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HNEPE/IMOBA
Illanoeni xonecu!

Bu tpumaere B pykax 30ipKy Te3 momoBinedr YotupHaausTroi MibKHApOIHOI HAyKOBO-
npakTUIHO1 KoHbepeHuii « Cyuacki inghopmayiini ma iHHOBAYINHI MEeXHOI021i HA MpaHcnopmi
(MINTT-2022)», metoro sIKOi € aHaji3 Ta y3arajJbHCHHS HOBHUX TECOPCTUYHUX 1 MPHUKIAJTHUX
pe3yJbTaTIB MO0 3aCTOCYBAaHHS CydacHUX IH(OpPMAIIfHUX Ta IHHOBAIIMHUX TEXHOJIOTIH Y
TpaHcnopTHid Tamy3i. Kondepenmis npoxomuts y wicTi XepcoHi, IO pO3TalIOBaHE Ha
MaJbOBHUYMX Oeperax piuku J[Himpo, Ha 0a3i cTapimioro MOPCHKOTO HABYAIBHOTO 3aKIIAdy
Hamoi JepxaBu — XEpPCOHCHKOI JepKaBHOI MOpChKOi akaaemii. B opranizamii Ta poOoTi
koH(pepeHIii O0epyTh yd4acTh MPOBIAHI HAyKOBO-JOCTIIHI Ta HaBYAIbHI 3aKiaad YKpaiHu,
binopyeci, Jlatsii, I'py3ii, [Toasri, JIuteu, Kutato Ta iHIMX Kpain 3apyOonxoKs.

OCHOBHMM 3aBJaHHSIM KOH(eEpeHIlli € 00roBOpeHHs MIMPOKOro KOJIa HOBUX HAYKOBHUX 1
MPaKTUYHUX PE3ybTATIB 3aCTOCYBAHHS Cy4aCHUX 1H(GOpPMaLIHUX TEXHOJIOTI Ha TPaHCHOPTI;
OOMIH 17IesIMHU Ta TOLIYK HOBUX MPIOPUTETHUX HANPSAMKIB HAYKOBUX JOCIIKEHb; BCTAHOBJICHHS
Ta PO3BUTOK HOBUX KOHTakKTiB y c¢epl HAyKOBOrO CHIBPOOITHHMIITBA MDK HaBYAJIbHUMU
3aKJIajaMi, HAayKOBUMH YCTaHOBaMHU Ta MIANpPHEMCTBAMH YKpaiHu Ta 3apyOvkoxs. OmgHa 3
ocoOnmBoCcTel KOH(epeHIii — 3alydeHHs MOJOJUX HAyKOBLIB [0 pO3poOKH HaHOUIbII
aKTyaJlbHUX HaIPsIMKIB HAYKOBUX JOCIIPKEHb Yy TPAHCIIOPTHIN raiysi.

[Iporpamoro xoHdepeHLii nepeadayeHo MPOBEIEHHS IJIEHAPHOTO 3acilaHHs Ta poboTa
(haxiBIIB y CEKIiSX: IHTEJEKTYalbHI CUCTEMH MIATPUMKH MPUUHATTS pilIEeHb Y TPAHCIOPTHIN
rajrysi; TpeHa)XXepH1 CUCTEMHU Ta JIIOJChKUN (DaKTOp Ha TPAaHCHOPTi; KOHTPOJIb, JIATHOCTHKA 1
MPUIHSATTS pillIeHb NP YIPaBIiHHI pyXOMUMH 00’€kTaMu; Oe3neKa CyAHOIIaBCTBA; CUCTEMHHUIMA
aHaji3 Ta MaTeMaTWUYHE MOJICIOBAHHS CKJIaJHUX OO0 ’€KTiB; TpOoOJIEeMU HAIIMHOCTI Ta
eHepro30epekeHHs, eKOJIOTIuHa Oe3leka Ta pecypco30epirarodi TEXHOJOTl; KOMIIETCHTHICHUI
MIIX11 B TATOTOBIN (haxiBIliB TPAHCIIOPTHOT ramy3i.

Mu BneBHeEHI, IO JOCUTH IIMpOKa MpolieMaTHKa HAyKOBUX Mpaib KoHpepeHIii Oyme
CIPUATH HE TUIBKH TUIIHOMY aHaJli3y Ta OOTOBOPEHHIO BHUIIE3a3HAUYCHUX NMUTaHb, a U OOMIHY
11esIMU Ta AyMKaMH, TIONIYKY MPIOPUTETHUX HAMPSIMKIB HAYKOBHUX JOCIIIKEHb, BCTAHOBJICHHIO
HOBHUX KOHTAKTIB y c(epi HAyKOBOTO CHIBPOOITHUIITBA (PaxiBIIIB Tay3i, 3aTy4E€HHIO MOJIOJUX
HAyKOBIIIB JI0 Y4acTi Y BUBYCHH1 HAHOUIBII aKTyaJlbHUX HANPSAMKIB AOCITIIHKEHb Yy TPAHCIIOPTHIN
ramysi.

Ha xanp, Tak cranocs, 1mo KOH(EpeHLis MPOXOJUTh y BEIbMU CKJIATHHUHI A Hamoi
JIEp’KaBM 1 HAIIOTO MICTa 4yac — MijJ 4ac BIMChKOBOI arpecii pocii Ta okynaiii M.XepcoH. 3
3a3HaYeHUX OOCTAaBMH MM BHUMYIIEHI MPOBOJAWTH Haml 3axin Jjume B ¢opmari online.
HesBaxkaroun Ha HasBHI MpoOJIeMH 3 MOOUTBHUM 3B’SI3KOM B MICTi, MA€EMO CIOJIIBaHHS, 110 HAII
3axij Oynme ycmimHuM, a s 30ipka — moOayuTh CBIT 1 OyJe JOCTYITHOK IS aBTOPIB Xo4ya O B
EJICKTPOHHUK (pOopMi.

OpranizaTopy MHUPO ASIKYIOTh YCIM Y4YacCHHKaM KOH(QepeHIl Ta CIOJIBalOThCs, IO
MINTT-2022 crana noOpuUM MPOJOBKEHHSM 3YyCTpiuell Ta CHUIKYBaHHS, IOYAaTOK SIKHX
MOKJIAJICHO Ha MOIepeaHIX KOH(PEpeHIIisX.

BucnoBioemo cBOlo mHpYy MOASKY BCIM aBTOpaM [OMOBiAEH 3a MOpPO3yMIiHHS Ta
CHIBIIPAIIO 3 OpraHizaTopamu.

Bbaxxaemo BciM HOBUX HAyKOBUX iIel Ta JOCATHEHb, IUIIAHOT pOOOTH, HOBUX BIAKPUTTIB!

3 nosaeor, Opzanizayivunuii ma Ilpoepamuuti Komimemu.



FOREWORD
Dear colleagues!

You are holding a proceedings of the Fourteenth International Scientific and Practical
Conference «Modern Information and Innovation Technologies in Transport (MINTT-2022)»,
which aims to analyze and summarize new theoretical and applied results in the application of
modern information and innovation technologies in transport. The conference is held in Kherson,
city located on the picturesque banks of the Dnieper River, on the basis of the oldest maritime
institution of our country — Kherson State Maritime Academy. Leading research and educational
institutions of Ukraine, Belarus, Latvia, Georgia, Poland, Lithuania, China and other foreign
countries take part in organization and work of the conference.

The main task of the conference is to discuss a wide range of new scientific and practical
results of modern information technologies application in transport; exchange of ideas and
search for new priority areas of research; establishment and development of new contacts in the
field of scientific cooperation between educational and 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 research areas in transport field.

The conference program includes a plenary session and work of specialists in sections:
intelligent decision support systems in the transport industry; training systems and human factor
in transport; control, diagnostics and decision-making in moving objects management; shipping
safety; system analysis and mathematical modeling of complex objects; reliability and energy
saving issues, environmental safety and resource-saving technologies; competency approach in
transport professionals training.

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 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 research areas in transport
industry.

Unfortunately, it happens so that the conference is being held at a very difficult time for
our state and our city - during russia's military aggression and occupation of Kherson. Due to
these circumstances, we must hold our event online only. Despite the existing problems with
mobile communication in the city, we hope that our event will be successful, and the proceedings
will be released and available to the authors in at least electronic format.

The organizers sincerely thank all conference participants and hope that MINTT-2022
was a good continuation of the meetings and communication, which began at previous
conferences.

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

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

Sincerely, Organizing and Program Committees.
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BU3HAYEHHS ITIOJOKEHHA HEHTPY OBEPTAHHSA CY/IHA 3
BUKOPUCTAHHSAM MATEMATHUYHOI MOJIEJI

B.B. Yepnaecvkuii*, A.Il. benv*, O.M. Toecmoxopuit*, C. M. 3inuenko*
*Xepconcbka 0epaicasna MOPCbKa akaoemist
(Ykpaina)

Beryn. 3a ocTaHHI pOKM CYTTEBO 3pocia KUTBKICTB CyNeH Ta iX po3MipH, y TOHW 4ac sk
pO3Mipu TMOPTIB 3POCTAIOTh 3HAYHO MEHINIMMH TEMIIaMH. BHHHKIIA akTyalibHa HEOOXIIHICTh
onTuMi3alii MpoleciB KepyBaHHS CYIHOM y CTHCHEHHX Bojax. OmHUM i3 HampsMKiB Takoi
ONTUMI3aIlil € BUKOPHCTAHHS TMOJIOCY MOBOPOTY Ta BpaXyBaHHS IMOJIOKEHHS HEHTPY 0O0epTaHHS
npu MaHeBpyBaHHI. baraTto crareii aBTOpiB MpHUCBsYEHI came UM NUTaHHsIM. Tak, y crarti [1]
«Behavior and Handling of Ships» H. Hooyer nocnimxye noBeniHKy LEHTPY OOepTaHHS Yy
3aNI€eKHOCTI BIJ psAAYy 30BHIHIX (akTopiB. 30KpeMa, Ha MpUKIaAl JBOX OYKCHUpIB, IO
IITOBXAOTh CY/IHO JIarOM, IOKa3aHo, 10 MOsBa MMO3J0BKHBOT HIBUIKOCTI CyJJHA IPU3BOAUTDH 0
Horo obepraHHsA. ABTOP MOSICHIOE IeM €PeKT 3MIHOK TUIedell OyKCHpIB BHACIHIIOK 3MIIICHHS
LHeHTpy obOepraHHs cynHa Boepen. Y po6oti [2] A.G. Chase «Sailing Vessel Handling and
Seamanship — The Moving Pivot Point» onucaHi ekcriepuMeHTH 13 IEHTPOM O0OepTaHHA y MOPTY
PeBenb. BukopucToByroun pymrii 1Jis CTBOPEHHSI CUMETPUYHUX OOKOBUX CHII, OyJI0 Bi3HAUEHO,
IO 3a BIICYTHOCTI pyXy BIepea Li OIYHI CHJIM BHUKIMKAIOTh YMCTUH OIYHUU pyX, ane, 3a
HasIBHOCTI MO3J0BXKHBOTO PyXy Cy/IHa BIIEpell, AOJAaTKOBO 3’BJIA€ThCs oOepranbHUM pyx. Ha
JTYMKY aBTOpa, 1€ TIOB'I3aHO 13 3MIMIEHHSIM IEHTPY 00epTaHHS CyJAHA Yy HAMpsIMKy HOTO PYXy.
ABTOp TakoX HaJa€ MPaKTUYHI pEeKOMEHJalii II0J0 BHUKOPUCTAHHS I[bOTO eQeKTy s
KepyBaHHS CyJHOM (30UIBIICHHS KEPYIOYOTO MOMEHTY a00 3MEHIICHHS BIUIMBY 30BHIITHIX
daktopiB). ¥ 2008 pori razera «The Piloty, sika € odimilinum opranoMm Acorriarii MOPCHKUX
noraniB Crnosryaenoro KoponiBeTBa, omy0iikyBaia ctarTio KamitaHa H. Cauvier mij Ha3BOIO
"The Pivot Point" [3], y sikiii Oys0 3a3Ha4eHO, IO MEHTP OOKOBOTO OMOPY CYAHA 3HAXOIUTHCS
MDK IIEHTPOM TpaBiTallii 1 MEHTPOM IiIBOJIHOI YAaCTHHHU CY/HA, 13 BpaxXyBaHHSAM TOJISI THCKY
HaBKOJIO cyaHa. Y poboTax [4-9] 3pobiieHo MpUIyIeHHs, O [eHTP 00epTaHHS CyHA TOBUHEH
3HAXOJUTHUCS Y TOWYIl, BIAHOCHO SIKOT JOBUIBHUN O0OepTalouMii MOMEHT Ma€ HaWOUIbIIy
edeKTHBHICTh. Buxomsuun 13 1bOro NPUITYIICHHS, BIEpIIe OTPUMaHO (HOPMYITy 3MIlEHHS
LIEHTPY 0OepTaHHs BiIHOCHO IIEHTPY T'paBiTailii, y 3aJIeXKHOCTI Bijl IIBUIKOCTI CyHa. Y poboTax
[10, 11] mpuBemeHO METOA PO3PAXYHKY IOJIOXKEHHS IOJIFOCY TOBOPOTY 13 BUKOPHUCTAHHSIM
BUMIPSHUX TaHTCHI[IAJIbHUX IIBUJIKOCTEH HOCA 1 KOPMU CyJIHA, 1110 JO3BOJISE 3HAYHO MIABUIIUTH
TOYHICTh PO3PaXyHKY IOJIOKEHHS TOJIIOCY MOBOPOTY. Y poboTtax [12-35] po3risiHyTi MUTaHHS
BUKOPUCTAHHSI aBTOMaTHYHUX MOJYJIIB KEpPYBaHHS Yy aBTOMATH30BAHHMX CHCTEMax JUIsl
BUpIIIEHHS PI3HUX (QYHKIIOHAIBHUX 3a]la4, BKJIIOYAIOYM MaHEBPYBaHHSA 3 BUKOPHCTAHHSAM
TIOJIFOCY MOBOPOTY 1 LIEHTPY 0OepTaHHS.

AKTyalIbHiCTh J0cCHil:keHHs. [3 3a3HAaY€HOro BHINE BUIHO, II0O HA CHOTOJHI ICHYE
aKkTyallbHa HEOOXIIHICTh OMTHMI3allil MPOIECiB KepyBaHHS y CTUCHEHUX BOJaX, 3 METOIO
3MEHILEHHSI HEOOXIAHOTO MPOCTOpY sl MaHeBpyBaHHsS. L[pboro MokHa IOCATTH 3a paxyHOK
MPABUJIBHOTO YSIBJICHHS MPO PYyX CyIHA Y BOJHOMY CEpEIOBHILI, SIKE 3aJIKUTh Bl 3HAHHA
MOBEAIHKM IIeHTpy oOepraHHa. Tomy, BHBYEHHS MHTaHb, MOB’SI3aHUX 13 BU3HAUCHHSIM
MOJIOKEHHS IEHTPY 00epTaHHS ABISETHCS aKTYalIbHO HAYKOBO — TEXHIYHOIO 3a/1a4€I0.

IMocranoBka 3anaui. Ha puc.l] HaBeneHa po3paxyHKOBa cxema 13 HaHECEHUMHU
MO3HAYECHHSIMH: CHJIM YMOpYy TBUHTa P, KyTa BimxuieHHs kepMma o, HeHTpy oOepranHs O,

0okoBOi MBHAKICTE V|, 1eHTpy obepranHs O, KyTOBOi INBUIKOCTI OOEpTaHHA CyaHA @,

BUMIPAHOT OOKOBOI MIBUAKOCTI MIZENE IIMAHTO V™ BuMipsiHOi KOopMoOBOi mBuakocti V"
Yy K o

JOBXHUHU cydHa L, BiicTaHi BiJ KOPMH [0 MieNnb HIMAHTOYTY E’ BIACTaHl B MIAEIb
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IINAHTOyTy 10 ILEeHTpy obepraHHs Al. IloTpiOHO OLIHMTH mapaMeTpu BEKTOPY CTaHy Ta
3MilIeHHsT Al IEHTPY 00€pPTaHHS BIIHOCHO MiJelb IIMAHTOYTY.
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Pucynok 1 — Po3paxynkoBa cxema

PesyabraTnn pocaigxennsi. CropolieHa cucTeMa JIIHEApU30BaHUX Au(epeHIIHIX
PIBHSIHB JIIHITHOTO Ta KyTOBOTO PyXy CyJHA Ma€ BUTJIST
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3mimerHs Al (3) BpaxoByeThCsl y KaHajllax OOKOBOTO Ta KyTOBOTO pPyXy (Apyre Ta TpeTe
piBHAHHS cuctemu (2)). s 3riapkyBanHs iHpopMallii BAKOPUCTOBYEMO anepiognyHy JIAHKY
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[ToBHa cucrema MudEpEHLIRHUX PIBHSHb JUIS CIIOCTEPEKEHHS IapaMEeTPiB BEKTOPY
CTaHy 1 OJIOKEHHSI IEHTPY OOEpTaHHS Ma€ BUTJIST
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BucHoBkwu.
® po3po0JIEHO METO]| OL[IHIOBAHHS IapaMeTpiB BEKTOPY CTAaHY 1 IOJIOKEHHS ILIEHTPY
o0epTaHHA 13 BUKOPUCTaHHSM JIIHEAPU30BAHOI MaTEeMaTHYHOI MOJeNl JIHIHHOTO Ta
KyTOBOTO pyXy Cy/AHa, Ha BIAMIHY BiJ ICHYIOUMX METOJIB 3abe3neuye MOCTiiiHe
OIIHIOBAHHS TIOJIOKEHHS IEHTPY 0OEPTaHHS Ta HOTO TOIaIbIIIe BUKOPUCTAHHS Y CUCTEMI
KEepyBaHHs, 110 JO3BOJILE ONTUMI3YyBaTH PyX CyAHa Ta 3MEHUIUTH HEOOXITHUN MPOCTIP
JUTSI MAHEBPYBAHHS,
® po3po0JIeHO aNropUTMIYHE Ta MporpamMHe 3a0e3NeyYeHHs MOMIYJIB aBTOMAaTHYHOTO
KEepyBaHHsI Y aBTOMAaTU30BaHIN CUCTEMI, IO BUKOPUCTOBYIOTh JaHUI METOJI;
® Tparne3gaTHICTh Ta €PEKTUBHICTH METOY, aJITOPUTMIYHOTO 1 MPOTPAMHOTO 3a0e31eyeHHS
MepeBipeHi MaTeMaTHUYHUM MOJenoBaHHsIM Yy cepenoBumi MATLAB Ta Ha crenmi
IMITAIIHHOTO MOJEIIOBAHHS.
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YK 656.61.052:681.51

MIHIMIBAIIISI KIHETUYHOI EHEPI'II TP HEMUHYUYOMY

3ITKHEHHI CYIEH

3inuenxko C.M., Kupuuenxo K.B., Mamenko I1.11., Mameiiuyx B.M.
XepcoHcvka 0epoicasa MopcvKka akaoemist
(Ykpaina)

Beryn. 3a ocranni 10-20 pokiB 3HaYHO 3pociia IHTEHCUBHICTh HaBirarmii Ta IMBHIKICTh
CyIeH, a pa3oM 3 HHMMH 30UTbIMBCA 1 mOTIK iH(popMmanii. CyIHOBOMAIIM CTae BCe BaKye
3HAXOAWTH TPABWIbHI YIPaBIiHCHKI pIMIEHHS, OCOOIMBO B KPUTUYHHUX CHUTYaIlisAX, IO €
MIPUYMHOIO 30UIBIIEHHS KUIBKOCT1 aBapiil Ha MopcbkoMy TpaHcmopTi. CraTucTuka aBapiid y
CBITOBIM MOPCBHKIM HAYCTpIi CBIAUUTH, 10 75% BCIX aBapiid BIAOYBA€ThCS 3 BUHU JIOACHKOTO
¢dakropa. ToMy, Ha TyMKY €KCIIEPTiB, 3HAYHOTO 3HMKEHHS aBapifHOCTI MOKHA JOCATTH JIMIIIE 32
paxyHOK 3MEHUIEHHs JIIOJICBKOIO BTPYYaHHsS B YIpPAaBIIIHHSA, a caMe 3a PaxyHOK CTBOPEHHS
aBTOMATH30BaHUX CHCTEM MIATPUMKH TPUHHATTA pIillIeHb, EpPraTUYHUX CHCTEM Ta
aBTOMATH30BaHMUX CHCTEM 3 MOJYISIMHA aBTOMAaTHYHOTO KepyBaHHA. CHCTEMH MiATPUMKH
MPUMHATTS pIllIEHb KOHTPOJIIOIOTH POOOTY OKpPEMHUX HaBIralliHUX MOAYNIB 1, SKIIO poOoul
napamMeTpy MOJIYIIB BUXOJATH 3a JIOMYCTHMI MEXI, BUJIAIOTh TOTIEPEKYBAIbHI TTOBITOMIICHHS
abo HaBITh JAIOTh «IOpagy» WLIOJO TOro, K KepyBaTu cyaHoM. KamitaH cynHa NOBHHEH
00poOuTH OTpUMaHy 1HQOpPMaIlilo, EePII HLK MPUUHSITH PIIEHHS, 110 TaKoX NoTpedye vacy. Y
3B’SI3Ky 3 LHMM OCOOJMBOI yBaru 3aciyrOBYIOTh aBTOMAaTH30BaHI CHCTEMHU KEpyBaHHS 3
ABTOMaTHYHUMH MOJIYJISIMH, KOJIM JFOJICBKUH (aKTOp MaKCHMAJIBHO BHKIIOYCHUH 13 KOHTYpY
kepyBaHHs [1-27]. ¥V upoMy BUINAQJKYy HaBiraTop Juiie NpuiiMae pIlIEHHS NP0 aKTHUBAILIiO
ABTOMAaTUYHOTO PEKHUMY KEpyBaHHsS 1 cmocTepirae 3a iWoro pob6ororo. [luTaHHs 3MEHIIEHHS
30UTKIB TP HEMUHYYOMY 3ITKHEHHI1 CyJIeH PO3IISAAIOCS TAaKOXK Y MOTepeIHIX poOoTax aBTOPIB
[1,2].

AKTYaJIbHICTh OCTIUKeHHsI. Y JTaHOMY JOCTIDKEHH1 pPO3po0JeHO MaTeMaThyHe
3a0e3reyeHHs] MOAYJNA aBTOMATUYHOIO KEPYyBaHHS PYXOM CyAHA MPU HEMUHYYOMY 3ITKHEHHI,
KOJIM CTpeC HE € HaWKpalmuM MOpaJHUKOM IuTypMaHa. [IpoBemeHuii aHami3 JiTepaTypHHUX
JDKepenl T0Ka3aB, M0 TakKi NMHUTAHHS paHille He po3risganucs. Tomy, po3poOka METOiB,
QITOPUTMIYHOTO Ta TMPOTPaMHOTO 3a0e3NeyeHHs aBTOMAaTHYHMX MOJYJIB KEPYBaHHA PyXOM
CyJIeH y BUIAJKaX HEMUHYYOT0 3ITKHEHHS € aKTyallbHOI HAyKOBO-TEXHIYHOIO 3a/1a4ero.

IlocTanoBka mpodjemMu. HeoOXimHO po3poOMTH METOJ, aIrOpPUTMIUHE Ta TMPOrpamMHeE
3a0e3reyeHHs] MOAYJsl aBTOMaTHYHOTO KEPYBaHHSA PYXOM CyJHA aBTOMAaTU30BaHOI CUCTEMHU, K1
JO3BOMIIM O MIHIMI3yBaTH KIHETHMYHY EHEPril0 3ITKHEHHs CyAHAa 1 IUIl y BUNAAKY, KOJHU
YHUKHYTH JaHOTO 3ITKHEHHS HEMOJKIIUBO.

PesynbraT gocain:kenHsi. KiHeTwuHa eHeprisi 3iTKHEHHS CylIE€H MOXe OyTu
po3paxoBaHa 3a GOpPMYIOI0

2
o 4 co;A(p)

K (D

SAx BugHO 13 (1), KiIHETUYHA €HEPris 3ITKHEHHS 3aJIC)KUTh BiJI ABOX MapaMeTpiB, IO MiUIATal0Th
KEpPYBaHHIO: IBUJKOCTI BJIACHOTO CyAHa V' Ta pi3HULI KypciB A¢@. MiHiManbHe 3HAa4YEeHHs

KiHeTU4YHOI eHeprii K =0 [ocsraeTbCs MpH 3HAYEHHI IUX NapamerpiB V=0 Ta/abo
V4
Ap== 2 +7m.

Ines MeToay mossrae y oprasizaiii HAlIIBUIIOTO 3MEHIIEHHS KiHeTHYHO1 eHeprii (1) mo
TPaJieHTy Yy HampsMKy MIHIMaJgbHOrO 3HaueHHS K =0 NIUIXOM pPO3paxyHKY BiIHOBITHUX
napameTpiB pyxy ¥, A¢ Ta nomanbiuoi ix peasnizalii 3aco0aMH CUCTEMHU KEePyBaHHS.
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Ha puc. 1 300pakeHa cxema B3a€EMHOTO 30JIMKCHHS CYJICH.

b X

g

Pucynok 1 — Cxema B3aeMHOT0 30JMKEHHS CyJIeH

I'pagient ¢ynxuii (1) mo mapamerpam pyxy ¥V , A@ Mae BUTISAL

oK oK 2 .
radK = (—,——)=— 2V cos Ap,— 2V~ cos Apsin A 2
g 3 Ao ) ( P, = @sin Ap) 2)
VY noyaTtkoBU MOMEHT 4acy
gradK(0) = % (2V(0) cos Ag(0),—2V (0)* cos A@(0) sin Agp(0)) 3)

Jlnst  3a0e3neueHHs 3aqaHOTO HanpsMKy gradK(0) 3MeHIIeHHs KIHEeTMYHOI eHeprii Ha
HACTYITHUX TaKTaX 00YHCIICHHS, MIOTPIOHO BUKOHAHHS YMOBH

grad K .
=2 =V (0)sin Ap(0) = const = C(0) 4)
grad K
I3 BpaxyBanusm (4), OTpUMyeEMO
. C(0)
A =——= 5
sin Ag(n) Vo (5

PiBHsHHS (5) Hakiajgae ojgHe OOMEXEHHs Ha JBa HapameTpu pyxy V, A@, ToOTO icHye
HECKIHUEHHA KUIbKICTh BapiaHTIB 3MEHIIEHHS KiHeTW4Hoi eHeprii (1) mo rpamieHty (2) i
MOCTaBJIeHa 3ajJlauya € onTuMizauiiiHow. [IpoTe, BUpilIeHHs ONTUMI3ALIIIHUX 3a1a4 OB’ s13aHe 13
MOKJIMBUMH DPHU3MKaMU TOTraHoi 30DKHOCTI METOJIB MOIIyKYy abo HaBiTh y HEMOXJIHMBOCTI
3HAaXO/PKEHHS ONTHMAJIBHOTO pillleHHsA. ToMy, y JAaHOMY JOCITIDKEHHI PO3TJISIAEThCA OJUH 13
MOJKJIMBMX BapiaHTIB KEepPYBaHHS 3 aKTMBHMM TaJbMYBaHHSM, IO JO3BOJISIE 3HAUTH KIHLEBI
(dbopMynu BU3HAYEHHS KEPYBaHb.
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Jlineapu3oBaHa cHucTeMa JIHIHHOTO Ta KyTOBOTO PyXy CyaHAa MOXe OyTH 3ammcaHa y
BUTJISLI

s _0P©) 300,

mV
00 514
I C:)z =6MZ(§)5_8MZ(602) ©)
00 ow

z

0=0,

abo y auckpetHiid hopwmi, s meroay Elinepa

V(n)=V(n—l)+%[%@(n—l)—%lf(n—1)]
o.(1) = o.(n-1)+ Aj aMaf) S(n—1)- %@(rz—m ™
Ap(n) = Ap(n—1) + Atw, (n —1)

IIpu aktuBHOMY rambMmyBaHHi O(n) =—-0O™ | i3 mepmoro piBHAHHS cucTeMu (7) OTPUMYEMO
peKypeHTHY (pOopMYyITy ISl OIIHKH IIBUIKOCTI CYJHA HA HACTYITHOMY KPOI[i 00YHCICHHS

Vst = V()+At[8P(®) oy aQ(V)

C
8@)(

— V()] (8)

. . . £
I3 piBHsHHsA (5) 3HaxXomuMoO BignoBigHe 3HaueHHS A¢@ (1), 1m0 3a0e3MeYnTh CKUIAHHS
KIHETHYHOI eHeprii mo rpamieHTy gradk

Ap (n+1)=— arcsin{V(C(:)_)l)}, n=12,.N 9)
n

I3 gpyroro ta TpeThoro piBHSHHS cuUcTeMH (7) TakoX 3HAXOIUMO OIIHKY A@(n+1), sKy

npupisaoemo 10 A@ (n+1), Ap (n+1)=Ap(n+1), n=12,..,N

oM : } (10)

AP (n+1)=A¢p (n)+ o, (n)At+—{

Z

I3 piBasHHS (10) 3HaX0AUMO HEOOXiHE BIIXUICHHS KepMa HA MOTOYHOMY TaKTi OOUHMCICHHS 71

} (11)

Sx BuaHo 13 piBHsHHS (11), 11 0OuuCiHeHHS O(7) Ha MOTOYHOMY KPOIli BUKOPUCTOBYIOTHCS

IPOrHO30BaHi 3HaueHHs A@ (1n+1) HACTYMHOrO KpOKy OGUMCIICHHS, SIKi PO3PaXOBYIOThCA 3a
dbopmynoro (9) 3 BUKOPHUCTAHHSAM MPOTHO30BaHOi MBUAKOCTI V(n+1) 13 ¢opmynu (8). 1lob
NoXMOKa TPOTHO3YBAaHHSA 13 dYacoM He 30ulblyBanacs, JouiibHO y Qopmym (8)
BUKOPDHUCTOBYBaTH BHUMIpSHE 3HA4YE€HHS IIBUJKOCTI Ha MOTOYHOMY KpoILi OOUYMCIIEHHS

Vin)y=V, (n).
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Taxkum yuHOM, [Tt 3a0€3MeYeHHs] HAMIIBUALIOTO CKUIAHHS KIHETUYHOTO MOMEHTY, HEOOXITHO
tenerpad BCTAaHOBUTH y TONOKeHHS O(n)=-O™ | a BigxwieHHs CTepHAa BU3HAYATH 32
dopmymoro (11).

Excnepument. Jlns mepeBipkM  mpane3gaTHOCTI  Ta  €(EeKTUBHOCTI  METOAY,
AITOPUTMIYHOTO 1 TPOrpaMHOTO 3a0€3MeYeHHSI MOAYJIS aBTOMAaTUYHOTO KEPYBAaHHS PyXOM CyIHA
IpU HEMUHYYOMY 3IiTKHEHHI i3 LULII0, MPOBEICHO EKCIEPUMEHT Ha CTEeHJI IMITaliiHOTO
MozenoBanHa [24-29], cTBopeHOro aBTopamu Ha 0a3i HaBiramiiiHoTO TpeHaxepy Navi Trainer
5000. Ctenp iMiTalifHOTO MOJETIOBAHHS JI03BOJISIE BIANIPAIbOBYBATH IPOTPaMHE 3a0e3MeueHHs
MOJYJiB CHCTEMH KEpyBaHHS Yy 3aMKHYTIH cxeMi 3 HaBiralifHUM TpeHaXXepoM,
BUKOPHCTOBYIOUHM YCi HOTO mepeBard. Pe3ynbraTi MOJICIIOBaHHS MIATBEPAMIH €(PEKTUBHICTH Ta
Mpale3JaTHICTh ~ METOJAYy, AalITOPHUTMIYHOTO Ta TPOTPaMHOTO  3a0e3MedeHHsS MOy
ONTUMAJIBHOTO KEpyBaHHS PyXOM CyJHa, L0 MIHIMI3ye 30MTKM y BHUIAJKaX HEMHUHYYOTO
3ITKHEHHS.

BucHoBku. Po3risiHyTi MUTaHHS aBTOMAaTUYHOTO KEPYBaHHS PYXOM CyIHA y BUIAJKY
HEMHMHYYOT0 3ITKHEHHS 13 IIJUTIO 3 METOI0 MIHIMI3aIlli OIIKO’KEHb.

1. 3anponoHOBAaHO NPOBOAWUTH CKHJAAHHSA KIHETUYHOI €Heprii 3ITKHEHHA 10 TPAIIEHTY.
BusHaueHo rpaieHT KIHETUYHO1 €Heprii 3ITKHEHHS, K (QYHKIII0 MapaMeTpiB pyXy - HIBUAKOCTI
BJIACHOTO CYyJIHA Ta PI3HMUIIl KypCIB Cy/IHA 1 LTI,

2. Otpumano ¢GopMyiTy 3aJ€KHOCTI MapaMmeTpiB pyxy, IO 3a0e3nedye CKHAaHHS KIHETHYHOI
€Heprii 31ITKHEHHS MO0 TPAI€HTy, MOKa3aHo, IO JaHa 3aJa4a MOXKE PO3IJBIIATHCS TaKOXK SK
onTHUMI3allilHa.

3. Po3risiHyTO OJMH 13 NMPUBATHUX BUMAAKIB BHUPINICHHS 3ajadi, SKAW MOJSATae y BHU3HAUEHI
J0JJATKOBOTO OOMEXKEHHS — BHKOPHCTAaHHS AaKTUBHOTO TaJlbMyBaHHS, IO JO3BOJIMJIO 3HAWTH
KiHIIEB1 (POpPMYIH pO3paxyHKy BIIXUIIEHHS KepMa.

4. JIns 3ampoIOHOBAHOTO METOJMY CKHJIAHHS KIHETHYHOI €HEeprii 3ITKHEHHS IO TPaJi€HTy
PO3pO0JIEHO ANTOPUTMIYHE Ta MPOTPaMHe 3a0€3MeUeHHs U1 MOyl aBTOMAaTUYHOTO KepyBaHHs
PYXOM CyZiHa y BUIIa/IKaX HEMUHYYOI'O 3ITKHEHHS.

5. Ilpane3natHicTh Ta €(PEKTUBHICTH METOY, AITOPUTMIYHOTO Ta MPOTPAMHOTO 3a0e3MeUCHHS
nepeBipeHi MaTeMaTUYHUM MOJICTIOBAHHAM y 3aMKHYTIH CXeMl 13 HaBIraliiHUM TpeHaXepoM
Navi Trainer 5000.
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BPAXYBAHHSA HAABHOI'O JIEM®YBAHHA TA CIIEKTPY
3OBHIIIHIX BIIVIUBIB Y 3ATIAYl ABTOMATHYHOI'O

IHNITOPMYBAHHA
Mameintuyk B.M., 3inuenko C.M., Mamenxo ILII., Kupuuenko K.B.
XepcoHcoka oepoicasHa mopcovka akaoemis
(Ykpaina)

Beryn. [lns monermieHHst 3aBIaHHS KePYBaHHS CYyJHOM Yy IITOPM DPSIOM BYCHUX Oyiu
3alpONOHOBAHI CHeNiaibHi AiarpaMu JUisi BUOOPY KypCy 1 IIBHIKOCTI CyaHAa y HITOPMOBHX
ymoBax. Taki giarpamu pospo6ueni B. I'. Bmacosum, C. H. bnarosemenckum, JI. M. Horinowm,
B. b. Jlimicom. IIpoTe, mpakTUYHOTO 3aCTOCYBaHHS BOHHM HE 3HAWILIM uYepe3 iX CKIAJHICTB.
Haii6inemr mpoctumu € tmTopmoBi miarpamu FO.B. Pemesa, ski 103BOJSIIOTH BHU3HAYATH
HECHPUSTIUBI TMO€AHAHHA WIBUAKOCTI CyJIHAa 1 KypCOBUX KyTiB OIry XBWJIb - TaK 3BaHi
PE30HAHCHI 30HHU, L0 /A€ CYAHOBOJAIEBI MOJKJIMBICTH BpPaxOBYBaTH IX IpPU BHU3HAYCHHI
0€3MeYHOro Kypey Ta IIBMJKOCTI IITOPMYBaHHA. Pe30HaHCHI 30HU OynylOThCs y NMPHUIYIICHHI,
110 BJAaBaHUM MEpioj XBWIIOBAHHS 7 BIAPI3HAETHCS BiJ MEPIOAY BIACHUX KOJUBAaHb CyJHA HE
OLIbIIIE HIK

0,7T, <7 <13T,

[IpakTnune 3actocyBaHHs mTopMoBuX niarpam HO. B. Pemesa Takox oOMmexeHe uepes
HU3bKY TOYHICTh PO3pPaXyHKIB, sIKa BU3HAYAETHCS PyYHUMU IpadpiyHUMEU T0Oy10BaMu, Ta 1€ i B
IITOPM, BI3yallbHHUM 1 JOCUTh NPUOIM3HUM BHM3HAYEHHSM BXIJHHX IapamMeTpiB - BHUCOTH 1
HaIpPsIMKY XBWJIb, 3HAYHOTO BIUIMBY JIFOJICEKOTO (DAaKTOPYy Ha MPOIECH MPUHHATTS PIIICHHS Y
KpUTHYHUX yMoBax. KpiMm Toro, mrtopmoBi aiarpamu Pemesa He BpaxoBYIOTh TOH (DakKT, mo HE
BC1 PE30HAHCHI YaCTOTH CKJIQJOBUX 30BHINIHIX KOJIMBaHb (XBUJIb) € HEOE3MEUHUMH, a JIUIIIE Ti,
EHEePTis SKUX MEPEBUIYE eHeprito neMrdyBaHHs (3acTOKOEHHS) cynHa. He BpaxyBaHHS IIOTO
(bakTy NPU3BOIUTH 10 3HAYHOTO PO3UIUPEHHS PE30HAHCHOI 30HHU.

AKTyaJIbHICTh JOCJiMKeHHsl. BpaxoByioum BuIle HaBeJAeHE, pO3pPOOKa OUIBIIT
JOCKOHAJIMX METOJIIB Ta aBTOMAaTH3aIllsl MPOIECIB ITOPMYBAaHHS € aKTyaJbHOIO HAyKOBO —
TEXHIYHOIO 33/1a4el0.

IMocTtanoBka 3axayi. [[s mratHoro oOyiaHaHHS Cy/AHA: MATYMKIB JIIHIHHOT Ta KyTOBO1
IIBUJKOCTI, JaT4MKa Kypcy, AOJATKOBUX NaTYMKIB BHMIPIOBaHHS HapaMeTpiB XBUIJIIOBaHHS,
moTpiOHO  PO3pOOUTH  METOJ, QAITOPUTMIYHE Ta MpPOrpaMHE 3a0e3MedYeHHS MOy
aBTOMATUYHOTO INTOPMYBAaHHS y aBTOMATHU30BaHIl CUCTeM], SIKi O J03BOJWIM CYTTEBO 3HU3UTHU
BIUIMB JIFOACHKOTO (paKTOPY, MIABUITATH HAIIMHICTh Ta 3MEHITUTH BUCHAKECHHS CKIMaXy i 9ac
IITOPMYBaHHS CyJHA.

PesynabTraT gocaipkenHs. Y poOotax [1-23] aBTOpamu poO3INISHYTI MOy
aBTOMATUYHOTO KEpyBaHHS Yy aBTOMATU30BAHUX CHCTEMax MPHU BUPILICHHI pI3HOMaHITHUX 3a/1a4.
3okpemMa, y pobotax [1-4] po3risiHyTO crocid Ta cucTeMa aBTOMaTUYHOTO IITOPMYBAaHHS CyJTHA
Ha ocHOBI miarpamu lO. B. Pemesa. Cuctema aBTOMaTUYHO BUMIPIOE TapaMeTpU pyXy CyJIHa Ta
napaMeTpu XBHJIb, pO3paxoBye Oe3leyHy IIBUIKICTh 1 Kypc IITOPMYBaHHS Ta peanidye iX 3
BUKOPUCTAHHSIM aBTOMATHKHU KepMa Ta CUJIOBOT €eHEPTeTUYHOI yCTaHOBKH.

Y nanomy AOCHIKEHHI TOJaTKOBO PO3TJISHYTa MOXKIJIMBICTH BUKOPUCTAHHS IIBUAKOTO
neperBopeHHst Dyp’e Uig BHU3HAUEHHS CIEKTPY 3OBHINIHIX BIUIMBIB Ta BpaxyBaHHS
MPUPOIHBOTO JAeMII(pyBaHHS CyJHA Y KaHal KepyBaHHS.

JudepeHiiiine piBHIHHS XUTaBULI Cy/IHA y KaHaJll KPEHY MOXHA 3allucaTy y BUTIISAAL

¢+ g0 + wo’p = ksinwt (1)
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e €;— JNEKPEMEHT 3aTyXaHHs, Wo — 4YaCTOTa BJIACHUX KOJMBaHb CyJHA, W — 4YacToTa
30BHIIIHIX [UIMBIB, K — aMILIiTy/1a 30BHIIIHIX IUIMBIB, (¢ — KyT KPEHY.

3aranbHUi po3B’s30K piBHAHHSA (1) SBISETBCA CyMOIO PIlIEHb OJHOPITHOTO PIBHSIHHA 1
YaCTUHHOTO pillleHHs. PillleHHs 0AHOPIAHOTO PIBHAHHS

.o . 2 _

Ptegptwep=0 2)
PO3IIYKYeMO y BUTIIALI o = et
IICIIS MiICTAHOBKH LLOTO PIICHHA Y PIBHSIHHA (2), OTPUMYEMO XapaKTEPUCTUYHE PIBHIHHS

2 +egd+wy =0,

KOPCHAMMU SAKOI'0 €

& &
y) —_20 4 02 _ @, , 3
1)2) _2 ( B ) 0 ( )
@0 () = Cre™ + Cye™, (4)

ne C,, C, BU3HAYAIOTHCS TPAaHMYHMMHU YMOBaMH y IIOYaTKOBHI MOMEHT 4Yacy ¢,(0) = ¢,,
L] L]
?0(0) =9,
C =9,
L]

— QoA
C2:(/70Q(/70 0
0

& | €
Ao :_?0>Qo = (?a)2 —

Sk BuAHO 13 piBHAHB (3), (4), pilieHHs @, (¢) Oyne NparHyTH 10 HyIs 13 4aCOM.

b

YacTtunHe pimeHHs piBHAHHSA (1) po31IyKyeMoO y BUTJISIL:
@, (t) = Acos ot + B sin ot (5)

[Ticnst migcranoBku piBHSHHS (5) y piBHSHHS (1) Ta HE CKIaJAHUX MEPETBOPEHb, 3HAXOIUMO
koediientu 4, B

_ —kweg
A= (wz—w02)2+w2£g2 (6)
_ 2_,, 2
B = k(w*=wy*) (7)

(wz—w02)2+w2£g2

Tak s KyT KpeHy ¢, () He NOBHHEH MEPEBHIYBATH JomycTuMuil @™ , BpaxoBytouu (6), (7),
OTPUMYEMO
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k < (pmax\/(wz _ (4)02)2 + wzggz (8)

I @ = @, , HepIBHICTS (8) CIIpOLIyeThCA
k < o™ w,e, 9)

Takum umHOM, HepiBHOCTI (8), (9) BH3HAUAIOTh MAKCHUMAIIbHY aMILTITYy K TapMOHIKH Sin @t
BXIIHOTO BIUIMBY, fKa HE TMPHU3BOAUTH OO pPO3KauyBaHHS Yy KaHaJl dYepe3 HasSBHICTh
neMIihyBaHHSI.

Ha puc.l HaBeneHa cnekTpajibHa XapaKT€pUCTHKA 30BHINIHIX BIUIMBIB, OTpUMaHa I3
BUKOPUCTAHHSIM WIBUJKOTO nepeTBopeHHs Dyp’e, Ha SAKii HaHECEHO MaKCUMallbHE 3Hau€HHs
aMIUTITYIX BXITHOTO CUTHATY. AMIUTITY/H, SIKi HE TIEPEBUIYIOTh MaKCUMaJIbHE 3HaYeHHsT k, He
MPU3BOAATH 10 MEPEBUIIEHHS JOMYCTUMOIO KYyTOBOTO BIIXWJICHHS Yy KaHajl KepyBaHHS yepes
HasBHICTh JEMN(YBaHHA 1 TOMY MOXYTb HE BpPaxOBYBAaTHCS y MOJAJbIIOMY IpH MOOYIOBI
PE30HAHCHOI 30HH.

Pucynok 1 — CnekrpanbHa XapaKTepruCTHKa 30BHIITHBOTO BILTUBY

BucHoBkm.

® pPO3pOOJIEHO METOJI aBTOMATUYHOTO IITOPMYBAHHS CY/HA, SIKHW IOJIATAE Y PO3PAXYHKY
pe30HAaHCHOI 30HM Ta (OpMyBaHHI KepyBaHb, IO 3a0E3MEUYYIOTh PyX CyaHa y Io3a
PE30HAHCHHMX 30HaX, Ha BIAMIHY Bij| ICHYIOUHX PIllIEeHb, BUKOPUCTOBYE IMEPETBOPEHHS
dyp’e sl BU3HAUYEHHS CIHEKTPY BXIIHUX BIUIMBIB, BHOMpae HeOE3NEUHi CKIIaI0Bi
CIIEKTPY, SIKi 3HAXOAATHCS y 3aJJAHUX MEXaX BIJHOCHO YaCTOTH BJIACHUX KOJIMBAaHb CYy/HA
Ta aMIUTITYJ¥ SKUX TEPEBUINYIOTh pPO3paxOBaHE IOPOTOBE 3HAYEHHS, IO JIO3BOJISE
ABTOMATH3yBaTH NPOIECH IITOPMYBAaHHS, 3MCHIIUTH BIUIMB JIIOACHKOTO (hakTtopy Ta
3MEHIIIMTH BUCHAXCHHS EKIITaXxy,

® pPO3pO0JIEHO METOJI BU3HAYCHHSI MOPOTOBOTO 3HAYEHHSI TaPMOHIK 30BHIIIHBOTO BILTUBY,
SIKi HE TIPU3BOJATH J0 PO3KauyBaHHs Cy[IHA Yy KaHalli KEPYyBaHHS, 32 paXyHOK HAsBHOTO
neMiiQyBaHHs, 10 JIO3BOJISIE 3MEHIIUTH PE30HAHCHY 30HY Ta MIJIBUIIUTH MOJIMBOCTI
IITOPMYBaHHS;

® Ha OCHOBI METOJIB pO3pOOJEHO aNropuTMIYHE Ta MporpamMHe 3abe3NedyeHHs
ABTOMATHUYHUX MOJYJIB IITOPMYBAHHS Y aBTOMAaTU30BaHUX CUCTEMAX;

® [pale3faTHICTh Ta e(EeKTUBHICTb pO3POOJEHUX METOMAIB, AJITOPUTMIYHOTO 1
MPOrpaMHOTo 3a0e3neueHHs MepeBipeHi Ha CTeHl iMiTaliitHoro MoentoBaHHs [21-23]
Ta y cepenosuii MATLAB.
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THEORETICAL FUNDAMENTALS OF IMPROVING SAFETY
NAVIGATION IN THE FIELD OF RISKS

P.P. Mamenko*, S. M. Zinchenko*, K.V. Kyrychenko*, V.M. Mateychuk*
*Kherson State Maritime Academy (Ukraine)

Introduction. Analysis of the development of the world economy indicates that along with the
growth of trade, the share of maritime traffic is growing. Maritime transport provides about 90%
of world trade, which leads to a constant intensification of human activity at sea. The number of
maritime accidents has decreased over the last decade. However, as ships involved in maritime
accidents continue to grow in size and speed up, one incident, such as an oil spill from a "super"
tanker or the blocking of the Suez Canal when a "mega" container ship ran aground, could have
catastrophic and long-term consequences marine ecosystems, the environment and local and
global economies. Maritime accidents are complex and are caused by a combination of events or
processes that can ultimately lead to the death of people and marine habitats, as well as
irreversible environmental and economic damage [1-3].

The increase in the number of vessels and the intensity of their movement leads to accidents
resulting from errors in the control of the movement of the vessel. Studies of maritime accidents
such as collisions, crashes, groundings indicate direct or indirect human error as the root cause of
such accidents, which raises many unanswered questions about the best way to prevent
catastrophic human errors that have led to accidents.

One of the most promising areas that can dramatically reduce the impact of the human factor on
the management of ship traffic and reduce the number of accidents and catastrophes at sea is the
development and implementation of automated control systems with automatic modules [1-5].
Figure 1 shows a diagram of the ratio of gross domestic product (GDP) in international maritime
trade and the ratio of maritime trade to GDP in 2006-2021 (percentage annual change and ratio).

Figure 1 — GDP and Maritime Trade-to-GDP ratio 2006-2021

Relevance of research. Existing methods of optimal route planning and divergence are based on
the hypothesis of absolute safety. However, ship collisions do occur and it becomes clear that the
absolute safety hypothesis does not guarantee safe navigation. It is more rational to plan the
route and divergence of vessels in the field of risk, which allows to take into account various
uncertainties associated with errors in measuring parameters of own vessel and targets, proximity
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of mathematical models, errors of numerical integration, uncertainty of target behavior, etc.
Therefore, the development of methods for optimal route planning and differences in the field of
risks is an urgent scientific and technical task [6-26].

Problem statement. It is necessary to develop a method, algorithmic and software for optimal
route planning and differences in the field of risk for use in the onboard computer of the
automated traffic control system.

Results of the research. The field of risks is a set of total risks from navigation hazards C, (X),

own risk C,(X), risks of other vessels - target C;(X) participating in the operation.

C(x)=C,(x)+C,(x)+ ) Ci(x)

i=1

The summary risks depend on the uncertainty of the characteristics of the vessel and its
objectives, the presence of instrumental errors in measuring the parameters of the mutual
movement of the vessel and targets, the uncertainty of the behavior of targets, the cost of the
vessel and cargo. The total risk has a normal loss distribution probability law and can be
represented as

1 gy e myg) (y)?
C 2-2ryy, 2 2, 2 2
C(x)=—"—e { o e % ,1=0..n, (1)
2700,

The summary standard errors of uncorrelated uncertainties are found by formulas

o, = \/ofl +ol+..+t0

9

_ 2 2 2
o,= \/ayl to,+..t0,

The summary root mean square errors of the correlated uncertainties are found by the
formulas

o =0,to0,+..+t0,
o, =0,+0,+..+0
y y y yn

For a given risk C ’ , we obtain from expression (1)
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After logarithmization, expression (2) will take the form
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The first equation of the system (3) is an ellipse shifted relative to the beginning of the basic
(geographical) coordinate system by the value of x,,y, and rotated by some angle (Fig. 2). The

angle of rotation of the ellipse is related to the correlation coefficient ey - The total root mean

*
square errors 0,0, and the reduced radius R, which is proportional to the given risk C ,

determine the half-axis of the ellipse. Thus, it can be seen from the system (3) that the greater the

*
given risk C , the smaller the half-axes of the ellipse. In fig. 2 shows ellipses of equal risks
around your own ship and targets.

Figure 2 - Ellipses of equal risks of your own ship and targets
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In fig. 3 shows the function of instantaneous risk and level line. The smoothness of this function
allows the use of gradient procedures in the construction of controls.

ca

Figure 3 - Instantaneous risk function and level line

Figure 4 shows the field of risks of your own vessel and targets. Representing the scene as a field
of risk allows you to create a user-friendly interface where the positions and trajectories of
targets, as well as their size and the danger they pose, are easily perceived.

a) b)

Figure 4 - Risk field and level lines

Conclusion. The results of the study suggest that the method of solving the problem of ship
divergence using the risk field provides:

* optimality of trajectories of movement at not exceeding the set risk and minimum of a way of
maneuver;

» clarity of visualization of the navigation situation, simplicity of the calculation algorithm;

* a new principle of improving the safety of navigation was considered, which takes into account
the interests of all participants in the operation at the stages of route planning, movement of the
vessel along the route and during divergence, which reduces collision risks and increases safety;
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* developed a method of constructing the risk field of own vessel and target vessels, which is to
use as a ship's domain the total risk distribution around own vessel and target vessels, taking into
account measurement, calculation errors and other uncertain factors to reduce collision risks and
increase maritime safety;

* developed a method of constructing a total risk field, which consists in imposing risk fields of
own vessel, target vessels, risk fields of other navigational hazards, which allows to obtain
analytical expression of risk field, risk field level lines for visualization and further numerical
processing in the onboard computer vessel traffic control.
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MODELING OF CONTROL ACTIONS IN THE PROCESSES
OF RESTORATION OF QUALIFICATION PARAMETERS
OF MARITIME TRANSPORT SPECIALISTS
Ponomaryova V.P., Ben A.P., Diahyleva O.S., Nosov P.S.
Kherson State Maritime Academy

Introduction. The development and trends in the transformation of
organizational and technical systems of maritime transport directly depend on the
preservation of specialist subjects qualification parameters [1-5]. Dynamic processes
affect the integrity of the maritime transport specialists qualifications, which
negatively affects the level of their performance of their functional duties [6-8]. The
amount of loss from the human factor can be fatal and irreversible [9-12]. This
implies, on the part of scientific world, the development of control systems that allow
identifying the state of qualification parameters, both as a private subject of the
system, and in field of maritime transport as a whole [13-15].

There is a need to identify and restore the qualification parameters of
specialists, predict risks and prevent catastrophic consequences [16-18]. For this, one
of important components of solving the problem posed is formal definition of control
recovery signal to maintain a sufficient level of qualification parameters for maritime
transport specialists.

Main research material. To solve the indicated problem, it should also be
taken into account that in addition to determining the individual settings for the
supply of a control signal in time, it is necessary to take into account the amount of
information sufficient both to restore the level of qualification parameters (QP) and
not exceeding the ability of a specialist to fully perceive it P.

In this case, it is necessary to observe the accuracy of information signal

normalization in time x(t*) using a correction factor r depending on the complexity

of perceived information (individual indicator).

In this form ¢, it allows to normalize the flow of information, providing
sufficient bandwidth of perceived control signal, which is described by the condition:
F[R.(0),R (z)]2P,at (R (r)/R (0))=P, (0<P<1).

Due to heterogeneity of information signal between indicators R (0) and R (7),

peculiarities of individual perception of information by a specialist, the occurrence of
uncertainty, parameter r will change cyclically, which does not allow the formation
of a long-term plan of control actions [19]. In this case, it is necessary, in each the
predetermined discrete cycles, to take into account the mean square error of signal
adjustment L_, both in total time ¢ and in 7, of form:

L =\/M[x(t* +f)—x(t*)]2 , then R (0) :M[xz (t* +1>], a Rx(r) :M[x<t*)x(t* +T)]
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From the above, it follows that in order to increase the effectiveness of QP
recovery, it is necessary to generate a control signal according to criterion of
individual information susceptibility [20]. This approach involves the introduction of
signal quantization process &, according to the criterion of conscious perception

volume of information R within (g, ), by a maritime transport specialist, [21,22] such
that:

R :§10g2 [25_%(&(7)/&(0))}.

N

Then, the level higher of signal quantization, the indicator higher of volume of
information conscious perception by a maritime transport specialist.

Given that the recovery signal QP is X, directed to impact of parameters
5,...8,...s,, then there are individually oriented limits on volume of such impact 4’ and
Ain , at Xires _Ai’ < Xi < Xires +Av‘” .

Based on indicated parameters, we will simulate the volumes of nformation
perception 1 to restore QP for each S; (s; is the level of educational qualification; s, is
the current set of valid certificates, courses; s; is the level of practical qualification
(position); s, - long-term sea experience).

The main components that allow approximating the studied processes in the
form of surface graphs will be: correction factor r; recovery time of a specialist's
qualification ¢* ; the intensity of control action y .

For example, for s;, with an increase in y (0.3; 0.5; 0.7), the effectiveness of
information perception increases significantly without additional correction, which
indicates the age and sensitive characteristics of this specialists category (applicants
for higher education) (Fig. 1) .

a b c
Fig. 1. Graphs-surfaces of information perception processes by maritime transport
specialists s;:a- y=0,3;b- y=0,5;c- y=0,7

The data obtained indicate that the process is stable and does not require high
intensity. The graphs (Fig. 1 a, b, ¢) show that it is possible to achieve the maximum
effectiveness of qualification restoration for s; without significant indicators y,
varying only by the submission of information and additional correction in time.

In turn, for the group of specialists s, when comparing the level of
qualification the primary and "refreshing" for each of qualification courses, there is a

25-27 mpasHs 2022 poky 31



Cy4acHi iHpopmayitini ma iHHosayiliHl mexHosoz2ii Ha mpancnopmi (MINTT -2022)

tendency to lose the effectiveness the perception volume of information for restoring
qualifications in the second cycle (Fig. 2).

a b c

Fig. 2 Graphs-surfaces of information perception processes by maritime transport
specialists s;:a- y=0,3;b- y=0,5;¢c- y=0,7

In the case for s, increasing the amount of perceived information by
specialists, it is necessary to increase y, so in the case of y=0,7, it is possible to get
almost the same high result with “refreshing” as with “basic”. Thus, taking into
account the track record of a specialist, it is possible to determine the control action
for each individual with the maximization of the result. At the same time, an effect is
observed when an excessive increase in volume of information-signal of control
action can cause a sharp decrease in the efficiency of qualification restoration. It can
also be caused 7, when the optimal time for effective impacts is lost to restore the

lose

qualifications of specialists [23,24].

When moving to a new position, when the set of course certificates changes
and it is necessary to ensure a qualitative transition to a new level of marine specialist
qualification, it is necessary to significantly increase the intensity of control actions y

in addition, to balance the corrective function K, (q).

a b c

Fig. 2 Graphs-surfaces of information perception processes by maritime transport
specialists s3:a - y=0,3;6 - y=0,5; ¢ - y=0,7, when balancing X (q)

The data obtained for s, show that, at a certain age, maritime transport
specialists lose the ability to progress when their qualifications are restored and are
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based on previously acquired qualification levels. This fact indicates the risk of
working in leadership positions for a long time.
And there is also the effect of a
sharp decrease in efficiency with
increasing load. Under the conditions of
long-term modeling for s, there is a
decay in the effectiveness of information
perception even in the conditions of

introducing corrective actions into the
process (Fig. 4). Fig. 4. Efficiency of recovery of

qualification for s,

There is also an increased risk of control by these specialists over specialists
who have an updated level of qualification for their position.

Conclusion. The obtained formal and analytical data indicate that the problem
area of research under consideration requires in-depth study and application of
innovative approaches in the framework of automating the management of processes
and complex multi-parameter objects of organizational and technical systems of
maritime transport.

From the formal description and subsequent modeling, it became clear that the
main factor for managing the processes of forming identification and restoring the
qualification parameters of maritime transport specialists are terminal ones. The
management of such parameters in a time context involves the use of not only linear
models, but also fuzzy systems that can identify the state of processes and fine-tune
the control system to reduce risk factors due to the human factor in water transport.
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STATE-SPACE NAVIGATOR'S MODELS ON GRAPHS
Masonkova M., Diahyleva O.S., Ben A.P., Nosov P.S.
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Introduction.

When operating with approaches for identification the navigator's model as a
subject of the organizational and technical system of maritime transport, it is
necessary to take into account its multifactorial nature and dynamic structure [1-5].
The complexity of the formal representation of such models in maritime sphere
causes certain difficulties in determining its boundaries and manageability [6-9]. In
turn, there are approaches capable in some aspect of forming a model of a navigator,
taking into account the vector of its dynamics and transformation within the
framework of made decisions. In this case, modeling can be effective in terms of flow
theory [10-12], which will allow us to consider modeling within the feature space of
the navigator’s model states on graphs.

Main material of research.

Let’s consider a situation describing the probable state space of the navigator's
model, as well as dynamic processes during decision making. For greater
visualization, as well as for sufficient and objective formal description of the
situation, we denote the space as a directed graph G:(V,E ) At the same time,

within the framework of the next circle of strategic planning, let’s describe the
transition between the peaks s—t¢,s,r€V , under conditions of restrictions

C:E —[], characterizing the possibility and potential of the navigator as maritime
transport specialist [13-15].

Then the task is to determine what potential must be applied to move from state
s to t, for this we define some fiction f-E —[] .

In this case, the condition is that the requirements for the specialist f, by
definition, cannot exceed the potential C, then we have: Ve f (e) <C (e), where the

best condition is equality f(e) and C(e).
It is also true that in intermediate vertices v; for edges u; there will be:

Z f(u,v)z Z f(v,w), ‘v’veV—{s,t} (1)
(u,v)eE (v,w)eE
The difficulty is to formally define the potential C and thus determine those
vertices of the directed graph at which the possibility of a transition appears,
excluding the input values at the vertices:

2 S(su)= 2, f(1s)

(su)eE (I,s)eE
Then the process of combinatorial optimization is formed taking into account
the analysis of maximizing the increment between the vertices s and z. Approaching
the solution of this problem, the primary method may be linear programming [16].

f]—> max (2)

36 25-27 mpasHsa 2022 poky



Cy4acHi iHpopmayitini ma iHHosayiliHl mexHosoz2ii Ha mpancnopmi (MINTT -2022)

The indicated conditions allow the transition in the graph to be carried out, the task is
not difficult and computable, however, it significantly weakens the level of the
specialist because reduces requirements. Thus, there is a monotonous decrease in the
effectiveness and competitiveness parameter of a maritime professional.

All this indicates the need to transform the graph by adding two or more long
intermediate elements. These elements will allow separating transition flows by
defining additional conditions that form increments f (e) on the graph edges. In

addition, an important resulting condition will be the integrity of the flow-transition
according to the principle of its maximization. In this interpretation, when f-E —1[],

linear programming approaches are difficult to be applied and this requires the use of
matchings in graphs. In this case, it is necessary to set the vertex capacities
themselves as integers, using fuzzy systems for the linguistic scale, followed by
normalization of the values in the accepted ranges of values.

In turn, the considered particular, localized case of visualization of the space of
transition states of the navigator’s model is only a fragment. When considering the
broader spectrum of the observable state space, it is important to consider subgraphs
in terms of their density, such that: a(G) = ‘EV V‘.

Based on this, the hypothesis of the research is that the optimal state of the
navigator’s model can be found in a fragment-subgraph that has the maximum
density of vertices relative to other fragments. Such a subgraph will have the
properties of multivariance or combinatorics, which indicates the advantage of the
vertex-states included in it due to a possible significant optimization effect

a(H ) — max. Such a subgraph is generally induced, since it connects the maximum

possible number of fragment vertices G[X ], X V. In addition, in fragments of a

graph of low density, there can be observed recursion in the opposite direction e'.
This is due to the fact that in the absence of transition variations that satisfy the
conditions, there are possible degradation of navigator’s level, the transition to less
advantageous and competitive positions (states) of the form:

fE—IL], ‘v’ef(e):—f(efl).

Based on this, at each moment of time, taking into account the throughput at
the vertices-states of the graph, the overall efficiency of the flow to the target vertices
will differ. The dynamics of such a process may depend on many external and
internal factors, where under the external factors we will consider the policy of
companies, international and domestic maritime organizations, and the internal ones
are the motivation, potential and psychological stability of the subject - the navigator.

Thus, at each discrete moment of time, the state graph can be estimated on the
basis of the residual network C ; (e) , under conditions of maximization flow:

fo=0— f, —>..—> f, :|f,| > max.

From this it follows that formally the navigator's model can be interpreted as a
certain flow f, on the graph, and the problem of maximizing its parameters by
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adding the transformation parameter of the model g, such that:
Ve f(e).g(e)<C(e), g(e):—g(e’l) when f'=f+g.

In this context, it is convenient to represent the formal model of the navigator
in the form of his potential as a complex indicator of the flow on the edges of the
graph. This introduces restrictions in the conditions of the current flow as a constant
and implies a transformation in the form of its redistribution:

Z{f(u,v)+g(u,v)} =0.

In this approach, the problem is reduced to the optimal distribution of
resources-flows and can be solved by one of the classical research methods of
operations: the branch and bound algorithm; network planning methods; traveling
salesman problem and many others [17,18]. However, in our case, it is necessary to
introduce such g(u,v) as a flow such that g >0, due to which it will be possible to

fl+|g

qualitatively transform the navigator model ‘ f " = , reaching a given vertex ¢ in

the range of required parameters and optimally.

Pic. 1. Graph-model of the navigator

To this purpose, we use the Ford-Fulkerson algorithm to find the maximum
flow-potential and, as a result, the best navigator’s model in the current state space on
the graph [19-21]. Within the framework of the algorithm, it is important to note the
condition that restricts transitions by value & in the residual network of the
algorithm, which determine the complex decision-making strategy of the navigator,

such that 8Smian(e), Cf (e)>0. In this case, it is important to find such a
eeP -

residual network that contains edges with positive capacity in the form of
requirements for the specialist in terms of the flow F. On each edge & determines the
general level of the navigator, so the minimum values of ¢ on the edge of the graph
can lead to loss of flow and degradation of the navigator model as a whole. Then F
can be estimated in terms of the size of the graph and the maximum throughput,
F<C_. V.

In this case, due to the reachability and, as a consequence, finding the optimal
(maximum) flow in accordance with the algorithm, we divide the graph into two non-
intersecting sets, dividing the graph vertices into conditionally equal parts.
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Connections of transitions between the vertices of both sets determine the general
direction from left to right: ¢(S,7) =Y c(u,v), |f|<c(S.T) mpu V=SUT.

ueS
vel

Depending on the purpose of the transformation of the navigator's model, the
boundary of the sets S and 7 can shift from left to right within V. An analysis of the
number of border crossings will provide an opportunity to determine the magnitude
of the flow at this stage of strategic decision making in several directions of
crossings: | f|< c(u,v)=c(S.T).

ueS
vel

Thus, the achievement of the optimal decision-making strategy by the
navigator will be optimal only if ‘ f ‘ = c(S T ) :

Let’s define optimization in two stages. The first stage is achieved when in the
entire graph there are no reverse direction edges of the form # — s, which means that
the entire flow is unidirectional and eliminates the loss of the navigator's potential. In
addition, optimization can be achieved when there is no such boundary between the
sets S and T for which V¢, ¢, (u,v)=0.

The second stage of optimization is determined by analyzing all the vertices of
the set § for their positive throughput. If Ju e S, c(u,v) >0, then it can be argued

that the flow is to some extent positive, since a global transition from S to T is
achieved. Then it is important to determine the maximization function of this flow by
defining the conditions  when ‘ f ‘zmax , what is  possible if

vueS, vel f(u’ V) = C(?/l, V).

However, in practice, it is objectively difficult to achieve such a result in the
global interpretation of the problem, since there will always be vertices-states in
which the requirements will have zero throughput. Also, taking into account the
complex dynamically changing construction of the sets S and 7, it is possible to
operate only with its visible fragment at the predicted moment At¢.

Conclusion. Generalizing the first and second stages of optimization,
according to the Ford-Fulkerson algorithm, we get that:

r(lgaT>)<c(S,T )=min| 11, m}n| f |>0 . It means that in order to find the optimal

s
navigator’s model, it is necessary to maximize the transitions through the sets S and
T, provided that the positive flow is minimal. It confirms the hypothesis that it is
necessary to define a fragment of the global set with the maximum possible number
of vertices of positive capacity. Thus, further research will be aimed at determining
strategies for the development of transitions on the state graph of the navigator’s
model in the centers of clusters of high-capacity vertices.
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FORMAL IDENTIFICATION OF THE HUMAN FACTOR INFLUENCE
OF THE NAVIGATOR IN MODELS OF RANDOM
BRANCHING PROCESSES

Koretsky O., Makarchuk D., Nosov P.
Kherson State Maritime Academy

Introduction. The process of determining the set of indices, which can
indirectly identify the psychophysiological state of a navigator, faces difficulties in
correlating them with the navigational situation [1-3]. Also, if we consider the
dynamics of changes of these indicators in time, we can conclude that they are
branching processes of individual perception of a navigation situation and, as a
consequence, the body's reaction — physiology [4-8]. In view of the difficulty of
identifying the factors influencing the physiological reaction of the navigator, which
increases the risk of a critical situation, initially we should consider the processes of
perception as a random sequence, focused on some primary state [9-12]. However it
should be taken into account that in spite of all complexity of identification of
negative influence of the human factor it is possible to assert, that the nondegenerate
process as a chain of effective decisions of the navigator testifies to availability of
safe control of the vessel [13-15]. If the process is abandoned at a certain stage
without reaching the final point of the ship's route, it indicates an obvious strategic
mistake in ship's control. Also, if the process of ship control becomes endless,
looping, for example, when performing maneuvers of approach to a berth during
mooring, etc., it is also an indicator of human error in view of biased perception of
the navigational situation.

Thus, branching processes of ship control within the framework of
evolutionary random algorithms of decision-making by the navigators on the basis of
Galton-Watson approaches are considered [16-18].

Random sequence , Z,,Z,,Z,..., where Z, is the number of particles in the n-

th generation. It is also important to denote the set of independently equally

distributed random variables X (X,.(") )w as the number of descendants of the i-th

particle in the n-th generation, where P(X ell v {0}) =1 . If we consider in practice

of sea navigation this array of equally distributed random variables can be
represented by a navigation chart with indicated depths, navigation objects, ships-
targets etc. (Fig. 1). Then each discrete time section of navigation situation
development and consequently navigator's reaction to it can be written by formula:

Z. =x"+x"+ +x é") . At each new moment of time #+1 new random

variables are "born" in a pattern: Z,=1; Z, = Xl(l); Z,= Xl(z) + Xéz) +.t X;Z)
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Figure 1. Distribution of random variables on the map

In view of the discreteness of the formation of slice-states [] U {O} , then these

processes can be represented in the form of a Markov chain [19]. Where each state
has or has not a certain solution or some number of solutions, each of which leads to
the next discrete state. In turn, non-resolutions at a certain stage can lead to
degenerate processes 1 ,T :min{n >1: Z, =0} that have no resultant solutions

> =0.

As a part of the study it is important to determine the likelihood of the risk of
degeneration of the chain of actions, that is, the transition to a state with no effective
solutions from the side of the navigator: g = P(T <o)=1imP(T <n)=1imP(Z, =0)

n—»0 n—>0

Thus, there is a problem of definition of such conditions in which degeneration
of processes of effective decision-making by the navigator will not be observed. It is
also important to understand that number and quantity of random variables

X f”)...X g") can represent a separate set not only navigational parameters as depth, but

also a number of others: course and speed of a vessel; weather conditions and
maneuvering characteristics; experience of a navigator; psychophysiological
condition and others. In this way, the discrete state itself cannot have the same set of
parameters at every discrete point in time. The complexity of perception of a state
involves transforming its into metadata that allow decisions to be made. It is also
necessary to take into account that each previous state is related to the present one
and the derivative function of the number of particles in general form will be equal

to: ¢,(s)=Es™ :(p(go...(o(s)...)where E s’ -is expected value. This indicates that

the processes are pseudorandom, since we cannot formally represent the nature of
transitions between them. The specification of the number of transitions to new states
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allows us to state that the process has a final goal—state k. Then, the derivative

function ¢, will be equal to: (pz(z):EsX(2 Ay ZP (Z, =k)o"(s)

In this case the value of g, () lies in the range of [0...1...n], where n>1, and
the most stable is such that ¢ (s) =1. In this case, the process of phased decision-
making does not degenerate, P(T >n)=P(Z, >0)=1-P(Z,=0)= P, =1-¢,(0)

At step n +1 we have a probability such that it does not contradict the theorem
P2 ((72 + gp(l))

of Kolmagorov P = g(P), P.,—P= that in the case of

n

EX =1= EZ,=1=¢](1) defines the condition where VarX =o” €(0,)

Thus it is necessary to determine the non-irreducibility of the decision-making
process at some moment "t", and we will consider that the influence on its
degeneration will depend on the negative manifestation of the human factor.
Consequently, it is important to define the conditions of resistance to degeneracy,

when| ——|Z, >0 |>Z" —e™
O N o<l
Let us denote the influence of the human factor as 4 , and the mathematical
: : : izt 1
expectation, according to the Laplace transform , will be: Ee W= o2 120
+

The effect of 4 can be described by the probability of degeneration at the

junction of the two states of the system. PLG >0, Z m = OJ where the influence of
n+ .

human factors on the effectiveness of branching decision-making processes is
decisive

The main problem of research development is the inevitability of building a
local-individual classification of the perceived navigational situation. Because unlike
pharma classical models, influence of 4 on every particular case cannot be unified in
relation to other navigators. That is why it is necessary to define an individual
algorithm of feature space forming, which is more complex and multivector in its
parameters than a navigation chart. Taking into account all told above and in view of
insufficient technical possibilities of identification of A in a full spectrum, we will
put forward a hypothesis that for the decision of a problem in determining the impact
of 4 for the individual navigator it will be enough to define spaces of states from
which follows degeneracy of a kind Z m =0. For this purposes is necessary to

A
define the maximum possible in the conditions of navigational watch the parametric
model of the decision-making navigator.

Conclusion.Thus, the formal description of transitions between discrete states
on the graph of decision-making space by a navigator in complex navigational
conditions has been obtained. Also conditions and probabilities of degeneration of
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result branches of decision-making in conditions of negative influence of human
factor are defined.

Further scientific search should be directed on carrying out of experiment as a
result of which definition of the sign space of identification of a navigating situation
and accompanying risks, variations and chains of decision-making becomes possible.
All this will stimulate formal structural definition of the navigator model as a subject
of organizational-technical system of maritime transport, which in turn will lead to
the reduction of risks of maritime disasters due to human factor.
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’Kherson State Maritime Academy,

Introduction and problem setting. Despite the extensive literature, the
paradigmatic foundations of one or another interpretation of competencies, as a
rule, are not investigated or postulated. It is necessary to methodologically
correctly build a theoretical model of competence, including unconscious
processes of cognition, intuition, and natural mechanisms of creativity [1, 2, 3].
Competencies should be closely linked with the genesis of the phenomenon of
management, with the natural logic of distinction and management. For this, acts
of cognition, types (models) of cognitive control and a model of purposeful
activity should be disclosed and systematized [2].

The introduction of the concept of competence into the paradigm of ultimate
generalizations - PUG (Z-tasks of discrimination, modules of competence,
functional systems, etc.) allows us to define competence in a narrow and broad
sense and build its various models for different types of information activity,
including cognitive and educational. In applied terms, the proposed approach can
be applied to the analysis and improvement of the educational process, as well as
human-machine control systems for ships [4 - 7].

The main objective of this study is to develop a concept and methods for the
automatic formation of human-machine learning-competency modules for multiple
discrimination tasks. The concept and methods are developed within the
framework of asymptotic rationality, including subjective dynamic logic.

Main research material. The basic acts of the thought process are
distinctions. The "system of distinction" allows to differentiate the sequence of
phenomena and events replacing each other (time), the order of location to
simultaneously coexisting objects (space). This system allows you to perceive the
dynamic "coexistence" and "interaction" of objects through the definition of their
relationships. Let us denote the target set of discrimination objects by Z, and call
the corresponding act of discrimination the Z-task of discrimination [2]. Z-tasks of
distinction can be tasks of diagnostics, recognition, forecasting, choice of control,
discrimination of needs, decision making (Z-task, Z-Difference, Z-Distinguishing,
Z-Differentiation, Z-Control). Examples of Z-tasks of discrimination (chunking
mechanism):

Z={1 - Threat; 2 — Gray Area; 3 - Non-Threat}; Z={I - True; 2 — False};

Z ={1; 2; 3; 4} = {1-GREEN (I'm OK ); 2-YELLOW (I corrected an
anomaly myself ); 3- ORANGE (I have data to transmit ); 4- RED (Red Alert! I
need help NOW!)}.

The examples show that the problems of pattern recognition and
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discrimination of needs are a special case of discrimination problems. The implicit
formation of tools for solving the Z-tasks of discrimination, the formation of
“images of tasks” is directly related to the scientific problem of “building an image
of reality in the mind of an individual”.

Given the "deep unconscious" [3], there is a "continuum of discrimination
tasks". Each Z-task of discrimination forms its own module of learning and
competence. Let us introduce an important “principle of reformulations”:
launching into a solution of any Z-problem leads to the automatic launch into a
solution and maturation/incubation of all coarser problems defined by the sketch
network. This principle underlies the phenomenon of self-actualization of
discrimination tasks (most tasks do not require a “conscious” launch and control)
and the phenomenon of task continuum. Note that an ideologically close principle
plays a decisive role in Altshuller's theory of inventive problem solving. We also
accept two principles of productivity: intuitive, unconscious experience is
constantly accumulated as a “by-product” of purposefully implemented actions; the
process of "recognition", "distinction", "imagination" is a continuous process.

Any learning-competency module should develop the ability of the specialist,
the agent, to extract only "Meaningful Information" or "Control Information". Such
information is determined, among other things, by intuitive processes of proactive
control (result of natural learning based on experience). The incoming information
should confirm (or not confirm) the correctness of action and safety conditions in
the minimum way (most resource-economical). Control parameters can be set by
"internal codes" for achieving the goal.

The term "Control Information" is borrowed from Peter A. Corning (Control
information is an attribute of relationships between things and is defined as the
capacity to acquisition control, disposition, and utilization of matter/energy in
purposive or cybernetic processes) [8] . He considers this concept the "missing
link" of Wiener's cybernetics. Indeed, the functional (content and semantic) role of
information in cybernetic processes cannot be directly measured using the
statistical approach of Claude Shannon, which was also adopted by Wiener
(Shannon information is blind to the functional properties of information).

From a formal point of view, the information in a single finite object (for
example, in a binary string) is usually measured by its Kolmogorov complexity.
This information can be divided into two parts: information that takes into account
the useful regularity present in the object, and information that takes into account
the remaining random information. There can be several classes of models in
which the regularity is expressed. This approach is also applicable to the flow of
events (“arrows of time”).

The selection of meaningful / control information is associated with
subjective control paradigms (Subject-Oriented Control Paradigms). Such
management paradigms form tasks for general Al (including assistive technologies
in transport), which contributes to the successful practical application and
development of Al, as well as mechanisms for controlling and neutralizing
negative consequences [5]. One of the features of subjective control and decision-
making systems is their implicit permanent incubation (asymptoticity), i.e. change
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(sometimes hardly noticeable or "almost smooth", sometimes spasmodic). This
leads to non-monotonicity of solutions even to well-known tasks, frequent revision
and emotional reassessment of past events-decisions, which causes instability of
mental states and judgments (one of the factors affecting professional stability [4]).

The “arrow of cognition” and its attractor — “thin slice” — a set of extremely
generalized heuristics or “internal codes” (the most condensed meaning within the
framework of a specific task of distinction) is responsible for highlighting
significant/control information within the framework of asymptotic rationality and
any task of distinguishing [2]. Internal codes and precursors (probabilistic patterns)
are used to solve discrimination problems: recognition, diagnostics, forecasting,
control. Inner codes with large reinforcement in the database of precedents can be
considered as subjective parameters of the order of development of complex
situations, for example, navigation situations [5].

The full set of detail varying degrees heuristics, formed by the "arrow of
knowledge", as well as the cascade (fractal) principle of refining heuristics-actions
determine the subjective dynamic logic. Thanks to incubation, the mechanisms of
intuition-premonitions improve and become more economical, embodied and faster,
reflecting the general trend of transition from fragmented knowledge to integrated
knowledge. An important component of asymptotic rationality is the final
computational rationality (the maximum level of individual competence in a
particular discrimination task). One of the consequences of asymptotic (emergent)
rationality is a permanent jump-like change in the control system within the
framework of each discrimination task (a natural mechanism of autopoietic self-
optimization and, therefore, antifragility).

The dynamic logic of thinking underlies decision making under conditions
of variable uncertainty, which reflects the natural desire to reduce complexity and
manage cognitive load. Examples are the tasks of distinguishing objects at
different distances or with variable resources. As the conditions of measurement or
concentration of attention improve, decisions can be refined (the logic of “taxiing”)
[1, 2]. The development of the dynamic logic of thinking is relevant, in particular,
for operators of complex systems, including transport systems.

The basis of cognitive-educational and managerial competencies is an
implicit-explicit mechanism for the formation of discrimination tasks and tools for
solving problems - bases of own forms (bases of SF) based on internal codes of
situations images and precursors [2]. The development of the task-inductor space
and morphological calculations within the framework of “body-connectome-
cognitome-interactome”, due to scale coherence and auto/hetero-associativity,
stimulates the action of “principle of reformulations”, the phenomenon of
“continuum of discrimination tasks” and intuition [2].

Thus, PUG allows you to build an "internal" or paradigm model of basic
cognitive-behavioral competencies. As a result of applying such a model to
educational activities, we obtain a model of cognitive-educational competencies in
a general form. Therefore, on the basis of PUG, it is possible to formulate a
transdisciplinary definition of concept "competence", generalizing the theoretical
foundations and practice of applying the concept, both in education and in other
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areas of activity, including transport control [9-14].

The Z-competence module (CM), Operational Module or “knowledge asset”
(unit) is a collection of all structures within the Z-task of discrimination (Units of
Meaning and Processing). CM provides answers to two important questions that
have caused considerable controversy among cognitive psychologists and
educators: What stages does information go through during processing? How is
information presented in memory?

CM is a key tool for implementing the tasks of knowledge management,
competencies (Human Capital Management). The degree of CM structures
formation at different points in time is different. The rate of evolution and a
particular CM depends on the information-motor tension E (the level of cognitive-
search motivation), in particular, the frequency of solving educational, everyday or
professional tasks. Partner systems, cognitive simulators, intelligent virtual
environments, "intelligent webs", Al assistants and avatars can significantly speed
up this process, as they are able to quickly find the ultimate knowledge structures
with high intersubjective reliability.

For a formal description of learning-competency modules, we introduce the
following notation (based on [2]):

QU dTo},2) ={a{dTy}, z/Z)} — base of precedents in the Z-problem of
discrimination (we will consider descriptions of precedents Q={a} with complete
information, i.e. there are values of all tests from {G(7)});

{G(7)} — test domain network bank;

{Gv(7)} — bank of networks of test values;

{Gs(a)} — networks of situations sketches QQ = {a};

({7 T}, z/Z) — this is a separate sketch in the coordinate system {7/T}, z/Z
(Combinatorial generalization - the ability to understand and produce novel
combinations of already familiar elements - is considered to be a core capacity of
the human mind);

V({a/A}, z/Z) or V({a/A}, e/E, {u}y, z/Z) — ideal heuristics, where e/E —
required resources, {u}y — implementation mechanisms with the help of society,
teams, agents; tests {a/4} play the role of an associative base, z/Z - induction
center;

{R} i, {V?} unr — full of precursors and ideal heuristics;

{R*} Fulls {S*} rar — "thin slices" of precursors and ideal heuristics (condensed
meaning is the essence of asymptotic rationality);

{{S *} win} Fui— the basis of the Limiting Knowledge Models based on a “thin
slice” (the LKM basis is an analogue of the “thousands of brains” concept);

Houtst, ey, {x}miny — operational characteristics of heuristics,
precursors, limiting knowledge models (costs, risks);

{8°, R’} — socially verified heuristics and precursors;

{{S Vi) — critical paths on a set of knowledge models (the most
commonly used discrimination strategies);

FS — functional systems (Functional Systems: the result of the
implementation of limiting knowledge models), CrPaths - critical paths on a set of
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functional systems;

{flu} 4, {f/1}y— inductors (generalized entanglement).

Heuristic triggering V({a/A}, z/Z) (inductor) not only activates the result z/Z,
but simultaneously triggers "maturation/incubation" and the implicit solution of the
discrimination/recognition Z-problem, as well as {4-Task}, implementing an
internal audit of information flows (“soft measurement” or “jury of intuition”; the
concept of “task continuum”, System 0).

Simplistically, the stages of subjective categorization, the emergence of
knowledge, embodiment and confusion within the framework of the “Z-module of
competence” (Z-holon) can be depicted as the following scheme (“large blocks” -

«chunksy; a parsimonious cognitive architecture can account for apparent domain
specificity):

Unconscious Unit | Chunk | Operational Module:
Q({7To},2), {G(DjviGU D} = {Gs(@)) = R}, 1V} runr =
{R*}Full: {S*}Full - {{S*}Mm}mlﬂ—> st Led, Hhminy = {5 R} -
— {{S" s} > {FS} — {CrPaths}, E;>0,

Entanglement:.  {V} = {V({a/A [{flu} .}, z/Z) [{flu}v]},
MicroConnectome <Q, {G(7)}>, 2z;E;<E,

CausalModel=(Q2, {G(7)}), Ec{E},
Stream of Solved Z-Tasks | Local ‘Arrows of Time’: {LAoT}y,

Collections of Experience Replay Data - CERD:  UnconsciousUnit C
CERD,

The emergence of PMZ bases and critical paths will be attributed to the main
result of the 1st stage of abilities (knowledge) formation. The second and third
stages are realized thanks to the practical mass solution of distinction Z-problems
(the flow of local "arrows of time"). It is the stages of embodiment and
operational-causal closure (emergence of the Z-holon of System 0 [3]) that
characterize the highest professional experience (expert level). The embodiment
allows you to dramatically reduce the cost of resources for management and
increase the speed of response. All three stages together develop emotional space-
time thinking within the Z-competence. The mechanism of competencies system
genesis is similar to the mechanism of formation, abilities of subject, an agent.
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BJIACTHUBOCTI A0 IIOBYJAOBHU POBOYOI'O ITPOLHECY
ABIAIIIMHOI'O T'A3BOTYPBIHHOI'O JIBUT'YHA

Tosxau C.C.
Hayionanvnuu asiayiunuu ynieepcumem, Kuis

Beryn.  BmactuBocti  aBiamiiiHoro rasorypOimnoro auryna (I'TH)  MoxyTs
BiJOOpakaTuCsl 3a JOMOMOTOI0 MaTeMaTHYHUX MOJEJe: TepMora3oanHaMiuHi (poOoumii
MpoIIec), MacorabapuTHi, €KOJIOTTIHI, TEXHOJIOTIYHI, GKOHOMIUHI Ta 1HIII XapakTepucTuku. Jlami
MO/ICITIOBAaHHS PO3TIIAJAETHCS SIK Pe3yabTaT BUSHAYCHHS TSTH a00 MOTY)KHOCTI IBUTYHA.

Maremaruuna mMojienbs pododoro mporecy aiamiitHoro I'TJ] — CyKymHICTh 3aJI€KHOCTEH,
PIBHSIHb, HEPIBHOCTEH 1 JOTTYHUX YMOB [ 1], sika MOB’A3ye TepMOra3oiMHaMI4H1 XapaKTepUCTUKU
JIBUTYHA 1 MOT0 BY3JIIB, @ TAKOK MapaMeTpu poOOYOro Tijia B pi3HUX Mepepizax poOoUoro TpakTy
3 BUXIAHUMHM JJAaHUMHU, 30BHILIHIMU YMOBaMHU 1 YMOBaMU perymntoBaHHs [1].

OCHOBHMMHM 3a/ladaMM MaTE€MaTHYHOTO MOJEIIOBAHHS POOOYOro MpoLecy aBlallliHUX
I'THe:

- TepPMOTa30JMHAMIYHUH PO3PAaXyHOK JBHTYHA Ha PO3PAXYHKOBOMY
PEXHMI 3 BU3HAYEHHSIM F€OMETPUYHUX PO3MIpIB OCHOBHHUX IIEpepi3iB;

- ONTHUMI3allid MapaMeTpiB poOOYOro TMpolecy 13 BpaxyBaHHSIM
KpUTEPiiB 1 00MEXKEeHb, B TOMY YHCIi cuctemi JIA;

- BHW3HAUEHHS BHCOTHO-UIBUJIKICHUX JAPOCEIBHHUX XapPaKTEPUCTHUK
JBUTYHA 13 337JaHOI0 MPOTOYHOIO YACTHHOIO 1 MPOTPAMOI0 KEPYBaHHS;

- BHOIp oONTUMANBHOI TPOTPaAaMH pETYIIOBaHHS JBHUTyHA, sKa
JI03BOJIsSIE BAKOHYBATH TEXHIYH1 YMOBH 1 BUMOTH;

- BHW3HA4YEHHS MapaMeTpiB 1 XapaKTePUCTUK JIBUTYHA Ha TEPEXITHUX
peXUMax po3roHy, CKHIaHHS Ta 3yCTPIYHOT MPUHOMHUCTOCTI;

- BU3HAUEHHS TMapaMeTpiB [BUTyHA Ha pexuMax, [0 3HAYHO
BIIPI3HAIOTHCS BiJl pO3PaxyHKOBHUX (3aMyCcK, aBTOPOTAITls, HEIITATHI CUTYaIlii);

- aHaJi3 pe3ynbTaTiB BUMPOOyBaHb ABUTYHA.

MeToro IOCTIKEHHSI € BU3HAYEHHsI €(PEKTUBHUX PIIICHh NMPH MOOYA0BI MaTeMaTHIHUX
MoJiesiel aBialiifHOro IBUT'YHA, BPAaXOBYIOUM BECh J1alla30H eKCIUTyaTallliHUX PEeXUMIB JBUTYHA
Ta MOXJIMBICTh TIEPEHANIANNITYBAHHS B 3QJICKHOCTI BiJl KOHKPETHOT 3a/1a41 J10 CJT1IKEHHS.

Mogeai po6ouoro mpouecy. MarematuyHi Mojeli rnepiioro piBHsA [1,2] 103BOJAIOTH
BH3HAauaTH XapakTtepucTuku apiamiiHux [T/ BciXx BIiZOMHX cXeM: OJIHO- 1 OaraToBajIbHUX
TPAA(D)cm 31 3MimIyBaHHSIM IIOTOKIB 13 3arajibHOI (OPCAKHOK KaMepow; OJHO- 1
OararoBanibHux TP/ ®; nBo- 1 TproBaibHux TP/IJ i3 mignipHUMU CTYMEHSAMU 31 3MIITYBaHHIM
MOTOKIB 13 pO3JIUIBHUM CTOKOM 13 KOHTYPIB; OJ{HO- 1 6araToBanbHux TB/I.

Matemaruuni mozeni apianiiaux ['TJl muX cXeM 3a CBOEI CTPYKTYPOIO MPUHIIUIIOBO
nocratHbo Onm3bki. Ha puc. 1 mnpuBeneHuidt yMOBHMU aNrOpUTM MaTeMaTU4YHOI Mojeni
asiarifinoro I'T/I.

PosrnsiHemMo cTpykTypy MareMaTuyHOi MOJENI MepIIoro piBHS JBOKOHTYpHOTO N-
BanpHOTO TP/IJI(®)cMm 31 3MyITyBaHHSIM MOTOKIB 06€3 MiAMIPHUX CTYyIEHEH.

[lepuia rpymna piBHSHB AJ1 YMOB 0allaHCy BUTpPAT B KOMIIPECOPI:

Gy —Gyn —AG, =0, (1)

Jpyra rpyna piBHsIHb BijoOpakae OanaHc BUTpaT rasy B TypOiHi
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Buxinni mani

Y
——>> Po3paxyHOKk mapameTpiB JBUTYHA i HOTO BY3IIiB
KHT KBT OK3 TBT THT K3 PC
Lt -
TepmoauHaMiuHi QyHKLIT

Po3B’s130k cucTeMU PiBHSIHB

JlocTaTHs TOYHICTD Hi

pO3B'sSBKY

N
YA <e
i=1

JlocTaTHs TOYHICTD
PO3B'sI3KY

Ny,
DA<k
i=1

Hi

Tak Tak
[Tapamerpu nBUTYHA XapakTepruCTHKHU ABUTYHA
b0k po3paxyHKOBOIo pexumy Brok po3paxyHKy XapaKTepHCTHK]

Pucynok 1 — YMOBHHMIT anroOpuT™M MaTeMaTH4HO1 Moaeni aBiatiiaoro I'T/]

N N
Gy —Gye + ZAGCAi + ZAGPKi =0, (2)
i=j i=j+1
PiBHsiHHS OanaHCy MOTYKHOCTEH Ha BaJly CKJIAJIal0Th TPETIO IPYIy PIBHSIHB:
[GTJ + AGCAj]*Lz}'Umexj - GZijj - ANj = 09 (3)

UerBepTy rpymny piBHSHb CKJIQJalOTh TPH YMOBU PETYIIOBaHHS (PEXUMHU pPOOOTH
OCHOBHOT 1 (hOpCa)KHOT KaMepu 3ropaHHs, MOJOKEHHS CTYJIOK PEaKTUBHOTO COILIa)

* *
TKC - TKc3ﬂH =0;

¥ *

To—Tyom =0; 4)
chp _FCKp.3()H = 0
Jliig po3nofiiy TeMiepaTypu MoToKy MOBITPs KOMIIpecopa/TypOiHu 3a/1a4a Ma€e BUTIISI
U =U_, 0<x<l;0<t<o (5)
I'pannyHi yMOBH:
U@,)=1
U.(L,t)=—U(1,1)-g)]

ITouaTkoBi yMOBHU:
Ux,00=0 0<x<1 (8)
Jist po3B's3Ky HOOYAYEMO CITKY
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A
t
Umn
Um.l
Ua
Up
Usy
Uz Uss sy
Un F
I(— h > k
L >
T T Uiz U4 Ty X

Pucynok 2 — OGuuciioBanbpHa CciTKa JUisl po3paxyHKy napamerpis moaeni I'T/]

3uadenHs U, Ha JIBIH Ta HIKHIA CTOPOHAX CITKH BIZIOMI 3 TPAHHYHHUX Ta MOYATKOBHX

yMOB. 3ajjaya MoJisAira€ B TOMY, 1100 3HAWTH 3HaY€HHS y BCIX IHIIMX Touykax. lns po3B'a3ky
3aMIHMMO 49acTHHHI noxigHi U, Ta U iX KIHIEBO-PI3HULEBUMH allPOKCUMALIIMU

1 1
U= [UGe,t+ k) —u(x,0)]= " .., -u.,l
. . )
U=z UG+ ) =200 U= h0) = .. -20,,+U, .,
k
Ui+1,j = Ui,j + ﬁ [Ui,j+1 - 2Ui,j + Ui,j—l (10)

AIpOKCUMYEMO Tepuly IMOXiIHYy B TpaHUYHIA YMOBI Ux(l,t)=—[U(1,t)—g(t)]
(3aMiHSI€EMO JIIBOIO PIZHHMIICBOIO CXEMOK, TaK SK CIpaBa BiJ NpaBOi TOYKM HEMAE TOYOK):

% [Ui,n U, ] = _[Ui,n —&; ]

OcratoyHo,
U. . —hg
Uin :—l’nil h gl (11)
’ +
Posrnsinemo cxemy:
Ui, j Ui,j 1
T = h_z (Uz+1,,,‘+1 - 2Ui+1,./' + UM,.H) (12)

3 rpannuHumu yMmoBamu U, , =a; U, = .

CyrTeBa BIIMIHHICTH MOJsTae B ToMy, mo U B mpaBiii 4YacTUHI BXOAATH HE 3
NoTepeIHbO1 YacoBOi MOBEPXHI, a 3 I1i€l 5k, TOOTO B mpaBii yacTuHi Bci U HeBinoMi. Tomy Mu
NOBMHHI posrisaaty (12), sk cucteMy piBHsHb st BusHayenus U, (j =1...N).

k
[lepenumemMo cxemy, BpaxXyBaBIIM [ = 5] :

A+2)U, ;= Uiy jo + Ui ;) =U, 5 J= 1N, (13)
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TakuM YUHOM, MaEMO CHUCTEMY JIIHIHMX PIBHAHb 3 TPhOMa HEBIIOMHUMH B KOXHOMY
piBHSHHI. AJle KOXXHE HEBiIOME BXOJUTHh B TPU pi3HI PIBHSAHHS, Malo4M iHAekcu j—1, j Ta

j+1.
To6T0 B MaTpuuHO-BEKTOPHIN opMi:

M+2u - 0 0.0 1[Uni]| [Uy+pe]
—u 1+2,u —H 0..0 U[+1,2 U[,z
0 —u 14+42u—p.. 0 Uiis | =|U,5 (14)

0 0 0 —p 1+2u | |U

i+ln | _Ui,n + luﬂ_

Tyt MaTpuis nepexoay Mae CTPIYKOBUM TpbOXJlaroHadbHUM BUTIIAA. ['paHnyHl yMOBU
Uo Ta pff BXOIATH SIK JI0JaTKOBI1 IOJaHKH OIS MEPIIOro 1 OCTAHHBOTO KOMIIOHEHTIB BEKTOpa

BIIOMHMX 3HauyeHb QYHKIII (3 MONEpeIHhOro KpOKy Mo uacy). Taki cHUCTEMH MOXKIIUBO
PO3B’A3yBaTH METOJIOM MPOTOHKH, IO TO3BOJISIE 3HAYHO 3MEHIITUTH KUTBKICTh OTEpallii.

CxeMa cTiliKa IIpH CHIBBIAHOIIEHHI Af Ta Ax, TaK K aJrOpUTM O€3yMOBHO CTIMKHUI.

BucHoBok. BruiiB eneMeHTIB TEMI0OBOT HECTALIOHAPHOCTI HA NEPEOIr TEIIOBUX PEKUMIB
apianiiaux ['TJl moxke Oyru 3HauHuM. Hampuknazn, mporiecd TpUHOMHUCTOCTI «XOJIOTHOTOY
JBUTYHA 1 IBUTYHA, KWW TPOTIPAIFOBAB MPOTITOM TPUBAIOTO Yacy Ha MaKCHMAIILHOMY PEXUMI,
MO>KYTh 3HAYHO BIIPI3HATHUCS SIK 1O Yacy BUXOJy Ha MAaKCUMAITLHUIN PEXKHM, TakK 1 3a XapaKTepoOM
3MIHM OCHOBHUX MapaMeTpiB (TATH, 4aCTOTU OOEpTaHHS 1 T.1.).

Tomy wMmarematnuna wmojenb agiariiHoro [T/l Ha mepeximHUX peXUMax BUMAarae
BIMOBIIHUX JIOTIOBHEHb: BpPaxyBaHHS HAKONMUYEHHS Machd poOoYoro Tula B PIBHSIHHSX
HEPO3PHUBHOCTI IS PI3HUX TEpepi3iB MPOTOYHOTO TPAKTY; PIBHAHHS OalaHCy TOTY)KHOCTI JJIst
KOKHOTO Kackaay TypOOKOMIpecopa MOBHHHO BKIIIOYATH JWHAMIUHY CKJIaJIOBY, MOB’s3aHy 13
3MIHOIO B 4aci 4acTOTH oOepTaHHs KacKaqay;, TOBHHEH OYTH BBEICHHI OJIOK pPO3paxyHKY
TEIJIOBOTO CTaHy OKPEMHX BY3JiB, TMOBHHEH OyTH BBEICHHU OJOK pO3PAXyHKY 3MIHH
paaiagbHOro 3230y JIONATKOBUX MAILIUH.

Breneni Bci He0OXiHI TOTIOBHEHHS JO3BOJIIOTH OTPUMATH MateMaTtudHy Mojenb [ T]] 13
BpaxyBaHHSIM BIUTMBY €JIE€MEHTIB TEIJIOBOT HECTAI[IOHAPHOCTI.

HecramionapHi mporiecu B IBUT'yHi, SIKi BAHUKAIOTh MPH PI3KUX JIOKATBHUX 3MIHAX THCKY 1
TEMIIEpaTypu TMOBITPs, 3a3BUYal, MarOTh CKJIAJHUNA TMPOCTOPOBUN XapakTep Ta BUMAarae
BUKOPUCTAHHS CIEIIAJIbBHUX OUIbII CKJIATHUX, MOOYyJIOBaHMX HA METOJax 1 MOJICIX
00YHCITIOBATILHOT I'a30BO1 IMHAMIKH, IIPOCTOPOBI METOAM PO3PAXYHKY.
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KOHCTPYKIUIA CUCTEMUA JOITIOMI’KHUX BAJIACTIB
BAHTAXHOI'O CAMOXIZHOI'O IIIIBOJIHOI'O HOCIA

Kupunnos €. /., Cipiguyk A. C. K.m.H.
Hayionanvuuii ynisepcumem xopabaebyoysanus im. aom. Maxaposa
(Ykpaina, m. Muxonais)

Bantaxuuit  camoximauii  migBomHmii  Hocii  (BCIIH), mnpusnauenuit s
TpaHCHOpTyBaHH: 3 cyaHO-HOCis (CH) BaHTaXiB y BUTIISAI aBTOHOMHUX PaJioOTiPOAKyCTHUYHUX
craamiii (APICAC) cymipHUX 3 Macoro i rabaputaMu caMoro MiIBOJHOTO HOCIS MpH3HAYCHUN
JUTS BUPIIICHHS TBOX OCHOBHUX 3aja4 [1,2]:

1) TpaHCHOpPTYBaHHS Ta YCTaHOBKa KOPHMCHOTO BaHTaXy Ha MO3ULII0 (JHO MOps),
CIUIMBAHHSI Ha IOBEPXHIO MOPS MICJs HOTO YCTAHOBKH;

2) caMOCTIHHOTO 3aHYpEHHS, BU3HAYEHHsS TOUYKM 3HAXOJKEHHS BaHTAXy Ha JHI MoOps,
aBTOMAaTUYHOIO 3aXBaTy Ta MiAKNOMY il Ha TOBEPXHIO MOPSI.

Cucrema JONMOMDKHHUX OanlacTIB CIYrye JAjsi KOMIIEHcCallli KpeHy Ta AudepeHTy micis
BCTAHOBJICHHs 200 3a0upaHHs BaHTaxXy. OCKUIbKU Maca MiABOJHOTO HOCIS, a TAKOXK MOTO IIEHTP
Mac 3MIIYEThCS BIIHOCHO MOYJSI MOKJIMBHUI TepeKic amapara, [0 Mpu3Bese 0 MOTIPIICHHS
oro mMaHeBpoBUX 3Mi0HOCTEH. CHcTemMa JOMOMDKHHUX OallacTiB PETYIIOETHCS 3a JTOTIOMOTOIO
CTHCIIOTO TOBITPSI, OCKUIbKU TaKU# Coci0 € HallOUIbI €()eKTUBHUM.

OxpiM 3MIHM KYTIB KpeHy Ta TU(GEpEeHTYy KOPHCHUN BaHTaX TAKOX BIUIMBAE Ha camy
IUIaBYYICTh MIABOJHOTO HOCIS, TOMY 3a/a4e€l0 CHUCTEMHU JOMOMDKHUX OanacTiB € TakKoxX
peryaroBaHHs BJIACHOT MJIABYYOCTI MiABOTHOTO HOCIS.

Cucrema ponmoMikHOTO Oanacty (puc. 1) CKIIagaeThes 3 YOTUPHOX OATACTHUX IMCTEPH,
€JIEKTPOMArHITHUX KJamaHiB, 0OMEXYIOUOTO PEeAyKTOpy Ta OajoHy 31 CTHCIHUM MOBITPSAM IS
3alOBHEHH 0aJaCTHUX LIUCTEPH.

Hocosi nmucrepau

OOMexyounil pefLyKTop

baion crucioro nosiTps S
EnexTpoMarHiTHUI BEHTHIb IS
S—1
L | — 3aII0BHEHHS 0alaCTHUX LUCTEPH
EnexTpoMarsiTHUiA BEeHTHIb [
BHITyCKY HOBITPS —

KopmoBi mucrepHn

Pucynok 1 — CtpykTypa cucteMu JOTOMBKHUX OajacTiB

[Ticnss BcraHoBneHHS Mojyiro-1 BIIKpHUBalOTBCS BEHTHJI /ISl 3allOBHEHHS BOJIOIO B
HOCOBI 4acTUHI amaparta, TakKUM YMHOM KOMIIGHCYETHCS BIAIYIIEHA Bara BaHTaxy. bamacTHi
LUCTEPHHU PO3paxoBaHi TAKUM YMHOM, 1100 MoOXKHa Oyno BunmycTuTd juuie 90% mnoBitps 1 Hum
KOMIICHCYBATH 3MIHY IJIaBY4YOCTi arnapara. AHaJOTi4HO po3paxoBaHo i po6oTy 3 Moynem-2.
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B koHcTpykIito 6anacTHUX HUCTEpH (pUC 2) BXOAMTH JBA €JIEKTPOMATHITHUX KJaraHa,
KOHCTPYKTHUBHI OTBOPY Ta AATYUKU PIBHS 3alOBHEHHS, B SIKOCTI SKMX BHUCTYIMAIOTh T'€KOHOBI
pelie Ta MOIJIaBKU 3 MarHiTaMHu.

EnexrpomarHiTHUIA KiamaH
3aIOBHEHHS TIOBITPSIM

EnexrpomMarnitHuil kinanan // Kabenpb

BUITYCKY TIOBIiTpsI 3B'A3KY

I: \ TepkoHOBE pesie /

| [
MaruiTHuit /;l/' — — - — L~k

— — — — G MarsitHuii
. — - —— — —_— - MOIIJIABOK

TIOIIJIaBOK

KoHcTpyKTHBHI 0TBOpH

Pucynoxk 2 — Korcrpykitis 6anacTHOT IUCTEpHU

JIyis 3amoBHEHHS OAacTHUX IMCTEPH BIIKPUBAETHCS EICKTPOMATHITHUH KJamaH Jiis
BHITYCKY IIOBITps, a BOJA IMPOXOJUTh Yepe3 KOHCTPYKTHBHI OTBOPH JO MOMEHTY TOKPHUTTS
BOJIOI0 BEPXHBOI YACTHHH PO3’€MY €JIEKTPOMArHITHOTO KJIaraHa abo J0 MPHUITMHEHHS KOMaH !
OTmepaTopoM. AHAJOTITYHUM YHMHOM TIPAIIOE CHCTEMa 3allOBHEHHS TMOBITPSAM, € TMiJ THCKOM
TIOBITPS BOJIa BUXOIUTh YePe3 BIAMOBIAHI KOHCTPYKTHUBHI OTBOPH.

Jlnst BimoOpaXkeHHs CTaHy 3allOBHEHHS OaJlaCTHMX CHCTEM BCTAHOBIIIOIOTHCS TEKOHOBI
perne, e pu NpuOIMKEHHI MarHiTHOTO TOTIaBKa CIPallbOBYE 3aMHUKAHHS pelle.

BucnoBok

[IpencraBnena cucreMa JOMOMDKHUX OalacTiB MpHW3HAYCHHS [UIS  3a0e3medeHHs
KOMIIEHCAIlll 3MIHM IUIABYYOCTI 1 BaHTWXHOTO CaMOXIJHOTO INJIBOJHOTO HOCIS TIpH
BCTaHOBJICHHI CIICIia]i30BAHOTO KOPUCHOTO BaHTaxy. llojampliuidi pPO3BUTOK TEMATHUKH
nepeabayae aBTOMaTH3allil0 Tporlecy crabimizamii MiABOAHOTO HOCII HE TUIBKA IpHU
BCTAHOBJICHHI/ITIIHIMAaHHI KOPHUCHOTO BaHTaXxy, a W TMpH TOYATKOBOMY HaJallTyBaHHI
IJIABYYOCTI Mepes] MOYaTKoM POoOOTH, 1m0 0OYMOBJICHO PI3HMMH PaliOHAMM €KCILTyaTallii HOCis
Ta MOXJIMBOCTI 3MIHH IIJIABY94OCT CAMOTO BaHTAXKY.

JIITEPATYPA

1. Boiitacuk, A. M. Creuiamni3oBaHuil BaHTAKHUNA CAMOPYIIHHHA TeleKepOBaHUN
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VIIK 629.5

PEI'YJATOP LIBUAKOCTI ABTOHOMHOI'O HEHACEJIEHOI'O
HIIBOJHOI'O ATAPATY 31 CTABLII3ALIEIO YIIPOY PYHIIAHO-
KEPMOBOI'O IPUCTPOIO

bninyoe B. C., 0.m.n, npogpecop, Ipyoinina I'. C., suxnaoau kagpedopu EIC ma PK
Hayionanvnuii ynisepcumem xopabaedyoyeanus im. aom. Maxaposa, m. Muxonais, Yxpaina

Beryn. B nam wac Gararo yBaru mpHIUISETBCS POOOTH30BAHMM amaparaMm 3JaTHUM
BHKOHYBATH BXKKi Ta HEOE3MEUHI MICIi 13 3QIydeHHSIM JIFOJMHH TUIBKH y SIKOCT1 omieparopa abo
JUIs TIOCTAHOBKM 3aBHaHHs. JIyig 371MCHEHHS CKJIAJHUX MICIH MiJ BOJOI pO3poO0IsieThes
IIMPOKUN CHEKTp MIABOJAHMX amnapaTiB-poOOTIB 3JaTHUX (YHKIIOHYBaTH aBTOHOMHO abo
MPUB’SI3aHUX J10 cyaHa Hocid. s 0ararboxX BHUKOHYBAHHX MICIH yCIIX MOXE 3ajekaTd Bif
TOYHOCTI MO3UIIOHYBaHHA 1 cTabuni3auii pyxy amapary. [ligBuiieHHs mBUIKOAIl Ta TOYHICTh
MIATPUMAHHS 3aJaHoi IIBUAKOCTI PyXy HIABOJHOTO amapaTy 3a YMOB 30BHIUIHBOTO BIUIUBY
BIJII'PaOTh BAXKJIMBY POJIb Y 3aBJJaHH] CTa0LI130BaHOTO PYXY.

Oco0nmrBOCTI pexXUMIB pOOOTH aBTOHOMHHMX HEHAceJNeHUX MiaBoAHux amaparis (AHITA)
0OYMOBJIIOIOTH TIOIIYK HOBHMX HETPAJUIIMHUX MIAXOIIB O BUPIMICHHS 3a7a4 KepyBaHHS iX
pyxoMm. Orusn HayKOBO-TEXHIUHOT JIITEpaTypd IO CHUCTEMaM KepyBaHHSA IIOKa3ye, IO
MaricTpaJlbHUM HamnpsMKOM IOJANbIIOTO0 PO3BUTKY TEOPii CHHTE3y CUCTEM aBTOMATHUYHOTO
KEepyBaHHsS aBTOHOMHHMMH MIJBOJHMMH amaparaMd B yMOBax HEBHM3HAUYEHOCTI IapaMeTpiB
AHITA Ta XapakTepHUCTHUK 30BHINIHBOTO CEpEJOBUINA € 3aCTOCYBAaHHS EJIEMEHTIB ILITYYHOTO
IHTENEKTY — HEUITKUX 1 HEHPOMEPEKHUX PEryJsTOPIB, @ TAKOXK PErynaTopiB Ha 06a3l IHBEPCHUX
MoOJIeNei 00’ €KTy KepyBaHHsI.

OcHoBHMIT MaTepiaj. ABTOHOMHI HEHACEJCHI MiABOIHI amapaTd 3 TO3HWIINi Teopii
KEepYBaHHS MPUUHATO PO3IJISAATH K aOCONIOTHO TBEPAE TUIO, IO Ja€ 3MOTY HE BPaXOBYBaTH
CUJIOBY B3a€EMOJIII0 MDK HOTO €JIeMEHTaMHu, SKi MaloTh Macy. B oCHOBY maTeMaTH4HOT MOJEi
muHamikn AHITA mokmaneHi piBHSHHS AWHAMIKH TOCTYMAJbHOTO Ta OOEpPTaIbHOTO PYyXy
TBEPJIOTO TiIa Ta KIHEMATHYH1 PIBHSIHHS 3B’ 513Ky KYTOBHUX 1 JIIHIMHUX mBHAKOCTEH [ 1]. 3a3Buyait
rigpoauHamiuHi 06Bou KopiyciB AHITA obuparoth Takumu, moo iXx 0O0TIKaHHS MMOTOKOM BOJIU
MaJjio JamiHapHui xapakrep. [Ipu npomy pymiitauii npuctpiid (PIT1) BunoCATh 32 Kopnyc AHITA
Tak, 10 TpeOHMIl TBUHT Mpalioe y MpPakTUYHO He 30ypeHomy mnotoui. Ha pucynky 1
npeacraBieHo AHIIA, mo KOHCTPYKTHBHO BifIOBifae
OINHUCAaHUM BUMOTaMm [2].

B po6orti posrnsgaerbes AHIIA, mo mae pymriid
CHIBBICHUH 3B’A3aHO1 CUCTEMH KOOPJAUHAT, BEKTOP YIIOPY
SKOTO MPOXOJUTH Yepe3 LEeHTp Mac anapara. OCHOBHUMHU
CKJIQJIOBUMHU pYIIiHO-KepMoBoro mpuctporo AHITA e
enekrpoasuryn  (EJl), penykrop-Banomposin (PB),
rpe6uumii reuHT (I'T), HanpsiMHA YK MOBOPOTHA HACAIIKA.

Yrnop pymriifHO-KEpMOBOTO MPHUCTPOI0, MOXKHA
NPEICTaBUTH Y BUINISIII CyMH YIHOpIB T'peOHOrO TBHUHTA

Pucynok 1 — 30BHilHIN BUTIISAT
AHIIA 3 BuHeceHnM I103a
kopmyc PKIT — AUV PingGuin

, F, .
Frr ta camoi nacagku F, [3]: F, =F+F,=Fy-(1+t,) ne t,=—- — KoeQilieHT
’ T
3aCMOKTYBaHHS HacaJku, Tabmuus 1.
Tabnuus 1 — 3HaueHHs koedillieHTa t,

c 1 2 3 4 5 6 7 8 10 0

tn 0.23 0.32 0.39 0.44 0.48 0.52 0.55 0.58 0.62 0.9

*G — KoeQillieHT HaBaHTAXXEHHS PYIIIHHOTO MPHUCTPOIO Mo ynopy [4].
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Po6oTa pymiiiHO-py/IbOBOTO MPHUCTPOIO MiIBOJHOTO amapara y MaHEBPOBUX PEKUMaX,
3a3BHYal, MPOTIKAE y KOCOMY IOTOI BOJM, 10 Habirae. Bimomo, mo y Takux pexxumax ymnop
PKII cyrTeBo 3MmiHIOETHCS [5, 6]. Tomy 1110 06CTaBHHY HEOOXIHO BpaXxOBYBATH IPH KEepyBaHHI
IPOCTOPOBUM pyxoM mifBojgHoro amapary. Hms AHIIA BpaxyBaHHS BKa3aHOTO SBHIIA €
0COOJMBO aKTyaJIbHUM, OCKUIBKM CTa0Uli3alis MapaMeTpiB iX MPOCTOPOBOIO pPyXy Mae
BUKOHYBATHCh B @aBTOMAaTHYHOMY peXuMi [7].

3 mier0 MeTor, 3aco0aMM MATEMaTHYHOTO MOJIETIOBAHHSA TIPOBEACHO JIOCTIHKECHHS
TiIPOAMHAMIYHUX MApaMeTpiB PYIIIHHUX NMPUCTPOIB TUIYy «TBHUHT B MOBOPOTHIM Hacamii» Ta
«ITOBOPOTHA TBUHTOBA KOJIOHKAY, IO MPAIIOIOTh Y KOCOMY ITOTOII.

IToBopotHa rBuHTOBa KoJoHKA (IIT'K) cknmamaerbcs 3 rpeOHOrO TBUHTA B HAIPSIMHIN
Haca/Illi, 0 BUHECEHA 3a KOPITyC arapara Ha KPOHIITEWHI i o0epraeThes Ha 360°. B3aemomis
rpeOHOr0 TBUHTA 3 HANPSMHOIO HACAIAKOI0 3a3BHYAi MPHU3BOJMUTH A0 TOTO, IO OUTbIAa YacTHHA
ynopy, mo po3BuBaetrbes [TIK, cTBoproeTbecst poOOTOI0 TpeOHOrO TBHUHTA, a MEHIIA HOTro
YacTHHA — 3@ paXyHOK OOTIKaHHS HacaJKU IMOTOKOM, 1110 YTBOPIOETbCA B Pe3yJbTaTi Li€i poOOTH.

Hocnimxenns npooauiock st PKII 3 HactynHumu mapamerpamu. Model PN160-1,
F€OMETPUYHI XapaKTepUCTUKM Hacaaku: KoeQIieHT pacTtBopy — 1.32; BHyTpilIHIA
po3paxyHkoBuil miametp — 161.6 Mm; BimHocHe mogoBxkeHHs — 0.80; TN npodutro — aBialiiHO-
CEerMEHTHUM; XapaKTepUCTUKU I'peOHOro reuHTa: Aiamerp — 160 MM; AMCKOBE BIIHOIIEHHS —
0,57; xpokose BigHomeHHS — 0.9; Tun npoduio — aBialifiHO-CETMEHTHUI; AlaMeTp MAaTOYMHH —
33.4mm), [8].

BceranoBieno, mo a1 rpeOHOro I'BHHTA B HaINpsIMHIM Hacaflll BJIACTUBO 3pPOCTaHHS
ynopy PKII npu Bigxuneni notoky Bix Bici I'T, puc. 2.

3, Tpan : : : : : Fr,H
30 ' : : ; 1007

20} LT

40
20+

0 10 20 30 40 50 tc
a

8
Pucynoxk 2 — Jlocmimxenns 3anexxnocti ynopy PKII Bix kyra HaOGiraHHs TOTOKY:
a — kyt HaoOiranHas notoky Ha PKII; 6 — cuna ynopy PKII B kocomy mororti, # = 30 06/c;
6 — cuiia yropy PKII B kocomy mororti, # = 60 06/c

3 MeTOl0 BpaxyBaHHsS JAHOTO BIIXWIEHHS B CTPYKTYpl PeryjisiTopa WIBUIKICTIO PYXY
AHIIA, nmpoBenieHo AeTaiabHE AOCTIIKEHHS 3aJIe)KHOCTI yIopy rpeOHOro rBUHTA B HANpPAMHIN
HacaJIli Bi KyTa HabiraHHs MOTOKY B Jiana3oHi KyTiB Big 0 1o 30 rpamyciB nmpu pi3HUX 00epTax
rpe6Horo reunta [9]. 3acobamu CFD monentoBanHs oTpuMaHO BUOIPKY JaHUX, 10 Y BEKTOPHIi
¢dopmi omnucye 3anexnicte ynopy PKII Bim kyra Ta mBuakocti HabiranHs notoky. Hlmsxom
anmpoKcUMallii gaHoi Bubipku orpumaemo (yHKIif0 Big aBox 3minaux F, = f(3°,0), ne Fy —
3arajbHa TATa PyLUIifHOTO MPUCTPOIO.

B inmomy excnepumenTi mnposeneHo pgociimxeHHs PKII 3 rpeOHuM rBuHTOM B
MMOBOPOTHIN Hacami [8, 9, 10].

[ToBopoTHa HampsMHa Hacagka MpeAcTaBlisie coOOw TMiaBiaHe Ha Oanepi KiTbIEBE
KpPHJIO, BCEPEIHMHI SIKOTO PpO3MILIyeThbCcsl I'peOHMI T'BHHT. Bich Oanepa Hacaaku JEXHUTh B
IUTOIIMHI IUCKA IPeOHOT0 I'BUHTA, YUM 3a0€3MeUy€eThCsl BUIbHUN MOBOPOT HACAAKH HA KYT, IKUH
3a3BHyYail He nepesepurye 6 = 30-35°.

Ha puc. 3 mpencraBneHo IOCHiIKEHHS BILTUBY KyTa Mepekiaaku Hacaaku Ha ymop PKIIT
IIPU 33/1aHUX 00epTax rpeOHOro rBUHTA. 3 MPEACTAaBICHUX I'padikiB BUIHO, IO 31 30UIbIIEHHIM
KyTa MepeKiajku Hacaaku (puc. 3, @) MOMEHT Ha Bally I'peOHOro I'BHHTa 3pocTae (puc. 3, 0),
YIIOp PYIIIHOTO KOMIUIEKCY 3MEHIIYEThCs (pHC. 3, 6).
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a
Pucynox 3 — docnimkenns 3anexnocti ynopy PKII Bix kyra mepexiiagxia HacaKu:
a — KyT IepeKIaIKi Hacaaku; 0 — MOMeHT Ha Bainy ['T'; B — yrmop pymiifHOro KOMILIeKCy

Jlnist BU3HAUEHHS 3aKOHY KepyBaHHS B peryisiTopi crabumizamii mBuakocti pyxy AHITA
MIPOBEJICHO JETallbHE JOCIIMHKEHHS 3alIeKHOCTI YINOpY pYIIIHHOTO MPUCTPOIO BiJ KyTa
nepexsagku Hacaaku. 3acobamu CFD monentoBaHHS OTpUMaHO BUOIPKY JaHUX, 110 Y BEKTOPHII
dbopmi onucye 3anexHicte ynopy PKII Bin kyTa mepexiiagku HacaJIku Ta MIBUIKOCTI HAOIraHHS
notoky. lnsxoM ampokcumanii AaHoi BHOIPKM OTpUMAEMO (YHKIIIO BIJ JIBOX 3MIHHUX

F.=1("v).

3a oTpuMaHUMHU (YHKIISIMM BHU3HAYEHO MOXHOKY CHJIM YIOPY BiJ KyTa Ta IIBHUJKOCTI
noToky. Jlami, perymsitop MBUAKOCTI BU3HAYa€ 3HAYEHHS MOMPABKU KEPYIHOUOTo CHUTHAIY
BIAMMOBIAHO 10 3a7aHOI MIBUAKOCTI Ta 3HAYEHHS TOXHUOKH.

Jlis 1moOynoBM perynstopa IMIBHAKOCTI 3 YTOYHEHMM 3HaueHHsM ynopy PKII
MPOTIOHYETHCST PO3POOUTH CTPYKTYPY, pHC. 4 Ha 0a3i MTYIHOT HEUPOHHOT MEPEXKi, OCKUTBKHU IS
BHU3HAUYEHHS OXUOKHU CUJIM YIIOPY HEOOXITHO allpOKCUMYBATH (YHKIIIIO Bif] IBOX 3MIHHHX.

V.__wc
- a3 U.B
0, Tpan AFv.H
Kyt NN per Perymarop |, .- ﬂ_tHl'IA V \ma M
TICpERTAIKH v FG. M| crabimizamii (PiBHAHHA
HACAKH ARTA AHIA yImopy eNIeKTPOIBHI YH-
Ha + PKII)

Pucynok 4 — Ctpykrypa perynstopa cradirizamnii ynopy PKIIT

B nmanomy Bumanky HeWpoHa Mepeka HaB4YaeThbCs 3a (yHKINEO, SKa BIAMOBIZAE
obpanomy turry PKII, sixi Oynu qocimipkeHi B Mexkax 1anoi podotu [9].

Cucrema aBTOMAaTHYHOTO KepyBaHHS mBHIAKICTIO pyxy AHIIA cknagaerbes 3
ONTHUMAIBHOTO IO mBHAKOAI perymsropa mBuakocti AHITA [11] Ta perymstopa crabimizarii
ynopy PKII. Ha pucynky 5 npeacraBneHo ctpykrypHy cxemy CAK migBoaHoro amapaty 3
rpeOHUM I'BUHTOM B MOBOPOTHIN HACa/ll, IKa MICTUTh HACTYIHI OJOKH:

—  O7nok 3aBJIaHHS HEOOXIAHOT MIBUIKOCTI Ta KyTa MEPEKIAIKA HACAIKH;

—  ONTUMAaJbHHUU PEryasTop IIBUIKOCTI,

— peryasatop crabinizamii Taru 3 IIHM, mo Bu3Havyae moxuOKy ymopy Ajis KOpEeKIil
KEpPYIUOTo BILIUBY;

— Maremarnuny mozens AHIIA;

— Maremarnuny mozaens PKIIL

Ha Bxin cucremu kepyBaHHSI HaIXOJATh JaHHI PO 33aJaHy Ta MOTOYHY IMIBHAKICTE PYXy
amapaTy a TakoX Mpo 3aJaHUN Ta MOTOYHUM KyT MepeKIaJku Hacaakd. PerymsTtop mIBUIKOCTI
MaKCHMaJbHO HIBUJIKO PO3TaHs€e amapar A0 3aJaHOi ONepaTopoM MIBUAKOCTI Ta MATPUMYE Ti.

Konu HagxoIuTh cUrHall Mpo 3MiHY KyTa MepeKiaJki HacaJKHU peryiasTop cradimizarii
yIopy 00UYHUCITIOE 3HAYEHHS KOPEKIIii KepyHUoro BIUIUBY, puc. 6.
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Pucynox 5 — CtpykTypHa cxeMa CHCTEMH aBTOMAaTUYHOTO KepyBaHHS MBHIKICTIO pyxy AHIIA 3
crabutizaniero ynopy PKII

B s S S IR S S
0 10 20 30 40 350 o0 te

@) KyT TepeKiIaiku 0) CUTHAJ KepyBaHHS 2) WIBUJKICTb PyXY
HacaJKu AHITA

Pucynok 6 — MozentoBaHHsI poOOTH perynaTopa MBUAKOCTI 3 cTadinizanieto ynopy PKII

6) ynop PKII

CriouaTky NiABOAHMI amapaT MOYMHAE PO3TiH BiA HYIboBOI mBHUAKOCTI 10 0,8 m/c
(rpadik a, mo 20-i c.). Perynarop mBuakocti popmye Kepyroduii BIUIMB KU JO3BOJISE TOCITTH
3a/1aHOi MIBUAKOCTI MakCUMajabHO MBHIKO (6, n0 20-i c.). IIpu mpomy mMaemMo MakKCHUMallbHE
3HaueHHs ymnopy (8, mo 20-i c.). [Ipu moBopoTi Hacaaku Ha KyT 30°, TAra 3MEHIIYETHCS 1
mBuiKicTh AHITA moumHaroTe 3HUXKYBaTUCH (8, 2, micus 20-i ¢.). Perymarop craburizarii taru
00YHCITIOE 3HAYCHHS HA SIKe HEOOX1AHO 30UTHIIMTH KEPYHOUHI BIUIMB 1 KOMIIEHCYBAaTH BTPadyeHUMN
ymop (6, micns 20-i ¢.). Jami va nuwstaii 3 30 mo 50 cexkyHmy amapar pyxaeTbes 3 MOCTIHHOIO
mBuKicTIO. [TounHaroun 3 50 cekyHaM KyT 3MIHIOETHCS Ha MPOTHIICKHUHN BiTHOCHO Bici I'T, 0 =
-20°. Tlpu ubpomy, MpH 3MEHIIEH]I KyTa PEryasTOp aBTOMAaTUYHO MEPEPaxXOBYye 3HAYCHHS CUTHAILY
kepyBaHHs (0), [9]. B Tabnuii 2 mpencTaBieHo pe3yabTaTH MOICIIOBAHHS JJI1 PEKUMIB pOOOTH
PYLIIIHOTO MPUCTPOIO MPEACTABICHUX Ha puc. 6.

Tabmuns 2 — PesynsraTn MmonentoBanas poootu CAK.

Kyt nepexnanku IBuaKicTH Ymop PKII F,, H
HacaJKu O, Tpaj pyxy
VAHH As M/c oe3 peryiiaropa 3 pEeryisitTopom
0° 0,8 44,8 (F3) 448 (F3)
30° 32,28 (F1) 43,90 (F2)
Pi3auns, % 27 2
0 3,0 71,01 71,01
30 32,8 69,4
Pi3auns, % 53,8 2.2

Ha rpagikax ¢ Ta ¢ npeacrasieHo nopiBHsIbHUM aHani3 ynopy PKII ta mBuakocti pyxy

AHIITA npu po6oti CAK 3 perynsitopom crabinizaiiii ynopy i 6e3 perynsaropa:

F1 — ynop PKII ta mBuakicts pyxy AHITA 6e3 perynstopa ynopy (¥aumna = 0,8 M/c);
F2 — ynop PKII ta mBuakicts pyxy AHIIA 3 peryastopom ymopy;

F3 — ynop PKII ta mBukicts pyxy AHIIA npu kyTi moBopoty Hacaaku o = 0.
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Sk BuaHO 3 rpadikiB po3poOieHuil perynsaTop BiAMIHHO KoMIleHCye BTpaty ynopy PKII
IIpU TOBOPOTI Hacaaku. llepeBara po3poOIEHOr0 perymsTopa MOJsIrae B TOMY, IO CHCTEMi He
noTpiOHO BiINPAIbOBYBATH MOXMUOKY, IO MPU3BOAUTH /O BIAXWICHHS B TPAEKTOPIl pPyXy,
npeacrasiena CAK mpaiioe Ha momepenkeHHs MOXIIMBOTO BiIXWIJICHHS, PEryIsITOP MHTTEBO
KOpEeTrye 3HAUCHHS CUTHATy KepyBaHHS [9].

BucHoBkH. 3a pe3ynbraTaMy TipOJIMHAMIYHUX JTOCHTIPKEHb (QYHKIIOHYBaHHS TpeOHOTO
I'BUHTA B HANpsAMHIA Ta MOBOPOTHIN Hacaakax MpH pi3HUX pexxumax pobotu, chopmoBano 6azy
JaHUX, KA OMHUCYe (YHKIIOHATbHY 3aJIEKHICTh YIOPY PYIIIHHOTO KOMIUIEKCY BiJg KyTa Ta
IIBUIKOCTI ITOTOKY, 110 HaOirae. TakuM YMHOM, TIiJI 9ac TIOBOPOTY HACAJIKH PETYISITOP BH3HAYAE
YTOUHEHE 3HaYE€HHS KEPYIO4YOTro CHTHaIy, BpaxoBylouu moxuoky ynopy PKII.

[InsgxoM MaTeMaTHYHOTO MOJEITIOBAHHS BCTAHOBIIEHO, 110 BinxuienHs ynopy PKII nmpu
KyTi mepekinaaky Hacaaku ¢ = 30° 3aJIe)uTh Bijl MBHIKOCTI IIOTOKY Ta MOXe mepeBuiryBatu S50
BiJcOTKIB. Binxunenuns ynopy npu po6oti CAK cTtaHOBUTH O11M3BKO 2 BiJICOTKIB. Take HE3HauHE
BIIXUJIEHHS YNOPY PYIIIMHOTO MPUCTPOI0 Maiike He BIUIMBAae Ha MBUAKICTH pyxy AHIIA.
Po3po6nenuii peryistop 103BOJIsi€ KOMIIEHCYBATH BTpaTy yHopy pyllis, 0e3 BiIMpaifoBaHHs
MTOMUJIKH, IO IMIJIBUIIYE TOYHICTh POOOTH CUCTEMH aBTOMATUYHOTO KEPYBaHHS MIBUIAKOCTI PyXy
AHIIA.
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KOHIEIIHIA NIOBYAOBU CUCTEMMU KEPYBAHHA
BE3EKIITA’KHUM MOPCBKHUM ITPUPOAOOXOPOHHUM
KOMIIVIEKCOM

bypynina K. 1O.
Hayionanvnuu ynisepcumem xopabnebyoyeanns imeni aomipana Maxkapoea
Ykpaina

Beryn.  AxTyanbHIiCTP  3aBJaHHS ~CTBOPEHHS  HaBYaJbHO-HAayKOBOI  Jaboparopii
«PoboToTexHika» OOyMOBJIEHA MOJITHKOI YKpaiHH Yy HANpsSMKY PO3BHTKY POOOTH30BAHUX
texHousoriii (y pamkax konuenmii «lHmyctpis 4.0») i HEOOXigHICTIO CTBOPEHHS CYy4acHOTO
HayKOBO-METOJMYHOTO Ta HAyKOBO-TEXHIYHOTO 3a0e3leueHHs Jig MIATOTOBKH  (DaxiBIliB
(bakanaBpiB, MaricTpis, TOKTOPIB puiocodii), iK1 BOJIOAIIOTh CYyYaCHUM 3HAHHSAMM 1 HAaBUUKaAMU
MIPOEKTYBaHHS I eKCcIuTyaTallii 3aco0iB 3araJibHOIPOMHUCIIOBO1 Ta CIIEL1aJIbHOT POOOTOTEXHIKH 1 €
KOHKYPEHTO3JJaTHUMH Ha PUHKY TPaIli.

PosrnsiHemMo nesiki mpUKIaAM HaBUYaJbHO-HAYKOBUX JIA0OpAaTOpiii poOOTOTEXHIKH, IO
ICHYIOTb Y 3apYODKHUX YHIBEPCUTETAX.

Jlabopamopiss pobomomexHiku, mexampouiku ma asmomamusayii YHnieepcumemy
Paiiepcona (Kanaoa). JlabopaTtopis poOOTOTEXHIKH, MeXaTpoHIKU Ta aBToMmartu3aiii (Robotics,
Mechatronics, and Automation Laboratory, RMAL) 6yna 3acHoBana B 1997 poiii i € akTUBHUM
nigpo3auioM YHiBepcuteTy Paiiepcona [1].

e mbkaucuurutiHapHa Jiabopatopis, sfika 00’€AHYe JtoJed Ta MPOEKTH, TOB’sA3aHl 3
MEXaHIKOI0, A€pPOKOCMIUYHOI0, MPOMHCIOBOIO, OIOMEIMYHOI0 POOOTOTEXHIKOIO, €JIEKTPOHHOIO
TEXHIKOI0, MEXaTPOHIKOIO Ta KOMIT FOTEPHUMH HayKaMH.

[TocriitHi JOCTIKEHHS OXOIUTIOITH K MPUKIIAIHI, TaK 1 GyHIaMEHTAIbHI HAyKH.

Pesynbratu nocnimkenp 1abopatopii BapitoroThCs BiJl HOBATOPCHKUX TEOPETUUHHUX POOIT
JI0 TIPOTOTHITIB HOBOT TEXHIKH.

Komanna npomucinoBux mapTHepiB, BUKJIAJa4yiB, JOKTOPAHTIB, aclipaHTIB Ta CTY/EHTIB
CTBOPIOE YHIKAJIbHI MOMJIMBOCTI ISl JOCSTHEHHS IIUJIEH OCBITH, IOCHIDKEHb Ta TIepeaadi
TEXHOJIOTIH.

PesynbTatt poOOTH OXOTUTIOIOTH MIUPOKUH CIIEKTP TEMATHKU — Bi pO3POOKH OCHOBHUX
THKEHEPHUX METO/IIB 1 TECOPETHYHOTO aHAJI3y POOOTHU30BaHUX AJITOPUTMIB JI0 TICHOT CITIBIIpaIli 3
ICHyIOUUMH KOMIIAHISIMH Ta OpraHizaliiMM OXOPOHH 3JIOpPOB’s, [0 3aJlyu€HHS JO
MTPUEMHHUIIBKOT JTISTTBHOCTI.

bararo BunyckHukiB gabopatopii RMAL 3Halnim akajaeMidyHi Ta IPOMHKCIIOBI ITOCATH B
MIPECTHKHUX ycTaHOBaX Ta opranizamisx Kanaau ta 3a i mexamu.

Jlabopamopiss 3acmocysanns iHgpopmamuku ma poOOMOmexHiKu 8 oceimi ma
cycninocmeai  yHigepcumemy Maxeoonii (I peyis). ocnimxeHHs nabopaTopii 3acTOCYBaHHS
iHbpopMaTuKu Ta POOOTOTEXHIKM B OCBITI Ta cycminberBi (Laboratory of Informatics and
Robotics Applications in Education and Society, LIRES) 30cepemkyeTbcsi Ha BHKIaJaHHI,
JNOCT/DKEHHSX Ta HAYKOBUX IMOTpebax, MOB'I3aHUX 13 3aCTOCYBaHHSAM I1HQOpPMATHUKU Ta
POOOTOTEXHIKH B OCBITI Ta CYCHUIbCTBI [2].

HayxoBi Hampsimu po6oTu naboparopii: B3aeMofis JIOIUHU 1 poOOTa; MPOEKTYBaHHS
po0OTIB; po3poOKa MPOTOTUITIB POOOTU30BAHUX CYTHOCTEH JAJISl MPOTPaM COLIANBHOT MiATPUMKHI
(Socially Assistive Robotics) Ha 0cHOBI mOTpeO 3aIiKaBIEHUX CTOPIH; OCBITHS POOOTOTEXHIKA;
BUKOPUCTaHHS pPOOOTH30BaHMX TEXHOJIOTIH Yy pO3BUTKY HAaBHUOK Ta CTpaTerii; uugpona
TpaHchopMallis Ui OCBITH CTAJIOTO PO3BUTKY TOILIO.

JIa6opatopis LIRES noGpe ocHarmienuii iHppacTpyKkTyporo, IporpaMHUM 3a0e3MeUeHHIM
Ta MaTepiaJaMH s PO3pOOKHM POOOTH30BAHMX KOMIIOHEHTIB, pOOOTH30BAaHMX CHCTEM Ta
TEXHOJIOT1il BUKOPUCTAHHS POOOTU30BAaHUX CHCTEM.

KpiM TOro, 3aBasku TMOCTIHHIM y4yacTi B KOHKYPEHTOCIPOMOXKHUX Iporpamax
JOCTIDKEHb 1 po3po0ok, mo ¢inaHcyoTbes €C 1 mpomucinoBumu naptHepamu, LIRES mae
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4yZ0BI HOY-Xay B IIUPOKOMY CIEKTpi 00'€KTiB, BiJl MPOEKTYBaHHS Ta BIPOBAHKECHHS
POOOTH30BAaHHUX CUCTEM, COLIATHOTO, MEAArOriYHOTO Ta IPOMHUCIIOBOTO XapaKTepy.

Y pamkax mnporpamu STIMEY - Science Technology Innovation Mathematics
Engineering for the Young (HORIZON2020 H2020-SEAC-2015-1, Homep yromu mpo rpasr:
709515) naboparopist LIRES cnpoekryBaiia Ta po3podmiia ABOX poOOTIB COIIATBHOI B3a€EMOJIIT
IUTSL TITPUMKH CTYAEHTIB Ha 00’ ektax STEM.

Omun 3 mporotuniB podotu LIRES 3aiinsB Tpere micne Ha MDKHapOJHOMY KOHKYpCi
IDA2018 (JIoc-Anmxernec) y KaTeropii OCBITHIX TEXHOJIOTIH.

Po6Got Daisy, po3po0iieHu#i uisl OCBITHIX MpoTpaM IS JIFOJIEH 13 CIIEKTPOM ayTU3MY 3
MeTOI0 HaOyTTS ColialbHUX HaBHUYOK, oTpumaB Haropoay TELLUS 2015 3a inHoBamiiiHi
texHoJorii B ocsiti (ITapmx 2015).

VY nabopatopii €:

* 3 rymanoigaux po6otn NAO Aldebaran, 2 po6otu Pepper Softbank

* po0oT couianbHO1 miATpUMKH cTyaeHTa B STEM: po6otr STIMEY

* poOOTH COIIAIbHOT MIATPUMKH JJIS JIFO/IEH 13 CHEKTPOM ayTU3MY

* po0oT comianbHO1 B3aemoii: ITneo pobot Jlnnozasp

* 3D-npuHTEpH U1 APYKY POOOTH30BAHUX MEXaHIYHUX JeTaeil

* IpoMHMCIIOBa pyka cBoOoau 6 crymneHiB: Racer 3 COMAU.

* Ha0lp TpeHyBalbHOI poOoToTexHiku: EV3

* Ha0ip poOOTOTEXHIKM ISl aBTOMATH3aIlii Ta HaB4YaHHs Arduino

Jlabopamopiss pobomomexuixu yuisepcumemy Jlwonanu (Cnosenisn). Jlabopatopis
po6oroTexHiku yHiBepcuteTy Jlroomsam (Laboratory of Robotics Faculty of Electrical
Engineering, Ljubljana [3] 3acHoBana y 1986 porii.

HaBuanns Benyts nmpodecopu Ta cniBpoOITHHKHM jaboparopii, MDKHAPOJHO BH3HAHI B
rajy3six MPOMHUCIOBUX, F'YMaHOIIHUX Ta MOOUIBHMX pPOOOTIB, aBTOMaTH3allli Ta KEpyBaHHS,
KOMII FOTEPHOTO 30pY, €JIEKTPOHIKHA Ta BUMIPIOBaHb.

AKTyaJbHICTh Ta JOCKOHATICTh BUKOHABIIIB 3a0€3MeUyEThCS HAWKpauM 00JIaTHAHHSM,
sIK€ BUKOPHUCTOBYBAJIOCS MiJ] YaC HaBYaHHS.

BuBueHHsT pOOOTOTEXHIKM XapaKTEPU3YEThCS PETYISIPHOI POOOTOK  MPOTITOM
CEMECTpPY, XOpOIIOI0 CIIBIIpaIel0 3 aCHCTeHTaMH Ta mpodecopamu, a OTKE, BIIMOBIIHUMU
3HaAHHSMH (https://robolab.si/wp-content/uploads/2020/06/Podiplomski-Robotika v2.pdf,
https://robolab.si/wp-content/uploads/2020/06/Podiplomski-Robotika v2.pdf).

BuBueHHsT poOOTOTEXHIKH J1a€ 3MOTy HAOyTH KOMITETEHIIIH, HEOOXITHUX JJIs YCITIITHOT
Kap’epu 4 poOOTU B IPOMHUCIOBOCTI.

JlokTopaHTH Ja00paTOpii TAKOXK € BUKJIaIladaMH BIJOMUX YHIBEPCUTETIB €BPOTIH.

MeTtor0 CTBOpEHHs HaBUYalbHO-HAayKOBOi jaboparopii «PoOoToTexHika» € PpPO3BUTOK
aKaJIeMIuyHO1 CKJIaI0BO1 IpOIIeCy MiAroTOBKM (haxiBIliB 3a criemiaabHIicTIO 151 — ABTOMaTH3aIIs
Ta KOMIIT' FOTEPHO-IHTETPOBaHI TEXHOJIOTII Ta K CTPYKTYPHOTO MiAPO3JLTy HAyKOBO-IOCTIIHOT
YaCTUHU YHIBEPCUTETY JUIsl BUKOHAHHS HAYKOBO-IOCITIIHUX, AOCTIIHO-KOHCTPYKTOPCHKUX Ta
BUpOOHMYMX  poOIT 31  CTBOpPEHHA Ta  3aCTOCYyBaHHS  3ac00iB  POOOTOTEXHIKU
3arajJbHOMPOMHUCIIOBOTO Ta CIEUIAIBHOTO MPU3HAYECHHS.

Buxonsiun 3 Metn mpoekTy BOAYaeThCs MOIUIBHOI HACTyIHA y3arajibHeHa
CTPYKTypa TEXHIYHOTO 3a0e3MeueHHs MPOEKTy, fKa MICTUTh iH(opMmaIliio mpo
CTaIlioHapHI Ta MOOLIBHI POOOTH, IO MPAIIOIOTH B PI3HUX cepeaoBuIax (puc. 1).

PosristHeMo MOMUTBHICTE Ta MOXKIIMBICTH OCHAI[EHHS HABYAJIBHO-HAYKOBOi

nabopaTopii poOOTOTEXHIKH BKa3aHUMHU BUJAMU TEXHIYHOTO 3a0€3TMCUCHHS.

Jlist JOCSATHEHHSI MOCTABIEHOT METH HEOOX1THO PO3B’sA3aTH HACTYIHI 3a/1a4i:

- PO3pOOUTH KOHLEIIIO IISUIbHOCT1 YHIBEPCUTETY 32 HABYAIbHO-HAYKOBUM HAMPSIMKOM
«PoboToTexHiKay, sika 6 BKIIIOYaja OCBITHIO, HAYKOBY Ta BUPOOHUYY CKJIa/10BI;

- BU3HAYUTH CTEUKXOJAEPIB MPOEKTY;

- BUKOHATH aHaJli3 JOCSHKHOCTI IPOEKTY;
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- BUKOHATH 3aITyCK MIPOCKTY.
Po3rnsiHeMO 3MICTOBHY YacTHHY Ta OCHOBHI HIAXOIU J0 PO3B’S3KY c(HopMyIbOBaHHX
BUIIIE 3a/1a4.

TexHidHe 3a0e3lleueHHA
HHJI "PoGoTOoTexHIKA"

L L
CranioHapHi Mo0GinbHi TIpunanoee
poGotH poGotH o0nanHaHHA
ii]'[ponmcnoaj Agiartifini Hagiramnifine
KonexTueHi CyxomyTHi MeTponoriuge
Mopceki 3D mpyky

Pucynok 1 — Y3aranpHeHa CTPYKTypa TEXHIYHOTO 3a0€3IICUCHHS
HaBYaJIbHO-HAYKOBOI JJabopatopii «PoboToTexHiKa»

1). 3aranpHi BUMOTH 10 KOHIEMIi JISUIbHOCTI YHIBEPCUTETY 34 HaBUYaJIbHO-HAYKOBHUM
HanpsiMKoM «PoboToTexHikay.

KoHnuenuiss  ASUIBHOCTI  YHIBEPCHUTETY 3a  HaBYaJIbHO-HAyKOBUM  HalpsSMKOM
«PoboToTexHIKa» Ma€ MICTUTH:

- 3aX0/JM IIOJO 3aloYaTKyBaHHS OCBITHBRO-HAayKOBOi mporpamu «PoboToTexHikay, e
HEOOXITHO CPOPMYIIIOBATH BUMOTH JI0 JAOOPATOPHO-TEXHIYHOTO 3a0€3MEeUeHHs] HaBYaJIbHOTO
poriecy;

- 3axoau 1moA0 (OpMYBaHHA NPUKIATHUX HAYKOBHMX 3aBIaHb 3 PO3POOKH HOBHUX
POOOTHU30BaHUX TEXHOJIOTIHA 3araJIbHOIPOMHCIIOBOTO 1 CIIEIIaTbHOTO MPU3HAYCHHS Ta CTBOPEHHS
HOBHX 3aC00IB pOOOTOTEXHIKM B IHTEpecax BITUM3HIHUX Ta 3apyODKHUX OpraHizarliii;

- 3aXOJH 1100 aHAI3Y PUHKY MOTEHIIHHUX CIIOKHUBAYiB pOOOTH30BAHUX TEXHOJIOTIHA Ta
dbopMyBaHHS peKIIaMHO-IH(OPMAIIHHOTO 3a0e3MeueHHs I BITYM3HSHUX Ta 3apyODKHHX
opraHizamii moA0 CIHPOMOXHOCTEH YHIBEPCUTETY Y HANpPSIMKY PO3pOOKH 1 BIPOBAKEHHS
POOOTHU30BaHUX TEXHOJIOTIH.

2) Crelikxoiepu IPOEKTY CTBOPEHHS J1abopaTopii.

Creiikxonaepu — Iie Opradizaiii Ta ImpUBaTHI OCOOM, SKI 3aIlikaBJICH1 y peaiizarii
npoekTy «HaB4abHO-HAYKOBO-BHPOOHHYA 1ab0paTopiss pOOOTOTEXHIKKW» Ta SIKI MOXKYTh OyTH
(hiHaHCOBHMHU, PEKIaMHO-1H(GOPMAIIHTHUMHU CIIOHCOPAMH MPOEKTY Ta/ab0 CIOKHMBavyaMU KaJIpiB,
SKUX TOTY€E YHIBEPCUTET 3a HapAMKOM «P0OOTOTEXHIKAY..

[TonepeqHbO 10 OCHOBHUX CTEUKXOJIJIEPIB MPOECKTY MOXKHA BIAHECTH:

- MiANpHEMCTBA Ta opraxizamii Acoriarmii MiampueMCTB MPOMHUCIOBOT aBTOMAaTH3AIlil
VYkpainuy;

- AIMiHICTpAaIliF0 MOPCHKUX TIOPTIB YKpPATHH;

- opraizanii MiHicTepcTBa 3aXUCTY JOBKULISA Ta MPUPOTHUX pecypciB YKpaiHu;

- HayKoBi1 yctaHoBM HarioHaneHOT akazeMii Hayk YKpaiHu;

- crienianizoBani miapo3ainu Jlep>kaBHoi Ci1y:kOu 3 Ha3BHUAHHUX CUTYallill YKpaiHu,

- ®OII, npuBaTHi MAMTPUEMIIL.

OprasizanifiHumMu ¢popMamMH CIHIBIIpalll YHIBEPCUTETY 3 3a3HAUEHUMH OpraHizalisiMu
MOXYTb OyTH:

- YTBOpEHHS «YKpaiHChKOI acolialii 3 poOOTOTEXHIKNY;

- opraHiamis HaykoBoro mapky «PoOororexHika» Ha 0a3l  yHIBEpCHUTETY,
CIIBOPraHi3aTOpaMH SIKOTO MOKYTh OYTH Oprasizalii-cTeHKXoJIaepH.

3) AHani3 TOCSHKHOCTI METH IPOEKTY CTBOPEHHS JJabopaTopii.

JUist TOCSATHEHHST METH MNpPOEKTY HEOOXiIHI HAcTyNmHI BUAM 3abe3nedyeHHsa (pecypcu
IIPOEKTY):
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- KazpoBe 3a0e3neueHHs] MpoekTy (0a30BHUH CKIIAJ YYaCHUKIB MPOEKTY: MEHEIKep
NpOEKTy Ta MeHekepu 3a Hampsmkamu «lIpomucnoBa poGororexHika», «Mopcbka
poboToTexHika», «ABiamiiiHa poOOTOTEXHIKa

- TeXHIYHE 3a0€3MEeUCHHS MTPOEKTY;

- IporpamMHe 3a0e3NeueHHsI IPOEKTY;

- HaBYAJIbHO-METOAMYHE 3a0e31eUeHHSI POEKTY;

- (iHaHCOBE 3a0€3MECYCHHS TPOCKTY.

4) [IpuiAHATTS PILICHHS PO CTAPT MPOEKTY CTBOPEHHS JIabopaTopii.

PimenHss mpo crapt mpoekTy npuiimMae pekTop (BUEHa pasia) yHIBEPCUTETY, y SKOMY
BU3HAYAIOTHCSA:

- MEHEJDKEP IPOEKTY;

- JIOKAIisl MPOEKTY (MICIE ISl pO3TOpTaHHS);

- 3aX0/IM 11010 3a0€e3MeUeHHsI MPOEKTY HEOOXTHUMHU PECYpCaMH.

BucHoBOK: BHMKOHaHO oOrjsA 1 aHami3 eQEeKTUBHOCTI CydacHUX Jjaboparopii
pOoOOTOTEXHIKM B 3apyODKHUX TEXHIUHHUX YHIBEPCUTETax Ta 3 IMO3UILIA MPOEKTHOTO
MEHEKMEHTY C(OpPMYIbOBAHO 3arajibHi BUMOTH /10 KOHIEMIi AISUIBHOCTI YHIBEPCHUTETY 3a
HaBYaJIbHO-HAYKOBUM HanpsIMKOM «P0OOTOTEXHIKa.

Jliteparypa

1.  Robotics, Mechatronics, and Automation Laboratory (RMAL).
https://www.ryerson.ca/rmal/

2. Laboratory of Informatics and Robotics Applications in Education and Society/
https://www.uom.gr/en/esp/laboratory-of-informatics-and-robotics-applications-in-education-
and-society

3. The first laboratory of Robotics in Slovenia. https://robolab.si/
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KOHIEIIIIA IOBYIOBU CUCTEMMU KEPYBAHHA MOPCBKUM
BE3EKIITA’KHUM ITPUPOJOOXOPOHHUM KOMIIVIEKCOM

byccos /I.E€.
epoicasne nionpuemcmeo «/locniono-npoexmuuii yeHmp Kopabdiedy0y8anHsy,
Ykpaina

Beryn. JlocmimkeHHSM, MOB’SI3aHUM 31 CTBOPEHHSIM O€3eKIMaKHUX HAJABOIHUX CYICH
(BHC) nmpupo100X0pOHHOTO MPU3HAYEHHS, PUCBSIUEHO 3HAYHY KUTbKICTh HAYKOBUX ITyOJIiKaIii
[1-3]. HaykoBii BOa4arOTh BENWKI TMEPCICKTHBU I0J0 BUKOPHUCTAHHS TaKUX CYICH IS
MOCTIHHOTO MOHITOPUHTY MOPCHKHX aKBaTOpii Ta MIBUAKOI EKOJIOTTYHOI OLIHKK CTaHy
aKBaTOPIH y CKIAJHUX TiPOMETEOPOJIOTIUHUX yMoBax. st YKpaiHu CTBOpEHHS TaKHUX CYJICH €
HOBOIO Ta aKTYaJbHOIO TPUKIJIAJHOIO HAYKOBOIO 3aJauelo, pO3B’A30K SKOi JOLLUIBHO
PO3MOYMHATH 3 PO3POOKH KOHIIEMIIi (KOHIIENT-IU3aiiHy) Cy/iHa, TOOTO, 3 PO3POOKHU KOMIUIEKCY
JOCIIKEHb JIJIE CTBOPEHHS JIOKyMEHTAIlli, sika omucyBaja O He0oOXimHI BHUMOTH s
OyZIBHUIITBA 1 rapaHTyBaJa BIAMOBIIHICTh CyiHA MOTpe0aM BHYTPIIIHBOIO PUHKY.

BHC, ocHnamiene BiAMOBIAHOI BHUMIPIOBAILHOI Ta MPOOOBIIOIPHOIO amaparyporo, a
TaKOX Yy BHUIIAJKy PO3MILIEHHS Ha Horo OOpTy aBTOHOMHHMX HEHACEJIeHMX MIABOJHUX araparis
(AHITA) Tta OesminmotHux mitaneHuX amapaTiB (BJIA), yTBoproe Mopchbkuil Oe3eximakHHi
npupoaooxopoHuuit komruiekc (MBIIK).

o nepeBar MBIIK MoxHa BigHECTH:

- IIUPOKHM CTIEKTp TEXHIYHUX 3ac001B JUIsl MOHITOPUHTY, 11eHTU(DIKaIIT Ta HeWTpaizamil
€KOJIOTTYHOT KaTacTpodu;

- BEJNMKMM 3amac XIMIYHUX, QI3UYHUX 1 EHEepreTHYHUX BHJATKOBUX MaTepiaiis,
HEOOXITHUM TS JIoKasTi3arii abo HelTpatizailii Toi b0 IHIOT €KOJIOTIYHOT HEOE3MEeKH;

- HeoOXiHa KUIBKICTh TMEpPCOHANTY IS BHUKOPHCTaHHS BCHOTO CIIEKTpa HasBHUX
TEXHIYHHX 3aC00iB;

- MOXJIUBICTh YCTaHOBKHU MOTYKHUX CHCTEM 3B'SI3KY, epejayl JaHUX 1 CIIOCTEPEKEHHS.

Onnieto 3 ueHtpanbHuX ckiaagoBux MBIIK € cuctema aBTOMAaTHMYHOTO KEpyBaHHS
(CAK). Tomy ctBopennst konneniii mooymoBu CAK MBIIK € akTyalbHOIO TPHKIAIHOIO
HAyKOBOIO 33/1a4€l0.

3 MO3uIIil CHCTEMHOTO MIAXOAY [4] MPONOHYIOTHCS HACTYITHI OCHOBHI CKJIQ/IOB1 IIPOIIECY
NPUAHATTS KOHIeNTyanbHUX pimeHs moao CAK MBIIK:

- 32 (DYHKIIOHAJIBHUM KpUTEpIEM — BU3HA4YeHHS 0a3oBux pexumiB Fp podotn CAK,
Buxoasun 3 mpusHadeHHs MBIIK Ta #ioro pexxumiB poOOTH, BU3HAYECHHS BUMOT JI0 PIBHIB
aBToMaru3alii F4 1mux pexxumiB Ta BuMor no oocmyroByBaHHs CAK Fp; BKazaHy MHOXHHY
poOiIT Mo3HaYnMO 4epe3 Mp;

- 32 KOHCTPYKTUBHUM KPUTEPiEM — BU3HAYEHHS OCHOBHUX BUMOT 10 KOHCTpyKIii CAK,
BKJIIOUAIOYM MacorabapuTHI XapaKTEpPUCTUKH ii CKIamoBUX Dz, BUMOT A0 KOHCTPYKIIMHHUX
MatepiaiiB D¢y Ta BUMOT JI0 PIBHIB iX 3axucTy Dpy Bil BIUIMBY 30BHINIHIX BIUIMBIB Ta (GI3UYHUX
nouiB Dpr; BKa3aHy MHOKHHY poOiIT mo3Ha4nuMo uepe3 Mp;

- 32 CHEPreTUYHHM KpUTEpiEM — BHU3HAYEHHS BHUMOI [0 HOMiHaNiB FEgy Ta SKOCTI
€HEprocroXuBaHHs Egy, a TAKOXK A0 TEIJIOBOrO BUIAUIEHHS Ppys CIIOKUBAUIB €HEprii; BKa3aHy
MHO>KHHY pOOIT Mo3HaYuMoO uepe3 M;

- 3a iH(pOpMaLIIHHUM KpPUTEpieEM — BU3HAUEHHS BUMOT a0 cuctemu Hasiramii /y MBIIK,
10 cucteM iH(popMariifHoro oOMiHy MDK OOpTOBMUM oOOnaaHaHHAM [pp Ta iH(opmariiiHoro
oOminy Mk MBIIK ta GeperoBum 1ieHTpoM KepyBaHHS [jz; BKa3aHy MHOXXHHY pOOIT MO3HAYMMO
yepes M.

Toni reHepanbHy MHOXHUHY My x OCHOBHHMX CKJIAQJIOBUX TMPOIECY MPUUHATTA
KoHIenTyanbHuX pimeHs moa0 CAK MBIIK Mo)kHa npeicTaBUTH Y HACTYITHOMY BUTJISIL:
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Mcax={Mp; Mp; Mg, My}, (D
ne: Mr={Fg; F4 Fo/, (2)
Mp={Dwz, Dcy; Dpr; Dprf, (3)
Mg={Esy; Pus}, 4)
M={Iy; Iee; 1ig}, (5)

Takum umHOM, BuXoxsuu 3 BigHomeHb (1)-(5), oueBnano, mo npoekryBanHs CAK
MIIPK — 11e cTBOpEHHSI IPUHIIMIIOBO HOBOI CUCTEMHU 3 JIFOJJMHO-MAITUHHUM iHTEp(ercoMm.

Posrnsinemo, siki 3aBnanHs noBuHHe BupinryBati MBIIK:

- IHCIIeKIif Ta KOHTPOJb HAJIGKHOTO BHUKOHAHHS MPABHJ EKOJIOTIYHO Oe3MevHoi
eKCIUTyaTallil MOPCbKHX aKBaTOPii;

- imeHTU}IKAIlIS TOTSHIIIHHO HEOE3MEUYHUX CUTYaIlild Ha MOpE;

- MOHITOPHHT 30H TEXHOT€HHUX KaTacTpod;

- BUKOHAHHSI OTeparlii mo JIKBiAaIii TEXHOTEHHUX KaTacTpod.

3acTocyBaHHs DPI3HUX THUIIIB BUMIPIOBaJIbHOI Ta MpOOOBIAOIPHOI amapaTypu, a TaKOXK
MOPCHKUX O€3MUIOTHUKIB, J03BOJIUThH BUPIIIYBaTH HACTYIIHI 3aB/IaHHS:

- peanizyBaTu IPUHLMI HAAMIPHOCTI 1H(OpMaLii s OJep’KaHHS JOCTOBIPHOT KAPTUHU
€KOJIOT'TYHOT 0OCTAaHOBKM Ha MOPCHKIN akBaTopii;

- MIHIMI3yBaTu a0 B3arajl BUKIIOUYUTH 3HAXOJDKEHHS CyJHA 3 €KiMa)koM Yy HeOe3neuHii
30H1, BUKJIIOYMBIIH, TAKUM YHHOM, PU3UKH JUIS )KUTTS 1 340poB’s wieHiB ekinaxxy MBIIK.

o ocnoBHEX mxepen iHbopmarttii 1t MBIIK mMaroTe OyTtr Ge3miioTHI amapaTé pi3HHUX
THUIIIB, KEPYBAHHA SKHUMH IHTETPOBAHE B €/IUHY CUCTEMY.

3acTocyBaHHS TaKOi CHCTEMU J03BOJIUTh OTPUMATH HACTYIIHI IepeBaru:

- poOuTH KOMIUIEKCHY 00p0oOKy OTprMaHo1 iHpopmariii;

- BUKOHYBaTH OOMIH IaHUMHU OeperoBUMH LIEHTPaMH KepyBaHHS;

- JNWCTaHI[IMHO BHKOHYBaTH KEepyBaHHS OE3MUIOTHUMHU amaparaMd pPI3HUX THUIIB JUIs
MOHITOPHUHTY 30H €KOJIOTIYHOTO JIMXa Ta BUKOHYBaTH HEOOXimHI poOOTH IS HeWTpamizarii
IIOTPO3H;

- yOpaBJIATH BJIACHUMHM TEXHIYHUMHU 3aco0aMM Cy[qHAa Ui CIIOCTEpEXKEHHS 3a
HaBKOJIMIIHIM OTOYEHHSIM;

- KOOpJUHYBATH il IHIIHUX CyJIeH Npu rpynoBomy Bukopuctandi MBIIK.

Mopchkuii 6e3eKImakKHUN MPUPOIOOXOPOHHUM KOMIUIEKC SIK 00'€KT KepyBaHHS MOBUHEH
CKJIAJIATUCS 3 HACTYITHUX OCHOBHUX KOMIIOHEHTIB:

- 0e3eKINakKHOTO Cy/IHa-HOCIs IPUPOI0O0XOPOHHOT anaparypH;

- MIICUCTEMH NPUPOJOOXOPOHHUX BHUMIPIOBaHb IAapaMeTpiB BOJHOIO HABKOJIMIIHBOTO
CepeloBUINA;

- MIACUCTEMH JUIsl BUKOHAHHS JIHCTaHIIHHO KEpPOBAaHOTO0 a00 aBTOMATHYHOTO BiIOOpY
po0 BoU ¥ TOBITPS,

- migcucteMm 3actocyBanHss AHITA ta BJIA.

3ynMHUMOCS OUIBII JOKJIAJHO HAa KO)KHOMY 3 KOMIIOHEHTIB.

CynHo-Hocii Mae 3a0e31neuyBaTH pillleHHs! HACTYITHUX 3aBJIaHb:

a) JOCTaBKy IIPUPOJIOOXOPOHHOT0 00J1aIHAaHHSI 10 MICIIS 3aCTOCYBaHHS;

0) manyBanHs Micii MBIIK 3 ypaxyBaHHSIM HasiBHUX TEXHIYHHX 3aCO01B;

B) CIIYCK/3JIT 1 MiAHOM/TIOCaIKy Oe3eKinaKHUX anapariB Ha 0OpT Cy/aHa;

r) 3abe3neueHHs 3acrocyBanns AHIIA 3a npusHaueHHsIM;

1) iepe3apsiKeHHs/ 103aMpaBlIeHHs, 3aMiHY 3aCTOCOBYBAaHHMX O€3eKiNaXHUX araparis;

€) KepyBaHHs Oe3eKia)XKHUMU arnapaTaMu y peajlbHOMY 4aci;

) KOMIUIEKCHY 0O0poOKy oTpuMaHoi iH(opmallii, OIIHKY e(pEeKTUBHOCTI 3aCTOCOBAHUX
3ac00iB 1 METO/1IB YCYHEHHs KaTacTpodu;

3) KepyBaHHA IHIIUMH CyJHaMHM, 110 OepyTh ydacTb y TpPYNOBIii MPHUPOIOOXOPOHHIM
orepartii;

1) 0OMiH iH(opMaLlieto 3 6eperoBUMHU LIEHTaMU KepyBaHHS.
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KepyBanHs BciM HassBHUMHU O€3€KIMaXHUMHU anaparaMu (HAJIBOJIHUMH, IMiBOJTHUMH,
JITalOYMMH) MTOBUHHO 3a0e3MeuyBaTH iX MPOCTOPOBHM pyX, MpuiioM iH(popMalii B peaJbHOMY
MaciuTabi yacy, miAXiag A0 cyaHa-HOCiS Uit 3a0e3mneyeHHs migiiomy Ha O0pT abo mocaaku Ha
3111

Pimenns 3aBiaHHs KOMILIEKCHOT 00poOKK oTpuMaHoi iH(opmallii, OliHKK e(eKTUBHOCTI
3aCTOCOBAHMX 3aCO0IB 1 METO/IIB YCYHEHHs KaTacTpo(u € OJHUM 3 HaHOUIBII CKIATHHUX, TOMY
10 B MPOTIeCi HOTO pillleHHs MOBUHHE OyTH BUKOHAHE 00'eqHaHHS iHPOpMAIlii 3 pI3HUX JPKEpElL,
OTpUMaHOi B pi3HI MOMEHTHM dacy. Pe3ynmpratm oOpoOkm mOBUHHI OyTH 00’€maHaHi 3
reorpagiyHOI0 KapTOIO JAHOTO paiioHy Mops. Ha migcraBi Takoi KOMIUIEKCHOT 0OpoOku Mae
OyayBaTHCs BUCHOBOK IIOJAO OIIHKH €()eKTHBHOCTI BUKOHAHHA MicCil i MPOTHO3 MOAAJIBIIOTO
PO3BUTKY CHTYaIIii.

Indpopmanis mpo mOTOUHY OOCTaHOBKY B paillOHI €KOJOTIYHOTO MOHITOPHHTY abo
MOTEHIIITHO HEeOe3MeYHO1 CUTYyaIlii TOBUHHA TEepeaBaTUCsS B Ha3eMHI IIEHTPU KepyBaHHs. Jliis
BOTO Ha CYyAHI MOBWUHHA OyTH TmepeadaueHa cuctemMa oOMIHY naHuMH. Ha chOromHimiHin
MOMEHT, HEOOX1JHY IPOIYCKHY 3[aTHICTh 1 JANbHICTh Ali 3a0€3MeuyloTh CyyTHUKOBI CUCTEMU
3B'SI3KY.

Posrnssnemo Temep npyruit komroneHT MBIIK - OesekinakHi 3acobu MOPCHKOi
POOOTOTEXHIKH.

Po3BuTOK MOpPCHKOT POOOTOTEXHIKH IO3BOJIIE HA CHOTOAHINIHIA JI€Hh BUKOHYBATH
3aB/IaHHS MOHITOPUHTY SK MOPCHKOi MOBEpXHi, Tak 1 MiJBOAHOI HamiBchepu Oe3 3alydeHHS
JIOJMHU B SIKOCTI O€3MocepeHhOro BUKOHABIA. Takuil MiAXiJ J03BOJIE€ OJEp>KaTH HACTYIHI
nepesaru npu ctBopenHi MBIIK:

- MIIBUIIUTH Oe3neKy orepaniii MOHITOPUHTY, JIOCTaBKM 3aco0l HeWTpanizauii Ta
HeWUTpatizallii HacIiKiB TEXHOTEHHUX KaTacTpod;

- 3HU3UTHU BapTICTh IPOBEJCHHS ONEepallii.

PosrnssHemo ckian 6e3ekinaKHUX anaparis, 1110 MoBMHEH O0yTu B ckinaai MBITK.

Jlnst MmoHITOpUHTY ¥ TuTaHyBaHHsS nofanbux A1 MBIIK nmoBuHeH BUKOHATH HACTYIHI
3aB/IaHHSA:

- MOHITOPHUHT TIOBEPXHI MOPCHKOT aKBaTOPii;

- MOHITOPHUHT AUITHOK MOPCBHKOTO JIHA, JIe 3HAXOAATHCS 3aTOHYII 00'€KTH;

- MOHITOPHHT MiIBOJIHOT YaCTUHH MOPCHKHUX 00'€KTIB, IO TEPIUIATH JINXO;

- 3a0ip poO BOJIM 3 PI3HUX TJINOUH;

- 3aCTOCYBaHHS XIMIYHHMX Ta IHIIUX 3ac00iB JIIKBiaIlii HeOE3MeKH Ha aKBaTOPIi.

Jlnsi BUKOHAHHS TepepaxoBaHUX BuUIlle 3aBaaHb 10 ckianxy MBIIK moBunHI OyTH
BKJIFOUYCHI HACTYITHI TUITH O€3eKiMa)KHUX anapariB-poOOoTiB:

- aBTOHOMHI ITIIBOJTH1 anapary;

- TMCTAHIIIMHO KEPOBaHi 10 KabeJto MiIBO/IHI anapaTH;

- HAJIBOJIHI amapaTH, KepoBaHi 10 pajlloKaHamy;,

- JniTaro4i 0e3MiIOTHI anaparH.

Jlia pitneHHs 3aBAaHb JOCTaBKM HEOOXIAHMX BAaHTaXIB a00 IHIIOrO BCTaTKyBaHHS, a
TaKO)X BUKOHAHHS Jid MO 1X 3aCTOCYBaHHA [JIsl JIKBIAAIil €KOJIOTTYHOTO JIMXa JOIUIBHO
BUKOPUCTOBYBATH BCIi MepepaxoBaHi BUIIE TUIH TUCTAHIIIMHO KEpOBAaHUX amapariB, 32 YMOBH,
mo iXHS KOHCTPYKIiA Oynae mnependadaTH MOKIMBOCTI TPAHCHIOPTYBAHHA M 3aCTOCYBaHHS
KOPHCHOTO HaBaHTa)KECHHS.

JUis  yCHiIHOTO 3aCTOCYBAaHHS IIMPOKOI HOMEHKJIATYpH amapaTiB JOLUIBHUM €
3aCTOCYBAaHHSl €IMHOI CUCTEMHU KepyBaHHS ¥ 00poOku iH(opmanii. [ToniOHi cucreMu AOCUTH
IIMPOKO 3aCTOCOBYIOTHCS B IHIINX Taly3sX poOOTOTEXHIKH /sl KEpyBaHHS PI3HUMHU TEXHIYHUMU
3aco0aMu 3 OJIHOYacCHOK 00poOkoro oTpuMaHoi iHpopmarii. Taki cucreMu OYyIyrOThCS MO
MepEeXeeHTPUYHOMY IPUHIUITY.

AnanTtyroun JaHui OpuHUOUO 1oOynoBM cucteMu kepyBaHHi 1o MBIIK, pominsHO
JIeTIeTyBaTh TaKiii KOMIUIEKCHIN cHCcTeMi KepyBaHHsI HaCTYMHI (yHKIIIT:

- KepyBaHHS BCiMa Oe3eKiMaKHUMHU arapaTami;
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- 00poOKky otpuMmanoi iH(pOpMAaIlii, 3 OTOTOKHEHHSIM 1 00'€THAHHIM Yy €IUHY KapTUHY
00CTaHOBKHU,;

- KOHTPOJIb HaBIraniiHOT 00CTaHOBKH;

- BUPOOJICHHS PEKOMEHJAIld 3 MaHEBPYBaHHSA IIiJl Yac BUKOHAHHS MOHITOPHUHTY i/abo
HeHTpani3aiii HeOe3MeuHuX CUTYaIlil;

- popmyBanHs nakeTiB iHpopMaIiil U epeaadi Ha OeperoBi HEHTPHU KEPYBaHHS.

TakuMm YMHOM, 3aCTOCYBaHHS KOMIUIEKCHOI aBTOMAaTHM30BaHOI CHCTEMH KEpyBaHHS
JI03BOJIMTH HACTYITHE!

- IEHTPATI3yBaTH MPOLIECH KePYBaHHS i1 0OpOOKH;

- IPUCKOPHUTH TPOLIEC OJCP KaHHS 3arajlbHOT KAPTUHH MOPCHKOT 0OCTAaHOBKH;

- MIHIMI3yBaTH amapaTHy YaCTUHY CUCTEM KepyBaHHS i1 00poOKH;

- IPUCKOPHUTH TIpoLiec iHdopMaIiitHoro oOMiny 3 OeperoBHMHU IIEHTPaMU KepyBaHHS.

BucHoBok. Y pe3ynbTaTi BUKOHAHOT pOOOTH OTPUMAHO KOHIIEMIIIIO Ta 3arajibHi BUMOTH
70 CHCTEMH KEpPyBaHHS MOPCHKHM O€3€KIMaXHHUM MPHPOJOOXOPOHHUM KOMIUIEKCOM, SKHA
MICTUTh TNPUPOJIOOXOPOHHE Oe3eKina)kHe CYAHO-HOCIH Ta po3TalloBaHI Ha Horo Ooprty
MIZCUCTEMU MPHUPOJOOXOPOHHUX BHUMIPIOBaHb Ta MpoOOBIIOOpPY 3pa3KiB BOJIM Ta MOBITPA,
MiJIBOJIHI aBTOHOMHI Ta O€3MUIOTHI JIITAJIbHI almapaTu.

Jliteparypa

1. ECUVE (Environmental Control with Unmmaned Vessels). http://utek.es/ecuve-
environmental-control-with-unmmaned-vessels/
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Inland Waterways and Tidal Environments. https://ore.catapult.org.uk/stories/unmanned-surface-
vessels/

3. The Environmental Impacts of the “Maritime Autonomous Surface
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4. Blintsov, V., & Klochkov, O. (2019). Generalized method of designing unmanned
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OCOBJIMBOCTI BE3EKIITA’XKHOI'O HAZABO/IHOT'O CYIHA SIK
OB’EKTY ABTOMATHUYHOI'O KEPYBAHHA

Haomouuu A.B.
K.M.H., 0oyeHm XepCcoHCbK020 HABYANbHO-HAYK0B8020 iHcmumymy, Hayionanoruii
VHIgepcumem Kopabnedyoysanns im. aom. Maxaposa

Beryn. besekinaxkni HamBomgHi cymHa (BHC) sBnstore co00r0 00’€KTH MOPCHKOL
POOOTOTEXHIKH, sIKI QYHKI[IOHYIOTh I1JI KEpYBaHHSAM cHCcTeM aBToMaTu4yHoro kepyBaHHs (CAK)
PI3HOTO IPU3HAUEHHS Ta PIBHS CKJIAJHOCTI.

ABtomarnune kepyBaHHsi BHC sBisie co6ot0 ckiagHy NMpHUKIaJHy HAyKOBY 3aiady, 10
OCHOBHHX OCOOJIMBOCTEH CHHTE3Y K01 MOYKHA BiTHECTH:

— cyrreBy HeniHilHICcTh BHC sik 00’ €kTy KepyBaHHs, 00yMOBJIEHY HEJIIHIHHUM XapaKTepoM
WOro BUKOHABUMX MEXaHI3MIB Ta HENIHIMHUM XapakTepoM OOTIKaHHS KOPIYyCYy CyAHa SK
TBEpAOrO TiIa, IKE PYXa€ThCs Y BOJI;

— HEBHU3HAYEHICTh 30BHILIHIX 30ypeHb, ski Ail0oTh Ha koprmyc BHC  (BiTpo-XBUIbOBHX
30ypeHb Ta 30ypeHb, MOPOIKYBAaHUX TEUIIMU).

HayxoBi po3poOku, moB’si3ani 3 cuHTesom Ta jociiymkeHHsM CAK BHC, Hapa3si
MIPOBOJATHCS Y OUIBIIOCTI MPOBIAHUX MOPCHKHUX KpaiH CBITY, OCKUIBKH TaKi Cy/iHa YTBOPIOIOTh
CepHO3HYy albTEPHATUBY TPAUIIMHOMY BOJHOMY TPAHCIOPTY, Y TOMY YHCII i HAa BHYTPIIIHIX
BogHuX nuigxax [164, 165]. Omnum 3 nepcnektuBHUX 3actocyBaHb BHC BOauaerscs ix
3aCTOCYBaHHS SIK HOCIiB OJIMHOYHUX aBTOHOMHUX HEHAceJIeHUX MiaBoaHuX amaparis (AHITA) Ta
rpynu AHITA, sKi BUKOHYIOTh CIUIBHY MiBOAHY Micito [166]. OcTanHiil BapiaHT 3acTOCYyBaHHS
BHC € Hai0iapI CKJIAHUM 3 TO3MIIIH aBTOMATHYHOTO KEPyBaHHS, OCKUIBKM BIH Tiepeadadae
aBTOMATH3AIlll0 HE TUIBKU MPOIECIB KEPyBaHHS PYXOM TaKOTO CyAHA, a W aBTOMAaTH3aIIIO
TexHoJIoTiuHuX TporieciB 3actocyBanHss AHITA sk kopucHoro Bantaxxy BHC.

SAx o6’ektu aBroMmarmzarii BHC yTBOproioTh 0COOMMBHIA KJIaC MOPCBKHX PYyXOMHUX
00’€KTiB, IS SKUX XapaKTEPHUM € pyX 3 BHCOKOKW IIBUIKICTIO (10 45 By3miB), yacTe
MaHEBPYBaHHS 31 3HAYHUMU NMPUCKOpeHHIMHU [167]. BaxknuBo BigzHauyuTH, 1110 QYHKIIOHYBAaHHS
PO3IIIIHYTOTO KJacy CYAEH 4acTo 3/IMCHIOEThCS B pailoHax 3 OOMEXEHHMH HaBiraliiHUMU
YMOBaMH 1 BUMara€e BeJIMKOI TOYHOCTI YTPUMaHHS Ha 3aJlaHil TPAEKTOPIii.

Buxonsun 3 mporo, aBromatuszamis kepyBanHs BHC sk Hocit rpynu AHIIA, y
3JICKHOCTI BiJl BUMOT TIPAKTUKHA MOXe OYTH pealli3oBaHa 32 HACTYITHUMH PIBHSIMU:

- piBeHb TenekepyBaHHS LCr (IUCTaHLiiHE pydyHE KEpYBaHHS IIOJMHOIO-OTIEPATOPOM
npoueciB pyxy BHC Ta #ioro OOpTOBMM TEXHOJIOTITYHMM OONagHAHHSAM 3 OEpEroBOro 4Yu
mo6utbHOTO TTKK);

- piBeHb aBTOMAaTH30BaHOTO KepyBaHHS LC,r (3a ydacTi0 IIOJWHHU-ONEpaTopa, KOJU
cTaburizamis Kypcy, TPaeKTOpil Ta MIBUIKOCTI CyJHAa BUKOHYIOThCSI aBTOMATHYHO, aje Mij
KOHTPOJIEM JIOJUHHU-ONEPaTOpa 3 MOXKIHUBICTIO OMNEPATUBHOTO BTPYYaHHS Y KPUTUYHHX
CUTYAIiSIX; IPH LOMY, KEpYBaHHS OOPTOBUM TeXHOJIOTTYHUM oOnagHanHsIM BHC BukoHyeThCs
JIIOIMHOIO-0NEPATOPOM Y PEXKHUMI TeNIEKEpPYBaHHS);

- piBeHb aBTOMAaTU4HOTO KepyBaHHs LCr (3abe3neuye MOBHICTIO aBTOMaTUYHE KEPYBaHHS
BHC B ycix pexxumax ioro (yHKIIOHYBaHHS, BKIIIOYAIOUU €JEKTPOHHY HaBiraiiioo, 3B S30K 3
KK, kepyBaHHs OOpTOBMM TEXHOJIOTIYHMM OOJIaJJHAHHSAM Ta  3arajbHOCYIHOBHUMH
MeXaHI3MaMH; TEJIEKEPYBAaHHs 3aJMINAETbCA K (GopMa KOHTPOIIO Oe3nek (yHKIIOHYBaHHS
BHC);

- piBeHb IHTEJEKTyaJllbHOTO KepyBaHHS LC; (IpyHTYeTbCS Ha 3acTOCYBaHHI Teopil
HITYYHOTO IHTENEKTY 1 3abe3neuye 37aTHICTh 10 «po3yMinHS» 1 HaBuaHHS CAK mono BHC sk
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00’ekTa KepyBaHHs, 30ypeHb 30BHIIIHBOTO CEpeIOBHUINAa Ta YMOB poboTu [168]; BkazaHi
BJIACTUBOCTI JAalOTh 3MOry peanizyBatu BUCOKOTOUHI CAK TpaeKkTOpHHUM pyXxoM TEXHIYHHX
CHCTEM, KOJIH iX MaTeMaTH4Ha MOJIeNb HEBIIOMa Y1 HEIOCTOBIpHA.

Takum 4YMHOM, MHOXMHA OCHOBHMX piBHIB aBTomarm3anii BHC wmoxe Oyru
MPEJCTaBICHA HACTYITHOIO 3aJIEXKHICTIO:

LC={LCr; LCur; LCr; LCy}. (1)

Kpim Toro, CAK BHC noBuHHa BifmoBigaTé HaCTymHUM Bumoram [ 167]:

- 3a0es3redyyBaTd OC3MEPEpPBHICTL 1 3aBaj03aXUCT BUPOOJICHHIO HaBIramiiHUX
napameTpiB, a TAaKOK 3a0e3MeuyBaTH TOUYHICTh YTPUMAHHS Ha TPAEKTOPIi B MeXax 2-5 MeTpiB;

- cxinan CAK moBuHeH OyTH KOMIAKTHHM, TOOTO MICTHTH MIiHIMalbHY HEOOXiIHY
KUIBKICTb MPHJIAJIIB;

- MpWIagd CHUCTEMH MOBUHHI MaTH Majl MacorabapuTHI XapaKTEpUCTHKH, HHU3BKY
BapTICTh Ta HU3bKE €HEPTOCIIOKNBAHHS;

- CAK nmnoBuHHa 3a0e3neuyBatu edexTuBHe ¢yHKIioHyBaHHS BHC B ymoBax
XBUJIIOBAHHS MOpsI 110 3-x OaJiB.

Posrisinemo Tenep ocHoBH1 pexumu po6otu BHC sik Hocis rpynu BHC.

Buxonsun 3 ocHoBHUX 3aBaaHb ekciutyaraiii BHC chopmymoeMo 0CHOBHI peXUMH HOTO
(GYHKIIIOHYBaHHS IIPH MOBHIM aBTOMaTU3allii:

- PeXUM MPSAMOJIIHIITHOTO pyXy 31 cTabuIi3aIlier0 Kypey ¢ Ta MIBUAKOCTI V;

- peXUM pyXy MO 3aJaHil TpaeKTOPii 31 cTaOLII3AIIE0 MBUAKOCTI PYXY V;

- pexum MapupyTtHoi ToukH, koiu CAK BHC mnparne noBecTd CyaHO 10 3aJaHOI
MapIIPyTHOT TOYKH, MTOCTITHO OHOBJIFOIOYH CBii KypC, 110 3MIHIOETHCSI BHACIIOK JTii 30BHIITHIX
30ypeHb;

- peXuM LMPKYIAUii 3 3aJaHUMM 3HAUYEHHSAMHU paJlycy LHMPKYISLil #c Ta KyTOBOIi
IIBUJIKOCTI ;

- pexuM TMO3WIliOHYBaHHS y Toulll (mis crnycky rpymu AHITA mepen BUKOHaHHSIM
MiIBOIHOT MicCii Ta i1 IpuitomMy X Ha OOPT Mmicis 3aBEpIICHHS MiIBOIHOI MicCii);

- pexxuM npeiidy Ha aKkBaTOPii, 16 BUKOHYETHCS MiIBOIHA MICis.

Bxkazani pexxumu peanizyloTbes 3a JOMOMOTOI0 pylIiiHO-cTepHOBOTO KoMiuiekcy (PCK)
CylnHa, SIKMH 3a3BHuail, CKJIQJa€ThCsl 3 TPEOHOTrO IBUHTA y HAcajlll, 110 MPUBOAUTHCA B PyX
EJCKTPUYHUM YW TEIUIOBUM JBUTYHOM. [HImmMME Bapiantamu mooOynoBu PCK e BomomeTHwMiA
pYIIiH, BEKTOP TATH SIKOTO PETYJIOETHCS 3a IOTIOMOTOI0 coruia, abo cremnianpHe BiTpmiio (BHC-
BITpWIBHUK) [169].

Kpim 3aBpanp aBToMartuzanii kepyBaHHs pyxoM BHC, akryanbHUMH € TakoX 3aBIaHHS
aBTOMAaTU30BAHOTO YM aBTOMATUYHOTO KEepyBaHHS HOro nalyOHUMHU MeXaHi3MaMH — CITYCKO-
nigHiMansHuMH ipuctposivMu (CIIIT) ais rpynu AHIIA.

Takum uwmHOM, 3abesmeueHHs ¢yHkuionyBanHs BHC BigHocuThCsS 10 3aBIaHb
KOMILJIEKCHOT aBTOMAaTH3AaIlil HETIHIMHOTO MOPCHKOTO PyXOMOTro 00’€KTa, IO MPAIOE B yMOBax
HEBHU3HAYEHOCTI XapaKTEepPUCTUK 30BHIMHBOTO cepenopuimia (3C) 1 HecTalliOHapHOCTI BIACHHUX
napaMmeTpiB. YCHIIHMA pPO3B’S30K TAaKOro 3aBJaHHS MOXJIIMBUN JHUIIE 3 HIMPOKUM
3aCTOCYBAaHHSIM Cy4YacHMX 3J00yTKIB y Trajy3l IITy4HOTO IHTENEKTY Ta MaTeMaTHUYHOTO
MOJIEIFOBAHHS HEJMHIMHUX IUHAMIYHUX 00’ €KTIB.

V3aranpHeHa (yHKIIOHaJbHA CTPYKTYpa CXeMa CHCTEMH aBTOMAaTHMYHOI'O KepyBaHHS
takuM BHC nokasana na puc. 1 [170].

Tpu BepxHi piBHI NPUIMaIOTh 1 00pOOIIAIOTH 3aB/IaHHS Bijl 30BHILIHBOTO (O€peroBoro 4u
MOOUTBPHOTO) TeHTpy kepyBaHHs Ta koHTponto (LIKK) 3 Bukopucranusm iHdopmallii Bifg
cucremu ceHcopiB BHC Cgpc Ta cucremu cencopiB Csc 30BHIIIHBOTO cepenoBuIla. BkazaHi
CHCTEMH CEHCOpIB T'eHepyloTh iH(opMalilo Mpo MOTOYHI MapaMeTpud Ta TEXHIYHUH CTaH
MmexaHi3miB BHC 1 mapameTpu MOpCBKOTO cepeoBHIIIA.
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Pucynoxk 1 — Y3aranbHena QyHKIioHaIbHA cXeMa CUCTEMHU aBTOMaTuyHOTO KepyBanHs BHC

TakuMm 4MHOM, BEpXHiil piBeHb — 1€ PIBEHb YXBAJICHHS PIIEHHS a00 TOTIOMOTH JIIOMHI B
MOCTAHOBLI 3aB/IaHHA Ta y MEPBUHHINA MOCTAHOBI LUIEH (YHKIIOHYBaHHS 00 €KTIB KEPYBAHHS.
VYV HalOmmk4id MepcrneKTHBl HAWOUTBII BakJMBI (PYHKII IIOTO PIBHS 3aJUINAIOTHCS 3a
JIOJIMHOI0. Y TEPCIEKTHBI, K BBAXAIOTh HAYKOBII, PO3B’SA30K 3aBJaHb IIbOTO PIBHSI MOXKE OyTH
BHKOHaHE 0€3 y4JacTi JIIOAWHH 32 JOTIOMOTOI0 ""CHJILHOTO" IITYYHOTO 1HTEIEKTY.

JIBa HWKHIX PIBHI F'€HEPYIOTh KEPYyHO4l KOMaHIM s BUKOHaBYMX MexaHizmiB BHC —
tioro PCK 1 KB. Jlynis HUX mkepenaMu KOMaH/I € CUTHAJIMA BiJl BEPXHIX PIBHIB KEPYBaHHS, a TAKOXK
CUTHQJIM CHCTEMH KOHTPOJIIO 3a "BHYTPIIIHIMHU" 3MIHHUMH - CTAaHOM BHKOHABYMX MEXaHI3MIB
BHC.

[Ipu iboMy cTpaTeriuHuii piBeHb aHaNi3ye 3aBiaaHHsA, o Haxidnuio Bin LIKK, 1 mianye
3aranbHe ¢pyHkuionyBanHs BHC aiis ioro BUKOHaHHA 3 ypaXyBaHHSIM [1apaMeTpiB 30BHILIHBEOTO
CepeI0BHILA.

TakTuuHUl piBEHb YHOPABISIE peali3allield CTPATEeridYHOTO IUIaHy — po3po0sse
TPAEKTOPIIO TPOCTOPOBOTO TEpeMillieHHs, POPMye UEProBICTh Omepartiil (pyXiB) y BiIMTOBITHOCTI
3i crparerieto pyHkmionyBanHs BHC Ta 3 ypaxyBaHHSIM 30BHIIIHIX 30ypeHb.

AnanTuBHUI piBEHb KOPUTYE DPILIEHHS TAKTHYHOTO PIBHA 3 ypaXyBaHHSIM (DaKTHUHOTO
CTaHy 30BHIIIHBOTO CEpPEJOBHINA, 3AIMCHIOE MOMIYK ONTHUMAIIbHUX YIPABIIHCHKUX PIlIEHb Yy
pamkax oOpaHOi TAKTUKM BUKOHAHHS 3aBAaHHs, 110 Haaiimo Big LIKK.

[Iporpamuuii piBeHb PO3TISHYTOT CUCTEMH KepyBaHHS peaizye OKpeMi TUIOBI onepariii
— enemeHTapHi nepemimenHs bHC ta po6oty KB. Lle nocsiraerbest 3acToCcyBaHHSIM 3a3/1aieriib
IHCTaNIbOBAaHUX KEPYIOUMX TMporpaMm, SKi 3A1MCHIOITh, y 3arajJbHOMY BHIIQJIKy, TPYyIOBE
KepyBaHHs BUKOHaBYMMHU MexaHi3Mamu BHC Ta ioro KopucHOro BaHTaxy.

Ha unpoMy piBHI BHKOHYeThCS aHanli3 iHQopMamii Npo CcepeloBUIIE Ta YMOB
¢ynkuionyBanHs BHC, ¢dopMyBanHs mnocmiinoBHOCTI 0a30BUX omepamiii Ta KOHTpPOJb iX
BUKOHAHHA Ui pILIEHHS IIOCTaBJIEHOI BEpXHIM pIBHEM 3aBAaHHSA (BHOIp HUIAXIB pyXYy,
TPA€EKTOPIl pyXy BUKOHABUMX OPraHiB Ta iH.).

BukonaBuMii piBeHb peayizye KepyBaHHS OKPEMHUMH BHMKOHAaBUMMH MeEXaHI3MaMH Yy
pexxumax crabinizauii pyxy, podoru 3 KB, 360py iHdopmarlii mpo 30BHILIHE CEpEAOBHUIIE TA 1H.

[To3a 3amexHICTIO Bil TpaHHUIb pIBHIB CHCTeMHU KepyBaHHS mnpu mnoOyaoBi BHC
HeoOXiJJHa IHTerpalis BCIX PIBHIB KepyBaHHS, 30KpPeMa, BHUKOPHCTAHHS €IMHOTO MEXaHI3MY
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oOMiHY JaHUMH i IpOTpaMyBaHHA BCiX PiBHIB (KpocmiiaT(OpMHOCTI).

@OynkuionyBanas BHC nepenbauae HacTynHi pekMMU aBTOMAaTUYHOTO KepyBaHHs [170,
171]:

- aBTOMAaTHYHE JIarHOCTYBaHHA Rp; MexaHi3MiB, By31iB i cucreM BHC nepex moyarkom
BUKOHAHHS MICIT;

- aBTOMAaTUYHUHN BHUXiJ Rp; 3 0a3u 0 IOYATKOBOI TOUKM MApIIPYTY 3aaHOT Micii;

- apromatnunuii pyx BHC 1o 3azmaniii Tpaektopii Ry, mig yac nepexony y podody 30HY
aKBaTopii;

- aBTOMaTHYHE MaHEBpYBaHHA R), y poOouiii 30HI akBaTopii Ta/4M aBTOMAaTHYHA
craburizanis Rs y 3a7aHiil TOYII 3a1aHOT aKBaTOPIi;

- aromatnyauii pyx BHC Ry, mo TpaekTopii moBEepHEHHS y KiHIIEBY TOUKY MapIIPyTy
MiCiT;

- aBTOMAaTUYHE TIOBEPHEHHS Rp> 10 0a3w;

- aBTOMaTU4yHE [IarHOCTYBaHHA Rp> MexaHi3MiB, By3niB 1 cucteM BHC  micis
3aBEPIICHHS MICii.

Takum unHOM, MHOXHWHA Rpyc OCHOBHUX pexuMiB QyHkuioHyBanHs BHC MicTuth
HACTYIHI €JIEMEHTH:

Riruc= {Rpi; Rs1; Rri; Ry Rs; Rro- Rpoy Rpa). (2)

OueBuHO, MO IS BCIX OCHOBHUX pexuMiB podotu BHC , kpim pexumis Rp; Tta Rpo,

XapaKTepHUM € HasBHICTh [1i 30BHINIHIX 30ypeHb Frp y BUIIAm BekTopis cui Bitpy Fyy,

xuwb £y, Ta tewii F,

Jo ronoBuux 3amady CAK BHC crnig BigHecTH HACTYMHI 3a1a4i:
- 3amava 6e3neuynoi HaBiramnii BHC y pexumax pyxy {Rp;; Rri; Ry Rs; R Rpal; TYyT

Mae repenbadaTuch, KpiM Aii 30BHIMHIX 30yperb [p, HAABHICTH HABIraLifHUX MEPEIIKON Yy

BUTJIAI IHIIKX IIJIaB3acO0IB;

- 3a7aya aBTOMATUYHOTO KEPYBaHHS TOJIOBHOIO cuioBoio ycraHoBkoio (I'CY) BHC
(mM3enem uM HITUM JHKEpesIoM MexaHidHoi1 yn enekTpudHoi eneprii BHC);

- 3a3J1a4a aBTOMaTUYHOTO KepyBaHHs pyiliiHO-cTrepHoBUM KoMiuiekcom (PCK) BHC;

- 33Jaya aBTOMATUYHOIO KEpPyBaHHS JONOMDKHHUMH CYJHOBUMH MallWHAMHU 1
mexaHizmamu (JJICMM) BHC;

- 3a71a4a aBTOMATUYHOTO KepyBaHHs KopucHuM BaHTaxeM (KB) BHC;

- 3aJladya aBTOMAaTUYHOI J1arHOCTUKH (KOHTpOJIIO Tpare3naTtHocTi) obnamgnanas (J1O)
BHC (pexxumu Rp; Ta Rp;).

OueBuaHO, IO TakWi CKIAOHHUI mepenik BUMOT, 1o BucyBaioThesi 10 CAK BHC,
MOJXKJIMBO 3a/I0BOJIbHUTH JIMIIE LUISIXOM 3aCTOCYBAaHHS CYYaCHUX MPHUHIMIIB 1 TEXHOJOTIH
MoOy/I0BU CUCTEM KEPYBaHHS.

butbmricTio  AOCHIAHUKIB BH3HAKOTh HEOOXITHICTh BUKOPUCTaHHS OaraTOpiBHEBOT
(iepapxiuHOi) CTPYKTYpH MOOYAOBH IHTEIEKTYalIbHUX CUCTEM KEPYBAHHS PYXOMUMHU 00’ €KTaMH.
YcnimHe pilmieHHs 3aBAaHb KEPyBaHHA TaKMMU O0’€KTaMHd MOKJIHMBO TpU MOOYIOBI
e(EeKTUBHOTO KepYBaHHS Ha KO)KHOMY 3 PIBHIB 1 HE MEHII €(PEKTUBHOMY iX KOMIUJIEKCYBaHHI.

Posrnsinemo ocobnuBocti no6ynosu iHTenekTyanbHux CAK BHC, sxi rpyHTYIOTbCS Ha
NpUHLMIAaX 0araTopiBHEBOI CTPYKTYpPH 3TiAHO puc. 1.

Cam po3mojul Ha piBHI € TOCUTh YMOBHHUM 1 B 3Ha4HI MIpi 3aJI€)KUTh BiJl KOHKPETHOL
peanizanii BHC. V skocTi ocHOBHOI KiacudikaiiifHoi 03HaKM MpU BUIUIEHH] PIBHIB KepYBaHHS
BHC BuxopucToByIoTh BiacTUBOCTI 00'ekTiB (ckianoBux BHC), kepyBaHHS SKMMHU peasi3yeThCs
Ha BIATMIOBITHOMY piBHI.

Toni y3aransaena crpykrypu CAK pyxom BHC B ymoBax aii 30BHilIHIX 30ypeHb O0yne
MaTH BUIJIA[, TOKa3aHUH Ha puc. 2.
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Po3rnsiHeMo 0CHOBHI NPUHIMIIKA POOOTH MPONMOHOBAHO]1 iHTeNnekTyanpHoi CAK.

IHTenektyansHa CAK BHC
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Pucynok 2 — Y3aranbHeHa cTpykTypHa cxema iHtenekryaasHoi CAK pyxom BHC

I'enepatop pexumiB pobotn BHC — 1e mporpamHuil npucTpiii uu pajiokaHall, yepes
KU 3a7a€Thcsl NTOTOYHUM peskuM podotu BHC 3riqHo MHOXuMHI (2).
brnoku cucremMHOro omnpaioBaHHA 3HaHb NpU3HAUEHl JUId aHali3y 30BHIIIHBOI

06cTaHOBKH (BeKTOPY [':p ) Ha OCHOBI BUKOPHCTAHHS HACTYNHUX iHQOPMAIIIHAX TEXHONOT i —
EKCIIEPTHUX CHUCTEM, IITYYHUX HEHPOHHHX MEPEX, HEUITKOI JIOTIKH, E€BOJIOMIMHUX METOMIB 1
TeHEeTUYHUX aITOPUTMIB.

B ocHOBY koHIIEMIIIT IHTEIEKTYaTbHOCTI, 3a3BUYal, MMOKJIAICHO:

— YMIiHHS CHUCTEMH IMpaIfoBaTH 3 (POPMaJi30BaHMMHU 3HAHHSMH JIOJUHU (EKCIEPTHI
CUCTEMH, HEUITKa JIOTIKA);

— BJIACTHBI JIFOJMHI CIIOCOOM HaBYaHHSA 1 MUCJICHHS (HEUPOHHI MEpeki, TeHETHUYHI
AITOPUTMHU).

CAK pexumom pobdotn BHC peanizye 3amanuii pexxum poOOTH CyqaHA, y pPe3ysbTaTi
yoro ¢opmyerbcss MHOXMHA Upyec CHUTHaIB KepyBaHHS BUKOHaBYMMH MexaHi3smMamu BHC.
[Ticns mincunenns renepoBannx CAK curnanis kepyBanus ['CY, PCK, JICMM, KB Ta 10
(BimnoBinHo, curdHamu Urcy, Upck, Ugcum, Urp Ta Ugo) BOHM HAAXOIATh 1O BIAMOBIIHHUX
BUKOHaBuMX MexaHi3MiB BHC 1, Takum umHOM, 3a0€3Me4yrOTh BUKOHAHHS 33JaHOTO HOMY
pexuMy (YHKI[IOHYBaHHS.

Buximnumu curHantamu BHC € MHOXuMHA iHGOpMAIIiHUX CUTHAIB Igyc , fKI
xapaktepu3yioTh notounuii ctan BHC sik 00’ €kTy KepyBaHHS.

Baxxnusoro ckinagoBoro CAK € cuctema ceHCOPIB, SKa CKIIAJAEThCS 3 TPHOX TPYIL:

- HapiraiiiHux ceHCOPiB Crgpiran, K1 3a0e3neuytors CAK iHopmMmaliiero npo moTouHi
HaBiramiiiai xapakrepuctuku BHC (kypc, mBuakictb, reorpadidai KOOpIWHATH, a TaKOXK iX
MOXiJTH1);

- tiarHocTU4Hi ceHCOPH Criary., K1 JAIOTh 1H(OPMAILIIO PO TEXHIYHUN CTaH BUKOHABUYMUX
BY3IiB, MexaHi3MiB i cucteM BHC;

- ceHcopu Cpv BukoHaBunx MexaHizMiB BHC, siki yrBoproroTh 380poTHiii 38’130k 111 CAK 1o
kepoBanuM BemmurHaM BHC sk 00°ekTy KepyBaHHSL.

MHOXHHA CUTHANIB CEHCOPIB Uy, Up T Ugy YTBOPIOIOTh HEOOXiJHI KaHAINW 3BOPOTHOTO
3B’s3KY, HE0OX11HOTO /U1 epekTBHOI poOoTH CAK B OCHOBHHX peXHMIB POOOTH 3riiHO (2).

Takum uwmHOM, 3ampomonoBaHa CAK BHC peanidye nBa y3araibHEHi NPUHIUIHN
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IHTEJIEKTYaJIbHOTO KepyBaHHS:
- KepyBaHHS Ha OCHOBI aHali3y 30BHIIIHIX JaHUX CHUTYyallid Ta MO (cUTyariiiHe

KEepYBaHH 3 YpaxyBaHHSIM BIUTUBIB F}, );

- BUKOPUCTAHHS CY4aCHHUX IH(POPMALIHHUX TEXHOJIOTIH A1t 0OpOOKH 1aHUX Ta 3HAHb.

BucHoBku.

Hageneni Buie y3zaranpHeHa ()yHKIIIOHAJIbHA CXeMa Ta y3arajbHEHa CTPYKTypHa cXema
inrenekryansHoi CAK pyxom BHC BpaxoBytoTh ocHoBHiI ocoOmmBocti BHC sk 00’ekTy
aBTOMATHYHOTO KEPYBaHHS 1 MOXKYTb CIYI'yBaTH OCHOBOIO JJISl TIOJAJIBIIIOTO CHHTE3Y CHCTEMHU
aBToMaTnuHoro kepyBanas BHC sk Hocist rpymu AHITA B yMOBax HEBH3HAYEHOCTI 30BHIMIHIX
30ypeHb.
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®OPMYJIOBAHHS T'OJIOBHUX 3AJIAY CTBOPEHHSI
BE3EKINAXKHUX HAJIBOJHUX CYJEH HA OCHOBI CACTEMHOTI'O
110010.0)1 0%

Haomouiu B.A.
K.M.H., 0oyenm XepcoucbKko2o HaAB84AIbHO-HAYKOBO20 THCMUMYmY,
Hayionanvuuii ynisepcumem xopabaebyoysanus im. aom. Maxaposa

besexinmaxni naaBoani cyaua (BHC) Ha mei yac Bce yacTilie BUKOPUCTOBYIOTHCS IS
MOPCBHKUX TpPAaHCIOPTHUX IE€PEBE3€Hb, JAOCIIDKEHHS MIHEPAIbHUX Ta XapyOKUX pecypciB
CBITOBOTO OK€aHy, TPOBEACHHS HAYKOBHX JOCIIKEHb Ta NPHUPOJOOXOPOHHUX polOIT [1].
CTBOpEHHS Ta BIPOBA/DKEHHS Y MOPCHKY IIPAKTUKY TaKOT'O BHJIY MOPCHKOT TEXHIKM Ha IIeH Jac €
OJIHUM 3 TOJIOBHHMX HANpPSMKIB PO3BUTKY BOJHOTO TPAHCHOPTY [2].

3 mo3uiliil CUCTEMHOTO X0y J0 MPOEKTYBaHHS 3ac00iB MOPCHKOI poOOTOTEXHIKH [3]
JI0 TeHEPaJbHOT MHOXHUHU 15yc TONOBHUX 3amad cTBopeHHs BHC Takoro mpusHadeHHs ciin
BITHECTHM HACTYIHY MHOXHHY 3ajay, YCHIIIHUM poO3B’A30K SKUX 3a0e3meunTh IX
KOHKYPEHTO3/IaTHICTh Ha PUHKY MOPCHKOT TEXHIKHU:

- MHOXUHY Trpc.xk 3a4aud paiioHaiabHOro BuOopy ¢opmu kopnycy BHC, sxuit 6m
MaKCUMaJbHO TIIOBHO BIANOBIJaB BHMOTaM JO0 MOPEXIAHOCTI TaKMX CYyJIE€H — OCTIHHOCTI,
MIIIHOCTI, BOJIOHEMTPOHUKHOCTI, HEMOTOITIOBAHOCTI, TUTABYYOCTI, KEpOBAaHOCTI (3amavya 7gpc.k-
w€ Tpuc.k) Ta BUMOTaM JO €()EKTUBHOTO BHUKOHAHHS BCHOTO TIEPENIKY PEXKUMIB MO0
3actocyBanHs AHITA (3anava Tsuck-ep € Tsnc-k); 3a83HAUUMO, IO HA LieH 4ac BUKOPUCTOBYIOTh
yotupu OCHOBHI (popmu kopmycy BHC: TBepamii HamyBHUN KOPIYC, OJHOKOPIYCHI (THIY
«KasK»), KaTamapaH (JBOXKOPITYCH1) Ta TpUMapaHH (TPbOXKOPITYCHI);

- MHOXWUHY T5rc-£ 3a1a4 BUOOPY TUITY Ta MOTYKHOCTI TOJIOBHOT €HEPreTUYHOT YCTAHOBKHU
— JIN3eIIb-€JIEKTPUYHA, aKyMYJISITOPHA, BITpOreHepaTopHa, GoroeraekTpudHa oo (3amavda 7 gyc.
erevE Tpucp) Ta pymriitHO-cTepHOBoro koMmiwiekcy BHC — rpeOHi TBUHTH y Hacaakax,
MTOBOPOTHI PYJIbOB1 KOJIOHKH, BOJOMETH Tomlo (3ama4a Tspc.g-pi € Tprc-E); KPIM TOTO, BOKIIUBOIO
CKJIaJIOBOIO MIZIMHOXKUHU 3a7a4 pyc.p € 3a7a4a MoOyA0BU IHTETPOBAHOI €IEKTPOEHEPTreTHUHOT
cuctemu BHC (B anriomoBHii jiteparypi — Integrated Power and Energy Systems, IPES), sika 6
3a0e3mevmia ONTUMI3aIlil0 TpoleciB 30epiraHHs Ta ePEeKTUBHOTO BHKOPUCTAHHS OOPTOBOI
eHeprii 3 MeToro 30uTbIeHHs yacy BUKOHaHHs Mopcbkoi Micii BHC (3amava Tspc.grum € Tprc-E)
[4];

- MHOXWHY Tppc 3alad CHHTE3y CHCTeM I1H(GOpMaIiiHO-KepyrYoro 3a0e3nedeHHs
¢yukmionyBanuss BHC — aBTomaru3oBaHoro (TelekepyBaHHS [0  pajioKaHAlLy) 4H
aBTOMATUYHOIO (€JIeKTpoHHa HaBirauis) kepyBaHHs pyxoM BHC (3amaua Tsyc.rpyx€ Tpuc),
aBTOMATH30BAHOTO UM aBTOMAaTHYHOTO KEPYBaHHS JIBOXCTOPOHHIM padio- 4YM CYIMYTHHKOBUM
3B’s3koM Mk BHC Ta nentpom kepyBannsa 1 xoutpomo (UKK, 3amaua Trucr3€ Tsuca),
aBTOMATU30BAHOTO YHM aBTOMATHYHOTO KEpyBaHHS OOPTOBHUM TEXHOJOTTYHUM OOJaJHAHHSAM —
CHUCTeMaMH KEepyBaHHS €HEpreTUYHUM Ta iH(popMaliiHuMm 3abe3nedeHHsM rpynu AHIIA nepen
noyaTkoM Micii, cucremoro 3amycky rpynu AHIIA 3 6opry BHC, aBromaruzoBaHoro uum
ABTOMATUYHOTO KEPYBaHHS 3aralbHOCyJHOBUMH MeEXaHI3MaMH — €JEKTPO- Ta TiIpaBIidYHUM
obnanHaHHAM Oe3ekinakHoro cyaHa (3aaava Tsuc-r3cm € Tprc-n);

- MHOXUHY Tpycy 3amad cuHTedy ckiamoBux BHC, sxi 3abe3medyroTh edekThBHE
3actocyBanHs Tpynu AHIIA 3a OCHOBHUM MpHU3HAYEHHSAM; 30KpeMa, Ha ChOTOJHI O TaKUX
CKJIaJIOBUX MOJKHA BIHECTH pPO3pOOKYy OeperoBoro uyu MOOUIBHOTO IEHTPY KepyBaHHS 1
koHTposmto BHC (3amaua  Thuc.s.uxx € Tsuc.s), PO3POOKY CHUCTEMH KepyBaHHS KOPUCHHUM
BantaxkeM (KB) BHC — cucremy Bunycky rpynu AHIIA 3 Gopry BHC sk 006’ekra
ABTOMATH30BAHOTO YW AaBTOMATUYHOTO KepyBaHHS (3amaya Tgpc.sxs€ Tpucy) Ta Po3poOKy
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BOYZIOBAaHUX CHUCTEM JIarHOCTHKH 1 3aXHUCTy elekTpomexaHiyHoro obmamnanus BHC (3amaua
Tstic-s-sgiaen € Trc-y Ta 3a0a4a Trpc.-3ax € Trrc.)

Takum ynHOM, reHepalibHa MHOXXHUHA 7 5pc TOJIOBHUX 3aia4d cTBopeHHs: BHC moxe Oytu
MPEJCTaBICHA Y BUTIISAIL:

Tsuc=[Tpuc-x; Tsuc-e; Truc-r; Truc-il, (1)
e:

Tsuc-k={Tsuc-k-m; Thrc-k-Egfs (2)
Tsuc-e={Tsuc-e-rev; Truc-e-pk; TsHC-E-1nmfs (3)
Tstci={Tsuc-1-pv; Tsuc-13° Tsuc-r-sro; Tsuc-13cmts 4)
Tsuc.~{Tsuc.rurx: Tsuc-s-xs’ Tsuc-rgiaon TrHC-T-3ax) (5)

Buxomstam 3 (1)-(5) moxHa KOoHCTaTyBaTH, o po3podka BHC sk HociiB rpymu AHIIA €
CKJIAJTHUM TIPUKJIATHUM HAYKOBUM 3aBIaHHSM, SKE HEOOXIIHO BUKOHYBATH i3 3ally4eHHSM
0araTbOX HAyKOBUX Ta 1HKEHEPHUX TUCIUTLIIH.

VY nomoBiAl po3risiIAEThCS PO3B’SI30K JBOX 3ajad 3 TeHepalibHOi MHOXUHHU (1), sKi
noB’s3aHl 3 aBToMaru3auicro kepyBaHHa DBHC: 3amadi  Typc.rpw € Thucs BAOCKOHAICHHS
kepyBaHHs pyxoM BHC ta 3anaui Tsnc./-pun € Tsrc.s Bunycky rpynu AHITA 3 6opty BHC-Hocis,
sIKa BXOJHTD Y MIAMHOXUHY T 5pc.).

BucHoBku.

3anponoHoBaHa TeHepallbHa MHOXKHMHA ToJIOBHUX 3anad ctBopeHHs BHC Tta orpumani
PO3B’SI3KM JeSIKUX 3a/lay L€l MHOXXMHHU (BAOCKOHaNeHHsS KepyBaHHs pyxoM BHC Ta 3amaui
Bunycky rpynu AHITA 3 6opty BHC-HOCI) MOXKYTh cayryBaT TEOPETUYHOIO OCHOBOIO JIJISt
IJIaHYBaHHS MPOEKTHUX poOiT 31 ctBopeHHss BHC pi3Horo npusHaueHHs .

Cnncox BUKOPHCTAHOI JIiTEpaTypH
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OorJisil BESEKINNA’KHUX HAZIBOJAHUX CYJAEH AK HHEPCIIEKTUBHHUX
HOCIIB ABTOHOMHUX HEHACEJIEHUI NIJIBOJTHUX AITIAPATIB

Haomouin B.A., k.m.H., Oouyenm,
bypynin A.IL, acnipanm,
Hayionanvuuii ynisepcumem xopabaebyoysanus im. aom. Maxaposa

besekinaxxni HagaBoaHi cyara (BHC, B anriomoBHiil mitepatypi — Unmanned Surface
Vehicles — USVs abo Maritime Autonomous Surface Ships — MASS) 3naxonate Bce Ouiblie
3aCTOCYBAaHHS TIPM BHKOHAHHI 3aBJaHb 3 MOPCHKHX TPAaHCHOPTHHUX TMEPEBE3EHb, OCIIHKCHHS
pecypci okeaHIB Ta HayKOBHX JIOCIIIKEHb, MPUPOJIOOXOPOHHUX POOIT Ta poOIT 13 3a0e3rneueHHs
MOPCBHKOI'O ITpaBa Ha MOP1 y MPOBIIHUX MOPCHKUX KpaiHax cBity [1].

CTBOpeHHSI Ta BIPOBAPKCHHS Yy MOPCHKY TMPAKTHKy TAaKOTO BHUAY MOPCHKHX CYyJeH Ha
ChOTOJIH1 OI[IHIOETHCA K MariCTpajJbHUN HaNPSIMOK PO3BUTKY BOJHOIO TpaHCIOPTY [2].

VY nopiBHSHHI 3 TpaIuLIHUMU cyaHaMHu 3 ekinaxkamu bHC MaroTh HacTynHi nepeBaru:

- MOXXYTh BUKOHYBATH OUIbII TpHUBaJIl il HeOE3MeyH1 Micii;

- MalOTh HIKY1 BUTPATH HAa TEXHIYHE OOCIYTOBYBaHHS Ta €KIMaXi AJis KEpyBaHHS;

- MalTh MaJly Bary Ta HEBEJbKI PO3MIpH, M0 3a0e3medye MiABUIICHY MaHEBPEHICTH 1
MO>KJIMBOCT1 PO3TOPTaHHS Ha MUIKOBOJHHUX aKBaTOPiAX (PIUKOBUX W NMpuUOEpeKHUX paiioHax), 1e
OUThIIT KOpabii HE MOXKYTh €PEKTUBHO MIATH;

- MalOTh OUTBIITY TOTEHIIHY BaHTAXOMITHOMHICTD 1 MOKIIUBICTh AUCTAHIIITHO BUKOHYBATH
THIIOB1 MOPCHKI OTepartii.

ABTOpH BBaXaroTh, 110 TaKUi BHUJ MOPCHKOI POOOTOTEXHIKH, SK CKJIaJ0Ba MOPCHKOTO
oe3ekimaxxkHoro komruiekcy (MBK), Moxke OyTr ycHilmHO BUKOPUCTAHUN Y SIKOCT1 HOCIS ISl TPYITH
ABTOHOMHUX HEHaceJIeHnX migBoaHux amapatiB (AHITA), siki MaloTh BUKOHYBATH MiJBOIHI MICii Ha
OJMIM3BKHX 1 HA BIJAJICHUX aKBaTOPIAX.

Konctpyknii BHC Ta TtexHosorii iXHbOro 3acTOCYBaHHS MPOWIUIM ACKUIbKA CTaii
PO3BUTKY, TICHO MOB’A3aHUX 3 IPOTPECOM TEXHIYHUX HAYK Ta MOTOYHUX MOTPEO MOPCHKUX JIEPKaB.

Ictopuuno nepmum nateHToMm moao0 BHC O6yB marent Hikosno Tecnom y 1898 poky [3].
Kpim nocraBku BaHTaXiB 1 3B'I3KYy 3 BaXKKOJOCTYMHHMH MICIEBOCTSIMHU, aBTOp 3Tagaye Ipo
BIICHKOBI 11111 cBOTo BUHaxoy: «['apaHnToBaHa i 6e3MexHa pyHHIBHICTh MOTO BUHAXOAY J03BOJIUThH
BCTAaHOBUTH 1 IMATPUMYBATH BIYHUN MHP MDK HApPOJIaMU».

Opnnaxk nepuri peasibHO cTBopeHi BHC 3’siBunuck y Himeuuunni Ha mouyatky XX cropivus. Li
cynHa Oyl KepoBaHHMH IO crenianbHoMy kabemto. IIpore nanpukinii [lepinoi cBiToBoi BiiiHH B
HiMebKOMY (hr1oTi 3'sIBUIIHCS Takok 0€3IpOTOBI pagiokepoBaHi katepu [4].

Pansucpka Pocis Takoxk po3po0iisiia paaiokepoBaHi KaTepu AJisd MoTped 000pOHH MOPTIB HA
bantumi. Tak, y 1924 pomui 6yno cTBOpeHO JBa TUMA pagiokepoBaHux KaTepiB — «llionep» 1 «Ocay,
AK1 mepeadavyay paaiokepyBaHHs 1 OEperoBOro mocra KepyBaHHs Ta 3 JiTtaka [5]. A Ha BiliCBKOBUX
HaBuaHHAX 1937 poky y DiHChKOMY 3allMBi Bke mNpuiiManu ydactb Outst 50 paaiokepoBaHUX
KaTepis.

OanuM 3 TMepIIMX HAMNpsAMKIB MpakTU4YHOro 3actocyBaHHs BHC Oymno ix BukopucTaHHS
ITamieto y Jlpyriii cBiTOBiil BiliHI SK 3aco0y JOCTaBKM BHOYXIBKH MJisi 3HMILNEHHS HAIBOTHUX
BilicbkoBUX KopabmiB BenukoOpuranii Ha CepenzemHoMmy Mopi [6]. Toxi Oyno ycmilHO
3aCcTOCOBaHO Majopo3MipHi mBuaKicHI katepy MTM ta MTR. Ha cranii nminxomy mo uiai Takui
KaTep KepyBalKCh JTIOJMHOIO, sIKa ITiCTS MPULILTIOBAHHS KaTepa 3ajluilana HOoro Ha pATYBaTbHOMY
IJIOTY, a KaTep Ha MPUKIHIIEBI cTajii aTaku KepyBaBCsl aBTOMATUYHO.
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[Micns dpyroi csiroBoi BiliHu B CIIIA BHC Oynu po3poOieHi Ta BUKOPUCTaHI A JIBOX
OCHOBHHUX TIIUIeH: MPOTUMIHHOI OOpOTHOM Ha MOpi Ta Ui  OI[IHKA OOMOBHX MOIIKOKEHb
HA/IBOJHHUX KOpaOIiB mig yac BUNIPOOyBaHb aTOMHHUX O0MO [7]..

Hanpukinni XX cropiuust iHTepec 1o 3acrtocyBanHs BHC 3’sBuBcs B I3paimi 3-3a
HEOOXIJTHOCTI aBTOMATHU3yBaTH OIepallii 3 0OXOPOHU MOPCHKOTO y30€pexoKs Ta aKBaTOPiil MOPTIB.

Sk pesynbrart, 3 2004 poky OyJ0 YCHIIIHO 3aCTOCOBAHO y CKJIAJi BiICBKOBO-MOPCHKHX CHII
JeKiIbKa THUMIB Malopo3MipHUX Oe3ekinakHux karepi: ‘“Protector”, “Seagull”, “Katana”,
‘Stingray* ta “Silver Marlin” [8, 9].

l'onoBHE iX MpHU3HAYEHHS — MPOTUCTOSHHS TEPOPHCTUYHUM 3arpo3aM 3 Mopsi, pO3Biika,
CIIOCTEPE)KECHHS Ta BEACHHS NPOTUMIHHOI BiitHH (puc. 2, 6-B).

OpnouacHo possuBaim ¢cBoi BHC CIIA, ne y 2006 pomi Oyno po3po0bieHo reHepalbHHiA
wiad crBoperHs BHC miis notped BilickkoBo-Mopcekkoro oty [7].

[liznime, 3 2012 poky, B pamkax eBporelcbkoi nporpamu “MUNIN”  posnouanuch
MPUKJIAHI HAYKOBI JOCIIKEHHS 11010 Po3poOKku KoHuemii kepyBanHs BIIC Ta oIiHKK TEXHIYHOT,
€KOHOMIYHOT Ta MpaBoBOi CKIAJ0BUX iX BUKopucTaHHs [10]. Meroto nocnimkeHHs: Oyia0 HayKoBe
OOIpyHTYBaHHS JOLLILHOCTI Ta MOXJIMBOCTI cTBOpeHHsI Mopcbkux BHC TpancnopTHoro tumy, siki
0 Morun 3a06e3neunTy Oe3nevHi OKeaHChK1 IEPEBE3CHHS.

Y nopanpmoMy B 0araTrboXx MOPCBKHUX KpaiHaX CBITY pO3TOPHYJINCh TEOPETHUHI
nociikeHHs: Ta pobotu 31 ctBopeHHs: BHC pi3Horo mpusHadeHHsl, 3’IBUJIMCh HAyKOB1 OIS Ta
MIPaKTUYHI y3arajJbHEHHS 11040 pe3ynbTariB 3acrocyBanHs bBHC [11-13].

VY pamkax nojanbimoro po3BUTKy ineil mporpamu “MUNIN” Ha npoTs3i 2015-2017 poxkis
Oyno BUKOHaHO MpoekTi “AAWA?”, roloBHUM BUKOHABIEM sikoro Oyia aHriiiicbka ¢gipma "Rolls-
Royce” (BemukoOpuranis) [14]. Ilpoektr o00’e¢aHaB yHIBEpCUTETH, TMPOEKTHI OpraHizailii,
BUPOOHUKIB 00JIafHaHHS Ta Kiacu(ikaliiiHi TOBapUCTBA JIIsl BUBUYEHHS! €KOHOMIYHHUX, COI[IaJIbHUX,
MIPaBOBUX, HOPMATUBHHUX Ta TEXHOJOTTYHUX (DaKTOPIB, sIKI HEOOXigHO BUpiUTH, 100 BHC cramu
peaNbHICTIO.

VY pamkax mpoeKkTy HOTro yYaCHUKH ITYKaJW BIAMOBI/I HA TPU HACTYITHI MUTaHHS:

- sIK1 TOBUHHI OyTH TexHoJoT1l kepyBanHs BHC 1 sik BOHYM TOBHMHHI B3a€EMOIISITA TIPH HOTO
ABTOHOMHOMY TIJIaBaHHI,

- SK TMOTPIOHO CHPOEKTYBATH TaKe CYAHO, 00 BOHO OYJIO HACTUIBKH K O€3MEYHHUM, SIK 1
3BUYAlHI Cy/IHA, K1 HOB1 pU3UKHU 3 SIBJSATHCSA 1 K 1X YHUKHYTH,

- sIK1 TIOBUHHI OYTH CIIOHYKaJbHI MOTHBH JUIsl CYJHOBJIACHUKIB BKjiIaaatu komTu B BIIC i
XTO Mmichs ix "neramizarii" Oyzae BIANOBITAIBHUI Y BUIAAKY TOTO a00 1HIIOTO IHITUIACHTY.

OnnouacHo 3 npoektoM “AAWA” y Hopserii Oyno pearizoBano npoekt “AUTOSEA” [15],
OCHOBHOIO MeTOl0 Oyina po3poOka MeromiB cymHoBomiHHA Ta HaBiramii BHC. Ileit npoekt
MiATBEpAUB €()EKTUBHICTb CHCTEMH 3alOOIraHHS 3ITKHEHHSM Y TOBHOMACIHITAOHMX HATypHUX
€KCIEPUMEHTaX, 10 a0 3MOTY peani3yBaTH MPOEKT aBTOMATUYHOT'O aBTOMOOUIBHOTO MOPOMY IS
banrilickkoro mops [16].

[Momanemum po3ButkoM mpoekty “AUTOSEA” Gy mpoekt €Bpocorozy “Hull-to-Hull”
[17], meTor0 sikoro Oyio 3abe3meueHHs OE3MEUHOro IUIaBaHHS B Oe3mocepenHiil OIU3bKOCTI Bij
IHIIMX CYJIeH Ha OCHOBI 3aCTOCYBaHHSI CHCTE€M CYMYTHHKOBOI HaBiraimii. Takuil migxXin J03BOJISE
MpEeNU3ifHO OLIHIOBaTH $K BIACTaHb JO0 HABKOJHUIIHIX OO'€KTiB, BKJIIOYAIOUM  CYJHA, IO
PYyXaroThCs, TaK 1 MBUIAKICT 30JIMKEHHS 3 HUMHU.

CroromHi y BChOMY CBiTi HapaxoByeTbcs Outbin HDK 1000 MOPCHKHMX aBTOHOMHHX
HAJBOJHUX CYJIEH, K1 eKCIUTyaTyThCsl OUbI HixK 53 opranizaiismu [18].

Ha puc. 1 HaBeneHo 3oBHimHIA Buriasny tunoBux BHC pi3HMX —apXiTeKTypHO-
KOHCTPYKTUBHUX THUIIIB Ta PI3HOTO MPU3HAYCHHSL.
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Pucynox 1 — 3oBHimHi#i Burisa cydacaux BHC pizHoro nmpusHaueHHs

Hageneni na puc. | BHC maroTs HacTynHe npu3HaueHHS:
a — O6araroninboBe BHC «SeaFly-01» («Beiing Sifang Automation», KHP) [19];
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0 — mucraHuiitHo kepoBane uepe3 cynyrHHK BHC USV X0-450 xommanii «XOCEAN»
(Kanana) anst 360py OaTuMeTpuyecKuX AaHuX y BHyTpimHix Bogax [lormanaii [20];

B — BHC «ORCA UBOAT» (CILA) mnst BogHoro cepdinry [21];

r — BHC «TITAN» (KHP) nns ounineHHS MUIKOBOJHHMX BOJOMM IIISXOM KOCIHHS BOJHHX
pocnuH [22];

1 — BHC «C-Worker 5» (Kanama) st o0cTexXeHHS MiBOHUX KabeapHUX Tpac [23];

e — BHC-Bitpunpauk «Saildrone» (CHIA) 3 COHSYHMMH €JIEMEHTAMH JUISl MPOBEICHHS
okeaHorpadiuHUX JOCTiKEHb [24];

x® — BHC 3 nmucranniiinum kepyBanusMm «Maxlimer» ¢ipmu «Sea-Kit Internationaly»
(Kanana), npusnauene, y Tomy uucii it uis podotu 3 AHITA [25];

3 — OararouinboBe BHC «Zhu Hai Yun» (KHP) mis xommiekcHoro Bukopuctanus 3MP
pizaux THiB — AHITA, 6e3ninoTHux nitansHux amaparis (BJIA) ta mammx BHC [26].

BucnoBku: Ha meit uvac ocHoBHUMH Hampsimkamu 3actocyBanHs bBbHC € HaykoBo-
JNOCTIIHULIBKI, Tigporpadiydi, MNPUPOJOOXOPOHHI Ta aBapiiHO-PATYBalIbHI MOPCBKI POOOTH.
[lepcnektuBHUM € Takok BukopucrtaHHs BHC sk cyana sk s 300opy oxeaHorpadigyHoOl
iHpopMmanii, Tak 1 Ak Hocii Manopo3Mipaux BHC, AHIIA Ta BJIA. lle mniarBepmxye
MEPCIEeKTUBHACT Ta akTyaldbHICTh cTBOpeHHs BHC sk HociiB g 3aco0iB  MOPCBHKOi
POOOTOTEXHIKH 1, 30KpeMa, K HOCilia aBTOHOMHHMX HEHACEJICHUX ITIBOJTHUX araparis.
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ABTOMATHU3ALIA KEPYBAHHA MAJIOPO3MIPHUM
BE3EKIITA’YKHUM CYIHOM
B YMOBAX JIIi 30BHIIIHIX 35YPEHb

Caobyuvkuu LI
Hayionanvuuti ynisepcumem xopabaebyoysanus imeni aomipanra Maxaposa,
Ykpaina

Beryn. Manopo3swmiphi 6e3ekinaxkni HagBonaHi cyaaa (MBHC) yTBoproioTh BaxJMBUiA
OKpeMHUil THIl 3aC00IB MOPCHKOi POOOTOTEXHIKH, SIKHH Ma€ JOCHTH IMUPOKE 3aCTOCYBaHHS Yy
NPAaKTUYHIA ASUTBHOCTI OpTaHi3aliii MOPErocrnoJapchKOT0 KOMILIEKCY MPOBIIHUX MOPCHKUX
KpaiH cBiTy [1].

3 mo3uLii KepyBaHHS Taki 00’€KTU XapaKTEepHU3YIOThCs MIJBUILIEHOI0 YYTJIUBICTIO 0 Aii
CHJI 30BHILIHIX 30ypeHb — CUJI BITPO-XBWJIbOBOT Mpupoau Ta tedii. Kpim Toro, 3a3suuail, MBHC
yacTo (yHKI[IOHYIOTb B YMOBax CTHCHEHOI HaBiraumii, KoOJM HEOOXIJHO 3abe3rneuyBaTH
Oe3aBapiiHUI PYyX CyAHA IPH HASIBHOCTI CTAIlIOHAPHUX Ta PyXOMMX HaBIralliHUX MEPEIIKO/I.

VY To#t ke uac ICHYIOTh >XOPCTKI BUMOTH e€-HaBiraiii, siki BUMAararmTh BiJ CHUCTEM
aBromarnyHoro kepyBaHHs (CAK) MBHC Bucokoi sikocTi kepyBaHHs [2]. BukonanHs nux
BUMOI' OOYMOBIIIOE HEOOXIJHICTh MOJAIBIIOrO  BIOCKOHAJEHHS MPHUKIaAHOT  Teopii
aBTOMAaTUYHOTO KEPYBAaHHS MOPCHKUMHU PYXOMHMH 00’e€kTaMu y HarnpsMKy cuHTedy CAK, siki O
3a0e3neuyBaay HEOOXiIHY AKICTh aBTOMAaTUYHOTO KEPYBAHHS MaJIOPO3MIPHUM CYIHOM.

3a3Ha4nMoO, M0 HAYKOBUMH JOCHTIDKEHHSIMH Yy HAIMPSIMKY aBTOMATHUYHOTO KEpYBaHHS
AKTUBHO 3aWMarOThCS HAyKOBIl pi3HMX Kpain [3-5]. Jlo rosloBHUX HampsIMKIB JOCTIKEHb
HaJIeKaTh:

- posrisa kimacuuHoi npoosnemu cuHTely CAK cynmHOBHM Kypcom, Yy TOMY 4YMCIi ¥ 3a
BIIHOCHO HOBOIO MetojoJjoriero «Active Disturbance Rejection Control» (ADRC, aktuBHuit
KOHTPOJIb BIIXWJICHHS Tiepemkon) [3];

- po3rasa mpobsieMu KepyBaHHs BiACTekeHHSIM Tpaektopii ayis MBHC 3 oOMexeHHsIMEI
PYXy Ta €KOJIOTIYHHMH TOPYIICHHIMU [4];

- po3ryAn mpoOsieMH KepyBaHHS BIICTeKEHHAM Tpynu 3 Jaekiibkox MBHC, sxi
MPALIOIOTh B YMOBAX 13 HEB1IOMOIO IMHAMIKOIO Ta HEBU3HAYEHUMHU 30ypeHHsAMU [5].

Onnak, Ha 1ei yac BIJICYTHI pe3yabTaTh AociipkeHb moao po3pooku CAK MBHC, sxi
OXOILTIOBAJIA PO3rJIsi nutanb noodynoBu komiiekcHux CAK, siki 6 3abe3neuyBanu KepyBaHHS
JUI BCi€T MHOKUHU PEKUMIB aBTOMAaTUYHOTO KepyBaHHS TaKUMH 00’ ekTaMu [6].

[Tontepeaniit aHami3 CBIAYMTH, IO IO OCHOBHUX pekuMiB ¢yHKIionyBanHs MBHC, ski
00yMOBJIEH1 X MPU3HAYCHHSIM, MOKHA BIIHECTH HACTYIIHI TPH pexuMu [7]:

- craburizanis Kypey Re:

- craburizalis TpaexTopii Ry

- TO3UIIOHYBaHHS y TOUIli Rs.

Jlo BKa3aHUX PEXHUMIB CIiJl 10AaTH 1Ie pexxuM Rg pobotu ogunoynoro MBHC y cknazi
rpynu 0e3eKimaKHUX HaJBOJAHUX CYJCH, Kl BAKOHYIOTh CIIUIBHY MOPCHKY MICiIO.

Toni 6a3oBy MHOkHHY pexxkuMiB pobotn CAK omunounoro MBHC Rcux-mprc MOHa
MIPEJICTAaBUTH Y HACTYITHOMY BUTJISIL

Reuarc-msrc= { Rear-¢; Reax-; R Reak-s; R Reax-c)- (1)

3a3HaunMo, IO U BKa3aHUX OCHOBHUX pexuMiB pobotn CAK omunounum MBHC

XapaKTepHUM € HAasBHICTD J1ii 30BHIIIHIX 30ypeHb Fj, y BULISII BEKTOPIB CHII BIiTPY F),, , XBUIIb

—

F,, taredii F,.

3rinio  [7] o¢ynkuionyBanHs MBHC y wninmomy mnependadae HacTymHI PeXUMHU
aBTOMATHYHOTO KEPYBaHHS:
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- aBTOMAaTWYHE JiarHOCTyBaHHS Rp; MexaHi3miB, By3niB i cucrem MBHC mnepen
IM0YaTKOM BHUKOHAHHS MICIT;

- aBTOMAaTUYHUHN BUXiA Rp; 3 6a31 0 IOYATKOBOI TOUKU MapIIPYTy 3aJaHOT MiCii;

- apromatnyauil pyx MBHC no 3aganiii TpaexTopii Ry mig 4ac nepexoay y podouy 30Hy
aKBaTopii;

- aBTOMAaTHYHE MaHEBPYBaHHsA R) y poOoduili 30HI akBaTOpii Ta/uu aBTOMATHYHA
craburizanis Rs y 3a7aHii TOYIIl 3aJaHOT aKBaTOPIi;

- apromatnuHuii pyx MBHC Ry, o TpaekTopii moBepHEHHS y KiHIIEBY TOUKY MapuIIpyTy
MiCii;

- aBTOMAaTUYHE IOBEPHEHHS Rp> 10 06a3w;

- aBTOMAaTH4YHE /MIarHOCTYBaHHA Rp, MexaHi3MiB, By3miB i cuctem MBHC micns
3aBEPIICHHS MICii.

[Ipn upomy MHOXKUHA Ryppc OCHOBHMX pexumiB ¢(yHkuionyBanus MBHC wmictuth
HACTYIHI €JIEMEHTH:

Ruymrc= {Rp1; Rei; Rri; Ry Rs; Rro; Rpa; Rpa). (2)

o romoBuux 3amayu CAK MBHC, 3rigno [7], BimHeceHO 3amady Oe3medHoi HaBiraiii
MBHC vy pexumax pyxy {Rszi; Rri; Ru; Rs; Rp: Rpy}, axuil BinOyBaeTbcs B ymoBax il
30BHIIIHIX 30ypeHb Ta HAsIBHOCTI HaBIrallIHUX MEPEIIKO/ Y BUIJISAL IHIINX IJ1aB3aco0iB.

HeoOxinnicte po3B’sa3ky 3amaui Rg (rpynoBuit pyx MBHC) oOymoBitoe HEOOXITHICTh
JIOTIOBHEHHS MHOXHUHHM peXuMiB (2) noaatkoBuM pexuMoMm ¢yHkiionyBanHs MBHC -
pexxumoM pyxy y rpyni MBHC, siki BUKOHYIOTh CHUTBHY MICitO.

le o0OymoBIIOE HEOOXIIHICTh JOMOBHEHHS Y3arajlbHEHOI CTPYKTYpPHOI CXeMH
iHTenekTyasnpHoi OararopiBHeBoi CAK pexumamu po6otu MBHC, onucanoi B [7],
JOJTaATKOBUMU OJIOKaMH, K1 MaloTh 3a0e3redyBaTu Oe3aBapiiiHMIl TpyMmoBUN PyX OJMHOYHOTO
MBHC.

VYnockonanena crpykrypHa cxema CAK pyxom MBHC naBenena Ha puc. 1.

IHTenektyanesa CAK MBHC

I 1
| |
! I
: [eHepaTop Bnoku EsoK !
|| pexumie CUCTEMHOTO rpynogoro | |
: poboTu onpayBaHHA pyXy MBHC :
| MBHC 3HaHb |
i RusHe l TEFP i
- e -
'] IHTenekTyanbHa 'I
Uuyshe | GaratopiBHeBa |
] CAK pexumom [ u
Urcy ' poSotu MBHC 5: Un YD Yew G
Migcumoeavi | <& | o I ~|C Hasirau | | € giar. || Cam Cho
BWKOHaB4MX
MeXaHIi3MIB MBHC I l wsHe
MBHC T =
Fep

Pucynok 1 — YaockoHaneHa y3arajgbHeHa CTPYKTYpHa cXeMa IHTeIeKTyalbHO1 6araTopiBHEBOT
CAK pyxom ongnnoynoro MBHC

Po3rnsiHeMO OCHOBHI MNpHHIMIIM poOOTHM THpornoHoBaHOi iHTenekryanbHoi CAK 3
ypaxyBaHHSM IIPOIIOHOBAHOTO BJIOCKOHAJICHHS.

I'eneparop pexumis podbotn MBHC — ne mporpamHuii npucTpiii uu pajiokaHai, yepes
SAKUH 3a7a€ThCsl MOTOYHUN pexum podotu MBHC 3rizno MHOXHHI (2).
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broku cuCTEeMHOTO OMNpalOBaHHS 3HAHb MPH3HAYEHI /IS aHaji3y 30BHIIIHBOT
00CTaHOBKHU (BEKTOPY F}, ) Ha OCHOBI BUKOPUCTAHHS HACTYNHUX 1HGOPMALIIHUX TEXHOJIOTIH —

eKCTIePTHUX CUCTEM, HITYYHUX HEHPOHHHMX MEPEX, HEYITKOi JIOTIKM, €BOJIIOLIMHUX METOMIB i
TeHETUYHUX AITOPUTMIB.

B ocHOBY KOHIIETIIIT iHTEIEKTYaJIbHOCTI, 3a3BUYaid, TOKJIAICHO:

— YMIHHS CHCTEMH TMpamioBaTi 3 (HOpPMai30BAaHUMHU 3HAHHSAMH JIOJUHHU (E€KCIIEepTHI
CUCTEMH, HEYITKA JIOTIKa);

— BJIACTHBI JIIOJMHI CIOCOOM HaBYaHHS 1 MHCJICHHS (HEHpPOHHI Mepexi, TeHeTHYHI
QIITOPUTMHU).

CAK pexumom pobotn MBHC peanizye 3amanuii pexkxuM poOOTH Cy[HA, Y Pe3yibTarTi
yoro (opmyerbcss MHOKHMHA Uppge CUTHATIB KepyBaHHsS BUKOHaBYMMHU MexaHisMamu MBHC.
[Ticns mincunenns renepoBanux CAK curnanis kepysanus I'CY, PCK, ICMM, KB ta J10
(BiamoBigHo, curHanu Urcy, Upck, Uncum, Urp Ta Ujop) BOHM HagXoAsTh 10 BIANOBITHUX
BuKoHaBuMX MexaHisMiB MBHC 1, Takum umHOM, 3a0€3Me4yl0OTh BHUKOHAHHS 33JaHOTO HOMY
peXUMY (YHKIIOHYBaHHS.

Buximaumu curnanamu MBHC € wmHoxunHa i1HGOpMAIIiHUX CUTHATIB [yppc, K1
xapakrepu3ytoTh notounuii ctaH MBHC sik 00’ ekTy kepyBaHHSI.

Baxxnusoro ckinagoBoro CAK € cucrtema ceHCOPIB, SKa CKIIAJAEThCs 3 TPhOX IPYIL:

- HapiraitHux ceHcopiB Crgpiran, K1 3a0e3neuytots CAK iH(popMalieto mpo moToyHi
HaBiramiiiai xapakrepuctuku MBHC (kypc, mBUAKICT, reorpadidyHi KOOPAWHATH, a TaKOXK iX
MOX1/H1);

- niarHocTu4H1 ceHCopH Criiaru , SIK1 AAIOTHh 1HGOPMAIIIO IPO TEXHIYHUI CTaH BUKOHABUMX
BY3JiB, MexaH13MiB 1 cucteM MBHC;

- ceacopu Cpy BukoHaBunx MexaHidsMiB MBHC, siki yTBOPIOIOTH 3BOPOTHIH 3B 30K ISt
CAK 1o xepoBanuM BennunHaMm MBHC sik 00’ eKkTy KepyBaHHS.

Jlo ckmamy po3poOneHoi panime y3aradbHeHOi cTpykTypHOi cxemu CAK pyxom
oguHouHoro MBHC yBenemo nBa 1ogaTkoBi OJIOKH:

- 0JIoK ceHcopiB HaBiramiiHoi o0ctaHOBKU Cpo, BUXITHUN CHUTHAN UG SKOTO MICTHTh
iHpopmarlito mpo KutbKicTh cycimHix MBHC rpynu, siki yTBOprOIOTh HEOE3NEKy 3ITKHEHHS 3
BracHuM oguHoYHUM MBHC rpymnu, a Takox iH(OpMAaIIio Ipo MeJeHTH Ta TUCTaHIIl 10 HUX;

- 0110k rpymoBoro pyxy oauHouHoro MBHC, skuii 06unciioe KypcoBi KyTH, IIBUIKOCTI
Ta MPUCKOPEHHs 30/MKeHHs uM BijymaneHHs cycimaix MBHC, sxi BusBieHi OJIOKOM CEHCOPIB
HaBiramniiiHoi oocranoBku Cho.

JlomatkoBoro (QyHKIlIEIO iHTeIeKTyanbHO1 OaratopiBHeBoi CAK pexumamu poOOTH
omuHouyHoro MBHC wMae Oytu migcucTeMa aBTOMATHYHOTO KEPYBaHHS HOTO KypcoM 1
MIBUJIKICTIO, sIKa 3a0e3nevuyBatume Oe3aBapiitnuii pyx ogunouyHoro MBHC B rpymi.

Takum uymnoM, ynockoHaneHa CAK MBHC peanizye Tpu y3araiabHEHI NPUHLUIN
IHTENEeKTYyaJIbHOTO KEepyBaHHS:

— KepyBaHHs pyxoM ojuHo4HOro MBHC Ha 0CHOBI aHalli3y 30BHILIHIX JaHUX CHUTYaLlid

—

Ta MoJliil (cuTyaliiiHe KepyBaHHs 3 ypaxyBaHHSM BIUIUBIB F, );

— kepyBaHHs pyxoM oauHouyHoro MBHC y ckiaai rpynu MBHC, ski BUKOHYIOTH
CHUIbBHY MOPCBKY MiCit0;

— BUKOPHUCTAHHS Cy4yacHHX 1H(OpPMaLIITHUX TEXHOIOT1H 00pOOKH 3HAHB.

BuchHoBok. Ha ocHOBI aHami3y OCHOBHHMX pexumiB ¢yHkuionyBanHs MBHC
PO3pOOJICHO YIOCKOHAJIEHO Yy3arajbHEHY CTPYKTYPY IHTENEKTyalbHOI CUCTEMH aBTOMATHYHOI'O
KEpYBaHHs TaKUM MOPCBKUM PYXOMHUM OO’€KTOM, siIKa BpPaxOBYe BIUIMB HEBHU3HAaue€HOCTEH
30BHIIIHIX 30ypeHb Ta HaBIraliiHUX 3aBaJl, sIKI BAHUKAIOTh IPU OJJMHOYHOMY Ta IIPU I'PYINOBOMY
pyci MBHC, a Tako 1ae 3MOTy CUHTE3yBaTH BiIIOBIHI 3aKOHU KEpYBaHHS CYJHOM B yMOBax
aKTHBHHX MPOSBIB BKa3aHUX BIUIMBIB Ta 3aBa/l.
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CYUYACHI HAIIPSIMKH POBOTU3 AL TEXHOJIOI'TI
IPUPOJJOOXOPOHHOT'O MOHITOPUHI'Y AKBATOPIM

Tpuoynvkesuu B.B.
Hayionanvnuu ynisepcumem xopabnebyoyeanns imeni aomipana Makaposa,
Ykpaina

Beryn. Mopepki Ta piukoBi akBaTtopii YKpaiHM aKTHBHO BHKOPHCTOBYIOTBHCS IS
rOCHOJAPCHKOT MISUTBHOCTI SIK TPAHCTIOPTHI HUISXHM Ta K JDKepena pruOoXapuoBOi MPOIYKITii.
Kpim Toro, ocraHHIM 4acoM Ha BKa3aHUX aKBAaTOPISX BEAYThCS OOWOBI [ii, a BEIHMKa 4YacTKa
TEPUTOpIAIFHUX BOJ JE€pKaBW 3aMiHOBaHa. Bce 1me poOUTh akTyalnbHOIO —3agady
MIPUPOIOOXOPOHHOTO MOHITOPHHIY BOJHHUX aKBAaTOpPiM Jep:KaBU, METOIO SKOTO € 30€peKEeHHS
BOJHOTO CepelioBHIAa Ta 3a0e3nedeHHs Horo Oe3MeYHOro BHUKOPUCTAaHHS B IHTepecax
CYCITUIbCTBA.

Amnani3 pe3ynbTaTiB Cy4yaCHUX JOCIIKEHb Y HAPSIMKY MOHITOPUHTY BOJ CBITUMTD, 1110
JI0 OCHOBHHX €KOJIOTTYHHX MPOOIEM BOJOTOCTIOAAPCHKOTO KOMIUIEKCY YKpaiHu MOXHA BiJTHECTH
HacTynHi [1, 2]:

- eBTpodikaIlisi BOJHUX 00’ €KTIB;

- XIMIYHE, TeIUIOBe, pajialliifiHe, OakTepiooriune 3a0pyAHEHHS BOJHUX 00 €KTIB;

- 3MiHa BHJIOBOTO CKJIaJly Ta 3MEHIIIEHHS OI0PI3HOMAHITHOCT1 BOJTHUX €KOCHCTEM;

- 3MiHa TIIPOJIOTIYHOTO PEXHMY pPIYOK BHACHIJOK iX 3aperyiroBaHHS, CTBOPEHHS
BOJIOCXOBHII] Ta OCYIICHHSI OOJIT TOIIIO.

CucreMHU# aHaJI3 Cy4yacHOTO €KOJIOTTYHOTO CTaHy BOJAHHMX pecypciB YKpaiHH CBIIYHUTH
PO HAsBHICTh HACTYMHUX IpobueM [3]:

- HaJAMIpHE aHTPOTMOTEeHHE (y TOMY YHCII BHACIIAOK OOMOBHMX [iil) HaBaHTAKCHHS Ha
BOJIHI OO’€KTH, IO TPHU3BEIO 1O 3MEHIICHHS CaMOBIATBOPIOBATBLHUX MOXKJIMBOCTEH
MUTKOBOJIHUX aKBATOPIi (pIYOK, 03€p, BOJIOCXOBHIIL), € TPUIMHOIO BUCHAKECHHS BOJIOPECYPCHOTO
MOTEHITIATY JeP’KaBH Ta YTBOPIOE 3arpo3y KHUTTIO 1 3JI0POB 10 JIIOJIEH;

- BIUICYTHICTh aBTOMAaTH30BaHOI IIOCTIHHO [iF0OY0i CHCTEMH MOHITOPUHTY BOJ| Ha
MIIPUEMCTBAX-3a0pyIHIOBAYAX;

- BIICYTHICTb JIIEBOTO KOHTPOJIIO 32 CKHJIaMH CTIYHUX BOJ Ta 3a CKHJIaMH JOSUTbHUX BOJI
3 CyJIEH;

- BIJICYTHICTH CHUCTEMH MOHITOPHMHTY MOPCBKHX aKBaTOPId y TEPUTOPIATLHUX BOJAX
JIEp’KaBU Ta Ha BHYTPINIHIX BOIOMMax (pidKax, BOJOCXOBHIIAX TOIIIO).

CyuacHi BUMOTH JI0 IPUPOJOOXOPOHHOIO MOHITOPUHTY BOJHUX aKBATOPIid MOJSATAIOTh y
HEOOXITHOCTI MPOBEACHHS HACTYIHHX OIEpalliii 31 CIIOCTEPEKEHHS 3a CTAaHOM Ta IpoIlecaMu
eKcIuTyaTarlii, BAMIpIOBaHHSAMH Ta BiIOOPOM 1mpoO BoH 1 IpyHTY [4]:

- IMCTAHLIMHUX 34 TEXHOJIOTICIO;

- IHCTpYMEHTAJIBHO TOYHUX 32 METPOJIOTIEI0;

- JIOCTOBIPHMX 3a TeorpagiuHUMH KOOPIMHATAMH,

- IEPIOAMYHHMX 200 MOCTIHHUX 3a YacOM;

- MacOBHUX 3a KUIbKICTIO TOYOK BUMIPIOBaHb Ta MpoOoBiI00pY;

- ONEPATUBHHUX 32 YaCOM JIOCTaBKHU PE3yJIbTaTiB BUMIPIOBaHb Ta MPOOOBIIOOPY;

- aBTOMaTU30BaHUX 3a XapaKTepoM 00poOKH iHhopMaIlii;

- 0e3MeYHUX AJIS KUTTS 1 3J0pOB s JTIOIUHH.

CBiTOBHIl OCBiA MPHUPOJIOOXOPOHHOT TISUIBHOCTI CBIAYUTH, IO JOTPUMAaHHS BKa3aHUX
BUMOI Yy TIOBHOMY 00Cs31 MOXJIMBE 32 YMOB BIPOBAQUKEHHS CHELIAIbHUX 3aco0iB
poboTOTeXHIKH [5, 6]:

- 3ac001B MOpcbkoi poboToTexHiku (3MP), mpu3HadeHUX A1 MOHITOPHUHTY MOPCBKHX Ta
PIUKOBUX aKBaTOPIH;

- 3ac00iB cyxonyTHOi pobdotoTexHiku (3CP), mpu3HaueHUX JUIT MOHITOPUHTY OeperoBHX
TEPUTOPIH, AKI BIAHOCATHCS 1O 30HH BINMOBIAAIBLHOCTI IPHUPOJIOOXOPOHHHX CITYXO;
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- 3ac00iB aBianiitHO1 poboToTexHiku (3AP), mpu3HaYeHUX [UII MOHITOPHHTY HAJIBOJHOT
Ta OeperoBoi 00CTaHOBKH aKBATOPIH.

Opnak ist iX BIOPOBADKEHHS Yy MPAKTUYHY JISUIBHICTH NPHPOJOOXOPOHHHUX CIIYKO
HEOOXiJJTHO BUKOHATH MONEPEAHIN aHali3 TOIUILHOCTI 3aCTOCYBaHH KOHKpeTHUX TuliB 3MP ta
aHaJI13 MOXJIMBOCTI MOOYTOBU aBTOMAaTU30BAHUX CUCTEM IS iX €()eKTUBHOTO 3aCTOCYBaHHSI.

Posrnssnemo ocHoBHI Tumu 3MP, siki MOXYTh YTBOPHTH TeXHIUHE 3a0e3MedYeHHs
MPUPOJJOOXOPOHHUX CIYXKO, SKi BEAyTh HPUPOJOOXOPOHHY [iSUIBHICTH HAa MOPCHKHX Ta
PIUKOBUX aKBATOPISX.

Jlo 3MP MOHITOpPHHTY aKBaTOPii HAIEKATh:

- Oeseximaxui wHamBomni cymHa (BHC), mnpusnadeni g AUCTaHUIHHOTO
BIZICOMOHITOPUHTY aKBaTOpiii Ta 300py MpoO BOAM Ta MOBITPS Y KOHTPOJIHOBAHHMX 30HAX IIHX
aKBaTOPIi;

- Ge3ekina)kH1 HaJIBO/IH1 CyJHa-HOCII aBial[ifHUX Ta MiJBOJAHUX anaparis-podotiB (BHC-
H), npusnaueHi 1 KOMIUIEKCHOIO MOHITOPUHTY HOBITPSHOIO, HAJBOJHOTO Ta MIABOJHOTO
CepeI0BUII aKBaTOPIi;

- aBTOHOMHI HeHaceneHl miaBonaHi amapatu (AHIIA), mpu3HadeHi JUisi MOHITOPUHTY
MIJIBOJTHOTO CEPEIOBUIIIA aKBATOPIH;

- CcaMOXiIHI, OyKCHMpyBaHI Ta OIlyCKHI MpHB’SI3HI HEHaceJleHl NiABOJHI arapaTh
(BigmoBigHo, CIIA, BITA ta OITA) mist MOHITOPUHTY IiJIBOJTHOTO CEPEIAOBHINA aKBATOPIM Ta
B3STTS MPo0 BOAM 1 IPYHTY Yy KOHTPOJIBOBAHUX 30HAX IIMX aKBATOPIM;

- noHHI HeHaceneHl minBoaHi amapatu (/AHIIA), npusHayeHi A7 MOHITOPHUHTY
rapaMeTpiB BOAHOTO CEPEIOBHILA Y PEKHUMI CTAI[IOHAPHUX BUMIPIOBaHb.

Jo 3CP wMoHiTOpHHTY O€peroBux TEpUTOPIM HaJeXaTh KOJICHI YH TaCeHWYHI
Oe3eKinaxHi miaTGopMHu, K1 € HOCISIMU BUMIPIOBAJILHOI TEXHIKU Ta MPOOOBIIOIPHUKIB IPYHTY
Ta noBiTps. Taki miaTGopMu KOMIUIEKTYIOThCS TaKOX CydaCHUMH CHCTEMaMU Bijeoanaparypu,
paziosioKallii Ta TEIUIOBI31IHHOT TEXHIKM, a TaKOXX BUCOKOC(HEKTHBHUMHU CHCTEMaMH DPalio- Ta
CYMyTHUKOBOTO 3B SI3KY.

Jlo 3AP MOHITOpHHTY aKBaTOPiil HAIEKATh:

- Oe3eKinaXkHi JiTaIbHI anapaT 3 HEPYXOMUM KPHIIOM;

- Oe3ekinmaXkHi JiTaIbHI anapaT TeIIKONTEPHOTO THITY;

- O6e3ekinakHi 6araToOpoTOPHI JIITANIbHI armapaTy.

CyvacHi poOOTH30BaH1 TEXHOJIOT1T BUKOHAHHS TPUPOJOOXOPOHHUX POOIT HA 3HAYHUX 32
IUIOHIAMH  aKBaTOPisIX, KpIM TOro, BHUMararmoTh OO0’€IHAHHS 3a3HAYEHHMX BHILE 3aco0iB
pOOOTOTEXHIKM Yy €IMHY CHCTEMY KOMYHIKamii (3B’sa3Ky). Taka cucremMa ITIOBUHHA
3a0e3reyyBaTd BUKOHAHHS MPHUPOJOOXOPOHHUX MICIH IpymamMH OJHOTUIIHUX YU PI3HOTUITHUX
pOOOTIB, MPU3HAYCHUX JJI IPYIOBOT pOOOTH.

VY nomoBifi HaBOAATHCS 0a3oBi Mojeni ¢GyHKIIOHYBaHHS okpemMux tumiB 3MP, 3CP Tta
3AP, a TakoX 0OroBOPIOIOTHCS X CHIIBHI 1 CTa0KI CTOPOHM 3 TMO3HIIKA 0E3MEeYHOr0 BUKOHAHHS
MIPUPOIOOXOPOHHUX MICIH.

BucnoBku. HaBeneno kiacugikaiiro 3aco0iB MOPCHKOI, CYXONYTHOi Ta aBialiiiHOT
pOOOTOTEXHIKH, MPU3HAYEHOI Ui BUKOHAHHSA NPUPOJIOOXOPOHHUX 3aBJaHb Ha MOPCHKUX Ta
PIYKOBHX aKBaTOPIAX, a TaKOXK HABEJCHO BIJOMOCTI MPO IepeBard i HEAOJIKH TaKOi TEXHIKH
BHKOHAHHI IPUPOJOOXOPOHHUX MICIH.
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MODELING OF AUTOMATIC CONTROL SYSTEM FOR
CALIPSO AUTONOMOUS UNDERWATER VEHICLE, AS A GROUP
AGENT.

Aloba Leo Tosin (PhD).
Department of Marine Electrical Engineering and Robotic Complexes.
Admiral Makarov National University of Shipbuilding
(Ukraine. Mykolaiv)

The growing demands for the highest efficiency and maximum productivity of unmanned
maritime underwater missions stimulate the simultaneous use of group application of
autonomous underwater vehicles (AUVs), for underwater search missions (USM) high reliability
and speed of large areas with minimal time expenditure over the use of a giant single AUV [1].
Fig. 1 shows Calipso AUV - a small unmanned self-propelled free-swimming high efficient
marine robotics - ideal for operating in solo and group navigation modes and possesses the
potential for carrying out a wide range of maritime operations like search, survey, oceanography,
exploration, monitoring, marine gas and oil industry, mine operations, scientific studies, etc. [1].

Figure 1. Calipso Autonomous underwater vehicle (Calipso AUV)

Calipso AUV has a standard configuration of length, diameter and weight of 50 m, 1.0 m
and 80 kg respectively. It navigated with a speed of 1...3.5 m/s with an operation depth of 50m.
It is developed with autonomous power supply system and with a continuous operation time of
1.5 hours. It is equipped with navigation equipment, depth gauge, course meter, roll and trim
meter, magnetometer, video system.

Calipso AUV modeling is carried out as a group agent (GA), as applied to all the other
AUVs in the group. Its navigation task is divided into global navigation (planning a path that
leads the vehicle to a given point in the underwater space) and local navigation (ensures the
trouble-free motion of an individual member-AUV in the group) having the sensory abilities to
find positions of neighboring AUVs. In Fig. 2, a typical Calipso AUV group USM with respect
to the neighboring AUVs is presented.

The simulation model structure is developed taking into account the peculiarities of the
interaction of the AUV elements by connecting the inputs and outputs of the modules that
simulate the individual elements of the AUV components. The mathematical model (MM)
consists of the AUV basic law of dynamics model and MMs of hydrodynamic effects (HDE),
MMs of the tail fins (TF) as part of the vertical and horizontal steers, and the MM of the
propulsion-steering complex (PSC), the gravity and buoyancy forces (GBF) influence model.

The MM and ACS structure for the single Calipso AUV motion as a GA in the conditions
of navigational proximity of other AUVs, designed to study the efficiency of the laws of AUV
accident-free motion during the performance of USM, are proposed.
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Figure 2. Typical Calipso AUV group USM scheme
with respect to the neighboring AUVs.

Within the AUV group control task framework, synthesis of intelligent automatic control
system in group transition modes (ACS GT) of one Calipso AUV as the AUV GA is a relevant
applied scientific task. During the motion, it is necessary that each Calipso AUV maintains a safe
distance from the neighboring vehicles in a given range of distances, when the minimum
distance between them does not pose any emergency collision threat (adhesion mode). And the
maximum distance guarantees the safety of the group and does not threaten the exit of a any
AUYV from the sensors view field of other group members (cohesion mode) [2].

If all vehicles act on plane motion, x; is the distance from its own AUV to the neighboring
AUV at heading angle i; x,,;; - the minimum possible safe distance to the neighboring AUV, Xx
- the maximum allowable distance between own AUV and the neighboring AUV, there are:

alignment when Acu = {0c; ve; Ha}, (1),
adhesion when Agp = {X,- 2 xmin} - )
and cohesion when Ase = {xi < ‘xmax} s 3)

where x; — distance from the i-th Calipso AUV to the neighboring AUV at the exchange rate KKj;
Xmin — the minimum possible safe distance to the neighboring AUV; x,., — the maximum
allowable distance between the i-th Calipso AUV and the neighboring AUV, which maintains a
reliable sensory contact between them. W is the number of directions (course angles) controlled
by the respective navigation rangefinders of the i-th Calipso AUV.

The developed control system MM was carried out in the Simulink system of the
MATLAB environment. Fig. 3 presents a structural diagram of the ACS, which allows exploring
the operations of its own AUV in conditions of navigational proximity of other AUV-neighbors,
which deviate from the given course. The developed mathematical model allows keeping the
control object at some distance from the established Calipso AUV neighbor.
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Figure 3. Block diagram of Calipso AUV ACS, implemented in the Simulink system

The Calipso AUV ACS summarizes the calculated recommendations, using them as
corrective signals for generating control actions on the AUV actuating mechanisms (Executive,
EM) — the steering wheel is steered (the controlled value is the rudder angle a), the marching
propulsion device (the controlled value - thrust on the longitudinal axis Fx) and, in emergency
cases, its vertical propulsion device (the controlled value - thrust on the vertical axis Fz).

The aforementioned control actions applied to the Calipso AUV hull cause the appearance
of the actual variables of the spatial motion of the Calipso AUV, which are used as feedback
signals in the Calipso AUV ACS. The Calipso AUV self-organization procedures for creating a
group in practice determines the AUV group architecture based on the objectives of the task for
which they are created (in this case, for search), and also take into account the environment in
which it works. In architecture designing, information about the number of AUV to work with a
task and the type of control used (in this case, in decentralized control) is equally important.

These regulators are fuzzy PD-regulators of Mamdani type with defuzzification of the
control variable by the method of the center of gravity (Fig. 4). The obtained ACS provides
trouble-free motion of a single Calipso AUV as part of a group.

a — distance regulator
b — course regulator

Figure 4 - Surface view of the fuzzy controllers’ outputs

Calipso AUV ACS generalized structure as a GA is shown in Fig. 3. The environment
Sensors (ES) block of the i-th AUV contains a set of W sensors of controlled directions for the
measurement of distances to targets detected in their measurement sectors. At the ES block exit,
multiple sets of distances are formed to the neighboring AUV, and each set of signals Xzs; may
contain several distances, if there are several AUV -neighbors and the bearings or heading angles
on them are generated. Each element of the set of signals D3¢, can contain several distances d,,;,
if there are several AUV- neighbors in the measurement sector of the w-th sensor.
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Figure 3 — The structure of the single Calipso AUV ACS

Based on the Ds¢; signals, the Navigation Situation Model (NSM) block generates the
current static and dynamic characteristics of targets (neighbor-AUVs) around own AUV,
determines the nearest AUV neighbors K that form the greatest collision threat, and determines
M remote AUVs-neighbors, forming a threat of an unacceptably large distance from it and the
loss of hydroacoustic communication (respectively, the initial variables Zyo.x; and Zuo.ai). As a
result, two sets of parameters are formed that characterize the navigation environment around the
i-th follower AUV:

Zno-ki={Duo-xi; Ano-kiy KKno-ki; Vio-xifs
Zno-mi={Dro-mi; Anomi; KKuomis Vio-mxits
where K<W'1 K<N.

The obtained sets of parameters are represented by two pairs of matrices of sizes [WxK]
and [WxM], in which the AUV neighbors’ static and dynamic characteristics are associated with
sensors of the controlled directions of the NSM unit (usually heading angles, namely: two
matrices of distances to the nearest neighbor-AUVs Dy k; and their approach or diverging speed
Vuo-xi, , and two matrices of distances to the most distant AUV neighbors Dyo.a; and the speed
of changing distances to them Vyo_us.

The "Navigational Threats Identifier" (NTI) block estimates the degree of collision threat with
neighbor-AUVs and/or the threat of loss of hydroacoustic contact with them in the case of flat
horizontal motion, taking into account the group movement dynamics with detected nearest
AUV neighbors and with detected most distant AUV neighbors along controlled directions. The
initial data of the NTI block characterizei the minimum and maximum distances to the AUV
neighbors and the rate of their change over time. In addition, the initial data of the NTI block are
a set of Pyy; and recommendations for neutralizing each individual (acting alone) w-th detected
threat, the elements of which are obtained using the theory of fuzzy logic.

The onboard control unit (OCU) solves three main tasks:

- formation of a control solution R; for real maneuvering of the i-th follower AUV in order to
avoid meeting with a single R, or group Ry threat and, at the same time, to keep itself in the
group without losing contact with the nearest AUV neighbor (local level L control, subsystem);

- formation of control influences on the i-th follower AUV EM for the purpose of its safe
movement as a part of AUV group with observance of requirements of the modes of adhesion
Aca and cohesion Agc (executive level E of group management, subsystem);

- formation of control effects on the EM of the i-th follower AUV in order to implement the
alignment mode Agy of the i-th follower AUV, i.e. maintaining the set parameters as Calipso
AUV GA control £, SASCg subsystem.

The OCU block structure is presented in Fig 4. Threat Level Analysis (TLA) module
determines the number of controlled areas in which there are simultaneous navigation threats
from the nearest AUV neighbors. Based on the analysis of the matrix of navigation threats Dyr.;
and Zyr by sorting, the number of its non-zero elements WT<W is calculated by expression
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0, D,y = 0(Zero matrix);
W, =41, If a single threatis detected
>1 If more than one threat is detected

If W=0, it means that the navigation threats of the i-th follower AUV is not detected and its
ACS performs the alignment Agy, ie in the module "Formation of control effects-1" (FCE-1)
forms control effects {us, wu., u.} for AUV EM for keeping stable three set parameters of
automatic group motion [3].

Figure 4 — The structure of the Onboard controller unit

If Wr=1, this means that a single navigational threat has been detected, and its neutralization
should be carried out using the recommendations of the matrix Ppys3;, size [Wx3], the elements
Pwi={AQwi, Avyi, Ahy,} of which contain the recommended control reactions of the i-th follower
AUV to each w-th detected threat.

For this purpose, the module "Computation of control decisions" (CCD-1) was introduced
into the structure of the OCU, where, using the matrix of recommendations Pys3;, the control
decision R1={A0;; Av;; Ah;} for a specific navigation situation with one neighbor AUV. Control
actions {us;, uy;, ;! for VM are calculated in the module "Formation of control actions-2" (FCA-
2) in compliance with the requirements of the adhesion 4G4 and cohesion 4gc modes.

When Wpr>1, the control solution R; is searched for each combination of threats separately.
For this purpose, the "Computation of control decisions" ((CCD-W) module was introduced into
the OCU block, the content of which is determined by the value of W of the i-th follower AUV.
Control actions {ug;, uy;, u,;} for the EM of this AUV are also calculated in the FCA-2 module.

So, with W=4, the number of combinations of possible navigational threats is 11 and is
determined by the number of paired, triple and one quadruple combination of threats that turn
out by ESi sensors. If the nose, right, left and the stern sensors for the i-th follower AUV are
designated as ESy, ESg, ESp and ESg, respectively The combinations of directions from possible
navigational threats according to the combination formula will be obtained:

v ow W
Ck _(K)_(W!(W—K)!)

For example, with;

- two simultaneously detected threats, there are 6 directions from possible navigational
threats i.e. - (ESx + ESg); (ESx + ESy); (ESy + ESs); (ESs + ESR); (ESs + ESy); (ESg + ESy);

- three simultaneously detected threats + (ESy + ESg + ESy); (ESs + ESg + ESy); (ESx +
ESg + ESs); (ESy + ESp + ESs);

- four simultaneously detected threats - (ESxy + ESg + ESp + ESg).
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If there are two simultaneously identified threats of the type (ESx + ESg) that act along
different body-fixed coordinate axes, it is permissible to simultaneously apply two
recommendations, since they cause maneuvers in different directions of movement of the i-th
follower AUV.

When two threats are detected that act along the same axes (for example, threats (ESg +
ESy) act along the transverse y-axis), the FCE unit determines the closest threat in terms of
distance to the i-th follower AUV and implements controls according to recommendations. If the
distances to these threats are the same, a maneuver is performed with speed (Av,; #0) or
immersion depth (AA,,#0).

However, since the evasion maneuver from the nearest neighbor AUV is limited due to
the presence of a threat from each controlled direction, the safest is an emergency change in the
AUV diving depth. The fuzzy controller synthesis for each of the described variants of the
navigation environment is a trivial engineering problem and is not considered here.
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JUKEPEJIA "KUBJIEHHS JUISI 3ACOBIB TPAHCIIOPTYBAHHS
BOJOJIA3IB

Hyorcnuu 1. C.
Hayionanvnuti ynisepcumem xopabne6yoysanus imeni aomipana
Maxaposa(Vxpaina)

Beryn. CyuacHmii CBIT HE MOMIIMBO TPEICTaBUTH 0O€3 MiABOJHUX EKCKYpCiii Ta HayKOBHX
JOCITIDKEHb, TOOYTKY KOPUCHHUX KOIMAIWH 3 MOPCHKOTO MIENb(]y Ta MPOBEACHHS TEXHOJIOTIYHUX
orepaniii o OyAIBHULTBY 1 0OCIYrOBYBaHHIO TiIPOTEXHIYHUX CHOpYH, Ta iHme. Bcei mi 3amadi
OB s13aH1 31 3HAYHOIO BUTPATOIO JIOPOTOLIHHOTO Yacy nepedyBaHHs BOJI0J1a3a IIiJ] BOJOKO.
Haii6inpim eekTUBHUM BapiaHTOM BHPIIIEHHS MPOOJEMH € BUKOPUCTAHHS CIIELiaIi30BaHUX
TEXHIUYHUX 3aC001B — TPAHCIOPTYBAIbHUKIB (OYKCHPOBAJIbHUKIB) BOJOJIA3IB.
[lepuri TpaHcopTyBaJIbHUKKM Oynu po3poOiieHi Ha mepenoaHi apyroi CBITOBOI BifHM 1 3 TOTO
9yacy MpOWNUIM 3HAYHWNA [UIAX PO3BUTKY SK KOHCTPYKIli TaK 1 TEXHOJOTIA 3aCTOCYBaHHS.
Ham3BuuaitHO BUCOKY iX aKTyaJbHICTh B HAIll 4Yac, 0COOIMBO B yMOBaX BiHCHKOBOTO BTOPTHEHHS
pociiicbkkux Bilicbk. [IpoBeneHHs e(deKTHBHMX celonepaliii Ha 3aXOIUIEHII BOpPOroM
npuOepekHii 30H1 HEMOXKJIMBE 0€3 BUKOPUCTAHHS TaKO1 TEXHIKH.
OCHOBHUM €IIEMEHTOM, SIKHHi BHU3HA4Ya€ OCHOBHI TaKTHUKO-TEXHIYHI XapaKTEPUCTHUKU TaKHX
MPUCTPOIB, MPU3HAYCHHS Ta MOXKJIMBOCTI € iX JKEpeso eHeprii — akymynstopHa Oatapes (AB).
[IpaBunbHnii BuOIp Tumy Ab BH3Hawae sK BapTicTh 1 Maco-rabapuTi MOKAa3HUKH 3acOo0IB
TPaHCIOPTYBaHHS BOJI0JIA31B, TOOTO iX KOMEpLIHHY NMPUBAaOIUBICTh, TaK 1 iX TAKTUKO-TEXHIYH1
XapaKTePUCTUKH Ta OCHOBHE MPU3HAYCHHS.
OcHOBHMH 3MiCT
VY cydacHHMX yMOBax iCHye€ JACKiJIbKa METO/IB Kiacudikaiii 3ac00iB TpaHCTIOPTYBAaHHS BOJI0JIa31B,
OJIHAK HAWOUTBI YHIBEPCATHHUM 3 HUX € METOJI, III0 BPaxOBYE MPHU3HAYEHHS Ta TEXHOJOTIIO
3aCTOCYBaHHS TaKHUX CHCTEM.
3a TaKoro MiAX0y MOXKHA BUIUTUTH HACTYITHI TPYIH Ta MIATPYIH:
a) MOOUTENhChKI OYKCUPOBAILHUKH (1X TAaKOXK HA3UBAIOTh «CKYTEPU»):

— nHangemesi (lowcost);

—  JIelIEBI;

— TYPHUCTHYHI;

— HamiBnpodeciitHi;

— mpodeciiiHi:
0) criemianizoBaHi (3a TEXHOJOTTYHUM MPU3HAYCHHSM):

—  pATYBaIbHI;

— yHIBepcaJbHi;
B) CIICIIAJIbBHOTO MPU3HAYCHHS (BIICHKOBI):

— OYKCHPOBAJIbHUK;

—  TpPaHCIOPTYBAJIbHUKH.
3a yac AaKTUBHOTO BUKOPHCTAaHHS TPAHCIOPTYBAJIBHHUKIB BOJOJA3iB S MPOBEACHHS
creronepariiif, 3 caMoro Mmo4yarky MOsiBU LIOTO THUILy TPAHCHOPTHOTO 3aco0y, 3yMOBHIIO P
KOPCTKUX BHUMOT JI0 1X JKEPEeT )KUBJICHHS:

—  MaKCHMaJbHO MOXJIMBI IOKa3HUKU MUTOMOI €HEPrOEMHOCTI Ta MUTOMOT MOTYKHOCTI;

— yac poOOTH OBHHEH CKJIA/IaTH JIEKUIbKA TOJIUH;

—  MOXJIUBICTh pOOOTH B peKHUMax 3 3HAYHUMHU TUMYACOBUMHU ME€PEBAHTAKEHHAMM, Ta HIIII.

Cpi0HO-IMHKOBI aKyMYJIITOPH
B XX-y cronirri Ta Ha noyatky 2000-uXx pokiB Oy OCHOBHUM BapiaHTOM JpKepesia KUBJICHHS,

SAKMH  3aJ0BOJIBHSAB  PO3pOOHMKIB. IX TmepeBaramMu € HalKpamli MOKa3HUKUH MUTOMOI
€HEPrOEMHOCTI Ta MUTOMOT MOTYKHOCTI.
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a) 0)

Pucynox 1 — BapianTtu cpiOHO-IIMHKOBUX aKyMYJISITOPHUX OaTapeii:
a) akymyisitopu cepii CLIC (kpaina-BupoOuuk CPCP); 0) HaOip akymynstopiB aist jitaka F-16

OpHak, HOBITHI HAYKOB1 JOCIIKEHHS Ta OypXJIMBUM PO3BUTOK TEXHOJIOTII MPU3BEIH 10 MOSBU
HOBUX MarepiajiB, fKi MOYald aKTUBHO BUKOPHCTOBYBAaTH B BHUIOTOBJIEHHI aKyMyJsTOPIB Ha
nitii-ionHu# (Li—lon) ocHOBI. 3a ocTaHHI AecATHpIYYS CYTTEBO MOJIMIINWIN €KCILUTyaTalliiiH1
XapaKTEPUCTUKH aKyMYJATOpPIB, IO BUKOPHUCTOBYIOTH THUIIOBI CTPYKTYpPY 1 €JIEKTPOXIMIYHY
CHUCTEMY, a TaKOX 3 SBUJIMCHh HOBI cucrteM — JiTiii-ko0anbToBl (LiCoO; abo LCO); mitiii-
Mmapranuesi (LiMn,Oy); nairiii-Hikenb-Mapranenp-kooansT-okcuaHl (LINIMnCoO; abo NMC);
mitii-3anizo-pocdarai  (LiFePOs abo LFP);  miTiii-Hikenb-K0OATbT-aTIOMIHIM-OKCHIH1
(LiNiCoAlO; a6o NCA); niriit-tutanosi (LisT150,2) Ta HIIi.

JliTiii-ko0a1bTOBi akymyjasTopHi OaTapei MaioTh IyX€ BHCOKY IUTOMY EHEPrOEMHICTb,
OJIHaK, JJIi HUX CYTTEBUM OOMEXKEHHSM € BEJIUYMHA CTPYMY pO3psAAy — MpU NEepeBUIIEHHI
peiituary B «1C» BiaOyBaeTbcsi HaJAMIpPHUN cTpec Ta HeperpiB cTpykrypu. o Toro ix,
BUKOPUCTaHHSI TakuWxX Oarapeil 0OMeXyeTbCs BHCOKOIO BapTICTIO KOOaIbTy, CEpEeAHIMU
MOKa3HUKaMH NUTOMOI MOTYXXHOCTI, Oe3meKku Ta TepMiHy ciayxOu. BuxopucroByloTbcs B
obmacTsx, e moTpiOHa BeJMKa €EMHICTD.

Pucynoxk 8 — JliTiii-ko6anbToBi akymynsatopHi 6arapei cepii ICR18650-26H

Jlitili-mapranueBi akymyJisiTopHi 6arapei MarOTh HU3bKUH BHYTPIIIHINA OTIp, 110 3a0e31euye
MBHJIKI peXuMU 3apsaay/po3psany — 1o 20...30 A 3 mOMIpHUM TEIJIOTBOPEHHSIM B TPUBAJIOMY
pexuMi poOOTH, a B IMITyJIb,CHOMY peXUMI (TPOTSDKHICTh IMITYJIBCIB A0 1...3 ¢) HaBiTh 10 50 A.

Pucynox 9 — Jlitifi-maprasieni akyMyJIsTOpHI 6aTtapei A1 eNeKTpOTPaHCIOPTY

JUis  TOKpalleHHs — eKCIUTyaTalifHUX  XapaKTepUCTUK JITiii-MapraHueBi aKyMyJsaTOpH
KOMOIHYIOTBCSL 3 JIITiH-HiKeIb-MapraHelb-Ko0albT-OKCUAHUMHU aKkyMynsTopamu. Lle no3Bossie
MIIBULIUTH THMTOMI XapaKTEepPUCTHKH AaKyMyJIATOpIB Ta iX TepMiH ciyxo6u. Skpa3 Taka
KOMOIHaIlis ¥ HallIa MIMpoKe BUKOPUCTAHHS B eHeprocucTeMax enektpomoOiniB (Nissan Leaf,
Chevy Volt ta BMW i3).
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JliTili-HiKeab-Mapranenb-Ko0aabT-OKCHAHI aKyMYJSITOPM OJWH 3 HAWOUIBII YCHIIIHUX
BapiaHTIB BHKOHAHHS JITiIH-10HHOI enekTpoximiuHoi cucremu. Ilo amnamorii 3  JwiTiid-
MapraHieBUMH, TaKi CHCTEMU MOXXYTb OyTH ONTHMI30BaHi MiJl €MHICTh a00 MOTYXHICTh. Tak, B
oJIHOMY ¥ TOMY X Kopmyci MoxkHa copmyBatu Ab 3 emuicTio 10 4000 MAXroa Ta 3a0€3MEUUTH
CIIIY CTpyMY po3psay B 4...5 A abo emnictio B 2000 MAXrox 31 ctpymom po3psiay B 20 A.

Pucynox 10 — Jliriii-Hikenb-MapraHenb-ko0aapT-oKCHIH1 OaTapei cepii
Sony US18650-VTC6 3000 mAh

['onoBHMMHU nepeBaraMu JIiTii-3a1i30-gochaTHi aKyMyJISAATOPIB € X HU3bKUM BHYTPILIHIN OMip
Ta BUCOKa CTAaOUIBHICTD, 1110 3a0e3reuye BUCOKI MOKa3HUKU CHJIM CTPYMY Ta TPUBAJIUN TEpMiH
CITYXOH.

Ha nanuit yac 1i akymyasTopyu MaroTh HAMOUIBIIMK MOMUT JJIs1 €EKTPOTPAHCIIOPTHUX 3ac00iB,
SKI BUMararoTh SK MUTTEBUX (DOPCOBAHMX PEKMMIB TaK 1 Oe3nepepBHOI poOOTH 31 3MIHHUM
peXMMOM HaBaHTaXeHHs. OJHaK, BBaXalUW Ha Te, II0 NUTOMI MapaMeTpu JAaHOTO THITY
aKyMYJISITOPIB € JOBOJII TOCEpPEAHIMHU, iX, 3a3BHYail, BUKOPHUCTOBYIOTH JJs MpOoQeciifHOro
TPaHCIOPTY.

Pucynoxk 10 — Jliriii-3amizo-gocdarni akymynstopu BupoOHuirTea Victron Energy

JliTili-HiKeab-K00aJbT-ATIOMiHIH-0KCHIHI AaKYMYJISITOPH BUPI3HAIOTHCS Bijl IHITUX BUCOKOIO
MMATOMOIO EHEPrOEMHICTIO, JTOCHUTh JTOOpPOI0 MHUTOMOIO TOTYKHICTIO 1 MOMIPHHM TEPMIHOM
ekcruTyatarfii. Ix cmabkumu MicsiMu € mpoosieMu 3 6e31eKoro (IeperpiB) Ta BapTICTh.

Pucynox 11 — Jlitiii-Hikenb-koOansT-amoMinii-okcunHi akymynsitopu cepii NCR18500 (Panasonic)

[To xapakTepuCTHKaM JyXKe CXOXKHU JI0 JiTii-KoO0anbTOBUX. B OCHOBHOMY BUKOPHCTOBYIOTHCS B
MPUCTPOSIX, 1110 BUMAraoTh BUCOKI OKa3HUKH €MHOCTI — JpKepena 6e3mepeOiifHOro KUBJICHHS.
JIITIA-TUTAHOB1 aKyMYJIATOPHU € Oe3NMepeyHrUMU JIiiepaMu 3 O€3MEeKH, JOBMOBIYHOCTI Ta HU3BKUX
temnepatyp. OfHak iX BapTiCTh Ay’Ke€ BUCOKa, a MUTOMI IOKa3HUKU YK€ HU3bKI.
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Pucynox 12 — Jliriii-tutanoBi akymynstopu cepii SQT-60137H

BucHoBku.

[IpoBenenuit aHami3 IMOKa3ye, 1[0 BUKOPUCTAHHS JITIH-IOHHMX aKyMYJSITOpIB  JJs
€JIEKTPOTPAHCIOPTHUX 3aCc00IB, B TOMY YHCII M Ui OYKCHUPOBUIUKIB BOJOJIA31B, MA€ MIUPOKHIM
CIEKTp pIIIECHb.

Taxk, ms TOOUTENBCHKUX CKYTEPIB, 1€ I[IHA Ta HAAIWHICTh MAlOTh OCHOBHE 3HAYEHHSI, HAUOLIBII
MEpPCIEeKTUBHUMHU €  JiTiH-3a1130-ochaTHl Ta  JITIH-HIKEIb-KOOANbT-aTIOMIHINA-OKCH/IHI
aKkyMmyJisTopu. BoHM He MalTh BHJATHUX MOKAa3HUKIB 3 MUTOMOI E€HEPrOEMHOCTI, OJHAK €
JIOCUTB JIOSTIbHUMHU B €KCIUTyaTalii i MaloTh HEBEIHUKY BapTICTh.

Jlis OyKCcuUpOBaJIbHUKIB BOJOJA31B MPOQECIHHOro THUIy Ta CHEIaIbHOrO NpU3HAYEHHS, 3
BpaxyBaHHAM crieu(piku iX poOOTH, HAUOUTBII NEPCIIEKTUBHUM € BUKOPUCTAaHHS KOMOIHOBAaHUX
JITIA-MapTaHIeBUX 3 JITIH-HIKEIb-MapraHelb-ko0anbT-okcuaaux akymynaropis (LMO-NMCO),
a TaKoX JITIH-HiKeNlb-KoOanbT-amomiHii-okcuaHl (NCA). Taki Ab 6yayTe MaTu MakcUMaibH1
MUTOMI MOKAa3HUKHU €IEKTPOEMHOCTI Ta MTUTOMOT MOTYX HOCTI.

JITEPATYPA

1. Tumm nitiii-iorHux akymynaropiB (HasBa 3 ekpany) Pexum pocrtymy: https://best-
energy.com.ua/support/battery/bu-205

2. Panasonic NCR18500 (LiNiCoAlO2) Industrial Cell Unprotected 3.7 V Lithium Ion
Battery 2000 mAh — Button-Top for Torches, Provari etc (Ha3Ba 3 ekpany). Pexxum mocymy:
https://www.amazon.de/-/en/Panasonic-LiNiCo AlO2-Industrial-Unprotected-Button-
Top/dp/BOOC1F8BE4

3. Shengquan New Energy. Lithium Titanate Battery (Ha3Ba 3 expany). Pexxum nocrymy:
https://www.sq-xny.com/en/product-13.html
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HOBI IIIXO/IU 1O CTBOPEHHS CUCTEM 3ANIOBITAHHS BUTOKY
MOBHOI TH®OPMAIIII 3A MEKI KOHTPOJIbOBAHOI 30HA

Hyorcnun C. M.
Hayionanvuuii ynisepcumem xopabaebyoysanus imeni aomipanra Maxaposa
Ykpaina

Beryn. MoBa € HaiiOutbmn y)xuBaHHM 3aco0oM oOMiHy iH(popMmariiero. OcobnrBe 3HaYEHHST BOHA
HaOyBae TpH CTBOpPEHHI Ta OOTrOBOPEHHI HOBUX Ta Airounx mpoekTiB. Ilpu mpomy, B OGarathox
BHITAJIKaX, O3BYUYETHCS iHQOpMAIlisi 0OMEKEHOTO JOCTYNy — KOH(QIACHIIIIHHA (KOHCTPYKTOPCHKA,
€KOHOMIYHa, oprasizamiitHa, know-how Ta iHIIa), a B TICBHUX BHITaJKax i TaeMHa iHQOpMaIlis.
Taxkum 4rHOM, OCOOIMBOTO 3HAYEHHS Ha0yBa€ 1l 3aXHCT.

B pobGoti posrisiHyro oco6nuBocTi MmoOynoBH Ta (YHKI[IOHYBAHHS CHUCTEM 3aXUCTy MOBHOI
iHpopMmarii (C3MI) Ta 3anponoHOBaHO pIlLIEHHS, SIKE J03BOJSE PO3pOONIATH OUThII €(PEKTHBHI
CHUCTEMH 3aXUCTYy MOBHOT iH(OpMaIIii.

1. Mera Ta 3aaa4i Joc/aiKeHHS

Mertoro nocniikeHHs: € po3poOka HOBOi KoHuenii ctBopeHHss C3MI Bin BUTOKY aKyCTUYHHMU Ta
BIOpallifHUMU KaHalaMHU 3a MEXI KOHTPOJIbOBAaHOI 30HU 3 ypaxyBaHHSIM OO €KTUBHUX Ta
Cy0’€eKTUBHUX (aKTOPIB.

Jlia gocsrHeHHS MeTH B poOOTI OyiM MOCTaBJIeH! HACTYITHI 3aBJAAaHHS:

1. CdopmyBatu mepenik OO0’ €KTUBHHX Ta CyO €KTUBHMX (DakTOpiB, IO BIUIMBAIOTh Ha
edpextuBHICTh podoTn C3MI

2. 3anporoHyBaTH HOBI IPUHIUIIK MOOYIOBH CUCTEMH MOCTAaHOBKU aKTHBHUX 3aBa/l Ta ii BY3JIiB

2. Amnauiz ¢akrtopiB, M0 BIVIMBAKTH HA e(EeKTUBHICTH POOOTH CHCTEMH 3aXHCTY MOBHOI
iHdopmanii

EdexruBnict podotr C3MI 3amexuTh Bif 0arathox (akTopiB, K MOXKHA PO3AUIUTH Ha JAB1 TPYIHA —
00’€KTHBHI Ta Cy0’ €KTHUBHI.

Jlo 06’ exTuBHHUX (haKTOPIB BiTHECEMO Ti, IO HE 3aJI€KaTh Bijl MPOEKTyBajIbHUKA 1 B1acHuka C3MI.
BinmosinHo, cy0’ekTUBHUMH OyayTh (PakTOpH, SIKi TIOB’SI3aTH TUM YH 1HITAM YHHOM 3 Oa)KaHHSIMU,
KBaiikaliero Ta MOXKJIMBOCTSAMHU MTPOCKTYBaJIbHUKA 1 BacHuka C3MI.

2.1. O0’exTuBHI pakTOopHU

[IpoekryBanns Ta excrutyaTamis CM3I y BCiX po3BHHEHHUX KpaiHax BimOyBa€eThCS B BIIMOBIAHOCTI 10
HOPMAaTUBHOIO 3aKOHOJABCTBA JaHOi KpaiHW, METOJIB, METOJIUK Ta TEXHOJIOTIH, 3aTBepaKEHHX
BIIMOBITHUMHU KEPYIOUMMH OpraHamu. BiIXuieHHS BiJ BUMOT € CYTTEBHM IOPYIIEHHSM 1 Mae
«OKOPCTK1» peakilii Ta HacIiAKu — TUMYacoBa 3a00poHa Ha poOOTy 00’€KTY, 3a00pOHa HA BUKOHAHHS
neBHUX (YHKIIIH, aTMIHICTpaTHBHA Ta KpUMIHAIbHA BINOBIIAIbHICTh KEPIBHUIITBA 00’ EKTY.

J1o 00’ ekTHBHUX (PAKTOPIB BITHOCATHCS:

—  Mera Tta 3agaui C3MI

—  Crpykrypa C3MI

—  Taxrtuko-texHiuni xapakrepuctuku C3MI

2.2. Cy0’exkTHuBHI (pakTOpH

Kontpone 3a mpauesnathictTio C3MI B Buninenux npuminieHHsx (BII) e 3amauero crenianbHO
BUJIUIEHOTO Miapo3aiTy a00 okpeMoro criBpoOiTHHKA. [IpH 11b0My, B OLTBIIIOCT] BUMAKIB, X JOCTYII B 11i
MIPUMIIIIEHHS € CYTTEBO PETJIAMEHTOBAHHM, a CITIBPOOITHUKHY, 1110 TpailtoroTh B BI1 He MaroTh BiAmoBinHOT
KBamidikarrii.

TakuM YMHOM MOKHAa BHJUIMTH HACTYMHI CyO’€KTHMBHI ()aKTOpH, SIKI MalOTh CYTTE€BHM BIUIMB Ha
npane3aatHicte C3MI:

—  IIpoexTyBaJIbHUKH CUCTEMH:

1. BuOip obnanHaHHA, sSIKe BCTAaHOBIIOETHCS (Oe3MOCepeHbO THUI Ta Mapka OOJaJHaHHSA, HOTo
KOJIIp, CXeMa BKJIIOUEHHS Ta IHIE).
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Amnaniz mokasye, 1m0 B OUIBIIOCTI BUIAJAKIB € MOXJIUBICTb BHOOPY 13 BCTAaHOBJICHOTO MEPEINiKy
o0agHaHHs — TOOTO MPOSIBIIIETHCA MEBHA CYy0’ €KTUBHICTH MPOEKTYBAIHHUKA

2. Kgaui¢ikoBaHICTh Ta KOMIIETEHTHICTh NMPOEKTYBAJIbHUKA, SIKI MPOSBISAETHCA MPU OMTHUMI3AIii
ctpykrypu C3MI Ta BUKOHAHHS IEBHUX BUMOT 3aMOBHHUKA POOIT.

JIOCBIT MOKa3ye, 1110 IpY CTBOPEHHI KOMILIEKCHUX CHCTEM 3aXUCTY iH(popMaIlii, 3a3BHyail € NeBHUMA
HQ/JTMIIOK KUTBKOCTI Ta MOKJIMBOCTEH IMEBHUX €JIEMEHTIB 00JIalHaHHSI. 3aMOBHHUK MOYKE BUMAaraTH
3MIHATH TI€BHI MOJXJIMBOCTI OOJIamHaHHS (HANMPUKIAA, MOXE BBaXKATH, IO CHUCTEMa
aKyCTOKOHTPOJIIO PIBHA 3BYKOBOTO TUCKY B BII € 3aco0oM mifctyxoByBaHHS Ta iHIIIE)

3. 3abesmedeHHs maputeTy MiX eproHomikoro BII i BUMoramm HOpPMATHBHHX JOKYMEHTIB O
C3ML

—  CuiBpo0OiTHHKH, 10 TpaIiooTs B BIT:

1. TlopymenHs BuMor nepconaiom BM opraHizamiifHuxX 3aXo/iB MPH BUKOHAHHI TEXHOJIOTTYHOTO
nporuecy

2. Yactuna mnepconany BII, 3a3Buuail, Mae HU3bKMI pIBEHb 3HaHb Ta KOMIIETEHTHOCTEH 3
1HpopMaLiiiHOT Oe3neKu:

—  CniBpoOITHUKH CHENIaIbHO BUAUIEHOTO MIAPO3ALTY (HApHUKIA, BIAILTY 3aXUCTy 1HQOpMaIii
— 3I) abo BinmoBinanpHUM criBpoOiTHUK (Tpyna 31):

1. HenocrarHs kBanigikaris CiBpOOITHUKIB

B Bignosianocti g0 Bumor JACC331 Vkpainu [6], kaapoBe KOMIUIEKTYBaHHS BiALTIB/Tpyn 3] MOBHUHHO
BiIOyBaTUCh BUKIIOYHO CIHEHIATICTAMH, M0 MaloTh TpoduibHy ocBity. OpHak, B 0OaraTbox
OpraHizalisix Ta JepXaBHUX YCTaHOBAX, IOCWJIAIOYUCh Ha HeAO0(IHAHCYBaHHS Ta BIACYTHICTh
OaxaroumX, BIAMOBIIHI TOCAAN 3aMAalOTh CIIIBPOOITHUKHU 0e3 BiAMOBiMHOT (paxoBOi OCBITH

2. HenanexxHe BUKOHaHHS CMIBPOOITHUKAMHU CBOiX 000B’SI3KIB

AHani3 Tmoka3y, 1o B 0araThOX OpraHizamisix Ta JepKaBHUX YCTAaHOBaX OCHOBHHM
HaBaHTaKEHHSM CIIBPOOITHUKIB BiAALTIB/Tpym 3] € cynpoBin po6OTH KOMIT IOTEPHOI Ta OPTTEXHIKH,
a He TPOBENICHHS 3axX0JIiB M0 3a0e3MeUeHHI0 3axucTy iHdopMallii Ha 00’ €KTi

3. Bapiant no0y1oBM cHCTEeMH MOCTAHOBKHM aKTHBHHUX 3aBa/l Ta ii By3JIiB

AHai3 CydyaCHUX METOJIB Ta TEXHOJIOTIA BHUSBJICHHS 1 BIIHOBJICHHS MOBH JUKTOpA MPU 3HAYHUX
PIBHAX IIYMOBHUX 3aBaj (K TUMy Outuil (TaycoBuit) mym [3,4,7] Ta 1 Ipy BUKOPUCTAHHI 3aBaJ] TUITY
«MoBHHH X0p» / «cocktail party» [1,2]) moka3ye iX BHCOKY eheKTHBHICTb. OHOYACHO, 1€ TIOKA3ye
HU3BKY €(EKTHBHICTh METOJIB Ta TEXHOJOTIH, fKi € HOPMAaTUBHUMH Ha JaHWH Yac, a TaKOX
HEJI0JIIKM METO/IIB BU3HAYCHHS PIBHS 3aXUIIEHOCTI MOBHOI iHpopMartii [ 7-9].

Taxkum 9MHOM, JUTsI CTBOPEHHS JIMCHO €(EKTUBHOI CHCTEMH HEOOXIJIHO BUKOPHUCTATH OOMEXKCHHS,
SKI € B PO3MISIHYTHX METOJIa BUSBJICHHS, (UIbTpallii 3aBajy Ta BIIHOBJIEHHS MOBHOI'O CHTHAIY.

3.1. AubTepHaTuBa sl 0iJ10ro (raycoBoro) urymy

[TepeBaramu 6110TO IIYMY € PIBHOMIPHICTh CHEKTPaIbHOT HIUIBHOCTI HA BChOMY Jlialtia30Hi 4acToT.
[Ipu oMy caMi YacTOTH CHEKTPY € BHUIAJIKOBUMH, TOOTO MOCTiiiHO 3MiHIOIOThCS. Lle cramo
OCHOBHOIO TEPEBarol0 OUIOro IIyMy Ta CHPHUSIIO WOTO BHUKOPHUCTAHHIO B CHCTEMaX MOCTAHOBKH
3aBajl.

Opnak, Mpu BUKOPHUCTAaHHI BelBieT- dimprpartii [7-9,11], ailikoBux macok (IBM, IRM) [3,4] Ta
IHIIMX METOJIB, 3aCHOBAHMX Ha BHJAJICHHI BUMAJKOBUX IMIYJIbCHUX CHTHAJIB, 1€ 1 € HOro
TOJIOBHOKO BaJiot0. J[J1sl aHasi3y BUKOPUCTOBYIOTH BIKOHHE NEPETBOPCHHS (II0 OKTaBHUM CMYTaM)
Ha CepeIHbOTEPMIHOBUX BIJIpi3Kax yacy, CHIBCTABHUX 3 TPUBAICTIO (oHEeM/ano(OHIB B JTHOACHKII
moBi — 0,05...0,25 c.

TakuM 4MHOM, BUKOPUCTAHHS CUTHAY, SKUH MO CHEKTpaibHIA IMUIBHOCTI OyB OM ONM3BKUM 10
OUI0r0 IIyMy Ta CTBOPEHOTro Ha 6a31 MOIU(IKOBaHUX OJIOKIB MOBU JUKTOpA, A€ 3MOTY OTpUMAaTH
3aBany, 10 sIKOi BKa3zaHi MeTo U GuIbTpallii € iIHau(GEepeHTHUMH.

B 3aranbHOMYy BUTIAmI, IIe € TEpexiJ BiJl €HEePreTMYHOro MAacKyBaHHS MOBHOTO CHTHAaIy [0
iHpOpMaLifHO-eHEePreTUYHOTO MACKyBaHHS.

[IpukmamoM Takoro CHUTHaly MAacKyBaHHS € 3aBaja «CKpeMOJepHOTO» THIMY, CHHTE3 Ta
BUKOPHUCTAHHS SIKO1 pO3risiHyTO B [7—10].
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3.2. AnbTepHaTuBa I «KMOBHOIO0 X0py» / «cocktail party»

["'0710BHUM NPUHIMIIOM, KU BUKOPUCTOBYETHCS MPH CUHTE31 CUTHAITY 3aBay TUITY «MOBHUN XOP»
/ «cocktail party», € inbopmarriiiHe MacKkyBaHHS. MOro NPUHIMI 3aCHOBAHHMII HA BIACTHBOCTSIX
JIIOICBKOTO CIIyXy BHJIUIATH OCHOBHOTO JIUKTOpa i3 «MoBHOro xopy» mpu SNR > 0 nb. Skmio
cruiBBinHomeHHs: SNR 3naxomutbes B miamazoHi —5 1b < SNR < 0 gb, to BinOyBaeThcs pizke
MOTIPIICHHST PO30ipIMBOCTI MOBH (COPUHHATTA ayauTOpoM MOBHOI iH(opmarii). [lomambmie
3MmeHuIeHHs: SNR npu3BoauTh 0 MOBHOIO MacKyBaHHS MOBM JukrTopa [12,13].

Ha mpaxTuii po3pi3HsIOTh Ba TUIK TakuX cucteMm [7.8]:

1. «MoBHHII XOp» HA OCHOBI MOBH JTUKTOPA (JUKTOPO3aJICIKHI CUCTEMH)

2. 3amyyeHHs GOHOTpaM CTOPOHHIX AUKTOPIB (JMKTOPOHE3AICKHI CHCTEMH )

CuHTe3 myMoBO1 3aBai 32 METOAaMU «MOBHHI X0p» / «cocktail party» cTBOproe 3HaYHI TPYIHOITI
IUIsl 370BMUCHHMKA. Ha naHmii 9ac icHye Jexirbka MeTOIB (imbTparii Ta BiJHOBICHHS MOBHOTO
MOBIJIOMJIEHHS], BTIM BC1 BOHU MOTPEOYIOTh 3HAYHOI OOYMCIIOBANIbHOT MOTYXHOCTI. Lleil moka3zHuk
3a3BrUYail OyB BUpIIAJILHUM MPH BU3HAUYEHHI MOKJIMBOCTI JOCTYILY 3J0BMHUCHHKA /10 1H(OpMaIii,
OJIHaK TOsBa IIBHJAKICHOTO IHTEPHETYy Ta MaWHIHIOBHX (epM (PaKTUYHO 3HIBETIOBAJIO HOTrO
BaroMicTb.

BupimenHsm npo0ieMu € CTBOPEHHS AJsl €KCIIEPTHOI CUCTEMU KOHKYPEHTHOI HEBU3HAYEHOCTI B
HACJIIIOK HassBHOCTI BEJIMKOI KUIBKOCTI CEPEAHbOTPUBAINX (POHEMHUX OJOKIB CTBOPEHHX 3 MOBU
JTUKTOpA 3a ACSIKUI NorepeiHiil MpOMDKOK yacy.

Taki xapakTepuCTUKH Ma€ 3amporioHOBaHa B [9] cucTema 3axuCTy MOBHOI iH(opMaIlii Ha OCHOBI
reHepaTopa MOBOTO IIOHOTO CUTHAITY 3aBaJld CKPEMOJIEPHOTO THITY.

3.3. Oco6mBoOCTi MOOYA0BM CHCTEMH NNOCTAHOBKH AKTHBHMX 3aBaJl Ta il By3.1iB

[Ipu cTBOpeHH1 CUCTEMH MOCTAaHOBKU aKTUBHUX 3aBaJl HEOOX1IHO BpaxXyBajy HACTYHI YNHHUKHU:

—  Hasasuicts B BII cuctemu 03BydyBaHHS IPUMILIEHHS

Taki cucTeMH BCTAaHOBIIOIOTH B KIMHATaX IMPOBEICHHS IMEPEMOBHH, AaKTOBUX 3ajlaX, TOIIO.
HasBHicTh Takoi cUCTEeMHU 03BOJISIE IHTErPYBAaTH il 3 CHCTEMOIO NMOCTAHOBKH AaKTUBHHUX 3aBa/l.
CrpykTypa Takoi CUCTEMH IIpeAcTaBiieHa B [9].

B pa3i ii BimcyTHOCTI 1ocTae 3a7ada y3roKeHHs CTPYKTYPH Ta MICIIb PO3MIIIEHHS ii €JIEMEHTIB B
npumMirieHH1. [Ipu ipomy HaOyBa€ 3HaYCHHS HACTYITHUN YAHHHUK.

—  Ilcuxonoriuawuii pakrop

[TocriiiHe akIeHTYBaHHS yBarm Ha TMHTAHHSAX KIOCP3JIOYMHHOCTI, a caMe€ Ha MOXKJIUBOCTI
BUKOPHUCTAHHS MIKpO(OHIB Ta Kamep cMapThOHIB IS IIMOHAXY 32 BJACHUKAMH, CTBOPHIN €PEKT
HEOOIPYHTOBAHOT Mi03pTOCTI y Oararbox Jronei. Lle mpu3BoauTh 10 HEaJAeKBAaTHUX pEakiliid Ha
MajiorabapuTHi MIKpoOHHM B CHCTEMax 3aXUCTy MOBHOI iH(opMamii (Hampukian, B [9] Gmok
KOHTPOJTIO PIBHIB HEOE3IIEUYHUX CUTHAJIIB).

Bupimenusm 1iei mpooiiemMu Moxe OyTH:

1. BukxopucranHs npuxoBaHHX MIKpO(OHIB, SKi BCTAHOBJIEHI Oe3mocepeHbo B Kopiryci C3MI

2. Bukopuctanss MikpoQoHy (chepy) SIKUI B6y,£[OBaHI/II/I B CHUCTEMY BHyTplmHLoro 3B ;131<y

3. BuxopucTaHHS aKyCTUYHHUX 1 BiOpalliifHUX BHUMIpIOBauiB HeOe3MeuHUX CUTHaAIIB Ha Mexi BII
(KOHTPOJILOBAHO1 30HU) [9]

[Ipu BUKOpHUCTaHHI MEPILIOTO Ta APYroro BapiaHTiB MOXKJIMBE BUHUKHEHHS HIIMJICHTIB, OB’ sI3aHUX
3 MOXJIMBICTIO JOCTYMIY JO TaKUX MPUIaJiB CTOPOHHIX jroael. Tperiii BapiaHT Hajgae OUIBIIUMN
pIBEHB 3aXHILEHOCTI, OJJHAK Ma€ CYTTEBO OUIBIIY BapTICTh.

BucnoBku.

Ha ocHOBI BHMKOpHCTaHHS METOJIB CHUCTEMHOTO aHali3y (abCTparyBaHHs, €KCIIEPTHOI OILIHKH,
¢dopmanizallii Ta iH.) HaOyau MOAANBIIOIO PO3BUTKY METOAU MOOYAOBU INEPCIEKTUBHUX CHUCTEM
NPOTHJIIi BUTOKY MOBHOI iH(oOpMallii, sika 03BydyeThcsi Ha 00’ekTax iH(OpMaIiifHOi NisIbHOCTI,
aKyCTUYHUMH Ta BiOpalifHUMHU KaHalaMH, 110 J03BOJIMIO COpMYBaTH MEpesik 00 €KTUBHHUX Ta
Ccy0’eKTUBHUX (PAaKTOpPIB, IIO BIUIMBAaIOTh Ha edekTuBHicTh poOotu C3MI Ha OCHOBI cucTeM
MIOCTAHOBKH aKTUBHO{ 3aBaIH.

3anpornoHyBaTd HOBI NMPUHLMIIM MOOYIOBH CHUCTEMH IOCTAHOBKM AKTHBHUX 3aBaj Ta il BY3IIB
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[UIIXOM BUKOPHUCTaHHA B CHCTE€MI NOCTAHOBKHM AaKTHMBHHMX aKyCTHYHUX Ta BiOpaiiiiHuX 3aBan
TeHEepaTOPiB MOBOIMOIIOHOTO CHTHATY CKPEeMOJIEPHOTO THUITY, IO Ja€ 3MOTY PO3POOJIATA CUCTEMU
3axHCTy MOBHOI iH(pOpMaii, CTIHKUX 110 1i BITHOBICHHS MeTOAaMH (UIbTpaLlii Ta peiHKUHIPUHTY.
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Introduction. Modern shipbuilding is characterized by a high level of competition,
which forces serial shipyards to continuously improve their products, increase the requirements
for product quality, minimize the cost of technical training and reduce the production
cycle [1, 2]. At the same time increases the complexity of ship designs and ships in general in
order to reduce material consumption and weight of the product. Methods for determining the
strong dimensions of ship hulls using innovative materials are also being improved, the
technology and organization of shipbuilding are being improved, and automated information
systems are increasingly being used in the design and technological preparation of production.

The relevance of research. Recently, the focus of work on ensuring the
manufacturability of structures is shifted to the design stages, where most of the technical
characteristics are formed and economic indicators of competitiveness and cost of the product
are laid [3]. Research of the process of ensuring manufacturability and at the stages of ship
design provides an opportunity for a comprehensive and competent solution to this problem.

Problem formulation. It is necessary to provide information support for the processes of
technology management at the stage of development of the technical task and architectural and
structural scheme of the vessel.

Research results. The properties of many structural, functionally and geometrically
connected objects of the ship determine the possibility of considering its hull as a complex
system H ("Hull"). System H is part of a more complex system V ("Vessel"), which, in turn, is
part of an even more complex system N ("Navy"), etc. [4]. Each system is characterized by such
features as purpose, structure and behavior (fig. 1).

SHIP

[TRANSPORT STRUCTURES

Figure 1 — Hierarchy of systems

The purpose of system K is to ensure the functioning of the entire system V in difficult,
irregular conditions of operation of the vessel, with the established service life of the vessel
(ensuring the reliability and operation of the vessel).

The behavior of system V or the process of its operation throughout its service life from
the appearance of the technical task to the decommissioning and dismantling of the ship - is the
process of design, construction and operation of a more complex system.

System K can be characterized by different properties, but, as a rule, the main ones are:
functionality, reliability, manufacturability, optimality, economy. Structures in this system are
considered as an object characterized by a set of parameters. Selecting the appropriate
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parameters, the designer within the limits within it organizes the system V and controls the
behavior of this system. The property of the manufacturability of the modern hull design should
be taken into account at the stage of early design to predict all the ratios of the following
systems, their demand and cost of production.

At present, the system support of manufacturability of ship designs includes information
support, which creates conditions for greater efficiency of work carried out by specialists [5].

For effective information modeling of the processes of testing the manufacturability of
ship structures, the design cycle can be divided into stages that roughly correspond to the
generally accepted division of the design process at the stage:

- development of the technical task and the structural scheme of the vessel (development
of the technical task and technical proposal);

- development of schematic diagrams at the level of individual ship modules
(development of a preliminary design);

- development of ship structures (development of technical design and working
documentation) [6-10].

The conducted researches at the considered stages show existence of active processes of
formation of manufacturability. With this in mind, for more effective management of
information flows of design decisions, it is necessary to use information modeling, which allows
to present processes in the form of a set of standard modules with defined rules of operation,
input and output parameters, control data and mechanisms of technology. The systematic
analysis of existing processes based on their modeling and optimization allowed to develop a
conceptual model of promising processes, which provided unambiguous and adaptive processes
of ship design for manufacturability, as well as designing an information system to ensure
manufacturability of products with electronic data exchange. The approaches of the SADT
(Structured Analysis & Design Technique) functional modeling methodology, which are
described in [11], were used in the construction of the models.

The process of developing a ship design begins with the Customer's application, which
contains the initial basic technical and operational requirements for the vessel. These include:
purpose, operating conditions, as well as the number of vessels required by the Customer. The
technical task on the basis of studying the expected nature of ship operation, generalization and
analysis of experience and trends in world shipbuilding develops and refines basic technical and
operational requirements data in terms of the best indicators of manufacturability, cost,
complexity, etc.

At the stage under consideration, it is possible only to determine the approximate level of
cost on the basis of specific indicators of material and labor costs for different types of prototype
vessels. The choice of a prototype vessel mainly determines the boundaries of standard and
unified parts and assembly units, their succession. Analysis of the operating conditions of the
future design allows to formulate requirements for operational manufacturability, thereby
determining the degree of manufacturability in the field of production, as these elements are
embedded in the production manufacturability.

The choice of each architectural and structural scheme of the ship is a complex
engineering and economic search, which allows you to choose the best option with the expected
manufacturability.

Conclusions. The problem of qualitative assessment of manufacturability in the early
stages of design is, firstly, to be able to reliably measure the intensity of factors affecting
manufacturability in conditions of limited product information and, secondly, to find a way to
model an expert evaluation system that corresponds to generalized indicator of the designed
equipment. Studies have shown that between these stages of ship design there are intensive
information flows, qualified processing of which contributes to the qualitative and quantitative
analysis of the ship and its structures to improve the level of manufacturability.
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Anomauia: [l npueody mexawizmieé CYOHOBUX KpPAHIE OQIKepié WUpoKe NOWUpenHs Haoyiu
eNeKmpOo2iOpasiiunHi npueoou, 6 SKUX HABAHMAIICEHHAM OBUSYHA 3A36UYAll € aKCUATLHO-NIVHIICEPHA
eiopomauwtuna. Memoio docnioxcenv € po3podxa Komn romepHoi mooeni 2i0poeiekmponpusooa CyoH08020
kpany muny «Mac Gregory, wo 003601umb GUKOHYBAMU AHALI3 Npoyecie @ 00 ’e€kmi KepysamHs ma
BU3HAUAMU CMYNIHb GHAUEY NAPAMEMPI8 HANAUIMYBAHb HA OUHAMIYHI MA MOYHOCMHI XApaKmMepucmuku
cucmemu KepysauHs. Jl8i niocucmemu 3MiHU SUTbOMY CMPIIU | ROBOPOMY PA3OM 3 THUWUMU 6X00Mb 8
3a2abHY 2I0pAGNIMHY cucmemy CYOH08020 KDPAHA I MAiomb OEKI 3A2aibHi eleMeHmu, Maki 5K HAcoc |
2iopobax, 00HaK OJisl CNPOWEHHSL ONUCY, CMEOPeHH s | Hana2o0xcenns Simulink-moodenell poszensanymi sk 06i
oKpemi 2iopocxemu.

lloeonasuiu  0sa  3asHauenux ONOKY  NAPANEIbHO, OMPUMAHO  MOOelb  MPUNOZUYIUHO2O

2i0popOo3N00iIbHUKA 3 3AUBOM PIOUHU 8 OAK 8 HeUMPATbHOM)Y NOJIOHNCEHH.
Knrouoei cnoea: cyonosi xpauu, 2iopoeirekmponpusio, 2iopasniuna cucmema, 2iopopo3nooilbHUK,
Komn'tomepna mooeno.

INVESTIGATION OF MACGREGOR VESSEL

CRANE AUTOMATIC CONTROL SYSTEM
0. Kolebanov, Ph.D., Associate Professor,
Kherson State Maritime Academy
Yu. Lebedenko, Ph.D., Associate Professor,
Kherson National Technical University

Abstract: Electro-hydraulic drives, in which the motor load is usually an axial-plunger hydraulic
machine, have become widespread for the drive mechanisms of ship cranes. The aim of the research is to
develop a computer model of the hydroelectric drive of the ship crane type "Mac Gregor", which will
analyze the processes in the control object and determine the degree of influence of the settings on the
dynamic and accurate characteristics of the control system. Two subsystems of change of boom departure
and turn together with others are included in the general hydraulic system of the ship crane and have some
general elements, such as the pump and a hydraulic tank, however for simplification of the description,
creation and adjustment of Simulink-models are considered as two separate hydraulic schemes.

Combining these two units in parallel, we obtained a model of a three-position valve with draining the
liquid into the tank in the neutral position.

Keywords: ship cranes, hydroelectric drive, hydraulic system, hydraulic distributor, computer model.

Beryn. Ha cydacHux cymnHax, 30kpeMa KOHTEHHEpPOBO3ax Ta Oajkepax, 4yacTo
nependavaeThCcsl CaMOCTIHE BUBAHTAXKECHHS 32 JOTIOMOTOKO KpaHIB, BCTAHOBIICHUX
Ha manyOy kopabmsa. CymHOBI KpaHW TMpU3HAYEHI 7S MIIHOMY, CIycKy abo
MEPEeMIIICHAs] KOHTEWHEpIB, CUIyYMX Ta IHIIUX BAHTAXIB, 30KpEeMa TPEIMETIB
nmocradyaHHs 1 mpomoBonbcTBa [1]. IlepeBara kpaHiB monsrae B MOXKIHUBOCTI
HEralHOro, SIKIIO 1€ HeoOXIgHO, MpoBeAeHHd poOiT. Hanpuknaa, TrogoBHOIO
0COONUBICTIO OajJKepiB OJHOrO 3 HaumomupeHimux HuH1 TuniB Handymax € BnacHi
KpaHW, BaHTAXOMIAWUOMHICTIO B cepeanboMy 30 TOH, 10 JO3BOJISIOTH iM
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3/IACHIOBATH BaHTa)KH1 poOOTH JAELIEBIIE 1 B MOPTax, A€ HE mependadeHl BaHTaXHI
3aco0u U1 3aBaHTaXKEHHsI / po3BaHTaxeHHs Oankepis. Lli mpuctpoi HagaroTh Oankep
TAKOro THUIMY BEJIMKY THYYKICTh, JO3BOJISIIOYM BUOUpPATH M1 BaHTAXKHUX pOOIT
MPaKTUYHO Oynb-SIKMW MOPT, a 1HOAI 1 Ha peial mopry. g mpuBoAy MeEXaHI3MIB
CYIHOBHUX KpaHiB IIMPOKE MOLIUPEHHS HAOyJIN €NEeKTPOriApaBIliuHl IPUBOJH, B IKUX
HABaHTAXXEHHSM JIBUTYHA 3a3BUYall € aKCUAJIbHO-TUTYHXXEpHA TIpOMaIlNHA.

AKClaTbHO-TUTYH)KEpHA TiApOMallliHa MalIyOHOTO KpaHa Ma€ 3pocTarouy
MEXaHIYHY XapaKTepUCTUKY, 00 XapaKTEePUCTUKY 3 BEHTHWJIATOPHUM MOMEHTOM [2].
Yepe3 Te, MO NpU MajguX 3HAYEHHSX IIBUAKOCTI MOMEHT OMNOPY HaBAaHTaXEHHS
riIpOMAIIMHA 3HAYHO MEHILE HOMIHAJIBHOTO, ii MyCcK MOXe OyTH BHKOHAaHO Ha
3HMKEHIN HaIpy31 )KUBJIEHHS €JIeKTPUYHOI0 IBUTYHA [3].

TakumM uyuHOM, Ha eQEKTHBHICTh IMPOILECIB KEepyBaHHS MEPEMILICHHSIM
BaHTaXy, HAa JUHAMIYHI 1 TOUHOCTHI XapaKTEPUCTUKHU CYJTHOBOTO KpaHa BILJIUBAE HE
TUIBKU CHUCTEMAa KepyBaHHS €JIEKTPUYHUM MPUBOJOM, a, HacaMIlepe 1, HalallTyBaHHS
TIPaBIIYHOT MIJICUCTEMH, 110 BUKJIMKAE TIEBHI CKJIATHOII1 TTPU €KCIUTyaTallii.

MeToro gocaigxeHb € po3poOka KOMIT I0TEPHOT MOJIEN T1IPOENIEKTPOIIPUBOAA
CyIHOBOTO KpaHy Tuiy «Mac Gregor», 110 J03BOJIUTh BUKOHYBATH aHaJ13 MPOIIECIB
B 00’€KT1 KE€pyBaHHS Ta BU3HAYaTHU CTYIIHb BIUIMBY MapaMeTpiB HaJAIITyBaHb Ha
JUHAMIYH1 Ta TOYHOCTHI XapaKTEPUCTUKU CUCTEMHU KEPyBaHHS.

OcHoBHa yacTHHA. ['igpaBiiuHMil MPUBIA CYYaCHHUX CYJHOBUX BaHTAXKHHUX
OPUCTPOIB JOCUTHh CKJIAJHMMA, 1 MOJEIIOBAHHS BCHOTO MPHUBOJY B MOBHOMY 00Cs31
norpedye 3HAYHMX 3YCWJb 1 BUTpAT 4acy, TOMY JUIsl HaBYAJbHUX IUIEH B SKOCTI
IPUKIAAY PO3TISHEMO OKPEMI YaCTHUHH BiJl MIOBHOI CXEMHU NPUBOAY, IPU3HAUEHI JUIs
BUKOHAHHS OKpeMHX (PYHKITIM.

PosrnsiHemo rimponpuBin cyaHoBoro kpaHa tumy «Mac Gregor» [4].
[IpuHLIKMIIOBA TiIpaBiIiuHa CXeMa Ii€i MalllMHU CTBOPEHA Ha OCHOBI JIBOX OCHOBHHX
THUIOBUX CXEM, a CaMe: CXEMH MOCTYNAIbHOTO PYXY, B SIKIH BUXITHUM €JIEMEHTOM €
TiApOIWITiHAP (MIACUCTEMH 3MIHHM BHJIBOTY CTPUIM Ta MOBOPOTY IiaTdhopmu) (puc.
1), 1 cxemMu 0OEpTAIBHOTO PyXy, B SKIM BHXIJIHUM €JIEMEHTOM € TiIpOMOTOP
(miacucTeMa miaioMy-0IyCKaHHS BAaHTKHOT JICO1IKH ).

Puc. 1 — IlpuniunoBa crpolieHa riipocxeMa niiioMy-omnycKaHHs CTPUIA CyJHOBOTO KpaHa

MexaHi3MU 3MIHH BUJILOTY CTPUIM 32 YMOBaMu poOOTH OJU3bKI 10 MEXaHI3MIB
nmoBopoTy. OOMEXKEHHS PO3roilyBaHHS BaHTAXy TaKOX HEOOXIAHO, SIK 1 JJd
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MEXaHi3My NOBOPOTY. TOMy BUMOIM 1O MIBHJKICHUX XapaKTEPUCTHUK MEXaHI3MIB
3MIHM BWJIBOTY CTPLUIU 1 HOBOPOTY aHAJIOTIYHI.

1 1B1 miACUCTEMH Pa30oM 3 IHIIMMH BXOJATH B 3arajibHy T'iAPABIIYHY CUCTEMY
CYJIHOBOT'O KpaHa 1 MalOTh JIesKi 3arajibHi €JIeMEHTH, TaKl K HAcoC 1 riapodak, oJHaK
JUISL CIIPOILIEHHS OMKCY, CTBOPEHHS 1 HajmarokeHHs Simulink-mMonesneit po3risHemMo
iX sk J1B1 OKpeMi rigpocxeMu. B momanemomy 1i 181 Simulink-moaeni MoxXyTs OyTH
o0'ennani [5].

Simulink-mMonens rinponpruBoay MiANOMY-0yCKaHHS CTPUIM CYJTHOBOTO KpaHa
(puc. 2) Oyma cTBOpeHa y BUIJISAl MIACUCTEMH, IO MAa€ BXOAW 1 BUXOAM s
B3a€EMOJIT 3 MiJIcUCTeMaMH OiIbIll BUCOKOTO PiBHS B 3arainbHii Simulink mopmeni
CYJIHOBOT'O KpaHa, aHaJIOT14HO JTOKJIAIHO OTMCaHiii B [6].

Puc. 2— Simulink-moaens rinponpuBoay miaHOMY-0IyCKaHHS CTPUIA CYAHOBOTO KpaHa

B sxocti BXimHMX iHGOpMAIIHHUX IMapaMeTpiB MIACUCTEMH TiIPONPHUBOILY
BUCTYNAIOTh: 3yCWJIJIS Ha MITOKY Tiapomwmiaapa 3 0oky ctpimu «Force» (BXimHui
nopt 1); igeanbHUI 3aKOH TEPEMIMICHHS IITOKAa 30JIOTHUKA TiApOpO3IMOAUTHHUKA
«hod shtoka zolotnika» (BximHMII TOpT 2); yacToTa OOEpPTaHHS Bally TPHUBOIY
ripoHacoca, M0 BU3HAYAETHCS BEIUYMHOIO OOOPOTIB JBUTYHA CYJHOBOTO KpaHa
«chastota vrashenija vala nasosa» (BximHuéi mopT 3). BuximHum mapamerpoMm €
MepeMIlIeHHs MTOKa riapouitinapa «Positiony (Buxigauit mopt 1).

CtpykTypa HaBeneHOI Ha pHC. 2 MOJETl MIACHCTEeMH TiAPONPUBOLY
OoOyMOBJICHA TaKMMH MIPKyBaHHSMHU: JJII  MOJICIIOBAHHS  TPHUIO3UIIMHOTO
TiIPOPO3MOAUTHFHUKA 31 3TMBOM PIAMHH B 0aK B HEUTPAIBHOMY TMOJIOKEHHI, TOTOBUN
0ok sikoro BimcyTHid B Oi6mioteri «SimHydraulics», Oynu BuKopucTaHi aBa
HAsSIBHUX CTaHJIAPTHHUX OJIOKY TiIpopo3noAiltbHuKIB «2-Way Directional Valvey 1 «4-
Way Directional Valve». IloennaBmm aBa 3a3HaueHuX OJIOKY MapajieiabHO, OTPUMAHO
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MOJIeNIb TPUIIO3ULIMHOIO TiIpOpPO3NOAUIBHUKA 31 3JIMBOM piIMHM B 0Oak B
HeWTpadpHOMY  mojiokeHHl. [lpu  1boMy  HEOOXigHO, 100  TiApaBIivHI
XapaKTEPUCTUKU 30JOTHHUKIB JABOX T1IPOPO3MOAUIBHUKIB OYyJIM Y3rOJKEHI MIXK
co6010. ToOTO, KOIU B HEUTpAILHOMY TOJIOKEHHI TipaBiIiyHl KaHaiu 0yoky 4-Way
Directional Valve 3amkHeH1 (30JIOTHUK 3aKpUTUH, PO3MIp IIUIMHU HYJIbOBHI), B LIeH
*e Jac ka"anu 0ioky 2-Way Directional Valve noBunH1 OyTu 3'eHaHi (30J0THUK
BIIKpUTHUH, PIAMHA W]I€ HA 3]IUB).

PosrasiHemMo B3aemMoi0 MiACUCTEMH TiAPONPUBOIY LMIIHIPA 3 MIICUCTEMOIO
OUTBII BUCOKOTO 1€PAPXIYHOTO PIBHS - MIICUCTEMOIO CTPLIIM CYJHOBOTO KpaHa.

[lapameTp Ha BUXOJl MIACUCTEMH TIAPONPUBOAY — MEPEMILIEHHS IITOKa
rigpoumninapa «Position» — moBUHEH OyTH NMEPETBOPEHUN B KYT MIAHOMY CTPUIH gg
(TouHime, B MOTr0 «pPIBHOBAXKHUW» 3HAUCHHS, HABKOJO SKOTO BIJOYBaIOThCS
KOJIMBaHHS (DaKTUYHOTO 3HAYEHHS KyTa MiAHOMY CTPLIM 3 ypaxyBaHHSAM IPY>KHOCTI
il koHCcTpykKIIii). [le mepeTBopeHHsI BUKOHYETHCS 32 (POPMYIIOO:
a’+b*—c? )

2-a-b 0

ne ¢,= const; a = const; b = const; ¢ = Position + 2,5 M — JOBXHHA TAPOLIMITIHAPA.

Hazan B mijicucTemMy ripornpuBoAy MOBHHHI TIEpe1aBaTHCS 3HAYCHHS: YACTOTH
obepraHHs Bayry Hacoca «chastota vrashenija vala nasosa» (B gaHiii Mojeni npuiiMae
MOCTIiHE 3HAYEHHS ), 11€AJIbHOTO 3aKOHY TePEMIIIIEHHsI IIITOKA 30JI0THUKA, BIIKPUBAE
1 3akpuBae momauy rigpopimuau «hod shtoka zolotnika» 1 3ycmmis Ha mITOKY
rigporuninapa Force [7].

BucnoBku. Po3pobieHa KoMII'lOTepHAa MOJENb  TiIPOEIEKTPONPUBOIY
cyaHoro kpana tuny Mac Gregor 103BoJIsi€ IPOBOAUTH JTOCHTIIPKEHHS MPOIIECIB, 110
BUHUKAIOTh NP €KCIUTyaTallli CUCTEM KepyBaHHS CYJIHOBHUMH MayOHHUMHU KpaHaMH,
NPOBOAUTH aHajli3 CTYNEHS BIUIMBY MapaMeTpiB HaJlalITyBaHb Ha TOYHOCTHI Ta
JTMHAMIYH1 BJIACTUBOCTI CHCTEMH KEpyBaHHS TiApoeleKTponpuBogoM. Bcee 11e
J03BOJINTh 3HAYHO CKOPOTUTH Yac Ha MPOBEJEHHS TEXHIYHOTO OOCIyrOBYBaHHS,
HaJIaro/KyBaJbHUX POOIT Ta 1arHOCTUKH.
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MU TAHHSI IHOOPMAIIIMHOI' O 3ABE3IIEYEHHSI IPOEKTYBAHHS 1
CEPIMHOI'O BUPOFHUIITBA 3ACOBIB MOPCBKOI
POBOTOTEXHIKHA B YKPAIHI

baokin I'.B.
K.m.H., ooyenm HYK, Hayionanvnuii ynieepcumem
Kopabnebyoysanns im. aom. Maxaposa

IcTopist mosiBIEeHHs Ta PO3BUTKY MiIBOAHOI poboToTexHiku y CBiri HapaxoBye maxe 40
poOKiB. 3a 1eil yac BigOysIucsl 3HA4YHI 3MIHU Yy 3aco0ax M METOJaX CTBOPEHHS Ta 3aCTOCYBaHHS
MOPCBKHX pPOOOTOTEXHIYHMX CHUCTEM Ta KOMIUIEKCIB. 3HAuHE 3pOCTaHHS [ONUTY Ha
3aCTOCYBaHHs 3ac001B MOpChKOi poboToTexHiku (3MP) anst BupieHHsT HAYKOBO-AOCTIIHUX Ta
MPaKTUYHUX 3aBJaHb B PI3HOMAHITHUX rany3ax. OTpuMaHuii JOCBIJ MOJIATa€ y CTBOPEHH1 OLIbIII
JOCKOHAJIMX CHUCTEM, KOMIUIEKCIB Ta TEXHOJIOTIH JUIs BHPIINICHHS 3aBJaHb B CKIIQJIHUX
MIJIBOJTHUX YMOBAX.

He 3Baxaroun Ha Te, M0 a JaHWM yac y HampsiMy ctBopeHHs 3MP orpumani 3HauH1
pe3yNbTaTH, 3aCTOCYBAaHHS TaKMX TEXHIYHUX 3ac001B NpPOrpae BUKOPHUCTAHHIO TPaJUIIMHUX
MOPCBHKUX TEXHIYHUX 3acO0IB Ta T€XHOJIOTIH. Taku 3acobu BiKEe BUKOPHUCTAIOTHCS Maike y BCiX
IUBUTBHUX Ta BIMCHKOBHX BHIAX HisSUTbHOCTI Ha Mopi. CBiToBHWI 1n0CBiA 3actocyBanHs 3MP
TI03BOJISIE 3pOOUTH BHCHOBOK, IO 0€3 iX 3aCTOCYBaHHS HE MOKJIMBHI PO3BHTOK JOOYBHOT ramys3i
Ha 1eab(oBOI 30HI, MPOBEACHHS OOCTEXYBAJIbHUX pOOIT HA akKBaTOpiAX, BUKOHAHHSI
pATYBaJIbHUX Ta TMOUIYKOBUX oOmepamii, riaApo3UYHUX Ta OIOJOTTYHUX JOCHIKEHb Y
MIUPOKOMY Jiana3oHi rmmoruH. OCHOBHOIO mepeBaroto 3actocyBands 3MP miist BUKOHaHHS poOIT
Ha MOpPI1 € BIJICYTHICTh 3arpOo3W XHUTTIO Ta 3I0POB’I0 JIOJWHW Ta Yac BHKOHAHHS IMIIBOJHOI
po6oTH, sIKid 0OMexXeHUH uIIe 3arnacoM eneprii. Tutbku 3a octanHi 40 pOKiB y JaHOMY HaIpsMi
HayKOBO-TEXHIUYHOI IsITBHOCT1 CTBOpeHO moHan 10 tucsy 3paskiB 3MP siki BUPIIIYIOTh ITUPOKE
KOJIO 3aBJ/IaHb.

CyuacHi 3pazku 3MP € okpemMuM Ki1acoM pPOOOTOTEXHIYHMX 3acO0IB Ui SKOTO
XapakTepHi BIACHI 3aBJaHHs, TEXHOJIOT1l 3acCTOCYBaHHS, CKJaJ CHUCTEM Ta OCOOIMBOCTI
CTBOpPEHHS. Alle, HE 3BaKal04M Ha Te, 1110 Y JaHOMY HaNpsiMi HAYKOBO-TEXHIYHOT JiSUIBHOCTI BXKE
Ha CHOTOJHINIHIA Yac OTpUMAaHi 3HAYHI PE3yNbTAaTH, BUCIOBIIOBATUCH NP0 TE€, L0 LEH BHUJA
JISUTBHOCTI BKe chOopMyBaB OKpeMY ITPOMUCIIOBY Taly3b, ie 3apaHo. [IpuunHa 1poro nossrae y
TOMY, IO JOCATHYTI HAayKOB1 pe3yJbTaTH HOCSTH PO3PI3HEHHMM XapakTep, TOOTO HaWvacTimie
KOXXEH HAyKOBUU pe3yJbTaT CTOCYEThCA OKpemoro enemMeHTy 3MP, He Topkarouuch IHIIHX
yacTuH cucteMu abo 3MP y nimomy. Sk HacaiAOK IIbOTO — 3HAYHI BUTPATH KOIITIB Ta Yacy Ha
ctBopeHHs: 3MP Ta iX HU3BKY KOHKYPEHTO3JATHICTb MOPIBHAHO [0 TPAAULIAHUX MOPCHKUX
TEXHIYHUX 3aCO0IB Ta TEXHOJOT1 3aCTOCYBaHHS.

Ha mincraBi BuIlle BHKIAJEHOTO MOKJIMBO CGHOPMYIIOBATH HAYKOBY MpoOiieMy, sika
noJisirae 'y ToMy, 1o crBopeHHs 3MP B iHTepecax YkpaiHU 1 30BHIIIHBOTO PHHKY BHUMAarae
MIABUIICHHS X KOHKYPEHTO3AaTHOCTI.

Jliia BupiieHHs 1i€l HAYKOBOT MPOOIeMU MOKIIMBO BUKOPUCTATH ACKUTbKA TPATUIIHHIX
IUISAXIB:

— CKOPOYEHHS TEPMIiHIB IPOEKTYBAHHS;

— miaBUILEeHHS 00csATiB cTBOpeHHs 3MP;

— migBuIIeHHs gKocTi 3MP;

— CKOpOYEHHS BUTpAT Ha cTBOpeHHs 3MP;

— OEHUMAapKIHT.

[TigBumienns oOcsriB ctBopeHHs 3MP MOXIMBO HE PO3TIISAATH SK IUISX JUIS BUPIIICHHS
TOMY, L0 YacTill 3a Bce, y CBITOBOI MpakTuili 3MP cTBOpPIOIOTHCS OAMHUYHUMHU, TOCITITHUMU
3pazKaMH il KOHKPETHI 3aBJaHHsI, BUPIIIEHHS SKUX 3 3aCTOCYBAHHSAM TPAIUIIMHIX TEXHIYHHX
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3ac00iB a00 TEXHOJIOTI HEMOXJHBO. AJle HE 3BaKAIOYM HA 3POCTAaHHS TMOMUT HA JAHWH BH]
TEXHIYHUX 3aCO0IB BCE III€ MTPOTPAE.

[TigBuIIEHHS SIKOCTI TaKOX HE JTOTIOMOE BUPIMICHHIO HAYKOBOI MPOOJIEMU TOMY, IO
cTBOpeHi 3pa3ku 3MP 3anmumiaioTecsi Ha piBHI JOCTITHOTO 3pa3ka 1 BCi BHSIBJICHI HEIOJIKH
KOHCTPYKIii MOXYTh OYTH BpaxoBaHi JIUIIE Y HACTYITHOMY IPOEKTI.

BeHumapkiHr He crpalfoe 3aBAsSKH TOMY, IO JOCBix 3i cTBopeHHs 3MP y Beix, XTO
3aliMaETHCS II€I0 TiSUTBHICTIO, 3HAXOIUTHCS MTPUOIM3HO HA OJJHOMY PiBHI.

Tomy BupimieHHS HayKOBOI MpPOOJIEMH CTBOPEHHS KOHKYpeHTo3AaTHUX 3MP MoxiuBo
JWIIe 3 BUKOPUCTAHHSAM OCTaHHIX JBOX MHUIAXIB: CKOPOYCHHS TEPMIHIB TPOEKTYBAaHHS Ta
CKOpPOYEHHSI BUTPAT Ha CTBOPEHHSL.

Jis  BupimeHHst 1iei HaykoBoi mpoOiemu Oyna chopmynboBaHa TimoTe3a, sKa
nepeadadyae BUKOpPHCTaHHS st cTBopeHHs 3MP cywdacHuX iHGOpMamiiHUX TEXHOJOTIH,
MaTeMaTUYHOTO MOJICIIOBAHHS Ta aBTOMAaTH30BaHOTO BHPOOHMIITBA Ha KOXHOMY 3 €TalliB
MIPOEKTHO-KOHCTPYKTOPCHKUX Ta OYAIBEIbHUX POOIT.

Konmneniiss po3B’si3aHHs cPopMylibOBaHOI HAYKOBOi NPOOJIEMH MOKE MICTUTH JBa
LUISIXH peanizallii, siki 0a3yroThCsl Ha IBOX BIIOMHX Ta alipoOOBaHUX TEXHOJIOTIAX:

— Building Informational Modeling, ckopoueno BIM [1];

— aganToBaHa koHuenist Shipbuilding 4.0, va mincrasi Industry 4.0 [2].

Bukopucranuss BIM Ttexnonorii mepembayae mOBHUW Tiepexid Bif (I3UYHOTO Ta
«riOpUIHOTO» MOJIENIOBAHHS 70 MaTeMaTHYHOTO, OO0’€JHaHHS PO3PI3HEHWX MaTeMaTHIHHX
Mozeneil enemeHtiB 3MP B €IMHY KOMIUIEKCHY MOJENb 3 BHUKOPHCTAHHSAM: BIPTyaJIbHUX
MIPOTOTHITIB, YHCEIHOTO MOJICIIOBAHHS Ta pe3y/lbTaTiB HATYpHUX BUMIPOOYBaHb, KOMILUIEKCHI
06a3u naHux enemeHtiB 3MP 31 BciMa BiJOMMMM XapaKT€pPUCTUKAMM €JIEMEHTIB, MO€IHAHUX
3arajlbHUM TPOTPAaMHHUM 3a0€3MeUeHHSM 3 €JIeMEHTaMH MITYJYHOTO iHTeNeKTy. ToOTO CTBOpUTH
iHpopMaliiiHo-Moaenorounit mporpamuuii komrmieke (IMIIK).

st crBopennst epextuBHOoro IMIIK skuii Bupimrye TpoeKTHI 3aBIaHHS HEOOXiITHO
chopmyiItoBaTH CHUCTEMY KpuTepiiB, 3a momomororo sskux IMIIK Oyme mpuiimMatu pimieHHS 1O
dhopmyBanHIO ckiany 3MP, a roloBHUN KOHCTPYKTOP OIIHIOBATH PE3yIbTaT HOTO POOOTH.

3acTtocyBaHHs cydacHUX 1H(GOPMAIIHTHUX TEXHOJIOTIH i yac npoekTyBaHHs 3MP pobiTh
nporiec OUThI e(HEKTUBHUM Ta CKOPOUYYE Yac MPOEKTHO-KOHCTPYKTOPCHKUX POOIT TMOPIBHSIHO 3
TPAAUIIHHUMHU CIIOCOOaMM MPOeKTyBaHHsA. JocsAraeTbes 1e 3a paxXyHOK TOTO, IO TaKWW Crocio
nepeabayae He poOOTYy 3 JTOKYMEHTAIi€0 B ii KJIACHYHOMY PO3yMIHHI, a 3 KOMIUIEKCaAMU
mporpam, siKi TeHepyIOTh MOJIEb 1 BC1 HEOOX1IH1 111 BUpoOHUIITBAa Ha BepcTarax 3 UIIK daiinm,
a MOTIM caMi HHUMH PO3MOPSIKAIOTHCA. 3aBISKM YOMY Ha MEPIIOMY €Tari MPOEKTYBaHHS €
MOXJIMBICTh OTPUMATH OPIEHTOBHY, HE ONTHMI30BaHYy KOHCTPYKIiI0 MaiOyrHhoro 3MP i
3a0MIa/IMTH Yac Ta IHII1 peCypcH MPOEKTY.

Hpyruit msx nepeadavae mopHy Iudposizamito mpoiecy BupoOHunTea 3MP nuisixom
BIIPOBA/IPKEHHS B BUPOOHUYMH MpolIeC eeMEHTIB pOOOTU30BAHOTO KEpyBaHHS Ta BUPOOHHUIITBA.
BpaxoByroun, mo 3MP wyacTuimr 3a Bce CTBOPIOETHCS OJMHUYHUMH 3pa3KamMH, BUTPATH Ha
MPOLIECH YIPABIIHHS BUPOOHHUIITBOM Ta TE€XHOJOTIYHOI MIATOTOBKH BUPOOHUIITBA CIIBMIpHI 3
BUTpaTaMH Ha caMe BUPOOHULTBO. 3aCTOCYBaHHs Ul BUTOTOBJICHHS €JIEMEHTIB Ta By3i1iB 3MP
aBTOMAaTUYHUX OOpoOIoBanbHUX IeHTpiB Ta BepcraTiB 3 UYIIK ckopouye BuTpatu Ha
BUT'OTOBJIEHHS 3pa3zka 3MP.

BucnoBku: CdopMynboBaHi KOHLENTYyaldbHI IIJISXM BIPOBALKEHHS HU(POBUX
iHQOpMaLIfHMX TEXHOJOrIH SK peaii3auii TimoTe3u JUIsl YCHIIIHOIO PO3B’SI3KY HAyKOBOi
po0OseMH CTBOPEHHs KOHKYpeHTo31aTHuX 3MP.

Cnycox BHKOPHUCTAHOI JIiTepaTypH
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AKTYAJIBHI 3ABJIAHHSI CTBOPEHHS I 3BACTOCYBAHHSI 3ACOFBIB
MOPCBKOI POBOTOTEXHIKHA B IHTEPECAX YKPATHHA

bnainyoe B.C.
0.m.u., npogpecop, Hayionanvruti ynisepcumem xopabnedyoysanus im. aom. Maxaposa

o cywacHux 3aco0iB Mopchkoi poOotoTexHiku (3MP) BigHOCSTBCS Oe3eKimaxHi
HaasoHi cynHa (BHC, B aHTIOMOBHIM JiTeparypi — unmanned surface vessel, USV), aBToHOMHI
HeHaceneHi migBoani anapatu (AHITA, B aHriomoBHii nitepaTypi — autonomous underwater
vehicles, UUV), HenaceneHi camoxifHi1 NpuB’a3H1 Ta OykcupyBaHi nmiaBojH1 anaparu (ITITA, B
aHTJIOMOBHIN JiTeparypl — remotely operated vehicles, ROV Tta towed underwater vehicle,
TUV), a takox 6e3nutoTH1 gitanbH1 anapatu (BIIJIA, B anrinomoBHii nireparypi — unmanned
aerial vehicles, UAV) mopcekoro 6a3yBaHHS Y 3aCTOCYBaHHSI.

I'mo6anpHuit punok 3MP 3a ocTaHHI pOKHM PO3BUBAETHCS JOCUTh aKTUBHO. Tak, CBITOBUM
punok AHITA y 2020 pori npuHic T0Xil BUPOOHUKAM Takoi TeXHikd y po3wmipi $4,1 mupa. [1].
PuUHOK CcTUMYyNIOETBCS 3a paxyHOK 3pOCTalO4YMX MOTped B yCTAaTKyBaHHI Juld 3a0e3Me4eHHS
MOPCBHKOi 0€3MeKH, BIOCKOHAIICHHSI CUCTEM ITIIBOTHOT 1HCTIEKIIIl Ta 30UTbIICHHS] BUTPAT YPSIiB
Ha 3aKYIIBJIIO IPOHIB.

I'onoBuumu BupoOHuKaMu 3MP € HacTymH1 MpoBiAH1 CBITOB1 KOMITaHIi:

- Lockheed Martin, Teledyne Technologies, Oceaneering International, Oceanserver
Technology, Boeing (Bci - CIIIA);

- Kongsberg Gruppen (Hopgerisi);

- Saab AB (I1Isewist);

- Subsea 7 (JIrokcemOypr);

- HlenpssHCHKMIM 1HCTUTYT aBToMaTu3arii (KHP).

Jlo ocHOBHUX HampsMKIB 3acTtocyBaHHS 3MP y mpoBigHUX MOpCBKHX KpaiHaxX CBITY
BITHOCATHCH:

- IPUPOJAOOXOPOHHI 3a/1a4i;

- 3a71a41 MPOMHUCIIOBOTO OYIIBHUIITBA HA MEb(1;

- aBapiHO-pATYBaIbHI POOOTH;

- 3a]1a4i 3 TIOIIIYKY Ta BU0OYBaHHS CUPOBHHHHX Ta MIHEPAIbHUX PECYPCIB;

- 3a1a4i 3 BUBYeHHS CBITOBOTO OKeaHy;

- TIBOJIHA apXeO0JIoTis;

- 000pOHHI 3a/1a4i.

AKTyaJabHICTh PO3pOOKH, CTBOPEHHS 1 BIpoBaukeHHS 3MP B YkpaiHi miaTBEpIKYEThCS
HU3KOI MDKHApOJAHHMX TOKYMEHTIB Ta pimenHsmu [Ipesupenta it Ypsany VYkpainu. Bapto
BIJI3HAYMTH JIesK] 3 HUX, 30KpeMa:

nporoJyomeHHsiM 'y 2017 p. I'enepanbHoto Acambrneero OOH Jlecatumnittss Hayk Tpo
OKeaH B IHTepecax CTikoro po3BuTky (2021-2030 rr.), cipsIMOBaHOTO Ha CTUMYIIIOBaHHS HAyKH
npo CBITOBHI OKeaH 1 HAKOMHMYEHHS 3HAHb 13 METOI0 3YMHHEHHS TEHIEHI[Il 10 MOTipIIeHHS
CTaHy OKEaHCHKOT €KOCHUCTEMHU M CTUMYIIOBAHHS HOBUX MOKIIMBOCTEH s il 30epexeHHs Ta
CTIMKOTO pO3BUTKY [2];

ykazamu IIpe3uaenta YkpaiHu Ta moctaHoBaMH Ypsaay YKpaiHM IIOAO HEOOXITHOCTI
PO3BUTKY pOOOTH30BaHUX MOPCHKUX TEXHOJIOTIH [3];

HasgBHicTIO y ckiagi MOH Vkpainm HaykoBo-nochigHoro cyaHa «Hoocdepay,
MIPU3HAYEHOTO JUIs JoCiKeHHsT CBITOBOTO OKeaHy 1, 30kpema, AHTapKTHH [4];

niaroroskoto B HYK BiTun3HsHMX 1 3apyODKHUX (axiBIiB 3a HanpsMKOM “Sea Robotics”
3T1IHO OJJTHOMY 31 CTpaTeriuHUX HaMpsAMKIB PO3BUTKY BUILOI OCBITH B YKpaiHi [5].

Kpim TOro, tepurtopianbHi Boau YKpaiHW MICTATh 3HAUHY KUIBKICTH apTe]akTiB, Ui
oOcTexXeHHsI Ta MAHOMY SKUX HeoOXimHuM € 3anydenns 3MP [6].
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OueBUIHO, IO PO3BUTOK BITYM3HIHOI MOPCHKOi pOOOTOTEXHIKM Ma€ I'PYHTYBATUCh Ha
MO3UTUBHOMY JIOCBi/li MPOBIAHUX MOPCHKHX KpaiH CBITY 3 ypaxyBaHHSM 3aTpeOyBaHOCTi y
POOOTH30BAaHUX TEXHOJOTISIX YKPAaiHCBKUX MIANPUEMCTB. TOMY DPO3IJITHEMO OCHOBHI TPEHIH
PO3BUTKY MOPCHKOT pOOOTOTEXHIKH, SIKI MAIOTh MICIIe Y KpalH — CBITOBUX JIiIEPiB.

Be3ekina:xxui HaaBoAHI cyaHa. AHali3 CBITOBOrO JIOCBITy CTBOPEHHS W 3aCTOCYBAaHHS
BHC cBigunth, mo m0 mepeBar Takoro Buay 3MP BimHOCATBCS mMiABUINEHHS O€3MEKU
CYIHOIUTABCTBA W 3MEHIICHHS YHCEIIFHOCTI eKimaxy Ha OOpTy, a TaKoX MOKJIHMBICTh
BJIOCKOHAJICHHSI ICHYIOUHX Ta CTBOPEHHS IPUHIIMIIOBO HOBUX CHUCTEM KepyBaHHs cyaamu. [Ipu
[IBOMY €KilTa)kK aBTOMaTH30BAHOTO Cy/IHA OJIEPXKY€E BYACHO 1H(OPMAITIIO ISl TPUHHATTS pillicHb
1 miaTpuMKy 3 00Ky KBaihikoBaHOTO OEPETOBOTO IMEPCOHATY, CYJHOIUIABHA KOMITaHIs OJIepKYeE
MOJKJIMBICTh KOHTPOJIOBAaTH BCE, IO BiAOyBaeTbCs Ha CyIHI, ONTHUMI3yBaTH HOro pyx i
OTEPaTUBHO BIUIMBATH Ha pIlIeHHS, a CYIHOBJIACHUKH, CTpPaxoBi KOMIMaHii, MOpPCBHKi
aZMiHicTpalii — O0e3NpeleeHTHY MPO30PICTh 1 BUCOKY JIOCTOBIPHICTH 1H(OpMAIlll Npo pyx 1
CTaH CyJICH.

OuikyeTnest, mo TexHosorii BHC 103BOSATE BUKIIIOUUTH JIFOJACHKUN (DaKTOp 3 MpOIeCy
KepyBaHHA Pyxy. 3 iHIIOTO OOKy, BIpoBa/pkeHHS Takux BHC-TexHomoriii Moxe MopoauTv
0e3po0iITTs, TOMY 110 YaCTUHY €KIMaxiB CyAeH (a y MepCleKTUBI —eKiNakl y TOBHOMY CKJIaJ1)
3aMiHUTh aBTOMAaTHKa. PeMOHTHHMH MEpCOHAN TpU [bOMY MOBHHEH OYyTH Iy)X€ BHCOKOIi
kBaigikaiii. Amke KpiM MexaHiku, Oyae MOTpIOHO PEMOHTYBATH E€JIEKTPOHIKY, TOMY JUIs
CHIBPOOITHUKIB HEOOXiMHO OyJe MPOBOJWTH HaBUYalIbHI TpeHIHTrH W Kypcu. OIHaK y oMY
aBTOMATH3AIlisl JI03BOJISIE CIIPOCTHUTH KEpyBaHHS CYIHOM Ha OCHOBI TOTOBHX MPOTPAMHHX
pimieHb. TakuM YMHOM, TEOPETHYHO 3'ABUTHCS MOXIJIMBICTb BUKOPHCTOBYBATH €Kimaxk Oe3
BEJIMKOTO JOCBIAY IUIaBaHHS.

Kpim migBumieHHs: piBHS Oe3neKky W BUKIIOUYEHHS JIIOJICBKOTO (akTopy MpU KepyBaHHI,
BIIPOBAJDKEHHS CUCTEMH PaJliOKepyBaHHS BHUTIHO 3aBJSKH 37CUICBICHHIO KOHCTPYKIIii CyJIEH,
30UTBIIIEHHIO MICTKOCTI ¥ CKOPOYEHHIO OIEpaIlifHuX BUTpaT Ha ekimax. [IporHo3yeThes, 110
BIIPOBA/PKEHHSI MAacoOBOIO IJ100aJbHOIO BHUKOPUCTAHHS O€3€KINaKHUX CYAEH MOXKE 3alHATH
KUTbKa JECATHIIITh: CIIOYaTKy KOMIaHii OyayTh BHKOPHUCTOBYBAaTH CYAHA 3 JUCTAHIIMHUM
KEpYBaHHSAM 1 CKOPOYEHOIO YHCEIBHICTIO €Kima)ka, IMOTIM 3'BIATHCS IMOBHICTIO aBTOHOMHI
CyJHa.

Jlo ToJIOBHUX MOTOYHUX 3aBIAaHb MUPOKOTO BIpoBakeHHs BHC y MOpChbKY mpakTuky
BIIHOCATH pO3pOOKY 1 arpoOariro TEXHOJIOT1H aBTOMAaTHYHOTO CYHOBOJIIHHS Ta IUCTAHIIMHOTO
KepyBaHHs cyaHamu. OpHak, aHalli3 nepcrnekTuB npakTuyHoro crBopeHHs BHC B iHTepecax
VkpaiHu mokasye, 110 0 TOJOBHUX 3aBIaHb iX PO3pOOKM CIiI BIAHECTH TaKOX HpoOIeMy
HaJIHHOCTI (YHKIIOHYBAaHHS BHKOHABUMX MEXaHIUYHUX Ta €JIEKTPOMEXAHIYHHMX BY3JIB 1 CHCTEM
BHC.

ToMmy akTyanbHOI NPUKIAJHOK HAyKOBOK MPOOJIEMOIO € po3poOKa M JOCHIIKEHHS
IHTEJEKTYaJIbHUX aJIrOPUTMIB KOHTPOJIO I [JIarHOCTUKM TEXHIYHOTO CTaHy BHUKOHABYMX
MexaHi3miB 1 garuukiB BHC, y mepmy uepry, Ha OCHOBI HEHPOHHHMX MeEpeX 1 aarOpUTMIB
HEYITKOT JIOTIKH.

[Ipaktnune ctBopenHss W 3actocyBaHHs BHC B VYkpaini HeoOximHO BupilryBatu y
HACTYIHUX OCHOBHUX HalpPsSMKaXx:

- BuszHaueHnHs L{Kb-npoektyBansHuka Ta 3aBoay-0yaisensuuka BHC;

- BU3HAUEHHS HAyKOBOi YCTAaHOBM JUIl TEOPETUYHOIO CYIPOBOJY IPOLECIB pO3pOOKH,
OyxiBHUIITBA Ta ekcruryaranii BHC;

- BU3HAUEHHs HABYAJIBHOTO 3aKJaay JUIsl MIArOTOBKM (PaxiBLIiB 3 MNPOEKTYBaHHS M
excrutyaranii BHC.

ABTOHOMHI HeHaceJieHi miaBoaHi amaparu. AHITA mmpoko BUKOPUCTOBYHOTBCS ISt
MIATOTOBKU KapT MOPCHKOT'O JIHA /10 CTBOPEHHs MiJIBOIHOT HAPTOTra30B01 iHPPACTPYKTYpH.

Kareropii punky UUVs 3a 03HaK0I0 3aCTOCYBaHHS — 1€ 000POHHI, KOMEpIIiiiHi, HAyKOBI
nocmipkenHs Ta iHmi. Jlo 2030 poxy HaimBuame 3pocTaHHs Oyae crocrepiraThcs B
KoMepuiiiHii kateropii, ockimbku UUVSs mUPOKO BUKOPUCTOBYIOTHCS UL KapTorpadyBaHHS
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MOPCBKOTO JIHA, TTMOMHHUX OCTIHKEHb, OyJIBHULITBA TPYOOIPOBOIB, MOPCHKOTO OypiHHS,
Ka0eJbHOT MPOKIIAJAKHN Ta 0ararb0X IHIIMX KOMEPIIHHUX MICH.

Oco0nuBy akTyallbHICTh, Yy TOMY 4HCHi 1 ans YKpaiHu, maioTh po3podkm AHITA
TPAaHCIIOPTHOTO THILY, K1 PU3HAYEH1 JJIsl JOCTAaBKM KOPUCHUX BaHTa)KiB HA 3HAYHI BiAcTaHi [7-
9]. MMinBoaHI anmapaTH TaKOrO TUIY NOTPiOHI A peaiizaiii TPUBAIUX MiJBOJHUX MICIH, KOJIU
BOHU OYAyTh MEPEBO3UTH BAXKKI KOPUCHI BaHTaXi, IO Ja€ MOXKJIUBICTh 3MEHIITUTH 3AJICIKHICTh
BiJl PI3HUX THUIIB JIOTICTHYHUX TEXHOJOTIH 1 MOXJIMBOCTEH HAJBOJHUX CYJIEH, OCOOIUBO B
CKJIAJJHUX TiPOMETEOPOJIOTTYHIX YyMOBAX.

[omepenniit anamiz nmpobiemu ctBopeHHs AHIIA TpaHCHOPTHOTO THITy CBiTYWTH, IO
U1l X MOBHOMACIITAOHOTO BUPOOHHMITBA B YKpaiHi HEOOXiTHO pO3B’s3aTH HHU3KY HACTYITHHUX
HAyKOBUX 3aBJIaHb:

- ynockoHaneHHs Teopii mpoekryBanHs AHIIA TpaHcmopTHOrO THUIy Ha OCHOBI
BUKOPHUCTAHHSI OCTAHHIX JOCSTHEHb y rany3sx r'iIpoAMHaMIKU, MaTepiaJo3HaBCTBA, EHEPreTHKHY,
€JIEKTPOMEXAHIKH, EJIEKTPOHIKH, IHPOPMATHKHU Ta IPOEKTHOI'O MEHEIKMEHTY;

- YIIOCKOHaJIEHHA Teopii aBTomaTuuHOro KepyBaHHs AHITA Ha ocHOBI 3aiyueHHs Teopii
IITYYHOTO IHTEJIEKTY Ta METOJIIB TPYIIOBOTO KEPYBAHHS PYXOM;

- YTBOPEHHS ITPOMUCIIOBUX BUPOOHULTB Uis cepiiiHoro OyaiBHunTBa AHIIA;

- OpraHizailis MiATOTOBKM (axiBLIB JUIsl HANPSMKY MPOEKTYBaHHS, OyIIBHULTBA Ta
excruryaTai(ii AHITA tpancnoptHoro tumy.

BirunsHsaHi opranizamii, sSiki BeIyTb CBOIO BHPOOHHWYY ALSUIBHICTH Ha MOpPi, MAarOTh
noTpedy TakoX 1 B TPHUB’S3HUX IMMIBOJHUX amaparax, OCKUIBKH ICHY€ BEJHMKa KUIBKICTh
MIABOJHUX poOIT Ha MUIKOBOJHMX akKBaTOpisiX JepKaBM — TIOLIYK, OOCTEXEeHHS 1
JTOKYMEHTYBaHHS IMiIBOTHUX 00’ €KTIB, BUKOHAHHS 1HCIIEKI[Ii TEXHIYHOTO CTaHy T1APOTEXHIYHUX
CIIOPY/, CYMPOBiI BOJOJIA3HUX POOIT TOmo. [ BUKOHAHHS TaKMX POOIT MOIUIBHO 3alydaTH
mpocTi 3a apxitektyporo ROV 3apyOiKHOTO BHUPOOHMIITBA, SKI 32 CBOIMH I[IHOBUMH
XapaKTEePUCTUKAMU BUTIMHO BiApi3HAOTHCS Bim [IITA BiTYM3HSHOTO BHPOOHHIITBA B CHITY
cepiHOCTI iX OYy/IIBHHIITBA.

Be3nisioTHi gitaabHi amaparu. Ha 1ieii yac Mo)KHa BWJAUTUTH HACTYITHI NMPIOPHUTETHI
HanpsiMku BukopuctanHs BJIA (UAV): cimbCcbKke TOCIOIApCTBO; €KCTPEH1 CayKOu (TI0KEeXHi,
MOJTIIs, MIBHJAKA JIONIOMOTA); €HEepreThka W BUI0OYTOK KOPUCHUX KOIAJIWH; OYIIBHHUIITBO;
reoje3ist (kaprorpadis); TpaHCIOPTYBaHHS ¥ TOCTaBKa; JEp)KaBHI ¥ MYHINUMNAIbHI CIYyXOH;
MIPUPOIOOXOPOHHI CITYKOH; HayKa Ta OCBITa; 3B'I30K; OTO 1 Bic031OMKa; CIIOPT 1 pO3Baru.

[Momo 3actocyBanHs BJIA myis MOPCHKOi MISUIBHOCTI, TO TYT CIiJ BKa3aTH Ha JCSIKe
BiJICTaBaHHS, OCKUIBKM CIlelH(ika MOPCHKOTO CEpeOBHUINA BHMAarae po3poOKH CIeliaIbHUX
BUMIPIOBAJIbHUX MPWIAJIB Ta CHUCTeM JMJisi YCHimHOro 3actocyBaHHs BJIA y mnpaktuuHiii
TISUTBHOCTI MOPCBKHX OpTraHizaiid. PazoMm 3 THM, CIOCTEpIra€ThCs MO3UTHBHUHN 3apyOLKHUIN
nocBin 3actocyBaHHs UAV mis mociipKeHHS MOMYJSAIii MOPCHKUX TBapuH, 3a0pyAHEHHS
CMITTSIM O€peroBoi JIiHiT Ta 3a0pyIHEHHS BOJIHOTO cepenoBuia Hadronpoaykramu [10-12].

s YKpaiHu TakoK akTyaJbHUM € ONIaHYBaHHs CBITOBOTI'O JIOCBiy B 3acTocyBaHHI BJIA
JUIS TOCHIHKEHHS] BOJAHOTO CepeloBUINA (BHYTPILIHIX BOJOWM Ta MOPCHKHX TEPUTOPIAbHUX
BOJ). 30KpeMa, TepcrneKTUBHUM € 3anyueHHs bBJIA  1mns  po3p’s3aHHs  3aBIaHb
MPUPOJOOXOPOHHOTO MOHITOPUHTY BOJHHUX aKBaTOPid, OOCTEKEHHS MPUOEPEKHUX 30H
peKpealifHuX TePUTOPid, a TaKOX JUIS PO3B’SA3KY AEAKHX 3a/lad 0OOPOHHOTO XapakTepy MpH
CTBOPEHHS CUCTEMHU 3aXUCTY JAEPrKaBU 3 MOPCHKOTO HAMPSAMKY.

JlocBin aBTOpiB 'y pO3poOli, CTBOPEHHI Ta 3aCTOCYBaHHI MiJABOJHUX 3ac00iB
pOOOTOTEXHIKM BKazye Ha JOLUIbHICTE (OPMYBaHHS JOJATKOBHUX 3aBJaHb, aKTyaJlbHUX Ha
CHOTOJIH1 /ISl BITYUM3HSAHUX IIporpam cTBopeHHst 3MP Bcix THIIB:

- CTBOpPEHHS pE3UJIEHTHOI pPOOOTOTEXHIKM, TOOTO cTBOpeHHs 3MP, crnpoMoXHHUX
BUKOHYBAaTH TPHUBaJIi 32 YaCOM MOPCHKI ITOIIYKOBI Ta IHCHEKI1HI MiCii;

- po3poOKy BiIMOBOCTIMKMX eleMeHTiB, BY3diB 1 cucrem 3MP, saxi 6 mependauanu
aBTOMATHYHUM Y JUCTAHIIHHO peasi3oBaHUi KOHTPOJIb X Mparne3laTHOCTI,
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- TIATOTOBKY KBaTipiKOBAaHOTO MEpCcOHaNy JUIsi CTBOpPEHHS Ta ekcruryartarii 3MP,
HaBYaHHS SKOTO IPYHTYBAJIOCHh OM Ha MEPEI0OBUX HAYKOBO-METOIUYHUX TEXHOJOTISX.

BucHosok.

[IpuknagHe HayKOBO-TEXHIUHE 3aBIAaHHS CTBOPEHHS 1 3aCTOCYBaHHS 3ac00iB MOPCHKOT
POOOTOTEXHIKM HAIEKUTHh 10 aKTyaJIbHUX 3aBJaHb 3arajlbHOJIEPYKABHOTO 3HAYEHHs, a HOro
YCIIIIHANA PO3B’SA30K MOXKIIMBHHA Y paMKax JIep»KaBHOI MPOrpaMy CTBOPEHHS 3aC00IB MOPCHKOT
pOOOTOTEXHIKM B IHTEpecax BITUM3HSHUX OpraHi3allii, sKi BeAyTh CBOIO BUPOOHUYY MisIbHICTH
Ha MOPCBKHX Ta PIYKOBHX aKBaTOPISX.
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BIIJINB CTAHJAPTU3AIII TA YHI®IKAIILI KOMEPHIHHUX
TEXHIYHUX TOBAPIB HA 3ACAJIM CUCTEMHOI'O IIIXO1Y
Y PAMKAX TIPOEKTYBAHHS TA CTBOPEHHSI
MIIBOJHUX TEXHIYHUX 3ACOFBIB

Knoukoe O. I, ooyenm kaghedpu enekmpuyHoi iHxceHnepii cyOHO8uUX
ma poooOmu308aHUX KOMNIEKCI8
Hayionanvnu ynisepcumem xopabnebyoyeanns imeni aomipana Maxaposea
( M. Muxonais, Yxpaina )

Beryn. ba3syBaHHS CHCTEMHOTO MMAXOAYy Ha MarepialbHOMY, CHEPreTHYHOMY,
iHpopMalifHOMY Ta (YHKIIOHATPHOMY KpPHUTEPISX Yy paMKaxX MPOEKTYBaHHS ITiIBOIHHUX
TEXHIYHUX 3aC00IB 3 BIAMOBIIHUM CHHTE30M PIBHSHb ( HEPIBHOCTEW ) MO KOXKHOMY 3 KpUTEPIiB
HE BUKIHKae CyTrTeBUX TpyaHomliB [1]. Ile 3abe3meduyeTbcs BU3HAYCHOIO 3aJICKHICTIO MK
BXIIHUMHM JAHUMHM, SIKI HaJalOThCS 3aMOBHUKOM Y TEXHIYHOMY 3aBJaHHI, Ta (aKTUYHUMH
TEXHIYHUMHU XapaKTepUCTUKaMH €JIEMEHTIB Ta YMOBaMHU IX eKCIUTyaTalii TEeXHIYHUM
MIEPCOHAJIOM.

AKTyaJIbHiCTh A0CTHiTKeHb. CyTHICTH CHCTEMHOTO TIAXOy TOJSITaE y PO3TISIl
HaBEJICHUX KPHUTEPIiB y KOMILJIEKC], TOMY OIlIHKa pe3yJbTaTIB MO KOXKHOMY KPUTEPII0 OKPEMO
MO’KE€ BUKOPHUCTOBYBATHUCS K 0a30Ba 0e3 BpaxyBaHHS B3a€MHOTO BIUIMBY OJIHOTO 3 KPUTEPIiB Ha
=i, Y 3B’SI3Ky 3 IHM, OJHHM 3 HAIpPsSMKIB JOCTIIKEHb IPH BHUKOPHCTAHHI CHCTEMHOTO
MIAXOAY € BU3HAYCHHSI TOMIYKY MUISXIB OCTATOYHOTO MPUHHATTS PIIEHHS, KOJU BUKOPUCTAHHS
KOMEPIIHHUX TEXHIYHUX TOBApIB y KOHKPETHOMY MPOEKTI MOKEe OyTH BHUIpPABIAHUM TIEPE.
0a30BUM pILIEHHSM, IO Nepeadayae CTBOPEHHS €JIEMEHTY 3 aHAJOTIUHUMHU (YHKIISIMHU 3aBISKU
TTPOMHUCIIOBHM MO>KIIUBOCTSIM ITiJIIIPUEMCTR.

ITocTanoBka 3anayi. 3 orJisiy Ha BHINE HAaBEACHE, MMOCTAE 3ama4a GOpMYBaHHS YITKHX
MO3HIIIN, 0 HaAaAyTh MPOEKTAHTY MOJKJIMBICTh BHU3HAYHUTHCS 3 IMI00POM KOHCTPYKTHBHHX 1
BHKOHABYUX €JIEMEHTIB, OOMpalouu MK CTaHAAPTHHUM 1 YH1PIKOBAaHHMM KOMEPIIIHHUM TEXHIYHUM
TOBAapOM Ta CTBOPECHHUM CIEIiAJIbHO y paMKaxX KOHKPETHOTO TMPOEKTY BUPoOOM, (yHKIII Ta
XapaKTEPUCTUKH SIKOTO TOBHICTIO 33JJOBOJIbHAIOTH 0a30BUM BUMOTaM 3aMOBHUKA.

Pesyabratn nmocaimkenb. IlimBomgHi TexHiuyHI 3aco0u (caMOXigHI MpHB’SA3HI Ta
OyKCHpYBaH1 CHCTEMH, a TaKOXX ITJBOJHI amapaTH y iX CKjiaji) € BUCOKOTEXHOJOTIYHHMH Ta
BUCOKOBApTICHUMH 00’ ekTamu. JIOCATHEHHS B3a€MO3B’S3KY Ta BIAIMOBIIHOCTI MDK TEXHIYHUMH
XapaKTepUCTUKAMH Ta €KCIUTyaTal[liHUMU [apamMeTpamMu 3TiIHO TEXHIYHOTO 3aBIaHHS y paMKax
CUCTEMHOTO MiIX0AY 10 IPOEKTYBAHHS Ta CTBOPEHHS TaKOTO BUIY TEXHIKM Oa)xkaHO 0a3yBaTu Ha
CKJIQJIOBUX, IO MOXYTb OyTH CTBOPEHI CHJIaMM TEXHIYHOTO Ta MaTepialbHOro MapKy
MIANPUEMCTB, 110 3aJy4YeH1 y paMKax KOHKPETHOTO MPOEKTY [2]. Alle eKOHOMIUYHO BUTIIHUM €
BUKOPHUCTAHHS Y MPOEKTI CTaHIAPTHUX BHUPOOIB, 110 OOMEXKEHO YU MIMPOKO BUTOTOBISIOTHCS
MIPOMUCIIOBICTIO 1 € KOMEPIIHHUMHM TEXHIYHMMHU TOBapaMmH, 10 MAaTh BHU3HAYCHI MOJCIbHI
psAIU 3 BIIOMHMH TEXHIYHUMHU XapaKTEPUCTUKAMHU Ta MICTITh Y CBOEMY CKIaji yHiikoBaHi
eleMeHTH. Binxim Bim 0a30BUX 3acaj CHCTEMHOIO INIXOAYy HPH IMPOEKTYBaHHI Ta CTBOPCHHI
MJIBOHUX TEXHIYHUX 3aCO0IB BUMArae BiJl IPOEKTAHTA YITKOTO PO3YMIiHHS BIUIMBY MPUUHSITOTO
TEXHIYHOTO PIlIEHHS 32 PaXyHOK BUKOPUCTAHHS KOMEPIIMHOTO TEXHIYHOTO TOBAapy B MEKax
SIKOTOCh OJIHOTO 3 KPUTEPIiB HA 1HIII KPUTEPii CHICTEMHOTrO MiIX0Iy,

BucnoBku. TakuM YUHOM, TiICYMOBYIOYH, MOXKJIMBO 3aKJIIOUUTH HACTYITHE:

1. [IpoekTyBaHHS Ta CTBOPEHHS MiABOJHUX TEXHIYHMX 3ac00iB, BUXOIIYM 3 0a30BUX
3acaj] CHCTEMHOTO TiIX0/1y, MOX€e MPU3BOJUTH JI0 HECIIIBPO3MIPHO BEIHKUX (DIHAHCOBUX BUTPAT
JUIS JTOCSTHEHHS BIIMOBIAHOCTI MDK TEXHIYHUMHU XapaKTEPUCTUKAMH Ta EKCIUTyaTallliHUMHU
napaMeTpamu 3TiJHO TEXHIYHOTO 3aBJaHHs, 0 POOUTHh HEAOIUILPHUM BUKOHAHHS TMOJANBIINX
I 32 IPOEKTOM, a y ACAKMX BUMAJKaX MOSICHIOE HEMOXKIIUBICTD iX (i3MUHOT pearizallii B3araii.

2. BukopucranHs KOMEpUIHHUX TEXHIYHHX TOBApIB y paMKax CHUCTEMHOTO MiAXOAY IO
MPOEKTYBAHHS Ta CTBOPEHHS IMIIBOJHUX TEXHIYHHUX 3aCO0IB 3HAYHO TOJETIIye 11 MPOIEecH 3a
paxyHOK BXK€ BIIOMHUX IX XapaKTepUCTHUK Ta YMOB €KCIUTyaTallii, ajie¢ BHUMarae KOpPHUTYBaHHS
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TEXHIYHOTO 3aBIAaHHS 32 THM YH IHIIUM KPHUTEPIEM CHUCTEMHOTO HiIXOAY BHACTIIOK MOLIYKY
ONTUMAJILHOTO PIlICHHS 32 SKUMOCH €KCIUTyaTalliiHUM MapamMeTpoM, o GOpPMYeThCS Ha OCHOBI
B3a€MOCYIIEPEWINBUX BUMOT.
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CEKIIA:
ITPOBJIEMH HAJIHHOCTI TA EHEPTO3FEPEKEHHA, EKOJIOTTYHA
BE3IEKA TA PECYPCO3BEPITAIOYI TEXHOJIOTTI
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AHAJIITUYHI CIHHIBBIJHOWEHHA JI1 PO3PAXYHKY CTPYMY
AYT'OBOI'O PO3PALY B ITAPAX METAJIIB B ®I3UYHUX YMOBAX
TEXHOJIOI'TYHOI'O ITPOLHECY EJEKTPOHHO-IPOMEHEBOI'O
OCA/VKEHHA KEPAMIYHUX ITIOKPUTTIB

Menwvnux I.B., Meavnuk B.I., Tyzau C.b., Cypycurxose M.C., Illgeo I.C.
Hayionanvnuit mexuiunui ynisepcumem Ykpainu « Kuiscokuii nonimexniynuii incmumym imeHi
leops Cixopcvkozoy, hakynvmem enekmpoHiKu, Kageopa elekmpoHHUX RPUCMPOI8 ma cucmem

(m. Kuis, Ykpaina)

Beryn. B cydacHoMy BHpOOHMITTBI HAa3eMHHX, BOJHHX Ta HOBlTpﬂHI/]X TPaHCIIOPTHUX 3ac00iB
IIMPOKE BIPOBADKCHHST 3HAXO/IATh TEXHOJIOT1i HAHECEHHS! 3MIITHIOIOYHX, TepMOCI‘II/IKI/IX Ta TEIUI03aXUCHUX
KepaMiyHUX TIOKpHUTTIB [1 — 4]. Taki MOKpHUTTS 3a0€3Meuyt0Th MEXaHIUHY MIIHICTh JIeTalell MalliH 3a
YMOBH HasIBHOCTI TEPTS Ta 3aXHIIAI0Th METATIEB] YACTUHU JIONATOK JIBUT'YHA Ta CTIHOK 00 €My, /I CIATIOIOTh
MaTbHE, BIT HEOKAHOTO nepeHaIpiBaHH;I 3a paxyHOK IIOr0 MOKHA JIOCSTTH OUTHIII BUCOKOT TEMIIEpaTypH B
IATIHPI JBUTYHA, IO, Y 3HauHIN Mipi, ntmuye fioro eHepreTnuHy e(heKTUBHICTb. 30KpeMa, B CyHacHIX
MOJIETISIX IBUT'YHIB Temrieparypa B cepezu/IHl LATIHJIPY, JI€ CIATIOOTh NAJTbHE, MOYKE 6yr1x1 6ibImoro 3a 5000°
C [2, 3]. lllono 3MilHIOIOUHMX OKPUTTIB — IX BUKOPUCTAHHSI JIO3BOJISIE, Y 3HAYHIN Mipi, TIIBUCUTH TEPMIH
0e3BIIMOBHOI POOOTH IS BOKJIMBUX JIETATCH MEXaHI3MIB, sIKI OOEPTAOTHCS 3 BUCOKOO IIBHIKICTIO Ta
MIISITar0Th 3HAYHOMY BIUTHBY TepTs [ 1, 4].

B cydyacHOMy BHpOOHMIITBI JJIs1 HAHECEHHSI KEpaMIYHUX MOKPHUTTIB YaCTO BUKOPHCTOBYIOThH
CyYacH1 €JIEeKTPOHHO-TIPOMEHEB1 TexHouorii [2, 3]. ['oloBHUME TIepeBaraMu BUKOPHCTaHHS TaKHUX
TEXHOJIOTI € BHMCOKAa CTEXIOMETpii Ta YUCTOTa OTPUMYBAaHMX IOKPHUTTIB, a TaKOX BHCOKa
MPOJTyKTUBHICTH TEXHOJIOTIYHOTO MPOIIECY EIEKTPOHHO-TIPOMEHEBOTO BUTIAPOBYBAHHS TYTOTIABKUX
MeTaliB Ta KepaMIuHUX MaTepianiB y BakyyMi. OcOOIMBOCTI €1eKTPOHHO-IIPOMEHEBUX TEXHOJIOTIN
HAHECEHHS 3MIIHIOIOYMX, TEPMOCTIHKUX Ta TEIIO3aXMCHUX KEepaMiuHUX MOKPHUTTIB TMOJISATAIOTH B
TOMY, 1110 TIPOLIEC HAHECEHHS TIOKPUTTS MPOBOIUTHCS B HU3bKOMY BaKyyMi, MOPsAKY oquHuUIlb [1a, B
CepeIOBHUIIC aKTUBHOTO Ta3zy, a uIs 3a0e3NeUYeHHs MPOTIKAaHHS XIMIYHOI peakiii MDK TMmapaMu
MeTaly Ta aKTHUBHUM Ta30M HaJ TUTJIEM, 3 SIKOTO BUIIAPOBYETHCS MeETall, HEOOXIHO 3amatoBaTu
JyTOBUI pO3psiJ 3 METOIO aKTHBAIIll XIMIYHOT peakilii MbK TapaMu METaly Ta 3aJIMITKOBAM Ta3oM [2
— 4]. 3 TexHIYHOI TOYKH 30pY, U peaji3allii TeXHOJIOTTYHOTO TMPOIIECY 3a TaKUX (PI3UYHHUX YMOB,
BapTO BUKOPUCTOBYBATH EJICKTPOHHI TapMaTh Ha OCHOBI BUCOKOBOJIETHOTO TJIIFOYOTO PO3PsIIY, SKi
CTaOUILHO TPALIOIOTh B HU3bKOMY Ta CEPETHHOMY BaKyyMi B CEPEJOBHIII aKTUBHUX Ta3iB. [HIIOO
BIIMIHHOIO PHCOIO0 TaKMX TapMaT € BIIHOCHA IMPOCTOTa KOHCTPYKIIil, MOXJIMBICTb PO3OUpaHHS 3
METOI0 3aMiHM BIIIpPAlbOBaHMX JETalieil Ta BY3JB, a TAaKOX BIIHOCHA JEIIEBU3HA SK CaMoi
rapMary, Tak i BAKOPUCTOBYBAHOT'O TEXHOJIOTIYHOT'O BaKYyMHOT'O 00NaiHaHHs 5, 6].

Haxanp, crpumyrourM (akTopoM II0JI0 BOPOBA/PKEHHSI €JIEKTPOHHO-NPOMEHEBOT TEXHOJIOTT
OTPUMaHHS KEpaMiYHUX TIMOKPUTTIB y BHPOOHHIITBO JBUTYHIB Ta KOINTOBHUX JETANCH st
TPaHCIIOPTHHX 3aCO0IB € BiACYTHICTh BIITOBIIHMX METOJIIB Ta 3aCO0IB MaTEMaTHUYHOTO MOJICITFOBAHHS
TaKUX MPOIIECIB JUIS MONEPEIHBOT0 BUSHAUEHHS 3HAUCHHSI CTPyMY JIyTOBOTO PO3PSTY Ta TEXHOJIOTTYHUX
PEeXUMIB POOOTH €IEKTPOHHO-TIPOMEHEBOT0 YCTaTKYBaHHS. SIKIIIO 3acO0M MOJICITIOBAHHS €IEKTPOHHIX
rapMar BHCOKOBOJIBTHOTO TJIIFOYOTO PO3PSLy JOCUTH MOBHO Ta JOCKOHAJIO Oyiy PO3IIISIHYTI B poOOTax
[7, 8], mpocTUX aHATITUYHUX CIIBBIIHOIIEHb IJIsi BU3HAYEHHS CTPyMy IYTOBOIO PO3pSAy B Iapax
MeTaily B3araii He icHye. ToMy OTpUMaHHS TaKuX CITIBBIIHOIIEHD Ta aHAJI3 PE3Y/IbTATIB MOJCTIOBAHHS
€ METOI0 IAaHOT pOOOTH.

IlocranoBka 3aBmnaHHs MojemoBaHHA. Haouna umrocTpariisi O10OKY €JIeKTPOHHO-IIPOMEHEBOTO
TEXHOJIOTTYHOTO YCTaTKyBaHHS, MPU3HAYEHOTO JUISl PEaKTUBHOTO OCAKEHHS KEPaMIYHOTO MOKPUTTS
HaesieHa Ha puc. 1 [5]. Ha puc. 2 mokasaHa KOHCTPYKTHBHA CXEMa MPHCTPOIO UL OCA/DKCHHS
KEpaMIYHOTO TIOKPUTTS, HaBeEHI BIIMOBIIHI FGOMC’I’pI/I‘lHl PO3MIpH K MapameTpu 1bOro MPHCTPOIO, 2
TAKOXK MOKa3aHUH CIIOCIO MTKITFOYEHHS 1IbOTO TEXHOJIOITYHOTO MPUCTPOIO JI0 ENEKTPUYHOT Mepexi. Sk
BUJTHO 3 pHC.2, TOJOBHHUMHM KOHCTPYKTMBHMMH IapaMeTpaMH TEXHOJIOTTYHOTO TIPUCTPOIO, SIKUIA
PO3IIIIAETHCS, € HACTYIIHI

1. Pagiyc mepeTuHy KilbLIEBOTO €NEKTPOAY 7.
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Pucynok 1 — HaouHna utrocTpariisi TEXHOJIOTTYHOTO YCTaTKyBaHHS JIJIsl P€aKTUBHOTO €JIEKTPOHHO-

IIPOMEHEBOT0 HAHECEHHSI KEpaMIYHUX MOKPUTTIB. 1 — TUreNb, 3 IKOTO BUMAPOBYETHCSI METAN, 2 —

KUIBLIEBUH €JEKTPOJI, 3 — eJIEKTPOHHUI MYyYOK, 4 — mapa MeTally, 5 — miaKJIaaKa s OCaPKeHHS
KEpaMI4HOTO MOKPUTTS

~ ; y

r

\ ................. AN
&\m\m‘\&

Pucynok 2 — KoHCTpyKTHBHA cXeMa MPUCTPOIO IS MIATPUMAHHS JyrOBOTO PO3PSY B Iapax
MeTaJTy Ta CIOCIO MAKITFOYSHHS I[HOTO MPUCTPOIO JI0 SICKTPUIHOT Mepeki. | — KiIbIIeBUMA
€IIEKTPOJI, 2 — TUTEIIb, 3 — JDKEPEJIO KUBJICHHS, 4 — CJIEKTPOHHA CUCTEMa KOHTPOJIIO CTPYMY
JYTOBOTO PO3PSIY

2. BHyTpimHii paaiyc KUIBIIEBOTO €IEKTPOIY R,.

3. BiacTanb MK THTJIEM Ta KUTBIIEBUM EJIEKTPOJIOM d.

BaxnuBuM  eNEeKTpUYHUM  TApaMeTPOM  MaTeMaTU4YHOi MOJENi  TEXHOJIOTTYHOTO
MIPUCTPOIO, SIKA PO3TIISAAETHCS, € TAKOXK HAMpyra ropiHHA TyroBoro pospsany U,. Lleit mapamerp,
3TiJHO 3 BCTAHOBICHUMH (PI3BMYHMMHU MPHUIYIICHHIMH Ta BIIOMUMHU EKCIIEPUMEHTAILHUMU
JaHUMH 100 AOCTIKEHHS] TEXHOJOTTYHOTO MPOLIECY PEAKTUBHOTO €JIEKTPOHHO-TIPOMEHEBOTO
BUIIAPOBYBAHHS METaJiB, MOXKE MpHIIMaTH 3HaUeHHs B Aiana3oni Bix 20 B o 100 B [2 —4].

MatemaTuyHy MOJENb TaKOi EJNEeKTPOAHOI CHUCTeMH s (I3UYHUX YMOB TOPIHHA
HECaMOCTIHHOTO JIyrOBOTO PO3PSAy MOKHA MOOYAyBaTH HA OCHOBI HACTYNHUX MPUIYLIEHb Ta
TEOPETUYHHUX TI0J0XKEHb, SKI OylM 3ampONOHOBAaHI Yy BiCIMIECATHX pOkax XX CTONITTA
MPOBIAHUMHU BYEHUMHU B raiy3i (pi3UKU ra30BOro po3psiay Ta po3psaaHoi miazmu CmipHoBuM B.b.
ta Paitzepom IO.I1. [9 — 12].

1. Po3nonin eneKTpudHOro Mojis MDK KUIBLEBMM €JIEKTPOZOM Ta MOBEPXHEI0 METaly, KU
BUIIAPOBYETHCS, BUSHAYAETHCS Yepe3 aHAIITUUHE PO3B’si3yBaHHs pIBHAHHSA [lyacoHa B IMIIIHAPUYHUX
KoopaMHaTax. BinmoBinHa cuctema KoopauHaT (7, z) MoKa3aHa Ha puc. 2.

2. BenuumHa MpPOCTOPOBOTO 3apsily BU3HAYAETHCS PIBHSAHHAM HENEPEpBHOCTI Ui CTPYMIB
€IIEKTPOHIB Ta IOHIB.
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3. Eneprist aToMiB MeTaITy HaJl TOBEPXHEIO TUIJISI BU3HAYAETHCS 32 3aKOHOM bobivana sk k7,
ne k — crana bonsrmana, 7, — TeMIiepaTypa BUIIapOBYBaHHSI.

4. Tlapy Meramy Haj THIVIEM € HACHMYEHHUMH. BIIMOBITHO 70 IHOTO (PIBUYHOTO MPHITYICHHS
BU3HAYAETHCS KOHIICHTPALIIS aTOMIB METAITY ;.

5. PiBeHb ioHi3arlii mapiB MeTay BU3HAYa€ThCs KOoeilieHTOM i0Hi3aLii 3.

6. KoHneHTpartis aToMiB 3aJIMIIIKOBOTO Ta3y BU3HAYAETHCS TUCKOM Y TEXHOJIOT TUHIN KaMepi pg.

7. PiBeHs i0HI3alii 3a/IMIIIKOBOTO a3y BU3HAYAETHCS KOe(ilieHTOM ioH3awii Pg.

8. Bemmumnu B, Ta By 1A MareMaTH4yHOI MOJENI, fKa PO3IIIAAAETHCS, BBAXKAIOTHCS
MOCTIMHUMH Ta HE 3aJICKATh BiJl HAIPYTW TOPIHHS JYTOBOTO po3psay Ul.

9. BigmoBigHo 10 Gi3u4HOT MOAEI OAHO3APSIIHUX 10HIB, KUTBKICTh 10HIB Ta €JIEKTPOHIB B
00’eMi, Jie MPOTIKAE TyroBUH pO3PsiI, BBAKAETHCS OJHAKOBOIO.

@®opmyBanHs 0a30BOi cucTeMu anreOpo-mudepeHIiaTbHiuX —PiBHSAHB. 3rimgHO 31
chopMyIbOBaHUMU NpHUIylieHHsIMU | — 9, 0a30By cucteMy ainredpo-audepeHialbHUX PIBHIHb,
Mpu3HavYeHy A (GOpMYBaHHS AaHAIITUYHUX CIHIBBIIHOIIEHb, CIPIMOBAHMX Ha pPO3B’A3yBaHHS
MOCTaBJICHOTO 3aBJIaHHSI MaTEMAaTHYHOTO MOJETIOBAHHS, MOYKHA 3aIIMCATH HACTYITHUM YHHOM.

1. dudepenuianbue piBHsAHHSA [lyacoHa A BUSHAYEHHS PO3MOJALLY €IE€KTPUYHOIO MOJIS
B PO3psLIHOMY IPOMDKKY [13]:

d’e(r)
ar’

=p, (D

ne ¢(r) — eNneKTpUYHUN NOTEHLIaN, p — TYCTHHA POCTOPOBOTO 3apsiiy.

2. PiBusHHs MenneneeBa — Kinanelipona Juis BU3HAUY€HHS TUCKY HAacH4eHOI mapu y
TEXHOJIOTIYHOMY MPHUCTPOI Ul PEaKTUBHOTO OCAKEHHS KEepaMiuHUX IJIIBOK, KOHCTPYKTHBHA
cXeMa sIKOTO HaBezeHa Ha puc. 2 [14]:

p,=LuRT,, )
u,
e ps — TUCK Hacu4yeHoi mapu, p, — TyCTHHA MapH, |, — MOJIEKyJspHa Maca mapu, R —
yHIBepcajbHa ra3oBa crana [14].

3. PiBHAHHS HENMEPEPBHOCTI CTPYMY IYTOBOTO PO3PsIY, SAKE, BIAMOBITHO 0 TPAaHUIHHUX

YMOB JJISl €JIEKTPOIHOT CUCTEMU, KOHCTPYKTHBHA CXeMa SIKOi HaBeJCHO Ha pUC. 2, 3alUCY€EThCS Y

HactynmHomy Burisai [10, 12]:
/2kTe , ’2e(p , 2KkT, ’2e(p Ze(p ) 3)

7€ j4 — TYCTHHA CTPyMY AyrOBOTO PO3psLy, M, — Maca I0HiB MeTally, /m;, — Maca 10HiB rasy, Him—
KOHLIEHTpallisl 10HIB MeTally, 7, — KOHLIEHTpalisd 10HIB raszy, 7o — Temieparypa 30BHILIHbOIO
CEPEIOBHINA Y TEXHOJIOTIUHIN KaMepl, /7, — KOHIICHTPAIlis eJIEKTPOHIB, 71, — Maca eJIeKTpOHa.
AHaTITHYHAN PO3B’A30K cHCcTeMH PiBHSHB (1 — 3) Oy/ie HaBeIeHO Y HACTYITHOMY TIPO3/IiTi.
AHaIIITUYHI CMIBBIIHOIIEHHS UIsl BU3HAYEHHS PO3MOALUTY MOTEHIiany. BpaxoByroun piBHSIHHS
(2), moxkHa mepenucat audepeniianbHe piBHAHHS (1) 118 BU3HAYEHHS PO3MOLTY MOTEHLIATY MK
TIOBEPXHEIO THIJIS Ta KUTHIIEBUM €JICKTPOJIOM HACTYITHHM YHHOM:

pz(r):K !

o(r)

Koedittient K y criiBBiiHOIIEHH] (4) BU3HAYAETHCS SIK:

f 5. (7N, R+Bﬁ 5)

(4)

ne N — crana ABorazapo [14].

Toni, BpaxoBylOYH OTpHMaHi CHiBBiAHOIICHHS (4, 5) AN BEIHMYUHU MPOCTOPOBOTO
3apsany ps, audepenmianbae piBHsHHA [lyacona (1) anms rpaHUYHMX yYMOB, IIO BiANOBIAAIOTH
€JIIEKTPOIHIA CHUCTEM1 TEXHOJIOTTYHOTO MPUCTPOI0, KOHCTPYKTUBHA CXE€Ma SIKOTO HaBEJCHO Ha
puC. 2, MOKHA CIPOIIEHO TMepenucaTH Yy BUIIISLII KyOIYHOTO PIBHSHHSA, SIKE PO3B’S3YEThCA
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aHAJITUYHO 3 BHUKOpHUCTaHHAM Bimomoi ¢opmymu Kopmano [15]. BiamoBimni aHamiTHuUHI
3aJIeKHOCTI 3aMUCYIOThCS HACTYITHUM YHHOM:

3 2 1.5 2
3 24K (3Ud (Ry V)\/Ud +27 24K3(§U},’5—(R,—r) (Udj+27
p=- >4 == 3 > D= _

16K* 32K’ 64K° 4096K°”

1
u=3\/—%+\/5; v:i/—%—\/ﬁ; y=u+tv; t=y+ﬁ;(p(r)=\/;.

AHQNMITHYHI CIIBBIIHONICHHS JUIS BH3HAYEHHS CTPyMY JyrOBOTO po3psay. Y pasi
BioMo1 (yHKIiT po3monaiury moTeHmiany @(r), sKa BHU3HAYAETHCS CHUCTEMOIO anreOpaiyHuX
piBHSHB (6), cmiBBigHOMmIEHHs (3) A7 BU3HAYEHHS TYCTHHU CTPYMY JYTOBOTO pPO3pSAY Y
TUTOIIHHI CUMETPii KITBIIEBOTO €NEKTPOAY MEPENUCYEThCS HACTYITHUM YHHOM:

r)=SJo(r)+S,, 5, = @[ / \/7+C\/7JS - 2kTe‘ 2kT,

eB P
_ g . +
C k Tw R.c - o GGG (7)

Toni ctpym yroBoro po3psiiy /; BU3HAUa€ThCsl Uepe3 IHTErpyBaHHs OTPUMaHO1 (PyHKIIT j4(7),
3aJ1aHO1 CIBBIAHOIIEHHM (7), 32 KOOPIUHATOIO 7

1,=2m| S, (?Wrdr}+s27&2 . (8)

PiBusiHHS (8) HE Mae aHAJTITUYHOTO PO3B’S3Ky. BinmoBimHe dncenbHE CHIBBITHOIICHHS
JUTSI pO3B’sI3yBAaHHS IIHOTO PIBHSHHS MOYKHA 3aITMCaTH HACTYITHUM YHHOM:

N ; 2 2
I,=2x| 5| q{”:;j(%j +S2% , )

i=0
ne N — 3arajibHa KUTbKICTh JUCKPETHUX TOYOK, oOpaHuX B mianasodi [0, R,], i — HOMEp TOYKH HA
BIJIMTOBIIHIN iTEpaItii.

Pe3ynbraTit MOJIEITFOBAHHS €IIEKTPOIHOT CHCTEMH TEXHOJIOTTIHOTO MPUCTPOIO, KOHCTPYKTHBHA
cXema sSIKOTO HaBeJIeHa Ha PUC. 2, OTPUMaHi 3 BAKOPUCTAHHSIM aHAIITUYHUX CHIBBIIHOIIECHS (4 — 7, 9),
OyIyTh PO3IJISIHYTI Y HACTYITHOMY MiAPO3/ILIL.

Pe3ynmbraTi MOIEIOBaHHS €IEKTPOIHOT CHCTEMH TEXHOJIOTTYHOTO MPHUCTPOIO Ta X aHAII3.
PesynmbraTt po3paxyHKIiB BOJIBT-aMIIEPHUX XapaKTEPUCTUK JYTOBOTO PO3psAy y Tapax MeTalny
npencraBieHi Ha puc. 3. Bei pesysibraty Oyiy OTpuMaHi s BUIIAPOBYBAHHS TUTAHY Y CEPEIOBHIII
a30Ty. BimmoBimHi 3HAYEHHS TEPMOAMHAMIYHUX Ta EJICKTPUUHHMX KOC(IiEHTIB, SK BHYTPIIIHIX
napamMeTpiB MaTeMaTHYHOT MOJIeNI, HaBeeH1 y Tadmui 1 [12, 16, 17].

Tabmuusi1 EnextpuyHi Ta TepMOAMHAMIYHI BHYTPILITHI TapaMeTPU MaTeMaTHIHOT MOJIEI JIS
TEXHOJIOTTYHOTO MPOIIECY BUMIAPOBYBAHHS TUTAHY B CEPEIOBHIII a30Ty 3 METOI OTPHUMAaHHS
3MILHIOIYHUX KePaMIuHUX MOKPUTTIB HITpUIYy TUTany [12, 16, 17]

Ne [Tapametp Bennunna
1. | PiBens ioHi3anii napiB merany, B, 0,8

2. | PiBenb ioHI3aIi1 3QIMIIIKOBOTO Ta3y, P 0,75

3. | Temnepatypa y po3psaniii kamepi, Ty, 'C 20

4. | TemnepaTypa BunapoByBanHs, T.,, C 3600

I3 rpa(pquI/IX 3aJe)KHOCTEH, AKI HaBeJeHl Ha puc. 3, 3p0O3yMiJIo, IO pO3paxoBaHi 3
BHKOPHCTaHHAM criBBiHOIIEHB (4 — 7, 9) BONbT-aMIIEpHI XapaKTEPUCTUKH JyTOBOTO po3psiy
MOBHICTIO Bi/IMOBIIAIOTh TEOPETUYHHUM YSIBIICHHAM TPO XapakTep TaKkux 3aJI©KHOCTEH, BITOMUX
3 OCHOB (PI3UKM HECAaMOCTIHHOIO Ta30BOro po3psay Ta po3psaHoi miuazmu [9 — 12]. 3aranom

3anexHocTi 1;(Uy) € HapoCTarounMu, ajie 3Ha4YeHHsI MOX1IHOT 3MEHIIY€ETHCS 31 30UTbIICHHAM

d
Hampyrd ropiHHs po3psany Uz 3 TeopeTHuHOi TOYKH 30py L€ MOXKHA IMOSICHUTH e(eKTOM
HAaCHUYEHHS CTPYMY pO3PALY, KM 0OMEXYEThCS MPOCTOPOBUM 3aps0M 10HIB OIS KUIbLIEBOTO
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. . . . .odl . .
esnekrpoay [9 — 12]. Orpumani po3paxyHKOB1 3aJI€KHOCTI OXITHOT y Ud BiJ Halpyru ropiHHs
d

TYTOBOTO PO3PSILy Ul PO3TISHYTHX (DI3MYHMX YMOB Ta MapaMmeTpiB TEXHOJOTTYHOT'O MPOLECY
HAHECCHHS KepaMiYHMUX MOKPHUTTIB HaBeleHi Ha puc. 4. Ciig BII3HAYUTH, MO JUIS MaTHX

1,

3HAa4YeHb HANPYTH TOPIHHA PO3pPsLy 3HAUYEHHS MOXIAHOT BOJIBT-aMIIEPHOT XapaKTEPUCTUKU
d

Maibke He 3aJeKUTh BiJI TUCKY 3aJMIIKOBOTO ra3y y po3psaHiii kamepi. Kpim 1poro, sik BUAHO 3
rpadiuHUX 3AIEKHOCTEH, HaBeJACHUX Ha pHc. 4, epekT HacMUeHHS € OUTbII BIUTMBOBUM IS
BEJIMKHX 3HAUYEHb THCKY, HDK JUIS MaJIUX.

a) 0)

Pucynoxk 3 — BosbT-aMriepHi XapakKTepUCTUKH AYTOBOTO PO3PSTY ISl €JEKTPOTHOT CUCTEMU
TEXHOJIOTIYHOTO MPHUCTPOI0, KOHCTPYKTHUBHA CXeMa SIKOro HaBeJeHa Ha puc. 2. Po3paxyHku
MPOBEICHI 3a CIIBBIAHOMICHHAMH (4 — 7, 9) 17151 3HAYEHB 3aJIMITKOBOTO TUCKY Y
TEXHOJIOIT4HIi Kamepi p, BiA 2 [1a no 9 Ila ta quis pi3sHUX 3Ha4eHb BHYTPILIHBOIO PaAlyCy
KibIeBoro enekrpony R,. a) R, =0,3m;6) R, =0,4 ™

a) 0)

. . . . .. dl, .
PI/ICYHOK 4 — POSanOBaHl 3aJIC)KHOCTI ITOX1IHO1 BOJIbT-aMIICPHO1 XapaAKTCPUCTHUKHU AYT'U dUd B1
d

3HauYeHb HANPYTU FOPIHHSA AYTOBOTO PO3PSITY, TUCKY Y TEXHOJIOTIUHIN KaMepi Ta BHYTPIIIHBOTO
paziycy KUTbLIEBOTO €JIEKTPOAY Al JOCTIPKEHUX PeXXUMIB pOOOTH TEXHOJIOTTYHOTO MPUCTPOIO,
KOHCTPYKTHMBHA CX€Ma SIKOT0 HaBezieHa Ha puc. 2. a) R, = 0,3 M; 0) R, = 0,4 m

3 MareMaTW4yHOl TOYKH 30py €(eKT 3MEHIIEHHS IIBHJKOCTI 3pPOCTaHHsS CTpyMy I3
30UTBIIEHHSAM HANpPyryd MOXHA MOSCHUTH TUM, IO Y CTENEeHeBi QyHKIIT /, = j, (Ujj ) , sIKa 3aJjaHa

132 25-27 mpasHsa 2022 poky



Cy4acHi iHpopmayitini ma iHHosayiliHl mexHosoz2ii Ha mpancnopmi (MINTT -2022)

CHIBBIIHOIICHHAMH (6), HaMOUIBIIMI MMOKAa3HUK CTEMeHl o Mae 3HadeHHs o = 0,25, To0OTO, €
MEHIIUM 3a 1.
Takox cinif BiI3HAYMTH, IO 3a3BHYAil HA MPAKTHLI €(PEKT HACHUYCHHS CTPYMY pO3psay

. - . . dl .
IPOSABJIAETECA B OLIBIIIN CTENeH] Ta IIoX1aHa dUd , 3@ YMOBH BCJIMKNX 3HAYCHb HAIIPYTHU T'OPIHHA
d

po3psny U,;, mae Menmie 3HaueHHs [2 — 4]. lle nacammepen oOyMOBIICHO 3aJICKHICTIO
koediieHTiB ioH3amii razy P, Ta Py Bix Hampyrum ropiHHs pospsay [10, 12]. Tobro,
npurynieHsas 1 — 9, 3a skumu Oyna moOyaoBaHa PO3IIIIHYTA B i poOOTI MaTeMaTH4HA MO/IENb,
BHUKOHYIOTHCSI HE TIOBHICTIO. Y IOCKOHAJICHHS 3alpOIIOHOBAHOI MaTeMaTHYHOI MOJEIi 3 METOI0
ypaxyBaHHs 3anexHocTer f3,,(Uy) 1a Bg(Uy), @ TakoXK MOPIBHAHHS PE3YNIBTATIB MOIETIOBAHHS 3
BIIOMUMH EKCIICPUMECHTAILHUMH JaHUMH [2 — 4], € mpeaMeToM NOJANBIINX TEOPSTHYHUX
JOCIIKEHb.

[lono 3amexHOCTI CTPyMy AYTOBOTO pO3psLy BiJ BHYTPIIIHBOTO pajilycy KUIBLIEBOTO
€JIeKTpOAy, TYT, 3TAHO 13 chiBBIgHOWIEHHSAM (9), Mae Micue KBaapathyHa (yHKUIA I, (Rf).

TobTo0, y pa3i HEOOXITHOCTI OTPUMAaHHS OUIBIIOTO 3HAYEHHSI CTPYMY JYTOBOTO PO3PsAy, BapTO
30UTbIIYBATH BHYTPIIIHINA pajilyC KUIbLIEBOTO €IEKTPOY R,.

Tako BaXJIMBUM BHCHOBKOM 3 OTPHMaHHX pPE3yJbTaTiB MOJEIIOBAHHS € Te, IO, 3a
YMOBH HACHYEHOI MapH, Ul 3aJaHOTO 3HAYEHHS THCKY TMOTYXHICTh €JIEKTPOHHOTO IyYKa He
BIUIMBAa€ HAa KOHIEHTpALil0 aToMiB MeTally. BoHa BH3Hauae muiie TemmepaTypy HOBEpXHI
PIAMHHOTO METAaly.

Crnin Bi3HAYUTH, IO B €JIEKTPOHHO-TIPOMEHEBHUX TEXHOJIOTIIX HAHECEHHS KepamMidHUX
MOKPUTTIB 3 BUKOPUCTAHHSM IYTOBOTO PO3PsAYy B Mapax METAlliB Ta aKTHBHHUX Ta3ax SKiCTh
OTPUMaAHUX MOKPHUTTIB Ta CTEXIOMETPIsl IXHBOIO CKJIaay Oe3NnocepeqHbO 3aJIeKUTh Bil HAPYTrH
TOpIHHS PO3pALYy, TUCKY B TEXHOJIOTIYHIA Kamepi Ta BiJ cTpymy pospsany [2 — 4]. Tomy
OTpUMaHi pe3yNbTaTh MOJICIIOBAHHS Ta BOJBT-AaMIIEPHI XapaKTEPUCTHUKU JYTOBOTO PO3PSAY,
HaBeJIeH1 Ha pHUC. 3, MalOTh BKpail Ba)KJIMBE MPAaKTUUYHE 3HAUYECHHA. 3a OTPUMaHUMHU rpapiuHUMU
3aNIe)KHOCTSAMU MPOEKTYBAJIbHUKH HAIMWIIOBAILHOIO €JIEKTPOHHO-IIPOMEHEBOTO 0O0JIaHaHHS
MOXYTh OI[IHUTH 3HAYEHHS HANpPyrd TOPIHHS PO3PSANY Ta TUCKY B TEXHOJIOTIYHIA Kamepi, sKi
JO3BOJISIIOTh OTPUMATH, 32 YMOBH BIJOMOTO CTPyMy, HEOOXITHY KOHIICHTpAIllI0O Ta CTEMiHb
aKTHUBAIlli SK JUIS TapiB METaly, TaK 1 JJIs 3aJIUIIKOBOTO razy. OCKUIBKH THCK Y PO3PSIHIN
KaMmepi € BAKIMBHM MMapaMEeTPOM TEXHOJOTTYHOTO TPOIIECY, Bi IKOTO, B 3HAYHINA MIpi, 3aJIEKHUTh
SKICTh OTPUMYBAHOTO KEPaMIYHOTO MOKPUTTS, a HAIPpyra TOPIHHA pO3psALy CYTTEBO BILUIMBAE Ha
CTYITIHB 10HI3aIli]l Ta3y, HAUKpAIIUM IUISIXOM IS 3a0e3MeueHHsT HEOOXiTHOT BEIMYUHHA CTPYMY
pO3psLy € MPaBUILHUN BUOIP BHYTPIITHBOTO PajilyCy KUIBIIEBOTO EIEKTPOIY.

BucHoBku. 3anpornoHoBaHa B poOOTI MaTeMaTuyHa MOJIEib AYTOBOTO pO3psily B mapax
MeTaly, SIKAW 3alajloeThCcsl 3 METOI OCAHKEHHS BHCOKOSAKICHUX KEpaMiuHUX IMOKPUTTIB, a
TaKOX OTpUMaHi rpadiyHi 3a1€KHOCTI /U1 BOJbT-aMIIEPHOT XapaKTEPUCTHKU PO3PAIY, € BKpa
BOKJIMBUMH HAayKOBHUMH pe3yibTaTaMH 3 MPAKTUYHOI TOYKU 30py. OTpuMaHi pe3ynbTaTu
MOJIENIOBAHHS JI03BOJISIIOTH 1H)KEHEPaM-TEXHOJIOraM Ta KOHCTPYKTOpaM Ha MOYaTKOBOMY eTarll
MIPOEKTYBaHHS €JIEKTPOHHO-TIPOMEHEBOIO HAMMIIOBAIILHOTO OO0JIaJHAHHS MONEPETHBO OI[IHUTU
CTpyM IIyrOBOTO pO3psiAy, SKHil 3a0e3nmeuuTh OTPUMAaHHS SKICHUX KepaMiyHUX MOKPHUTTIB 3
BHCOKOIO cTexioMeTpi€ero. 3arajoM Takuid MiAXil HO3BOJUTH MPHUCKOPUTH MPOEKTYBAHHS
CYy4aCHOTO €JIEKTPOHHO-IIPOMEHEBOT0 0O IHAHHS ISl HAHECEHHSI 3MILHIOIOUNX, TEPMOCTIMKUX
Ta TEMJIO3aXUCHUX TMOKPUTTIB, a TaKOXk Oy[ae CHPUATH BIPOBAHKEHHIO IHX MEPCHEKTUBHUX
TEXHOJIOT1 Y BAPOOHUIITBO TPAHCHOPTHUX 3aCO0IB.
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BENEFITS OF USING LIQUID NATURAL GASES (LNG) ON VESSELS
DURING SEA VOYAGES

1. Surinov, V. Shemonayev
National University “Odessa Maritime Academy” (Ukraine)

Introduction. Nowadays, all shipping companies over the world are committed to
protect environmental pollution. As the concerns about air pollution have steadily increased, the
perception that ships are the source of pollutants and toxic emissions is also expanding. Thus, the
International Maritime Organization (IMO) is tightening maritime regulations to reduce air
pollution from ships. Currently, the government and related industries are trying to replace heavy
fuel oil with liquefied natural gas (LNG) to counter future IMO regulations. Since the use of
LNG is expected to increase costs, it is necessary to estimate the social benefits to determine the
legitimacy of the replacement [1].

In turn, the International Maritime Organization has drawn up several documents
accompanying the promotion of environmentally friendly transport. For this reason, each
company is developing new technologies to reduce emissions of pollutants into the environment
and plans for training courses for seafarers.

The package of measures of new Chapter 4 of MARPOL Annex VI entitled “Regulation
on energy efficiency for ships” for operational reduction measures and new vessels is composed
of two main measures [2]:

1. The Energy Efficiency Design Index (EEDI).

It requires to comply new vessels with minimum mandatory energy performance levels,
which are increasing through different phases over time.

2. The Ship Energy Efficiency Plan (SEEMP).

It establishes a mechanism for shipowners which provides improving the energy
efficiency of new existing vessels using operational measures such as trim, weather routing,
draught optimization, speed optimization, etc.

Furthermore, IMO persists committed to reducing GHG emissions from international
shipping and, the most urgency, aims to phase them out as soon as possible in this century [3].

Relevance of the article. One of the alternatives is the natural or Liquified Natural Gas
(LNG). Its main component is methane (CH4), the hydrocarbon fuel with the lowest carbon
content and therefore with the highest potential to reduce CO2 emissions (maximum reduction:
roughly 26 per cent compared to HFO). The production process of LNG ensures that it is
practically Sulphur-free. Therefore, using LNG as fuel does not produce any SOX emissions.

New opportunities for vessels which are using LNG technology:

1. Optimization of ME operation as LNG if more efficient as HFO.

2. Optimize the power management system to operate the auxiliary engines on an optimal
load.

3. Opportunity to use useful LNG storage.

4. Using of Boil-Off Gas for Dual fuel boiler, utilization as fuel in Engine equipment.

5. New Bunkering procedure for the container vessels.

6. New Safety procedures and Risk Assessment.

7. SIMOPS procedures coordinated between ship-shore side.

Qualified Crew is essential importance for the new technologies on ships. Due to this
shipping requires a good education of the young generation and training of the existing crew to
fulfil market requirements due to the change of technology in the next decade.

As engines and auxiliary machinery became more complicated and powerful, so the need
for more specialized or advanced engineering skills increased. Engineers gradually became more
involved in matters directly related to the purpose of the voyage [4-6].

Aim of the article. The main purpose of this study is to show the benefits of using LNG
power system onboard and implement new strategy to producing these systems.
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Results and Discussion. With the IMO ‘s tightening of SOx (sulfur oxides) regulations
introduced in January 2020, most ocean-going vessels now use low-sulfur heavy oil. However,
the use of low sulfur heavy oil does not change CO2 emissions, the fuel is inadequate in
achieving the IMO goal of reducing CO2 emissions by more than 40% in 2030 compared to
2008.

For this reason, the introduction of LNG-fueled vessels which do not use heavy oil is
drawing attention in the long term. LNG is said to have a low environmental impact because it
removes sulfur in the pre-liquefaction process, so it emits almost no Sulfur Oxides (SOx) or
Particulate Matter (PM) when burned and emits less NOx (nitrogen oxides) and CO2 than other
fossil fuels. It is also relatively safe because its specific gravity is lighter than that of air and it is
easy to diffuse, so there is less risk of explosion. In addition, its proven reserves surpass that of
oil and its ability to provide a stable long-term supply for more than 50 years is a key advantage.

Globally, the number of LNG-fueled vessels has increased from 18 completed vessels in
2010 to 175 currently in service, with more than 200 on order in 2020. Most of the vessels in
service are operated in Europe and it is expected that the shift from heavy oil to LNG or other
alternative fuels will be further accelerated because of the strengthening of SOx regulations in
January 2020. In Japan, Mitsui O.S.K. Lines, Ltd.(MOL) and Nippon Yusen Kaisha(NYK) have
launched Japan's first LNG-fueled tugboats, and plans to build LNG-fueled vessels are
continuing. MOL's LNG-fueled tugboat “Ishin” was carried out LNG-bunkering in Kobe as well
as in Nagoya.

The number of LNG-fueled ships of all kinds has increased steadily over the past decade,
especially in the ferry, offshore, tanker, and container segments. New cruise ships are also being
built with LNG engines. Additionally, LNG carriers, which use their cargo as fuel, continue to
be built as global demand for LNG grows (Fig. 1).
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Fig. 1. Cumulative number of LNG carriers

The use of LNG as a marine fuel has been promoted almost entirely on the claimed
environmental advantages when compared to residual oil fuels. Being almost pure methane,
LNG produces less of the three main pollutants attributed to shipping.

SOx is almost entirely eliminated since it is mostly absent from the fuel. This is the
reason why LNG is touted as the easiest method for ships to meet the 2020 global sulphur cap —
although that presupposes that the ships have dual-fuel or gas burning engines.
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The chemical composition of methane means that there is less carbon and bonded
nitrogen than in oil fuels. This means that there is a 25% reduction in CO2 and an 80% reduction
in NOx. However, the picture is not all rosy and LNG can have a downside.

As expected, the measurements revealed that emissions of particulates (both number and
mass), NOx and CO2 were all considerably lower for LNG compared to MGO and other marine
fuel oils. However, emissions of carbon monoxide and total hydrocarbons were higher. Analysis
of the exhaust gases showed that around 85% of hydrocarbon emissions from LNG were
methane.

Emissions of unburnt methane known as the ‘methane slip’ were around 7g per kg LNG
at higher engine loads, rising to 23-36g at lower loads. This increase could be due to slow
combustion at lower temperatures, which allows small quantities of gas to avoid the combustion
process. These escaped emissions are significant, as methane has a global warming potential
which is 28 times higher than that for CO2 over a 100-year perspective, and 84 times higher over
20 years. Although overall particulate emissions were lower from LNG than MGO, LNG
particulate emissions were dominated by very small (ultrafine) and volatile particles, while
combustion with MGO resulted in a smaller fraction of these particle types.

LNG?’s ‘clean’ characteristics are likely to make it a significant marine fuel in the future,
but its operational issues will likely have a major impact on ship design and construction. A leak
of LNG to the outside of the ship will not be the polluting event that it would be in the case of oil
fuels. Under such circumstances, the gas would rapidly dissipate.

LNG fuel has a low environmental impact, but there are three general disadvantages to
using it as a ships fuel.

1. Installation of engines that can use LNG fuel.

2. Capital investment is also required in equipment other than engines, such as fuel tanks
2 to 3 times larger than conventional ones and re-liquefaction equipment.

3. Cost at the time of new construction is 15 ~ 30% higher compared to conventional
fueled vessels

However, as environmental regulations become increasingly stringent, LNG-fueled
vessels are expected to continue to grow in market share because of their advantages, such as
"zero sulfur content, about 25% reduction in CO2 emissions, and overwhelmingly low nitrogen
compound emissions," and "LNG is more competitively priced than expensive low-sulfur heavy
oil.

Conclusion. Main component of LNG is methane (CH4), the hydrocarbon fuel with the
lowest carbon content and therefore with the highest potential to reduce CO2 emissions
(maximum reduction: roughly 26 per cent compared to HFO). The production process of LNG
ensures that it is practically sulphur-free. Therefore, using LNG as fuel does not produce any
SOX emissions. LNG technology was chosen by several Shipping and Liner Companies.
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AIATHOCTHUKA IBOTAKTHHUX JIBUI'YHIB MAN B&W
HA EJIEKTPOCTAHIII MAHON (MENORCA) CHIVIBHO 3 IMES GMBH

P.A. Bapoaneus, I0O.M. Kyuepenxo, /I.C. Minues, B.l. Kupnau, O.1. Kupunaw
S. Neumann
Ooecvruii nayionanvHull Mmopcokuil yHisepcumem, Qodeca, Yxpaina
IMES GmbH, Kaufbeuren, Germany

Anomauin: 3acmocysanHs CyuacHux memoois CUHXPOHI3ayil Oawnux ma eiOpPodiacHOCTUKY
PO3WUPIOE  MOJICTUBOCI  OIACHOCIMUKYU  MOPCLKUX  08UeYHI6. Bukxopucmosyouu icuyioui memoou,
HeMOMNCIUBO 30IUCHIOBAMU NI0 YAC eKCHAyamayii npsami 6UMIPIOBAHHS MUCKY 6NOPCKYBAHHS NATUBA, (a3
naoaui nodaui ma 2azopo3snooiny O0USYHIE 3a O0ONOMO20I0 NEPEHOCHUX OIACHOCMUYHUX CUCHIEM.
AnomepHamugor npamMum GUMIDIOGAHHAM € aHANI3 6iOpodiacpam 3a O00NOMO20K K020 MOMNCHA
susHauumu Gazu niotomy ma NOCAOKU 20JKU (OPCYHKU, NOYAMKY ROOA4i ma GIOCIKAHHS NAIued
NAMUBHUM HACOCOM BUCOKO20 MUCKY, NOYAMOK ma KiHeyb YUPKYIAYIl nidiepimoco 8aicKo20 Naiued 8
NAanueHiti cucmemi, a mMakodc ¢pasu 3axpumms ma, y OesIKUX GUnaokax, GIOKpUmms Kianauie
2azopo3nodiny. Y 00onogidi HaseoeHo Npuxiad OIlacHOCMUKU OBOMAKMHUX OU3ENIE eleKmpOCMaHyil
Mahon, wo 3snaxooumwvcs na ocmposi Menopka (Icnanis), naeedeni Hecnpasnocmi Gopcynku ma
BUNYCKHO2O KAANAHA. [ MOOemo8ants pobouo2o npoyecy 3 YpaxyeauHsm eKCiryamayiiHux ¢Gpaxmopis
suxopucmano pecypc Blitz-PRO

Knrwouosi cnosa: ouseni, pobouuti npoyec, mooenoganis, O0iaeHOCMUKA, NATUGHA anapamypda,
KIanama eazopo3nooiuy.

DIAGNOSTICS OF TWO STROKE MAN B&W ENGINES
AT THE MAHON MENORCA POWER STATION JOINTLY WITH IMES GMBH

R. Varbanets, Y. Kucherenko, D. Minchev, O. Kyrylash and S. Neumann
Odessa National Maritime University, Odessa, Ukraine
IMES GmbH, Kaufbeuren, Germany

Abstract: The use of modern methods of data synchronization and vibration diagnostics expands
the possibilities of diagnosing marine engines. Using existing methods, it is impossible to carry out direct
measurements of fuel injection pressure, fuel supply phases and gas distribution of engines during
operation using portable diagnostic systems. An alternative to direct measurements is the analysis of
vibration diagrams, which can be used to determine the phases of the rise and landing of the nozzle
needle, the start of fuel feed and cut-off of fuel by the high-pressure fuel pump, the beginning and end of
the circulation of heated heavy fuel in the fuel system, as well as the phases of closing and, in some cases,
opening gas distribution valves. The presentation gives an example of diagnosing two-stroke diesel
engines at the Mahon power station, located on the island of Menorca (Spain), showing various
malfunctions of the injector and exhaust valve. To simulate the working process taking into account
operational factors, the Blitz-Pro resource was used.

Keywords: diesel engines, working process, modeling, diagnostics, fuel equipment, gas distribution
valves.

Crenugika ekcryaranii MOpPCBKMX JIBUTYHIB IMOJSITa€ B TOMY, IO Bl iXHBOI
Oe3nepepBHOI Oe3aBapiiiHOi poOOTH 3aleXUTh KUTTS Cy[IHA Ta eKinaxy. B maHomy Bumazaky,
HajiiiHa poOoTa JBUTYHIB enekTpocTaHuii Mahon 3a0e3neuye eKOJOTIUHY O€3MEKy XKHUTTA
KHUTEJIB ICIIAHCHKUX OCTPOBIB B YyMOBaxX aBTOHOMHOro icHyBaHHs [1]. besaBapiiiny poGoTy
JIBUTYHIB MO’KHa 3a0€3MEeYUTH 3a JONOMOTOI0 PEryJSPHOr0 KOHTPOJIO MapaMeTpiB poOo4oro
nporecy B HMIIHApaX. PerynspHuil mepioguuHuil aHaimi3 mapameTpiB poOOYoro mpoiiecy B
LWIIHApPaX JIBUTYHIB Ja€ MOKJIHMBICT ONTUMI3YBaTH iXHIO pOOOTY, PIBHOMIPHO pPO3MOAUIATH
HABaHTAXCHHS MK [UJIIHAPAMU Ta BYACHO BUSBIITH HeOE3MeUH1 TeHACHIIIT Y 3MiH1 TEXHIYHOTO
CTaHy OCHOBHHUX CHUCTEM Ta BY31iB [2 — §].
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[lepiomnyHuii KOHTPOJIb JO3BOJSIE BUSBIATH JE(PEKTH, IO 3apOKYIOTHCS IMiJ Yac
excrutyaranii. [Ipuxiagamu Takux 1e(eKTiB € 3HIKEHHS CEPeAHbOTO IHAMKATOPHOTO TUCKY MIP
a00 THUCKY KIHIII CTUCHEHHSI Pcomp, 10 Bifpa3y Oy/e BUABJICHO NUIIXOM aHAJI3y 1HIMKATOPHUX
niarpam P(CA, deg). Onnak icHye psii Ae(eKTiB, BUABUTH SIKi 3a JOIMOMOTOIO JIMIIE aHAII3y
{HAMKATOPHHX JarpaM TOCHTh CKIaIHO. MieThes mpo aeeKTH MaauBHOI anapaTypy BUCOKOIO
TUCKY Ta JIe(peKTH MEXaHI3MY YIPaBJIiHHS KJIallaHAMHU T'a30PO3IOJILTY.

Came 1i gedexTn HalvacTille BUHUKAIOTH Yy MPOIEC eKCIUTyaTalii MOPChKUX JIBUTYHIB.
Oco6mmBO 1€ CcTOCYeThCs Ne(eKTiB MaJMBHOI amaparypd BHCOKOTO THCKY. besmocepenni
BHUMIPIOBAHHS Ta aHAI3 JiarpaM THUCKY yIOPCKYBaHHs ManuBa nepexa GpopcyHkamu Morium 6 gatu
MOBHY JIarHOCTHYHY iH(OpPMAII0 MPO TEXHIYHUH CTaH MaJMBHOI CHCTEMH BHUCOKOTO THCKY,
MpOTE Taki BUMIPIOBAaHHS HEMOXIJIMBO MPOBOJUTH HA MOPCHKUX JBUTYHAaX 3a JOMOMOTOIO
MEPEHOCHUX MPHUCTPOIB B yMOBaxX eKcCIUTyaTamii y 3B'I3Ky 3 cydyacHUMH BuMmoramu IMO Ta
BUMOTaMM OUIBIIOCTI CePTU(IKAUIHHUX MOPCHKUX TOBAPUCTB [9]. AJbTepHATHBOIO MPSIMUM
BHUMIpaM € 3aCTOCYBaHHA BIOpOJaTuMKa Ha MarHiTHid miaropmi [5 — 8.

Jesiki nedexTy MOoXKyTh OyTH BUSIBIIEHI IIJISIXOM aHAI3Y IHAMKATOPHUX JAlarpam, aHamizy
iX (popMU Ha AUITHKAX CTUCHEHHS Ta 3TOPSHHS, a TAKOK aHajIl3 OCHOBHUX MapaMeTpiB poO04oro
npouecy (tabmuns 1) [2]. OnHak, ICHYe TakoX TyMKa, IO aHali3 OJHUX TUIbKH 1HIMKATOPHUX
niarpam P(CA, deg) ne noctaTHii 71l TOUHOI qiarHoCTUkKU [4 — 8]. baraTo o3Hak nedekTiB, sKi
BUSIBJISIFOTHCSL HAa IHAWKATOPHUX Jiarpamax, MOXYTh OYTH BHUKJIMKaH1 PI3HUMHU HPUUYMHAMHU.
Hanpuxnan, mi3He 3ropsiHHS THajluBa B IIWIIHAPI, BUSBJICHE LUISIXOM aHamzy ¢a3 MmoyaTrky
3ropsHHsA (ignition points), Mo>ke OyTH HACIIIIKOM SIK TII3HBOTO KyTa BIOPCKYBAHHS MAJIMBA, TaK 1
3HOIIYBAHHS TPEIU3IMHUX BY3JiB MMAJMBHOI amapaTypd BHUCOKOTO THCKY 1 3HW)KEHHS THCKY
najnuBa nepe GopcyHKaMu MpH YIOPCKYBaHHI.

Tabmms 1. Ilapamerpu pobodoro mporecy, o BU3HAYAIOTHCS B eKCIUTyaTallii

Pmax (Pz) Maximum combustion pressure and corresponding crank angle, Bar / °CA
Pcomp Maximum compression pressure, Bar

IMEP (MIP) Mean Indicated Pressure, Bar

IPOWER Indicated Cylinder Power, kW

Pignition Combustion start pressure and corresponding crank angle, Bar / °CA
Pexp (P36) Pressure at 36 °CA after TDC

Fuel Injection Real and Geometrical phases of fuel injection, °CA

Timing

Valves Timing Intake and Exhaust valves timing phases, °CA

Fuel Ignition Period from the Start of Injection to the Start of Combustion, °CA (ms)
Delay

DeltaG Difference between Real and Geometrical phases of fuel injection, °CA

[Ipu anainizi ogHoro 3 HaWOUIbII XapaktepHux aedekrtiB LI - 3HMWKEHHS KOoMmmpecii B
pobodomMy HUITIHIAPI - TEX ICHYE HEOJHO3HAUHICTh MPH aHaji3l OJHUX TUIbKH 1HIUKATOPHHUX
niarpam. 3HMKEHHs KoMIIpecii Moke OyTH BUKIIMKaHE HACTYITHUMU MIPUYNHAMU: 3HOCOM BTYIKH
LWITIHAPA, 3HOCOM Ta/a00 3aJUMaHHAM MOPLUIHEBUX KUIElb, HEMIUIbHICTIO 3aKPUTTS KJarnaHiB abo
nopyueHHsM (a3 razopo3noAily. Bcei 1l mMpuYMHN COPUYUHSIOTH OJUH HACTIIOK — 3HMKEHHS
napamerpa Pcomp i 3a HuM Pmax 1 MIP. TakuM 4MHOM, CIIpaBXHS NpUYMHA JePEKTy MOXe
OyTH He3'sICOBaHOIO.

OCHOBHUMM NMOKa3HUKaMHU poOOTH LMIIIHAPIB, 110 BU3HAYAIOTHCS 3a JIOTIOMOTOIO aHAli3y
IHAUKATOPHUX Jiarpam, € CepeHiil IHANKATOPHUN TUCK Ta IHIUKATOPHA MOTYKHICTh IIJIIH/PIB.
[IpoTe TouHa MpUYMHA 3HMKEHHS UM 30UTbIICHHS LUX MOKa3HUKIB MOXe OyTH He3'scOBaHO0 0e3
aHaizy noJaTkoBoi iH@opmanii. OIHUM i3 CIOCOOIB OTpUMaHHS JIOJATKOBOI iH(opmalii €
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BUKOPUCTAHHS MAaTEMaTHYHOTO MOJEIIOBaHHS poOouoro mporecy asuryHa [10 — 12], mo
JI03BOJISIE Y Psi/ii BUMAIKIB YTOUYHUTH MPUYMHU THUX YH IHIIMX BigXuieHb abo aedektiB. Tum He
MEHII, MOXIIMBICTh BHMIPIOBaHb IMapaMmeTpiB, LI0 IIKaBJIATh, IWiJ Yac eKCIulyartamii €
MIEPEBAKHOIO.

3a JIOTIOMOrO0 MaTeMaTHYHOTO MOJETIOBAHHS MM PO3IJISTHYIM HACHIAKH MOKIMBHX
HECTIPAaBHOCTEH CyIHOBHUX JM3EIbHUX JBUTYHIB. MaTreMaTuyHe MOJACTIOBAHHS JIA€ MOKJIMBICTh
YTOUHUTH BIUIMB 33JaHUX I[apaMeTpiB Ha 3arajbHi XapaKTePUCTHKH POOOYOro TMpOoIEeCcy
IBUTyHA. B mepm uepry Ha HOTO MOTYXHICTh, EKOHOMIYHICTh Ta €KOJOTIYHICTh. MaremaTnyHe
MOJICITIOBAaHHA TaKOXX POOWTH MPOTHO3HM, SIKI KOPUCHI Ui BYACHOTO BHSBICHHS pPi3HUX
HECIPABHOCTEH Ha MPAKTHIIL.

MaremaTruHa Mo/ieNb 0a3y€eThCsl Ha KBa3iCTAI[lOHAPHHUX Ta OAHOBUMIPHUX HECTAI[IOHAPHUX
cucTeMax pPIiBHSIHbB, SKi OMUCYIOTh MPOIECH Y BIIKPUTHX TEPMOJMHAMIYHHUX CHCTEMax, IO €
CKJIaJIOBUMH 3arajibHO1 TEPMOJIMHAMIYHOT CUCTEMH — JBUTYHA.

Habopu kBasicTanioHapHUX pPIBHSHb BKJIIOYAIOTh IMEPIINNA 3aKOH TEPMOJMHAMIKH, OajaHC
Mac i muQepeHIianbHi PIBHSHHA CTaHy rasy. Moro MoKHa BHPasHTH JUIS OJHO30OHHHX i
JIBO30HHUX BIIKPUTHX TEPMOJMHAMIYHUX CUCTEM B HACTYITHOMY BHTJISII:

d[ X n d] ny ) ny d . d d
( Juel | Z_IJ 4 6Qmmb + z 6Qwa[l.z _ cva(z m; + M fiser J +e,m d_T +mT (Cv )T +p d_V 5 (1)
do Tdo do T do — do  do do de de

He dlje/de, dI/de — mBUAKICTE 3MIHHM €HTAJbIIII BHACTIAOK MACOOOMIHHHX IPOIIECIB,

0Q comp/dp — MBUAKICTH BUIUICHHS TEIIAa BHACTIIOK 3TOPSHHS IMAJIMBA,

00 vaii/d@ — MBUIKICTH TEIUTONIEpEAadil 0 CTIHOK CHCTEMH,

dmye/de, dm;/de — macoBHii BUTpaTa MajmBa 1 MACOBHMI BUTpATa rasis,

1] — KUIBKICTh B3a€EMOJIIOYMX TEPMOJWHAMIYHUX CHCTEM, IO OepyTh y4acTh y mpoleci
MacooOMiHY, N2 — KUTBKICTh CTIHOK, II0 OEpYTh y4acTh Yy MPOIIeCi TEMI000MIHY,

p, T, V, m — Tuck, Temriepatypa, 00'eM Ta Maca raszy y BIIKpUTIH TepMOJUHAMIYHIN CHCTEMI,

Cy, Cym — PAKTUYHA TA CEPEITHS 130XOPHI MUTOMI TEIJIOEMHICTI.

Maremaruuna mozenb Ha 0a3i piBHsAHHA (1) € ocHOBorO oHmaiH-pecypca Blitz-PRO [10],
KU JTa€ MOYKJIMBICTh MOJEIIIOBATH MPOIIECH POOOTH JABUTYHIB BHYTPIIIHBOTO 3ropsiHHS. CepBic
Ma€ BUIBHUM JOCTYIT, MOJJIMBE MOJCIIOBAHHS $K CTAI[IOHAPHOTO, TaK 1 HECTaI[lOHApHOTO
pEXKUMIB pOOOTH JBUTYHA.

3a IOMOMOrol0 LBOro pecypcy OyB HpOMOJAETbOBaHHM poOouYMii MpolEC ABOTAKTHOTO
musenbHoro neuryna MAN B&W ta Bu3HaueHi OCHOBHI BJIaCTHBOCTI poOodoro mpoiecy (puc.

1.
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Pucynox 1 — Mogens pobodoro mporiecy Ta Bibpoaiarpam
(dhopcyHKH Ta KjamaHa 2-TaKTHOTO JIBUTYHA

[lin wac miarHOCTyBaHHS MABUTYHIB Ha enekTpocTanimii Mahon OyB 3acTocoBaHmit
ANTOPUTMIYHUN METOJl po3paxyHKy Ta kopekiii BMT [13] Tomy, mo 4acy Ha miATOTOBKY 0
JIarHOCTYBaHHs He OyJ0 1 JBUTYHH, SK 3aBXIM, 3HAXOJIWIUCA B CTaHl pPOOOTH TIif
HaBaHTWKCHHSAM. byno 3ammMcaHo KuUlbKa pPEXUMIB HAaBaHTAXEHHs, Ta OynM po3paxoBaHi
IHAMKATOPHI JiarpaMu 3 BiOpojiarpamamu (GOPCYHKH, KJIallaHa Ta MAJIMBHOTO HACOCY BHCOKOTO
tucky auryna MAN B&W 10L67GBES, mo € B 30BHImHINA mpe3eHTarnii. B Te3ax HaBeaeHO
npukian | nuaiHApy mix HaBaHTaXeHHSIM 75% BiJ HOMIHAIBHOT MOTYXHOCTI (puc. 2). Ha puc. 2
00’eHAaHO (3BepXy BHH3): IHIMKATOPHY JlarpaMy THUCKY ra3iB B IWIIHJPI, BiOpoaiarpaMu Topia
(OpCYHKHM, KPHUIIKHA IIIHApa Ta BIICIYKM TNaJMBHOTO HACOCY BHCOKOIO THCKY. 3TiTHO
IOpUIMYHUM BUMoOraMm BimHOocHO BHKUIIB CO; [1] a Takox BuMoram IMO BIiZHOCHO BHKH/IIB
NOx [9] poGoumii mporec ABUTYHA TEPECTPOEHO HA MI3HIO IMAJMBOIOJAYY. 3aBISKH IIbOMY
3HIKEHI apameTpu Pmax 1 Tmax, 1o 3Ha4HO 3HIDKYIO piBeHb NOX B BIIIpallbOBaHUX ra3ax, -
MiHiMyM Ha 3% Huxue Bumor IMO.
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Pucynok 2 — Pe3ynbrar BUMiproBaHHS poO0YOTo MpoIiecy Ta Bidpomiarpam (GopcyHKH, KiianaHa
Ta MaJMBHOTO HACOCY BUCOKOTO THUCKY Ha 2-TakTHOM nBuryHi MAN B&W 10L67GBES

AHai3 IHIMKAaTOPHUX Jiarpam Ta BiOpojiarpamM poOOYHX IUIIHIPIB 1aB MOXKJIUBICTh
pO3paxyBaTH IHIAWKATOPHY MOTYKHICTh IBUTYHA Ta MIPOBECTH PETEIBHUN aHaAI3 HOTO
TEXHIYHOTO CTaHYy.

BucnoBku. JlocBin aBTOpPIB y JiarHOCTyBaHHI MOPCHKHMX JBUTYHIB TOKa3aB, IO aHAJI3
BiOpojiarpaM TaJIMBHOI amaparypd Ta MEXaHI3MY Ta30pOo3MOJAUTy JBHUTYHA, 3allMCaHHUX
napajesbHO 3 IHAUKATOPHUMHU JiarpaMamH, Ja€ XOpPOIIi JIarHOCTHYHI pe3yiabTaTH. 3a
JOTIOMOT'OF0 BIOpOJaTYMKA HA MarHiTHIN TiatGopMi MOYKHA BU3HAYHTH:

- ¢a3u miarHoMy Ta MOCaIKU TOJIKH (GOPCYHKH,

- TIOYATOK Ta KiHelb MUPKYIAIIT MiIrpiTOr0 BaXKKOTO MajJuBa y MaJUBHIA CUCTEMI;

- (pa3u mouaTKy nojavi Ta BiJICIYCHHS MaJIMBA MAJIMBHUM HACOCOM BHCOKOTO THCKY;

- (bas3u 3aKpUTTA Ta, y ACIKHX BUIAJKAX, BIIKPUTTS KJIAllaHIB ra30pO3MOILTy.

MoMBa TakoXK HemlpsMa OIHKa TiIpOIIUIbHOCTI TAJWUBHOI amapaTypu Ta THCKY
BIIOPCKYBAaHHA TNayvBa. binbie Toro, Taka IiHHa iHMOpMalis As 1HXEHepiB, AK AiiicHl da3u
ra3opo3mno/uty, paHimie Oyna HEJOCTyNHA MiJ Yac poOOTH ABUTYHA 1 BU3HAYajacs TUIBKK Ha
3YIIMHEHOMY JBHUT'YHI IIUISIXOM HHM3KH TPUBAJIMX MaHIMysiiid. KpiM Toro, TOYHICTh BU3SHAYCHHS
(a3 razoposmnoauly 3anexana BiJ KBamidikamii iHKeHepa 1 4acTo Maja cy0'eKTUBHUM XapakTep.

Taka inpopmariss Moxe OyTHM OTpuMaHa Oe3MOCepeHbO i Yac eKcIuTyaralii 3a
JIOTIOMOTO010 aHanizy BiOpoaiarpaM. Po3risHyTuii crnocid oTpuManHs iH(popMallii JOCTymHUH Ta
3py4HHi y mporieci excruryaranii. I[lopsa 3 alropuTMIiUHUM METOJO0M PO3paxyHKy Ta KOPEKIIil
BMT, sxuii 3acTOCOBYETbCS B NEPEHOCHHUX MJIarHOCTUYHUX CHUCTEMax, aHalli3 BiOpoiiarpam
napajienabHo 3 iHAWKaTopHUMH niarpamamu P(CA, deg) no3Bojsie OTpUMAaTH Taky iHQopMallito,
sKa paHiuie Oyna JOCTyIHa TUIbKH B JAOOPAaTOPHUX YMOBAX.

Ananiz IHIUKAaTOPHUX TMOTY)KHOCTEH IIMJIIHIPIB Ta MapaMmerpiB poOOYMX MpOIECiB
JI03BOJIMB 1HXKeHepaM ejekTpocTaHilii Mahon nmpoBecTn HanamTyBaHHS (a3 MaauMBOINOAAYM Ta
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ra3opo3nojuly TakKuM YHHOM, MO0 JOCATTH MaKCHUMAaJbHOI IHAMKATOPHOI MOTY)KHOCTI Ta
€KOHOMIYHOCTI p0oO0YOro MpoIecy BOJHOYAC HE MEPEBUIIYIOUH JTOTYCTUMUM piBeHb NOX.
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AHAJII3 CTPYKTYPHUX CXEM CUCTEM
TEILJIOBOI MIAIOTOBKUA TPAHCIIOPTHUX 3ACORBIB,
HNPAIIOIOYHUX HA TA30BOMY ITAJINBI

Hozopneuvkuu /1. (oA § puuyk I.B. 1 Xyosaxkos 1. B. ! Iozopneuyvka H.B. 1
Ykpaincokuii €.0. ?, Binait A.B.”
"Xepconcvra deporcasna mopcwka axadenmis
(Ykpaina)
2Hpua30@cbl<uﬁ 0epIHCABHULL MEeXHIYHUL YHIBepCUmem
(Ykpaina)

Beryn. Tennoa miarotoska TpancnopTHUX 3aco0iB (T3), nmominiueHHs iX NOKa3HUKIB y
MOE/IHAHHI 31 CKJIaJHUMU NUTaHHSIMH, O€3ME€YHOT0 iICHYBaHHS Ta €KCIUTyaTallii B IPUPOJAHOMY
cepeloBHIII TOTpeOye 3aCTOCYBAaHHS YHIBEPCATHHUX METOJIIB, 110 MIOBUHHI JaBaTH MOXKJIUBICTh
OIIHKY CKJIQIHMX TeXHIYHUX 00’ €KTIB, iX BIUIMBY Ha HaBKojwuiIHe cepenosuiie [1]. Cepen Bino-
MHX HaYKOBHX METOJIB BKa3aHHUM BHUMOTAM BIIIMOBIIal0Th METOJM CUCTEMHOTO aHali3y, sKi Ha-
JAI0Th MOXKJIMBOCT] KUIbKICHOTO MOPIBHSIHHS BapiaHTIB JOCIIKYBaHOI CUCTEMHU 3 BpaxyBaHHSIM
3B’SI3KIB, Y TOMY YHCIIi, 3 HABKOJUIIIHIM cepenoBuiiem [1,2].

BuxopucranHs MeTOJ1IB CHCTEMHOTO aHaii3y npu GopMyBaHHI 1 OLIHIOBaHH1 BJIAaCTUBOC-
teit T3, mparorounx Ha ra30BOMY NaJIMBI, [TOB’S3aHO 13 HEOOXITHICTIO BpaxXyBaHHsI BILTUBY Be-
JIMKO1 KUIBKOCT1 30BHIMIHIX (PaKTOpIB Ta BHYTpilIHIX napamerpiB. Lle ctocyerbes sik T3, 3 #oro
0COOJIMBOCTSIMH, T'a30BOi anapaTypu 1 0coOIMBOCTEN MOOYJOBH OOPTOBUX CUCTEM TEIJIOBOT MiJI-
rotoBku (CTTI). 3a paxyHOK BUKOPUCTaHHSIM METOIB CUCTEMHOIO aHAJI3y 3 SIBISIETbCA MOXKIU-
BICTh MO€AHAHHS BKa3aHUX (HaKTOPIB 1 0OCOOIMBOCTEH, a TAKOK CTBOPIOETHCS HA I OCHOBI Ma-
TEeMAaTHYHHUK amapart, SKUi J03BOJISE aHATI3yBaTH BIACTHBOCTI T3, MpaIforounx Ha ra30BOMY
MajuBi, B 3QJIGKHOCTI B/l iX MapaMeTpiB 1 KOMIUICKTAIlli Y 3MIHHAX yMOBax ekcruryaTaitii [1,3].
Amnaniz crpykrypHux cxem CTII TpancriopTHuX 3aco0iB, paIlOIOUYUX HA Ta30BOMY IMaJIMBi, Ja€
MOXJIMBICTh 3/IIHCHIOBATH MPOTHO3YBaHHS MalOyTHHOTO PO3BUTKY, B yacTuHi T3, ra30Boi ama-
patypw, i B yactuni CTII [4-6].

Uucnenni knacudikamii MeToaiB (GopMaaizoBaHOTO TPEICTABICHHS CKIATHUX CHUCTEM,
cepen SIKUX BUAUIAIOTH, TPYNHA METOAIB (hOpMaIi30BaHOTO MPEACTABIICHHS: aHAJITHYHI, Teope-
TUKO-MHOXHHHI, CTATUCTHYHI, CEMIOTHYHI, JIOT14H], JIHTBiICTHYHI, TpadiuHi [7]. 3aranpHa crpsi-
MOBAHICTh O3HAaYEHUX Kiacudikarlii mosisrae B popmaizalii mocTaBJIeHUX 3a1a4, SKIIO0 BOHH HE
MOXYTh OYTH BHUPIIICHI B paMKaX MOMEPEIHLOT TPy MeToAIB [7]. 3acTOCYBaHHS METOIIB CHC-
TEMHOTO aHaJli3y B Mpollecax AOCIIKEHHS BIacTuBocTel T3, mpalrooynx Ha ra30BOMY MalluBi,
JI03BOJISIE CTBOPUTU METOJIMKY CHCTEMHOIO aHaji3y, sika MO)ke OyTH BHKOpPHCTaHa MiJ Yac Io-
JIMIIEHH] MOKa3HUKIB i1 BIACTUBOCTEW MPHU 3aCTOCYBaHH1 3ac00iB TerioBoi miaroroBku [7]. Ilix
yac (opMyBaHHS CHCTEMHOTO MiAXOAY AJS 3MIACHEHHS aHaNi3y BJIACTMBOCTEH TPAHCIOPTHOT
TEXHIKM METOJIaMUd MOP(QOJIOTIYHOTO aHali3y KOPUCTYBaIUCh Oarato aBTopiB. Cepen HUX Hail-
OunpIn 1ikaBi podoTu [1-16]. B mocnimkeHHSX HE BUKOPUCTOBYBaIM Bkazanui minxin ans CTII
TPAHCIOPTHUX 3acO0IB, MPAIIOIOYUX Ha ra30BOMY MaiuBi. BBaxkaemo, 110 ypaxyBaHHs 0COOIH-
BOCTEH 3aCTOCYBaHHS ra3zoBoro najiusa B T3 mpu 3a0e3nedeHHi Horo TeriaoBoi NiArOTOBKHU MOT-
pedye ypaxyBaHHS IHIIMX, HE AOCTIPKEHUX OCOOIMBOCTEM KOHCTPYKIIII, MPOIECIB 1 3B’SI3KIB 3
otouytounM cepenosuiiem 13, asuryna ta CTII. Ilix yac mpoBeaeHHS aHANi3y CTPYKTYPHHUX
cxeM CTII TpancmopTHUX 3ac00iB, MPAIIOIOYNX HA Ta30BOMY MallMBi, BIAMOBIAHO 10 3arajbHO1
METOJUKH HAyKOBOTO JOCTiKEeHHS [7-12], BUKOHAHO CHCTEMaTH3aIlil0 BIPOTIAHUX CXEM Bapia-
HTiB CTII ansa T3 3 aBuryHamu, nepeoOinaHaHUMU 715 pOOOTH Ha ra30BOMY MallMBi, 3 BUKOPHC-
TaHHSAM METOJy MOp(OJIOTIYHOTO aHalizy. BunineHo (yHKLIOHAIBHI €IEMEHTH 31 CKJIaJI0BU-
mu: T3, mepeobnagHanuii s poOOTH Ha Ta30BOMY MallMBi, CUCTEMa TEMJIOBOI MiAroToBKU T3
nepeoOiagHaHoro s poOoTH Ha ra3oBoMy manuBi. [ 9-u 0CHOBHUX MOPQOIOTIYHUX O3HAK
(YHKITIOHATFHUX €IEMEHTIB CUCTEMH CKJIQJICHO Meperik BapiaHTiB (Bif 3 10 6) Ta iX TeXHIYHOT
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peanizariii, BiJj HUX 3aJI€KHUTh JOCATHEHHS T PYHKUIOHYBaHHs cucteMu. KoskHa 3 Mopdoro-
TYHUX O3HAK XapaKTepHU3yeThcs (PYHKI[I€I0, KOHCTPYKTUBHUM DILICHHSM YU CHCTEMOIO, PEXKHU-
MOM 1 CTaHOM POOOTH cUCTeMH, (OPMOIO B3aEMOJIIi CKIAIOBUX CHUCTEMH, BiJ] YOTO 3aJCKHTh
BUOIp MOXKJIMBOTO BUPIMIEHHS POOJIeMH TeIuIoBoi miarotoBku T3, mepeobnaananoro st podo-
TH Ha Ta30BOMY NaJuBi, Ta MOXKIMBICTH (yHKIioHyBaHHS CTII. OcHOBHI MOP(]OJIOTIUHI 03HAKK
CTII T3 na erari 3ailiiCHEHHSI TETIOBOI MiATOTOBKKA NMPUBEJCHO Y BUTIISAI MOPQOJIOTIYHOT MaT-
puii npencrasieHi B podorax [1-7]. BiamoBimHo 10 MarepialliB i MOJOXKEHb, PO3TIIIHYTUX Y
mkepenax [6-10], meron AOCTIHKEHHS, OCHOBAaHMHA Ha MOP(OJIOTIUHIA CTPYKTYpi OKpeMHUX
cxmagoux CTII T3, mepeobnagnanoro mis poOOTH Ha Ta30BOMY NalMBi, y cKiaji camoro T3,
obmagranoro CTII Ha ocHOBI TemoBoro akymysstopa ¢azoBoro nepexony (TA®DII), mo mo-
3BOJISIE TIPOAHATI3YBATH Pi3HI 00 €KTH, 3BEpTAIOuM yBary Ha OcoOJMBOCTI OylOBM Ta MpHU3HA-
yeHHs. [y moenHaHHS MOPQOIOTTIHUX (POPMYIT pO3IrIITHYTHX BapiaHTIB JOAaHO OKPEMi CXEMHU
O3HaK BIIMOBIAHO /10 BapiaHTa 3 BJIACTUBUMHU Moka3HHKamMu. CpopmoBaHi MOp(OJIOTidHI MaT-
puLl MICTATH y €001, BENMKY KUJIbKICTh HECYMICHHMX BapiaHTIB, 1€ € HEJOJIIK JaHOTO METO.NY,
{ioro mepeBaroio € GararoBapiaHTHICTb (KiTbKiCTh PO3TyIsHYTHX BapianTis 4,86-10°%). Manuii me-
TOJ, 3aCHOBaHUI Ha Mop(oiorii 00’€KTIB, 1110 J03BOJISIE aHAII3YyBaTH Pi3HI CTPYKTYypH 00’ €KTa,
BHUHUKAIOUMX 3 3aKOHOMIpHOCTEH moOymoBu [ 1-20].

Cxema CTII y cxmani TA®II ana T3 3 nBuryHoM, nepeobsagHaHUM sl poOOTH Ha
ra3oBOMY MajiuBi B 0a30BOMY BapiaHT1 CKJIaJa€ThCS 3 TAKUX O3HAK:

[(x11 + X125 X015 X315 X415 Xs53) + (X615 X715 X515 X9.1)]

Jle MexaHIYHUI TpaHCHOPTHUH 3aci0 (X;;), IKUH OCHAIIEHO JBUTYHOM 3a MPU3HAYECHHSAM
(x;2) mpaior0uUM Ha piAKoMy HayuBi (x2;), oOlMagHAHUM Ta30BHM PEAYKTOPOM-BUIIAPHUKOM
(x3.7), AKWI TA'€MHAHO TIOCTIIOBHO JI0 APOCENBbHOT 3acmiHky (x4 ;), CTII BUKOHaHa y CKIaji Ter-
JIOBOTO aKyMyJsiTopa (Xs.3 1 Xs.7), Bil HBOTO BUKOHYETHCS TIPOTPIB CUCTEMHU OXOJIOKCHHSI JIBU-
ryHa T3 (0X0J0mKyBaIbHOT PIAMHU) (X7.7), B TIEPIOJ] MEPEAMTYCKOBOT TEIIOBOT IMIATOTOBKH JIBH-
ryna T3 o 50°C (xs.), mia yac TEIIOBOI MIATOTOBKH HEpYXoMoro T3 y pexuMi X0JIOCTOro XO-
ny (x9.;). 3anmpononoBani pi3Hi Bapiantu cxem CTII nBuryniB T3 3 pi3HUM KOMIOHYBaHHSM, iX
MopdostoriuHi GopMylIn MarOTh BUTJIS, SIKUA Mae pi3HI BapiloBaHHS IiJ] Yac MPOBEICHHS JT0C-
nimpkeHHs (puc. 1).
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Puc. 1 — Mopdonoriuna popmyna
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JlJis BUKOHAHHS TOCTaBIIEHUX 3a1a4 Oyno po3poOieno mpuHiunoBy cxemy CTII Ha
ocHoBi TA®II mis T3 3 aBUryHOM, mepeoOaaHaHUM Ui POOOTH HA ra30BOMY MAajHBi, fKa
BXOJIMTbH JI0 KOHCTPYKIIil CUCTEM OXOJIO/DKEHHS 1 BUITYCKY BIANpanbOBaHUX ra3iB ABuryHa 13.
Lle BimOyBa€eThes i Yyac MPOTPIBY OXOJIOKYBAIBHOT PIIMHA B CUCTEMI OXOJIOKEHHS JIBUTYHA
T3 i 3a0e3neuye nepeMUKaHHS CHCTEMH XUBJICHHS OBUTYHA T3 Bia piIKoOTO HA Ta30Be MaJIMBO.
CTII nBuryna T3 3 yTriti3ami€ro TemIOTH BIANIPAbOBAHUX Ta3iB Ta Mepeaadeto TeIIoBO1 eHeprii
TA®II, cknagaerses 3 TADII, 3’e1HAHOTO 3 CUCTEMOIO OXOJIOKEHHS, 1 MAIOYOT0 MOYKJIMBICTD
3apsDKaTHCS  BiJ TEIUIOBOI eHeprii BimmpampoBaHux ra3iB gsuryna T3 [1-16]. Ilicns
MPOBEACHOTO0 MOP(OIOTIYHOTO aHaji3y 1 BU3HAUYEHHS KOHCTPYKTHBHUX Ta TEXHOJOTIYHHX
ocoOimBocTelt, po3podineno cxemy CTII aBuryna T3, mepeoOiagHaHoro misi poOOTH Ha
ra3oBomy nanuBi, 3 BukopuctanHsam TA®II [7-23]. Bigmosimao no cxemu CTII neuryna T3,
nepeobiagHanoro st podotu Ha razoBomy nanusi 3 CTII Ha ocHoBi TA®II, sxuit miaTpumye
TEMIIEpaTypy OXOJOJKYBaJIbHOI PIAMHU NpU 3YNHUHEHOMY JABUTYHI y MeXaX, 3aBOJACHKOL
IHCTPYKIIi ra30BOT0 peAyKTOpa, JUIsl MyCKYy Ha ra30BoMy naiuBi, He HIbk4Ye + 50 °C 3a HU3BKHUX
TeMIlepaTyp HaBKOJIMIIHBOTO cepenosuina [7-13].

Cucrema mpairoe Tak: i 4Yac 3MEHIIEHHS TemrepaTypu TemioHocis B TA®II
MIATPUMAHHS TEMIEPAaTypy BUKOHYETbCS 32 PaxyHOK TEIUIOTH BIANPAlbOBAHUX ra3iB JBUTYHA,
LUIIXOM 3[1MCHEHHS Horo poOoTH y HMKIIYHOMY pexumi. TemsoBa migroroka asuryHa T3 3
BukopucTanHsM CTII BUKOHYeTbCS 3a paxXyHOK MEpPEAIyCKOBOTO Ta MICISIMYCKOBOTO MPOTPIBY
0XOJIOKYBAJIbHOT PIAMHU 3 BUKOPUCTAHHSAM HACTYITHUX BAapiaHTIB KOMIUIEKTAIlll CUCTEMU: MPU
nporpiei AsuryHa T3 3 BUKOpHCTaHHAM wTaTHOI cuctemu; npu BukopuctanHi CTII 3 TA®II;
MIPH MOEIHAHHI HUKITYHOTO pexxumy podotu asuryHa T3 ta CTII 3 TA®II. Tpusane 30epiranus
TEIIOBO1 €HEPrii OX0JIOMKYBabHOI pinuHu nBuryHa T3 3a pomomoroto BukopuctanHs CTII
BUKOHYETbCS Yy HACTYMHHUX BaplaHTaX KOMIUIEKTAlll cUcTeMHu: 30epiraHHs TEeIUIOBOi eHeprii 3
BUKOPHUCTAHHAM IITaTtHO1 cucteMu aBuryHa T3; BuxopucranHs CTII 3 TA®II; BukopucranHs
Tuibku TA®DII.

[Tix gac mycky aBuryHna T3 micis TpuBanoi 3ynmuHKU abo 30epiranns, BkiatodaeTses CTII,
sika BukopuctoBye TA®DII, sikuii mpairoe 3a BiIacHUM anroputMmowM. [lin yac po6oTu ABUTYHA Ta
TeMIIEPaTypHU OXOJIOKYBAJILHOI PIIMHU B CHCTEM1 0XoJopKkeHHs Oueiie + 50 °C cremianbHa
3aclliHKa  TEPEBOAMTHCS Yy  TIOJIOXKEHHS, KOJW  BIANpalbOBaHI Ta3W  MPOXOISYH
yepe3 TertooOMiHHMK 3apsypkaroTh TA®DIT [1-16]. Ilicns 3apsaku TEIIOBOTO aKyMyJsATOpY,
3aCiIIHKa TEepeBOJUTHCS y IOJOXKEHHS, KOJM BIANpalboBaHI ra3u JIBUryHa T3 BHUXOIATH Yy
BUXJIONHY TpyOy, IUIs KOHTPOJIIO TEMIIEpPATypH BiINpalbOBAaHUX ra3iB BCTAaHOBJCHO JaTYUK
temneparypu [7-13]. Po6ora CTII mpoxoauTh Ha OCHOBI MaHMX BiJ JOJATKOBHX JaTYHKIB
TeMIepaTypy 1 IITATHOIO JaT4YMKa TeMIIEpaTypH ra30BOr0 PeayKTopa, OTpuMaHa iH(popMarlis
00poOssieThess B OJOIII KepyBaHHS Ta IOJIAEThCS CHTHA Ha OJIOK KEepyBaHHS Ta30BUM
penykTopoM. BiamoBigHO 10 IMOKa3HUKIB TeMIEpaTypH, CHCT€Ma BHPAaxXxOBYE ONTHMAJIbHY
TEeMIepaTypy OXOJIOJKYBAIbHOI PIIMHM, SKIIO M 4yac poOoTu aBuryHa T3 Ttemmeparypa
OXOJIO/DKYBAJIbHOI PIAMHU OMyCTUThCs Huxkue + 50 °C, Toxi miciast OTPUMAaHHS CUTHATY BiJ
JATYMKIB TeMIepaTypH, 10 OJioka KepyBaHHS CHUCTEMOIO PEryalOBaHHS TeMIepaTypu JIBUT'YHA
T3, HaAXOIUTHh CUTHAJI 1 BMUKAEThCSA BOJSHHUM HACOC 3 HE3aJEKHUM EIEKTPOIPUBOJIOM, SKUH
[10J1a€ OXOJIOKYBAJIbHY PIIUHY 3 CUCTEMHU OXOJIOJDKEHHS JBUT'YHA JI0 TEIIOBOTO aKyMYJIsATODPY,
a 3 HbOTO BIAOMPAETHCA HAKONMYEHA BiJ BIANpPAIlbOBAHUX Ta3iB TEIUIOBA €HEPTis, JO CHUCTEMU
oxosokenHs auryna T3 [1-17]. 3a paxyHOK IOTO MIATPUMYETHCS, 0OYMOBIJIEHA IHCTPYKIIIEIO
JIBUTYHA Ta Ta30BOi CHCTEMH JKUBJIEHHS, YMOBa MIATPUMAaHHA TEMIIEPaTypu B CHCTEMI
OXOJIOJDKEHHS Ta Ta30BOMY pelykTopi, He Hikde + 50 °C [10-12, 16, 23].

3actocyBanHs naHoi CTII mig wac excrumyaranii T3 nmepeobnanHaHoro st po6OTH Ha
ra3oBOMy MajlMBi, JO3BOJHUTh 3a PaxXyHOK KepyBaHHsS ABUIYHOM T3 1 CHCTEMOIO KepyBaHHs
TeMIepaTyp OXOJIOJUKyBaJbHOT pinuHu JBuryHa T3 3 TA®II nokpamuTad NajiuBHY
€KOHOMIUHICTh Ta €KOJIOTTYHI MOKa3HHKH, B mpoieci yruiizanii terotd Big TA®DII nmpu
3a0e3neueHHi MepeITyCKOBOrO MPOTpiBy CUCTEMHU OXOJIO/DKEHHS, Oe3 3amycky aBuryHa 13,
3aBJIIKM BUKOPHUCTaHHIO HakonmuueHoi TersioBoi eHeprii B TA®II, 3MeHIINTH BTpaTH TEIIOBOL
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eHeprii 3 CHCTeMH TMepeaInyCKOBOrO TPOrpiBy Ta dacy mporpiBy asuryHa T3 micis
nepearnyckoBoi TermoBoi miarotosku [1-13]. [MicnsamyckoBuit mporpiB asuryna T3 g0 3amaHoi
po0oU0i TeMIepaTypu BUKOHYEThCS i 4aCc pOOOTH Y PEXKUMI XOJIOCTOTO XOAY, 0 HEOOXiTHO
s 3apsaaku TA®DII, axuil € ckinanoBoro yactunoro CTII.

BucHoBku. BukoHnana cucremarnsaris i aHalli3 MOXIMBUX BapiaHTIB CTPYKTYPHHUX CXEM
1 cucreM TeroBOl MiAroTOBKM it T3 3 ABUTyHaMH, nepeoOragHaHuMuU U1t pOOOTH Ha 3piIiKe-
HOMY Ta30BOMY MMaJIMBI, 3 JOTIOMOTOI0 BHKOPUCTAHHS METO/a MOPQOJIOTIYHOTO aHAIi3y, SKUM
BUJIJICHI OCHOBHI (DYHKI[IOHABbHI €IEMEHTH 3 CKJIaJJOBHMH, SIKI MAIOTh MICIIE B pEalbHUX YMO-
Bax ekcruryaraiii T3. 3amponoHOBaHO MOKIIUBICTh BUKOPUCTAHHS CUCTEMH TEIUIOBOT MiJrOTOB-
ku T3 [1-13] 3 nBuryHamu, nepeoOiaHaHUMU Ui POOOTH Ha ra30BOMY MaJMBi, Ta cOcoOu ii
3aCTOCYBaHHs Y Ipoliecax mporpiBy mig dac ekcruryaraitii T3. [Tig yac BUKOHAHHS TOCTaBICHUX
3amau Oyna BHKopHcTaHa po3pobiena panime npuHimnosa cxema CTII va ocHoBi TA®DIT mns
T3, sika KOHCTPYKTMBHO BXOJHUTH JI0 CHCTEM OXOJIOJDKEHHS 1 BUIYCKY BIINpPallbOBAHUX Ta3iB
neuryna T3.
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OCOBJIMBOCTI CUCTEMHU JUCTAHIIAHOIO MOHITOPUHI'Y
TPAHCIHOPTHOI'O 3ACOBY

Xyoakoe I.B., I'puuyyk I.B., Mansceneii B.C., Yepnuenxo B.B.
X/IMA (Vkpaina)
Pusicosa B.IO.
International Technological University «Mykolayiv Polytechnics» (Yxpaina)
Bonooapey M.B., Yxkpainckui €.0.

LITY (Vkpaiua)

IlocranoBka mnpobGaemu. HaniiiHe Ta A0BrocTpokoBe (YHKIIOHYBaHHS
TEXHIYHOT 1HQPACTPYKTYPH CYYaCHOT'O CYCMUIHCTBA BU3HAYAE OCHOBHI MOKAa3HUKU
HOro KUTTENIIBHOCTI W 100OpoOyTYy Ta, Yy 3HA4HIM Mipl, MOB’sI3aHE 3 €KOJIOro-
CKOHOMIYHMMH XapaKTCPUCTUKAMH, TaKUMH, SK BIUIMB Ha HABKOJMUIIHE
CEpENIOBHUIIE, MMHUTOME BUKOPUCTAHHS CEHEProHOCIIB, BUTPAaTH Ha CTBOPCHHS,
eKCIUTyaTallilo, pEMOHT Ta pEereHepalliro MalllH Ta X eJIEMEHTIB.

[TocTyroBuii pO3BUTOK HOBHUX BHJIIB IEPEBE3CHBb IMPHU3BIB JO 30UIBIICHHS
yacy nepeOyBaHHS PYXOMOTO CKJIaJly JajeKO BiJl OCHOBHOI BHpOOHWYOI 0a3u, 1,
BHACIIJIOK  IIbOTO,  MiJBUIIMWIACH  POJb  MNPOPUIAKTUYHOTO  TEXHIYHOTO
obocnyrosyBanHss (TO) aBTOMOOLTIB. TOMY CTBOpPEHHS THYYKOi «aIalTHBHOI»
CHUCTEMU KOHTPOJIIO Ta YNPABJiHHS TEXHIYHUM CTAaHOM aBTOMOOLISA 3 €JIEMEHTaMHU
IHAUBINYaTbHOTO IMIJAXOAY JO KOXHOTO KOHKPETHOTO aBTOMOOWIS  CTajo
NEPIIOYEPTOBUM 3aBJIaHHSM.

[Tix amanTUBHOIO CHCTEMOIO TEXHIYHOro obOciyroByBaHHs 1 peMoHTY (TO 1
P) aBTOMOOLIIB pO3yMI€ThCS CHCTEMA, SiKa 3aBISIKU 3MiHI CBO€I CTPYKTYpH 1
3Ha4YCeHb MapaMeTpPiB, MOXKE MPUCTOCOBYBATHCS A0 3MIHM BHYTPIIIHIX 1 30BHIMIHIX
yMoB. PiBeHs, sikoro nocsria cydacHa TexHiuHa giarnoctuka (T/l), mo3Bossie mpu
TEeXHIYHIA eKCIUTyaTallii aBTOMOOLIIB peari3yBaTu MPaKTUIHO OYy/b-sIKi 3aBIaHHS
II0JI0 BUSBIICHHS Ta MPOTHO3YBAaHHS MapaMeTpiB TEXHIYHOTO CTaHYy aBTOMOOUTIB
[1-3].

TO 1 P yMOBHO Ha3uMBalOTh 1HAWBIIYaJbHUM TEXHIYHUM OOCIYTOBYBaHHSM
(ITO). Bug poOIiT B 1IbOMY BHUIIAJKy MPHU3HAYAIOTh HA OCHOBI 1HIMBITYyaJIbHUX
TIarHOCTUYHUX JTAHUX.

VY 3B’s3Ky 13 3aCTOCYBaHHSIM Ha aBTOMOOIUISIX CKIaJHUX BUCOKOC(PEKTUBHHUX
CJIEKTPOHHUX CHCTEM YIPAaBIIHHS, BOYJOBaHOI OOPTOBOI /IarHOCTHKHU, PO3BUTKY
CYIyTHUKOBHX CHCTEM HaBiramii i MOOUIBHOTO 3B'SI3Ky, CYyYaCHHUX TEXHOJIOT1i
3'IBUJIACST MOMJIMBICTh HE TUIBKM KOHTPOJIOBATH TeorpadiuHe TMOJIOKCHHS
TparcnopTHoro 3aco0y (T3) 1 3ailicHIOBATH 3B’SI30K 3 UCIIETYEPOM MiMIPUEMCTB
aBToMOOUTEHOTO TpaHcnopTy (AT), ane i 3AiiiCHIOBaTH NUCTAHIIIMHII MOHITOPUHT
3 OIIHKOIO PiBHS TE€XHIYHOTO CTaHy aBTOMOOLIIS, 1110 I[LTKOM JI03BOJISIE peali3yBaTu
MPAKTUYHO Oyab-sIKi 3aBJaHHS 1O BUSBICHHIO Ta TMPOTHO3YBAHHIO TEXHIYHOTO
CTaHy aBTOMOO1JIS.

HasBnaa cuctema TO i peMoHTy chopmyBasiacs Ha 6a3i CIIpoIeHOT MO
(GyHKIIIOHYBaHHS TPAHCIIOPTHO1 1HOPACTPYKTYPHU:

150 25-27 mpasHsa 2022 poky



Cy4acHi iHpopmayitini ma iHHosayiliHl mexHosoz2ii Ha mpancnopmi (MINTT -2022)

Ile B cBOW dYepry J03BOJUTH MEPEUTH 10 1HAWBIAYalbHOI (adanmTHUBHOI)
cuctemi TO 1 P aBTomo0611iB [4, 5].

B apmantuBHINA cucTeMi NPOrHO3YBaHHS MOXE IMPOBOJUTUCSA Ha MiACTaBI
pe3yapTaTiB  0OpoOKM MiarHOCTUYHOI 1HGOpMaIii BIAMOBIIHO J1O0 CXEMH
MIPOTHO3YBAaHHS Ta YIPABIIHHIM TEXHIYHUM CTAaHOM aBTOMOOUIS 13 3aCTOCYBaHHSIM
aBTOMaTU4HUX cucteMm ynpasiiHusa (ACY) [6, 7].

OcHOBHI pe3yabTaTu A0CaiIKeHHd. B 1anoMy BUnaaky iHpopMali€ero npo
3MIHY TEXHIYHOTO CTaHy aBTOMOOUISI € 3HA4YeHHs [apameTpiB, AKI
BUKOPUCTOBYIOTBCSA JUIs TPOTHO3yBaHHA. lle kaneHmapHi JaTd 1 3HAYCHHS
HaIpallOBaHHs aBTOMOOUIA, SKI BIANOBINAIOTh 3a(IKCOBAHUM 3HAYECHHSIM
napaMmeTpiB, a TaKoXX IHIIA 1H(popMallis, sKa 3HAXOAUThCS B IEHTPI
J1arHOCTYBaHHS 1 OTpUMaHa Ha OCHOBI KOMIT'FOTEPU30BaHUX 3aC001B JIarHOCTUKH.
Bces us indopmaris nepenaerbest ACY miist o06poOKH 1 11e € OCHOBOIO (popMyBaHHS
MacuMBY HOPMAaTHBHO-JOBIIKOBOI 1 J1arHOCTUYHOI 1HOpMaIlli, HeoOXiqHOT s
opraHizamii mporecy nporHozyBanHs. Came ToMy 3acTocoByioTh 1jsi TEA
CHeniaibHO po3po0IIeH] MporpaMHi 3aco0u.

OCHOBOIO aBTOMAaTHM30BaHOI aJanTHUBHOI CHCTEMH € 0a3a JaHUX IMPo
aBTOMOOITE. BoHa sBise CcUCTEMY B3a€MONOB’S3aHUX TaOMUIb. Y  Hil
po3MilyeTbest iHGOpMaIliss pi3HOTO POy 1 TOMY BOHa 0a3yeThCcsl Ha CHUCTEMI
ynpaBiaiHHg 0a3zamu nanux — Microsoft Access, 110 3a06e3nedye BiTHOCHO MPOCTE
CTBOPCHHS 1 KOpUTYBaHHS 0a3u JaHUX.

Texniune 3a0e3reyeHHs Cy4acHOi CHCTEMM IPOTHO3YBaHHS CTaHOBUTH
J1arHOCTUYHE 00JIaIHaHHS, 110 3ACTOCOBYETHCS B IIEHTP1 A1arHOCTYBaHHS, a TAKOX
oOuucmoBaibHi 3ac00u ACY TeXHIYHUM CTaHOM aBTOMOOLTIB.

[lepmuii eTam MOHITOPUHTY TPAHCIOPTHOrO 3aco0y - 1€ OIliHKa
e(eKTUBHOCTI TPAHCIIOPTHOTrO 3aco0y sl CTaHAAPTHUX LUKIIB pyxy. Lle nmae
MOJIMBICTh OLIIHUTH €(PEKTUBHICTh ACSKHX 3aCO0IB JIJIs TOJIIMIICHHS TMaJuBHOT
€KOHOMIYHOCTI 1 €KOJIOTTYHOCTI TPAHCIIOPTHOTO 3aco0y PYXOBHUX YCTaHOBOK
BIJIMOBIIHO 70 KOHKPETHUX YyMOB €KCIUTyaTallli TPaHCIOPTHOTO 3aco0y.
MaremaTiyHa  MOJCIb CHUCTEMH  <«JIBUT'YH-KaTaJTITUYHUNA  HEUTpasizaTop»
BUKOPUCTOBYETbCA I 1€l MeTH. MareMaruyHa MOJENIb 3aCHOBaHAa Ha METOI
Oamancy obcsary. Mojenb 103BOJIsI€ BU3HAYUTH €KOHOMIIO IMAJIMBA, MOTYXHICTh
JIBUTYHA 1 €KOJIOT1YHI XapaKTEPUCTUKHU BIAMOBIAHO 10 HOTr0 KOHCTPYKTUBHUMH
napamMeTpaMu, peXUM poOOTH, THUIl TMalMBa 1 TMapaMeTpu HaBKOJUITHHOTO
cepenoBuIa. BximHi naHi 1yisi MojenoBaHHs € (aKTU4HI JaHl oneparlii ABUTYHA,
OTpUMaHi 3 MWIIHIpa JaT4YMKa THUCKYy;, MapamMeTpu JBUTYHAa B CTaIllOHAPHHUX
pexuMax poOOTH, OTPUMAHUX B JAOOPATOPHUX EKCIIEPUMEHTaX; OOpTOBUI
niarnoctuku (Bb/l) cucteMHi maHi Ul BINMOBITHUX PEXKUMIB PYXy TPaHCIIOPTHOTO
3aco0y. Habip manux B mumiHApi poOOUYMX MapameTpiB Tina, €KOHOMIS MajnBa,
MOTYXHICTh JIBUTYHAa 1 EKOJIOTIYHMX XapaKTePUCTUKH B PEXUMax pPoOOTH
BIJIMOBIZTHO JI0 PEXKUMIB PyXy TPAHCIIOPTHOTO 3aCO0yY B MUK PYXy BU3HAYAIOTHCS
M 4Yac MOJAETIOBaHHA. EKOHOMIKA aBTOMOOLIBHOIO IIajWBa Ta €KOJIOTIYHI
MOKA3HUKHW B IIUKII1 BOJ{IHHS HABEJICHI PE3YyIbTATH MOJICTIOBAHHS.

Jpyruii eranm MOHITOPUHTY TpPAaHCHOPTHHUX 3ac00iB € OlliHKa Oe3MeKu
HaBKOJIMIIIHBOTO CEPE/IOBUINA, KOJIU TPAHCHOPTHUN 3acid 3HAXOAUTHCA B pycCi Ha
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peansHOoMy MapuipyTi. Ile moxnuBo 3a gomomorotro OBD ganux 1 moTouHHMX
rnapaMeTpiB  poO3TalllyBaHHS TPAHCIOPTHOTO 3aco0y HAa OCHOBI CHCTEMU
robansHoro  mosuiionyBaHHs (GPS  ganux). HabGip gaHux peanbHUX
XapaKTEPUCTUK MApIIPYTy TPAHCIOPTHOTO 3acO0y BU3HAYAIOTHCS BIAMOBITHO 10
MOTOYHUMHU JIaHMUMU MPO MICIE3HAXOKEHHsI TpaHcnopTHoro 3acody. lle €
OCHOBOIO JIJI1 BU3HAYEHHS peajbHUX CHII OMOPY PyXy TPaHCHOPTHOTO 3aco0y MO
MapumpyTy. BHKOpHCTOBYIOUM MaTeMaTHUYHY MOJIEb CUCTEMHU «IOPOKHIM
TPaHCHOPTHUHN 3aci0», eKojoriyHa Oe3neKa OLIHIOEThCS, KOJH TPaHCIOPTHUIM
3aci0 3HAXOAUTHCS B PYCI 32 IEBHUM MapIIPyTOM.

B uinomy BHKOHaHUU aHalli3 ICHYBaHHS 1 CTBOPEHHS aJalTUBHUX CUCTEM
TO 1 P 1o3Boife NIAKPECIUTH aKTYalIbHICTh MNHUTaHHS 1H(POPMALIMHOIO
3a0e3nedeHHs nporpecuBHux cuctem TO 1 P.

BucnoBku. Po3BuTOK iH(pOpMaliiiHOro 3abe3rneyeHHs aBTOTPAHCIOPTHHUX
OpoLECiB €, MO-TMepuie, YMOBOK IEpPexXojay aBTOMOOUIBHOTO TPAHCIOPTY [0
aBTOMATHU30BAHOTO YINPABJIIHHS TEXHIYHUM CTaHOM aBTOMOOUTIB Ha mMiACTaBi
THYYKHUX «aJalNTHUBHUX» aBTOMATHU30BAaHUX CUCTEM 3 1HJIMUBIAYaJbHOK KOPEKIIEIO
NEPIOUYHOCTI Ta 00CSTIB TEXHIYHOTO OOCITYTrOBYBaHHS.

MOHITOPUHT SIKOCTI PyXy 1 TE€XHIYHOTO CTaHy TPAHCIOPTHUX 3ac00iB aae
MOKJIUBICTh TEXHIYHIA CiIy*k01 OTpuMyBaTu I1H(OpPMAII0O MNP0 3ATUIIKOBY
Ipare31aTHICTh TPAHCIIOPTHUX 3aC001B 1 CBOEYACHO 31MCHIOBATH MPOQUTaKTUIHI
BIUTMBM HAa OCHOBI1 iX MapaMeTpiB TeXHIYHOTO cTtaHy. Jnsa mucnerdepa (cyO'ekra
yIOpaBIiHHSA) BUIIEpE/Kaloya JlarHocTHKa T3 € OJHI€El 3  TEXHOJIOTIH
HOIEPEKEHHS BTPAT 4acy.
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BILIUB ATMOC®EPHUX YMOB EKCILTYATAIII B YACTHHI
BITPOBOI'O HABAHTAKEHHS HA IIVTAHYBAHHSA TA
HNPOBEAEHHSA EKCIIEPUMEHTAJIBHUX JOCJ/JII’KEHDb
TPAHCIIOPTHHUX 3ACOBIB

E.X. Pabinosuu, B.O. 3yce
Xapxiscokuii HayioHanbHull amomo0inbHO-00podICHIll yHisepcumem, Xapkie, Yxpaina
LB. I'puuyx, /I.C. Ilozopneybkuii
X/IMA (Vrpaina)
M.B. Bonooapeus, €.0. Ykpainucokuii
JBH3 «lIpuazoscokuii Oepocasnuii mexuiunuil yHiseepcumemy , Yrpaina
B.1O. Pusicosa
Mixcnapoonui mexnonoziunuii ynisepcumem "Muxonaiecvka norimexuixa”, Muxonais, Yrpaina

Y 0onosidi nasedeni manosioomi pesyrbmamu OOCHIONCEHb GNAUSY GIMPY HA ONOPU  PYXY
agmomooins, 3axo0u wooo U020 YPAXYyeauHs Npu NIAHYBAHHI eKCHePUMEHmy md Memoou Uo2o
oOuuCHeHHs npu 0OPOOYI OMPUMAHUX OAHUX.

Kurouoei cnosa: simep, wmsuoxkicms, HanpsiMoK, CmadiibHICMb, PeECMpPayis, 0OUUCTEHHS.

The report presents little-known results of research on the impact of wind on the resistance of the
car, measures to take it into account when planning an experiment and methods of calculating it when
processing the data.

Key words: wind, speed, direction, stability, registration, calculation.

IlocTanoBka mpoOaemu. J[opoxxHi BUTIPOOYBaHHSA — 3aKIIOYHWN €Tall CTBOPEHHS HOBOI MO
aBTOMOOLUIS. JIOpOXKHI TOCTIIM eKCIUTyaTaiiHUX TIOKa3HUKIB POOOTH TPAHCIIOPTY — YW HE €IMHUI BH/T
EKCIIEPUMEHTAIILHUX JOCIIIDKEeHb, JOCTYITHHM JUIsi He0araTuxX BY3IBChKUX HAYKOBIIIB. Y HaIIill MPaKTHUIIi
HaWJacTiIIe ImepeBipsiacsa SKICTh aBTOMOOUTRHOTO ITaliiBa, 30KpeMa OEH30CIHUPTOBUX CYMIIeH, M0
MIPOMOHYIOTHCS TSI 3MEHIIEHHS] BHTPATH IMIIOPTOBAHOrO O€H3WHY. Y TaKuX JOCHITaX WAEThCS TPO
OTPUMAaHHSI PE3yNbTATIB 3 TOYHICTIO IO OMWHHUIIh BIZICOTKIB, a KpaIe — A0 MECATHUX YacTOK BimcoTka. |
OTYT BHCTYTIa€ Ha MEPITUHN IUIAH BiTEp — Y HAIMKX Kpasx Oe3mepepBHUN Ta HecTaOUThbHUH. [1yOmiKyroThCs
3BEICHHS TOTOJHUX MaHWX Bim TpodeciiHUX  METEOIEHTPIB, aje Ha METEOCTAHINISIX HAMPSIMOK i
MIBUKICTH BITPY BUMIPIOIOTH Ha BHCOTI 10-12 M, Tofi Sk aBTOMOOLIICTIB IIKaBUTh BITEP JeCh HA PiBHI
0,6-1,0 M - 116 BHCOTH PO3TAIyBaHHS IIEHTPY TUCKY 3YCTPIYHOTO MOBITPSIHOT'O MOTOKY. Y Tadm. 1 i Ha
puc.] mokasaHi pe3ynbTaTH BUMIPIOBaHb IIBUIKOCTI BITPY y MicTi, Ha BucoTax Bif 245 mo 1640 MM Han

ac(harbToM. Weunakicts BiTPY, M/C
Ta6nunua 1. LWsngKictb BiTpy Ha pi3Hiii BucoTi [1] N
05.06.2016 2,5 y = 1,0851E-03x + 5,6395E-01 It
Bucora, | 05.06.2016 2 cep., 27.08.2016 20l R = 8,1476E-01 R _ 1

MM 1 cepin cepegHi M
cepegH. /./# l _ -
1 2 3 4 15 =1 —

A _ |__——a
1640 2,0; 2,31 1,403641 1,02202 R

1195 2,01 1,01222 MO1E ~ y=0,0004x + 1,4933

980 1,21 1,140179 0.5 -~ ‘ ‘

750 1,44;1,01 1,753156 ’ y = 0,0002x + 1,0749

560 1,05 1,653771 0.0 | | |

340 1,2202  1,622467 0O 300 600 900 1200 1500
245 1,6 0,938758 1,507803

Bucota Hapg accanbToM, MM

Puc. 1 - 3anexHocTi WIBUAKOCTI BITPY Ha Pi3HUX
BUCOTaX HaJ piBHEM ac(}aibTHOTO JIOPOKHBOTO
HOKPUTTS

OcHOBHi pe3yJabTaTH JOCHITKeHHS. BUWIHO, 1O 3aNeXHICTh MIBHUIKOCTI BITPY BiJ BHCOTH
MPaKTUYHO JiHiliHA. Y JjiTepaTypi X HaBOAWUTHCS NapaboniuHa kpuBa. Ha »xamp, 1s KpuBa ayxe
HEBH3HAUCHA 1 CUJIBHO 3aJISKUTh BiJ TaK 3BaHOI IIOPCTKOCTI 3éMHOI MOBEPXHi (BOAHE I3€pKajio, TPaBa,
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KYIIli, JIiC, CUTbChKA, MiChKa, TIPOMHCIIOBA 3a0yJ0Ba TOIO). TOMY JIOBOAMTHCS BUMIPIOBATH IIBUJKICTh
BiTpy Oe3mocepeqHb0 Ha Micli MalOyTHBOro ekcriepuMeHTy. Ha puc. 2 HaBemeHi peanbHi Jiarpamu
3MiHU IIBUAKOCTI BITPY 3 Yacom, 3alMCaHi B HAIIMX JaBHIX eKcliepuMeHTax. BOHM SBHO MOKa3yrOTh
YacTy 3MiHY IBHUAKOCTI pubau3Ho Ha + 0,5 M/c, mpu YoMy MPOMDKKH MK TOYKaMH BH3HAYa€ HE JIMIIE
caM BiTep, a IIe i TPUBATICTh KOXKHOIO BUMIPIOBAHHS 3T1THO 3 iHCTpYKILi€to 10 anemomerpa MC-13...

Puc. 2. - [liarpaMu MIBUAKOCTI BITPY Y Pi3HUX €KCIIEPUMEHTAX

Kapruny ycknangHioe migifoMHa CHIa, IO BHHHUKAE MPH OOTIKaHHI MAIVHU TOBITPSHAM ITOTOKOM.
Bona 3anexuTh He BiJl TOYKM NPUKIAJCHHS PIBHOIINHOI, a Big (opMU aBTOMOOLNIS, MOXKE BiTIyTHO
3MIHIOBaTH HaBaHTa)XEHHS Ha BeIydi Kolleca, BUKIMKATH iXHE IMPOKOB3YBaHHS YW TPOOYKCOBKY Ha
BEJIMKUX MIBUAKOCTSX... Uepes 1e MUTaHHS MPO BUCOTY LEHTPa TUCKY CTa€ MEHII KpuTHIHUM. Crapuid
pansHceknit 'OCT Hakaszye Bucory 1 Merp. A Ha JOCHIAHUKIB BXKE YEKae HACTyIHA CKJIAIHICTh —
HecTaOUIpHICTH BiTPY. Lle moMiTHO y mepuoMy-IinmoMy IporHo3i moroau, Hanpukiaz Big ['icmereo, ne
3a psSIKaMy — Yac A00W, MBUIKICTh, M/C, HaMpsMoK («3» - i3 3axomy, 11n3 — i3 miBaenHoro 3axoxy, 113
i3 MBHIYHOT O 3aX0/1Y) 1 HAPEUITi — MIBUKICTH Y TIOPUBAX, M/C.

25-27 mpasHs 2022 poky 155



Cy4acHi iHpopmayitini ma iHHosayiliHl mexHosoz2ii Ha mpancnopmi (MINTT -2022)

3a HAMMH CIIOCTEPEKCHHSMH, HANpsMOK BITPY MOXKE 3MIHIOBATHCA TaKOX PI3KO 1
Henepenbayeno. Ha puc. 3 (3anmc y nporpami Virtual Dub) moOpe BuIHO, HACKUIBKH 3MIHUBCS HAIPSIMOK
crpiuku — y kazapi 27 (vac 0,900 c) BoHa BKa3ye MpaKTHYHO YIOMEPeK AOpOrH, a y kaapi 122 (uac 4,067
¢, T00TO uepe3 3,167 ¢) BoHa Bimxuiuiacs y Haui 6ik npuHaiiMui Ha 120°.

Puc. 3. JleMmoHcTpanis pi3koi 3MiHH HaNpsMKY BiTpy 3a 3,167 cexyHau

IMpu 00poOIi pe3ynbTaTiB E€KCIEPUMEHTY JOCHIIHHKH MOXYTh BHUKOPHCTOBYBATH 3aJICKHOCTI
MIBUIKOCT1 3yCTPIYHOTO TIOTOKY MOBITPS Bif 9acy. TpamuiiiifHo iX OMUCYIOTH JiHIHHUMH 200, Y KparoMy
pasi, kBaJpaTHYHUMHU PyHKIiAMU. [le — BIAJIyHHS THX 4YaciB, KOJIM HayKOBI pO3PaxyHKH BUKOHYBaJd Ha
JIepeB’ THUX paxiBHUILIX Ta 3amizHuX «Demikcax». AJie 3apa3 HaBiTh MPOCTI IHKEHEPHI KAIBKYJISATOPH
3a0€31MeuyIoTh HayKy OUTBIN JOCKOHAJIWMH IHCTPYMEHTAaMH. | 11e Ja€ MOXIIMBICTH OTPUMYBATH TOYHIIIT
KapTHUHM JOCIIHKYBAaHUX MpoleciB. Tak, BUSABHIIOCS, IO HA IIBHAKOCTIX HIDKYe 25...27 KM/Toa omip
KOYCHHIO — BEJIMYMHA 30BCIM HE ITOCTiHiHA, BiH CITaJa€ MPAKTHYHO IO HYJS IIABHOIO, BCE KPYTIMIOIO
kpuBoto (puc. 4 3a mannmu HAMI). Ha npoMy prcyHKy HalliBXKMpHa ITPUXOBa KpHBa MMOOyIOBaHA 3a
TaHUMH TIOJITOHHOTO €KCIIEPUMEHTY, 1HIII — PO3PaxyHKOBI rpadikd armpoKcuMarlii pisHUMHU (QyHKIIAMHU.
[IpakTdHO TOUYHUH pe3yabTAT JIA€ MTONIHOM 6 CTETEHS.

Barato paziB MU OTpUMYB&JIM TakWil «I3600» Yy BIACHHUX EKCIIEPUMEHTAaX Ta pO3paxyHKax,
3ampoIOHyYBaIN eMITipudHi (GopMyTu A PO3paxyHKy KoedillieHTa OIopy KOYEeHHIO, aje HaBiTh
HalKpaii 3 HuX [aroTh Bapiamito 10 +0,001 npu cepenapomy 3nauenHi 0,010. Lle He quBHO: MHN OqHIET
PO3MIpHOCTI, BUTOTOBJIEH] Pi3HUMH (hipMaMH, 9acTO PiI3HATHCS 33 BIACTHBOCTSIMH TyXKe Cepio3Ho. Tak, y
muH 205/55 R16 V koedimieHT onopy KOYeHHIO, BUMIpSHHMA Ha OapaOaHHOMY CTEHJi, Bapiioe Bix
0,00969 (Michelin Primacy HP) no 0,01309 (Toyo Proxes CF1) - po36ixsicTs y 1,35 pasu. Ciig nonatu,
10 HaBiTh Y OHOI IIMHU B Pi3HUX TOYKAX I10 KONy Pi3HATHCS 1 paaiycH, 1 Ipy>KHI BIACTHBOCTI. .. K1 10
TOTO X MOXYTh 3MiHIOBATUCS 3i 3HOCOM MHHUA. OJICOM CIIOBOM, II€ SBUIIC JOCTIKEHE HEIOCTATHbO,
ToMy, Hanpukian, ¢axiBmi CHIA mpocto oOMexyroTh cBoi myOmikarii mBuakicTio 15 km/ron [3] (puc.
5a), a or HAMI 6e3 xonmmBaHb TOKa3ye MOCTIHHUIN omip KodeHHIo Ha piBHI 0,01 ax 10 MOBHOI 3ymUHKH
[4] (puc. 5b). 3ayBakmMo, MO y CKIQJHUX OPIANYHUX Ka3zycaX HEXTYBaHHS UM SBHILNEM MOXKE
MIPU3BECTH JO CYAOBOI IOMIIIKH, TOOTO OE3IMiJICTABHOrO BHU3HAHHS BHHHUM BOMiA a00 MexaHika 49u
niarHocta. ToMy kpaiiie 0OMeXyBaTH JOPOXKHI €KCIIEPUMEHTH 3HU3Y, HAPUKIIA], IMBUAKICTIO 27 KM/TOx
(mpupoaHO, KpiM BUTIAAKIB BUBYEHHS PyXy aBTOMOOLUIS HA MEHIITUX IIBUIKOCTSX ).
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Puc. 5. 3anexHicTs OMOpiB KOYSHHIO BiJl IIBUIAKOCTI

BucnoBku. OTxe, MUTaHHS PO OMOPH PyXY Ha JOPO3i i MI€0 BITPY HA PI3HUX MIBUIKOCTIX
CKJIAIHIIIe, HIX 3/IA€THCS, 1 B OKPEMHUX BUITIAIIKAX 31CTABICHHS PE3YyIbTATIB EKCIIEPUMEHTY 3
TEOPETUYHUMU PO3PAXyHKAMH CTAE HEMOXKIIMBHM Yepe3 HelIOCKOHaNIcTh Teopii. 1o x MoxHa mopaguTu
eKcIiepuMeHTaTopam?

1. BignoBinanpHI eKCIIEpPUMEHTH IPOBOIUTH JIUIIIE Y O3BITPSHI TIepioau;

2. SIxmo 1) HEeMOXKITMBO, BiIIOBITHI €KCTIEPUMEHTH MTPOBOIUTH IIPHU IIBUIKOCTI BITPY B3OBXK OCi

pyxy Ha BHCOTi 1 M Hax AOPOXKHIM TOKPUTTSIM HE OinbIme 3 m/c;

3. Becw yac BUKOHaHHSI 3ai3/1iB BUMIPIOBATH 1 peeCTpyBaTH HAMPSMOK Ta MIBHIKICT BITPY, 3a
MOJIHBICTIO — Y AEKUTBKOX TOYKaxX MapIIpyTy;

4. 3a MOXIIUBICTIO TIONIEPEIHHO OOCTEXUTH MAPIIPYT, BUSIBUTH MICISl MOXUINBHX TIOPYIIIEHB
PIBHOMIPHOCTI BITPY, BUKJITIOUHTH 1X 3 MapIIpyTy, a SKIIO I[e HEMOXKITUBE, PEECTPYBATH Yy 3aIlnucax
MIBUAKOCTI MOMEHTH MTPOXOPKEHHS ITUX MICITh;

5. He moBipsTH nitepaTypHUM TaHUM TPO KOEII[IEHTH OMOPiB KOYEHHIO Ta TOBITPSI;

6. 3a BiICYTHOCTI 1HIINX BUXOJIIB BUKOPHCTOBYBATH y PO3pPaXyHKaX EMITIpUYHI 3aJIeKHOCTI
OITOpiB KOYEHHIO Ta OIOPIB MOBITPS, HABEEH] Y HAIMX ITyOiKaIisx, Harmpukmay [1].
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VIIK 681.518.5

OCHOBHI ITPUHIIUIIN TA AJITOPUTM 3bUPAHHA BXITHUX
JAHUX ABTOMATHU3AIIIL KOHTPOJIIO TEXHIYHOI'O CTAHY
BO/HOI'O TPAHCIIOPTY

Yepuenko B.B., I'puuyk I.B., Xyoakoe I.B., /[3uzap A.K., Manxcenen B. C.
Xepconcvka 0eparcasHa MOpCbKa akademist

(Ykpaina)

Beryn. TpancnopTHa ramyss € oHI€r0 3 0a30BUX rairy3eil EKOHOMIKH, Ma€ pO3TalyKeHy
3aNII3HUYHY MEPEXY, PO3BHUHYTY MEPEXY aBTOMOOUIBHUX IUISAXIB, MOPCHKI MOPTH Ta PIUKOBI
TEpMIHAJIM, AaepONOPTH Ta UIMPOKY MEPEXy aBlallifHUX CIHOJIyY€Hb, BAaHTOKHUX MHUTHHX
TepMIHAJIB, IO CTBOPIOE HEOOXITHI MEPEAYMOBH I 3aJ0BOJICHHS TMOTpPeOd KOPUCTYyBadiB
TPAHCIOPTY y HAJlaHH1 TPAHCIIOPTHUX MOCIYT Ta PO3BUTKY O13HECY.

Tak, y YopHoMopcbkoMy Ta A30BcbkoMy OaceiiHax 1 nenbTi [lyHaro mparorors 13
MOPCBKHUX MOPTIB, CYKYITHA MOTY)KHICTh BAHTaXXOOOPOOKH SIKUX CTAaHOBUTH OUThII sIK 230 MIIH.
ToHH Ha pik. Teputopiero Ykpainu mnpoctsraerbest 2714,5 kimomeTrpa BHYTPIUIHIX BOIJHHMX
NUISXIB, 110 HaJEXaTh 0 KaTeropii cyaHoruiaBHuX. O yHKIIOHYE pO3BUHYTA MEPEKa MapoOMHOTO
CHOJIy4EHHS, MOPCHKUX KOHTEHHEPHHUX JIIHIHM, 110 3’€AHYI0Th YKpaiHy 3 KpaiHaMH-apTHEpaMu
B YopHOMOPCHKOMY PETioHI.

Ha cporogni HeoOXigHMM € BIPOBAKEHHS HOBHX NPHUHLIMIIB (QOPMYBaHHS Ta
KOOpJUHAIII] JIep>KaBHOI MOJIITUKKA B TPAHCHOPTHIM ramy3i, CTBOPEHHsI YMOB AJisi 3a0€3MeUeHHs
3MIACHEHHS KOHTPOJIO 3a SKICTIO BUKOHAHHS (YHKI[IH BiAMOBIIHWUX OpraHiB, CTBOPCHHS
THTErPOBAHOTO JI0 CBITOBOI TPAHCHOPTHOI Mepeki 0e3medHo (HyHKIIOHYIOUOTO Ta €(PEeKTUBHOTO
TPAHCHOPTHOTO KOMILIEKCY YKpaiHH.

3 METOI0 CTBOPEHHsI €()eKTUBHO IPALIOI0YOr0 KOMIUIEKCY YKpaiHM Ha MOPCBKOMY Ta
BHYTPIIIHHOMY BOJTHOMY TPAHCIIOPTI, TpeOa MPUILITUTH yBary TAKUM CBITOBUM TEHICHITISIM:

. BUKOPHUCTAHHS BUCOKOTEXHOJIOTIYHUX Ta €PrOHOMIYHMX TPAHCIOPTHHX 3acO0iB,
MPUHIUITB MYJIbTUMOJAIBHOCTI, CYMYTHHUKOBOI HaBiraiii, 1HTEJICKTyaJIbHUX TPAHCIOPTHUX
cucteM, iHGOPMAIITHUX TEXHOJIOTIH, SJIEKTPOHHOTO JIOKYMEHTOOOIr'y;

° IHTErpallis 10 €BPONEUCHKOT CUCTEMH HAIIOHAJILHOTO CErMEHTa CHCTEMHU OOMIHY
iHpopmarriero SafeSeaNet mpo pyx cyaHa Ta aBapiiiHi O,

. IHTEerpaliss  aepoHaBiramiiiHoi  cucTeMu  YKpaiHM 0  €BPONEHCHKOT
aepOHABITAIIMHOT CHCTEMH;

. edexkTrBHE (YHKIIOHYBAHHS HAI[IOHAIBHOI CUCTEMHU 3 TMOIIYKY 1 pSITyBaHHS Ha
MoOpI;

. Y3rO/UKEHHsI BUMOT (DYHKIIOHYBAaHHS YKpaiHCHKOI pPiuyKkoBOi 1HQOpMAIiHOT
CUCTEeMH 3 BUMOTramH ctanaptiB €C;

. Oe3neuHe (YHKIIOHYBaHHS, MIATPUMKA Yy HaJEKHOMY TEXHIYHOMY CTaHi,

MPOBEJICHHSI CBOEYACHOTO PEMOHTY TIAPOTEXHIYHUX CIOPYIl Ha BHYTPIIIHBOMY BOJHOMY
TPaHCIIOPTI;

J BIIPOBA/PKEHHS HOBITHIX TEXHOJIOTIH TECTyBaHHS TPAHCHOPTHUX 3aco0iB 3a
€KOJIOTIYHUMHU MapaMeTpaMu

J peopMyBaHHS CHUCTEMHU JIep)KAaBHOTO Harjsay (KOHTPOJO) 3a Oe3NeKoro
CYJHOIUIaBCTBA MAJIOMIPHUX/MAaJIMX CY/EH;

J CTBOPEHHSI HAI[IOHAJILHOTO CErMEHTa CHUCTeMM OOMIHY iH(opMalli€o mpo pyx
CYJIeH Ta JIISUIbHICTh CY0 €KTIB rOCIOAapIOBaHHA y c(hepi MOPCHKOTO CYJHOILIABCTBA;

. IHTerparis 10 €BpoIeichKoi iIHPOpMaIiifHOT CUCTEMU;
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J BIIPOBaPKEHHS criibHUX 3 €C mpouenyp 3abe3neyeHHs 0e3neKu CyqHOIUIaBCTBa,
MOHITOPUHTY PYXY MOPCBHKHX CYZIEH, HaJaHHS JOIMOMOTHM Ha MOpPi, MOPCBHKOTO 3B’SI3KY,
pearyBaHHsl Y pa3i 3a0pyAHEHHs i3 CyJIeH Ta CTBOPCHHS HAI[IOHATHHOIO CETMEHTA CHCTEMHU
obMminy iHdopmarriero SafeSeaNet mpo pyx cyneH Ta aBapiiiHi mo/Iii;

. po3MexKyBaHHSI (PYHKINI 3a0e3redeHHs] Oe3MeKH MOPEIIABCTBA, JIEPIKABHOTO
HarJsiy 1 HalaHHS aMIHICTPaTUBHUX MOCIYT CIYKO0aMHU KalliTaHiB MOPCHKUX TOPTIB;

. 3a0e3neueHHsl pPO3BUTKY OeperoBoi iHdpacTpykTypu [106anpHOi MOpCHKOT
CHCTEMH 3B’sI3Ky y pasi nmuxa Ta i 3abe3neuenns 6e3nexu (I'M3JIb);

o YIOCKOHAJIEHHS CHCTEMH 300Dy, aHATi3y Ta BUKOPUCTAHHS CTATUCTUYHUX JAHUX.

BukopucraHHs Cyd4acHHMX aBTOMATHYHUX TEXHOJOTiH, B cHoenu(iyHUX yMOBax
eKCIuTyaralii 3aco0iB PIYKOBOTO 1 MOPCBKOTO TPAHCHOPTY, MOTpedye pPo3poOKM 3aco0iB i
MeTO/1IB IHQOpMaIiifHOro 3a0€31eUeHHs, B TOMY YUCI1 ISl OTPUMaHHS JOCTOBIPHOI 1H(popMaIiil
PO TEXHIYHUH CTaH TPAHCHOPTHUX 3ac001B, KOMIIETEHTHICTh IMpAalliBHUKIB, KOpPEryBaHHS
PEXHMMIB Mpali Ta BIAMOYMHKY, a TaK0XX, KOHTPOJIb 3a CBOE€YACHICTIO 1 SKICTIO MPOBEIEHHS
OprafizalifHO-TeXHIYHUX 3aX0JIB 3 TEXHIYHOTO OOCIyroBYBaHHS, JA1arHOCTUKH Ta PEMOHTY B
IIBUIKO3MIHHMX YMOBAaX €KCILTyaTaIlii.

JlocniykeHHsl TPUHLIMITIB aBTOMATH3a1[11 KOHTPOJIIO TEXHIYHOTO CTaHy 3ac001B

BOJTHOTO TPAHCIIOPTY BU3HAUYMJIIO TaKi OCHOBHI IPUHIIUIIH:

MPUHIIMI Y3TOJKEHOCTI, CYTh SKOTO B TOMY, L0 BCI JIii B MPOIIEC], III0 aBTOMATU3YEThCS
MOBUHHI OyTH Y3rO/DKeHI MDK CO0OI0 Ta 31 BXOJaMH 1 BHUXOJaMU Tporecy. Y pasi
HEY3T0JDKEHOCTI J1il MOKe CTaTHCS MOPYIIEHHS! BUKOHAHHS MPOIIECy;

NPUHIMI 1HTErpanii — IMpolec, M0 aBTOMATHU3YETbCS IMOBUHEH MaTH MOXIIMBICTh
IHTErpyBaTUCS B 3arajibHe CEpPelOBUIIIE;
MPUHIMI HE3aJIeKHOCTI BUKOHAHHA — TMIPOLIEC, IO aBTOMATH3YEThCS MOBUHEH

BHKOHYBATHCS CAMOCTIMHO, 0€3 yJacTi JII0IMHU, a00 3 MIHIMAaJTLHUM KOHTPOJIEM 3 OOKY JIFOIUHH.

[Tomyk MeToiB aBTOMAaTH3aIlii OTpUMaHHs iH(OpMAIlii O BHUINE3a3HAYCHUM MTUTAHHSM,
noTpedye po3poOKH anropuTMy 30UpaHHS BXITHUX JaHUX IIOJO0 OCHOBHHUX PEXKHUMIB
eKcIuTyaTarlii TpaHCTIOPTHUX 3aC001B.

[Tepmmii, chopMymoeEMO SK peKHUM TMPU3HAYEHHS Ta eKCIUTyaramii. B pamkax 1poro
PEXUMY MPOAHANII3yYEMO HACTYITHE:

. HasBHICTh TEXHIYHOI JOKYMEHTAIlli TPaHCIOPTHOIO 3aco0y B SKId HaIaHO
OCHOBHI XapaKTEepUCTUKH, iHPopMaIliiiHa 0aza Ta mporpama 3 il aBToMaTH3allii;

o MPUIOM TPAHCHIOPTHOTO 3acO0Y eKila)keM Ta BBEJACHHS B €KCILTYyaTallilo;

o KOHTPOJIb 32 TEXHIYHUM CTaHOM B IPOIIEC] EKCILTyaTallii;

. MOHITOPHHT PiBHA KBasi(ikallii WieHiB eKilaxy.

Jpyruii - pexxum HiITpUMaHHs TPAHCIIOPTHOTO 3ac00y y CTaH1 BUMOT A0 eKciutyaranii. B
paMKax 1bOro PeKUMY MPOAHATI3YEMO HACTYITHE:

o BEJICHHSI TEXHIYHOI JOKYMEHTAIlil Ta TMpPOBEACHHS IarHOCTYBaHHS TEXHIYHOTO
CTaHy,

o MPOBE/ICHHS TUIAHOBUX Ta MO3AIIAHOBUX 3aXOIB 3 BITHOBIICHHS TPAHCIOPTHOTO
3aco0y;

. MOHITOPHHT piBHS KBamidikallii TeXHIYHOTO nepcoHany ((haxiBI[iB-PEMOHTHUKIB).

J aHaJi3 JaHUX NpO BUBJIEHI HEOE3MEeUH1 HECIIPABHOCTI;

° aHaJli3 MPUYHH Ta HACIIJKIB HEJOTPUMAHHS BUMOT JI0 €KCILTyaTallii.

Tperiit — pexxuM TpaHCOPTYBaHHs. B paMkax 11boro pexxumy mpoaHaiizyeMO HaCTYIIHE:

o nepenavya TPAHCHOPTHOTO 3ac00y Ha PEMOHTHI MIiANPUEMCTBA 3 OMOPMIICHHIM
BIJIMOBIIHOT TIOKYMEHTAIIiT,

o MOHITOPHHT TEXHIYHOT'O CTaHy TPAHCIIOPTHOTO 3ac00Y IiJl Yac PEMOHTY.

BucHoBku. Peectparis (MOHITOPHHI) MapaMeTpiB TEXHIYHOTO CTaHy EHEpPreTHYHOI
YCTAHOBKHM 1 CyAHA, JAaHUX NP0 YMOBM €KCIUIyaTallii, MOYMHAIOYM 3 MOMEHTY I0YaTKy
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Cy4acHi iHpopmayitini ma iHHosayiliHl mexHosoz2ii Ha mpancnopmi (MINTT -2022)

eKCIUTyaTallii CyJJHa 3a IpU3HAYCHHAM (IIOYaTKy pyXYy), IPH 3MiHi €KCIUTyaTal[lfHUX PEXUMIB, a
TaKOX 3JIMCHEHHS MOCTIMHOTO KOHTPOJIO KOMIIETEHTHOCTI MpPAaliBHUKIB (BUKOPHCTAaHHS iX B
3aJIeKHOCTI Bix KBamidikamii i TOCBiTy), MPaBHIIBHOCTI BEAEHHS TEXHIYHOI JOKYMEHTAIlil,
IUTAHYBAaHHSI PEXKUMIB Tpami 1 BIAIMOYMHKY, TOTPeOyIOTh CTBOPEHHS €IMHOTO iH(OopMaLiitHOTO
CepeloBUINa Ta EJIEKTPOHHOI 0a3M JaHMX B yMOBaX eKCIUTyaTarlii 3aco0iB pIid4KOBOTO 1
MOPCBKOTO TPAHCIIOPTY.

JITEPATYPA

1. HamionaneHa TpaHCIopTHA cTpaTeris YKpainu Ha mepiof 1o 2030 poky.
Poznopsmxenns Kabinery minictpiB Ykpainu Bix 30 TpaBus 2018 p. Ne 430 —p.

2. Konomiens O. M. uceprariis «Mojieri Ta METOIM aBTOMATH3AIIii KOHTPOJITIO
TEXHIYHOTO CTaHy 3ac00IB BOJHOTO TPAHCIIOPTY Y PI3HOMAHITHHX YMOBAX €KCILTyaTaIii
JlepxaBHuUl yHIBepCUTET 1HQPACTPYKTYpH Ta TexHojorii, 2020 p.

3. CiBak B. «Meton iHpopmaIiiitHoro 3a0e3neueHHs eKCIUTyaTaliiHol Oe3meKu
TPAHCIOPTHHUX 3aC00IB HA OCHOBHHUX PEXKHMAaX TEXHIYHOI €KCIUTyaTali», 30IpHUK HAyKOBHX
npaupb HamionanbHO1 akaeMii Jep:kaBHOT MPUKOPIOHHOI Ci1yk0n YKpaiHu, cepis: BIICbKOBI1 Ta
TexH1yH1 Hayku Ne 1(67), 2016 p.

160 25-27 mpasHsa 2022 poky



A
Aloba Leo Tosin, 98

B
Ben A., 30, 36, 48

D
Diahyleva O.S., 30, 36

K
Koretsky O., 43
Kyrychenko K. V., 23

M

Makarchuk D., 43
Mamenko P.P., 23
Masonkova M., 36
Mateychuk V.M., 23

N
Neumann S., 139
Nosov P.S., 30, 36, 43, 48

P
Ponomaryova V.P., 30, 48
Prokopchuk Y., 48

S

Shemonayev V., 135
Surinov 1., 135

Y

Yahlytskyi Y.K., 112
Z

Zinchenko S.M., 23
b

baokin I'.B., 119
bens ALIL.,7

binait A.B., 145

Bainnos B. C., 62, 121
bypynin A.IL, 83
bypynina X.10., 66
Bbyccos JI.€., 71

B
BapOaneus P.A., 139
Bononapen M.B., 150

IMEHHUM ITIOKA3UYUK

I

I'punyxk 1.B., 145, 150,
154, 158,

I'pyninina I'. C., 62

A

Hzurap A.K., 158

3

3inyenko C.M.,7, 12, 18
3yeB B.O., 154

K

Kupunam O.1., 139
Kupunnos €. 1., 60
Kupnuenko K.B.,12, 18
Kupnan B.1., 139
Knoukor O. I1., 124
Koneb6anos O.K., 115
Kyuepenko F0.M.,139

JI
Jlebenenko 10.0., 115

M

Mawmenxko I1.11.,12, 18
Mamxeneit B.C., 150, 158
Mareituyk B.M., 12, 18
Menpauk B.I'., 127
Menpnauk 1.B., 127
Minues JI.C., 139

H

Hanroumit A.B., 75
Hanrouiii B.A., 81, 83
Hyxnuii 1. C., 104
Hyxnniit C.M., 108

11

[Toropneuskuit [1.C., 145,
154,

[Toropnenska H.B., 145

P
Pa6Ginosnu E.X., 154
Puxosa B.1O., 150, 154

C

Cabymupkuit LII., 88
CipiBuyk A. C., 60
CypxuxoB M.C., 127

T

Toskau C.C., 56
Toscrokopuit O.M.,7
TpuOynskeuu B.B., 92
Tyrait C.b., 127

Yy
Vkpaincekuii €.0., 145,
150

X
Xynaxos [.B., 145, 150,
158

Y
UYepnenko B.B., 150, 158
Yepnsscekuil B.B.,7

111
Isen I.C., 127



3MICT

MEPEJIMOBA
FOREWORD
CEKLILS:

IHTEJIEKTYAJIBHI CUCTEMH HIATPMKN PUMHSATTS PILLEHD ¥
TPAHCIIOPTHIN I"'AJIY3I

BU3HAUYEHHS ITOJIOKEHHSA HEHTPY OBEPTAHHSA CY/IHA 3
BUKOPUCTAHHSIM MATEMATHUYHOI MOJEJII
B.B. YUepnsascbkuii, A.Il. benb, O.M. ToBcTrokopuii, C.M. 3iHueHko
XepcoHChKa Jiep)KaBHA MOPChKa aKajeMis
(Yxpaina)

MIHIMI3AILIA KIHETUYHOI EHEPI'Ii TP HEMUHYYOMY 3ITKHEHHI
CYJEH
3inuenko C.M., Kupuuenko K.B., Mamenko ILIL., MaTeiiuyk B.M.
XepcoHChKa JiepyKaBa MOPChKa akajaemis
(Yxpaina)

BPAXYBAHHS HASABHOT'O IEM®YBAHHS TA CIIEKTPY 30BHIIITHIX
BIIVIMBIB ¥ 3AJJAYI ABTOMATHYHOI'O ITOPMYBAHHA
Mareiiuyx B.M., 3inuenxo C.M., Mamenko ILII., Kupnuenko K.B.
XepcoHChbKa JIep)KaBHAa MOPChKa aKaaeMis
(Yxpaina)

THEORETICAL FUNDAMENTALS OF IMPROVING SAFETY NAVIGATION IN
THE FIELD OF RISKS
P.P. Mamenko, S. M. Zinchenko, K.V. Kyrychenko, V.M. Mateychuk
Kherson State Maritime Academy (Ukraine)

MODELING OF CONTROL ACTIONS IN THE PROCESSES OF RESTORATION
OF QUALIFICATION PARAMETERS OF MARITIME TRANSPORT
SPECIALISTS
Ponomaryova V.P., Ben A.P., Diahyleva O.S., Nosov P.S.
Kherson State Maritime Academy (Ukraine)

FORMAL APPROACHES FOR IDENTIFICATION STATE-SPACE
NAVIGATOR'S MODELS ON GRAPHS
Masonkova M., Diahyleva O.S., Ben A.P., Nosov P.S.
Kherson State Maritime Academy (Ukraine)

CEKLILS:
TPEHAXEPHI CUCTEMMU TA JIIOJICBKUIT ®AKTOP HA TPAHCIIOPTI

FORMAL IDENTIFICATION OF THE HUMAN FACTOR INFLUENCE OF THE
NAVIGATOR IN MODELS OF RANDOM BRANCHING PROCESSES
Koretsky O., Makarchuk D., Nosov P.
Kherson State Maritime Academy (Ukraine)

A COGNITIVE APPROACH TO INTELLIGENT CONTROL THEORY:
COMPETENCIES / LEARNING MODULES FOR DISTINCTION TASKS
Prokopchuk Y
Institute of Technical Mechanics NASU,
Ben A., Ponomaryova V., Nosov P.
Kherson State Maritime Academy (Ukraine)

12

18

23

30

36

42

43

48



CEKLIIS:

KOHTPOJIb, IIATHOCTUKA I IIPUMHSATTS PIIIEHD ITPU YIIPABJITHHI
PYXOMUMHU Ob’€EKTAMU

BJIACTUBOCTI 1O TOBYJOBH POBOYOI'O ITPOIIECY ABIAIIMHOTI'O
I'A3OTYPBIHHOTI'O IBUI'YHA
Toskau C.C.
Hamionansawmii aBianiiinuii yHiBepcuret, Kuis

KOHCTPYKUIA CUCTEMHA JOITOMIKHUX BAJIACTIB BAHTAKHOI'O
CAMOXIZAHOI'O IIIABOAHOTI'O HOCIA
Kupnauos €. /1., CipiBuyk A. C. K.T.H.
Hamionansawmii yHiBepcuTeT KopabieOymayBaHHs iM. aaM. Makaposa
(Yxpaina, M. Muxo:maiB)

PETYJIATOP LIBUAKOCTI ABTOHOMHOI'O HEHACEJIEHOT'O
MIJIBOJHOT'O ATTIAPATY 31 CTABLIIBAIIIEIO YITPOY PYIITMHO-
KEPMOBOI'O TIPUCTPOIO
Bainnos B. C., 1.1.H, npogecop, I'pyainina I'. C., Buxkaagauy kapeapu EIC ta PK
HamionansHuii yHiBepcHTET KOpabieOyayBaHHs iM. aaM. Makaposa
(M. Muxonais, Ykpaina)

KOHIEIIIA IMTIOBYJAOBU CHCTEMHU KEPYBAHHS BESEKIITAYKHUM
MOPCBKHUM NTPUPOJOOXOPOHHUM KOMINVIEKCOM
Bypynina XK.10.
HarionansHu#t yHiBEpCUTET KOpadiieOy1yBaHHs iMeH1 aaMipaia MakapoBa
(Yxpaina)

KOHIEIILOIA NIOBYJOBU CUCTEMU KEPYBAHHA MOPCBbKHUM

BE3SEKIITA’KHUM ITPUPOJOOXOPOHHUM KOMIIVIEKCOM
Byccos /I.€.
JeprxaBHe mMapUEMCTBO «JlOCITiTHO-TIPOSKTHHUMA EHTP KOpadieOyayBaHHS,
(Yxpaina)

OCOBJIMBOCTI BE3EKIITA’KHOT'O HAIBOAHOI'O CYJHA SAK OB’EKTY

ABTOMATHYHOI'O KEPYBAHHS
Haproumii A.B.
Hamionansauii yHiBepcuTeT KopadneOymyBaHHs iM. aaM. MakapoBa
(Yxpaina)

OOPMYJIIOBAHHA I'OJIOBHUX 3A/TIAY CTBOPEHHSA BE3EKIITA’KHUX
HAABOJAHUX CYAEH HA OCHOBI CUCTEMHOI'O HIAXO04Y
Haprouiii B.A.
HamionansHuii yHiBEpcuTeT KOopadbneOymyBaHHs iM. aaM. MakapoBa
(Yxpaina)

OrJissA BESEKIITAYKHUX HAZABOJAHUX CYJAEH SAK HEPCIIEKTUBHUX
HOCIIB ABTOHOMHUX HEHACEJIEHUI IJIBOJHUX AIIAPATIB
Haparouiii B.A., Bypynin A.IL,
HamionansHuit yHiBEpCHTET KOpabiieOyryBaHHS iM. anM. MakapoBa
(Yxpaina)

ABTOMATU3ALIA KEPYBAHHSA MAJIOPO3SMIPHUM BE3EKIITAYKHUM
CYJIHOM B YMOBAX JiIf 30BHIIIHIX 35YPEHb
Ca0yubkmuii LII.
HamionansHuit yHIBEpCUTET KOpabiieOyIyBaHHS iM. aiM. MakapoBa
(Ykpaina)

55

56

60

62

67

71

75

81

83

88



CYYACHI HAITPSIMKH POBOTH3AIIIl TEXHOJIOT'TA
IPUPOJJOOXOPOHHOI'O MOHITOPUHI'Y AKBATOPII 92
Tpubdyabkesuu B.B.
Hanionansauii yHiBepcuTeT KOopabneOyayBaHHs iMeHi aaMipaia Makaposa,
(Ykpaina)

CEKLILS:
BE3IIEKA CYJIHOILJIABCTBA 95
CEKLILS:

IHOOPMAIIIMHI TEXHOJIOI'T, CHCTEMHUI AHAJII3 TA MATEMATUYHE
MOJEJIFOBAHHA CKIIAAHUX OB’€KTIB 97

MODELING OF AUTOMATIC CONTROL SYSTEM FOR CALIPSO
AUTONOMOUS UNDERWATER VEHICLE, AS A GROUP AGENT 98
Aloba Leo Tosin (PhD).
Department of Marine Electrical Engineering and Robotic Complexes.
Admiral Makarov National University of Shipbuilding
(Ukraine. Mykolaiv)

JUKEPEJIA ) KUBJIEHHA 1JI51 3ACOBIB TPAHCIIOPTYBAHHA

BOIAOJIA3IB 104
Hy:xnuii 1. C.
HarionansHu#t yHiBEpCUTET KOpadiieOy 1yBaHHs iMeHI ajMipaia MakapoBa
(Yxpaina)

HOBI NIIXOJAU 10 CTBOPEHHS CUCTEM 3AIIOBII'AHHS BUTOKY
MOBHOI IHOOPMAIIII 3A MEXKI KOHTPOJIbOBAHOI 30HU 108
Hy:xunii C. M.
Hamionansauit yHiBepcuTeT KopadneOyayBaHHs iMeHI aaMipana MakapoBa
(Yxpaina)

USE OF INFORMATION MODEL OF PROVIDING TECHNOLOGY IN THE
INITIAL STAGES OF VESSEL DESIGN 112
Yahlytskyi Y.K.
Kherson educational and scientific institute of
Admiral Makarov National University of Shipbuilding
(Ukraine)
Kyrychenko K.V.
Kherson State Maritime Academy
(Ukraine)

JOCIIIZKEHHA CUCTEMU ABTOMATUYHOTI'O YITPABJIIHHSA

CYJHOBUM KPAHOM TUITY «MACGREGOR» 115
0O.K. KoJsie0anoB
XepcoHChKa JIepKaBHAa MOPChKa aKaaeMis
(Yxpaina)
FO.O. Jlebenenxo
XepCcOHCHKUI HAIIOHAIBHUI TEXHIYHUHN YHIBEPCUTET
(Yxpaina)

MUTAHHA IHOOPMAIIMHOI'O 3ABE3NEYEHHA MTPOEKTYBAHHS 1

CEPIMHOI'O BUPOBHUIITBA 3ACOBIB MOPCHKOI POBOTOTEXHIKH B
YKPAIHI 119
Bao6kin I'.B.
HamionansHuit yHIBEpcUTET KOpadieOyryBaHHs iM. aaM. MakapoBa
(Ykpaina)



AKTYAJIbBHI 3AB/IAHHSAA CTBOPEHHA 1 3ACTOCYBAHHA 3ACOBIB
MOPCBKOI POBOTOTEXHIKH B IHTEPECAX YKPATHI
bainmos B.C.
Hanionansawuii yHiBepcuTeT KopabnedyayBaHHs iM. aqM. MakapoBa
(Ykpaina)

BIIJIUB CTAHIAPTU3AIII TA YHI®IKAIIII KOMEPIHIMHUX TEXHIYHAX
TOBAPIB HA 3ACAIU CUCTEMHOI'O ITIIAXOAY ¥ PAMKAX
MNPOEKTYBAHHSA TA CTBOPEHHS NIIBOJAHUX TEXHIYHUX 3ACOBIB
Kaoukos O. II.
HanionansHwuii yHiBEpCcHTET KOpabiieOyayBaHHs iMeHi aaMipaia MakapoBa
(M. Muxonais, Ykpaina)

CEKLILSI:

[TPOBJIEMU HAJIIMHOCTI TA EHEPT'O3BEPEXXEHH S, EKOJIOI'TYHA BE3ITEKA
TA PECYPCO3BEPITAIOUI TEXHOJIOI'TT

AHAJIITUYHI COIBBITHOIEHHSA IJ51 PO3PAXYHKY CTPYMY
AYTOBOI'O PO3PSAAY B TAPAX METAJIIB B ®I3UYHUX YMOBAX
TEXHOJIOI'TYHOT'O MPOLUECY EJJEKTPOHHO-ITPOMEHEBOI'O
OCA/’KEHHS KEPAMIYHUX ITOKPUTTIB
Menbhuk 1.B., Measnuk B.I'., Tyraii C.b., Cyp:xukos M.C., llIBen I.C.

Harionansauii TexHiYHUN yHiBepcuTeT YKpainu «KHiBChbKUi MONITEXHIYHHN THCTUTYT

imeHi [ropst CikopchKoroy, paxkyinbTeT eleKTPOHIKH, Kadenpa eleKTPOHHUX MPUCTPOIB Ta

CHCTEM

(m. KuiB, Ykpaina)

BENEFITS OF USING LIQUID NATURAL GASES (LNG) ON VESSELS DURING
SEA VOYAGES
I. Surinov, V. Shemonayev

National University “Odessa Maritime Academy”
(Ukraine)

JTATHOCTHUKA JIBOTAKTHHUX JIBUT'YHIB MAN B&W HA
EJIJEKTPOCTAHIIII MAHON (MENORCA) CIIUIBHO 3 IMES GMBH
P.A. Bap6aneus, FO.M. Kyuepenko, I.C. Minues, B.I. Kupnan, O.1. Kupunam
Opecpknii HaIIOHATHHAN MOPCHKUI YHIBEPCUTET
(Oneca, Ykpaina)
S. Neumann
IMES GmbH,
(Kaufbeuren, Germany)

AHAJII3 CTPYKTYPHUX CXEM CUCTEM TEILIOBOI IJITOTOBKHU
TPAHCHHOPTHHUX 3ACOBIB, ITPAITIOIOYNX HA 'A30BOMY ITAJIUBI
Horopaeusknii 1.C., I'punyk LB., Xyaskos I.B., IToropsenska H.B.,
XepcoHChKa JIepKaBHAa MOPChKa aKaaeMis
(Yxpaina)
Ykpaincbkuii €.0., Binaii A.B.
[Ipra3oBceKHil NepKaBHUHM TEXHIYHUHN YHIBEPCUTET
(Yxpaina)

OCOBJIMBOCTI CUCTEMH JUCTAHIIIMHOIO MOHITOPUHT'Y
TPAHCHIOPTHOI'O 3ACOBY
Xynsikos L.B., I'punyk 1.B., Man:keueii B.C., Uepnenko B.B.
XepcoHChKa JiepyKaBHa MOPChKa aKaieMist
(Yxpaina)
Puxosa B.1O.
International Technological University «Mykolayiv Polytechnics»
(Ykpaina)

121

125

127

128

135

139

145

150



Boaonapen M.B., Ykpainckuii €.0.
[NATY
(Ykpaina)

BIIJIUB ATMOC®EPHUX YMOB EKCILTYATAIIl B YACTHHI BITPOBOI'O
HABAHTAKEHHSA HA IIVIAHYBAHHSA TA HPOBEJEHHSA
EKCHHEPUMEHTAJIBHUX JOCJILIIXKEHb TPAHCIIOPTHUX 3ACOBIB 154
E.X. PadinoBuy4, B.O. 3yeB
XapKiBChbKUW HaI[iOHATBHHUN aBTOMOOLILHO-TOPOXKHINM YHIBEPCUTET
(XapkiB, Ykpaina)
L.B. I'punyk, /J1.C. IloropJjenbkuii
XepcoHChKa JiepKaBHa MOPChKa aKaaeMist
(Yxpaina)
M.B. Bogoaapens, €.0. YkpaiHcbKuii
JABH3 «IIpna3oBcekuii iep>kaBHUN TEXHIYHUN YHIBEPCHTET)
(Yxpaina)
B.1O. PusxoBa
MixHapoIHUI TEXHOIOTIYHUHN yHiBepcuTeT "MukonaiBcbka nonitexnika", (Mukonais,
VYkpaina)
OCHOBHI IPUHIIUIIA TA AJITOPUTM 3bUPAHHSA BXITHUX JAHUX

ABTOMATHU3AIII KOHTPOJIIO TEXHIYHOI'O CTAHY BOJHOI'O

TPAHCIIOPTY 158
Yepuenko B.B., I'punyk 1.B., Xynsakos L.B., I3urap A.K., ManxeJeii B. C.
XepcoHChKa JiepyKaBHA MOPChKA aKaieMist
(Yxpaina)

IMEHHUH ITOKA3UYHK 161
3MICT 162






30ipka marepiaiis

XIII MizkHApPOIHOI HAYKOBO-NIPAKTHYHOI KOHdepeHuii

CYUYACHI IHOOPMAIINHI TA ITHHOBAIIIMHI TEXHOJIOT'TI
HA TPAHCHOPTI

MINTT-2022

Bianosinaneuuii 3a Bunyck Bpyoaescokuil P. €.
Texuiunwnii pegakrop Kiemenmoesa O. FO.
Komn’rorepHa Bepctka Kaniniuenko T.B.
Hpyk, panpLroBagbHO-NANITYpHI poboTH Yoos B. I

[Tinnucano o apyky 17.05.2022. ®opmat 60x84/16.
[Tamip odcernuit. Apyk nuudposuit. 'apHiTypa Times New
Roman. YmMoB. apyk. apkymis 11
Tupax 100 mpum.

XepcoHChKa JiepyKaBHA MOPChKa aKaaeMist
Caigouro mpo aepxkaBHy peectpaitiro JIK Ne 4319 Big 10.05.2012
73000, m. XepcoH, mip. Yiakosa, 20



	Передмова



