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METHODOLOGY FOR DESIGN OF LEARNING COURSES IN THE CIRCS
OF CLASSROOM HOURS REDUCTION

V. Budashkag, Dr. of Technical Science#\ssociate professor
Nati onal University ¢Odessa Maritim

Abstract This paper describes the methodology for designing the new course of design for the-ship pr
pulsion complex based on thesistance of the ship's movement and the driving forces acting on it.aFhe re
son for the development of the new course on this subject was the redesign of the educational program of
bachelor's training in the specialty "River and Sea transport”, spectalizaOperation and Mounting of
ship electrical equipment and automation™ of the National University "Odessa Maritime Academy". Changes
in teaching methodology consisted in the fact that the new program was not necessary for the assimilation of
theoreticalmaterial and led to the introduction of dynamic models of the ship propulsion system fér mode
ing the movement of the ship. Integrating such models into the educational environment is challenging. The
results of the design effort are discussed in thisepdgy analyzing models developed by fiiste course
learners and feedback received from them during further training.

Keywords:educational program, methodology, ECTS, ship's movement resistance, propulsien, DMI
models

1.1 mls.lz {f

1 OBOCE O HYSS s dilds B Iz 9 t©fMYgO" dddsofie d d3Q'Is lff SxfcRdzv H
sfe ' If dgists toOBL tosts ddeP © Y O soldis My 'f Isdz'c tddsdzdf gOdzw
CO@BEEz] Oy tsdzOualz'das 5 tsig(dHsjj fiptke ©@MO € OHe B W
¢ [ ¢ ) tetsls isdntisdd CztiztzEHLE odfd) tc | to tsB Uazidad® &) azd € °
Cztciyd jf ¥ dzveclsAs dfiztsL H s B Hpls@UBIS ‘dzj W j C Is d o Hzfizd
dzts gD 9 | te s ndztizls fidt ts g §sfg brds digO s B tc O "EHR 2w @ O dz' dats

10 www.femire.onma.edu.ua



— @/“\ 2019 [y dzOtets H dz@s | BOE usEOs € s dz | to jISBY27067874 (print)
=l a% CubkHdse O dpdpjdfjlad v , Q d2j COaclsmzE@ls d ¢ 08
05.11.2019 06.112019 dx.doi.org/10.31653/27067874

f tots ¢ eOuz@ fn) dztzy t296ts "dz! € i fipllf“teg) H g3 ©Y 4o , Lz QY-

tcj HAff R5c OO | Qdz! dzGifjlsyS tsle RS tcm & D dzfgt stels
My Jjy' Odzr COY &z O Y dzts 9 jsdz js$ Is te s 5B d2O H dandsde” o
09 Is ts d3OMsteft€ difft€ @xds @ ‘tcg] H BY § 'tced o, fff iztlzO H O HzH Risvc s -

OB g5 I8 (ks tc | H EGTS uropeanCredit Transfer SystemT * ot js?2 M) € O
fdmisy dzdd d3' tc¥ 8 Odds"BY ts dafz@zs U © Gzte diziEs WO tc O dz
tsH JqERTSMiIsOdzs o dIs! 3Pt B dedzddzBAs (B dzO 9 O gelsq Y Jdat
tc' ¢ o3 Mmisd Is¢ tc jhH HiGEHo] QU B ¢ [ Jolsadzd f tSH ' dzw:OIs !
74t (G isde@ )t ¢ oxuERd fHicdEmiiis)d o @8 dzdL c
=10S et B HdB) If Sdf )] o] HdZ] 2259 cB G § @G dSIAgzts G 1S
&ZOdz' sdo mw dztse " rpldzc O 29 € | G HEBdL T L dg§-sc s
h jdzdzv OkzHdbttedzdn (S BdzlsOC Isdziizy) Isg ek dzlzL @
dsets yYyjdarlz Hts dzgjtsBr  Hdzgdm 12 Isdyds o, W
fjt a&sH (M] RjEPEsKets ,0 ) L OWo ddzOMw §slstejBO BO
ECTSY Cftetsn SHWIs! ftotslswetsds HAeBRted§dBOHSHE b tg
Qo Ists BOIsats 5p R pAsIs 6IECTI] o ds HirRH d(dB 1 fiy jioti,jidrdsie ) O
stsBZzZOIsdL s Odzedr H ol dz! d o RECTY ] dpj ¢ dze®f]lsylziaf c
(7 M.z Mists)

L ORECORr oMmMjlzds o jtemMdlsjIlsm: C58° { totOs tc O d3
COdzOo tc O, WHMPoO I4fdiz thtstdf Qo ts dzlis'B 1S VisfigpdzOdzts o d 2 C Iz
{Hdd L dzdr L QlolisjsHizOMS@ Oy " dzQ dzj CIstetsy ted o
O ' dBd"ED®BLcORkzdE fttclz ttkzrlkz MEzHEO L e H
tesLtcOrzdzC E fBlsky dzsmis® ftodotsH detse ts IsH alFff6 Iz «
Ydodzj dzdzv IsQ Rfdg Gplslz’ dislevsets S kztweimikz fgdB dzd
toj Hdzg Odzj odSBtcdMmlssolz’ " dg"k BilksHdSE od¢
flocl § Bdzedztlz’ » tOdz M j . ¢ Kig M CylHdAd f@bsad d§izs s L
HOdzdizO Y (cd € 22 s due' &) O fsyoOkclkz Ckttmiz,
9 d ¢ 5dz0O dzdz’ LOOHOdzdzY fHteslswetsdy f jto' sk dzO
d&zdre Cktfm' o, wg ‘ "dzHd o " HEOdz dzd i3 s
Cketemiz. [ MHEghiksly ey udzscts , BOIs § tc 'BO izt o s Bz
stc’ ' dzsso Odes Bz 2O ftetsj Cls Cktefm' , Odzj Isj |
L Oo HOdzdz" ff totsj SHAlZ, H cOs Isdigjo Sfd  HHlsEs ijotkf]j by S dzts ¢ ts

ltedyddzO Istsets, hts Skt BlZzo i’ ‘' dzlstso Odz
dzts o t5° dzO o B OO diafs,, Y LO mMzdg" hhs C dzOMmd Y
stc” * dzZsso Odzd = C ki a3, MishEEydiOCda Of jsts ‘MtsH L ( € dz
ECTS hts ftedmeawyd dz B sStsHOAZ totsL tcOn WsdzE ' o
ftcdosHC az@Rylej ' W EdzgH O3] dzls Odz! dets” Is®©] @is'ts’j €
stc’ " dzlsso Odzd -~ o\fp'd uRPWaE, S @@L BY stcpis d dard -
Jdzj Slstetslsj mndz’ €, Isj tstc* Jdzj Clstesf o9 &b tz
stc’ ‘ dzlday & z8A 8 dzC toj Isd Lds O dz' dzh © S kZtefpd se O Is
mMize Is+ Mw € Kjdes, to j ds@te d Clsdz@ Hig ts ff fiipldd dgtsjeptslzts e 5 | dz

www.femire.onma.edu.ua 11



ISSN 27067874 (print) [ eOte s o J R CUSEOS € sl § ) ey
Gulndaso O ‘Gowj by, jazjthusd 0 SWGA201%qc 0k
dx.doi.org/10.31653/27067874 05.112019 06.112019

Colf dj ¢ Mz (I Ohylsdtsast dy)  diZj te & Iz asGdpd@issts) gdzd d3d
Blzlsdiz' dzj dz' IsO HEsf tso dzj dz' .

[ " My] dbseoetsets CkztomMkz o dz0o yOdz' datisgd - {OzO
ssRROIsdL s Odz | dzjsSlslOtstdtc fseptOrla] ' tc® Y 2@ fMd o
dzso B tc] ' HOBY IS fipdees | ISlicdzts dzlstseo Odz” 2 - W sted
WCtsdBz o dfOHSE, Is2 WOCI, fizg Lz f)aatazO ¢ &
dzsodnrm dBJIstsH' &8 dOo yOdzdzw SO dzso tsetsa MY SMS
of totso OH Y j dzdzv dziz © I3 g dziodi] di pakzls @3t Hfj tddS § Eipliz H C
Mdodedr ¢ sREY-dgp Nz )s( LHOIde ' i3 Iskzo Olsd f dz
sB dzOMls * .

2 jO * L OHOY.' Htsdz' HY j dzdaw

[ jlstst HOdes’® totsBtsisd § totsi ¢ ibnd@da@@daszlr € L
BOdLso Odzdr ftosf zdz MdOdegs 8 59 dzj C B G Jydzls B d3
DMI-ditsH J1i® tsMoe ' Isdz' Mmjtcj H 59 dDMI-dits w'frdsjL o tfstsiA O
¢ k2t O dhdseds j) feld A o 2§ BdlzH @O ted dzO02 dsdz' o y(d
WistedzOIls' ) das'mo stf saddd Ik WEisGiHie Zd@ts "8 " H Yy
dzOo Yy @iddrzy sfeo s dedzv Gimdese ' o BEd @y BZOIs s
d dzj S Istetsy i dtdef dgoO o'dz’ dzelz® dzélzd @ d ~ -~ dE®2 9 O
f sdaj dzls d .

3.0 20 dz' L dz' IsHjQodgdsiz tdsifdf ~f sMig@dzso C O f tetsB dz

1 dzt b otefgls)lj Mo fJtos Clslkzo'Odzdeinls O ey d dzP elzlizv
ftots CpBz0° BRIsd deisC etge dpjlsds iz’ Is! Mz H AOd tc d
Gts OolstsBOIdL so Odese s ftetsf 2dzr Md o detscldsts, j dzj
ZOMOdY | P Eigly yfy iz " Clsl2 kfrfry W'C f 2 dptisd oW dglz Isff tots § !
Nd, W& peezscl izt dsike wizsh (8s

I mf sydsdz@iv L O Odz! dzts” @ BEGOE L SBEzdY ZHdMy
COdzzd M s’ [Mmoylusdec [[ de L dzOdzdzy 3j IstsH e "
sjtc' "o By dzt 9 OdzdeBTw®Y izdzH D Is ‘o’ = f@®OY' o
st fpw o dC dzOH OdzdzY d3. [ O filptff gt s elO 2’0 Olg firvd o M 5
Y O dzdzv |, @B ssHd dzOo yOdzdzg? SO By" detneold ddgigv 1
f tots @ tc O d3EfTldzts 0 % 28 dztsts ¢ @B o YO dzt didg § d 1 dz'tc)iglz 6
fstc’ o dg¥ dgdz’ 2 s o Mipwaizs dyn s J 2O sEw] oAftsedl
Mistcz? O' fMise j thilexEs, st d dzdzj  dzOe OdNdts oty tols
ojtedW QOYOdz dglr vy’ dzj 2, BjIssH' &9 od¢ dzOH O
cltcdCklsdzd C 2 dzOo YO dzdz®ted fiy [Bl.tx Co ' BHBGBOES) G & dptyO
oMMk ', KBilssHdSO o9d¢ dzZOHOdzdz? SO tsy'sdsS O
fJteijndg n. IYy'Ht@g® sOEREZp®O , s y' &z dbs y
fjtej sy dzgjdz . 1 dL O2 df tedsty L tisdzte Oziay fn B OLf Bisip de
Bzdzs HtsMWedzzlsts LOoaHWCd tojlsjdz descse §° HA
dz0o YyOdzdzv , L Offlstsfkzo Odzdzy  dzts eztsiits o ‘dggzls jsi td © g *
DMI-d3s HjjAddz HIg @z deso d 7 dsj stsH " @ sy’ dz€ (.

12 www.femire.onma.edu.ua



@/A\ 2019 [ ) &zOte s H dzd | BOE QuEEOS € t5dzW | to jISBYN 27067874 (print)
§¢ﬂ CulzHdzso O 'dpydpjdfjlaaddty , @ d2j SObacsEER@Is d ¢ O&
05.11.2019 06.112019 dx.doi.org/10.31653/2706874

[imi

HaB4YaHHA

) <4

3100yBau

Meronu -
BUKJIATaHHS OcCBITHIU

IIpoLIeC
t qizdt v ted S Zilsdzd ¢ dzO 9 y O dzdzw

» OIIIHIOBAHHSA

51 b o3t , D 1§ Eiettze d dzdz® 1 5 d 2@ ks @figs o o
2 dzO 9 y OvdztxzO o PR dedpY  yYdB@sE@o HOH & dz@H @ B

S o

tc
J
0] aq’h EsHisMBlsted d3Odzdzy ded d3d da®Jf Lck] & 'telstayls *

"HY s9 ' H dztxizOm R Adpdzy 1€ Bdstead Y O Y ® dzdgt dz'
'WadeBIsJ oddisecd wWE HB d3j stsH' & j¢Oo y!

==

-q_q__S.N-G -~
O 9%+ -

Y
)
¢
tc tesydad d@3 * defflstclz d3j dzls sd3 N asff 6" dieOhy WydSegdasdz’
BjstsHd dz0o yYOdzdzy 1 tsio vfteaidr &z Q' moly i f @zlz de@ls [ dzd
Yy odzj @C dd3 ud datsyB, dzjfd tedp@p §Odzdz? BtsyJ BEISI o
W' COoOy' v odddsc unstskliChidg figtlz dzts athoﬁﬂmimmlsu’u (
Clztednde) [ s 0 dy fz®@W jj iz 2206 YO dz' dzd = dzy ' dzaP?d 15O dzdz™
ﬂ;teJHdz‘: CtcmMORr sy dz2OH ot aslpdfiAHsie® ZdsOdsd] ¢
od2 € Bfgipso O] 2 (gplsfsrcﬁﬁddzﬂﬁfﬂdzdgwsls’t@ci B ds)-Is d y c
ctf JtojwsayOdllzy © ftcOCIsd,y’ "t HE'L de@elg®' tsy' dz
o dL dzOyjrlass Odetso d2 Skt o to PMIERE Hif @liids -0 ¢ dzs
L tc Orn sdpSsite A 2 H 820 s ) dzts 0 dzlzte Sfig dofipls: jeddd€ * o j € MY d
ted ) dd3" @ MEHdtsets’™ Jjdad G Isdydes’ EMils@dztso € «
cts Coi3f dzj POk O( BldPd lsted gOdz' L y' dzj 2 dz0O
CtefmoOn.

ldteddz € y' dzj 2 dzOo yOudgdivy daOdry H etizs s @ 5 SOl
A &2 M 99" HdesMwis: Mw L HlosetcOBss Cktemk
tetsLH' dz' o HES wWedrn LOMssmMtsolze s Mw H M

B bBHdCd By’ dzf o Odzdz? SO Lottlsdy SEt5- L oo
ozt ' el OIS GJdzj Oy ¥ LOHOY HEGMd HY J dadk
"deh R HBMdz HY jd s C EHppdetsdgis € iRt sz ot

www.femire.onma.edu.ua 13



ISSN 27067874 (print) [ ) Ot s H dzds j RO CUsEOs € 5 dzl § t6§ dzy
ubHdgse O 'deilzj GzblelsY, jzjCltsdy CO 3§¢/\ 2019 g ¢ oe
dx.doi.org/10.31653/27067874 05.112019 06.112019

v OB dzd iy di¥ dzO9 yOdzdzw dzseosets S ktemkz ¢cukzHWatse
sted ydz© Ctsdstfdzj €CMmde

lteddzyd y ¢
L OmMtse d tcj

Jfdin d02o0Oydzde " dri Codsftsdsj deldezHdzso O HES
f .OC Isd \ydzad 2
]d3 Mlstso dzj d&BSHj dzt 9 Odadzy 50 j H' :
HEY EgEGBE ¢ BUHEREHY jd detigGs @i 20 ¢ ST UE B
3" S MEHdO ° MmdMmlsjMgitabtSimblinkw Iz
{ 5L 1OR EZdtsC RHO®ds juedfifis d ¢ tolz -
o Odzdz" &3 d3j IstsH " © tsByYdmds] o Odz' dzts

sktemp dzj S y* 2

WY dz) (5j dzbs O ¥ %O WP 5§ SL@- |L 0dzv Islsw
& ydedT S OBOCkjtdhlsdS bh@ksi da
dzd o BAJ dj 2
ABLEBOE L Oy ¥ BOL, BOLJ U dd s & T
Hjd dedn jJShyjtdds) dals' o L aqgufggwaiguw?
O dzdzh B "o LD Mdsdstiitiin e - slsw,
o i v BB BIBEN R LIOMEEIMERG | ¢y J e o5 aals
Ifd&zdo COo Oy 20dn COojtds wAskth dj ¢ yu-2
' HistsHd &ZOds' Ydz [9]2 O OCIs | edilsd S dzd?2 HEMmo ' H
ltesyjifm OHOYOY" = @& Iste df daRd
ceO®R] o' HSELdlts' oHd SO o' i .
odasets Ctdsfdzj Sk [10] ;meHgagmg?
WOy " 2 50 CB&NEEECEd0d Y &) hiegy: w.
CBHY j dede® 'L S Sl itk tes g O dest J u

A' &z dzOo yOdzdzw ! Ho f t@ez] ¥ dzl

f dzj Q1fjlz
) 5w imdzj dzdz? R OwLOCIjtedmisdC dzOs H
¢ts sdfk cGojBdscts cGoddgdsO sk dzj ¢ yi-2

ldL dzOyj dedz? tetsBtsyts’ IbtsySd coddd?2 HBMo ' H
Hef sise s Codf '12]lsj edats’ (BSH | d
[ B tclzdzls z a3 etz yezff 8 L d&3' dzdz® H o
L et dzdg [ 13] EE?E@?&E?E?
1owOodsjbtedL Oy’ ¥ TO®BOCK] EdMBdW yrs Wime ' u
MEndssodrs HL jJ@A dzdr Hodclkzdz o
MOEOCkjtedmMsdC O o d2 26 MBHBHuekZH @S O HEG
f OC Isd ydzd 2
i BLEOREZdsS ttoBtyYysets yYydqeédzze Hdsbkztem dzj S y' 2
H' OCO®Rd SO kjfdsotscts B O&OAML Odwdkis Hzfs o LO-
B H 16} B4 dzs Oy " ¥
dlstczClIsktcdL Oy' v fdMm! Bseotsets L o
1 OfMissMmMtseo zo Odzdz? L OG Odz! dzed = 4G9 JBOd o)L
@O dzdzy , ted MlzdzC d, € ie fdzj deder g ST 0 uéﬁ
sHddz dz0 BSHdsEts ktsh s C o) dzls O
ulstkClsktedL Oy ¥ § kB yds HEG{ J u
IS sted M Odzdz” Ok i o B ddd © &z fEA ¢

I N
BN

14 www.femire.onma.edu.ua



=& A . ' 20t 5 H dz@ j RER Qusists ¢ 5 da¥ |t jISBY27067874 (print)
§§¢/r\ 2019 CubkHdMSo O djydpjdfjless v |, Q@ d2j CObaclssEzR@Is d ¢ 08
05.11.2019 06.112019 dx.doi.org/10.31653/2704874
4. [ JlHtEZe v ttsL tetsB ¢ (.

g4 syoOls¢ Iz, Cedzyj f szOdzr dz' o ddsaed, w g
sBfMWek dsotdts Ckthmkz, HBMd HYykEIKS v SO
ftesyjm tStecOdz L ' M-t H ] dzb cezB | Bl Dadpts &fts ¢ s
Lo Odesets fosfzdz MdJodese s jdzj SIstedydese s €
sOIsd, Blsted®B3Odz o fHftwtsyjMm' GMmMets' dedzg" s to,
ftosj Clsdedr to' h jdz@ tBEBoBts 8s! Mw EDMIste! tsA
BsH J dz'  talxkzy iy Hs diso Goddzs© ° Jjdzj Clstedgeztsc s
9 Odgdzw * o ¢ ' dzy', ©GCdzt yor yd eodm’ Hdz'! - HOdz
IsOIsd disHj dzt 9 Odgdz? tkrnlz MEHAEO L §fyoOlsC o
IstcjIs! sz tsBEtSotstes ' Is! MW X tsac'tsHs dadHR s ropg @y "
Mlsf ddzd HBB d&Oo yOdzdz? "L MOBsets §f syols¢ kz.
My hdzg Mls! fHtesjSClsdedms t' h jdz@ ° oosHdIs!
s sets Ckztemliz.

sty dz0 ctkzf O MC dZOHO' Is' MW L O dsHe® CUrtlitta) ts Is d
Bze s cwwdf d, {tsdzvcO 9 Istskikz, h g dztasoridis dz! b
ftotstf zdz fr]q’a@B@&Hﬁﬁ@%ﬁ&(ﬁ;dﬁmmlsdsdwdmﬁhtﬂjd:quw‘ 9 .
dzd =~ ° o' M’ dg didsidad lsed, vif'@xer Odzgdzy 0 * ' &3 Isd y dz
M oMb @  toj LdJQdBSGIHSﬂZ@IS o d L dDV jo difpiptis G tc j Mz
1 OMOWY § 6§ H, u L,o " Nasists'B 2 O A spzRflafdj d3ts ) dz
Bsdzhistcz @Bk d dz - II‘ HIMkz 3¢ o, 6  MizakC sk d 2
fsimskzyf so ts bmmﬂm@ﬂﬂsytﬁmm‘nb fdas & dzd ¢ deizGs d
o tsfiudgig d ) alzj dzdtEtB sIs g OC d o3 uo[dzlsd3 9 d L' sHtfrlgdsCls 4
odnrn " DY @RddREd v 2 Mdzé sPY MOBI2 § §te

10 Yol i s kipdind 3z 4 s’y O ls & 5 gebds mdipts g tz
fotsf zdz' Md o dats dntiz H WAOBY dzjtLyfipldn) s stttz J, d'

o Cdzs y®® yalz ftodL dzOyj dadzv .

1 " fdzw e dL dzOyg dedzw y' dz 2 dzO0Oe yOdzdzw H dzw
ftedH' dzvwisdmw d&j StsHOd3 dzOe yOdadzwr, wWC¢' My tewc
tsls tc d d30 dzdz™ . VL LadWLSE L Idakd ¢ &eGHzOddpsbd BH
Y teste’ ' delstso Odz@ o Gaiadz"lyf teasigeS iz dz@syls 'dzO2 Isd M dzw
o dtg) dzdgidets e EBEOEZC 2 detsmls® Hsftsd yddr L O9H

100 ted CadzOH 9 dayj dzdz? oL O° B LigDOH dzt€alzts GdEs %G o
SO ° dzH Iz Susch @ Bzdf dize O dzdgV a3 d dzjlstxfefifs * H dzts  ff tets O dzO dz
¢ o d dals tdd}ddzLdzOquzdedsq HdMS sotsets MmYs -9 9" H
o Odz' dats’ G’ k[lﬁ]lsﬁg’ldz@nquaﬁfcf‘ RANBE * o /dzlv Bzl j tod) H dzj d
tc' oidpvjd2 dzts dz' H-#nI©ts Y HREN'O's ' (Gt Rjfezd € s te d fipls thpvlz
H da8 B Y d M dzeCoCDdzdis’O vy ' 2 dzticg) B difsts stz s [{ ez 2 dz
sOlH L odd3 tot 9 Odzd dgd & Bdzth dBUES sAc@bet zls jeted M ls d ¢
dzs sCtc’ &3 Miskzy j dzgt thok k¢ dfasjo d fd4flZ’ o o0 taOk

ZOf oW BsC tsB j tols Odadz” .

t 5L zdis miaisedstsH j dzs 9 Odzdz? SO OdzOdz' L 50 j H'
Ctg dzj Ylictdt®, 5HES dd5 * jdzj Sstesf tdgO®@EE ¢ o Pards i
Wj dzdz® W odzv QR gzl iR PRy o d B Stekzls § 5 g3 5 gy tizte bz

www.femire.onma.edu.ua 15



ISSN 27067874 (print) [ eOte s o J R CUSEOS € sl § ) ey
Gulndaso O ‘Gowj by, jazjthusd 0 SWGA201%qc 0k
dx.doi.org/10.31653/27067874 05.112019 06.112019

si e’ EkfttOo dz' dzdzv IsO dzOdzOh Is[kY. O dgdisvdzyny dif friddzj
to' h J tietdets | C Is W dc@ddzdz: d o dese sSls @O BS'RBY tz§ € gl L dzO y
zOo Odzls Oy p dedg®c O Is! o HdesMdes H osMists'z MisO
Ists?2 YO L] CHsdzvo O dzdz™  IsI0wHEZOAROdr fis iy ty O Patif - 2 f tc
dz' dedzv Giey g @dgtblstc’ B dzO dgj dz' dz' 2 dzO B H J dz
weo Wsthikddo smis' ¢ tsdziis teindsw'dZfs o o s P tigdlzy iy d o
Hidglssr OMBYgydetsd 5° i) dffridsd@ uglgl Wlzd@z - @ dzOdz' L 2 f ¢t
Ctodsf dzj Sz H esdegizdzgfEd Jdzv 2 O Hbkv fsYyOkS e
dZO dzOh Islz 9 O dzdaW.0 Cgstelzlsdgiz®dAFUYBtIS BBz § IsOY * L HisB L
L H' 2 fagddsjddz! dzgd? OdzOdz' L. EZd3ise, L O wW¢Cdin- diBgs)y
dz' Mmisks j daeff BfAs HEO dz!, " Bdgli] el &G o @Rls H jieds L dstd o~ ° H C
HOtz  jdelgcp ' tio] LLz@z! HstOlsted3ts 6 s ff tstc' o dgW dzdgw L
1 " fdzv L Ofpo ts° dzdg’ H f & 8d3jezlsi@ny Ao ff3" [20]Oayd -
Yo' s mwdzte fHiaffazO d3’ ydz© & D@3 Clsdjnte d djsty &5 fds-te d 1y
Bjlstc" 9, wC C'dzt €' Mls! dzsfOIsj?2, H' Odyj-lstc
B3y sted yded@tshlimgxs Ctigtse tsyd?2 H® Of OL sdz € sHyAkse s
ftoslf sdzso Odzts dztsoe d 2 Odzé stcdIsd3 H dzw st lsd d3
btcOo ko OdedgtsdgdezOdz' S, O IOSCBY ftesedzj d§ OFC |
l cOr Zoj@dplfvzz OlIsOYy' 2 dzdr ~OBOQ Ejzs (dd T @
dZso sH SO L O ¢ stof znseyd' dp@tstafS sty @< H)ds < I+
mMddz ° dsd3j dzls ‘cGotg | Bhdasff BHEZ ez Istf tc ddzOtctsB tSIs ' Is oYy "o ' ¢
te' Hddzd,  OtcOdzj dz' desdzsz yJ dzlstc Odz! da' d2v da ' ddz' "
o tsHJ, LO o @dz¥€ls$ ady difste dirf dzd d3ff tsdzjstS te dztSt®’ (Hdels
odL dzOyj dedz" a3 ° ftsfls' 2 dad &z dz0 9 O dzlstGoig \j JHEEZY 3.
tcOCIsjtedmlsdSd, 6ts] enezopdedpsds ' e sls’™ o L d3' "
dzd MY OH Odzdzy [21P (gt mEds, s y' sMisOdzdz .
MBdzls OC fijls O BB tsia] @zls MO s ftodtesHSE Mjtoj !
f tcOwstd j B dzd 2u a3k, dzlsdzj tsB RIS Fifdzls As® tef GeSotsd) To®f-dnlisal ¢
sd Odzj s &dgzeisOls M sy @s'S zQ =i taaEHisd)j o dfth) ds
o ddzlso dRH BMS' d §d otsdd Y tstcd3kdds GO s dz
%SJ ldS3tGd, O f ¢yt AQusQ tisgrctf)d d€ tc ] BLABSE WS ¢ o 0
s 03.

M= Py @} P B, P@=0, 1)
HiDT st J cOlststdD i dBQ@eCde@sitcdzd 2 s j 6D, Vi PHizOM
CjW' y' ‘dgls C° daj ROB[dHEEN:" * at? v s ls Hi eIl Qb
PilsdmS sl ,..")ilQ@]S:ls st dzjo diHE drfpisg 2€ Is ts tc dzj
fsdz BOMseada~ M dz.

I eSS H j &2, wCO tf ddbkhis dlsd@iEd e |
) dzls Oo L i@ Hd OCtOd' Wy teijSLic dols o1’ f tmotHHgdz € &

16 www.femire.onma.edu.ua



< /A-2019 [ ' 2Ot s H de@ j BQE QusiaOs € ts dall § to JIBY2P067874 (print)
o AN Culbhdiso O dddgilat s Q dz) CQsasaBls 4 ¢ 08
05.11.2019 06.112019 dx.doi.org/10.31653/2704874

T =} O KOn |rO:
Q=1 O KO i

—

(2)

HiT, i st cl.ddZEOMstks0 B jtlsOdsdz? iOdEE ¢ o
34 dels dzQ TaPidzéylz Misd dz0 3 BH ' O Bt Gk d dals O,
Cj¥W' y' ‘dzls EfEBEWEaq B, dstsdzj dals iz

|z d dz0 o BCjQetir O dz' & o d (3O O tHzO wijalts W' H
¢ to dsdigts digz dzo  dASOd S dzO 1 jodatisxtibs ds 2 dzis | B dzs ¢ & 2 dzO .
stllsdd?2 &Bsdj dzls Ho d ¢ ledddss tg @zl st o B tf O
sBjtelsOs yd2 dRsdj dzls, st Odep B Ols ' My d S dz® d
CjW' y' ‘des §jtejnOy v OL, &l aeSsd ot 6 dd d
stso ' 2 ofiseiQis o '@ OdgofgORso ke s MW . | ek
hsHEZUES A 5] delsr B RBO@KEo k' &3' dzd P o d HKasddEls O &
h Sl Of o Ozl dpff j' tlgPD@ Y ftodLosHdls! HEs b
sOdzdz? Ho dEHuEOTf 6 j HMNISOo s s! HoO odRtHG |
hodHS " Mis! ctoefjdusOEES | fphs O dzdz"u oS @ kO H o
%O o MlsOlto' 2 &sHjd& fjtjHBOYO il
yk® myfsm' B §WdBscts B wd findzidgi@syd dftSigiddalder,
fw yddz daed( 2) Glted B0 &S :

n—sigé T Q T |
%C'D“C"KT+ ] DK, |
DO ..
Q=— 2q,; (3)
T

DX, G, . a T, & )
T a0k, C9E o, 8| ek, |

s W' YKr*Kgads@dzj y Ols! o' H Ctdftc] sdetsOB Isd
dzj Y desfpls® ©' H yY! e, Cttcjceckzeo Olsdmw.

[ilstss L OYH @dedp™ | dzdzy (o' figldmy o3t JIStRjbhRl todda O
dzOdzj 3 dets’  tfs'L HizOEOt o Codffr @It dzdiB ftE ZdzO W C o
BdzsCk HL jdz Hzse - BBaEcdAZD SOCYy L dZ2OYyO*
tc' o Ld@e Odz dgts’ B s df to s liz Wzt of 8 datize 5 § € &5 A3tz bt
L a3 dz¥ 9 Ols d fg'ts,B I iz s L Oo HOdzdz?y ' H YO
Hosdz Yy ' dzv d3:

P tlesL zd3’ dedz" L OcOdz! des’™ MdMmisy d3d adzB=i6 & 51
Hts 3 dg" MSC zOH detsets (Lo jtenlz odzdL ) ;

I Btsy dzd o " Ursilr HAD] dzd Is d e’ HiwBlds 8@ Miz B g € -
CtsdzOdzdz' L O9 H Odzdzv .

1 jteh j dz2@o i BdIcdO? thdzdzj dzdzl oG azigd P Qe
CsdizB ' dzso Oded »  f totsf z ozt fifdodd@f ' * € ts dgf dejd@dfif o €
o dn ' HA#sH | dzdzr 5B Zdg@uvyls ! L O9 HOdzdz" od¢ s5dzOIsd
( B3tsH j dzstcdzGaznizf = * HigiBSisf dzz© H MW ¢ dzB Is ¢ | dz@ s s O«

T

www.femire.onma.edu.ua 17



ISSN 27067874 (print) [ eOte s o J R CUSEOS € sl § ) ey
Gulndaso O ‘Gowj by, jazjthusd 0 SWGA201%qc 0k
dx.doi.org/10.31653/27067874 05.112019 06.112019

T Ldgj dgh jdgdgw " IsjtcOyY’" 2 dzOdzOh Iskzo Odadzg?y MY ts
25% yYjtwiL fjoedzd?2 fHtesdz ¢ yomiz;

i oadL dzOyj dzdzv o ' H@tzl€tzaikigtdsjjWdz" yo' dz@itdsfc dzdz" |
L3 dz¥ ¥ yd dzOdzO" & Enal @dede'ds § Odzd o dz

i B dz Clgd "y dzlsg Ctstedmdats’  HC

i dzZOdzOh Islzo O dfdde | of A le tsidc ‘09 H {ff ts @i H O dz' -
de 2 stgd3’

iLOf et stzipy P d 3] dzIE OdedQ fisdeticdzts . tod dzOW o

Viwhd2 Jemy j tsd dgicdiis €y Astizts ez O aiidefCH fo @ -z
90 zO0 wyrtzjga lsg@htse ' L' tdsiisafo @ d&if sz 6 siz0 .
AJ2 JSiYjtoddjdzsls totsL totsBn] @ a dzy dzts I dzgf
sd OBfMistcOC Isdets’ ¢ B jotzl Iz dif Hpddetdarss e | © wizels iflzdf
tsB 0 CIsqiy j to Hodgfj Cdisste d 6)Isfisw 6 defigdpdffAs delz C OO- L H 5
Yovw b Olh s dzOMf tcOoaH' o' HBEZOO' Is! M1, jzaC ts dzc
v Isstelz .sBf plslzez IsOIs( Y 565 d - d3u Hdgisdrsj edgoaizdz
LOWodwe s W fesswetsd HJC' d S8 Mmj S kdzH
Bts ) dzd alzj fg O yiztsdagfals' 2 tsMtsB dMis @ ls®Glded H HB o

rtezed?2 JjJSMyfjteddzj dzls ' i3 skztcz O] GlismsgzO L E
dzO{ to d SO’ , to h ff itz H s 0. C'C dgdzYy to d kP A s C dzd § O dzd
My 990" Hdesdisd toj L Iz dz tdse@iIs' ) Issiistii tfalxOoydLdzddl | @52
Bsy dzd o " Mis! s oigls DS Ysigazsy j dadzaw toj czdzv Istste
L a3 dgt O g dh jded?2 s tc ftedLotsHdIls! HES L dac

vtej s 2 4 SMmYj ted d3d dadst dapiintg teeDess ©  LLOgAABR] s o
9 OWfpo " HBdYddABBicIstso ' dBsH j dz'  otfste ' HBARAS?
B Hj daBtsy dzO@ B j L o3 ¥ diBo QIS @ ih dzdzOBYts Y Jjsi dzO
Bsy dzd o 5 BI&WM Fds@dz? dets” N PpIECMB] fpfze @D dz
y' 5B d3d X 9 Hptes Hodyf dzdz kMo ' HEBR] B, HiEzsic] L
Hj dz' dzj sy dz0 Mmdz' s L ek Zow bedldz' p ¢ MEH iz dizt
dzj 3 dz' Gdsfd dgP dz! dzts ™ " & ‘dfmisCIstidniid ©  frstetes) dp@ukr{d2

vyilojtelsd? JSMmYjtedd3j dzlst HftaseC oA t@pidl dlz Isi oS
Is j dzy ‘' 2 dzdti? HBd®'tc f ts5y OFGulink tc s 8 thlslaf 1ff j oh ff+ Istc
d3J dzls ‘Hds B Hotd\f dedz' f syOlsd oL zozd B J 3t dzy d 4
Simulink  dzOMls iz f dzd akdzCfitpjsczdends L' d&3' dze R B LS U sz
WJ s o jjuishyif2j tod d3j dzls dzO € s Goim( off ESoahiiihic ™y Co

1 0w sy jjte daataiglsh tf d3stsy dzd o ‘o fifgtsils 1o ts® @O flzd ~
f 5C OL Ols (d tc to Wisd® dasidy d3 ol ' datiles sk L Of s tsdzlz o
9 HEME 5dz0 dzj dzdzV

tdLizdz sOltsds f j ot tsiIcHs' dz OP m tOfgaszy 8 dsts dif thts &
s cpfiff - BB ] dz' , todusHdzjl€A)dd] toff di3j dzls * 9 jlsO s
L zdds 'Isep.?2 AcHajmsBE' Hdzts MGC dzOMisd L o d¢ d&zBH Oy
YOtk CktemMizL HEbkdeP qlicds>O] L Ofgss sisd B dEsS
ftoslswetsds fjtehdr Heotsa Isdyds o, tjhlsk ¢kt
tesLH' dz CEktomisdsd v @fiffdtsjEsldsdl? dzOf ted C " dzg- Hto
Crsotstes “ Is! Mw L Chydes® Cctolztf s 56 f gzdfsmla®Is 4

18 www.femire.onma.edu.ua



=& A-2019 [y dzOte s H dzds | RO QysEos C s dz2W | to jISBY2706 7874 (print)
Ew/r\' CubkHdso O diydijdfjlead v , @ iz S@ocksEE@l d S 0

05.11.2019 06.112019 dx.doi.org/10.31653/27067874
LHBBERZOOWSE @ 9" HMIsOE s+ | hsetcaBd QA Isd Mif

ftcOys 8 BOL s bs o tdzd dzO { toc O oycftaiis LRz OfidrfCr |
T3 d3tsfylsfas' ) sdzOdzj dedzy, htsB kZded S dzzlsd oISt O

vs0O0Cd?2 YJd " HA"H LOMsMtsokz’' Is! MW w-dY o
ot fosj Sk L kZtcOrnlzo Odzdz" d3 Blstcd dB3Oded = L

5. [y’ dz¢joLCzgdzvis Qds

CS odd3 ¥ o Olsdy wEussmylgl f) EHffiea]’ IsHdzd 3 d Is '~ - dz2O
dz° Odzj f tcd dz@BBRdZO Ets lote FrdfiBladHHs B Z9o Oy ' o9  dz0
Ckkefm [yjodHdets, Nl WSty d&izBy OB Oc Qlsits8 9 * H
o Oul 'oH u@fn iz [ [siijsy o ftotsf sdzz® Is* RBz@ Y ts
OdzS j Iskz t]’ rfn(blz*WueFtﬂszlzmdz@m@d:sa‘djnlsl cCo' dz dzes G ts9
fsLdlsdoe dz 9 ' HY SoL HHB B, Iz 4/ ©lmtc iy Lolafiifiplz , B Iz
f ' Hisoa jtoHy jdz2 E s khtse' wH sHNSHNOW dgzd - C
zss o' H 1 HBts fIs®.desiE 5L OAACIY Glizh Odedzy  dz@o j H
h ' s BOdz' 9 Ml NS ddizh fstc” adgwdzes L Y
HOY st 8B ZoWd OB dz" dr S kZztem' ddism " GdafQjddE jsls | (
dg & Isdzd h jJ L2288 Izo OWS ‘0 L OC dzyd dedf Wi lfteH H 2 O dz' «
CtcOW " Ctsd3 ' IstcO' €tdsdslzc " L' ® tc jdzO dy'OlslZody ', © dzj 3t
o0y dzdggdsad ' o .

v OB dzdiyywy " Xzt 9 Odgdz? cLotstotslsdz! sets LobwLCEZze o H
Jy dz€¢ 0 L O -H

{fdm By dzfd dss  h C O dzt

sktelf L Oc Odzs g 7,32
4C ZOmie! SO y' C 0o ' Mis! Isj &g 8,01
0CkOd dz Mis! ChkiemMk H&Y oM 8,44
1 HOIsdz' Mls! HEts CBROMZH dzs’ tofsB 7,87
[ 5Istcd B30 dzdz" -dgtisds 2§ datie tc ddtpn § o3 - 668
jHdZ B §EhOdkd ’

[ibsHduydsj LOBjLY jyjdedew Clzto 7,84
[ Ols j tc'-© A diZtsy dzp dztizs dzOH dz 6,7
L O%odz Mis! &O,j' Od © & MmdMm 8,25
1 OGOd 20 BKcOdz LOY v Cktmk 7.7
MOLOC S edMsdS O odS zOHOY' o 833
9dC d&zOH Odzgdz" , L On tsff dzj dz' fpls! ’

1 H 5B Hot®iydz] tc d 6,19
vy ¢ W&, g sy Sk k5! mw 7,57
[y dz€ O 6,21
s' & ¢ Mis! yOmk, odlktOyj dsd 7

1 02 ded ) Y° BOdzd BLkzdzd tslsted &30 dz LQ s,
mMdz HEz® LO ¢t j . H deOdigfl M is ECedfdevorgofizplead O 1§ 3¢
"'dzH d 9 ' H Is@dfilsdgt®@tedz dzyt S ktofmlz. 2z sBL HtY Bol K Ok
L OfMmoe s 8 st 9o f", tdftsLnH kg sColztec fipgts H j dz' f Silstc’ &
JSLOMgAZEZS sd3f 68 Isj to' . [ " Mmusif d 16 & & O gjlzdzy dzdf™s o €
Ctsd3tf 68 Isj tocdzd dzdMatfabiB8nigldklde, d MHzjs dz' %2 , M AGc Ae®|SdEs d3

www.femire.onma.edu.ua 19



ISSN 27067874 (print) [ eOte s o J R CUSEOS € sl § ) ey
Gulndzse O ‘oz GFESY, [djClsd CO SN /\ 2019 g ¢ oe
dx.doi.org/10.31653/2706874 05.11.2019 06.112019

dzj ' HelstEaBBEZO OY' @8 L O yYydd&i icscwdiddadsL 4
sy ' dzt 9 Odzdz" . B30  eis® Bafffig®) Is z §f ts o 5 dzd M) IHE] GO My
Cich) vtekzHdetsh ' L Off o8 OalfOideped® s s Iz H tsesksz Oy |
dzj B3O Is: Y tsHBdE dzQeef ) EH s dz

6. Jldmdzse € (d

] jtejHOYO L dzOdzy kO tefsL a3’ dzdgv shdese
dzdr Hoedcekzdz © L to' L desdzgOdz Isded d&3d H Y j toj dzO d3c
Hdetss diBjlstss SO OCIkzOdz dets® ff totsB dzjjgfsH dzfts s
MC dsHls "  Histcd Bzs Is! HtsMW edgj dedz?y y' '~ 3]
9 Olsdmw dzOH L OCBdZOdRRd c¢' HictsH d dzOER'j S diz’ Sz H «
toj elzdzs v Is! totsBRlgh oWy O s s .dO Isjdo sMisj B Owd
oHBMC sdzOdzj dzdz? I1sO totsL Mdidz p dzdedzeidz leefifipz ot j Ml
aHisfr]QtsdzﬁgjzﬂmlzsztetSBo[lsian o dmdesjs Y j dzh 5L @O
zOo yOdedz? Is@tsBROON' 9" HGEZC ORI, ftetsj Clsdz L

3O2 B Iz s dztf HaBHzz Sclstc it PN sB o C dzt ydisd B
l' s v OC sy sy dzd e’ OHBME BdzOdz] dzdzvis -9 (St
Y Jdda dOMmskzyf desé s tOL 1,8 sHY dae|* Gzlz € 7 alizizts L
SOy COodzj ded r M g PezO e’ Hlst O¢ct * yYSfigo d 2
Is e

= N o ¢
0o
FITc

Jwsrtovoutr ¢

1. Spelitz, S. Automati geometry, metrology, and visualization techniques for 3D scanned vessels
[Text] / S.Spelitz, V.Moitinho de Almeida, CLangAuinger // Digital Applications in Archaeology and
Cultural Heritagel 20197 e00105ISSN 22120548 Doi: 10.1016/j.daach.2019.e00105

2. zd&zv o d tj Od L-@HEZzCdEHJRIEBIS] 3d S Od L Oy’ = dzO
Wisteds Ctdzlstetsdze L dzOdzr MiskzH j dzlf 'vej:C MflsQls j/ tf "1 O dAdO. Bdf gl tOH[. .
21 {HiMO: 1 0ECO i'12I8] Andz" €O, 2008.

3. Friesen, N. Tact and the giegogical triangle: The authenticity of teachers in relgtl@xt] / N.
Friesen, R. Osguthorpe // Teaching and Teacher Educatii8.i V. 70.1 P. 255264. ISSN 0742D51X.

Doi: 10.1016/j.tate.2017.11.023

4. Chaudy,Y. Specification and evaluation of an assessment engine for educational games: Empo
ering educators with an assessment editor and a learning analytics dashbetfl /

Y. Chaudy,T. Connolly // Entertainment Computing.2008.7 V. 27.7 P. 209224, ISSN 187%521. Doi:
10.1016/j.entcom.2018.07.003

5. BudashkgpV.Deci si on support sy s tombmgdpropusionccempptexed o r
[Text] / V. Budashko). Nikolskyi, O. OnishchenkoS. Khniunin / EasteiifEuropean Journal of Enterprise
Technologiesi 2016.1 V. 3.1 ~ 8 ( BPL )O0i 21. D0i:10.15587/17204061.2016.72543

6. Budashko, V. Formalization of design for physical model of the azimuth thruster withetwo d
grees of freedom by computationalil dynamics method§ ext] / V. Budashko // EasterBuropean Jau
nal of Enterprise Technologied. 2017.7 V. 3.1 ~ 7 ( 87P. .4049. Do0i10.15587/1729
4061.2017.101298

7. Budashko, V.V. Immentation approaches during simulation of energy processes for aidynam
cally positioned ship [Text] [/ W.Budashko // ELECTRICAL ENGINEERING &
ELECTROMECHANICS. 7 2015 7 V. 6. 1 P. 1419. ISSN 2074272X. Do0i:10.20998/2074
272X.2015.6.02/50764

8. Budashko, V. Physical model of degradation effect by interaction azimuthal flow with hull of
ship [Text] / V. Budashko, V. Nikolskyi, O. Onishchenko, S. Khniunin // Proceeding Boakerhhtional
Conference on Engine Room Simulators (ICERS12lstanbul: Istanbul Technical University, Maritime
Faculty, 20151 P. 49 53.I1SBN 978 605 011 0782 1.

20 www.femire.onma.edu.ua


https://doi.org/10.1016/j.daach.2019.e00105
https://doi.org/10.1016/j.tate.2017.11.023
https://doi.org/10.1016/j.entcom.2018.07.003
http://dx.doi.org/10.15587/1729-4061.2016.72543
http://dx.doi.org/10.15587/1729-4061.2017.101298
http://dx.doi.org/10.15587/1729-4061.2017.101298
http://eie.khpi.edu.ua/article/view/2074-272X.2015.6.02/50764
http://eie.khpi.edu.ua/article/view/2074-272X.2015.6.02/50764

K_@/“\ 2019 [ ) &zOte s H dzd | BOE QuEEOS € t5dzW | to jISBYN 27067874 (print)
5§¢ﬂ' CulzHdzso O 'dpydpjdfjlaaddty , @ d2j SObacsEER@Is d ¢ O&
05.11.2019 06.112019 dx.doi.org/10.31653/2706874

9. Feng, X. Effects of balanced skew and biased skew on the cavitation characteristics aurd pres
fluctuations of the marine propeller [Text] / Reng, JLu // Ocean Engineerin@.2019.7 V. 184.7 P. 184
192. ISSN 0028018.Doi: 10.1016/j.oceaneng.2019.05.031

10. Stapersma, D. Lineration of a ship propulsion system model [Text]./Stapersma, AVrijdag
/I Ocean Engineering. T 2017. ¥ V. 142, iV P. 441457, ISSN 0028018. Doi:
10.1016/j.oceaneng.2017.07.014

11. Ebrahimi,A. A comprehensive study on noise reduction methods of marine propellers and design
procedures [Text] / A. Ebrahimi, A.H. Razaghian, M.S. Seif, F. Zahedi, A. NBmutjerdi // Applied
Acousticsi 2019.7 V. 150.7 P. 5569. ISSN 000382X. Doi:10.1016/j.apacoust.2018.12.004

12. Carlton, JS. Marine Propellers and Propulsion (Fourth Edition). ChaptiePéopeller Perfo
mance Characteristics [Text] / Ed. SlCarlton: ButterwortitHeinemanni 2019.7 P.81-140. ISBN
9780081003664. Doit0.1016/B978)-08-1003664.000067.

13. Rodrigues de Souza, G. Study of intake manifolds of an internal combustion engine: &-new g
ometry based on egpmental results and numerical simulations [Text] R8drigues de Souza, Ge Ca-
tro Pellegrini, SLucas Ferreira, FSoto Pau, OArmas // Thermal Science and Engineering Progress.
2019.1 V. 9.1 P. 248258. ISSN 245D049. D0i:10.1016/j.tsep.2018.12.003

14. Zhang, W. Experimental study on spray and evaporation characteristics offuidsdl marine
engine conditions based on optical diagnostic technology [Text] Zhahg, X.Li, L. Huang, M. Feng
/I[Fuel.i 2019.1 V. 246.7 P. 454465. ISSN 001&361. D0i:10.1016/j.fuel.2019.02.065

15. Nikzadfar, K. Investigating a new modehsed calibration procedure for optimizing the mi
sions andperformance of a turbocharged diesel engine [Text] Nikzadfar, A.H. Shamekhi // Fueli
2019.1 V. 242.71 P. 455469. ISSN 001£361. D0i:10.1016/].fuel.2019.01.072

16. Baldi, F. Development od combined mean valueero dimensional model and application for a
large marine foustroke Diesel engine simulation [Text] /Baldi, G.Theotokatos, KAndersson // Applied
Energy.i 2015.7 V. 154.1 P.402-415. ISSN 030€619. D0i:10.1016/j.apenergy.2015.05.024

17. Rasul, S. A study to analyze the effectiveness of audio visual aids in teaching learning process at
university level [Text] / SRasul, QBukhsh, SBatool // Procedia Social and Behavioral Sciences.2011.
i V.28.1 P.7881. ISSN 18790428. D0i:10.1016/j.sbspro.2011.11.016

18. Elkafas, A.G. Numerical study on the hydrodynamic drag force of a container ship modgl [Te
! A. G. Elkafas, M.M. Elgohary, A.E.Zeid // Alexandria Engineering Journ&l.2019.7 V. 6.1 P.1-11.
ISSN 11160168 Doi: 10.1016/j.2€}.2019.07.004

19. Rong, B. Dynamics analysis and wave cemps at i on contr ol design of
discrete time transfer matrix method of multibody system [Text]Rdhg, X.Rui, K. Lu, L. Tao, G.Wang,
F.Yang // Mechanical Systems and Signal Proces$ir2§19.7 V. 128.7 P. 5368. ISSN 088&270. Doi:
10.1016/j.ymssp.2019.03.006

20. Zhu, M. Optimized support vector regression algorittesed modeling of ship dynamics [Text] /
M. Zhu, A.Hahn, Y-Q.Wen, W:Q. Sun // Applied Ocean Resear¢h2019.7 V. 90.7 Art. 101842. ISSN
0141-1187. D0i:10.1016/j.apor.2019.05.027

21. Carlton, JS. Marine Propellers and Propulsion (Fourth Edition). Chapter Rrbpeller, Ship,
and Rudder Interaicin [Text] / Ed. JS.Carlton: ButterwortitHeinemanni 2019.i P.281-312. ISBN
9780081003664. Doit0.1016/B978)-08-1003664.000110.

www.femire.onma.edu.ua 21


https://doi.org/10.1016/j.oceaneng.2019.05.031
https://doi.org/10.1016/j.oceaneng.2017.07.014
https://doi.org/10.1016/j.apacoust.2018.12.004
https://doi.org/10.1016/B978-0-08-100366-4.00006-7
https://doi.org/10.1016/j.tsep.2018.12.003
https://doi.org/10.1016/j.fuel.2019.02.065
https://doi.org/10.1016/j.fuel.2019.01.072
https://doi.org/10.1016/j.apenergy.2015.05.024
https://doi.org/10.1016/j.sbspro.2011.11.016
https://doi.org/10.1016/j.aej.2019.07.004
https://doi.org/10.1016/j.ymssp.2019.03.006
https://doi.org/10.1016/j.apor.2019.05.027
https://doi.org/10.1016/B978-0-08-100366-4.00011-0

ISSN 27067874 (print) [ eOte s o J R CUSEOS € sl § ) ey
Gulndaso O ‘Gowj by, jazjthusd 0 SWGA201%qc 0k
dx.doi.org/10.31653/27067874 05.112019 06.112019

gjSywwrt Il Jrsvtff1oér1vd11c.,
bl ot dvsut ¢ vd wBREU[ S

Ufs 621.3:378.4(477.74)(045)

lwrygJuvflsd Adbmwl Awl 7 sl fovodbvdéAwwy 1 RrRH

{1 or1rdor1c 1 IRt rRevOLV L L AUL P HRpWL YD
NXAIR A wt § SIEMENS

lo. zdJoyj®lSi. d., HBY,J dzs
H4A. vOdBRdksd. d. , HtsY  dzls
Il J. 1 Eketddeps od¢ &zOHOY

0. skd BOYKS ddJS &zOH Oy
10y 5dz0dz dzd?2 kdz o jtefdlsjls ¢cfHiM' SO Bbt

O detsls Oy ' WsBEIS' tosL ¢ dzw daiztisisy ®H' S A touftiPRED RAEY tf Bithiets
ftod § HeslsBsoy' WOZ'say' ® L JjSMfdkkzOkOYy' ' odmsltesd
kO Whkdfy' SkOd ddr &ty ddoshlsj?2 ItjdOyjtk O HEY s
sdzt yso ' fMigdezs®,] odMcltsotsdz Isdzgj 5B dZOH dzO dedgy Mlistc OR sk
BiLYjudz® S dzzokoy' w.

TRAINING SPECIALISTS FOR OPERATION OF HIGH VOLTAGE
EQUIPMENT USING SIEMENS NXAIR SWITCHGEAR

V. ShevchenkgAssociate Professor, PhD
S. SamonoyAssociate Professor, PhD
V. Dubovyk, Senior Lecturer

¢ . Kulbatsky, Senior Lecturer
National University ¢Odessa Maritim

Abstract The use of the Siemens NXAIR switchgear during the high voltage equipment operational
training for marine engineers and cadets is consideretiénplaper. The analysis of simulator and auxiliary
equipment configuration and functional capabilities was carried out.

Key-words marine high voltage equipment, protective equipment, switchgear, safe operation.
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FEATURES OF ELECTRONICALLY CONTROLLED TWO -STROKE
DIESELS WARTSILA TYPE RT -FLEX

D. Latsyuk, Postgraduate Student
Odessa National Maritime University

Abstract: The features of modern tvatroke diesel engines with electronic control WartsilafleX
are considered. The operation of the fuel supply sysiamdistribution, as well as the operation of theele
tronic fuel management system (WECS) and the digital control system DGU 8800 are considered.
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SENSITIVE ELEMENT OF FIBER OPTICAL ACCELEROMETER
BASED ON SAPPHIRE GLASS

¢ .Sandler, Associate Professor
National University "Odessa Maritime Academy"

Abstract.To build a system of comprehensive monitoring of the parameters of the ship's power plant,
it is necessary to carry out effective control of vibratory parameters. Existing control systems do not fully
meet the monitoring objectives in terms of their sprxtibns and specifications. The capabilities of existing
known systems have limitations on the depth of use and compensation for the influence of operational fa
tors. A new circuit design of the sensitive element of thefhégluency vibration control déce based on a
sapphire fiber with a depressed core is proposed.

Keywords:transducer, sensitive element, light guide
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Abstract: An analysis of the existing methods of calculation and selection of the bow thrusters were
considered. A combined method of selecting the pofvdre bow thrusters drive motor with regard to the
thermal properties and operating mode, which provides the highest compliance with the calculations of the
passport technical characteristics of the vessel was analyzed.

Keywords:bow thrusters, inductiomotor, operating mode, insulation class.
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MODERNI ZATI ON OF A 61000 DWT BULK CARR

V. Busher, Dr. of Science, Professor
A. Lozgachey Master Student
Nati onal University AOdessa Maritim

Abstract. The objective is to make modernizatmd s hi pds hydraulic cargo
the hydraulic drives, already established, on electric motor based on VFD and PLC. Arguments and a
vantages of objectivebs usefulness were given.
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ADAPTIVE CONTROL SHIP COMPRESSORS
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Abstract the article describes the basic requirements for the automation of air compressors-Emph
sis is placed on the operation of compressors in the conditiomst@ial undetermined perturbations. The
use of adaptive control is justified in order to implement the process of changing control parameters based
on current operational information and ensuring the energy efficiency of the compressor plant. The modern
adaptive control system SIGMA AIR MANAGER 4.0 by KAESER KOMPRESSOREN is considered.
Keywords compressors, controlled parameters, adaptive control, pressure fluctuations, productivity,
energy efficiency
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COMPUTER VISUALIZATI ON OF ACCURATE SYNCHRONIZATION
PROCESS SHIP SYNCHRONOUS GENERATORS

R. Kudelkin, assistant
V. Lukovtsev, Associate Professor, PhD
Nati onal University ¢Odessa Maritim

Abstract:the paper proposes a computer visualization method of the manual accurate sization
process of generators in order to better understanding. Using the Processing programming language repr
sented graphical materials that allow considering in detail the form of electrical signals, which arekey fa
tors in the synchronization procegsn experiment was carried out using a laboratory simulator based on a
remote and automated control and monitoring syste
an overview of the established restrictions (protections) on modern synchopeesegarding the freqne
cies and phase shift of the voltage amplitudes of the connecting generators. Using received information it
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was made an arrow synchronoscope operation analysis. The material presented is not the final work. In the
future, it is plaaned to use the obtained data as a basis for continuing visualization work.
Keywords:generator, Processing, visualization, synchronization, synchronoscope.

[ dzv o Cdzt yjdedw MmMkuser n Mddezmtetsdzdezr = G j dz
B SSHESd IStsydzs? wodel tc selzdls ‘O yaf'df mdzdzj dig- IS o«
odvw, dajo' ftsdzdzj dzdj S wlsster n syl ftodo j Ml
fsotcjyHjdadts C0OC MOBI-R ¢ jdzgj cOlsstcsa, IISOC
mdztsiodgjj sB - SH d d3ts, Ylstse’ Crag YooHGCd yoO  di3ts
tcOBtSIsOs N jets B dzd tOodzr . 1 ted dzj cOo | ezfmlso
WdCls cfijteilsjCOddwve tjOCIsdodes?2 dBsh detsfmisd
dzdL Sk Cru BEHJI detOls! totsdz HBY sdzdzdlsj
 mdztsiotdQjo j deflso s Y OfMmistsls, seasd bzt dids @k s s
ftcOCIsdC] EZcdzse OW MetstetsMmis! §tsHEC dz¥ y@f BB3sG
Cdzt yOj 3" 2 oY =] tc@dzdlcj dz dzr 2, GJdzj tOIsistc to
shdetso des?2) HBdzY 2O B' Is' dgj MEtsdz' €5 o 'sh-j [z«
tcO.

rOidg o fsyjmij Mdd-tsddL Oydd dj sBaf
Mdder otsddM@aytff&H j dzadj s WOL] ojCltstotsa ¢
cotcw, MddaW OL dzOW tcOBBISO G j dzj cOIsstbso . |
f sdzdzw j sfqpw ) § sd3sh @ 8 fd daS detfs@atsimdedsf 0% OuU o
Btsdz! 82 BktOQodzdlsj dz' dzr 2 Ists€, Ctslstster 2 sy
ddzd CtsdzlsOCIsr Ooalsts®BOIsdy MSda or Cdzt yoOlsj dz
FtcOodzdlsj dzt dz" 2 IssC HtsMIsdecOjls o dzdyddz Ist

rdzv dzzyh jets § itz MYk tesddL @ydd
Hjdzstse, B' &zO t©€OLKGOBBISOdZO flosctcOBBO j Gt
tcOBtslslkz ftesctcORBB 5 oadLEzOddL Oydd, jo ¢
Mets?2 (dejfsHoadydes?2) d ddzndydelzjls fJm 52
MesdHO 2 ddHdydwkzjls MdedzOdz ff sHC dzt YQj-BSCt
il oL sy desfls! dLBjdawWIls! yYyOfmlstsilskz.

© SineWave X
1000
1 2 900
/ .
/\, /-\ /-\ /\ 700
/ \ / \ / by A / \ /oo
\ 7 Y / \ ; v 7 Y 7 \ i =
7 Y Y 400
/. \ / 300
200
100
0
o 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950
ITHKC

t dMezdim ddzfmsdHr dz2Oftewy Jdzed?2, dz2OyoOdzs Ctslstster n
1idz0 h Jdz@BHCHz YO j d3sets G j dzgj e Olsstc O

58 www.femire.onma.edu.ua



[y dzOtets H dz@s | BOE usEOs € s dz | to jISBY27067874 (print)
CubkHdse O dpdijdfjlad v , Q dzj COoclsEzE@Is ¢ 08
05.11.2019 06.112019 dx.doi.org/10.31653/27067874

(1]
Q
>
1
S
=

10 tedmizdzeSy 1 tsis®©B tdD JodzQ J fdaf dzlz fisth)dlas o dzts 6
d MddzmMsdHO Crua Hf tsdddlsj d dséts ¢ jddj tcOl
CO, oadLEZOERZIJLJqtcsoa OdzO Istsdz' €8 tSHAZO W OL O.
od dzmilso 2 dzOf tow y j 6z@ BY ded Iff bswzdzv g 8B Md ke M s d
Emdazsed] MddmtetsdzdL Oydd fHtededzdL dlsj dz'edats Mt
~nSHd®@s Msef OHjdzdj WOL, s 1 kyj stdsxr kMmd
Isj dz' dese s G j dz] tOlsstc® HBdzy dzO BT Is! dzj ¢ s
Hisdzy dz20 d3j Hdzj dgdzs o tc O ©lL MY Of tod MEfAS g s
Motslse jIsMmisoakzjls SCtcdeo OV (2) yYOMmlstsls™ HH 5dzc
orhj yomlstslsr thdse dzse ts.

dlstc] d&zC O MddemtetsdetsME s O MHJ ZOjIs HJdz
stsyS¢d h ¢ Odzr UquBmG Ylsts Mmststspy Ismis de@ y Js
0ofdS¢fm.) d fsolttodes o jtodgjlsmfw o o jtor'dsj j
s §HOM. (s ©Mmd O0BMydmMm. 10 tdmzdlj 1
850f S ., vyt MmMtstslse jlsMisalzjls { cdzdzets dZlzs-s5B st
dzjj Ud B L®O Stdzjm@dzds MddzzmMsdHr 1 (HOdz
fjtcoOW , fidodEzadds@vi)@ 2§ ted Istsd3, yYlsts ff jtco OW

RMatsHY dL {Iséts, §toj HY &R, DB, IS SO 1ex
H'a 4 JijttdHO fjtoots?2 §todn ted doldsifwj d&f Wi ject©dn
sCtezedzdds Hts yj dzsegts ydmdzo, ="' setcOW
dzz yOoj Ismw Yybsts yomlstslslkz oabttes?2 MddzmsdHT!

fﬂ_ =f1 +f1/HT1'{:HT2_HT1j (1)

CGHJRTYOMISSISO f jtoats?2 MmMddzzmsdHT ;
KriiCtsdgdiso s f jtedtsHtse ff jtcots?2 MmMddzzmsdHTr |
KoiCtsdzdyj mMlsots fjtedtsHise olbttes?2 Mddzms(d
I Wstedslzdzy (1)

£ =50+50/4-(5—-4)=625] y.
1 dz2Owv  yOfmlstslslkz oabtstets?2 MddzkzmtsdHr , dgOR tsH

ntosdesMC s O

N =f,/Kr, (2)
1 Wstedslzdzy ( 2)
N=625/5=1258/ .
v.4. MddatsdshMésy BEHjIs L O tSHdkkz Mj ¢ Ezc

ftcd ISOCdr LdOyjddwr, ItydOw Mddes tetsdzedL O
rdzvw Btsdzd j Hodzdets?2 d w6 Odzdmlsd ydes?2 o dL iz

Gjdzj cOIsstese dzO Mmdatse j 1§ tsOdnjyHl jJsdialzth ¢ 51 OldLddn

@ fdMOdZO HBY{ sdzdzd Isj dz dzOW {f tc 5 ¢ tc PRIRSingdzO W

Yyomls: GClststets?2 B d&zO 9L WIsO dJL tOBBIss-[ 3] .

Hydzt 1 dzj Sstesdzdzse 8 BMyd dzdzs g s OW O  ( te ey iz dzts ¢

&ZOdz f OdedzlssOtsdz oarntsH MJedOdz ) §ftsHC dz¥ YO, C

www.femire.onma.edu.ua 59



ISSN 27067874 (print) [ eOte s o J R CUSEOS € sl § ) ey
Gulndaso O ‘Gowj by, jazjthusd 0 SWGA201%qc 0k
dx.doi.org/10.31653/27067874 05.112019 06.112019

YOMlsslsO MdedzOdzO fy hddz (mMddzemsdr@- 1)

C s YO BSsets ¢ dzj OO (MddkzMsdn® 2)  dt
o tcj d3j dzd .

© SineWave - X

JEWA

7 N 7\
N\ 1 /\ 2 / /x\ NN\
/ A1\ \ £ / % A A \ 800
{\ \ {11\ /f {/ \ \ [ |\ \
b | ik y [ \ ¥ fl \ [/ \ \ { WA \
|/ \H\ ff 4 [ \— f—f—\—1
\ / "r‘ \ \" :;‘/ ‘(‘
| | \ | /l \

{ -\ \
& \
{ \

[/ \ / \ \
\ | — ‘ i I £ M- ‘A" / "l‘ \ €00 min: 102
| [ \ [l \ I/ ! [/ \ \ max: 900
|\ Il | \ /f \ {/ \ |\ [ \ \ p

123

w

o

=]
ITHKC

\
\
[ \ I/ [/ \ [\ I/ \
/ f’ \ \ 1 1\ I/ A L \ 300

\ \ / /

|\ Y \ \ /] \\ [/ vl \
\ Ji \ [/ \\ f/ YRR o \
\ Y \ A /] \\ [/ A\ / \ 200

,,‘/ .‘“‘». 'g‘. “/ \l‘ /‘c‘ %«' ‘u.““.. I‘/‘ \ ‘ // ",,.\
\_/ \ 1/ ’X\_/ \\S._/// \J' \j\_/ 4 \, 100

0
0 50 100 150 200 250 300 350 400 450 500 550 600 €50 700 750 800 850
ITHKC

t dmMzdis dzimsdH " dOfdedY  jddigPE 2§ 21 0J disse s 6 daj . Ols

l " oaBBHT .

1.} t6j H dztsy j dzdzOW ftosctcOBBO 6 odLEZOdzdL
ftesyy MMO MmMddemtesdzdL Oydd foLrosdwjls 9L 20O
dzse s Mddem esdesME s O, Yybsts MmMikh jMmlse j detiels tsB
yd Mmse MddmtesddL Oydd.

2.1 sMEsdz! S JtosctcORBBO ftoj HMIsOe dzv Fls Mts
stetsdzdets e s BMyd dzdzsc e OW O, Ists t5dz0 rtcOdzdIls 3
BkHEMNjd&3 dBseclkzls BT Is! dmf sdz! L s9 Odzr Hdzw HC
ftesyd MMO MddzmtetsdedL Oydd.

JrRu[UT dvULT O

l.stsdetso Odzj.dgC t5f IS o yd o 1 . . RMMdzj Hso Oded§ tod ¥ d d3ts o
ZzOo " Cso s EftcOQodzj dzd¥ MEHBSeaB2 Oolstsd@OIdL dtctso O dzdzts?
f smMsBdH 4 MMO:" wdeds® (id'6y ), 2002.

2V dfyd dzeS s ¢. 1., |1 BdyobBLOL @dlfvy (HlssHffmdid§fdds J
tcOlsstedzts? tOBBIST C¢cRrRMMdzj Hse Odedy Jtetsy MHO] MigA@FR2 e ¥ O
.

3] .. [ EECBOyYyjo, {.R. slkHjtfidstsdtdd BZ3d3d2E dst® B Istts § O dz JOX fitf ¢
dzdw otOh O h jets s3] idakROS 1O Hidh @eis@itey @ (728(d3j dgadaCdspdas ® € ¢
tojdey’ ' " ¢SClskzOdz dz Y dlsOdzdzy MizHdetse 5 - JOdk]. Z0IGig(tsHlsj ik @lz" € 0
1V ¢cffdeju286®.

60 www.femire.onma.edu.ua



— @/A\ 2019 [y dzOtets H dz@s | BOE usEOs € s dz | to jISBY27067874 (print)
=72 CubkHdse O dpdijdfjlad v , Q dzj COoclsEzE@Is ¢ 08
05.11.2019 06.112019 dx.doi.org/10.31653/27067874

v $81.121

rdefwrrrilic sovr il lwfeogodd] P11y
U [

4 R froemY{frotrRY LR TRt OQu Jwt [ [ w
v .| Okfipls. 9 d ¢ dzOH Oy
J )y Otedy! ¥OIs. dz. , HBYJ dzls
[ J aCteds Odzlss®s d T ls tc O dzls
] wAOys sl Wz, Mls. a dS¢ dzOH Oy
JHidM €2 d2Oy' sdzOdz' dzd?2 dstem! S d2 kdz' o
¢dzislsthfswcde dzlz L Ofistsfylz o O dzdzvs tslsiz] delizts dgj' lsite[cfiagopts cots W €

odh j dedgv dzOH'

fr]ls 50 ksydtshl' odd %o Odwde" Bl s
e L ded yd ® fnlSOlSdudZd

T o lsdMS' e ©® HoBAGpEL Hal O dy dair-ls i A0 E
©ZO. 1 BCOLOMs, "t osmsOum) g ipdz c By 5t BE " s fzsOJted Is d
Lsdz hodHSBMisj2 (slssClk | MlsOdtso dzj dgd?2 o dzdo G jdsBj Isteq
dd &0 o jdduddkz fsEdeSd.

Szt e ' Lhed0: odliOtd o, -shhi dsah) detedz® | ) b iPsody®

9 t<CH,

RESEARCH OF VESSEL'S BALLAST-DRAINAGE SYSTEM WITH
TENSOMETRIC FLUID METER

T. Gaur, senior lecturer
O. Zaritskaya, Ph.D.,docent
O. Skribantovich, undergraduate
V. Tsatsko, Ph.D., senior lecturer
Odessa National Maritime University

Abstract. The gplication of a tensometric flowmeter, in which to improve the reliability and accuracy
of measurement, it was proposed to measure the flow rate of fluid by the difference of static pressures in two
different sections of the pipe for the balldsainagesystem of the vessel. It is shown that the installation of
the third strain gauge allows to extend the measuring range of the flow velocities.

Keywords fluid, flowmeter, strain gauge, balladtainage system, seawater,
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AUTOMATIC VOLTAGE REGULATORS OF SYNCHRONOUS
GENERATORS AND METHODS FOR THE THEIR TECHNICAL
IMPLEMENTATION
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Abstract.In the article are the relevaacof the production and distribution electrical power on
the world marine fleet are introduced by automatic regulation of voltage frequency and related with the r
active and active powers of synchronous generators.

Key words Automatic regulator of utage, quality of electrical power, generating set, active element,
(slave unit), microprocessor, statism, current transformer, negative bk, pulse- width modulation,
comparator, microcontroller.
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USING OF PROGRAMMABLE LOGIC CONTROLLERS IN SYSTEM FOR
AUTOMATIC STARTING OF THE BACKUP GENERATOR

{ I .Rak, PhD, Associate Professor
Donetsk National Technical University
A. G. Kaluev, PhD, Associate Professor
National Univergy "Odessa Maritime Academy"
S.V. Babiy, Student
Odessa National Maritime University

Abstract: The article deals with the creation of systems for the automatic commissioning of backup
generators in ship electrical power systems. It is proposed tosystean with a PLC. The developed system
can be used as part of training complexes, and also allows you to acquire skills and abilities in assembling
the systems themselves, adjusting the programming of the PLC, and improve skills in working out actions
without using expensive electromechanical equipment.

Keywords:system, generating, set diesel generator, equipment, automation, program, logic, controller,
synchronoscope.
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PROBLEMS OF SERVICE AND CHANGE-OVER PROSEDURE BY
USING OF LOW SULPHUR HEAVY FUEL OIL

M. S. Khymchak, Master Student
Nationd University "Odessa Maritime Academy"

Abstract A trend in the development of marine heavy fuel in accordance with IMO 2020 amendments is
presented. The main problems that the crew faces duringhhegeover procedureo ULSFO are d-
scribed.

Keywords Sulphur Emission Control Area, IMO 2020, ULSEBangeover procedure problems
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Annotation. The substantiation of the proposed definition of the termincdbgoncepts such asfe
ficiency", "operation" and "auxiliary fleet / vessel" with respect to a Amultpose vessel of icebreaking
class is given. It was determined that such a class of vessel belongs to the typaisé dealsels and theer
fore the evluation of the effectiveness of their operation is difficult and can only be used with integral ind
cators.

Keywords: multipurpose vessel; auxiliary fleet;, efficiency; dual purpose; integrali- est
mate;operation.

Introduction. Multipurpose vessels are dgsed to universalize the application
in different climates and circumstances (social, political, technogenic and other) for
more flexible and economical operation, to solve various andstaotard tasks
when there is an acute shortage of time for spegalations and in other cincu
stances, complicating the use of highly specialized vessels. Multipurpose vassel
vessel in some way adapted to perform a number of technological functions usually
performed by several highly specialized vessels.

In the curent political and economic conditions, Ukraine, as a maritime state,
cannot afford to build highly specialized vessels and in the short ternwitméhe
available material resources. In addition, there is an urgent demand for the practice of
the moderNavy of Ukraine for the use of new specialized ships, and the possibilities
of conversion and renovation of existing civilian vessels are limited. One opthe o
tions for solving the identified problem of performing special operations in the inte
nal terribrial waters of Ukraine, including during the winter navigation and providing
navigation safety is the design, creation and use of high performanceparplbise
vessel of the auxiliary fleet(MVAF) icebreaker class (IC), which can be done given
the major gages of its life cycle (LC).

Thus, it can be argued that relevant and technical task for the modern auxiliary
fleet of Ukraine is the creation of the design concept, construction synthesis, co
struction and subsequent effectively managed and operatédpreitious scientific
feasibility study of the necessary tactical and technical characteristics (TTC) taking
into account the life cycle, MVAF icebreaking class. But it is necessary to exclude
ambiguities in interpretation of basic terminological conceptl in the research for
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practical implementation of a certain direction. This is exactly the purpose of this
work.

Main part. The main goals of any genepakpose production system are ingerr
lated and have two components: the first is to get the moBt fpom the system (&
terprise), and the second component is the stability of receiving that profit. In [2] it is
shown that the achievement of these goals depends on: a) the degree of perfection of
the production system or enterprise itself; b) the mmgional system of its opar
tion.

According to GOST 258683, "Operation the life cycle stage of the equi
ment (Fig. 1,a), at which its purpose is realized, its quality is maintained and restored.
Operation includes intended use, transportation, storagintenance and repair't-E
fective implementation of the functions of a seagoing vessel operation is achieved in
a certain organizational and technical environment (system). Such, most gerseral, sy
tem of operation (Fig. 1,b) is a set of necessary affitisat technical objects and
means of operation, organizational structures and resources to achieve the purpose of
functioning under the specified operating conditions. Of course, within the linaits gi
en in Fig. 1 structural diagrams can be detailed mposition of its individual &-
ments.

It is obvious that the degree of perfection of any production system depends,
first of all, on the design decisions made at the first stages of its desighe level
of advance project (ie, the concept of creation)

a) ‘ Operation ‘
| Industrial ‘ | Technical support ‘
‘ Proper use ‘ ‘ Technological service ‘ ‘ Periodic processes ‘ ‘ Single-use processes |
Production Servicing in sailing (equipping, -Inspection -Recept /shipping
(transportation) purpose cargo, specialized machinery -Diagnostics -Mounting and dismounting
etc) - maintenance and upkeep etc -Conservation/reactivation
-Insert/lead out with i{ploitation etc

‘ System operation |

— S T T

Equipping Operating means Staff Support
Essential Accessory Vessel in full. Equipping: Organizational staff structure Documentary. Material and
device, instrument. spares Selection and training. technical. Informational.
and record materials. Arrangement. Substitutional. Financial. Metrological
+ + Operational documents. Certification. Retraining. Reserve. Methodical. Legal. Ecological
Ship’s power umt, electrical, heat, venting and diagnostic etc.
conditioning, refrigeration, compressor etc.

Figure 1i General structure of operation and system of vessel's operation
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In order to optimize (financial, time, functional) design processes, create a new
vessel, operate, repair and dispose of it requires the use of special techniques, as well
as indicators and criteria (technical, economic, integrated). Indicators and criteria
should allow to evaluate the degree of objects' perfection or implemented processes
(including operational ones).

One of the universal and commonly accepted estimatdsei®egree of Eif
ciency, which shows how much of the total cost (use) is converted into a useful (ta
get) effect.

The main purpose of the operation of a civilian vessel is the financial result of
the Ak [ 2]:

A= wf{j(PftbLrv + wvbpruv+ i LEf+ uwV

wher e 4t J, HU-aregast,meters, respectively, of transport workr-ene
gy fl ows, technicecantveomnuientiabm uwfghspo
management cost s, | -f awled d iamgl d tuafr fi-ierag;t ¢

pai-r c b @V depreciatidh deductions (expenses for restoration of technical
potential). And as a target function, you can take the function:

Fy = E (rwi T Tgi) [/ EBE(Ri I

wherei pytargo deadwei ght +opemating gegod,ady; t h «
Ri- is the total cost of technical operation (TO), UAH:-mumber of crew members
of ships, maintenance workers, average number of employees of shipyards.

|t I S necessary f twdecrégpa to getche moscoutefale e
f unct iYonmax.H&wgver, this is not possible without the assessment @ad pr
diction of the technical condition (TC) of ships and its technical equipment (VTE).
Due to the natural aging of the vessels, the need for repair can be reduced by efficient
and competent operah, maintenance at a given level of vehicle, and improving the
efficiency of coastal bases of maintenance.

Thus, increasing the efficiency of a civilian vessel operation is to find ways to
i ncrease the objective function Fuy. Th
(the cost of transport work, the cost of personnel, fuel, repair without deteriashtion
the vehicle TC) it is necessary to obtain the highest financial result from operation.

The concept of "efficiency" applies to different transport systems. Usuélly, e
ficiency is understood as "the integral property of a purposeful process of fungtioni
of the unit, system, device, mechanism, equipment, and so on, which characterizes
the degree of its adaptation to the fulfilment of the main purpose, taking into account
the cost of resources (material, time)" [1, 3,4] . For a civilian transport yé&ssdéd-
lowing should be considered [1, 2, 4].

1. It is to be understood that the term "efficiency” refers to the purposetul pr
cess of using a ship as a production system rather than a ship as an object (system).
That is, an "effective process" is unitby a general concept and a single purpose, a
concerted and purposeful set of actions. And, in assessing the efficiency of a seagoing
vessel operation, it is necessary to clearly state the main objective to be achieved.
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2. The efficiency of the processesults) is determined by the equipmepér-
fection, operation conditions, for example, meteorological, the perfection of using
available resources. When evaluating the process effectiveness, it is crucial what
price and time interval the goal will be a&hed, what price the target effect will be
obtained, and it is the consumption of resources that will determine the waythe pr
cess is carried out.

3. The resultant effectiveness of the purposeful activity of a sophisticated tec
nical system (STS), whicis a modern seagoing vessel, is determined by the quality
of the decisions taken not only at the management level but also laid down at the
conceptual level of its design. Various indicators (manufacturability, materiakand r
source intensity, energy exl@nce, environmental friendliness, resulting quality, e
ficiency, perfection of TO and R, patent purity, etc.) are included in the concept of
efficiency and contain private indicators.

4. When evaluating the vessel design, its construction processeaticyz
efficiency, repair, maintenance and others, it is necessary to make an initigl asses
ment. Such initial assessment is carried out using simplified criteria that integrally
characterize a particular aspect of the process (operation stage, staruduiecho-
logical and other design decisions). With such a primary assessment, all significant
factors that most influence the final result are identified. The estimates and criteria
are then applied to more detailed properties of all the selectedsgnifactors [1].

The traditional criteria used to evaluate performance are: a) unit costs and unit
labor costs; b) specific cost of machine hours of equipment operation; ¢) equipment
readiness and utilization rates; d) operating time for failure. Howéwe traditional
criteria are only validvhen applied already at the pilot stage or at the final design
stage.

One of the generally accepted criteria is the Overall Equipment Effectiveness
(OEE) criterion [www.oee.com]. The criterion takes into accaquiipment reds
ness and downtime; equipment performance and losses from reduced production
speed; product gual ity and the | oss of
criterion - less than 65%, satisfactory65 ... 75%, good 75% and above. When
evaluating with the help of the OEE, the cost of achieving the goal should be taken
into account, as well as the fact that in order to make correct management or project
decisions always the a priori information required for the calculations of theaindic
tors must be reliable (verified) and complete. That is why an additional comparison
of the cost of possible measures and the benefits of their implementation, which at the
stage of advance design is possible only with the help of expert assessments [4, 5, 6
7].

Thus, determining the operational efficiency of a ship from a practical point of
view is of value only in the case of complex assessments, analysis and synthesis. It
can be argued that the evaluation and analysis of the operation efficiency,cas a pr
cess, is the identification of the values of the integrating efficiency indicatorsand i
fluencing the value of its parameters. Assessment and analysis is a major part, for e
ample, in solving the direct problem of consistent vessel desi@@][8

www.femire.onma.edu.ua 97



ISSN 27067874 (print) [ eOte s o J R CUSEOS € sl § ) ey
Gulndaso O ‘Gowj by, jazjthusd 0 SWGA201%qc 0k
dx.doi.org/10.31653/27067874 05.112019 06.112019

Synthesis of an efficient operation process is an inverse task, which consists in
the selection of valuesf controlled parameters, which are guaranteed to provide the
necessary value of the integral indicator of process performance. Only withra syne
gistic (s/stemic) approach to assessing the efficiency of a vessel's operatiors-are po
sible justifications for designing, creating and / or acquiring a new vessel (the system,
its components), justification for choosing a method of use (for renovation, modern
zation) of an existing vessel to achieve the stated purpose.

The Register Book of the Shipping Register of Ukraine (SRU) contains a list of
vessels to be classified or have conventional documents: ".... vessels of more than 24
meters in length, regardless gfpe and destination, passenger ships, icebreakers,
tugs, pushers, floating cranes, technical fleets, special purpose vessels, wessels i
tended for the carriage of dangerous goods, regardless of their length
"[http://www.shipregister.ua/pdf/reghips.pdf].

The meaning of term "auxiliary fleet" in modern terminology should be-clar
fied. By definition, [11], "Auxiliary Fleet is an integral part of the Navy, whichris o
ganizationally composed of joints and parts of naval and raid security vessels, special
purpose vessels. A security vessel (synonymous with an auxiliary vessel) is part of
the Navy (Sea Naval Forcesp naval or raid vessel intended to provide naval and
peacetime force activity. Auxiliary Navy vessels may be special buildings or tonver
ed from dher ships or vessels (conversion, renovation). Auxiliary Navy shipsi-are d
vided into: a) combat training, weapons and equipment testing; b) medical, radiation
and chemical protection vessels; ¢) ships of navigation and hydrographic support; d)
security vesels; e) rescue vessels; e) technical support vessels; g) ships providing
ships' facilities and equipment for theaters of war.

Vessel Support Vessels and Combat Theaters are designed to provide-comm
nications and supply basing points, escorting shipsvaedels in ice, laying sulan
rine cables, routes, towing, escorting, escorting, installing boom barriers anarperfor
ing many other specialized tasks. Such vessels include: communication vessels, ic
breakers, cable vessels, tugboats and others.

The main ofective of the research is to develop theoretical prerequisites for
the creation of a higherformance auxiliary fleet in mupurpose inland waters of
Ukraine. It is clear that, in essence, this can only be apmlugbse vessel (DPV),
which provides thespecific tasks of both the civilian and military fleets of Ukraine.

In this case, it should be taken into account that the effective commercial operation of
the ship and the effective combat operation are significantly different. That is why the
concept ad "combat effectiveness" should be considered.

Combat effectiveness (CE) is a generic characteristic of weapons and military
equipment (ME), necessary to evaluate the degree of compliance of the ME with the
functional purpose and goals set at creation.

It can be concluded that the advantages and disadvantagesatMEaluated
using benchmarking criteria. Their use at the stage of preliminary design, at the stage
of development of the technical assignment will ensure: a) compliance with economic
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congraints and requirements of the state, b) minimization and rational use (@xploit
tion) of allocated targeted resources, c) lefficiency level, matching of ME cap
bilities with strategic goals of modernization and improving the Armed Forces of
Ukraine (AFU).

Theoretically, AFU should use only ME that, within their life cycle, satisfy the
basic criterion "Efficiency Time - Cost". The essence of the criterion is obvieus
the contribution to the operation of the ME sample in damage inflicted on the enemy
or averted to himself, must be justified not only tactically but also economically. This
is the basic principle of effective operation, and this is precisely the main dominant of
the Armed Forces functioning in the conditions of preparation or holdireg aah-
ventional (nornuclear) armed conflict. And this is the main contradiction of the-the
retical substantiation of the design and effective operation of the MVAF IC.

When selecting and substantiating the design and assignment of an auxiliary
fleet vessl in the current constraints (financial, time, technological, regulatoryt; poli
ical), it is necessary to predict its contribution: a) to the existing potential of the
fleets; b) the project implementation price; c) key characteristics; d) time factor; e)
the subjective component.

Extensive analysis of the properties of new and promising ME uses efficiency
indicators, cost and operational capabilities, but the basis for determining the-numer
cal valuesof indicators is the process of modeling combat operations in typicat situ
tions [1214]. Moral aging factor has a particular impact on the efficiency ofna co
plex multipurpose ME it is at the design stages that the properties and chasacter
tics that will be relevant by the time of commissioning must be laid. In the context of
continuous improvement by the enemy of the ME tools (air defense, communications,
radio-electronic and cybemeans of combat, logistics, management, etc.), the delay
in adopting a new ME will reduce the combat effectiveness of new systems idramat
cally. It is also necessary to use private indicators of evaluation of combat effectiv
ness: a) the probability of completing a combat task in the action of the forces of the
fleet; b) the probability of hitting a typical target; c) the average (mathematical-expe
tation) of the effective execution of the task, etc.

Conclusions. Based on the clarification of the concepts of "efficiency" ame "au
iliary fleet, analysis of operatingrinciples of auxiliary fleet vessels, we can take the
following.

1. Definition of the concept of "operational efficiency" of the MVAF from a
practical point of view is of value only in the case of complex assessmentsasimult
neously from the standpoint obmmercial and military operation of the vessel.

2. The evaluation and analysis of the operational efficiency as a process is an
identification of the valuesf the integral performance indicators and is the main part
in solving the direct problem of osistent design of the vessel.

3. The expected prospective indicators of commercial and combat effectiveness
should be formulated already at the stage of vessel'spreliminary design, which is the
basis for its further design.
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RESEARCH OF THE PROCESSES IN ENERGY SAVING VESSEL
ELECTROMECHANICAL SYSTEM OF PASSENGER ELEVATOR
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I. M. Hvozdeva Doctor of Science, Professor,
V. V. Leshchenko,Senior Leturer,
R. K. Ter-Barsehian Master Student
Nati onal University AOdessa Mariti

Abstract The work is devoted to the study of dynamic processes in the ship's electromechsnical sy
tem of passengaievator The system includes a gearless eledrige equipped with a synchronous motor
with an axial field and a frequency converter. The kinematic scheme of the investigated electromechanical
system is proposed, the calculations of the basic parameters are performed, and the simulation ef a multi
mas lift system is fulfilled.
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PROPOSALSFOR A CARGO ANTI -SWAY METHOD USING MO TOR
TORQUE CONTROL

A. |. Shestaka Senior Lecturer
National University "Odessa Maritime Academy"
L. V. Melnikova, PhD, Associate Professor
Odessa National Polytechnic University

Abstract. The method of quenching load oscillations by controlling the oajfa drive asynchronous
motor using modern frequencyntrolled electric drives is considered. The basic equations relating the
tractive force and the angle of deflection of the load from the vertical are written, on the basis of which the
law of controlof the torque of the drive motor is formed, provided that the deviation of the load fromn-the ve
tical is zero at the end of the acceleration and deceleration stages. The results of the simulation ofthe beha
ior in the mode of acceleration of the tmmasstrolley-truck system for characteristic ratios of the weight of
the load and the length of the rope, which confirm the validity of the assumption of the possibility lof quenc
ing the vibrations of the load by directly controlling the torque of the drigaen

Key words:variable frequency drive, argiway control, container crane, induction motor torque co
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FEATURES OF THE USE OF VARIOUS CONTROL CIRCUITS IN PULSE
CONVERTERS OF CONSTANT VOLTAGE OF A MODULAR STRUCTURE
WITH ASYMMETRY OF ELE CTRICAL PROCESSES

I. P. Maliavin, PhD, Assistant professor
National University ¢Odessa Maritim

Abstract. The features of using various control circuits of pulsedMconverters of a modular
structure with a boutlary mode of operation with asymmetry of electrical processes are considibeed.
relations for calculating currents in circuit elements are obtained

Key words:;pulsed DC / DC converters of modular structure.
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IMPACT OF SHIPBOARD ELECTRIC POWER QUALI TY ON ENERGY
EFFICIENCY INDICATOR S OFA VARIABLE FREQUENC Y DRIVE

Vadim Zakharchenko, Dr.Tech.Sc., Professor
Mykola Mukha, Dr.Tech.Sc., Professor
Alla Drankova, PhD, Assistant professor
Igor Krasovskyi,s hi po6s el ectrotechnical off
Viktor Nedosieikin Master Student
Nati onal @desxa sMaryi tci me Academye

Abstract: In this paper, the impact of shipboard quality electric power on the energy efficieng-indic
tors of a variable frequency electric drive was investigaegherimental researches were performed using a
laboratory compledbased on equipment from Mitsubishi Electric, which consists of a multifunctionmeasu
ing device (Electronic MukMeasuring Instrument ME96SS), a frequency converterR&#0-00052) and a
programmable logic controller Alpha2n EMU12AA11-UHL electric m&hine amplifier with an induction
motor and load DC generator are used to simulate the operating modes of a ship's bow thruster- with fr
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guency control and typical load. The parameters of electrical energy (phase currents, voltages, power factor
and harmorg composition) were measured both on the power supply side of the frequency converter and on
its output.In addition, measurements were made of the active resistance of the induction motor sthtor win
ings over the entire load change range.

Keywords: power quality indicators, energy efficiency indicators of controlled electric drives, fr
guency converter, induction motor, load DC generator, controller, multifunctional measuring device
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DCG load data lipad= 8,60 Ricad= 1 3, 10&ig 115V
Converter FR-F840-00052 datalrr=1,96) Urr= 385V #r=50,3Hz
Classroom temperature = 2207
ME9696SSRAMB
la, A 2,828 Uan, V 284,1 Uas, V 412,8
ls, A 2,828 Usn, V 283,3 Usc, V 4141
Ic, A 2,811 Ucn, V 283,7 Ua-c, V 415,3
Before testing stator winding resistanceRa = Rs = Rc = q
After one-hour ogeration. Measuring during 10 sec after motor stop,
classroom temperature = 242
Ra, q 3,8
Re, q 3,8
Re, (q 3,8
Measuring after 15 min of motor stopped
Ra, q 4,0
Rg, q 4,0
Re, (q 4,0
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v OB dzdiqW LAzZzdzi BOthJteddzj delslz ftcd. 50 % dzOo Odzls Oy j dzdz

DCG load data licad= 4,2) Ricad= 2 6 , 10&dag 110VU
Converter FR-F840-00052 datalrr = 1,94p Urr= 393V §r=50,3Hz
Classroom temperature = 23@

ME9696SSRAMB
Ia, A 2,828 Uan, V 254,1 Uas, V 405,8
Ig, A 2,828 Usn, V 253,3 Us-c, V 406,1
lc, A 2,811 Ucn, V 2547 Uac, V 407,3

Before testing stator winding resistanclRa=Rs=Rc= 3, 4 q
After one hour operation. Measuring during 10 sec after motor stop,
classroom temperature = 2401

Ra, q 3,7
Rs, (q 3,7
Rc, q 3,7
Measuring after 15 min of motor stopped
Ra, q 4,0
Rg, q 4,0
Re, (q 4,0
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MODELING AND RESEARCH OF OPERATION OF SEAWATER PUMP
DRIVE WITH CONTROLLED PRODUCTION IN DIFFERENT
OPERATING MODES

V. Petrushyn, Dr. of Sciencet rofessor
Y. Dziuba, Master Student
Nati onal University ¢cOdessa Maritim

Abstract: The drive of the seawater pump walsserved in which the frequency converter was
proposed to increase thatability of the pressure in the pipeline and to reduce operating costs. The energy
efficiency criteria of the actuator are analyzed in different operating modes and the resulting criterion is
obtained.

Keywords asynchronous motorgegulatable drive, aitboard water pump, frequency converter,
modeling, throttle control, performance criteria.
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CLIMATE CONTROL SYSTEM RESEARCH IN THE
RESTAURANT OF CRUISE VESSEL

O. S. Zhukov, Master Student
Yu. V. Kurganskyi, elektromehanik
A. O. Karpelenya, Master Student
V. V. Busher, Dr. of Science, Professor
National University ¢Odessa Maritim

Abstract: The purpose of this work is to analyze the solutions to the problem of providing comfortable
microclimate conditions in the restaurant room of a passenger ship atel/&dop recommendations for the
choice of the main units of the system and its adjustment in the modes of ventilation / air conditioning. Based
on experimental studies in a small room with saiitconditioner and the principle of similarity, it is q@r
posed to use a chillefancoil system with adjusting the output signal of the PID controller of the external
circuit so that at the moment of reaching the set room temperature, a short switching will occur (switchover)
room temperature. In order to optimitte power consumption of the system, it is suggested to use air qual
ty sensors in the ventilation system with automatic switching of thmoaditioning and ventilation modes
and regulation of the fan speed.

Keywords Air conditioning, ventilation, chidr, fancoil, PID controller, spiral compressor.
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IMPLEMENT ATION OF THE PLC BASED LOAD CONTROL MODULE
FOR FREQUENCY-CONTROLLED ELECTRIC DRIVE

Mykola Mukha, Dr. of Sciencet rofessor
Alla Drankova, PhD, Associate Professor

Igor Krasovskyi,s hi pos el ectrotechnical off
Sergiy Mikhaykov,s h i p 6 gechmicdefticerr o
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Abstract: The paper presents the technical implementation of the load control module fomthe co
trolled electric drive using Mitsubishi Electrequipment, which is part of the electromechaniabbratory
complex, designed to study the quality of the electrical network and to evaluate the energy efficiency of the
variable frequency electric drive(VFD). The control module is based on the industrial programmable logic
controller ALPHAZ2, the progma of which is written on the functional block diagrams (FEDyuage in the
AL-PCS / WINEU software environment. The module software provides two ways to control the typical load
of the actuator: manual, in which the corresponding degree of resistanisected to the anchor circuit of
the load generator, and automatic, which provides the connection of the load resistor of the generator in the
function of the speed of the motor and in accordance with the selected typical load. The results of-the expe
imental tests showed that the created module of typical load control is a convenient and reliable tael for ca
rying out scientific researches of variable frequency drives in laboratory.

Keywords variable frequency electric drive, load generator, programrmdbdjic controller, freque-
cy converter, typical load, speed sensor
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THE STRESS STATESIMULATION IN THE VICINITY OF THE
N SEGMENTS BROKEN LIN E AS DEFECT UNDER VIBRATION

V.G. Popoy, Dr. of Science (Phydvath.), Professor
{ . V. n, PhDtovSgience (Phydlath.), Docent
Nati onal University ¢cOdessa Maritim

Abstract: The problem about the determination of stress state in the vicinity of the tunnel rigid
inclusion of the shape &f segments broken lin&he harmonichear face impacts on inclusion in thenu
limited elastic mediumThe problem is reduced to solving a system of singular integral equations with fixed
singularities. For the approximate solution of this system a numerical method is applied. It takes into
account he true asymptotics of unknown functions and uses special quadrature formulas for singular
integrals.

Keywords rigid inclusion,harmonicshear forcesingular integral equations, fixed singularities.
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STRESS STATE NEAR ARBITRARILY ORIENTED CRACKS ON THE
CONTINUATION OF A RIGID INCLUSION IN VIBRATION

V. G. Popoy, Dr. Sci. (PhysMath.), prof.,
A. S. Misharin
Nati onal Uni veild s$iitmg AOde ey eMMa

Abstract: The problem of determination the dynamic SIF is solved for the cracks that are located at an
angle from the ends of the inclusion is solved. The inclusion is located in an unbounded elastic body, under
the conditions of deformaitn of the longitudinal shear, where harmonic oscillations occur due to the shear
force applied to the inclusion. The initial problem is reduced to solve the system of singular -integral
differential equations with fixed singularities. For the numericaltemiwf the system the method is deve
oped. It takes into account the real asymptotic of the unknown functions and uses the special quadrature fo
mulas for singular integrals.

Keywords:stress intensity factors (SIF), singular integlifferentialequations, harmonic oscillation,
fixed singularity, inclusion, cracks.
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ANNULAR INTERFACE CRACKS IN THE PIECEWISE -HOMOGENEOUS
TRANSVERSELY ISOTROPIC SPACE

O. Krywyi, Dr. of Science, Professor
National University ¢Odessa Maritim
Yu. Morozov, Ph. D., Associate professor
Nati onal Uni veirtsiimey AccCaddeesnsyae Ma r

Abstract: The problem of annular interphase crack in a piecewise homogeneous transsetreglic
space during an arbitrary loading of the crack sides is solved. Expressions were obtained, for tha-stress i
tensity coefficients at the frace boundary, as well as the values of the indicated coefficients for some
transversely isotropic material combinations.

Keywords: crack, annular, interphase, inhomogeneous, transversasotropic, singular integral
equations, intensity factor
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MATHEMATICAL MODEL OF LUBRICANTS LAYER IN SLIDING
COUPLES IN SHIPPING POWER PLANTS

M. O. Kryvyi, cadet
C. V. Sagin Dr. of ScienceProfessor
Nati onal University ¢Odessa Maritim

Abstract The problem for determining the pressure in the oil layer of a cylindrical pair of sliding in a
ship's power plant&as formulated as a boundary value problem for the Reynolds differential equation. The
exact solution of the specified problem for the Newtonian andNewtonian oils was obtained, which a
lowed us to determine the total specific pressure, the forcs@ajus shear, and the coefficient of friction in
the lubricating layer of the sliding steam.

Keywords:lubricating layer, Reynolds differential equation, Adéewtonian oils, pressure forces and
viscous shear.
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MODELING AND INVESTIGATION OF THE STRESS STATE
IN CYLIND RICAL COMPONENTS PARTLY DELAMINATION
FROM A RIGID BASE UNDER SUDDEN TORSIONAL LOADING

Oleksandr Demydov
Vsevolod PopovDoctor of Science, Professor
National University ¢Odessa Maritim
alexandr.v.demidov@gmail.com, dr.vg.popov@gmail.com

Abstract. The axisymmetric dynamic problems of determining the stress state in the vicinity of the
delamination in a finite cylinder partly coupled with the rigid base were solved. In contrast to the traditional
solution methods based on the use of the intdgrplace transform, the proposed method consists in the
difference approximation only of the time derivative. As a result, the original problem is replaced by a
sequence of homogeneous boundary value problems for the Helmholtz equation that reducestthtim Fr
integral equation of the second kind. The numerical solution found made it possible to obtain an
approximate formula for calculating the stress intensity factor.

Keword. Stress intensity factor, finite cylinder, circular delamination, +aingped dlamination.

1. Introduction. A large number of machine elements and structures an- cyli
drical. The stress state of finite and infinite cylindrical bodies under static loading has
been studied sufficiently enoughut works with the analysis of the strestate under
dynamic loading conditions is much smaller.

In this paper, we used a modified method of finite difference in fiheWith
the help of this method, this paper solves the problem of determining SIF in the vici
ity of the delamination in a fite cylinder under torsional loading.

2. Problems formulations. An isotropic finite elastic cylinder with heighd
and radiusr, is considered. The cylinder is related to the cylindrical system af coo

dinates, whose center coincides with the center ofdiverl base, and thez axis
with the cylinder axis.

The top end of the cylinder is joined with a rigid plate with thickrneessd &a-
dius r,. The plate suffers the action of a torsional momerit). The bottom end of

the cylinderz=0 is coupled with a rigid basen the coupling area there is partial-d
lamination in the form of a circle (Fig. 1a) or a ring (Fig. 1b). Both the cylinder side
surface and delamination area are considered to be free of stresses.
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Fig. 1. Cylinder with delamination: axircular; b - ring-shaped.

The cylinder is in a state of axisymmetric torsional deformation and onlynthe a
gular displacementv(h, z ) will be different from Gandsatisfy the equation:
pew A1 pl1 1 7
D =—, D = _ — — 1
h z\N u % hz ﬁ h-+ h |J~2 h ZT,]_Z ( )
Equation(1) is considered as having zero initial conditiamsl boundary cond
tions at the lateral surface and top end of the cylinder:

t, (L z)tow( L h t(J) (2)
wherea( 9 - the unknown angle of rotation of the plate, determined from tha-equ

tion of its motion
The boundary conditions at the bottom end of the cylinder are formulated d
pending on thedrm of delamination. With circular delamination (Fig. 1a), thie fo
lowing conditions are fulfilled:
t, (10, )t0~0 ¢ o) B t =1, pa bh. 3)
If there is external ringhaped delamination (Fig. 1b), the boundary conditions
have the form:
who 9 0 ¢he¢b,a) B t =, pa . (4)
To avoid difficulties arising in problems witmixed boundary conditionsn-i

stead of condition&3), (4) we consider the following boundary conditions:
for circular delamination:

go (¢ ]
h,0, 9 = o) 5
winoy B0 e B ©)
and for ringshaped delamination
gc,(h)to ¢hep
t )t = , e 1), 6
IZ( o ) %0, b < hig F ) ( )

wherec,( h ) andc,( h) - unknown functions, ensuring the fulfillment of the first

equalities from 8), (4).
To solveformulated initiatboundary problemsly, (2), (5) and @), (2), (6), we
apply a method based on the difference approximation of time derivatives, detailed in
[1]. Usingthis methodthe problerawerereduced to a set obimogeneouboundary
value problems for the Helmholtz equation
D,V - %2[_{1 D, nl=2,3,.. ,x h]'li. (7)
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The boundary conditions on the lateral surfaces and top end of the cylinder with
respect to these functions can be written as follows:
tofl ¥ GO0 <1U4 ) W ,&h . (8)
And the boundary conditions on the bottemd of the cylinder with circulared
lamination will take the form:
. ;
0.(n0) $ 0 TR he (). ©
In the case of ringhaped delamination:

EC ,0 ¢ h,¢b X

t,,{ o) %O,Zn( ')b < h1e >(c, W h na:c;kzr2 () (10

3. Solution to the problem for the cylinder.We represensolutiors to the
boundaryvalue problera(7) - (9) and(7), (8), (10) asthe sum:

U,(h, 3 85, h B¢+ ). (11)

The first term is given by the formula:
sh(g z,)
sh(gs-,)

The second term is the solution that satisfies the zero conditions on the top end
and lateral surface of the cylinddme condition on the bottom emt&pends on the
form of delamination. Forhe case of circular delaminationhias the forn(9), and
on the delamination, equality should be satisfied:

t;,(0) =°-(,0.0

For the case of rinrghaped delamination, litas the forn{10), and on the defa-

ination, equality should be satisfied:

(.60 36) RO ho1
The solutios to theseboundary value problesrare constructed by the integral
transform method, analogous to padei$].
The solutios contains the unknown functiere,, ( ¥ andc,,( . To determine

them we use the conditi@on the delaminatiomnd obtainintegral equatios. To
solve these equatiors, we reducgéhemto the Fredholm equatisof the second kind
2l:l}fn'a‘n 2

ulth, 3 A,

(9 Do Jer 3 +@Y 0y kaw ) Fe @
(955700 Av-3 @y} wPS (13

where A(Y), B(Y) and Q(Y) are represented as uniformly convergent series and

proper integrals.

An approximate solution to equati¢i?), (13), is sought in the fon of an inte-
polation polynomial. We approximate its integrals according to the quadrature- Gauss
Legendre formula and obtain a system of linear algebraic equations with respect to
the values of the unknown function in the interpolation nodes. After salkiengs-
tem, the unknown function is approximated by the interpolation polynomial.
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o . P.(y)
% (%)° 90 QI R

whereP, (y) is the nth Legendre polynomial, ang, is the polynomial root.

5. Results of numerical analysisFor the criteria of destruction, an important
role is played ¥ SIF. The dimensionless SIF value can be obtained from thaiform

las:
K (t,) X 1 J2
K(t,) = , K €. K, K, —=— , K — : 14
(k) GJb (k) ?;kn \/Epg(rl) pg:(]; (14
By formulas(14), there was performed a numerical study of the dependence of
SIF on the dimensionless time =,t/r,. The time grid nodes were condensed near the

pointt ©. During these @lculations, it was considered that dimensionless thickness
of the plate isd #/a G:1, the dimensionless radius of the circular delamination and

the dimensionless internal radius of the fsigaped delamination ate /r, 5.

The influence of the mass of the plate on tihee dependence of the SIF was
studied. The results of the calculations are shown in Fig. 2 in the form of graphs of
time dependencies of dimensionless SIFs. During these calculations, it was consi
ered that dimensionless cylinder heightiisa/r, 2. The charts &ive been constrtic

ed for the case of the action of a suddenly applied torsional load. The CtBwas-1
respond to different values of the relative plate density: g,/ .,£0.25; 1 4.

From the graphs in Fig., & can be seen that in all considered types of loading,
during the transient process, the maximum SIF values are observed. When a sudden
constant load is applied, this maximum 1225 times higher than the static value of
SIF. Hence, it is most likely that the destruction of the cylinder will occur during the
transient period.Also the analysis of the graphs in Fig. 2, it can be concluded that an
increase in the mass of the plate leads to an increase in the time until the SIF reaches
its maximum value. However, it practically does not affect the maximum value itself.

O :g(n%)' m 1=, 3,.., l,

K | K
0.1 1
0.08

;;1

0.06 ’ l) \\
f
}

0.04 A

0.5 1
0.02 4

4 8 1 16 T 0 s 10 15 20 2 30 T
Fig. 2. Time dependence of dimensionless SIRVig(t) +i( )
a) cylinder with circular delamination; b) cylinder with risbaped delamination.
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Conclusion.The article proposes a method for solving the problem of determi
ing the stresstrain state of an edéc finite cylindrical body partly coupled with the
rigid base that is under torsional loading. This technique is based on the differential
approximation of the time derivative and use of a time grid with specially selected
nodes. Numerical results demtnase the effectiveness of such an approach when i
vestigating the transient processes that occur oty after load application.
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MODELING OF THE STRESSED STATE OF A HOLLOW CYLINDER S
WITH A SYSTEM OF CRACKS UNDER LONGITUDINAL SHEAR
HARMONIC OSCILLATIONS

O. Kyrylova, PhD
Nati onal University ¢Odessa Maritim

Abstract: In this paper we solve the problem of determining the stress state near the tuaagl in

an infinite hollow cylinder of arbitrary crossection under oscillations of longitudinal shear. We propose an
approach to satisfy the conditions separately on the sudbceacks and on the borders of the cylinder.
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By using the proposed method the approximate formulas for calculating stress intensity factors are
obtained to investigate the influence of frequency oscillations, geometry of the cylinder and location of the
cracks on their values.

Keywords hollow cylinder of arbitrary cross section, harmonic oscillations, stress intensity factors,
the system of cracks.
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MATHEMATICAL MODEL OF THE ELECTRIC DRIVE CONTROL
SYSTEM OF THE SHIP'S COMPRESSORREFRIGERATION UNIT

G. V. Naleva Ph.D., Docent
D. V. Ungarov, PostGraduate
O. A. Onishchenkag Dr.Tech.Sc., Professor
National University "Odessa Maritime Academy"

Abstract. The purpose of the article ® develop a mathematical modeltbe control syem of a
hermetic compressor of the small productivity ship's refrigeration unit on the basis of an observemwef the
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ordinates of an automated electric drive, which allowseal time to estimate frequency of rotation of e
gine and moment of resistanae the shaft.

Keywords:ship'srefrigeration unit, electric drive, compressor, modeliogntrol systemg¢oordinate
observers.
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AN ITERATIVE METHOD FOR MODELING WAVE FIELDS INBO DIES
WITH THIN RIGID INCLUSIONS
AT OSCILLATIONS OF LONGITUDINAL SHEAR

Vsevobd Popov,Doctor of Science, Professor
National University ¢Odessa Maritim

Abstract. The problem of the diffraction field determination is arising as a result of the longitudinal
shear wave interaction with thimin rigid inclusionssystem arbitrily situated in an infinity bodywas
solved. Inclusions are considered to be fully coupled to the elastic medium and are moving. Unknewn ampl
tudes of inclusions are determined from the equations of motion. The original problem is reducedgo the sy
temof the singular integral eqguations for unknown
method of this system solving, where the zero approximation are the solutions of the integral equations for
the singleinclusions is proposed.

Keywads: Thin rigid inclusion, Wave interaction, Integral equations, Iterative method.

Nowadays methods of mechanics of deformable bodies (potentials method, di
continuous solutions method, etc.) make it easy to reduce the problem of datermin
tion of wave fidds in a body with system of thin inclusions or cracks to the solution
systems of integral equations. But, the main attention is paid to bodies with systems
of cracks. Research of dynamic stress state bodies with systems of thin rigid incl
sions is much I&s. Thus the determination of dynamic stress state and wave fields in
bodies with systems of thin rigid inclusions is not completely solved. In the submitted
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article, iterative method for determination of SIF and wave fields in the interaction of
the longtudinal shear waves af inclusions.
Let an elastic body that is in a longitudinal shear strain conditiorthrough
thin rigid inclusions are situated. These inclusions are occupied on theQoigine
the segments lengthad, and with centers at points with coordinates

(a.h), k=1,2,..,N(Fig.1)

a
Fig. 1

The wave of longitudinal shear interacts with them which and causing lthe fo
lowing displacement alongxis Oz:

Wq(X, y): Aé(z(x('éosg ysiﬁ')oq),kzz :/,ZWC (1)
where w- the frequency of the oscillationsG - density and modulus of shear of the
body,qg, - the angle between the diteon of propagation of the wave and the positive
direction of the axisOx Multiplier e™ which determines dependency from time here
and then rejected. L&¥(x y) is the only different fronf in the conditions of longit
dinal shear strain component of the vector of displacements caused by wavés reflec
ed from the defects. Then it must to satisfy the Helmholtz equation

DW W 6, (2)
whereD- the Laphce operator in a system of coordinabeg. This equation must be
seen with conditions on the inclusions for the formulation that the local coordinate
systemsO, x y,connected with each of them.idtassumedhatinclusionis complee-
ly coupledwith anelasticmediumleadsto equation

W (%.0=6 -W(x0 W(x09 =Ae~ (3)
Zy =acosg, M sing % cof @ ¢)q ¥-sif &) -gk 123N
Also the surfaces of inclusions cause a discontinuity stress unknown jumping
which denomination
ty (%10) -4 (. O  Fbx), dy- x, <d, k< 1,2,..5N (4)
In equality (3) consists of -unknown displacement of inclusions. They aee d

termined from the equations of motion of inclusions
d

M6 = f G %)d% k=,2,...N (5)

'dk
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wherem -mass ofk -th inclusion.

For the solution of the problemfor each inclusiordiscontinuous solutionsf
equation(2) [1], [2] fromjumping(4) are built

d _xa(h
WE(X, y) = d| G

Displacement of the scattered wave field in the coordinate sySigm repe-
sented in the form of

b -x, y)dAal E2,.,N (6)

W(xy)=8 W (%), ™

Where W°(x y) are obtained from (6) as a result of the coordinate transfo
mation. For determination of the unknown jumps(x)from the condibns (3) the

system of integral equations must be obtained. That the received system has received
singularity Cauchy type, (3) is replaced by the equivalent equalities

”R‘Nk(xk,m W(xkowwm & W( d.0).k 12,5 (8)

After transformations otoordinatesn the (7) and subdgitution to (8) the next
systemof singularintegralequationswith additionalconditions is obtained

ERL A , ' iy
pr;x ([)g r |}Fk( £) % gZ _1,3% )Ri(.r)d £ igfAaos(, ko)é{( a,
: (9)
o [ (Jlines )0, B afz— AODL(J  of= AdneD,
Cox = —1—1”' (dd k 1,2.,N
‘ 2gkhOk g( k,—rl1k , T l

In this system, introduced the notation

/i ()= @ )/6,k 4,2,.,N; & x t¢, QFd

ko= hd,d =max(d,d,,...,d ) .G %:, % h %

whereh,, r, are the thickness and density of the materiad-¢th inclusion.

The system of integral equations (9) can be solved approximately using the by
the mechanicatjuadraturemethod [3], as in [4], [5]But the immediate use of this
method requires solving a system of linear algebraic equations, which is proportional
to the number of inclusions . Therefore, the iterative method for solving the system
(9) is proposed for elimirign of this problem. For this, the zero approximatiorois s
lutions of N separate equations for single inclusion. Then an iterative process-conti
ues by solving the next equations at every step
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1%, (i) a 1 £ Ko o
_I’!k(l)ae 'H:k( t') ) j':O’A\)C‘ks( K o)Eé (Lf) -
20 C - z =
Nog ol
Ao fI (IR H)ar (10)
3%

1

S O(Y(in(a+ oD, A)a = penld éj—i n'() (s )d;

I,k
Soluion of integral equations (10) is based on the representation of unknown

functions in the form

jf)(z):{/i)_%,k 4.2....N,i %£2,.. (11)

The formula (11) provides an opportunity to numerically solve equations (10)
method of mechanical quadratures [3]. As a reggjtiations (10) are reduced to the
solution of systems of linear algebraic equations sequence that differ only in the right
sides of.As it is known[6] stresses ithe body aroundthe thin rigid inclusions are
described stress intensity factgfsnear its endsx = . After solving the system

(10) their approximate value by results of thth iteration are calculated on formulas
o K|° (|) _r
k _Gl\/ﬁ (9,1 12,.. N (12)

One of the main purposes of the numerical analysis was to study practieal co
vergence of iterative method is proposed. This was a system with three inclusions of
the same lengtlad is considered, Inclusion are placed at the sidegbeproper ir
angle with sides longd , as shown in Fig.2 The thickness and density of theiincl
sions here are considered to be the sgme0.05,7, =L It was assumed that plane

wave of longitudinal shear, propagatialpng the positive direction of the axis inte
acts with inclusioney(qO = 90). The Fig.3 shows the dependency graphs of absolute

value of the dimensionless S|k|=|k | k1 for first inclusion of the dimensionless

wave numbek, = 4d.

y k| |
B AB=AC=BC =4d 4
2.2 3
3
11 /Av 2
A
X 0 2 4 I{ll
1
Fig. 2 Fig.3
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Curve 1 corresponds to the values SIF obtained as a result of the immediate solution
of the system of integral equations (14) mechanical gtuér methods. Curves 2

and 4 show the value of the SIF is obtaibgdhe formula (18) as a result of the im-
plementation of the specified number of iterations. We can see that after 4 iterations
the results are obtained by different methods almost do not differ. The continuation of
the iterative process lids to the conipleoincidence of the results.

Conclusions. Effective iterative method of solving the problem by definition
stress condition and diffraction fields in body with arbitrary system of thin ngid i
clusions at the interaction with the longitudinal shear wapsoposed. This method
can be used for systems of inclusions with implicate geometry and sufficiently tightly
placed inclusions. Numerical investigation has determined that the configuration of a
system of inclusions, their size and relative locatingstiially influence the value
of the SIF.
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TWO INTERFACE DEFECTS IN ANISOTROPIC PLANE

K. Arkhypenko, PhD
National University ¢Odessa Maritim

Abstract: In the inhomogeneous anisotropic plane the problem about interaction between interphase
crack and inclumn, which is in the conditions of full cohesion, was considered. Using the methodusf sing
lar integral relations for interphase defects, the problem was reduced to the system of singular integral
equations, and the method for its solution is propose@ &sult, the effect of the distance between defects,
the loading applied to them and the properties of anisotropic materials on the features of the stress fields in
the neighborhood of defects was investigated.

Key-words inhomogeneous anisotropitane, interphase crack and inclusion, systems of singular
integral equations, stresses, stress intensity factor.
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