOKHUX YaCOBUX iHTEPBAIIB
1T [TopyiieHHs 3yCTpiYHUX YAaCOBUX 1HTEPBAIIiB
I [Topy1iieHHs 1HTepBaIiB MDK MOBITPSIHUMU CYTHAMM, 1110 3HAXOJATHCS Ha Kypcax,
> 1110 IEPETUHAKOTHCS
s bezanpecHa nepenaya noBiJloMIIEHb AUCIIETYEPOM
T [Tommika y BH3HAYEHHI IIO3UBHOTO MOBITPSIHOTO Cy/THA
I [Tomuinka B i1eHTH(IKaLlli OBITPSIHOTO CyIHA
I, [ToMuinKoBe BUKOPUCTAHHS AUCIIETUEPCHKOTO rpadiky
I BizncyTHicTh Ha CTpuIll MO3HAYKYU AUCIIETYEpA PO Mepeaady YIpaBiiHHA
10 CYMDKHOMY AMCIETYEPCHKOMY MYHKTY
BiacyTHicTh Ha CTpUIII MO3HAYKH AUCTIETYEPA MIOA0 Y3TOKEHHS BXOY
Iy HOBITPSIHOTO CY/IHA B 30HY YNPABIIHHS MOBITPSHUM PYXOM CYMI’KHOTO
JIMCTIETYEPCHKOTO TTYHKTY
I [TopyiieHHs: AUCHETYEPOM Y3rOPKEHOT0 reorpadiuHoro pyoexy nepeaayi
12 yIpaBJIiHHS HOBITPSHUM PYXOM
7 [TopyiieHHs: AUCHETYEPOM Y3rOPKEHOI0 4YacoBOro pyOexy nepenadi
13 YIpaBJIiHHS HOBITPSHUM PyXOM
I HenOamnicTs B HaHECEHH1 HA CTPUI JIITepHO-IIU(POBOI 1HPOopMaIlii
14 (MOXIIMBICTD IBOSIKOT IHTEpIpeTAallii)
s HeexoHnomiuHe ynpaBiiHHS HOBITPSIHUM PyXOM
Iy [TopymieHHs npoueaypy npuitomy 1 31a4i yepryBaHHs
I He Bi06paskeHHs Ha CTPHIIL BUIAHUX KOMaH/ 100 3MIHU BUCOTH 200
17 HAaIPSMKY MOJIbOTY
I Crnpo0Oa kepyBaTu NOBITPSHUM CYJITHOM IICIIsl CIIPAllbOBYBaHHS HA HbOMY
18 cucremu TCAS pexumi resolution advice
I [Tomunku BBOy 1H(OpMaIlii PO MOBITPSHE CyTHO B aBTOMAaTU30BaHY
19 CUCTEMY
I [Topy1iieHHs: TeXHOJIOT] pali B 0COOJMBUX BUMAIKAX Y MMOJIBOTI
[TopyiieHHs1 B BUKOPHCTaHH1 OBITPSHOTO IPOCTO
11y
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HaBenena Te3a mepeKOHIMBO MiATBEPDKYETHCS CEPEIHIMH MOKa3HUKAMH MIKTPYIIOBOTO
30iry JIyMOK MI0JI0 HEOE3NeK NOMHIIOK, I0 OyJld OTpHMaHi 3a JOTOMOTOK Koe(DilieHTIB
panroBoi kopesnii CriipmeHa:

RJ™® =0,8449 >R{P =0,7681>Rg™ =0,7090 >R =0,6995 .
Taxkum yMHOM, B pe3yibTaTi MOMEPEIHIX AOCIIIKEHb OyJI0 OTPUMAHO TaKy CTaTUCTUYHO-

y3ropkeny I'CII s uieniB miarpynu mg:

H18>'H4>'H5>'H20>'H3>'H21>‘H2>‘H8 >‘H13>'H7 >'H17>‘

mg Mg Mg mg Mg mg Mg Mg mg Mg Mg (1)
=1y = Ilg = Ilg = 1I1 = Il > Il14 > II1q = Ilg = Iy > 115
mg mg mg mg mg mg mg mg mg mg
ne > - I03HAYKa MepeBary 3a HeOe3mekoro onHiel mommiku nepex inmor B I'CII
Mp

JAVIIP-unenis niarpynu mg.
OOGuuncnene mis miarpynu Mg, a orxe 1 I'CII (1) emnipuyne 3HaueHHs KoedilieHTa
KoHKopaauii (3ronu) Kenpamia mae BHCOKE 3HAYCHHS WmB =0,7416 , cTraTUCTUYHO-BIpOTiHE

Ha BUCOKOMY Juisi ociipkeHb JIU piBui 3Hauymocti & =1%, oxnak, He € abcomotHM. Tomy
MaloTh 0€3yMOBHHUIA MPAKTUYHUN 1 HAYKOBHM 1HTEPEC JTOCIHIIKEHHS 3 3’ ICyBaHHS MUTAHHSA 10]I0
ii ontumizanii. Ockinbku y npani [8] oOrpyHTOBaHO mmpokwuii criektp 3acrtocyBanus ['CII, sikiio
Oyze TOBEACHO, 110 BOHA € «ETaIOHHOI0» (onTuManbHOI0). [1lo i € MeToro 1iel mybOmikaiii.

Pe3yabTaTn onTuMmi3zamii y3roa:keHoi rpynoBoi CHCTeMH IepeBar aBiagucrer4yepin
Ha He0e3MeKax XapaKTepPHUX MOMHJIOK.

Omxe, ontumizamii ['CII Bumy (1), BpaxoByrOuYM MJOCBiJ BiAMOBIAHUX JOCTiIKEHb,
MOTIePEHBO y3aralbHeHHX y mpalli [5], Moke 31iiCHIOBATUCS ABOMA IIISXaMH:

— 3acrocyBaHHs kjacuyHoro kpurtepito [IP CeBumxka, mo 103BOJsIE MiHIMI3yBaTH
BIIXWJICHHSI B JyMKax MI0JI0 HEOE3MEeK XapaKTEPHUX MOMUJIOK SIK OUIBIIOCTI, TaK 1 MEHIIOCTI
YIIeHIB MIATPYyNy Mg;

— 3actocyBaHHs Memianu KemeHni, sika cremiajgpbHO TpH3HAYEHA came I ONTHMI3arlil
cratuctuyHo y3rokenoi ['CII.

Peanizanis nepuroro nuisixy npussena a0 orpumanss takoi I'CIT:

H4>'H5» H20>'H18>'H21>'H2>'H7» le» H13>'H8 b

Sav. Sav. Sav. Sav. Sav. Sav. Sav. Sav. Sav. Sav. (2)
= Ila» Ihog» Ilh7 = I » Iz » Ilog » Iy » Iy » Ilhie » g » Il
Sav. 3Sav. 10 Sav. 17 Sav. lSav. 6Sav. 9Sav. 1 Sav. 14 Sav. 15 Sav. 16 Sav. 19
e > , » - IIO3HAYKH BIAIOBITHO rnmepeBaru  Ta aJIeKBAaTHOCTI IIOMHJIOK 3a
Sav. Sav.

Hebesnekoro y ['CII uneniB miarpynu Mg, moOyI0BaHOIO 3a JOMIOMOTO0 KpuTepiro CeBumIKa.

Sx Oaummo, B mopiBHsaHHA 3 ['CII (1) orpumana woBa I'CII Bumy (2) € Oinbim
00epekHOI0, OCKUIBKM MICTUTh MOB’si3aHl (Migai) paHrd. Tomy oOYHCIIEHUH 3riHO 3
peKoMeHalisIMu Tpatli [5] Hepo3pizHeHOoCTI HeOe3neK MOMMIOK Bipi3HseThes Bia 0 1 10piBHIOE

BeuunHi R =0,6034.

Peanizanis apyroro muisixy onrtumizamii ['CII (1) mpusBena m0 OTpUMaHHS TaKOro
dopmanbHOTrO Buay Menianu Kemeni:

med med med med med med med med med med med
H18 - H4 - HS b HZO - Hg - HZl - HZ - H13 - Hs - H7 b H17 -
mp mp mp mp mp mp mp mp mp mp mp (3)
med med med med med med med med med med
- le - H].G b ng - Hl b H14 > HG b Hll > Hg - Hlo b H].S
mp mp mp mp mp mpg mp mp mp mp
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med

e > - IIO3HaYKa IMepeBard 3a HeOe3mekow oaHiel moMuiaku nepen iHmow B I'CIIT
mp

JAVIIP-uneniB niarpynu Mg, nodynosanoi y BUIIsLAI Meaianu KemeHi.
Sk Oaummo, orpuMaHa MeniaHa KemeHi Mae cyBope YIOPSIKYBaHHS ITOMIJIOK 3a
HeOe3nekoro, a orxe, Sk 1 ['CII (1), neMoHCTpye aOCOMOTHY pO3Mi3HABAHICTS I11€1 HEOE3MEKH.

[Mopisusaas ['CII Bumy (1)-(3) 3a momomoror KoeillieHTIB paHroBOi KOPEJAIil
GCPpg - GCPsay,

Cnipmena PU3BEII0 hi (o) TaKHX pe3yJIbTaTIB: Rg =0,8640,
GCPp,, - GCP -
Ry~ M8 7 M =0,0974  RSFmed. SCPsav. =0 8666 .

Takum unHOM, y sIKOCTI «eTanmoHHO» ciif npuiiasaTa ['CIT A VIIP Buay (3).

BucHoBkH. Buxoasiuu 3 oTpUMaHuX 1 IPEICTABICHUX HOBUX HAYKOBUX PE3YJIbTATIB,
CJIIZI BKA3aTH HA Takl OUIBII BaXKJIMBI [OJIOKECHHS.

1. 3acrocoyroun kiacuunuii kputepiii I[IP CeBumka ta mMemiany Kemeni, nmpoBeneHo
orntumizaiito ['CII, oTpumMaHOi HMIISIXOM 3aCTOCYBaHHSI 0araTOKpPOKOBOI TEXHOJIOT1 BUSIBIICHHS 1
BiJICitOBaHHS MapriHaibHUX AyMoK JIVIIP mono HeOe3nek XapakTepHHX MOMUIIOK, SKHX BOHHU
MOXYTh TPHUIYCTHTHCA B mpodeciiiHiii aisutbHOCTI. OOIPYHTOBaHO, MIO ONTHMAJIHHOIO
(«etanonnoro») ciin BBaxaru I'CIL, orpumany y Buai menianu Kemewi.

2. Tlomanpun mocnijpkeHHS 13 3acTocyBaHHSAM oTpuMmaHoi «etanoHHoi» ['CIT JIVIIP Ha
HeOe3MeKax CIeKTPy XapaKTepHUX MOMHIIOK CJIiJl IPOBOJAUTH B TAKUX HAIpsiMax:

— 3aCTOCYBaHHS METOAY NOCTIAOBHHUX TOCTYNOK (TIOCTIOBHOTO Tpei’ SBICHHS
KPUTEPIiB) JJI1 BCTAHOBJICHHS MOXKIIUBOTO «KOMIIPOMICY» Y OIIHIOBaHHI CTYIICHS HEOE3IeKH
JOCTIPKYBAaHUX ITOMHIIOK;

— 3aCTOCYBaHHS METOJy PO3CTAHOBKM TIPIOPUTETIB /IS BU3HAYEHHS 3BAXKEHUX
Koe]ilieHTiB HeOe3neKk XapakTepHux nomuiok. 1o y cykymHOCTI 3 MOKa3HMKaMHM YacTOTH
MOMMJIOK, BCTAHOBJIEHUMH BiAMoBiIHO 10 KputepiiB ICAO, gacte 3MOTy OTpUMATH IHTErpajIbHI
MOKA3HUKH 3HAYYIIOCTI TOMUJIOK;

— 3aCTOCYBaHHS METOJIONIOTIT Teopili e€(PEeKTUBHOCTI /Jisi BCTAHOBJICHHS ITOKAa3HUKIB
komneteHTHOCTI JIYIIP y ctaBnenHi 10 HeOe3nek MOMUIOK TOILO.

JIITEPATYPA

1. Safety Management Manual (SMM) : Doc ICAO 9859 — AN/460. — Fourth Edition
(advance unedited). — Montreal, Canada, 2018.

2. CrapneHHs aBialliiiHUX ONEpaTopiB «II€PEIHHOTO Kparoy» /10 HeOe3neuHux il abo yMoB
npogeciitHoi TisITbHOCTI — TOJIOBHUIM YMHHHK 3a0e3neueHHs Oe3neku nonboTiB / O.M. Pesa, C.II.
bopcyk, B. A. Illyserin, 5.M. Mip3oes, I1. I1I. Myxtapog, I11.111. Hacipos // Cy4acHi indopmarrtiiiai
Ta iHHOBawiiHI TexHousorii Ha TpaHcnopti (MINTT-2015) : m-nmu VII Mixknap. Hayk.-IpakT. KOH(.,
XepcoH, 24-26 tpasus 2016 p. Xepcon : XJIMA, 2016. C. 90-97.

3. Ergonomic Assessment of Instructors’ Capability to Conduct Personality-Oriented
Training for Air Traffic Control (ATC) Personnel / Oleksii Reva (&), Sergii Borsuk, Valeriy
Shulgin, and Serhiy Nedbay // Advances in Human Factors of Transportation Proceedings of the
AHFE 2019 International Conference on Human Factors in Transportation, July 24-28, 2019,
Washington D.C., USA. - P. 783-793.

4. Oleksii Reva, Andrii Nevynitsyn, Serhii Borsuk, Valerii Shulgin and Volodymyr
Kamyshyn (December 23rd 2020). Air Traffic Controllers’ Attitude to the Mistakes Hazards
during Their Professional Experience // Safety and Risk Assessment of Civil Aircraft during
Operation, Longbiao Li, IntechOpen, - P.113-127. DOI: 10.5772/intechopen.91937.

5. Jlroacekuii 4YMHHUK: METOMOJIOTIS TPOAKTUBHOI KBaJUMETpPii 3arpo3 MOMHJIOK
aBianucrneruepiB : moHorpadis / O.M. Pesa, B. B. Kamummn, C.I1. bopcyk, A.M. HeBuHinus,

3-5 aucmonada 2021 poky 79



IIpo6aemu cmasozo po3sumky mopcovkoi 2anysi (PSDMI-2021)

B.A. llynserin ; 3a pea. O.M. Pesu. — Kuis. : YkpIHTEI, 2020, - 126 c.

6. KpocckynpTypHbie hakTopel U 0e30macHOCTh THoJjieToB // YenoBeueckuit (axkTop :
Coopuuk matepuanoB Nel6. — Cir. ICAO 302-AN/175. - Mounpeans, Kanama, 2004. - 52 c.

7. [TlepeBipka TimoTe3W MIOJO BIUIMBY KPOCKYJIBTYPHHUX UWHHHKIB Ha CTaBJICHHS
aBiagucneruepiB 10 HeOesrmek mommwiok / O.M. Pesa, B.B. Kamumwun, A.M. HeBuninus,
B.A. llynerin, LI, HacipoB // be3neka >KUTTEMIILHOCTI HA TPAHCHIOPTI Ta BUPOOHMIITBI —
OCBITa, HayKa, IpakTuKa : Te3u aonoB. VIl Mixnap. Hayk.-npakT. KoH}. XepcoH, 9-12 BepecHs
2020 p. Xepcon : XJIMA, 2020. C. 165-174.

8. TexHomoris yCyHEHHS CTaTUCTHYHOI MOXUOKU «TOTO, XTO BWXKHBY», Y BH3HAYCHHI
CTaBJICHHI aBianucnerdyepiB no Hebe3nek nommiok / O.M. Pesa, C.I1. bopcyk, B.B. Kamummmn //
AxTyanbHi mpobiaemu Oe3reky Ha TPAHCIIOPTi, B €HepreTulll, iHppacTpykTypi : 30. marepiaiis |
MixHap. Hayk.-mipakT. kKoH(}. c¢.M.T. Jlazypue, 8-11 Bepecus 2021 poky. XepcoH : Mopcbkuid
IHCTUTYT iMeH1 KoHTp-aaMipana @.d. Ymakosa, 2021. C. 112-116.

80 3-5 aucmonada 2021 poky



IIpo6aemu cmasozo po3sumky mopcovkoi 2anysi (PSDMI-2021)

ASSESSMENT OF THE INFLUENCE OF MULTIFACTORITY OF
EVENTS ON THE PERFORMANCE OF COMPLEX NAVIGATION
MANEUVERS BY NAVIGATORS

Haponov B.E., Koretsky O.A., Nosov P.S., Khramtsovsky V.A.
Kherson State Maritime Academy
(Ukraine)

Introduction. One of the priority areas of Ukraine's transport strategy is to increase the
level of navigation safety on waterways. It remains up-to-date, as the negative tendency in the
number of maritime accidents remains almost unchanged. To ensure the steadfast safety of
navigation, a set of measures is currently being developed, one of the current areas of which is to
correct the weaknesses of ship management due to the human factor of the navigator [1-4]. Much
attention is paid to modeling situations of interaction between navigators and the conditions of
their readiness to make management decisions during complex maneuvers.

After numerous investigations, the European Maritime Safety Agency (EMSA) reported
that most navigation accidents (hereinafter referred to as NAs) occurred in waterways with
limited navigational conditions - port waters, inner anchorages, and approaching canals, mainly
at night and in the morning. At the same time, according to EMSA, the main cause of 75% of
NAs that occurred at sea were results of improper human actions, which led to violations of the
rules of COLREG-72 and the rules of technical operation of ships. Their analysis showed that
they occurred as a result of unsatisfactory observation and inaction, which contributed to
incorrect decisions. In addition to the human factor, other causes of incidents on water transport
invariably remain dangerous or unknown circumstances, the impact on the actions from the
navigator of another vessel and the failure of systems or equipment. In addition, the difficulty of
determining the causes of influence on management decision-making processes depends on the
psychological factors of the operator-navigator [5]. Thus, the agency has formed the main factors
of NA, which require the development of an effective mechanism to assist ship-owners in
making decisions in difficult navigational conditions.

Main part. Assessment of the effect of multifactority on the development of situations
makes it clear that the contribution of the "human factor" to the NA is very significant.
Therefore, it is necessary to focus on correcting the wrong decisions of navigators, which can be
the initiating factors for accidents or contribute to the development of the existing emergency in
the sea. To reduce the risk of its occurrence, it is proposed to create an algorithm for such a
computer program - an organizer, with which it will be easier to choose and perform the correct
maneuver for drivers. Whereas there could be countless number of situations of ship’s passing
the procedure under different circumstances: locations, weather conditions, technical capabilities
of ships, at the beginning of programming the algorithm only situations that are most common in
practice and fall under some rules COLREG-72 can be considered. Such as rule 13 -
"Overtaking", rule 14 - "head-on situations”, rule 15 - "crossing situations", rule 16 - "actions to
be taken by the give-way vessel”, rule 18 - "responsibilities between vessels ", And only after
that the necessary additions will be made to the program. It is proposed to develop three possible
scenarios. The first is the so-called "green scenario”, which is safe when two ships are passing. It
requires conditions when they won’t have to change the trajectory of their movement. It will be
enough for drivers to coordinate their actions on VHF radio communication or follow the
recommendations of the traffic coordinator. The second is the "yellow scenario”, with an average
level of decision-making difficulty. A similar situation of crossing the courses of two vessels is
considered, in which the correct solution is the maneuver to avoid the danger by one of them. In
this case, the organizer will help them to disperse safely, according to the initial data of the
movement. The third is the "red scenario”, which forms a rather complex situation, close to
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critical when the distinction must be made simultaneously by three or more vessels (Fig. 1, 2).
The correct solution for the program algorithm will be the passing of ships according to the rules
above. In this scenario, the program’s purpose will be to reduce the risk of NA from "red to
yellow". Several experiments using simulators in the form of navigation bridges were provided
to study the proposed approach [6-11].
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Figure 2 — Determining the moment of loss of control over the vessel

The experiment conducted in the framework of the research laboratory "Development of
decision support systems, ergatic and automated traffic control systems"”, indicated the need to
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use the above organizer. This statement is marked by the fact that the captain, who performed a
maneuver of passing with the three target vessels, did not expect that the fourth vessel would
leave the port and the simultaneous deterioration of weather conditions (Fig. 1, 2). As a result,
the ship and crew were rescued, but the critical situation shoved us the possibility of a
catastrophe. The qualification of the captain and his experience in this location became a
decisive factor. In case of insufficient experience in this navigation area, incorrect maneuvering
of the vessel would inevitably lead to catastrophic consequences.

Thus, based on ECDIS and navigation simulator Navi Trainer 5000 data, it can be stated
that the use of the organizer as an assistant during the watch significantly reduces the impact of
the human factor on the appearance of an emergency and critical situations. This approach can
be applied for educational purposes in terms of individualization of learning [12]. Further
research will be aimed at developing the algorithm for coding situations and their recognition in
offline and online modes.
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ANALYSIS TO APPROACHES TO SOLVING THE ADEQUATE
PERCEPTION PROBLEM OF NAVIGATIONAL SITUATIONS

Makarchuk D.V., Yermolenko V.V., Yermolenko Ya.V., Nosov P.S.
Kherson State Maritime Academy
(Ukraine)

The development of modern information navigation systems is aimed at the maximum
possible coverage of data coming from navigation devices and displayed on captain's bridge
information panels [1-5]. As a result of these trends, a whole class of basic and auxiliary
navigation devices and sensors emerged, such as:

— electronic navigation and information systems (ECDIS);

— automatic identification systems (AIS);

— integrated navigation systems (INS);

— radar stations (RADAR);

— automatic radar plotting aids (ARPA);

— global navigation satellite systems (GNSS, GPS);

— global maritime communications system (GMDSS);

— vessel traffic control systems (VTS);

— aids to navigation (AtoN).

Also, developments are underway within an integrated management of these information
means as part of modern e-navigation strategies: SafeSeaNet, Monalisa, Efficient Sea, etc.
(Australia, Sweden, Norway, Canada, Japan, USA).

It should be noted that the introduction of a wide class of these systems can affect the
operation of polar navigators. The studies have shown that despite the significant expansion of
the information field of data forming the navigator's perception of the navigation situation, the
opposite effect is also possible [6]. The reason for this is the large volume of simultaneously
perceived heterogeneous navigation data [7-8]. At the same time, the complexity of data
perception affects decision-making processes in the form of both atomic reactions and chains of
complex actions-strategies.

Thus, the task of complex human-computer interaction of the navigator with
computerized vessel control systems is determined based on the results of navigation situation
perception. The beginning of this problem can come from learning processes [23-26].
Considering that at present, autopilot systems and artificial intelligence modules do not allow
making effective decisions in complex navigation and critical situations, specialized control
systems are needed. It is also important to note that the relevance of the indicated scientific
problems directly depends on the approaches to structuring the navigator information model,
which has a complex psychological organization. Nevertheless, the number of accidents on
marine vessels due to the human factor is growing every year. Thus, there is a need to create
automated means for analyzing responses during vessel control in order to prevent catastrophic
consequences.

The work [9] describes the development of a software and hardware tool for determining
the response time of human operator when performing simple actions. It is shown that the
resolution of response time reaches p<0.05. The tool also distinguishes between color signals by
spectrum and intensity. However, the issue of the operator's complex perception of the situation
involving several dynamically changing external sources remains unresolved.

The work [10] examines the influence of stress on decision-making processes. The main
factors influencing the operator's behavior in stressful situations are indicated. However, the
issue of identifying the threshold of changes in the operator's behavior by automation means
remains unresolved, which significantly complicates its application in maritime transport.

The paper [11] shows the results of developing a pattern recognition system, which is 15
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times faster than human recognition. However, this development is focused on recognizing
simple unit forms, but not their combinations. This fact does not allow encoding the image of the
navigation situation to be efficiently and quickly recognized by artificial systems.

In [12], researchers proposed an approach to entropy classification of individual response
in time. The approach was based on the Maxwell-Boltzmann model and tested on 24,192
responses, with a coefficient of determination R?=0.88. However, this approach cannot be used
due to the heterogeneity of navigation tasks performed by navigators.

Analyzes the influence of the human fatigue factor on information perception and
decision-making processes. The tests found that the delay in human response increases by 40—
87 % due to a high level of fatigue. However, this fact does not allow preventing the likelihood
of critical situations since an individual analysis of response to specific situations is needed.

Indicating that the most significant influence of the operator human factor on the
occurrence of catastrophes is the inability to eliminate the problem and the state of the operator.
These factors can be derived from the navigation situation. However, the issue of practical
instructions for leveling the indicated factors during vessel control in difficult situations remains
unresolved. The dependence of situation perception processes on the presence of a conflict of
operators' interests is considered, a model is built on the basis of game theory with an analysis of
1,615 situations. Effective combinations of operators' interactions at the moments of collective
situation perception were identified. However, the approaches considered are most effective in
systems where subjects have the same rank and the same set of functions and capabilities, which
does not fully meet maritime transport conditions. The indicated studies, it can be stated that
there is a problem associated with the need to analyze the processes of navigator's perception of
difficult situations. Solving problems aimed at managing situation perception processes requires
the development of specialized mathematical and simulation models.

The results of the studies indicate that interest determines forms of activity that affect
perception of information by ergatic system subject. As a consequence, navigator, performing his
functions, chooses the methods of obtaining information from surrounding sources. At the same
time, priority is formed in choice and prevalence of certain systems, devices and sensors that
affect the process of perception of navigation situation. However, this approach requires
development within the framework of building individually-oriented decision-making models by
navigators in difficult navigation conditions.
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PEAJII3AIIIA TEXHOJIOT'TT P®OPMYBAHHSI 'OTOBHOCTI 10
EKOJIOI'TYHOI BIAMOBIIAJBHOCTI MAUBYTHIX CYJIHOBO/IIB

Ilo30nakoea B.B.
A306CcbKuUll MOpCOKUL THCMUMYM
Hayionanvnozo ynieepcumemy « Odecbka MopcbKa akaoemisy
(Vkpaina)

Beryn. HeoOximHICTh OHOBJIEHHS CHCTEMH BHINOi OCBITH 3 MeETOK (OpMYBaHHS
€KOJIOTIYHOT BIJMOBIZaNbHOCTI y (axiBUiB pi3HOro mpodingro, 30KkpeMa y MaiOyTHIX
CYIHOBOJIIiB, HMHI € aKTyasbHOO. [IpH 1IbOMY aKIIEHT MOBUHEH OyTH 3p00JIeHUI HA SAKICHI 3MiHU
B €KOJIOTIYHIM OCBiTi, HOrO LIHHICHO-CBITOTJIIHUX 3aCa/aX, B OHOBJIECHHI CTPYKTYPH 1 3MICTY
€KOJIOTIYHOTO 3HAHHS SK OCHOBHOTO YWMHHHUKA (DOpMYBaHHS EKOJIOT1YHOI BIAMOBIJANIBbHOCTI
MalOyTHIX CYIHOBO/IIB.

AKTyalIbHicTh JociaimkeHb. [IpoGnema dopMyBaHHS €KOJOTIYHOI BiJMOBIIAIBHOCTI
3HAXOJHUTHCS B TOJI 30pY HAYKOBLIB 1 MenaroriB-mpakTtukiB. OmHak GpopMyBaHHS €KOJIOT1YHOI
BiJITOBITATbHOCTI MaOyTHIX CYJHOBOIIB HUHI B MEJAroTiyHiii HayIli HE MPHUAUICHO HAJICKHOT
yBaru. OT)Ke, MalOTh MiCIIE€ CYNEPEYHOCTi, 0 iICHYIOTh B MpodeciiiHiil miAroToBmi MaiOyTHIX
CYIHOBO/IIiB: MIX 3POCTaHHSIM PiBHEM BHUMOT JI0 €KOJIOTIYHOI BIANOBIJAIBHOCTI MallOyTHHOTO
CYIHOBO/Iisl 1 HEOCTATHHO HEPO3POOIICHICTIO TEOPETUYHOTO 1 METOJOJIOTIYHOTO 3a0e3meueHHs 11
dbopMyBaHHS B mpoiieci npodeciiitHoOT MiATOTOBKH.

IMocTaHoBKa 3a7a4i — TEOPETUIHO OOTPYHTYBATH TEXHOJIOTIIO (OPMYBaHHS TOTOBHOCTI
JI0 €KOJIOTIYHOT BiAMOBINANBHOCTI MaifOyTHIX CyIHOBOJIIIB.

PesyabTaTn gocaimkenb. [IpoBeneHuii anamiz HaykoBoi mitepatypu [1; 3; 8] Hamae
HiJICTaBU CTBEP/UKYBATH, IO CYTh MOHATTS «BIAMOBIJAIBHICTB», K SKICHA XapaKTepPHCTUKA
0COOUCTOCTI, PO3IIISIIAETHCS 3 TOUKH 30pY (iocodii, ICUXOIOTii, MeAaroriky, pUCIpyACHLIi.

[TpoBinni Bueni (FO. boiuyk, A. Kmenp, O. Habouyk) migkpecnorTh, 0 HE0OXiaHa
KOHIEHTpallisd 3yCWiIb BYEHUX II0AO0 pO3poOKM yMOB  (OpPMYyBaHHS  €KOJIOTIYHOT
BIJIOBIAAJILHOCTI B Y4YHIB: T'yMaHi3allisl OCBITU nependadae GopMyBaHHS 3arajbHOJIOJCHKOTO
NpIOPUTETY 30€pEeKEeHHSI CepeNOBUIA JKUTTS; aKTHBI3allisl €KOJOTIYHOIO PYyXY; 3aCTOCYBaHHS
3HaHb B MPAKTUYHIN AISJIBHOCTI SIK €JI€MEHTa €KOJIOT1UHOI KyJIbTypH; MOAOIAHHS PO3PUBY MIXK
3HAHHSIMH, CBIJIOMICTIO, €MOI[ISIMH, CTaBJIEHHSAM 1 AISJIBHICTIO; CTBOPEHHS BapiaHTIB 3MICTY 1
(dbopM €KOJIOTIUHOT OCBITH B YMOBAX, 1[0 3MIHIOIOTHCA.

VY mporeci JOCHIIKEHHST BCTaHOBJIEHO, IO CTPYKTYpa €KOJOTIYHOI BIJIOB1IAIbHOCTI
MICTUTh MOTUBAaLIHHUHN, 3MICTOBHO-OTIEPAIIITHUI 1 OI[IHHO-PE3yIbTATUBHUI KOMIIOHEHTH.

Buknanene Bwuie, M03BOJISAE€ PO3TISIATH «EKOJOTIYHY BiIMOBIIATBHICTE) SIK MOPAJIbHY
AKICTb 0COOMCTOCTI MalOYTHBOTO CYAHOBOJIS, sika (opMmyeTbcss B mporueci mnpodeciitHoi
HiATOTOBKH, 110 BHSBISETHCS B T'yMaHHOMY 1 palliOHaJIbHOMY BiJHOIIEHHI OCOOMCTOCTI 0
MIPUPOIHOTO CEpEeOBHUIIA 1 peani3yloThCsl B MOBCAKACHHIN podeciiiHiil AISUTBHOCTI.

[Ipodeciiitna miaroToBka MaiOyTHIX CYZHOBOMIIB — II€ CHCTeMa IIJIECIPSIMOBAHOT
HaBYaJIbHOT Ta BUXOBHOI AISUIBHOCTI CIpsIMOBaHa Ha (GopMyBaHHS MpodeciiHOT KOMIETEeHTHOCTI
Ta MPOrpaMHMUX pe3yabTariB. OIHUM 3 pe3ynbTaTiB Li€i TisIbHOCTI Mae OyTH (opMyBaHHS
€KOJIOT14HOT BiAMOBIIaTbHOCTI MaliOYTHIX CYTHOBOIIIB.

IIpodeciitna miaroroBka MaOyTHIX CyTHOBO/IIB BiIPi3HAETHCSA Bifl MIATOTOBKU (haxXiBIIiB
B iHIMX 3BO HasBHICTIO cienu(i4HUX 0cOOIMBOCTEN 1 CIPSIMOBAHICTIO.

Taxum unHOM, npodeciiiHa MAroTOBKa MalOYTHIX CYyIHOBOJIIB 03BOJIAE€ (HOPMYBATH Y
HUX €KOJIOTIYHY BIANOBIJANbHICTh. Pa3oM 3 THM OpraHizoBaHOi, IIECIPSIMOBAHOI poOOTH IO
(opMyBaHHS €KOJIOTIYHOT BiJNOBIJAIBHOCTI MalOYTHIX CyJHOBOAIIB B mporeci mpodeciinoi
HiATOTOBKYU HE 3[1HCHIOETHCS. POPMYBAaHHIO TaKO1 SIKOCTI CIPUSATHME PO3pOOJIECHA TEXHOJIOTIS.
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Hagamo xopoTKy XapakTepUCTHKY CKJIaJ0BUM po3po0sieHoi Hamu TexHosorii. LlinboBa
CKJIaJIOBa MICTUTh B €001 CYKYIHICTh IJIe (OpMyBaHHS €KOJIOTIYHOI BiAMOBIIAIBHOCTI
MaifOyTHIX CyTHOBOIiB:

—  coyianvbHuli KomnoweHm — (QOPMYBATH AaKTHUBHY TPOMAJSHCHKY IO3ULII0 MO0
30epeKeHHs Ta MOMIMNIIEHHS HaBKOJIUIITHBOTO MPUPOAHOTO CEPETOBHILA;

—  NCUXON02IYHUL KOMNOHeHm — BUPOOJEHHS OCOOHMCTICHOTO €MOIIHHO-IIIHHICHOTO
CTaBJICHHA JI0 Cy4aCHUX €KOJOTTYHUX MpodIiem;

—  OuoakmuuHuil kKomnonenm — HOPMyBaTH HEOOX1/IHI €KOJIOT1UHI 3HAHHS 1 IParHeHHs
OTPUMYBAaTH HEOOXIJHY €KOJIOT1YHY iH(opMallifo, 3acTOCOBYBaTH OTpHUMaHi 3HaHHA 1
iH(pOpMaLlit0 B TPAKTUYHIN JiSTHHOCTI;

—  8UXO06HUU KOMNOHeHm — (POPMyBaTH TEPEKOHAHHS B HEOOXIAHOCTI OXOPOHHU 1
MIOJTIMIIICHHS] HAaBKOJHUIITHBOTO CEPEJOBHINA, MpParHeHHs OCOOMCTOI ydacTi B IiM AiSUTBHOCTI,
€KOJIOT1YHY BiIIMOBIIATBHICTD.

Jlo menaroriyHuX yMOB ()OpMYBaHHSI €KOJIOTIYHOI BiJOBIJAJILHOCTI HAMH BiJHECEHO:
3aCTOCYBaHHA MDKIUCIMILTIHAPHOTO MPUHIMITY IHTETpamii eKOJIOTIYHMX MOMAYJIB JAMCIUILIIH
MPUPOJIHUYO-HAYKOBUX, T'YMAaHITAPHUX, IOPUAMYHUX 1 Mpo(deciiHUX [MKIIB; BUKOPUCTAHHS
CUCTEMH EKOJIOTO-TIPUKIIAJHUX 33]a4 1 3aBJaHb; BKIIOUEHHS B OCBITHIN MpoLec AUCIMILTIHU
BiTbHOTO BHOOpPY «Ekosoriuna Oe3meka B MOPCHKIN AiSUIBHOCTI»; MOPAJIbHO-TICUXOJIOTIYHE
3a0e3nedeHHs OCBITHHOTO IPOLIECY.

o ocHoBHHX (opM (opMyBaHHS EKOJOTIYHOI BiIMOBIJAIBHOCTI  BIJIHOCSATHCS:
npoOyieMHI JIeKlii, Bi3yalibHi JIeKiii, Jekuis-Oecifa, JeKiis-aianor, JIeKIis-AuCKycis, irpoBi
cUTyallii, cemMiHap 3 aHali30M KOHKPETHHX CHUTYyallid, MNpoOJeMHUIl ceMiHap, NpPUHOMHU
yIpaBIiHHS Mi3HABATBHOL TisSUIBHOCTI 3100yBaydiB OCBITH, IPAKTUYHI 3aHATTS, KOHCYIbTAIII.

Jlo meToniB (opMyBaHHS €KOJOTIYHOT BIAMOBIAAILHOCTI MallOYTHIX CYJHOBOJIIB HAMH
BIJTHECEHO: pO3MOBI/Ib, MOSICHEHHs, Oecifja, METOJA UIOCTpalii 1 MoKazy IpH YCHOMY BHUKJIAI
Marepianty, aHaji3 KOHKPETHUX CUTYallill, MO3KOBUH IITYpM, IijoBa rpa. OCHOBHUMHU 3ac00aMH,
BUKOPHCTOBYBaHMMH B TPOIIEC] peai3allii TeXHOJIOT1T Oy/u: MyIbTUMEAIMHI Ipe3eHTallii, BiJieo-
Ta KIHOQ1IbMH, KOMIT'IOTEPHI KJIacH, OpraHizaiiiiHo-ne1aroriydi 3acoou (HaB4alibH1 MOCIOHUKH,
JUTaKTUYHI KapTKH TOILO).

Takum uynMHOM, TeXHOJOTISI (OPMYBaHHS EKOJIOTIUHOI BIANOBIJAIBHOCTI MalOyTHIX
CYIHOBOJIiB € CKJIaJIOBOIO TMpPOIECy iXHbOI MpodeciiiHOl MIATOTOBKH, MICTHTh KOMIUIEKC
CIelIaIbHO PO3pO0OJIEHUX Ta OOTPYHTOBAHUX YMOB, ()OPM, METO/IIB 1 3aC001B HaBUAHHS.

BucHoBku. Ili1 eKoJOriYHOIO BiANOBIAAJIBHICTIO PO3YMIEMO MOpAJbHY SIKICTh
0CcOOMCTOCTI MalOYTHBOIO CYAHOBOJIS, L0 (hOpMyeThCsl B Ipoueci Horo mnpodeciitHol
HiATOTOBKH, 110 BHSBISETHCS B T'yMaHHOMY 1 palliOHaJIbHOMY BiJHOIIEHHI OCOOMCTOCTI 10
MOPCHKOTO Ta PIYKOBOT'O CEPEOBUIIA 1 PEATi3yIOThCS B MOBCIAKACHHIN MPOoQeCiiiHIi MisUTBHOCTI.
[Tpouec ¢dopMyBaHHS €KOJOTIYHOI BIJAMOBIAAILHOCTI MalOyTHIX CyIHOBOAIIB mependavae
[iJecTIpsIMOBaHy, OpraHi3oBaHy poOOTY, L0 3/IIHCHIOETHCSA B MEXKaxX CIHEI[laIbHO CTBOPEHOI /s
poro TexHousorii. TexHonoriss QopMyBaHHS €KOJOTiYHOI BiAMOBINANBHOCTI MaHOYTHIX
CYJHOBO/JIIiB B OCBITHBOMY IIPOIIEC € CKJIaJ0BOIO Ipoliecy npodeciiHoi miAroToBku. Y mporeci
ii (yHKIIOHYBaHHS 3IMCHIOETHCS LIIECHPSIMOBAHA 1 CHEliaJbHO OpraHizoBaHa po0OoTa II0A0
dbopMyBaHHS €KOJIOTIYHOI BIAMOBIAATHHOCTI MaOyTHIX CYTHOBOIITB.

B mopampmmx gochipkeHHSX BOavaeMo peamizaiiio  po3poOJieHOT Ta TEOpEeTUYHO
0OTpyHTOBAHOI TEXHOJIOTIT B OCBITHIH MPOIIEC MIATOTOBKA MaOyTHIX CYIHOBOIIIB.
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APPROACHES FOR FORMALIZING THE BEHAVIOR OF NAVIGATOR
IN CRITICAL SITUATIONS DURING WATCHKEEPING

Cherniavskyi V.V., Ben A.P., Prokopchuk Yu.A., Nosov P.S.
Kherson State Maritime Academy
(Ukraine)

Many studies draw parallels between the training of marine specialists and the
manifestations of the “human factor” during vessel control [1-2]. The level of qualification is
primarily easy to identify during training. The use of navigation simulators enables the dynamics
of these processes in the preparatory stages [3].

The study is based on an approach of extraction of navigator's response data and their
transformation in order to obtain the most effective models of vessel control processes. The
proposed approach is based on theoretical methods of identification of primary information P, Q
by the navigator at the moment of fast focusing on the object W. In this context, experienced
navigators, within the experiment, form a scenario by the software and hardware of the
navigation simulator in advance. The points of vessel trajectory corresponding to a certain
navigation situation are highlighted. This approach is based on the applied aspects of the theory
of risks caused by the human factor [4-6] and takes into account the psychological patterns of
critical situation perception, as well as psychological mechanisms of expected behavior [7-12].
In this case, the navigator, depending on the position F, on the captain's bridge, focuses attention
A on visual and sound images: AP=Q<« P —, Q within the discrete scale N.The time of

information perception depends on the navigator's previous experience Gs(W) in view of natural
processes of data filtering H and subsequent intelligent convolution D:

VPeG, (W) AP=DHFRP k=1..N. (1)

The complexity of the task and the danger of processes lie in the fact that in critical
situations, the navigator has extremely little time, so makes a decision based on the simplest and
most understandable images of navigational situations. In this case, the navigator operates with a

variety of possible responses Gs(a) to the observed situation @ € QQ, Q= {GS (a)} .

In precisely identifiable situations, where the functional entropy does not reach the “non-
distinguishing” threshold, the response rate can be maximum. However, with high entropy of
situation perception processes, there can be an alternative B response P, € G (a, p ) :

{Pees(a)l(VﬁeQ a#f VQGGS(ﬂ)PiQ)&} 2

a

|(vPeOT(P) 3peQ a=p IQeG () P=Q)

In the entropy approach, from conscious Pq to fully intuitive Qg actions, the navigator's
response will be within the following conditions:

1. P={P,.P,..}:Va,feQ 7,#2, =P, #P,;

2.Q,={Q,, Q;..}: 3, eQ 7,#12,Q,=Q,.

Thus, to determine how accurately the navigator perceives the navigation situation z, it is
necessary to determine a point on the set {P }q such that:
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P, G (Q)|(Va,feQ 7,#2,=P, #P,)&

P} = . 3)
® |(vQ,e0T(R,) 32, feQ 7,%2,Q,=Q,)

To determine such a point, it is necessary to determine the state y associated with the
response y,=f(x). Considering the occurrence of situations I, determining the images of their
perception A, as well as a set of probable responses B, the p—adic number theory can be used [9].

In this case, B= f(A):{yz f (X)ZXEA} and subsequent perception images are defined as

AH—l = f (A])
The emerging response-forming ideas are synchronized with images within the dynamic
system J,,, = f(J,):

J'={B"=f(A):Acl}, 4)

where 1 is the order of system organization.

Then the space of the navigator's response can be described by a graph in the p-adic
system (2, 3, 4 ... n), depending on response complexity. At the same time, depending on the
navigator's behavior entropy, the formation of a trajectory of actions on the graph can have a
polar orientation (Fig. 1). This is because the closer the initial point of the trajectory to point A,
the more accurately the navigator perceives the situation and his initial actions Pq are more
strictly defined and reasoned. In a situation where the navigator's actions are unconscious Qg, the
behavior entropy includes a random set of initial trajectory points, which leads to a critical
situation.

Figure 1 — Direction of the vessel control trajectory with the entropy
approach to situation perception

Thus, there is a geometric structure, represented as a kind of pseudometric feature space.
As can be seen from Fig. 1, the structure of response trees is subject to the principle of
concentricity of its nodes with respect to the circle radii U, in 2D dimension and, accordingly,
spheres in 3D dimension:

A ., =U.(a), r=1/p', a=s;+..+s ,m™ (5)

At the moment of perception of the navigation situation, the dynamics of the transition
from one radial order to another is subject to formal dependencies:

f(U,(a))=U,(a),a = f(a). (6)

r
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In the case displaying the dynamics of transient dynamic processes of perception, it is
possible to unify the coding of the navigator's response time intervals. Testing navigators in the
corresponding situations will allow determining an individual-based classification of response
behavior on a whole range of navigation problems.
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YEJIOBEYECKHU KAITUTAJI - KAK ®AKTOP NOBBLIIEHUS
IOOEKTUBHOCTU CUCTEM YHPABJIEHUSA

Xooakoe B.E.
Xepconckuti MOPCKOU UHCIMUMYM NOCIeOUNIOMHO20 00pA308aHUS
umeHnu konmp-aomupana @.D. Ywaxosa
(Ykpauna)

Cokonoe A.E., Cokonoea O.B.
Ymanckuii nayuonanvuwlil yrHueepcumem caoo800cmea
(Ykpauna)

BBenenne. ABTOMAaTU3MPOBAaHHBIE CUCTEMbI YIPABJICHUS B JIIOOOW OTpaciu HayKd M
HSKOHOMHUKH: TPOMBIIUIEHHOCTH, CEJIbCKOIO XO3HCTBAa COJIEP)KAaT, B KayeCTBE Ba)KHEHIIETO
JJIEMEHTa, YelloBeuecKuil TpynoBoi pecypc. [lo mepe pa3BuTus oOliecTBa pa3BUBAINCH U
COBEpULICHCTBOBAJIUCh TEXHOJOIMHM, TEXHHUKA, a TAKKE IIOBBIIIAJCS YPOBEHb 3HAaHUN U
KBaIM(UKAIIMKM YeJIOBEUYECKOr0 TPYAOBOTO pecypca M ero poib B skoHomuke [1,2]. Cambiii
Pa3BUTHI BHJ YEIOBEYECKOTO TPYJOBOTO pecypca MPEeBpPaTHIICS B TIaBHBIN (DaKTOp pa3BUTHS
SKOHOMHUKM M TOJYy4WJ Ha3BaHHUE «UEJIOBEUECKOro KamnuTana» Kak BHJ pecypca, IpH
UCIIOJIb30BAHUH KOTOPOTO MOXKET (hopMHUpoBaThcs NpuoObLIH [2,3,4].

Kanurtan — 310 4acTh ()MHAHCOBBIX PECYpPCOB, 3a/JE€HCTBOBAHHBIX MNPEANPUITHEM B
000pOT M MPHUHOCSIIUX TOXOJBI OT 3TOro 000poTa. B TakoMm cMbICiIe KamuTan BBICTYHAET Kak
npeBpalieHHas popma (pUHAHCOBBIX PECYPCOB.

Boiaenum Buabl Kanurana:

- MIPEeANPUHUMATEIbCKAN KallUTaJl — 3TO JACHEKHBIE CPEICTBA, BIOKEHHBIE B Pa3JINYHbIC
HPEIIPUATHS IIyTEM MPSMBIX U MOPTQENbHBIX NHBECTULIMH (TpUOOpeTEeHNE IEHHBIX OyMar);

- CCYZIHBIM KanuTaJl — IEHEKHBIE CPEACTBA B3ATHIE B JIOJIT;

- COOCTBEHHBII KamuTall — 3TO CTOMMOCTh CPEJCTB MPEANPUATHS, TPUHAIEKAIIUX EMY
Ha MpaBax COOCTBEHHOCTH M UCMOJIb3YeMbIX I (POPMUPOBAHMS YACTH aKTHBOB;

- OCHOBHOM KaIlUTal — 4acTh KaluTaua MpeAnpHusaTHs, UHBECTUPOBAHHAS BO BCE BUJIbI €T0
BHEOOOPOTHBIX aKTHUBOB;

- 000POTHBIN KanuTaja — UHBECTUPOBAH BO BCE BU/IbI 00OPOTHBIX AKTHUBOB;

QOYHKIIMOHUPOBAaHUE KalUTajla MIPEANPHUATHS XapaKTepU3yeTCs MPOLECCOM ITOCTOSTHHOTO
Kpyroooopora, KOTOpbIif COCTOUT U3 TPEX OCHOBHBIX CTaJMIA:

- Ha MepBOM CTaJ UM KaluTal B JIEHEXKHOW (hopMe HMHBECTHPYETCS B OIeEpalMOHHBIE
aKTHUBBI, Ipeo0pa3ysch B IPOU3BOACTBEHHYIO (OpPMY;

- Ha BTOPOM CTaauM MPOU3BOJCTBEHHBIA KAallUTAl B IIPOLIECCE TPOU3BOJICTBA MPOLYKIIUU
npeoOpasyeTcs B TOBapHYIO (popmy;

- Ha TpeTed CTaJuM TOBapHBIM KamuTal [0 MEpEe pealu3allid TOBAPOB U YCIYT
IpeBpaliaeTcs B JEHEKHbIN KanmuTall.

[IpeBpamienye kamnuTtana M3 JAEHEXKHOM (OpMBI B IMPOU3BOACTBEHHYIO HA3bIBAETCS
(¢buHaHCUpOBaHUEM (MHBECTUPOBAHUEM).

BaxHbIM (akTOpoM pa3BUTHSA 0OILIECTBA U HIKOHOMMKH SIBJIIETCS 00pa3oBaHUE, a uepes3
o0Opa3oBaHHe M YEJIOBEUECKUN TPYIOBOU pecypc. XapaKTepHBIM SIBJISETCS MOBBIIMIEHUE YPOBHS
KBAJM(HUKAIMM U HPABCTBEHHOCTH TPYIOBOI'O MEPCOHala B CBA3M C DPa3BUTHEM HayKH,
00pa3oBaHusl, YKOHOMUKH, TeXHHUKH [4,5].

VYpoBeHb  KBaM(UKAIMM  YEJIOBEYECKOrO0  TPYAOBOIO  pecypca  OIpeneseTcs
JUIUTETLHOCTHI0 00Pa30BaHUs, KOTOPOE MOJIydaeT YeJIoBeK B cucteMe oOpa3oBaHus. B kauecTBe
KPHUTEPHsI OLICHKH, B TIOCJIETHHUE TObI, UCIIOIB3YETCs JITUTEIBLHOCTh 00ydeHus B rogax. I1o mepe
pa3BuTHs OOIIECTBA MOSIBJIAIOTCS HOBBIE TEXHOJIOTMH, 00pa3lbl MPOU3BOACTB, JOCTUKEHHUS
HayKd, 4To oOecrieyuBaeTcs Kak pa3BUTHEM OOIIECTBA, TaK M PA3BUTHEM HAyKH, TEXHUKH,
HOSIBJICHMEM HOBBIX TEXHOJIOTHH, HOBBIX 00pa3LoB, pa3BuTHeM oOpa3oBanus. [lo mepe pa3Butus

94 3-5 aucmonada 2021 poky



IIpo6aemu cmasozo po3sumky mopcovkoi 2anysi (PSDMI-2021)

oOuiecTBa, B CBSI3M C HAKOIJIEHMEM 3HAHUM, pacTeT [JIMTEIbHOCTb OOYYEHHS] B CUCTEME
o0Opa3oBaHus, IPUYEM 3TO XapakTepHO Ui Bcex crpaH. C pa3BuTHEM OOpa30BaHUS pacTeT U
kBanuuKaius padoueit cuiibl. Pa3zBuBaercs u camo oomectso [1,2].

Lenbio uccienoBaHuA SBISETCS BBIIEICHUE OCHOBHBIX COCTaBJISIIOLIMX YEJIOBEUYECKOTO
KaruTajaa v MyTeil MoBbIIeHUs Y3PPEKTUBHOCTH Y€JIOBEYECKOTO KaluTasa.

Pa3zButue cucremsl 00pa3oBaHus SABISETCA BAKHBIM (DAKTOPOM YIIYYIICHHsI YPOBHS U
0€30I1aCHOCTH JKU3HEAEATEIILHOCTH YeJI0BeKa U o0miecTBa. B Toxke BpeMs Hy)KHO OTMETHTb, YTO
B HAcTOsIlee BpeMs B OTEYECTBEHHOM (YKpaWHCKOM) cucreme o0pa3oBaHMs HaOIIOAAETCs
CHIKeHUe KadecTBa oOpaszoBanus. KomumuectBo BY30B B VYkpaune, mnocne mnonydyeHus
HE3aBUCUMOCTH, cTayio Oosbuie. M 310 mpu Oojee HU3KOM YpOBHE Pa3BUTHUS SKOHOMHKH, IPHU
CHIDKEHHH KOJIMYeCTBa 3aBOJIOB, (haOpuk, mpeanpustuii. Pa3BuTue HayKu M TEXHUKA B MHpPE
IIPUBOJIUT K IOSBIEHHUIO CIIOKHBIX HOBBIX CPEACTB, CUCTEM M TeXHOosorni. HoBbII TepMuH
«4eJIOBEUYECKUH KaluTaly, BKIIOYAET B ce0si 00pa3oBaHUE, OCHOBAHHOE HA JIOCTH)KEHUSAX HAyKU
Y Hay4HBIX MCCIEIOBAaHUM, a TAK)KE KYJIbTYpPY, BOCIUTAaHUE, HPABCTBEHHOCTh U IOPSAIOYHOCTD.
HyxHO OTMETHTBH, 4TO MMEHHO NEPEXOo] K IMOATOTOBKE M (POPMHUPOBAHUIO «UEIOBEUECKOIO
KaIliTasaa» TOBOPUT O PE3KOM BO3PACTaHUHU POJIM HAYKU M HPABCTBEHHOCTH, & 3TO 3HAYUT MOKHO
OXUJaTh OoJiee IIMPOKOE MPOHUKHOBEHHE HAyKW B Hally MOBCEIHEBHOCTb U 0O0JIE€ BECOMBIX
HAy4YHBIX JOCTH)KECHHUH.

OcHoBHoOe conep:kaHMe. Pa3BUTHE SKOHOMHKHM, HayKH, TEXHHKH, IOSBIEHUE HOBBIX
TEXHOJIOTUH NPUBOIUT K pa3padOTKe HOBBIX, 00Je€€ COBEPIICHHBIX OOPa3lOB TEXHUKU U
TexHosjoruil. HoBble 00pa3libl TEXHUKU U TEXHOJOTHHU MPEXkAE BCEro MOSBISIIOTCS Onaropaps
0osiee BBHICOKOMY YpPOBHIO 00Opa3oBaHMs MX TBOPLIOB — co3jareniell. B cBowo odepenb HOBBIE
00pa3ipl TEXHUKH M TEXHOJOTHH TPeOyloT Oojiee BHICOKON KBAaTHU(PHUKAIMU WX OOCITYXHBAHHUSA,
4To0 U OOBSACHSIET HEOOXOJMMOCTb MOSBICHHS U MOATrOTOBKM B BVY3ax cneuumanucroB —
TPYAOBOIO MepcoHasia Ooyiee BBICOKOTO YPOBHSA, C OOJBIIMM YpOBHEM (PYHIaMEHTAJIbHOCTH.
Beiciias mikona J10/KHA NMEpPEeXOJuTh K IMOJATOTOBKE CHELHATUCTOB 0oJjiee BBICOKOTO YPOBHS
THUIIA «YEJIOBEYECKOr0 KalMTajia) Ha OCHOBE MPUHIUIIOB (YyHIaMEHTAIbHOCTH.

VYkpanHa oTHOcHUTCS K cTpaHaM Boctounoit EBponsl, rie Oosiee cypoBblii kimuMat, Ooee
CJIOKHBIE YCIIOBHUS KM3HU, T7ie Oosiee 1oporas *Ku3Hb, a JAJIs TOro, YTOOBI 3TO NOHUMATh HYKHO
ele 1 00a1aTh 3HAaHUAMU O IPUPOAHOI cpelie, YTOOBI YMETh MapupoBaTh UX. [103TOMY 10JIKHO
OBITH OPraHM30BaHHO MPOCBEIIEHHE 00IecTBa B 00JaCTH OCOOEHHOCTEH MPHUPOIHOMN Cpelbl U
CTeNeHu ux napuposanus. Kpome Toro, He06X0MMO yUUTHIBATh U OOJBIINE TEPPUTOPHH CTPaAH
Boctounoii EBpormbl, Manyr MUIOTHOCTb HACEJNEHUS, KOTOPBIE YIJIMHSAIOT W YAOPOKAIOT
TPAHCIIOPTHBIE TIyTHM, a BCE 3TO NPHUBOJUT K YIOPOKAHUIO JKU3HM M XO3ANUCTBEHHOU
JIEATEIbHOCTU U CHHKEeHUI0 ypoBHs BBII.

Pa3zBuTue Hayku M TEXHHUKH, MMOSBICHUE HOBBIX CPEACTB U HOBBIX TEXHOJOIMH TpeOyer
OoJjiee BBICOKOTO KadecTBa 0Opa3oBaHUs JJi WX MOSABIEHUS M MX JKcIutyaTanuu. [lostomy B
CBA3M C pa3BUTHEM HAayKHM, TEXHOJIOTMH B cepeiuHe XX CTOJIETUS TOSBWICA TEPMUH
«4eoBeYeCKui KamuTam». TakuM oOpa3oM, TPYHOBBIE YEIOBEYECKHUE PECYpPChl BBICOKOTO
YPOBHsI KadecTBa OBLIIM OTHECEHbI K KJacCy KamuTala, Kak HalpuMep NpearnpuHUMATEIbCKUN
Kamurtail U T. M., KOTOpble CIIOCOOHBI MPUHOCUTH J0XO0J. V3HayanbHO 4eloBEYEeCKHil KamuTasi
BKJItOYal B ce0s COBOKYITHOCTh 3HAHUM, YMEHHH, HABBIKOB HCIOJB3YIOUIUXCS AJIs MOTYyUSHUS
pe3yibTatoB. COBOKYITHOCTh MHBECTHIIMK B 00pa3oBaHUE YEJIOBEKA — CIIOCOOHOCTh YeloBeKa K
TpyAy M YBeIMYEHHUIO0 pe3ynpTaTa Tpyna. Ceiuac 3TO MOHSATHE PACHIUPEHO — J100ABIIEHBI
3aTpaThl CEMbHM HA MNHMTAHHUE, OACKIY, XWIbE, KYyIbTypy, 3ApPAaBOOXPAHEHHE U PaCXOIbl
rocyzapcTBa Ha 3TH K€ L.

YenoBeuecknid KamuTaja BKIIOYAeT B ceOsl TPYIOBBIE YEIIOBEUECKUH pecypchl camoro
BBICOKOTO YPOBHs KadecTBa. [[oAroToBKa 4e0BEYECKOro KalluTaja BO3JIAraeTCsl Ha BBICIIYIO
IIKOJY, HO B TOKE BpeMs BBICIIEE 0Opa30BaHME OMUPAETCS HA CpeAHee KakK ero MpooJLKEHHE,
COBEpILIEHCTBOBAaHME M pa3BUTHE. Baxuelimyro poiab B (QOpMHUPOBAaHMM U Pa3BUTUHU
YeJ0BEYECKOro KamuTasna urpaer Hayka. Ceifuac mpeicTaBUTh BBICIIYIO KONy 0€3 HayKu
HEBO3MOJKHO.
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Pa3zBuTne Hayku, TEXHUKH, JKOHOMHUKH MPEBPATUIIO YEIOBEYECKUN KAIlUTAJI B IJIaBHBIN
dakrtop GdopMuUpOBaHMS SKOHOMHMKH, SKOHOMHKHM 3HaHMH. Ceiuyac BBIIENAIOT TPH BHIA
4eJI0BEUYECKOIo KaluTana:

- UHIMBUAYaJIbHbII YE€JOBEUECKUN KalUTal;

- YEJIOBEYCCKUH KanmuTall QUPMBI, TIPEATPUSITHUS;

- HAIIMOHAJIBHBIN YEJIOBEUECKHUM KaruTal.

YenoBedeckuii KamuTaia — 3TO Mepa BOTUIOIICHHOW B YETIOBEKE CIIOCOOHOCTU MPUHOCHTH
noxo. Beicokuii ypoBeHb UM Ka4eCTBO HAKOIUIEHHOTO YEIOBEYECKOro KamuTalla HeO0OXOIUMbI
JUIST  YCKOPEHHOTO  OCYIIECTBIICHHUS HMHCTUTYIIHOHAIBHBIX  pedopM, TEXHOJOTHYECKOTO
OOHOBJICHHSI MPOHU3BOJCTB, MPEOOPa30BaHUS SKOHOMHUKH, (hopMupoBaHMs >IUT oOuiectBa. U3
MIPOU3BOIUMOTO B OOIIECTBE COBOKYITHOTO MPOJIYKTa HA HAKOILJICHHE YEIOBEYECKOTO KamuTala
UCIIOJIB3YETCS ¥4 €0 BEIMYUHBI [2].

OO6pazoBanue Juisi TIOATOTOBKM YEJIOBEUECKOTO KaluTaja SBIAECTCS  (PaKTOPOM
YBEJIMUYEHUS 10X0JI0B, KaK OTAENIbHBIX PA0OTHUKOB, TaK U TOCYJApCTBA B I[ETIOM.

[Tosrygaemble 3HaHUS B BUjE 0oOpa3oBaHus (HOPMHUPYIOT KOHKYPEHTHBIC NMPEHMYIIIECCTBA
pabotHukoB U QupMm. ObOpazoBaHue AOKHO OBITh (QyHIaMEHTAIbHBIM. Takoe oOpa3oBaHUE
SBIISICTCS (YHIAMEHTOM YBEJIIMUCHUS JIOXOJI0OB FOCYIapCTBa M OOIIECTRA.

ObpazoBanue B YKpanHe yXOJUT U3 MOJ KOHTpoJis rocyaapcTsa. [1o konuyectsy BY30B
OHO SIBHO M30BITOYHO U MYIIEHO Ha caMoTeK. OOpa3oBaHue B YKpauHe HUKAK HE CBSI3aHHO U HE
OTIpe/ieNIsIeTCs Pa3BUTHUEM JKOHOMUKU cTpaHbl. Crnabas MaTepuaabHO TeXHHUYEcKas 0aza, He
KOHTPOJIMPYEMOCTb ~ CJICIOBAHUS IIEJISIM  Pa3BUTHS OSKOHOMUKH U  O0OIEeCTBa, HHU3Kas
HPaBCTBEHHOCTh M HU3KUH YPOBEHb JJIUT — BOT XAPAKTEPHBIE YEPTHl HALIEIO COBPEMEHHOIO
oOpaszoBanus. Ecte BY3bel Texauueckoro mpoduiisi, y KOTOPBIX Ha IPENoJaBaHHE BBICIICH
MaTe€MaTUKUd OTBOAUTCS OAuH ceMmecTp. O KakoOM 4YEeJIOBEUYECKOM KaluTale 3/1eChb MOXHO
roBoputh?! YenoBeuecKnid KanmuTaja — UHTEJUICKT, 30POBbE, HPABCTBEHHOCTh, KAUYECTBEHHBIN U
MPOU3BOAUTENBHBIA TPy W XOpollee KauecTBO KU3HHM. (Ceiluac BBIUTPBIBAIOT CTPAHBI C
00pa3oBaHHBIM, 3/I0POBBIM, BOCTUTAHHBIM, ONTUMUCTUYHBIM HACEJIEHUEM, C BHICOKUM YPOBHEM
DIIUT, BBICOKOW KOHKYPEHTOCIIOCOOHOCTBIO U MPHUCIOCA0IMBAEMOCThIO BO BCEX BHAAX
SKOHOMHUKH, B OOpa30BaHMM, HayKu U yrpaBieHuu. He pemenne 3tux 3amay HopMHUPOBAHHS
YeJIOBEUECKOr0 KanuTaja NPUBOAMT K OTTOKY HACENIEHHs, a CIEJOBATEIbHO YEJIOBEUYECKOTO
KanuTtaja B JpPYyrue CTpaHbl, yTo U HaOmogaercs B YKpaunHe. YenoBeueckuil KamuTal 3TO
CIIOXKHBIA MPOCTPAHCTBEHHO pacIpeleleHHbI (pakTop pa3BuUTHs 00IIecTBa MU IKOHOMHUKH. K
COXKaJIEHUI0, B YKpauHe oH paboTtaeT He 2 (PEeKTHBHO, c1ab0 pa3BUTHI €r0 TAKUE COCTABIISIONINE
KaK JJIMTHI OOIIECTBA, B CHIIy Yero He obecrneunBaercs ux 3QQpexTuBHOe PYHKIIMOHUPOBAHUE U
pasBuTHe. B cocTaB 4enoBeuecKOro KamuTajga TakKe BXOJST MHBECTHUIIMU B CO3/IaHUE CPEIbl
JKU3HK W o0uTaHus, oOecreuynBaromne KOMGOPTHOCTh >KU3HEICATENLHOCTH 4YellOBEKa.
KoppyMrupoBaHHOCT, KPpUMUHUJIN3AUOHHAS CpPe/la HE MOTYT 00eCrednBaTh ONTUMUCTUIHYIO
KU3HEJEATENILHOCTh YeloBeka. Mo3ru el He paboTaroT 3QGEeKTUBHO MPH TUIOXOM KaduecTBe
KU3HH, HU3KON 0€30MacHOCTH, YTHETAIOIICH cpe/ie TPOKUBAHHMS YETIOBEKA.

Pa3Butne oOpazoBaTenbHONW JEATENHHOCTH CO3JaHHUEM UEIOBEYECKOTO KamuTania
MaTepuain3yercs B CTOMMOCTh dYepe3 paboTy Oosiee BBICOKOTO YpPOBHS KauecTBa U
MIPOU3BOUTEIHHOCTH, KOTOPYIO BBITIOTHSIET YEIOBEUECKUI KamuTaa Kak 0ojiee 0Opa3oBaHHBIN
CIEeIMaNnCT Ha cBoeM paboueMm mecte. [lo pesynbraram Poccrata B Poccuu nonst ctoumocTu
HallMOHAIBHOTO JI0XO0J/a, MPUXOJAMICTOCS] Ha TPaXJaH C BBICHIUM OOpa30BaHHUEM BBIIIEC.
[ToBsimenne o6pazoBaHHOCTH 00IIeCTBa HA 1 To/1 0OecneunBaeT MPUPOCT SKOHOMHUKH Ha 5%.

[Tpon3BoAUTENHHOCTH TPYy/1a PAOOTHUKOB C BBICIIIMM O00Opa30BaHUEM MPUOIH3UTEIHHO B 8
pa3 BhIIlIE, YeM y pabOTHUKOB, HE UMEIOIIUX BHICIIEr0 00pa3oBaHUSI.

3atpatel Ha (QOPMHUPOBAHHE YEIIOBEUECKOTO KamuTanga, ¢ TOYKH 3PEHHS MPUPOCTa
YeNoBeYeCKOro Kamurtana, B 5 pa3 addexkTuBHee 3aTpaT Ha (HOPMHUPOBAHHE YEIOBEYECKOTO
KanuTaia 6e3 BeICIIEro 00pa3oBaHusI.

Jlis pa3BUTHS YENOBEUYECKOro KamuTaia HeOOXOIWMbI MHBECTUIIMM B OOpa3OBaHHE,
HayKy, KyJIbTYpPY, 310pDOBbE U BOCIIUTAHUE.
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«YenoBeUecKuii KamuTam ceifuac OTHECEH K IIaBHBIM (paKTOpaM Pa3BUTHS SKOHOMHUKH.
[ToaToMy mpu BHICOKOM YPOBHE Pa3BUTHUSI HAYKU CTPaHbI, BHICOKOKAYECTBEHHOM OOPa30BaHUHU C
BBICOKMM YpOBHEM (yHIAaMEHTAIIbHOCTH YUCIECHHOCTh HACEJICHHUs CTPaHbl CTAHOBHUTCS BaYKHBIM
ornpeaensomuM (akTopoM ypoBHS pa3BuTocTU. [IpuBeneM nmpumep BeayIIUX CTPaH, UTPAOIINX
BKHEHUIIYIO pOJIb M 3aHMMAIOIIMX MepBble MecTa B mupe: Kutait (nacenenue Oonee 1,5 mipa.),
Nunusa (macenenne 1,3 mupa.), CIHIA (nacenenue 340 MIIH. 4elIOBEK). DTH CTpaHbI — JIUJEPHI B
mupe 1o BBII. AHanus u 3KcIepTHBIN ONPOC MOKA3bIBAET, YTO YUCIEHHOCTh HACEJIEHUS CTPAHbI
noJkHO ObITh He MeHee 200,0 MITH. 4eoBeK 4TOObI MONAacTh B YKUCIIO CTPaH — JTUAECPOB.

Heo6xonuMo oOpaTuTh BHUMaHHWE HA TOBBIIICHUE YUCICHHOCTH HACEJCHMS, CHU3UTh
OTTOK HaceJeHus. YKpauHa — cTpaHa, rae 4% MHUPOBBIX ChIPbEBBIX PECYPCOB, a YUCIIO JKUTENIEH
He pocturaer u 0,5% nHacenenuss 3emuin, 3TO CTpaHa € €II€ HE CUIbHO YHaJl YpPOBEHb
00pa30BaHHOCTHU HaceJieHUs. YKparnHa CIOCOOHA BBIMTH U3 3TOTO COCTOSHUS.

Ha nawano Bropoli MHpOBOW BOWHBI NPOJOJKHTENBHOCTH oOpasoBanus B CCCP
coctaBisuia 4 rona, a B ['epmannu 8 net. HavanbHbpIN niepuo1 MOpakeHHUsI B BOMHE B OOJIbIIeH
cTerieHu oOOBsACHSAeTCs W 3ToM npuumHol. He cmoTps Ha BOWHY U pa3pyxy, YpPOBEHb
oOpa3oBaHHOCTM MOBbImAICI U K 1943 romy pasHuna B MPOJOIKUTEIBHOCTH OOyueHUs
COKpaTHJIaCh, YTO B OINPEJICICHHOW CTENeHW W mpuBeio K nobdene. [locne okoHUaHMS BOIHBI
HeMelKoe 001ecTBo npuiuio K BeiBoAy: «CCCP Bemrpan BoiiHy 01aroaapsi y4uTeNno, KOTOPbIi
PE3KO MOBBICKI 00Pa30BaHHOCTb HACEICHUSI.

3akiarouenue. OOpa3oBaHNe B HACTOAIIEE BPEMsl UTPACT OYEHb BaXKHYIO POJib, U €rO
11e1€CO000pa3HO OTHECTH K CTPATErMueCKUM OTpacisM, TaKUM Kak 0oOOpoHa rocynapcrBa
3npaBooxpaHeHue. (OOpa3oBaHue T1oO3BOJIseT (GOPMUPOBATH  YENOBEYECKHI  KamuTal,
SBIISIOMIMNACS BaXHEUIIMM (DaKTOpPOM pa3BUTHS TOCYAAapCTBA M SKOHOMHUKH, M TPUBOAUT K
NOBBIIICHUIO 3(P(HEKTUBHOCTH SKOHOMUKU. [loAroTroBKa, UCHONB30BaHWE U Pa3BUTHE
YEJIOBEYECKOr0 KamuTaja CIyKUT BaKHEHIIMM (AakTOpoM MOBBILIEHUS 3()PeKTUBHOCTU
pasBUTHsI ABTOMATH3UPOBAHHBIX CHCTEM OOyuYeHHs, U TIOBBILICHUS JKU3HEAEATEIbHOCTU
yeJioBeKa U 00IIecTBa.
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Introduction. Prior to Covid-19, seafarers played a crucial role in the global economy and
global trade, and it is no doubt that they are a precarious workforce. Due to the Covid-19 virus
seafarers have been working on board of the vessel for significantly longer than they have
originally been contracted. In order to avoid uncontrollable spread of the virus states enforces
restriction and regulations under which seafarers were obliged to stay on board of the ship more
than 11 month, and on the other hand few of them were absolutely prevented from returning to
ships. Those restriction and bans seriously altered seafarer’s situation and created concerns about
the serious infringement of seafarer rights and freedoms, wellbeing, health and safety.
Interestingly, the office of the un high commissioner for human rights (ohchr), the un global
compact, and the un working group on business and human rights jointly stated that the seafarers
are “collateral victims” of Covid-19 [1] and called decision makers, such as stakeholders and state
governments to adopt and implement proper measures.

The rationale of the research: the protection of seafarers’ rights and freedoms are
complex issue, therefore there is high need to involve not only state organs but also international
organizations [2], inclusive shipowners and maritime agencies. The protection and preservation of
the basic human rights for seafarers relates to guarantee the fair treatment, fair investigation, to
provide efficient and effortless legal advice, hassle-free interview, to undertake no discriminatory
and retaliatory actions, to ensure the effective and efficient communication with flag and port
state, different state agencies or organs, interested states, ship-owners, seafarer’s legal
representatives and family members.

It is important to underline that despite of the times which called for a desperate measure
during Covid-19, the basic human rights shall be preserved at any cost because no measure is
justified if it denies or terminates the basic rights and freedoms. It is crucial to preserve the
rights and freedoms derived from the international law and legal instruments at the time of
Covid-19 in order to avoid inhumane treatment of the seafarers. However, the enforcement,
support and implementation of those rights are not enough if the seafarers are not appropriately
treated, are not aware of their right, and if they are not acting respectfully.

The research objective: overall, this article discusses the importance of protection
seafarer’s rights and freedoms and enforcement of international protocols, which designates
seafarers as key worker. It also learns challenges and experience from the Covid-19 as an
important driver for improving international legal instruments, such as maritime labour
convention (mlc), 2006 and human rights law, which have been severely dented by the Covid-
19. The article also provides an overview of the impact of Covid-19 on seafarer’s right and the
response to the Covid-19 by the maritime industry — state governments, international
organizations and stakeholders. The paper indicates the relevant international law instruments
for protection and preservation of seafarers. [3]. For the purposes of the article, the best practice
of states and national law of georgia will also be analyzed shortly. Additionally, the paper will
provide some recommendations to improve the action plan regarding force- majeure situation,
such as Covid-19.

The research results: it is without no doubts that the Covid-19 had a negative impact on
the protection and preservation of seafarer’s rights and freedoms. Beside of it, the virus affected
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the mental health of the seafarers, not only on board the vessel, but also after their signoff.
Therefore, it has a crucial importance to focus on seafarers’ rights and develop tools, action
plans and mechanism, which includes not only enforcement of the relevant international legal
instruments, but also psychological tools that can help seafarers to sustain mental health as it
generally is a part of human rights.

Therefore, the raise of the global awareness of human rights abuses at sea and deliver the
positive changes through the legal and policy development, exchange of views and the best
practices for protection seafarer’s legal interests and rights are the prior step for further
promotion of harmonization and standardization of international legal instruments, despite of the
Covid-19 situations.

Conclusion. It is doubtless that the results of Covid-19 creates comprehensible and
essential conditions to develop a new human rights code of conduct, the effective, goal- oriented
action plan and due diligence guidance on seafarers’ rights in order to fix the gap existed in
labour and human rights policy and practice and to raise the bar of seafarers” working
conditions, well-being, mental health and welfare. However, implementation and adoption of the
international legal instruments is not enough, the shipowner and state shall take responsibility to
improve, enforce and meet international standards and the best practice regarding seafarer’s
repatriation, working condition, medical assistance and mental health. It is considered that the
positive impact and success of the maritime chain shall be interpreted in line with the protection,
respect, preservation, enforcement and implementation of seafarers’ rights into practice, which
definitely goes beyond legal and regulatory compliance, but also requires proper engagement of
relevant states, international organizations, decision makers, interested parties and maritime
stakeholders.
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Nahrybelnyi Ya.A., Prokopchuk Yu.A, Mamenko P.P, Mateichuk V.M., Kyrychenko K.V.
Kherson State Maritime Academy
(Ukraine)

Vessel control innovations often face the need to identify human factors [1-3]. In many
aspects, this direction is associated with psychological research [4]. In another case, it is
important to keep track of the learning component. The use of navigation simulators made it
possible to project complex navigation situations onto the behavior of a marine specialist [5-8].
One of the most important indicators of the manifestation of the human factor is the increase in
the functional entropy of the navigator [9-10]. In such situations, spontaneous actions are
observed that affect the trajectory of the vessel's movement [11,12].

This fact indicates that the entropy is very high and the response time also increases
significantly. The criterion for determining such a fact can be an analysis of response
appropriateness, which will give grounds to accept or not the entropy approach. Moreover,
depending on the situation, the goal will be different. The goal identifier at the level of data
coming from navigation systems can be encoded as a trajectory on the graph. The set of
navigation information sources determined by the nodes, as well as speed indicators for these
nodes, allows determining the navigator's goal at the metadata level.

Ug(agoal)={X:pm(x’agoal)§8}' (1)

Therefore, deviation of the time of one response may not affect the goal loss, but indicate
a change of the graph node. This approach provides the maximum variety of trajectories for
possible combinations of goal achievement.

Based on this, the execution of a navigation task in difficult situations can be
approximated in the form of several sequential trajectories — fragments of the graph of one or
different p-adicity orders, for example: 1001101 & 202110 & 13022. It can be seen that the
navigator passed from simple actions to complex ones, p-adicity is 2, 3, 4.

Automated analysis of response dynamics can identify random fluctuations in the context
of trajectories in time, but not in goal. In this case, there is no reason to make decisions to

improve safety. Otherwise, a new situation will arise when pm(xn+1’agoal)>g' There is the

!

problem of determining whether a new situation-state x/ ., is emergency or critical by automated
full search of previously formed trajectories and their fragments:

X (@) = L (Xn (a))), Zy.o (@) =9 (Zn+1(a)), X1 (@), ‘9n60>' (2)

However, taking into account the “last maneuver” effect, the increase in such vessel
control characteristics as maneuverability and reliability determines the emergency navigator's
decision support.

In this situation, strict categorical principles of p-adic systems may not have a sufficient
level of identification, since there is an event different from those of the previous navigation
experience.

Within the aim of the study, it is necessary to develop such analyzer functions that would
allow not only identifying the risk of maneuverability and reliability loss. These factors carry
important vessel characteristics, which implies the use of automation tools in order to level out
catastrophic events.

For this purpose, situation management when identifying the loss of signs of the goal-
oriented trajectory on the graph of the p-adic system, as well as when determining risk factors by
analyzing physiological and temporal situational data, is considered. To this end, scenarios of
switching to safe maneuvering or more cost-effective vessel control must be planned in advance.
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In some cases, it is proposed to increase the bridge manning level, in others — switch to
automated autonomous vessel control. In the first case, management has an organizational
principle, the second assumes an automated mode of management. This means that some
functions will be performed by software, limiting, for example, commands to the machine
telegraph (vessel speed), the amplitude of rudder blade rotation; control of pumps and thrusters.

Thus, automated control determines the scope of maneuvering and operating modes of

the main vessel speed-power units ¢ T “increase” or ¢ ¥ “decrease”. This directly affects the
vessel control characteristics, such as maneuverability, reliability, and cost-effectiveness.

Then, for a formal description of control actions, we assume that A predetermines the data
and metadata obtained from the situation analysis, and ¥ — vessel control modes. The mode time
t; is limited by the stage §;, during which the navigation task or maneuver is supposed to be
performed [27-29]. At the moment of switching to automated control, the navigator receives
signals prompting actions according to the mode-scenario of actions in the form of a parameter

system of the stage limited by the time ty, t, in the system y;, (X (), u,v).

Then, when switching to the automated mode, the control system will track the
navigator's actions regarding prompts and compare them with the time characteristics of
responses assumed in the chain of actions. Synchronization of the script program for the
navigator's responses will affect the change of stages:

8,118, (J=1...0; 8, =t")= 65,15, (t+1). 3)

Thus, the data and metadata extracted using the navigator's response analyzer will
positively affect the vessel control characteristics within the formal system:

Xe1 = e m (Ve (X0 ([t t+1]), o[t t41])) = € et t+1],
Xe =) (X:) 2o (X, ) =true,

2(X,)=true= y,.,(X,,)=true,

u([t, t+1])=f,/8,={p} .

—Jm,j

o([t, t+1])=v(m, ) ®v,

D et Pr (a(t')), Vi re s, (Xiu0)>p =0TR,orif<p” =04 R,
where u(;rv)®u is the composition of physiological parameters and data of external

navigation situation.

Thus, the automated system allows performing a double function: improving maritime
transport control characteristics and interactive navigator training in the navigation process.

The proposed approaches were tested in the research laboratory “Development of
decision support systems, ergatic and automated vessel control systems” based on the NTPRO
5000 training complex (Wirtsilda Corporation, Finland). During testing and confirmation of the
proposed formal and algorithmic approaches, the processes of navigator's response identification
were simulated on a stand in critical and difficult navigation situations.

REFERENCES

1. Nosov P., Ben A., Safonova A., Palamarchuk I. Approaches going to determination
periods of the human factor of navigators during supernumerary situations // Radio Electronics,
Computer Science, Control Ne 2(49). - 2019. Pages 140-150. Web of Science. doi:
10.15588/1607-3274-2019-2-15.

2. Nosov P. S., Palamarchuk LV., Safonov M.S., Novikov V.I. Modeling the
manifestation of the human factor of the maritime crew // Dnipropetrovsk National University of

102 3-5 aucmonada 2021 poky



IIpo6aemu cmasozo po3sumky mopcovkoi 2anysi (PSDMI-2021)

Railway Transport named after Academician V. Lazaryan (Dnipro) Ne 5 (77). — 2018. Pages 82-
92. d0i:10.15802/stp2018/ 147937.

3. Pavlo Nosov, Ihor Popovych, Serhii Zinchenko, Vasyl Cherniavskyi, Viktor Plokhikh,
Halyna Nosova (2020). The research on anticipation of vessel captains by the space of Kelly’s
graph. Revista Inclusiones, Vol: 7 num Especial, pp. 90-103.

4. Popovych, I. S., Cherniavskyi, V. V., Dudchenko, S. V., Zinchenko, S. M., Nosov, P.
S., Yevdokimova, O. O., Burak, O. O. & Mateichuk, V. M. (2020). Experimental Research of
Effective “The Ship’s Captain and the Pilot” Interaction Formation by Means of Training
Technologies. Revista ESPACIOS, Vol. 41(Nel1). Page 30.

5. Serhii Zinchenko, Oleh Tovstokoryi, Pavlo Nosov, lhor Popovych, Vitaliy Kobets,
Gennadii Abramov. Mathematical support of the vessel information and risk control systems P.
335-354. /| CEUR Workshop Proceedings, 2805. http://ceur-ws.org/\Vol-2805/paper25.pdf

6. Zinchenko S., Ben A., Nosov P., Popovych 1., Mateichuk V., Grosheva O. The vessel
movement optimisation with excessive control // Bulletin of University of Karaganda. Technical
Physics, 2020. - Ne 3(99). P. 86-96. DOI: 10.31489/2020Ph3/86-96.

7. Zinchenko S.M., Nosov P.S., Mateichuk V.M., Mamenko P.P., Grosheva O.0. Use of
navigation simulator for development and testing ship control systems. MHIIK mam’sti
npodecopis ®omina 0. f. i Cemenosa B. C. (FS - 2019), 24-28 xsitast 2019, Oneca-CtamOyi1-
Opneca. Pages 350-355.

8. Nosov P.S., Popovych LS., Cherniavskyi V.V., Zinchenko S.M., Prokopchuk Y.A.,
Makarchuk D.V. Automated identification of an operator anticipation on marine transport //
Radio Electronics, Computer Science, Control, 2020. - Ne 3. - P 158-172.
https://doi.org/10.15588/1607-3274-2020-3-15

9. Nosov P.S., Popovych LS., Cherniavskyi V.V., Zinchenko S.M., Prokopchuk Y.A.,
Makarchuk D.V. Automated identification of an operator anticipation on marine transport //
Radio Electronics, Computer Science, Control, 2020. - Ne 3. - P 158-172.
https://doi.org/10.15588/1607-3274-2020-3-15.

10. Nosov P.S., Cherniavskyi V.V., Zinchenko S.M., Popovych L.S., Nahrybelnyi Ya.A.,
Nosova H.V. Identification of marine emergency response of electronic navigation operator //
Radio Electronics, Computer Science, Control, 2021. - Ne 1. — P. 208-223. DOI:10.15588/1607-
3274-2021-1-20.

11. Nosov, P., Zinchenko, S., Ben, A., Prokopchuk, Y., Mamenko, P., Popovych, 1.,
Moiseienko, V., Kruglyj, D. (2021). Navigation safety control system development through
navigator action prediction by Data mining means. Eastern-European Journal of Enterprise
Technologies, 2 (9 (110)), 55-68. doi: https://doi.org/10.15587/1729-4061.2021.229237.

12. Nosov P., Palamarchuk I., Zinchenko S., Popovych I., Nahrybelnyi Y., Nosova H.
Development of means for experimental identification of navigator attention in ergatic systems
of maritime transport // Bulletin of University of Karaganda. Technical Physics, 2020. - Ne
1(97). P. 58-69. DOI: 10.31489/2020Ph1/58-69.

3-5 aucmonada 2021 poky 103


https://doi.org/10.15587/1729-4061.2021.229237

IIpo6aemu cmasozo po3sumky mopcovkoi 2anysi (PSDMI-2021)

®OPMYBAHHS EOEKTUBHOI CUCTEMM OPTI'AHI3AIIIL
MNPAKTUYHOI NIATOTOBKU TA CIIPUSIHHS
HPALHEBJAIITYBAHHA KYPCAHTIB Y CYJHOIIVIABHUX TA
KPIOIHI'OBUX KOMITAHIAX

Conogen O.C., Aspamenxo JI.B., IlInineean T.M.
XepcoHcoka 0epaicasna Mopcbka akaoemist
(Vkpaina)

Beryn. Ykpaina mocimae m’site micue y CBITI cepeA KpaiH, ski HamaooTh (axiBiiB
MJIaBaJbHOTO CKJIaAy Ha MOPChKUH TopriBenbHui ¢ior. IlomuT Ha ykpaiHChkuX (axiBIliB
CBITOBOT MOPCBHKOT rajly3i CTPIMKO 3pOCTa€ KOXHOI'0 poKy. Benuka KuUIbKICTh CYAHOIUIAaBHUX Ta
KPIOIHTOBUX KOMIIAHIM 1HBECTYIOTh KOIITH Yy «KaJeTChKi MPOTpaMu», HAIal0Th CIIOHCOPCHKY
JIOTIOMOTY HaBYaJIbHUM 3aKJajiaM, BiIKPUBAIOTh TPEHAKEPHI LEHTPU IIATOTOBKH MOPSKIB.
Bxutagaroum KomTH, CyTHOIIJIABHI Ta KPIOIHTOBI KOMITaHi1 BiAOMpPalOTh HaKpammx ¢axiBIiB, sSKi
BOJIOAIIOTh Cy4YaCHUMH MeTOoAaMH Ta (popMamu oprasizailii mpaili Ha cyJHax (KOMIIETEHIIISIMH,
axi nependaueHi Konusenuiero [1JJHB, 3 nonpaBkamu), TeOpeTHUHUMYU 3HAHHSIMH, HAOYTUMU Ti]T
4yac HaBYaHHSA, BMIHHSAM BHUKOPHUCTOBYBaTH Ha0yTI KOMIETEHTHOCTI Ha mpaktuui. Ilpuitmaroun
¢axT, o0 cyAHOIUIaBHA KOMIIaHisl CTaBHTH Iepea COOO0 3aBIaHHS OTPHUMATH MaKCUMAJIbHUH
npuOyTOK 32 paXyHOK KBaTi()iKOBaHMX CIIEI[aNIICTIB, 3aBIaHHS HABYAIBHOTO 3aKJIay MOJSATAE Y
BPaxOBYBaHHI BUMOT' CYJHOIUTABHUX KOMITaHii 70 MpOo(eciiiHuX KOMIIETEHTHOCTEH KypCaHTIB —
MaiOyTHIX (axiBIiB MOPCHKOT ramysi.

OCHOBHOI0O METOK [JOCHI/DKEHHA € po3poOKa CHUCTEMHM KOMILJIEKCHOIO MIiAXOIYy [0
opravizauii NpoBeJeHHS BiAOOPIB KYpPCAHTIB ISl HPOXO/KEHHS NPAKTUKU 3 MOJAJIBIINM
IIpalleBJIAIITYBaHHSAM Yy CyJIHOIUIaBHI Ta KPIOIHIOBI KOMIIaHIi 3 ypaxyBaHHSIM Cy4acCHUX BHUMOT
CBITOBOI MOPCHKOT 1HIyCTpii Ta poOOTOJaBIIIB.

AKTyaJbHICTh JocCHigxkeHb. Ha naHuii yac BaXIIMBOIO 3a7adel0 JJisi HAaBYAJIbHOTO
3aKJIaly € BUIYCK BUCOKOKBAJi(hiKOBAHMUX CIEIAICTIB, AKI OyAyTh KOHKYPEHTOCIPOMOXHUMU
Ha PHUHKY Ipali B MOpChbKid ramysi. [IpakThka A KypcaHTIB € HEBiJ €MHOIO YacTHHOIO
HaBYaHHS, sKa Ma€ CBOIO IOCHIJOBHICTh JJISi OCBOEHHS MPAKTUYHOIO Marepiaiy, BMIHHS
BUKOPHCTOBYBATH 3HAHHS Ha MPAKTHUIl B YMOBaX K1 MOCTIHHO 3MIHIOIOThCS, pOOUTH BIANOBIIHI
PO3paxyHKH, IpUIMaTH PillIeHHs, OyTH CHeNialiCTOM CBO€ET mpodecii.

Ha croronHimHiil 1eHb, Ha ajlb, B YKpaiHi HEe 3QIMIIWIOCH JAEpKaBHUX IiINPHEMCTB,
oprasizaiii, MopriB, siKi O MaJu 3MOTy HaJaTH Micls Ui NPOXOJUKEHHS MPAaKTUKU KypcaHTaM
MOPCBHKUX 3aK/IaJiB OCBITU. TakuM YMHOM, HE MPAKTUKYETbCS LIEHTPAJII30BaHE HAIPABICHHS
KypCaHTIB Ha Miclisl npakTuku. Came TOMy iCHye HarajgbHa morpeda MOPCHKHX 3aKJIafiB BHIIO]
OCBITM HapOIyBaTH ¥ pO3MUPIOBAaTH 0a3zy MIANPHEMCTB, B TOMY YHCII 1 1HO3EMHHX, SKI
Ha/laBay O MPAKTHKY KypCaHTaM 3 TIOAAJIBIIAM TIpaIleBIIAIITYBAHHSIM.

IMocranoBka 3amaui. B crtarrti po3rnsgaeTbcs MUTAHHS TMiABHINEHHS €(QEKTUBHOCTI
CHCTEMH Oprasizaiii NpakTHYHOI MiATOTOBKM Ta CHPUSHHS IpaleBlalliTyBaHHIO 3700yBadiB
BUIIOT OCBITH. PO3KpuTO mpobiemMy noTpedu MOPCHKUX 3aKjajliB BUIOI OCBITH B HEOOX1AHOCTI
HapOIyBaTH W pO3MIMPIOBATH 0a3y MIANPUEMCTB, SKI HaJaBaId O MpPaKTUKY KypcaHTaM 3
MOJANBIIAM TIpalleBIAITYBaHHSIM. HaBemeHO aHai3 B3aeMOJii HABUAIBHOTO 3aKiamy 3
CYy[IHOIUIaBHUMHU Ta KpIOIHTOBUMH KOMIIaHISIMH, 3alpOINIOHOBAaHO CHUCTEMYy OpraHizarii
KaJIeTChKUX MpOrpam JUIsl 3aJly4eHHsI poOOTOAaBIIiB.

PesyabTaTn pocaimkenb. HaBuanbHMMM 1IaHaMu  mepea0avyeHO  MPOXOJKEHHS
KypCcaHTaMH IIJIaBaJIbHOI Ta BUPOOHMYOI TPAKTHKH, SKa € OOOB’S3KOBUM 1 HEBiJI'€MHUM
CKJIaJIOBUM €JIEMEHTOM IiArOTOBKM MOpchbkoro ¢axiBug. Cucrema oprasizamii MpakTUYHOL
MIATOTOBKM B XEpCOHCBHKIM JAepkaBHIM Mopcbkiidi akaaemii (mami XJIMA, Axanemis)
nmoOyJoBaHA TaKMM YHHOM, IO y TPOJOBX HABYaHHS KypCaHTHU 3700yBalOThb HEOOXITHUH
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MIaBajgbHUN cTax 12 micsIiB, mo Biamosigae Bumoram posaury A-I1I/1, A-III/1, A-III/6 Konekcy
[TIHB, 3 mompaBkamu, 3aBIsSKH 4OMYy Ha CIUIbHOMY 3acimaHHi [lepskaBHOi kBamidikariiiHol
komicii (JAKK) marooTh mpaBo Ha MPHUCBOEHHS NEPHIOrO 3BaHHS OCOOM KOMAHIHOTO CKIIATy
MOPCBKUX CyJieH 0e30IuiaTHO mij yac atecraumii [1]. 3a mepion HaBYaHHS B akajeMii KypcaHTH
NPOXOJATh TpH mpakTuku. [lepiia mpakTuka HaBUalbHA, JIe¢ KYPCAaHTH OTPUMYIOTh NMEPBUHHI
HAaBHKW OBOJIOJIHHSA MpodeCciiHUX BMIHb Ta HAaBHYOK, INEPBUHHHM JIOCBIIOM MpodeciiiHol
JISITBHOCTI, 03HAWOMJICHHS 3 pealbHUMH 00’ €KTaMM isUTbHOCTI. [[pyra mpakTuka 3a rpadikom
HaBYAJILHOTO Tpolecy — BUpoOHHMua. [lepen mnpoxomkeHHSM BHUPOOHWUYOI MPAKTUKH BCl
KypCaHTH OO0OB’S3KOBO TPOXOISATh TPEHAXKEPHY IMIJArOTOBKY, SKa HampaBlIeHa Ha
BiJITPAIFOBAHHS HABHYOK O€3MEKH Ha BOJi, MPOTUIIOKEKHOI OE3MEKH Ta BMiHb 3 BUKOPUCTAHHS
pATYBaJIbHUX 3ac00iB. HasBHICTh TpeHaXXEpHOTO KOMIUIEKCY Ta 1aboparopiid mpu X AMA naroT1b
MO>KJIMBICTh KypCaHTaM IIiJl Yac MPOXO/XKEHHS MPAKTHUKU B pEaIbHUX YMOBaX BUKOPHUCTOBYBATH
OTpHUMaH1 TEOPETUYHI 3HAHHS, MATH MOXJIMBICTh BUBYUTH ITUTAHHS, MOB'sI3aHI 3 MPoQeciiiHO0
MiJArOTOBKOO, Ta BJOCKOHAIMTH MPAKTUYHI HABUYKH BIIMOBIIHO J0 OOpaHMX CIICHIAIIbHOCTEH,
II0 3HAYHOI MIpOI0 TIiJBHINYE KOHKYPEHTOCHPOMOXHICTh KYpPCaHTIB Ta BHITYCKHHKIB
XepcoHChKOI JiepkaBHOI MOPChbKOi akaneMii [4]. Takum 4MHOM, Tiepell MOYaTKOM BHUPOOHHYOT
NPaKTUKKA KYPCaHTH BXXE MAlOTh HEOOXIHI 3HAHHS U1 pOOOTH y MOpi 3 (paXxOBHUX JUCLIHUILTIH Ta
0a30Bi TOKYMEHTH 1 cepTU]iKaTu.

TpeTio mpakTUKy KypCaHTH MAalOTh MOXKIIUBICTH IMPOXOIUTH Ha TMOCAAAaX PsIOBOTO
CKJIaly Ha MOPCBKHX cynaax. B akagemii mHOCTIHHO NpOBOAUTHCA pobOoTa 3 opraxizarmii
MPOXO/KCHHSI HABYAJIBHOT MIJATOTOBKY 3 OTPUMAaHHS POOITHHYOI mpodecii Marpoca, MOTOpUCTA
2-ro knacy B [Ipodeciitno-mopcbkomy inei npu XAMA (ITMJI npu XJIMA).

Pir|Bepecens | 2Koerens |JIuctonan| I'pynens | Ciuenwr | JIrotmii |bepesens | Keitenn | Tpasens | Uepeens | Jlunens | Ceprenn

1 1 1
1 TPAKTHKA | IPAKTHKA | TPaKTHKA
(kamet) | (xamer) | (Kamer)

1 1
2 Bindip MPAaKTHKA | IPAKTHKA
(xapmet) | (xaper)

1 1 1 1 1 2 2
3 | mpaKTHKA | IPAKTHKA | IPAKTHKA | IPAKTHEA | IPAKTHKA IPAKTHKA | IPAKTHKA
(kapmer) | (xapmer) | (xamer) | (kamet) | (kamer) 0S, WPR |0S, WPR
2 2 2 2 2 O [Ipauerna
4 |mpaKTHKa | IPAKTHKA | PAKTIKA | IPAKTHKA | IPAKTHEA iI:;Hy IITYBAHHS
0§, WPR |05, WPR | OS, WPR | OS, WPR | OS, WPR . B KOMIIaHii

TeopetuyHe
HaBYaHHA

Pucynok 1 — Y3aranenenuii rpadix mpoxopKeHHs IPaKTUKK KypcaHnTtamu X/ IMA

Kypcantu axazemii MpoxoJsTh MPAKTUYHY MIATOTOBKY SIK 3a TIpadikoM OCBITHHOTO
npouecy, Tak 1 3a igauBinyanbHuM rpadikom (Puc. 1.). 3aBngku ruyukoi cucremu B X/ IMA
KPIOIHTOBl Ta CyJHOIUIaBHI KOMIaHii MalOTh MOXIIMBICTh IUIAaHYBaTH KYPCaHTIB y pelicu B
IOPOJIOBXK BCHOIO HaB4YajgbHOro poky. Cepen HuUX € K KOMHOaHii 3 1HO3EMHHMMH
CYIHOBJACHUKAaMH, TaK 1 BITYM3HAHI KommaHii. ILlopoky KibKicTh KypCaHTiB, SIKI IMPOXOJAATH
MPaKTUYHY IMIITOTOBKY BiJ 1HO3EMHUX KOMITaHIN 301IBIIYETHCS, IO CBITYUTH MPO MiABUIIICHHS
IHTEepeCy 1HO3EMHHUX CYIAHOIUIABHMX Ta KPIOIHTOBHX KoMmmaHii a0 kypcaHTiB X/IMA Tta
MIJBUIIYE X KOHKYPEHTOCTIPOMOXKHICTh HA PHHKY TpAIli.
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[IlopoKy KUIBKICTh KPIOIHTOBUX KOMIAHIN, 3 SKUMH CIHIBIpaIoe AkaaeMis 1010
MPOXO/DKEHHST TMPAKTUYHOI MIATOTOBKM KYypCaHTIB Ta iX MOJANbIIOrO MpaleBiIaliTyBaHHS
3011b1Iy€eThCs. OCHOBHUM YMHHHMKOM MiABHILEHHS IHTEPECY 10 HAIIOTO HABYAJILHOTO 3aKJIAJy €
e(eKTUBHE BIPOBAKCHHS IHTEIPOBAHOI CHCTEMH HABYAJIIbHO-TPEHAXEPHOI MiJrOTOBKH Ha
Cy4acHill HaBYAJILHO-TPEHAXKEPHii 0a3i, SKa BiAMOBiA€ OCTAHHIM BUMOTaM MOPCBHKOI iHIYCTpii
Ta JJa€ MOKJIMBICTh MIATOTYBaTH BUCOKOKBaTi(hiKOBaHUX (PaxiBIliB, KOHKYPEHTOCIIPOMOXHUX Ha
HalliOHAJLHOMY 1 MDDKHAPOJHOMY PHHKAX TMpaIli.

CyyacHi KpIOiHTOBI Ta CyJHOIUIaBHI KOMITaHii OPraHi30BYIOTh IUIABAIBHY MPAKTHKY IS
KYpCaHTIB MOPCHKHMX HaBYaJIbHMUX 3aKJaliB, IIO JO03BOJSE iM IMOMOBHUTH poOOYi Micus 3a
pPaxyHOK MOJIOJMX KOMIIETEHTHHX MOpsKiB. IIpeacTaBHUKM KOMIaHil BiOMparOTh KypcaHTIB
CyIsud MO OTPUMAHHIO HHUMHU CTYIEHS OCBITH, BIJJJal0uM TMEpeBary KypcaHTaM BHUIIHUX
HaBYAJIbHUX 3aKiajiB. TakuM YMHOM y poOOTO/IaBILIB (DOPMYETHCS 3arajibHa IyMKa Mo Mogauy
TEOPETUYHHUX 3HAaHb KypCaHTaM HaBYaJbHUX 3aKjJa/iB Ta BMIHHS BHKOPUCTAaHHS IHX
KOMIIETEHTHOCTEH Ha MPAKTHIIL, IO € TyK€ BaXKJIMBHUM JUIs IXHBOT mpodecii.

[Tpuninu opraxizamii KaJeTChbKOi MPOrpamMH B Cy4aCHUX CYJHOIUIABHUX Ta KPIOIHTOBHUX
KOMITaHiSIX YMOBHO MO’KHA MOAUTATH Ha TpH etand [3].

IMepmmii eram — moctaHOBKa KypcaHTa Ha oONiK B KommaHito. KypcaHT 3amoBHIOE
ankery (application form) ta Hanmcunae i Ha €JIEKTPOHHY ajapecy KomIadii abo MPHHOCHUTH
ocobucTo B odic KoMIaHii.

Jpyruii eram — TmomepeAHiil BimOip KypcaHTIB 3a OCHOBHUMH KpPHUTEPISIMU
nepepaxoBaHUMH HUKYE.

— 3nanua ameniticoxoi mosu. llpodecis Mopska € OIHIEI0 3 HEOE3MEYHINUX Ta
HANOUIBIIOI IHTEPHAIIOHAIBHOO B CBITi. AHIJIIMIChKa MOBAa BU3HAUCHA B SIKOCTI MIXXHApPOIHOI,
Ha SIKI rOBOPATH BCl MPEACTaBHUKU MOPCBHKOI raimy3l. Mopcbka aHriiiicbka MoBa HEOOXiJHA B
nepi 3a Bce 3a €(pEeKTUBHONO BUKOHAHHS poOOTH, 3a0e3redyeHHs Oe3nekn Ha OOpTy cyAHa Ta
oOMiHOM iH(popManii Mk cyaamu. Came TOMY BCl KypCaHTH HPU MPOXOJUKEHHI MONEPeIHbOr0
BiI0OpY MPOXO/SITH YCHY CMiBOECiy B KOMMaHIi 3 y BUIUIsiAL iHTepB 10 Ta TectyBanHs (Marlins,
CES, Videotel tectu Ta inmii). [HTepB 10, K IpaBUIO, IPOBOIUTH MPEACTABHIK KOMIIAHII.

—  Xopowa ycniwmicms. BUIBIIICTh KOMIIAHIM 3BEpTalOTh yBary Ha cepenHiid Oai
Kypcanta. CepeHiii 6anm KypcaHTa 3a OCTaHHIM CeMeCTp HaBUaHHsS MOBUHEH OyTH HE HHXK4e
4-4.5 3a n'ITMO0AILHOIO0 CUCTEMOIO.

— Hassnicmb Ooxymenmis. KommaHis 3BepTae yBary Ha [OCBiJ KaHIuAaTa Ta
HasBHICTb HEOOXIAHUX JOKyMeHTiB. Ilpu moctaHoBii Ha 00diK OOOB’SI3KOBOIO BHUMOIOIO €
HasBHICTH HACTYIHHX JOKYMEHTIB: IMacClOPT MOPSKA, 3aKOPJIOHHUHN MACTIOPT, MOCITY)KHA KHAXKKA
MoOpsiKa, cepTudikati cxBajeHOI 000B’s3K0BOI1 miaAroToBku BianoBinHo Kousenmii ITJIHB, 3
NOTMIpaBKaMM, HAsBHICTh JTOKYMEHTIB. 3aBIsAKM I[iil iH(popMalii CyTHOIUIaBHI Ta KPIOIHTOBI
KOMITaHii MOXYTb MPOIIOHYBAaTH KypCaHTy TOCaay.

—  Ilcuxonozciuna niocomoexa. Pobota npaiiiBHUKIB MOPCHKOI raiy3i 3aBKIU Hajexana
JI0 CKJIAJIHUX 1 OJJHOYACHO PU3MKOBAHUX, SIKA BUCYBAa€ OCOOJIMBI BUMOTH 0 IJIABCKIALY CYJIEH.
Kypcanrawm, siKi IpOXOAsTh MPAKTUKY B MEPioJl HABYAHHS, 0COOIMBO BaXKKO HA MCHXOJIOTTYHOMY
piBHi. TpuBanme myaBaHHS MOB’si3aHE 3 NOCTIHHMM mepeOyBaHHSAM KypCaHTIB B yMOBax
00MEXEHOT0 MPOCTOPY, MOHOTOHHOCTI MISUTBHOCTI, PI3KOTO 3BYXXEHHS 30BHINIHIX COIIAJIBHUX
3B’SI3KIB, MIJBHUINCHOI HEOE3NMeKW BUHUKHEHHS aBapiiHMX cHTyariid Ttomo. Came ToMy
HAJ3BUYANHO BAXJIMBO € 3IIHCHEHHS BCEOIYHOTO TCHXOJOTIYHOTO aHaJli3y OCOOJMBUX YMOB
JISUTBHOCTI MOPSIKIB JIaIEKOTO IJIaBaHHS, BHBUYEHHS IICHUXOJIOTIYHUX OCOOJMBOCTEH BILIUBY
npoQeCiifHOT TiSUTBHOCTI HAa OCOOMCTICTB 1 KUTTS MOPSIKIB [2].

Tperiii eran — e ¢opmyBaHHS Tpolecy BiIOOpPY KOMMaHii, opraHizaii KaJeTChKOi
nporpamu. Halimommpenimuii mpomec BigOOpy — TIPOBEACHHS cmiBOeciid Ha 3HaHHS
crienianbHOCTi. DaxiBenp, KU MPOBOAMWTH CIiBOecimy (TpeHIHT odimep, CTapmuid MeXaHiK)
3BepTae yBary Ha npodeciiiHi KOMIETEeHTHOCTI Ta ICUXOJIOT1YHY IMiITOTOBKY.
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BpaxoByroun Bci mepepaxoBaHi BUMOTH KOMITaHII MPOBOASTH BiOOpH KYPCAHTIB st
y4yacTi y KaJIeTChKIi Mporpami, 3aBIsKU AKii KypCcaHTH MOXXYTb OTPUMAaTH IPAaKTUKY Ha BECh
nepiosl HaB4YaHHS Ta OyTH MPaLeBIAIITOBAHUMH ITICIIA 3aKIHUCHHS HAaBYAJIbHOTO 3aKJIay.

Kagercpka mporpama siBisie co00r0 NEPCHEKTUBHUN BHJ CHIBIpAaIli MOPCHKOTO BHIIOTO
HABYAJIBHOTO 3aKJIaJy 3 KPIOIHFOBHMH KOMIIaHISIMH, SIKI MAlOTh NMPAaKTHKy HaOOpy MaiOyTHIX
MOPSIKIB 31 CKJIaJly KypCaHTIB Ha IMOCAIN KaJCeTiB-CyTHOBO/IIiB, MEXaHIKIB i €JIEKTPOMEXaHIKiB 3
NOJAJIBIIMM IpalleBIAlITYBaHHAM Ha cyjaax KommaHii abo kommasiii-naptHepiB. Kagercpka
nporpaMa Jlae MOXJIMBICT KypcaHTaM 1 CTYyAE€HTaM MOpPCBKHMX CIeliajJbHOCTell HalOyTu
NPaKTUYHOTO JIOCBiAY, MOYaTH MpoQeciiHy MisSUIbHICTh BXKE HAa MOJOJIIMX Kypcax 1 OTpHUMAaTH
uaBLeH3 0e3 BiApuBYy Bix HaBuaHHs. [1o 3aKiHYEHHIO HABYaHHS y4acTh B KaJETCHKOI IMporpami
Jla€  HesamepeuHi mepeBard — Oyab-sKa COJNIAHA KOMIIaHisA Bijgae TmiepeBary IpH
npareBjamTyBanHl (axiBIld, SKUH BXXE Mae MOPCHKHM J0CBiA. SIK mpaBuiio, BigOip KypcaHTIB
Juis KoMnasi-naptHepis X/IMA npoBoAuThCS Ha APYyroMy Ta TPETbOMY Kypcax Ui KypCcaHTIB
BCIX CHelialbHOCTEMN.

Akanemiss Ha CHOTOJAHIIIHIA JEHb Mae JOCBiA pPOOOTH TPOBEIACHHSA BiAOOpIB Yy
CYJIHOIUTaBHI Ta KPIOIHI'OBI KOMITaHii.

B ymoBax pedopmyBaHHS CHCTEMH OCBITH, IIO0 3YMOBJIIOE BHKOPHCTAHHS HOBHUX
niAXo/iB 10 (GopMyBaHHS BIAHOCHH HaBYAJIBbHOTO 3aKJIaAy Ta YYaCHUKIB HaBUAIBHOTO IIPOLECY
BpPaxoOBYIOUYM OCOOJIMBOCTI OpraHizauii JUCTaHLIMHOTO HaBUAHHS, BIAJIII MPAKTUKUA OPraHi30BYE
MPOBEJICHHS BiOOPIB y CYAHOIIaBHI Ta KPIOIHTOBI KOMMAaHIl Ha AMCTaHIIHHOMY piBHI. Binbopu
KYpPCaHTIB MPOBOJATHCA HA TUCTAHLIHHOMY PiBHI JUIS TIPOXOJUKECHHS IIaBAJIbHOI MPAKTHKH Y
taki kommauii, sik «Unix Line» , «Columbia Shipmanagement Ukraine», «V. Ships», «Koban
Shipping LLC», «Northwest Crewing» Tta ixmi. Haifuacrimie BinOOpu MpOBOASTHCS Y BUTJIISLII
IpynoBUX ab0 1HAMBIAYaIbHUX IHTEPB'IO 32 JOMOMOTOI0 PI3HOMAHITHUX IHTEPHET-IIAaT(OPM.

KoxHa kommaHisg NMPOINOHYe 3py4YHHUIl A Hei BaplaHT NMpOBENCHHs iHTepB’r0. Bimmin
NPAKTUKK, BPAXOBYIOUM BHMOI'M KOMIIaHIi, OpraHi3oBye OHJIAaH CHIBOeCiiM, MICIs 4YOro
aHaJli3y€e pe3yNnbTaTd MPOXOKEHHs 1HTEPB'I0 KYypPCAaHTIB 3 MPEACTaBHUKAMH CYAHOIUIABHUX Ta
KPIOIHTOBMX KOMIIaHIM Ta Mpalioe HaJ BpPaxyBaHHAM BHUMOI POOOTOAABIIB IMpHU TMPOBEIEHHI
BiIOOPIB.

Kypcanrtu, siki mpoxoJsaTh BAajIo criBOECiM, MIANUCYIOTh TPUCTOPOHHI YTOJHU, CTAalOTh
Ha OOJIK y KOMMaHIi Ta TOTYIOTh HEOOXIJHMH MakeT IOKyMEHTIB i peicy. Poboronasii
03HAOMJIIOIOTh KYpPCaHTIB 3 BHUMOTaMHU KOMIIaHIi (HEOOXIJHUMH JOKYMEHTaMH, IepiojamMu
MIPOXO/KEHHSI MTPaKTUKU, TPUBAIICTIO KOHTPAKTIB) Ta IJIAHYIOTh KYpPCAaHTIB Ha cyaHa. Bimuin
NPAKTUKU JUIS TIONIMIIEHHS POOOTH KPIOIHMOBMX Ta CYIHOIUIABHUX KOMIIAHIN KOHTPOIIIOE
HasBHICTb 0a30BOro MAaKeTy JJOKYMEHTIB Yy KypCaHTIB Ta BIJCHIAKOBYE CTPOKH OTPHUMAaHHS
pPOOOYMX JTOKYMEHTIB MaTpoca/MOTOpHCTa 2 Kiacy JUIs CBOEYACHOI MOCA/IKHM Ha CY/IHO.

BucHoBku. Kepyrounch 10CBiTOM B3aeMOJii 3 KOMIAHIAMU-TIAPTHEPAMHU, MOXKHA
3poOMTH BUCHOBOK, IO €(pEeKTHBHA CHCTeMa OpraHizaiii mpoBEJeHHsS Bi1IOOpIB KYpCaHTIB Yy
CY/HOTIJIaBHI Ta KPIOTHTOB1 KOMMAaHIi y HABYAJIbHOMY 3aKJIaJll Ja€ rapaHTiio 3a0e3MmeyeHHsT BCiX
3n100yBaviB  BUIIOI ~ OCBITM  MICLIEM  IPOXO/KEHHS  NPAKTHUKH Ta  HOJANbIIUM
npanennamryBaHasiM. B XJIMA peanizoBaHO CHUCTeMY MiATOTOBKM TPOBEIEHHS BiaOOpy
KypCaHTIB JJIsl CY/THOIIJIABHUX Ta KPIOIHTOBUX KOMIaHIH, sika (hopMye KOMIUIEKCHUHM MiAXia A7
3a0e3nedeHHss poOOTONABIIB  (axiBLUSAMH MOPCHKOi Taimy3i HeoOXigHOi  KBamidikarii.
BrpoBamxena B Akazemii Mojenb chiBOpali 3 poOOTOJABISMU HampaBlieHa Ha PO3LIMPEHHS
KOJa MIANPUEMCTB, 1HBECTOPIB, CYJHOIUIABHUX Ta KPIOIHTOBUX KOMIIAHIM, SIKI MaroTh
MOJKJIMBICTh BHOMpaTH KypCaHTIB 3a HEOOXiTHMMH iM KpurtepisiMu. Came 3aBISKH TakKol
HaJIaro/KEHOI poOOTH, OLIBIIICTh BUITYCKHHUKIB AKaJeMii MalOTh MOKJIMBICTh OTPUMATH Miclie
IpaleBIalTyBaHHs Y BiIMOBIIHOCTI 10 OTPUMAaHO1 KBami(ikariii.
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®OPMYBAHHS KOMYHIKATUBHOI KOMIIETEHTHOCTI
MAMWBYTHIX IPALIIBHUKIB MOPCBHKOI T'AJ1Y31 Y IPOLIECI
BUBUYEHHS JEPKABHOI MOBU

Meoeseoesa O.10.
Jlynaticokuti incmumym 600H020 MPAHCHOPMY
Hepotcasnozo yHieepcumemy inghpacmpykmypu ma mexHonozit
(Vkpaina)

Beryn. BypxnmBa po30ynoBa YKpaiHChKOT JepKaBH Ha Cy4aCHOMY €Talli, YTBepKEHHS
il Ha MDKHApOJIHIN apeHi, 3aKpiIICHHS YKPaiHChbKOT MOBH SIK JIEP>KaBHO1, PO3IIUPEHHS TIPOIECIB
JIeMOKpAaTH3allii HAIIOTO CYCIiJIbCTBA JUKTYIOTh HaraJibHy MOTpeOy BIPOBAKEHHS YKPATHCHKOT
MOBH B yCi cpepu KHUTTEAISITLHOCTI JepKaBH, 3a0e3MeueHHs] BUKOPUCTAHHA 11 y mpodeciiHii
ISUIBHOCTI KOKHOTO.

3aBnaHHs BHINOi MIKOAM — TOTyBaTW (haxiBLIB HOBOi reHeparii: KBamiiKOBaHUX,
IPaMOTHUX, MOBHO KOMIICTEHTHHUX, AKi O JOCKOHAJO, TPYHTOBHO BOJIOJIIH YKPAiHCHKOIO
JITEpaTypHOIO MOBOIO y MOBCIKACHHO-TIPO(ECiitHil, 0]imiiiHO-TOKYMEeHTaNbHIN chepi, 30Kkpema
HaOyJlM HABUYOK KOMYHIKAaTHBHO BUIIPABIAHOTO BUKOPUCTAHHS 3ac00iB MOBH, OBOJIOJLIN
MOBOIO KOHKPETHOI CIIeHiaTbHOCTI, (haxy.

AKTyaJbHICTh Aocaia:keHHsl. ChOTOMHINIHI CTYICHTH, & HEBIIOB31 (axiBIi MOPCHKOL
rajysi, MaloTh CTaTH HOCIAIMH MOBHOI CBIIOMOCTiI, TOOTO YCBIAOMJICHO TMpAarHyTH 0
BJIOCKOHAJICHHSI BJIACHOT'O MOBJICHHS, BUMTHUCSA PO3B’SA3yBaTH KOJIO Npo(deciiHUX NHUTaHb Y
HEPO3PHUBHOMY 3B’SI3KY 3 MOBOIO.

IMocTranoBka 3amaui. OfHe 3 KIIOYOBHUX MICIh Y cUCTeMi IXHBOI (paXxoBOi MiJArOTOBKU
BIZIBOIUTBCA Kypcy «YKpaiHCbka MoBa 3a mpodeciiiHuM chpsMmyBaHHIM» [2], sakuii €
TYMaHITapHOI, OOOB'SI3KOBOI0 HABYAJBHOIO JUCIMUIUIIHOK, IO BXOJUTh 10 ©0a30BOro
HaBYAJIbHOTO IJIaHYMiAr0TOBKM OakanaBpiB B ycix BH3 Vkpainu (3rinno 3 Hakazom MOHY Bix
21 rpynus 2009 poky, Ne 1150).

Omxe, MailOyTHIM (axiBIsIM MOpcbkoi ranysi, Ha AJyMKy Tumodeesoi O. ., moBa
noTpidHa SIK CcUCTeMa CBITOOQueHHs, 3aci0 KyJIbTYPHOTO CHIBXHUTTS B CYCILUIbCTBI,
camMoopMyBaHHS i CaMOBHpasKeHHsT ocobuctocTi [3].

B npomeci BUBYUEHHS HABYAJIbHOI JUCHUIUIIHM «YKpaiHCbka MOBa 3a HpodeciiiHuM
CTIPSIMYBaHHSIMY CTY/ICHTH IMOBHHHI HABYUTHCS PO3B’sI3yBaTH HACTYIHI 3aBJaHHs: 1) mormuouTu
M 3aKpiUTH MOBHI 3HAaHHS, AKIEHTYIOUM yBary Ha OocOOJIMBOCTSX (DYHKIIOHYBAaHHsS CydacHOi
YKpaiHCBKOT JIITepaTypHOi MOBH y chepi npodeciiHOro CrinKyBaHHs; 2) BUPOOUTH MPAKTUYHI
BMIHHA TOYHO QopMyBaTh ¢ 4YITKO (QOPMYIIOBaTH BJIAacHY JAYMKY, BHKOPHUCTOBYIOUU
CTWJIICTUYHO W CUTYaTHBHO JOPEYHI MOBHI OJMHMII; 3)BUKOPHCTOBYBaTH HaOyTi 3HaHHS B
npoleci yKJIAJaHHSA JOKYMEHTIB; 4) 3acTOCOBYBaTM HOPMH €TUKETY Yy BepOalbHUX 1
HeBepOaIbHUX CHUTYAlIsX CIHIJIKYBaHHS; 5) ONAHOBYBAaTH TEXHIKY MIATOTOBKH M MpPOBEIEHHS
Pi3HHX JKaHPIB MyOJIIYHUX BUCTYIIB; 6) 0OrOBOPIOBATH Ta KOMEHTYBATH BUCTYIH; 7) (GOpMyBaTH
IHUBITyaTbHIU MOBHUN CTHIIb.

OueBUAHO, IO OBOJIOJIHHSA OCHOBaMHU OyJb-sKOi mMpodecii MOYMHAETHCA 3 3aCBOEHHS
MEeBHOI CHCTEeMH TpodeciiHuX 3HaHb 1 HaBHYOK, TOOTO ¢opMyBaHHS i1H(OpPMAIIHHOTO
3a0e3nedeHHss oOpaHoi mpodecii. Ane (axoBa MIArOTOBKAa HISKUM YHMHOM HE OOMEXYETHCS
3HaHHSAM TUIBKA TpPEIMETy PO3MOBH: Majlo 3HAaTH, MPO IO TOBOPUTH, CIiJl HABUUTHUCS
NPaBWIHHO BHCIIOBIIOBATH BIIACHI MyMKH. He BHIAJKOBO €IUHOIO JOCTOBIPHOIO O3HAKOIO
JFO/ICBKOTO po3ymy JlekapT yBakaB 3[aTHICTh aJeKBaTHO BHKOPHUCTOBYBATH MOBY. Jlisi Toro,
1100 TPaMOTHO TOBOPHUTH 1 OYTH 3pO3yMIJIO0, JIIOAMHA MA€ OBOJIOJITH CKJIQJIHOIO CYKYITHICTIO
iHpopmMarii Ta BMIHb 1 HAaBHYOK, IO CYNPOBOKYIOTh MOBJIEHHEBY MisUThbHICTH. He MeHmn
B)XJIMBUM 3a NIPAKTUYHUI aCIEeKT OBOJIO/IHHSA MOBOKO BBaXKA€MO HANpsMOK KOMYHIKaTUBHHM,
aJKe TIepes] TUM, SIK BCTYIIUTH Y CHUJIKYBaHHS, MOBELb MA€ YITKO YCBITOMHUTH: JI€ CHUIKYETHCS
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(odimiifHi/HEeodiMIHHI YMOBH), XTO aapecarT, Sika MeTa CIUIKyBaHHS (TIOBIIOMJICHHS, 3’ SICyBaHHS,
CIIOHYKaHHS).

Pesynpratu nociinxkensb. «3aroBopy, oo s Tede modaynBy, — TOBOPUB 1aBHbOIPELIbKUI
¢inocop Coxpar. MoBHI 3aco0U, SIKUMH MOCITYTOBYETHCS JIIOJUHA U BUCIIOBJICHHS BIIACHHX
IYyMOK, Oe3rocepeqHbO BIUIMBAIOTH Ha (OpPMYBAaHHS HAIIOTO BpPAXEHHS Mpo  Hei.
BucokoocBiueHoro ¢axisiigs HEOJMIHHO BIAPI3HSAE 1HAMBIAYaTbHUM CTHIIb MOBHU NMPOGECIHHOTO
CHpsMyBaHHSA. BUpoOUTH BiIaCHUM CTHIIb MOJIMBO JIMILE 32 YMOBMBpaxyBaHHs 1 (POpMYyBaHHs
TaKUX OCOOMCTICHUX SKOCTeH MOBII, SIKi, HA HAUly JYMKY, € BU3HAYaJbHUMHU JUIS YCIIIIHO{
npodeciiiHol AisIbHOCTI MalOyTHROTO (haxiBIs, a caMe: OpIEHTAlllsl B CUTYaIlll CIIJIKyBaHHSI,
Opi€HTaIlil HA MOBY W EMOIIIMHMIA CTaH CIIBPO3MOBHHKA, IMPOTHO3YBAaHHS pEaKIlii Clyxadis,
YMIHHS CIIyXaTH.

@dopMyBaHHS KyJIbTypH MOBJICHHEBOI MiSUTBHOCTI, IO BKJIIOYA€ JIHTBICTHYHUN Ta
KOMYHIKaTUBHUM KOMIIOHEHTH, Ma€ 3a0e3leYuTH ONaHyBaHHS  3aCTOCYBaHHS Ha IpaKTHIL
BapiaHTiB mpoeciiiHO-MOBICHHEBOT TIOBEIHKH, 3yMOBIICHOI CHTYali€l0 criakyBaHHs. [Iporec
CHUIKYBaHHsS BiOyBaeThCS 3a ydyacTi JBOX CTOpiH — KOMYHiKaHTa i penmmieHTa. Llimkom
MPUPOJHO, IO HA HUIAXY MOPO3YMIHHS MK JIBOMa 0cO0amH, SIKi€ PI3HUMH 33 XapaKTepOM,
TEMIIEPAMEHTOM, OCBITOI0 M IEpEeKOHAHHSAMH, MOXXYTb BHHHUKATU DPI3HOMAHITHI MEPELIKOIU.
[Togonatu mi TpyaHOUI MOKJIWKAHO 3HAHHS MOBHOTO ETHKETY — CYKYIMHOCTI CTaHJApTHHUX
CJIOBECHUX (OpPMYII, BKUBAHUX y CTaHJIAPTHUX CUTyalisX. BxKUBaHHSA ycCTaleHUX E€TUKETHHX
dbopMyn Moxke BapiroBaTHCS (OPMOIO MOBJICHHS — YCHOIO YU MHCEMHOIO. 3a3BHuail OOWIBI
(dbopMU BUSBICHHS CY4aCHOI YKpPaiHCHKOI JIITEPaTypPHOi MOBH MalOTh 0araro CIiJIbHOTO, B TOMY
yuciai W B AaCHeKTi BHKOPHCTAaHHS MOBHHMX (DOpMyJ, THUHOBHX JUII KOHKPETHOI CHTYarii
CHUIKYBaHHSI, SK-TO IPUBITaHHS, 3aBepIICHHs Oeciu, BKa3iBKa HA METY, IPUYHUHY 1 T. 1H., aJie iM
BiIacTUBl ¥ cnenudiuni o3Haku. BonomiHHA HOpMaMu €TUKETy B THCEMHOMY MOBJICHHI
HalfsICKpaBilIe peati3yeTses y cdepi II0BOro JUCTyBaHHS.

VYMiHHS BecTH [JUIOBY pO3MOBY € OOOB’SI3KOBOIO SIKICTIO BHCOKOKBaJi(hiKOBaHOTO
¢axiBug. Kpim mpocgeciiiHoi KOMIETEeHTHOCTI 03HaueHa SIKICTh BUMArae 3HaHb 1I0JJ0 CTBOPEHHS
CHPUSITIMBOTO MCUXOJIOTIYHOIO KIIIMaTy, SIKHH Ha eMOLIMHOMY piBHI 3a0e3nedye BpaKeHHs BiJl
crniikyBaHHs. Tak, y AiJI0BiIM pO3MOBI HE BapTO IIyKaTH JHIIE OAHOCTOPOHHIX BUTi. /s 1iporo
Tpeba BMITH Tak MoOynyBaTH 3yCcTpiy, 100 3allIKaBUTH MapTHEpPa CBOEIO MPOIO3UIII€I0, 00 BiH
MIEePIIMM 3alPOTIOHYBaB Ballle OaueHHs po3B’si3aHHs npoosiemu. [1i yac ciKyBaHHS BUSBIISATE
CTpaBXHIO, IMPY yBary 0 CHiBPO3MOBHHKA, HaMaraitecsi 3BepTaTUCs JI0 JIOAMHU BUHSITKOBO
Ha IM’s, sIKe, HAa JYMKY BIJIOMOTrO 3HaBLs Hcuxojorii moacbkux crocyHkiB JI.Kapueri, €
HANCONOMIIMM 1 HaMBaXJIUBIIIMM /s HeEi 3BYKOM Ha Oyap-skiii mosi. IlpupogHo, mio
3amam’siTaTH IMEHa BCIX JII0JIEeH, 3 SKUMU MaeMO CIIPaBH B Tpo(eciiiHOMY CIUJIKYBaHHI, CKJIAHO,
aJle MOXJIMBO, SIKIIO 3HaTW TPU 3aKOoHM mnam sATi. [lepmmit 3 HUX — 3aKOH BpPaKEHHS —
TPYHTY€EThCSl Ha yBa3l M CIOCTEpPE)KEHHI, sIKI MOKJIMKaHI 3a0e3MeYuTH SICKpaBe BPaKEHHS Bij
MePIIOi 3yCTPidi 1 B TAKUM CIOCIO TOMMOMOTTH Kpallle 3armam’siTaTh iM’sl Ta TT0 0aThKOB1 BAIIOToO
napTHepa. 3aKOH MOBTOPEHHS CTBEpKYye:0araTopa3oBe i 000B’I3KOBO OCMHUCIIEHE MOBTOPEHHS
— 3amopyka pe3y/JIbTaTUBHOIO 3amaM’ sTOBYBaHHs. SIKIO iM’s HOBOro MapTHepa € 3BHYANHMM,
cpoOyiTe CHIBBIIHECTH HOTro 3 IMEHaMH BalllUX CTapuX 3HAHOMHX, y pasl X SIK BOHO
BUPI3HAETHCS 1HIUBIYaIbHICTIO BKIIIOUITH HOTO J0 aCOI[IaTUBHOTO PSATY, YTBOPEHOTO Ha OCHOBI
npodeciiiHuX 3aHATh, BIACHUX 3aXOIUIEHb 1 T. 1H. — PaUTh 3aKOH acOoLiaLliil.

VY nmpoueci CHUIKYBaHHS NI€BHY YacTUHY 1H(opmanii MU OTPUMYEMO Yy BUIIISIL
BIJINOBI/ICH Ha 3amMUTaHHSA. YMIHHS CTaBUTH 3allUTaHHS — CIPaBXKHE MHUCTEITBO, SIKOMY Tpeda
BuMTHCS. ICHYye O6arato BU/IB NMUTaHb (3aKPUTI, BIIKPHTI, aJbTEPHATUBHI, PUTOPUYHI, 3yCTPIUHI,
npoBoKamiiHi 1 T. a.) [1, c. 86], 1 daxiBueBi, gkuii Mparse oTpUuMaTH TOYHY iHpOpMallito, CHil
YITKO Opi€HTyBaTHcs B ix creuudini. Bin3Haummo, 1Mo NHUTaHHS MOXYTh MEBHOI MIPOIO
XapaKTepU3yBaTH JIOANHY, KA iX CTaBUTh. Tak, «3aKpHUTi MUTAaHH», TOOTO TaKi, 0 BUMArarTh
OJIHO3HAYHOI BIATMOBIJI «TaK» YU «HI», CBIMYaTh MPO Bally HETEPIUIAYICTh, PO BiICYTHICTh
BUTPHUMKH BHUCITyXaTH BAIIOTO CIiBOECiAHUKA 10 KiHIA. KpiM TOro, BOHH 0OMEXYIOThH MPOCTIP
JUIs MIpKYyBaHb, BUCJIOBJIEHHS BJIACHUX JyMOK MapTHepa. SICKpaBO MPOTUCTOATH iM «BIJKPUTI
OUTAHHSA», SKi (OPMYIIOIOTBCS Ui OTPUMaHHA JOJATKOBOi iH(opmarii Ta J03BOJIAIOTH
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CHiBOECITHUKOBI BUIBHO MaHEBpPYBAaTH B iH(pOpMaLiiHOMY MpOCTOpi. Ale came B IIbOMY 1
KPHETHCS «ITIACTYIHICThY» IUX MUTAHb JUIA THX, XTO iX CTaBUTh, OCKUIBKH JIIOAH PU3UKYIOTH
BUSIBUTHCSI HEIOCTaTHHO KOMIIETEHTHUMHM B MOPYLIEHUX BallUM HApTHEPOM 13 BalIOi K 3roau
HanpsMKax pO3MOBH.

He MeHII BaxIMBUM, HIK CTaBUTH MUTAHHS, € YMIHHS JaBaTH BIAMOBiAI HAa HUX. BTim,
Oepy4d 110 yBard pi3HOMaHITHICTh MHUTaHb, BIA3HAYMMO: MOPaAM IOJO BIAMOBIJACH HAa HUX €
MeHII yuciaeHuMu. He ciipg mocmimaTv 3 BIINOBIIIO, NMEpPEKOHANTecsd, L0 BU IMPAaBHIBHO
3pO3yMUIM TUTAaHHA. SIKIIO HE MaeTe YiTKOI, 3Ba)KCHOI BIAMOBIAI, TO Kpalle HE PU3HKYHTE
BIJNIOBIJaTH CIIOHTAHHO, a0W HE MOTPAlMTU [0 HE3PY4YHOi, HEBUIPAIIHOI Ul Bac CHUTYallii.
BaxnuBuM € W TICUXOJIOTIYHMMA acCIleKT: YMM OUTbII €MOIIMHO HEBPIBHOBAKCHUM Balll
CHIBPO3MOBHMK, THM CIOKIHHIIIIE BM Ma€Te pearyBaTH Ha MOTO MUTAHHS;, YUM EMOIliifHime
NUTAHHS, TAMKOPOTIIOI0 Ma€e OyTH BIAMOBIAb HA HHOTO.

Y UuCIeHHHMX [JIOCHIPKCHHSX, TMPUCBAYCHHX aHaNi3y BIUIMBY BepOAJbHHUX 1
HeBepOaTbHUX 3acO0iB Ha MpOIEC CHUIKYBaHHS, M0 iH(opmarii, 37100yTOi HeBepOATHLHIM
HIISIXOM, KOJTUBA€EThCs B 65 10 90%; ane B Tomy, o Oiibla 4acTUHa iHGOpMalii Bce K Taku
MepeIacThCcsl MO3aMOBHUMHU 3aco0amu, BCl JoCHiaHUKA e€auHl. Y cdepi mnpodeciiHoro
CHUIKYBaHHS CIIOCTEpIraeMo HE3HA4yHy IepeBary 1o0Jii BepOasliku, ajge He CIiJ MPUMEHIIyBaTH
3HAUEHHS MOBHOTO CKJIaHHKA. Bimomuii HiMenpkuii dinmocod E.KanT ka3aB: «Pyka — 1ie Buauma
YacTUHA MO3KY». BumMTucs po3ymiTH MOBY HeBepOaJbHOIO CIIJIKYBAHHS BaXIJIMBO 3 JEKUIBKOX
npuuuH. [lo-mepie, TOACHKI MOYYTTS HACTIIBKK OaraTorpaHHi, TNIMOMHHI, 10 iX HE 3aBXKIU
MOYKHA TIepe/IaTH ClIoBaMH. TyT Ha JOMOMOTY IPUXOAMTH caMe MiMika, )KecTH, Bupa3 ouei. [1o-
Jpyre, 3HAHHS MOBH JKECTIB CIPHUSE KpalloMy PO3YMIHHIO NMCHXIYHOTO CTaHy CHiBOeCiTHHKA.
VBa)XHO CHOCTEpIraloud 3a HOro IOBEIIHKOI, BU 3MOXeETe 3’sCyBaTH, HACKUIBKM BIH
BPIBHOBa)XCHUH, 3aCMOKOEHUH, yneBHeHMH y co0i. OcoOnmBa X IIHHICTE HEBEpOATBLHOTO
CHIIKYBaHHS B TOMY, III0 BOHO Mai)Ke 3aBKIH CIIOHTaHHE 1 Oe3MOoCepeIHeE.

BaxxmuBuit Kpok y cTaHOBJIEHHI (haxiBIlsl — BIOCKOHAJIEHHS cele sk cimyxaua. EdexTuBHe
CJIyXaHHS — OCHOBA JUIsl OTPUMaHHs TOYHOI iH(opMallii. YMIHHS clyXaTu € KOPUCHUM, OCKUIBKU
came BOHO BHU3HAYa€ PIBEHb ycnimHOCTi cnuikyBaHHs. HaBuuTucs cimyxaTu — CKJIaJHUNA IpoLEc,
KM BUMarae 3ycuiib 000x cropin. OauH ¢inocod sSKOCh CKa3aB: «HpaBzLy MOYTh BUMOBHUTH
JIBOE — OJMH TOBOPUTH, 1HIIMN — ciayxae». [loumHatn (opMyBaHHS 1 BIOCKOHAJICHHS IIi€i
HaBUYKH Tpeba 3 cebe. Tak, ciiyxaroud CHiBPO3MOBHHKA, ICHUXOJIOTH PAISATh TOTPHUMYBATHCS
TaKWX TPABWI: HE MIPUMATH MOBYAHHS 3a yBary, He B/IaBaTH, 1[0 CIyXaeTe, He nepeOuBaT 0e3
notpedu, He poOUTH MOCHIINIHUX BHCHOBKIB, HE CTaBUTH HAaATO Oararo NMuTaHb, HE JaBaTH
1opaju, TIOKH He TIPOCATh, HE TPUKPUBATHCS CITyXaHHSM SIK CXOBHILIEM.

BucnoBku. Otxe, 11100 cTaTH YCHIIIHUM Y CIUIKYBaHHI, Oyb-IK1i KOMYHIKaTUBHUN aKT
Tpeba MOoYMHATH 3 MOCTAHOBKM 3aBJIaHHS IMOYYTH, IO CKa3aB cliBOecigHUK. s mporo cruix
30CepeAUTHUCS, CKOHIIEHTPYBAaTH CBOIO yBary Ha IMpeIMeTi po3MOBH, HAMaraTucsi 3po3yMiTH He
TUTBKH 3MICT CJiB, @ 1 €MOI[IWHUNA CTaH 1 MOYYTTS CIHIBpO3MOBHHKA. [[oBeaeHO, mo OiibIna
YacTHMHA CHUIKYBaHHS € HeBepOalbHOIO, TOMY CIiJ 3BaKaTWM HE TUIBKM Ha Te, IO Kaxke
CHIBPO3MOBHMK, a H Ha Te, K BiH 1Il€ pOoOUTh. 3aleXHO BiJl METH CHUIKYBAaHHSI MH MaeMO
3aCTOCOBYBATH pi3HI (opMu ciayxaHHs (BUOIpKOBe abo ITHOBE, aKTUBHE a00 TACHBHE), alie y
BCAKOMY pa3i BOHM MarOTh CTaTH OCHOBOIO €(QEKTUBHOTO CHUIKYBaHHSA, 1, SIK HAaCIIOK,
BUXOBYBAaHHSI BUCOKOKBaJIi(hiKOBaHOTO (haxiBLIs.
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SOLVING THE PROBLEM OF MINIMIZATION DAMAGE IN THE
EVENT OF IMMINENT COLLISION

Kyrychenko K.V., Grosheva O.0., Tovstokoryi O.M., Mateichuk V.M., Moiseenko V.S.,
Mamenko P.P.
Kherson State Maritime Academy
(Ukraine)

Introduction. At present, a dynamically developing and stable national transport system
Is a necessary condition for the development of a modern economy. Based on this, safety is a
basic quality that is necessary for all modes of transport. Of particular importance acquires safety
in maritime navigation [1]. Analysis of accidents shows that many accidents and disasters at sea
are due to the human factor. At the same time, experts believe that significant results in reducing
the impact of the human factor can be achieved only through the introduction of automated and
automatic vessel traffic control systems. Some issues of creating ergatic systems in maritime
transport are considered, which allow controlling the behavior of the operator and in the early
stages to detect deviations in his actions. The study [2] proposed to assess the risk of collision
depending on the intensity of vessel traffic and operating conditions and the consequences of the
collision. The consequences of a collision guantitatively assessed as damages in the economic,
social and environmental spheres. The assessment took into account the epistemic and aleatory
uncertainties associated with the state of damage to vessels.

The use of automatic control systems for the movement of the ship can dramatically
reduce the impact of the human factor and increase the safety of navigation, especially in
difficult sailing conditions [3-12].

The relevance of research. As can be seen from the above literature analysis, authors
did not consider the minimization of the damage in cases of imminent collision through the use
of specialized modules of automatic motion control systems. Therefore, the development of such
systems is actual scientific-technical problem.

Problem formulation. It is necessary to develop a module of the vessel automatic
control system, which would ensure the minimization of damages in case of imminent collision
of vessels.

Research results. The system of differential equations, which describes the mutual
motion of the vessel and target, in the projections on the axis of the vessel-related coordinate
system (RCS), can be written as:

(" mV.=P(0)-R (V,.5),
mV, =R,(V,,8)-R,(V,),
|, 0: =-M!(V,,8) M, (@,),
< AX =V, -V,

AY =V, —V,,,

A K =w,.
\ z

where m is the vessel's mass, I, is the vessel inertia moment, Vy, Vy are the longitudinal
and lateral linear speeds of the vessel, w; is the angular yaw rate of the vessel, Ax, Ay are the
distance components of the vessel and target in the projections on the RCS axis, 4k is the
difference between the course of own vessel and the target, P(6) is the screw force depending on
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the position of the telegraph 6, Ry (Vy, o) is the hydrodynamic resistance force depending on the
longitudinal speed V and steering angle J, Ry (Vyx, o) is the lateral force depending on the

longitudinal speed V, and steering angle o, Ry (Vy) is the lateral drag force, m; (V,,d) is the
control moment in the yaw channel depending on the longitudinal speed Vy and steering angle 6,
M;(w;) is the resistance moment to the angular rotation of the vessel in the yaw channel, Vyq, Vy1

are the components of the target speed vector in projections on the RCS axis. The scheme of
movement of vessels is shown in fig. 1.

X1

Y1

Figure 1 — Scheme of ship traffic

The components of the target speed vector in projections on the RCS axis are determined
from the following equations

V,, =V,* cos Ak -V sin Ak,
V,, =V,® sin Ak -V ® cos Ak,

where thg , Vytg are the components of the target speed vector in projections on the target
RCS axis.

The aim of the study is to minimize the kinetic energy of the vessels collision at the time
T

2 AVZ(O(t),s(t
K(T) = m(AVX (e(zt),a(t)) LAYy ( (2) (1)
where 4Vy, 4V, — relative speeds on the coordinates x and y,

AV, (0,0)=V,(0,0)-V,,,

AV,(8,6)=V,(8,5)-V,,,
x=V,,V,o,,Ax, Ay, AK)

x(0) = (v,(0),V,(0), @, (0), Ax(0), Ay(0), AK(0))

It is necessary to find 0(t), 6(t), that the function was minimal. The problem is solved by
the final time T, when the collision occurs. Considering also the restrictions on the control
parameters |© | <z /2, || <35 °, the optimal control problem under consideration can be solved
using the Pontryagin maximum principle.

Experiment. To test the efficiency and effectiveness of the method, algorithmic and
software module optimal control experiment conducted at the Imitation Modeling Stand, created
by the authors on the basis of the navigation simulator Navi Trainer 5000. The Imitation
Modeling Stand allows to test the software of the control system modules in a closed circuit with

) — min,
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a navigation simulator, using all its advantages. The automatic module allows you to minimize
the energy of the collision in case there is little time before the collision. The automatic module
finds a solution and minimizes the risk of collision. The simulation results confirmed the
efficiency and effectiveness of the method, algorithmic and software of the vessel movement
optimal control module, which minimizes losses in cases of imminent collision.

Conclusions. The issues of the vessel automatic control in order to minimize damage in
an inevitable collision are considered. Manual control in the event of a stressful situation can be
harmful. As practice shows, reducing the speed of the vessel in order to minimize damage in a
collision is not always the right decision, as reducing the speed decreases the maneuverability of
the vessel. Obviously, this problem is optimizing. The method, algorithmic and software of the
vessel automatic movement control system module was development. Using this module allows
to minimize kinetic energy in the event of an inevitable collision. The efficiency and
effectiveness of the module was tested on the Imitation Modeling Stand.
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ON THE POINT OF HUMAN RESOURCES OF THE MARITIME
INDUSTRY AND THE HUMAN FACTOR

Voloshyna O.V.
Azov Maritime Institute
National University «Odessa Maritime Academy»
(Ukraine)

In this thesis we suggest to incline from the conventional line of keeping up with
generally accepted standards. Our research is an attempt to tackle the aspect of individual factor
in human resource policy concerning the maritime industry as one of the most sufficient
communicative issues those can appear at sea. As it impacts directly the efficiency of the crew, it
is considered to be a primary task of the human resource management.

Taking into consideration that recently a rapid development of comparatively new
branches of science, such as neurolinguistics, linguistic psychology, transactive analysis, etc. has
been observed, the Human Resource Management pays much attention to the research in this
area. There exists a number of fundamental studies on the topic conducted by prominent scholars
in the related scientific fields, i.e. Daniel Goleman, David Clark, Travis Bradberry, Dr. Steven
Stein, Colleen Stanley, fellow academics John Mayer and David Caruso, Nobel Prize winner
Daniel Kahneman, etc.

There is an opinion that proper understanding of the nature and latent streams and
triggers of each communicative situation, as well as involving of the results of the congruent
studies, can contribute much into the development of new communicative strategies and patterns
for successful management on board.

The mere fact is that any crew is efficient in collaboration only. If there is a certain
interaction among the members of the crew, it is going to be more successful, stress-resistant
and, as a result, workable. Successful interaction is possible if certain points are realized: enough
theoretical knowledge, enough practical experience and tall order, which is achievable only in
case of proper subordination. It is proved by the Captain’s Job Description [9], where it is
pointed out, that he/she is responsible for everything happening onboard. Due to this, more and
more studies are devoted to the ways of practical realization of the human resource management
on board, i. e., theoretical scientific thought is being streamed to the strategy and patterns of
behavior of a leader particularly.

In this thesis we’ll try to highlight some principles which might help improve the leading
skills of future Captains and other leading positions onboard.

Being quite unique and individual as for the way of thinking, peculiarities of perception
and external manifestations respectively, we occur in a trap of our personal views and value
judgements even being quite aware of the HR management principles and technology. It happens
due to just one tiny (from the point of view of industry) feature — emotions. We undergo their
impact, sometimes positive, sometimes negative, but they anyway determine both our behavior
and the way we communicate. Emotions serve as so called triggers - agents of provocation for
the actions we take and at the same time jammer for the Ratio. It cuts off our theoretical
knowledge and even the practical experience we’ve got. With the Ratio switched off any
individual, notwithstanding the position, loses capability of getting adequate comprehension of
the situation, and decision-making. As a result, final goal gets blurred and respectively an
individual is not being headed to the achievement of the final result, but gets bent on some minor
objective and deviates from the accepted patterns of successful leadership. But only following a
set of professional and ethical codes of conduct and forging atmosphere of objective and
impartial governance a Chief (or any other leader on board) may provide an effective HR
management which leads to sustainable collaboration between all the participants of the process
and, as a result, safe co-working.
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Good for everyone if the emotion felt contributes into your confidence, so to say, wakens
you up, but it can appear quite harmful if it triggers a chain of uncontrolled mental reactions and
as a result psychosomatic signals you then manifest. They are 100% uncontrolled and easily read
by the underlings, so, you may not even notice how fast you “contaminate” your crew with an
uncontrolled feeling of fear, irritation, aggression etc.

Probably due to this during the last couple of decades there was an unbreakable rule for a
successful leader: hide your emotions. [3] Recently the thesis took a U-turn and now we’ve been
observing more and more research with the conclusion drawn that this strategy does not work.
Trying to save a poker face by all means you just live out the Dr. Jekyll — Mr. Hyde scenario,
with the aftermaths predictable. Other patterns are suggested by numerous scholars, and all of
them contain some common statements: 1. not to lose control over the situation, save control
over yourself; 2. to control something you must first of all comprehend it. [2]

Let’s consider one of the worst scenarios: a feeling of fear appeared in the Chief in some
critical situation at sea. Fear is one of the most powerful triggers of the loss of confidence. To
observe how it works it would be perfect to consider a hypothetical case described however by
numerous scholars from different points: in an emergency landing attempt Captain announced
“Take over controls” but failed to carry out the operation. In course of landing his knowledge
appeared to be insufficient, it gave rise to the manifestation of fear. Actually, the feeling of fear
appeared much earlier, when the situation became an emergency. But exactly “take over
controls” gave him away which led to lack of trust from the side of the crew. From the first sight
there is nothing odd in the situation when the Chief, being responsible for everyone and
everything, conducts the work and directs the activities. Odd was exactly the superficial
manifestation, outer reactions provided. The crew at once read not only his natural fear of death,
but also his fear to appear not efficient and lose control over the situation. He must not have
manifested it anyway. Being a Chief, he already was entitled to supervise the operation.
Searching for additional confirmation of his authority he unveiled his weakness, mistrust to the
crew, which is automatically equals to disrespect and splits the crew and the leader, and lost
power immediately. Being swamped by his emotions he forgot what the proof of the pudding
was, became affected by malign forces.

Definitely, some may call it courage, but inside the situation it is perceived as an
emotionally taken decision, which has not been previously analyzed, comprehended, agreed with
circumstances and thus wrong: Captain did not take into consideration experience and
knowledge of the crew, he had a lack of skill in some areas in himself, which proves the
statement that our inability to understand ourselves in various emotional states is not able to
change for the better with experience; we come to the wrong conclusions [5]. In stressful
situations our frontal cortex does not determine our responses any more and our reptilian cortex,
which houses the “startle centre”, launches a mechanism which facilitates swift reactions to
unexpected occurrences. So, the Captain acted without deep comprehension, but, when he
realized the situation, he wilted and couldn’t help unveiling his fear in the worstever way —
psychosomatically, via gesture, mimics, tone of his voice.

According to Ch. Darwin, [2] people have never lost and go on successfully develop the
gut, so called animal instincts. So, we immediately get the situation even through the poker face.
The Chief mentioned above was lucky enough to have an experienced and efficient crew, but the
scenario can be not so good next time with some other leader.

Having analyzed and recognized the mistakes in the abovementioned situation, we
completely agree with Professor D. Arieli, who maintains that our irrational behavior is not
random and meaningless — it is systematic and quite predictable [5], so, if situation happens
again the Captain will probably not act any other way. Good news is that everything predictable
can be corrected. Correction is possible via analysis and comprehension, which leads to
broadening of so called EQ or emotional intelligence. In course of analysis we developed a
scheme for urgent control over emotional fault in stressful situation. This set of actions can help
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to develop a communicative strategy and behavioral pattern for a leader in the situations of
uncontrolled emotional affection:

1. Recognition. Recognize your emotion, reveal it to yourself. According to V.
Kozlova, it is necessary to name it to feel a relief, which is the first step towards self-control
return [3].

2. Draw up the idea which made you feel it: in the case mentioned it was the fear of
control over the situation almost as strong (if not equal) as a fear of death.

3. Determine properly the real result (stress upon the word “real”, especially in
emergency situations) you want to obtain.

4. Analyze which words and actions of yours may raise corresponding reaction in the
underlings.

5. Implement it for a win-win strategy realization: the crew will not feel your lack of
confidence if they get a clear guidance.

To conclude the thesis we must admit that the topic of EQ boost is quite up-to-date and
provides unmeasurable field for research. The closest perspective of our studies we discern in
determination of linguistic markers of unstable emotional conditions, description of linguistic
triggers and jammers. It can also be developed into a course of Communicative Strategy and
Tactics for successful communication for Captains and other leaders on board.
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MOKA3HUKHU BAJIEOJIOTTYHUX 3HAHb TA ®I3UYHOI
MIArOTOBKU 31J0BYBAUIB BUIIIOI OCBITU NEPILIOI'O KYPCY

I'yzap B.M., Céupuoa B.C., Capamoscvkuii O.B., bozoanoea A.O.
Xepconcoka oeporcasna mopcbka akademist
(Vkpaina)

Beryn. CydacHi BuMOrM 10 TpodeciiHOi IMiArOTOBKH BHITYCKHHKIB XEpCOHCHKOT
JIep’)KaBHOT MOpPCBKOI akajemii repeadadaroTh HASABHICTH HEOOXigHOrO piBHA (Hi3UIHOL
TOTOBHOCTI, SIKa JIOCSTAETHCS IIiJI 4Yac PETYISPHUX 3aHATH Pi3HUMU ¢dopMamu mpodeciitHo-
NPUKIAIHOI (I3UYHOI MATOTOBKU: HABYAJIbHI 3aHSATTS 3 PI3HUX PO3IUIIB (I3MYHOI MiATOTOBKH
[1,2], cmopTuBHO-MacoBa poOOTa Ta BiABIMYBaHHsS CEKIIii 3 Pi3HUX BHIIB criopty [3], paHKOBa
¢iznyna 3apsika Ta iHAUBiAYadbHI Qi3udHI TpeHyBaHHS [4,5].

B mpomeci 3aHsATh mnpodeciiiHO-IpuKIanHOK (I3MYHOI0 MiATOTOBKOI Ta CIOPTOM
BiIOYBAa€ThCS PO3BUTOK CHEIIAIbHUX (I3UYHUX SKOCTEH: CTIHKICTh A0 3aXxUTyBaHHA [6],
CTIMKICTh J0 BIUIMBY TEMIEPATypHUX pexkuMIB [ 7], cTiKicTh 10 BiOparii [§].

[lin uac perynspHuX 3aHATH (I3UMHUMHU BIpaBaMu (QOPMYEThCA MCUXOJIOTIYHA
TOTOBHICTh IO BUKOHAHHs (Di3MYHMX HABAaHTAXXEHb HA CyJlaX TOProBOro (oTy, OCOOIMBO IIiJl
Yac HQI3BUYAMHHUX CHUTYaIlli Ha CyaHi, (OpMyBaHHS 3HaHb MPO TOMEPEHKEHHS TPAaBMATU3MY,
npodiTaKTUKK 3aXBOPIOBaHb Ta BUKOHAHHS caHiTapHO-TirieHiunux Hopm [9,10,11,12].

CucrematnyHi 3aHATTSA TpodeciiiHO-NMPUKIAIHOK (DI3UYHOIO MIATOTOBKOIO Ta CIIOPTOM
cpusitoTb (opMyBaHHIO y 3700yBauiB BHUIIOI OCBITM HEOOXIJTHUX TPYAOBUX HABUKIB,
MOKPAIYIOTh TPAale3IaTHICTh MPOTATOM JIOBIMX POKIB JKUTTS, ONTUMIZYIOTh MCUXO(]i3UUHY
TOTOBHICTh Ta CHPHUSIOTH aJanTaiii OpraHi3aMy 0 TPYAOBOi MisSUIBHOCTI, SIKI HEOOXIiHI yIs
e(eKTUBHOI0 BUKOHAHHS CBOIX IpodeciiiHuX 000B’A3KiB HA MOPCHKOMY TPAHCIIOPTI.

BusnaueHHs piBHS (13MYHOI TOTOBHOCTI 3/100yBadiB BHIIOi OCBITH MEPIIOrO KypCy €
OJIHUM 13 TOJIOBHHX 3aBJaHb BHKJIaIadiB Kadeapu Oe3MeKu >KUTTEAISIBHOCTI Ta mpodeciitHo-
npuKiIagHoi (Pi3UYHOI TIATOTOBKH [JIsl TUIAaHYBAaHHS TPEHYBAJIbHOTO TMPOILECY 1 PO3BUTKY
3arajbHUX Ta CreliadbHUX (DI3UYHUX SIKOCTEH.

PesyabraTn pocaimxenb. Ha mouarky 2021-2022 HaB4anbHOTO pPOKY BHKIJIaJadaMu
Kadeapu OyJIOo MPOBEACHO AHKETYyBaHHS, B SIKOMY MPUUHSUIM y4acTh 95 3m00yBauiB BUIIOL
OCBITH TIepIIOTO Kypcy (hakyabTeTy CyTHOBOJIHHSA. MeTa aHKeTYBaHHS — BU3HAYCHHS YaCTOTH
(tabmurr 1) ta Qopm (Tabmums 2) 3aHATH 37100yBaviB BHINOT OCBITH MEPIIOTO KypCy
npodeciiHO-NPUKIAAHOIO (HI3HUHOIO MIATOTOBKOIO Ta CIIOPTOM.

Tabmuusa 1 — YacroTa 3aHATh npodeciiHO-NPUKIaHOI (I3UYHOIO0 MiATOTOBKOIO Ta CIIOPTOM
3100yBauaMM BUILO1 OCBITH MEPIIOTO Kypcy (haKkyIbTETy CYyTHOBOIIHHS

Ne YacroTa 3aHsTh (KUIBKICTh pa3iB) Binmogizai onutyBaHUX
3/

1 5 pasiB i yacTinie Ha THXKICHb 10 %

2 3-4 pasu Ha THXK]IEHb 26 %

3 1-2 pa3u Ha THK]ICHb 48 %

4 1-2 pa3u Ha MicsIIb 14 %

5 Bzarani e 3aiimMaroThCs 2%

B pesynbpTaTi mpoBenEeHOrO aHKETYBaHHs YCTaHOBJEHO, 1m0 48 % 3m100yBaviB BUIIOT
OCBITH TEpIIOr0 Kypcy 3aiiMaioTbes MpodeciiHO-MPUKIAAHOK (PI3UYHOIO MIArOTOBKOIO Ta
croptoM 1-2 pa3u Ha THxIeHb, 14 % — 10 ABYX pa3iB Ha Micslb, 26 % TpeHyIOTbcs 3-4 pa3u Ha
THKJIEHD, a 10 % — Mali’ke KOKHOTO JTHS.
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Tabmuusa 2 — @opmu 3aHATH NPOPeciHHO-MPUKIANAHOI0 (I3UYHOIO MiATOTOBKOIO Ta CIIOPTOM
3100yBavyaMH BHUIIIOi OCBITH IEPIIOTO Kypcy GaKyJIbTeTy CYyTHOBOIIHHS

Ne ®dopmu 3aHATh Binnosizi onuTyBaHUX
3/1

1 PankoBa i3znuna 3apsaka 54 %

2 HapuanbHi 3aHATTS 3 (HI3WYHOTO BUXOBAHHS 98 %

3 3aHATTS B CIOPTHBHUX CEKITISX 3 BUJIIB CIIOPTY 22 %

4 InuBigyanpHi (i3WYHI TPEHYBAHHS B TPEHAKEPHUX 3aJIax 15%

5 InauBinyansHi Gi3uuHI TPEHYBaHHS BIOMa 52 %

B pe3ynbTari mpoBeAeHOr0 aHKETYBaHHS YCTaHOBIEHO, 1o 54% 3100yBauiB BUIION
OCBITH TMEPIIOrO Kypcy 3alMaroThCsi PAHKOBOK (I3MUHOIO 3apsakor0 Ta 22% BiIBIIYIOTh
CHOPTUBHI cekIii, 15% TpeHyloThCsI B TpeHaKEepHHUX 3anax, 52% 3aliMaroThCs 1HIUBIAYyaIbHO
BJIOMA ITiCTIs 3aHATb.

BusHadeHo piBeHb BAJCOJIOTIYHUX 3HAHb 3/J00yBadiB BHIOI OCBITH IEPIIOTO KypCy
(bakynbTeTy CYAHOBOJAIHHS: CAaHITAPHO-TITi€HIYHA KYJIbTypa, HAsBHICTh LIKIJUIMBUX 3BHYOK,
BMIHHS palliOHAJILHO XapuyBaTUCS, MUTAHHS 370POBOTO CHOCOOY KHTTS Ta CTABICHHS 0
BJIACHOTO 3/10pOB’s (Tadymms 3).

Tabmuns 3 — [Toka3HUKHK PiBHS BaJICOJOTIYHUX 3HAHB 3100yBadiB BUIIOI OCBITH MEPIIOTO KypCy
(bakyJIbTeTy CyJTHOBOXIHHS

PiBeHb Baj€0ONIOrIYHUX 3HAHD

Huzbkuit Huxue Cepenniii Bume Bucoxkunii
CEPEeIHBOTO CepeIHbOTO
% % % % %
17 % 60 % 15% 6 % 2%

B pe3ynbTaTi onuTyBaHHS YCTaHOBJIEHO, 110 OUTBLIICTE (77%) 3100yBadiB BUIO OCBITH
MEepIIoro Kypcy HE BOJIOAIIOTh METOAMKOIO OpraHizaiii Ta JOTPUMaHHS 3I0POBOTO CIOCOOY
KHUTTS, METOAMKOIO IIPOBEICHHS 1HANBIyalIbHUX 3aHATh 3 (PI3UUHOTO BUXOBAHHS, PETyIIOBAHHS
Ta KOHTPOJIIO 32 (PI3MYHUM HaBaHTAXXEHHSM B IPOLIEC] TPEHYBaHb.

ITin yac mpoBeAeHHS NPAKTUYHMX 3aHATh BHU3HAYEHO PIBEHb 3arajbHOi (i3UYHOT
HITOTOBKU 3700yBauiB BHIOi OCBITH MHEPLIOTO0 Kypcy (akylbTeTy CYAHOBOAIHHS METOAOM
TecTyBaHHs: Oir Ha 100 M, miATATYBaHHSA Ha nepekiaauHi, 6ir Ha 1000 m (Tabnuus 4).

Tabmuus 4 — TlokasHuku (i3MYHOI MIATOTOBKM 3700yBayiB BUIIOI OCBITH MEPIIOTO KypCy
(baKkyabTeTy CyIHOBOIIHHS

IToxasHuku [TinTsaryBanHs bir bir Cepenniit
Ha nepexyaauHi % Ha 1000 m Ha 100 M pe3ynbTar
% % %

Hu3zpkuii piBeHb 17% 21 % 18 % 19 %
Huxue cepenHboro 30 % 53 % 40 % 41 %
CepeHiii piBeHb 22 % 16 % 28 % 22 %
Bumie cepegnboro 20 % 7% 9% 12 %
Bucokwii piBeHb 11 % 3% 5% 6 %

®di3pyHa MIATOTOBKA 3700yBayiB  BHINOI OCBITH TEPHIOTO Kypcy (GakyiabTeTy
CyIHOBOJIHHS Ha 19% — Ha HU3bKOMY piBHI, 41% — HUWXKYe cepeaHboro, a 40% — cepemHiii,
BUIIIE CEPEHBOTO T BUCOKUN PIBEHb.

Bucnosku.

1. PiBenp (i3u4HOI MIATOTOBKH 37100yBadiB BHINOI OCBITH TMEPIIOr0 Kypcy (GakyIbTETy
cynHoBOIIHHA Ha 60% HU3bKMH Ta HWXK4Ye cepeanboro. Jlns mokpamieHHs (i3u4HOT
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MITOTOBJIEHOCTI HEOOXIMHI PeryJsipHi 3aHATTSA 3 PO3AUTIB MpodeciHHO-TIPUKIATHOT (HiI3UIHOT
MIJTOTOBKH, 3aHATTS CIOPTOM Ta MIABUIIEHHS €(PEKTUBHOCTI YHpPaBIiHHA TPEHYBAIHBHUM
IPOIIECOM.

2. ®opmu 3aHATH NpodeciiHO-NPUKIAAHOK (I3UYHOIO MiATOTOBKOK BUKOHYIOTHCS
3100yBadaMu BUIIOi OCBITH MEPIIOTO Kypcy HEe B TOBHOMY 00cs31 (54% 3aiiMarOThCsl PAaHKOBOIO
di3uuHOoI0 3apsaKor0 Ta 52% — 1HAUBIAYaTbHUM (i3MUYHUM TPEHYBAHHSAM IICIS HaBYAJIbHUX
3aQHSTH).

3. Yacrora 3aHATh IpodeciiHO-IPHUKIAIHOK (Pi3HUHOIO MiAr0TOBKOI Ta cropToMm (48%
— He Ouble 2-X pasiB Ha THXKIEHb, 14% — He Oinblne 2-X pasiB Ha Micslb, 2% — B3arani He
3aliMaloThCs) HE 3abe3nedye JOCTaTHIO (Pi3MUHY Ta MCUXOJIOTIYHY T'OTOBHICTH MalOYTHbOMY
¢axiBueBi TOProBoro ¢GioTy.

4, Husbkuii piBeHb BaJCOJOTIYHUX 3HaHb 3700yBadiB BHUIIOi OCBITH IEPIIOT0 KypCy
(dakyabTeTy CYAHOBOJIIHHS HE Ja€ 3MOTH IPABWIBLHO IMPOBOJUTH IHAWBINYalbHI 3aHITTS 3
(GI3UYHOTO TPEHYBaHHSI Ta TOTPUMYBATHCh 3JJOPOBOTO CIIOCOOY JKUTTSL.
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OILIIHKA AJIEKBATHOCTI IIOBEJIHKOBUX PEAKIII CY/IHOBO/IS
Y PI3HOMAHITHAX HABITAITIHUX CUTYALISX

Isanenxo B.M., @edynoe B.M., Yeoan B.1.
Jlynaticokuti incmumym 600H020 MPAHCHOPMY
Hepotcasnozo yHieepcumemy inghpacmpykmypu ma mexHonoz2it
(Vkpaina)

Beryn. Xoua emizeMis KOpPOHaBipyCy ¥ BIUIMHYJIa Ha 1HTEHCHUBHICTh TOCIOJApPCHKOL
JISUTBHOCTI Y BCbOMY CBITI, ajie HE 3MOTJa 3YNMHUTH NEpPEeBE3CHHS BaHTAXIB Ta MAacaXHUpiB
MOPCHKUMH IIIsIXaMH. Pa3oM 3 THM HENpPUIYCTUMO BHCOKUM 3aJIMIIAETHCS PiBEHb aBapiHHOCTI.
OcHOBHUM (akTOpOM aBapidi Ha MOpi, AKI MOXYTh IEpEpOCTH B HAA3BUYAWHI CHUTyalii, €
HOpYLIeHHs: B cdepi Oe3leku cyaHOMIaBcTBAa. Tak, HE3HAayHa aBapisi KOHTEHHEPOBO3Yy Yy
CyeupbkoMy KaHaJli CTajla MPUYMHOIO BUHUKHEHHs HaJA3BUYaiHOI curyauii. Taki Hang3BudaiiHi
CUTYallli YacTo HecyTh OaraTOMiTbHOHHI, a 1HOJII i 6araTOMiIbsAPAHI 30UTKH, BIUTMBAIOTH HAa BCIO
CBITOBY €KOHOMIKY Ta €KOJIOTir0. A JIKBiAamis iX HacHiIKiB 3a0upae O6araro yacy Ta piHaHCOBHUX
30uTKiB. Ha koxHili pobouiii cecii Komitery 3 Oesnmexkn Ha Mopi MiKHApOAHOT MOPCHKOi
Oprasi3arii po3risIIaloThCs MUTAHHS, SIKI CTOCYFOTBCS JIFOJICBKOTO (haKTopy.

binpuricte mopyiieHb NPU3BOIATH 10 HAaBIrallifHUX aBapiil, OCHOBHOIO MPHYHUHOIO
OUIBIIOCTI AKUX € TOMUJIKU CyAHOBOAIS. OTXXe, B epraTHuHii CUCTeMI “‘CYyIHOBOJIN — CyIHO —
cepeioBulle” c1aOKOI0 JAHKOIO € JoauHa. Came J0AChKUN eJIeMEHT JaHO1 epraTUiHOi CUCTEMHU
Haifuacrime BU3HAYa€ PU3MK BUHUKHEHHS HAJ3BUYANHOI CHTYyamlii HA MOPCBKUX cynHax. Tomy,
JUIs  3HIDKEHHS PU3WKYy BHHHMKHEHHS HAQJ3BHYAHOI CHUTYyalii HEOOXiJHO MiHIMI3yBaTh
HETaTUBHHI BILIUB JIFOJICHKOTO €JIEMEHTY Ha HaBiraiiHy 0e3reKy cyHa.

3amadero  JIOCHKEHHS € BIOCKOHAJEHHS METOJMKU OI[IHIOBaHHA aJIeKBaTHOCTI
MOBEJIHKOBHUX peaKI(iii CyJJHOBO/ISA y pPI3HOMAaHITHUX HaBIralifHUX CHUTYaIIsAX MiJ 4ac HECEHHs
BaXTH.

[ToBeniHkoO NIOJUHU HA3BEMO CHPSIMOBAHI OCOOMCTO ab0 COIlagbHO 3HAYYINI ii,
JOKEpEJIOM SIKUX € caMa JIFOIMHA, Ta BIANOBIIAJIBHICTD, KA MOKIAIA€ThCs HAa HbOro. IloBeniHKY
CHIJI BIAPI3HATH B peakiii opraHizmy. Aje, po3risAaroud pi3HOMAaHITHI pPeakiii CyAHOBOMIS
IpY HECEHHs BaXTH, OCOOJIMBY yBary NpUIUIMMO peakiii Ha Mopa3HIoUl (hakTopH, sIKI MaloTh
SIBHI 30BHIiIIHI posiBU. Came Taki peakiii opraHi3my JIIOJUHH Ha3UBaTUMEMO ITOBEIIHKOBUMH.

KopenboBaHICTh MOBEAIHKM JIIOJMHU, IOBEJIHKOBMX peEakLi Ta CTPEcOCTIMKOCTI
(GakTUYHO MOXKYThb BBa)KAaTUCS OLIHKOIO JIIOJCHKOro (hakTopa B MEBHIN cutyauii. Buxonduu 3
I[bOT'0, XapaKTep MOBEAIHKOBUX pPeaKIii CyJHOBOIISl IPU HECEHHS BaXTH MOXe OyTH MPUHHATUI
32 TEBHUH IHJUKATOP MOJKJIMBOI TIOBEIIHKH JIIOJMHA Ta BHKOPHUCTOBYBATHCS JUISL OI[IHKH
HMOBIPHOCTI HETATUBHUX HACHIJIKIB ITi€] MTOBEIHKU.

HasiBHiCTh Ta XapakTep peakiliii BaXTEHOTO MOMIYHUKA JTO3BOJISIOTh BUSBHUTH 310HOCTI
npuiiMaTi HUM aJieKBaTHI CUTyauli pilleHHs Ta 3a0e3neuyBaTH HaBirauiiiHy Oe€3leKy pyxy
CylHa. AJIEKBaTHICTIO BBaXaTUMEMO BIJIMIOBIIHICTh ITOBEIIHKOBUX PEAKI[id CyIHOBOIIS
KOHKPETHOI HaBIraIiitHoi cuTyallii 3 IeBHUM PIBHEM CKJIaJHOCTI.

[loBHa BiACYTHICTH OyAb-SIKHX TOBEAIHKOBHX peakiliii (MOBHA TOJEPAHTHICTH)
CYIHOBOJIiSl Y BaXKUX HABITAIlIHHUX CUTYaIisIX CBIAYUTH MPO HOTo HE3JATHICTh 3 0araThox
aIbTEpPHATHB pillleHb BUOpaTH pamioHambHe. OTXe, MpocTa OIiHKA IMOBEIIHKOBUX peakIii
CYJIHOBO/IISl BiZloOpakae BIUIMB JIOJICHKOTO (pakTopa Ha HaBiraiiiHy Oe3reky IIaBaHHs CyJaHA
HE JISI BCIX HaBITAI[IHHUX CUTYAaIlIN.

PesyabTraTn nociaigxennsi. Bimomo 0arato 1HCTpyMEHTaJbHUX METOJIB OIL[IHIOBAHHS
JISUTBHOCTI JIFOIMHM, $IKI JIO3BOJISIIOTH XapakTepu3yBaTH (DYHKI[IOHANBHUN CTaH OpraHizmy,
OIIHUTH (DYHKIIOHAIBHUN CTaH MO3KY Ta NCUXIYHUU CTaH. AHANI3 JaHUX METOMIB JJIs OIIHKU
XapaKTEPUCTHK CTaHy JIOJAWHU CBIMYUTH NMPO HEOOXIAHICTh 3aJlydeHHsS 3HAYHHUX JIIOJCHKUX,
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TEXHIYHMX Ta 4aCOBHMX peCypciB. AJle K OIMCaHl METOJAW YCKJIAJHEH! /U1 BUKOPHCTAaHHS IpU
OTIEPAaTUBHIN OIIHII JIOJCHKOrO (hakKTOopa B YMOBaX MOBHICTIO (DYHKIIIOHAJILHOT'O HaBITaI[iHHOTO
TpEeHaXkepa, a y peaJbHUX yMOBaX IUIABaHHS IX 3aCTOCYBaHHSA € MPAKTUYHO HEMOXKIIMBHM.
Takum 4MHOM, /7S OIIIHIOBaHHSA a/IeKBATHOCTI MOBEIIHKOBUX PEaKLii CyIHOBOJIS MpHU HECEHH1
BaXTW HeOOXiJHa TpocTa METOJHMKA, 3aCHOBaHa Ha Bi3yaJbHOMY CIIOCTEPEKEHHI 3
MiHIMQJIBHUMH 3aJTy4YE€HHSIM CTOPOHHIX PECYpCIB.

JInst OIIHKM TOBEIIHKOBUX PEaKIiii CyIHOBOJIS IiJ 4Yac Horo poOOTH B yMOBax
NOBHO(QYHKILIOHAJIBHOIO ~ HABITAlIHHOTO  TpEHaXkepa  IMPONOHYETbCA  BUKOPUCTOBYBATH
a/IalITOBaHI KpUTEPii YMOBHUX OLIHOK 30BHIIIHIX MPOSBIB €MOLIH y MiMilli, CKyTOCTi, TpeMopi,
BAa30MOTOPHHX peakiiii 3a 1’ STHOANTBHOO IIKAJIOKO.

Jlnst OLIHKM TOBEIIHKOBHMX pEaKIiii CyAHOBOJIS B PI3HMX HaBIrallifHUX CUTYyaIlisiX Ha
MOBHO(QYHKIIIOHAJILHOMY ~ HaBIralliiHOMY TpeHakepi 30MpaEeThCs CTATHUCTHKA  MUISXOM
IPOBE/ICHHS OJHOPIIHUX €KCIEPUMEHTIB. Y IUX €KCIIEPUMEHTaX HE3aJCKHOIO 3MIHHOIO € paHr
CKJIQJIHOCTI HaBiramiiHoi cuTyallii, HE3aJeKHOI KOHCTAHTOI — pIBEHb CTPECOCTIMKOCTI
CYIHOBOJIisI, 3aJI)KHOIO 3MIHHOIO — 3OBHIIIHIA TPOSB €MOIid. MeTol KOXHOTO JOCIiTy €
OILlIHKA 30BHIIIHIX EMOLIWHUX MpPOSBIB CYIHOBOMIA 3 BIJOMHUM pIBHEM CTPECOCTIMKOCTI Yy
npolieci BUKOHAHHS HUM 3aBJIaHb Y PI3HUX HaBIrallilHUX CUTYyallisX.

[lepmyM KpOKOM EKCHEPUMEHTY € BCTaHOBJEHHS BHMMOI JI0 EKCIEpUMEHTATOpiB Ta
JTOCTiAHUX (CYIHOBOJIIB), BAKOPUCTAHUX MaTepiaiiB Ta oOJaJHaHHS, MPOLEIYpPH MPOBEICHHS
EKCIIEPUMEHTY.

ExcriepumentaropamMu €: 0€3M0CEpPEIHBO IHCTPYKTOP TPEHaXKepa, SIKUH BiAIMOBIae 3a
NpaBWIbHY IIOCTAHOBKY 3aBJIaHb Ta OIIHIOE BUKOHAHHSA 3aBJIaHb JOCIITHUM, 1 pEECTPATOP, STKUH
¢ikcye B mpoTOKOIIi OyIb-5Ki 3MiHM B TIOBEAIHIII AOCIITHOTO.

JIoCIiTHUM € CYAHOBOJiHM, SKMH Ma€e TEOpPeTHYHI Ta MPAKTUYHI 3HAHHA, (I3UYHE Ta
ICUXIYHE 3J0POB’s, pOOOUMI TUIJIOM Ta JIOCBIJl HECEHHS HaBIraliifHOT X0/I0BOi BaXTH HE MEHILIE
n'sti pokiB. Jlo mouaTky abo micis 3aKiHYEHHs €KCIEPUMEHTY 3a JOTIOMOTOIO CIEeiaIbHOTO
TECTY BU3HAUYAETHCS PIBEHb CTPECOCTIMKOCTI CY/THOBOIISL.

MartepianoM BBaXa€Tbcs 3aBJaHHS, $KE€ HEOOXIZHO BHPIMIUTU JOCIITHOMY Ha
NOBHO(YHKIIOHAJIbHOMY HaBiralifHOMy TpeHakepi. 3aBJIaHHS (OPMYIIOETbCS TaKUM YHHOM:
3a0e3nedeHHs Oe3MeyHOi eJIeKTPONPOBOAKM CyJHA HA 33JaHOMY Kypcl B PI3HMX HaBirauiiHUX
cutyauisix. Ha mnouaTky BHMKOHAHHS 3aBIaHHSA IHCTPYKTOp 3aJla€ YMOBH IUIaBaHHSA, LIO
BIJINOBIAAIOTh HAaBITalliffHIM cUTyalii nepmoro ado Ipyroro paHry ckiagHocti. Yepes Tpu
XBWJIMHU PaHT CKJIAIHOCTI HaBIraIliHOI CUTYyaIlii 30UTbIIyeThbesl Ha oauHuUIt0. KoxxHi HacTymH1
TPU XBWJIMHH HaBITaIlliiHA CUTYaIlisl 3MIHIOETHCSI aHAJIOTTYHO, TTIOKM PaHT HaBIramiiHOi cuTyarlii
HE CTaHe JOpIBHIOBAaTH [JEB'ITH (OCTaHHIM eTam BMKOHAHHs 3aBJaHHsd). B okpemo B3sToMy
eKCIIEpUMEHT] Bapiallif0 PaHTIB CKIAAHOCTI HaBIraI[iiHOI CHUTYyalil A CIPOIIEHHS 3aBJIaHHS
Moe OyTH 3MiHEeHa.

OO6nagHaHHSIM B €KCIIEPUMEHTI € O6e3mocepeiHb0 MOBHO(DYHKIIOHAIBHUN HaBiraiiHui
TpeHa)kep Ta 3aco0u BiJleopeecTparllii.

[Tponerypa npoBeeHHS EKCIIEPUMEHTY TIOJIATAE B HACTYITHOMY.

[Tonepenubo GOpMyeETbCS KOHKPETHHHM MOKPOKOBHUU IJITaH BUKOHAHHS 3aBJaHHA 13
3a3HaYCHHSIM ONEPAaTHMBHOIO dYacy 3MIHM yMOB IUIaBaHHsA. 3acoOu  BizeopeecTparii
BCTAHOBJIIOIOTHCS TAKUM YHHOM, 11100 paKypc 3a10BOJIBHSB LM €KCIIEPUMEHTY.

Jlani 1HCTPYKTY€ThCS JOCHIIHUN, BHOCATHCS HEOOXIJIHI MEpBHUHHI JaHI BBOJUTHCS [0
MIPOTOKOJIY €KCIEepUMEHTY. [HCTpyKLis He BiAPI3HIEThCA BiJ 3BUYANHOI, SKa MPOBOIUTHCS
IHCTPYKTOpPOM Tepe]] 3aHATTAMU Ha TpeHaxepi Oe3 eKCIepUMEHTYy, ajie JOCHITHUI
HOTIEPEDKAETHCS, 1110 HOro Jii Ta moBeAiHKa OyAyTh 3alicaHl Ha BileOKaMepy Ta B MOJAIBIIOMY
aHaJi3yBaTHCs Ta oOIiHIoBaTuCSA. KpiM JBOX €KCIIEpUMEHTATOpIB Ta JTOCITIIHOTO, 3HAXOKEHHS
1HIIKX 0Ci0 B MpUMIIIEHH] TpeHaxepa He OaXaHo.
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besnocepennpo mig yac eKCepUMEHTY IHCTPYKTOP BUKOHYE CBOi 3BHUaiiHl 000B’SI3KH, a
pEECTpATOp 3 BHKOPHUCTAHHSIM YMOBHHMX OIIIHOK BHMIPIOE 30BHIIIHI TPOSBU EMOIIH Yy
nociigHoro. OcoOnuBy yBary cCiiJl OPUAUTATH THM TpOsABaM, iJeHTH]IKAIis SKUX Ha
BiJI€O3aMuC] MPEACTaBIse JesKi TpyAHOIIl. Pe3ynpTaTit BUMIipIOBaHb (TOOTO TOSIBA OYy/Ib-SKHX
€MOIIii1) peecTpaTop MOMiIae B TAOIUIIIO Bi3yadbHUX BUMIPIOBaHb IPOTOKOIY.

[To 3aKkiHYEHHIO EKCHEPUMEHTY IHCTPYKTOP OIIHIOE il JAOCIITHOTO 3a I SITHOAIBHOI
CUCTEMOIO 3a KpUTepieM 3abe3neueHHs Oe3neky IIaBaHHs AJs KOXKHOTO €Tally 3aBJaHHS Ta 3a
OakaHHSAM Yy BUIBHINM (hopmi BigoOpaskae CBOIO AYMKY B MPOTOKOJi. [IpOTOKON eKcriepuMeHTy
MICTUTh TaKi PO3/ILIH:

- imeHTH(}IKalidHI JaHI JOCTIIHOTO; B OOOB’SI3KOBOMY IMOPSIKY BKa3yIOTh JOCBIiJ
poOOTH TOCTIAHOTO Ta PIBEHb HOTO CTPECOCTIHKOCTI;

- imeHTH(}IKAIIIHI JaH] IHCTPYKTOpA Ta PEECTPATOPA;

- o0OnagHaHHI,

- J1aTa, yac MoYaTKy Ta KiHellb eKCIIEPUMEHTY, Horo (pakTU4HA TPUBAIICTS;

- 3MiCT 3aBHaHHA B TaOnMMuHIA GopMmi i3 3a3HAUCHHSAM 3aINIAHOBAHOTO Ta (PAKTUIHOTO
OTIEpPaTUBHOTO Yacy MOMEHTIB MEPeXOy 3 OJHi€l HaBiraniiHoi cuTyamii 10 iHIIOoT;

- TabnMus Bi3yaJIbHUX BUMIPIOBAHb;

- OIliHKa IHCTPYKTOpAa;

- JIUCT KOMEHTapiB BiJl IHCTPYKTOPA;

- apkyu po3mudpyBaHHs BiJc03aMucCy;

- Tabmuus po3mmdpyBaHHs Bigeo3anucy (Takox 3a Gopmoro Tadmmii 2);

- 00’eqHaHa Ta0NMIA BUMIPIOBAHb Ta OIIHOK.

[licns 3akiHYeHHS EKCHEPUMEHTY, 3allOBHEHHS TaONWII Bi3yaJbHHX BHMIpPIOBaHb,
OLIIHIOBAHHSA I JTOCTIAHOTO 1HCTPYKTOPOM MOTPiOHO po3mmdpyBatu Bifgeosanuc. [Jo apkyury
po3mudpyBaHHS BHOCUTHCS JETAIbHUN JIIHTBICTUYHHIA OMKMC €MOLIMHUX MPOSIBIB JAOCHIITHOTO Y
nporieci BUKOHAHHS 3aBJIaHHS.

Jam Tabmuis Bi3yaIbHUX BHUMIPIOBaHb Ta TaOMUIlsl pPO3MHUGPOBKU BiJCO3aMUCY
00’€eIHy€eThCA, IPU LIbOMY 3aMICTh ONIEPAaTUBHOTO YacCy BKA3YEThCSI paHT HaBIraliiHOI CUTYallii.

Orminka TOBENIHKOBUX peakiliii BU3HAYAETHCS ISl HaBIralliiHUX CHUTYallid KOXXHOTO
paHry CKIAIHOCTI SIK HaliMEHIIa 3 YMOBHHMX OI[IHOK €MOI[IMHUX MpPOSBIB JOCTIAHOTO MpH
BUKOHAHHI HUM 3aBJaHb B YMOBAaX BiJIIOBIAHOI HaBIralliifHOI cCUTYyaIlii.

JIyst paHTiB CKJIQJHOCTI HaBITAI[IMHUX CUTYyalii BiJ 1 10 7 aleKBaTHICTh MOBEIIHKOBUX
peakilii BOHA BHM3HAYAETHCS HAMMEHIIOI 3 JBOX OI[IHOK — TOBEIIHKOBHX pEaKIiid Ta
BHUCTABJICHOI IHCTPYKTOPOM.

Jl51g paHTiB CKJIaJHOCTI HaBiramiiHux cutyamii Bia 8 10 10 (KpUTUYHO BaXkKi Ta CKJIaJHI
HaBIraIiiiHi cuTyailii) OliHKa aIeKBaTHOCTI MOBEAIHKOBUX PEAKIIiil TOCIITHOTO BU3SHAYAETHCS 3
ypaxyBaHHSIM BIUIMBY TiIEPCTIHKOCTI CYJHOBO/IIS HA HOTO TISUIbHICTh Y CKJIQAHUX CUTYaIlisX.

TakuMm dYMHOM, OCTaHHIA PSATOK 00’€IHAHOI TaONMIII BUMIPIOBAaHb Ta OIIHOK Oyre
MPEJICTaBISITH COO0I0 KIHIIEBHM MiICYMOK €KCIIEPUMEHTY.

BucnoBku. Po3po0ieHa MmeTonuka J03BOJISIE HE TIIBKUA MPOTHO3YBATH BILIUB JIFOJICHKOTO
¢dakTopa Ha HaBiramiiiHy 6e3neky cyaHa Ta WMOBIpPHICTh BUHMKHEHHS HaJI3BUYalHUX CUTYaIiil
IpU CYIHOBOMIHHI. JIJis ympaBiiHHS PU3WKOM BUHUKHEHHS HAJ3BUYAHHUX CHUTYyallidi Ha MOpi
HEoOXiHO c¢opMyBaTH Halip pI3HUX TEXHIYHUX, OpraHi3allifHUX Ta OCBITHIX 3aXOliB,
CIPSIMOBAHUX HA MIHIMI3aIlilO I[bOTO BILTUBY.

Jlnsi  TOYKOBOi  OINIHKM  JIFOJICBKOTO  (haKTOpa TPOIMOHYETHCS  BHKOPHCTOBYBATH
CTPECOCTIMKICTh CYTHOBOIISl, AKHI € OCHOBHUM JETEPMIHAHTOM BILTUBY JIFOJICHKOTO (pakTopa Ha
HaBiraiiiiHy 6e3neKy cyaHa.
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IRIDIUM B KOHTEKCTI IUHAMIYHOI'O PO3BUTKY CTPYKTYPU
CUCTEMMH GMDSS HA OCHOBI CUCTEM OXBATY

Kpyenun /I.I., Annazos E.C., bywyes I1.1.
Xepconcoka oeporcasna mopcbka akademist
(Vkpaina)

Beryn. Panio3B’si30k — 007acTh pajliOCNEKTPOHIKK, IO JUHAMIYHO PO3BHBAETHCH,
Oe3mepepBHO BKIIFOYAIOUM B ceO€ HOBITHI JOCATHEHHS B 00JIACTI OOYHMCIIOBANLHOI TEXHIKH,
CXEMOTEXHIKH, MIKPOCJICKTPOHIKH, KOAYBaHHS 1H(OpMaIli METOMIB MEPEIIKOI03aXUCHOTO
npuiiomy, 3aco0iB BioOpaskeHHs NmpuiiHATOl iH(popMaii Ta iH. PO3BUTOK CHCTEMHU HampaBiIeHO
Ha ITIBUIICHHS 11 HaJIIHHOCTI Ta CIPOIICHHS 1HTepdeiCy, Mmo0 JO3BOJIMTH EKIMaKy BUPILITyBaTH
npoOjJeMu BIDKMBAHHS CaMOTY)XKH 0€3 CTOPOHHBOI JIOTIOMOTH, IIJBUIIMTH OE3MeKy
MOpEIUTaBaHHsI 1 rapaHTyBaTH O€3MeKY JIF0ICHKOr0o KUTTs Ha Mopi (1).

AKTyalIbHiCTh AOCTiMKeHb. [7100ambHa MOpPChKA CHUCTEMa 3B’SI3Ky NpH JUXi Oyna
ctBopeHa 1 motoro 1999 poky. CBiToBHI1 OkeaH OyB po30UTHII Ha MOPCHKI pailonu A-1, A-2, A-
3, A-4, nponucandi BUMOTH JI0 paJiOMOPCHKOT0 00JIaTHAHHS B 3JICKHOCTI BiJl paiioHy IJIaBaHHSI.
B cucremi GMDSS BHKOPHUCTOBYIOTBCSI TpPU CHUCTEMM 3B'I3KYy: CYIYTHHUKOBI CHUCTEMHU
INMARSAT, Cospas-Sarsat i cuctema 3B'a3Ky MOpchKoi pyxomoi ciyx6m B YKX, ITX, KX-
niama3oHax. Y BHIQJKax JMxa nepeadadeHa nepefaya CUrHajly TPUBOTH IIOHAMMEHIIE JBOMa
pizHUMH cnocoOamu, a0u rapaHTyBaTH B HaWKOpPOTIII TEpMiHHM OOOB'SI3KOBE CIHOBIIICHHS
KOOPJMHAIIIMHO-PATYBAIBHUX IIEHTPIB IpPO Te, IO CTajoci JHUXO 1 HEOOXIHO HaxaTh
OTIepaTUBHY AOMOMOTY eKimaxy (2).

ITixg yac mpoBeneHHs 3aHATh B JJabopaTopii «I 1o0anbHUN MOPCHKUIM 3B'SI30K AJIs HOLIYKY
Ta psaTyBaHHs» Ha TpeHaxkepl [ M3JIb posrisiaerbest o0naaHaHHS PI3HUX MOKOIIHB, III0 MOXKYTh
OyTH BUKOPHMCTOBYBaHI Ha CyJHAaX, OCKUIbKM poOOTa 3 HUM MOXKE CYTTEBO BiApi3HATHCS. | Bxke
ChOTOJIHI HEOOXIJIHO BIIPOBA/KYBAaTH B OCBITHIM Tporiec poOOTy 3 oOnajHaHHAM, IO Oyne
BUKOPUCTOBYBATHUCSA Ha CyaHax B mnojaipumioMy. CnMparoduch Ha pilleHHS Ta HOPMaTHBHI
JOKYMEHTH CTOCOBHO [7100ambHOI CHCTEMH MOPCHKOTO 3B’S3KYy JJISl MOIIYKY Ta DPATYBAaHHSA,
po3polIsAroThes Matepianu 11 BuBueHHs oonanHanHs ['M3JIb cucremu IRIDIUM.

IMocTranoBka 3agaui. CxianoBoro yacTuHOI ['1100anbHOT MOPCHKOI CHCTEMHU 3B'A3KY MpU
auxi 1 s 3a0e3meudeHHsT Oe3MeKd € BCECBITHS Cly:k0a HaBirallifHUX TONepemKeHb, sKa
3a0e3neuye mnepeaaydy MoBIJOMIIEHb PO 3MIHY HaBiraiiiHoi 0OCTaHOBKHU 1 PE&XKUMY IIJIaBaHHS Y
Bosax CBitoBoro okeany. Becp CBiTOoBHMH OKkeaH moauteHuidl Ha 21 Mopchkoi reorpadiyHuit
palioH, B KOKHOMY 3 SIKUX pallOHHHUN KOOpAMHATOp (3a3BHuail KpaiHa), BIAMOBIJAJIbHUN 3a 30ip
Ta KOOpAMHALIIO HaBIraliifHOI, T1IpOMETEeOpOJIOTiYHOI 1H(OpMAIlii 1 OrOJIOIIEHHS MONepeKEeHb
NAVAREA 1 METAREA B BizBeneHomy oMy paiioni. OpHak, B MOpChKOMY paifoHi A-4
pamio3B'sI30K HAIBHUMH 3acobamu He 3abe3meuyeTbes Ha HeoOximHoMy piBHI. [Hdopmaris 3
Oesneku, Hamaerbcsi uyepe3 cynyTHUKH INMARSAT, 3ona nii gkuxX O0OMEXYEThCS 76°
HiBHIYHIA/MIBAEHHOT mHMpoTu. [IpuumHM, 0OyMOBIEHI OJIM3BKICTIO 10 MAarHiTHOrO MOJOCa,
0COOJIMBUMM yMOBaMH Ii Yac TMOJSPHOI HOYI 1 IHTEHCHMBHUM BIUIMBOM IIBHIYHOTO CsMBa,
OPU3BOAATH IO 3aracaHHs paJioCHUTHATy, IO BigOOpakaeThCsS Ha MOXIJIMBOCTI Tepenadi
iHdopmarnii B I1X, KX-giamazonax. B To# ke gac manpHiCTh mepenaui gaHioxkkiB NAVTEX
oomesxeHi 400-500 mumsamu. ToOTo neskuit 4yac 1 32 HECTIPUATIMBUX MOTOJHUX YMOB CYIHO
MOJKe JIMIIUTHUCS 0e3 3B’s13Ky B HeOe3MeuHuX palioHax.

PesyabTaTnn pocaimkenb. MoXiIMBICTh 3a0e3NedYeHHs MOCTIHHOI pPajio3B's3Ky B
3a3HauE€HOMY pailoHi 3'sBuiacs micis BrpoBakeHHS B cucteMy ['M3JIb Hu3bKk0OpOiTaIBHOIO
cynmyTHUKOBOTO 3B's3Ky IRIDIUM.
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Pucynok 1 — Cysip’s IRIDIUM

OCHOBHMMM KOMIIOHEHTaMU pyxoMoro cynyTHukoBoro cuctemu IRIDIUM e:

1. KocMmiuHui cermMeHT, 1110 BKJIOYae 66 OCHOBHHX 1 6 pe3epBHMX KOCMIYHHX aIaparis,
PIBHOMIPHO pO3TalIOBaHMX Ha 6 NPUMOISAPHUX KpyroBux opOitax (mo 11 poGoumx i 1
pe3epBHOMY Ha KOXHil) Ha Bucotri 780 KM., 3 HaxXuioM 86,4°. (3). Ilepiom obGepranHs
cymytHuKiB — 100 miH. 28 c. KoxeH 3 momoMoror Tpbox (a3zoBaHHX PEmIiTOK (HOpMYyeE IS
a0OHEHTChKUX 3ac00iB 3B'A3KY B AianazoHax 1616-1626,6 mI'n 1 48 napuuoHalIbHUX TPOMEHIB.
KoxkeH KOCMiuHHMiI amapar Mae 30HY NOKPUTTS 3emni Ommseko 19%10° xm?, Koxen
NapLUUOHAIBHOTO MPOMIHb BiJNOBITHO MOKPHBA€E 40*10° km. Koxen CYIIyTHUK Ma€ YOTHUPH
AHTCHM 3B'SI3KY 3 HA3eMHHMH CTAHIIISIMH CTSKCHHS, SIKI 37aTHI OJTHOYACHO OOCIYrOBYBaTH JI0
YOTUPbOX HA3€MHHMX CTAaHLIA CHOJYy4eHHS. YHIKaJbHUM €JEMEHTOM CYNyTHHKOBOTO
YyIPYIOBaHHSI € HAasBHICTh MDKCYIMYTHHKOBHX paio3B’s3KiB, IO 3a0€3MeUyloTh Iepenady
iH(popMallii 3 KO)KHOT'O CYIIyTHHKAa Ha YOTHPHU CYCIJIHIX, a0U JO3BOJIUTH aOOHEHTY Oe3nepepBHO
nepeOyBaTH Ha 3B'SI3Ky, HE3aJEKHO BiJ MICIs pO3TanlyBaHHsS. Takud MiAXij Ja€ MOXKIUBICTh
3MEHIINTH 3arajbHe YHUCJIO CTAHLIHN CroMydyeHHs, o30yTucs 0araropa3oBUX CTPUOKIB «3eMils-
KOCMOC» 1 3MIHIOBaTH MapuIpyT 3B’S3Ky, MHHAIOYM MPOOJEMHI CTaHIll CHoJXyd4eHHS abo

CYIyTHUKH. (4).

Pucynok 2 — I'nmo0anbHe MOKPUTTS 3 MEPEKPUTTSAM CYIyTHUKOBUX IPOMEHIB
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2. HazemHMiI1 cerMeHT, IO CKJIAJA€ThCsl 3 CYMYTHUKOBHUX TEJEMOPTIB Ui mepenaul
tenedoHii 1 JTaHUX MK IIUTFO3aMH 1 YTPYIIOBaHHAM CYNMyTHHKIB 200 3a0€3MeUyIOTh MiIKIFOUCHHS
JI0 HA3eMHHX MEPEX I nepenayi TenedoHii 1 JaHuX.

3. PyxoMi 3eMHI cTaHIIii, 0 CKJIAJAl0ThCS 3 CYIMYTHUKOBOIO MOjAeMY (CyaHOBa 3eMHa
CTaHIIiS 1 30BHIIITHS aHTEHA).

VY 2013 poui B komiter 3 Oe3neku Ha Mopi IMO Oyno momano 3asBy Ui OLIHKH
MoOUTbHOTO cynyTHHKOBOTO cuctemMu IRIDIUM BignoBigno nmo Bumor IMO mono HagaHHs
cucteM MoOUIbHOTO cymyTHUKOBOro 3B's13ky 'M3JIb, onncanux B pezomonii A1001(25). Byno
3po0JeHO 3BEpPHEHHsS 1O MIDKHAPOJIHOI oOpraHizalii pyXoMOro CyIYTHHUKOBOTO 3B'SI3Ky 3
IPOXaHHSIM MPOBECTH TEXHIYHY 1 oneparliiiny oninky MoxiuBocteit cucremu IRIDIUM.

IRIDIUM ycmimHo npoaeMoHcTpyBaB BianoBigHicTe BuMoram IMO. YV 2018 pori MSC
npuitaa pimenHs MSC451(99), 3asBuBIIM TpPO BH3HAHHS IOCIYI MOPCHKOi PyXOMOI
CYIYTHHKOBOI 3B's13Ky, mo Hamatothes IRIDIUM Satellite LLS, nyis BukopucTaHHs B cHUCTEMI
I'M3JIb.

byB po3pobneHuii acOpTUMEHT CYAHOBOTO YCTAaTKyBaHHSA, IO BIJAMOBIJa€ BUMOTram
I'M3JIb i cranmapram IMO nans cyaHOBMX 3€MHHX CTaHIIH, IO MICTATBCS B PE30JIOLIi
MSC434(98), ta orpumas cxBanenns B 2019 porii.

Omnepanii 38’s3ky 'M3JIb Takox 3aiexaTh BiJ ONEPAaTHBHOTO CTaTyCy OeperoBux
BJIACTEM, AKI MICHIsS eKCIUTyaTallifHUX BUMPOOYBaHb MEPEHIIN A0 MOBHOTO (YHKI[IOHYBaHHS
cuctemu B 2020 porri.

BucnoBku. Po3Butok cucremu paaioss'sizky ' M3JIb nepenbauae BKIIOYEHHS CydacHUX
3ac00iB 3B'S3Ky 3 OUTBIIIOIO MPOITYCKHOIO 3JaTHICTIO, 3aXUIICHICTIO BiJl MIEPEIIKOI, HAIHHICTIO,
ABTOMATH3AIlI€I0 1 MPOCTOTOI0 MpU BHUKOpUCTaHHI. CyIMyTHHUKOBI CHUCTEMH, IO BXOJATH JI0
I'M3JIb, HaOyBarOTh JOMiHYyIOYE 3HA4YE€HHS 1 JIO3BOJIAIOTH MPHUMATH  PSATYBaJbHO-
KOOpJMHAIIITHUM LIEHTPaM OMOBIIIEHHS PO JINXO B pPeallbHOMY Yaci, P [IbOMY, MOBIJOMIICHHS
MICTUTh HAHOUTHII TOYHY iH(OpPMAIIiIO PO KOOPAWHATH JINXa, KOPEKTHY 1HITY iH(pOpMaIliro, o
JI03BOJIIE HAWOUIBII MIBUAKO 1 €EeKTUBHO MPOBECTH PATYBalbHY omneparito. s miaBUIIeHHS
KOHKYPEHTOCTIPOMOYKHOCT1 3/100yBauiB BHIIOT OCBITH K MalOyTHIX CHEI[aTiCTiB, HEOOXiIHO
HAJaTU MOJIMBICTH MIATOTYBAaTHUCA A0 pOOOTH Ha OOJaJHaHHI Pi3HUX MOKOJiHb, BKIIOYAIOYU
Take, Mo Oyje BIPOBA/PKEHE Ha CYHAX HAHOIMKIUMU POKAMHU.
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TAKING INTO ACCOUNT THE SLAMMING DURING AUTOMATIC
SAFE SAILING IN ASTORM

Mateichuk V.M., Zinchenko S.M., Tovstokoryi O.M., Mamenko P.P., Artemenko A.G.
Kherson State Maritime Academy
(Ukraine)

Introduction. In waves, the vessel is subject to rolling, flooding and splashing of decks
and bridge, strong dynamic loads on the hull. At the same time, speed decreases, controllability
deteriorates, and icing is possible in areas with low temperatures.

Slamming — the phenomenon of the hitting of the bottom of the bow of the hull on the
water during the rolling process when the vessel is moving on oncoming waves. The shock is
accompanied by shuddering of the body due to a sudden increase in the load on the bottom and
slowly damped vibration. There is still undamped vibration caused by the excitation of bending
vibrations of the body under the influence of periodically changing hydrodynamic pressures on
counterpropagating waves. The appearance of slamming depends on the size of the vessel, bow
draft, hull shape, sea state, course and speed of the vessel. The peculiarities of slamming as a
physical phenomenon are determined mainly by the joint fulfillment of two conditions: exposure
of the bottom and its entry into the water with a sufficiently high vertical velocity relative to the
water [1].

Slamming is certainly preceded by the exposure of the bottom, which occurs most often
when meeting with waves close in length to the ship. Hydrodynamic shocks on the bottom and
general vibration of the hull can be the reasons for violations of the local and general strength of
the vessel. Damage usually develops slowly in the form of accumulation of plastic deformation
of the skin and hull kit elements. The external manifestation of the blows is the formation of
powerful splashes of water along the side at the stem, falling onto the deck in the form of jet-
spray streams. Hull hits during slamming carry an emotional burden on the crew.

The movement of a vessel in storm can be accompanied by additional problems, one of
which is flooding — the reception of large masses of water on the deck. When analyzing
seaworthiness, it is usually considered that a vessel is flooded with a headwind through the
forward. Such flooding is considered strong when the length of the bow of the vessel covered
with water is 0.15L or more. If waves reach the deck line at any point along the length of the
vessel and only a few of them exceed it, the flooding is considered moderate. There is no
flooding when no water enters the deck.

Stormy weather entails psycho-emotional stress among ship operators and accumulated
fatigue of the entire crew, which is a prerequisite for accidents. The best solution in this case is
the development of automatic control modules [2-12].

The relevance of research. Taking into account the phenomenon of slamming allows to
safely navigate the vessel in a storm automatically.

Problem formulation. It is necessary to develop a module of the vessel automatic
control system, which would ensure the avoiding phenomena of slamming while sailing in a
storm in automatic mode.

Research results. Slamming appears with strong excitement from the bow heading
angles, when:

- draft of the bow is less than 0.04-0.05 of the length of the vessel;

- the conditional period of waving is close to the period of the ship's own pitching;

- the steepness of the wave is at least 1:30;

- the bottom entry into the water occurs at a vertical speed exceeding %(\/f),m/s .

The main condition for slamming is the fulfiliment of the inequality:
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T
07<—-<13
z(n) (1)
where z(n) - conditional period of waves, T, - ship's own pitching.
Conditional period of waves z(n) depends on the wave length 1, vessel speed V (n) and
the course angle of the wave q(n) - the angle between the waves direction and the vessel
diametrical plane:

)
~ 1.25J2 +0.514V (n)cos q(n)

z(n) (2)
Inequality (1) determine additional resonance zone @ for the slamming. The task of
avoiding phenomena of slamming while sailing in a storm in automatic mode is to create such
conditions for the movement of the vessel, under which inequalities (1) is not fulfilled.
To determine the resonance zone @, from inequalities (1), taking into account (2), we
find:

€cosq > \%(1,42
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Ti— 231J7) (3)
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max L

Fig. 1 shows the range of the vessel maximum speed, the resonant zone Q (shaded) for
wave length 2 =120m.

e sin(g)

Figure 1 — The range of the vessel maximum speed, resonant (shaded) zone

The operability and efficiency of the method, algorithmic and software are tested at the
Imitation Modeling Stand. In experiment the initial course (S;) was 25° and initial speed was full
ahead (20,5 knots). After the beginning of slamming effect, module of the vessel automatic
control system calculates safe parameters of movement (speed and course) and execute control
changes. Speed was decreased from S; to S,. Also possible to execute safe changing by saving
maximum speed and alternate course to S, (38°).

Conclusions. The issues of the vessel automatic control in order to minimize slamming
effect are considered. Avoiding the worst conditions or adapting the ship speed and course has a
large effect on the actual extremes. The method, algorithmic and software of the vessel
automatic movement control system module was development. Using this module allows to
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avoid of dangerous effect on the vessel of slamming. The efficiency and effectiveness of the
module was tested on the Imitation Modeling Stand.
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BA30BI ACHEKTH CTIMKOCTI HABIITAIIIMHOI'O KOMILIEKCY
CYYACHOT'O MOPCBKOI'O CYJHA

ITnomuixoe B.1., Makapuyk /I.B.
Xepcoucwbka depaicasna Mopcoka akaoemis
(Vkpaina)

Beryn. Ilin HaBiraumilHUM KOMIUIEKCOM pO3YMIIOTh CYKYITHICTh CYAHOBUX 3aco0iB
BHUMIPIOBAJIbHOI TEXHIKM Ta OOYHCIIIOBAUiB, IO JO3BOJIAIOTH BU3HAYATH MICLIE PO3TALIYBAHHS 1
MIBUIKICTh CyaHA BiHOCHO 3emuti. JKojeH 3 ICHYIOUMX HaBiralmiiHHX BHMIPIOBAa4YiB HE MOXKE
MOBHICTIO BHUPIIIMTH III 3aBJaHHS, TaK SK KOXEH 3 HHX OKpPEeMO He 3a0e3reuye HeOoOXiTHOI
TOYHOCTI, MEPELIKOI03aXUIIEHOCTI 00 HaIIIHOCTI.

3aBmaHHs, SKi BUPIMIYIOTHCS HaBIralifHUM KOMILJIEKCOM, pi3HoMaHiTHI. Cepen HHX
OJTHIEIO 3 HAWBAXIIMBINIMX € YHCICHHA NUIIXY, O[O0 3a0e3mneuye Oe3rnepepBHE BUMIPIOBaHHS
KoopauHatu 00’ekTa. OCHOBHUM HEJOJIKOM CHCTEM YHCICHHS € TOTIPIICHHS TOYHOCTI
BHU3HAUEHHS KOOPAMHAT 31 301UIbIICHHAM dYacy pobotu. Tomy s oTpuMaHHS HEOOXimHOT
TOYHOCT1 3YHCIIEHI KOOpAMHATH HEOOXigHO Oe3mepepBHO ab0 NEPiOAMYHO KOPUTYBATH Ha
migcraBi iH(opMmarii, MO0 HAAXOMUTH BiJ PaJIOTEXHIYHHX BHUMIpIOBadiB, TOOTO 3IiiICHIOBATH
KOMILJIEKCHY 00pOOKY JTaHHX.

AKTYaJIbHICTh J0CHiIKeHb. Y HaBIralliiHUX KOMILUIEKCaX 3 OUIbII BHCOKHUM CTYIIEHEM
iHTerpamii o0MaAHaHHA BHUKOPUCTOBYIOTHCS 3BOPOTHI 3B'SI3KM. 3a paxyHOK IIUX 3Bs 3KiB
3a0e3MeuyloThcs HalBHINA CTYMiHb HaAIMHOCTI. Tak sk cucTeMu, 10 BXOASATh B HaBIral[iiiHUi
KOMIUIEKC, BU3HAYAIOTh HaBIraliiiHi mapameTpu y BIACHIM CHUCTEMi KOOpAWHAT, B aJrOpUTMax
HaBITalifHOrO OOYMCIIOBATBHOTO IPUCTPOIO NiepeadadeHa Iporeaypa nepepaxyHKy JaHuX IIHX
CHCTEM B OCHOBHY CHCTEMY KOOPJIUHAT, B SIKif 3/1IHCHIOETHCS YMCIICHHS IUTAXY [1].

Hagiramiiinuili komiiekce, BKIOYae B cebe TaKoXkK CUCTEMY aBTOMAaTHMYHOIO KEpyBaHHS
CYJHOM 1 CUCTeMY 1HJIUKAIil i BigoOpaxeHHs HapirauiiHoi iHopmarii. HK npusnauennit s
HaBiramii i KepyBaHHs CyIHOM Ha BCiX eramax peicy. Y Kojo 3aBJaHb, 110 BupimyoTbes HK,
KpiM Oe3nepepBHOr0 BU3HAUYEHHS KOOPAMHAT MICISl PO3TAIlyBaHHS CY/AHA, YUCICHHS IUIAXY 1
Horo Kopekuii BXOJATh NpOrpaMyBaHHsS MaplIpyTy peicy, Buiada iHdopmauii cuctem
B110Opa)keHH4 1 1HMKALI1, aBTOMaTUYHHUI KOHTPOJIb CIIpaBHOCTI pUCTpoiB 1 cucteM HK.

Ha pucyHky HWKYe TIpUBEACHA CTPYKTYpHAa CXEeMa THIIOBOTO IHTETPOBAHOTO
HaBIraIiifHOr0 KOMIUIEKCY, MPHU3HAYEHOTO I aBTOMAaTH3allii CYAHOBOIIHHS 1 3amoOiraHHs
31TKHEeHb. YHCIeHHS NUIAXY B LIbOMY KOMILIEKC] 3A1MCHIOETHCS 3a JJaHUMU Jiara i ripokommnac. Sk
CHCTEM KOpPEKI[il KOOpJMHAT MiICLis pO3TalllyBaHHS BHUKOPHCTOBYETbCS TJl00albHA HaBiramiiHa
cynytHukoBa cucreMa ' HCC «GPS», a Takox py4yHa KOpeKIisi BUKOHY€ETHCS ITYPMaHOM.
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Pucynok 1 — CTpyKTypHa cxema iHTerpOBaHOT0 HaBIrallifHOI0 KOMILJIEKCY Cy4aCHOI'O MOPCHKOIO
CyZaHa

B cynnosiit HK peani3yroTbcsi BIANOBIJHI aJrOpUTMH NEPETBOPEHHS KOOPAMHAT 1
KOMILIEKCHOI 00poOKkM iH(dopMallii BCiX HaBiramiiiHMX JaT4YMKiB, a TaKOX BHUPOOJISIOTHCS
HEOOX1/IHI CUTHAJU JIJIsl CUCTEM aBTOMATHYHOTO YIPABIIHHS PYXOM CYJIHA 1 CHCTeMH iHAMKAI]
i BiIOOpakeHHS OOCTaHOBKM B palOHI IUIaBaHHS. Y CHUCTEMYy I1HJMKalli BBOAWUTHCA 1
pazmioyiokariiitHe 300pakeHHs, oTpuMane Ha cyaHoBii PJIC.

Hasgirariiine o6agHaHHs CyieH — 1ie 6araTOKOMIIOHEHTHA €JIEKTPOHHA CUCTEMa BOJAHOTO
TPAHCHOPTHOTO 3aC00Y, BCTAHOBJICHA 3 METOK OOYHCIICHHS ONTHMAIBHOIO MapLIpyTy pyxy [2].
3a TOYHICTh OOYHMCIIEHHS 1 BUKOHAHHS HaBITallifHUX pPO3paxyHKIB BiAMOBiAATbHUN CYTHOBHIA
HaBiralifHUH KOMIUIEKC, 1[0 CKIAIa€ThCS 3:

— CynHOBUX TeXHIYHHX 3ac00iB HaBIrarii;

—  CyaHOBOTO yCTaTKyBaHHS ISl 3aBJJaHb YIIPABIIIHHS MaHEBPaMH Cy/THA.

Hagirariiine obnagHaHHs CyleH — Iie, SIK BXke Oyno cKa3aHo, 0araTOKOMITIOHEHTHa
cucTeMa, TOMY BUIUISIFOTh HACTYIHI i1 MiACUCTEMHU:

— CynHOBI HaBirariiiHi cucTeMu;

— T'ipockomiyHi CyJJHOB1 HaBirauiiHi MPUCTPOI;

—  CynHoBI HaBiraliitHi NPUCTPOT AJI BUBHAYEHHS KOOPJIUHAT CY/IHAa;

—  CynHoBi nary;

— MarHiTHi CyJTHOB1 KOMITacH;

— CynHoBI HaBiramiiHi IHCTpyMEHTH.

IMocTtanoBka 3agaui. [1ig cTilikicTio QyHKIIIOHYBaHHS PO3yMilOTh 30€pEXEHHS JESKOT
BJIACTUBOCTI Ipoliecy pyHKIIOHYBaHHS 110 BiAHOLIEHHIO /10 30ypeHb UM HEBU3HAUEHOCT1 IEIKUX
napameTpiB cucteMu abo i1i Matematuunoi mogeni. [Ipu 1boMy HEOOXigHO 00O0B’SI3KOBO
BU3HAYUTH MPUITYCTUMUN Ki1ac 30ypeHsb. Ha choroaHimHIN JeHb iCHY€E TOBOJII 0araTo BU3HaYEHb
MOHATTSL «CTIMKOCTI», SKi, 3a3BHYai, 3aJeKHI BiJl MPEeIMETHOI o0nacTi iX 3acToCyBaHHSI.
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Oco0JIMBY CKJIQIHICTh BUKJIMKA€ BU3HAUEHHS CTIMKOCTI JIJISl CKJIAIHUX TEXHIYHUX 00’€KTIB Ta ixX
CUCTEM YIPaBIiHHS.

[Tig moka3HUKOM HAAIHOCTI 3a3BUYail PO3YMIIOTh BEIIMYMHY 200 CYKYIHICTh BEJIMYMH,
10 XapaKTePU3YIOTh SKICHO a00 KUTBKICHO CTYIiHb MPHUCTOCOBAHOCTI CHCTEM JI0 BUKOHAHHS
NIOCTABJICHOTO 3aBJIaHHS MPH 3acTOCYBaHHI 3a mpu3HadeHHsM [3]. Po3risgarore B 3aiexHOCTI
B1JI METH JIOCIIIJKEHHS SKICHI, TOPSIKOBI 1 KIJTbKICHI TTOKa3HUKW HAIIHHOCTI.

SkicHI TIOKa3HUKH HAAIMHOCTI HE OepyThcs y BUIVIAI YHCIA 1 HE JIO3BOJIAIOTH
OoOrpyHTYBaTH IepeBary OJHOro o0'ekTa mepel KOHKYpylouuM. BoHM Har0Th MOMKIIMBICTH
BIJIPI3HUTH OJWH OO'€KT BiJ IHINIOTO, aje HE JJO3BOJSIOTH IMOPIBHIOBATH IiX 3a CTYNEHEM
BUKOHAHHS OCHOBHUX (YHKLIH. 3acTOCyBaHHS TUIBKM SIKICHUX TOKa3HHKIB OOMEXye
MOYJIMBOCTI 3aCTOCYBAaHHS METO/IIB TE€Opii HAAIHHOCTI.

[TopsnkoBi MOKa3HWKH HAAIMHOCTI JO3BOJSIOTH OOIPYHTYBATH IIEpeBary OJHOTO 3
BapiaHTIB CUCTEMHU IpH iX MOPIBHSAHHI 0€3 KIIbKICHOI OI[IHKK CTYIEHs nepeBard. BoHu marTh
MOJKJIUBICTh PO3TAIIYBATH B PSAJ] IO Mipl 3pOCTaHHS HAIIMHOCTI JOCTIAKYBaH1 BapiaHTH CHUCTEM,
aJie He J03BOJIAIOTH OLIHUTH, Ha SKY BEIMYHHY BIAPI3HAIOTHCS MOCATHYTI PiBHI PO3TIISIHYTHX
BapiaHTIB.

KinbkicHI TOKa3HUKK HAAIHOCTI MiCTATH iH(OpPMAIi0, M0 3a0e31edye OIIHKY IepeBaru
OJIHOTO BapiaHTa CUCTEMH Iepe]l 1HIINM, 1 BUCTOBIIOIOTH HAAIHHICTh Y BUTIIAA1 uncia. KinbkicH1
MOKA3HUKH OTPUMYIOTH ILISAXOM OOpOOKM pe3yiabTaTiB CIIOCTEPEXEHb 3a POOOTOI IMpHU
BUKOPHUCTAaHHI O0'€KTIB 3a MpU3HAYeHHSIM ab0 B X0l iX creuiaJbHUX BUNPOOYyBaHb. BoHu
MOXYTh OyTH OTpHMaHi TaKOXX PO3PaxXyHKOBUM IUIAXOM a00 MpH MOJENIOBaHHI MPOLECY
¢ynkuionyBaHHs 00'ekTiB. KiIbKiCHI TMOKa3HUKM HAIIMHOCTI € OCHOBHUMH ITOKa3HUKaAMH
HA/IIHHOCTI, y3araJbHIOIOUMMHU HaHOUTBIN LiHHY iH(QOPMAII0 TPO CTYIiHb MPUCTOCOBAHOCTI
00'exTa J10 3aCTOCYBaHHA 3a MpU3HAYeHHAM. JlepKaBHUI CTaHAAPT i MOKA3HUKOM HaJliiHOCTI
pO3yMi€ TUIBKM KUIBKICHY XapaKT€PUCTHKY OJHOTO ab0 JEKUIBKOX BIACTUBOCTEH, CKIIaJ0BUX
HaIIHAHICT.

[Toxa3Huku 0e3BiAMOBHOCTI. IMOBipHICTH 0€3BIIMOBHOI POOOTH — IMOBIPHICTH TOTO, LIO
B MEXax 3aJaHoi HampaioBaHHS BiIMOBAa 00'€kTa HE BUHUKHE. [aMMma-TIpolleHTHA
HapaIOBaHHS /10 BIJIMOBU — HAMpPAIIOBAHHA, MPOTITOM SKOi BilIMOBa 00'€KTa HE BHUHHKHE 3
IMOBIPHICTIO Y, BHpPaXEHOI0 y BIJCOTKaX. Bcl ramMma-mpoIleHTHI MOKa3HHUKH 3a 3MICTOM €
KBaHTWUJIb BIJTIOBIIHUX PO3MOILTIB.

PesyabTaTn gociaigxennb. J[ns MOKa3HUKIB OE€3BIAMOBHOCTI BEIMYHMHY 7Y 3a/1al0Th
HacTynmHUMHU 3HaueHHsMU: 90; 95; 99; 99,5% 1 T.n. IMOBipHICTH BHHHKHEHHS BiJIMOBU Ha
BiIpi3Ky [0; t] cranoButume 0,10; 0,05; 0,01; 0,005 1 T.1. st Toro moO KpUTHYHI BiIMOBHU
00'eKTIB B eKcIlUTyaTallii Oyau MajJoHMOBIpHi, 3HAYSHHS Yy JIs TAKUX BIJIMOB ITOBUHHI 3a/1aBaTHCS
omm3pkumMu 10 100%. Haragaemo, 1m0 KpUTHYHICTH BIJIMOBU XapaKTEPU3YETbCS O3HAKaMH,
BU3HAYATBHUMH HACHTIJIKH BiIMOBH. Lle MOXyTh OyTH BETWYHHH MPSAMUX a00 HEMPSIMUX BTpAT,
NOB'A3aHUX 3 HACTaHHSM BiJIMOBH, a0O TPYAOMICTKOCTI BIJHOBJIEHHS 00'€KTa MiCIls BiMOBH.
Taki O3HaKW Y3TOKYIOTHCS MK BUPOOHHUKOM 1 3aMOBHHMKOM 1 HABOJATHCS B HOPMATHBHO-
TEXHIYHOI TOKYMEHTAITii.

Cepenne HanpaIroBaHHs 10 BIIMOBU — MaTEMaTHYHE OUIKyBaHHs HaIpaIfoBaHHs 00'€KTa
no mepmoi BigMoBH. CepeqHe HampaloBaHHS Ha BIIMOBY — BIJHOILIEHHS CYMapHOIO
HATPAIIOBaHHS BIJHOBIIOBAHOTO O0'€KTa J0 MAaTEeMAaTUYHOTO CIIOAIBaHHS 4YMCIa WOTO BiIMOB
MPOTATOM IBOTO HampaitoBaHHs. lle Moka3HUK BBeNEHUI A BiHOBIIOBAHUX 00'€KTiB, MpHU
eKCIUTyaTallii SKUX JOMYCKAaIThCs 0araTopa3oBO MOBTOPIOBaHI BIJIMOBHU, SIKI HE BHUKJIUKAIOTH
CEepHO3HMX HACHIAKIB 1 He MNOTPeOyIOTh BEIMKHUX MaTeplalbHUX BHUTpPAT Ha BIJHOBIEHHS
mpare3natHocti. Ha oci yacy MOMEHTH BiMOB YTBOPIOIOTH IOTIK BIIMOB, a MOMEHTH
BIJIHOBJIEHb — TIOTIK BITHOBJEHB. [lapameTp MOTOKY BiJIMOB — BIHOIIEHHS MaT€MaTHYHOTO
OUIKYBaHHS YHMCJIa BiJIMOB BiJIHOBJIFOBAHOTO 00'€KTa 3a JOCUTH Maly HOTO JOPOOOK J0 3HAYCHHS
Ii€1 HAMPAI[IOBAHHS.
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BucnoBku. B maniit poboti mns ¢opmamizarii onucy BIacTUBOCTI (YHKIIOHATBHOT
critikocti HK chopmynboBaHo MOHATTS BeKTOpa AKOCTI peanizaiii BukonyBanux HK ¢yHkiii 3
ypaxyBaHHSIM CTaHy JOCTYIMHHUX HaBIralliiHUX MOJIB i BUKOPUCTOBYBAaHHX CHCTEM PYXOMOI'O
pamio3B's3ky. [lokazaHo, 1o nporiec 3abe3neueHHs GyHKIiIoHATBHOI cTiikocTi HK 3BomuTHCS 10
HiATPUMKH TOTOYHOTO BEKTOpa sKOCTI BUKOHAHHS (pyHkuiii HK B HeoOXimHux iHTepBaiax B
3amaHuii mepion yacy. Jlnms 3gificHeHHs Takoro mporecy B ckiani [TK HeoOXimHi crnerianbHi
3aco0u 1 MexaHi3MHU peKoH(irypaiii i peoprasizaiii pecypciB CHCTEMH, 110 3a0e3MeUyoTh B
yMOBax JICCTPYKTUBHHX BIUTMBIB HEOOX1THUH piBEHB sKOCTI peanizamii ¢pynkiiin HK.
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MARITIME AUTONOMOUS SYSTEMS ANALYZING FOR
PRESENT DAYS

Polishchuk V.0O., Kukhtina V.P.
Kherson State Maritime Academy
(Ukraine)

Introduction. At present, some form of human error causes about 75-96% of marine
casualties, at least in part. Studies have shown that human error contributes to: 84-88% of tanker
accidents, 79% of towing vessel groundings, 89-96% of collisions, 75% of fires and explosions.
Developing of technologies for controlling or steering the vessels without human in our days
became on one of the first places (Pict. 1, Pict. 2)

Picture 1 — kEVERGREEN 2021» Picture 2 «EEMSLIFT HNDRIKA 202.1 » -

Problem formulation. Reality check. Having studied the materials depend on conditions
of last two years, we can highlight: zero emission targets and customer demands for emission
standards - which affects on industry. Ageing fleets and retrofitting neither financially viable nor
technically worthwhile. Improving of novel technologies and Fuel options (e.g. Hydrogen).Post
COVID-19 challenges — our new reality.

— «Business is ahead of govts on decarbonization agenda»

Soren Skou CEO A.P. Moller Maersk
—  «Time is running out — global emission rules for shipping need to be reached now»
World Economic Forum

That is why Maritime Autonomous Systems (Pict. 3) perform such operational roles: oil
& gas and windfarms, marine scientific research (marine survey, oceanography, passive acoustic
monitoring, offshore research, deep sea mining, fishing and aquaculture), underwater asset
management, commercial operations (maritime transport), defence operations, maritime and
border security, communications relay (e. g. SAR) (Pict. 4).

Picture 3 — «Maritime Autonomous Ship Systemsy
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Picture 4 — «Unmanned aerial vehicle (UAV)»

IMO Scoping exercise 4 levels. Degree one: Ship with automated processes and decision
support: Seafarers are on board to operate and control shipboard systems and functions. Some
operations may be automated and at times be unsupervised but with seafarers on board ready to
take control. Degree two: Remotely controlled ship with seafarers on board: The ship is
controlled and operated from another location. Seafarers are available on board to take control
and to operate the shipboard systems and functions. Degree three: Remotely controlled ship

without seafarers on board: The ship is controlled and operated from another location.

There are no seafarers on board. Degree four: Fully autonomous ship: The operating

system of the ship is able to make decisions and determine actions by itself. (Pict. 5)

Type of automation

DAQ - Operator controlled.

DA1 - Automatic.

DA2 - Constrained autonomous.
DA3 - Fully autonomous.

Sheridan’s ten LOA

human does the whole job up to the point of
turning it over to the computer to implement

computer helps by determining the options

computer helps to determine options and
suggests one, which human need not follow

may not do it

computer selects action and human may or

computer selects action and implements it if
‘human approves

computer selects action, informs human in
plenty of time to stop it |
computer does whole job and necessarily tells
buman what it did

computer does whole job and tells human
what it did only if human explicitly ask

computer does whole job and decides what

_the human should be told

computer does the whole y:h if it decides it
should be done, and if so , tells human, if it
decides that the human should be told

Operator controlled

Automatic Constrained autonomous Fully autonomous

Picture 5 — «Type of automation»

Phased approach to operations: Crewed Operation Seafarers onboard and in direct control
— traditional vessel operation. Ensuring performance of physical vessel systems. Crew «Hands
Off» Seafarers onboard as a contingency. Monitoring vessel operation but ship remotely
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controlled from another location. Contingency intervention with no delay. Crew «In Vicinity»
Seafarers in the vicinity (e.g. on Guard Boat) able to take control in a reasonable timeframe
either by boarding or LOS control. Contingency intervention with small delay. Fully Uncrewed
No seafarers in the vicinity able to take control. Contingency measures not relying on human
intervention onboard/ LOS.

For MASS to be a viable prospect, we must assure what we do is compliant, safe,
reliable. Client satisfaction, regulator confidence, cost-efficient.

Conclusions. There will always be a mix of vessels at sea. Safety must always come first.
The Maritime Industry has a vital role to demonstrate responsible attitudes. There are sufficient
guidelines and relevant standards for the autonomous industry to continue to grow. We must
keep autonomy in perspective and not make assumptions, which are not accurate. Humans will
always be critical. Industry Codes of MASS and UAV in our days it is pan industry agreement
on aspects of development, design, production and operation. Also about best practice, safety
and professionalism. Training, conduct and personal responsibility of developers and operators —
one of the main targets of maritime autonomous systems. Improving communications within the
industry and the wider maritime community — one of the ways for solving problems of present.
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JIOJICHbKUHA ®AKTOP B ABAPIMHOCTI HA MOPI TA MEHTAJIBHE
310POB’sA MOPSKIB

beznyyvka O.11., 3inoe’ce B.1.
Xepconcoka oeporcasna mopcbka akademist
(Vkpaina)

JIroncekuit  gakTop B aBapiiiHOCTI MOPCBKOTO  TPAaHCIOPTY €  CHUCTEMHUM,
MDKIIPEIMETHUM TIOHSTTAM Ta O€3MOCepeHbO IOB’S3aHMN 3 OE3MEeKOI0 CYAHOIIABCTBA 1
npodeciiiHo HaIIMHICTIO MOPSKIB. 3a JaHuMH MixHapoaHoi MopchKkoi opraHizanii (IMO) Ta
JlonmoHCchKOTO KIYOy criibHOTO crpaxyBaHHs (P&I club) aBapii, mo cnpuyuHeH! TOMHUIKaMU
JIFOAMHU cKiIagarTs 70-75%.

B Hupkymsapi IMO MSC 827 mig «ioacbkuM (akTopoM» Ha MOPiI PO3YyMIFOTHCS
HEHaBMUCHI a00 HaBMUCHI [Iii WIEHIB €KiMaxKy IiJl 4ac yMpaBiIiHHSI TEXHIKOIO Ta O0JIaJHAHHIM
SK Y 3BHYAHMX EKCIUTyaTalliiHUX, TaK 1 €KCTPeMaJbHUX yMOBAxX, SIKi MOTJIH TPUBECTH a00
IPUBEIH JJO HAHECEHHIO Oy 1b-sKO1 KON a00 30UTKIB JUIsl AKUTTS OKPEMOI JIFOAUHH, JIFOACHKOTO
CYCHUIBCTBA B IUJIOMY Ta/a00 JJIs1 HABKOJIMITHHOTO CEPEIOBHIIIA.

Ha nosBy «itoachkoro (akropy» MOXYTb BIUIMHYTH: HEJOCTaTHI 3HAHHS MOPCBKHX
¢axiBiiB, MoraHa KOMYHIKaIlid MK WIEHAMH €KiMaxy, BIICYTHICTh CHUTYAIIifHOI 00i3HAHOCTI
abo HeBipHA OIlIHKa CHUTYallii, HEBIpHO a00 HE BYACHO NPUUHATE PIllICHHS, HE 37arojkeHa
KOMaHIHa po0OTa, MOMHJIKH B pPO3paxyHKax, OE3isUIbHICTH NPH BHHUKHEHHI HeOe3IeK,
HEIOTPUMAaHHS TeXHIKU Oe3IeKH, I0raHe MEHTAJIbHE 3710pOB’ sl MOPSIKIB.

[Ipobnemi MeHTampHOTO 370pOB’Sl (haxiBLIB PIYKOBOIO Ta MOPCHKOTO TPAHCIOPTY
OCTaHHIM 4YacOM MPHUIUISETHCS Bce OLIbIINE yBaru, OCKUIbKU Taly3b MOYMHAE YCBIAOMIIIOBATH,
IO BiJl NCUXO-€MOLIMHOTO CTaHy WIEHIB CYIHOBOI'O €KIMaxKy 3aJIeKUTh Oe3leka cynHa Ta
BaHTAXY.

MeHnTanbHe 310poB’s, 3riiHO 3 Bu3HaueHHAM BOO3 — ne cran macts, 1o06poOyTty, B
SKOMY JIIOJJMHA pealli3ye CBOi TBOpYl 3J10HOCTI, MOXE NPOTUCTOATH KHUTTEBUM CTpecaM
MPOJIYKTUBHO TIpAIfOBaTH Ta POOUTH BHECOK y CyCIHuUIbHE XUTTA [1]. MeHTanpHe 370poB’s
MOpSIKa € IPSIMUM Pe3yJIbTaTOM J1ii HAaBKOJIMIIHBOTO CEPEOBHUIIIA B IKOMY BiH MpAIIIOE.

Ha MeHTanbHe 3710poB’st MOPSKIB BIUIMBAIOTh: COLlialibHI ()aKTOpH, Cy/IHOBA OpraHi3allis,
yIpaBIliHHI Ha CyJHI Ta Ha Oepe3i, yMOBU poOOTH 1 MOOYTY, CyIHOBI (haKTOPH, HABKOJIHILIHE
cepenoBuiie, oOMexxeHHs ToB’si3aHi 3 manaemietro COVID-19. Kpim toro, cepen ¢gakropis, 0
HOTIPUIYIOTh MEHTAJIbHE 370POB’sl MOPSKIB CJiJl BKA3aTH 130JIAIiI0 1 CAMOTHICTb; BIJCYTHICTh
OeperoBoi BIMYCTKH; OYNIHI; cTpaxX KpHUMIHaTI3alli; cTpaX BTPAaTUTH POOOTY; pO3IYUYEHHS 3
POJMHOIO; MYJIBTUKYJIBTYPHHUH €KiNaX, aBTOPUTAPHUHN KamiTaH, OOMEXEHUH JOCTYN 70 Mepexi
Internet Tomo.

HecrabinbHe MeHTalbHE 370pOB’S MOpsKa BIUIMBAE Ha 00’€M yBarum Ta IIBHJKICTh
peakiii; 3HMWXKYe MOTHBAlll0 1O POOOTHM Ta BJIAcHE Mpale3laTHICTh; MOTIPIIyE BIIUYTTS
JUCTaHIl, Yacy Ta IIBUAKOCTI; 30UIbIIye KOHQUIIKTICTh, PU3MKOBAHICTh Ta CXWJIBHICTH 0
IIKIITUBUX 3BUYOK. KpiM Toro, BUHHKae HeOe3meKa MmosiBU IICUXIYHUX PO3JIaJIiB Ta CaMOTyOCTB.

3a manumu P&I club 3 2010 mo 2019 pp. 3adikcoBano 65 cmepteit, 32 BuUMaIku
NICUXIYHUX 3aXBOPIOBaHb Ta B cepeHbOMY 4,6 caMory0cTB Ha ik (O IMX JTaHUX HE BKIIFOUEHO
MOPSIKIB, 1110 ITpoNaJIu 6e3BIiCTH).

[Ipo moripuieHHsS MEHTaJbHOTO 3/I0pOB’Sl MOpPSIKA MOXE CBIIYUTH IMOsIBA XPOHIYHOI
BTOMH, Jempecii, JaenpuBaiii, MOCTiiHOro crpecy Tomo. OpHAaK O03HAKU MOTIPLICHHS
MEHTAJILHOTO 3/I0pOB’S MOpsKa MOXXYTh OyTH PI3HHUMH, 3aJI€KHO BiJI CUMIITOMIB, 0OCTaBUH Ta
iHmuMX (akropis. [IpuKiIagy 03HaK 1 CUMITOMIB BKIIIOYAIOTh: BITUYTTS CyMy a00 MPUTHIYEHHS;
po3ry0iieHe MHCIEHHS a00 3HIDKEHHsI 3JaTHOCTI JI0 KOHIIGHTpAIll; HaaMIpHUNA CTpax 4H
TPUBOXKHICTh; HAJA3BUYaHE TMOYYTTS MPOBUHH, PI3Ki 3MIHM HACTPOI0 HAa MaKCUMyMax i
MiHIMyMax; KOHQJIIKTHICTh, MPOOJEMHU 31 CHOM; BTpaTa peaJbHOCTI (MapeHHs ), mapaHos abo
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TATIOIMHALT; He3/IaTHICTh BIOPATHUCS 3 TIOBCSIKACHHUMH MTpo0ieMaMu ab0 CTpecoMm; mpodaemu 3
PO3YMIHHSM Ta CTaBJICHHSIM 0 CUTYAIlill Ta J10 JI0Jei; mpoOieMu 3 BXKUBAHHIM AJIKOTOJII0 abo
HApKOTHKIB; CYyTTEBI 3MiHM B Xap4OBUX 3BUYKAX; HAJMIpHHUU T'HIB, BOPOXKICTh YM HACHUIIBCTBO;
cyiuuganbHe MUCICHHS.

[Mannemis COVID-19 crBopuia 101aTKOBY HEBU3HAYEHICTh, aJKE MOPSIKM MOOOIOOTHCS
3a BJIacHY Oe3meKy, a TakoXk 3a Oe3meky ciM’i Ta apy3iB. 3a JaHUMH I1JI01000BOi CITY»KOU
niaTpuMk MHSS, KibKiCTh MOPSIKIB, 1110 3BEPTAIOTHCS 3a MICUXOJIOTTYHOIO TOTIOMOTOI0 3pOciia
Ha 60 % 3 kBiTHA 10 yepBeHb 2021 poky MopiBHSAHO 3 monepeaHiM kBaptaioMm. Y 3BiTi MHSS
OUTBIITICTh BUIAJKIB MOSCHIOETHCS BIUTMBOM TaHJAEMIii HAa MCHUXIYHE 3J0POB’s, KOJH TPUBOTA,
OysiHT 00 KOH(IIIKT EKIlMaKy BUKJIUKAIOTh CTPEC Y MOPSKIB.

International SOS Foundation Ta Affinity Health at Work mpoBenu mocnmimkenHs Tta
npoananmizyBayim  Hacmiaku magaemii COVID-19 nns  MeHTalbHOTO 370pOB’S  MOPSKIB.
PesynbraT mokasanu, mo y 62% noripmmiocs MEHTaJIbHE 3J0POB’Sl MOPIBHSIHO 3 TOMEPEIHIMU
pokamu. Maibke 23 % onMTaHUX BIUYBaIM IMOTIOKHS emoliiiHe BucHaxeHHs. 40 % ycix
PECTIOH/ICHTIB BiAuyBaiM CyinMaanbHI AYMKH B OYiKyBaHHI poTamii. 23 % — He oTpumMyBaiH
HAJIE)KHOI MCUXOJIOTIYHOI MIATPUMKH Bia poOoToAaBiB. 65 % — Big4yBaidu MiABHILEHI BUMOTH
10 pobotH, a 56 % — cTpaxaany BijJ CTpecy Ta TPUBOTH y POOOUHNH vac.

Ha aymky excreprtiB Mixuapoanoi nanatu cyaHorutascTBa (International Chamber of
Shipping, ICS) cyanomnaBHi komnanii MOBUHHI TypOyBaTHCS PO MEHTAJIBHE 370POB’ ST MOPSIKIB
Tak caMmo sk 1 npo ¢izuune. ICS onybnikyBana «Handling a Mental Health Crisis or Emergency
and Spotting Suicidal Behaviour in Seafarers», Mera sKOTO IOMOMOTTH NpPEICTABHUKAM
MOPCBHKOI Tajy3i CIpaBISITUCS 3 TPOOJIeMaMy MEHTAIILHOTO 3/I0POB'S Ta BUSBIATU CYillUJAIbHY
MOBEIHKY cepel WIeHiB exinaxy [3].

MixHapoana Mepexka A00poOyty Ta pomomoru MopsikiB (ISWAN) pospobuna psin
pecypciB, 1mo0 JTOMOMOTTA MOpPSIKaM BIOPATHCS 3 MOTAHUM HACTPOEM, CTPECOM 1 BTOMOIO Ha
CyIHI Ta MaKCHMalbHO TMOJOJAaTH MpoOseMH 3 MeHTadbHUM 3710poB’sM. Standard Club Ta
Sailors’ Society’s Wellness at Sea omyOiikyBanu Ha CBOiX caiTax Mmopajad Ta peKOMEHJalli 3
HiATPUMKH TO3UTHUBHOIO MEHTAJIBHOTO 3710poB’ss B ymoBax maxaeMmii COVID-19. A 3 4
muctonaga 2021 p. Sailor's Society po3nounHae TwxHeBy nporpamy «Wellness at Seay, 1o
BKIIIOUATUME TI’SITh MOAYJTIB IIOAO O3J0POBJIIEHHS Ha MoOpi: (I3UYHOTrO, EMOIIHHOTO,
COLIITBHOTO, IHTENIEKTYaJIbHOTO Ta JYXOBHOTO.

VY cBoro uepry, Mental Health Support Specialist (MHSS) pexomenaye HaBuatu
KaliTaHiB Ta o(ilepiB MO3UTUBHUM KOMYHIKaTUBHUM HaBHUYKaM, 110 MOCHJIIOE 3TYpTOBAHICTb
eKiMaxxy ¥ chpuse HaJaroJKEHHIO 3BOPOTHOTO KOMYHIKATUBHOTO 3B’S3Ky B YIPAaBIiHHI Ta
3HIKYE KUIBKICTh TOMUIKOBUX Jid. MHSS Takox paauTh mpoBOJWUTH HaBYaHHS ISl BCHOTO
OOpTOBOrO Ta OEperoBOro nepcoHaty, MooO sKomMora Oulbla KiTbKICTh (axiBIliB MOB’S3aHUX 3
MOPCBHKOIO Tally33l0 OBOJIONIa HaBUYKAMH BH3HAYCHHS Ta aJCKBAaTHOTO pearyBaHHsS Ha
npoOjaeMHu 3 MEHTAIbHUM 370pOB’S. Y pa3i HEMOXKIUBOCTI CaMOCTIHHO BUPIIIUTH NPOOJieMy
3Beprarucs 3a gornomororo 10 Telemedical Maritime Assistance Service (TMAS) [5].

Jlo rpymnu pU3MKY, siKa OUTBII CXUJIbHA IO MPOOJIEM 3 MICUXOJIOTTYHUM 310poB’sM, MHSS
BITHOCHUTH KajeTiB Ta Momoaux (axisiiB. 3 ormsiay Ha me Mental Health Support Specialist
pPEKOMEH/JyE B MOPCBHKMX HaBUAIBHUX 3aKJaJax 3alpoBajpKyBaTH KypcH HOpMaizarlii
MEHTAJIBHOTO 370POB’sl; TPEHIHI'M 3 TCHXOJOTIYHOI MIArOTOBKU /10 peicy Ta miciuspeicoBoi
peabumiTarii.

o6 momomorTtH (haxiBIsIM CYJHOIUIABHOI rayysi, sIKi CTald 3apydHUKaMHu MpoOjeM 3
poTtaniero mix yac mangemii COVID-19, mopceka TpeHinroa kommanis Tapiit Live 3 2020 p.
3anmpoBamuia Kypeu: «Trauma and PTSD Awareness», «Mental Well-Being for Seafarersy,
«Mental Well-Being for Maritime Leaders» ta «Bullying & Harassmenty», mo HamamTh
peKoMeH1allli MOpsIKaM 3 TOKpaIlleHHs] MEHTAJIbHOTO 3/I0POB s, 3HI)KEHHS CTPECOBOI HANpPYyTH Ta
npotuii OyJiHTy.

VY cnienpani 3 Eastern Pacific Shipping (EPS) Mental Health Support Specialist
po3pobuiu mporpamy «Life at Sea» — 1e iHTEepaKTHBHHUI KOHTEHT, IO TYpOYyBaTUMETHCS PO
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MEHTaJbHE 3/I0pOB’S MOpPCHKMX (paxiBLIB Ta 3a0e3meunTh I1101000BY KOH(QIAEHIIHHY Ta
npodeciiiny TCHUXOJIOTIUHY IMIATPUMKY MOPSKIB SK Ha OOpTy cyaHa Tak 1 Ha Oepe3i 3a
nornomororo  6e3komToBHOI raps4oi JdiHii MHSS. BeskomToBHy rapsdy niHiI0O 3 HaJaHHA
ncuxoJiorignoi gomomoru mopsikam iICALL 3amyctuna Takox koMmanis Synergy Group [2].

daxismi Seafarers International Research Centre, mo € ugactunoro Cardiff University
BBAXKAIOTh, IO KaIliTaHU IOBUHHI BOJIOJITH HAaBUYKaMU OOTOBOPEHHS 3 WICHAMH EKINaxy
npo0JeM 3 MEHTAJIBLHUM 3/10pOB’SIM, @ TAKOK BMITH BUSBIISITH CXWJIBHUX JI0 cyilury abo arpecii
MOpSIKIB Ta BYaCHO pearyBaTH Ha MOXJIKMB1 3arpo3u. Cepen mopaj, 10 HAJalOThCS MOpPSKaM
[IO0 TOKPAIICHHSI ICUXOJIOTIYHOrO Ta (I3MYHOTO CTaHy CJIiJ BHUAUIMTH. MiATPUMAHHS
u(ppoOBOro 370POB’S; 3aHATTS CHOPTOM; y4acTh y 3axoJaxX couiajdbHOi B3aeMojii Ha OOpTYy;
AaKTUBHHUH BIATOYMHOK; YTPUMAaHHS BiJ| MIKIITTMBUX 3BHYOK, YHHKATH KOHQIIKTIB Ta MPOSIBY
OyJIHTY; CaMOpPO3BUTOK; CAMOMEHEKMEHT Toulo. CyAHOIUIaBHUM KOMIIaHisIM PEKOMEHJOBaHO
HAJIAaTOIUTH TIPOTpaMu KOH(IIEHIIHHOI IICUXOJIOT1YHOI TOTIOMOTH MOpSIKaM, 10 MepedyBaloTh
Ha O0pTy cy/qHa; 3a0€e3MeYNTH MaKCUMaIbHO KOM(OPTHI MOOYTOBI YMOBH YCIM 4JIEHaM EKIMaxy,
y KOHTpPaKTax MOTpiOHO 30alaHCOBYBAaTH 4Yac poOOTH Ta 4Yac BIANOYMHKY; 3alpOBAKyBaTH Ha
Cy[IHaX MOJITUKY IPOTHAIT OyIiHTY.

American Club ta Seamen's Church Institute (SCI) ony6nikyBanu nocionuk «Caring for
Seafarers’ Mental Wellbeing». IlociOHuUK MICTUTh peKOMeHAAlli MIOJ0 pearyBaHHS SIK Ha
MOBCSAK/IEHHI, TaK 1 Ha EKCTpeMalibHi CTpec-(pakTopH, M0 BIUIMBAIOTH HA SKICTh JKUTTS Ta
Oe3neKy MOpSIKIB sIK Ha Oepesi, Tak 1 Ha OOPTY, a TAKOXK CHPUSIOTH 3aralibHii 0013HAHOCTI 11010
po0JIeM MEHTAIBHOTO 37I0POB’ St MOPSIKiB [4].

OTxe, MEHTalmbHE 3J0pPOB’S MOpPSKA, X04 HOro 4acTo HE MOMIYaroTh, € BaKIUBUM
aCTIeKTOM O€3MEeKH CYAHOIUIaBCTa. ABapii YW iHIMICHTH, M0 BUHUKIM BHACIIJOK BTOMH,
CTPECOBOr0 CTaHy YM MCHUXIYHOTO 3pUBY (DaxiBlig, MAaTUMYTh 3HAYHI HACTIAKH ISl KOMIIaHii Ta
ekinaxy cynHa. Tox a1 MOPChKOI CHUTBHOTH PO3YMIHHS Ta B3a€EMOJIisl 3 TUTaHb MEHTAJIHLHOTO
3/I0pOB’Sl € KUTTE€BO BAXIMBUMU. OKpIM HECTIPUATIMBOIO BIUIMBY HAa OCOOMCTUIN CTaH YJIEHIB
eKIMaXxy, ICHYIOTh TaKOX (PIHAHCOB1 PU3UKH ISl CYIHOBJIACHUKIB.

He 3Baxaroun Ha MeBHI MO3UTHBHI 3MIHU Y CTaBJICHHI CBITOBOI MOPCBHKOI CIJIBHOTH 10
npoOJeM MIATPUMKHA MEHTAJIBLHOTO 3/I0POB’S MOPSIKIB, CJIIJT 3a3HAYUTH, 110 BiAOYBAaIOTHCS BOHU
HOBUIBHO 1 HE B YyCIX CYJHOIUIABHMX KOMIAHISIX CIPUUMAIOTHCS 13 pO3yMiHHAM. Tox Tema
HAIIOr0 JOCTI/HKEHHS € JOCUTh aKTyaJIbHOIO Ta MOTPeOye MOAAIBIIOTO OLIBIN JIOKIJIATHOTO
BUBYCHHS.
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[U®POBAS TPAHC®OPMAIIUA KAK OCHOBA HOBOI
METOAOJIOI'MU ®YHKIIMOHUPOBAHUA
COHUOTEXHUYECKUX CUCTEM

Qumuwiup B.1.
Jlynatickuii uncmumym
Hayuonanvnozo ynusepcumema « Odecckas Mopckas akaoemusLy
(Ykpauna)

Bosibiiast yacte HanpaBIEHUN YENOBEYECKOW AEATEIIBHOCTH HEMPEPHIBHO Pa3BUBAOTCS.
Cpenu psaa CHENUAIUCTOB, YYEHBIX W HalOrofarened MOSBUIIOCH YCTOSBILIEECS MHEHHE,
KOTOpOE€ 3aKJIIOYAeTCsl B TOM, YTO TEKYLIMH 3Tall pa3BUTHsSI HAXOIUTCS Ha PEBOJIIOLMOHHOMN
CTaJu¥, OCHOBAaHHON Ha LM(POBBIX TEXHOJIOTUSAX, KaK IPaBUJIO, CBA3AHHBIX C IJ100AIbHON
ceTpto MHTEpHET.

B pesynprare 3THMX HM3MEHEHHH B cdepe NMpOoM3BOJACTBA, OM3HECAa M aKaJEeMHUYECKHUX
KPYTOB TOJIYYWJI PaclpoCTpaHeHHe mporecc HuppoBoil TpaHCPopMauu. ITO B CBOIO OYepeb,
CTaJIO MPEAMETOM MHOTOUUCIIEHHBIX KOMMEHTapUEB, JUCKYCCUN U UCCIIEIOBAHUM.

[udposas Tpanchopmanus — 3TO MPOLECC UHTErpaK HU(POBBIX TEXHOJOTHHA BO BCE
acIeKThl OU3HEeC-NeATeNbHOCTH, TPEOYIOM BHECEHUS] KOPEHHbIX M3MEHEHHUH B TEXHOJOTHH,
KYJIbTYpPY, ONEpalyy ¥ MPUHLUIBI CO3/IaHUS HOBBIX HPOAYKTOB M YCIyr. s mMakcuMmanbHO
3¢ (}EeKTUBHOIO HCMOJIb30BAaHUS HOBBIX TEXHOJOIMH W MX ONEPaTHBHOIO BHEJPEHUS BO BCe
cepbl eATEIbHOCTH YEJIOBEKa MPEANPUATUS JIOJDKHBI OTKA3aThCsid OT IPEKHUX YCTOEB U
HOJIHOCTBIO MPeo0pa3oBaTh MPOLECCH U MOJEIH padoThI [1].

B ocHoBe mmdpoBoii TpaHchopMmarmM JeKaT JBE O0SCIEUYHBAIOIINE KOHIICTIITHH:
kubeppusnyeckas cucreMa u IHTepHeT Beliew.

C no3umuu paccMaTpuBaeMoil TeMbl MoJA KUOep(pHU3MUecKOW CHUCTEMOM MOHUMAETCs
UH(POPMALIMOHHO-TEXHOJIOTHYECKast KOHIIETIIINS, II0/Ipa3yMeBaroIIast MHTETPALUIo
BBIUMCIUTENIBHBIX PECYPCOB B (PM3UUYECKHE CYLTHOCTH JIFOOOr0 BUAA, BKIIOYas OMOJIOTHYECKUE U
PYKOTBOpPHbIE O00BEKThl. B knbeppusznyeckux cucTeMax BBIYUCIMTENbHAS KOMIIOHEHTa
pacmpeneneHa Mo Bcedl (u3MUeckod cucreMe, KoTopas SBiSeTcsl €€ HOCUTeNeM, U
CHUHEpPIreTHYECKU yBsi3aHa C €€ COCTaBIAIOIIMMHU 3i1eMeHTamu [2]. Uto kacaercs VHTepHer
BEUIE TO O5TO KOHLEMNIMS CEeTH NepeJadyd JaHHBIX MexAy (U3NYeCKUMH OOBEKTaMHU
(«Bemammy), OCHaIIEHHBIMA BCTPOCHHBIMU CPEICTBAMH U TEXHOJIOTHSIMU JJISl B3aUMOAECHCTBUS
JpyT ¢ OpyroM wim ¢ BHemHed cpenoi [3]. [Ipeamonaraercs, 4To opraHu3alys TaKHX CeTei
croco0Ha MepecTpOUTh SKOHOMUYECKHE U OOIIECTBEHHbIE IMPOLECCHl, MCKIIOYUTh U3 YacTh
JICWCTBHI M OMEpaIfii HEOOXOAUMOCTh y4acTHsl yesoBeka [4].

OcBauBasi 3TH TEXHOJOTMH, CTOPOHHUKU LM(POBOI TpaHchopMalUK BU3YaTH3HPYIOT
B3aMMOCBS3aHHBIH MHp Bellled, KOTOpPbIi MOXeT 3(p(eKTUBHO pearupoBaTh Ha MOTPEOHOCTH
counyma ¢ nomoulbto IT opranuzanuii, cozgaBas BUPTYaJdbHYIO PEIUTUKALNIO (DU3MYECKON
CUCTEMBI, KOTOpasi oOecreuMBaeT HMHTEJUIEKTYaJIbHbIH aHaINW3 OONbIIMX HAOOpOB JaHHBIX B
pEaIbHOM BPEMEHU.

XOTs JaHHBII NOJIX0J UMEET OOJBIION MOTEHUMAN 7Sl PACIIMPEHUs TPONU3BOICTBEHHBIX
BO3MOXKHOCTEH U YIOBJIETBOpEHHs MOTpeOHOCTeH Oojee pa3BUTHIX OpraHu3aluid, Ha
CETOAHSIIHUMN JIeHb €€ BHEAPEHUE HE 00s13aTENIbHO SIBIISIETCS rapaHTHEH ycnexa.

Kak mpaBuio, MHOTOJETHSISI METOJNOJIOTHS pabOThl KOMIIAHUU SIBJISIETCSI 4acThlO €€
KYJIbTYpBI, TJIe¢ pa0OTHUKH UMEIOT COOTBETCTBYIOIIEEe 00pa30BaHUE M 3HAKOMBI C OTHOILIEHUEM
UCIIOJIB3YEMBIX METOAOB U BO3MOXKHOCTEM opraHuzauuu. llepeBon KomMnaHuM K HOBOH
METOJIOJIOTUH, KOTOpas JOoJKHa B OyaylleM MaKCHUMajdbHO MCIOJIb30BaTh MOTEHIUAIbHbBIE
BBITOJIbI OT 3TOTO BHEIPEHHs, MOTpeOyeT OT KOMIAHMM HE TOJBKO 00eCmeuuTh COOJI0ACHUE
TEXHUYECKOH apXUTEKTYphl, a U HEOOXOJUMOCTb MPEICTABUTh KOMIIAHUIO B paMKax HOBOMU
METOJ0JIOTUN KaK COLMOTEXHUYECKYI0 cucTeMmy. llpu 3TOM 3aMHTEpecOBaHHBIE CTOPOHBI,
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BOBJICUCHHBIE B HOBYIO METOJIOJIOTHIO, IOJIydaT HEOOXOJUMOE IOHUMAaHHWE TEXHOJOTHHA U
B3aMMOCBS3€H MOJIeNIM OpraHU3allK ¢ BHEITHUM OKPY>KEHUEM.

[IpaBuna uudpoBoil Tpanchopmanuu Bce eme (GOpMyTUPYIOTCS, TJ€ OCHOBHOE
BHUMaHUE yJeNlseTcd YCHEIIHOMY TEXHHYECKOMY  pa3BepTHIBAHHIO HOBOW  MOJAEIH
COIIMOTEXHUYECKOM CUCTEMBI B paMKaxX HOBOHM MeTO10JI0THH [5].

B pamkax HOBOI METO0JIOTHH, CBI3aHHOU ¢ IU(PPOBOH TpaHChOpMaIIHEH, pe/IaraeTcs
KOHLENIMUS NapajuleJbHOW BHUPTYyaJIU3allUM, YTO MOXKHO CUMTaThb W3MEHEHHEM IapaurMbl
MCIIOJIb30BaHUs TPOU3BOJICTBEHHBIX TEXHOJIOTHH.

JlaHHasi KOHLENIMS MOAPa3yMEBAaET BHUPTYaIU3aLMI0 COLUOTEXHUYECKOH CUCTEMBI, B
KOTOPYIO BXOJMUT BCS COBOKYITHOCTb YCTPOWMCTB, MAIIMH, HPOU3BOJCTBEHHBIX LEHTPOB U
IPOJYKTOB, KOTOphIe OyIyT aBTOHOMHO B3aMMOJCHCTBOBATH JIPYT C JPYroM, OOMEHHMBATHCS
uH(popMaliel, BBINOIHATL JEHCTBUS HE3aBUCUMO JIpyr OT Jpyra. YIpaBisThb TaKou
COLIMOTEXHUYECKOH CHCTEMOM CTaHET BO3MOXKHO IIOCPEICTBAM EAMHOW KuOephuzndeckoi
CUCTEMBI.

bnaromaps maHHOMY TOAXOJyY, JI00as COLUMOTEXHWYECKAas CHCTEMa, MPOIICIIas
PECTPYKTYpHU3allMI0 B COOTBETCTBUU C HOBOM METONOJIOTHEH, CTAaHOBUTHCA «YMHOW» U
(baxTHuecku ee PyHKIIMOHUPOBAHHUE MPECTABISIET OO0 IBE TPYIIIBI IPOIIECCOB, OJIHA TPYIINA,
MIPOXOJIAIIAsl B pEAIbHOM MHPE BTOpasi B BUPTYAIbHOM.

JpyruMu cioBaMH, B BUPTYaJIbHOM IIPOCTPAHCTBE COLIMOTEXHUYECKas CHCTEMa
CYLIECTBYEeT Kak «UH(PPOBOM JBOMHMK», TJ€ WHTEUIEKTyallbHbIE aJITOPUTMbl MOTYT
o0pabarbeIBaTh JaHHBIC, TCHEPUPYEMble (PU3UUECKONH CHCTEMOM, MPEIOCTABIISAS MHPOPMAIUIO O
MPOU3BOUTEIILHOCTH, COCTOSSHUU U COCTOSHUU (PU3UYECKOW CHUCTEMBbI B PeajbHOM BpPEMEHHU.
HIMeHHO B «BHUPTYaJbHOM MHpPE» COLMOTEXHUYECKAs CHCTEMa CTAaHOBUTCSA «YMHOI», MO3BOJISIS
MalIMHAM CaMOCTOSITEIbHO OCO3HAaBaTh CBOE COCTOSIHUE, OOecrneunBas CaMOJUAarHOCTHUKY,
BEJYUIYI0O K MPOTHO3UPOBAHUIO HEUCIPABHBIX KOMIIOHEHTOB WJIM BO3MOJKHBIX OTKa30B. TOUYHO
TaK e MPOU3BOACTBEHHAs] CUCTEMa MOXKET IUIaHUPOBaTh pabOTy COLMOTEXHUYECKON CHCTEMBI
JUISL YIOBJIETBOPEHUS! KOHKPETHBIX IMOTPEOUTENBCKUX TPEOOBAHMN, MOHMMAs CTATYC Kaxaou
MAIIMHbI B CETH OpPraHU3alii B pealbHOM BPEMEHH.
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PO3POBKA HABITAIIIMHUX BITPAB JJISI HABITAIIIMHOT O
TPEHAKEPY TRANSAS/ WARTSILA, IIIO BIIIIOBITAIOTDH
KOMIETEHIII IITHB YIIPABJIIHHSI CYJTHOM Y BCIX YMOBAX

Kin M.I., Makapuyx /I.B.
Xepconcoka oeporcasna Mmopcbka akaoemist
(Vkpaina)

Beryn. ['0/10BHOIO TEHJEHLIIEI0 CHOTOJHI € 3pOCTaHHS BUMOT JI0 IPOQeciiHUX HaBUUOK
MaifOyTHIX CyZHOBOJIIB Ha MDKHAPOJHOMY pPHHKY Wpamli, TOMy s TOro Imod OyTu
KOHKYPEHTOCTIPOMOKHUMH BOHHM MalOTh OyTH 10Ope MiAroTOBJICHI 10 0COOJUBHX YMOB pOOOTH,
30KpeMa 3 CyYaCHHUMM HaBiraliiHUMHM TpWIaaMd, a TaKoX OpPIEHTYBAaTHUCS B CKJIAIHUX
npodeciiHuX CUTYyallisiX, MBUAKO HABYAaTHCS Ta MPUCTOCOBYBATUCS O Pi3HUX yMOB. Tomy
BIIPOB/KEHHS TPEHAKEPIB, 110 MOBTOPIOIOTH PEaIbHI CUCTEMH YIPABIIiHHS CyJTHOM B OCBITHI
IpOIIEC € BEIMKOI MEPEeBarolo, sk Ul 3aKiajy BHUIIOi OCBITH TaK 1 JJs 37100yBauiB, 110 B HUX
HaBYAIOTHCSL.

HeoOximHO BiIMITHTH, 10 HaBYAJIbHO-JIA0OpAaTOpPHA 1 TpEeHaXXepHa 0a3u JjIs opraHizaril
HaBYAIbHO-BUXOBHOTO Tmporecy XJIMA BiamoBimaooTe BHUMOTraM MiKHAPOJHOI MOPCHKOI
opranizanii (IMO) ta Mixnaponuoi Konsennii IIJIHB 78 3 mompaBkamu. IlinTBepmkeHHSIM
TOTO € BUCHOBKH PE3yJIbTAaTiB MEPEBIPKH CTaHy CUCTEMHU HABYAHHS, TPEHAKEPHOT MIATOTOBKH Ta
TUIUIOMYBaHHS MOpPSKIB JIaTChKMM MOPCHKHMM YIPaBIIHHSAM Ta 1HCIEKIIIHOI MepeBipKu
€BponeiicbkuM areHTCTBOM 3 Mopcbkoi Oe3neku (EMSA). V ciuni 2011 poky Mopchkuit
iHCcTUTYT oTpuMaB CeprtudikaT Ta 3HAK BIANOBIAHOCTI BUMOTaM MIKHapOJHOTO CTaHIAPTY
JACTY ISO 9001:2009 B pericTpi maporuiaBcTBa Y KpaiHu.

AxaneMis BOJIOZI€ KpallUMH HaBUAIbHUMH TpeHaXKepaMu 1 OOJIaAHAaHHAM JJIs
3a0e3neyeHHsT €()EeKTUBHOTO HaBYaHHS. TpeHaxepHa 0a3a HaAJa€ MOXIHUBICTH I BCIX
3100yBauiB OTpUMaT HEOOX1/1HI HAaBUYKH 1 3HaHHA [1]. Asie Ha JaHUN MOMEHT icHye mpobiaema
BIJICYTHOCT] CTBOPEHHUX Ta MPOMKMCAHUX CLEHApIiB HaBIralllfHUX BIIPaB 3 yNpPaBIiHHS CYIHOM 3a
Oyab-KMX YMOB JUIs HaBiramiiiHoro Tpenaxepy TRANSAS/WARTSILA, ans mosHoi
BIJIOBIAHOCTI poOOYiil HaBUANBHIN Mporpami JUCHUIUTIHUA «Y IPaBIIHHS CYTHOM.

AKTyalbHicTh AociigxkeHb. CTpIMKHIA PO3BUTOK KOMII'IOTEPHHUX Ta iH(OpMariiHUX
TexHoJorii y ki XX - Ha nmoyatky XXI cT. crpusiB pocTy creuiajii3oBaHUX TpPEeHaKEpHUX
LEHTPIB, K1 31HCHIOIOTh MPAKTUYHY IMiJrOTOBKY PSJIOBOrO Ta KOMAaHIHOTO CKJaly MOPCBKHX
cylieH. MOXJIMBICTh aIeKBaTHOTO MOJICIFOBAHHSI HaBITAI[IMHOI Ta METEOPOJIOTIUHOT 0OCTAaHOBKH,
aBapiiHUX CHUTyalilf, BIJNpAIIOBaHHS B3a€MOJIl €KiMaxy cyaHa 3 OeperoBUMH ciyxk0amu,
IHIIMMH CYJHaMHM PO3IIUPUIN 3aCTOCYBaHHS MOPCBHKHX TPEHAXepiB SIK y paMKaX OCBITHIX
CTaHAapTIB TMiJ Yac MIATOTOBKH CIIEIIANICTIB y HaBYANBHUX 3aKJagaX, TaK 1 B CHCTEMI
npodeciiiHol nepeniAroToBKH MopskiB. binbin Toro, MixknapogHa Mopcbka oprasizaiis (IMO)
Jlajia BU3HAYCHHSI TPEHAXEPHOT MiTOTOBKH 1 BBeNa 11 B MXKHApOIHY KOHBEHINIO 1 BiMOBITHUN
Kozgexc mpo miaroroBky i AuruioMyBaHHsS MopsikiB Ta HeceHHs BaxTu (IIJJHB-78). IlompaBku,
BHeceHi IMO B KonBenmiro B 1995 pori, BuU3HAUMIM eKCIUTyaTaliiiHI BUMOTH 10 pSAy
TpeHa)KepiB 1 BHeplle B MDKHApOAHIN HOpPMATHBHINM MpPaKTHIl BBEIM MIATOTOBKY 1 OLIHKY
KOMIIETEHTHOCTI 3a JIOIIOMOIOI0 TPEHAXepiB I MIATpUMaHHS mpodecioHamizmy, II10
BuMaraethes yactTuHow A Koxekcy ITJJTHB [2].

Poznin A-1/12 Konekcy IT1/IHB Bu3Hauae craHgapTH 1100 HaBYAHHS Ta OI[IHIOBAHHS 3a
JIOTIOMOTOF0 TpeHaxxepiB. [lepikaBu-ydacHUKH KOHBEHIIIT TOBMHHI BUKOHYBATH IIUII Ta 3aBIaHHS
HaBYaHHS Ha TPEHaXKepi, BU3HAYEHI B 3araibHii mporpami HaByaHHs. KOHKpeTHI HaBYaIbHI 1iJi
Ta 3aBJaHHSA HEOOXiAHI It TOro, mo0 SKOMOra TICHINIE CITIBBITHOCUTHCS 3 CYIHOBOIO
IPaKTUKOIO.

3a ocTaHHI KiJJbKa POKIB € YMMAJIO JOKa3iB TOTO, IO TPEHAKEp MOYKHA PO3TIISAATH SK
e(eKTUBHHUIA 1HCTPYMEHT JUIsl BAOCKOHAJCHHS NMPAKTHUYHUX HABUYOK Yy OaraTbOX HampsiMKax,
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TaKUX SK YIPaBIIHHS CyIHOM, 0OpoOKa BaHTaXiB, padio3B’s30K 1 Tak fani. TpeHaxep Moxe
MIEPETBOPUTH TCOPETUYHI 3HAHHS HA €()eKTUBHI MPAKTUYHI HABUYKHU. AJIe Ha CbOTOHIIITHIN JIEHb
ICHYIOTh NPOOJIEMH 3 OHOBJIEHHSIM Ta BIOCKOHAJICHHSM TpPEHAXKEPIB Ta HABYAIBHUX IPOrpam
UIsi HUX. BaknmuBo po3poOutu cueHapii BIpaB MaKCHUMallbHO HAOIMKEHUMH 10 PpealbHHUX
CUTYAITIH.

AKTyanbHI TIpo0JIeMH, SKI MOKYTh OyTH BHPIIICHI 3aBISIKA PO3POOIl 1 BUKOPUCTAHHIO
HaBiramiitHux Brpas ajs TpeHaxkepy TRANSAS:

1. BiaCyTHICTP MNPaKTUYHMX HABHYOK Yy BHUKOPUCTAHHI HaBIralliiHUX IPHIIAJIIB.
[TpakTyHe HaBYAHHS 3 yCiMa MOXJIMBUMH TpPEHAXKEPAMH MOXE CIPHUSATH O3HAHOMIICHHIO 3
HOBHMH TEXHOJIOTISIMA Ta 0013HAHOCTI IIOJO JIIOJCHKUX PECYpPCiB, IO € OJHHM 13 BaKIUBHUX
(dakTopiB T MOPCHKOI HMPOMMCIOBOCTI, JUIA JIOCATHEHHS BHCOKOTO PIiBHS CYTHOIUIABCTBA.
3aHATTA Ha KOMIUIEKCHMX TpEeHa)kepaxX IacTh MPAaKTHUYHI HABUYKH IIOJAO BUKOPUCTAHHS BCIX
HaBIrariifHUX TPUOOPIB Ta IX B3aEMO3B’SI30K ITiJT YaC YIPABIIiHHS CYTHOM 32 PI3HUX YMOB.

2. ABapiii, 110 MOB’sI3aH1 3 YIPABIiHHAM CyAHA. 3a JaHUMHU €BpPONEICHKOTr0 areHTCTBa 3
mopcbkoi 6e3nexu (European Maritime Safety Agency, EMSA), 3itkHenns cyziB 3aiimae 12,8%,
nocagka Ha minmuHy 13% Ta BTpara ympasminas 32,1% 3 ycix aBapidf, 10 Tpamuiucs Ha
MopcbekoMy (ioTi 3a mepiox 3 2014 mo 2020 pokwu. 3rpymyBaBIIM Ii aBapii, MO CTOCYIOTHCS
HaBirarii i yrnpasiiHHs CyJIHOM, oTpuMyemo 57,9% [3].

3. XuOHa caMOBIIEBHEHICTh CYIHOBOIIB y iX HAaBMYKax MO YNpaBiiHHIO cynHOM. CyTh
npo0iieMy B TOMY, 1110 BC1 CyJTHOBO/Iii BMIIOTh YIPABISATH CYyJTHOM IIPU HOPMAIbHUX YMOBAX, ajie
OUTBIIICTh 3 HUX HE 3HAIOTHh K L€ POOUTH MpPH KPUTUYHHX YMOBaxX OYyIb-TO IOTaHI MOTOAHI
yMmoBH a00 1IiibHINA Tpadik. Tomy 110 OUIBIIICTG CYTHOBOIIIB 3HAIOTH MPO II€ TUIBKHU B TEOpii, a
Ha MMPAKTHIII 3yCTPIYAIOTHCS 3 TAKUMHA YMOBAMH JY)K€ PiJIKO

IMocTanoBka 3aaaui. Metoro poboTH € po3poOKa Ta BIPOBAIHKCHHS HaBIralliitHMX BIIPaB
s HaBiramiHoro TtpeHaxepy TRANSAS, mo Biamosimarote kommereniism I[IJITHB mo
JTUCITUILTIHU «YTIPaBIiHHS CyHOM Y BCiX ymMoBax». KoMIuiekc BOpaB JOMOMOKEe MOBHOIIHHO 1
e(eKTUBHO BHUKOPHCTOBYBaTH Bech mHoTeHLian TpeHaxepy TRANSAS, a Takox miIBUIIUTH
piBEHb MIJTOTOBKU MaiflOyTHI CYyZAHOBO/IIIB.

PesyabTaTn apocaimkenb. Ha ympaBmiHHS CyaHOM BIUIMBaE 0araTo pPi3HOMaHITHUX
ACTIEKTIB MOYMHAIOYHM 3 MAaHEBPEHUX XapaKTEPUCTHKHU CYAHA 1 3aKIHUYIOYHM PailOHOM ILJIaBaHHS.
AJie 0YEeBHIIHO T€ IO HaBa)K4e YNPABISATH CYJHOM B INPOJHMBAX, 3aTOKaX Ta KaHajax, TOOTO
KOJIM CYIHO OOMEKEeHEe B MPOCTOPi 1 3/iiicHeHHs] MaHeBpy. CaMme B TakKUX pailoHax CyTHOBOIIT
NOBUHHI OyTH HAaHOUIbII YBaKHUMHU Ta TOTOBUMHU JI0 IIBHJIKOIO MPUMHATTA pilieHb. Tomy 1uis
HalBUIOI €(EeKTUBHOCTI KOMILJIEKCHUX HaBIral[iiHUX BIIpaB JIOKAIi€l0 Oylo 0OpaHO MPOTOKY
Bochop. Lls nokamis € gyke MOMYJISIPHOIO Ta BAAJIO0 3 TOYKH 30pY PI3HOMAHITHOCTI
HaBIraIiifHUX aCMeKTiB, 110 JT03BOJIHUTH 3MOJIEIIOBATH Pi3HI YMOBH IS YIPABIIHHS CYTHOM.

Brnpasa Ne 1:

Cynno «Bulk carrier 8» pyxaerbcs 3 MOYaTKOBOK MIBHIAKICTIO 9 By3miB. 3ajaya: 3a
MOTIEPETHHO TOOYIOBAHMM MapIIPYTOM YCIIINTHO Ta Oe3meuHo npoutu bochop 3a HacTymHUX
YMOB:

1. OcHOBHI XapaKTepUCTUKHU CyHA!

— Tun cygna — cyxoBantaxkue cyaHo (Bulk carrier);

— Boporonnaxwuicts — 1087,0 1.;

— MakcumanbsHa mBHIKICTE — 14,0 BY3.;

— JloBxuHa — 56,9 M. ;

— Iupuna—9,4 m. ;

— Ocanka HocoM — 2,98 M. ;

— Ocanka kopmoro — 4,36 ™. ;

— Bucota oka cnoctepiraya — 9 m. ;

— Twun nBuryna — cepegaroo0oputHU nu3ens (1 x 1324 xBT) ;
— Tun reunTta — I'PK;
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— HocoBwii migpymo04mii MpUCTpPil — MPUCYTHIN;
— KopMoBwii miapyaror0umii mpucTpiid — BiICYTHIH.
2. [Moroani ymoBw:
— IIpoTsarom BChOTO MapuipyTy BiTep Ta Te4is BIACYTHI;
— IloBHwMIT IITHIIB;
— Omaau BiACYTHI.
3. Buaumicts: 106pa — 6-8 MOPCHKHX MHJIb.
4. Tpadixk — MiHIMaTBHIN:
— JlekinbKa CyJIeH pyXa€eThCs M0 HaIllii MOJI0CI pyXy Ta IO 3yCTpiuHii;
— HixTo He mepecikae cucTeMy po3NoAiTy pyxy;
— Hebe3neuynux mineit Hemae.
5. Poboumii craH cygHa: yci HaBiramiifHi OpuiIagd, TOJOBHHM JBHUTYH, DPYJIbOBHI
NPUCTPIH NPALIOIOTh Y IITATHOMY PEXHUMI.

Bnpasa Ne 2:

Cynno «Container ship 1» pyxaerbes 3 mouaTkoBoro mBHaKicTIO 10 By3miB. 3amada: 3a
MOTEepPEAHbO MOOYJOBAHUM MapIIPYTOM YCHIITHO Ta Oe3nevyHo mpoiitu bocdop 3a HACTymHUX
YMOB:

1. OcHOBHI XapaKTepUCTUKHU CyTHA!

— Twun cynna — konTeitaepoBo3 (Container ship);

— Bogoronnaxuicts — 32025,0 T.;

— MakcumanbsHa mBHIKICTE — 19,5 BY3.;

— JloBxuna — 203,6 M. ;

— Illupuna — 25,4 M. ;

— Ocanka HocoM — 9,64 M. ;

— Ocazka kopmoro — 9,97 m. ;

— Bucora oka cioctepiraya — 23 M. ;

— Twun aBuryna — manoo6oputHuit nuzens (1 x 15890 xBT1) ;
— Tun reunta — I'OK;

— Hocoswuii niipyntorounii npucTpiii — NPUCYTHINH;
— Kopmosuii miipyntorounii npucTpiii — BIACYTHIH.

2. Iloronni yMOBH:

— IlpucyTHiii miBHIYHO-3aX1THUH BiTEp, 110 IOcsTae 8 M/c,
— Ilpucyths Teuis 3 HopHoro Mopst B MapmypoBe Mope, 1110 Ma€ IBUIKICTh 3 By37a;
— Omnaau BiACYTHI.

. Buaumicte: mobpa — 6-8 MOPCHKHX MIITb.

4. Tpadik — MiHIMAJIbHIH:

— JIeKUIbKa CyJIeH pyXa€eThCs MO HaIlil Mooct pyXy Ta Mo 3yCTPIuHIii;
— HIXTO HE TIEPECIKae CUCTEMY PO3MOLITY PYXY;
— HeOe3MeYHHX I[IJIeH HEMAE.

5. PoOouuii craH cyaHa: ycl HaBiramiiiHi NpuiIagd, TOJOBHUM JBUTYH, PYJIbOBHM

HOPUCTPIN MPAIIOIOTh Y IITATHOMY PEXHUMI.

[98)

Brpasa Ne 3:

Cymno «Bulk carrier 6» pyxaerbcsi 3 MOYaTKOBOKO INMBHIAKICTIO 8 By3iiB. 3amauva: 3a
HOTEpPEeTHHO MOOYIOBAaHUM MapIIPYTOM YCHIIIHO Ta Oe3meyHo npoiTH bocdop 3a HacTymHHX
YMOB:

1. OcHOBHI XapaKTePUCTUKHU CYyIHA:

— Tun cyana — cyxoBantaxkae cyaHo (Bulk carrier);
— Bopotonnaxuicts — 44081,0 T.;
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— MakcumanbHa mMBHIKICTE — 16,4 BY3.;
— Homxuna — 225,0 M. ;
— Ilupuna — 32,3 ™. ;
— Ocagka HocoM — 7,37 M. ;
— Ocanka kopmoro — 7,97 m. ;
— Bucota oka cnioctepiravya — 26 M. ;
— Tun nBuryna — mamoo6oputHuit au3ens (1 x 8002 kBT) ;
— Tun reunTa — I'OK;
— HocoBuii miapynow0yuil TpUCTpiid — BIICYTHIN;
— KopmoBwii miapymo0Yuid IpUCTpiii — BIACYTHIH.
2. [Moroani ymoBH:
— IlpucytHs Teuis 3 YopHoro mopsi B MapMmypoBe Mope, 1110 Ma€ IMBUAKICTh 4 By3Ja;
— Bitep BiacyTHiii;
— T'ycrunii tymas.
. Bumumicte: oOMexena yepe3 Tymas — 10 500 meTpis.
4. Tpadik — BUCOKHI:
— JexinbpKka cy/ieH 3iiCHIOITh O0TiH;
— Ha npoTs3i MapuipyTy eKkisibka sIXT Ta MapoMiB MEPECiKalOTh HaIll Kypc;
— Ha Bigpizky mixk WP 10 Ta WP 11 cyano 3ipBaiio 3 sIkopsl Ta Hece Ha Hallly 110JIoCcy

[98)

pyxy.
5. PoOouuii cran cyaHa: yci HaBiramiiiHi Npuiagd, TOJOBHHM IBUTYH, PYJIbOBHIA

NPUCTPIN TMPAIIOIOTH Y ITATHOMY PEKHMI.

BucnoBku. Hagiraniiini Bopasu s tpeHaxepy TRANSAS 3a0esnedars HOBY SKICHY
npodeciiiny MiAroTOBKY MaOyTHIX CYJHOBOJIIB 3aB/JSIKA 3aHYPEHHIO 0Ci0, 110 HABYAIOTHCS, Y
peanbHy arMmocdepy, ONTUMaIbHy s (OpMyBaHHS MpodeciiHMX KOMIETEHTHOCTeH Ta
OCOOMCTICHUX SIKOCTeH MaiOyTHIX CyTHOBOJIiB B yMOBaxX, II0 MaKCHUMAallbHO HAOIMKEH1 /10
YMOB MailOyTHBOI npodeciitHoi AisuibHOCTI. EdexkTrBHEe HaBYaHHS Ha OCHOBI TPEHAXXEPIB MOXKE
IPU3BECTH JI0 PO3BUTKY HETEXHIYHUX HABMYOK, TAKUX SK YCBIIOMJICHHS CUTYallii Ta MPUHHATTS
pimenb. [li HaBUYKM BaXIHMBI [T KOKHOTO MOpSIKa, OCOOJIMBO I CTapuiux ogiuepis, s
OPUNRHATTSA HeTallHUX MPaBUJIBHUX PIIIEHb, 10 CTOCYIOThCS O€3MEeKH CyJHa Ta JOAEH, a TaKOX
OXOPOHHU MOPCHKOTO CEpETOBHIIA.

IlepciekTHBM NMOJANBUIMX JOCTIIUKeHb. Y MalOyTHIX HAYKOBHX Mpalsix IUIaHYEMO
PO3pOOUTH MOBHOLIIHHUN KOMIUIEKC HaBITalllfHUX BIpPaB MO YNPABIIHHIO CYAHOM Ta METOJH iX
BUKOHaHHs Ha HaBirauiiHomy TpeHaxkepi TRANSAS. Tak sk eQpeKTHUBHICTb TpeHaKepHOI
MITOTOBKM 3HAXOAWUTHCS HAa BHUCOKOMY pIBHI, ajle BCE€ W€ ICHYye mpobiieMa BiACYTHOCTI
KOMIIJIEKCY HaBiralifHUX BIIPaB.
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YIIPABJIIHHA PUBUKAMMU HA HIAITPUEMCTBAX MOPCBKOI'O
TPAHCIIOPTY

Boituenko T.0., Jlizanenxo B.B., Kinap M.O.
Jlynaticokuii incmumym 800H020 MPAHCNOPIY
epoicasrnozco ynieepcumemy ingppacmpykmypu ma mexuonoeii
(Vkpaina)

Paouenko O.A.
Hayionanvnuii asiayitinuii ynieepcumem
(Vkpaina)

Beryn. Pusuk, Oyaydu HEBIIIUIPHOK YaCTHHOK EKOHOMIYHOTO, MOJIITUYHOTO,
COLIIAJILHOTO JKUTTSI CYCHIIbCTBA, HEMUHYYE CYIPOBOKYE BCi chepu MisIBHOCTI 1 HAIPSIMKH
Oyab-KUX OpraHizaiiii, B TOMY YHCJIi THX, Ki 3aiiMarOTbCsS TEPEBE3CHHSIMH HAa MOPCHKOMY
TpPaHCHOPTi. Y 3B'A3KY 3 I[UM, FOJIOBHUM 1 HEOAMIHHUM KPHUTEPIEM HOPMAIBHOI Ji€31aTHOCTI
CY4acHOTO MiANMPUEMCTBA MOPCHKOTO TPAHCIIOPTY € BMIiHHS BHUIIOTO KEPIBHUITBA, CIIMPAIOYNCH
Ha CYBOpPO HAayKOBY OCHOBY, IPOTHO3YBaTH, MPOBOAMTU MPOQIUIAKTHKY, palioHAJIbHO
KOHTPOJIIOBATH 1 €PEKTUBHO YIPABISATH PH3UKAMH.

VYnpaBiaiHHA pU3MKaMU Ha HIANPHUEMCTBAX MOPCHKOTO TPAHCHOPTY TICHO IOB'SI3aHO 3
YIPaBIiHHAM O€3MEeKOI0 MOPCHKHX TIepeBe3€Hb BAHTAXIB 1 NACaXHUPIB, OYKCHpPYBaHHSAM
MOPCBKHX OO0'€KTIB, sSIK€ 3BOJAUTHCA A0 BUOOPY METOMIB 1 3aco0iB 3a0e3ledyeHHs 3aJaHuX
(HOpMaTHBHHX ) 3HaUYCHb TIOKA3HUKIB O€3MEKH NP MiHIMAaTBHOMY 00Cs131 HEOOX1THUX IS IIOTO
pecypciB. EQekTHBHICTh yIpaBlliHHSA THM BHILE, YUM MEHIIMHA 0OCAT BUTpAT, HEOOXITHUN JUIs
JOCSATHEHHS METH YIpPaBIIIHHA — 3a0€3Me€4YeHHs HOPMAaTUBHUX 3HAUYEHb IMOKAa3HMKIB Oe3neKu
nepeBe3eHb. AHalli3 CUTyallli B YaCTUHI yNpaBliHHS O€3MEeKO0 Ha MIANPHEMCTBAX MOPCHKOTO
TPAHCIIOPTY TOKa3ye, M0 HA CHOTOMHIIIHINA JCHH B pamMKax BUMOT MIiKHApOAHOI MOPCHKOI
opranizauii (IMO) y BCiX CyTHOIJIaBHUX KOMIIaHISIX 1 CyJTHAX MOPCHKOTO (hJIOTY BIIPOBAKEHA B
NPaKTUKY YIPaBIiHHS O€3MEKO0 CHCTEMa, B OCHOBY SIKOI IMOKJIAJ€HO BUMOTH MiXHapOTHOTO
KOZEKCy ympaBiiHHs Oe3nexoro Ha mope (MKYBM) [1]. V mpomy nokymeHTi copmyinboBaHi
OCHOBHI BUMOTH, SKUMH MOBHHHI KepyBaTHCS CYJHOBJIACHUKM, KaIliTaHW 1 €Kilmaxi CyJIeH B
qacTHHI 3a0e3redeHHs] 0e3MeKu >KUTTEIISUIBHOCTI, MOPEIUIaBaHHs, 3a0e3MeYeHHsI CXOPOHHOCTI
BAaHTaX1B, BAKOHAHHS 3aBJaHb, TIOB'I3aHUX 3 KOMEPIIIITHOIO JISUTHHICTIO Ta 1H.

AKTyaJbHicTh AochdilkeHnb. OCHOBHUM 3aBJaHHSM eTamy OOpPOOKH pHU3HKY €
NpaBWJIbHUN BUOIp METOY YIPaBIIIHHS TUM YM 1HIIUM pU3UKOM. B nanHuil yac cBiTOBa MpakTHKa
BUpOOUIIA IIUPOKUH CHIEKTP METOAIB M0 YHPABIIHHIO PU3UKaMH. BijbIicTh 3 HUX, 6€3yMOBHO,
e(eKTHUBHI B 3aCTOCYBaHHI, ajieé BUMaraloTh CHeliaIbHUX PO3pOOOK 1 MaTepialbHUX BUTPAT, AKI
MOXYTh BIIKPUTH BUTOJM BiJl X 3aCTOCYBaHHsA. TOMy HEOOX1HO YiTKO YSBJISATH, III0 OYIKYETbCS
BIJl IPOLIECY YNPABIIHHS PU3HKAMHU.

IMocTanoBka 3aaaui. [Iporec ynpaBiiHHS pU3HKaMU MOPCHKUX IEPEBE3EHD € CKIIAJHOI0
1 6aratopiBHEBOIO MPOIEAYPOIO, SKY MOXHA PO3TIAIATH 3 PIZHUX TOYOK 30py. 30Kpema, ii
MOXKHa YMOBHO pO3JUIMTH Ha psJ €TamiB, IO BUAUISIOTHCS BIANOBIAHO 10 0COOIMBOCTEH
MOCJIIOBHUX I 3 YIPaBIiHHSA PU3UKOM. BUUICHHS BIMOBIIHUX €TaImiB CIIiA PO3TIIAIATH SIK
YMOBHE, TOMY 110 Ha MPaKTHIIl YaCTO BOHU PEaNi3ylOThCsl OJHOYACHO, @ HE MOCIIiJOBHO, OJIMH 32
oxHuM [4].

PesyabTaTn gociaixkens. Cucrema ynpaBiliHHS PU3UKaMH HA MOPCHKOMY TPAHCIIOPTI —
1€ CYKYITHICTh B3a€MOIIOB'SI3aHUX MPOIIECIB 1 Oreparliid, OpIEHTOBAHUX HA JOCSITHEHHS €IMHOT
METH — 3HIKEHHS pIBHS PH3UKY Ha MOpchKoMmy TpaHcmopti [3]. B cucremi ympaBniHHS
PU3HKaMU HaWBKIIMBIIIUMH TPOIECAMHU 1 OTEpallisiMU €. MOHITOPUHT YMOB poOoTu (IoTy 1
MOHITOPUHT PU3UKIB, SKi TPAIUIIOTHCS a00 MOKYTh OyTH MOXXJIMBUMM; 11€HTH(IKAIS PU3HKIB;
aHaJ i3 PHU3HKIB, po3poOKa Ta TUIAHYBaHHs 3axOJliB IIOJAO YCYHEHHS a00 3HIKCHHS PIBHS
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PU3UKIB; OpraHizalis i KOHTPOJIb 32 BUKOHAHHSM 3aXOJliB IIOJI0 YCYHEHHS a00 3HM)KEHHS PiBHA
PHU3HKIB; aHaN3 €(EeKTUBHOCTI TUIAHOBAHMX 3aXOIB Ta iX BIIJAJICHHX HACTIAKIB; aHATI3 BXKE
peali3oBaHUX 3ax0[liB; opMyBaHHs (aillliB MO3UTHBHUX JOCATHEHb 1 HEraTWMBHOTO JOCBIIY;
(dhakTOpHUI aHaI3 PU3UKIB HA OCHOB1 PETPOCTIEKTUBHUX JIAHUX Ta €KCIIEPTHUX OIIHOK.

CyuacHi TiAXOQW A0 3MICTy MPOLECY YHPABIIHHS PU3UKAMHU CHPUSAIOTH PO3YMIHHIO
3arajibHOi TEHCHIII PO3BUTKY MEXaHI3My YIIPaBIiHHS PU3UKaMU, alie¢ HE JAr0Th OJHO3HAYHOI
BIJMOBII Ha MWUTAaHHS OpPO LTl 1 3aBAaHHA (QYHKUIA ynpaBiaiHHA pusukamu. I[loTpiOHO
MPOBOJIUTH OOMIH iH(pOpMAIi€Er0 3 BHYTPIIIHIMU 1 30BHINIHIMH yYYaCHUKaMHU IIHOTO IIPOIIECY,
OTXe, HeoOXimHa (YHKIIsA «B3a€MOJIl 1 KOHCYJIbTyBaHHS». I[Ipolec ympaBiiHHS pU3MKaMHU
MOPCHKHUX IEePEBE3CHb MOKHA MPEICTABUTH Y BUTIISL TIOCITIIOBHUX €TAIliB 3 OIIMCOM OCHOBHHX
minet 1 3aBnanb (puc.l). AHani3 TEHIEHIIH 1 MEePCIEeKTUB PO3BUTKY MIXHAPOJHUX MOPCHKHX
MepPEeBE3CHb MOKAa3ye, IO 31 30UIBIICHHSIM OOCATIB BaHTa)KOIIEPEBE3€HD ITIJIBUIYETHCS 1 PIBEHB
aBapiitHOCTI.

TlocTifinaE MOHITOPHET i JOKYMeHTYEAHHA, B3AEMOTIA 1| KOHCYILTYEAHHSA
Mema: z0epeseHHA OCHOEHHX pIIIeHEL | pesvISTATIE IMACHIOBAHHX O B mpoueci
VIPaENHHA PHIHKAMH
Jadqwi: CTEOPHTH 0a3y JAHHX PHIHKIE, 30€pelTH BECK OTPHMAHY IHGQOpPMALIK E Oazl
JaHHX PHIHEIE

|

e

L Inesradikamia paIAKY II. Ominka prsEKY
Mema: OTpHMAaHHA ONHCY MOZJIHEHX Mema: omiEEa AMOBIPHHX ETPAT KOMITAHIT
PHEHEIE KOMITAHII Jadaui:
Jadaui: - EBH3HAYCHHA HMOBIPHOI0 BHHHKHEHHA
- IPOEEOCHHA AHANZY 20BHINHBOIO 1 PHIHKY;

BHVIDIOHEOTO CEPEIOEHING KOMIIAHIT, [—» - BH2HAYEHHST CTVIIEHE) BIUIHEY DH2HEY
- EBHABICHHA pEANBHHX CHTVAIli, =Kl 1 BEIHYIHHY BTPAT KOMIIAHIT V BHIIAOKY

MOVTE SHHHTH HETATHEHHI EIUIHE Ha fioro uposey

OiAMEHICTE  KOMIAHIT 1 MOXEVTB !

pOSTIA0ATHCA B AKOCTI «PHIHKIES,

- IIpOBedcHHA KIAcHDIKALl] BHABICHHX III. O6podxa pu3nky

Mema: pospobka meTogmomorigmoei Dasm

PHIUEKIE

N4 BIUTHBY Ha PHIHK

Jadaui:
IV. Boinae ma pasEk - BHOIp CTpaTerii VIPaBMHHAA DHIHKOM;
Mema: 2HIGKeHHA CIVIEHK EBIUIHEY - EBH3Ha9eHHA TPHHHATHOTO  pIiBHA
PHIHEY 10 OpHHAHATHOTO PIEHA ] PH3HEY,
Jadaui: agificHeHHa 3axomiE 2 0OpodEm -  EHOIp MeTOZY VIPAaBIHHA PHIHKOM,
PHIHKY - EH3HAYEHHA CHOocody  sMiHiMizamii

¢ PHIHEY

V. KouTpoas 1 oIiHKa pe3vabTaTIB
Mema: IOTPHMEL ECTAHOBJICHOIO
HOpAIKy mH 2 00OpoDKEM pH2HEIE, OLIHKA
PesVIALTATIE BINIHEYV HA PHIHE

Jadaui:

- EBH3HAYEHHA eeKTHEHOCTI
imemTidikamii, omimEm 1 obpob:
PHIHKIE;

- KOPEervEAHHA TPOBEIEHHX 3aX0TiE ¥
EHIIAOKY iX HeeeKTHEHOCTI

Pucynok 1 — Y3aranpHeHa cxema yrnpaBJIiHHS pU3HKaMH KOMITaHIH, sIKi 3/IIHCHIOIOTh MOPCHKI
nepeBe3eHHs [6]
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Pazom 3 TuM, mpu po3poOIl TPaHCHOPTHO-JOTICTUYHMX CXEM JOCTaBKM BaHTaXiB
HEJIOCTaTHS yBara NpHUALISETbCA MUTAHHSIM OLIHKUM (aKTOPIB PU3UKY 1 3HMIKEHHS CTYHEHs iX
BIUIMBY Ha MPOIIEC MMEePeBE3CHHs. B 3HaUHIN Mipi 1€ TIOSICHIOETHCS THM, [0 MTUTAHHS KiJTbKICHOT
OLIIHKM PHU3HUKIB, TaK caMoO SK 1 OI[HKK (PaKTOPIB PHU3HKIB, pO3poOIEHI HEAOCTaTHBO. Y
OUTBIIOCTI BUKOPUCTOBYBAaHHUX Ha MPAKTHIl METOAMKAX OL[IHKHU PiBHS PHU3UKY aKIEHT POOUTHCS
Ha XapaKTEepPUCTHIl HMOBIPHOCTI HACTAaHHS HECHPUATIUBOI MOJ1i, @ HE Ha BEIMYUHI MOXKIMBUX
BTpaT. B pesynbraTi aHamizy HOPUYMHHO-HACIIJKOBUX 3B'SI3KIB MOPCBKMX INPUIOA 1 BTpaTu
BAaHTaXIB, MOKHA BUIUIUTH (DaKTOpH, 110 MAIOTh HAWOIBIINN HEraTUBHUN BIUIMB Ha O€3MNeEKy
MOPCBHKUX BaHTa)KOIIEPEBE3CHDb 1 MOPEIJIaBaHHA B IIIoMYy [5].

Jlo uncna Takux (paKkTopiB MOKHA BiHECTH:

— npupomHui (HakTop (T1IAPOMETEOPONIOTIYHI YMOBH, 3€MJICTPYCH, IIyHami) 1 ¢akTop
qacy (pik, MicsIb, 100a);

—  KOHCTPYKTHBHUH (axkTop (po3mipu Cy[Ha, HaBiraiiiiHe OCHAIllEHHS CYy/HA,
HaBiramiifHe o0JamTyBaHHs KaHaJiB, rigporpadiuyHe obmatHaHHS);

— TexHIYHUH ¢akTop (HAAIWHICTP TEXHIKH, BIK CyJHa abo0 IHIIUX TPAHCHOPTHHUX
3ac00iB, IIBUIKICHUA pPEXHM, MAHEBPEHI XapaKTEPUCTHKH, XapaKTep BaHTaXy, MIO
NEPEBO3UTHCA, HOTO PO3MIIIEHHS Ha TPAHCIIOPTHOMY 3ac00i, TEXHIYHUI CTaH TPAHCIIOPTY);

— TexHosoriyHué  (Qaktop (eKcrulyatamiiiHi  XapakTepUCTHKH,  (i3MKO-XIMi4HI
BJIACTUBOCTI BAaHTAXY, CKJIAyBaHHS 1 KPIIUICHHS BAHTAXKY, MOPYIICHHS [TPABHJI IIEPEBE3CHHS);

— moAcbkuil ¢akTop (HOPYIIEHHS MDKHAPOJHHMX IpaBHJ IONEPEIKEHHS 3ITKHEHb
CyIeH B MOpi, HU3bKa KBajidikais, TOMWIKH TPA MaHEBPYBaHHI 1 HaBiramiifHii MpPOBOI],
HEJIOJIIKM OpraHi3aiii CyJJHOBOI CIyOH, MOpyIIEHHS TPYAOBOI TUCIIHUILIIHHA).

OnHak B MpakTHIN MEPEBE3CHb BIUIMB IHMX (AKTOPIB BPAXOBYIOTHCS B OCHOBHOMY Ha
SKICHOMY DpiBHI, [0 HE 3aBXIU CIpUSE NPUHHATTIO KpalMX pillleHb MpU Opraxizauii
HepeBe3eHb.

Amnaniz mnpoGieM 0e€3MeKHM MOpPCBKMX BaHTaXOINEPEeBE3eHb IOKa3ye, IO piBEeHb
aBapIHHOCTI MOPCHKOTO (PJIOTY 3aNMINAETHCS BUCOKUM, OCOOJIMBE 3aHEMOKOEHHS BHKIIMKAE
BHUCOKHI PIBEHb PU3MKY 3aru0eni cyaeH, 1o oO0ymMoBjIeHO Oararbma (pakTopamu MPUPOHOTO,
TEXHOT€HHOIO Ta OpraHi3allifHO — YIOpaBIiHCBKOro xapakrepy. OJHaK B MpPaKTHI
MoOpeTJIaBaHHs MUTaHHAM KIJIbKICHOT OLIIHKM PU3MKIB Ta YIPaBIIIHHSA PU3UKAMU HE MPUILISAETHCS
HaJle)kHOT yBaru. 3 npuiHATTAM B 1993 p Pesomronii IMO A.741 MixHapoAHOTO KOJEKCY 3
yIIpaBIIiHHS OE3MEeYHOI0 eKCIUTyaTalli€ro cyneH i 3amobiranHsa 3adbpymHenHro (MKVYB - ISM
CODE) i o6og's3koBuM ioro 3acrocyBanHsaM 3rigHo Ti. IX Kousennii COJIAC mpoGremu
3a0e3nedyeHHs 0e3MeKr MOPChKUX CY/ICH CTallU mepuioueproBumi [ 1-3].

BucHoBkM. BinbiicTe MiANPUEMCTB MOPCHKOTO TPAHCIOPTY BUKOPUCTOBYIOTH SIKICHI
METO/AM OIIIHKM PU3MKY 0€3 ypaxyBaHHS iX KUIBKICHOI CKJIaJ0BOi, a TakoX HedopManbHi Ta
IHTYITUBHI MeToau 0e3 3aCTOCYBaHHS MaTeMaTHYHOrO amapary, 10, B KiHIIEBOMY MiACYMKY,
MPU3BONUTH J0 HU3BKOI €(EKTUBHOCTI YNpaBIiHHSA puU3UKamMH. TakuM YHMHOM, 3 OJHOTrO OOKY
MJBUIICHHS 0€3MeKH Ha TPAaHCHOPTi Ta 0e3MeKH MOPChbKUX MEePEBE3E€Hb, 30KpEMa, € aKTyaIbHUM
COLI1aJIbHO-€KOHOMIYHHUM 3aBJIaHHSM, ajieé 3 1HIIOr0 OOKY, MUTAaHHS OIIHKU (DaKTOPIB PU3HKY,
PO3paxyHKH IHTETpaJbHUX OIHOK DIBHS PHU3HMKY, SK OCHOBHUX KPHUTEpIiB I NPUHHATTA
pilieHb, po3poOsieHI HeIOCTaTHbO. Y 3B'SI3Ky 3 ILHMM, BHUHUKAE HEOOXIIHICTH PO3pOOKU
KOMIIJIEKCHOT'O, BCEOIYHOrO MiAXOAY N0 PU3UK-MEHEDKMEHTY, SIKUM Oyae KOOpAMHYBATUCS B
paMKax BCHOTO IMIANMPUEMCTBA, 3a0e3Meuyround HOro ycmimHe (QyHKIIOHYyBaHHS, (IHAHCOBY
CTINKICTh, BUCOKY KOHKYPEHTOCIIPOMO>KHICTD 1 CTaOUIbHY NPUOYTKOBICTh. [ TOCSTHEHHS 1€l
METH TOBHHHI OYTHM pPO3pOOJE€HI METOIUKH, SIKI JO3BOJIMIM O KEpIBHUUTBY MiANPUEMCTB
MOPCBHKOTO TPAaHCHOPTY YIPABIATH PU3HKAMM, BUKOPHUCTOBYIOUHM IE€BHI 3aCO0M 1 METOIH, IO
JO3BOJIIIOTh MaKCHMaJIbHO TMPOTHO3YBAaTH HACTYN PHU3MKOBOI MOl Ta BXKWMBATH BIAMOBITHI
3aX0/IH 1I0JI0 3HUKECHHS CTYIEHS PU3HKY.
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PERSONNEL QUALIFICATION MANAGEMENT APPROACHES IN
MARINE ORGANIZATIONAL AND TECHNICAL SYSTEMS

Ponomaryova V., Dyagileva O., Nosov P.
Kherson State Maritime Academy
(Ukraine)

Analysis of many organizational and technical systems associated with complex
processes of interaction of material objects and human resources indicates the need for
approaches to assess the quality of the main processes of functioning. However, due to the multi-
criteria nature of the construction of models for the functioning of organizational and technical
systems, there are limitations associated with uncertainty factors.

It should be borne in mind that the higher the influence of the human factor on the quality
of the organizational and technical systems processes, the more difficult it is conceptually and
algorithmically to build an adequate model of the entire system. It can be unambiguously stated
that the influence dependence of the human factor on quality of marine transportation exists and
plays a key role [1-5].

In turn, the formation of the qualification elements of a marine specialist depends on a
number of chronological stages, from educational to training in the course of practical activity.
To a large extent, due to its specificity and efficiency, the level of qualification is influenced by
simulator training using navigation simulators and virtual (augmented) reality systems [6-11].
Considering that the degree of influence of each such process on the quality of functioning of the
organizational and technical system, we can conclude that the final qualification level is difficult
to predict.

From the basic descriptive principles of organizational and technical systems, it can be
concluded that in order to manage the development of the skill level, it is necessary to develop a
system of aggregate information functions and transformations — operations.

Thus, the purpose of the study is the formation of operations aimed at creating a target
strategy for the dynamic growth of qualifications of the subjects of maritime organizational and
technical objects to reduce risk factors when transporting goods by means of automation.

Within the framework of the research goal, it is proposed to form a structural-logical
scheme of influence on the indicators of personnel qualification growth in the elements of
marine organizational and technical facilities such as: training centers and retraining centers for
marine specialists; educational organizations and institutions; forums and symposia from
international and domestic employers; port control services; stages of interaction between pilots
(superintendents) and captains.

At the same time, the organization of strategically directed activities depends on a set of
material objects such as: navigation simulators, machine room simulators and electrical
installations; laboratory equipment; practice base courts; port infrastructure and lifting and crane
equipment.

Taking into account the fact that organizational and technical objects of the maritime
industry are difficult to formalize, it is necessary to develop mathematical and software to
analyze their state and schemes of information relationships.

Thus, in order to achieve the goal of the study, it is necessary to complete the main task:
to develop methods for optimizing the processes of fulfilling qualification requirements for the
personnel of marine organizational and technical objects synthesized under conditions of formal
uncertainty in the dynamics of transformation processes.

To determine the sequence of actions in solving the problem, we define their structure
schematically (Fig. 1.)
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Rating and financing organizafional and
technical objects of the maritime industry

T
1 11
Personnel qualification Uomestic and international
e qualification requirements
[

Development of an automated system

for the extraction of qualification dafa
1 1
Organizational Functional Innovative Educational
Indicators P, P, P P,
ACS for the formation of personnel qualification parameters
actons L L L 1
Information model of organizational and fechnical personnel
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lterative analysis of changes in qualifications
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Evaluating the effectiveness of the current strateqy

Corrective actions

Figure 1 — Scheme of processes optimization for fulfilling qualification requirements
for personnel of offshore organizational and technical facilities

According to the scheme, an important step is to determine the current requirements on
the part of organizational and technical objects of the maritime industry in order to determine the
target strategy for the formation of qualification indicators of Pi personnel. By managing the set
of Ui influences on the part of maritime organizations, it becomes possible to form a personnel
model in the context of the dynamics of the development of the industry as a whole.

An important feature is the determination of the step of exposure in time. Depending on
the category of personnel, such a step will be different and not always discrete. In turn, it is also
necessary to take into account the psychological component when working with personnel for its
goal-orientation in the time frame [12]. In this case, the formalization of the problem in general
form will be as follows:

F=(P-P")
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F(U,U,U,;U,,.,U)—>min
P>P =P(U,U,U,U,,.U)=P
Then, the parameters can be approximated with respect to the increment:

P(Ul’Uz’U31U4a---,Un) op U1+£U2+...+£Un

Tou, T au, ou, "
In this case, the introduction of the gain k, will make it possible to obtain:
P=KkP +k,P, +...+k,P, > min, F — min,
Consequently, it becomes possible to determine the sensitivity coefficient of the influence
oP oP, oP, oP,
=k, +k, +K,
p- 0U; oU.

Ui on :

Obtaining experimental data, as well as their statistical processing, will make it possible
to determine the weighting factors of the influence of factors on the processes of managing the
state of qualification parameters in relation to the personnel of the organizational and technical
systems of the maritime industry.
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EXPERIMENTAL STUDY OF THE CAPTAIN'S FATIGUE FACTOR
INFLUENCE IN CRITICAL SITUATIONS

Koretsky O.A., Haponov B.E., Nosov P.S., Gurov A.A.
Kherson State Maritime Academy
(Ukraine)

Researches aimed to analyzing the negative impact of the human factor at maritime
industry are increasingly faced with the problem of the versatility of this phenomenon [1-3].
Meanwhile, according to the reports of the expert commission “Annual Overview of Marine
Casualties and Incidents 2020” more than 56% of accidents at sea were caused by the human
factor. Needless to say that impossible to completely eliminate the influence of the human factor
in the ergatic systems of maritime transport [4-8]. However, due to the large human and
economic losses, it is necessary to do everything what possible for neutralizing the most
significant developments of the human factor.

On a same row of many developments of this fact, fatigue and sleepiness during
navigational watch, watch when alongside, and during maneuvering are especially prominent.
Especially this is currently actual at the present stage, when COVID-19 pandemic problems are
superimposed on transport processes, which introduces significant restrictions and enhances the
negative effect of the human factor.

As an example ,from the 2013 year “The Stress Research Institute” at Stockholm
University has conducted a number of studies which shown a tendency towards sleepiness and
fatigue depending on the type of watch keeping and daily time as well as influence from
additional paper work after the shift. Optimal watch keeping time has been determined as 4
hours of watch 8 hours of rest, and also that a minimum of 8 hours of uninterrupted sleep is
necessary for safe watch keeping, all other methods are a compromise of safety. These works
have become a platform for large-scale collaborative with The Centre for Maritime Health and
Society, University of Southern Denmark, Warsash Maritime Academy, Southampton Solent
University research named “Martha Project” The results of this researches formed a basis for
IMO GUIDELINES ON FATIGUE issued 24 January 2019 and also taken into account when
drawing up some amendments to the MLC 2006 in 2018. Research data confirmed that fatigue
affects memory impairment, reaction, changes in psychological state and perception of the
surrounding navigational situation, and that captains are the first who fall into the risk group.
However, despite the amendments introduced regarding changes in the organization of work and
rest time, there were no significant improvements in the work of navigational watches. This is
primarily due to the lack of tools for identifying signs and root causes of the negative
developments of captain’s fatigue. The accumulating psychophysiological pressure during many
days of the ship's passage individually and unpredictably causes a loss of concentration as well
as spontaneous loss of activity. The problem is that this aspect develops itself in the most
stressful and difficult navigation situations, when the captain is required to make managerial and
responsible decisions.

As practice has shown, it is impossible to eliminate this factor only by organizational
measures, however, was noted that in addition to 7-8 hours of continuous sleep, it is very
important and necessary for the captains to have a deep sleep factor, which makes up 25-30% of
the total time.

Thus, a set of measures aimed at introducing information technologies, training students
and cadets, simulator training cannot fully guarantee the successful navigational watch keeping
directly on board of the vessel in real conditions. At the same time, a wide range of related
psychological studies also indirectly indicates the significance of fatigue, drowsiness and mental
deformation of the personality, which is also confirmed by medical reports.
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A number of basic studies clearly point to the causes of the human factor from fatigue
and loss of concentration [9]. However, the tools that offered by the researchers do not allow
their use in the conditions of real control of the ship by the captain [10-12]. At the same time, the
analysis of the above studies made the possibility to conclude that it is not possible to eliminate
and / or control this factor due to the facts of:

- drug correction methods are unacceptable and require medical supervision;

- methods of psychological correction are take a lot of time and also require a specialist
psychologist on board,;

- methods of influencing the cerebrum with micro-currents require expensive non-mobile
equipment and specially trained personnel.

For the scientific analysis of the problem, an experiment carried out on the base of the
training center of Kherson Maritime State Academy (Ukraine) within the working limits of the
research laboratory "Development of decision support systems, ergatic and automated ship
traffic control systems.” As a sensor for monitoring the presence of a deep sleep phase, used a
smart watch that able to controlling data on the amount and quality of sleep, heart rate and other
physiological parameters with sufficient accuracy. During the experiment, noted that in event of
absence or shortage of the deep sleep phase even with a total sleep duration of 7-8 hours in case
of appearance of a critical or non-standard situation, there is a sharp decreasing of the heart rate
below the level of a calm state (Fig. 1).

Loss of vessel control

- Pulse Movement @ Sleep

Figure 1 — Phases of activity combined with watch keeping with a preliminary phase of deep
sleep of 9 minutes. (about 2% of the required 25-30%)

The experiment showed that the captain, at the moment of loss of control, was in a state
of inadequate perception of the navigational situation. As a result, decisions were made in
accordance with the dominant type of personality (the scale of psychopathy was overestimated,
which demonstrates a tendency to disregard rules and accepted norms) High sleepiness level was
also noted on the Epworth Subjective Sleepiness Scale (11 points in scale - which corresponds to
abnormal sleepiness).

Thus, this problem requires deep research and solution. In a view of the difficulty of
directly determining the negative actions of the human factor from the side of psychologists and
physicians, proposed to develop a specialized automated system for identifying signs of the
occurrence of this appearance at early stages in conditions of uncertainty. Development of such
system will significantly reduce the risk of disasters in maritime transport by providing
automated decision-making support for Captains Mariners.
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ANALYSIS OF STAKEHOLDER REQUIREMENTS FOR
IDENTIFICATION OF THE STATES OF NAVIGATOR'S MODEL

Masonkova M.M., Dyagileva O.S., Nahrybelnyi Ya.A.
Kherson State Maritime Academy
(Ukraine)

In the context of the increasing digitalization of the global processes of the transport
industry, there are trends leading to the unification of standards and requirements for maritime
professionals. New approaches in crewing selection are increasingly based on the interests of
large maritime companies or their conglomerates. In response to this, adaptive educational
systems appear that adjust to the individuality of each student / cadet in order to get a
professional of the required level most flexibly, without additional retraining. In the context of
the direct dependence of the human factor influence on the ship handling processes, the most
responsible and bordering on risks is the profession of a navigator (ship captain). Therefore, this
approach requires the transformation of the educational process into a format that would focus
on practical, simulator training using navigation simulators [1].

The purpose of this research is to analyze the existing system of requirements on the part
of stakeholders, the system of knowledge that students / cadets master during the learning
process. Also it is about a comparison of the results obtained for the development of an
automated system that allows to process data that are multifactorial in their structure, which is
necessary for organizing the management of complex educational processes.

The profession of navigator is specific and requires concentration of attention, strength,
endurance, since first of all it is very difficult from psychological point of view. Along with the
emotional factor, seafarers must carry out their work in accordance with all IMO requirements
and in compliance with the STCW rules [2]. The performance of professional duties under the
pressure of these two factors requires high qualifications from seafarers, that also indirectly
affects the elimination of the negative human factor [3-8]. That is why, one of the main criteria
for assessing the state of navigator's model is the educational aspect, but the complexity of this
approach is about the fact that the results of the assessment should not be subjective.
Consequently, the use of information technologies and the development of automated
management systems is the approach that will allow at a qualitatively new level to solve the
issues of establishing a flexible training system for navigators in the context of dynamically
changing stakeholder requirements. At the same time, we must take into account two levels of
stakeholders: national (Ministry of Education of Ukraine, National Agency for Higher Education
Quality Assurance); and international (shipping companies, crewing).

Given this specificity, the development of an automated system for identifying a model of
a professional navigator should monitor its state throughout the educational trajectory, predicting
the chances of successful employment at each discrete moment in time. It is necessary to know
exactly whether the knowledge and skills acquired by students meet the requirements of the
practical stakeholders (who provide jobs for maritime professionals).

In 2021, scientists Setiawan, Paratama conducted a survey among stakeholders of
different levels [9]: crewing Manager of a shipping company; deputy’ Manager of a shipping
company; a lecturer of Marine Engineering; active Captain On-Board; the head of ship
management (the crew service center). The expert group identified a number of requirements:
The new hatch of seafarer lacking the discipline, improvement motivation, also both skill and
knowledge; The new generation of seafarers need to improve their linguistic skill and mentality
in general; Our seafarers nowadays are still lacking in communication skill and IT knowledge to
compete with others nation seafarers; Our seafarers need better character building and the
motivation to learn. Aside from that, the MET itself needs improvement in term of activities
regarding seafarer trainees; Our seafarers are barely adequate in practical field and lacking in
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theoretical field also our seafarers need to be more adaptable toward dynamic nature of their
field of work; The most fatal flaw our seafarers have are the poor interest of reading and the lack
of theoretical knowledge in general.

Also it was initiated a survey in order to identify the main qualifications that a maritime
professional should have. As a result of the survey, after processing all the answers, the
mandatory hard (technical and theoretical knowledge; English communication skill; 1T skill) and
soft skills (managerial skills; hardiness; learning motivation Attitude) were identified [10].

The priority of skills was placed in a different order by all stakeholders, but the same
thing for all is the moment that in addition to improving these skills, great attention should be
paid to practical, simulator training. The use of specialized training and navigation simulators
makes it possible to simulate working conditions, which means that it significantly expands the
range of identification of the navigator's model data.

Stakeholders are interested in employing professionals who will be able to complete the
work as efficiently as possible in the shortest time. To ensure the availability of these skills
among its graduates [11,12], the following types of simulators are used at KSMA:

— virtual (“Navigation Information Systems”, Training Laboratory “Global Maritime
Distress and Safety System”, Training Laboratory “Full-Mission Engine Room
Simulator”, “Electronic Navigation Means” etc.)

— full-scale (“Training Complex — Mooring Station”, Training-Methodological
Laboratory onboard Vessel “Warnow Jupiter”, Training Laboratory “Survival at Sea
and Fire Fighting Training Complex” etc.)

— VR technologies (the use of specialized equipment: glasses, manipulators and a server,
will allow the introduction of virtual reality into training).

The use of these training complexes will allow at the device and software level to extract
data on the progress of student/cadet's training, build a formal-logical model of his state, perform
forecasts and strategic planning on the scale of KSMA.
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®OPMAJIIBALIS 3AJAUI B3BAEMO/IIi TA PO3XO/UKEHHSI CYJEH Y
MOPI HA OCHOBI KJIACTEPHOT'O AHAJII3Y

Ocunuyk B.B., Kpyznui /I.T.
Xepconcoka oeporcasna mopcbka akaoemist
(Vkpaina)

Beryn. B cydacHux ymoBax 301IbIIEHHS 1HTEHCHBHOCTI CYAHOILIABCTBA, HEOOXITHO
3BEpHYTH OCOOJMBY yBary Ha MOXJIMBICTh KEpPyBaHHS CyIJHAMU TPH 3MIHHUX YMOBAax
HABKOJIMIITHBOTO CepeoBHINa. Bimomo, 1m0 OUIBIIICTE aBapiil mpuIiagae Ha nepeOdyBaHHsS CyIeH
B OOMEXCHHMX BOJAX Ta B 30HAX BiANOBiAaIbHOCTI MOPTiB. TomMy HaAWOUIBII TrOCTpo MOCTae
npobiema Oe3neku pyxy came B LUX pailoHax. Y 3B’A3Ky 3 LM akTyaJbHHUMH CTalOTh
JNOCITIDKeHHST 3a7ad B3aEMOMIl 1 PO3XOPKEHHS CylIeH Ta YWHHHUKIB, YpaxyBaHHS SKHX
3a0e3MeynTh 0e3MeKy IIaBaHHS.

AKTYyaJIbHICTh J0CJTiTKeHHs. 3agada B3a€MOMIl Ta PO3XO/KEHHS CyJISH Ha BOJHHX
HUISIXaX € OJHIE€I0 3 CKJIAJOBUX Ipolecy cyaHomaBcTBa. CKIaJHICTh BHUPIIIEHHS Li€i 3aaayi
MOJISiTa€ HE TIABKM B KOOPAWHAIII KOJIEKTUBHOTO IUIABAaHHSA, a M y BUHSATKOBIM BaKITMBOCTI
BostoAiHHs cynHoBogieM MII33C, 3HaHHSAM TOYHHMX 3HAU€Hb HABIraliiHUX MapaMeTpiB CyIHA,
ypaxyBaHHSIM KJIIMaTHYHHUX, IPUPOJIHUX YMHHHUKIB, Ki BIUTMBAIOTH Ha Oe3meKky pyxy. Maca ta
pO3Mip CyaHa, HOro IMIBHIKICTh, XapaKTEPUCTUKU OCTIHHOCTI; MIHJIMBICTh Ta IIBHIKICTH Teuii,
penbed mHA, OJM3BKICTH OeperoBoi JiHII Ta il BUTMHHU, IO pa3oM 3 MOTOAHWUMH YHHHUKAMU
(wKBaNbHUN BiTEp, TyMaH) OOYMOBJIOE IE€BHY HaBiraiiiiHy curtyamito. J[ias OIliHKH BCiX
00CTaBHMH, BU3HAUEHHS MICI[S MOJIOKEHHS CyqHA HEOOXITHHMIA OJHOYACHWH aHaNi3 MOKa3HHUKIiB
BCIX HaBIramiiHMX CcHCTEM, B TOMY YHCIi T[IOKAa3HUKIB CyJHA, CYNYTHHUKOBUX CHCTEM
CIIOCTEPEKEHHS, TaHUX 1H(OPMaLIHHUX CUCTEM, PO3TALIOBAHUX HA OYSAX B MICII MPOXOKEHHS
Cy/IHa Ta HasBHICTh MOPYY 1HIIUX CYJEH Ta HANPSIMOK 1 XapaKTePUCTUKHU iX PyXY.

IlocranoBka 3agaui. [Ipomonyemo po3rissHyTH (opmanizamiro 3amadi B3aeMojli Ta
PO3XOJKEHHS CY/IEH Y MOp1 Ha OCHOBI KJIACTEPHOT'O aHAJIi3y.

Jlyig BUpILIEHHS IOCTABJIEHOI 3a/1a4l OyJ0 MPpoaHa i30BaHO HU3KY JIITEPATYPHUX JKEpell.
B pesynbraTi aHanizy My AIMIUTM BUCHOBKY, 110 came (opMallizallis Ha OCHOBI KJIACTEPHOTO
aHaII3y Bpaxye BeCh HEOOX1THUH 1H(HOpMaLIHHNUN KOMIIEKC 1 THM CaMUM CTBOPUTH YMOBH IS
0€e3MeyHoro CyAHOIIaBCTBA.

B mporieci miuaBaHHS CyHO MiIAETHCS BIUTMBY HacaMIepea IBOX CEPEIOBHUIIL: BOAHOTO i
nosiTpsiHoro. Kpim TOro, icHye 6araro HpUpPOJHHMX 1 IUTYYHHX HEPEIIKOA., SKI MOXYTh
MPEACTABISITH  HaBIramiiHy HeOesneky. To0To s 3a0e3nmedeHHs O€3MeKH  TUTaBaHHS
CYJHOBOJII0O HEOOXiAHO MaTH TigporpadiuHe, TiIpOMETEOpOJIOTIYHE Ta HaBirauiiHe
3a0e3nedyeHHs.[ 1]

o rigporpadiuyHoro 3abe3neyeHHs HaJKUTh XapaKTEPUCTUKA TAaKOrO IOHSATTA, SK
«cynHoBuUH xi» (papBatep). Bonu OyBaroTh OCHOBHI (Ha TpaH3WUTI BOJHOTO MUISAXY) Ta IMAX1THI
(3 TpaH3UTY O MPUYAJIIB Ta iH.). 3 TOUKHU 30py O€3MEKH MIaBaHHS BaXJIMBI TaKi XapaKTEPUCTHUKU
CYyIHOBOTO XOJy, SIK MpPOTSKHICTh, TIMOWHA, IIUPHHA, pajlyc 3akpyrieHHs. Kpim Toro,
CyTHOBHH Xim Tpeba po3rasagatd y 3B S301 3 XapakTEepUCTUKaMU Tedid (IIBUAKICTIO,
HANpsIMKOM), iX BUJaMH (CBaJibHA, MIPUTHUCKHA, 3aTsDKHA), (ha3aMy BOJU MO BCHOMY MapuIpyTy
CJIiTyBaHHSI.

[Ilo crocyeThcst rimpoMeTeoposioriuHoi iHopmarii, To i1 Hamae cydacHa MOpPChKa
TiIPOMETEOpONIOTIYHA MepeXa CIIOCTePEeXKeHb, sSKa € YaCTUHOI Ha3eMHOi MiJCHCTeMHU
OTPUMAaHHS TIAPOMETEOPOJIOTIYHUX JlaHUX B MpubepexHilt 30H1 Ykpainm YopHoro Tta
A30OBCBKOTO MOpIB 1 CKJIagaeTbcsi 3 37 MOPCHKHUX ONEPAaTHBHO-BUPOOHWYMX OpraHizarlii
(cranmiii 1 mocTiB). BiAmoBimHO 10 TporpaMM CHOCTEPEKEHb CTAHAAPTHI T1APOJIOTIYHI
CIIOCTEpE)XEHHSI HAa MOPCBHKUH OeperoBoi Mepexki MPOBOAATHCS 32 HACTYIHUMH €JIEMEHTaMU:
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piBHEM MOps1, €IEMEHTaMH XBUJIIOBAHHS MOPSI, TEMIIEPATYPOIO MMOBEPXHEBOTO MIAPY, JIHOJOBUMHU
SIBUILIAMH, COJIOHICTIO 1 iH.

3a AKICTIO MOPCHKOT BOJM BEIyTh CIIOCTEPEKEHHS CIM T1IPOXIMIYHHX JIAOOPaTOpiH, M'ATh
3 SIKUX IMPOBOJATh KOMIUIEKCHI CHOCTEPEXEHHS 3a 3a0pyAHEHHSM HPUPOIHOIO CepeAOBHUILA.
JlonaTkoBO ~ TPOBOISATHCS ~ CIIOCTEPEXKEHHS 32 HeOe3MeyHUMH 1 CTHXIHHUMHU
riIPOMETEOPONIOTTYHUMHU ABUIIAaMU. KpiM TOro, BUPOOJISIOTECS METEOPOJIOTIYHI CIIOCTEPEKEHHS
3a BITPOM, TEMIIEPATypOI0 1 BOJIOTICTIO IMOBITPS, XMAapHICTIO, BUAUMICTIO 1 pPI3HUMHU
aTMochepHUMU sSBUIIAMH [2].

Hagiramiiine 3a0e3neueHHs Hajzae iHdopMmaliio npo HapirauiidHi Hebesmeku. Bonu
MOAUIATHCS Ha TMOCTIHHI Pi3KO MIAHATHH penbed THA, 3BUBUCTICTh BOJHOTO NUIIXY, 3aTOIICHI
cyaHa abo cropyad) Ta TUMYACOBi (TOJIOBHMM YHMHOM TiJpOMETEOPOJIOTIYHUMHU (PaKTOpaMu —
TyMaHOM, BITpOM, XBHJIIOBaHHsAM. KpiM Toro, ocoOiuBY yBary cCiifi NPUIUIATH XapakTepy
IpyHTY a00 HAHOCIB i T€UisiM B paiioHI IJIaBaHHSA).

UYepes posranyxeHHs JlHinpa cyaHOBOAieBl Tpeba OyTH OCOOJIMBO YBaKHUM B MICISIX
NPOXO/DKEHHS IOONU3y TMPOTOK 31 IMIBHAKOIO Tediero. TakoX [0 HaBiramidHuX HeOe3meK
HEOOX1/IHO BIJIHECTH 1 MJIaBaro4i 00’ €KTU: TOIIISKU, Oyi, pubanbCchki cHAcTi Ta iH. Taki 00’ eKkTH
MOXYTh IPUMYCUTH CYIHO 3MIHUTH KYPC, III0 B CTHCIIMX YMOBaX IUIABAHHS MOXKE TPU3BECTH 0
BUHUKHEHHS MPOOJIEM 3 KEpOBAHICTIO CyJHA, OCAAKOI0 HAa MUIMHY Ta 3arpo30l0 3ITKHEHHS , B
TOMY YHCIi 3 IHIIUM CyIHOM, SIKIIO OCTaHHE 3HAXOIWTHCA Ha HeOesmewHid BiacraHi.[3] Cam
€JIEMEHT TaKOro PHU3HMKY BKa3dye Ha Te, 10 HaWBaXJIMBILIY pojb B Ipoleci 3abe3nedyeHHs
Oe3MeKy TUTABaHHSI BiIIrpae JIFOACHKUI (akTop. BuacHe BUSBICHHS MOMXJIHBOCTI HEOE3MEUHOTO
30MKEHHS CY/E€H, MaHEBpYBaHHsS U1 BIAXOAY CyIHA Biag HeOe3meyHoro 30/MKeHHS,
IUTAaHYBAHHS TPAEKTOPii OE3MEYHOr0 pyXy CyaHa BiJ MPABWIBHOCTI Ta MIBHIKOCTI MPUHHSATOTO
pillIeHHSs 3aJIe)KUTh Oe3NeKa CyHa, BAaHTaXy 1 HacaMIepes J0AChKI KHUTTS.

Bucoka kBamidikariisi cyJHOBO IS, HOTO OCOOUCTICHI pUCH MalOTh BEJIMKE 3HAYEHHS IS
Mpolecy TPUMHATTA pIIIEHHS HAa OCHOBI aHali3y HE TiTbKM BUIUMOiI OOCTAaHOBKH, a U
iH(dopMaLiifHOT MATPUMKM 3 OOKY LUIOI HM3KM BXIIHUX (pakTOpiB. 3 MeTOK 3a0e3neyeHHs
0e3MeKku CyaHOIUIABCTBA B CTUCIMX YMOBax IUIaBaHHA B paloHi AenbTH piuku JIHImpo i
BIJIOBIAAJIbHOT IIJITHKA XE€PCOHCHKOTO MOPCHKOTO MOPTY BCTAHOBJIEHI JpKepesa Oe3nepepBHOT
iHpopMaliifHOT MIATPUMKHA NOpPUHHATTA pilleHb cyaHoBogieM. LI mkepena € cki1agoBorO
YAaCTUHOIO 3arajibHOi CHUCTEMH, SIKa CTBOPIOETHCA Ha TepUTOPii XEpPCOHCHKOI 00yiacTi Ha 6asi
XepCoHCHKOI JIep»aBHOI MOPChKOT akaaeMii. CKIaHICTh MPOXOPKEHHS palloHy AenbTH JHimpa
IpU MOKUIAHHI 30HM PO3MEXKYBAHHS 1 BHUXOJY 1O MOps IIe OUIbLle 3arocTpro€ MUTaHHS
PO3XO/KEHHS 1 B3aeMOJITl cylieH. Y 3B’A3KYy 3 LIUM aKTyaJbHUMH CTalOTh JOCIHIIPKEHHS 3ajad
B3a€MOAII 1 PO3XOJDKEHHsS CYJEH Ta YUHHHUKIB, ypaXxyBaHHsA SKUX 3a0e3neuuTh Oe3nexky
IUTaBaHHS.

Pe3yabTaTn nociaixkeHb. Po3risiHEMO cHCTEMY MOHITOPHUHTY 3 BUKOPHUCTAHHSM
CEHCOPHUX MEpeX, /1€ BY3NH NaTYMKIB MOXKYTh OyTH OCHalleHI 3BYKOBHUMH, BiOpaliiiHMMH,
TEMIIEPaTYpHUMH 1 BigoOpaxarouuMH 30HIAMH. [IpUMyCTHMO, IaTYUKH KOHTPOIOIOTH
reorpadiuHuil PETioH 1 MOBUHHI CTEKUTHU, OOPOOISATH 1 OOMIHIOBATHCS JAHUMH OJHH 3 OIHHM,
00 BIJICTE)XYBaTH 1 11€HTU(DIKYBATH OO0'€KTH, IO MPEACTaBISAIOTh IHTEPEC CYTHOBOJISA.[4]
CrioctepexxeHHs 3a3BHYail MPeICTaBISAIOTh cOO0I0 NaHi B BUIUIAAI yacoBuX psniB. Cucrema
MOHITOPHUHTY MO€ KOHTPOJIFOBATH 0€31114 00'€KTIB X:

X={X1,X2, e s  Xjeo o X }
Koxen 00'ekT xapakTepu3yeThcsi HAOOpOM aTpuOyYTIB A:
A={a,,a,,....qa;,.....a,}

[Tpu mbOMy cHCTEMa MOHITOPHHTY CTEKUTh 32 3HAYCHHSIM aTpruOyTa X KOXKHOTO

00'ekTa B KO>)KEH MOMEHT 4acy t:

xi(t):{ali (), az; (t), ... a;; (t), ... Oy (t)}

Takum ynMHOM, aHANMI30BaHI JaHl Ui CHCTEMH MOHITOPHHTY MOJKJIMBO TPEACTaBUTH Yy
BUTJIISIA1 TAOIULII.
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Tabmuus 1 — Jlani cucteMu MOHITOPUHTY

t X Al A2 Aj Am m
t1 X1(t1) | all(t1) | a21(t1) | ... aji(t1) | .. aml(tl) | M1
X2(t1) | a12(t1) | a22(t1) | ... aj2(t1) | ... am2(t1)

Xi(c1) | adiftl) | o2i(td) | .. | jiftl) | .. | ami(cl)
xn(t1) | Aln(t1) | a2n(t)) | .| ain(t1) | .. | amn(tl)
t2 X1(t2) | all(t2) | a21(t2) | ... aji(t2) | .. aml(t2) | M2
X2(t2) | al2(t2) | a22(t2) | ... aj2(t2) | ... am2(t2)

Xi(t2) | ali(t2) | a2i(t2) | .. gji(t2) | ... ami(t2)
Xn(t2) | Aln(t2) | a2n(t2) | ... ajn(t2) | ... amn(t2)

BapTo 3BepHyTH yBary, 110 CHCTEMH MOXYTh OYTH OJHOPIAHMMH (TOOTO KOKEH BY30II
criocTepirae 3arajbHe IMiJIMHOXKHHA JaHWX) ab0 TeTeporeHHUMH (TOOTO KOXKEH BY30I
criocTepirae BiINOBiJHE MIIMHOKMHA [aHUX). ['eTeporeHHa CUCTeMa pO3MIILAaE JABa BHIM
pO3MONITY JaHUX: TOPU3OHTAIbHE 1 BepTUKalNbHE. lIpM TropuM30HTATIBHOMY pPO3MOAUT JaHl
JUIATHCS Ha JpKepena 1o paakax ado /Ui THMYacOBUX psAAIB 3a yacoM abo mo ol'extam 3 X. [lpu
BEPTUKAIBHOMY PO3MOJUTI IaH1 AUIATHCS Ha JKEpesa 10 CTOBIMYUKax ado 1o arpudyram 3 A.

OpauM 31 cTaHOApTHUX MIIXOMIB CerMeHTalii € kmacrepus3amis [5]. fka € ogHuUM 3
HalOUIbII BHUKOPHCTOBYBAaHMX METOIB IHTEIEKTYalbHOIO aHali3y JaHUX B PO3MOJUICHUX
cucTeMax MOHITOPUHTY. MeTo0 L[bOT0 METOAY € PO3KJIaJaHHsA ado po30UTTS HabOpy JaHHX Ha
Ipyny LUISIXOM MiHIMI3alli MDKTPYIOBOTO HECXOXKECTI 1 MakcHMi3alii BHYTPIIIHbOIPYIOBOT
noJiOHOCTI. Y TakoMy BUIAJKy MOTPIOHO OpraHi3yBaTH Iepefady JaHUX BiJ AATYMKIB B €1MHE
CXOBHIIIE JIJISl TTOIAJIBIIOT KIacTepu3aIlii.

@dakTUYHO, KJIacTEpPHUN aHali3 € HaOOpOM pPI3ZHOMAHITHUX AJITOPUTMIB KJIacHQiKarii.i
Ja€ HAWOUIbII MOXKIJIMBO-3HAUMME pimieHHs. ToMy BBakaeMoO JOLUUIBHUM 1 aKTyaJbHUM
BUKOPHUCTAHHS KJIACTEPHOTO aHAJII3Y JIJIsl BUPIIIEHHS TOCTABICHOI 3a/1a4i.

AHani3 mporecy B3aeMOIi 1 PO3XO/DKEHHS CYIEH J03BOJISIE BUAUMTH 1HGOpMAIIiitHi
0o0’exktH , siKi Horo 3abe3neuyroTs.: npaBwia MIIIICC, HairaiiiiHi XapakTepUCTUKU CYJEH,
YMOBHU HaBKOJUIITHHOTO CEPEAOBHINA. BUIIMBIIN B OKpeMi KJIacTepH JIEsIKi 3 HUX, a came Tedii
Ta MaHEBPEHY IIBUIKICTh CyAHA 1, MPUCTYNMBIIM IO KiacTepusauii 03HaK 3BUYHOrO HabOpy
CTIIOCTEpPEKEHBb, MA BUKOPUCTAITN aJITOPUTM, SKHI € BIIOCKOHAJIIEHOIO BEPCi€to MeToy k cepemnix
JUis 0OpOOKH BENMMKUX MacuBiB AaHUX. CyTHICTh HOTO MOJIsirae B OOUMCIIEHH] Bar, sIKi OLIHIOIOTh
MIpy BIJHOCHOT Ba)KJIMBOCTI y4acTi KOXKHOI 3MIHHOI B hopMyBaHH1 KOKHOTO KiacTtepa. Lli Baru
BKJIIOUAIOTHCA B (YHKIIIO BIJACTaHi, TUM CaMHUM 3MEHIIYIOYM HOro aisi OUIbLI 3HAUYLIUX
3MIHHUX, 1 IEpepaxoBYyIOThCS Ha KOXKHIN iTepallii 00'eJHaHHS B KJIaCTEpH.

Ha puc. 1 HaBeneno rpadiune 300pa>keHHSI pe3yIbTaTiB KJIACTEPHOTO aHaJi3y METOJ0M
K-cepennix.
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Pucynok 1 — Metoxa K-cepennix mist 2-X KJIacTepiB

BucnoBku. BinMiHHOIO puCOIO METOJIB 3a0e3ledeHHS OE3MeKH MOpEIUIaBaHHS €
CIPSIMOBAHICTh Ha 30€pEKEHHS yCiMa MOPCHKHMH CYJHAMHU CBOIX OCHOBHHM ()YHKIIN TPHU BCIiX
BUHUKAIOUMX HE3aIUTAHOBAHUX (pakTopax: 3a0e3MeueHHs IUIaBydOCTi, OCTIHHOCTI, 30epexeHHs
KEPOBAHOCTI CYAHA MPH HECHPUSTIMBUX KIIMATUYHUX YMOBaxX - INTOPMi, CUJIBHOMY BITpI 1
nepediry, tomo. CTBOpEHHSI €IMHOTO Ta Y3TO/HKEHOTO iH(GOPMAIIHOTO MPOCTOPY BIUIMBY Ha
NPUMHSTTA pillleHb CYTHOBOJIIEM HUIIXOM (opMaizalii 3a7aul B3a€MO/I1i 1 PO3XOJIKEHHSI CyJeH
3HAYHO PO3IIMPUTh MOKJIMBOCTI BIOCKOHAJCHHS 1 ONTUMI3amii 3a0e3nedeHHs] Oe3neku
CYIHOILIAaBCTBA. 3ampoIllOHOBaHMI HaMU MeToj (opMaiizallii Ha OCHOBI KJIACTEPHOTO aHAJI3y
JIO3BOJIUTH €(EKTUBHO BUPILIUTH IIIO 33/1a9Yy.

IIpoBeneni pocnifpkeHHs JOBOAATH IO mpobiema ¢opmanizanii B3aeMofii Ta
PO3XO/KEHHSI CyJieH B MpUOEpekKHUX BoJax YKpaiHu, a 0coOJMBO B JAENbTI piuku JIHINpoO €
aKTyaJbHOIO 1 rocTporo. Po3mmupeHHs cucreMHu 1HPOPMALIHHOIO CYNPOBOAY, BUKOPHCTAHHS
KJIaCTEpPHOTO aHamizy B 00poOii Bchoro 1HGOPMALIHHOTO KOMIUIEKCY 3abe3neueHHs
CYJHOIUIaBCTBA 1 CTBOPATh YMOBH O€3MEUHOTO PYXY CY/E€H B CTUCIUX YMOBaX IJIaBaHHS.
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MNEPCIIEKTUBHU BIPOBAI)KEHHSI IHHOBAIIIMHUX IIJIXO/IB
KOHIEMNII E-NAVIGATION Y IHTETPOBAHOMY MICTKY
CYYACHOI'O CYJIHA

bezoax O. M., Cmpenkoscvka JI. O.
Xepconcoka deporcasna mopcbka akademist
(Vkpaina)

Beryn. e-Navigation — me crpareris, pospoOiieHa MiKHAPOJHOK MOPCHKOIO
opranizamiero (IMO), crnenianizoBanoro ycraHoBoro OOH. Jlana koHIeniisi cnpsMoBaHa Ha
MIJBUIECHHS €(EKTUBHOCTI CYHOIIJIABCTBO IUIIXOM Kpaloi oprasizaiii JaHuX Ha CyJHI Ta Ha
Oepesi, a TAaKOK Kpamioro oOMiHy JaHUMU Ta 3B’SI3KY y PEKUMI CyTHO-CYIHO Ta CYJIHO-Oeper.

Konnenmis Oyna 3amovyarkoBaHa, KOJUM MOPCHKI BiaJIu 13 CeMHU KpaiH 3BEpHYyIacs /0
Komitery IMO 3 Gesmnekn Ha MOpi 3 MPOXaHHSM JIOJAaTH PO3pOOKy cTparerii e-Navigation 10
nporpaM podotu migkoMiTeTiB NAV ta COMSAR. PoGoui rpynu 3 Tpbox migkomiTeTiB (NAV,
COMSAR Tta STW) Ta mixceciiiHa rpyma, odontoBana Hopseriero, 3rogom po3podumu Ilinan
BripoBakeHHs: Ctparerii e-Navigation (SIP). HepxaBu-unenun IMO Ta psia MDKYpSIOBHX Ta
HEYPSIOBUX Oprafi3amiii JoJand CBiif BHECOK Yy poOOTy, BKIOYaroun MiKHApOIHY
rigporpadiuny opraxizaimito (MI'O / IHO), Mixunapoguuii pagio-mopcbkuii komiteT (CIRM),
Mixunapoany acoriainito Masaaux ciryx0 (IALA), Mixkxuapoany Ilamary cymanoruascta (ICS),
bantiiiceky Ta MixkHapoany Mopcbky pany (BIMCO) ta MixkHapoaHy eneKTpOTEXHIYHY
komicito (MEK / IEC) [1 - 2].

e-Navigation — e rapmMoHi30BaHi 3ax01u 110 300py, iHTErpailii, 00MiHy, MPeACTaBICHHIO
Ta aHaji3y iH(OpMaIlii, 0 CTOCYEThCS CYAHOILIABCTBA, HA CYJHI Ta y OeperoBux cCiy:x0ax 3a
JIOTIOMOTOI0  €JIEKTPOHHMX TEXHOJOTIH JUId MiABMIIEHHS piBHA Oe3leKu MopernsaBaHHs,
3a0e3meyeHHs SKOCTI Ta e()eKTUBHOCTI POOOTH BIAMOBIIHUX CITY»KO, O€3MEeKH Ha MOPI Ta 3aXUCTY
HaBKOJIMIIIHBOTO CepeloBUILA. Y 3arajJbHOMY IUIaHi e-Navigation npejcTaBiisie cO00I0 CHCTEMY
KOMIUIEKCHOT'O BUKOPUCTaHHS 1H(popMallii J1j1s 3a0e31e4eHHs Ta 00CIyroByBaHHS CYAHOBOIIHHS
Ta MOB’sI3aHUX 3 HUM 3ac001B, CUCTEM Ta CITyXkO.

AKTYaJIbHICTb  JOCTiKeHHsl.  AKTYyaJIbHICTb ~ KOMIUIEKCHOTO  BHUKOPHCTAHHS
HaBIraliifHUX JAaHMUX TOB’S3aHa 3 KOHIEMI[iEl0 KOMOiIHyBaHHS iH(opMaIli 3 AOCTIIKYBaHHX
JUKEpeIl 3 METOI0 3HAMTH OUIbII TOYH1, ORI MOBHI Ta OUIBII JOCTOBIPHI JaHl PO CUTYallli, HIK
pe3yibTaTH, SKi OTPUMYIOTbCS BiJi LUX MJATYUKIB OKpeMoO. SIK KOMIIOHEHTH CHUCTEMH e-
Navigation po3risgaroTecsi: iHTerpoBanuil mictok cyana (IMC / IBS), cynHoBa aBTOMaTtuyHa
inentudikanitna cucrema (AIC / AIS), 3aci6 aBTOMaTHYHOI PaaioNOKALIMHOT MPOKIAIKI
(BAPII / ARPA), enekrpona kaptorpadiunHa HapiraumiiiHa iH@opmamiitna cucrema (EKHIC /
ECDIS), rnoGanbhi cynytHukoBi HaBirauiifHi cuctemu (I'CHC / GNSS), cucrema nanbHbOT
inentudikanii Ta koHtpoito (LRIT), 3acobu nairauiiinoro o6magnanHs (3HO / ATON),
cucteMu ynpasiiHHg pyxom cyzaeH (CYPC / VTS) tomro.

e-Navigation — e ckiajHa JOBrOCTPOKOBA KOHIIEMIIis, sika 00'€IHy€e pi3Hi 3alliKaBicHi
CTOPOHH Ta YNHUTH BIUIMB Ha CYJAHOIUIABCTBO y LijoMy. Cepen TUX, Ha uuni npodeciiiHi iHTepecu
MOMIMPIOETHCS BUKOHAHHS TporpamMu e-Navigation, MOXXHa Ha3BaTH: MOPSKIB, JIOIIMaHIB,
BUPOOHHUKIB CYJJTHOBOTO 0OJaJHAHHSA, CIYKOU YHpaBIiHHS PyXOM CYZEH, MPHUOepexHi AepKaBH,
Jep>KaBU TOPTIB Ta Jiep’KaBU Mparopis, rigporpadiyHi oprasizailii, BIaCHUKIB Ta OlepaTopiB
cyzeH, ppaxTyBanbHHKIB TOIO [3].

Texnounorii xoHuenuii e-Navigation y LUJIOMY 3MEHIIYIOTh HaBiramiifHi MOMHUJIKU Ta
KUTBKICTh HECTIPUATIUBUX MOJ1M, IPUHOCUTH KOPUCTh Y TaKUX OOJIACTSIX, SIK MOUIYK 1 CHACiHHS,
3ano0iraHHs 3a0pyIHEHHIO HAaBKOJIMIIHBOTO CEpPEIOBHINA, 3a0e3MeueHHs Oe3MeKn Ha MOopi Ta
3aXUCTy BaXJIMBUX MOPCBHKHX PpECypcCiB, TaKMX SK MICIl BUJIOBY pubu Ttomro. TexHomorii
KoHIIemii e-Navigation TakoX MalOTh 3/1aTHICTh 3a0e3neunT €(EeKTHUBHICTh y TUIAHYBaHHI Ta
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eKCIuTyaTalii Cy/[HOIUIaBHOI JIOTICTHUKHM, HAJal04H iH(GOpMALi0 MIOAO TiAPOMETEOPOSIOTIYHIX
YMOB, YMOB IIOPTIB Ta €KCIEAUTOPIB TOILO.

PesyabTaTn pocaimkenns. Konuneniis e-Navigation BIPOBaJKY€EThCSI camMe 3 METOIO
MIATPUMKH TIPOIIECIB TPHHHATTS PIIICHb Y CYAHOBOJMIHHI, IMABUIICHHS €(GEKTHBHOCTI Ta
3anobiranag nommikaMm OOW. s JOCSATHEHHS 3a3HAYeHUX IIUJICH HaBIraliiHi CHUCTEMHU
MOBMHHI MICTHTH (PYHKIIIi aHaji3y, 3acTOCyBaHHs sSkuX Hajmae gornomory OOW npu BUKOHaHHI
IHCTPYKLIH, pH ineHTH(]iKaii pU3HKiB, IPH YHUKHEHHI 3iTKHEHb i OCAA0K HA MUJTMHY TOIIO.

beperoi cucremMu MOBHHHI aHAJII3yBaTH MOKJIMBICTh HETaTMBHOI'O BIUIMBY CYyJEH Ha
HaBKOJIMIIIHE CEPEAOBUINE, 3/IHCHIOBATH MEPCIEKTUBHE IUIAHYBAaHHA iX PyXY, OLIHKY CTYIEHS
PHU3HKY, MOBIIOMJISTH TIPO MOXKJIMBICTh aBapidiHUX CHUTYalllid 1 3aXOJiB 00 iX 3amoOiraHHs.
VBara takox Mae Oytu npuzinena [3]:

- BUKOPUCTAHHIO aHAI3y JJIs ONEpaTUBHOIO pearyBaHHs Ha Pi3HI HECHPUATIMBI
00CTaBHHH, IJITAHYBAHHIO 3aX0/liB y BiJIIIOBI/b;

— BUSIBIICHHIO aBapiiiHUX CUTYyaIli 1 3a1100IraHHIO IIUM CUTYAIlisIM;

— 3a0e3MedeHHI0 TOTOBHOCTI 3aC001B YIPaBIiHHSA 1 3B'A3KY;

— BiJTHOBJICHHIO (DYHKIIIOHAJILHOCT1 HaBIraliiHOTO 00JIaJHAHHS.

Opnna 3 mineit koHnenmii e-Navigation nossirae B 00'eJHaHHI CYIHOBOJIIIB Ta ONepaTopiB
VTS B equny KoMaHy AJs 3a0e31edeHHs] e()eKTUBHOIO i 0€311eYHOro CyJHOIUIABCTBA LUIIXOM
oOminy iHpopmariero. Konmemnmis e-Navigation moBHHHA rapaHTyBaTH TaKOX MPHIOM Ha Oepesi
Ta Ha cyaHax iHdopmamii Big 3aco0iB HaBIral[ifHOrO OrOpPOKEHHS 1 mepenady iM JaHHUX
CTaHJAPTU30BAHUM Y3TODKEHHM CIIOCOOOM, 100 MiIBUIIMTH €(EKTUBHICTH MPOIECY OI[IHKU
HaBiraiiiiHoi 06cTaHOBKU. BUALIAIOTH CiM KIIOYOBUX KOMIOHEHTIB KoHIemnii e-Navigation, siKi
3aCTOCOBYIOTBCS SIK Ha OOpTax Cy/eH, Tak i ObeperoBumu ciryxxoamu [3 — 4]:

— €JICKTPOHHI KapTH Ta TiapoMeTeoposIoriyia inopmarris;

— 1M (pOoB1 CUTHAJIM NP0 MO3UIIIIO CYIHA;

— iHbopMalist y IUGpPOBOMY BHUINISAI HPO MapuIpyT Cy[dHa, HOro Kypc Ta
HIBHJIKICTh, PO MaHEBPYBaHHS;

— oprasizaiis nepesaadi yciei HasBHOI HaBirauiiHoi iHpopmaii;

— B1J10Opa’keHHs yci€i HasBHOI HaBIramiiHoi iHpopMarii;

— iHpopMaliifHi  TMOBIJOMJIEHHS, BHM3HAYEHHS NPIOPUTETIB 1  MOXKIIUBICTD
TIOTIEPE/KEHB;

— nepeaaya CroBillleHb MPO JIMX0 Ta MOPChKa iH(OpMallis o Oe3neri.

Apxitektypa konueniii e-Navigation Haifyacriiie T0CTiKYEThCS SIK SICKTPOHHA, aJie 3a
CBOEI0 CYTTIO € M TEXHIYHOIO 1 MOBMHHA pPO3BHUBATHUCS, BUKOPHCTOBYIOUM BIIPOBAKEHHS
imKeHepHUX OCHOB. Jlesiki 3 HUX Bxke 3a3HadeHi y [lnani BupoBamkerns Ctpaterii e-Navigation
(SIP). TonoBHa ocHOBa mojsirae y TOMY, IO Oy/Ab-siKa CYJAHOBa TEXHIYHA CHCTEMa, IO
BiAMOBigae  BMMoraM  KoHmemiiii  e-Navigation, moBuHHa OyTH  «BiAKpUTOO» 13
CTaHJAPTU30BaHUM 3B'SI3KOM MK OCHOBHHM MOJIyJIEM Ta 11 CKJIaJlOBUMH.

Biamosinno xonremniiii e-Navigation, KokeH KpOK pPO3BUTKY Oy/Ib-fKOI CYJAHOBOT
TeXHIYHOi cucTemMu Oyne BpaxoByBaTH BUMoru kKopuctyBadiB (OOW), ToOTO iHXKEHEpam
JIOBOJSITHCS JI0 BiJloMa BCl MOTpeOU B OKpeMux cdepax mpu po3poOIll KOHKpeTHUX iHTepdeiiciB
mroaunHa-mamuaa (anria. Human Machine Interface — HMI), sixi OyayTh peaitizoBaHi ik CHCTEMH
Ha OOpTax pPI3HOMAHITHUX CYJAEH, IO 3JaTHI €()EKTUBHO BHUPINIYBATH TMOCTABJICHI 3aBIaHHS.
Taka iHdopMmariiiHa mnoTpeba NPU3BOAUTH JIO BCTAHOBJICHHS I1HHOBALlIMHUX JIaTYHKIiB
HaBiramiiHoi iHdopmarii, ski goBomATH a0 KopuctyBauiB (OOW) Timbku HEOOXiaHY
iHpopmanito, a HMI cinykuth TisibKu Ui 3B'3KY 3 AaHUMU. Tomy, iHdopMallis, sika HaaeThCs
IHTErpOBaHNM MiCTKOM CYy/IHA, Ii/IJIsITae TIEpEOCMUCIIEHHS B TIeBHHUX cuTyarisx, a OOW, B cBoto
4epry, caM BinOupae HeoOXinHi aaHi [3-4].

Ha ocHOBI Teopii MOXIMBOCTEH aKTyaJdbHO PO3POOHWTH Yy3arajJbHEHY MOJCNb OIlIHKH
HaJIHOCTI TporpamMHOro 3ade3leueHHs NepcrnekTHBHUX cucteM e-Navigation. Sk Bimomo,
0e3Jiy Mojeniell OIIHKKM HaliiHOCTI, 6a3yIOThCSl HA MaTEeMAaTHYHUX CKJIAJOBHX amapaTry Teopii
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HMOBIpHOCTEH, Oararo B 4OMy 3alO3MYCHHX 3 TEOpii PO3paxyHKy Ta aHamizy HaIliiHOCTI
TeXHIYHUX CHCTEM. 3arajbHUM HEJOJIIKOM IMX MOJIEICH € BIJICYTHICTh OONIKY BIUIMBY
po3poOHHKa ab0 0CcOOM, M0 TECTyE JaHy CHCTEMY, IO BIiAMOBiJa€ BHMOTaM KOHIICTIIii e-
Navigation, Ha mpolec HaJaro/JpPKeHHs Ta TECTYBaHHS HPOrPAMHOTO  3a0e3leUeHHs
IHTErpOBaHOTO MicTKa cyaHa. [Ipy bOMY BHKIIOUHO HEOOXIHO BPaXxOBYBATH BIUIMB Ha3BAaHHUX
0ci0 Ha HaJIIMHICTh MPOrPAMHOT0 3a0€3MeUEHHSI, III0 BU3HAYAETHCS PSIIOM (DaKTOPIB:

— KOMIIETCHINISI OCOOM-pO3pOOHWKA CTBOPIOE PI3HMN BIUIMB HA  IPOIIEC
HAJIarO/I)KEHHsI Ta TECTYBAaHHS 1 BU3HAYAETHCS HEUITKUM IOHATTAM;

— AKTHUBHICTh OCOOU-PO3pOOHUKA BIIMOBIAAE 11 TOCBIAY, a TOCBIJ 0COOH € HEUITKUM
HOHATTSM;

— HAJIAaTO/DKEHHST TPOTPaMHOro 3a0€3MEeUYeHHS 3aJIeKHUTh BiJ 3yCcWiIb 0coOu-
po3poOHHUKa Ta i MPOAYKTUBHOCTI, SIKI TAKOXK € HEYITKUMHU ITOHATTSIMH.

OTxe, ans BpaxyBaHHS BIUIMBY JIIOAMHA B MOJENSAX HAIIHHOCTI TPOTPaAMHOTO
3a0e3MeyeHHs] 1HTeTPOBaHUX MICTKIB Cy4acHHX CYyJ€H MNOBHHHI OyTH BHUKOPHUCTAaHI HEYITKI
METO/IH.

Binomo, 1110 B nporeci HajgaroKeHHs MporpaMHOro 3abe3neyeHHs po3poOHUK MOXKe He
TUIBKM HE BHIIPABUTH IOMMIKY, ajl€é W BBECTH HOBI TOMWJIKH, SKi 3HHM3STH HaJiHHICTH
IporpaMHOro 3a0e3nedeHHs y uiomy. [IpuunHamu nporo €:

— MOMUJIKH, IO 3'SIBJISIFOTHCS ICIIsE BUIIPABJICHHS IOMUJIKH, SIKa IX MacKyBaJa,

— BUIIA/IKOBI 3MIHU KOPEKTHOI'O KOy IIPOrpaM;

— HEIOCTaTHIH TOCBiJ 1 3HAHHS 0COOM-PO3POOHNKA IPeAMETHOI 001acTi;

— YCKJIQJAHEHHS MPOrpaM IpU BUIPABICHHI TOMUIIOK.

SlcHO, WO B TpoIeci HaNAro/KeHHS MPOTPAMHOTO 3a0e3leueHHs] BigOyBaeThCs
«HaBYaHHA» PO3pOOHMKA, TOOTO MHiABMIIEHHS HOro JOCBiAY, IO TaKOXX BIUIMBAE Ha MpoLec
BUIIPABJICHHA MOMWIOK 1 Mae OyTH BpaxoBaHE B MOJENl PO3PAaXyHKY 1 aHali3y HaAIMHOCTI
IPOTPaMHOT0 3a0e3MeyYeHHs I1HTETPOBAaHMX MICTKIB Cy4YacCHHMX CyZeH. biuibIIicTe Ha3BaHUX
YUHHHUKIB MOK€ OYTH BpaxOBaHO BBEACHHSIM B MOJEIb OJHIE] HEYITKOI 3MIHHOI, IO
XapakTepu3ye YUCIO TMOMUIIOK, SIKI BUIPABISIIOThCA a00 Oyiu BHECEHI, a TaKoX (QYHKIIT 3MiHU
yKclla Ha3BaHMX MOMMJIOK B MPOIIECI HajarojkeHHs nporpamu. Ha miil migctaBi Moxke OyTH
3alpoNOHOBaHa MOJIENIb HaAIHHOCTI MPOTrpaMHOro 3a0e3NeueHHs], fKa y3arajbHIOE HEYITKY
mojens [5].

Hexaii T; — inTepBan yacy Mik (i — 1)-M Ta i-M BiIMOBaMH MPOrPaMHOTO 3a0e3TeYCHHS
{HTErpoBaHOro MiCTKa, SIKHil € HEUITKOIO 3MIHHOIO 3 [i(X) = exp[— (X — &j)?], Je aj — ouiKyBaHHMit
Yyac 10 HACTYMHOI i-0i BigMoBH. MoxkHa mpumnyctuty, mo a; = f(i), ne f — gesxa dynkuis, o
XapaKkTepU3ye 3pOCTaHHS HAAIMHOCTI MPOrpPaMHOro 3a0e3MeUeHHsI IHTETPOBAHOTO MICTKA CyIHA
B IIpOIIeCi BUIIPABJIEHHS IOMUIIOK, TOOTO!

(i) = (A + B))™ abo (i) = exp [(A + B) ™ + C]. O

NMpakTUYHHUNA iHTepec omuc el GyHkmii Ta 1 mapamerpis A, B, C ta o Tak, mo6 BoHH
HaOLIBII TOYHO BiOOpa)kany 3MiHM HaJIHHOCTI MPOTPaMHOro 3a0e3NedyeHHs 1HTErpOBaHOIo
MICTKa CyJHa y IPOILECi HaJIaroJ[KeHHS.

BucHoBku. OcHOBHa OCOOJIMBICTH PO3MOJALTY MOXKJIMBOCTEH IONATae y BCTAaHOBJIECHHI
JIesSIKO1 BIIOPSAKOBAHOCTI TepeBar Ha Oe3idi 3HaYe€Hb HEYITKOI 3MIHHOI, IO XapaKTepus3ye
Ha/liiHICTh HacTaHHA nofii. HepiBHicTh nBOX (yHKIHM po3mojiny HMOBIPHOCTI TOBOPUTH MPO
Te, 110 OJHE 3HAYEHHsS HEYITKOI 3MIHHOI OUIbII (MeHuI) npaBaonoaiOHe. PiBHiCTh (yHKIIT
pPO3MOiTy WMOBIPHOCTI HYNIO O3HAYae, IO JIaHE 3HAUEHHS HEUITKOI 3MIHHOI HEMOXIIMBE, a
PIBHICTh OJMHUII BKa3y€ Ha T€, 10 3HAYEHHs HAHOUIBII TIpaBAonoaiOHe. TakuM YuHOM, aHai3
HAJIMHOCTI HACTaHHS MO B paMKax Teopil MOXIIMBOCTEH Ma€ CEHC TUIBKM Ha SKICHOMY
MOPIBHSJILHOMY DpiBHI. SIK BHCHOBOK, MO)XHa CTBEpPKYBaTH, IO 3aCTOCyBaHHS Teopii
MOXJIMBOCTEH ISl aHaji3y HAIIMHOCTI NPOrpaMHOro 3a0e3MeyYeHHs IHTEIrPOBAHOTO MiCTKa
CyIHa y pamkax KoHreriii e-Navigation, € o0rpyHTOBaHUM.
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BimomMo 3 eproHoMikM Ta IHXXEHEPHOI ICHUXOJIOTii, II0 CHUCTeMa <JIIOJMHA-MaIlnHa
peamizye ajaropuTMH OIEpPaTOPCHhKOI MISUIBHOCTI B XOZ1 BHPINICHHS IOCTaBICHUX TMEpel
OIepaTopoM CUCTEMH 3aBlaHb. Yac iX BupileHHS 3aco0amMu OyTh-sIKOI YMOBHOI TEXHIUHOI
CHCTEMH CY/HA, IO BiAMOBiAae BuMoram KoHueniii e-Navigation, 3aiexuTh BiJ ICHXO0I0TTYHUX
1 ¢isnunux ocobmuBoctedl omeparopa (OOW) i piBHs ioro migroroBku. Came e MOBHHHE
PO3MIISIIATUCS K HEYITKE, aHAIOTTYHO HEYITKUMH € cTaH moMmiok sk OOW, Ttak 1 amapartHo-
nporpaMHuX 3aco0iB OeperoBux Ta / abo OOPTOBHX CHCTEM, IO BiJAMOBIJAIOTH BUMOTaM
koHmemnii e-Navigation. Ilpu 1pbOMy BHIIpaBIaHO BBaXKaTH, IO HAMIMHICTH amapaTHO-
nporpaMHuX 3aco0iB OeperoBux Ta / abo OOPTOBHX CHCTEM, IO BiJAMOBIJAIOTH BUMOTaM
koHmemniii e-Navigation, 3HauHo BHIIa, Hi’K OCI0O-0OIEpPaToOpiB, TAKMX SK BAXTOBI IOMIYHHKH
KaIliTaHiB, ONEPAaTOPH CHCTEM YIIPABIIIHHS PYXOM CYJEH TOIIO, 32 YMOB aHaNli3y PiBHSI MOMUIOK
NpU peai3allii MoCTaBJICHUX 3aB/IaHb.
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SYNTHESIS AND USE OF A NEURAL NETWORK MODEL OF A
VESSEL TO SOLVE CONTROL PURPOSE

Cherniavskyi V.V., Ben A.P., Zinchenko S.M.
Kherson State Maritime Academy
(Ukraine)

Introduction. The characteristics of the vessel change significantly over time due to the
aggressiveness of the environment, the overgrowth of the hull with plankton, mollusks, which
leads to the need to periodically refine them by conducting field tests. At the time of field tests,
the vessel is decommissioned, which is associated with financial costs. In addition, the
characteristics of the vessel change between field tests, increasingly different from the passport
at the time of the last tests, which increases the risk of error in various operations (divergence,
maneuvering near dangerous facilities for ships servicing oil and gas platforms, etc.). The
theoretical foundations of classical identification methods are set out, for example, in [1] and
other sources. Classical methods of parametric identification are focused on obtaining estimates
of individual parameters of the mathematical model of the control object. For complex dynamic
systems, which is a ship, obtaining the mathematical model itself is problematic and is based on
the use of empirical formulas and coefficients [2]. All this makes significant errors in the
mathematical model. Many works have been devoted to improving maritime safety, in particular,
the study of psychological effects on control processes, the use of ergatic systems and automatic
modules in automated systems [3-12]. The aim of this article is to develop algorithms that allow
to estimate with mathematical accuracy the maneuverability of the vessel taking into account its
individual characteristics and real parameters of immersion (displacement, depth and trim) by
identifying its mathematical model and its further use to assess maneuverability.

Relevance of research. Recently, neural networks have become increasingly used in
control systems, which has allowed to perform a variety of vessel control tasks, including
identification tasks. Unlike classical identification methods, neural networks can identify not
only individual parameters of a mathematical model, but also the whole mathematical model as a
whole. This is especially important for purely nonlinear control objects, for which knowledge of
the nature of interaction with the immersion medium is approximate (interaction of the propeller
with water, interaction of the jet of water from the propeller with the rudder and hull, shallow
water, precipitation and trim, etc.). Therefore, the solution of this problem is relevant.

Problem statement. In the general case, the vector equation of motion of the ship, as a
nonlinear control object, can be written as finite differences:

X(n+)=FX(n-j),Un-j),P(n-j),j=1.m (1)
where F(*) is a nonlinear operator for converting a sequence of ship state vectors
X(n-j), j=0.m, sequences of control vectors U(n- j), j=0.m and sequences of immersion
parameter vectors P(n— j), j=0..m, on the current and previous steps of calculation in the

vessel state vector X (n+1) in the next calculation step (mathematical model of the vessel).

To identify the mathematical model represented by equation (1), the neural network (2) is
chosen:

[X (n+1)]= NNgyo,[X (n),U (), P(M)] (2

consisting of input, output and one hidden layer. The input layer consists of 8 neurons,
the input of which receives: 3 parameters of the state vector X (n) = (Vx(n),Vy(n),Qz(n)), 2

control parameters U (n) = (€(n),5(n)) and 3 dive parameters P(n) = (d(n), h(n), A(n)) .
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The hidden layer consists of 10 neurons. The number of hidden layers and the number of
neurons in the hidden layers were selected experimentally by training the neural network. The
output layer consists of 3 neurons for deriving the parameters of the state vector:

X(n+1)=Wx(n+1),Vy(n+1),Qz(n+1))

at the (n + 1) calculation step.

All parameters included in equation (2) are available for direct measurement using the
ship's linear and angular velocity sensors, telegraph and rudder angle deflection sensors, as well
as draft, depth of keel and trim sensors. Thus, it is possible to obtain all the necessary training
and reference samples for training the neural network during the normal operation of the vessel.

Research results. The research was conducted in the MATLAB environment. Neural
network learning parameters: array of normalized training samples pn [8x3500], array size of
normalized reference samples tn [3x3500], hidden tansig layer initialization function, purelin
output layer initialization function, trainlm learning algorithm, m001 learning criterion, learning
accuracy epochs 50. Figure 1 shows the results of neural network training on the collected
training and reference samples. The training results showed a good quality of training for the
selected structure.
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Figure 1 — The results of neural network training
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Figure 2 — Modeling results in MATLAB

Figure 2 shows the simulation results obtained using the original model (blue curve) and
the simulation results obtained using the neural network (red line).
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Conclusions. As the results of mathematical modeling show, assessment of the
maneuverability of the vessel using a neural network model synthesized during its normal
operation on the measured parameters of the state and control vector, is possible for all types of
maneuvering (acceleration, braking, change of course, circulation) with high accuracy.
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IMPROVEMENT OF MONITORING MEANS OF VOLTAGE
UNBALANCE FACTOR IN SHIPBOARD ELECTRICAL POWER
SYSTEMS

Ushkarenko O.0O., Domanskyi O.Y.
Admiral Makarov National University of Shipbuilding
(Ukraine)

Shipboard electrical power systems (SEPS) are isolated and autonomous. Voltage
unbalance can occur in a three-phase system due to the non-zero impedance of the power source
and differences in phase loads. The power quality by the unbalance factor is considered to be in
compliance with the standards if the total duration of its going beyond the normally permissible
values (2%) is no more than 1 hour and 12 minutes per day. In addition, there should be no
measurements exceeding the maximum permissible value (4%) [1]. In electric machines (e.g.
induction motors), due to the appearance of additional magnetic fields rotating in the direction
opposite to the direction of the rotor rotation, their service term is reduced by 10-15%. The
efficiency of power (synchronous) generators is decreased. Also, voltage unbalance leads to an
increase in losses in the neutral wire during power transmission. In this case, disruption of
uninterrupted power supply, disruption of computers and other equipment [2] is possible.
Therefore, it is relevant to improve the systems for measuring and monitoring the quality of
electricity in three-phase networks.

In [3] the increasing useage of electric traction on ships is noted, which leads to a
significant increase in nonlinear loads in the system due to the presence of drives with variable
frequency. Also, in [3] the calculation of indicators of the power quality, based on the results of
modeling, was carried out. At the same time, the options for the hardware implementation of the
unbalance rate measurement system and algorithms for the software implementation of signal
processing methods, brought to ready-made technical solutions, have not been considered. In [4],
a research was made of the effect of a break in the neutral wire on the voltage unbalance ratio
and electricity consumers. The importance and necessity of the presence of means for monitoring
the voltage unbalance ratio is noted. The solutions proposed in [4] are useful in the design of
power systems. The research carried out in this work will provide control and timely detection of
the fact of voltage unbalance.

In [5], the influence of voltage unbalance on the magnitude of the moment on the shaft of
an induction motor and its operating modes was investigated. Research has been done for 8
different types of asymmetry; the method of symmetric components was used. Analysis of the
research results showed that in order to minimize hardware, it is advisable to measure the
characteristics of phase voltages with a sequential calculation of the RMS values of line voltages.

The purpose of the research is the development and improvement of methods and means
of control, analysis and monitoring of power quality indicators, one of which is the unbalance
factor of the three-phase voltage system.

One of the purposes of the power quality monitoring system is the calculation and
transfer to the automated control system at the operator's request of the zero sequence asymmetry
coefficients:

(1)

ouU

and reverse sequence:
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()

where Koug) and Kayy are the corresponding coefficients obtained on the basis of the data
of the i-th sample; N is the number of samples in the averaging interval (according to [1], the
averaging interval is 3 seconds and N must be at least 9).

The mathematical expression (1) can be written in the form of an analytical expression
shown in Fig. 1.

Cinput argumentsy i «Output argument (result)»

Figure 1 — Analytical expression for calculating Koy

There are the functional structures of adders fi(X), f2(X)...fi(X) in the figure; f1(3%%) —
functional structure of the divider; fi(~/*=) is a functional structure for calculating the square
root. A feature of the analytical expression shown in Fig. 1 is an unambiguous sequence of
actions performed. Similarly, the mathematical expression (2) can be represented.

To calculate the voltage unbalance ratio, an effective method from the point of view of
subsequent practical implementation on the basis of a microcontroller or a programmable logic
integrated circuit is to use the expressions [6]:

A’ +B* ©)

:ZUAB_UBC _UCA (4)
UAB +UBC +UCA

_ \/§(U BC _UCA) (5)
U AB +U BC +UCA
where Uag, Ugc and Uca are the measured RMS values of the line-to-line voltages. The
mathematical expression (3) can be written in the form of an analytical expression (Fig. 2).

fiEb e
T Ay ¢ B fi(VFE) Ky
f?(Zz) > —><;1§'2;>——>

Figure 2 — Analytical expression for calculating Ky
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Fig. 2 shows that by means of the functional structures of multipliers f;(Zx) and f2(Zyx),
intermediate arguments «A%» u «B%» are obtained for calculating, using the functional structure
of the adder fy(X), the intermediate argument «A?+B?», which is the input argument of the
functional structure for calculating the square root f;(v/*x) to obtain the output (resulting)

argument Ky.
The mathematical expression (4) can be written in the form shown in Fig. 3.

............. . fl(zz)

{Ugp i) {—4«2-Uyp— Upcen:

R 1c > = B

{Upci—J i) (62 Ugp— Upc— Uca»

{Ucy ) Lo

Figure 3 — Analytical expression for calculating the intermediate argument A

Using the functional structure of the multiplier f;(Zx), an intermediate argument f;(Xy) is
obtained, which, together with the input arguments, is sequentially fed to the second inputs of
subtractors f;('X) and f,('X) for obtaining the converted argument «2:-Uag—Upc—Uca» and
feeding it to the first input of the functional structure of the divider f;(>4) to obtain the resulting
argument A. Simultaneously with this procedure, the second input of the functional structure of
the divider fl(E/z) receives an intermediate result (argument) «Uag+tUpgc+Uca», which is obtained
using the functional structures of adders f;(*X) and fy(*X) from the input arguments Uag, Ugc
and Ucy.

Mathematical expression (5) can be written in the form shown in Fig. 4.

Figure 4 — Analytical expression for calculating the intermediate argument B
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Fig. 4 shows that using the functional structure of the subtractor f;("X), an intermediate
argument «Ugc—Uca» is obtained for subsequent calculation using the functional structure of the

multiplier f;(Xx) of the argument «3 ‘(Ugc—Ucp)» to obtain using the first input of functional
structure of the divider f;(*4) of the resulting argument B. In this case, the second input of the
functional structure of the divider fl(z/z) receives the intermediate argument «Uag+UgctUca»,
which is obtained by the functional structures of adders fi(*X) and f,(*X) from the input
arguments Uag, Ugc and Ucy.

Thus, one of the requirements for the hardware of the power quality monitoring system is
the ability to measure the line-to-line voltages of the network. However, to ensure clarity of
display of voltage unbalance, it is necessary to have a value of at least one of the angles between
the vectors of phase voltages. Since there is an unambiguous relationship between the vectors of
phase and line voltages, in order to minimize the hardware, it is proposed to measure the
characteristics of the vectors of phase voltages with the subsequent calculation of the effective
values of line voltages. The resulting argument U 5 can be written in the form of the analytical
expression shown in Fig. 5, and the resulting argument Ugcg) can be written as an analytical
expression as shown in Fig. 6.
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Figure 5 — Analytical expression for calculating the line voltage U 4z
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Figure 6 — Analytical expression for calculating the line voltage Ugc

The obtained analytical expressions were implemented in the automated system of
measurement and control of the three-phase voltage system unbalance factor in the network of
the ship electrical power system and introduced into production at the LLC "Inter Electro”. A
distinctive feature of the developed system is a low measurement error in the presence of the
voltage frequency variation, which does not exceed 2%, which is achieved by using an optimized
structure of the digital signal processing subsystem and using modern hardware.

Conclusion. The obtained expressions for calculating the unbalance factor, in which the
RMS values of the phase voltages are used, make it possible to minimize the hardware required
to obtain the required signals. It also provides a high speed of the developed system, since it is
equipped with three zero cross detectors, the signals from which are fed to the microprocessor
for processing and determining the phase shifts. The noise immunity of the system is improved
due to the independence of the measured phase displacement angles between line voltages from
the shape of the mains voltage. The use of the developed system to determine the voltage
unbalance ratio allows taking timely actions to eliminate voltage unbalance and reduce losses in
the SEPS network by 10-15%.
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POSITION KEEPING EXPERIMENT USING LOPRS AND DGPS IN
ROUGH SEA

Moiseienko V.S., Zinchenko S.M., Tovstokoryi O.M., Mamenko P.P., Mateichuk V.M.,
Kyrychenko K.V.
Kherson State Maritime Academy
(Ukraine)

Introduction. The DP system is a computerized dynamic positioning system that
provides automatic control of the position and course of the vessel [1]. The set points of the
position and course are set by the operator [2], after which the dynamic positioning system
produces control signals for all propulsion engines, including propellers of the main engines.
Deviations of the heading and position from the set points are displayed automatically, and the
dynamic positioning system produces control signals for the thrusters to compensate for these
deviations. The system can receive vessel position data from various reference systems such as
Laser Optical Position Reference System (LOPRS) and DGPS. DP vessels are equipped with
reference systems that are based on different principles of work in order to ensure the best
reliability in the process of performing various tasks.

The relevance of research. Many studies have been devoted to improving accuracy and
reliability of the control systems, in particular, in works [3-12] the capabilities of automatic
systems are considered.

Due to the peculiarities of the work performed in the offshore zone, most offshore vessels
are built in small sizes, in comparison with standard cargo vessels. The big drawback of such
vessels is that they are highly susceptible to pitching and rolling in bad weather, which worsens
the performance of the DP system. The task was to find out the difference between how exactly
the vessel will keep a given position with the LOPRS and GNSS working under the influence of
pitching and rolling. The data obtained in this work will help the DP operator to determine the
risks of the upcoming operation using LOPRS, as well as to choose the optimal reference when
working in rough sea.

Problem formulation. It is required to identify the accuracy and reliability of the
LOPRS and DGPS in conditions of rough sea.

Research results. The experiments were carried out on the platform supply vessel
“ADNOC 225” (DP-2). The first vessel positioning experiment used the latest model of DGPS
Kongsberg DRS 500. GNSS receiver channel configuration: 240 channels; GPS - L1, L2, L2C,
L5; GLONASS L1, L2; BeiDou2 B1, B2; Galileo E1, E5a, E5b, AItBOC; SBAS; QZSS; L-
Band. The second vessel positioning experiment used the laser-optical positioning reference
system (LOPRS) consisting of the first-class IEC60825 semiconductor laser diode, 30 KHz, 12°
vertical beam, 0.13° horizontal beam, 0.5% accuracy and reflectance, scanning frequency of 1 Hz
(60 rpm), or 2 Hz (120 rpm).

Fig. 1 shows graphs of the vessels pitching and rolling parameters during the GPS
positioning period.
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Figure 1 —Graphs of the vessels pitching and rolling parameters during
the GPS positioning period
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Figure 2 — Graph of the DGPS average deviation

Fig. 2 shows a graph of DGPS average deviation at the values of pitching and strong
rolling. The average deviation of DGPS was 1-1.5 m. and the maximum is 2.5 m.

In Fig. 3, we could observe the plotter of the Kongsberg K-POS 21 dynamic positioning
system, which displayed the position of the vessel relative to the set point when the DGPS was
operating at the values of pitching and strong rolling. In this experiment, it was observed that the
deviation of the vessel from the required position did not exceed 1.5 m, thus never exceeding the
established limit of 2 m.
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Figure 3 — DGPS positioning accuracy in bad weather conditions
Fig. 4 shows graphs of the vessels pitching and rolling parameters during the LOPRS
positioning period.
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Figure 4 — Graphs of the vessels pitching and rolling parameters during
the LOPRS positioning period
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Figure 5 — Graph of the LOPRS average deviation
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Figure 6 — LOPRS positioning accuracy in bad weather conditions

In Fig. 6, we could observe that the deviation of the vessel from the required position
exceeded established limit of 2 m. and it reached up to 5 m.

Conclusions. The paper indicates the difference in keeping the position of the vessel
using LOPR and GPS. As we can see, in a rough sea, the vessel was more accurately positioned
by DGPS than by LOPR. This is due to the fact that the DGPS does not have mechanical rotating
elements that are installed in the LOPR, so the refresh rate is higher. LOPRS needs to constantly
scan the position of the reflector, which is very difficult in rough seas and gives a lot of position
errors.
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SOLUTION OF THE PROBLEM OF OPTIMIZING ROUTE WITH USING
THE RISK CRITERION

Mamenko P.P, Zinchenko S.M., Tovstokoryi O.M., Mateichuk V.M., Kyrychenko K.V.,
Moiseienko V.S.
Kherson State Maritime Academy
(Ukraine)

Introduction. Sea transportation provides about 90% of world trade, which leads to an
increase in the number and tonnage of ships, as well as the intensification of human activity at
sea. The issue of safety and trouble-free operation of shipping is still a key issue today, since the
number of accidents at sea is practically not reduced, annually claiming human lives, causing
significant damage to the global economy and harm to the environment. According to statistics,
about 70% of the causes of accidents at sea is the "human factor”. The influence of the human
factor on the accident rate in maritime transport is investigated in the works of many authors.

Automatic control systems can radically reduce the influence of the human factor on the
ship's control processes, since the operator decides only on the use of the automatic module, and
further control of the ship is provided by an automatic control system, some of which are
considered, for example, in [2-12].

Particularly important is the factor of the emergence of autonomous ships and systems,
the actions of which have a clear algorithm and a specific goal. Thus, it becomes possible to
reduce the uncertainty in the task of forecasting the actions of ships, which expands the possible
range of actions of own ship. The simplest method of preventing collision of ships is
maneuvering by changing the course or speed of own ship [1,8]. A more efficient method is to
determine a safe trajectory of the vessel, taking into account the trajectories of all vessels
involved in the operation. However, there is considerable uncertainty associated with the actions
of the courts in the divergence process. Uncertainty reduction can be achieved if the actions of
own ship are consistent with those of other ships. This task requires the use of optimal control
methods.

Relevance of research. Recently, the intensity of shipping has increased significantly,
autonomous ships and transport systems have appeared, the traffic control algorithms of which
obviously require an optimal approach. The criterion of optimality is the minimization of risk
along the entire route. In this regard, the problem of finding a control algorithm that delivers the
best results for all participants in the operation is urgent. The ability to obtain a general solution
to the problem of optimal ship control makes this study expedient.

Problem statement. The task of optimal plotting of a course first of all requires the
determination of an optimality criterion or goal function. It becomes necessary to plot the

trajectory of the vessel 5 insucha way as to avoid possible collisions, loss of cargo and other
complications. This need is formulated as minimization of the risk C on the trajectory of the

vessel. Obstacles to navigation are expressed by constraints such as the equalities #i(9=0
i=1.m, and inequalitie, #i®) <0 T=m=L..n 4natis we obtain the Lagrange problem.
X" — min C(S(x)),
¢i()=0, i=1.m (1)

@i (X)<0, i=m.n

Research results. The well-known technique for solving this problem involves the formation of
the Lagrange function L(x, 4), the gradient of which on x” vanishes:
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a_,
dx ’
L(x,2) =2gS(X) — 41 (X)— A0 (X), gradL=0,— ﬁ—O
' 0 191 2¢2 (X), , o ' @)
A2 (x) =0

Condition (2), known as the Kuhnna-Tucker theorem, defines the optimum point as a point
stationary in the coordinate when constraints such as equality are satisfied and the goal function
IS insensitive to constraints such as inequality. In this simple but important problem, let us trace
the meaning of the Lagrange multipliers A :

S

§:16—¢ - A=— (3)
OX op

radL(x,A) =0
gradL(x, 1) >

Taking into account the meaning of Lagrange multipliers (3), we can write down the optimality
condition in problem (4):

Bi_o; i=Ln; j=in i=;
25, .
58S, “)
i=]—>—=1
B

From condition (9) it follows that the optimal solution should not worsen any of the
solutions, that is, the components of the goal vector are independent and their states do not affect
each other. This result is known as the Pareto criterion or the Jeffrion effective solution].

In fig. 1 shows the results of mathematical modeling of the processes of divergence of
ships. In fig. 5a shows a divergence trajectory 5 with one vessel, built for the case of no
intersection of the zones of a given risk 3, 6. In this case, the sliding trajectory 2 is repeated with
an offset to the minor axis of the self-risk ellipse.
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Figure 1 — Results of mathematical modeling of ship divergence processes

In fig. 5b shows the results of mathematical modeling of divergence processes with
several vessels. In this situation, the intersection of the lines of the given risks 2 and 4. To ensure
the optimal divergence, in this case, the movement is organized along the minimum of the
gradient.
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Conclusions:

—  for the first time, the problem of optimal control of a system of dynamic objects with
a vector — a functional goal was posed and solved;

— optimality of control is achieved due to optimization of the vector — functional on the
entire trajectory of motion;

— the problem of optimal control with a vector — the goal functional, when fulfilling the
hypothesis of the convexity of the integrands of the components of the vector — goal functional,
is solved using the methods of the calculus of variations;

— as a result of solving the optimal control problem, a simple algorithm for
constructing the optimal trajectories of the ship's movement during the divergence maneuver was
obtained,

— an algorithm for constructing the optimal trajectory of the vessel's movement using
risk fields has been obtained;

— mathematical modeling of divergence processes with one or more vessels was carried
out using the risk criterion.
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BUABJIEHHA I BIZIMIHHICTD ITOJIAPU30BAHUX CUT'HAJIIB
HABITAIIMHUX OB'E€EKTIB ITPU HAABHOCTI HOPMAJIBHUX
YACTKOBO IMOJIAPU30BAHUX INTEPEHIKO/

Kopoan /I.B.
Hayionanvnuii ynieepcumem « Odecbka MOpcoKka akademisy
(Vrpaina)

Beryn. Ilpu panionokariiHoMy BHUSBJICHHI 1 pO3Mi3HABaHHI HaBiraliiHUX O0'€KTiB
cynHoBUMH pamionokamiianmu ctadmisMu (PJIC) ocobnmBa poib BiABOIUTHECS 3aCTOCYBaHHIO
NOJSIpU3AIIHHAX — TMapaMeTpiB  PajioOXBWJIb 3 METOK  MIABUIIEHHSA 1X  IMOTEHIIMHHUX
iHpOopMaIIHHUX MOXKIMBOCTeH. OHAK, JIyHA-CUTHAIIM aTMOC(EepHUX YTBOPEHB (IIEPEIIKo), Ha
T SIKMX TPOBOJUTHCS PaJiOJIOKalliifHE BUSABJICHHS 1 PO3Mi3HAaBaHHS HaBIralmiiHUX 00'€KTIB, €
YaCTKOBO TMOJIIPU30BAHUMHU 1 TOMY BHHHKAE€ HEOOXITHICThP Y BUKOPHCTAaHHI CTaTHCTUYHHX
METOIB JTOCHIIKEHHS.

B nmanuii wac po3risity i 3aCTOCYBaHHIO YaCTKOBO IMOJIIPU30BAHUX PAIIOXBHIIb B 3a/1a9ax
PaaioNIOKAIIMHOTO BHSIBIICHHS, PO3Mi3HABaHHSA 1 Kiacudikaimii CHUTHaIiB Ha T MEPEIIKOJ
npucBsdeHi podotu [1-3], B sAkux maerbes (i3wMuHA IHTEpHpeTalis, Teopis 1 MpaKTUKa
nonsipumetpii. [lonspuszamiiina cenekiiss XxmMap 1 omnafiB po3riasiHyra B poboti [4]. Bigzomocti
1010 CTATUCTHYHOI TeOpii MmoJIsIpu3altii paioXBIb TOMIIIECHI B po0oTi [5].

Opnak, B peaJIbHUX YMOBaX pPaJliOJIOKALIHHOTO CIIOCTEPEKEHHsI HaBIraiiHuX 00'€KTiB
IpY HAsIBHOCTI aTMOC(EPHUX MEPEIIKO], MOJISPU3aLlis JIyHa-CUTHATIB 3aJISKUTh BiJl TPUPOAN
JoKepena ii BUIPOMIHIOBaHHS (PO3CitOBaHHS, BIIOUTTS) 1 B OUIBIIOCTI BUIIAQJKIB HE CITIBIAIA€E 3
nojsipuzamiero npuiiManbHoi aHTeHn cyaHoBoi PJIC. Ilomspusarisi TriZpoMeTeoposIOTIYHHX
aTMoc(hepHUX TEeperIKo/l TaKoX He CITIBMAJae 3 MOJIIPU3ALI€I0 JIyHa-CUTHAIIY HaBiramiiHoOro
00'ekTa 1 3 TOJISIpU3AIli€0 TTPUAMaIBHOT aHTeHH. ToMy 00poOKka CyMapHOTO JIyHa-CUTHaY, 0e3
ypaxyBaHHS WOTO MOJSpHU3AI[HIX XapaKTePUCTUK, HE € ONTUMAIBHOIO 1 BUHUKae Mpobdiema
BUJILJICHHS JTyHa-CUTHATY HaBITaliitHOTO 00'€KTa 3 IyHa-CUTHATY aTMOC(EPHOTO YTBOPECHHS.

AKTyalbHicTh gociaimkenb. [Ipu pamionokaniiHOMy CIOCTEpeXEHHI HaBiramiiHUX
00'eKTIB Ha TI1 (PIYKTYIOUMX 3aBa)KalOYMX BIAOWTTIB Bl YAaCTMHOK aTMOC(EpPHUX YTBOPEHD,
AKUMH € BUMNAQJA04Yi OMaad 1 TyMaHW, JyHa-CUTHal Oyae TPeACTaBIsATH CYKYIHICTh
JneTepMiHOBaHOT 1 (hIyKTyr04oi ckianoBux. JleTepMiHOBaHA CKJIaoBa OOYMOBJICHA BIIOUTTSIMU
BiJl HaBiramifHuX OO0'€KTiB 3 MPAKTUYHO HE3MIHHMUMH TMOJSPU3AMINHUMH BIACTUBOCTIMH, a
¢aykTyroya ckiagoBa OOyMOBJIE€HAa BIAOUTTSAMH Bl MEPEHIKOKAYOro aTMoc(epHOoro
YTBOPEHHS, MOJIAPU3alliifHi BIACTUBOCTI SKOTO 3MIHIOIOThCS B Yaci.

VY cknaail Takoro CKJIAIHOTO 00'€KTa, MOJSPU3ALIiifHI BJIACTUBOCTI HABIramiiHoOro 00'ekTa
HE 3aJIeXaTh B MOJSAPU3ALIMHUX MapaMeTpiB OKpeMHX BiOMBadiB aTMOC(HEPHOTO YTBOPEHHS,
10 YTBOPIOIOTh (UIYKTYIOUHMI 00'€KT 1 3aJMINAIOThCS MOCTIMHUMU B OyAb-SKUH MOMEHT 4Yacy
PaioNOKAIIfHOTO CIOCTEPEXKEHHS. 3 OrNIAAy Ha Iie, 3arajbHi MOJSPU3alliliHI BIACTHBOCTI
CYKYITHOCT1 CTaOUIbHOTO HaBIramiiHoro o0'ekta 1 (IYKTYHOUOTro aTMOC(EpPHOrO0 YTBOPEHHS
(mepemkomxarodoro ¢GoHy) MOXKHA OMHCATH 3a JOMOMOIOK CTAaTUCTHYHOI  MAaTpHII
PO3CIIOBaHHS, 10 1 BU3HAYAE AKTYAIbHICTh JOCIIHKCHHS.

IlocranoBka 3agaui. 3aBHaHHSIM JaHOTO JIOCHI[DKEHHS € PO3TJs] THTaHb
CTaTUCTUYHOTO CHUHTE3y AJITOPUTMIB BUSBIEHHS 1 BIJIMIHHOCTI IMOJISIPU30BAHUX JyHA-CUTHAJIB
HaBiramiifHoro 00'ekTa, MPU HASBHOCTI JIyHa-CHTHATIB YaCTKOBO MOJIIPU30BAHUX TEPEIIKO
aTMOoCc(hepHOro YTBOPEHHSI.

PesyabTaTn gociaigxenb. ChopmMyeMo pajiiooKaliiiHy MOJAENIbh CKIAAHOTO 00'eKkTa
(HaBiramiiuuii 00'ekT + arMocdepHe YTBOPEHHS), Ha BXOJl SKOTO i€ 30HAYIOUMNA CHUTHAJ,
npejcTaBicHuil yoTupma napamerpamu Crokca I(t), Q(t), U(t), V(t):

E™ (1) =| B (0, E;" (0. B (0. E;" (1) | (1)
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Tyrt:
K (t)
E™ (D)= )
" | eun (t) EZ(eun (t) + EZ(eun(
I un (t)
E@un (t) — (t) (3)
I sun (t) «un (t) EZSun (t) + EZsun
12 (t)
ES () =
( ) U (t) (4)
I:;mn (t) — Ugun (t) EZsun (t) + E23un
15 (t)
wnggy_| O
E;"(t) = 0 (5)
0
e OV O=ER O+ ER @)

Bin6uTuii 06'eKTOM CHUTHAJ 3aNUIIETHCS Yy BUTIISIL:
E* (1) =[ E2 (1), E2° (1), E2” (1), E5° (1) (6)

abo 3 ypaxyBaHHAM Horo 3aBiaHHs napamerpamu CTokca BIZOMTHN CHUTHAJ MPEICTaBHUMO B
Takui crocio:
I@iz) (t)
sn) (t) (7)
610
U™ ()
Vleit) (t)

B (1) -

e
I 6i0 (t) — E23i0 (t) + EZ@[O (t)

(1) = 2 ()~ E2 ()
U™ (t) = 2E,” () E;" (t) cos @, , (1);
V," (t) = 2B () E;” (t) cos D, , (),
@(t) — pi3HULA (a3 MK OPTOrOHAILHUMU CKJIaJOBUMU XBHII £, 1 E),.
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1)
) 810 t)
E()’l() t — 2A (
2 ( ) U;zd (t) (8)
Vzezt) (t) |
pi(S]
13°(t) = B () + B (0);
;') =E"(O)-E");
U ;”’ =2 Ex“z’b ) E;‘i" (t)cos D, . ®);
V" (t) = 2E;° (t)E;” (t)cos @, , (1);
15°(t)
A 6i0 t)
Eem t — 3' (
3 ( ) U;w (t) (9)
V361() (t) |
e
157 (t) = E2™ (1) + E;* (1);
(1) =E"(O-E;" )
Us”(t) = 2E;" ()E," (t) cos D, , (1);
Vi° (1) = 2B (DE; (©)cos @, , (0);
10
4 610 t)
Eel() t — 4A (
a (1) U () (10)
VM)

Ie
6i0 26i0 26i0 .
17°(t) = E.“ () + E.“(1);
i0 26i0 2610 .
L () =E () —E; ()
810 8i0 810 .
u“(t)= 2EX4 (t)Eyl1 (t)cos @xm ®);
8i0 610 8i0

V(1) = 2E;° (DE) () cos D, , (7).

OcoOnMBICTIO BUPINIEHHS TOCTaBICHOTO 3aBJaHHS € HEOOXiJHICTh OmepyBaTH HE 3
OJIHIEI0 BHUIAJKOBOIO (PyHKLI€I0, a 3 micTHaAuATbMa. ONTHUMAaNbHOIO TMPOLETYpOI0 OOpOOKH
TaKOro CKJIATHOTO YaCTKOBO IMOJIIPU30BAHOTO CHUTHAIY € alrOpUTM, IO (OopMye HACTYIHI
BIJIHOIIIEHHS TTPaBAOMOAIOHOCTI R:

R(Ill’ |12’ |13’ Il4’ QZl’ Q22 1 Q23’ Q24’U317U327U33’U34’V417V42 ’V43’V44) =
WS+| [Ill’ |12’ |137 |14’Q217Q22’QZS’Q24’U31’U32’U33’U34’V41’V42’V43’V44]
VVI [Ill’ |12’ |13’ Il4’Q21’Q227Q23’Q24’U317U327U33’U34’V41‘V42’V43’V44]
ne Wy 1 W, — dyHKIil npaBaono1iOHOCTI CIIOCTEPEKYBAHUX KOOPAMHAT 32 YMOBH
HasIBHOCTI a00 BiJICYTHOCTI JIyHa-CUTHAJIIB HaBIralifHOro 00'€KTa 1 MepEeIKOAM BiIIOBITHO.

(11)
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I[Ipu R > R mpuiiMaeTbcs pIlIEHHS MPO HASBHICTh MOJSIPU30BAHOTO JIyHA-CUTHATY
HaBiramiifHoro o6'ekta. Ilpu R < Ry mpuiiMaeTbcsi pillieHHS MPO BiJICYTHICTh MOJSPU30BAHOTO
JTyHa-CUTHAY HaBirauiiHoro o0'ekra. Tyt Ro — mopir, sikuif BU3HAa4a€ThCsl KpUTEpieEM BHOOPY
pillieHHS 3a/1a4i.

HasBHICTD MONAPU30BAHOTO JIyHA-CHUTHAIY HABIralifHOro 00’€KTa 3 BUKOPUCTAHHSAM
nopory Ro Moxe 3/iiicHIOBaTUCS 32 KOKHUM MapameTpoM CTOKca OKpeMo.

BucHoBkwu.

1. Po3rnsHyTHil anroOpuTM MNPUHHATTS pPINIEHHS € ONTUMAaJIbHUM JJs OyAb-sKOTO
KPHUTEPIIO SIKOCTI BUOOPY pillIeHHS, 0 BU3HAYAETHCS BETMUMHOIO mopora Ro.

2. Otpumana B poOOTI oONTHMalbHA TpolLeaypa OOPOOKH CKIIAJHOTO YaCTKOBO
HOJISIPU30BAHOTO JIyHA-CUTHAILy, QITOPUTM $KOi (OpPMYeE CTaBJIEHHS MPaBAONOIIOHOCTI,
JIO3BOJISIE  TMIJIBUIMATH €(QEKTHBHICTh PaJioJOKAI[iHHOTO po3MizHaBaHHa cynHoBumu PJIC
HaBIrariifHUX 00'€KTIB MPU HASIBHOCTI aTMOC(EPHOTO YTBOPEHHS.

3. Ilpu BusABIEHHI 3a MOJSAPU3ALINHOI MAaTPUIICIO AETEPMIHOBAHOTO CHUTHANY IPHU
HasIBHOCTI YaCTKOBO MOJISIPU30BAHOI KOPEIATUBHOI MEPEIIKOAN OB JOCIIKEHHS OyIyTh
crnpsiMOBaHi Ha momryk 3anexHocti Pp = f (Pg), ne Pp — iiMOBIpHICTh MPaBHILHOTO BUSABICHHS
o0’ekta, a Pp — HMOBIpHICTh MOMHJIKOBOI TPHBOTH 1 MOOYHOBH (PYHKIIIOHATBHOI CXEeMHU
BUSIBHHKA.
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KABITAIIMHE 3HOIIIYBAHHSA TUIIOBUX EJIEMEHTIB CYJJTHOBOI
EHEPI'ETUYHOI YCTAHOBKHU

Axyceeuu I0.I'., I'imnenv P.M., /lopogheecsa 3. 4.
Jlynaticokuti incmumym 600H020 MPAHCHOPMY
Hepotcasnozo yHieepcumemy inghpacmpykmypu ma mexHonozit
(Vkpaina)

Beryn. Ilotoku piguHM, B SKHUX EKCIUTyaTYIOTBCS PIUHI Ta MOPCBHKI CyJHA, 3aBXKIH
BUKJIMKAIOTH KaBiTamito. 11 ¢i3uuHmii ceHc mosArae B YTBOPEHHi Napora3oBHX MYXHpiB y THX
TUISTHKAX PITUHY, /e BUHUKAE 3HAYHE 3HIDKEHHS THCKY. SIKIO 30BHINIHIA THUCK IMiJBUIILYETHCS
a00 MyXup MEePeMIlyeThCS B 00JacCTh IMIJIBHUINEHOTO THCKY, YTBOPIOIOTHCS KyMYJISATHBHI
cTpymeni. KagiTamiliHi MOpOXKHUHU CXJIOMYIOThCS qyxe mBHAKo (mpubmmsno 3a 0,001 c). Le
CTBOPIOE YMOBH JUIsl CTBOPEHHS KyMYJIASTUBHUX CTPYMEHIB HaJ3BUYAalHO BEIMKOI IIBHUKOCTI.
AKTyaJbHICTD JOCHIUKEHHS 3yMOBJIEHA THM, IO KaBiTalliiiHE 3HOIIYBAaHHS SK HACIiIO0K
KaBiTalii € OJHIEI0 3 OCHOBHUX MPUYMH PEMOHTY IMOBEPXOHb BTYJIOK Ta OJOKIB IMIIHJIPIB
JU3eTIiB, JIomared TriApoTypOiH, JOmaTe Ta HaNpaBIsSOYUX HACAIOK TpeOHUX TBHHTIB,
KPWJIbYAaTOK HACOCIB, TOLIO, BOJHOI'O TPAHCIIOPTY.

Kagirariiine 3HOIIYBaHHS BUHUKA€ Yepe3 HECTALIOHAPHHWH XapakTtep Kasitarii. Taxwmii
TUII 3HOIIYBaHHS Yy 4aci Ma€ JCKiIbKa SICKpPaBO BUPAXKEHUX IMEPioJIiB: 1HKyOAliiHUHi (IpoTsaroMm
SKOTO BTpaTH MacH 3 TOBEPXHI Tijla, MiANAHOTO KaBiTAIllfHOMY BIUIMBY, Maibke BIJCYTHI),
nepioly HapOCTaHHS MBUAKOCTI 3HOIYBAHHS Ta NEpioy ii HOCTYNOBOIO 3HUKEHHS JI0 SIKOTOCh
MOCTIHHOTO (200 HeCTabUILHOTO) 3HAUCHHS.

3agavero A0CIiKeHHsI € CTY/IIOBaHHS 3aKOHOMIPHOCTEH KaBiTallIfHOI'O 3HOLIYBAaHHS
TUTIOBUX EJIEMEHTIB CKJIQZIOBOI CYAHOBOI €HEPreTHYHOI YCTAaHOBKH, SIKI TIIJArOThCS
KaBiTal[lllHOMY BIUIUBY.

[IpakTrKa CBIMYUTH MPO JIOKAJTHHHUHA XapaKTep KaBITAI[IMHUX YIIKOHKEHb Ha JIOMATSIX
rpeOHUX TBHUHTIB. BOHM BUIMIAAAIOTH SIK OCEpeNKH 3 TIyOouaToro TekcTypor. KasiTamiiini
3HOIICHHS € TPUYMHOIO 3HIDKCHHS MIIHOCTI JIOMAaTeH, pijlie, BTpPATH CYJHOM XOAYy uepe3
po0IeMu 3 rpeOHUM TBUHTOM.

BucokooOopoTHi au3eni Takok He OOINWJeH! yBarow KaBiTalllifHOMy BIUIMBY. Tak,
OCEpelIKN KaBiTallIHHOTO 3HOIIEHHS 3'SBIISIOTHCS Ha OXOJIOKYBAJbHUX IMOBEPXHSIX OJIOKIB Ta
BTYJIOK HMTIHJIPIB, IO € NEPIECHANKYIIPHUMH TUTOIIUHI XUTAHHS TIOPIITHS.

PesyabTaTn pociaigaxenHsi. [HkyOaiiiHuii nepios € BiIMIHHOIO PHUCOIO KaBiTaliHHOTO
3HOIIEHHS MeTamniB. [IpoTsrom mpOro mepiogy CIOYAaTKy MOBEPXHEBUH IMap TUIACTHYHO
negopMyeTbcss 10 MOBHOTO BHYEpHaHHSA MarepiajoM 3amacy miacTuyHocTi. Jlami dvactku
BIIUISIOTHCSI 3 METaJeBOi MOBEpXHI. TpuBaiiCTh 1HKYOAIIHHOTO Mepiojly BU3HAYa€e KIHETUKY
NOJAJIBIIOr0 3HONIYBaHHA Marepiany. Tomy TpHuBalicTh I1HKyOaliiiHOro mnepiogy MOKHA
BBA)KaTH 32 HAMOLIbII €MHY XapaKTEPUCTUKY MTOBOJKEHHS METaly IIPH KaBiTal[liiHOMY BIUINBI.

OTxe, 3po3yMino, IO BiJl TOYHOCTI BU3HAUEHHS 1HKYOalIHOTO Mepiojy 3ajexaTh
pe3yNbTaTH AOCTIIKEHb KaBITallliHOTO BIUIMBY Ha 00’ €eKT. [Ipuuomy ass OIiHKM 1HKYOAaliifHOTO
nepiofy HEOOXiTHO HE TIIbKM OTpUMAaTH OJHO3HAUYHUN pe3yibTaT, a W 3adikcyBaTu
BIJIMTOB1/IHICTh MOMEHTY 3MIHHU BEIyYUX MEXaHI3MiB 3HOITYBAaHHSI.

Jlns BU3HAYEHHS 3aKIHYEHHS 1HKYyOallifHOro mepioJly KaBiTaliifHOTO 3HOIIYBAaHHS
3aCTOCOBYIOTH CIOCIO BHSIBICHHS MOMEHTY JOCSTHEHHS 3HOITYBAaHHS BU3HAYEHOT BEIMYMHU 200
rpa¢iyauii crocid. B octaHHROMY BUIIA/IKY 3HAXOJATh TOUKY MEPETUHAHHS MPSAMOi, OTPUMAHOI
EKCTPAIOJISIIIEI0 MPSIMOIIHIHHOT JUTHKA MaKCUMaJIbHOT IIIBUKOCTI 3HOITYBaHHS HAa KIHETUYHIN
KpHBIiil 3HOIIYBaHHS, 3 BICCIO aOCIIHC.

Uepes HeOqHO3HAYHY OIIHKY Yacy 3aKiHYCHHS 1HKYOAIIifHOTO Mepiofy, BIUIUB CYITyTHIX
SBULI 1HIIOI TPUPOJAM, HANPUKIAA EJNEeKTPOXIMIYHOI KOpo3ii, Ta OCOOJMBOCTI KiHETHUKU
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KaBITAI[IfHOrO 3HOILIYBAaHHS TEBHHMX JETallel y KOHKPETHHX YMOBAaxX EKCIUTyaTallii BOJHOTO
TPAaHCHOPTY MEPLIUii cr1oci0 3aCTOCOBYETHCS KPaHE PiAKO.

Jpyruii cmoci® OIiHKM 4Yacy 3aKiHYEeHHS I1HKyOali{HOTO IMepioAy TakKoXX Mae€ TeBHI
oOMexxeHHs. Tak, BIH J03BOJISiE I1030ABUTHCS [103HAYEHOI BHIIE HeoJHO3Ha4yHOCTi. Lle
HOSICHIOETBCS THM, 1[0 MOXJIMBUH TUIBKH €IMHHHA CIOCIO €KCTpPamloOIIOBaHHA MNPSMOIIHIHHOT
JUISTHKY Ha KPHUBIK “3HOC” — “‘9ac”, 10 BIAMOBIIa€ MaKCUMaJIbHOT IIBUAKOCTI 3HOIITYBaHHS.

Ane oTpuMaHa OIliHKa € JIOCUTh YMOBHO0. [lo-mepiie, oTpuMaHa TOYKa 3aKiHYECHHS
IHKyOaIiifHOTO Tepioxy He BigoOpaxkae 3MiHYy MexaHi3MiB a00 KiHETHKM 3HomryBaHHA. [lo-
Jpyre, KOOPAWHATH I1i€l TOUKM BU3HA4aloThCs (popMoro kpuBoi “3HOC” — “gac”. Ilo-Tpere, HE
BpPaxOBY€ThCA BIUIMB CYIYTHIX (DaKTOpiB 1HIIOI NMPUPOIM Ha KOpo3ito. | HampukiHIi, mo-
4eTBEpTE, IIeH Croci0 peatizyeThes MPH BiJOMIN 3aJI€KHOCTI 3HOIIYBAHHS BiJl YaCcy BU3HAYCHHS
1HKyOaIiifHOro mepioay. AJie y Takiid IOCTAaHOBII BJIaCHE HE NOTPIOHO BH3HAYATH YacC
3aKiHYCHHSI IHKYOAI[iifHOTO Mepiofy.

MoXJIMBUM CIIOCOOOM OTPUMaHHS JOCTaTHBO TOYHOT'O Pe3yjbTaTy IIOAO OLIHKH Yacy
3aKiHUEHHS 1HKYOamiiHOTO TepioJy € 3acTOCYBaHHS METOMIB TEOpii HEYITKMX MHOMKHH.
[IpyyoMy HaBiTh NOBEPXHEBUM OIJISA JO3BOJISIE BIEBHEHO TOBOPUTH IIPO MOJMKIMBICTh
3aCTOCYBaHHS HEYITKMX MHOKHH JIPYTOTO TUITY JUIsl BUPIIICHHS 3aBJaHHS JAHOTO KJIacy.

Oco01HMBOCTI KaBITaLIMHOTO 3HOIIYBaHHS JIeTalel Cy/IHOBOTO 00 HAHHSL.

JlocBia excruryaranii mokasye, II0 OCHOBHOIO NMPHYMHOIO KaBiTAllIHHOTO 3HOIIYBAaHHS
CYJHOBUX pyILIIiB € HecTalioHapHUH xapakTep KaBiTauii Jsonareid. Ile BukIuMKaHO
HEPIBHOMIPHICTIO TOTOKY PiAMHW B JWUCKY TBUHTA. AJie TPUYMHUA HEPIBHOMIPHOCTI TOTOKY
P1AMHYU B TUCKY T'BUHTA BOJOTOHAXHUX CYJIEH Ta CYJEH Ha IiJIBOJIHUX KPHJIaX € PI3HUMH.

Pyx BOIOTOH&KHUX CYyJEH CYNPOBOKYETHCS BUHHUKHEHHSM IOMYTHOTO MOTOKY PiAWHH
3a KopMmoi. Moro mBuakicte V, HocArae MakCHMMAIbHOTO 3HAYEHHS Vamax Y JiaMeTpaibHiit
MJIONIMHI Cy[HA Ta PI3KO 3MEHIIYETHCS 10 MIHIMAJIBHOTO 3HAYEHHS Vgmin 10 OopTiB. OTXKe,
KIHIIEBl TMEPETUHHU JIOMaTell MpaloTh y MOTOILl HaibiIbIIoi HepiBHOMIpHOCTI. Kosn sonars
IBUHTA 3HAXOAHWTHCS y BEPXHBOMY BEPTHKAILHOMY IIOJIOKEHHI, TO IIBUIKICTh aKCiaJbHOTO
MOMYTHOTO TIOTOKY AOCATa€ HANOUMBIIOr0 3HAYEHHS Vamax, 1, BIATIOBITHO, KYT aTaku MpHiiMae
MaKCHUMaJIbHE 3HAYCHHS Olma-

IIpu BUHMKHEHHI KaBiTallil BUHMKAae BHOYXOMOAIOHUNA cTaH MyXHMpPiB MpPHU MPOXOKEHHI
JIOTIATTIO BEPXHBOTO BEPTUKAIBLHOTO MOJIOKEHHS 1 MUTTEBO CXJIOMYETHCS (IIIJTKOM 200 4aCcTKOBO)
IPY BXO/DKEHHI JIONATI B MOJIOKEHHS 3 MIHIMAJIBHUM 3HAUEHHSM Omin KyTa ataku. Tomy naHomy
MOJIO’KEHHIO JIONaTl BIJINOBiAAa€ HalBUIA MMOBIPHICTP BUHHUKHEHHs Kapitauii. OTxe, rpeOHI
IBUHTH BOJIOTOHAKHUX CYJAEH B OCHOBHOMY MAalOTh KaBiTalliiHI YIIKOJDKEHHS KIHIEBUX
NEepETHHIB JIONaTeH, y TOM Yac K iX KopeHeBa Ta nepudepiiiHa epo3is Mailke BIICYTHI.

TakuM YMHOM, HEpPIBHOMIPHICTH OCHOBOTO IOIYTHOTO IOTOKY B JUCKYy T'BHHTa Ha
rpeOGHOMY TBHMHTI BOJOTOH&)KHUX CYAEH BHMKJIMKaHAa HECTAI[IOHAPHUM XapaKTepoM KaBiTallii.
3MEHIIEeHHS KaBiTallifHOr0 BIIMBY JIOCSATAETHCS 30UIBIICHHAM IIOPCTKOCTI TTOBEPXHI JIoMaTei.

['pebHI TBUHTH CyneH Ha MIJBOJHUX KpujaX, Ha BIAMIHY BiJl BOJOTOH@)XHHUX CYJEH,
IpPaLIOIOTh Y KOCOMY MoToui. ToMy MIBHIKICTh HMOTOKY, SIKMWH Hallrae Ha TBUHT 1 JIOPIBHIOE
IIBHUAKOCTI U~ CyJHA, PO3KJIAJAETBCA HA OCBOBY U oc PIBHOODKHY oci rpeGHOro Bana, i
TaHTeHIIaNbHY U ;, PO3TAlIOBaHy B IUIOMIMHI 00epTaHHs rpeOHoro rauHTa. OTKE, OCHOBHOK
MIPUYMHOIO HECTAIllIOHAPHOTO XapakTepy KaBiTalii Ha IpeOHMX TBUHTAX CyAEH Ha IiJIBOAHUX
KpHJIaX € M0siBa TAHT'€HLIAJIbHOTO1 CKJIa/I0BOi MOTOKY B IUCKY TBUHTA.

Tak, Ha OpOH30BHX TpeOHMX TBUHTAX CYyJAE€H Ha TMIIBOJHUX KpHJIaX OCEPEIKH
KaBITAlIfHOTO 3HOINYBAaHHS BUHHUKAIOTH TICHA KOXKHOI HaBiramii. OCHOBHUMH IIIISXaMU
MOJOJAHHS  KaBITAI[IHHOTO 3HOIIYBAaHHS BBAXKAIOTHCS CTBOPEHHS  KaBITAI[IWHOCTIMKHX
MmartepialiB Ta MPOrHO3yBaHHS KaBiTaIII{HOT 3HOCOCTIHKOCTI.

KagiraniiiHe 3HOIIYBaHHSA € PO3MOBCIOP)KEHUM BHJOM IOLIKOJDKEHb OXOJIOKYBAaHHUX
BOJIOIO TIOBEPXOHB BTYJIOK Ta OJOKIB LMIIHJPIB CYyAHOBUX JU3EMiB. 3HOIIYBaHHS BHHUKAE Yepe3
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BiOpaIlito CTIHOK BTYJIOK IPH yJapax MOPIIHS 10 BTYJII B MOMEHT Horo mepekianku. Toxi x i
BHHHKAE BiOparliiina KaBiTallis B 0XOJODKYBaIbHIN PiAMHI.

CyuacHi JBUTYHH MalOTh 30UIbIIEHY YacTOTY 00€pPTaHHS KOJIHYATOrO Bajia i MEHII Macy
1 rabaputu. Y pe3yiabTaTi BTYJIKHA MAalOTh MEHIIY TOBIIMHY, O1IBINY MIBUIKICTh iX KOJUBAILHOTO
PYXY, 1, IK HaCJiI0K, BUILY iIMOBIPHICTh BUHUKHEHHS KaBiTalliiHOTO pylHYBaHHs. ToMy 3aXxHCT
BiJl KaBiTaLliHOTO 3HOLIYBaHHS BOJIOOXOJIO/DKYIOUMX IOBEPXOHB BTYJOK CYAHOBHX AM3EIIB Y
HalOmmwKk4i mepcnekTuBi motpedye OesmocepenHboi yBaru. Tak, BCTaHOBJIEHO, IO Ha
MOPCBKHX TPAHCIOPTHHUX CyIHAaX KaBiTaliiHOMY 3HOLITYBAHHIO IiJJIAIOTHCS ABUTYHH KOXKHOTO
YEeTBEPTOrO CyHA.

Jlnst  3MEHIIEHHS  KaBITAIIMHOTO  3HOIIYBAaHHS BTYJOK LWJIIHIPIB  JU3EIiB B
OXOJIOJUKYBJIBHY PIAMHY JOJAIOTh Pi3HI MPUCAAKH, 3IIHCHIOIOTH XIMIKO-TEpMIUHY OOpOOKY
BTYJIOK, HAHOCSTh Ha IX IOBEPXHIO TMOKPUTTS pPi3HOrO TUmy. AJe BiJJIiJICHHS MaTepiamy 3
MOBEPXHI, MJAaHOI KaBiTallilHOMY BIUIMBY, BiAOyBa€ThCS JHMIIE IICIS  3aKiHYCHHS
iHKyOaniitHoro mepiogy. Came mporecd HaKOMMYCHHS YHIKOPKEHb MPOTATOM IOTO IEpioay
BU3HAYAIOTh KiHETHKY MOJAJIBIIOTO MPOLECY BiAIIICHHS POIYKTIB 3HOITYBAaHHS.

Bucnosku.

1. BigmoBinayiibHI JIeTai CYAHOBOTO OOJaJHAHHS ITiIIAIOTHCS KaBITAIIMHOMY BIUIUBY.
KagiTawniiine 3HOUIyBaHHS T'peOHOrO0 TBUHTA BHKIMKAETHCS HECTAIIOHAPDHUM XapaKTEepoM
kaBitailii. OCHOBHOIO MPUYMHOIO HECTAIIOHAPHOTO XapakTepy KaiTalii Ha I'peOHMX TBUHTAX
BOJIOTOHA)XHUX CY/IEH € HEPIBHOMIPHICTH OCHOBOTO MOCIIZOBHOTO IIOTOKY B JAUCKY T'BHHTa. Ha
rpeOHUX TBHHTaX CyIEH Ha MiABOJHUX KpHJIAX HECTAI[IOHAPHICTh MOSBISIETHCS UEpes3
TaHTCHLIAIbHY CKJIIOBY IIOTOKY B IMCKY TBUHTA, 1[0 3MiHIOETHCS IPOTATOM 00OPOTY JIOTIATI.

2. KagiTamiifHe 3HOIIYBaHHSI XapaKTEPH3YEThCs HAsBHICTIO iHKyOariiiHoro mepiomgy. Y
neil mepiojl BTpaTH MaTepiany 3 IOBEPXHi, SIKa 3HONIYEThCS, NPAKTHYHO BiacyTHi. Horo
3aKiHUEHHS  XapaKTepU3YEThCS HAPOCTAHHSM  IIBUAKOCTI  3HOIIYBAHHSA, JIOCSATHEHHSM
MaKCUMYMY 1 HOCTYIOBHM 3HMKEHHSM /10 SIKOTOCh MOCTIIHOTO (260 HecTablIbHOT0) 3HAYCHHS.
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USE OF ZERO MOVEMENTS FOR ADJUSTMENT OF REDUNDANCY
STRUCTURES

Zinchenko S.M., Tovstokoryi O.M., Mamenko P.P., Moiseenko V.S., Mateichuk V.M.,
Kyrychenko K.V.
Kherson State Maritime Academy
(Ukraine)

Introduction. Vessels with a dynamic positioning system operate in conditions of
increased risk, so they are subject to increased requirements for reliability, accuracy and
maneuverability. To meet these requirements, the control systems of such vessels are equipped
with high-precision means of measuring absolute and relative position, which allow to determine
with high accuracy the absolute position of the vessel (DGPS systems), or position relative to
another vessel (Reference systems), redundant control structures, on-board computer system and
automatic control system software [1]. These vessels have the highest degree of automation of
traffic control processes. Excessive control is a very important characteristic of the vessel, as it
improves not only reliability but also maneuverability and quality of control, reduces the risks of
occurrence and development of adverse situations. The use of automatic control modules in
automated systems was considered in articles [2-12], in particular the control of redundant
structures in articles [7, 12]. As can be seen from the study [7, 12], the same control forces and
torque can be created in redundant structures by different sets of control parameters, among
which you can find the optimal according to the selected function of control quality. Changing
the control quality function leads to readjustment of the structure, as a result of which disturbing
forces and moments may occur, which is unacceptable when performing dynamic positioning
operations.

The relevance of research. In connection with the above, there is a need to reconfigure
redundant structures without creating disturbing forces and moments, and therefore, the
development of methods and mathematical software that would allow such a reconfiguration is
an urgent scientific and technical task.

Problem formulation. The redundant structure of stern ACD (Azimuth Control Devices)
with a nasal steering device is given.

P,=Pcosq, + P, cosa,,
P, =Rsing, +B;sina, + P, 1
M, = Pbcose, — Pbcosa, — Rasine, — Pasina, + P. @

RI<R™, [R|<R™, [R[<R™,

al‘ﬁﬂ, az‘Szz

It is necessary to transfer this redundant structure from the initial position

(R(0), P,(0).4(0), ,(0), P,(0)) to the final position (P,(T), P,(T), 4 (T), &, (T), P,(T)) so that
during the readjustment the vector of control forces and moment is equal to zero

(P,P,,M,)=(0,0,0).

x1 1y

Research results. Differentiate the system (1). System (2) has five control parameters

v=(R.,P e, PS), which are subject to three constraints in the form of system equations

(2), ie there are two independent controls ¥ = (Pr:P2.a1 @2, P3) that provide an infinite number
of sets of solutions. Among these solutions we will look for those that transfer the redundant
structure (2) into a given final position (P(T),P,(T),(T), a,(T), R(T)):
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0=Pcose, — B sing a,+ P,cosa, —P,sina, a,,
0=PRsing, + B cosa, o+ P,sina, + P, cosa, a,+ R, )

0=P(bcose, —asine,) — (Pbsing, + Racosa,) o, —

—P,(bcose, +asina,) + (Rbsina, - P,acosa,) a,+ P, C.
We introduce the quality control function:

Q=(R- P]_(T))2 +(P,— Pz(T))2 + (e _al(T))Z +

(a, —a,(T))? + (P, — Ry(T))?
and find its derivative in time

9 _Qup Qg Q) Q) up

dt P ' R, ? da, | Oa, ° 0P,

Qs _ b Qs _op
a—Pl—Z(Pl F’l(f)),apz 2(P, = R,(T)),

Qs _ 2(a, —a,(T) % =2(a, —a,(T)),
oo, da,

Qs _ b
6_P3_2(P3 P,(T)).

(3)

=< gradQ,,v >,

Write the law of control in the form

dQ

d—t3 —<gradQ;,v> — max (4)

which will provide the maximum speed of approximation of the objective function (3) to
the optimal (minimum) value Q, =0. It is necessary also consider the limits on the maximum

values of control parameters ¥ = (P1. P2 an a2, Ps)

o MaX

Conclusions. There was developed a method and mathematical support for automatic
transfer of the redundant structure from the initial position to the given final position without
creating disturbing forces and moments, which allows adjusting the redundant structure to a new
quality control function during the main functional task.
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EHEPI'OE®EKTHUBHICTBb POTOPHHUX BITPHUJI

Kynpamuit O.I.
Ooecvkuil HAYIOHATLHUL MOPCLKULL VHIBEpCUMem
(Vkpaina)

Beryn. Himenpkuii aBiamiiinuii imkenep i BuHaxigHuk AxtoH ®nertHep (1885-1961)
YBIMIIIOB B iCTOPiIO CYyIHOIJIABCTBA SIK JIFO/IMHA, SIKA HaMaraiacs 3aMiHUTH BiTpuia. Bin noBruii
yac OJiyKaB Ha BITPWJIbHUKY B ATIaHTHUYHOMY Ta IHAiiicbkoMy okeaHax. Ha miormax BITpHIIBHUX
KOpabiiB Ti€i emoxu craBuiocs Oarato BiTpui. BiTpunbHe oOmagHanHs Oylno JOPOTHM,
CKJIAJTHUM 1 aepoJMHAMIYHO He Ayxe ehekTuBHUM. [locTiiiHi HeOe3MeKHn OYIKyBalM MOPSKIB,
SIKMM HaBiTb I1i]] YaC MTOPMY JOBOAMIIOCSA MaTH CIpaBy 3 BiTpuiamu Ha BHCOTi 40-50 meTpiB.

[lin yac mnaBaHHS Yy MOJIOAOTO 1HXEHepa BUHUKIA 1Aes 3aMiHUTH BITpUia, SKi
BUMAraioTh OUIbIIE 3yCHJIb, OUTBII MPOCTUM, ane OuTbII €(pEeKTHBHUM NMPUCTPOEM, OCHOBHUM
JBUTYHOM SIKOTO TaKoX Oyze BiTep.

Jymaroun mpo 1e, BiH 3rajiaB aepoAWHAMIYHI EKCIIEPUMEHTH, IPOBEACHI HOTo
chiBBiTun3HUKOM (i3ukoMm ['enpixom ['yctaBom Marnycom (1802—-1870). Bonu BusiBMIH, IO
npu 00epTaHHI HUJIIHIPA B MOBITPSHOMY TOTOIL BiI0OYBa€THCS MOMEPEYHA CHJIA 3 HANPSIMKOM B
3aJIe)KHOCTI B HANIpsIMKY oOepTaHHs IutiHapa (edexkt Marnyca).

B wam wac omHuM 3 ¢uiarMaHiB y BHPOOHHMIITBI POTOPHHX BITPWI € KOMIIaHIs
NORSEPOWER [1,2]. V ngandiii poOOTI NPOMOHYETHCS PO3PaxyBaTh TEOPETUUHY
€HEeproeeKTUBHICTh POTOPHUX BITPWII ISl CyXOrpy3a 3 YapTEepPHOIO IIBHAKICTIO 12 By3IiB Ta
taroro 600000 H.

Lini Ta 3amaui. L{iyuo MOCHiIKEHHS € OLIHUTH TEOPETHYHY CHEProeeKTUBHICTh
POTOPHHX BITPHJI, @ 337a4010 JOCIIPKEHHS € PO3paxyBaTH TEOPETUUHY €HeproeeKTUBHICTh Ha
nepexoni «<KARWAR-NISHTUN».

Metoam i matepiajau. Y TOCTIKEHHI 3aCTOCOBAHO METO]I YHCIOBOTO €KCIEPUMEHTY B
MS Excel, a marepianiom € TexHiuni naHi poropuux BiTpuia komnanii NORSEPOWER, nani
nepexoqn «KARWAR-NISHTUN» Tta crarti [3-5]. EneproedexTuBHiCTH po3paxoBaHa,
BiJIIITOBXYIOUUCH Bija BUTpatT nmanuea npu podoti ABC 3 onmopom reuaTa 600000H, a came 22
TOHHHU.

PesyabTaTn i auckycisa. 3 ypaxyBaHHSM HEOOXiqHOI UIsi 3a0e3MeyeHHsT YapTepHOi
MIBUJKOCTI TArW Oynau oOpaHi pOTOpHI BiTpuia BUCOTOI 18 MeTpiB Ta JiameTpoMm 3 MeTpu 3
MakcuMaibHO0 mnoTyxHicTio 100000 H. Otxe, cnouaTky Oynau 3amucaHl MOYaTKoBl JIaH1 Y
Tabauio 1.

Ta6mums 1. [ToyaTtkoBi gaHi mepexomy

KARWAR-NISHTUN

Vessel Time

No Latitude Longitude Distt Course d H n p P (req.) speed
1 14°48.1'N 074°06.9'E 0 m m item [kg/m’]  [N]  [knots] [hours]
2 14°48.6'N 074°07.1'E 0.5’ 21.1° 3 18 6 1.204 600000 12.0 0.0
3 14°48.7'N 074°06.4E 0.7 2784° 3 18 6 1.204 600000 12.0 0.0
4 14°48.8'N 074°03.3E 3.00 2719 3 18 6 1.204 600000 12.0 0.2
5 15°05.0N 068°15.0E 3375 2728° 3 18 6 1.204 600000 12.0 19.9
6 15°20.0N 062°23.0'E 340.6' 272.5° 3 18 6 1.204 600000 12.0 20.0
7 15°35.0N 056°30.0'E 341.2° 2725° 3 18 6 1.204 600000 12.0 20.1
8 14°49.1'N 052°12.3E 253.3' 2595° 3 18 6 1.204 600000 12.0 14.9

Distance  1276.8' [ Cons= 3129

Tabnuus 2 nokasye TEOpETUUHY €HeproeeKTUBHOCTI Y CiYHI Ta KBiTHI, a Tabmuug 3 —y
JIMIIHI Ta KOBTHI.
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VY tabmugax 2 ta 3 WD — ne nanpsm Bitpy, WCA — kypcoBuii kyt Bitpy, WS —
a0COJIIOTHA MIBHJKICTB BITPY, VY — MIBUAKICTH BITPY BiTHOCTHO JliaMETPaIbHOI IUIOLIUHU CYyJIHA,
d — ume miamerp BiTpwia, H — BucoTa BiTpHia, N — KUIBKICTh BITPWI, p — T'yCTHHA BiTpYy, P —
CyMapHa MOTY>KHICTh 6 BITPHIL.

Tabmuus 2. Po3paxyHok eHeproeeKTUBHOCTI Ha Ciue€Hb Ta KBITEHb

JANUARY
WD WCA WS {V} {Vy} P Effect. Cons. Econ.
0 0 [m/s] [m/s] [N] % mt
0° 21.1° 7.7 2.8 71087 11.85 0.00
0° 81.6° 7.7 7.6 534745 89.12 0.05
0° 88.1° 7.7 7.7 545813 90.97 0.21
0° 87.2° 10.3 10.3 600000 100.00 25.78
45° 132.5° 10.3 7.6 528522 88.09 22.92
45° 132.5° 10.3 7.6 528452 88.08 22.95
45° 145.5° 10.3 5.8 312317 52.05 10.07
Econom 81.99
% 84.06%
APRIL
315° 66.1° 7.7 7.1 457031 76.17 0.03
315° 36.6° 7.7 4.6 194193 32.37 0.02
315° 43.1° 7.7 5.3 254998 42.50 0.10
315° 42.2° 7.7 5.2 246966 41.16 10.61
315° 42.5° 7.7 5.2 249127 41.52 10.80
315° 42.5° 1.7 5.2 249167 41.53 10.82
225° 34.5° 7.7 4.4 175678 29.28 5.67
Econom 38.05
% 39.01%

Ta6muis 3. Po3paxyHok eHeproeeKTUBHOCTI Ha JTUTIEHB Ta )KOBTCHB

JULY
wD WCA WS {V} {Vy} P Effect. Cons. Econ.
0 0 [m/s] [m/s] [N] % mt
270° 111.1° 12.9 12.0 600000 100.00 0.04
270° 8.4° 12.9 1.9 32434 5.41 0.00
270° 1.9° 15.4 0.5 2431 0.41 0.00
270° 2.8° 12.9 0.6 3510 0.58 0.15
225° 47.5° 15.4 11.4 600000 100.00 26.02
225° 47.5° 15.4 114 600000 100.00 26.06
225° 34.5° 12.9 7.3 487996 81.33 15.74
Econom 68.01
% 69.73%
OCTOBER
0° 21.1° 7.7 2.8 71087 11.85 0.00
0° 81.6° 7.7 7.6 534745 89.12 0.05
0° 88.1° 7.7 7.7 545813 90.97 0.21
315° 87.2° 7.7 7.7 545158 90.86 23.42
315° 87.5° 7.7 7.7 545358 90.89 23.65
315° 47.5° 7.7 5.7 297254 49.54 12.91
225° 34.5° 7.7 4.4 175678 29.28 5.67
Econom 65.91
% 67.58%
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Ha miacraBi nanux tadmmiti 2 i 3 6yB 30ynoBanwuii rpadik (Puc. 1).

ROTOR SAILS EFFECTIVENESS FOR "KARWAR-

NISHTUN"
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Pucynok 1 — I'pagik eHeproeeKTUBHOCTI y Pi3Hi EPIOAU POKY

3rigno Tabmuue 1 rpadika Ha mepexomi «KARWAR-NISHTUN» Haiibinbmma
eHeproedexTuBHICTh y ciuni 84,06 % , a Haiimenmia — y kBiTH1 39,01 %.

BucHoBku. PoTopHI BiTpHia € JyXe €HEProeeKTUBHOI CYIHOBOK EHEPTreTHYHOIO
YCTAHOBKOIO, IO MOXE OYyTH BHKOpPHCTaHa Ha OY/Ib-SIKOMY CYyIHI, 3a0INaJWTH IaJHBO Ta
3MCHIIUTH BUKUIN BYTIICITIO.

JIITEPATYPA

1. Rotor Sail technology. Brochure. NORSEPOWER. HELSINKI, FINLAND. 2021
URL:https://www.norsepower.com/download/brochure.pdf

2. Norsepower rotor sail solution. Brochure. NORSEPOWER. HELSINKI, FINLAND.
2018. URL:https://wind-ship.org/wp-content/uploads/2018/08/Norsepower-Rotor-Sail-Solution-
brochure-2018.pdf

3. Tillig, F., Ringsberg, J. W., Psaraftis, H. N., & Zis, T., 2020. Reduced environmental
impact of marine transport through speed reduction and wind assisted propulsion. Transportation
Research Part D: Transport and Environment, 83, [102380].
https://doi.org/10.1016/j.trd.2020.102380

4. Tillig, F., Ringsberg, J. (2020) Design, operation and analysis of wind-assisted cargo
ships Ocean Engineering, 211(1): 1-23 http://dx.doi.org/10.1016/j.oceaneng. 2020.107603

5. Kupraty O., 2021. Implementation of the algorithm for calculation course (bearing)
on rhumb line and con- structing the trajectory of the ship's turning circle in the MATLAB
programming environment. The scientific heritage. (Budapest,Hungary).Vol.1, No. 60 (60). pp.
40-45. https://doi.org/10.24412/9215-0365-2021-60-1-40-45

3-5 aucmonada 2021 poky 201


http://dx.doi.org/10.1016/j.oceaneng.%202020.107603

IIpo6aemu cmasozo po3sumky mopcovkoi 2anysi (PSDMI-2021)

MNIJIBUIIIEHHSI EOGEKTUBHOCTI POBOTH CYJHOBOI KOTEJbHOI
YCTAHOBKH

Ilozopneuvkuii /I.C., Kasyn B.1.
Xepcoucobka depaicasna Mopcoka akaoemis
(Vkpaina)

Beryn. Ogaum 3 crmoco6iB miABUIIEHHS €PEKTUBHOCTI POOOTH KOTEIBbHOI YCTaHOBKH
CyJHa € BUKOPUCTAHHS CUCTEMH aBTOMAaTUYHOT'O PETYJIIOBAHHS TOPiHHS, KA CKIAIAEThCS 3 IBOX
3B'A3aHUX KOHTYpPIB: KOHTYPY PEryJIOBaHHS THCKY IIapa 1 KOHTYpY peryJIoBaHHS KoedillieHTa
HAQJTUIIKY TOBITPS B TOIII. PO3PI3HSAIOTE CXeMH 3 SIKICHUM, KIJTBKICHUM Ta SIKICHO-KIJTbKICHUM
perymtoBaHHAM. [Ipu sKiCHOMY peryiroBaHHI 3MiHA KUIBKOCTI NAJMBA, 110 MOAAETHCS B TOINKY,
3MIHCHIOETBCS 32 PAaxXyHOK 3MIHM THCKY posnwity. [Ipu KinbKiCHOMYy — 3a paxyHOK 3MiHH
paLoTh GOPCYHOK I, a MPH SAKICHO-KUIBKICHOMY — (KOMOIHOBaHOMY) SIK 32 PaxyHOK 3MiHU
TUCKY mepen (opcyHkamu, Tak 1 3a PaxyHOK 3MiHH KUIBKOCTI OJHOYACHO MPAMFOIOYHX
dbopcyHOK.

B igeanpHOMY BHIAAKy CXeMa pEryJIOBaHHS IPOLECY TOPIHHS NPEACTABISIETHCS B
HACTYIHOMY BUTIJISZL: MPU BIXWICHHI TUCKY Mapa B KOTJI Bijl 3a/laHOI0 3HAYEHHS, IIOB'A3aHOMY
31 3MIHOIO HaBaHTAXCHHS, BiOYBAEThCA MEPEMIIICHHS MATMBOPETYIIOI0YOTO OpraHy, B
pe3yNbTaTi 40ro 301IbIIYETbCS a00 3MEHIIYEThCS KUTBKICTh MaNKBA, IO MOJAETHCS B TOIKY.
OpHOYacHO 31 3MIHOIO KUNBKOCTI TajiiBa, IO CHATIOETHCS IMPH HE3MIHHIA TMojadi MOBITPS
BiI0yBa€eThCS 3MiHA KoedillieHTa HAUIMILIKY MOBITPS, BHACIIJOK YOTO Yy BiIMpPallbOBAHUX razax
3'SBISATHCS 200 POAYKTH HEMOBHOTO 3ropsHHs nanusa — CO, abo Hauymmok KucHio O».

IIpu HasBHOCTI aHaji3aTopa JAMMOBMX Ta3iB CTAa€ MOXJIMBUM BUMIPIOBaTH CKJaj
BIIMPAIlbOBAHUX Ta3iB 1 MIATPUMYBATH HEOOXITHHM MIHIMAJIBHUM KOEQIMIEHT HaJIUIIKY
HOBITPs, 110 3a0e3Meuye MOBHE 3rOPsHHSA NajluBa. Y I[bOMY BHIIQJKy CHUCTEMY PETyJIOBaHHS
npoIiecy TOPIHHS MOXKHA TPEACTAaBUTH Yy BUTJISAI JIBOX HE3AICKHHX KOHTYPIB, OJHMH 3 SIKUX
HiATPUMYE 3alaHUI THUCK Mapa B KOTJI 32 paXyHOK 3MiHM KUIBKOCTI MajMBa, 10 MOJAETHCS, a
IHIIMM 32 JaHUMHU aH”ali3y CKJIaay BIANpalbOBAaHUX Tra3iB MIATPUMYBaB OM HEOOXITHUI
KOE(]IIiEHT HA/UIUIIKY TOBITPSI, 3MIHIOIOYH KUIBKICTh TIOJJABAHOTO B TOTIKY MOBITPSL.

ABTOMaTHYHA CHUCTEMa PETYIIOBAHHS 3arajbHOTO MOBITPS NMPHU3HAYEHA JJIS MIATPUMKH
HaOIbIl EKOHOMIYHOTO PEXUMY CHAJIOBaHHSA MajguBa B Tomui KoTia. /[lng mnoBHOro
CHAIIOBaHHS OJIMHUIIl BUTpaTH MajluBa B BHUJY 1 COpPTYy MajuBa, 110 CHAIIOETHCS 1 HOTro
XapakTepUCTHK. B TOMKy MomaeTbcsi TPOXM OUIbIIE MOBITPs, HDK HOTPIOHO AJIi TOBHOTO
3ropsiHHS NajiuBa. ButpaTta moBiTps B TONKY BU3HAYAETHCSA KOE(DILIEHTOM HAJJUIIKY MOBITPS,
ONTUMAJIbHE 3HAYEHHS SIKOTO 3aJIe)KUTh BiJ| BUAY MalHUBa, Qopr = 1,05..1,1 mpu cnamoBaHHI
Ma3yty. OnTHManabHI 3HAYCHHS Copr BiJl SIKUX BCTAHOBIIOIOTHCS 3aBOJIOM BHPOOHHKOM
KOTEJIbHOTr0 00JIaJHaHHs, 00 BU3HAYAIOTHCA MIPHU PEKUMHHUX BUIPOOyBaHHS KOTia. Bij 3HaueHb
3ajexaTh BTpaTH TEIJIOTH B KOTII: (2 (3 AMMOBUMH Ta3amH); (3 1 q4 (BiZ XIMIYHOTO 1
MEXaHIYHOTO HE JOTOPSIHHS MajiuBa), ki BrumBaoTh Ha KK/ kotna 1. Cucrema peryntoBaHHs
nojayl TOBITPS MOBMHHA HAa KOXHIM HABaHTa)XEHHI KOTJa MIATPUMYBAaTH ONTHUMAaJIbHE
3HAYeHHA I). SIKICHUMH BIUIMB Koe]illi€eHTa Ha/UIMIIKY MOBITPS 4 Ha CKJIAJOBI BTpaT 1 1
npeacraBieHo Ha (puc.l). OnrtumanpHe 3HadeHHs O TPU HOMIHAIBHOMY HaBaHTaXEHHI
npubim3HO cKkiane mnpu cnamoBaHHi Masyty 0,2...2% Oj;. B pganuit uwac pospoOneni i
BUKOPHUCTOBYIOThCS enekTpoximiuHi aatuuku (EXJ) mist BUMiproBaHHS BMICTY BUIBHOTO KHCHIO
O, y BiampanboBaHMX ra3ax, SKI MOXYTh BHUKOPHUCTOBYBATHCS JUIsl TOYHOTO pPETyJIIOBaHHS
1oJiayi MoBITPs Ha FTOPIHHS MaJIMBa, B CTAJIUX pPEXKUMax poOOTH KOTIa.

301IbIIEHHS] BUTPATU MAJMBA 1 MOBITPS Ma€ MPOTUJICKHUM BIUIMB HA 3MICT BUIHHOTO
KHCHIO B JUMOBHX Ta3ax. THMUYacOBl XapaKTEPUCTUKH MPHUOIU3HO OHAKOBI, ajie IPOTHIICKHI 3a
3HAKOM, OT’KE, P CIIPaIlbOBYBAaHHI PETYJISATOPA TEIIOBOIO HABAHTAXXEHHS, 1110 3MIHIOE BUTPATY
MajuBa, TOBWUHEH CHPAILIOBATH PETYJIATOP TMOBITPS HACTUIBKH, HACKIUIBKM HEOOXIITHO st
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cnamoBaHHs nanuBa. KiabKiCTh MOBITPS, IO MOJAETHCS 3AJICKHUTH BiJl BUIY 1 CKJIQAy MaJIMBA,
aje, K TMOKa3aJd pPO3paxyHKH 1 €KCIIEpUMEHTAJbHI JTOCHIPKCHHS, Ha BHPOOJICHHSI OJWHUIII
TEIUIOTH, IO BUAUTWIACS B TOMLI HPH CHANTIOBaHHI Oy/b-SIKOTO BHIY MajlHWBa, MOTPIOHO
NPUOJIM3HO OJIMH 1 TOM K€ KUIBKICTh MOBITpsi. MakcuMaabHa BIAMIHHICTD Y KUIBKOCTI TTOBITPS
CTaHOBUTH MPHUOIN3HO 4 %.

Tlnr ‘EQ:

0] >

Pucynok 1 — 3anexHiCTb 1), 1 CyMapHHUX BTpaT Xqi BiJ Koe(illieHTa HaJUTHIIKY TTOBITPS

[Ipu mocTiliHIi SKOCTI NayMBa WOro BUTpaTa B; 1 KUIBKICTH MOBITPs, HEOOXITHOTO IS
3a0e3nedeHHs IOBHOTH 3rOpaHHs, MOB'3aH1 MPOMOPLIHHOI0 3aJIeKHICTIO, SIKa BCTAHOBJIIOETHCS
B pe3yJbTaTl PeKUMHUX BUINPOOyBaHb KOoTJIa. CUTHANM BiJl JAaTYMKIB BUTPAT MaIMBA 1 MOBITPS
BKJTIOYEHI 3yCTPIuHO («+» abo «-»). Skmio BuTparta moBiTps Qy BiANOBIIAE BUTPATI MaauBa, TO
PI3HUIIS CUTHATIB BiJl IaTYMKIB MaJMBa 1 MOBITPS JOPIBHIOE HYIIO, PETYNIATOP BIAKIIOUEHHH,
CHIBBIIHOIIEHHS BUTpAT NajlvBa BUTpUMaHO. [Ipu crnpanpoByBaHHI pEryiasTopa TEMJIOBOTO
HaBaHTaxeHHs kotna (PTH) BuTpaTta manuBa 3MiHHUTBCS, HA BXOJ1 B PErYJISATOP €KOHOMIYHOCTI
(PEK) 3'sButbest curnan HeysrokxeHocti, PEK copairoe 1 6yne 3MiHIOBaTH BUTpaTa MOBITPS J10
TUX Tip, MOKM HE BCTAHOBUTHCS HOBE CIIBBIJHOIIEHHS BUTPAT MajUBa 1 MOBITPA, NMPH SIKOMY
PEK BiaxmounTscs. Perynarop npu takiit poO0Ti Ha3UBalOTh CTAOUTI3YIOUUM.

CriBBiTHOILIEHHS «IIAJIMBO-TIOBITPS» BUTPUMYETHCS 3 TAKOIO TOYHICTIO, SIKA 3AJIEKHTh BiJ
HABAHTAXKEHHS Ha KoOTeN. [[is OUIbII TOYHOTrO pEryaloBaHHS E€KOHOMIYHOCTI Ha PETyNSTOp
NOJA0Th JOAATKOBUN KOPUTYBaJIbHHUN IMITyJIBC 3a 3MICTOM BUIBHOTO KuUCHIO O2 B JTUMOBHX
razax. Imnynsc Big natumka kucHio Oz HaIXoauTh Ha KopuryBasibHul perynstop KP O,, skuii
HIATPUMY€E ONTUMAJIbHUM 3ajaHuil BMICT KuCHIO O (onTHUMaibHI 3HAa4eHHs KoeQillieHTa
HAJTUIIKY TOBITPS Qonr). Bi0ip AMMOBUX Ta3iB Ha aHami3 BMICTY O, MPOBOAUTHCS HA BUXOJI 3
KOTJa. 3aBISKH CBOIM MPOCTOTI 1 BUCOKIA HAAIMHOCTI 111 CX€Ma 3aCTOCOBYETHCS JUIsl KOTJIIB, 1110
MPALIOIOTh 3 PIKO 1 MJIABHO 3MIHIOIOYMMCS] HABAaHTAXXEHHSIM, B TOMY YHCHI 1 JUTsI KOTJIIB MaJol
MOTYXXHOCTI. JIJist 3MiHM BUTpaTH TOBITPS B SKOCTI perymorodoro oprany (PO) 3acTtocoByroTh
HanpsiMHI anapati BeHTWISATOpiB (HAM) ocboBOr0O 260 CHpOIIEHOTO THITY.

3a paxyHOK BUKOpHUCTaHHS razoananizaropy (aaruukiB Oz, CO, COy) siki BMOHTOBaHI J10
CHCTEM BHMKHUJIB BIIIPALbOBAHUX Ta3iB KOTJA, POOUTHCS MOXKIMBUM IIaBHE Ta OUIBII TOYHE
peryJIroBaHHS TOJadi MOBITPS Ta MaJMBa JO TOMKOBOTO MPHUCTPOIO KOTIA, 32 PaXyHOK YOTO
MOKPAIIY€ETHCS TIOBHOTA 3TrOPSIHHA MaJMBA Ta EKOHOMIUHICTh CY/THOBOT'O KOTJIA.

KoHTposib KOHUeHTpalii KHCHIO NMPH CHATIOBAHHI MajuBa. 3a IPUHLUIIOM pOOOTH
KOTEJIbHOI YyCTAaHOBKU BUHO, 110 JJIsl ONTUMI3allii BUTPAaTH NaJlMBa, Ha TOYaTKOBOMY €Talli - IpU
3TOPSIHHI TOPIOYOi PEYOBUHHU, MOTPIOHO KOHTPOJIIOBATH IOBHOTY MHoro 3ropaHHsa. Came
BUMIPIOBaHHS KOHIIGHTpaLii 3aJIMIIKOBOTO KUCHIO Y BUXIJIHUX KOTEJIEHb Ia3ax IMOoKa3ye SKiCTh
3TOpsIHHS TaJMBa B Kamepi komia. [Ipu HHU3BKIN KOHIEHTpAIii KHCHIO TaJMBO 3TOPSE HE
MOBHICTIO, a 4Yepe3 MOro BHCOKUN BMICT B KOTJIOBHX ra3ax MpPOAYKTIB 3TOPSHHS, 3'SIBISE€THCS
pU3UK BUOYXYy KOTJIa. BUCOKMII BMICT KHCHIO T€X HE 0a)kaHO, HETATUBHO BILJIMBA€ Ha BUTPATy

3-5 aucmonada 2021 poky 203



IIpo6aemu cmasozo po3sumky mopcovkoi 2anysi (PSDMI-2021)

CHPOBHHHM, TOMY III0 BTPAYa€THCS €HEprist Ha HAarpiB 3aiiBOro MoBITps. {11 KOHTPOIIIO TOKa3aHb
KUTBKOCTI KUCHIO Ha IMMOX1Jl BCTAHOBIIIOIOTh KUCHEBUI ra3zoaHanizaTop.

BumMiproBau BMICTy KHCHIO TOKAa3ye CIIBBIJIHOIICHHS KHCHIO JI0 3arajbHOro oO0csry
IOPOAYKTIB 3rOpsHHA HpPU BUCOKHMX TeMmmepaTypax. OTpuMaHi 3HauY€HHS J103BOJISAIOTh
pEryJIIoBaTH TEXHOJIOTIYHHH MpoIec — 30UIbIIyI0un ab0 3MEHIIYIOYH 10/1a4y HOBITPSI B TONKY
koria. Illo6 mporec BumipiB OyB Oe3mepepBHHM, a OJCP)KyBaHI JaHl Oyl aKTyaJIbHUMH,
BCTAHOBIIIOIOTh BHUMIPIOBaui BMICTY KHCHIO cTamioHapHoro THiy. CBO€YacHe KOpUTYBaHHS
HaJIAIITYBaHb TOPIHHA JT03BOJISE MiIBULIUTH BUpOOsieHHs Teria Ha 1...3%. ["a3oBuii anamizatop
kucHiO IKTC-11Y no3Bossie BCTAHOBUTH KOHTPOJb 33 KOHIICHTPALI€I0 3aJUIIKOBOTO KHUCHIO B
JTUMOBHUX Ta3ax. BiH mpocTuii B ycTaHOBII — KBajii(ikallii mpamiBHUKIB MalTHHOTO BIUICHHS
JOCUTh JJIi TPaBWIBHOIO MOHTaxy. A  0OCIyroByBaHHsS TPWIAAY 3BOIAUTHCA IO
IpoQUIaKTUYHOTO OIJISAY 1 IPOCTOrO OYMILIEHHS BiJ MUY, IO CKYMUYUBCS HA JATYMKY KHCHIO,
KWl BHHECEHO B CIELiadbHy KaMepy Ha 30BHIIIHIA yacTuHi aumoxoxy. llpodimakruka
npoBoauThbea 1...2 pasu Ha miB poky. Ilpu poboti IKTC-11Y nani Big ceHcopa mpuiamy
HaaxoaTh Ha ACY 1 mporiec TOpiHHS KOPUTYETHCS aBTOMATUYHO.

Xapakrepuctuku aarunka kucHio IKTC-11V:

- TpOrpiB IMPKOHIEBOTO JAaTYMKA MPHIAAY BigOyBaeTbcss mpoTsrom 10 XBUIMH Micis
BKJIIOYCHHS;

- HactporoBaHHs nokazanb 190...10 cekyHx;

- mpunaj posmizHae He Tubku Oz, a i CO, NO, NO,, pozpaxoBye NOX, B 3aJIeKHOCTI
BiJl KOMIUICKTAIII1 IPHIIATY;

- CTaHJapTHE BUKOHAHHS 30HJA NMPWIAAY BUTPUMYE TEMIIEpaTypy B JUMOBOMY KaHai
1o 800 °C.

- Juia TemnepaTypu aHaiizoBaHoro cepenoBuiia Bix 800 go 1000 °C moctaBnsieThCs
CreliaibHUM 30H]1 3 TEPMOCTIHKOTO METay;

- pO3paxyHKOBHI TepMiH eKCIUTyaTalii B cepeqHbOMYy 10 7 pokiB. TepmiH ciyx6u
natyvka 1...2 poKM — 1€ 3aJeXWUTh BIJ CKJIAaQy HPOAYKTIB 3rOpaHHs, KUIBKOCTI B MpoOi
3Ba)KEHUX YaCTOK 1 OKCUIIB CIpKH.

Tako 1CHYIOTh MEPEHOCHI Ta30aHaNI3aTOPH K1 BUKOPUCTOBYIOTHCS JUIsl OUIBII TOYHOTO
HaJIAIITYBaHHS TpOLECY 3ropsHHS manuBa B KoTiai. OxumH 3 Hux ne npuinax Testo 310 —
MOPTATUBHUIN BUMIPIOBAILHUN TIPUJIA JUTsl aHAIII3Y JUMOBHUX Ta3iB CHCTEM 3TOPSHHS KOTJIOBHX
arperatiB. IlopratuBnuil razoananizarop Testo 310 € koMOIHOBaHUM mpuiaj Ui ONTUMI3aLii
npoueciB ropiHHsA. BiH 103BoJi€ HMIBUAKO 1 TOYHO MPOBECTH 3aIMyCK, HAJIAJKY, MMEpPIOJAUYHUI
KOHTPOJIb POOOTH CYJHOBOI'O KOTJIa 32 TAaKMMHU IMapaMeTpamMu siK: KoHueHTpauis kucHio (Oy) 1
MOHO okcuay Byriento (CO), Tara B TUMOXOJI 1 THUCK ra3zy kUil ine Ha ropinss. Jlo ckimamy
ra3oaHaizaropa BXOJIUTh CTajeBHi 30H] 180 MM 3 MIIIHUM THYYKHM IUIAHTOM, CTalllOHAPHO
IpUETHAHUM J0 MpHIagy, Hio 3abe3nedye MPOCTOTY 1 3pYyUHICTh B IIOJEHHUX BHMIPIOBAHHSX.
[Tpunan mae 6 mpeayCTaHOBOK, SKI JIO3BOJISIOTH Bifpa3dy MPHUCTYIUTH [0 BUMIPIOBaHb B
cucTeMax, IO MPAMIOTh Ha Pi3HUX BUAX ITaJIHBA.

@DyHKIIIOHATbHE OCHAIIECHHS B MOEIHAHHI 3 IMEPEJOBUMHU TEXHOJOTISIMH JIO3BOJISIOTH
IOPUCTYIUTH 0 POOOTH BCchoro uepe3 30 CeKyHH Micis BKIFOYSHHS npwiany. JlomaTkoBo a0
CTaHJApTHOTO KOMIUIEKTY raszoanaiizatopa Testo 310, 10 ckiaay poO3IIUPEHOT0 KOMILUIEKTY
BXOJIUTh 1H(ppauepBoHUN npuHTep Testo 1 2 pyaoHH TepMmonamipy. 3aBISKU HPUHTEPY, LIO
BXOJHUTh JI0 CKJaJy KOMIUIEKTY Oulbllle HeMae HEOOXiAHOCTI BpYYHY 3alUCyBaTH JaHi 3
HalalTyBaHHs, abo OynyBatu rpadiku. Ilpuntep no3Boisie BHUKOHATH mpodeciiine
JOKYMEHTYBaHHS pe3yJbTaTiB Oe3MmocepelHb0 Ha O0'€eKTi BUMipIOBaHb. [l miITBEpaKEHHS
NPaBIIHHOTO HAJAIMTYBAHHS KOTIa a00 MaJbHUKA JJOCUTH HAZATH PO3APYKIBKY 3 TAaHUMH, B SIKii
TaK caMoO 3a3HAueHUIl cepiiHUMI HOMep NpWiIady, JaTa 1 4Yac MpPOBEJIEHHS 3amipy. Ko
HaJAIITOBaHI TapamMeTpW BUMIPIOBAaHHSA IUMOBOro razy ab6o HapkomummHboro CO, TO mpu
BKJIIOYEHHI Mpuiiaay Oyae BUKOHAHO OOHYINIHHS Tra30BUX ceHCopiB (¢aza oOnyminHs). Cencop
THUCKY, SIKIIIO HAJAIITOBAaHI MapaMeTpH BUMIPIOBAaHHS TATH abo audepeHuianbHoro Tucky (AP),
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TO MPU BKIIOYCHHI NMpuiagy OyJe BUKOHAHO OOHYJIIHHS CeHcOpa MU(EPEHIIaTbHOTO THUCKY
(daza oOHyIIHHS).

a) 0)

Pucynoxk 2 — a) 3oH7 BigOopy MpoOH MpOIyKTIiB 3ropaHHs: 1 — TepMonapa; 2 — KOpIyc 30H7a; 3 —
pyKOsTKa 30H1a; 4 — Kabeb; 5 — kamMepa 3MiHHOTO GiUIbTpa (KOHTPOJIBHE BIKHO, (pakIiitHui GiTbTp
1 YIIUIbHIOBAJIbHA 3arIyIIKa JJIs BUMIPIOBAaHHS JU(epeHIiaIbHOTO TUCKY);

6) BumiproBanbauii npuctpiit: 1 — nucruieil; 2 — GyHKIIOHAIbHI KHONIKH; 3 — MaHeIb KHOIOK.

Bucunosok. Ilicis posrisiHyTOoro cnoco0y migBUIIEHHS €(pEKTUBHOCTI POOOTH KOTETHHOL
YCTaHOBKH CYJ/IHA, a CaMe BHUKOPHCTaHHS CHCTEMH aBTOMATHYHOTO PETYIIOBAHHS TOPIHHSI, Ta
MPOBEJCHOTO aHaji3y METOIB MiABUIICHHS €(QEeKTUBHOCTI POOOTH CYAHOBOI KOTEJIbHOT
YCTaHOBKH, BILTUBY SKOCTi 3ropstiHs naiuBa Ha KKJI koTma, a 3BijicH 1 HAa BUTpATY MajanBa, 0yiIo
3alpONOHOBAHO PO3IJIAHYTH CHOCIO MiABHILEHHS €(QEeKTUBHOCTI POOOTH KOTIA 32 PaxyHOK
BCTAHOBJIEHHSl JAaTYUKy KHCHIO (ra3oaHaiizatopy) JUid MpPOBEAEHHS OUIbII TOYHOTO
HACTPOIOBAaHHS TPOIECY CHAIOBAaHHS B KOTJII Ta 3a PaxyHOK IIbOTO BHUOOPY ONTUMAIbHOTO
peXHMY POOOTH CYIHOBOI KOTEJIBHOI YCTAaHOBKH JUISI 3MEHIICHHS KIUTBKOCTI BUTPAYCHOTO
naJiuBa Ta MiABUILEHHS e()eKTUBHOCTI pOOOTH.
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YAOCKOHAJIEHHS ITPOLHECIB KUIIITHHA XOJTIOAOAT'EHTIB Y
BUIMAPHUKAX CYJHOBUX XOJIOAWJIBHUX MALINH

Tpuwun B.B., /lizanenko B.B.
Jlynaticokuti incmumym 600H020 MPAHCHOPMY
Hepotcasnozo yHieepcumemy inghpacmpykmypu ma mexHonozit
(Vkpaina)

Beryn. Hanpukinmi 80-x pokiB XX cTOMITTA BinOymucs Oe3mpereneHTHI 3aX0Au 1010
OXOPOHHU HaBKOJIMIIHBOI'O CEPEOBHUIIIA, HacaMIlepesl epexi]] Ha 030H00e3MeYH1 X0JI010areHTH.
Lleit mepexia cTOCyeThCsl HE TUIBKU XOJIOAWIBHUX YCTaHOBOK Y MPOMHUCIOBOCTI, OOYTI, cdepi
po3Bar. BiH TOpKaeTbCs TAKOXK XOJOAMUIBHUX MAIlMH HA MOPCHKUX Ta PIYKOBUX CyAHax. Tam
BOHHM 3aCTOCOBYIOTBHCS JIsi 30€pEeKEHHS NPOAYKTIB 1 CTBOPEHHS KOM(OPTHUX YMOB st
MacakupiB Ta eKiMaxy.

[TpoekTyBaHHS Ta eKCIUTyaTtallis CyJeH Pi3HOTO KJIacy Ta MPU3HAYEHHS HEMOXJIHMBO 0€3
3aCTOCYBAHHS XOJOAMJIBHMX MalIMH. SIK MpaBWIO, Cy4yacHI CylHa EKCIUIyaTylioTh HE OJHY, a
JeKiTbKa XOJOIMJIBHUX MAIIMH PI3HOTO MpH3HAYCHHA. SIK HACHIZOK XOJOAMJIBHI MaIlWHU
CIIO’KMBAIOTh 3HAUHY KUIBKICTh €IEKTPOCHEPTii, Ika BUPOOISETHCS HA CY/IHI.

ITepexin Ha HOBI XOJIOJOAreHTH YTPYIHSE TPOCKTYBAHHS Ta aHAJI3 eKCILTyaTarii
BUIIAPHUKIB 3 BHYTPIIIHBOTPYOHUM KHIIIHHAM XO0J1070areHTy. OCHOBHOIO MPHYMHOIO TAKOI'O
CTaHy CIIpaB € HEIOJIIKH Y METOJMKAX PO3PaXyHKY IMOKa3HUKIB €()EeKTHBHOCTI, OPI€HTOBAaHUX Ha
KIUJIbKa TPaJULIAHUX XOJIOJ0AreHTIB. B ocTaHHI pOKM NpH NMPOEKTYBaHHI XOJIOAWIbHUX MAIIUH
IIUPOKOTO  PO3IMOBCIO/DKCHHS Ha0YyNM y3arajbHEHI METOJWKM BH3HAYCHHS JIOKAJBHHUX
koediuienTiB termwnosianaui (KTB) ta manine Trcky. PaHime npu po3paxyHkax MagiHHSIM TUCKY
XOJIOJI0AreHTy HEeXTYBajlM, a TEeIJIOBl Ta TIAPaBIIYHI PO3PaxXyHKH MPOBOJIUIN PO3AUIBHO.
PesynpTaTom 1poro Oyno 3HMKEHHsI TPOAYKTUBHOCTI KOMIIpECOpa Ta 3pOCTaHHS HOro MUTOMOro
eHeprocnokuBanHs. OTKe, TOBCTAJIO 3aBIaHHS BJIOCKOHAJICHHS METOMIB TEIUIOBOTO Ta
T1IPOMEXaHIYHOT0 PO3paxyHKY BUITAPHHUKIB, sIKI BPAaXOBYIOTh TEIUIO(I3WYHI Ta TEPMOJUHAMIYHI
IPOIIECH.

Tomy minBuIeHHsS €(QEKTUBHOCTI CY4YaCHUX CYAHOBUX EHEPreTHUYHUX YCTAaHOBOK 32
paxyHOK MiJ00py ONTHMAaJIbHUX CHOJIY4YeHb KOHCTPYKLII Ta pPEKHUMHUX [apaMmeTpiB
XOJIOZI0AaT€HTY Y XOJIOAUIBHUX MALIMHAX CYJIEH € aKTyalbHUM IPUKIIAHUM 3aBIaHHIM.

3agaver0 NOCHIIKeHHSI € YIOCKOHAJIEHHS IPOLECIB BHYTPIIIHBOTPYOHOTO KHITIHHSA
XOJIOZIOAT€HTIB Y BUIIAPHUKAX JUIS IMiJIBUIIEHHS €HEproe(eKTUBHOCTI CYIHOBHMX XOJOJMJIBHUX
MaIlH.

OcHOBHE TpU3HAYEHHS BHIIAPHUKIB CYAHOBUX XOJOJWJIBHUX MAaIIUH IIOJIATa€ B
OXOJIOJKEHHI MOBITPsI a00 PIAMHU 3 KUIIHHSAM poO0Y0i peYOBHHU B MIKXTPYOHOMY TTpOCTOpPi 2060
BCepeAMHI MigHuUX abo craieBux TpyO. Haiibinpmoro posmoBClO[KeHHS  Ha0yio
BHYTPIIIHLOTPYOHE KUIIHHSA. L{e MOsICHIOETHCSI TOPIBHAHO HEBEIHUKOIO KIJIBKICTIO XOJIOJ0areHTy
B amapari, No0yJ0BaHOMY 3 TOPH3OHTAIBHUX TPYO. 3aCTOCYBaHHS KOJIH 1 KPUIIOK J03BOJISIE
noOyayBaTH 3MIHOBUKM 1 MEPETOPOAKU ISl TIOCIHIIOBHOTO PYXY XOJOJIOAreHTy 4epe3 3a/laHy
KUIBKICTh TPYO MeBHOT AOBXKHMHU. HeoOXigHa XOJ0J0NPOAYKTUBHICTh BHIIAPHUKIB JIOCSATAETHCS
KOMIIOHYBaHHSIM TE€BHOI KUIHKOCTI 3MIMOBHUKIB, B SKUX (DI3UUHO peali3yeThCsl B3a€MO3B'SI30K
MK TEMIO0OMIHOM Ta TiPOANHAMIKOIO 1BOX(a30BOr0 MOTOKY MPH KUIIHHI PiIMHU B TpyOax.

PesyabraTn  gocaimkeHHsi.  Bimomi  pi3HI  peXUMH  JIBOX(A3HOTO  MOTOKY
OXOJIOJUKYBAJIBHOI PIIMHU: MMyXUPLIEBUH, CHAPAIHUN, pO3IIApOBAaHUNA, XBUIbOBUI, XBHILOBUH 3
nepeMuyKaMu, KUIbIeBUH, aucrnepcHuil. [lepexin BiJ OAHOrO pPEXUMY MOTOKY JO IHIIOTO
3aJIeKUTh B1JI MacOBOI IIBUJIKOCTI WP, MapOBMICTY X Ta BUJy X0JIoJ0areHty. ['panuii nepexony
Bl OJIHOTO PEXHMMY TOTOKY JO IHIIONO Ha BCIX KapTax € HEYITKUMH. 3MiHa PEKUMIB
IBOX(a3HOrO MOTOKY MPU3BOIUTH O 3MIHU 1 3aKOHOMIPHOCTEH, SIKI ONMHCYIOTh IHTEHCUBHICThH
teroBigaadi. JloeaeHo, mo HanOiab BUucoKi KTB oTpuMyrOTECS Y KUTBIIEBOMY PEXUMI, KOJIH
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HI1ap piIuHM 3 YOYTHOI 32 HAIIPSIMOM PYXY TOBIIMHOIO PO3MOJUIAETHCS MO OKPY>KHOCTI TpyOH, a
mapa 3 BUCOKOIO MIBHJIKICTIO MEPEMINTY€EThCSI 1O IEHTPaIbHIN YacTHHI, 3aXOIUIIOIYH 32 COO0I0
pinuny.

[To3naunmo yepe3: W — MIBUIKICTh PiUHY; [, V — JUHAMIYHA Ta KIHEMAaTUYHA B SI3KICTh
cymili, pijikoi abo mapoBoi $a3u; d.,. — BHyTpilIHiil aiametp Tpyou; g = 9,8 m/c?; AP — naninHs
TUCKY Ha AUISHIN TpyOu; & — KoedilieHT onopy; @ — TeMIepaTypoOnpoBiAHICTh; A — Koe(ilieHT
TEIJIONPOBITHOCTI piguHU. Toal MOXHa TiApOAWHAMIKY ABOX(A3HOTO IMOTOKY MPEACTaBUTH
yucinamu nojaodbu: PeitHonmbaca Re, @pyna Fr, Diinepa Eu 1 Hyccenbra Nu (0e3po3mipHmii
KTB):

Re = W:)/dT =wp-d./u 1)
_wi  (wp)?
g4 @
AP AP - p?
_ _ 3
= Gowe? ~ Tp Gp)?] ®
Nu=a-d,/A 4)

Excnepumentansao micueBi KTB Ha cTOpoHI X0NOM0areHTy @, 3aJIeXaTh BiJl PEXKUMY
HOTOKY 1 BU3HAUYAKOThCS IUISIXOM PO3MOUTY IIUIBHOCTI TEIUIOBOIO MOTOKY ¢ Ha PI3HUII0 MK
TEMIIepaTypaMu BHYTPIIIHBOI CTOPOHU TPYOU t, Ta TEMIEPaTypOI0 HACUYEHHS XOJIO0AreHTy tg
B KOHKPETHOMY MicCIli: @y, = q/(t; — ts).

HaiicknaanimumM 3aBIaHHSIM € TOYHUI BUMIp TeMIepaTypu t.. ¥ MexaHili TerioBiagadi
BUJIUISIFOTH ITyXUPIIEBi (BUIbHE) (&, TA KOHBEKTUBHE KUTIIHHS Q).

[lyxupueBe KumiHHS 3a3BHuYail BIJOYBA€THCS Y BEIMKOMY 0O0CS31 HEPYXOMOi PIAMHU.
BoHo xapakTepu3yeTbCsi pOCTOM Ta BIJPUBOM IyXHPILIEBOI MapH, Ha sKy BIUIMBAE IIIJIbHICTh
TEIJIOBOTO MOTOKY, XapaKTep MOBEPXHI, 110 HarpiBAEThCS, Ta BIACTUBOCTI piauHu. [Ipu kumiHHI
B Tpy0ax pyX MNapOpiUHHOI CyMillli NPUIYHIye YTBOPEHHS NYXMPIB Ta 3HUXKYE BHECOK
CKJIQIOBOI ;.

KonBekTuBHa ckiazoBa 00yMOBJIEHA PYXOM KHIUISYOI PIIMHU B3IOBXK CTIHOK TpYO. Y
3B'SI3Ky 31 3pPOCTaHHAM MApOBMICTY IIBHUJIKICTH CyMimli 3a ii pyxoM 30UIbLIYEThCH, IO
NpU3BOJNUTE A0 pocty JokanbHUX KTB, MoK He MOYMHAEThCS BUCHXAHHS OKPEMHUX UISTHOK
TpyOu.

OTXe, TNPOEKTYBaHHA CYIJHOBHX 3MIEBUKOBUX BHUIIAPHUKIB MOTpedye BHOOpPY Ta
B/JIOCKOHAJICHHS METOIMKH PO3paxyHKy KoedillieHTa TEIUIOBiJJladyi HAa CTOPOHI XOJOJOAareHTy.
EdexTruBHE BUKOpHUCTAaHHS MOBEPXHI 3Mi€BHKAa MOTpeOye piIBHOMIPHOI MOJadl XOJOJI0areHTy B
yci 3MiHOBUKH, 1110 3a0e3Meuye Ha BUXO/Il 3 30HU KUIIHHS OJHAKOBUI neperpis mapu. Tomy npu
po3paxynky KTB Ha cTOpOHI XOJ0/I0ar€HTY MOXJIMBO 3aCTOCYBAaHHS 3aJICKHOCTEH, IO
y3arajbHIOIOTh EMIIPUYHI J]aHi MOA0 KUIIHHS PIAMHU Y TOPU30HTAIBHUX TPYOax.

UYepes pi3HY IHTEHCUBHICTh TEIUIOBIaul MMOTOKY Yy pycl Y TpyOax HEOOXiTHO BU3HAYUTH
nokanbHi KTB, siki 3anexaTth BiJ] peXHMIB IUIMHY JBOX(}a3HOro moToky. CKIaaHICTh OIUCY
IPOLECIB KUIIHHSA MEBHUX PIAMH Yy TpyOax MAa0Thb HEAOCTaTHHO JOCTOBIPHI pe3yNbTaTH.
CrpolieHHss MaTeMaTHYHUX MOJeJed MPUBOAUTH 1O CEPHO3HOro 3aryOJIeHHS pe3ysbTaTiB
po3paxyHkiB. KpiM Toro, orpumani pe3ynbTaTH HE MOXKHa 0€3 KOpeJslii MOIIUPUTH Ha HOBI
XOJIOZI0AT€HTH.

Jns BupimeHHs 1i€i mpoOJeMH 3acTOCOBYIOTH Yy3arajlbHEHI METOJUKU PO3PaxyHKY
nokansbHuX KTB Ha ocHOB1 6€3p03MipHUX 3MIHHHX, SIKI BpaXOBYIOTh BIACTUBOCTI PIJIUH 1 YMOBHU
KUIIHHSA. 3 OJHOTr0 OOKY, TaKMi MPHIOM 30UIbIIYE KUTBKICTh y3araJbHEHUX JaHUX, a 3 1HIIOTO,
BpaxyBaHHS TEPMOJMHAMIYHMX Ta TETUIO()I3WYHUX BIACTUBOCTEH KOXKHOI PITUHU YCKIIATHIOE

3-5 aucmonada 2021 poky 207



IIpo6aemu cmasozo po3sumky mopcovkoi 2anysi (PSDMI-2021)

y3aranbHeHHs. OJHaK MOXIIUBICTH MOIIMPEHHS METOAWKH Ha po3paxyHok KTB mpu kuminni
PI3HUX DIJIMH, BKIIIOYAIOYH I1I€ cJa0KO BUBYEHI, JI03BOJISIE IIBU/IIE OTPUMATU PE3yJbTaTH AJIs
ATBTEPHATHBHUX €KOJIOTTYHO YUCTUX XOJIOJOATCHTIB.

Pesynbratu gociifkeHHs BIUIMBY IIUIBHOCTI TEIUIOBOTO MOTOKY HA MOKA3HUKU KUITIHHS
XOJIOJI0AreHTy CBiT4aTh, IO HIUTBHICTH TEIUIOBOTO MOTOKY BU3HAYAETHCS YMOBAMU TETUIOBI a4l
Ha 30BHiIIHI} noBepxHi TpyO. Ii 36iMbIIEHAS KOCATAETHCA MIIAXOM OpeOpeHHs TPYO i pisHUMH
criocobamu iHTeHCU (KAl 30BHIMIHBOT TETUTOB A,

3pocrannss KTB Tta maminHs TUCKYy AP, MOCATaEThCS TAaKOXK 30UIBIICHHSIM BiJIHOCHOI
JOBXKMHU 30HU KHITIHHS. TakoX JOBEICHO, M0 cepelnHiid KoedillieHT TeruioBigmaadi ciabko
3aNIeKHUTh BiJ JiameTrpa Tpyou (ocobmuBo s Tpyd Heemukoro miametpy (d, < 0,01 m)). I
TUTBKH JUIA JCSIKHX MarepiaigiB TpyO BiOMi CYTTEBI BTpaTH CEPEIHBOrO KOEPIlieHTY
TEIIOBIAAYl, a, OTXKe, 1 3pOCTaHHS HEOOOPOTHUX YyTpaT, MpU 30UIbIIEHH] AlaMeTpa Tpyou mnpu
KUTIHHI TapOPiTUHHOT CyMiIlIi.

Takum ymHOM, HEOOOPOTHI BTpaTH TEILUIOBiAjaul 3ajJekaTh BiJl MHOXXHHHU BCiX, 0e3
BUHATKY ()aKTOPiB BIUIMBY. AJIe I1i 3aJIS)KHOCTI MArOTh Pi3Hy (Di3UYHY IPHUPOIY i ONMUCYIOTHCS
pizHuMU 3MiHHUMHU. [lonmanbini JOCHIIKEHHS IUTAHYEMO CHPSIMYBATH HA BUSIBICHHS BIUIUBY
BUJY XOJIOJIOATEHTY HAa HEOOOPOTHI BTPATH TETIJIOBIIaYi.

BucHoBku.

1. Po3rasiHyTO OCHOBHI IIISIXM YIOCKOHAJIEHHS TPOIIECIB TEIUIOOOMIHY Yy 3MiHOBHKAaX
XONIOMWJIBHUX MAIWH cyAeH. JloBeaeHo, 10 BUJ 1 IMIBHJKICTh OXOJIOJKYBAJIBbHOI PIAMHHM, Ii
TEMIIepaTypHUI HATUCK Ta BHUJ 1 CTYIIHb OpeOpeHHS Ha 30BHINIHIA CTOPOHI TpyO BH3HAYAIOTh
OCHOBHUU BIUTUB Ha IIUIBHICTH TEIUIOBOTO MOTOKY Yy XOJOAWIBHHX MAaIIMHAX. 30UTbIIEHHS
MIBUJIKOCTI XOJIOJI0AreHTY YacTO MPHU3BOAWUTH 10 3pOCTaHHS KoeQillieHTa TeIUIoBiJiavyi Ha
CTOpOHI XoJjonoareHTy. OnHo4acHe 30UIbIIEHHS MaJiHHSA TUCKY KHUIUITYOTO MOTOKY 3HIKYE
TEMIEpaTypy HaCUUYECHHS Ta TUCK YCMOKTYBaHHS, 1 3arajJoM €(eKTUBHICTh pOOOTH KOMIIpECopa.
Ane TOCTiAHUM HUIIXOM MOKJIHBO MiAiOpaTH ONTUMAalIbHE 3HAYSHHSI MIBUAKOCTI XOJIO0J0AareHTyY
JUTSL KOKHOTO KOHKPETHOTO MPUKJIIAIY, IPH IKOMY HE0OOpOTHI BTpATH OYyIyTh HAMMEHITUMHU.

2. Jlns BHU3HAYEHHA ONTUMAJbHHUX CIONYYeHb KOHCTPYKTMBHHUX Ta PEXKUMHHX
napaMeTpiB 3MIEBUKOBUX BHIIAPHMKIB; M1A00pYy ONTUMAJbHUX 3HAYEHb MAacOBOi MIBUJIKOCTI
3aJIe)KHO BiJ] IIUTHBHOCTI TEIMJIOBOTO TMOTOKY Ta MiJ0OPy ONTUMAIbHOI JOBKWHU 30HU KHUITIHHS
XOJIOZI0ATEHTIB Yy IIUPOKOMY Jiama3oHl YMOB iX KHWITIHHS JIOIIJIbHE 3aCTOCYBAHHS YHCEIBHOTO
METOAY.
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BILIMB MOJU®IKOBAHOI'O KPEMHIMOPTAHIYHOT' O JIAKY HA
MEXAHIYHI BJACTUBOCTI EIIOKCHUIIOJIMEPIB IS 3AXUCHHUX
HOKPUTTIB BOAHOI'O TPACIIOPTY

Caeguyk ILI1., Kawuysvkuui B.11., Caooea O.J1., Opnoecekuii 1.B., Hanusaiixo O.O.
JlyyvKkuti HayioHANLHUL MeXHIYHUL YHIsepcumem
(Vkpaina)

Beryn. KoMno3utHi MaTepiany Ha OCHOBI €MIOKCHJIHUX CMOJI IIMPOKO 3aCTOCOBYIOTH B
TPAHCIOPTHIM Tally31 JIJI1 BUTOTOBJICHHS BUPOOIB TPUOOTEXHIYHOTO MPHU3HAYCHHS Ta 3aXMCHHUX
HOKPUTTIB, OCKUIBKM MarOTh ONTHMAaJbHY BOJIOIO- Ta aTMOC(HEPOCTIMKICTh, a TAaK0XX BHUCOKY
aaresito 10 OinbmocTi MatepianiB. CyTTEBUM HEIONIKOM, KM 3HAYHO OOMEKY€E 3aCTOCYBAaHHS
EMIOKCHUIIONIMEPIB K MaTpPHIIi JJIsT TPUOOBUPOOIB € HEAOCTATHS iX TEIUIO- Ta TEPMOCTIUKICTH [1,
2]. Jlany mpoOiieMy MOXHA BHPIIINTH HUIIXOM BBEIACHHS TEPMOCTIMKHX MOIU(IKaTOpiB,
30KpeMa  KpeMHIHOpraHiyHux  cmoiyk. Ilix dYac  CcTpyKTypyBaHHA  MOIM(IKOBaHUX
CMIOKCHUTIONIMEPIB  (OPMYEThCSA  CTPYKTypa, sKa 3a0e3nedye IMiJABHINEHY TeIIo- Ta
TEPMOCTIHKICTh MaTepially, a TaKOXX BHCOKY MIIIHICTb, yIapHY B’S3KICTh Ta XIMIUHY CTIHKICTh
BUPOOIB B arpeCMBHUX yMoOBax ekcruryatarii. lle mo3BosMTh 3acTOCyBaTH JaHI KOMITO3HMTHI
Martepiaau JJisl BATOTOBJICHHS TPUOOBUPOOIB, a TAKOXK SK MOKPHUTTS IS 3aXHCTY JeTajeid By3JIiB
MallliH Ta MEXaHIi3MiB TEXHOJOTiyHOro ycrarkyBaHHS [3, 4]. OnmHak 3HAYHUM HEJOJIKOM
KPEeMHIHOPTaHIYHUX CIIONYK € HAsBHICTh B 1X CKJIZl TOJYOIy, SIKHH JOJAIOTh JJIs TIOKPAIICHHS
PEOJIOTIUYHUX BIACTUBOCTEH po3unHy. HasBHICTh B KOMIIO3HIIIT TOTYOTy 3HAYHO 3HUXKYE (Pi3UKO-
MEXaHI4HI XapaKTePUCTUKH EMOKCHITIOJIIMEPIB, OCKUIBKU i 9ac CTPYKTYPYBaHHS PO3UMHHHK
Hepijiko crpusie GopmyBaHHIO JedekTHOI cTpyKTypH [5].

Pe3yabTaTn nociigkedb. ExcrieprMeHTanbHO BCTAHOBJICHO, IO 30UTBIICHHS BMICTY
KpeMHiopraniydoro saky mapku KO-08 Big 5 wmac.u. mo 15 mac. u. migBumrye Ha 7 %
aaresiiHy MIIHICTh emnokcunoniMmepiB. He3HauHe 3pocTaHHS MOKa3HUKA TOSCHIOETHCS
HasBHICTIO TOJIyOJIYy B CKJIaJl KPEMHIMOPraHIYHOTO JaKy, SKMHM IepeliKoKae yTBOPEHHIO
MaKCHMaJIbHO KUIBKOCTI (PI3UKO-XIMIYHUX 3B’SI3KIB MiJ Yac CTPYKTYPYBaHHSI €TOKCUIIOIIMEPIB.
Jns MoangikoBaHUX €MOKCHUIIOIIMEPIB ONTUMAIBHUM BMICT KPEMHIHOPIaHIYHOTO JIaKy MapKu
KO-08 cranoButs 20 mac. 4, OCKUIBKH OTPUMaHO HaWBHIy aATe3iiiHy MilHICTh Matepiany (19,3
MlIla). IIpu 36inb1IeHH] BMicTy MoaudikaTopa 10 25 mac. 4. 3adikcoBaHO 3HI)KEHHA B 1,5 pas
aare3ifHOl MIIHOCTI, M0 TOSCHIOETHCSA MIJBUIIEHUM BMICTOM B E€MOKCHUIOJIIMEPHIA CHUCTEMI
TOJTYOITy, IKHW 3aJTMIIAE€THCS MIiCTS CTPYKTYpPyBaHHSI.

HocaigxeHo, mo 30UIbIIEHHS BMICTY KpEMHIMOpPraHiuHOTO JIaky BiA 5 mac. 4. 10
15 mac.u. maiike He MIJBUIIYE MILHICTh NMPU CTUCKAHHI, IO TMOSCHIOETHCS IUIacTU(]IKAIIEO
CTPYKTYpPH €IOKCHUIIONIMEPY 3a HEBHCOKOro BMICTy Mmoaudikaropa. IligBuiieHHs BMICTY
KpeMHiopradigdgoro jaky g0 20 mac. 4. Ta 25 Mac. 4. mpu3BOAUTH 10 3HWXKEHHS B 1,3 pasu
MIIIHOCTI MPU CTUCKaHHI MOPIBHSAHO 13 €MOKCUIIOIIMEPAMHU 3 BMICTOM KPEMHIMOPTraHiyHOTO JIaKy
10 mac. 4. 3HWKEHHS MIIHOCTI TpPH CTUCKaHHI TIOB’S3aHE 13 BHCOKHUM  BMICTOM
KPEMHIHOPraHiuHOTO JIaKy Ta TOJIYOJy 30KpeMa, SIKUM BUAUISETHCS MiJl 4ac TEPMIYHOI 0OpOOKHU
Ta CTBOPIOE BHCOKI 3QJTUIIIKOBI HANPY)KEHHsI B eMOKCHcUcTeMi [5].

3a HHM3BKOTO BMICTY KpeMHiHopraHiuHoro iaky 5-10 mac. 4. ymapHa B’S3KICTh
€MOKCUIIONiMepiB CTaHOBUTH 6,1-6,2 Kk Jlx/M2. OpHak y BUNAJKY BBEIEHHS MoaudikaTopa B
KiJTBKOCTI 15 Mac. 4. ynapHa B’sI3KICTh €MOKCHITONIMEpIB migBHIyeThest Ha 18 % (7,4 K Jlx/M2),
IO TOSICHIOETBCSA 30UIBLICHHSM IUIACTHMYHOCTI MarepiaiiB 3a paxyHOK BHIIOTO BMICTY
KPEMHIHOPraHiYHOTO JIaKy, SKHi € TacTudikyrodoro mobdaBkoro [2, 5]. IligBuineHHsS BMicTy
KPEeMHIHOPraHiyHOro JIaKy B erokcumnoiimepax 10 20 Mac. 4. MpU3BOAUTH /10 3HIKEHHS yAapHOi
B’si3kocTi B 1,3 pa3u, a mo 25macu.— B 2,7 pa3, IO NOSICHIOETbCS HU3BKUM CTYIIEHEM
CTPYKTYpYBaHHSI EMOKCHUIIOTIMEPHOI CHCTEMHU uepe3 BHUCOKHI BMICT MoaudikaTopa, SKUi
MICTHUTB O1JIbIIIE TOTYOY.
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3 MeToro BUIANCHHS TOJNYOIy 3 KpeMmHidopranidyaoro jaky mapku KO-08 mposeneHo
00poOKky Moaudikatopa B €IESKTPOMArHiTHOMY TOJi. MakCHUMallbHI 3HAYeHHS aAre3iiHol
mirHocTi (25,4 MlIla) oTpumano st MOAM(IKOBAHUX CMOKCUIIONIMEPIB, IO MICTATh
00poOICHHI B €IEKTPOMArHiTHOMY TOJI MPOTATOM 5 XB KPEMHIHOpPraHIYHUNA JIaK. Y BHIAAKY
301IBIICHHS] TPUBATOCTI OOPOOKM KPEMHIMOPraHiYHOTO JIaKy B €JIEKTPOMArHiTHOMY TOJi 10
10 xB axaresiiiHa MiIHICTh €MOKCUTIONIMEPIB 3HIXKYETHCS B 1,5 pas, 110 MOB’s3aHO 3 3HWKEHHSIM
B’SI3KOCTI Ta OJHOPITHOCTI KOMITO3UIIi] Yyepe3 BUAAJICHHS PO3ZUYMHHHUKA.

ExcniepuMeHTanbHO BCTAHOBJICHO, IO HAWBHUINY MEXY MIIHOCTI NMpH CTHCKaHHI 3a
BMicTy MojaudikaTtopa 20 Mac. 4. MalOTh €MOKCUIONIMepH, sKi MoaudikoBaHi 0OpoOIeHHNM B
€JIGKTPOMArHITHOMY TIOJIi MIPOTSATOM 5 XB KPEMHIHOpPraHi4HUM JIaKoM. 30UTbIIEHHS! TPUBAIOCTI
€JIEKTPOMArHiTHOI 0OpOOKM KpeMHilopraHidyHoro naky 10 10 XB NpU3BOIUTH 10 3MEHIICHHS
minHocTi npu cruckanHi Ha 10 %, a 0O6poOka TpuBaiicTio 15 XB 3HMXKYe MinHICTh Ha 20 %.
TpuBama 00poOka KpeMHIHOpPraHIYHOTO JaKy WiABHINYE MHOro B’S3KICTh, IO YCKIIAIHIOE
dbopMyBaHHS OJHOPIITHOT CTPYKTYPH CTIOKCHIIOIIMEPY 3 YTBOPEHHSIM MaKCHMAJbHOI KUTBKOCTI
XIMIYHUX 3B’S3KIB MK peaklifHO3IaTHUMHU TPyIaMi KOMIIOHEHTIB.

ExcniepuMeHTanbHO BCTAHOBIICHO, IO 30UIBIICHHS TPHUBAJIOCTI EJIEKTPOMArHiTHOI
00po6ku Moaudikaropa mo 10 xB migsumye B 1,8 pa3 ymapHy B’SI3KICTh €MTOKCHITONIMEPIB, IO
MOB’S3aHO 13 TMIJABUINEHHSAM IUTACTHYHOCTI CTMOKCHUIIOMIMEPHOI CITKHA. 31 301LIbIICHHSAM
TPUBAIOCTI €NEeKTPOMAarHiTHOI 0O0poOku 10 15 XB ymapHa B’s3KICTh 3HHUXKYEThCS Ha 3 %, a y
BUMAAKy 00poOku 20 XB BiOyBaeTbcs pi3Ke 3HUKEHHS YAApHOI B’SI3KOCTI €MOKCHUIIONIMEpIB,
OCKUTbKHU 3HUKYETHCS CTYHIHb OJJTHOPITHOCTI KOMIO3UII1.

BucnoBku. OnTtumanbHUN BMICT KPEMHIMOPraHIYHOTO JIaKy B EMOKCUIIOIIMepax
CTaHOBUTH 15 mac. 4., mo 3a0e3neuye mifgBuIIeHHS HAa 7 % axaresiitHoi wmimHocTi Ta 18 %
yaapHOi B’A3KOCTI €MOKCUKPEMHIMOPraHIYHOTO TMOJIMEpy 3a paxyHoOK muacTudikamii
enokcumnonimepHoi citku. Ilpu 11poMy BitOyBaeTbes (popMyBaHHS OJHOPIAHOT CTPYKTYpH, sIKa
MICTUTh MaKpOMOJIEKY/IM KPEMHIHOPraHiuHOTO J1aKy, B pe3yJIbTaTi YOTO MiIBUILYETbCS CTIHKICTD
JI0 BIUIMBY AMHAaMIYHUX HaBaHTaXeHb. BcTaHOBIIEHO, 1110 00poOKa KpEeMHIHOPraHIYHOTO JIaKy B
€JIEKTPOMArHiTHOMY I0JII MIPOTAroM 5 XB 3a0e3rneuye MiJBUIIEHHS CTIMKOCTI €MOKCUIOIIMEpiB
JI0 CTaTUYHUX HaBaHTAXEHb 33 PaXyHOK BUAAJICHHS PO3YMHHHUKA 3 KOMIO3MLIT Ta HopMyBaHHS
CTPYKTYpPU 3 MEHIIOK KUIbKICTIO JedekTiB. OO0poOka KpeMHIHOpraHiyHOro JaKky B
€JIEKTPOMArHiTHOMY 10JIi POTATroM 10 XB CyTTEBO MIABHILYE yIApHY B’ A3KICTh MOAM(]IKOBaHUX
€MOKCUKOMIIO3UTIB 32 paXyHOK (POpMyBaHHS CTPYKTYPH 3 HiJABUILIEHUM BMICTOM MaKpPOMOJIEKYJ
KPEeMHIHOpraHiyHOi CKJIaJ0BOi, $Ka 3/JaTHa €(QEKTHUBHO MOIJIMHATH EHEPrilo JUHAMIYHHX
HaBaHTaXXEHb IIPU CTBOPEHHI 3aXMCHUX MOKPUTTIB U1 BOJHOTO TPAHCIOPTY.
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NCCJEJTOBAHUE ONITUMAJIBHBIX YCJOBHUM SKCILTYATAIIUA
TPYB CYAOBBIX TEIINIOOBMEHBIX AIIITAPATOB

T'acanos B.I., Hopazumnu 3.H.
Azepbatiodcanckas 2ocyoapcmeeHHAs MOPCKAsL aKkademust
(Azepbatiosncan)

B cratbe mpuBeeHO BBIOOP ONTUMAIIBHBIX YCIOBHM (TEMIIEpaTypHBIA PEKUM, CKOPOCTh
OXJIQXKJAIOUIeH BOJbI, JaBleHHWE KOHJEHCAlMM Mapa W T.I.) paboThl amnmapara, KOTOpbIe
o0ecreunBarOT  yCIENIHOE MPUMEHEHHE CUJIMKATHOTO TMOKPBITUA TpPyO B CYHOBBIX
TerI000MEHHBIX alaparax B KauecTBE OJHOI0 U3 HaAEKHBIX CIIOCOO0B OOPHOBI ¢ KOppo3ueH u
OTJIOXKEeHHEeM Hakunu. Pa3zpaboTaHa TEXHOJOrMYECKass CXeMa M IapaMeTpbl ONTHMAaJIbHOTO
YCIIOBHS CHCTEMBI CYJOBOTO TEIUIOOOMEHHOTO amnmapaTa B Cpelde MOPCKOW  BOJBI.
[TpoMblIlIIEHHBIE OMBITHI MOKA3bIBAIOT, YTO IPU JUIMTEIBHOM 3KCIUIyaTallUd CUJIMKATHBIX TPYO
My4yka ammapara B IeJIOM, 00ecleyuBaeT YUl pexuM Tervionepenadyu, T.e. KodhduuueHt
TEIUIONEepeladl B CHUJIMKATHBIX MOKPBITUSAX TPYO OT BpEMEHHU JKCIUIyaTallud MPAaKTHYEeCKH He
3aBUCUT. B TO ke BpeMs, B MeIHBIX TpyOax cO BpEeMEHEM MPOUCXOJIUT pPe3Koe MaJeHue
Kod(duUIMeHTa TeIIonepeIadn 3a CU€T 00pa30BaHMs TBEPABIX OTIIOKCHHIA.

WcnpiTanus npoBOAWINCH NIPU PA3HBIX TEMIIEpaTypax U CKOPOCTSAX, COOTBETCTBYIOLIUMN
YCIIOBHSM PabOTHI KOH/ICHCAIIMOHHO- TEIUIO0OOMEHHOTO 000pYI0OBaHHUS.

KuroueBbie cioBa: OnruMalbHOE YCIOBHE, TEMIIEPATypHBIA pEXUM, CKOpPOCTh
OXJIQXKJIAIOICH BOJBI, IaBlIEHUE KOHACHCALIUU Mapa, KO3()PHUIMEHT Terionepeiadu, OTI0KEHHE
HAKUIIY U TPOAYKTOB KOOPO3UH, CUIIHMKATHBIC TIOKPHITHS U MEHBIE TPYOBI.

Beenenne. B ycnoBusix skcrutyatanuu CynoBbIX DHepreTuueckux YcTaHoBok (COY)
OonblIOe BIMSHUE Ha TMaJeHUE TEIUIoONepesaud B TEIUIOOOMEHHBIX araparax OKa3bIBaeT
pa3IuyYHbIE OTJIOXKEHHS, BbINAJalolINe Ha noBepxHocTu Tpyd. [Ipm pabore B cpene Mopckoit
BOJBI BCJIEICTBUE IMPOAYKTOB KOPPO3MHM M HAKUIM PE3KO YXYZAIIAETCS YUCTOTA MOBEPXHOCTU
Tpy0. DTO cO031aéT yciioBHE, OCOOEHHO NpPHU HHU3KUX CKOPOCTSX TEYEHHUS MOPCKOW BOJIBI,
yAep KaHUs Pa3IMyYHbIX OTJIOXKEHHUI Ha MOJTOTOBJIEHHBIX HMPOKOPOAMPOBAHHBIX MOBEPXHOCTSIX
[1,2].

Cnenyer OTMETUTh, YTO HpH paboTe TEIIOOOMEHHBIX almapaToB Ha MOpPCKOW BOJE
CO3JAIOTCSl YCJIOBUS MHTEHCHBHOIO BBINAJCHUS HAKWUIM W KOPPO3MM, YTO MPHUBOIUT K
HEKJIOHHOMY YMEHBLIEHHIO KO3((UIMEeHTa Teljonepeaayd ¢ TeYeHneM BpeMeHH. B ycnoBusix
CDY Oomnblioe pacnpoCTpaHEHHE HMEIOT IMPOLECCHl KOHAEHCAlMM M MapooOpa3oBaHUs, HO
peAKO MPHUXOAUTCS MMETH JAEN0 ¢ MepexoJaMu B TBEPAYIO (a3y uiau oOpaTHBIMU U3 TBEpPAOU
¢a3bl B xkujKky0. COBEpIIEHHO OYEBUAHO, YTO KOHJEHCAIUS Napa MPOUCXOIUT TOJIbKO, TOT/a,
KOrJla TemIepaTypa MOBEpXHOCTH HIKE TEMIEPaTyphbl HACBIIIEHHUS, COOTBETCBYIOMKE (ha30BOI
KUAKOCTH. BpImajgaronye Ha NOBEPXHOCTh KaIlIM JKUAKOCTH IIPH XOpOILIEH CMayMBaEeMOCTH
pacTeKaroTCsl Ha MOBEPXHOCTU U CIIMBAIOTCS BMECTE, 00pa3ysl CIUIONIHYIO TUIEHKY. B cTekatomeit
IUIEHKE KOJIMYECTBO JKUIKOCTH IO MEpPE CTEKaHUs TOXKE YBEIMYMBAETCSA, TaK KaK M 31ECh
MIPOUCXOUT KOHJEHCAIM [apa Ha MOBEPXHOCTHU TeKyIel MIEHKN KoHeHcaTta [3,4].

CrnenyeT OTMETHUTb, YTO €CJIM MeTaNIndeckasi IOBEpXHOCTh TPYObI 3arpsi3HEHa, TO Ha Hell
HaOJI01aeTCsl KarelbHas KOHJEHCAIUsl BOJSHOrO mnapa. Menpyaiiliye Karjiv, yCHJIUBAIOLIUE
IUIOTHOCTH IOBEPXHOCTH H3-3a IUIOXOM €€ CMEIIMBAEMOCTH (TEMIIEPATypHOTIO PEXKNMA,
CKOPOCTH OXJIQXKJAloIIel BOJIbI, JaBJICHHE KOHJCHCALMU Iapa W T.J.), OCTAIOTCS JIaKaJIH30-
BaHHBIMH U COXPAHSIIOIIMMHU CBOIO MHAUBUAYAIBHOCTD.

Leab 1 o6ocHOBaHMe uccaenoBaHusi. OCHOBHOM IIEJIbIO MPOBOIUMBIX IPOMBIIIEHHBIX
WCCJIEIOBAHUM SIBJISIETCS BBHIOOP ONTHUMANbHBIX YCJIOBUN (TeMmepaTypHBIH PEXHUM, CKOPOCTh
OXJIQXKJAIOUIeH BOAbBI, aBJIeHHE KOHACHCALUU Mapa U T.J.), KOTOpble 00eCeunBalOT YCIEIIHOe
IPUMEHEHHE CHIIMKATHOTO TOKPBITUS TPYO B CYZOBBIX TEMJIOOOMEHHBIX armaparax B KayecTBe
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OJTHOTO W3 HAAEKHBIX CIOCOOOB OOpBOBI C KOPpPO3HMEH M OTJIOKEHHWEM Hakunu. VcrbiTaHus
NPOBOJIWIIMCH TIPU Pa3HBIX TEMIIEpPAaTypax M CKOPOCTSX, COOTBETCBYIOIIEE YCIOBHSM pPaOOThI
KOH/ICHCAIIMOHHO-TEIIO0OMEHHOTO 000py10BaHHUS.
O0bekT wHcciegoBaHusi. B Hacrosmiee BpeMsi COBEPIIEHHO YHCThIE IOBEPXHOCTH
CHJIMKATHBIX MTOKPBITUN METHBIX TPYO yCTAHOBJICH KOHJAEHCAT Mapa BCIOMOTaTeIbHBIX KOTJIOB.
XapakTepHuCTHKa U MapaMeTphbl KOHICHCATA CICAYIONIHE:
1. Pazmepsl TpyOb! TpyOHOTO Iyuka P16x1,0mMm.
2. lnuHa u koymmuecTBo TpyOo- 1100MM, 52 mTyk.
3. Mapka u TonmuHa CUIMKaTHOTO MOKPBITHS — C-89 1 200 MKkM
4. Cpena TpyOHOM mipocTpancTBe BoAa u nasienue 0,4-0,6 MIla
5. Cpena MexTpyOHOM TIpOCTpaHCTBE Nap u aasinenue -0,6-0,8 Mlla
6. TemmniepaTypHsbIiii Hanop (nepexox) — 40-80°C
Kputepuu onpeeneHus cpoka ciyObl CHIIMKaTHOTO MOKPBITHS TPYO Clieayroliee:
a) HaOJIr0ICHHUE KOPPO3UOHHOTO TpoIiecca
0) OlLleHKa MOBBIIICHUS KOPPO3ZHOHHON CTOMKOCTH
B) YMEHBILICHHE OTIIOKECHHS HAKUTIA U TBEPBIX YaCTHUI]
I') HeM3MEHHOCTh KO3 (PpHIIeHTa TeTUIonepe1aun.
Onenka kodpduIeHTa TEIUIONepe aun, BbI3BaHHAs HAIMYHMEM CHIIMKATHON 000J0YKH

ompezensiach no popmyne [5,6]:
_Kx—Ky

Ky ! (1)
rne K, K, — ko3 unmenTsl Temonepenayd COOTBETCTBEHHO CHIIMKATHOW W MEIHOM
TpyOku. Kputepuem oueHKH Temonepeaadyd JUisi CHIMKATHBIX TOKPBITHH MEIHBIX TpPyO
ABIsieTcd Kod((UIMEHT Terulonepenay, KOTOpbIH ONpeaesseTcs U3 YpaBHEHUS TEIUIOBOIO
Oananca [7,8].

A

_1Gk, _ CpCp-At
Ki=—  Ky=—/——
F-0pm F-Op

: ()

rae Gk, Gy — pacxoJ1 mapa U MOPCKO# BOJIBI;

I — TeTUI0Ta TapooOpa3oBaHU;

F — pacuérHas moBepXHOCTh TEIIOOOMEHa,;

At — pa3HOCTb TeMIIEpATyp BBIXOA U BX0J1a MOPCKOM BOJIBI,

Om — TeMmepaTypHbIil Harmop At= ty-t; ;

Cp, Cp— TemnoéMKOCTh TEIIOHOCUTENEH NTapa U BOABI.

TemmnepaTypa BoJibl IpUHSATA Ha BX0A¢€ (t1) U BbIXoAa (tp) Mydka anmnapara U3 CHIIMKATHBIX
nokpbITUil TPYyO [9] . Ha puc.1 npeacraBineHo TexHOIOrH4eckasi cxema paboThI armapara.
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Pucynoxk 1 — Texnomornveckasi cxema pabOTHI anmapara
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B Ta6J'II/II_[e 1 IMPUBCACHBI OIITUMAJIBHBIC YCIIOBHA IMPOBCACHUA MCIBLITAHHUA U U3MCHCHHC

MapaMCTpOB SKCILTyaTallluU allliapara CyaHa.

Tabmuna 1 — [TapameTpsl ONTUMAEHOTO YCIOBUS PabOThI KOHACHCATOPA

Ne | Ckopocts | Yaenbhblil | Temnepa TonmuHua cnos Bpems | Koadduument
n/n | TEIJIOHOC | TEIJIOBOM | TYpHBIH OTJIOXKEHUS 9KCIULYy | TeIjonepesadn
uTelNs M/C | OTOK Harfop, aTaluuu Kxan/my
Br/m? °C Cumkar, MenaHebli, B

MM MM CyTKax Ki K>
1 0.2 14300 30-40 0.12-0.14 1.1-1.3 720 1220 1464
2 0.5 20560 35-50 0.10-0.12 1.0-1.2 576 1104 1348
3 0.8 24580 45-55 0.09-0.10 0.9-1.1 480 1008 1198
4 1.1 27640 50-60 0.07-0.08 | 0.80-0.92 400 941 1032
5 1.4 34250 55-67 0.07-0.085 | 0.72-0.78 360 840 980
6 1.7 39400 65-70 0.07-0.09 | 0.79-0.84 300 780 910
7 2.0 42320 75-80 0.09-0.1 0.15-0.7 240 702 890

Bospacranne ko3dduumenra temonepenayn MpH yBEIHMYCHHH CKOPOCTH JBMKECHHS
MOPCKOHM BOJIbI CBSI3aHO C YMEHBIIEHHEM OYaroB HAKUIM HAa BHYTPEHHEH MOBEPXHOCTH CTEHKH
TpyOku. IIpu Bo3pacTaHMM OJJHOBPEMEHHO CKOPOCTH MOPCKOH BOJBI U JaBJIEHUE KOHJEHCAIUU
napa MakCHMaJlbHOE MajieHue K03 UIMEeHTa TeIIonepelaud CUJIMKaTHON TpyObl HaXOAUTCS B
npeaenax 5-10 %.

PesyabraTsl ucciaenoBanus: [l noaydeHUs] JOCTOBEPHBIX PE3YJIbTaTOB IOCTABIEHBI
CO CJIEIYIOLIMMH I1OCJIE0BATEIbHOCTAMHU Cy IHA!

1. Ouenutpb BIUSHUE CKOPOCTU JBHM)KEHHS MOPCKOM BOJBI Ha KO3(PPUIUEHTHI
TEeIUIoNepelaul CHIIMKAaTHBIX MEAHBIX TPYO MydKa annapaTa Mpyu HAIMIUK OTI0KEHUH.

2. CpaBHUTh MHTEHCHBHOCTh OTJIO)KEHHUS Ha TOBEPXHOCTH CHJIMKATHBIX MOKPBITUH H
MEJIHBIX TPYO, a TaKKe BIMSHHME TOJIIUHBI CIIOSI OTIOKEHUH Ha KO3((UIMEHT Tersonepeaadn
IIPU OJAMHAKOBBIX PEKUMHBIX YCIOBHUSAX pabOThI alimaparoB CyAHa.

3akiroyenue. [IpOMBIIUIEHHBIE OMBITHI MMOKa3bIBAIOT, YTO MPHU JUIUTEIBHOW SKCILTY-
aTallMM CUJIMKATHBIX TpyO IMydka ammapata B LEJIOM OOECHEeYMBAET JIYYIIUH PEexUM
TEeIUIoNepeiauH, T.e. K03 (OUIMEHT TerionepeJaun B CHIIMKAaTHBIX MOKPHITUSAX TPYO OT BpeMEeHH
HKCIUTyaTallMM MPAaKTUYECKH He 3aBUCUT. B TO ’xe Bpems, B MeIHBIX TpyOax cO BpeMEHEM
IPOMCXOIUT pe3Koe NajeHue Kod(p@uIMeHTa Teronepesadn 3a c4ér oOpa3oBaHUsl TBEPIBIX
OTJIOKEHUMU.
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JOCAILIXKEHHS LHIJISXIB OITUMIBAIIIL BUTPAT ITAJIMBA
CYJHOBUMMHU AU3SEJISAAMHU

IHImpuéeus B.B., Tkauenko B.B., Ypym H.C.
Jlynaticokuti incmumym 600H020 MPAHCHOPMY
Hepotcasnozo yHieepcumemy inghpacmpykmypu ma mexHonozit
(Vkpaina)

Beryn. CporozmeHHsi piukoBOTO ¥ MOPCHKOTO (IIOTY, SK 1 BCi€i €KOHOMIKM B3araii,
XapaKTepU3yIOThCs 3ITKHEHHSIM JBOX PI3HOCHPSIMOBAHUX IpoLEciB. 3 OJHOro OOKY, PO3BUTOK
€KOHOMIKM BHUMAara€ MOCTIHHOTO 3pOCTaHHS HOMUTY Ha €Heprito. 3 IiHIIOro, €HepreTHka, sKa
0a3yeThCsl HAa BEIMYE3HUX 00’ €Max CIIOKMBAHHS BYTi/UIsl, HAQTH 1 Ta3y, € OJIHIEI0 3 OCHOBHHUX
NPUYMH 3arOCTPEHHSI EKOJIOTIYHMX MpobiieM cydacHOl nuBimi3amii. Bastuii po3BUHEHHMH
KpaiHaMU KypC Ha €Hepro30epexeHHs Ta BIPOBAJKEHHS JOCSTHEHb 3€JIEHOI E€HEpreTUKH €
CTpATETiYHO TPABWIBHUM. AJie [el Kypc 3IMTOBXYETHCS 3 PSJIOM CKIQJHUX BHKIIHUKIB,
HOJOJIaHHS SKUX 3aiMaTUMe HE OJMH PIK Ta KOIUTYBAaTH BEJIMUYE3HUX BUTpAT.

Hampuknan, Ha cygHax pidkoOBOTO ¥ MOPCBKOTO (JIOTY IU3€Ii JAEMOHCTPYIOTH Kparly
eHepreTuuHy eQeKTUBHICTb. | y HalOMuk4ili MEepCHeKTUBI BOHU 3aJMIIATHCS OCHOBHHUMU
€HePreTUYHUMH YCTaHOBKaMH. AJle )X IU3EIbHUN IBUTYH y Mporeci QYHKIIOHYBaHHS BHKHUIAE
y HaBKOJMILIHE CEPEIOBUIIE BEIMKI OOCATHM HIKIJUIMBUX XIMIYHHUX PEUYOBUH, € JIKEPEIoM
IIYMOBOTO Ta TEIJIOBOTO 3a0pyaHeHHs. OTKe, OJHUM 3 BEIUKOI KUTHPKOCTI NUIAXIB 30epe:KeHHS
HaBKOJIMIIIHBOTO CEPEeOBUINA € CKOPOUYCHHS BUKUIIB 3a0pYIHIOIOUMX PEYOBUH IPALIOIOUYUM
CYIHOBUX Jau3eseM. TaKkuM YMHOM, IMOKPAIICHHS EHEPreTUYHHUX Ta €KOJOTIYHUX XapaKTEPUCTHK
CYJHOBUX JH3€I]IB LUIAXOM 3MEHIICHHS BUTpPAT MajlBa CyJHOBUMHU JU3EISIMH € AKTyaJIbHUM
HAYKOBUM 3aBJ/IaHHS.

3amayuero TOCHIKEHHs € BUBUEHHS M y3aralbHEHHsS METO/1B 3MEHILIEHHs BUTpAT HajluBa
CYJHOBUMH JTU3EIISIMH.

Enepretnuna  eQeKTUBHICTb CYIHOBHX JHM3C€JIbHUX EHEPreTUYHUX  YCTAaHOBOK
XapaKTePU3YEThCS JAEKITbKOMA MMOKa3HUKaMHU, OCHOBHUM 3 SIKHX € MATOMa eQeKTHBHA BUTpaATa
nanuBa. Poboui mpouecu y au3eni — NajauBoIo1adi, CyMIIIOYTBOPEHHS Ta 3TOPSHHS — BUBYEHI
BXKe naBHO. [IpyuoMy Ha NHTOMY iHAWKATOPHY BHTpPATy IajMBa BIUIMBAE TUTBKU SKICTh
3iHCHEHHS po0OouYoro mporuecy 1 KUIBKICTh TEIUIOBUX BTpaT. AJie J0JAaTKOBI MEXaHI3MU
(amaparypa Uil moAaul NajuBa, arperaTd HajJyBaHHS 1 CUCTEMU YNPABIIHHSA) 1 pI3HOTUIIHICTD
KOHCTPYKLIN Cy4acCHUX CYJHOBHX JIM3€NIB 3HAYHO 30UIbLIYIOTh BUTPATH NAJINBA.

OTxe, mpoaHali3yeMO MIAXOAM 100 BIOCKOHAJEHHS IPOIECIB CYyMILIOYTBOPEHHS Ta
3rOpsSiHHS Ha 3arajjbHe 3MEHIIEHHS BUTpPAT MaluBa CYyJHOBUMHU JU3EISIMHU, 3aJIUILAIOYM 11032
30HOIO YBar# Mpolec majauBonoaaul.

PesyabTaTn nocaimkeHHs. s yIoCKOHaJIEHHS MPOLECY CYMILIOYTBOPEHHS 3a3BUYait
BUKOPHCTOBYIOTh: METOJIW TiJBHUINEHHS THUCKY TajliBa; BUKOPUCTAHHS Ta30BHX TIPUCAJOK;
3aKpy4YEHHS MTOBITPSHOTO 3apsily 1 3aCTOCYBAHHS MarHiTHOTO Ta €JIEKTPUYHOIO MOJIIB.

Memoou 36invuienns mucky 6nOPCKYBAHHS NAIU6A BBAXKAIOTHCS TPIOPUTCTHUMH Yy
CBITOBOMY Au3eneOyayBaHHI. 30UIbIIEHHS THCKY BIOpcKyBaHHA mnamuBa jo 200-300 MIla
3a0e3neyye Horo OUIbLI MOBHE 3TOPSHHS MPU OJHOYACHOMY 3HM)KEHHI KUIBKOCTI BHUKHUJIIB
HIKIITMBUX pedoBHH B aTMmocdepy [1]. 3acTocyBaHHS aKyMyJISITOPHUX CHCTEM MOCTIHHOTO
tucky tTuny Common rail 1 cnemiaJbHUX KOHTPOJIEPIB J03BOJII€E THYYKO KepyBaTH Ha OyIib-
SKOMY peXuMi poOOTH u3ens BIOPCKyBaHHAM [2]. bararoctyneneBe BIOPCKYBaHHS MOKpAIILye
00'eMHE CYMINIOYTBOPEHHS Ta CHpPHSE 3MEHIIEHHIO BUTPATH TajauBa. BoaHOuyac 1HTEHCHBHO
3HOIIYIOTHCS TOJKH PO3MUIIOBaYa y 3B'SI3KY 31 30UTbIIEHHSIM KIJIBKOCTI ii TOCAJ0K Ha THI3/0 3a
OJIHY IIUKJIOBY IIOJauy.

3acmocysanns 2azosux npucadoxk 0o nanuéa po30aBisie LEHTPATbHY YaCTUHY CTPYMEHS
OKHCITIOBaYEM 1 30UIbIITY€E TOMEpEeYHUN MepeHoc KparmuHHoi cycriensii [3]. OaHak npu npoMy
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3MIHIOETBCSl CTUCKAIBHICTh PIAMHU, CIIOTBOPIOIOTHCS 3aKOHU MAJMBONOJAdi 1 MHOTpedye
MOJIepHIi3allli aJuBHA anapaTypa Ju3elis.

Memoou 3axpyuents nogimpsano2o 3aps0y yCyBalOTh HEPIBHOMIPHICTh PO3MOLTY Kparuti
najyuBa No 00’€My KaMepu 3ropsiHHS 1 nepe30araueHHs LEHTPaJbHOI YaCTUHU CTPyMEHS
nanmuBoM [4, 5]. s mbOrO BUKOPUCTOBYIOTH CIEHialibHI TBUHTOBI 1 TaHTCHIIANbHI KaHAIH,
pO3TalIoBaHi y KpHIII HUAJIIH/Ipa, a00 BUAABIIOBAHHS MOBITPS 3 HAAOPUTHEBOTO 3a30py [6].

Ane y mepmomy croco0i 0CbOBE 3aKpy4eHHS IMOBITPS Ha TaKTi HAIMIOBHEHHS Ha MPOLEC
CYMIIIIOYTBOPEHHSI CYTTEBO HE BIumMBae [7]. Hpyruil cmoci® XapaKTepU3YEThCs 3aJICIKHICTIO
IHTEHCUBHOCTI BUXPOBOTO PYyXY BiJl INBUIKOCTI MOPIIHS. J{JIs1 pyliHYyBaHHS CEpPLUEBUHHU CTPYMEHS
noTpiOHa MBUIKICTH 6J13bK0 90 M/c [8].

Memoou 3acmocysanns macnimnozo ma eneKmpuyHo2o noaié TOKpAIlye IpoIec
CTPYMUHHOT'O CyMIIIOYTBOPEHHS. AJie IOKHM HE 3HAMIIUIO MPAaKTHYHOTO 3aCTOCYBAaHHS.

MeTtoan yI0CKOHAJIEHHSI Mpolecy 3ropsiHHA 0a3yloThCS Ha BHKOPHCTaHHI MOJENi
B.I. Tommuna [9]. [Iponec 3ropsHHS y Iu3eni CKJIAAAETHCS 3 YOTUPbOX MEPIOMIB: 3aTPUMKHU
3arajeHHs; KIHeTHYHOTO TOPiHHS; U (y31{HOTO TOPIHHS; TOTOPAHHS.

Tperiii nepiol € OCHOBHHM; y HHOMY HIBHAKICTh TOPIHHS Kparull pO3MUICHOrO MaluBa
oOMexeHa MIBHJKICTIO HOro BHUMapy i MBHIKICTIO au¢ysil mapu namuBa Ta MOBITps. Tomy
€HEepreTUYHI MOKAa3HUKHM JU3eNs MOKPAIIYIOThCS LUIIXOM CKOPOUYEHHSI TPUBAJIOCTI TPETHOTO 1
JKBIIAIlii Y4ETBEPTOTO MEPIOy.

InTeHcudikanis npouecy 3ropsiHHs JOCATAETHCS TAKUMU OCHOBHUMM LIUIAXAMU:

- TONepeHs MiAroTOBKa naguBa (MigirpiB, roMOTeHi3allis, 10Hi3alis);

- BBEJICHHS MPUCATO0K J0 MaIKUBa y BUIJISLII BOAU, cojei Oapito, (eppolieHa, CTPOHIIIO
Ta 1HIIMX PiIKO3EMETbHIUX METAIB;

- 3aCTOCYBaHHS IPHCAJOK JO MOBITPS y BUITISAI BOJAU, BOJSHOI MapH, MapH PI3HUX
BYTJICBO/IHUX TAJIMB, BOJHIO Ta iH.;

- BIUIMB KOPOHHOT'O pO3psAy Ha MOBITPSAHUI 3apsz;

- 3aCTOCYBaHHS TJIA3MOBOTO 3aIaIIOBAHHS;

- BUKOPHUCTAHHS PaJi0aKTUBHUX 130TOMIB;

- JI0JaTKOBE 30y/PKEHHs poO0UYOro Tijla B KaMepi 3ropsiHHS AU3es.

Haii0inpim epekTUBHUMHU CIOCOOaMU CKOpPOYEHHS Mepiony IuQy31HHOTO 3ropsHHS
BB)XXAIOTHCS 3aCTOCYBAaHHS TPHCAIAKH BOJM 10 MAJIMBA y BHUIJIAAI BOJOMAJIMBHHUX EMYIbCiH
(BIIE) npu excrmyaTanii CyTHOBHMX JM3€JIB Ha BaXKKUX H JIEIIEBUX cOpTax MajuBa Ta J0AaTKOBE
30ymKeHHsl poboyoro Tina. [HiI cnocobu € ApyropsiIHUMH.

CKOpoYeHHS TpPeTboro 1 UYETBEpPTOro IMepiogy TaKOX JOCSITAETbCS  HUIIXOM
IHTeHCUiKalli TpoIecy TEMIOMacoOOMIHY MIX KpalulsIMM DHaJIWBa Ta HArpiTUM Ta30BUM
CepeIoBUILEM, HANpHUKIaJ, CIOCOOOM JI0JIaTKOBOTrO 30y KeHHs (TypOymisalii) poboyoro Tija.
TypOymizalis Ta30BOro CepepoBHINA 30UTbIIYE MBHAKICTE MTPOTPIBY 1 BHUMAPY Kpareib
PO3MUIICHOr0 ManuBa. 31 30UIBLICHHSAM MOTY)KHOCTI MyJIbCallii 4ac MporpiBy, BUMIAPOBYBAHHS 1
TOPIHHS Kparesb IMajJiBa 3MEHIIYEThCS.

JonatkoBe 30yproBaHHsS poOOYOro Tijda Ha TaKTI PO3LIMPEHHS MOXHA 3IIHCHUTH
cTpyMeHeM raszy abo pimunu [10, 11, 12]. Jlna mporo y xKamepi 3ropsitHHS BUKOPHUCTOBYETHCS
creniajgbHa nepeakamepa-3aBuxproBad. OcHOBHa yacTHHa nanuBa (01m3pko 90% BiJ HHMKIOBOI
mojadi) TOJAEThCA dYepe3 ITaTHy (QOpCyHKY B Kamepy 3ropsiHHsa, a pemta (10%) — y
nepeakamepy-3aBuxpioad. OTpuMaHi B THepenkaMepi HPOAYKTH 3TOPSHHS MO CIOJTYYHOMY
KaHaJy HalpaBJSIOTbCS B OCHOBHY KaMepy 3ropsiHHS. J{oCniKeHHsI MOKa3ajiy, 1o Mpu poOoTi
Ha JIM3eIbHOMY NalluBl MUTOMa e()eKTHBHA BUTpaTa MajvBa 3MEHIIWIacs Ha 6-7 r/(k.c. ron), a
pu poOOTI Ha BaXXKOMY nanuBi 3MeHImiacs Ha 10 r/(k.c. rox).

OTxe, HalOUTBIINI eEeKT BiJl 3aCTOCYBAaHHS J10IaTKOBOTO 30yprOBaHHS poOOYOro Tija 3a
JIOTIOMOTOI0  TIepeIKaMep-3aBUXPIOBAYIB OTPUMAHHUK TpH poOOTI HA BAXKOMY TaIHMBI 1 MpHU
NEPEeBAHTAKCHHAX. AJIE ICTOTHE YCKJIaJHEHHS KOHCTPYKIIT JU3€is, MiIBUIIIEHHS HOro BapTOoCTi 1
301IbIIEHHS BUTPAT Ha 00CITYTOBYBaHHS OOMEKMIIA IPAKTUYHE 3aCTOCYBAHHS JJaHOTO METO/Y.
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3MeHIIeHHs] TeIUIOBUX BTPAT [JU3€NIB JIOCATAETHCS IMUIIXOM BUKOPUCTAHHS
BUCOKOTEMIIEPATYPHUX CUCTEM OXOJIOIKEHHS; TEII0130JIALIHHIX OKPUTTIB IOBEPXOHb BTYJIOK
WTIHJIPA; TETUIO30MAINHNX Kamep 3ropsiHHs [12, 13]. Ane orpumaHi pe3ylbTaTé TOCIITKCHb
€ HEOJIHO3HAYHUMH Ta CyNEpPEewINBUMHU.

Tak, miIBUIIEHHS TEMIEpaTypyd OXOJIOJKyBada B CHCTEMi BHYTPIIIHBOTO KOHTYPY
JU3eli MPU3BOJUTH JI0 YCKJIATHEHHS WOro KOHCTPYKINi depe3 HEOOXiAHICTh MiATpUMaHHS
MiJIBUIIICHOTO THCKY.

BunpoOyBaHHs CyJHOBHUX JM3€]iB MiATBEPIWIN 3MEHIICHHS BUTpaTH IajuBa Ha
HOMiHaNBbHOMY pexkumi 10 4%, a npu 30% HaBaHTaKeHHI — HA 6-8% 3a paXyHOK 3aCTOCYBaHHS
TEIIOI30/IAIIHHOTO TOKPUTTS Ha 30BHINIHIA IMOBEPXHI BTYJIOK ITWIIHAPIB. AJie IIHUPOKOTO
IIPAKTUYHOI'O 3aCTOCYBaHHS 1€ MeToa He oTpuMas [13].

BukopucraHHs TEIUIOI3OJALINHMX TMOKPUTH JEHLS MOPIIHA HE MNPU3BOAUTH [0
301IbIIEHHST TUTOMOI €()EeKTUBHOI BUTPATH MaMBa. [[BUTYH mpalioe M'IKIIe Ta eKOHOMIYHIIIE.
Ha HomiHanbHOMY pexxuMi poOOTH muToMa eeKTHBHA BUTpaTa MajnBa 3MEHIIyeThes Ha 2-5%,
a Ha YaCTKOBHX pexkumax — Ha 5-12% [13]. MoxnuBuii 1 3BOPOTHUH €PEeKT: TEeIUI0i30siiH]
HOKPUTTSI MOXYTh IPHUBECTH 10 HiABHILEHHS TEMIEpaTypH MHOBITPSHOIO 3apsily HAIpPUKIHLI
TaKTy HAIlOBHEHHS, 3MCHIICHHA KoeQillieHTa HAUIMIIKY TIOBITPs, CKOPOYCHHS IEpioay
3aTpUMKU 3amajieHHd Ta 301IblIeHHs nepioxy audysiinoro ropinus [13]. YV pesynbrari
temneparypa BI' Moxe miABHIIUTHUCS, a BUTpATA MaTHBa 301IBITUTHCS.

Takum 4MHOM, MOKHA 3pOOMTH BHCHOBOK, IO Y 3B'I3KY 13 CYNEpEWIMBICTIO HAIBHUX
JAHUX HEOOX1JHO MPOBECTH KOMIUIEKCHE JOCIIKEHHS CIIOCO0IB TEIUIOi30IIALii CTIHOK KaMepu
3TOPSIHHSI, IONEPEAHbOr0 OXOJIOMKEHHs MOBITPSHOrO 3apsay Ta iHTeHcu(ikauii mporecy
3TOPSTHHS 32 JJOMTOMOT OO JT0JIaTKOBOTO 30Y/KEHHS poO0Yoro Tia.

Bucnosku.

1. HaiiG1ap11 epeKTUBHUME CITIOCOOAMHU BIOCKOHAJIEHHSI POO0OYOT0 MPOIIECY AU3EIIS €:

- 3MEHIIEHHS pO3Mipy Kpaiuli TajuBa 3a JIONOMOIOK  MiJBUIIEHHS  TUCKY
BIIOPCKYBAHHS;

- iHTeHcuikalis mpouecy o0yBY KpaIull MajuBa 3 ra30BUM CEpPEJOBHUINEM IUIIXOM
JI0JTATKOBOTO 30ypIOBaHHS MOBITPSHOTO 3apsily B KaMepi 3TOPSHHS.

2. JlonatkoBe 30yprOBaHHS MOBITPSHOTO 3apsily J03BOJISIE KOMIICHCYBaTH 301IbIICHHS
TEMIEPATypU NOBITPSHOTO 3apsily B TEIIOI30SIINHIX KaMepax 3rOpsSHHS.

3. i 3HMKEHHsI BUTpATH MajuBa HEOOXIAHO CKOPOTUTH TEIJIOBI BTPAaTH y CUCTEMI
OXOJIOJPKEHHS. AJie J0AaTKOBHI MIAIrpiB MOBITPSIHOTO 3apsily BiJ CTIHOK TEIUIO130JbOBAHUX
KaMep 3TOpsIHHSI CTPUMYE 3aCTOCYBAHHS I[bOTO CIIOCO0Y.
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CEKI[IA:

IHHOBAIIIHHI TEXHOJIOT'II Y ITPOIECI ITIJTTOTOBKH ®AXIBIIIB
MOPCBKOI rAJ1Y3I JUIA CTAJIOT O PO3BUTKY
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MOKJIUBOCTI PEAJIIBAIIII HEPCOHAJII30BAHOI'O HABUAHHS ¥
KYPCI MOPCBKOI AHI'JIIMCHKOI MOBU

Kyopaeuyesa B.®D., bapcyk C.JI., @ponoea O.0.
Xepconcoka oeporcasna mopcbka akaoemist
(Vkpaina)

Beryn. JlocmiaHuky B ramy3i METOM0J0TIi HaBYaHHS BHUKOPHUCTOBYIOTH PI3HI TEPMIiHH,
KOJIM 30CEpPEKYIOThCS HA TaKOMY BHJI HaBUaHHsS, sKke Oepe /0 yBaru KOTHITHBHI Ta
TICUXOJIOT19HI OCOOJIMBOCTI CTY/ICHTIB, IXHIN KUTTEBUN JTOCBIJ Ta 3HAHHS. TEepMiHHM BapilOIOThCS
BiJl BXX€ BIJJOMUX «IHIWBIJYyali30BaHOTO HABYAHHS», «IU(PEPEHIIIIOBAHOTO HABYAHHS», 0
aKTyaJbHOTO OCTaHHIM YacoM «II€PCOHAJI30BAaHOI'O HaBYaHHA». YCl BOHUM MAalOTh HE3HAYH1
po306ixkHOCTI. Y Wil cTaTTi MU BHPIIWIA JOCTIAWTH, SKI E€JIEMEHTH NEepCOHATi30BaHOTO
HABYAHHS MOXYTh OyTH €()eKTUBHUMH y KypCl MOPCHKOT aHTT1IIChKOT MOBH.

AKTyaJIbHICTh J0CJTiIKeHHsl. BU3HaueHb NEpCOHANI30BAHOTO HABYAHHS, a TaKOX
ySBJIEHb IIPO OCHOBHI €JIEMEHTH II€PCOHAII30BAHOIO HABUYaHHS YMMajo. AMEPHUKaHChKUN
nociinauk Jx. Bapro npomnonye mmpokuii OIS Ha IEPCOHATI30BaHEe HABYAHHS, SIKE «3aBXKIH
BKJIIOYAa€ YOTUPU OCHOBHI €JI€MEHTH — HalllJICHEe HaBYaHHS, aHaJll3 pe3yJbTaTUBHOCTI HABYAHHS,
THYYKHHA 3MmicT, pediekcito crynentiB» (Vargo, 2017). Inme GaueHHS Ha mepcoHalli30BaHE
HaBYaHHS BKJIIOYA€ HACTYIHI €JIEMEHTH: 1HAUBIAYyaJlbHYy OCBITHIO IPOrpaMmy, MILHHUH 3B’A30K
«BHKJIQAA4Y-CTYJICHT», TPYIOBI IHCTPYKTaXi, HAaBUYaHHS Ha OCHOBI TPOEKTIB, OHOBJICHHS
HAaBYAJIbHOTO IPOCTOPY, BHUKOPUCTAHHS TEXHOJOIiHM, OHJAaWH-HAaBYaHHSI Ta HAasBHICTb
muctaniiiianx — excreptie  (Kim, 2019). fx 0Oauumo, oOuaBa TEpeTiKH EJIEMEHTIB
MEPCOHATI30BAHOTO HABYAHHS 3aHA/ATO IMIMPOKI Ta HAATO PO301KHI AJIs MPAKTUYHOI peamizallii y
3aK1a/il OCBITH.

OTxe, 1711 1110710 peani3alii nepcoHani30BaHOI0 HaBUYaHHS CUIIBHO BIPI3HAIOTHCA. Jleski
JOCTIAHUKY TMPEACTABISAIOTh 3arajbHl IHCTUTYLIWHI MiIXOIU 10 NEPCOHATI30BAHOTO HAaBYaHHS
(Bautista, 2012), a iHII 30CepeKYIOTHCS Ha MPAaKTHYHUX eTanmax HaBuaHHs (Sota, 2016).
OcHoBHa 171€4 Mojisirae y po3yMiHHI BIAMIHHOCTEH MIX 3aKjaaMH OCBITH, JUCLMILIIHAMH, IO
BUKIIQJIAIOTHCS, MOXJIMBOCTSIMH BUKJIa/1a4iB, Mi3HABATHHUMHU 3110HOCTSIMH CTY/ICHTIB.

Mopenbanii kypce 3.17 «Mopcbka aHTIIChKa MOBa», po3pobsieHnit MixkHapOIHOIO
MOPCBKOIO OpraHi3alli€lo A MOPCHKUX 3aKJajiB OCBITH, mepeadadae, 110 OpiEHTOBaHMU Ha
CTYJEHTIB MIJX1J 0 BUKJIAJaHHA MOPCHKOI aHINIIIChKOI MOBH € O0OB’S3KOBUM. «... BHKJIaaady
Ma€ pO3yMITH Ta pearyBaTH Ha MOTpeOu CTYJEHTIB, IO O3HA4ae, 110 BiH/BOHA (BHKIAIady) Mae
3alliKaBUTHUCS TPYIIOIO K OCOOMCTOCTSIMMY, TAKUN M1IX1Jl HOPOJIXKY€E NEPCOHANI30BaHE HABUYAHHS
(IMO Model Course 3.17, 2015).

Meta crarTi TIOJISITaE 'y BHW3HAYEHHI MOXKJIMBOCTEW peastizallli MepcoHali30BaHOTO
HaBYaHHS JUIs €(EKTUBHOTO 3aCBOEHHS MOPCHKOI aHITICbKOI MOBH.

PesyabTtaTn  pocaimkenb.  Ilporec  peamizariii  mepcOHaNi30BaHOTO — HABYAHHS
MOYMHAETHCS 3 PO3POOJICHHS OPIEHTOBAHOI HA CTYJIEHTIB HAaBYAIBbHOT IPOTpaMH, sSIKa BiAMOBiIaE
BUMoOTaM 110710 ¢popMyBaHHS Mpo(deciiHO OPIEHTOBAHMX YMIHb Ta HABUYOK Y 3aKJIaJaX BUILOT
ocBiTH. Bukiamaui MOpCHKOI aHMIIHCHKOI MOBHM CHHPAIOTHCS Ha Taly3eBl CTaHAAPTH Ta
mixHapoaHi nokymeHTH (Kousenuis IIJIHB, Mopensnuit xypc 3.17 «Mopcbka aHrmiiiicbka
MOBa»), JJIsl TOTO, 1100 BU3HAYUTH OCHOBHI MpodeciiiHi KOMYHIKaTUBHI KOMIIETEHIIi{, BKIIFOUMTH
iX 10 HaBYAJIBHOI MPOTrpaMH Ta po3pOOUTH HaBYAIIbHI MMOCIOHUKH, SIK1 € HEB1 €MHOIO YaCTUHOIO
Kypcy.

OmHuM 13 €JIEeMEHTIB TEepPCOHATI30BAHOTO HABYAHHS BBAXKAEMO THYYKHUN HABYAIbHUM
KOHTEHT, SIKUH Mae OyTH CHpSMOBAHUN Ha 3aJ0OBOJICHHS MOTped Ta iHTepeciB CTyAeHTIB. s
PO3BHUTKY MpodeciifHOi KOMYHIKATUBHOI KOMIIETEHTHOCTI MaHOyTHIM MOpPSKaM IMPOTIOHYEThHCS
MIUPOKUNA CHEKTP NPOoQeciiHUX KOHTEKCTIB. JlOTPUMYIOUHCh HaBYAIBHOI IMPOrpaMH Kypcy
MOPCHKO1 aHTJIMChKOI MOBH, CTYJCHTH BHUBYAIOTH Pi3HI MyOiikarii MiKHapomaHOI MOPCHKOL
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oprauizaiii, Taki K MKHapOAHI KOHBEHIIi, 3BiTH, cricku-3Bipku (checklists), Tenexcu, 6i3Hec
KOpecrnoHAeHlilo. Taki TEKCTH CTaHOBIATH «OCHOBY» Kypcy. Illo6 30epertu ixHio
ABTEHTUYHICTh, BUKJIAJ1a4 MAa€ TOJETIINTH MPOLEeC HABYAHHS HUISXOM CTBOPEHHS BiJIIOBIIHUX
CJIOBHUKOBHX MpakTUYHKUX BIpaB (match the terms with their meaning, give definitions, replace
new words with synonyms, fill in the gaps Tomo) Ta TpeHyBaHHS nMpodeciiiHO OpieHTOBaHUX
KOMYHIKaTHBHMX YMiHb Ta HaBM4YOK (complete the statements, prioritize, justify your decision
TOIIO).

OxkpiM 11bOTO, CTaTTI Ha Pi3HUX NpodeciiHuX BeO-calTax, sSKi BUKOPHUCTOBYIOTHCS SIK
YacTMHA HABYAJBHOIO KOHTEHTY, MOJXKHAa CIPOCTUTH abo ajantyBatd (y3arajJbHUTH,
nepedpa3yBaTd 4l CKOPOTHTH), 1100 TapaHTyBaTH, IO iXHIHA 3MICT BiJAINOBiJae PiBHIO 3HaHb
cTyneHTiB. Takuii aqanTUBHUN KOHTEHT BCE IIIe MOKe OyTH KOPHCHUM JiKepenoM iHdopmariii, a
BHKJIa/1a4 MOJKE IMPOSBUTH OLIBIITY THYYKICTh IIPH BUOOP1 HAaBYAIHHUX 3aBJIaHb.

Haii0inpmumii  cTymiHp THYYKOCTI 3a0€3MeuyeThbCsi KOHTCHTOM, 3aCHOBAaHMM Ha
ocobucroMy nocBiai cryneHTiB. OpHi€l0 3 BIAMIHHHUX PHUC MOPCHKOi OCBITH € I1HTErparis
IUTABAJILHOTO JIOCBIY CTYICHTIB y HaB4YalbHUU Tiporiec. lle o3Hawae, mo cami CTYACHTH €
HiHHUM JpKepenoMm iHpopMarii. Lle Toil Bumamok, KOJIM BUKIAJAa4 MOBHHEH 3a0XOUyBaTH
CTYACHTIB IIJTUTHUCSA CBOIM JIOCBIIOM i BUKOPHCTOBYBATH MOTO Y IMPOIECI OBOJOIIHHSI MOBOIO
(KynpsiBuena, 2019).

Iarerparis undpoBOro KOHTEHTY y HAaBYAJIBHHUI MPOIEC BiJKPUBAE HOBI TOPU3OHTH IS
mudepennianii Ta MOKpalleHHs 1HIUBIyalIbHOTO MPOrpecy CTYAEHTIB. Y BIANOBIAL Ha CydacH1
BUKJIMKHM, KOJHM BHUKJIaJadi Ta CTYACHTH CTHKAIOThCA 3 TPUBAIMMHU TiepepBaMu B odduiaiiH
HABYaHHI, €JICKTPOHHE HAaBYaHHS HAOyJI0 HA/I3BUYAaHO BAXXJIMBOTO 3HAYCHHSI, a 1HO1 i €IMHOTO
croco0y JOHECTH 3MICT HaBYaHHSA 70 CTY/ICHTIB.

IcuytoTh pi3HI cmocobu opraHizaiii AUCTAHLIMHOTO HABYAaHHS; 3arajoM, HOTO MOKHA
Tu(epeHIiloBaTH Ha JIBa METOAN — CHHXPOHHE Ta aCHHXpOHHE HaB4yaHHs. OOH/IBa BOHU MalOTh
CBOI mepeBard Ta HEJOJIKM 1 MOXXYTh OyTHM BHUKOPHUCTaHI JUIs peani3alii nepcoHasi3oBaHOTrO
HaBYaHHS.

CuHXpOHHE OHJIaliH HaBYaHHS O3HAYa€ B3aEMOJII0 MK BUKJIAJadeM Ta CTYJCHTaMH Y
peXuMi peasibHOTO 4Yacy 3a JOTIOMOTOI0 OHJIaH KoHdepeHiiit (Zoom abo Moodle). 3 touku
30py BHKJIaJaydiB MOPCHKOI aHINIHCBKOI MOBH, 1€ METOJ| 3aCTOCOBYETbCS IJIsi Oprasizarii
JUCKYCIM y peaJlbHOMY dYaci JUisl YCHOI IPAaKTHUKH MOBH, MOHITOPUHTY YCIIIXiB CTYIEHTIB Yy
SKOCTI HacTaBHUKA. 3 TOYKH 30py CTYIEHTIB, B3aeMojisd B [HTepHeTI Hagae iM MOXKIMBICTh
OOMIHIOBaTHCS AYMKaMH, MEPEBIPSITU IXHE PO3YMIHHS OCHOBHHX IOHSTh, BUZHAYaTH MPOTaIMHU
y 3HaHHSX Ta HETalfHO OTPUMYBATH BIATYKH.

BrnpoBamkenHs HaBuanbHOI miuaTdopmu Moodle y Buiy ocBiTy 3MILHUJIO HaBYaHHS Ta
CTBOPHWJIO JIOJIATKOBI MOXJIMBOCTI Ui HOro MOIIMPEHHs mo3a ayauTtopieto. CTyaeHTH
OTPUMYIOTh MOKJIMBICTh HaBYaTHUCA Y Oy/b-KHI 3py4HHIl Yac, y BIaCHOMY TeMIi (aCUHXPOHHE
HaBuaHHs). KpiM TOoro, BHKJIaay MOKE aHali3yBaTH KOMII IOTEPHY CTATUCTHKY YCHIIIHOCTI
CTYJICHTIB Ta OI[IHIOBAaTH HaBUajbHI JOCATHEHHS Ta SKICTb BUKOHAaHHS 3aBnaHb. L[li mani
BKIIIOYAIOTh 1H(QOpMAIII0 PO BaJiHICTh 3aBAAaHHSA (HAATO CKIAJHE/NIErKe), 4ac, HeOOXiTHUI
JUIT BUKOHAHHS 3aBJaHHs, KUIBKICTH CHOpOO Ta THMOBI TOMIIKH. Bukimamad wmoxe
IpoaHajIi3yBaTu 110 1HPOPMALIiI0 Ta HAMPABUTH 1HIMBIAYaJIbHI IHCTPYKIIi CTyJ€HTaM 3 METOI0
MOIAJIBIIIOTO TTOKPAIICHHs IXHIX HaBUaIbHUX pe3ynbTatiB (bapcyk, 2016).

HariineHe HaBYaHHA — 11€ I11€ OJIMH €JIEMEHT IePCOHANII30BaHOT0 HAaBYAHHS, SIKUI 03HAYae
Y3TOJPKEHHSI MOTPEO CTYJEHTIB 13 BU3HAYCHUMH HABYAIbHUMH ITUISIMHU.

Hama mnpakTtuka BuUsBIS€ 00 €IHAHHS CTYACHTIB Y TpPU-YOTHPU HEBEIMKI TPYyNU
BIJIOBIAHO JI0 TXHIX 1HTEpECiB, MOTPeO, CTUIIIO HaBYaHHS, 1HAUBIIyaJIbHOTO TEMITY, PiIBHS YMiHb
Ta HaBUYOK. Li rpynu He Oy yTh OJTHAKOBUMH 32 KIJIBKICTIO YYaCHHUKIB, TaK SIK OCHOBHI MOTpeOH
YYacCHHUKIB Tpynmu OyayTh pizHuMH. OJHAK BUKIAIA4€Bl JOBENETHCS 3’SCOBYBAaTH MOTpeOH
CTYACHTIB 1HAMBIyaJbHO a00 HUIAXOM PO3POOKM Ta 3allOBHEHHS BIANOBIAHOT aHKeTH. SIKII0
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IEBHA Tpyla CTYAEHTIB HaBYajacs MPOTArOM cemecTpy abo JoBIIe, BUKIAna4 00OB’S3KOBO
3HaTHMe 06araTo mpo iXHi MoTpedH, piBEHb YMIHb Ta HABUYOK, YIIFOOJICHI IMIXOAH 10 HAaBYaHHSI.

Harinene HaBuaHHs BUMarae, nj00 HaBYaJbHI IIiJIi IEBHOTO CEMECTPY YU HABYAIBHOTO
POKY OOTOBOPIOBAJIMCA Ta Y3TOHKYBAIUCS MDK BHKJIAQJadyeM Ta CTyAeHTaAaMH. Y OLIBIIOCTI
BUIAJKIB 1[I LTI PO3KPUBAIOTh cepy 1HAMBIAYATBHOTO MiIXOIy BUKIAJada 0 MEBHOI TPyIH
CTyneHTiB. Peanizyroun HalliJieHe HaBYaHHS, BUKJIAJad TaKOXX TOBHHEH pO3poOMTH HaOip
0COOMCTHX TpaBWJ, SKI CIiJi BCTAHOBUTH Ta JOTPUMYBATHCh: SK BHU3HAUUTH KPHUTEpPIi 11010
dbopMyBaHHS MajauX TPYI, 3MIHHTH CKJIaJ MaJIUX TPYyH y BIANOBIAb HAa 3MIHY HaBUYaJIbHUX
notped, MparroBaTi 3 OKPEMUMH CTYIEHTaMU 332 HEOOXiTHICTIO, MPOBOJUTH IHCTPYKTAX IS
HEBEJIMKUX TPYI, OPTraHi30BYBaTH IIJCYMKOBY NPOAYKTHUBHY IisUIBHICTh, 00’ €IHYIOUYH BCIX
cryaenTiB. KoxkHe 3 IuX NpaBWI Mae BeIUYE3HE 3HAYCHHS HA KOMYHIKaTHBHOMY 3aHSTTI 3
MOpPCBKOi aHIIIHCbKOT MOBH. be3 iXHbOro JOTpUMaHHS 3aHATTS MOXE CTaTH XAOTUYHUM Ta
MaJIoe(peKTUBHUM JIJISl CTYICHTIB.

Te, mo HacmpaBal NOJErIIye HalIEHE HABYaHHSA, — 1€ MOXJIUBICTb IEPBUHHOIO
TECTYBaHHs LIOWHO 3apaxOBaHMX CTyAeHTiB. OIHOpPimHI akaxeMiuHi rpymnu, cGopMoBaHi Ha
OCHOBI IXHBOTO BCTYIIHOTO pIBHS AaHIVIIHCBKOI MOBH, € 4YyAOBOIO IUIATGOPMOIO JIs
BIIPOB/DKCHHS HALIIJICHOTO HAaBUaHHS, SKE B TAaKOMY BHUIMAJKy IEPEBaXHO OPIEHTOBaHE Ha
1HTepecH Ta TEMIIU HaBYaHHS OKPEMUX CTYACHTIB.

Harinene HaByanHs 100pe MOEAHYETHCS 3 TUICH-TUCTaMU, OPUTIHAIIBHUM 1, B TOH )K€ 4ac,
OPOCTUM Ta TPYAOMICTKMM IHCTPYMEHTOM JJIsi MEPCOHAII30BAHOTO HaBYaHHS. 3'IBUBLIMCH Y
3HAYeHHI CITMCKY IMiCEHb, SIKi MOTPIOHO BIATBOPUTH Ta TMPOCITYXATH, MOHATTS «IUICH-THCT
IIBUJIKO MIPOHUKIIO Yy chepy Bieo Ta ayJio, 3roJloM 3aXONUBIIU c(hepy METOJUKU BUKJIAJaHHS.
[Tneii-mucT o3Havae mepelik iHCTPYKIiH, 3aB/1aHb, BIPaB, MOXKIUBUX PECYpPCIB TOIIO Ui BCi€l
Tpyn# CTYIEHTIB a00 ISl KUTbKOX 1 HaBITh OKPEMHUX CTYAEHTIB, SIKi CIIiJ] BUKOHYBATH y CBOIl
IHAUBIAyalbHIM mo3aKkiacHIi poOoTi. BukopucTaHHS mIeH-IMCTIB y TMpolieci HaBYaHHS
MOPCBKOT aHTJIHChKOT MOBH MOK€ OYTH KOPHCHUM Yy BUIA/IKaX, KOJHU CTYJIEHTH CTapLIMX KypCiB
MPOXOSTh MPAKTUKY HA CyJHI, a00 KOJIM BHKJIaJayl BOPOBAIKYIOTh IT-TexHOIOTIi Ta HOBITHI
CTpaTerii HaBYaHHSA, a TaKOXX KOJM CTYJIEHTH OTPUMYIOTh IHJIUBIAYaJIbHI 1HCTPYKLIi II0AO
BUKOHAHHS TIEBHUX HABYAIbHUX 3aBJIaHb.

[Tneii-nucTy MOXyTh OyTH IpPEJCTaBIECHI y BUIIIAI CIIUCKY a00 TaOyuII 13 3aBAAHHAMHU
Ha HACTYIHE 3aHATTS, Ha TIKICHb, MICsIb, MOAYlTb abo Ha Bech cemectp. s 3pydHOCTi
CTYAEHTIB iX MO)XHA 3aBaHTa)XUTH Ha HaBYaJbHI IUIATGOpPMHM, Yy Hamomy Bumaaky, Moodle,
INPUKPINMUTH IO €IEeKTPOHHUX JIUCTIB, MOB1IOMIIEHD, HadicnaBmu y Viber, Facebook, Telegram
a60 OyJib-sIKy 1HIIY COLIiaJIbHY MEPEXY.

[lepconanizoBaHi MIEH-JIMCTH MOXYTh OYTH BUKOPHUCTaH1 JJI IHCTPYKTaXy CTYIEHTIB 3
PI3HUMHM PIBHSAMH BOJIOJIIHHS MOBOIO (HU3BKUM, CEpPeIHIM a00 MIPOCYHYTUM).

®opmar 1UGPOBOro IUIEH-IUCTY, SKUA BUKOPUCTOBYETHCS HaMM, CKJIQJAa€ThC 3!
1H(OpMYBaHHS CTYAEHTIB IIPO TeMy(M) HACTYIHOTO THXKHS, IepepaxyBaHHS 3aBJlaHb, sIKI BOHU
NIOBHHHI BUKOHATH, HaJIJaHHS BKa31BOK IOJI0 MPABUIHLHOCTI BUKOPUCTAHHS IMEBHUX IPaMaTHYHIX
YM JIEKCUYHUX OJIMHMIIb, BCTAaHOBJEHHS KIUIBKOCTI OalliB 3a BMKOHAHHSA 3aBJaHb Ta JaTy
OTpUMaHHS OI[IHKA. BUKOpUCTaHHS MJIEH-THCTIB MEePEKIIaaae BiMOBIIATBHICT 3a JOCSITHEHHS y
Ipo1ieci OBOJIOAIHHA MOPCHKOIO aHTIIIHCHKOI0 MOBOIO Ha CAMUX CTY/ICHTIB.

VY cBoro yepry, BHKJIaJadl MarOTh oOpaTH OCHOBHI KaHaJdW CHUIKYBAaHHS, MOBIJOMHUTHU
CTYZAEHTIB NP0 KUIBbKICTh OaliB, sIKi BOHM MOXYTh OTPUMATH 32 BUKOHAHHS 3aBJIaHb, PO3POOUTH
Ta BUKOPUCTOBYBATH BaJiJHI T€CTHU, BCTAHOBUTH TEPMIHM BHKOHAHHS Ta OLIHIOBAHHS 3aBJaHb
TOLIO.

BucnoBku. IlepconanizoBane HaBYaHHA — 1€ €(DEKTUBHHMM TEAArOTIYHMM MIIXiA 110
CTBOPEHHSI HOBOT'O CEpEJOBUINA, OPIEHTOBAHOIO Ha CTYJEHTA, Ha IiJIBUIIEHHS HOro MOTHBAIii
JI0 HaBYaHHS MOPCBHKOI aHIUIIHChKOI MOBH. BUKilanady kepye HaBYaJIbHUM INIPOLIECOM, pearyrouu
Ha NOTpeOM CTYACHTIB, HAJAIOYU THYYKMHA HABYAIBHUI KOHTEHT, MiIJAIITOBYE 3aBIAaHHS Ta
IHCTpYKIii i1 OKpeMHMX CTyJeHTiB. BuKiamad BUCTymae B pojii HacTaBHMKA, TpeHepa Ta
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dacwiitaropa nusIXoM gudepeHIiamii HaBYaHHS, aHAII3y JaHUX MPO aKaJAeMiyHi YCHIXH
CTYJICHTIB, HaJaHHS 1HAUBIAYaJIbHO CKEPOBAHUX IHCTPYKIIIA Ta CTBOPEHHS MEPCOHAIbHUX TLICH -
JUCTIB JIJIsi KOPUTYBAHHS CTUJIIB HABYAHHS OKPEMHX CTYJCHTIB Ta CIPHUSHHS IXHHOMY CTaJIOMYy
YCHiXy Yy IpOI1Ieci OBOJIOJIHHS MOPCHKOIO aHTIIHCHKO0 MOBOIO.
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EJEKTPOHHI OCBITHI INIAT®OPMHA Y HIATOTOBUI MAWBYTHIX
CYJHOBOJIIB J1O MPO®ECIMHOI JISIJIbHOCTI

Kypasnvosa €.0., Osuunnixosa O.M.
Xepconcoka oeporcasna Mmopcbka akademis
(Vkpaina)

Beryn. SIkicHa miAroToBKa MOPCHKUX (DaxiBIIB € OCHOBOIO PO3BUTKY MOPCHKOT 1HAYCTpii
B VYkpaiHi. Cporogni cucremMa BHUIIOI OCBITH MPOXOAWTH SKICHO HOBUH €Talm pPO3BUTKY
JipKUTa3anii, yce OuUTbllle B MEXI OCBITH BXOAWTH TOHSTTS €JICKTPOHHOTO HaBuaHHsA. Lle
MOB'SI3aHO 13 TUM, 1110 CBIT HE CTOITh Ha MICIIi, KO)KHOTO JHS BiOYyBalOThCS 3pYyIICHHS Yy cdepi
TEXHOJIOTIH, BiJl SKMX CHCTEMa BHIIOI OCBITH YKpaiHU Ma€ HE BiJICTaBaTH., a UTH Ha 3yCTPid.
Po3BuTOoK OCBiTH 13 OOKY TEXHOJIOTIH - II€¢ BUKOPHUCTaHHS Ta/DKETiB, CUCTEeMH I[HTEepHeT,
CJICKTPOHHUX HaBYAIBHHUX IUIATGOpM, CUMYIsATOpiB, VR TexHoioriii Tomo. IHHOBaIiiiHI
HiIXOAW 0 MIArOTOBKM MaiOyTHIX mpodecioHalliB MOJETIIYIOTh MPOIEC O3HAHOMIIEHHS 13
HOBUM MarepiajioM, HOro 3acBO€HHS, JalOTh 3MOTY IOMPAKTUKyBaTHCS Oe€3 BIIPHUBY Bif
HaBYaHHS (CUMYJISTOPH, BipTyaibHa pealibHiCTh). Ha pO3BUTOK €leKTPOHHOIO HaBUYAHHS TAKOXK
BIUIMHYJIA emifeMiyHa cuTyamiss B KpaiHi. Tomy MiHicTepcTBO OCBITH 1 Hayku YKpaiHU
PEKOMEHAY€E 3aKiagaM OCBITH PO3POOJISATH 3aXOIW MIOAO NPOBEIEHHS 3aHATH 32 JIOTIOMOTOIO
JTUCTAHIIIMHUX TEXHOJIOTIH.

AKTYyaJbHICTh A0cigxeHHs1. Ha cboroHi, mija 4ac miiroToBKU MailOyTHIX CYJHOBOJIIIB
10 mnpodeciiHOl isTIBHOCTI, HEAOCTaTHHO BHKOPHUCTAHHS JIMIE TPAJUIIHHUX 3aco0iB,
IHHOBAIIIHI METOIM 13 KO)KHMM POKOM HaOHpParTh OOEPTIB 1 CTAalOTh OCHOBOKO IOBCSIKIECHHOT
CUCTEMHM BHILIOT OCBITH. Y Ke HE MEpIINH PIK B OCBITHIN MPOLIEC BBEECHO MOHATTS €IEKTPOHHOTO
HaBuaHHA a00 k E-learning. Takuii TUN HaBYaHHS 3HAYHO TMOJICTIITYE COPUUHATTS 3700yBadaMu
MaTepiagy 13 MEBHOI TEMH, PO3IIMPIOE MOXIIMBOCTI BMKJIagada, a TAaKOX € HE3aMIHHOIO
YaCTUHOIO AMCTAHIIHOTO HaBYaHHS.

Jns HaBuaHHs y cuctemi E-learning CTBOpeHO 4MMano eJIEKTPOHHUX HaBYAJIbHHUX
mwiatpopm: Moodle, Blackboard, Kahoot!, LearningApps.org, Skooler, CenturyTech,
Schoology, H5P tomo. Ha 0a31 skux MoO)XHa CTBOpIOBATH BJIaCHI 3aBJaHHS PI3HOTO
COpsSIMYBaHHS Ta TEMaTHKH, JAJs IHOBTOpPEHHS al0o0 3akKpilUIeHHs 3100yBayamMu MpOHJAEHOTO
marepiainy.

ITocTanoBka 3agavi. Meta cTarTi: 3'5ICyBaTH 3HAYMMICTh BUKOPHUCTaHHS €JEKTPOHHHUX
HaBYaJIbHUX IUIATGOPM, IIiJ] Yac MIATOTOBKM MalOyTHIX CyAHOBOJIIB 10 mpodeciiiHol
ISTIBHOCTI.

PesyabTaTn  pocaimskenHsi.  JletanpHime — po3MNITHEMO — 3aCTOCYBaHHS — CEpBICY
LearningApps.org mig 4ac MiArOTOBKM MailOyTHIX CyJHOBOJIIB A0 HpodeciiiHoil TisIbHOCTI.
LearningApps.org — oHJIaifHOBHIA CepBicC, SIKUH J03BOJISIE CTBOPIOBATH IHTEPAKTHUBHI BIpaBu. Bin
€ KOHCTPYKTOPOM JUIsl po3pOoOKHM PI3HOMAHITHHUX 3aBJaHb 3 PI3HUX NpPEAMETHUX Taiy3ed A
BUKOPUCTAHHSM 1 Ha 3aHATTSX, 1 camocTiiiHo. Cepsic LearningApps € 101aTKOM JUTsl M ATPUMKH
OCBITHIX TIPOLIECIB Yy HaBUAJIbHUX 3akiagax pisHuX TumiB. KonctpykTop LearningApps
NpU3HAUYEHUN [UIg po3poOKu, 30epiraHHs I1HTEPAKTUBHUX 3aBJaHb 3 pPI3HUX IPEIMETHHX
JTUCIUILIIH, 3a JOMOMOIO0 SIKMX 3700yBayl BUILOT OCBITH MOXKYTh MEPEBIPUTH 1 3aKPIMUTH CBOI
3HaHHS B irpoBi Qopmi, mo crpuse QopMmyBaHHIO iX Mi3HaBaJbHOTrO iHTEpecy. Cepaic
LearningApps HaJae MOKJIMBICTh OTPUMaHHS KOAY AJISl TOTO, 1100 IHTEPAKTUBHI 3aBAAaHHS Oynu
PO3MIIIICHI HA CTOPIHKU CalTiB a00 0JIOTiB BUKJIAAAYiB 1 37100yBayiB BUIIOI OCBITH [2].

Ha 6a3i HaB4YanbHOI €ICKTPOHHOI MIaTGOpMH MpeACTaBiCHI Taki 3aBaaHHs: maching
pairs, group-puzzle, cloze text, the millionaire game, maching pairs on images, pairing game,
mutiple-choise quiz, horse race, group assignment, freetext input, word grid, guess the word,
audio/video with notices, crossword, where is what?, number line, simple order, app matrix,
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guess. IlepepaxoBaHi BHUIM ISUIBHOCTI JOIIBHO BHUKOPUCTOBYBAaTH ITiI Yac BUBYEHHS
rpaMaTHKH, JICKCUKH, (OHETHKH Tomo. llepeBaramMu 3acTocyBaHHsS HaBYalbHOI UiaTGopmu
LearningApps.org €: 0e30IuiaTHa OCHOBA; MOXKIIMBICTh BHOOpPY 1HO3E€MHOI MOBH JUIsl POOOTH;
HOiATpUMKa ayfio- Ta BijeomarepiaiiB; CHCTeMa aBTOMAaTHYHOI MEpEBIPKH 3aBIaHb; JIETKHN
nocTy jio pecypea [1, ¢. 99].

BBakaeMo MOUITBHUM, I Yac BUBYEHHS JIGKCHYHOTO MaTepiany 3 Temu «Personal
Protective Equipmenty» MaliOyTHIMH CyIHOBOJISIMH, BUKOPHCTaHHS 3aBJaHb, pO3POOJECHUX Ha
HaBuaiabHIA MmiaTdopmi LearningApps.org. 3a OCHOBY BHBYEHHS 3rajjaHOi TEMH Bi3bMEMO
HactynHy jekcuky: dust mask, safety goggles, safety helmet, safety gloves, coverall, welding
helmet, safety harness, ear plugs, ear muffs, breathing apparatus, respirator, hand welding
shield.

OckinbKky MallOyTHI CYZTHOBO/Iii MAIOTh HE JIMIIE 3HATH JICKCUYHY OJJMHHMIIIO, ii TPaBOIUC
Ta BUMOBY, a i pO3yMITH ii 3HAUEHHS, MU OOpaJiy 3aBAAaHHS 13 BUKOPUCTAHHSM LIIOCTpaIliil, o
JIoTIoMarae MIBUJIIC 3alaM sATaTh JCKCHYHUI Marepiaj, a TaKoXX MaTh OCHOBHI YSIBJICHHS IPO
3HaYeHHS TOTO UM IHIIOTO IpeaMeTa, aOCTPaKTHOTO MOHSATTS Ta Horo xapakTepuctuk. Ilix
Yyac BUKOHAHHS 3aBIaHHS, 3700yBay BUIIOi OCBITH MOXXE IHTYITHBHO BH3HAYHMTH 3HAUCHHS Ti€l
YH Ti€i JEKCUYHOT OJJUHHUIII, OPIEHTYIOUHUCH Ha TI0JjaHe 300paKeHHS.

HaBenemo mpukian BrpaBH Ha 3aCBOEHHS JIGKCUYHOTO Marepiany 3 Temu «Personal
Protective Equipmenty. Inctpykiis 1o Bnpasu: match the definition and the appropriate picture.

2021-10-07

Personal Protective Equipment

Welding helmet

Safety harness
Safety helmet

Respirator
Ear muffs
) - . —
- Ear plugs
Hand welding
sfiwr) :
'
Breathing
Safety goggl apparatus Coverall

Pucynok 1 — Personal Protective Equipment

Cain BiAMITUTH, 1110 HaBeJEHA BIPaBa € PENpOAYKTUBHOIO, OIHAK HEKOMYHIKaTHBHOIO, 1
MoOXKe OYTH BHUKOPHUCTaHA JIMIIE SIK €JIEeMEHT 3aKpillJIeHHs Marepialy, a He OCHOBa 3aHSTTS.
MaricTpadbHUM J>K€ 3aBJAHHSIM 3aHATh 13 MOPCHKOI AHIJIMCHKOI MOBM Ui MalOyTHIX
CYJTHOBO/I1iB, 0€3yMOBHO, € HABUMTHCS BMIHHIO BIJTbHOT KOMYHIKAaIIii.
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