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OCHOBHI HANIPSAMKH BJIOCKOHAJIEHHA 0€3MeKH CYYaCHOr0 MOpeIJIaBCTBa

HaykoBo-TexHiyHuU# nporpec pazom 3 A00poOYyTOM, Ha Kajb, MPUHIC JIOACTBY
6e3niy npo6siem. IllopiuHo y cBiTi BinOyBaeThbes Ounbiie 120 MIIH. HEITACHUX BUTIA-
JIKIB Ha BUPOOHUIITBI, 3 SIKUX moHaj 200 THc. — 31 cMepTEeIbHUM HACHIIIKOM. 3T1THO
3 JTaHUMHU MDKHApOJHOT cTaTUCTUKU 3 500 MIIH. 1HBaJIIIB KOKEH M'ATUN CTaB HUM B
pe3yibpTaTi HemacHoro Bunaaky. Cymu 30UTKIB CTaHOBIATH 10 10% BanoBoro Haiii-
OHAJILHOTO MPOAYKTY OKpeMux KpaiH. Te, 10 Tak 3BaHUMN «IIOJCHKUI (QakTop» BU-
CTYyINa€ OCHOBHOIO MPUYMHOIO PI3HOTO POJAY HEUIACHUX BUMAJKIB, aBapid 1 KaTacT-
pod, MIATBEPAKYETHCS CTATHUCTHKOIO MO BCIX rajy3siX BUPOOHMIITBA, 1 MOPCHKOTO
TPaHCHOPTY B TOMY YHCIIL.

3Ha04YM YUCIIO 3aru0JIMX CYyJiB, MO’KHA OPIEHTOBHO BU3HAYMTH KUIBKICTh aBapiit
y CBITOBOMY TOproBeibHOMY (hI10TI 3a 3akoHOM XeHapuxa. Y CIIA Ha 0CHOBI BHU-
BUeHHS Ta aHanizy 9500 mpoMHCIIOBUX aBapiii BUBEACHUIN 3aKOH MPO WMOBIPHOCTI
Ta MPOTHO3YBaHHI aBapiil, sskui BUpaxkaeTbes criBBiqHOMmEHHIM: 10 -19 - 300. To0-
10 Ha 10 BeNMKHMX aBapiii punanae 19 cepennix, i 300 npiGHux. MMoBipHicTs aBa-
piii 3 BenukuM 30uTKOM cTaHoBUTH 0,3%, 3 cepenniMm — 8,8%, He3HAYH] 30UTKH —
90,9%. TakuM ynHOM, SIKILO 3apa3 HIOPIYHO B Mopi ruHe 0au3bko 100 cyaeH, To yu-
CJIO CepeJIHIX aBapiii moBUHHO OyTH npuban3HO 190, a npi6HUX — 3000.

3a pizaumu nanumu 60-70% Bcix aBapiil cyqeH BiiOyBa€eTbCs 3 BUHM JIIOAUHHU, a
80% aBapiHUX CUTYalllil € HACIIAKOM HEOOTPYHTOBAHHUX [1 CYJAHOBOI'O MEPCOHA-
ny. lllopiyHo ruHe oAMH 3 2 TUC. MOPSIKIB 1 HE TUTBKUA BHACTIIOK MPSIMHUX BTpAT, aje
1 3-3a MOraHoi Opraxi3auii pATyBajJbHUX onepaiiidl. Ha BUCokomy piBHI 3a1MIIA€THCS
1 BUpOOHUYUN TpaBMaTU3M CEPE]l MOPSKIB. Y BCbOMY CBITI BBaXKAETHCS, 110 3B'I30K
MOpETUIaBaHHS 3 PU3HKOM JI0Ka3iB He moTpedye. Tomy B 3apyOiKHUX CTaTUCTUYHUX
tabnuisix Jinokaa 3amMicTh TPUMHATOrO y HaC TEPMiHA «CYAHY B €KCIUTyaTallii» BKa-
3yI0Th OHO3HAYHO — «ships at risk» (CynHy NiAIaI0TECS PU3UKY).

3HIKEHHST pUBHMKY JJIs1 AKUTTS JII0JIeH, MOke OyTH JTOCATHYTO TUIBKM Ha OCHOBI
CUCTEMHOT0 MIAXOAY /10 BUPIIICHHS CKJIAHOTO 3aBJaHHs — 3a0e3neyeHHs Oe3MeKu
KUTTENISIIBHOCTL, PATYBaHHS Ta BYXKUBAHHS JIIOJIMHU MPU HAJ3BUYAMHHUX CUTYAI[ISX
Ha Mopl. Y 3B'I3KY 3 IIMM, HA HAIIOHAJIBLHOMY PiBHI1 OyJIO NPUWHATO PIlIEHHS CKOH-
IIEHTPYBaTU BC1 TEOPETUYHI PO3/ILIH, TOB'SI3aHI 13 3a0e3MeUeHHAM O€3MEeKU 1 BUKHU-
BaHHS JIIOAMHU HAa MOpPI1 B paMKaXx 1HTerpaibHOI AUCHUILTIHU «be3neka KUTTeisb-
HOCTI».

[IlopiuHO CBITOBUI TpaHCHOPTHUN (DIJIOT 3 PI3HUX MPHUUMH BTpayae OUIbIIE COTHI
Cy[iB, B Ipolieci omnepalliii Ha Mopl BiJOYBalOThCSA TUCAYl CEPUO3HUX 1 APIOHUX 1H-
UUJCHTIB, THHYTh 1 OTPUMYIOTh TPAaBMH BEJIMKE YHCIO JIIOJEH, 110 3B'A3aJId CBOE
KUTTS 3 MOperiaBcTBoM. OiHaK 3 TOro (hakTy, 1110 MOPEIUIABaHHIO PU3UKU aBapii 1
3arubeni cyzieH 1 Jitofied, He BUIJIMBA€ BUCHOBOK, 11O BiJl HHOT'O CIiJ] BIAMOBHUTHCS,
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HaBIIaKW, HEOOXITHO BUMTUCA HA YpOKax aBapid, MOpaJIbHO, (PI3UYHO 1 TICUXOJIOT1Y-
HO TOTyBaTH cebde 10 nmpodecii mopsika. Crif 3aBKau MaM'aTaT, M0 TUIbKU HaroJe-
rJIMBa mparls, rMUO0KI 3HaHHS, TPodecioHai3M 1 XOpolla MOPChKa MPAKTUKA JOMO-
MOXYTh eKilaxaM 3a0e3neunuTH 0coOOUCTy Oe3IeKy, Tak 1 0e3MeKy macaxupis, nepe-
BE3€HOr'0 BaHTaXy 1 CAMOT'0 CyJIHA.

be3neka XKUTTENIAIBHOCTI HA MOPE BU3HAYAETHCS SIK KOMIUIEKC (PaKkTOpiB HANTI-
CHIIIMM YMHOM MOB'SI3aHUX 3 BIXKMBAHHSAM JIIOJJMHU B YMOBAX I1JIBUILIEHOTO PU3UKY.

CporojiHi B CyAHOIUIABHIM IHAYCTpPIi IIMPOKO BHUKOPHUCTOBYETHCS TEPMIH «Oe3-
MEeKa» CTOCOBHO JI0 OKPEMHUX BHUPOOHUYMX OMNEpAlliid, MIaBy4YuXx 1 6eperoBux 00'ek-
TiB, MEPCOHANY 1 B LIJIOMY /10 MoperuiaBanHs. Lle cioBo 1 #ioro aHrmiichKuil eKBiBa-
neHT «safety» gacTo 3ycTpidaroThbesi B pi3HUX MyOJiKaIlisgX, HACTAHOBAX, IHCTPYKIIi-
X 1 HOpPMAaTUBHUX JOKYMEHTaX, 110 CTOCYIOThbCs MoperuiaBaHHs. OpHak, MaOyTh,
Majio XTO 3aMHCIIIOEThCS HaJ TUM, L0 3aKJIMKW 1 BKa31BKHU, SK-TO: «3abe3neyuTH
Oe3mneKky cynHoruiaBcTBay; «IligBumuTH O6e3meKky MoperiaBaHHs» HE IIUTKOM Iepe-
KOHJIMBI 1 HE B110OpaXkaloTh BKJIAJICHOTO B HUX 3MICTY. ChOTOIHI HEMOXKJIUBO TOBO-
pUTH Tpo Oe3MeyHy eKCIUTyaTalilo CyJIeH y BIIPHUBI BiJl JIOJWHHU, HA SKOTO MOKJIA-
AeHo (yHKIT yNpaBiiHHA CYyAHOM, TOOTO #oro Oe3mnexoto. OCHOBHUM HOCIEM
«JTIOJICBKOTO (paKTOPY» B CYJTHOIUIABCTBI € €KIMaXK, TOMY Ha MEePIINii MIaH HAyKOBUX
JOCJIJPKeHb B 00J1acTi O6€3MeKu Ha MOP1 BUXOSATh NMPOOJIeMU «pu3uky». MoBa 1o-
BUHHA WTH, IIBU/IIE, PO «KEPOBAHUN PU3MK» 3HUKEHHS aBapIHHOCTI CyJIEH, TaK K
MOBHICTIO JIIKB1lyBaTH HEOE3MEKYy, 10 ICHYIOTh JUIsl JIIOJEeH Ta BaHTaxy MPH TPaHC-
MOPTHUX OMNEpaIlisiX Ha MOpi, IPOCTO HEMOXKJIUBO. TOOTO 3poOUTH MOpEISIABAHHS
abCcomoTHO Oe3neyHuM («3abe3rneunT 0e3neKy») He MOKHa, TaK SK 1 crenndiyna
TISTTBHICTH JIIOJICH HEBIAALIbHA BiJ HeOe3neK. Y CIOBHUKY POCIMCHKOI MOBHU «0€3-
MEKa» BU3HAYAETHCS SIK «CTaH, MPHU SIKOMY HE 3arpoxkye HeOesneka KoMy abo 4yoMy-
HeOynb». B OxchopacbkomMy CIOBHHKY 1€ — «CB0OOOJIa Bij HeOe3meku». Y CIlOB-
Huky Ct. Jlang 1e clioBO O3HAYae «BIACYTHICTh HeOe3NeKH, 30epeKeHHs, HaJil-
HICTBY.

3 TEeXHIYHUM BJIOCKOHAJICHHSIM 3ac001B BUPOOHHIITBA, BIPOBAKEHHSIM Y MPO-
MUCJIOBICTh €KOHOMIYHO PO3BUHEHHMX KpaiH 1HHOBAI[IMHUX TEXHOJIOT1H, yIOCKOHa-
JOBANIUCS KOHCTPYKIIi 1 00JaHAHHS CYAEH, 3pOCTaIM iXHI PO3MIPH 1 KUIBKICTh Ha
MOPCHKUX IIJISIXaX, MOJIMIIYBAJIUCS 3HAHHS 1 MIATOTOBKA MOPSKIB, YCKJIaJHIOBAJIAChH
TEXHIKa 1 TEXHOJOTIs TPAaHCIOPTHHUX orepauiid. B pe3ynbrari 10 npupogHux (30B-
HIITHIX) HEOE3MeK, XapaKTEePHUM JIJIsI PAHHBOT'O €Taly PO3BUTKY MOPCHKOTO CYJIHO-
IJIaBCTBA, JOJAIUCS HOBI, BHYTPILIHI, — TEXHOT€HHOTO XapaKTepy, CTBOPEHI ca-
MOIO JIFOJIMHOIO 1 MOB'A3aH1 3 BUKOPUCTAHHSAM Ha CyJaxX CKJIAJHUX MPUCTPOIB 1 CUC-
TeM, MOTYKHUX JKEpell eHeprii, NepeBe3eHHsIM BUOYXOHE0E3MeUHNX Ta MOKEeKOHE-
0e3MeyHuX pPEeuoBUH. ICHY€E BIUTUB Tak 3BaHOTO «JIIOJICHKOrO (hakTopy» — mpode-
CiliHUX 1 ICUXO0(DI3UYHUX HEITOMIKIB 1 TOMUJIOK JIFO/I€H, MOKIMBOCTI 1 3[aTHOCTI JItO-
JIUHU — ollepaTopa 3 npuiioMy, o0podku iHQopMallii Ta NPUNRHATTS PIIIEHb B Pi3-
HUX yMOBax NpodeciifHoi AISIBHOCTI, a JUIsd Mpalolouux Ha OOpTy CyJeH, Tak 1 Ke-
PIBHUKIB 1X eKcCIUTyaTaliero 3 6epera. [xHs peanizallis B MpaKkTHI CYJHOMIABCTBA, Y
BUTJISI/II TTOXKEXK, BUOYXIB, 31TKHEHb, NIEPEIOMIB, BTPATH OCTIMHOCTI 1 MEepeKuaaHHs
CYJIB PI3KO 30UIbIINIIA KUTBKICTh aBapiil y CBITOBOMY (JIOTI.
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Croroani MixHapoaHa mopcbka opranizamis (IMO), MiknapogHa acorfiailis
Mopcbkoi meaunnan (MAM), MikHapoaHa oprasizaiis TPaHCIOPTHUX POOITHUKIB
(ITF) 1 Mixnaponna denaeparriss acomianii Mopcekux kamitaniB (IFSMA), npumi-
JSI0Th MaKCUMAaJbHY yBary MUTaHHSM Oe3MeKu MoperiaBcTBa. BoHu crpsimoBaHi
Ha 30epexeHHs JI0JChKOr0 KUTTS Ha MOP1, BIIPOBA/I)KEHHSI BUCOKUX CTaHAApPTIB Ha-
BYAHHS Ta HECEHHS BaXTH, a TAKOX BIUIMBY MCUXO(PI3UUHUX SKOCTEH 1 cepeoBuUIIa
MPOXKMBAHHS Ha WICHIB €KIMaXxiB y MPOLECl BUPOOHUYOI ISIIBHOCTI, B YMOBaX Cy/-
Ha. 3pocTaroya IHTEHCUBHICTh CYJAHOIUIABCTBA 3a)Kajajia BHECCHHS HOBHX, OLIBII
XKOpcTkUX HOopM y Mixknaponny Konsenuito IIpo miarotoBky i JunioMyBaHHS MO-
pskiB 1 HeceHHs BaxTu» (STCW-78/95), mo m03BONIMIIO JIEIIO 3HU3UTH BIJCOTOK
aBapiiiHoOCT1 cBiTOBOTO (pitoTy (10 10%)).

[TocTynoBo BUpOOIISE€THCA KOHIEMIISI CTOCOBHO BUKOHAHHSI BUMOT, TTOKJIIMKAHUX
CIPUSITH MIJBUIICHHIO O€3MEKH eKCIUTyaTallii CyJieH B Cy4yacHUX ymoBax. /o HuX,
30KpeMa, BITHOCUTHCS BBEJEHHS B CUIY, Y BIAMOBIAHOCTI 3 pesontouiero IMO A.
741 (18) 3 1 nunusa 1998 poxky MiKHApOJIHOTO KOJEKCY YNpaBlliHHA O€3MEYHOI0
eKCIuTyaTaliero cyaeH 1 mnomepemkeHHsM 3a0pyaHeHHs (MKVYD). Takum uyuHOM,
AKIIO paHille B Cy[HOIUIaBHIN 1HAYCTpii OaraTo yBaru nNpuauisuiocs «3ade3nedeHHs
0e3MeKr MOperiaBcTBay (110 MPAKTUYHO 3POOMTH HEMOXKIMBO, 00 HE MOXe OyTH
abcomoTHO1 Oe3neku!), 3 BBeneHHaM MKVYb moBa Bxke ine npo ynpasiiHHs Oe3ne-
KOO KOXKHOT'O CYJ[HA, HE3aJIEKHO Bl MOT0O HalllOHAJIBHOI MPUHANEKHOCTI 1 hopMH
BlacHOCTi. ToOTO, PO TEepeBeIeHHs BCI€l MISIBHOCTI, TOB'SI3aHOT 3 BUPILMICHHSIM
npobsieMu Oe3MeKH B CYTHOIUIABCTBI, HA OUIBII BUCOKWU SKICHMM piBeHBb. Binmmo-
BIJTHO, BEJIMKOTO 3HAYE€HHsI HA0YBaIOTh MOUIYK 1 pO3pO0Ka HOBUX KOHIIEMI[IH 1 METO-
B 3a100iraHHs aBapiil CyJieH B Mpolieci iX eKcruryaTallii.

VYrpaBiiHHS PU3UKOM — L€ MPOIEC MPUUHATTS PIlIeHb 1 311HCHEHHS 3aX0/iB,
CIpSIMOBaHUX Ha 3a0e3MeyeHHs] MiHIMaIbHO MOKIIUBOTO PU3UKY. MeTa yrnpaBiliHHS
PU3UKOM — CBO€YACcHE mepeadaueHHs (IpOrHO3yBaHHS) PU3MKY, BUSBICHHS (ak-
TOPIB, 10 BIUIMBAIOTh HA CUTYAllll0, 3aCTOCYBAaHHS BIAMOBIIHUX 3aXO0/A1B MO MiHIMI-
3alii X BILTUBY.

Crneundika poOOTH Ha MOPCHKHUX CY/HAX MOB'I3aHA 3 CKOPOUYEHHSIM YUCEIBHOCTI
€KIMaxKy, aBTOHOMHICTIO 1 TPUBAJIUM BiIpuB Bij OeperoBux 0as, a TaKOX pi3HOMaHi-
THICTIO TEXHIYHHUX 3aC00IB 1 BUCOKOIO HACUYEHICTIO HUMHU CYYaCHHX CY[IB. bl YMO-
BU BHMAaraioTh BUPOOJIEHHS CIEliaJbHUX HAaBUYOK Ta OCOOJMBHUX OCOOUCTUX SIKOC-
TEH.

SIx mpaBuiIO0, MIABUIIEHHS PIBHS O€3MeKH 3A1IMCHIOITh Yy TPhOX TAaKUX HAIpPSM-
Kax:

a) YAOCKOHAJIEHHS TEXHIYHUX CUCTEM Ta 00'€KTIB;

0) MAroToOBKa MEpCoHAIY;

B) TIOTIEpEHKEHHS] BUHUKHEHHS HAaJA3BUUalHUX CUTYaLIIH.

JIHs iX BU3HaYEHHsI HEOOXITHUN CTIelialIbHUM aHalll3 KOHKPETHUX JIaHUX 1 YMOB.
B 0oCHOBI ymnpaBiiHHS pU3HKOM JIKUTh METOJIMKA MOPIBHSAHHS BUTPAT Ta OTpUMa-
HUX BUT1]l B1Jl 3HI>KEHHS PU3HKY.

JIHs po3paxyHKy pU3MKYy HeoOXiqH1 oOrpyHTOBaHi naHi. ['octpa motpebda B cra-
TUCTUYHUX JIAaHMX B JaHUI yac BU3HAHA y BCboMY cBiTi. HeoOXigHa peTesbHO apry-
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MEHTOBaHa po3po0Ka 1 CTBOPEHHsI OaHKIB JaHUX, B yMOBaX MiINPUEMCTBA, raiysi,
periony i T. 1.

be3nevyHo kepyBaTH KUTTEAISIIBHICTIO — 1€ 3HAYUTh CBIJIOMO MEPEBOJIUTH 00'-
€KT 3 OJTHOTO CTaHy (HeOe3neyHe) B IHIUN (MeHII HeOe3neyHuil) npu 00'eKTUBHOMY
JOTPUMAaHHI YMOB COIlIaJIbHO1, EKOHOMIYHOI 1 TEXHIYHO1 JOI[IJIbHOCTI.

besneky cyaHa, sIK TpaHCIIOPTHOTO 3ac00y (POpMyeThbCs Ha MIACTaBl KOMIUIEKCY
¢dakropiB. OpraHizailis MiAroTOBKM 10 €KCIUTyaTalli 1 B mepioJ eKCIuTyaralii, mo-
BHHHA BPaXOBYBaTH MOKa3HUKU O€3MEKU 3 TOUKH 30pY JEKJIApyBaHHS OLIHKU 0€3-
neku. MeToro € aHaji3 IOTOYHOro CTaHy O€3MeKH, a TaKOK MPOrHO3YBAHHS Ta M-
rOTOBKa HEOOX1THUX 3aX0/l1B, CIPIMOBAHUX HAa MIHIMI3all1F0 PU3UKIB.

B ocranHe pecaTwmiTTa 30UIbIIMIIACS KUIBKICTH aBapiil 1 KaTacTpod MOPCHKUX
CYyJIeH, 110 CYIPOBOKYBAIMCS YUCIEHHUMH JIIOJICBKUMU KepTBamu. [IpuunH 1poro
Oararo: HeqJOOpPOCOBICHI OmepaTopH, SKi HE MPUAUIAIOTh YBaru TEXHIYHOMY CTaHy
CyJIeH; 3HI)KEHHSI KOHTPOJIIO Ta BUMOT /0 CYJHOBJIACHUKAM 3 OOKY ypsIiB KpaiH
nparnopa; nparieHHsi 0aratboX (0Co0JMBO IPIOHUX) CYJHOBIACHUKIB OTPUMATH Ma-
KCUMaJIbHUHM TpUOYTOK 3a paxyHOK 3HMKEHHS BUTpPAT Ha MOCTa4aHHS Ta 0OCIyro-
BYBaHHS Cy/IeH 1T. 1.

[Is oOcraBuHa mNpUBEpPHYJIAa yBary MOpPCHKOTO CHiBTOBApUCTBA 1 CIOHYKAaJO
NPUMHATH HU3KY 3aXO/AIB JJIs MOJIMILIEHHS CTAHOBUINA. SIK MOKa3ye aHami3, 6e3mo-
cepeaHIMU MPUYMHAMHU OLIBIIOCTI aBapid 1 IHIMACHTIB HA MOP1 € TIOMUJIKH JIIOJICH,
Kepyrounx (uiorom 3 O6epera (ympaBiaiHCHKUM MEPCOHAN CYTHOIUIABHUX KOMIMaHIM),
K1 3HAXOJAThCS Ha OOPTY CyJIeH, TOOTO TaK 3BaHU JIIOJCHKUH (haKTOp.

3 MeTor0 MiJBUILEHHS 0e3NeKn CyqHoIIaBcTBa MiKHApOJHA MOPChKa OpraHiza-
uisi, MbXHapoHa OpraHizallis mpaill Ta psajl IHIIUX Ha CBOIX CECIAX MPUIHSIIN IIUTHMA
P HAMBaXKIJIMBIIIMX MDKHAPOAHUX KOHBEHIIIHM, Pe30IIIoIiii, KOJIEKCIB 1 peKOMEeH/1a-
i, cupsiMOBaHUX Ha 3a0e3nedyeHHs] 0e3MeKn MOPEIJIaBCTBA 1 OXOPOHHM HABKOJIUII-
HBOT'O CEPEIOBHUIIIA.

Oco0nuBICTh MIATOTOBKY 1HXXEHEPIB MOPCHKOTO TPAHCHOPTY MOB'si3aH1 Oe3moce-
pPEAHBO 3 OCOOTUBOCTAMU BUPOOHUYOTO CEPEAOBHINLA, B IKOMY 3A1MCHIOETHCS BUPO-
OHMY1 3aBAAHHS.

Mopchbke cepeoBUlle € HE TUIBKU ICTOPUYHO TPAHCIOPTHUM ILISXOM, a M He-
B1JI'€éMHOIO 3HAYYIIIOI0 YaCTUHOK O010chepu Ta MOBOKEHHS 3 HEIO 3HAXOUTHCS il
KOHTPOJIEM CBITOBO1 I'pOMajIcbKOCTi. He MOKHa MEPEoIiHUTH BaXUIUBICTh OMTHUMI-
3allii TUTaHb BUPILIEHHS IOCIOIAPChKUX 3aBAaHb HE HA IIKOY MUTaHb €KOJOTTYHOT
oe3neku. I[lepen BUpOOHMYHUKAMM CTOITh KOHKPETHE 3aB/JaHHS, BUKOHAHHS SKOTO
BHUMarae BUCOKOTo npodeciitHoro piBHa. [Ipu nibomy BUTpaTu OyAyTh BU3HAYATHUCS
CHIBBIIHOIIEHHSIM BaroBUX KOE(IIIEHTIB MO MPUHHATTIO PIllIEHb B PI3HUX YMOBaX
npodeciitHoi AISNIBHOCTI, a Uil Mpallolourux Ha OOpTY CyAeH, Tak 1 KepIBHUKIB iX
eKcIUTyaTalliclo 3 Oepera. IxHs peanizalis B IpPaKkTHIl CyJHOIIABCTBA, Y BMIJIAI
MOXEX, BUOYXIB, 31TKHEHbB, [IEPEIOMIB, BTPATH OCTIMHOCTI 1 IEPEKUIaHHS CYIIB Pi-
3KO 30UIbIINMIIA KUIBKICTh aBapiil y cBiTOBOMY (iioTi. Periamenraiiisi BIUIMBIB Ha
MPUPOAHE CEPEIOBUIIE 3HAYHO YCKIIAHIOE POOOTY 1 JJIsl YYACHUKIB MPOLIECY BaxK-
JUBO MaTU BIANOBIAANbHUN, PO3YMHHUH, CBIIOMMM MiAXiT A0 NMUTaHb OE3MEKH B
ymMoBax MoperuiaBanHs. Lle crocyeThecs MUTaHh 0COOUCTOT, KOJIEKTUBHOI O€3IeKu i
€KOJIOTTYHOI Oe3MeKu B poO0ouoMYy 1 aBapiitHOMY peKHUMI.
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EKCIVIYATAIIA I PEMOHT TPAHCITIOPTHHUX 3ACOBIB
MOPCBKOI'O TA PIYHOI'O ®JIOTY

YK 629.5.03

Heb6ecnoB B. B., Onunienko O. A.
Hamionanbauiil yHiBepcuret «Oiecbka MOPChKa aKaaeMisi»
MOHITOPHMHI CTaHY KOPIIYCY CYJHA y eKCITyaTamil

BupimyBaTu pi3HOMaHITHI 3ajadi eKcrulyaTamii cyleH (JoTy HemoCTaTHhO
TUIbKM BUBYEHHSIM 1 y3arajlbHEHHSM JIaHUX O PabOTI OKPEeMHUX CKJIAJJOBUX CYJEH:
€HEPreTUYHOi YCTaHOBKM 1 ii €JIeMEHTIB, KOpMIycCy, IpeOHOro rBuUHTA, ToIo. Jljis
HaWOLIBII MOBHOTO YSABJICHHS MPO CTaH CYJAEH HEOOXITHO JOCHIIKYBaTH 1 poOOTY
npomnynbcuBHOTO KoMiuiekey (I1K) cynna, mig skum po3yMieTbest KOpIyc cyaHa, ro-
JIOBHUI JBUTYH 1 TpeOHUI I'BUHT, K1 MPaIO0Th Y B3aemoaii. KoxHiil 3 TppoX elie-
MEHTIB KOMILJIEKCY Ma€ CBOI BJIACHI XapaKTEPUCTUKHU, SIKI CYTTEBO 3MIHIOIOTHCSA Y
eKCILTyaTallii BHAC/IiI0K BIUTMBY 30BHIIIHIX (akTopiB [1]. Hanpuknaz, ciiag BBaxa-
TH, 110 OJHIEIO 3 BAXKIUBUX XapaKTEPUCTUK KOPIYCY CYyAHA, K FOJOBHOTO €JIeMEH-
Ty TIK, po3yMieTbcst 3MIHIOBaHHSI HOTO OMOPY Yy CEpeOBUIIl PyXy CyAHA, ab0 3Mi-
HIOBaHHS OyKCHPYBaJIBHOI OTYXHOCTI1 BiJl MIBIAKOCTI X0y cyaHa. L{s xapakrepuc-
THUKa HEeCTaOUIbHA 1 3MIHIOIOTHCS Y 3aJIEKHOCTI1 BiJl 6araTb0X 30BHILIHIX €KCILTyaTa-
HIAHUX (PaKTOPIB, TO OJHOTO 3 SIKUX BIIHOCUTHCS CTaH M1JABOJIHOI MOBEPXHI KOPITY-
cy. 3MiHa MIOPCTKOCTI 30BHIIHLOT OOIIMBKY M1ABOIHOI MOBEPXHI KOPITYCY Cy/IHA Ta
jonarei rpeOHOro TBUHTA € TOMIHYIOUUM (PaKkTOpoM, HAHOUIbII CHUIIBHO JIEBUM Ha
XapaKTePUCTUKH €JIEMEHTIB KOMIUIEKCY Ta iX B3aEMO/IIIO.

Binomo, 1o 3a mepri 15 pokiB ekcrutyaTallii Cy/IHa MOPCTKICTh HOT0 KOPIyCy
3pocTtae, npubiauzHo, 3 100-150 mxm 10 500-800 mxMm [3], TOOTO, 1HKOJIM A0 8 KparT.
VYHacHiI0K TOTIPIICHHS CJIO0K0 JIakopapOOBOTO MOKPUTTS Ta MOPHUCTOCTI (apOwu,
MOpCbKa BOJIa BCTYIA€ y B3a€MOJIIO 31 CTaJUII0 OOMMBKU Kopnycy. Ilpu npomy Ha-
HeceHUH map 3axucHoi ¢papou Ta IHTIOITOPH, IO MICTIATHCS Y Hii, Oy1yTh ABIATHUCS
KaTOJIOM BIJHOCHO JI0 HE3axXHIIECHOTr0 MeTaly (aHonay). 3a CBOIMU XIMIYHUM CKJia-
JIOM MOpPCbKa BOJIa € CEPEIOBUIIEM 3 BUCOKUMHU KOPO31MHO-aKTUBHUMH BJIACTUBOC-
TssMHU. Lle € TOJTOBHOIO MPUYMHOIO IHTEHCUBHUX KOPO3IMHUX MPOILECIB KOPILYCY CY/I-
Ha, IOro KOHCTPYKIIiH, CUCTEM, MIPUCTPOIB 1 MeXaHi3MiB. BMICT enekrpouity, HasB-
HICTh KaTOJy Ta aHOJY MPU3BOAATH J0 €JIEKTPOXIMIYHOIO MpoIlecy, SKui 00yMOB-
J0€ pyHHYBaHHS 30BHIIIHBOI OOIIMBKU KOpHycy, TOOTO 10 Kopo3sii. Buacmimok
OT0 MIIBUIIYETHCS OMIP BOAU PYyXy CyJHA Ta MOMEHT ONOpPY I'peOHOr0 rBUHTA, y
KOpIMYCi 3'BISE€THCA IpKa Ta KOPIYC aKTUBHO pyHHY€eThbCs. ToMy, JUIsl MIATPUMAHHS
3aJ1aHO1 IIBUJIKOCTI JIOBOJUTHCS MiJABUILYBATH MOTYXHICTh TOJOBHOI'O JABUTYHA Ta
[MKJIOBY TOAa4y MajauBa, 110 30UIbIIYE TEIJIOBY HANPYKEHICTh JeTalleld UIIHIPO-
MOPUIHBOBOT IPYNH 1 BUTPATy MajkBa, a TAKOXX HETaTUBHO BIUIMBAE HA €KOJIOTIIO
(puc 1) [1, 2].

VY CBITOBIM MpakTUIl CYAHOOYIyBaHHA Ta e€KcIuTyaraiii (JoTy BHUKOPUCTOBY-
I0THCSI 3aHAATO MAJOYHUCICHH] MPUCTPOI JAJIsl BUMIPY IIOPCTKOCTI MOBEPXHI OOIIMB-
KH Kopmycy (B ocHOBHOMY mpodimomeTpu Ta mpodinorpadu), ogHaK BIICYTHI K
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HaJIiHa METOJIUKA MPOBEJACHHS BUMIPIB IIOPCTKOCTI TaK 1 €JMHAa METOJ1MKa 00po0-
KU PEe3yNbTaTIB IUX BUMIPIB.

ANe, Ra, _ .
o | MKM )
60| 875 k“@
750 jé
TS
/

375] /@
250 @7
0] 125h"

0 4 8 12 poku
Puc.1. 36inbmenss notyxHocti ANe Ta mopcTkocTi Ra koprycy y 3ai1eXHOCTI Bii TEPMIHY €KC-
rTyataiii cyaHa: 1 12- BepXHs 1 HUKHS MEX1 IOPCTKOCTI [2]

Crnig BBaXkaTH, 10 KOPO3is CTAIEBUX KOPIYCIB CYIE€H € OCHOBHOIO MPUYHHOIO
3HIKEHHS MIIHOCT1 KOPIYCHUX KOHCTPYKILIH, a TOMY 1 O€3MeKH CyTHOIIaBaHHS.
Jlist epeKTUBHOTO 3aXUCTy KOPIYCY CyOHA BiJl KOpO3ii, /Uisl 3amoOiraHHsl KOpo3ii,
HeoOX1Ha peani3allis MOHITOPUHTY CTaHy KOPIYCY Ta BIAMOBIIHMX KOMIUIEKCHUX
nii. Taki 1ii MOBMHHI OyTH 3aCHOBAaHMMHM Ha palllOHAJIbHOMY BUKOPUCTaHHI edek-
TUBHMX METOJ[IB MOHITOPUHIY CTaHy KOpIYCY, SIKI BPaXxOBYIOTb KOHCTPYKTHUBHI
0COOJIMBOCT1 KOPITYCY T4 YMOBH T€XHIYHOT €KCILTyaTallii Cy/JeH.

EdexktuBHUM cIOCOOOM MPOTHUKOPO3IMHOrO 3aXUCTY KOPILYCY € €IeKTPOXiMiy-
Huit 3axuct. Moro peanisalis 3acHOBaHA HA 3HIKEHHI MIBUIKOCTI KOPO3ii MeTany
[UISIXOM 3MIIIEHHS €IEeKTPUYHOI0 MOTEHIIay 10 JESKOro 3HAaYeHHs, 10 BIIOBI-
Ja€ MIHIMAJIbHIN IIBUIKOCTI pO3YMHEHHS MeTally. TakuM 4uHOM, 3aBAaHHSIM €JeKT-
POXIMIYHOTO 3aXUCTY € 3HI)KCHHsI KOpO3ii Ha JUISHKAX 3 MOLIKOKEHHIMU JaKkoda-
pOOBHX MOKPUTTIB, HA AKUX, MIPU BIICYTHOCTI €JIEKTPOXIMIYHOTO 3aXHUCTY, AKTUBHO
PO3BUBAIOTHCS BUPA3KOB1 1 TOYKOBI KOPO3iiHI MPOIECH, IO CHPUSE 30UTBIICHHIO
HIOPCTKOCTI OOIIMBKH 1 BACOKMX IIBHJIKOCTEH MICIIEBOT KOPO3ii.

V 3B'SI3Ky 3 UM, B&XKJIMBUM €TarioM OpraHizallli 3aXUCTy KOpIycy CyAeH Bij] KO-
po3ii € 3a0e3neYeHHs] MOHITOPUHTY HOTO CTaHy 1 Mpale3aaTHOCTI CUCTEM Horo 3a-
XHCTY.

Hanpuknaz, y mpoiieci ekcrutyaTtaiii IpOTEKTOPHOTO 3aXUCTy KOPIyCy HeoOXi-
JHO OAMH pa3 y MiCSlb BUMIPIOBATH MOTEHIIA KOPIYCY y PENEpPHUX TOUYKaX IO
BCi JOBkUHI Koprycy. Lle poOuThCs cremiaabHUM €JIEKTPOOM IMOPIBHIHHS 1 Tie-
PEHOCHUM MiNiBOJIbTMETPOM. [IpoBeneHi AOCHIKEHHS TMOoKa3alu, 0 Taka IMepio-
JUYHICTh KOHTPOJIIO JJis1 3a0€3MeUeHHs] KOMIUIEKCHOTO 3aXUCTY KOPITYCY CyJHa Bif
KOpPO3ii SBHO HEJOCTATHS, a IPOMOHOBAHUHN Y HOPMATUBHUX JIPKEPEIaX METO] BUMI-
PIOBAHHS 3 BUKOPUCTAHHSM XJIOPCEPEOPSIHOTrO €IEKTPOAY MOPIBHSIHHS € TPYIOMICT-
KHUM 1 HEJOCKOHAJIHM.
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ABTOpH TPOMOHYIOTh BUKOPUCTAHHSA CUCTEM MOOUIBHOIO MOHITOPMHIY CTaHy
KOPIYCY Cy/iHa 3a JIOMTOMOT0I0 aBTOHOMHHUX ILJIABAJIbHUX BUMIPIOBAJIBHUX MPUCTPO-
iB, Ikl aBTOMAaTUYHO MO3ULIOHYIOTHCSA BITHOCHO KOPIYCY CYJHA 1 MEepelatoTh BUMI-
proBaHy iH(pOpMaIIiO 3a JOMOMOIo0 pajloKaHaly abo MoOuIbHOrO IHTEpHETY uu
cynHoBoi cuctremu Wi-Fi. BumiproBanbHa iHpOpMallisi HAKOIUYYETHCS Y KOMIT'TOTE-
pHU30BaHiil cuctemi 30upaHHs 1 00poOKK 1HPOpMaIlii, CTATUCTUYHO OOPOOIIOETHCS.
Came 11e 103BOJISIE €PEKTUBHO OLIIHIOBATU CTaH KOPIYCY CyAHa 1 MpuiMaTH BiAMO-
BiJIH1 pillICHHS.
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Kop6an B.X., Kop6a#n /I[.B., Pesenko B. IO.
Hamionanbauit yHiBepcutet «Oiechbka MOPChbKa akaJeMist »

/lo mpo0JieMmy 3MEeHIIEHHS MepelKo] Bix aTMocGepHUX onagiB Npu
pagiosiokaniiiHoMy crnocrepeskeHHi 00'ekTiB cyaHOBOKWO PJIC

IlocTanoBka npo6aemu B 3arajabHomy Buriasai. Cyanosi PJIC npu pamiosno-
KallIfHOMY CIOCTEpEKEHH1 HaBIrallifHUX 00'€KTIB BUKOPUCTOBYIOTH pOOOYl €JIEeKT-
pOMAarHiTHI XBWJI1 JIBOX Jiana3oHiB: Aiana3od X i1 niama3on S. Jlianason X BUkopuc-
TOBYETbCSI B OCHOBHOMY IpH SICHIN MOTO1, a Alana3oH S Mpu HAaABHOCTI CUIBLHOTO
TyMaHy 1 IHTEeHCUBHOTO JIONIY.

Sxio 30Ha iIHTEHCUBHOTO jaouty ( Bif 25 Mm/roj 1 Oinbliie) 3aiiMae BCIO 00J1aCTh
710 HaBIramifiHoro o0'ekra (00'€KT 3HAXOIMUTHCA B 30HI JOLLY), TO pajloJIOKaIliiiHe
crocTepeXeHHs HaBirauiiHux 06'exTiB cygHoBoto PJIC Oyzae yrpynHeHo yepe3 mnos-
BY JIyHA-CUTHAJIIB JIONLY Ha ii IHIUKATOPI.

Jlo TenepilHbOro Yacy BIICYTHS €JMHA TOYKA 30py IIOAO ONTHUMAIbHOI pobo-
4Oi JOBKMHU XBUWJI1, IPH SKIM BIUIMB MEPEUIKOA BiJ aouly OyB OM HailMEHIIUM, BU-
XOJSTYM 3 BIJOMOTO PIBHSIHHS:

S (1)

R*0.0,mn

ne N - BIAHOLIEHHS MOTYKHOCTI JIyHa-CUTHATY HaBIraliiHoOro 06'exra, 1o Cro-
CTEepPIraeThCs, 10 CEPEAHbOI MOTYKHOCTI JIyHa-CUTHAILY JOILY;

G - e(peKTHBHA IUIOIIA PO3CIIOBaHHS HaBiramiiHOro 06'ckra, M%;

R - BigcTaHb 10 HaBIramiiHOTO 00'€KTa, KM;
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0, - WMpUHA JiarpaMy CIPSMOBAaHOCTI aHTeHU cyaHoBoi PJIC B ropuzoHTanb-
HI{ TUIOLIUHI, TPa.;

0, - IMpUHA JAlarpamMu COpsIMOBaHOCTI aHTeHH cyaHoBoi PJIC y BepTukanbHii
TJIOIIMHI, Tpaf .;

T - TPUBAJIICTh BUIIPOMIHIOBAHOT'O IMITYJIBCY, C;

n - eeKTUBHA MIIOIIA PO3CIFOBAHHS aTMOC()EPHOrO YTBOPEHHS, M>.

TpuBanicte JyHa-CUTHaANY JOILY 3HAYHO MEPEBUIIYE TPUBATICTh BUIIPOMIHIO-
BAaHOT'O IMITYJIbCY 1 BU3HAYAETHCS PaiaibHOIO MPOTSHKHICTIO 30HU nomty. [lo mipi
MOIIUPEHHSI BUIIPOMIHEHOTO IMIYJbCY B 30H1 JOIY, JYHA-CUTHAJIU YTBOPIOIOTHCS
BiJl HOBUX o0OsacTelt moury. BinmosigHo 10 1boro Ha iHAMKatopi cyaHoBoi PJIC my-
Ha-CUTHAJIM JIOIY MACKYIOTh JIyHa-CUTHAJIU HaBIraluiiHOro 00'€eKTa, 10 3HMXKYE, a
MIPU BEJUKIA IHTEHCUBHOCTI JIOIIY 1 MOBHICTIO 3MEHIIYE, PaJAlOBUIMMICTh HaBira-
MIAHUX 00'€KTIB.

AHaJII3 ocTaHHIX AocaigxeHb i myOJaikamii. Meroau 60opoTbOu 3 aTMocdep-
HUMU MEePEUIKOAaMu NP PaaioioKaiiHOMy CIIOCTEPEKEHH1 HaBIralitH1uX 00'€KTiB
PO3IJIAHYTI pi3HUMHU aBTOpamu [1-5], 1e mpoBeaeHo iX MOALT Ha TPU OCHOBHI IPYIIU:
npsiMi METOJIH, TP SIKUX NapameTpu cynHoBoi PJIC BuOuparoThes 3 yMOBH MOMIT-
IIEHHS CHIBBIIHOIICHHS MK KOPUCHHUM 1 3aBakKarouuM €(PeKTOM; CHelliaibHI METO-
I PETYNIOBAaHHA B MPUHMAIbHOMY KaHajl, IO J03BOJSAIOTH MiABUIIUTH HOTO JUHA-
MIYHUH J1ara30H 1 3MEHIIUTH WMOBIPHICTh MEpPEBAHTAXEHb; METOJIM CEJeKIli, 3a-
CHOBaH1 Ha BUKOPUCTAHHI JOJATKOBOI anpiopHOi iHGopmMallii npo HaBiraiiiiHi o0'e-
KTHU Ta JpKepesa Mepelko] B Ipoleci epBUHHOT 0OpOOKH JIyHa-CUTHAITY.

Peanizanis nepmioi rpynu MeToaiB 00poThOM 3 aTMOC(hEpHUMHU MEepPelIKogaMu
MPE/ICTaBIISAE y>KE CKIIAJHE TEXHIUHE 3aBJAaHHs Ba)KKO 3/[1CHEHHE Ha MPaKTHULIL.

Jpyra rpymna MeTo/iB 3aCHOBaHa Ha YCYHEHHI MEPEBAHTAXKEHb B MPUIMAJIbHO-
My TpakTi cyiHOBOi PJIC miisixoM aBTOMaTUYHOI'O PETYIIOBAHHS MMOCUJICHHS MPUH-
Maya 1 3aCTOCYBaHHs JiorapumiuHuX MigcuiIoBaviB. Peanizaiis apyroi rpynu me-
TOAIB 0OpPOTHOU 3 aTMOC(HEPHUMH MEPEUIKOAAMU MOXKE PO3TISAATUCS SIK JOTIOMIXK-
HUN 3aci0, 110 BHUpIlIy€e MPUBATHI 3aBAAHHS IMIIBUIICHHS MEPEIIKO03aXUIEHOCTI
cyanoBoi PJIC.

HaiiGinpm edextuBHUMU Uit O0pOTHOM 3 aTMOC(HEPHUMH MEpPEIIKOoJAaMu Ha
MPAKTULl BUSBJISIOTHCS METOAM CEJIEKI[ll, B OCHOBY SIKHX TOKJIAJI€H1 BIAMIHHOCTI
JOTUIEPOBCHKUX 3pYIIEHb KOPUCHOTO CUTHANY 1 CUTHAY, L0 3aBa)Ka€, a TAKOXK 3a-
JEXKHICTh MOJSpU3allii JIyHa-CUTHAJIB Bl TEOMETPUUHUX NTapaMeTpiB HaBIraI[IiHOTO
o0'exra [6-9].

IMocTtanoBka 3aBaanus. [lonspuzaiiiiHa cenekiis JyHa-CUTHAJIIB HaBIraiin-
HOTO 00'€KTa MPHU HASIBHOCTI JIyHa-CUTHAJIB aTMOC(HEPHOr0 YTBOPEHHS € HaOUIbII
edextuBHOWO B cynHoBuX PJIC, sika 10 TenepimHporo 4yacy He10CTaTHbO JOCIIJIKe-
Ha. BiANoOBiIHO 10 ILOTO METOIO 1aHOi pOOOTH € OOTPYHTYBAHHS METOIY BUKOPHC-
TaHHS MOJSPU3ALIAHOT ceNeKil At 00poThOU 3 aTMOC(HEpPHUMH NEPELIKOJAMU MTPU
pajioJIoKaIIfHOMY CITIOCTEPEXKEHH1 HaBiramitHux o0'ekTiB cynHoBoto PJIC Ha muis-
Xy CyJIHa.

Buxaan marepiany gocaigaxenHsi. bynemMo BUXOAWTH 3 mepexony BiJl JIBOX
JOBXKMH XBUJIb, SIK1 B TaHUI Yyac BUKOPUCTOBYIOThCA B cyaHOBOI PJIC (3 cm 1 10 cm),
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710 OJTHIET JOBXKMHI XBUJI1 5 CM, SIKa JI03BOJISIE OTPUMATH JyHA-CUTHAJ HABITAI1ITHOTO
00'eKTa TIPU HASIBHOCTI aTMOC(EpPHUX TMEPELIKO, 10 MEePEBUIIY€E PIBEHb BIACHUX
IIYMIB MPUHAMAIBHOTO MPUCTPOIO 32 PaXyHOK HE3HAYHOro ocjiabieHHs atMocdep-
HUMU TEpEenIKoaMu. [3 3acTocyBaHHSAM MOISPU3ALIMHUX MapaMeTpiB €JIeKTpoMar-
HITHO1 XBUJI1 3'SIBJIIETHCS MOXKJIMBICTH 3[1HCHIOBATH MOJIAPU3AIIMHY CEJEKII0 JIyHa-
CUTHAJIIB HaBiramiifHOro o0'ekTa Ha TJl JIyHAa-CUTHAJIB aTMOC(EpHUX MEepPenIKo/,
TOOTO 3A1MCHIOBATU PAIOBUIUMICTh HaBIraIiiHoro 06'ekra cyanosorw PJIC.

Binbura Bin pagiosokaiiitHoro o0csry (HaBiramidHuii 00'eKT B 30H1 aTMochep-
HOTO YTBOPEHHS) €JEKTPOMAarHiTHa XBWJISL € YACTKOBO MOJISIPU30BaHOI0, OPTOTOHA-
JBHO TOJIAPU30BaHI KOMIIOHEHTH, SIKOI Ha BXOJl NMPUHAMAJIbHOI aHTEHH CYIHOBOI
PJIC He € TIOBHICTIO MOHOXPOMAaTUYHUMU 1 HE BIAMOBIAAIOTH YMOBaM HEMOJIAPU30-
BaHOi xBWIi. [lapameTpu nonsipu3aniifHoi CTPYKTYPH IJIOCKOT KBa3IMOHOXPOMATHY-
HOT YaCTKOBO MOJISIPU30BAHOI XBWJI1 € BUMAJAKOBUMHU (PYHKIISIMUA Yacy 1 IPOCTOPY.
Tonai Mipy KOrepeHTHOCT1 YaCTKOBO MOJIIPU30BAHOI XBUJI1 Y BUIJISIA1 CTYNEHS MOJIS-
pu3arlii Ha ocHoBi Teopemu Ctokca [10,11] MoxkHA OTpUMATH HIJISAXOM i MOALTY Ha
MOBHICTIO MOJSPU30BAHUN 1 HEMOJIIPU30BAHUHN MOTOKHU. Y HEMOJSIPU30BAHOTO E€JIEK-
TPOMArHITHOTO TOJIS MJIOCKOT XBUJII MOBHICTIO BIICYTHIN MEpPEeBaXHUN HAMPSIMOK ii
EJIEKTPUYHOTO BEKTOPY. Y MOBHICTIO MOJISIPU30BAHOIO MOJIS aMIUIITy/la eJIeKTpuy-
HOTO BEKTOPY HE 3aJIeKUTh BiJ 4acy, 110 CBIAYUTH MPO MOBHY KOT€PEHTHICTH HOTO
JEKapTOBUX MpoeKIid. OHaK, B 3arajlbHOMY BUMAJIKY JIJISl YACTKOBO MOJISIPU30BAHOT
XBUJII i1 €JIEKTpUYHE TI0JIE € SIK YaCTKOBO MOJISIPU30BAHUM, TaK 1 YACTKOBO KOT€pEH-
THUM B [IPOCTOPI.

BaxnuBy ponb npu mpuiioMi JTyHa-CUTHAIY YaCTKOBO MOJISIPU30BAHOI XBUII1
rpae CTyIMiHb MOJSPHU3allli CyMapHOTrO MOTOKY, a TakoX (OpMYBaHHS MOTOKY BH-
MPOMIHIOBAHHSA 13 3aJ]laHUMU TOJSIpU3al[IiHUMU BiIacTUBOCTAMU. Hexail HaBirariii-
HUM 00'€KT, 10 crocTepiraeThesi cyaHoBoto PJIC, 3HaXOAUTHCS B 30H1 BUIMAJAI0UUX
onanaiB. JlyHa-curHamu BiJ HaBiraiiiHoro o0'ekra i omajiB, IO BUMAAAIOTh, Pop-
MYIOTh JIBa HEKOPEIbOBAaHUX YACTKOBO MOJSPU30BAaHUX MOTOKHU. [Ipu 11bOMy BEKTO-
pU CyMOBaHHMX 1 CYMapHOTO €HEPreTUYHHMX IMOTOKIB 3alMINYThCS Yy BUIJISAI MaT-
pUIb:

EV (1)

O —
E (t)_ E;l)(l‘) 9

2)

EP ()

E® ()= ,
O=| o )

)

E"(0)+E”() @
ECO+EP )]

¢ E (0 - aMHJIiTYIII/I OPTOT'OHAJIBHO MOJIIPU30BAHHUX KOMIIOHCHT CJICKTpOMaFHi-
THO1 XBHIJI1.

EQ)=EV ) +E® (@)=

[Ipu npakTUYHOMY 3/11HCHEHH] NOJISPU3ALIMHOT CeNeKIlll BUHUKAE HEOOX1THICTh
y ¢hopMyBaHHI MOTOKY BUIPOMIHIOBAHHS 13 3aJ1aHOI0 MoJsipu3auieto. st BupimieH-
Hs1 OCTaBJIEHOro 3aBiaHHs aHTeHa cyHoBo1 PJIC noBuHHa OyTH 3 KEPOBAHUMHU Ta-
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pamMeTpaMH eJIeKTPOMAarHiTHOI XBWJIl HA BUIIPOMIHIOBAHHA, a CKJIAJ0B1 MOTOKH BHU-
MPOMIHIOBAHHS TOPYLIYBAaTUCS B AHTEHHOI CUCTEMI T'€HEpaTOpOM BHIIaIKOBOTO
IIYMY JJIS CTBOPEHHS HEMOJISIPU30BaHa XBUJIL.

VY3araapHUMO MapaMeTPUYHHI ONUC MONSPU3ALIAHUX BIACTUBOCTEH IIIOCKHUX
KBa31IMOHOXPOMAaTHYHHUX XBWJIb 3a JIONOMOTol0 napamerpiB CToKkca Ha BUMAIOK CY-
MU JIBOX KOPEJIbOBaHMX MOTOKIB BUIIPOMiHIOBaHHs aHTeHOI0 cyaHoBoi PJIC. Tak sik
B pEaIbHUX YMOBax paJiojOKallIHHOIO CHOCTEpPEkKEHHS HaBiramiiiHoro o0'exta B
30H1 aTMOChEpHUX OMaiB MOJSApU3aIlisl BIAOUTOT XBUJIl 3MIHIOETHCS BHUIAJKOBUM
YUHOM, 1 XBUJISI CTa€ YaCTKOBO MOJISIPU30BAHOIO, a il CTYIIHb NOJISIPU3allil MOXHA
BHUPA3UTHU TAKOX uyepe3 eHepreTuuHi napamerpu Ctokca. EnekTpoMarHiTHy XBHIIIO
Ha BUIPOMIHIOBaHHS 1 MPUHOM NpeACTaBUMO MAiCHUMHM TapameTpamu CTokca
S,,S,,S;,S, Y BUTTISA1 JIMCHUX MaTpPULb:

Sl 6un Sl 6i0
S S, .
M — 26un M 1= 26i0 5
[ " S36un ’ [ 610] S361'z) ’ ( )
S S

46un 46i0

ne napameTpu CTOKca Ha BUIIPOMIHIOBAHHS 1 MPUIMOM €JIE€KTPOMArHITHOI XBUII1
MPE/ICTaBIICH] Y BUTJIAIl HACTYITHUX PIBHSHB!

Sl@un = Ei +E;;
S26un :Ei_Ej; (6)
Ssom = 2E.E, cOSD,;
Spon = 2ExEy sin cny;
Staio = <Ej> + <Ey2>,
S2aio :<E§>_<Ei>’ %

Sipio = 2<ExEy cos cny>;
S =2({EE,sin®,).
[Tepmi mapamerpu Ctokca S, B (6) 1 (7) nmpeacTaBisioTh COO0I0 CyMU KBaJIpaTiB

aMIUTITYl OPTOTOHAJILHO TMOJISPU30BAHUX KOMIIOHEHT XBUJI, TOOTO 1HTEHCHBHOCTI
SJINTUYHO MOJISIPU30BAHOT XBUII1, BUTIPOMIHIOBAHOT 1 MPUUHATOI aHTEHOIO CYAHOBOI
PJIC.

Hpyri napametpu Ctokca S, B (6) 1 (7) € pI3HUIICIO IHTEHCUBHOCTEH OpTOTOHA-
JBbHUX JIHIIHO MONAPU30BAHUX KOMIIOHEHT E, 1 £, eI€KTPOMAarHiTHOI XBUIIL.

Tperiit 1 yeTBepTHil napamerpu Crokca S, 1 S, B (6) 1 (7) BU3HA4aIOTh KOpesi-
uito Mix E, i E,. Jlna nyna-cursany napamerpu CTOKca € ycepeJHEHUMH ( ) 3a IIe-
BHUU MEpioJ1 yacy.

3anuiieMo piBHSHHSA B3a€MO3B'SI3KY BUIIPOMIHIOBAHOI XBMJII 3 BiIOMBAaIOYMMU

BJIACTUBOCTSIMHU PaJi0JIOKaIliifHOr0 00'eMy (HaBiramiHuil 00'eKT B 30H1 aTMocdep-
HUX OMaaiB) 1 MPUHHATOI (B1iIOUTOT) XBUJI1 Y BUTJISI TPHOX MAaTPHUIIb:
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S @ | | Sn(@® Sp(@) S50 S (0 || Sian (0
Saio@ | _| Sa@) S (@) Sy (@) S54(0) | | S5 (1) ®)
Si®) || S50 Su(0) S0 S5O | | S50 (D)
Siin @] [Su(®) Sp() S50 Sy ] [ Sien @)
abo
[$..0]=[M,0)][5..,®)]. )
Martpuiis BiiOMBaIOUMX BJIACTUBOCTEH PaloJIOKAIIHHOTO 00'eMYy € MaTpHUIICIO
Mromnepa M (), o CKIaga€eTbes 3 16 aiicHUX KOeIieHTIB:

Sll(t) S]2(t) S]3(t) Sl4(t)

(1) Sp(0) Sy Sy (1) (10)
Sy Sy Sy Su@ |

Su(®) Sp0) Su@) S

[Ipu po3risial BigOUBaIOYMX BIACTUBOCTEH PaloOKALIMHOIO 00'€eMy BI3bMEMO
KpYroBuii 6a3uc, B SIKOMY JIETKO (DOPMYIOTHCS JIIHIMHO MOJISPU30BaHI OPTOTOHAIbHI
KOMITOHEHTH XBHJI1 B IPOCTOPI1 3 CIIOTYYEHUMU TUMYACOBUMU CTPYKTypaMu, 110 J10-
3BOJISIE TIPU 3aMIMCY MATPHUIlh HE BKa3yBaTU TUMYACOBY 3aJICKHICTh X KOC(IIIEHTIB.

Matpuist poscitoBanHs Mioiiepa € MOBHOIO XapaKTEPUCTUKOIO PO3CIIOI0UHX
BJIACTUBOCTEM HaBIraimiiiHoOro 06'ekra i aTMoc(epHOTO yTBOPEHHS, TOMY IO 3a JI0-
MOMOTOI0 ii BU3HAYAEThCS TOJISIpU3alliiiHa CTPYKTypa CIEKTpa PO3CISTHOTO CUTHAIY
npu OyIb-IKOMY CHEKTPAJIbHOMY CKJIaJl MOJSPU30BAHOT BUIPOMIHIOBAHOT XBMIII 1
Oynb-aKuX (IKCOBAHMX YMOBAX PaIi0JIOKAIIHHOTO CIIOCTEPEIKCHHS.

[IpencraBneHHs paaioNOKaIiiHOTO po3citordoro 06'eMmy matpuiiero Mrosepa
€ YHIBEpCaJIbHUM, OCKUIBKH 3a JOTIOMOT'OI0 IIUX MaTpPUIlb MOXKHA BU3HAYUTH PO3Cisi-
HUW CUTHAN IpH OyJb-SIKUX KOMOIHAIISIX, 1110 BIUTMBAIOTh HA PO3CII0OBAaY CUTHAIIIB, a
caMi MaTpHuili BiJ] IIMX BIUIUBIB HE 3aJ1€XKaTh.

3anuimeMo MaTpuiro Mrojuiepa 3 ypaxyBaHHSIM TOTO, IO paiojIoKaliiHuM JTy-
Ha-CUTHAJl aTMOC(EPHOro YTBOPEHHs Ma€ BIACHUH JIiHIMHMI Oa3uc:

Sl 16i0 (t) S]Z@i() (t)
S2]6i0(t) S226it) (t) ) (1 1)
S3]61'() (t) S3261'z) (t)
S4161'z) (t) S4261'z) (t)

st atmocdepHoro 00'exTa, 110 Ma€ BIACHUMN JIHIHHUN 0a3uC, B MaTpULl PO3-
citoBanHs (11) koediuieHTHn S,,(1)=S,,(f)=0, TOOTO MaTpHIl PO3CIIOBAHHS 3aIlv-

[M,0)]=

[M,0)]=

HIEThCS Y BUTIISIAL
Sl lgio (t) 0
(@] (0 o 8 | (12
31e6i0 326i0
S4]61'() (t) S4261'() (t)
[Ipu HAsSIBHOCTI B 30H1 pajloioKaLiifHOrO crioctepexkeHHs cyaHoBow PJIC Tinb-
KM HaBITaI[iiHOTO 00'€KTa, 110 € 00'€eMHUM 00'€KTOM, KOE(DIIIEHTH MATPUIll PO3CIIO-

19



BaHHA S,,(t)=S,,(1)= 0. Toni marpuus poscitoBanns (11) ansg HaBiraniiHoro 06'exra
3aMUILIETHCS Y BUTIIAL:

0 SlZ@io (t)
S2]6iz) (t) 0
S3]61'() (t) S3261'z) (t)
S4161'z) (t) S4261'z) (t)

[Ipu pagionokauiiHOMY CIIOCTEPEKEHH1 HaBIraliifHOro 00'ekTa, 10 3HAXO-
JIUTHCS B 30H1 aTMOC(EPHOTO YTBOPEHHS, pPealli3yeThCs MOPOroBa Mpoieaypa cese-
KIIi1 HaBiramiiHoro o0'ekTa BiJ aTMOcpepHUX YTBOpeHb. [Ipu 1bOoMy AOCHUTH BH-
MPOMEHUTH CUTHAJ TUIbKH MPaBOi KPYTrOBOi MOJSpU3allii, IS SIKOT MAaTPUIS BUIIPO-
MIHIOBAHOI XBUJI1 Ma€ BUTIAL:

0
0
0

Sqoun (1)

a MaTpUIls pO3CIIOBaHHS HABITalIHHOrO 00'€KTa, IO 3HAXOJUTHCA B 30HI1 aTMOC-
(dbepHOro yTBOpEHHS, B KPYroBOMY 0a3KcCi 3aMUIIETHCS HACTYITHUM YHHOM:
Su(®) 0 5,0
S (0) 0 8,
S51(0) 0 Su(|
Su(®) 0 S,

Jlns BUUICHHS JIyHAa-CUTHANly HaBiramiiiHoro o0'ekTa 3 CyMapHOro JyHa-
curHaiy (JyHa-CUTHAJ HaBIralifHoro o0'ekTa i JiyHa-CUTHaJl aTMOC(EPHOTO YTBO-
pEHHsI) HEOOX1IHO CTBOPUTH BiIHOLIEHHS KoediuieHTiB matpuul (15) S,,(#)/S, (),

(M., 0)]= (13)

[San]= : (14)

(M, (0)]= (15)

oS O O

(e

TOOTO CTBOPUTH BiJHOIICHHS MOTYXHOCTI JyHa-CUTHAy OCHOBHOTO KaHaly P. 10
IOTYXHOCTI JTyHa-CUTHAIly iepexpecHoro kanany P,. Ilpu popmyBanni napamerpis
Crokca, Ha BuxoAl npuitMaya cygHoBoi PJIC, cenekuito HaBirauiiHoro o6'ekra Mo-
’KHa 3JIUCHUTH 3a JOTIOMOTI0O10 JIpyroro napamerpa Crokca:

Sz(t):Ei—Ei:ﬂ—f}. (16)

Pi3auneBuii myHa-curuai i Oyze JiyHa-CUTHAJIOM HaBIraliifHOro 00'€kTa, KU
nmoAaeThesl Ha 1HAUKaTOop cyaHoBoi PJIC abo nucruieit cyHOBOTO KOMIT'tOTepa s
paaioIOKaIiHOIO CIIOCTEPEXKEHHs HaBirauiiHoro o6'ekra. Ilpu oMy KommeHcy-
€ThCS JTyHa-CUTHAJI aTMOC(EPHOTO YTBOPEHHS 1 3A1MCHIOETHCS HOPMYBaHHS Ha KOM-
MEHCAaIlil0 3aracaHHs JIyHa-CUTHAIY MO Tpaci.

BucHOBKM i mepcrneKTUBH MOJAJbIINX 0CIi/I2KEHb.

1 Ha migcraBi aHami3zy JiTepaTypHUX JKepea 0OIpyHTOBaHA MOXJIMBICTh MOJIS-
pHU3aIliHOT ceNeKIlii HaBiramiitHoOro 00'ekTa, 10 3HAXOAUTHCS B 30H1 aTMOC(HEPHOTO
yTBOpEHHS, cyaHoBOIO PJIC.

2 OOrpyHTOBaHO METOJMKY BUKOPUCTaHHS MaTpuill Mromiepa aist aHamizy Qi-
3MYHUX MPOLECIB B3a€EMO/I1i €IEKTPOMATrHITHOI XBUJI1, BUIIPOMIHIOBAHOT 1 IPUHHATOT
anTeHoro cyaHoBoi PJIC nmpu panionokamiiiHoMy crocTepexeHH1 HaBiramiiHux o0'-
€KTIB, SIK1 MepeOyBalOTh Y CKJIaJIHUX YMOBaX aTMOC(EPHOT0 CEpeIOBHIIIA.
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3 Tonmanpmii JocuiikeHHs OyayTh CIPSIMOBaHI Ha PO3pOOKY pajiooKaliiHO1
CUCTEMH 3 MOJIIPU3ALIHHOI0 CEJIEKIIIE0 JTyHA-CUTHAIIIB.
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HoBuaenko FO.M., Pomanos I'.JI.
Hamionanbauiil yHiBepcuret «Oechbka MOPChKa aKaaeMisi»

OCHOBHiI HAIPSIMKH €KOHOMIiI MACTHJIBLHHUX MaTepiajiB B cyniHoBux CEY

Sk BiOMO, 3HaYHa YacTUHA EKCIUTyaTalllfHUX BUTpPAT HA MOPCHKOMY (pyIoTi
MpUNaaae Ha NaJuBHO-MACTHIIbHI MaTepiaiu. 3arajibHi TEHACHIII] pO3BUTKY CBITOBOT
€HEPreTUKU Ta 3HAYHUI JTOCBIJ PO3BMHEHUX KpaiH MIOJ0 PallOHAJIBHOIO BUKOPH-
CTaHHS MaJMBHO MACTUJIBHUX MaTepiasliB JAalOTh MOXJIMBICTh BU3HAYUTU OCHOBHI
HAIMpPsIMKH 1X PaI[lOHaIbHOTO CIIOKUBAHHS.

ExoHOMIist MacTHI1 3/1IHCHIOETHCS SIK TIPU CTBOPEHHI CYy/ITHOBOI TE€XHIKH, MacTHII,
MPUCAIOK, TaK 1 MPHU eKcIulyaTalli. 3a JOMOMOrow peaiizaiii KOHCTPYKTUBHUX 3a-
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XOJIIB €KOHOMisl MAacTUJIBHHX MaTepiaiiB 3J1MCHIOEThCA HAa CTafill BIOCKOHAJICHHS
KOHCTPYKIIii ABUTYHIB.

XIMMOTOJIOTTYHOI 3aX0/Id, COIPSIMOBaH1 HA €KOHOMII0 MacTHJIBHUX MaTepiaiiB 1
MpaBWIbHE BUPINIEHHS MUTAHb PAlIOHAIIBHOTO Ta €KOHOMHOTO BUKOPHUCTAHHS MO-
TOPHUX MacTHJI Oe3MOocepeIHbO MOB'SI3aH1 3 XapaKTEepPOM 3MiHU MEPBUHHUX BIACTH-
BOCTEI MacTHIIa Mpu poOOTi IBUTYHA.

3MiHM (I3UKO-XIMIYHMX 1 €KCIUTyaTalllMHUX MOKa3HUKIB MOTOPHUX MAacTWI B
IU3ETSX MOKa3yl0Th, 110 XapakTep 3MIH MPUHLHUIIOBO OJHAKOBUM. Lle moscHIoeThCs
OaraTbMa NMpUYMHAMU: YMOBaMU POOOTH, BIACTHBOCTSIMHU 3aCTOCOBYBAHOTO MAaCTH-
J1a, pi3HOT TEIIOBOT HAMPY>KEHOCT1 JBUTYHIB, HEOJTHAKOBOIO MICTKICTIO MAaCTUIIBHOT
CUCTEMHU, KPaTHICTIO HUPKYJISLIT 1 T.]I.

B ymoBax nepeBaKHOTO BUKOPUCTAHHSI BUCOKOSKICHUX MACTHII 3 BUCOKOE(]eK-
TUBHUMH KOMIIO3UIISIMH MPHUCAIOK BEJIMKE 3HAYEHHS B iX BJIOCKOHAJIEHHI HaOyBae
npobsiema yHiikaiii MOTOpHHMX Ta 1HIIKUX BUIIB MacTuil [1]. HasBHICTH mMpokoro
ACOPTUMEHTY MAaCTUJI CTBOPIOE 3HA4yHI TPYAHOIIl HE TUIBKA TpPHU BUPOOHMIITBI,
TpaHCHOPTYBaHHI Ta 30€piraHHi, ajge roJIOBHUM YMHOM IpH iX 3aCTOCYBaHHI, 0CO0-
JUBO B THUX BHIAJIKaX, KOJU Ha cyaHax 3actocoByroThecsi [IBC piznux tumis. Ilep-
CIEKTHUBHOIO B I1iif 00J1acTl € poO0Ta MO CKOPOUYECHHIO aCOPTUMEHTY 1 YHi(ikarii ma-
cTun [2.

3Ha4yHOiI E€KOHOMIi MacCTWJIBHMX MaTepialiB MOXHA JOMOITHCS, MPOBOJSYU
eKCIUTyaTalliiHi 3axoau. Baxnusum pakTopom ekoHOMII € po3poOKa 1 BIpOBaKEH-
H OpraHizamiiHO-TEeXHOJOTTYHUX 3aXO0J1B II0J0 BJIOCKOHAJCHHS 30epiraHHs
Ha(TONPOJYKTIB 1 ONTUMI3AIlisl MPOLECIB 3aCTOCYBAHHS MAcCTUJI B CYyIHOBHUX YMO-
Bax. [Ipu ekcruyaTtanii cyJHOBOI TE€XHIKM 3 BUKOPHCTAHHSIM EHEpPro30epiraloumx
TEXHOJIOT1H 0arato 110 3aJIeKUTh BiJl CBOEYACHOTO 1 SIKICHOTO MPOBEJCHHS TEXHIY-
HOTO 00CJIyrOByBaHHA. 3OUIBIICHHS TEpPMiHY poOOTH MacTWJ B JBUTYHI - 1€
HaNOUIbII epEeKTUBHUI BapiaHT CKOPOUEHHS Oro CIIOKUBAHHS.

Sk mepcreKTUBHUI HAIpsIM B KOMIUJIEKCI 3aX0/[1B, MOB'SI3aHUX 3 €KOHOMIEIO Ma-
CTUWJIBHUX MaTepiaiiB, € yTHIi3alliiHl 3axoau. Y THIII3alllifHl 3aX0/1u mepen0adaTh
30ip 1 MOBTOPHE BUKOPHUCTAHHS MICHs BiAMOBiAHOI 00poOku [3]. [lpu mpomy rmo-
BTOpPHE BUKOPUCTAHHS MOXIIMBO 3a MPSMUM MPU3HAYEHHSM, 32 HEMPSIMUM IIpHU3HA-
YEHHSM 1 He 32 IPU3HAYCHHSIM.

[Ipouecu perenepaiiii 103BOJISAIOTh €KOHOMUTH LIHHUNA HAQTOMPOAYKT 1 3HU-
KYIOTh 3a0pYyJHEHHS HABKOJUIIHBOTO cepenoBuiia. [lpu mpoBeaeHHi1 pereHeparrii
MOXJIMBE BUKOPUCTAHHS K BIJOMHX METOJIIB 1 iX KOMOiHaIli#, TaK 1 po3poOKa 1 3a-
CTOCYBaHHS OUTBII Cy4acHUX 1 €(PEeKTUBHUX TEXHOJIOT1M.

AHani3 nuisixiB €KOHOMIi MacTUIILHUX MaTepialliB MOKa3aB, 1110 HalOUIbII edek-
TUBHUMH € yTUii3aiiitHi 3axoau. Cepea yTUII3alifHUX 3aX01B - pereHepalis € oJi-
HUM 3 Kpalux coco01B yTHIII3allli, TaK SIK pereHepalis 3HIKye 00'éM KIHIIEBUX Bi-
IXO/IB, MOB'SI3y€ 1 HEUTpaAJI3ye X €KOJOrIYHO IIKIIIMBI KOMIIOHEHTH, Pa30M 3 TUM
3a0e3neuye MOXKIIMBICTh 0araTopazoBOro BUKOPUCTAHHSA CUPOBUHU, 110 MPU3BOAUTH
710 30UTBIIEHHS! MICLIEBUX PECYPCIB OTPUMAaHHS MaCTUIIbHUX MaTepialib.
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ComnonoBHikoB B. T'.
Hamionanbauit yHiBepcuret «Oiechbka MOpPChbKa akaaeMis»

3a0e3neyeHHNA TEXHIYHOI0 CTAHY CYAHOBHMX JHM3e/iB HIJIAXOM KaBiTALIiHHOI
00po0KM majiuBa

IMocTtanoBka npo0JieMH B 3arajJibHOMY BHUIJIsIAL. 3aB/laHHA MIABUIICHHS €HEp-
roe()eKTUBHOCTI Ta €KOHOMIYHOCTI CyIHOBHUX eHepretuuHux yctaHoBkax (CEY)
PO3B’SI3YEThCS HE TUIBKM 3a PaxXyHOK 3POCTaHHS IUJIIHIAPOBOI MOTY>KHOCTI 1 3HHU-
’KEHHS MMTOMOI BUTPATH MaJIMBa, ajie i 3a paXyHOK BUKOPUCTAHHS B CYyJTHOBUX JBU-
ryHax BHYTpilIHbOTO 3ropsiHHs (JAB3) manu migBuineHoi B’s3kocTi. TpaauiiiHo
oAi0H1 MajuBa BUKOPUCTOBYBAIUCS B MasioobepToBux auzensix (MOJ]), mo xapak-
TEPU3YIOTHCS MIJIBUILIEHUM YacoM, BIIBEACHUM Ha BIOPCKYBAHHS MaJiBa B ILIMJIi-
HJp, HOTO caMo3aliMaHHs Ta nojablie 3ropsHHs. Ha nanuii yac BUCOKOB’sI3K1 Ma-
nuBa BUKOPUCTOBYIOThCA 1 B (COJI), 110 MaroTh OUTBII KOPOTKI (ha3u CyMIIIOyTBO-
penHs 1 3ropsanHs. [Ipu nboMy (depes 3CyB IMpoliecy 3rOpsiHHS Ha JHII0 PO3IIUPEH-
Hs1) MOXJIMBE MOTIPIIEHHS TEXHIYHOTO CTaHy Ta €KCIUTyaTallliHUX XapaKTepUCTUK
auzens. Lle migBuIye akTyaabHICTh PO3B’SI3aHHS 3aBJaHb 110A0 3a0€3NeUYeHHS SIKi-
CHOT MIATOTOBKY MaJiMBa JJIs MOI0HOTO Kiiacy au3enis [1].

AHaJII3 OCTAHHIX AOCJIKeHb i myOJikanii. BUKOpUCTaHHS BaKKUX MAJIUB Y
CYIHOBUX JAM3EISAX BUKIUKAIO Pl MPOOJIEeM, OCHOBHUMHU 3 SIKUX € MiJIBUILEH] 3HOCH
JeTajield HUIIHAPONOPIIHEBOT IPYIK 1 MAJIMBHOI anapaTrypu, Harap Ha BCIX €JeMeH-
Tax JU3eJsl, 1[0 KOHTAKTYIOTh 3 MPOAYKTaMU 3TOPSHHS, 30UTbIIEHHS KUTBKOCTI BiJl-
XO[IB MiJl Yac MajJuBOMIATOTOBKU. PO3B’s13aHHA 3aBJaHHS 11010 3HMKEHHS CipYHC-
TOTO 3HOCY JeTajeil JBUTYHIB Ha JaHWN Yac MOBHICTIO BUKOHaHO 1t MOJI, ski
MaloTh OKpEMY LMJIIHAPOBY CUCTEMY 3MallyBaHHs. [Ipu 1bOMY 3aquIIaeThCs JUIIE
3HAWTHU ONTUMAaJIbHE CIIBBIIHOIICHHS MIXXK BMICTOM CIPKH B MajUBI 1 3MICTOM JIyX-
Hux npucanok y mactwil. Cyanosi CO/] MaioTh 3arajibHy HUPKYJISLIAHY CUCTEMY
3MalllyBaHHS, 3aCTOCYBaHHS MAaCTWJI 3 MIABUIIEHUM BMICTOM JIYT'y B JaHOMY BHUIIa/I-
Ky HEJOIUIBHO K 3 €KOHOMIUYHUX MPUYHH (Y 3B’SI3KY 3 IXHBOIO BUCOKOIO BapTICTIO),
TaK 13 OMVIAY Ha iX TIpIIl eKCIUTyaTalliiiHl mapaMeTpu (30KpeMa MEHIIOi 3JaTHOCTI
YUHUTHU OIIp HOpMaJIbHUM HaBaHTaxkeHHSIM) [2] . Tomy nns COJl enuHUM cmoco-
O60oM OOpOTHOM 3 HACIIKOM 3aCTOCYBaHHS CIPUMCTOrO MajvBa € MOro J0JaTKoBa
o0poOka mepes Mojayero B IWIIHAP, IO CHPHUSE 3r0JIOM 3HIDKEHHIO CIPUYHUCTOrO
3Hocy [3]. [Ipu npomMy HE0OXiTHO BpaxoBYBaTH, IO BUPIIIEHHS MPOOIEeMH 3 BUJa-
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JICHHS CIPYMCTHUX JOMIIIOK 13 MaJIMBa MOBUHHO OyTH KOMIUIEKCHUM, TOMY 110 OYy/ib-
gka (i3uyHa A1 Ha TAJIUBO MPU3BOAUTH A0 3MIHM MPAKTUYHO BCIX HOTO KOMIIOHEH-
TiB.

IMocTtanoBka 3aBaaHHsA. TakuM YMHOM, HE3BAXKAIOUU HA IMIMPOKHUM CIEKTP Hay-
KOBHUX JIOCHIJI>)KEHb, 1110 CIPSIMOBAHI HA PO3B’A3aHHS 3aBJIaHHA 3 MIJBUIICHHS e]ek-
TUBHOCTI BUKOpucTanHs B CEY BakkuX manuB, iCHye HeBHUpillleHa pobiieMa, sIKO
€ ekcruryatarlis cynHopux COJl Ha manuBax 3 MIJBUILEHOIO B SI3KICTIO Ta MaKCHUMa-
JBHO MOKJIMBUM BMICTOM CIPYMCTHUX CIIOJIYK [4].

Buxiaax ocHOBHOro martepiajay aocaigxeHHsl. /[ ycminmHOro 3acToCyBaHHS
B’SI3KUX, BUCOKO-CIpUUCTUX nayuB y cyaHoBux CO/Jl HeoOXigHe po3B’si3aHHS KOM-
IJIEKCY OpraHi3alliifHO-TeXHIYHUX 3aBJaHb Bl MPUAOMY MajuBa Ha OOPT CyAHA 10
Horo crnanmoBaHHs B HWIIHAP] Au3ens. Cuctema MaauBONIATOTOBKHY MOBUHHA 3a0€3-
MeYyBaTH 3aXUCT AM3ENs M Yac Woro poOOTH 3 BUKOPUCTAHHSIM CIPYMCTHX Ialu-
Bax Ha BChOMY Jl1alla30H1 eKCIUTyaTalliHUX PEXKUMIB.

OpHuM 13 METONIB MAJMBOIMIATOTOBKH, IO CHPHUAE 3MEHIICHHIO MIKiJJIUBOIO
BIUIMBY Cipku Ha nertani JIB3, € kaBiramiiina oOpoOka maiuBa yiabTpazBykom. Oji-
HUM 13 BapiaHTIB 3aCTOCYBAHHs KaBiTalliiiHOI 0OpoOKM manuBa € 1000JagHaHHS
MITATHUX CUCTEM MaJTUBOMIATOTOBKH JTOJATKOBUMU MOIYJISIMHU, SIK1 311MCHIOIOTH 1IeH
nporiec [5]. Takum moaysnem Oyiia JOYKOMILJIEKTOBaHA CUCTEMa MaJMBOMIATOTOBKHU
cynnoBux COJl 6VDS18, uo matoTe HOMiHaNbHY OTYXHICTh 390 kBT npu vactoTi
oOepTaHHs KojdiH4acToro Baya 750 06/XB Ta y KUIBKOCTI TPhOX IITYK CKJIaJal0Th CY-
JTHOBY JIONIOMDKHY €HepreTuyHy yctaHoBKy. KoxknHuii auszens 3abe3nedyeHuil aBTo-
HOMHOIO CHUCTEMOIO IM0Jayl NaJiuBa, 110 JA€ MOXKJIUBICTh MPOBOAUTH AOCIIIKECHHS
JUISL OKPEMOTO JTU3ENIs 3 MAMBOM, SIK€ MPOUIILIIO Pi3HI eTanu NmigrotoBku [6]. Tlamu-
BHA CHCTEMa OJHOTO 3 JBUTYHIB HE MijJaBajiacs NEPEeKOMIUIEKTAIlll Ta eKCIUIyaTy-
Bajlacsl B «IITATHOMY» CTaHl, IPU I[IbOMY JaHUN AU3ETb NPUUMABCS 32 «KOHTPOJIb-
Hui». [lannuBo 10 ABOX IHINKWX JU3EIIB [M0JaBAJIOCS MICIS JOJATKOBOI KaBITAIliiHOT
00poOku. Ilig yac mpoBeneHHs eKCIIEPUMEHTY JIU3€elll eKCIUTyaTyBajlucs Ha MaivBi
HFO380. ®parmeHT nuisHKU 3 1000JaAHAHHS MAJIUBHOI CUCTEMU AM3EIIB MOKa3a-
Huit Ha puc. 1 [7].

[ r

/

‘:% ° o4{° \<
D o°°° :;5 gooo o / .

1/
= =

Puc. 1. Cxema noo06iaHanHs CHCTEMU TI0/1a41 MAJIMBA 70 IBUTYHIB ((parMexT):
1 — noBiTpsiHUIT KOMIIpecop; 2, 9 — NaNKMBHI HUCTEPHHU; 3 — NOBITPSIHA MaricTpasb;
4 — ynbTpa3ByKOBa YCTAHOBKA; 5, 8 — MaJMBHI HACOCH; 6, 7 — IBUTYHU

JIBuryH 7 OyB «KOHTPOJIbBHUM)» Ta €KCIUTyaTyBaBCs B «IITATHOMY» PEXHUMI, MIPH
bOMY MaJMBO, MPONUIIOBIINA CTAaHJAPTHY MPOLENYPY MIATOTOBKH, MOAABAIOCA 0
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HBOT'O HacocoM 8 3 nuctepHu 9. JIBurynu 6 Oynu «ekcrnepuMeHTaabHuMmy. [lanuBo
70 HUX TMOJIaBaJIOCS HACOCOM 5 3 IUCTEPHU 2, B AKIM MAJIMBO IMiIJaBaOCS BIUIUBY
yIAbTPa3BYKOBUX XBHIJIb 32 JOMOMOI00 reHeparopa ¥Y3I['-5M 3 MarHiToCTpUKIIHHUM
BUIpoMiHIOBaueM. [Ipu 1boMy A MOCUIICHHS KaBITAl[IMHUX SIBUI y HUXKHINA yac-
THHI1 OJIHI€T 3 UCTEPH OyJia MpOKJIaJleHa J01aTKOBA MOBITPsIHA MaricTpaib 3, HarHi-
TaHHS MOBITPS 0 SKOi 3IHCHIOBANOCA MOBITPSHUM KomiipecopoM 1. [lpu mpomy
OynbOaIKy MOBITPS, 110 MOTPAIUISIOTE B 00’ €M MaiunBa, OyJid 10JaTKOBUMHU JIKEpe-
JaMU KaBITalIMHUX 30H. YIIbTPa3ByKOBa yCTaHOBKa 4 €KCIUTyaTyBajacsi B PEXHUMI
1=0,4 A 13 3acTOCyBaHHSIM MarHiTOCTpHUKIIiifHOro BUNpoMiHioBaya B 22 kl'n. Jlani
BEJIMYMHU OYyJM BU3HAYEHI B MOMEPEAHIX J1aOOpaTOPHUX JOCIIKEHHSIX 1 3a0e3me-
YyyBaJid HallKkpalil JUCIEpPCHI MOKA3HUKH MajuBa. Y MajJuBHIA IUCTEpHI 2, B SKIH
BiI0yBanacs yJabTpa3BykoBa 0OpoOKa MmajivBa, JOJATKOBO BCTAHOBIIOBABCS JIOMAT-
KOBUI 3MIIIyBay, 110 3a0e3MevuyBajio OJJHOPIIHICTD MajJuBa B MOBHOMY 00cs31 [8].

Jliist 3a0e3nedeHHsl IIEHTUYHOCTI €KCIIEPUMEHTY ISl BCIX JAM3EN1B MPOBOAMIACS
iX momepenHs MIATOTOBKA A0 BUMPOOyBaHb. YMOBH €KCIUTyaTallii JO3BOJISUIM MOCITI-
10BHO NpoTsiroM 40 roArH BUKOHATH MOBHY MOTOUYMCTKY 3a3HaueHUX Ju3enis. [Ipu
OMY Ha BCIX JU3€JSX 3aMIHIOBAIMCS MOPIIHEBA rpyna (MOPIIHI 1 TOPIIHEBI KiIb-
1151) 1 OCHOBHI €JIEMEHTH NaJIMBHOI CUCTEMH BHCOKOI'O TUCKY (Mpeuu3iiiHi napu mna-
JMBHOTO HAcOCa BUCOKOTO THUCKY IUTYHXKEpP — BTYJIKA 1 FOJIKa — PO3MIIIIOBaY (hopcy-
HKH).

[IpoTarom ychoro yacy NpOBEIEHHS €KCIEPUMEHTY 311MCHIOBABCS KOHTPOJb
yacy poOOTH Ta €KCIUTyaTallliHOrOo HaBaHTAXKEHHA Ha au3eni. st qocsSrHeHHs piB-
HOMIPHOTO PO3MOJLTY Yacy poOOTH AM3ENIB JBUTYHH TMOCIIIOBHO MEPEBOAMINCS B
pexuM stand-by. BiamoBimHO 10 TEXHOJOT1i MPOBEICHHS €KCIIEPUMEHTY PI3HUIIS B
yaci poOOTH AU3ENiB, a TAKOXK B €KCILTyaTal[liHUX HaBaHTA)KCHHSIX Ha JBUTYHHU HE
nepeBuinyBayia 4 %, 110, 3 OIJISy Ha €HEPTOEMHICTh 00’ €KTIB, 103BOJISLIIO BBXKATH
YMOBH iX poOOTH 1IeHTHYHUMU. EKcIiTyaTaliisi ABUTYHIB IPOBOJMIACS HA OJTHOMY ¢
TOMY K copTi naiusa. [Ipu 1iboMy 3ac00M aBTOMaTUYHOT'O KOHTPOJIIO MIATPUMYBAIU
B’S3KICTh MaJIMBA HE3MIHHOIO MPOTITOM YChOT'O €KCIIEPUMEHTY. Takoxk 1€eHTUYHUM
HIATPUMYBABCS COPT LUPKYJISLUIKHOIO MacTWiia, [0 3a0e3leuye pexuMu 3Mmallly-
BaHHS, 1 HOT0O eKCIUTyaTalliiiHl XapaKTepucTUKH. JlaHi 3aX0Au 103BOJIMIM BBaXaTH,
10 BUKOHAHHS €KCIEPUMEHTY MPOXOJUTh B OJHAKOBUX YMOBax. 3aBJaHHSAM JOCIIi-
JDKeHHs 0YJ10 BU3HAYEHHS 3HOCY LIMJIIHIPOBHUX BTYJIOK 1 BEpXHBOTO MOPIIHEBOIO Ki-
JBIS I «CTaHJIapTHOTOY» MMajiuBa 1 MajvBa, 0 MiAJaN0ocs TOJAaTKOBIM KaBiTallii-
HO1 00po611l. BuMiproBaHHs 3HOCY MPOBOIUIIOCS JUJISl ABOX KPAaMHIX HUIIHAPIB, SKI,
SK BiIOMO, OUTHIN HIXK 1HIN (LIEHTPajdbHI IMWIIHAPH) CXWIbHI J0 IHOTO SBHIIA.
OTtpumaHi Npu LbOMY 3Ha4Y€HHs ycepenHioBaiucs. KpiM Toro, 1ociikeHHs TUTbKH
JBOX IIMIIHJIPIB CYTTEBO CKOPOUYBAJIO Yac MOHTaXHHMX pPOOIT, SIKHl 0OMeKyBaBCs
yMOBaMH €KCIUTyaTailii. 3 HUX ke NPUYUH JOCIIHPKeHHs] BUKOHYBanucs micias 170,
360, 580, 780, 1010 rogun poOOTH IBUTYHIB. 32 OTPUMAHUMU JAHUMH MMOOYI0BaH1
HOMoOTrpamu (puc. 2), 0 XapaKTepU3yIOTh 3HIKEHHSI 3HOCY PO3IIISIHYTUX JeTanel
M1J] Yac BUKOPUCTAHHS 10AATKOBOI YIbTPa3BYKOBOI KaBiTal[IiHOT OOPOOKH MaivBa.
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Puc. 2. 3n0c muninapoBux BTynok cynHoBoro COJZl 6VDS18 3a pi3HUX yMOB €KCIUTyaTalii:
1 — «KKOHTPOJBLHUI U3€b, EKCILTyaTalllsl Y «IITaTHOMY CTaHi;
2 — «eKCIIEpUMEHTAIbHUIY TU3€lIb, eKCIUTyaTallisl 32 YMOBHU KaBiTalliHOT 00pOOKHU NanuBa;
3 — «eKCTepUMEHTaIbHUNY IU3eib, CKCIUTyaTallis 32 yMOBH KaBiTaIiitHOT 0OpoOKH mayinBa 3 J0-
JATKOBOIO MOJ[auero MOBITPS 10 30HU KaBiTallii
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Puc. 3. 3n0c noprneBux kinenp cyanoBoro COJl 6VDSI18 3a pi3HUX yMOB eKCIUTyaTaIlli:
1 — «KKOHTPOJBHUI JU3€b, EKCILTyaTalllsl Y «IITaTHOMY CTaHi;
2 — «eKCIIepUMEHTAJIbHUI» TU3€l1b, eKCIUTyaTallisl 32 YMOBH KaBiTal[liiHOT 00p0oOKH nainBa;
3 — «eKCTIepUMEHTAJILHUWY AU3EJh, CKCILTyaTallis 32 YMOBH KaBiTaIliitHOT 0OpoOKHU manuBa 3 J0-
JATKOBOIO MOJ[auero MOBITPS 10 30HU KaBiTallii

BucHOBKHM Ta mepcneKTHBH NMOAAJBLIINX J0C/ilKeHb. [IpoBeneHi excrepu-
MEHTAJIbH1 JIOCIIIPKEHHS CBIIYaTh MPO Te, 110 J0JaTKOBA KaBiTalliiiHa oOpoOka BuU-
COKOB’SI3KOT'0 TajJuBa (K1 MOXJIMBO MPOBOJIUTH SIK Y MapajelbHOMY, TaK 1 B MOCHI-
JIOBHOMY BapiaHT1) COPUAIOTh 3HWKEHHIO B 3,2...4,7 pa3u CipyuCTOro 3HOCY MOPII-
HEBUX KUICLb 1 HMJIIHAPOBUX BTYJOK nu3ensd. Ilpu mpomy HaiOiuibIne 3HMKEHHS
[BOTO MapaMeTpa CHOCTEPIraeThCsl NIl MOPIIHEBUX KUI€lb, [0 OCOOJIUBO aKTyallb-
HO, BPaXOBYIOUHM Ba)JIMBICTh JAHOTO By3ja B 3a0e3ME€UYEHH] HE JIMIIE SAKICHOTO Ie-
pelIry MpoIeCiB CTUCHEHHS, 3TOPSHHS 1 PO3IIMPEHHS, ajie i TaKoX HaJIHHOCTI po-
060TH TpUOOCTIONYUEHHS OPIIEHb-BTYJIKA LHJIIHIpA.

BukopucranHsa kaBiTaliiHoi 0OpoOKM majnuBa JOLUILHO BUKOHYBaTH B CyKyII-
HOCTI1 31 CTaHJIapTHUMHU METOAAaMH MaJIUBOMIATOTOBKU HIJISXOM JOMOBHEHHS IITAT-
HUX CXEM creniaibHuM oOnagHaHHAM. OnTUMaibHI peKUMHU poOOTH IILOTO 00JIaI-
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HaHHSI BU3HAYAIOThCS TMOIMEPETHIMH JOCIIKEHHSIMHU, K1 (32 YMOBH PO3POOKH BiJl-
MOBIAHUX TEXHOJIOTTYHUX KapT) MOXKYTh OyTH BUKOHaH1 0€3MOCepeIHbO CYIHOBOIO
MAIIIMHHOK KOMAaHIOKO.
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Kanyrin B. M.
Hamionanbauit yHiBepcutet «O1echbka MOpPChbKa akaaeMis»

3a0e3neyeHHs MOHITOPIHIa TEXHIYHOI0 CTAHY ra30TypOOKOMIIpecopiB
CYJHOBHX /JU3eJIiB 110 PiBHIO Bi0Opamii
KuarouoBi cioBa: BiOpairisi, BiiMOBa, ra30TypOOKOMIIPECOp, HAIIHHICTh, CYIHO-
BUU JIBUT'YH BHYTPIUTHBOTO 3rOPSIHHS, TEXHIYHHUM CTaH.

V3araiabHeHHS JTOCBIAY €KCIUTyaTallli CYJHOBUX ABUTYHIB BHYTPIIIHBOTO 3rO-
psunst (CIB3) cBiquuTh, 10 BIAMOBH 1 MOIIKOKEHHS iX ra30TypOOKOMIIPECOPiB
(I'TK) € nposinnoto npuunHoro BimMoB C/IB3 ycix TumiB, Ha 00 SIKUX MPUIATAE
Bix 18% 1o 43% Bij 3aranbHOi KUTBKOCTI BiIMOB ycix kommnoneHntiB CJIB3 [1, 2, 3].

3a manumu knacudikamiiHoro toBapuctBa (KT) «Lloyd's Register» (LR) [1]
BCTAaHOBJICHA 3aJIe:KHICTh 3MiHM HamiiiHocTi CJ/IB3, mo Bukiukana BigMoBamu [ TK,
B 3aJIeKHOCTI Bif Tumy nusensd. Kinbkicte HecnpaBHocted ['TK, mo npussenu 1o
BigMoB CJIB3, cTtocoBHO 3aranmbHOI KinbkocTi BigMoB mo CJ/IB3, cknamo: 3% mis
Brucoko obeproBux auzeniB (BO/), 9% nns cepequro odeproBux auzeniB (COJ) i
18% niisa mano o6eproux nuzeniB (MOJI). Busnaueno nokazauku HaaiitHocTi ['TK,
SK €IMHOTO arperaTty B LIJIOMY, TaK 1 OKpEMHUX HOro KOMIIOHEHTIB.

Haiiuacrime BinmoBu I'TK tuniB NA 1 VTR Oynu BUKIMKaH1 TOIMIKOIKEHHIMHU
potopiB, BiamoBigHO - 18% 1 23%. Jnsa I'TK tuny NA ix BigMoBH Oyiu BUKIHMKaHI
pYHHYBaHHSIMU MIJUIUITHUKIB KOB3aHHA 3 O0KY TypOinu -12% 1 komnpecopy - 12%.

OCHOBHUMU NMPUYMHAMU MOIIKOIKEHHS POTOPIB 1 pyHHYBaHb MIAIIMITHUKIB €
NOpYIICHHs OalaHCyBaHHSA pOTOpa IO CIPUYMHEH] eKCIUTyaTallifHUMU BiIKJIaeH-
HSMHU Ha poOOYMX JIOMaTKaX, JUCKY TypOiHH, 1 kojeci kommpecopy. llle onHiero
MPUYMHOI0 BUHUKHEHHS 3HaYHUX BiOpaliiHUX HABaHTAXKE€Hb 1 HACTYNMHUX MOLIKO/I-
xeHb ['TK € iX poboTa B 30H1 HECTIMKUX PEXKUMIB — PEIKUM «IIOMIIAXKY» KOMIIPECO-
py [4].

Takum yumHOM, B HUIAX 3a0e3MeyYeHHs BUCOKOro piBHS TexHiuHOro crany (TC)
I'TK HeoOxinHO mocTiiiHO KOHTpoioBaTH piBeHb BiOpanii I'TK ta BinmosigHO 110
OTPUMAHUX 3HAYEHb iX MOKa3HMKIB Ta Kareropii TC 3aiiicHIOBaTH 3aXOAM W00
YCYHEHHS NPUYMH BUHUKHEHHS MiABUIIEeHO1 BiOpauiitHoi aktuBHocTi I'TK [3].

s minedt oninku TC komnonenTiB CJ/IB3, 1 konkpeTHno I'TK, Gyno po3riasHyTo
HOPMATHBHI T'PaHUYHI 3HAYEHHS TOKA3HUKIB BiOpaliii siki 3actrocoBytoTbes KT [4, 5],
1 3a3HAYEHO HIDKYE, a TAKOK HaBeAeHO Ha pucyHKY 1. PiBHi kaTeropiit TC BcTaHOB-
JIEHO TO 3HAYEHHSIM MIBUAKOCTI BiOpamii — V, B 3HaUY€HHAX PO3MIPHOCTI MM/C U
IPHCKOPEHHs BiOpanii — W, B 3HaUEHHAX PO3MIPHOCTEH OMMHULE g a60 M/c? (g =
9,81 M/c? - MPUCKOPEHHS BUTBHOTO Ma1HHA).

B pe3ysnbpTaTi NOpiBHSAIBHOTO aHali3y 0yJ0 BCTAHOBJIEHO, 110 BUKOPUCTAHHS pe-
KOMEH1oBaHUX 3HadeHb BiOpaii 1y ouinkd TC I'TK siki 3anpononoBano KT He-
MOXJIMBE 10 TPUYMHI HEBIATIOBITHOCTI PEKOMEH/I0BAaHUX 3HAUCHb.

KT PMPC npononye 2 piBus kareropii TC I'TK:

- Kateropis A, rpannuni HopMmatuBHi 3HaueHHs V = 16 mm/c 1 W = 0.51g;

- Kareropis B, rpannuni HopMatuBH1 3HaueHHsa V =22 mm/c 1 W = 0.77g.
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KT DNV-GL npornonye HacTyIlHi rpaHUYHI HOPMATHUBHI 3HAYEHHS, B 3aJI€XkK-
HoCTi B noTyxHocTi C/IB3:

-Ne <5 MBT -V =45 mm/c 1 W= 1,5g;

- 5 MB1< N¢>10 MBT - V=50 mm/c 1 W= 2,0g;

- Ne> 10 MBT - V=55 mm/c 1 W= 2,5g.
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Pucynoxk 1 - Hopmarussi 3Hauenns piHiB Biopauii I TK C/IB3 1 Bignosiai
im kareropii TC

YMOBHI TO3HAYEHHS PUCYHKA 1:
— = — - HopmaruBHni 3HauenHs rpannunux piBHiB BiOpaii ['TK DNV-GL:
V1= 55,0 mm/c, W1 = 1,5g = 14,7 m/c? — i T'TK CZIB3 N> 10 MBr;
Vi =50,0 mm/c, Wy =2,0 g=19,6 m/c*> — s I'TK CJIB3 5 < N.>10 MBr;
V= 45,0 MM/C, Wi = 2,5 g= 24,5 Mm/c? — g I'TK CHB3 N.< 5 MBT.

- HopmaTuBHi 3Hauenns piBHiB Biopaiiii ' TK MPCP:
Kareropist A — Bignosigae kareropii TC «BinmiHHOY;
Kareropis B — BignoBigae kateropii TC «3an0BUTIbHOY,
Kareropia C — Bignosigae kateropii TC «BigMoBay;

- 3ampornoHoBaH1 piBHI BiOpailii Ta kareropii TC:
Kareropist A — Bignosigae kareropii TC «BinmiHHOY;
Kareropis B — Bignosigae kareropii TC «/{o6pe»;
Kareropisa C — Bignosinae kateropii TC «3a10BUIbHOY;
Kareropis D — Binnosigae kareropii TC «BigmoBay.
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Hopmartughi 3Hauenns KT DNV-GL i1 PMPC pi3uarbest Mix co00r0 MO IIBH/I-
KOCTI BiOpanii B 2.5 pa3u Ta 1Mo NpUCKOPEHHIO OUIbll HIXK 3.5 pa3u. TakuMm 4uHOM
BUKOPUCTaHHSI peKOMeHJ0BaHUX 3HaueHb KT Moke NMpHUBOIUTH 10 HEaaeKBATHOI
orinku peanbHoro TC I'TK.

B pesynbraTi aHamizy npoBEIEHUX aBTOPOM JOCIHIIKEHb, PEKOMEHIYIOThCS
Tabmmmi 1.

[lopiBHsIBHUE aHaNI3 BIOpalIHHUX MapaMeTpiB 1 KUTbKICHUX XapakTepucTuk TC
no piBHio BiOpatii I'TK, mo3Bosisie BCTAHOBUTH, 1110 JJIS KOXKHOTO Jiara3oHy 4acToT
XapaKTepHl CBOI MapaMeTpH ineHTudikaiii Jpkepea KOJIMBaHb: 4acTOTH MeHie 10
I'm — mepewmimenns BiOparii, S (Mm); yactoTHui mianazoH Bix 10 mo 300 T'm —
MBUJKICTB BiOparttii, V (Mmm/c); wactotu 6utbie 300 't — mpuckopenHs Biopaiii W
(omuuuub g a6o M/c?). Ilpu BM3HAYEHH] IpaHUIb 3MiH 3Ha4eHb BiOpallii BpaxoByBa-
JIOCh, 10 «ICTOTHUM) BBaXKA€THCS 30UTBIICHHS aMIUNTY/A B 2 pa3u, a «CPAHUYHUM))
B 4 pasu [6]. 3 3pocTaHHAM 4aCTOTH KOJMBaHb 3HAYEHHS TONYCTUMHUX 3HAYEHD MPHU-
CKOpeHHsI - W1 30UTBIIYIOTHCS, a IBUIKOCTI - V1 3HHXKYIOTBCS, 1110 BIAOOpaKaeThCs

HactynHumu 3anexsoctamu: V, = 0.15-K/\/f, W, =K -,/f, ne: K — nocriiinuii
EeMIIpUYHUI KOe]illieHT.

Onnak, nus 6a3oBux vactor BiOpauii poropy I'TK - f, , sKi BiANOBigaOTH mep-
101 TAPMOHIYHOI CKJIAJ0BOT - f;l, aBTOPOM E€KCIIEpUMEHTaJIbHO Oyja BCTaHOBJIECHA

IHBapIaHTHICTH 70 3HAYE€Hb BEJIMYMH MIBUIKOCTI BIOpaIii.

BpaxoByroun A0CBiI BUKOPUCTAHHSI CUCTEM OLIHOK BiOpaiiitHoro ctany CT3, a
TaKOX Pe3yNbTaTH SIK1 OTpuMaHi npu gocuixeHHsax BiOpamii ['TK BukoHaHuX aB-
TOPOM, JOLLUIbHO HAa3HAYUTH TpH rpaHuyHi piBHA BiOpaii poropy I'TK, mo momy-
JIOIOThCS HA YaCTOTAX mepiuoi - f,' Ta Apyroi f,? rapMOHIYHHX CKIAJOBHX i siKi
BIJIPI3HAIOTHCS MO aMIUIITyAaM B 2 pa3u, HE3aJeKHO Bl 3HAYEHHS YaCTOTH KOJU-
BaHb. PiBH1 TC Bu3HauaoTh yotnpu obnacti ¢pyHkuionyBanus ['TK mo nactynmaum
O3HAKaM:

I. «1oOpuit» - BincyTHs1 HeOOXiIHICT npoBeAeHHs peBi3ii [ TK, mnanoBi podoTu
He oTpeOyroTh AedekTallii komnoHeHTiB [ TK;

II. «3amoBuIbHUI» - BiOpallis MiJBHILEHA, MOTPEOYEThCS YCYHEHHS ii MPUYMH
NpHU IUJIAHOBUX PEBI3IAX, MOB’S3aHUX 3 PO300OpPKOIO 1 JedeKTaliel0 KOMIIOHEHTIB
I'TK;

III. «JlomycTumuit» - HeOE3MEUHU cTaH, HEOOXITHUM aHai3 MPUYNUH HECTpPaB-
HOCTeH 1 TepMiHOBa (1o3a 1iaHoBaHa) pesizisa ['TK;

IV. «BigmoBa» - aBapiitHuii ctan ['TK, moganeina ekcruryaraiiisi 3a00poHEHa,
HEOOXITHUHM aHaNI3 TPUYMUH MONIKOKEHb Y HECIPaBHOCTEH 1110 BUHUKIM 3 BUKO-
HAHHSM BIINOBITHUX PEMOHTHUX POOIT MO iX YCYHEHHIO.

Tabnuus 1 - PekomenpoBani HOpMaTUBHI 3HAaUeHHs BeanuuH BiOpatii potopy ['TK

Kareropis Texuiunoro crany I'TK 1o piBHI0 BiGpauii, Ha yacToTax f, Ta fpz

«Jloope» «3a10BU1BHO» «B1aMoBa»
V,mm/c | W, g(m/ich)| Vommic | W og(m/c?) | V.omm/c | W, g (w/c)
250 - ( - ) 490 - ( - ) 830 175 (14:7)




3HaudeHHs MBUJKOCTI BiOpallii, sike BIANOBIAae rpaHUYHIi xapakrepucTtuii TC

«lo6pe», Bkazanoro B Tabnuii 1, BimHocuthes a0 ['TK siki obmagHano migmmn-
HUKamMu koB3aHHA. PiBenp BiOpanii ['TK, sxi oO6nagHaHO MiAIMIAITHUKAMH KOYCHHS
3a3BUYail OUTBIIMKM, TOMY 0a30B1 3HAYEHHS [JIsl TPAHUYHOI XapakTepuCTHKU «J[00-
pe» Moxke Oyt migBuiieHo 10 Va = 3,0 mM/c 1 «3agoButbHO» 10 Vi = 6,0 MM/cC.
OpnHak, 3HAYCHHS BEJIMYMH IIBUJKOCTI Ta MPUCKOPEHHS JJIS XapaKTEPUCTUKHU TEX-
HIYHOTO cTaHy «BigmMoBa» MOBHHHI 3JIMIIATHCS HE3MIHHMMH 1 BIATOBIJATH 3HA-
YEHHSM, HaBEJICHUM B Ta0auIi 1.

[Ipu ekcrutyaTaniiHOMy KOHTPOJII BIOpALITHUX XapaKTepUCTUK yBary moTpioHO
MNPUAUISTA HE TUIBKH aOCOJIIOTHUM 3HAYEHHSIM BUMIPIOBAHUX BEJIMYMH, a W MIBUJ-
KOCTI IX BIZTHOCHOI'O 3MIHEHHS.

Ile miaTBepaKy€e BCTAHOBJICHI B MPAKTHUIIl JI1arHOCTYBAHHS TOJIOKEHHS B TOMY,
10 /ISl KOKHOTO KOHKPETHOT'0 TEXHIYHOTO 3ac00y HEOOXI1JHO BCTAHOBIIOBATH CBOI
HOPMOBaH1 3HaueHHs Moka3HUKiB TC B Mexkax CUCTEMH iX OI[IHOK, HAIPHUKJIAJ Ta-
KHUX, K HaBEeJICHUX B TaOIHII 1.

BucHoBkH

1. PesynbraTu y3aranbHeHHS AocBiny ekcrutyatanii C/IB3 mo3Bosisie BCTaHOBH-
TH, 110 TpoBiAHOW TpuurHOIO BiaMoB CJ/IB3 ycix tumiB € momkomkeHHs ['TK, Ha
noiiro sikux npunazgae Bix 18% mo 43% Bij 3arajibHOT KUTBKOCTI BIIMOB YCIX KOMIIO-
HentiB CJIB3 i BctanoButH nokazHuku HanaiiHocTi I'TK, sk eauHoro arperaty B
[IJIOMY, TaK 1 OKpEMUX HOTO KOMIOHEHTIB. BuzHaueHo, 110 Hal4acTiiie BigMOBIIs-
10Th Taki By3nu ['TK sk potop, comiosi 1 po6oui JionaTku ra3oBoi TypOiHHU, OMOPHIi
Ta OMOPHO-YMOPHI MIJUIMIHUKA KOB3aHHS, BHACIIJOK PEXKUMY «IIOMIIAXKY» KOM-
npecopy 1 MOpYIIeHHs 0ajJaHCYyBaHHS POTOPY, sIKE OOYMOBIIEHO BIIKJIAJECHHIMH Y
JIOTIATKOBUX arapaTtax TypOiH Ta iX MOLIKOKEHHSIM.

2. BcraHOoBJI€HO, 110 MIBUAKICTH BIOpaIlli XapakTepu3ye AMHAMIYHHUN CTaH poTO-
py, i € iHBapianTHOIO 710 pexumis pobotu I'TK. Ii 3HaueHHS 3anMIIA€ThCS TPAKTHY-
HO MOCTIHHUM B IIMPOKOMY Jliana3oHi 3amipiB yactoT ooeptanus I'TK. Lle no3posie
PEKOMEHyBaTH MIBUIKICTH BiOpallli B IKOCTI OCHOBHOT'O JIarHOCTUYHOTO MapaMeT-
py, npu koHTpoiai TC I'TK, oOMexyro4yuch YacCTOTHHM [ialla30HOM CHEKTpY,
BiMOBiNHMI Tepuiid, f,* Ta apyriif, f;7 rapMoHiuHKMX ckIanoBuX. BracTupicTs iH-
BapiaHTHOCTI 70 pexumiB pobotn ['TK mo3Bossie 3abe3neunTd ONepaTUBHICTH
Bu3HaueHHs kareropii TC.

3. BcraHoBi€HO, 1110 MAaCTWJIBHUMN IIap MIANIMITHUKIB KOB3aHHS 3IaTHUNA aKyMy-
JIOBATH 1 AeMI(ipyBaTH €HEPril0 KOJIUBaHb, IO NEPEIae POTOPOM B MIIIIUITHUKAX
KoB3aHHs. L{t0 BIacTUBICTh MOTPIOHO BUKOPHUCTOBYBAaTH B cucteMax mamieHHs [ 'TK,
3 LUTIO X MOJEpHI3aIlli A MiABUIICHHS HAJAIMHOCTI M1 MIAIIUIHUKIB TIPU «IIOM-
naxy» KOMIIpecopy 1 po30aniaHCyBaHHI pOTOPY SIK€ BUKJIMKAHO €KCIUTyaTallliHUMU
NpUYMHAMU (BUTHHIB POTOPY, MOUIKOXKEHHS JIONATKOBUX arapaTiB, BIAKIAICHHS B
MPOTOYHIN YaCTUHI TYpOIHU 1 T. 11.).

4. Po3riisHyTO HOPMAaTHBHI I'paHUYHI 3HAYEHHS MOKa3HUKIB BiOpalii siki BUKO-
puctoBytoth KT MPCP 1 DNV-GL, nns uine#t ominku TC I'TK CIIB3. Buxopu-
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CTaHHA PEKOMEHJOBAaHMX 3HA4YE€Hb  BiOpallii HEMOXJIHMBE IO  MPUYMHI
HEBUITMOBIAHOCTI PEKOMEHIOBAHUX 3HAYE€Hb BHACIIOK TOTO, III0 HOPMATHBHI 3Ha-
YEeHHs SK1 BCTaBJICHI HUMU PI3HATHCS MK COOOIO IO IMIBUAKOCTI BiOparlii B 2.5 pa3u
Ta MO MPUCKOPEHHIO OUThIT HIXK 3.5 pa3u. TakuM YMHOM BUKOPHUCTAHHSI PEKOMEHIO0-
BaHUX 3HaueHb sKk1 BUkopuctoBytoTh KT MPCP 1 DNV-GL npu3BoauTs 10 Heaaek-
BaTHO1 oiHku peasnbHoro TC I'TK.

5. Buznaueno obnacti ¢pynkuionyBannsa ['TK B 3anexxHocT! Bin piBHs BiOpaiiii, 1
MIPOTIOHYIOTHCSA HACTYITHI HOPMATUBHI 3HAYCHHS BEJIWYUH BiOparllii 1 BIAMOBIAHI M
kareropii TC I'TK CIIB3:

- «lobpe» V = 2,0 (3,0) mMm/c;

- «3agoBisHO» V = 4,0 (6,0) Mmm/c;

- «BigmoBa» V = 8,0 mm/c 1 W = 15,0 m/c?.

IIEPEJIIK BUKOPUCTAHOI JIITEPATYPU

1. Banisoleiman K., Rattenbury N. Reliability trends, operating issues and ac-
ceptance criteria related to exhaust gas turbochargers used in the marine industry// A
classification society view by Lloyd’s Register, marine services.- London, 2008.-
September.- p.21-39

2. Auxiliary Engine Damage 2018. [QnekTpoHnHsiil pecypc]. — Pexxum noctymy
1o pecypcy: https:// www.swedishclub.com/

3. Kanyrin B. M. Anani3 nocBiqy ekcriyaTaiii Ta MOJinieHHsS e(heKTUBHOCTI
aii razotypookommnpecopiB cynHoBux ausenis / B. M. Kanyrin // CynHoBi eHepre-
TUYHI YCTAaHOBKHU: HAYKOBO-TeXHIYHMH 30ipHUK — 2018. Bun. 38. — Opeca: HY
«OMA». — C. 81-90.

4. PMPC 2017. [OnextpoHHbId pecypc]. — Pexum goctymy K pecypcy:
http://www.rs-class.org/ru/

5. DNV GL rules for classification: Ships (SHIP) October 2015. [EnextponHnuii
pecypc]. — Pexxum noctyny k pecypey: http://www.dnvgl.com.

6. CoipoMsaTHUKOB B. @. ABTOMaTHKa Kak CpeICTBO IUArHOCTUKUA HAa MOPCKUX
cynax / B. ®. Ceipomstaukos. — JI.: Cynoctpoenue, 1979. — 312 c.

VIIK: 661.96(045)

Jemimora H.II.
Hamionanbauit yHiBepcutet «O1echbka MOpPChbKa akaaeMis»

BupoOHnuTBO Ta 30€piraHHsA BOJHIO

AHOTAalif: y CTATTI PO3IJSHYTO OCHOBHI CIIOCOOM OTpUMaHHS BOJIHIO, 13 3a3Ha-
YeHHSM iX mepeBar 1 HejodikiB. Po3kpuTo mpobiemMaTKy MeToiB 30epiranHs BOJ-
HIO, 10 MOB'A3aHlI 3 Moro (¢Ii3UKO-XIMIYHUMH BJacTUBOCTsAMU. IIpeacraBieHi
HaNWOUIBII MEePCHNEeKTUBHI CIOCOOM OTpUMAaHHA 1 30€piraHHsl BOJHIO 13 3a3HAUYECHHAM
nepeBar noJaibluX AOCIIIHKEHb B OOpaHUX METOAaX.

Kuaro4oBi cioBa: BoJeHb, OTpUMaHHs BOJHIO, 30epiraHHsS BOJHIO, BOJHEBa
€HEepreTuKa.
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Abstract: in the article I consider the main methods of obtaining hydrogen, in-
dicating their advantages and disadvantages. The problems of hydrogen storage
methods, connected with its physical and chemical properties, are disclosed. The
most promising ways of producing and storing hydrogen are presented, indicating
the advantages of further research in the selected methods.

Keywords: hydrogen, hydrogen production, hydrogen storage, hydrogen energy.

AHOTAaIlif: B CTaTh€ PaCCMOTPEHBI OCHOBHBIE CIIOCOOBI MOJYYE€HUS BOJOPOAA, C
yKa3aHHEeM HX TMPEUMYIIECTB M HEJOCTaTKoB. PackpbiTa mpobiieMaThka METOOB
XpaHEHHUs BOAOPOJIa, KOTOPBIE CBA3AHBI C €r0 (PU3MKO-XMMHYECKUMHU CBOMCTBaMHU.
[IpencraBiensl HanboJiee MEPCIIEKTUBHBIE CIIOCOOBI MOMYYEHUS M XpaHEHUs BOJIO-
poJla ¢ yKa3aHHEM MPEUMYIIECTB AAJTbHEUIINX UCCIEOBAaHUN B BHIOPAHHBIX METO-
nax.

Kuro4oBi cioBa: Bogopos, NojiydeHUE BOAOPOAA, XPAaHEHHE BOJOPOJAA, BOJO-
pOHAas YHEPIeTHUKA.

Bogaens, sk yHiBepcaJibHMIM HOCIA €Heprii, 371aBHa OyB NpHUBAOJIMBUM CBOEIO
€KOJIOTTYHOI0 YHUCTOTO, THYUKICTIO Ta e€(eKTUBHICTIO. ChOro/IHI TEXHOJOT1i BUPO-
OHMIITBA BOJHIO PI3HOTO CTYIEHS, 3 IPAKTUYHO HEOOMEKEHOI0 CUPOBUHHOIO 0a3010,
€ 1ocuTh Xopomumu. OHaK MepeBakHa OUIBIIICTh (PIBUYHUX Ta XIMIYHUX BIACTH-
BOCTEIl BOAHIO 3HAYHO IMEPENIKO/IKA€ PO3BUTKY €Heprii BoAHI0. Jlo Takux BIacTu-
BOCTEH BITHOCSTHCS: HU3bKa T'YCTHHA ra3onoAiOHOr0 BOJHIO, HU3bKa TeMIeparypa
3pIIKEHHS], BUCOKa BHOYXOHEOE3MEUHICTh 3 HECTIPUSATIMBUM BIUIMBOM Ha BIACTH-
BOCT1 KOHCTPYKIIiitHUX Martepianis [1,2].

Po3risitHemMo OCHOBH1 METO/IM OTPUMAHHS BOJHIO: €JIEKTPOIIi3, peopMiHT, ra3u-
¢ikairis, TepMOXIMIYHI IIUKIIU, 61070T1YHE BUPOOHHUIITBO.

BupoOHHMIITBO BOJHIO MIISXOM pPO3KIAJaHHS BOJU T €10 €JIEKTPUYHOTrO
CTpYMYy Ha3MBA€TbCs enekmponizom. IlepeBaramu 1poro crnocoOy BUpPOOHMIITBA €
HACTYIHI: J00Ope HaJlaro/keHa 1 KOMEpUiHHO JOCTYIMHA TEXHOJIOTIS;, PETEIHHO BHU-
BUEHUH MPOMUCIOBUM Mpolec, NPpUAATHUN JIJIi OTPUMAaHHS BOJHIO 3 BIJHOBIIIOBA-
HUX JDKepes eHeprii (Hampukiiaj, COHIYHOT), 110 3a0e3neuye NOBTOPIOBAaHUI Xapak-
Tep JEeAKUX MOHOBIIOBAHMX JIPKEPEN €HEPrii; BUCOKAa YUCTOTAa TOTOBOTIO MPOAYKTY.
Opnak 1eil MeTo1 peanizyeThCsl 3 BUCOKMMU BUTpaTtaMu Ha eHeprito. Kpim Toro, ic-
HY€ KOHKYPEHIIiS IPU MPSIMOMY BUKOPUCTaHHI BIIHOBIIOBAHOT €JIEKTPUYHOI eHeprii
[3].

Hactynaum, no6pe BUBYEHHM, IIMPOKO 3aCTOCOBYBAHMM CIIOCOOOM BHUPOO-
HUITBA BOJIHIO € peghopmine (CTAIOHAPHUM Ta TPAHCIOPTHUI) TETIOBE PO3KJIaJaH-
HSl BYTJIEBOJAHEBOrO majvMBa napom. llepeBaroro 1poro MeToay € HU3bKa BapTiCTh
NPOJYKTY 3 MpHpoAHOro razy. OgHak y IbOTO METOJY € 1 CBOi HEJOJIKH, 1 JIOCUTh
3Ha4H1 JpiOHOMAcCIITaOHI MPUCTPOI HE MalOTh KOMEPIIMHOI I[IHHOCTI, KIHIIEBUU
MPOIYKT MICTUTh JOMIIIKHM; JEsKI IpOrpaMy BUMAararoTh OUMILEHHS Ta3y; BUKUIU
BYIJIEKHCIIOTO Ta3y; MEPBUHHE MaJMBO MO>KHAa BHUKOPUCTOBYBATH O€3MOCEpPEIHBO

[3].
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Tazughikayis — po3kiIaiaHHsT BaXKKUX BYIJIEBOAHIB Ta O6ioMacH JJIsl MOAAJIbIIOT
TpancdopmMmairii BogHIO Ta rasziB. L{g TexHosoris Oyna MMpoKo BUBUCHA IS BEJTUKHUX
BYIJIEBOJHIB y BEJMKUX MacIITadax, BOHA BUKOPUCTOBYETHCS ISl TBEPAOTO Ta PiJl-
KOro MajuBa, TakoXX OyJio MpoAeMOHCTpoBaHO Tasudikailito 6iomacu. Lleit meTon
TaKOX Ma€ CBOI1 HEJOJIIKH: MPOIeC He BUBYEHUH MOBHICTIO; HEBEJIMKI MPUCTPOT Piji-
KICHI; KIHIIEBI MPOJAYKTH BUMAararTh IHTCHCUBHOT'O OYMILCHHS Tepe]] BUKOPUCTAH-
HsIM; 6l0Maca BUKOPUCTOBYETHCS K TOOPUBO; KOHKYPEHIIiS 3 CHHTETUYHUMHU TajIu-
BaMH 3 OiOMacH.

BupoOGHUILITBO BOJHIO 3a JOMOMOTOI MEePMOXIMIYHUX YUKIIG, 10 BUKOPUCTO-
BYIOTb JICIIEBE BUCOKOTEMIIEpATypHE TEIUIO SJIEPHUX PEAKTOPIB a00 KOHIIEHTPOBA-
HOT COHSIYHOI €HEeprii, Mae psJ MepeBar: NPUHIUIIOBO MOXKJIMBO OTPUMATH BEIUKI
00’€MU BOJHIO 32 HU3BKOIO BapTICTIO Ta 0€3 BUKUIIB MAPHUKOBHUX ra3iB JIJIs BaXKKOI
MIPOMUCIIOBOCTI 1 TPAaHCIIOPTY. ICHYe MDKHapOJHA CIIBIpAIll B Tally31 HOCTIIKEHb,
pPO3pOOOK Ta BIPOBAIKEHHS, ajie el MPOLEeC CUHTE3Y € CKIAIHUM 1 BCe I1I€ HE Mae
KOMEpIIHHOT I[IHHOCTI, BIH BUMAarae TPUBAJIOro AOCIKEHHs MaTepiaiiB (OJU3bKO
10 pokiB), yIOCKOHAJIEHHS XIMIYHMX TE€XHOJIOT1H; BUMarae siIepHOr0 peakropa Bu-
COKOIT TemriepaTypu a0 COHSUHUX KOHIIEHTPATOPIB.

bionozciune eupoonuymeo Boauio [4] me BuBuaeThes. Lleit cnocid BUpoOHUIITBA
3aCHOBaHUN Ha 3JIaTHOCT1 BOJOPOCTEH Ta OakTepiil BUPOOJSATH BOJEHb 3a MEBHUX
YMOB. 3BHYaiHO, 1Ie¢ MOXE OYTH YyJIOBUM PECYpCcOM, ajie OCHOBHI1 MUTaHHS: HU3b-
KU piBeHbh HAKOMMMYCHHS BOJHIO 3-32 MaJIOi IBUAKOCTI; JIJIsl IIbOTO MOTPIOH1 BEJIMKI
IO, HAMOUIBII 3py4Hl 00’ €KTH 1€ He BHUsABIEHI. JloCHiKeHHs 010JIOTTYHOTO BU-
POOHUIITBA 111€ TPUBAIOTb.

JleTasibHe BUBYEHHSI MaTepiaiiB METOAIB CUHTE3Yy BOJHIO MOKa3ajo, 1110 BUKOPH-
CTaHHS aTOMHOI €Heprii € ayKe NePCIeKTUBHUM JUIsl il MallOyTHHOIO MacoBOTO BU-
poOHHULITBA. Y LILOMY BUIAJKY PO3IJISIAIOTHCS 1Ba OCHOBHI METOJU: BUKOPUCTAHHS
HAJUIMIIKOBOI SIIEPHOT €Heprii aTOMHUX €JEKTPOCTaHLINA Yy HIYHUM Yac JJid HAaKOIu-
YEeHHS BOJHIO, OTPUMAHOTO 3a JOMOMOIOI0 EJIEKTPOIi3y; BUKOPUCTAHHS BBICOKO-
TEeMIIepaTypHUX PEAKTOPIB 3 ra30BUM a00 METajIeBUM TEIJIOHOCIEM JIJIsi BUPOOHHUIIT-
Ba BOJHIO y MPOIIeCi TePMIYHUX HUKIIB. OCTaHHS TEXHOJIOTISA € HAWOUIbII €KOHOMI-
yHO BuUTiAHOM. KoHuemninisa, po3podiiena B CPCP na mouatky 1970-X pokiB, mupo-
KOI'0 BUKOPUCTAHHS BOJIHIO, OTPUMAHOTO 3 BOJHU 3a JIONIOMOTOI0 SJIEPHUX PEAKTOPIB,
OTpHUMaJlia Ha3By aTOMHO-BOJIHEBOI €HEPreTuKH [5,6].

[Ipu oTpuMaHHI BOJIHIO B JJaOOpaTOpisiX BUOMPAIOTH T1 BUX1/IHI MPOJIYKTH, BOJICHb
3 SIKMX BUIULIETHCS Haiijerimie. 37eOUIbIIOr0 BOJEHb B JIAOOPATOPISIX OTPUMYIOTH
enexTpodizoM BogHuXx po3unHiB KOH a6o NaOH. Ha BurotoBneHHs eeKTpOAiB e
3a3BUYail JIMCTOBUI HiKeb, 00 BIH HE MIJAAE€THCA KOPO3il MPH 3aHYPEHH1 B PO3UYHH
ayry. KoHeHTpanio X po3yuHiB MiI0UPalOTh BIAMOBIIHO 10 MAaKCUMAJILHOTO TO-
Ka3HUKa ix ejaexTponpoBigHocTi (34% mist KOH 125% st NaOH).

JHucoramis KOH:
KOH =K*+ OH"~
H,O 2 H* + OH™
Binomo, 1110 B pa3i BOJHUX PO3YMHIB CIIOCTEPITA€ThCSI KOHKYPEHIIISI MIXK 10HAMU

PO3YMHEHOI PEUYOBHUHHU 1 BOJM 3a MpPOLIEC OKUCIEHHS 1 BiAHOBIEHHA. KarioHu, 1mo
CTOSITh Yy PAM1I HAOPYr BiA JITIIO A0 QIIOMIHIIO PYyXalThCs 10 KaTojaa, aje He
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BIJTHOBJTIOIOTHCS] HA KaTO/ll, TaK SIK W€ BIAHOBICHHS BOAM; HA aHOA1 e OKUCICHHS
10Ha T1POKCUITY.

Kar(-): 2H,0 + 2e = H,1 + 20H"™

AH(+): 40OH™ - 4e = 0,1 + 2H,0

CymapHe piBHSHHS MTPOLIECY:

2KOH + 2H,0 — (enextponiz) — 2KOH + 2H,1 + O31

SAxio, Hanpukian, V(an) = 11,2 1, To XiMiuHa KUTBKICTb ra3y (O) Ha aHOAI:

n(O;) = Van/Vm=11,2/22,4 = 0,5 (Mons).

3a piBHAHHAM peakilii XiMiuHa KUIbKICTh Ta3y (Hz) Ha katozil BaBivi OUIbIINA, HIXK
XiMiuHa KUTBKICTh Ta3y (O,) Ha aHO/II.

n(Hz)=2 - n(0;)=2 - 0,5 = 1(moip);

M(H;) =2 - 1 =2 (r/mo1p);

Maca Boanio: m(H;) =n(H;) - M(H)=2-1=2r.

OtpumaHHs BOAHIO a00 HOro BUIUIEHHS B J1a0OpPaTOPHUX YMOBax MOXKHA OXa-
pakTepU3yBaTH 3a IONOMOIOI0 HACTYITHUX PEaKIIii:

1) Ilpu nii kucnoT Ha MeTanu (KUCJIOoTa po3daBieHa). 3a3BUYail BUKOPUCTOBY-
10Th IMHK B rpanyiax 1 20-30 %-uil po3uuH cipyaHOi KUCIOTH, 3 JOJaBaHHIM 2-3
3epHATOK MIJHOTO KYHOpOCY JUIsl MPUCKOPEHHS peakxilii, IKy IpOBOASTH, SIK MpaBu-
7o, B anapari Kinna. Yuctora BoiHIO 00YMOBJIEHA YUCTOTOIO BUXITHUX MPOAYKTIB.
VY BoAHI MOXYTh OYTH MPUCYTHIMH CIIIJU JOMIIIOK CIpPKOBOJHIO, a30TY, JJIsl BUJa-
JICHHS SIKMUX BOJEHBb MiAJAI0Th J0JATKOBOMY OYMILEHHIO. MOXXHAa 3aCTOCOBYBAaTH
3aMICTh UMHKY 3alli30, HANpUKIAA, Y BUIIIAAI CTPYXKH, ab0 1HIII MeTaju.
3aMiHIOBAaTH cipyaHy KHCIOTY Ha COJSIHY HebaxaHo, 00 BOJEHb OyJe MpUTATYBaTH
XJIOpUCcTUi BojeHb. Jlyia peanizanii 1iel peakiiii 3a3BU4ail BAKOPUCTOBYIOTh LIMHK 1
cipuany kucioty. Hukde HaBelleHO pIBHSIHHS JUJIsl Peakiili 3 3aCTOCYBaHHSAM cipya-
HOI KUCJIOTH:

/n + HSO, — ZnSO,4 + HZT

2) [Ipu B3aeMo/ii KaJbllito 1 BOJIU:

Ca+2H,0 —> Ca(O[‘[)g + HZT

3) Ilpu riapomni3i rigpuliB, NpU AKOMY TIIPUAM METAIIB JIETKO PO3KIAAAI0OTHCS
BOJ/IOI0, YTBOPIOIOYH BIANOBIAHY JYTY 1 BOJIEHb, HANIPUKJIAA, MPHU TIAPOII31 TIAPUTY
HaTPpIIO:

NaH + H>O — NaOH + H>t

4) Ilpu naii Ha anroMiHiIA a00 IUHK JY>KHUX po3uuHiB. OTpUMaHUN JaHUM CIIO-
coOOM BOJIEHb Ma€ BHUCOKUM CTYNiHb YUCTOTH. JIucToBHMII ab0 amallbroBaHHil
aNIOMIHIN a00 aNOMIHIEBUI IPIT HApPi3al0Th IPIOHUMH MIMATOYKAMHU 1 3aHYPIOIOTH B
anapar Kinan, 3anoBuenuit 10-15 % -uM po3urHOM JyTy.

24l + 2NaOH + 6H>0 — 2Na[Al(OH),] + 3H>1

/n + 2KOH + 2H>0 — KQ[ZH(OI‘[)4] + HZT

5) B xoni enekTposnizy BOJAHHUX JY>KHUX PO3UYMHIB 200 PO3UYMHIB KHUCIIOT Ha Ka-
TOJ1 TAaKOX B1JI0YBA€THCS BUJIUICHHS BOJIHIO, HAIPUKIIA:

2H;0" + 2 — 2H,0 + HZT

Karionu meTtasniB 3 HU3bKUM MOKa3HUKOM €JIEKTPOAHOrO MOTEHIIialy HE BIAHOB-
JIOIOTHhCSI HAa KaTOl, BOHU 3aJIMIIAIOTBCA B PO3UMHI, @ HAa KAaTOMl X /i€ eIeKTpo-
XIMIYHUN MPOIEC BITHOBJICHHS BOJHIO 3 MOJIEKYJT BOJIH.

35



6) [Ipu enekTpoaITHUHOMY CIIOCO01 pO3KIaJaHHSs BOJIU:

2H 20 = 2H 2 + 02

Boga B cBoeMy uncTOoMy BUIJISAI Mailke 30BCIM HE MPOBOJAUTH CTPYM, TOMY 10
Hei ofaroTh enekrpouit, Hanpukiaa, KOH. B xoai enextposizy Ha KaTtojl Cro-
CTepiraeMo 3a BUJIICHHSIM BOJIHIO, @ Ha aHO/1, BIAMOBITHO — KUCHIO. B nanomy me-
TOJ1 KUCEHb € TIPOJYKTOM MOOIYHUM, 1 BUIUIIETHCS BiH B TiM ke KiIbKocTi. Kucens
JIETKO BUJIAJISIETHCS MPU MPOIMYILIEHH] ra3y yepe3 MEeBHI KaTaiai3aTopH, BOACHb Ke,
OJIep>KYBaHHUM €NIEKTPOIII30M BOJIU, SABJISLE COOOIO IOCUTh JOPOTUN TPOIYKT.

7) IIpu B3aeMoii BoasHOI mapu 1 ¢gioseroBoro dhochopy:

2P + 8H>O = 2H;PO4 + 5H,

[Tapu docdopy Bim BiTHOBIEHHS B €JIEKTPUYHINA eyl ¢ocdaTy Kalblilo Mpo-
MyCKAIOTh HaJ KaTajli3aToOpoM 3 BOASHOIO maporo mpu temnepatypi 400-600 °C. [la-
HUM METOJOM, SIK 1 IPH 3pIKyBaHHI (PpakifHOMY) KOKCOBOTO Ta3y, OTPUMYIOTh
BOJICHb, KU WJIe Ha CUHTE3 aMiaKy.

8) BogeHb oTpuMyIOTh pO3KJIaJJaHHAM METaHy, OJIHAK 1€ BUMarae HasiBHOCTI BH-
cokoi Temnepatypu. KpimM BogHIO, TOOITYHUM MPOIYKTOM OyJie caxka, 1110 3HaAXOAUTh
TaKOX IIMPOKE 3aCTOCYBAHHS B POMUCIOBOMY CEKTOPI:

CH,=C+ 2H,

VY npoMHUCIOBOCTI € i 1HIII CIOCOOM, K1 peai3yloThCsl B MpoIecax OTPUMAHHS
BOJHIO: €JIEKTPOJII3 BOJHUX PO3UMHIB COJIEH, B3a€EMOJIIA BOJU 3 METAJaMH, OKHC-
JICHHS KMCHEM MeTaHy (IpU IMPHUCYTHOCTI KaTajli3aTopiB) 1 ekl iHII. BuxigHumu
CUPOBUHHHMMHM MPOJYKTaMHU JJIs BUPOOHHUIITBA BOJHIO MOXYTh OyTH CMITTS 1 HaBITh
OloyoriuHi Bigxoau [3, 4].

Cranis 30epiraHHsi BOJIHIO SIBJIsIE COOOI0 MPOMDKHY JIAHKY B HOTO >KUTTEBOMY
IUKJI1 B1T BUPOOHUIITBA 0 CrIOKUBaHHs. OJTHUM 3 HaWBKIIUBIIIUX TEXHOJOTTYHUX
NUTaHb €HEPreTUKH BOJHIO € PO3pOoOKa HAWOUIbII E€KOHOMIYHO-€(DEKTUBHHUX Me-
TO/1B 30€piraHHs BOJHIO.

SIx mpaBuiI0, BOJEHB 30€pIra€Tbesi B TPhOX arperaTHUX CTaHaX: 3piIKeHoMY, a0-
copOoBaHOMY a00 cTUCHEHOMY. OCHOBHI MUTaHHS, SKI HEOOXITHO BUPIMIUTH TIPHU
pOo3po0IIi TEXHOJOT1# 30epiraHHs BOJHIO, 3BOASATHCA JJis 3a0e3MedeHHs iX Oe3neKu
Ta peHTabeNbHOCTI, sIKi 0e3MocepeIHhO MOB'sI3aH1 3 XIMIYHUMH Ta (PI3UYHUMU Bila-
CTUBOCTSIMU BOJIHIO.

Jlo HaiOUTbII MOMKpPEeHUX (PI3UYHUX METOMAIB 30epiranHs BojHIO [3,7], 1m0 Bu-
KOPHUCTOBYIOTh (DI3WYHI MpoIiecH (CTUCHEHHS 1 3pIIKEHHs) NI MEepPEeBE/ICHHS a3y
BOJHIO B KOMIIAKTHUI CTaH, BXOJASThH: JJIsi CTACHEHOTO BOJAHIO - ra30B1 OaloHU, CTa-
I[IOHAPHI MACUBHI KOHTEWHepu mJia 30epiranHs (pesepByapu), TPyOONpPOBOIM;
piAKUI BOAEHB: CTAI[IOHAPHI Ta TPAHCIIOPTHI KPIOT€HH1 KOHTEHHEPH.

Jlo HalOUIbII MOMMPEHUX XIMIYHUX METOAIB 30epiraHHs BojHIO [3,7], 5Kl 3a-
Oe3rneuyroThes Ppi3uyHUMU ab0 XIMIYHUMHU IIpoLecaMy Horo B3aeMo/lii 3 MaTepiaja-
MU, BITHOCSITBCS: afcopOIis - MOTIMHAHHS ra3iB MOBEPXHEBUM IIapoM PiAMHU abo
TBEPJOIro Tijla (aKTUBOBAaHE BYTULIs, BYIJIE€BOAHEBI HaHOMAaTepiain); abcopOuisa —
o0'eMHe TIOTJIMHAHHS Marepiany (MeTajeBl TIAPUAN), METOAHM, 3aCHOBaHI Ha
XIMIYHIA B3a€MOJIIi CIIJIaBiB Ha BOJHIA OCHOBI Ha OCHOBI aJOHATIB, QyJIEpeHIB Ta
OpraHiYHMX T1IpaTiB, aMiaKy, ry0yaToro 3aji3a, aJlOMIHIIO Ta KPEMHIIO.
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HaliGinpin nepcrneKTHBHUMU METOJaMM 30epiraHHsi BOJHIO Ha ChOTOJHIIIHIN
JI€Hb €: METOJ 3 BUKOPHUCTAHHSM BYIJICIIEBUX HAHOTPYOOK [8]; meTon 30epiraHHs
BOJIHIO B abcopOoBaHOMY cTaHi [3].

Ha nymky BueHuX [8], BUKOPUCTaHHS BYIJICLIEBUX HAHOTPYOOK MOKE BUPIIIUTH
Oararo mpobsiem 30epiraHHsi BOJAHIO. Taki ByTrjeleBi MaTtepiaiu, sik HAHOBOJIOKHA 1
HAHOTPYOKH, JOCUTH JIETKl, MalOTh MOPOKHUCTY CTPYKTYPY 1, OTKE, MOXKYTh BHUKO-
PUCTOBYBATHCS SIK KOHTEHHEp i 30epiraHHs BOJHIO MPpH 30€pexeHH1 Horo rycTu-
HU B ra3onoJi0HoMYy cTaHl. BojeHb 37aTHUI MOBUIbHO BUBUIBHIOBATUCS 3 HAHOMA-
TepiaiiB MiJ Yac iX HarpiBaHHsA. J[oBKMHA HAHOTPYOOK MOKE CTAaHOBHUTH KiJIbKa ca-
HTUMETPIB, a JlaMeTp — JIMIIE KUThbKa JeCATKIB HaHOMeTpiB. HaHOTpyOKM ckiama-
IOThCSl 13 3TOPHYTUX y TPYOKy OJniHI€T ab0 JEKUIBKOX MIECTUKYTHUX TpadiTOBUX
IoMH (rpadeHiB) 3aKiHYYIOThCS B «IMiBC(EPUUHII» TOJOBIII, SIKY MOXKHA PO3TJIs-
JIaTH SIK TIOJIOBUHY MOJieKyJu ymiepena [9].

HNocninauku 3 nabopartopii Jloypenca y bepkii (ma6oparopis bepxii) nmpugyma-
T 1ealibHe pIlIeHHs JUIs 3py4HOro 30epiraHHs BOAHIO. BOHM CTBOpMIM IOCUTH
HEJIOpOTUI HAHOKOMITIO3MT, 3/JIaTHUN TOTJIMHATH BOJEHb 3 BUCOKOI HIBUIKICTIO 1
MOBEPTATH MOT0 MpPU MOMIPHOMY HarpiBaHHi. binbiie Toro, Meran, 10 MICTUTHCS B
KOMIIO3UTI, HE OKHCIIIOETHCA 1 HE pyHHY€EThCs 3 yacoM. Jly»ke BaKJIMBUM acCIEKTOM €
Te, 10 SAKIIO 1151 po3podka Jadopatopii B bepkili nocarue koHBeiepa, BoHa Mae OyTu
no0pe COpUifHITa B eHEPreTUUHIN Ta TPAaHCTIOPTHIN ramy3sX.

Panime Bxxe Oysiy 3anipONOHOBaH1 y SIKOCTI €(PEeKTUBHUX KOHTEHHEpPIB 11 30epi-
raHHs BOJHIO BXK€ MPONOHYBAJIUCS METANEBl TIpaTH 3 HIMPOKUM JAianma3oHOM BiO-
pamiii, a TakoXX TaKi €K30THYHI Marepiaiu, fK IMOoJiMepHa MiHa abo, HANMpHKIAl,
CIIOJIYKU aMiaKy, ajie >KOJI€H BapiaHT HE CTaB MACOBHM.

EurekAlert moBigomiisie: HOBHI MaTepiall CKIaIa€ThCs 3 BEIUMKOI KUIBKOCTI Ha-
HOYACTUHOK METAJIeBOr0 MarHito, siki piIBHOMIPHO PO3MOLICH] M0 MOBEPXHI MaTpu-
1l 3 noaiMeTwiMeTakpuiarta. [lomiMepHa MaTpulls rajibMye KUCEHb 1 BOJSHY Mapy,
ajie pyu bOMY IPOITYCKA€ BOJIEHb IO MAarHilo 1 BUITyCKa€ Horo 3a HEOOXIAHICTIO.

Sk moka3yroTh 6arato AOCIIIHKeHb, METOJl YTPUMAaHHs BOAHIO B abcopOoBaHOMY
CTaHl € Ayxe mnepcrneKTUBHUM. OpHAaK OUIBIIICTh COPOLIMHUX MaTepialiB MOXYTb
nornuHat A0 7-8 % BOAHIO B MacoBid dacTii. ToMy akTyalabHICTH PO3pPOOKHU
NUISAXIB MIABUIIEHHS bOTO MOKA3HUKA € BAXKJIMBUM MUTAHHIM JUIsl JOCIIIHUKIB Y
I1H ramysi.

3HaYHUX YCHIXiB y MIABUIIEHH] COpOIiiiHOT 3aaTHOCTI Aocariau A/ @uurine (Ad-
am Phillips) ta b. [lluBapam (Bellave Shivaram). Bonu 3moriu omucatu mnporiec
CUHTE3y KOMITO3UTHOTO MaTepialy Ha OCHOBI METaJIeBOr0 TUTaHYy, B SIKOMY IOTJIH-
Haloya 3/1aTHICTh jocsirae 12,4 % macu BojHIO. JIOCHITHUKK HAroJouIyroTh, O iX
po0oTa € JuiIe NepurM KpoKoM y IbOMY HOBOMY HampsMmKy. [loku iM Branocs ot-
pUMaTH JUIIEe MOHOMOJEKYJSIPHUN IIap HOBOIO MaTepialy, 1 MOKU HE SCHO, SIK 13
TUTAHOBOI CIOJYKH JecopOyBaTu (BUBUIBHUTU) BoJEHb. SIk moBimomisie Physics
World, Takox HEoOXiHO MPOAOBXKYBATH MOLIYK HOBHX CIONYK TUTaHy 3 IHIIMUMHU
OpraHIYHUMHM MOJIeKyJIamMu (O€H30J1 Ta 1HII MUKJIIYHI CTIONYKH).

BUCHOBOK: mnomyk MeETOJlIB BUPOOHUIITBA BOJHIO 1, 37€OUIBIIOT0, METOIIB
30epiraHHs € NepcrneKTUBHUM HaNpsIMKOM y BUBUYEHHI II€T IPOOIEMH.
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Hynko! C.A., T'mazesa' O. B., Pax® O. M.
"Hamionanpamit yHiBepcuteT «Oiechbka MOpPChKa akaIeMis»
?JloHeUbKKI HAL[IOHAILHUM TEXHIYHUM YHIBEPCUTET
IinBumeHHs eHeproedeKTUBHOCTI MOPCHKMX CY/IeH HIISIXOM 3aCTOCYBAHHA
MOHOBJIIOBAJILHUX IZKepeJ eJIeKTpPoeHepril

3 mignucanHsaM y 1997 p. KioTChKOTro mpoTOKOJy PEryIIOBaHHS BUKUIU MMapHU-
koBux rasis (I1I') Ta moB’si3aHa 3 HUM €KOHOMIYHA JISJIbHICTh, IEpecTasa OyTH BU-
KJIFOYHO NPEpPOTraTHBOIO HAIIOHAJIIBHUX BAJ 1 cTana 00’ €KTOM MDKHAPOAHHUX YTOJI.
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[um nyno mokjageHo MoyaTok ckopodeHHio BUKUAIB [T B aTMocdepy ans ctpu-
MYyBaHHS IMPOIIECY M00ATBHOrO MOTEIIiHHS. TakoX BCTAaHOBIIIOBAIKMCS KBOTH IO
Bukuaam I1I" n1nst nekinbkox po3BUHEHUX JAepskaB. [loganbliie po3BUHEHHS 11 MIXK-
HaApOJHI 1HINIaTUBHU oTpuManu y [lapu3bkiil yroi, mo 3000B’s13a11 yCiX MiMUCaH-
TiB PamkoBoi Koueniiss Opranizamii O0'ennanux Hariil i3 3MiHEHHAM KIIIMarty
(PKOOH3K), mo BinOynacs B [Tapuxi 12 rpyanst 2015 p, 0OMeXUTH 3pOCTaHHS Te-
mrepatypu Ha piBHi 1,5 °C. Ha Bigminy Bix KioTcskoro npotokony, [lapusbka yro-
na mpsMo He 3raaye Mixnapoany Mopebky Opranizaiito (MMO) B sIKOCTI OCHOB-
HOro (hopyMy uist Bupienns nmpooiemu BukuaiB [1I' B mopi. Onnak [lapusbka yro-
Jla MOIIMPIOEThCs Ha Bel anTponorenHi Bukuau Il 3 ycix cektopis. JlilicHO, Xxapak-
TEep MDKHAPOAHUX MEpeBe3eHb YCKIAIHIOE npunucyBaHHa BUKUAIB [II" KoHKpeTHIH
KpaiHi, OCKUTbKH CYJTHO MOKe OyTH 3apeecTpOBaHE OJHIEIO IEPKABOIO Mpanopa, Ma-
TH WIEHIB eKiNaxy 1 KaliTaHiB 3 PI3HUX KpaiH, MpUHaJIeKaTh KOMIaHIi B 1HIIN Kpa-
iH1, yapTep TPEThOi 1 MPOKIAJATH MAPIIPYTH MK YETBEPTUMMU.

MMO - MixHapoJIHa MDKYpsJI0Ba OpraHi3ailis, sika € creniaaizoBaHOI yCTaHO-
Boto OOH, 1m0 cnyxuth amapaTom s cHiBOpaili 1 oOMiHy 1HGOpMAIIIE€IO 3 TEXHIY-
HUX MMUTaHb, MOB'SI3aHUX 3 MDKHAPOJHUM TOPTOBEJIbBHUM CYAHOILJIABCTBOM IpPHITHS-
na B rpyani 2003 p pezosnroniro A.963 (23) "Ilonituka 1 npaktuka MMO, 1110 BiJIHO-
cuthes 10 ckopoueHHsa Bukuni I1I" 3 cyniB ". ¥V npoMy JOKYMEHTI 3a3HavyaeThCs,
10 CKOPOYEHHS TAKUX BUKHJIIB MOXE 3A1MCHIOBATHUCS 32 JOMOMOIOI0 MPUUHSATTS
TeXHIYHUX 1 eKCIUTyaTaliiHuX 3axo/iB. TyT ke BKa3yeTbCsl PO HEOOXIAHICTH PO3-
pOOKHM METOA0JIOTIi onKcy epEeKTUBHOCTI CyAHA 3 TOUKH 30py BUKUAIB I1I" 3 ypaxy-
BaHHAM Toro, 1o CO, € ocHoBuum I1II', mo BukuaaeTses 3 cyaniB. Kpim Toro, oc-
HoBHUMHU [II', B mopsKy 3HAUMMOCTI iX BIUIMBY Ha TEIUIOBHM OanaHc 3emil, € Ta-
KO METaH 1 030H. Y JOKYMEHTI BKa3y€eTbCs PO HEOOXIIHICTh PO3POOKH KEPiBHUII-
TBa JIJIs 3aCTOCYBaHHS HA MPAKTHUIll cUCTeMU 1Haekcanii Bukuain [T

HismpHicTe MMO 1o po3po01ii cBoix iHCTpyMeHTIB (MbKHapOAHUX KOHBEHIIIH,
HUPKYJISApU Ta 1H.) 3JIACHIOEThCS poOounmu opranamu - Komitetamu MMO, ki
MpaIiolTh HaJ PO3BUTKOM MIKHApOIHOI KOHBEHIII MO0 3amoOiraHHs 3a0pya-
HeHHio 13 cyaeH (MAPIIOJI 1973/78). Kousenis mae 6 noxatkiB. JogaTox VI [1]
MPUCBSYEHO 3aXUCTy aTMocdepu Bif 3a0pynHeHHs 3 cyaeH. KpiM 3axoiB, 110 BXKU-
BaIOThCS 1010 3aXUCTy aTMOc(epH BiJ BUKUIIB OKCHAIB cipku (SOX), OKCHIIIB a30-
Ty (NOX) 1 TBepaux yactunok (TH), MMO Buctynuia 3 iHIlIaTUBOIO PO3POOKH 1H-
cTpyMeHTy 1o 3axucty armoc@epu Bif I1I'. {1 Bumoru ysiiinuiu B rnaBy 4 Jlogatka
VI no MAPIIOJI i cnpsimoBani Ha 3HmkeHHs emicii [1I" 3 cynen. Ha wactky cextopa
€KOHOMIKH, TIOB'SI3aHO1 3 MOPCHKOIO Tally33i0 (MbKHApOAH1, KAOOTaXKH1 MOPCHKI TIe-
peBe3eHHs 1 pubanbeTBO) npumnanae 3,3%.

Binnogiguo no kouBeHiii MAPITIOJI 1973/78 sukunu CO; ciiiji BpaxoByBaTH 3a
nonomoroto koedimienta eHeproedexruBHocTi cynHa (EE), skuii € xoMIieKCHUM
MOKa3HUKOM SIKOCT1 CyHOBOi eHepreTuuHoi yctanoBku (CEY), Buxoasuu 3 ii Bu-
TpaTHUX pecypcHuX nokasHukiB. [lonpasku 10 Jlonatky VI no MAPIIOJI 3 TexHiu-
HUX 3axoAiB ckopoueHHs BukuaiB II[" 3 cymauiB BignmoBimHo no Pezosmrorii MMO
MEPC.203 (62), Bctynunu B cuity 3 1 ciuns 2013 poky st KOXKHOTO HOBOTO CyHA
BaJioBoto MicTKIicTIO 400 1 Ouible peecTpoBUX TOH. IIpu 1bOMY MOBUHHI OyTH BU-
3HaueHi: HeoOxignuii 1 Jocsarnyruii KoncrpykruBHi koedinienTu eHeproedex-
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TuBHOCTI (EEDI), a Takox nmoBuHeH Oytu 1 BukonyBatucsi CyTHOBUHM TUIaH yIpaB-
ninus EE cynna (SEEMP). Metonuka fioro BU3Ha4Y€HHs AeTaJIbHO BUKJIaaeHa B [3].
Hocsraytuit EEDI noBuHeH Bu3HauaTucs BiAnoBiaHo 10 (1), HaBeneHumu B [2].

(51 /r) - (EF5F Pareco * SFCurco * Comecn) + (Pag " Crar” SFCAe)_i_
fi o i Cupacity- V.- [y
+|:: Sy EET Ponsy = 251 forper  Pawrron YCoae* SFCax) = (EE! forpan Pegyin * Come* SFCyi4)

ffo f - Capacity Vo fy

EEDI =

ne SFC - nutoMa BUTparta nanuBa ABUryHa [r / kBt roa]; Cr - 6e3po3mipHuit
nepeKiIagHol KoeilieHT MK BUTPATOIO MajuBa B ABUTYHI (2) 1 Bukuaamu CO; (2),
MEeBHUMH 3a 3MicToM Byruento C B KoHKpeTHoMY nanuBi [e CO,. /2 nanusa] ; Puei, -
MOKAa3HUK TMOTY>KHOCTI KOKHOro rosioHoro asuryHa (I'Jl), mo nopiBHioe 75% Bix
HOro HOMIHAJIBHOT MOTYXHOCTI 32 BUPAXYBAHHSIM MOTYXHOCTI1, CIIO’KMBAHOI Bajore-
HepaTopoM (B pa3si iloro HasBHOCTI); P4 - TOKa3HUK HEOOX1THOI MOTYKHOCTI J0IO-
MDKHMX ABUTYHIB ([I') st 3a0e3medeHHss eJIeKTPOCHEPTi€l0 MPU MaKCUMaJIbHOMY
3aBaHTa)XE€HH1 cyaHa; Pprr - MOKa3HUK, M0 JOPiBHIOE 75% HOMIHAJIBHOI MOTY>KHOC-
Ti, CIIO’KMBAHOI KOXXHUM TI'peOHUM €JIEKTPOJBUIYHOM 3 YpPaxyBaHHSIM MEXaHIUHHUX
BTpaT B HbOMY 1 0€3 ypaxXyBaHHS BTPAT B T€HEPATOP1; P4Eeff - TOKa3HUK CKOPOUCHHS
eJICKTPUYHOT eHEPrii 3a paxyHoK BukopuctanHs EE TexHosorii (BUKOpUCTaHHS Te-
wia '], o BiAXoAuTh); Pef - MOKa3HUK CKOpoueHHs noTyxHocTi I'/] 3a paxyHok
3aCTOCYBaHHS €(DEKTUBHUX IHHOBALIMHUX TEXHOJOT1M B MPOMYJIbCUBHINA YCTaHOBII
(ITY) mpu 75% notryxHocti I'/l; fi - dakTop MICTKOCTI CylHa, 110 BPaXxoBye HEOO-
X1THICTh BUKOHAHHSI BUMOT ajie 00OMEXEHHSI MICTKOCT1 CyJHa, HalPUKJIaJ BUMOT SIKi
3aCTOCOBYIOTHCS JIO CYZA€H JIbOJOBOIO KIJIACY; fj - KOPUTYBAJIBHUM (PakTop, 110 Bpa-
XOBY€ crenupiuHy KOHCTPYKIIIO €JIE€MEHTIB CyAeH, HalpUKIaJl, Cy[iB JIbOJOBOTO
KJacy; fw - 0€3po3MIipHUI KOE(IIIEHT, 1110 BPaXOBY€ 3HMKEHHS LIBUIKOCTI IPH Iie-
BHOMY HECIHPHUSATIMBOMY CTaH1 MOPSI B 3aJIeKHOCT1 BiJl BUCOTU 1 YACTOTH XBHIII, a
TaKOX BiJ MIBUAKICTb BITPY; feff - KOSPIIEHT AOCTYMHOCTI KOKHOI 1HHOBAIIMHOT
TEXHOJIOT1{; Vyer - IIBUIIKICTH CY/IHA, BUMIPsIHA Ha TJIMOOKIN BOJII 3 YpaXyBaHHSAM Bi-
nnoBigHoi MicTkocTi (neaBedt DWT / BanmoBa mictkicTh GT B 3a1€XHOCTI Bil TUITY
CyJIHa) BIAMOBIIHO /10 BHUIIle3a3HaueHOTO KepiBHUIITBOM [BY3:H |. Bkl eTanbHO 3
PO3paxyHKOM KOe(ilieHTIB fi, fj, fiv I feff MOXKHA O3HAOMUTHUCS B [2].

3nadyenHss Cr pernameHTyoThesi Pesomoriero MEPC.245 (66) 1 HaBoIAThCS y
BUTJISIII BIAMOBIAHOT TabymIli, parMeHT KO HaBeIeHO B Ta0I. 1.

BianogigHo 510 [1] BUCOKOSPEKTUBHUMH TEXHOJIOTIIMHU BBAXKAIOTHCS YTHUIII3aIlis
Teria BIAMpalbOBaHUX Ta3iB 1 3acTOCyBaHHS (oTroenekTpuuHux Moxayiis (DEM)
JUTsl BAPOOHUIITBA €NIEKTPUYHOT eHeprii. 3 0COOIMBOCTIMHU iX 3aCTOCYBaHHS Ha MOP-
CBKHUX CyJax MOXHa 03HAaOMUTHUCS B [3,4]

Tabnuusg 1 — Buznauenns Cr

By manuBa [Tocunanus BwmicT Byraerrto Cr, 1+ CO2/T naniuBa

MDO/Gasoil ISO 8217 0.875 3.206

[ToTyXHICTh, IO TEHEPYEThCA MPH yTHIII3allli Teruia BiANpanbOBaHUX Ta3iB,
3anexuTh B notyxxHocti ['J[. Tak, nns I'Zl npu notyxuocti> 25000 kBT pexomeH-
IyIOTh 3acTOoCOBYBaTH KoMOiHoBaHui cmocid mapoBa (IIT) 1 razosa typ6ina (I'T)
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npu 1pomy Pr=(0,08-0,11)Pry; mpu motyxuocti <25000 kBt pexomenaytots I'T abo
IIT — P=(0,03-0,05)Pry; npu notyxkHocti <15000 kBt - I'T a6o ORC (organic Ran-
kine cycle) - opraniynuit nukn Penkina [3].

Sk 3a3Hauanocs BUIIE, OJTHUM 3 BUCOKOES(DEKTUBHUX CIOCOOIB MIABUIIICHHS €HE-
proedexTuBHOCTI € 3acTocyBanHa ®EM, ane ciij 3a3HayuTH, 110 AJs iX 3aCTOCY-
BaHHSA Ha MOPCBKHUX CyJax, iCHye Uiaui psg ocobnuBoctel. IloTyxHICTh, 00paHiii
JI', 3a paxyHok BupoOneHHs1 enekTpoeHeprii ®EM Bu3HauaeTbCs HACTYHHUM YU-
HOM:

fe}‘}‘ “Parepy = {fgn’ : (1 + mep)} ' {Pmax - (1 — ﬂ’)}, (4)

100 100

Je fer PaEefr— 3aranbHa KOpUcHa NOTYXHICTh (KBT), mo Bupobiserscs OEC; for
— Koe(ilieHT ePEeKTUBHOCTI — BITHOIICHHS CEPEeIHbOI BUPOOJIEHHS €NeKTPOCHeprii
Ha OCHOBHMX CBITOBUX MapUIpyTax AOCTABKU JI0 HOMIHAJIbHOI BUPOOJICHH] €JIEKTPO-
€Heprii, 3a3Ha4eHOi BUPOOHUKOM; P, - HOMIHaJIbHAa MaKCHUMajbHAa TE€HEPYETHCS
(dboTOENneKTpUYHA MOTYKHICTh €EKTPOCTaHIii, BUpaxeHa B KBT; Lyyer - CyMa 1HIIUX
BTpaT, BUpa)K€Ha y BIICOTKAaX 1 BKJIIOYAE BTPATH B CTA0LI13aTOP1 MOTY>KHOCTI, B KO-
HTaKTHUX 3'€THAHHAX, €JIEKTPUUYHUX onopax 1 T.14. (B po3paxyHkax peKOMeHyEThCS
npuiiMatu 10%). KoedimieHT eeKTUBHOCTI MOke OyTH pO3paxoBaHUN 3 ypaxyBaH-
HSIM BUKOPHCTAHHS COHSYHOTO BUIIPOMIHIOBAHHS 1 TEMIEPATypH MOBITPS HA OCHOB-
HUX MapuIpyTax JI0CTaBKHU:

fory = Frea~ (1= 2222), (5)

100
1€ frqa - 1€ BITHOIIEHHS CEPEIHBOTO COHAYHOTO BUIIPOMIHIOBAHHS HA T'OJIOBHO-
My TJI00aJIbHOMY MapuIpyTi AOCTaBKH 10 HOMIHAJIBHOTO COHSYHOTI'O BUIIPOMIiHIO-
BaHH$, 3a3HaYEHOMY BUPOOHUKOM. OTXKE fr4s¢ PO3PAXOBYETHCA 32 TaAKOIO (HOPMYJIOLO:

. 200BT/M2
f}'ﬂd - 1000]::1_{{:\,12 - 0'2’ (6)

1€ Liemp - TONPaBOYHUM KOEPILIEHT, IKUM 3aJ1€KUTh Bl TEMIIEPATypy MOJYJIIB 1
BUpaxkaeThcs y BiacoTkax. Cepenns temrepaTrypa MoayiiB ctaHoBUTh 40 °C, Buxo-
JSTYM 3 CEPe/IHbO1 TEMIIEpaTypH MOBITPs Ha MaricTpaji roJIOBHOTO II00aIbHOTO Ma-
puipyTy goctaBku. OTxke, Lienpy BUXOJUTH 3 TEMIEPATYPHOTO KOS(DILIEHTA frompy (BA-
corok/ K), Bkazanuili BUpoOHMKOM. 3HAUEHHS TEMIEPATYpPHOIO MOMPABOYHOTO KOe-
¢iuieHTa 711 KpUCTATIYHUX MOAYNIB cTaHOBUTH -0,3 ...- 0,45%/ K (To6TO mipH mij-
BUIIEHHI TEMIIEpaTypy MOAYJS Ha KOXKEH I'paJlyc MOTro BUPOOJIEHHS 3MEHIYEThCS
Ha 0,45% 1 mae Bin'eMHe 3HaueHHs). [ aTMochepHUX MOIYIIB 1IeH MOKa3HUK 3a-
3BUYal pa3u B 2 MEHIIIE.

Ltemp = ﬁemp (4000 —25°(0), (7)

3Har04YM BEJIMYMHY MOTYXHOCTEH, 110 T€HEePYIOThCS 3 3aCTOCYBAHHSM BHUCOKOE-
(EeKTUBHUX TEXHOJIOT1M BU3HAYAEMO KOE(ILIEHT €HEProeEeKTUBHOCTI.

HeoOxinauit EEDI moBUHEH BH3HAYaTHUCS TOOYTKOM BEJIMYMHH 0a30BOi JIiHI{
(BJI) nyst koHKpeTHOTO THUIY cyaHa HA MHOKHUK (1-X/ 100), B sKOMYy BpaxOBY€ThCS
BEJIMYMHA, 110 3MeHIIye (akTop X, 10 3aIECKUTh BiJl TUNY CyAHA, HOro po3MIpiB i
4OTUPHOX Mip (a3 3acTocyBaHHS 1HOro (akTopy. OparMeHT TaOIUI[l TUMYACOBUX
(a3 HaBeIeHO B Ta0OMII 2

HeoOxinauit EEDI = (1 — 1%) — BenuunHa bazoBoi niHii, (8)
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e X — 3meHmarounii ¢pakTop, M0 BU3HAYAETHCS 3 TA0JIULl 3 — TUMYAcOBUX (a3

BUKOPHUCTAaHHS 1HOTO (haKTopa.

Tabnuus 2 - TuMyacoBi ¢a3u 3acTocyBaHHS (DaKTOPY 3MEHIIIECHHS.

Tun cynna Hengeiit (DWT) da3za 0 da3za 1 da3za 2 da3za 3
KOHTEHHEDOBOS 15000 DWT i Bume 0 10 20 30
P 10000-15000 DWT H/T 0-10° 0-20° 0-30°

3navenHs bJI sBiseTbes QyHKIIEO Bl IEIBEUTY CyIHA:
bazosa ninis=a-b<, (9)
Jle a 1 ¢ — MOCTiMH1 BEIMYUHHU, JJIsI PI3HOMAHITHUX TUITIB CYJIHIB, 110 IPUBEICH1
B [1], a maHHi 1J1, HaNpUKIaJ KOHTEHHEPOBO3Y, - B Ta0iuIll 3, b — JEABEUT CyaHA.
Tabnuis 3 — koeditienTu s OyayBaHHsl bazo6oi ninii

Tun cynna a b c

KoHrelinepoBo3 174,22 Henseirt(DWT) 0,201

3rigHo 3anucis Buile Bupazamu (8) 1(9), 6yayemo JiHii HeoOXinHUX piBHIB (puc.1)
EEDL 1 CO, (1~ misex)

L
Orpossrunremex

2330 20)3-2015
[ Psa 1 2015-2000

@a33 2 2020-2025
@433 3 2025+~

e

5
W

LS
DWTx10

Pucynoxk 1 — bazoBa minist Ta niHIT HEOOXITHUX pIBHEH.

0.5 1.9

BucnoBkn. 3ycumis, 3podieni MMO 11010 3HIKEHHS 3a0pyIHEHHS MTOBITPS 3
MOPCBKHUX CYJIEH, MOB'I3aHE 31 3MIHOIO KIIIMATy, 3aCHOBaH1 Ha HayKOBiH iHpopmariii,
a TOMy BUPOOJIEHHSI HEJOPOTUX 1 €(PEKTUBHUX PILIECHb J03BOJUTh YHUKHYTH J€CTa-
Oumi3allii JOCSITHEHb OCTAHHIX JECATUIITh. B pe3ynpTaTi HbOro KpaiHu OTPUMAIOTh
MOXKJIMBICTh B MaHOYTHbOMY 3IMCHUTH TE€peXiJ A0 HU3bKOBYIJIELIEBOI €KOHOMIKH,
a TaKOK HaJlaTW MO3UTUBHUI BIUIMB HAa aTMOcdepy 1 30pOB's JtoAeH.

SIk mokaszye mpakTHKa eKCIulyaTallli, MOTYKHICTb, 1110 reHepyeTbcsi DEC Hese-
JIMKa B MOPIBHSHHI 3 TOTYKHICTIO, SIKY OJCPXKYIOTh LIUJIXOM YTHJII3allil Teria Bij-
palboBaHUX ra3iB. BHACIITOK BIIHOCHO HEBEJIMKOIO MTUTOMOIO MOTYXHOCTI (110 350
Bt) 1 KK (10 18%) ®EM Hemae He0OX1AHOCTI B MOBHIM 3aMiHi €IE€KTPOSHEPreTH-
YHOro 00JiaJHaHHs cy/Ha. [[boro B MpUHIUIII JOCATTH HEMOXKJIMBO Yepe3 Hea0cTa-
THIO T€XHOJIOTTYHOTO PO3BUTKY NEPBUHHUX aJbTEPHATUBHUX €JIEKTPOCTAHIIIM, a Ta-
KOX OOMEXEHOro BUIBHOTO MICLA Ha Cylaax JJis iX po3mimenHs. OJHak, BIpoBa-
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JDKEHHSI TaKOro OOJIaJIHaHHS JI03BOJIUTh BUPOOJISITH JACSKUNA OAATKOBY KUIBKICTh
€JIEKTPOEHEPTii IS MIABUIICHHS eHEProeeKTUBHOCTI CY/IIB.

s BinmoBigHocTi BuMoram MARPOL, BciM cyiHOBIIaCHUKaM HEOOX1THO: PO3-
poOUTH 3a JOMOMOrOI0 CHElliali30BaHUX OpraHizaiii muan ynpasiinHg EE cyana
JUISL KOXKHOTO 31 CBOIX JiI0UMX ab0 CHOPYKYBaHUX CY/AIB; 3a0€3MEUUTH IMPOXO-
JDKEHHSI CyJlaMH OTJISIAIB 1 BUJIayy Ha KOXHE CYIHO MDKXHAPOJHOTO CBIJIOLTBA PO
EE: nepekonatucst B ToMy, 110 BC1 3aMOBJIEHI HUMU 1 CIIOPY)KYBaH1 Cyy THX TH-
miB, Ha K1 MOMMPIOeThes A1t HoBUX npasmil Konsenuii MARPOL, MaioThs Takwuii
koedimientoM EE, sikuii 3a0e3neunTs iX HOpMaJbHy €KCILTyaTallilo IpoTsArOM yChO-
ro TEPMIHY CITYKOH.

JIITEPATYPA
1. MAPIIOJI. Kuura 111, nepernsnyre Joaarok VI no MAPIIOJI «IlpaBuna 3amno6i-
raHHs 3a0pyJHEHHsS TMOBITPSIHOTO cepeAoBHINa 3 cydeH», Buganns 3AT
«HUNM®Dy», 2012.
2.2014 Guidelines on the method of calculation of the attained energy efficiency
design index (EEDI) for new ships, as amended (resolution mcpc.245(66), as
amended by resolutions MEPC.263(68) and MEPC.281(70)) /MEPC.1/Circ.866 30
January 2017/
3. Pax A.H., I'nazoBa O.B., Jynko C.A. BuzHaueHHsI reHEPYIOUUX NOTYKHOCTEU B
TepMOC(i)(I)CKTlBHOI/I cUCTeMI CYI[HOBOI €JIeKTPOCTaHLIi 1 i TeXHIKO-€KOHOMIYHUX
noKa3HUKIB / ENexkTpoTexHiyH1 1 KOMI'IOTEpHI cucTeMu. HaykoBO-TeXHIUYHUHN Kyp-
Han. Opjechkuil HaIllOHAJNIBHUNA TOJITeXHIYHUM yHiBepcuTeT. Opneca, 2018. Ne28
(104) C. 141-147.
4.TonoBko C.B., Pomanenko H.I'. [louinbHICTH BUKOPUCTAHHS MOHOBIIIOBAHUX
JDKepes eHeprii Ha cy/lax B ymMoBax oOmexxeHoro npoctopy / Marepianu 62-i Mixk-
HApOJHOT HAyKOBO1 KOH(epeHIli ACTpaxaHChKOIO TEXHIYHOTO YHIBEPCHUTETY. ACT-
paxans, 23-27 kBiTHs 2018rona. BugaBuunteo A1TY 2018.

VJIK 629.123

Myminosa K.B.
Hamionanbauit yHiBepcutet «Oiechbka MOPChbKa akaaeMis»

I'osioBHI acniekTH 3a0e3neYeHHs €()eKTUBHOCTI CHUCTEMH YNIPABJIiHHS 0€3MeK0I0
Cy/IHA Ta KOMIIaHil

BinHocHO BHCOKaA aBapiliHICTh, MOB'I3aHa 3 HEHAJIC)KHOIO OPTaHi3alli€io ciyxou
Ha cynH1 a00 B CyJHOIUIaBHOI KOMMaHii, BUMarae BiJl Mi>KHapOJHOI MOPCBHKOi I'po-
MaJIChKOCTI BXKUTTS 3aX0/11B 11010 TIJBUINCHHS O€3MEKH CYIHOIUIABCTBA.

Baxxki Hacnmigku, sKi BiQOYIuCs BiJl aBapiid JUisl JIIOJAUHU 1 HABKOJHUIITHBOTO Ce-
pPEAOBHILA BU3HAYAIOTHCS PI3HOMAHITTSIM (OPM BIACHOCTI 1 YIPABIIHHSI MOPCHKUMU
CyJIHaMH, a TaKOX 30UIbIIYETHCS POJLIIO MOMUIIOK «JTIOJICBKOr0 (haKTOpy» B MpoOILIEci
eKCILTyaTallii CyJeH.
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[lonoskeHHsT PO CUCTEMY YIpPABIIHHS O€3MEKOI0 CYTHOIUIABCTBA Ha MOPCHKO-
My 1 pIYKOBOMY TPaHCIIOPTi, po3po0sieHe Ha BUKOHAHHS BUMOT cTtaTeit 3, 4 3akomy
Vkpainu "TIpo tpancnopr”, cTaTTl 3 Kojekcy TOProBelbHOro MopemiaBcTBa Ykpainu Ta 3a-
TBepmkeHe Hakazom MinicrepctBa TpancmopTy Ykpainm Ne 904  Bifg
20.11.2003 Bu3zHauae HEOOXINHICTH B CTBOPEHHI Mojedl (CTaHAApTy) YyIpaBIiHHS
0€3IMeKoI0 CyAHOIUIABHOT KOMIMaHii, UIsi TOrO 100 BU3HAYUTH MPUNWHATHI BUMOTH
11010 (DYHKITIOHYBaHHsI CUCTEMHU yripaBiiHHs Oe3nekoro (CYDB) komnaHii, 1m0 eKc-
TUTYyaTyIOTh MOPCBKI CyHA.

OcHoBoto Takoro cranaapty € MixkHapoauuit Kojekc 3 ynpaBiiHHS 6€311€UHOI0
excrutyaranieto cyaed (MKYB), npuitasatuit Mi>kHapoaHOIO MOPCHKOIO OpraHizarfi-
eto (IMO) B pesomromii A.741 (18) B 1993 poui 1 BBemenuit B 1994 pori B
MiKHApOJHY KOHBEHIIIIO 3 OXOPOHU JIIOJCHKOro KUTTA Ha Mopi 1974 p (SOLAS -
74) yepe3 rinaBy X - «YmpaBiiHHS O€3MEUHOI0 KCILTyaTallI€l0 CYICH.

MiKHapoaHUN KOJEKC €, MO CyTi, JIMIIE MepIIol Ccrnpodorw dopmanizyBaTu
npolec 0e3rneyHol eKcIuTyaTalii MOPChbKUX CYAIeH, TOMY SIK HEMA€ JBOX OJHAKOBUX
CYJIHOIUIaBHUX KOMIIaHIi, TO B IbOMY JOKYMEHTI OOMEXWINCS JIMIIE 3araJlbHUMHU
NPUHIMIAMHU 1 KaTeropisiMH, HaJaBIIM CyJAHOIUIAaBHUM KOMIMAaHisIM OyJyBaTH MO-
JIeJIb CBO€1 KOMITIaHIi caMOCTIMHO, BU3HAYMBIIY JIUIIIC 111 1 3aBIaHHS, SKI ITOBUHHI
OyTu BupimieHi B mpoueci pyHkiionyBanus ix CVYb.

CYb xomnanii

Bci 6e3 BUHATKY KOMIIaH1i-CyJHOBIACHUKM 3000B's3aH1 MPOWTH MependadeHi
3aKOHO/IABCTBOM IMPOIEYPH JIIIEH3YBaHHS Ta cepTUudikarii.

Bci koMmanii, 1o ynpasisiioTh CyIHaAMH, MOBUHHI MaTtu JIOKyMEHT MpO BIAMO-
BimHICTh (Document of Compliance), komis 1IbOT0 TOKYMEHTa MMOBUHHA OyTH Ha 60-
PTY KOKHOTO CY/HA, IO 3HAXOAUTHCA MiA yHIpaBiiHHAM 1€l kommnanii. Ceptudikat
Oesneunoro ympapmiHHs (Safety Management Certificate) - oOoB'a3koBa cyaHOBa
JIOKyMEHTAITISI.

Ceptudikallito KoOMmaHiii 1 Buady JOKYMEHTIB MpPO BIAMOBIAHICTH KOAEKCY
MPOBOJSITh YpsiIoBI a00 HEypsANIOBI OpraHizailii, BU3HAHI Jep)KaBaMM, HANpPUKIA],
kBamidikaiiiHi cycniibcTBa (Perictpu cymHoIIaBCcTBA).

Hasguicte JlokymenTa npo BianoBigHicTh MKYB no3Bossie kommanii 3asBUTH
po cede K MPO BIAMOBIIHY BUCOKUM MIKHAPOJIHHUM CTaHJapTaM, 10 BiIOUBAETHCS
Ha (paxTOBUX CTaBKAX 1 3HAYHO MIIBUIILYE aBTOPUTET Y CTPAXOBUX KOMITaHIM.

CYb komnanii Bu3zHauaerhes ii [lomitukoro. [lomiTuka xommaHii - 1€ JOKY-
MEHT, II0 BU3HAYa€ U1l Ta 3aBJlaHHA KOMIaHIi, a TAKOX METOJIU JTOCATHEHHS 0e3-
MEeYHOT eKCITyaTallli Cy/IeH 1 3armo0iranHs 3a0pyJHEHHIO HABKOJHUIITHBOTO CEpesIo-
Buia: bE3IIEKA; AKICTb; 3AIIOBITAHHSA 3ABPY/IHEHHA.

3arajibHa MOJIITUKA KOMIaH1i B OCHOBHOMY CKJIaJa€ThCs 3:

- TIOJIITUKM 110J10 3a0e3mnedeHHs OesneuHoro cyaHoBoAiHHA (Safe Navigation
Policy);

- OMITHKY 11010 nonepemkeHHs 3aopyaHenns (Pollution Prevention Policy);

- TIOJIITHKY 100 3a0e3MeUYeHHsT HAJIGKHOT0 TeXHIYHOro crany cyaHa (Technical
Management Policy);

- TIOJIITUKY 100 3a0e3nedyeHHs 0e3reuHoro nepepe3eHHs BanTaxis (Safe Cargo
Operations Policy);
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- MOJIITUKY 11010 3abe3rneueHHs ocoductoi 6e3neku (Personal Safety Policy);

- MOJIITUKYU B 00J1acTi HApKOTHUKIB 1 ankorouto (Drug and Alcohol Policy);

- kaapoBoi noaituku (Personnel Policy);

- CTpYKTYypHO-ympaBiiHcbkoi nonituku (Managerial Policies).

[TonmiTuky KOMMaHii MOBMHHI 3HATH 1 PO3AUIATH BCl NOCAI0BI 0COOM KOMMaHii,
MPUYETHI 10 YIpaBiIiHHS O€3eK010, KaliTaH!u 1 eKiMaxki Cy/ieH.

Ha xommnaHnii nexxaTth 000B'I3Ku:

* YKOMIUIEKTYBaHHS KOKHOI'O €KIla)ky B HAJEKHIA KUTBKOCTI 1 HaJIEKHOI KBaJli-
dbikarii;

* MEepeBIpPKHU: MEAUYHOI KOMICii, poOOUYUX AMIUIOMIB, cepTU(IKATIB 1 KBami(ika-
IIHHUX CBIJIONTB €KiMaxy, 1100 BOHU BIANOBIIAJIM BUMOTaM MDKHAPOIHUX KOHBEH-
LI,

* MEpEeBIPKM TEXHIYHOIO CTaHy CYyAEH, M00 BiH BIANOBIJAB IOJOXEHHIM
MDKHApOJHUX 1 HAIlIOHAJTBHUX JOKYMEHTIB;

* 3a0e3Me4YeHHs] HEOOX1THUMHU KapTaMHu, JIOLISIMHU 1 BCiMa 1HITUMU HaBITaI[liHU-
MM ITOCIOHUKAMU;

* MEepeBIpKU HASBHOCTI HA KOXXHOMY CYJHI TEKCTIB MDXHApOJHUX KOHBEHIIIH,
pesomonii IMO, HalioHanBbHUX 3aKOHIB, MpaBWJ, IHCTPYKIIH, MOCIOHUKIB, pe-
TYJAipyIOUUX TUTAHHS MOpPETJIABAHHS.

3a KOo)XHUM HamnpsiMKoM [loiiTuku KoMmaHii CTBOPIOIOThCA KOHKpeTH1 Kepis-
HUITBA, 5Kl 3r0JIOM KOPUTYIOTHCA B MPOIIEC] aHai3y, OLIHKH, neperysaay [lomituku.

VY nopiBusaaHl CYD kommanuu 1 CYD cynHa MoXKHA BU3HAUMTH, 110 Oe3nexa
CyJlHa € CKJIQJIHOIO BJIACTHUBICTIO, sIKa BKJIIOUA€ B ceOe psijl aCMEKTiB, 30KpeMa TaKuX
SK HaBiraliiiHa O0e3neka, TeXHIUHa Oe3reKa, eKoJIoTriuyHa Oe3meKa.

CVYb cyana

B CVb, sika 3acTOCOBY€ETHCSI Ha CyJHI, Ma€ OYTH 3a3HAY€HO, IO KalliTaH Mae
HaJ3BUYaliH1 MOBHOBAYXXEHHS, BIIMOBIJAIBHICTb 1 CBOOOY /A1i 1I0A0 piIlIeHb, sIK1 BIH
BBa)Ka€ HAMKpAIIMMHU B IHTEpecax Oe3MeKH MacakupiB, eKIMaxy, CyJHa, BAHTAXY Ta
nonepeKeHHs 3a0pyTHEHHS HaBKOJIUIITHBOTO CEPEAOBHILIA.

B nporeci ekcrutyaranii cy/ieH HalBakJMBillle 3HaYEHHS HaOyBalOTh MOIIYK 1
po3poOKa HOBUX KOHIICTI[IN 1 METO/IIB 3aI100IraHHs aBapii.

CVYb cynHa noBMHHA BKJIIOYATH:

1) 1HCTPYKIi TIpaiiBHUKAM CYIHOBJIACHMKA MIOJA0 3abe3nedyeHHs Oe3meyHoi
eKCILTyaTallii CyJeH 1 3arno0irants 3a0pyJHEHHIO HABKOJIMIIIHBOT'O CEPEAOBHILIA;

2) NOKYMEHTH, 110 BCTAHOBIIOIOTH NMOBHOBAYKEHHS 1 B3aEMOBIAHOCUHU TIPAIliB-
HUKIB Cy/JIHOBJIACHUKA, SIK1 3J1HCHIOIOTh YIPABIIHHS €KCIUTyaTalli€el0 Cy/eH, B yac-
THHI 3a0e3MeueHHs 0e3neyHo1 eKCIuTyaTallii Cy/ieH 1 3arno0iranHs 3a0pyJHEHHIO Ha-
BKOJIMIIHBOTO CEPEIOBUIIIA;

3) IOKYMEHT, 1110 BCTaHOBJIIOE€ MMOBHOBAXEHHS 1 B3aEMOJI11 WICHIB EKIMaXiB CY-
JIeH 1 BJacHUKa B YaCTUHI 3a0e3neueHHs 0e3neyHol eKcrulyaTalli cyJeH 1 3amooi-
raHHs 3a0pyJHEHHIO HABKOJIUIITHBOTO CEPEOBHILA;

4) criocoOu 3B'I3Ky MIXK MpaliBHUKAMU CYJHOBJIACHUKA 1 €KIaXEM CYJIHA;

5) nopsaok nepenavi ekina)xkeM cyJHa MOBIIOMJIEHB PO aBapii, Mpo (akTH He-
JOTPUMAHHSI BUMOI 3aKOHOJAaBCTBa Ta (a00) BUMOT, BCTAHOBJICHUX CYIHOBJIACHU-
KOM;
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6) MOPSAOK A1 YWICHIB €KINa)xy Cy/Ha Ta 1HIIMX MPaliBHUKIB CYJHOBJIACHUKA B
pa3i BUHUKHEHHS aBapiiHUX CUTYalliif;

7) MOKYMEHTHU, III0 BCTAaHOBIIOIOThL OOOB'SI3KM KariTaHa CyAHa II0J0: 3a0e3rme-
YyeHHs Oe3MeyYHOol eKCIulyaTalli CyJJHOBOTO €KIMaXKy CyJHa; BUIAHHS HEOOXITHUX
HaKa3IB Ta IHCTPYKIIM 3 MeTor 3abe3neueHHs1 Oe3MevHol eKcIulyaTallii cyaHa; mne-
pPEBIPKM BUKOHAHHS €KIMa)keM CyJHa BUMOI 0e3NeyHoi eKcIulyaTallli cy/Ha;
CBOEYACHOI Nepeiayi MOBIIOMIEHb CY/THOBJIACHUKY MPO HEJOJIKUA CUCTEMHU YIpaB-
JIIHHS 0€3MEKOI0;

8) OKyMEHTH, 110 MIATBEPAKYIOTh TOBHOBAXEHHS KalliTaHa CyAHa, B TOMY YH-
CJI1 BUKJIIOUHI MMOBHOBAXXEHHS 1 BITIOBIIAJIBHICTD IIOJI0 30€PEKEHHS KUTTS, 3710pO-
B'S JTIOJIEH, 3a0e3IeueHHs Oe3MevHOl eKCIuTyaTallii cyaHa 1 3ano0irans 3a0py/IHEH-
HS1 HAaBKOJIMITHBOTO CEPEIOBHUIIIA;

9) mporpamMu HaB4YaHb €KIMAXy CyJHA O 1M B YMOBax aBapiiiHOi cuTyallii;

10) mopsiok 03HAHOMJICHHS WICHIB €KiMaxy Cy/IHa, MPUUHITUX Ha poboTy abo
MpU3HAYEHUX Ha CYAHO, 31 CBOIMH 00OB'SI3KaMHU JI0 BUXOAY CY/HA B PENC;

11) mopsiAok 03HaOMIIEHHS! TIPALIBHUKIB CYTHOBJIACHUKIB MPHU NPUIOMI Ha PO-
00Ty 1 MepeBeICHHS Ha 1HITY poOOTY 3 MOKJIaJCHUMU Ha HUX O0OB'AI3KaMU B YaCTUHI
3a0e3nedeHHs 0e3NneyHol eKcIulyaTallli cyJIeH 1 3ano0iraHHs 3a0pyIHEHHIO HAaBKO-
JUIIHBOTO CEPEOBHILA;

12) nopsiok riaHyBaHHs peicy cyHa 1 3a0e3nedeHHs 6e3MeKu Moro MiaBaHHs;;

13) 3axoau moa0 3a0e3MeUYeHHsT HAAIHHOCTI MEeXaH13MiB, MPUCTPOiB, 00JIaTHAH-
HSl CYJI€H, B TOMY YHMCJIl peryJsipHi MepeBipKU MeXaH13MiB, MPUCTPOiB, 00Ja HAHHS,
K1 HE BAKOPUCTOBYIOThCS TIOCTIIHO;

14) nopsiok npoBeaeHHs NepeBipoK e(heKTUBHOCTI CUCTEMHU YIIpaBIiHHA Oe3re-
KOO Ta MpH HEOOXITHOCTI i1 Mepersiay.

Cynno noBuHHe MaTu CyaHOBE CBIJOLTBO PO YNPaBIiHHA 0€3MEKOI0, SIKe BU-
JA€ThCSl OpraHi3alli€lo, YIIOBHOBAXXEHOIO Ha Kiacuikamito il ornsa cyneH. Tepmin
aii CyaHOBOrO CBIJOLITBA MPO YOPABIIHHS O€3MEeKO0 - 5 POKIB 3 HIOPIYHHUM
M1ATBEPIKEHHSM.

B mpoueci ekcrmyaraiii cyqHoBoi CYB MOXyTh BUHUKHYTH HemepenOadyeHi
cTpykTyporo cyaHoBoi CYb BumaakoBi ropu3oHTAIBHI 3B'I3KU. TaKi 3B'I3KM BUHU-
KalOTh MPU YACTKOBIM BIJICYTHOCTI y HayaJdbHUKIB CYJJTHOBUX CIYXO CHUIBHOCTI 1H-
TepeciB B YaCTUH1 HaJaHHs CYJIHY 3arajibHOro cTany Oes3mneku, pucl.

Taxi 3B'A3kH, MalOYM TUMYACOBUHN XapakTep, OyayTh HEMUHYYE BUHUKATH MPU
PO3MOALI 1 MEPEPO3NOAUIL PECYPCIB JJIsi CYTHOBHX CIIYXO, a TaKOX 3a0X0YEHBb 3a
€(EeKTUBHICTh AISUTBHOCTI LIUX CITYXkO.

JliiicHO, 3 0JIHOTO OOKY, HaYaJdbHUKU CYAHOBHX CIYKO PO3TISIaTUMYTh A10Ul
HOPMH PO3MOAUTY 1 IEPEPO3MOAUTY PECYPCIB Uepe3 MPU3MY EKCILTyaTalliiHoi Oe3Iie-
KM BChOTO CyAHa B IIUIOMY. 3 IHIIOTO OOKYy, NPUPOJHUM OakaHHSIM OyIb-IKOTO
HayaJbHUKA CYJIHOBOI CIyXOM Oyne mparHeHHs OUIbIIOi pecypco3abe3rneueHoCTI
came cBoe€i cityxOu. Came Taki CyNepedyHOCTI HauyaJbHUKIB CYJHOBHUX CIIYX O 1 3a-
0e3MeuyloTh BUHUKHEHHS Ta 1CHYBaHHS THUMYAacCOBUX T'OPU3OHTAIBHUX 3B'SI3KIB, Ha
AKUX Peani3yloThCs BIIHOCUHUA KOHKYPEHTHOCTI.
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Kamniran cynna

v

HauajgpHUK 3arajibHO- HauanprHuK MexaHIKoO- 1lIta6 CYB cyana
CYIHOBOT CI1yk0H1 CYIHOBOI CIIyKOn

Eximax cynna

Pucynok 1 — CtpykTypa CyaHOBOI CICTEMH

[Ipu boMy GaxkaHHSI BUPIIIUTH KOH(JIIKT HAa CBOIO KOPUCTh MOXKE MPUBECTH J10
TOTO, II0 HAYaJbHUK CYJHOBOI CIIy)kOu OyJe CIOTBOPIOBATH HA KOPHUCTH CBOET
CiIy’kOM J1aH1 B JOMOBIASX KamiTaHy MpO pe3yJbTaTH AISUIBHOCTI 1 TUM CaMHM 3HU-
KyBaTH €(PEeKTUBHICTh (DYHKIIIOHYBAaHHS IHTEJIEKTYaIbHUX BEPTUKAJIbHUX 3B'A3KIB B
cynnoBid CYbB. OueBuaHO, 110 BBEJECHHSAM KaliTaHOM B IUIHOBI (DYHKIIIT Hayasb-
HUKIB CYJHOBHUX CIYKO <«JIOCUTh CHWJIBHUX IITpadiB» 3a CHOTBOPEHHs 1HGOpMaIlii
PO JISTIBHICTh CYJTHOBUX CIIY)KO MOKHA 3a0€3MEeUUTH JOCTOBIPHICTh MOBIOMJICHB,
AK1 HAAXOMASTh KalliTaHy MO 3BOPOTHUM BEPTUKAJIBHUM IHTEJEKTYaJIbHUM 3B'S3KaM,
nependayeHuM CTpyKTyporo cyaHoBoi CYb.

BucHoBkH

Ananizytoun Bumoru a0 CYB kommnanii Ta CYbB cyana moxHa 3poOuTH
HACTYIHI1 BUCHOBKH:

- Ha 3Ha4YeHHs mapaMeTpiB eekTuBHOCTI (yHKIloHyBaHHS cyaHoBuX CYD
BIUIMBAIOTh T€XHIYHI, OpraHizailiiiii, coliajgbHi Ta iHII (pakTopH, aje ix 3MiHa Mae
3arajbHy 3aKOHOMIPHICTb, sIKa MOXKE€ OyTH BH3HAuU€HA MO HMOBIPHOCTI BIICYTHOCTI
nosiBu HeBianosigHocTe B CYD koMmnaHii;

- 3pocTtanHs piBHA epexktuBHOCTI CYD KoMmnaHii 3a1exuTh Bin:

a) 3MiH B TEXHIYHOMY CTaHi CyJI€H, SIKI HAKOMMYYIOUUCh, BUKJIUKAIOTh 3pOCTaH-
Hs a00 3HIKEHHS KUIBKOCTI HEBIANOBIAHOCTEHW (pamToBi 1 KaTacTpodiyHi 3MIHU
MOXXYTbh MPHUBECTHU JO TIPLIOTO CTaHy O€3MEeKH OKPEMHX CYJIeH 1 BUKJIMKATH CTpUO-
Komno/i0Hy 3MiHy cTtaHy edextuBHOcTi CYDB koMmaHnii, sika BKe HE TONMYCTHUTH IIFO
CUCTEMY 110 BUKOPHUCTAHHS JJIs YIPABIIHHS SIK TEXHIYHUMH 3aC00aMM CY/EH, TaK i
OpraHi3aliifHO-TeXHIYHOI CUCTEMOIO B LIJIOMY);

0) MpoTHUpIY HAYAJILHUKIB CYJHOBHUX CIYy>KO, BUHUKHEHHS Ta ICHyBaHHS TUMYa-
COBUX T'OPU30HTAJIbHUX 3B'A3KIB HA OCHOBI KOHKYPEHTHOCTi, OakKaHHsS BUPIILICHHS
KOH(JIIKTIB 1 CHOTBOPEHHS JJAHUX Ha KOPUCTh CBOET CITYKOMU.
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Kospminux M.A., Uenuis O.O.
Hamionanbauit yHiBepcutet «Oiechbka MOpPChKa akaaeMis»

AHaJII3 MOKJINBOCTE BUKOPHCTAHHA €TaHy B IKOCTi MAJMBA CYJTHOBHX
JABUTYHIB

[locuiieHHs €KOJIOTTYHUX HOPM 1 3pOCTaHHs I[IH Ha TPaJULIAHI BUAH CYJHOBOTO
MajuBa € OCHOBHUMH PYIIIMHUMU CUJIAMU JIJI1 BUKOPUCTAHHS MIPUPOJIHOTO raszy sK
MajuBa Ha BOJHOMY TpaHCHopTi. HalOuipuil eKoJIoriyHuN 30MTOK BiJ BUKHJIIB
IIKIJIJTMBUX PEUOBHH, II0 YTBOPIOIOTHCS B Kamepl 3rOpaHHs MOPITHEBUX JBUTYHIB,
I0BOAUTHCA Ha okcuau a30Ty (NOX), OCHOBHY Macy SIKUX CKJIaJJa€ MOHOKCHUJ a30Ty
(NO) [1]. 3acTocyBaHHS MPUPOTHOTO Ta3y J03BOJISE MPAKTUYHO MOBHICTIO BUKIIIO-
YUTH BUKHUIM CIPKH, ICTOTHO CKOPOTHUTU BUKHUIU OKCHUJIB 30Ty 1 BYTJICIIO, a TAKOXK
TBEPJIUX YaCTOK.

3a ouiHkamu kiacudikamiiHoro cmniBroBapuctBa DNV-GL no 2020-ro poky
po3Mip razoxoaHux ¢guoty 30ubmuThes 10 1000 cyaen [2].

CroyaTky ra3oBe NajJMBO HAa BOJHOMY TpPAHCHOPTI 3HAWIIIO MpPAaKTHUYHE 3a-
CTOCYBaHHS Ha METaHOBO3aX, Je Oe3lepepBHO BUMAPOBYETHCA BaHTaX, KU J10-
I[IJTbHO BUKOPUCTOBYBATH SIK MaJIMBO €HEPTETHUYHOI ycTaHOBKHU. OIHAK, ICHYE TIPUH-
IIMIIOBA PI3HMIIST BUKOPUCTAHHSI MPUPOIHOTO Ta3y B SKOCTI MajuBa Ha METAaHOBO3aX,
JiI¢ B OCHOBHOMY BHUKOPHUCTOBYIOTh TMapu BaHTaxy, 1 Ha razoxonax, ae CIII" BinOu-
paroTh 3 HXKHBbOT YaCTUHU TaHKa, a MOTIM Ta3u(iKyoTh.

Ha croromHimHii qeHb peanizoBaHi JIBI TEXHOJOT1I CITalIFOBaHHS ra30BOTO Ma-
JIMBa B CYyJIHOBUX MaJIOOOOPOTHUX JABUTYHAX, sIKi 3pyYHO KJIACU(IKyBaTH MO THUCKY
1ojiavl ra3y B IIIIHJP.

[Togava ra3y mijg BUCOKUM THUCKOM 3IIMCHIOETHCS TIPHU TMOJIOKEHHI TTOPIIHS TO-
63y BepxHboi MepTBOi Touku (BMT) 1 peanizoBana B asuryHax MAN B & W
cepii ME-GI (marine electronic gas injection). Ilomaua 3mificCHIOETBCS Yepe3 Bl
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OKpeMi ra3oBi (OPCYHKH, PO3TAIIOBaHI B KPHUIIIlI HUIIHApA. sl TOCATHEHHS KpHU-
TUYHOTO Tepernaay TUCKIB Ha Tra3oBiil ¢popcyHku 1 B kamepi 3ropsiHHs (KC) Tuck B
ra3zornpoBojii Mae ctaHoBUTH 150-250 krc/cm2 (B 3a7€KHOCTI BiJ] HABAaHTAKCHHS).
Temnepatypa kiHig Takta cTucHeHHs ckiagae 500-600°C, mo € HemOCTaTHIM JIst
HAJIIHOrO 3amajeHHsi METaHy, 3 OrJIAly Ha HOro BHUCOKY TEeMIlepaTypy camo3ai-
ManHs (600°C), y 3B’s3Ky 3 YUM Tepe]1 Mojaueto Tra30BOro najauBa HEoOXiHa 1Mojia-
Yya MaJIoi JI03M 3aMajibHOro NajiuBa.

Texnonoris nogayi rasy miji HU3bKMM THCKOM 3aCHOBaHa Ha CIajlOBaHHI 3011-
HEHUX Ta30MOBITPSIHUX CyMilleld Ta peanizoBaHa B ABuryHax Wirtsild XDF 1 RT-
flexDF. I'a3 mogaeTrbcst B MIJIIHAP, 32 JOMNOMOTOI0 JIBOX T1IPaBIIYHO KEPOBAHUX
(hOpCYHOK, PO3TAIIOBAaHUX B «CEPEHIM» YaCTUHI BTYJIKU HWIIHAPA. B KiHII TakTy
CTUCHEHHSI Ta30MOBITPSHA CYMIlll 3alalIlOEThCS 3a JOMOMOTOK0 (HOpKaMepHOro
YIOPCKYBaHHS Majioi J03W 3alajbHOro MajluBa. 3 OIJsAy Ha CTHCHEHHS ra-
30MOBITPSIHOT CYMIllll IBUTYHH CXWJIbHI JI0 AETOHALIAHOTO PeXUMY ropiHHA. Tomy
CTYIIHb CTUCHEHHSI B IBUT'YHI 3HIKEHA.

3rigHo 3 MKHApOJHUM KOJIEKCOM 3 O€3MeKH i CyAEH, 110 BUKOPUCTOBYIOTh
ra3u abo 1HIII BUJW NaJIMBa 3 HU3BKOIO TEMIIEPATypOlO Clianaxy, K1l Ha0yB YUH-
HocTi 3 01.01.17 [4] Tanku 3anacy CIII" Ha 60pTy ra30Xo/11B MOXKYTh OyTH Kilacy A,
B, C (3a xnacudikariero kogaekcy MKI') abo memOpanHUMU.

JIJist IBUTYHIB 3 HU3bKUM THCKOM IOJayl ra3y JOCUTbh BIIUEHTPOBOTO KPHOT'€H-
HOT'O Hacoca 1 BUIapHUKA HU3BKOTO TUCKY, TOJ1 SK JIsl IBUTYHA 3 BUCOKUM THCKOM
HeoOx1aHuM Hacoc Bucokoro Tucky (HB/I) miuynkepHoro tumy i1 BiANOBIIHUNA BH-
napHuk. [lepeBara cucteMu HU3BKOTO THCKY 10J1ayl ra3y B [IbOMY BHUIAJKy MOJISATAE
B MEHILIUX €HepreTHYHUX BUTpaTax Ha ctuck napis CIII', B Tol yac sik 151 ABUTYHIB
3 BUCOKMM THCKOM I10/1a4l ra3y HEOOXITHUM 0araToCTyIIHYACTHIl KOMITPECOP BUCO-
KOr0 THCKY NOPIIHBOBOr'O TUITY [5].

Mo>xnuBH Tiepexi] 3 METaHy Ha €TaH B SIKOCTI MajuBa BIUIMHE HA OUIBIIICTh
YaCTHH BaHTAXKHO-MAJIMBHOI CHUCTEMH, IO OOYMOBJIEHO BJIACTUBOCTSIMHU PO3TJIs-
JaEMUX pedyoBHH (Tab.1).

BupoOHMKHM ra30BUX JBUTYHIB BUKOPHUCTOBYIOTh TaK 3BaHE METAHOBE YMCIIO
JUIST KOHKpeTH3allii BUMOT 70 SKOCTi razy. MY xapakrepuszye pobouyy TEHICHIIIIO
MEBHOT'0 ra3y Mpu BUKOPUCTAaHHI B Fra30BOMY JABUTYHI, 110 MPALIOE B MPOIIECI TOPIH-
Hs. Yum meHmumii MY razy, Tum OUTbII 4yTJIMBUM OYJE Ta3 J0 Mpolecy TOpiHHS.

Tabnuus 1 - [TopiBHSIHHS BIACTUBOCTEN METaHYy Ta €TaHy

Metan CH4 Etan C>He
1.Temneparypa kuninus (106ap, °C) -161.5 -88.63
2.I'yctuna Ta arperatHuii crad(ras, 0°C) 0.717 1.35
3. 'yctuna ta arperatuuii ctas (pin.,10ap) 422 526
4. Kputnunuit Tuck (6ap) 46.41 47.83
5.Kputnuna remneparypa (°C) -82.45 32.3
6.Temneparypa camozaitmanns (°C) 537 472

Heo06ximHO10 yMOBOO sl 3a0€3MEeUeHHs TTIOBHOIT MOTYKHOCTI JIBUTYHA, € 3]1aT-
HICTh Ta30MOBITPSIHOT CYyMillll MPOTUCTOATH THUCKY B CEPEIMHI KaMepH 3ropsiHHS, 0e3
MOMEePETHHOTO 3aMaTIOBAHHS, OCKUIBKH L€ MOPOKYE SBUIIE, BIIOME SIK «CTYKaH-
Hs», SIKE MOKE CIIPUYMHUTHU IIKIJIMBI HACHIAKY A ABUryHA. MY uuctoro Merany
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ctanoBuTh 100, Toai ik MY erany nopiBHioe npudiauzno 43. Lle pobuts etan npu-
POJHUM YMHOM OUIBIII YYTIUBHUM JI0 3TaJIaHOTO sSBUINA, HDK MeTaH. OTxe, 100 mij-
TPUMYBATH MOCTIMHUMN 3amac 10 WOro BUHUKHEHHS, NIPHU CHATIOBAaHHI €TaHy HeoO0-
XiIHa po0OOTa ABUTYHA NIPU MEHIIOMY HaBaHTaXXEHH1, HIK IPU BUKOPUCTAHHI MeTa-
HY.

Mo>xuBICTh BUKOPUCTAHHS €TaHy sIK MajuBa BignoBigae ctanaapram IMO Tier
IIT 6e3 HeoOximHOCTI 3acTocyBaHHs Takux npuctpoiB Ak EGR abo SCR, Bukopucro-
Bytouu 1pu upomy sik nanuBo CIII' 1 LEG. JIBurynu 3a6e3neueHi MOXIUBICTIO Oe3-
MEPENIKOTHOTO MEepEMUKAHHS MK ckpamieHuMm npupoanum razom (CIITY), etanom
(LEG), nerkum mazytoM (LFO) a6o Baxxkum nasimsom (HFO).

b4
B Detonation ]
Operation

window

7%

B MEP (bar)
T
Thermal efficiency (%6)

NOx (g/kWh)

06 08 10 12 1.4 16 1.8 2.0 2.2 2.4 26

Alrffuel ratio
Puc.1 Jliarpama cTBOpeHHS rOprOYrX CyMilliel /Ui eTany

J10/1aTKOBOIO MEPEBArolo € Te, 110 st Horo poOOTH ABUTYHA MOTPIOEH BIITHOCHO
HU3bKUN TUCK razy, B Mexax 5-10 6ap. AnbTepHaTUBHI JBUTYHH 3 ABOMA MaJlMBaMH,
110 MPALIOI0Th 32 MPUHIUMIIOM Ta30BOr0 JAU3ENsl, TOTPEOYIOTh TUCKY Ta3y MpUOIN3-
HO 300 Gap nJst MeTaHy 1 HaBiTh OUIBII BUCOKOT'O TUCKY ITPU BUKOPUCTaHHI €TaHy,

PimeHHsi Mo BUKOPUCTAHHIO METaHy NoTpelye Aeskux Moaudikaiiii odaagHaH-
HS1 T 3MEHILIEHHS MOTY>KHOCTI.

[TouaTtkoBe HanmamTyBaHHsS ABUryHa Wartsila nepegdadano MOXIHUBICTh NpUKAO-
My rasiB, 110 MalOTh METaHOBE unciio Buie 70, IHaKIIE MOTYXHICTh TOTPiOHO Oy1ie
3MEHIINUTH, 100 YHUKHYTH CTYKy. YucTtuil etan xapakrepusyerbcss MU-43, skuii, 3a
CTaHJAPTHUMHU PO3PaXyHKAMU 3MEHIIECHHS, MPU3BEAE N0 MAKCUMAJIbHO MOMJIMBOI
MOTY>KHOCT1 B 63% BiJl MaKCUMaJIbHOT O€3MepePBHOI.

Ockinbky Led BapiaHT OyB BU3HAHUWI 3aHAATO HU3bKOE(EKTHUBHUM JJisi TapaH-
TyBaHHS HOpPMaJIbHY POOOTHY CyAHA, OyJO MPUIHSATE PILIEHHS HOBOI'O HaJaIITYy-
BaHHA JBUTYHA 1 HaJlalITyBaHHS MapaMeTpiB TOPIHHS, JIJI 3MEHIIEHHS! MOKJIMBOCTI
caMoJIeTOHAIlli.

[Ticns BunmpoOyBaHHSI Ta MEpPEeBIPKM HOBOI KOH(irypaiii merta 3abe3neyeHHs
73% HOMIHAIBHOI HANIPYTH i Yac poOOTH Ha €TaHl Oyja JOCATHYTa 3 JIOCTaTHIM
3armacoM 3anoOiraHHs yaapy. JABUTyHH MatoTh MOXKIUBICTh nepemukatucs Mk CIIT
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a6o JIEI" na nerke nanuBo abo ma3yt 6e3 nepepBu B po6orti. [Ipu poboTi B piakomy
peXHUMI1 ABUTYHU Bce 1ie 37aTH1 JoctaBuTH 100% HOMIHAIBHOT HAIPYTH.

[IpuknagoM 3acTOCYBaHHsSI €TaHy B SIKOCTI MajuBa JUIsl TOJOBHOI'O CYJHOBOTO
nsuryHa € JS NEOS Invention, HaiiOunbmuii y cBiTi 6ararodyHKIIOHaIbHUN ra3o-
BO3, 1110 BUKOPHUCTOBYETHCS NJIsl MEPEBE3ECHHS aMEPUKAHCHKUM CIAHIEBOIo Trasy, a
came eTaHy 710 €BpOIH BIAMOBIIHO 3 TOBFOCTPOKOBUM IuTaHOM iHBecTHI[1 INEOS.

CrnanneBuii ra3z oxonokyetbes 10 -90°C 3a mepexig B 3800 mMumb, 1o, sk
OUIKY€ThCS, 3aliMe JeB'ATb-AecsATh NHIB. llepenbadaerbcs 1O CiaHIEBUM ra3 3
CIIIA xomneHCy€e CKOpOYEHHs MocTayaHHs rasy 3 menb@y [liBHIYHOTO MOpS.

[lincymoByIouUM HasiBHUA NPAKTUYHUI JOCBIJ Ta pe3yJbTaTH TEOPETUUHOTO
aHai3y BUKOPUCTAHHS €TaHy B SIKOCTI MajJuBa, MOXKJIUBO 3pOOUTH HACTYIHI BUCHO-
BKH:

1. BuxopucTaHHS CKpaIlIeHOTO €TaHy B SKOCTI IajuBa TOJOBHUX CYAHOBHUX
JIBUT'YHIB € OJTHUM 13 BaplaHTIB JOCSITHEHHS HAMOUIBIINX JOBMOCTPOKOBUX MEpEeBar B
HaMpsMy CKOPOUYEHHS BUKHJIB IIKIIJIMBUX PEYOBUH B arMocdepy Ta 3amnodiraHHs
MapHUKOBOTO €(EKTY.

120 Typical emissions comparison for a 4 stroke DE vs DF
122 RBRER ~ ®DEHFO
60 — . DE MGO
40 - DF Gas Mode
Zg N . DF diesel mode
CO2 SOx NOx PM

Puc 2. IopiBuasuibHa Tabnuis BukuaiB 38udaiinoro JIBC 3 razoausenem:
*DE HFO — IBC, sikuii mpaiitoe Ha BaXKKOMY MaJIHB1
*DE MGO- [IBC, skuii npaitoe Ha JerkoMy MaauBi
*DF Gas Mode — razoausens, sSIKAi MpaIioe Ha eTaHl
*DF diesel mode — razoauzens, SKHil Mpalroe Ha JIETKOMY MTaJIiB1

CnanioBaHHsl €TaHy SIK MajuBa MPUHOCHUTH T1 K MEpeBard 100 TOTPUMAHHS
BUKH/IIB, K IPU BUKOPUCTAHHI B JBUTYHIB 3 TPAJULIAHUM MOJBIMHUM MaIUBOM
(metanoM). Ciia TaKoX 3a3HAYUTH, 1110, BPAaXOBYIOUM HHUHIIIHIA PO3BUTOK I[IH Ha
€TaH, 1€ MOXe 3a0e3MeUnTH AOCIATHEHHS HUXKYOI LIHU Ha MajbHE MOPIBHSIHO 3 Me-
TaHOM, 0COOJIMBO y BUNAJIKYy IEPEBE3CHHS €TaHy.

2. Ilpu BUKOpPUCTAaHHI CKPAIUIEHOTO €TaHy MIABUIIYETHCS €KOHOMIYHICTh €KC-
ruryatauii CEVY.
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OmnpmamoBcbkuii B.C., CrosHos /[.O.
Hamionanbauit yaiBepcutet «Oiechbka MOpPChKa akaaeMisi»

IepcnexkTnBu BukopucTandsi EC —BeHTH/ISITOPIB B CyAHOBUX CHCTeMaX
BEHTWISII | KOHIUIIOHYBAHHSA MOBITPS

EnepreTuyHi ycTaHOBKH, IO € HA CyAHaX, 3a0€3MeUyI0Th iX pyX, poOOTy CyJIHO-
BUX CHUCTEM, KHUTTEIISUIBHICTD €Kinaxa 1 rnacaxipis. OyHKIIOHYBaHHS TaKUX yCTa-
HOBOK HaJa€ BIUIMB HA JIOBKULISA 1 BOJIOJIE CBOIMHU CHEIU(PIYHUMU OCOOIMBOCTSI-
MU.OCHOBHUM CYAHOBHM JIPKEpEIOM 3a0pyJHEHHS JOBKULIS € €HEepreTU4Ha ycTa-
HoBka. Ha 1i momro moBoauthbcsa Omm3bko 60—80 % BciX TokcMYHHMX Bimxomis. Lle
Ha(TOBMILIYIOU1 BOAM 1 BUKUIU BIAMPAbOBAHUX Ia3iB AU3EIbHUX JIBUTYHIB.

BcraHoBneHo, 10 B ra30BUX BUKUJAX JU3EIBHUX JBUTYHIB MICTUTBCS OLIbIIIE
200 koMnoHeHTIB, npuuomMy 99+99.9 % 3 HUX cKIaAal0Th OKCUAM a30Ty (10 5 %),
niokcua cipku (1o 13 % mepin 3a Bee 13-32 BAXKKOTO BUCOKO-B'I3KOI0 Ma3yTy, BUKO-
PUCTOBYBAHOI'O SIK MaJMBO), KHCEHb, AIOKCUJ Byrieuto 1 Boga. Lo 3amummnucs
0,1+1 % BITHOCATBCA 10 TOKCUYHUX KOMIIOHEHTaM. 3a OCTaHHI POKU KUIBKICTh
HIKIJUTMBUX PEUOBUH B aTMOc(depi pi3Ko 30UTbIIYETHCS, IO MPUBEIO OCTAHHIMU PO-
KaMH J0 MiIBUILIEHHS CEPEeIHbOPIYHOI TEMIIEPATYPH OTOUYIOIIETo cepeaoBuina. Bei
11 3MIHM BUJHO 3 HIDKYE TPUBEACHOr0 rpadika.
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Puc. 1 Jlani ananizy rino0agbHOTO 3pOCTaHHS CEPEIHBOPOKOBOT TEMIIEPATYPH 3€MHOI KYITi.

He BumaakoBo 3axucT JOBKULISA 1 KIIMATy BiJl BUKHUJIB MOPCHKHUX CYJI€H I'pae
BEJIUKY pOJb, OCKUIBKM 3pOCTaloue CYAHOIUIABHE CIOJYYEHHS CYNPOBOAUTHCS
30UTBIIEHHSAM 3a0pyIHEHHS TOBKULIA 1 HETaTUBHUM BIUIMBOM Ha KJIIMAT 1 €KOJIOT1IO.
3MeHIIeHHIO 3a0pyIHEHHS MOBITPS BIANPAlbOBAHUMH T'a3aMU €HEPreTUYHUX YyCTa-
HOBOK B JaHWI yac MPUAUIAETbCS BEIUKa yBara. €BpONEWCHKUN COIO3 MiJINKCAB
KioTchkuil mpoToKko, KUl 3000B's13aB 3HU3UTH BUKUAU B aTMOCc(eEpy T10KCUTY BY-
riero—CO;, go 2020 poky miniMmyM Ha 20 %. 1106 mocsrTu 1mi€i MeTH, MOKJIUKAHO1
HE JOMYCTUTHU MOJANbIIOI 3MIHU KiiMaTy, €C NpUiiHIB JUPEKTUBY MPO MPOAYKTH
kiHIeBoro eneprocnoxxkuBanus (EuP - Energy using Products-Directive), sika 2009
poiii Oyrna nepeiiMeHoBaHa B TUPEKTUBY MPO MPOAYKIIIO, sKa MOB'I3aHA 3 €HEeProc-
noxxuBaHHsAM (ErP - Energy related Products-Directive).

[ls nupexTHBa CIYX UTh OCHOBOIO ISl BU3HAUEHHS MOXJIMBOCTEH IMiIBUILICHHS
€KOHOMIYHOCTI Pi3HUX 00'€KTIB, MOB'A3aHUX 3 €HEProcrnokuBaHHAM. Y yepBHi 2010
poKy OyJii BCTaHOBJIEHI 0OOB'A3KOBI 'PAHNYHI MOKa3HUKHU €(PEKTUBHOCTI AJIA €JeK-
TPOJBUTYHIB 1 BEHTWJIAITOPIB, HE3AJIEKHO B1Jl TOTO, UM MPAIIOIOTh BOHU CAMOCTIMHO
a00 € CKJIaJIOBOIO YaCTKOIO MpUiIaay, YCTaHOBKU abo cucteMu. [1ig miro nux HopMma-
TUBIB MIANAJal0Th YMCETbHI OOJACTl 3aCTOCYBAHHS EJIEKTPOABUTYHIB 1 BEHTHJIS-
TOpIB, B TOMY YHCJIi 1 CyJHOBI CUCTEMHU BEHTWJIALII, XOJOAWIbHI YCTAHOBOKU 1 CH-
CTEeMU KOHAMIIIOHYBAaHHS MOBITPA.

®dipmoro "Ebm-papst" pozpobnena texnomnoriga " Green Tech EC" B sixoi BusiB-
JSIOTHCSI CUJIBHI CTOPOHU JJIi BUKOPUCTAHHS BEHTHIATOPIB 3 €JIEKTPOIPHUBOJIOM 3
30BHIIIHUM poTopoM. Ha BiqMiHy BiJi BEHTUJISITOPIB, IKI BUKOPUCTOBYIOTh 3MIHHUIM
ctpyM, motopu Green Tech EC nocsiratots koeditieHTa kopucHoro Aii Buiie 90 %.

EC-gBuryn - ue O€3KOJIEKTOPHUM €NEeKTPOHHO - KOMYTOBAHMM JIBUTYH
(Electronically Commutated). Horo inozi Takox Hasusatots BLDC-nurysom (Bru-
shless DC motor), To6TO 6€3[ITKOBUM JBUTYHOM MOCTIMHOTO cTpyMmy. BeHnTumnsto-
pH, no0ynoBaHi Ha 0a3i JaHOTO JABUTYHA, Ha3uBatoThcsa EC-BeHTHIISITOpamMu.

53



90

EC- iy yHH

80 . i 3 parni amur sz et
CJIEKTPOHHOT KOMYTRIT
70 1-asui IBHCyHH Get
ENIEKTPOHHOT KOMYTAII

60

. %

50

40

ABHTYHH
3 POIIMETVICHHM
MO COM

30

0 100 200 300 400 500

Kopucua noryxuicrs na BHxoai, Br

Puc.2 I'padik 3minu KK/ BeHTUISATOPIB € pI3HUMHU JBUTYHAMU.

€C-nBUryH Mae 30BHILIHIA pPOTOpP, B SIKOMY pO3TallOBYIOTHCS CETMEHTH 3
MOCTIMHUMHU  MarHitTamy.  YmpaBiaiHHa  oOepranHsM  potopa €C-gBuryHna
3MIIACHIOETHCS 32 PAXYHOK KOHTPOJIBOBAHOT M0/aul eJIeKTpoeHeprii Ha 0OMOTKY cTa-
TOpa 3aJIEKHO BiJl IOJIOXKEHHSI pOTOpPA, SIKE BIACTEKYETHCS 3a JOIMOMOTOI0 AaTUMKIB
Xoia, a TaKoX 3aJIaHUX TapaMeTpiB PeryioBaHHs, 0 HAAXOASTh, HAPUKIIA, BiJ
30BHIIIHIX JAaTYMUKIB BIAMOBIIHOTO TUIY y BUIIIAII cTpyMoBuX (4+20 MA) abo mo-
teHuiiHux (0+10 B) curnanis. [Ipu npomy BOyaoBanuii PID-perynarop mno3Bodise,
nopsAl 3 MPOMOPLINHUM YIPABIIHHIM, BCTAHOBIIOBATH IIBHUJKICTh pearyBaHHS
JIBUTYHA Ha 3MiHY KE€PYIOUYOTO CHUTHAIy B 3aJI€KHOCTI BiJl HOro nudepeHIiaibHux 1

IHTEerpaibHUX Moka3HuKiB. EC-ABUTYH B po3pi3i peACTaBICHUI Ha PUCYHKY 3.
Porop

TMocrilinui
MArHIT

Cratop
Harunkn XoJna

THAHTHHEH

O0MOTKA cTATOPA

KomyTyioua eJleRTpOHiKa
KOJI0AKA

Puc.3 Koncrpykiis eneprozoepiratogoro EC-nBuryna

[Tpunanun pobotn EC-aBuryHa 3acHoBaHU# Ha TOMY, IO B MOJI, SIKE CTBOPIOCT-
csi BOYZIOBaHUMHU B POTOP MOCTIHHUMHU MarHiTaMu, BUKOHYETCSl yIpaBIiHHSI BEKTO-
POM MarHiTHOTO TOJIS IIJIIXOM 3MiHH HAalpsMKy CTpyMy B OOMOTKe cTaTopa. Y Ko-
’KEH MOMEHT 4acy KOHTpOJIep OOUHMCIIOE 1 TI0JIa€ HA OOMOTKY CTaTopa MOJSPHICTh
CTpyMYy, sika HEOOX1Ha JIJIst TOro, 100 3a0e3neunTu Oe3nepepBHE 00EepTaHHS POTO-
pa 13 3agaHot0 mBUIKICTIO. Ockiibku poTop EC-1BUTYHA € 30BHIIIHIM 3 MOCTIHHU-
MU MarHiTaMu, B HbOMY BIJICYTH1 TEIUIOB1 BTPAaTH, HEMHUHYY1 y pa3l KOPOTKO3aMKHY-
TOTO pOTOpa acUHXpOHHOro ABuryHa. 3Bigcu Bucokui KK/, mo mocsrae 80-90%.
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Ha pucynky 2 HaBoguthcsi nopiBHsHHS KK/ nBuryHiB pizHOro tumy, cepen sSKHX
€C-IBUTYH XapaKTEepPU3YEThCS PEKOPAHUMHU 3HAYEHHSMU B IIMPOKOMY Jliara3oHi
KOPHUCHOI MOTY>KHOCTI Ha BUXO/II.

EC-aBuryHn MOXJIHMBO MIiAKIIOYATH J0 MOCTIMHOIO JKEpesia Halpyru 3TiTHO
napameTpaM abo yepe3 BOYJOBaHUN KOMYTALIMHUN MOIyJb O€3MOCEPEIHbO 10 Me-
pexi 3MiHHOTO cTpyMmy (220 B, 380 B) 3 BUKOpUCTaHHSAM CTaHIaPTHOTO MPUIIAT0BO-
ro iHtepdeiicy RS 485 abo cnemianpHoi mmau ebm BUS ski 3a6e3meuyror MOXk-
JUBICTh YHpPaBIiHHSA BEHTHWJIATOPOM (200 Tpymnor BEeHTWIATOpiB g0 31 mT. y
koxHiiM) 3a nomomorow [IK a6o KIIK. B enexrponpuryHi nependadeHa Bujgaya
TPUBOXKHUX 1 aBapIHUX CUTHAJIB, a TAKOX 3a0€3MeUeHHsS MOHITOPUHTY pOOOTH CHU-
CTEMH.

Cnig 3a3HaunTtd, Mo npu podoti EC-ABUryH mpakTHUYHO HE BUAUILE TeIUla, B
Toi yac sik AC-MoTop Mae pobouy temrneparypy + 35 ... + 75 © C, mo Hakiagae jao-
JaTKOBE TEIUIOBE HABAaHTAXEHHS HA KOHTYp oxoioxeHHs. [Ipu npomy EC-nBurynu
0e3 J0JaTKOBOTO TEeperpiBy 3a0e3NeuyloTh CBOIO IMpale3JaaTHICTh B HIUPOKOMY
Jiana3oHl TeMIlepaTypy 30BHIIIHBOTO cepefoBHina. 3a nanuMu Ebm Papst temme-
paTypa po3irpiBy mnpaiorodoro EC-n1BuryHa Ha mijactaBi MpoOBEJEHOTO TECTyBaHHS
He mnepeBulrye +45 °C. MakcuMmalbHO 1 MIHIMaJbHO JOIMYCTHUMI TeMIEPaTypH
excrutyaranii EC-aBuryHna ckinangarots BianoBigHo Big Minyc 20 °C go 75°C. Oco0-
JIMBO BAXKJIMBUM JUIsl CUCTEM BEHTWJISILII Ta TEXHOJIOITYHOIO 1 KOM(OPTHOrO KOH-
JUIIOHYBAaHHS € Te, 110 BOHW MOBHHHI O€3MepepBHO 3a0e3medyBaTUCS rapaHTOBa-
HUM MIAMOPOM TOBITPs, 3a3Ha4€H1 3HAUYCHHS MMOBUHHI MIATPUMYBATUCS HE3AICKHO
BiJl MIHJIUBUX OOCTaBUH (BIIKPUTTA ABEpeil, poboTa o0iaaHAHHS Ta T. 1.) A BUTSXK-
HI CUCTEMHU BEHTHWJISAIII MOBUHHI O€3MepepBHO 3a0e3MeuyBaTUCS FapaHTOBAHUM PO-
3pIDKEHHAM. Y NEPIIOMY BUIMAJIKY 1€ JOCSITAE€TbCS MPEBATIOBAHHIM MPUILIUBY Ha
BUTSDKKOIO, @ B IPYTOMY - IPEBATIOBAHHIM BUTSDKKU HaJl MPUILIMBOM, 1110 3a0e3me-
Yy€eTbCs PETyNIOBAaHHSAM BHUTpAT MOBITPS 3a MOKAa3aHHSMU 30BHILIHIX MPECOCTATIB,
KOHTPOJIIOIOUHX Nepenaj TUCKY B BEHTUIISITOPI.

NOTOK

Tpybka ans
n3MepeHus
AasneHus

OaTtumk gaeneHuns

ab

Puc. 4 BeHTUnRATOp C KOHTPOJIEM MOBITPSIHOTO MOTOKY — a, ¥ OJIOK KEpyBaHHS €JIEKTPOIBUTYHOM
BEHTHJISITOPA - O

Pob6oTta KoHTpoJiepiB B IIUX BUNAAKAX 31MCHIOETHCS 3a MOKa3aHHSIMU HE JIBOX,
AK 3a3BMYai, JaTYMKIB (TEPMOCTAT 1 TUTPOCTAT), & TPHOX JNATUUKIB, B YUCIO SIKUX
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BXOJIUTh TakoXX mpeccoctaT. OcTaHHIA mpaiioe B JaHIo31 ynpasiiHHa EC-
nBuryHamMu. KoMmakTHICTh, HU3bKE €HEProCHOKMBAHHS, IJIABHE 1 TOYHE PEryito-
BaHHS, HU3bKUM piBEHb IIyMY, BIICYTHICTh BiOpallli, y3ro»KeHiCTb 3 pado4yuM KO-
JIECOM M0 aepOAMHAMIIl 1 MOTYXHOCTI, a TakoX psja I1HIWUX ocobiauBocTell €C-
JBUTYHIB € MPUYMHOIO BCE OUIBII 3pOCTAIOYOTO IHTEPECY 10 HUX.

—— AC-IBHI'YH 3 Pery/ib0BaHHM [

1800 3cyBoM das (cosg)
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Puc.5 Perynstop tucky 3 BOynoBa- Puc.6 3MiHa crio)KMBaHOI MOTY>KHOCTI

HUM JAaTYUKOM THCKY 3 PI3HUMU THIIAMH JBUTYHIB

TakuM YMHOM BIAETHCS JOCITTU MOMITHOI €KOHOMII €Heprii B MOPIBHAHHI 3 Tpa-
IUIIAHUMU MOTOpaMu 3MiHHOTO cTpymy. KpiMm nporo, mBuakictb obepranns EC
BEHTWJISITOPIB MOKE PETYJIIOBATUCS B 3aJIEKHOCTI BiJI KOHKPETHOI MOTpeOu. A 11e
Ma€ J0JIaTKOBY MO3UTHBHY CTOPOHY: 3Ha4HE MIJABUIICHHS eHepro3zoepexeHHs. Ile-
peBara B rabaputax oOymoBieHO ThM, 110 EC-ABUTYHH, € OUIbII KOMIAKTHUMHU B
nopiBHsAHHI 3 AC-IBUT'yHAMH, MTOBHICTIO BIUCYIOTHCS B rabapuTH KpUJIbYaTKU BEH-
TUISTOpa, 3a0e3neuyroyn NpsMHUM MpuBiA, B TOM yac sk BeHtwiasaropu 3 AC-
JBUTYHAMU 3aMarOTh 3HAYHO OLIbIIIE MICIIA,

3aBasKU TOCKOHAJIOI B3a€EMOJIIT MOTOpPA, €JIEKTPOHIKM 1 aepoJAMHAMIKH, BEHTH-
nstopu EC BpaxaloTb HE TUIBKM CBO€I0 €HEProe(eKTUBHICTIO, a W MPalOITh
BUKJIIOYHO THUXO, LIe 3a0e3Medye cucreMa eJeKTPOHHOI KomyTallii 1 o0TiyHA KOH-
CTPYKIIiSI BEHTWIATOPA, 10 00epTaeThesl. J{0gaTKOBI TUTIOCH - 11€ BEJIMKA HAIIHHICTh
1 TOBrOBIYHICTb.

BMCHOBKU

[lepeBaru Bukopuctands EC — BeHTHIIATOPIB 3aKII0YAIOTHCS B HACTYITHOMY:

- EC- BeHTHIIATOpPH MalOTh MIJBUIIEHI TEXHIYHI XapaKTEPUCTUKU — MIABUIICHY
notyxHicTh 1 KK]I npu MeHIux rabapurax;

- EC-BeHTUNSATOpU HE CTBOPIOIOTH J0JIATKOBOI'O HIYMOBOTO HABAaHTAXXCHHS MPU
pEryJIOBaHHI IIBUJKOCTI 00€pTaHHS, PIBEHb 3BYKOBOI'O THUCKY 3MEHILIYEThCS Ha 6
1b B MOPIBHSHHI 13 CTAPUMU MOJIEISIMU;
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- EC-BeHTHJIATOPH BUTIIHO BIAPI3HAIOTHCA JOJATKOBHM 3aXHCTOM BiJl Tepe-
IpiBaHHS €JIEKTPOHIKH 1 JBUTYHIB BEHTUJISITOPIB, @ TAKOXK 3aXUCTOM BiJl OJOKYBaHHS
potopa, BTpaTH (a3u 1 pi3KUX CTPUOKIB HANPYTH, 3abe3neuyroun 6e3nepediitHy po-
00Ty SIK B HECTIPUSATIMBUX YMOBAX JOBKLLIS, TaK 1 MpU 3005X €EKTPOKUBICHHS;

- EC- BeHTUIsTOPU 3aBASKH BOYJOBAaHOMY 3aXHUCTY IO €JIEKTPOXKUBICHHIO Ma-
I0Th BUCOKHI MOTOpecypc, 1110 ctraHoBUTh OutbIe 80 000 ronus;

- EC- BenTunsTopu MmoxkHa komytyBatu 3 Modbus, TakuM YMHOM, CIIPOCTHBIIH
JTUCTAHI[IMHUN KOHTPOJIb HaJl €KCIUTyaTallliHUMU apaMeTpaMy BEHTUJISTOPIB;

- HoB1 EC- BeHTHJIATOPH NIABUILYIOTh €(pEKTUBHICTH POOOTH TEIJIO0OMIHHHUKIB.
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XimivyHa 00po0Ka CyTHOBHX NAJIUB

EdeKkTuBHICTh 1 €KOHOMIUHICTh POOOTH TPAHCIIOPTHUX CYAECH MPSIMO 3aJIEKUTh
BiJl BUTpAT Ha MaJUBO, YaCTKA SKUX B 3arajibHUX (DIHAHCOBUX BUTPATAX HA €KCILTya-
Taliio cyaHa 3aiimae nepuie Mmicie [1]. OnTtumizaiiiss BUTpaT NajvBa 1 MiJIBUIICHHS
e(eKTUBHOCT1 1OT0 BUKOPUCTAHHS 32 PaxXyHOK aKTHBAIlli HOr0 €eHepreTHYHUX Xapa-
KTEPUCTHUK CIIpUsi€ 30UIbIIEHHIO (DYHKIIIOHYBAaHHSI BCIET IPOIMYJIbCUBHOT YCTAaHOBKH.

BianoBigHo a0 cranaapty Ha nanuBo DIS DP-8217, po3po6ieHoro Mi>xkHapo/I-
HOIO oprasizauiero no crapaaprtuzaimii ISO, B CynqHOBUX NBUTyHaX BHYTPIIIHBOTO
3TOPSIHHSI BUKOPUCTOBYIOTHCS JBa COPTH JAUCTHISATHOTO MajMBa — YUCTE JU3EIbHE
nanuBo DMB 1 3mimane manmuBo DMC, a takoxx ouuniniene nanuBo RM. Baxki cop-
TH MalOTh OUTBII HU3BKY BapTICTh B MOPIBHSAHHI 3 JIETKUMHU, 110 BU3HAYAE iX BUKO-
PUCTaHHS B CyJIHOBHUX JIU3EJISIX JJIsi CKOPOUEHHsS (PIHAHCOBUX BUTpAT HA MPUIOAHHS
naiauBa. TakoX HEOOXITHO BIJ3HAUWTH, IO Ba)KKl COPTH MaJUB 3aCTOCOBYIOTHCS
11t 3a0e31edeHHs] poOOTH CyTHOBUX JU3€EJIB Ha BCIX peKuMax poOOTH, B TOMY YH-
CJIl Ha pekuMax MyCKy Ta peBepcyBaHHs. HanliiHa ekcrutyaTallisi [u3eliB B TaKUX
yMOBaxX HEMOXKJIMBA 0€3 Mpolecy MaauBONiAroToBKU. [1iAroToBKka najauBa 10 BUKO-
PUCTaHHS B CYyJHOBUX JM3EJSX MPOBOJUTHCS KOMIUIEKCHO, MOYMHAIOYM 3 TPUIOMY
najarBa Ha CyJHO 1 3aKIHUYIOYM HOro MoJavyero B UWIIHAP ABUTYHA [2].
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Ha nanuii MOMEHT KOHCTPYKTHBHE 1 TEXHOJOT1YHE BHUKOHAHHS CYAHOBHUX JBH-
I'YHIB BHYTPIIIHBOIO 3rOPSIHHS JIOCSTJIO CBOET JJOCKOHAJIOCTI, IO 3a0e3neuye MiHi-
MaJjbHI MUTOMI BUTpPATH MaJiiBa JAHUX THUIIIB TEIJIOBUX JBUTYHIB B MOPIBHSHHI 3
1HITUMHU (TApOBUMHU KOTJIAaMU Ta Ta30BUMH TypOiHamu). Tomy xiMiuHa 0OpoOKka ma-
nuBa (a00 BUKOPUCTAHHS MPHUCAIOK JI0 TAJMBa) BBAYXKAETHCS OJTHUM 13 MUISAXIB IMij-
BUIIEHHS MaJIUBHOT €EKOHOMIYHOCTI JU3EIIB.

BuBYeHHIO BIUIMBY MaJMBHUX MPUCAIOK HA XAPAaKTEPUCTUKH TEIUIOBUX JBUTY-
HIB MPHUCBSYEHA BeJIMKA KUIbKICTh POOIT, MPU OMY MUTAHHS BUKOPUCTAHHS IMPHU-
CaJlOK PO3TJISAJAI0ThCS HABITh y TaKUX €HEProeEMHHMX 1 BIJIMOBIJAIBHUX OOJACTAX
€HEPreTUKH, SK siAepHa.

[Ipucanku 10 CyTHOBUX NaNMB B JIaHUW Yac HAOyJIM JOCUTH LIMPOKOIrO MOIIU-
PEHHS Ha Cy/AHaX, OJJHAK PE3yJIbTaT iX 3aCTOCYBAaHHS HE 3aBXIU OTPUMYE OJIHO3HA-
yHy OwiHKY. Lle moB'13aHO 3 pi3HUMU MPUYMHAMM, SIKi, TIEPII 3a BCE, 3aJekKaTh BiJ
XapaKTepUCTUK CYIHOBOTO JIM3EJIA 1 €JIEMEHTIB MOro MajuBHOI CHCTEMH, a TaKOX
BiJl 3a0€3MeUeHHsI MPAaBUJIbHOT TEXHOJIOT1i BUKOPUCTAHHS MPUCATIOK.

VY 3B'I3Ky 3 IIUM METOIO JTOCHIKEHHS OyJI0 BU3HAUEHHS BIUIMBY MAJMBHUX MPU-
CaZloK Ha €HEPreTU4Hi, eKOHOMIYHI Ta €KOJIOT14HI MapaMeTpu poOOTH CYIHOBOTO
JBUTYHA BHYTPIIIHBOTO 3rOPSHHS.

3acTocyBaHHS NAJIMBHUX MPUCAIOK OCOOJIMBO aKTyaJbHO JJIS AOTMOMIXHUX JBU-
T'YHIB, SIKl € IPUBOJAMHU €JIEKTPUYHUX TeHepaTopiB. J[aHl TUMU JBUTYHIB XapakTe-
pU3ye MiBHILECHA (B TOPIBHSIHHI 3 TOJIOBHUMU JIBUTYHAMH) YacTOTa 0OEpTaHHS KO-
JIHYACTOTO BaJjia, a TAaKOX Oe3mepepBHa poOOTa B CKJIal CyJHOBOI €JIEKTPOCTAHIIIT
(sSIK Ha XOJIOBMX, TaK 1 Ha CTOSIHKOBUX peXHMMaXx eKcrutyatarlii cyana). [lepme (mif-
BHUIIIEHA YACTOTa) CKOPOUYE Yac BIOPCKYBaHHS MalivBa, Apyre (podoTa miJl yac CTo-
SHOK B aKBaTOpPii MOPCHKHUX IMOPTIB) HAKJIaJa€ JOJATKOBI BUMOTH IIOA0 3abe3re-
YEHHS €KOJIOTTYHHUX MTOKA3HUKIB pOOOTH ABUTYHIB.

JlocnimpKkeHHsl B yMOBaxX MOPCbKOro cyaHa aeaseidtom 51187 Toun Oymnu npose-
JIeH1 B mauBHIM cucteMi auzenst 6N21L dbipmu Yanmar. Jlo ckinagy cyJaHOBOI eHEp-
TeTUYHO1 YCTAHOBKU BXOJMJIO TPU HA3BaHUX JM3ENS, [0 BUKOPUCTOBYIOTHCS B KO-
CT1 au3enb-reHeparopis. Lle mo3Bonuno ABa nu3enss BUKOPUCTOBYBATH JJISl MPOBE-
JICHHSI €KCIIEPUMEHTIB, a OJUH 3aJMILIATU B SIKOCTI «KOHTPOJIBHOr0». CXeMa majiuB-
HOT CHUCTeMH JAM3eJiB HaBeleHa Ha puc.l. 3 Meroro 3a0e3MedeHHs] eKCIIEPUMEHTY
MajuBHA cucteMa Oysia jgoo0JjagHaHa BUTpATOMIpoM 3 1 J03aTOpPOM MPUCAAKU 4.
Taka opranizaiiisi mojayl NpUCaJKN B NAIMBHY cUCTeMy 3a0e3redyBajia HeoOXIHY
JUCTIEPCIIO 1 pIBHOMIPHUM piBEHb 11 pO3UMHEHHS B HayiuBi [3].

JIBUTYHU TIpU JOCIIJKEHHSAX MPALIOBaJIM B MapajelbHOMY PEXHMI, 1110 J03BO-
TS0 MIATPUMYBATH OJIHAKOBE HABAHTAXKEHHA SIK HA «EKCIIEPUMEHTAIBHUX», TaK 1
Ha «KOHTPOJBLHOMY» ju3eni. Ii BenmumHa craHoBuna Ne=300...600 kBt npu
HOMIHAJIBHINA MOTYXKHOCTI au3eiib-reHepatopiB Nenom=680 kBt. [loTyxHicTh nu-
3eniB Ne Bu3Hauanacs 3a BupazoM Ne=Ng/ng (1e Ng — NmoTyXHICTh TeHepaTopa,
kBT, ng — koediuieHT KOpUCHOI N1ii reHepaTopa). 3HaueHHs Ng 3HIMasacs 3 BAaTMET-
pa, PO3TAIlIOBAaHOTO HAa MaHEeNl YHPABIIHHS JU3elb-TeHepaTopa, a BEIMYHMHA Mg
npuiiManacss 3 TAacCHOPTHUX XapaKTEPUCTUK JAU3eib-TeHepaTopa 1 CTaHOBUJIA
Nng=0,915. JIns po3paxyHKy BEITUYMHH MUTOMOI €(EKTUBHOI BUTpATH MajiMBa be 1o
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BUMIPHUKY piBHSA (mo3uiis 7 Ha puc.l), po3ranmioBaHOMY Ha KOXKH1M BUTPATHOI U~
cTepHi (mo3uiis 8 Ha puc. 1) BU3Hayanacs NoToYHa BUTpaty nanuBa Grnadi.
1 2 3 4
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Puc. 1. CynoBa nasimBHa cuctema (pparmeHr):
1 — manuBHUN HACOC BUCOKOTO THCKY; 2 — NAJIMBHI (DUIBTPU TOHKOTO OYMILEHHS;
3 — BuTparomip; 4 — 103aTOp MPUCAJKU; 5 — HATUBHUMA PUIBTP rPyOOro OUUIICHHS;

7 — BUMIpIOBaY piBHS; 8§ — BUTpaTHA IMCTEPHA
PiBeHb 103yBaHHS MPUCATOK BApIIOETHCS B IIMPOKUX MeEXax 1 3aJICKHUTh Bij
MIPU3HAYCHHS MPUCATKH 1 XapaKTEPUCTUK MAJIUBHOI CUCTEMHU, B sKIi BOHa BUKOPH-
CTOBY€EThCSI. ONTUMaIBHUN J1aa30H JO3YBaHHS MPUCATKU BU3HAYAETHCS €KCIIEPHU-
MEHTAJIHO, B 3B'A3KY 3 IIUM IIPHU JOCIIPKCHHIX BUOUPAIHCS TaKi CHiBBIIHOIICHHS
npucaaku 1 6azoBoro manuea — 1:2000, 1:3500, 1:5000, 1:6500 1 1:8000. [Tpu oMy
HaliMEHIIIe 3HA4YeHHS MUTOMOI €()EKTUBHOI BUTpPATH NajuBa OYyJI0 OTPUMAHO IPHU
koHeHTparisax 1:3500 1 1:5000, ski 1 Oyau TpUAHATI A1 TOJATBIITUX TOCTIIKCHb.
['padiuni 3anexxHOCTI MUTOMOI eeKTUBHOI BUTpaTH nanuBa be nuzens 6N21L Bix
Horo BiIHOCHOT MOTY)HOCTI Ne/Nenom Jj1s1 pi3HUX KOHIICHTpAIlid MPUCAJIKU B Ta-
JIUBI1 HOKaSaHri Ha puc. 2 [4].

® BTy
200
3
195
3 1 3
4 3
190 3
4 4
4 4
185
50 60 70 80 90 Ne o

€nom
Puc. 2. 3anexnocti nutoMoi eheKTUBHOT BUTpATH nanuBa b, qu3ens 6N21L Big ioro BITHOCHOT

MOTYXXHOCTI Ne/ Nenom JUTSL PI3HUX KOHIICHTPAIIA MPUCAJKH B TIAJIUBI:
1-1:2000; 2 — 1:3500; 3 — 1:6500; 4 — 1:5000; 5 —1:8000

EKCHepI/IMeHTaJIBHO OTpI/IMaHi pe3yiibTaT, 1o Hi}lTBep)I}KYIOTB 3HWKCHHA ITH-
TOMO1 e(beKTI/IBHO.l. BHUTPATH MaJIHMBa IIPU BUKOPUCTAHHA IIPUCAAOK HO ITAJIMBA, CBiI_[-
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4aTh PO IHTEHCU(DIKAIIIO MPOLIECY CYMIIIOYTBOPEHHS 1 3ropsiHHs. [lpu oMy Bif-
3HaYMMO, WIO0 JJsi PI3HOI KOHIIEHTpalii npucaakd B 0a30BOMYy MajMBl CIO-
CTEepIraeThCs pi3HE 3HAUCHHS 3HUKEHHSI MTUTOMOI €(DEeKTUBHOT BUTPATH TNaJIMBA.

OpHi€o 3 XapaKTepUCTHUK, 110 BU3HAYAIOTHh SIK SKICTh MPOTIKaHHSI poOOYOro
UKITY B HWIIHAP1 AU3EIIs, TaK 1 CTYMHiHb TETUIOBOI HANPY>KEHOCT1 HOro JeraneH, €
TeMIlepaTypa raziB Ha BUXO/1 3 ABUryHA. Haitbouibi yacto ii BUMIPIOIOTh B BUITYCK-
HUW MaricTpani micis ra3orypOoHarserada. Ha puc. 3 mokazaHi 3ajieXXHOCT1 yce-
pPEAHEHOI MO BCIX LIIIHIpaX TEeMIEpaTypu ra3iB Ha BUXOJ1 3 Iu3els tBI BiJ HOTO
BiTHOCHOI MOTY>KHOCTI Ne/Nenom. BumipioBaHHs BHKOHYBaJIUCA $K JJISl «KOH-
TPOJBHOTO» JU3ENs, TaK 1 «EKCIIEPUMEHTAIbHUX» IMU3ENIIB, Kl MpaIoBad Ha Ma-
JIMBI 3 ONTUMAaIbHOT KoHIIeHTpawii npucaaku (1:3500 1 1:5000).

tgn°C

440 1

420

400

380

360

A

50 60 70 80 90 Ne o

€nom
Puc. 3. 3anexHicTh ycepeJHEHOT TEMIIEpAaTypu BUITYCKHUX Ia3iB fgr MO MIIHAPAX JU3EIs

6N21L Bix #ioro BigHOCHOT HOTYKHOCTI Ne/Nenom:
1 — «KOHTPOJBHUI» AU3ETb; 2 — «EKCIEPUMEHTATBHUIN TN3eb (KOHIICHTPAIliS TPUCATKU
1:3500); 3 — «excrepuMEeHTATbHANY qU3elb (TaTuBO 3 KOHIeHTpals mpucaaku 1:5000)

Sk BUIIHO 3 puc. 3, 3aCTOCYBaHHSI NMPUCAJIOK JI0 MAIUBA CIPUSIE 3HIHKECHHIO TEM-
nepaTypu ra3iB Ha BUXO/1 3 JU3EJIS, 110 CBITYUTH PO OLIBII TOBHE 3rOPSHHS MaJv-
Ba 1 MAKCHUMaJIbHE BUKOPUCTAHHS TETIOBO1 €HEPrii ra3iB B IMIIHIPI [5].

Takox ciij 3a3HaYUTH MEHIIE BIIXWICHHS TEMIEpaTypu rasiB IO HUJIIHIpax
JU3eIIsl BiJl MOTO YCEepeTHEHOI0 3HAueHHs tCp MPU BUKOPUCTAHHI MPUCAAKU JI0 Ta-
nuBa. Tak, 1 «kKOHTPOJIBHOTOY» Ju3els (IIPU 3HAUYCHHI BITHOCHOI MOTY>KHOCTI1 JIU-

3enst Ne/Nenom=78%) nipu BenuuuHi tcp=397° C 1eit mapamerp ckiaB At°l’=13°C,

At°l’=10"C, a JUIsl OJTHOTO 3 «eKCHepuMeHTanbHuX» mpu tmid=380°C — At°l’=8°C,

Aley =6°C (puc. 4).
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=13°C

+
cp

=10°c! A

390 1 390

ep

At

380 - 380 1

370 —> 370

3 4 5 6 Noeuurmngpa 1 2 3 4 5 6 Neuwnmugpa
a) b)
Puc. 4. Hey3romkeHICTh TeMIepaTypy BUIIYCKHHX Ta3iB fpr [0 [UIIIHAPAX CYAHOBOTO AU3EIIS
6N21L npu pi3HHUX YMOBaX IPOBEIECHHS €KCIIEPUMEHTY:
a) «KOHTPOJIbHUI» JTnu3elb (0€3 BUKOPUCTAaHHS NaJMBHOT IPUCA/IKH);
b) «excnepuMeHTaIbHUNY TU3eib (P BUKOPUCTAaHHI MAaJIUBHOT PUCAIKH )

1 2

Haeneni pe3ynbTaTi J03BOJSIOTH 3pOOUTH HACTYITHI BUCHOBKH.

1. XimiyHa oOpoOka majauBa MPU3BOAMUTH 10 MiABUIIEHHS MaJWBHOT €KOHOMIY-
HOCTI CyJTHOBOTO au3eis. Hanpuknana, npu 1poMy Ha pi3HUX peKUMax PoOOTH CY/I-
HOBOTO YOTHPHUTAKTHOT'O JU3EJIsI MOXJIMBO JIOCATTH 3HIDKCHHS MUTOMOI BUTpaTH
manuBa Bix 3,5 1o 5,8 %.

2. MakcumaibHe MiIBUIIEHHS MaJWBHOI €KOHOMIYHOCTI BiIOYBaEeThCs B jiama-
30H1 50...60 % HaBaHTa)XXEHHS JU3€Nsl, TOOTO PEKUMIB, IO XapaKTEPU3YIOThCS Haii-
OUTBIIIMM EKCITyaTallliHUM TEePi0JIoM pOOOTH, a TaKOX ITIABUIIECHOT TEIIOBOI Ha-
MPYKEHICTI0. BUKOpUCTaHHS MaJMBHUX MPUCATOK HE TUIBKH 3HM)XYE 3arajibHi BU-
TpaTU MajiuBa, ajie 1 CHOpUSE 3HIKCHHIO TEMIIEpaTypu BHUIYCKHHX Ta3iB Ha
3,3...7,2 % 1 3MeHIIye 1i BIAXWICHHS MO UWIIHApPAX AW3ENs, BUPIBHIOIOYM TaKUM
YUHOM TEIJIOBE HABAHTAXEHHS 110 OKPEMHX LUJIIHIpaX.

3. 3acTocyBaHHA MPUCAJIOK 10 MAJMBa CIPUSAE MOMIMIICHHIO TEXHIYHOTO CTaHy
neTajged MUIIHIPOTIOPITHEBOI TPYNU IU3eNs 1 WOro ra3oBUITYCKHOT CUCTEMHM 1 Ha
20...25 % 3HIWXKYE TPYIOMICTKICTh pOOIT HA MPOBEACHHSI MOTOUYICTKI JU3EIIS.

4. KoHlleHTpallisi MpUCcagkyl Ma€ ONTHMAalbHE 3HAYCHHS, BU3HAYAETHCS EKCIie-
PUMEHTAJIBHO 1 3aJI€KHUTH B1Jl XapaKTEPUCTHUK TU3EIIsl 1 BHKOPUCTOBYBAHOTO TAJIMBA.
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Hpo3zn O.B.
Hamionanbauit yHiBepcutet «Oiechbka MOpPChbKa akaaeMis»

Oco0,IMBOCTI TEXHIYHOT0 00CIYTrOBYBAaHHA CYTHOBHUX CTPIYKOBHX KOHBEEPIB

OcTanHIM yacoM y 3B'I3Ky 3 IHTEHCH(]IKAII€I0 NepeBaHTaXKyBAIbHUX POOIT B
MOPCBHKUX MOPTax 1 3aCTOCYBaHHSAM MEPEOBUX TEXHOJIOTIH B NMEPEBAHTAKYBAJIbHUX
KOMIUJIEKCaxX ISl HaBaJOYHUX BAHTAXKIB BUHUKAE HEOOXIIHICTh MIiIABUIIECHHS MpO-
OYKTUBHOCTI 1 HAIIMHOCT1 pOOOTH CYJTHOBUX CTPIYKOBHX KOHBeE€pIB [1].

TpuBainicTh ekcrtyaTallil CyJJHOBOTO CTPIYKOBOTO KOHBEEPA 3aJI€KUTh BIA DALY
(bakTopiB: eKCIUTyaTalllOHHUX HaBaHTa)XeHb, KOHCTPYKTUBHUX OCOOJMBOCTEH, Tpa-
MOTHOT opraHizailii 00CJIyroByBaHHS 1 pEMOHTY.

Ha mpaktuiii MDKpPEMOHTHI TEpPMIHM IUIAHYIOThCS, BUXOJSYU 3 KaJIEHJApHOTO
qacy €KCIUTyaTallii, Ipy [bOMY HE 3aBXIH BPAaXOBY€ThCA (DAKTUUHE HAIpaI[IOBAHHS
1 IHTEHCUBHICTh HaBaHTakeHb. HecBoeuacHa 3amiHa 3HOIIECHUX JieTalield 30UIbIIYe
HMOBIPHICTH aBapiiHUX PEMOHTIB.

HapiiticTe poOOTH CYyTHOBOTO CTPIYKOBOI'O KOHBEEpa Oarato B YoMy 3aJICKHUTh
BiJl SIKOCTI Horo 30ipku. CroyaTky MOHTYIOTh IPUBOAHYIO CTaHIIII0O KOHBE€Epa, MpU-
JUISI0YM OCOOIMBY yBary HaJiiHOMY ii 3akpimieHHI0. [1oTiM MOHTYIOTH KOHBE€Ep-
HUM CTaB 1 XBOCTOBY YacTUHY KoHBeepa. [Ipu 11boMy cTexkaThb 3a TUM, 1100 KOHBEEP
HE MaB PI3KUX MEPETUHIB Y BEPTUKAIbHIN IJIOMIKHI, 0 BUKIMKAIOTH MiJABUIIECHUMI
3HOC CTPI4YKU. AOCOJIOTHO HEMPUITYCTUM1 BUTMHHU OC1 KOHBEEpA B TUIaH1, TaK K MPH
IIbOMY CTpidKa OyJie MOCTIMHO CXOUTU B CTOPOHY 1 OPYIITyBaTH pOOOTY KOHBEEPA.
[Ipr MOHTaX1 POTMKOOIIOP HEOOXITHO TOTPUMYBATHUCS YMOBH: 3MIIICHHS CEPEIUHU
pOJIMKa BiJ] MO3I0OBXKHBOT OC1 KOHBE€EPA MOBUHHO OyTH HE OuIbllle 5 MM, a OUTTS Po-
JUKIB Tipu mBHAKOCTI 3,15 M / ¢ He Ounbiie 0,015 30BHIIHBOTO JllaMeTpa POJIUKA.
[Ticns 3akiHYEHHS MOHTaXKy CTaBa 1 KIHIIEBHM CTaHIII1 MPUCTYNAIOTh 10 HABIITYBaH-
Hsl KOHBEEPHOT CTPIYKH BIATIOBIIHO A0 CXEMHU ii 3alacyBaHHs Ha KOHBEEPL.

[Ipu MOHTaXX1 KOHBe€epa JUIsl HOTO OTJISAY, PEMOHTY 1 MPOXOAY JIIO/IeH MK CTiH-
KaMH 1 KOHBEEpOM TepeadayaroTs 3a30pu He MeHie 0,4 M 3 ogHoro 1 0,7 M 3 1HIIOTO
OOKYy.

[Iyck kKOHBeepiB B XiJ CJiJl MOYMHATH B HEHABAHTAXXEHOMY CTaHi, 1100 BUKIIIO-
YUTH MEPEBAHTAKEHHS €JIEKTPOABUTYHA 1 MPOOYKCOBKY CTPIUKH. 3YIMUHKY KOHBE€Epa
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pOOJATh TUIBKU MICHS CXOAY 3 CTPIUKM BCHOI'O BaHTaXy. BUHATOK CTaHOBISATH
aBapiiiHi BUIMAKH.

Ornsan koHBeepa 1 epeBipKy poOOTH POJIMKIB MPOBOJAATH HE Pijllie OJJHOTO pa3y
Ha 700y. lomicsus nMoBUHEH MPOBOAUTUCS NPODUIAKTUYHUNA PEMOHT 3 IJIAHOBOIO
3aMIHOIO MacTHJIa KOHBE€epa.

[Ipu Takux HECHPaBHOCTAX, IK HEHOPMaJbHI IIYMH B PEAYKTOpP1 MPUBOAY, IO-
PUBHU CTPIYKHU, JEUEHTPIPOBAHHICTh CTPIUKHU, OCJIA0JIEHHS KPIMJICHHS MiIIIUITHUKIB
OapabaHiB, MOJOMKA 3YMUHHUKIB 1 TajlbM, BUTIK MacTuia 3 peaykropa i Mmydtu, He-
CIPABHICTh OYMCHUX PUCTPOIB MPOBOJATH TEPMIHOBY 3YIIMHKY KOHBEEpA.

[IpaBuna excrutyartailii KOHBEEPIB [2] periaMeHTyIOTh:

CTEXXMTHU 3a MPABUIIBbHICTIO XOAY CTPIUKH, OYUILEHHSIM MPUBOJHOI CTAHIIII 1 po-
00TOI0 BCIX POITUKOOTMOP, IUTICTIO CTPIYKH 1 B eIy YEPry BY3JiB il CIIOIYKH;

PEryJIOBAaTU HATAT CTPIUKH 1 HE IOMYCKATH ii IPOBUCAHHS MK POJIMKAMU;

HE MPOBOJUTH 3MAILEHHS 1 PEMOHT po00YOro KOHBEEPA.

OCHOBHUMU NPUYUHAMH CXOAY CTPIUKH B OIK €:

HEILEHTPAJIbHE 3aBaHTAXKEHHS BAaHTAXXy Ha CTPIUKY;

MEPeKiC BEPXHIX 1 HUKHIX POIUKOOIIOP;

HEeIMpaBUIbHE CTUKYBAHHS CTPIUKH;

BUKPUBIICHHS OC1 CTaBa KOHBE€EPA.

SIKu10 BUKITIOYEH] 3a3HAUYEH1 BUIIE MOPYILIEHHS, a CTPIYKa BCe-Taku iJie B OiK, TO
M0 JIOBXKMHI CTaBa IUX JAUISHOK BCTAaHOBIIOIOTH O14HI MPOTYMOBAaHI POJUKH Yepe3
koxH1 10-20 M 110 06uBa OOKHU CTPIYKH.

3 METOI0 3MEHIIEHHS KOJIMBaHb Y3/I0BXK MO3J0BXHBOI OC1 HOTr0 MPUBOIHUMN pO-
JIMK TIOBMHEH 3HAaXOJIMUTHUCS HA BiICTaHl 01u3bKo 250 MM BiJ OMOPHOTO TOPU30H-
TaJbHOT'O POJIMKA KOHBEEPA.

[Ipu excmryaTarlii 1 0OCIyroByBaHHI CTPIYKOBUX KOHBEEPIB HEOOXITHO JOTPH-
MYBATHUCSl TAKUX OCHOBHUX MPaBUJI O€3MEKHU.

VY npuBOAHMX 1 HATSHKHMX TOJIOBOK, Y PO3MOJUIBHUX MPUCTPOIB 1 Uepe3 KOXKHI
100 M o 1OBXKMH1 KOHBEEPA MOBUHH1 OyTH BCTAHOBJICHI /IBA BOTHETACHUKH Ta SIIKUK
3 MICKOM.

1106 yHUKHYTH TpaBMYBaHHsI OOCIYTOBYIOUOI'O NMEPCOHANY MPUBOAM KOHBEEPIB
MMOBHUHH1 OYTH OTOPOKEHI.

CtpiukoBi KOHBEEpHU Ciiji 0OOB'SI3KOBO 0OO0JagHATH MPUCTPOSMH MPOTH CXOIY
CTPIYKH B OIK 1 IPUCTPOSIMU aBTOMATUYHOI 3yNMMHKU KOHBE€EpaA 3 Oy1b-KOi TOUKH IO
HOTO JJOBXKHHI.

VYV MicugX HaBaHTa)KEHHs BaHTa)Xy Ha KOHBEEp 1 MEPEBAHTAXEHHS, JI€ CIO-
CTepIra€ThCsl CUJIbHE MUIOYTBOPEHHS, IJISl OCAKEHHS MUy 3aCTOCOBYIOTH 3pO-
IIEHHS BOJIOIO 32 JI0NIOMOT010 (DOPCYHOK.

Cxema aBTOMaTH3allli CTPIYKOBUX KOHBEEPIB MOBUHHA 3a0€31€UyBaTHU:

M0/1a4y 3BYKOBOI'O CUTHAIY MEpeJl MMyCKOM;

MIATOTOBKY A0 MYCKY HICHs BIAKIIOUEHHS;

M0/1avy CUTHaJy PO MPUYMHU 3yIIUHKH HA MYJIbT YIPaBIIHHS;

aBapiiiHe BIJKIIIOYEHHsS KOHBeepa (IIPU HECIPABHOCTI €JEKTPOJBUIYHA 1 Me-
XaHIYHOI YaCTMHU KOHBEEpa, TPUBAJIOMY IYCKY KOHBE€Epa, HECIPABHOCTI JIAHLIOT'1B
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yIpaBIliHHS, 3aBalll MePEeBaHTAXXYBAJILHOT'O MPUCTPOIO, MPOOYKCOBYBAHHS CTPIUKH,
CXOJI1 CTPIYKH B O1K).

Cxemo10 MOBHHEH OYyTH nependadyeHuil nepexiaa yrnpapiiHHs Oyab-sIKUM KOH-
BEEPOM 3 aBTOMATHYHOTO Ha MICIEBE 31 30€peKCHHSIM aBTOMATHYHOIO YIPABIIIHHS
IHIIMMHU KOHBeEpaMU; OJOKYBaHHS poOOTH KOHBEEPHOI JiHIi 3 pOOOTOI0 BaHTAXKHO-
ro MyHKTY.

Jlist KOHTpOJII0 poOOTH KOHBEEpa BCTAHOBIIOIOTH PSJ JATYMKIB: IMIBUIKOCTI,
KOHTPOJIIO CXOAYy CTpIUKH, TEMIIEpaTypu MPHUBOJHOro OapabaHa, MOLIKOIKECHb
TPOCIB T'YMOTPOCOBHUX CTPIYOK, KOHTPOJIIO 3aBajly HEePEeBaHTAXKYBAJILHOIO IpHU-
CTpOIO.

CymapHe HampaioBaHHsI CTPIYKOBOTO KOHBEEpa BiJl MOYATKY E€KCILUTyaTarlii 10
nepexoay B 'pPaHUYHMI CTaH BU3HAYa€ WOTO pecypc 1 TICHO MOB'SI3aHE 3 TEPMIHOM
CITYXKOWU.

Ha ¢aktuunuii pecypc BIUIMBaIOTh MOKa3HUKH POOOTH 1 TEXHIYHI 1 KOHCTPYK-
THUBHI MOXJIMBOCTI, SIK1 BU3HAYAIOTHCSI KOHCTPYKTOPCHKOIO IOKYMEHTALIEI0.

Cucremaruzalliss JaHUX TMPO HECHPABHOCTI CTPIYKOBUX KOHBEEPIB H03BOJISE
c(OpMyITIOBAaTH OCHOBHI1 HAIpPSIMKH TEXHIYHOTO OOCIYrOBYBaHHS 1 PEMOHTHHUX
po6it[3], a came:

npua0aHHs 3alaCHUX YaCTHUH 1 IeTajiell Ha 3aMIHY 3HOUICHUX;

3a0e3MeUeHHs SIKICHOT 1 CBOEYaCHOI MacTuiIa BY3JiB 1 AeTallel;

JOTPUMAHHS BUMOT IIOJI0 €KCIUTyaTallli, BU3HAYEeHUX 3aBOJIOM-BUPOOHUKOM;

3a0€e3MeUeHHs] BACOKOTO PiBHS 0OCIYroBYIOYOro MEPCOHAIY.

Cran oOJlafHAHHS BBaXXA€ThCS HOPMAJbHUM, SIKIIO HOro YyHIUIM 1 JAeTani 1
CIpaBHi, a MapaMeTpH, 3a SIKUMH BU3HAYAETHCS iX CTaH, HE HAOJMKAETHCSA 10 Tpa-
HUYHUX 3HAYEHb, 1 JJO3BOJISIE TOBOPUTHU PO O€3MEUHY EKCILTyaTallito.

ExoHoMist KOIITIB Ha OUIBII JACHIEBUX aHAJIOTaX 3alacHUX JeTajel MOoXKe MpuBe-
CTH JI0 CKOPOYEHHS 3aJIUIIKOBOIO TepMiHY ciiy>kOu. Tak, Hanmpukiaa, HalOouIbI ya-
CTO BUXOJSATH 3 JaAy pojiuku. Pe3ynbratroM ociabiieHHsT KOHTPOJIO € HeCBOE€YacHa
OYUCTKAa 1 3aMiHa CKpeOKiB, SKI 3HOLIYIOYHCH, MEPECTaloTh BUKOHYBATH CBOi
¢byukuii. Lle nopyuienns Tsarae 3a co6oro nepeayacHuil 3Hoc GyTepoBKH MTPUBOIHO-
ro Oapabana. AHajoriyHe HACIIOK Ma€ HE BIIMOBITA€ BUMOTraM IO EKCILTyaTarlii
HATAT KOHBEEpHOI cTpiuku. HaBeneHi 3 HallOUIbII 4acTo 3yCTPidyalOThCsl MOPYIICHb
eKCIUTyaTalii 3HMXKYye e(EeKTUBHICTb pOOOTH KOHBEEpa 1 Bele /0 CKOPOYCHHS
TEPMIHY CIIYKOH.

Haili6u1bl nmepcrneKkTUBHOIO CTpaTerielo 00CIyroByBaHHS 1 PEMOHTY CYJHOBUX
CTPIYKOBHX KOHBEEPIB € 00CIyTOBYBaHHA MO0 (PaKTUYHOMY CTaHY, OCKUIbKU I'paHUY-
Hl CTaHM KOHCTPYKIIH € pe3yJbTaToOM MOCTYNOBOTO HAKOMUYEHHS MOILIKOKEHb B
JeTallsgX, By3Jlax 1 eleMeHTaX. BusBUTH 1 yCyHYTH Ne(eKTH Ha MOYaTKOBIM cTaail
MO>KJIMBO MIPU BUKOPUCTaHH1 €(EKTUBHUX METO/IIB 11arHOCTYBAHHS Ta CBOEYACHOMY
MPOBEJICHH] PEMOHTHUX POOIT.

CITHCOK BUKOPHCTAHOI JIITEPATYPH
1. I'ankun, B.U. , Cazonora, E.C. OcoO0eHHOCTH 3KCILTyaTalldd MOIIHBIX JICH-
TOYHBIX KOHTEMEPOB C KPUBOJUHEWHOMN B IUIAHE TPACCOM JJII TOPHOU MPOMBIIILICH-
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VJIK 621.431.74

Jlanetin €.J1.
Hamionanbauii yHiBepcuret “Onecbka MOpChbKa akaaemis”

AHaJIi3 HABAHTAXKYBAJbHUX XapPAKTEPUCTHK CYAHOBUX KEPMOBHMX MAIIIUH

[Ipu mpoexTyBaHHI i MOJepHi3alii KEPMOBOT MAIIMHUA OJHUM 3 (AKTOPIB, 11O
BIUTMBAIOTh HA 3MEHIICHHS BUTPAT 1 MIABUIIEHHS €(PEKTUBHOCTI il poOOTH, € BU3HA-
YEeHHS ONTUMAJIbHOTO KPYTHOI'O MOMEHTY Ha Oaijiepi KepMa, SIKMi pO3paxoBY€EThCS
Ha OCHOB1 HABaHTa)XyBAJIbHOI XapaKTEPUCTHUKHU.

[Ipu momMumIl B po3paxyHKax HaBaHTAKEHHsSI KEPMOBOI MalllMHU, MPU HENPaBH-
JbHOMY BHOOpP1 MapKu MalIMHU 1 KPYTHOTO MOMEHTY OKpeMi ii By3nu 1 arperatu (
ripaBiiyHl MWIIHAPH, HACOCH 1 T.I.) MOXKYTh BUSBHUTHCS B €KCIUTyaTallli IepeBaH-
TaXXE€HUMH, a00 HefoBaHTakeHUMHU. Lle B meBHI Mepi BIIMBae Ha HaAIMHICTH Ta
3HIKEHHS TEXHIKO-€KOHOMIYHUX 1 BAPTICHUX XapaKTEPUCTUK CY/IHA.

i1p mochimKeHHs - BUKOHAHHS aHali3y OJep)KyBaHUX HAaBaHTaXXyBaJlbHUX Xa-
PAKTEPUCTHUK JJIS PO3B'SA3KY MUTAHHS MPO JOIUILHICTh 3aCTOCYBaHHS Ti€l a00 1HIIOT
3 HUX MPU MPOCKTYBaHHI KEPMOBOTO 00JaJHAHHS W BUOOPI TiAPaBIIUHOT KEPMOBOT
MaIllIuHU.

HaBantaxxyBajbHa XapakTE€pUCTHKAa KEPMOBOI MalllMHU - rpadiyHa 3aJeKHICTh
MOMEHTY Ha Oajuiepi kepMma BiJ KyTa HOro nepekyia ik Ajisi IEBHOTO TUIY PYJIIB:

Ms = f ':{f'.'}.
INapoguHaMiuHUl MOMEHT Ha KEPM1 BUZHAYAETHCA 11O (POpMYyIIi:
M, =[C kk,pV, Ae(C; =k )]/ 2;C,=C, sina+C, cosa,

ne V, - MakcuMasnbHa MIBUAKICTh NMEPEAHHOTO XOAY CyIHA MPH MOBHICTIO 3aHY-
pEHOMY KepMi;

p— MacoBa HIUIbHICTh MOPCHKOI1 BOJIH;

C, — Koe(dillleHT HOPMAJIbHOT CUJIH;

Cy, Gy, C, — KOE]ILIEHTH MOJIETIBHUX BUIIPOOYBAHb;

K, - xoedilieHT KoMIIeHcallll KepMa;

K - xoedilieHT BIUTMBY KOpIyca Cy/IHa;
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K - KoediIieHT BILUIUBY T'BUHTA;

As — Timonia Kkepma;

o - KyT TIOBOPOTY Kepma.

MowmeHT Ha Oasutepi 3 ypaxyBaHHAM CHJI T€PTS B IiIIIMITHAKAX KEPMOBOTO 00-
JaTHaHHS:

Ms;=(12+13)M,.

Po3paxyHkoBuil (HOMiHAJIBHMI) MOMEHT KEPMOBOTO TMPHUBOAY YXBaJIOIOThH i3
obnikoM ioro mexaniyHoro KKJI, to6to M, = Ms/ ny. 3a 3HAaYEHHSIM 1ILOT'O MOMEH-
Ty IJIs1 JAHOTO CYJHA PO3PaxOBYIOTh KEPMOBY MAIIUHY 3 OOJIKOM ii KOHCTPYKTHUB-
HUX 0COOJIMBOCTEH.

[lepen BUKOHAHHAM PO3paxyHKY HaBaHTAXKYBAIbHOI XapaKTEPUCTUKH KEPMOBO-
ro obnanHauusa Ms = f( o, V, A, ky) 3anucyroTscsi, po3paxoBylOTbcs i OOIPYHTOBY-
I0ThCSl BUXi/IHI JaHi. JIo HUX CTaBUThCS HACTYIIHE: THUI KEPMa, PO3PaxyHKOBa ILIOMIA
kepma A=(0,013 — 0,019) LT, ne L-nomxuna cynna, T — ocaaka cyjHa.; IIUPHUHA
KepMa b ; BIIHOCHE MOJOBXKEHHA Kepma A, =h/b=~h/b,, ~ h*/ A (ne h — Bucora

nepa kepma), Ap=2-2,5; koe(iuieHT KoMmneHcauii kepma k, = As / A (As - TuI0IA Oa-
JAHCUPHOI YaCTUHU KepMa), 32 CEpEeAHbOCTATUCTUYHUM JaHuMH k, = 0,2 - 0,3; xoe-
ditienT BBy Kopmyca cyaHa ke=(1-y)%, me w-koedillieHT MOMyTHOro IMOTOKY,
CTBOPIOBAHOTO KOPIYCOM CyAHAa (AJi1 CYyXOBaHTaXHUX CYIIB 3 OJHUM T'BUHTOM
w=0,22-0,26); Koe}ili€HT BILTUBY I'BUHTA K.

He npuBoasun MeToauku po3paxyHKiB (BOHA € B JiTeparypi [AuB.4] ), mokaxe-
MO THUIOBI I'padiku MOMEHTY Ha Oaiuiepi Mg 3alexHo BiJ KyTa o MepeKIagku KepMa
(xepmo Ganancupne). Bonn HaBeneHi Ha pucyHky 1. Buxigui gani Oyiau HacTymHi:
nosxuHa cynHa [L=92,4 m; ocaaka T=6,3 m; mBuakicts V=6,8 m/c (13,2 y3m1a); mia-
MmeTp reuHTa D=3,0 M; BIAHOCHE MOJOBXKEHHS KepMa Ap,=1,5; Koe]ilieHT KOMIIeHca-
uii K,=0,2; 0,25; 0,3.
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Pucynox 1 - I'padiku momenty Ha 6amiepi Ms = f(a)
Amnanizyrouu rpagiku 1 12 6auumMo, 0 MOMEHT M Ma€e HEeraTUBHI 3HAYEHHS Ha
MOYaTKy Ipoliecy nepekiaaaku kepma. Lli 3HaueHHs TUM Oulbliue, YuM OUIblIE Koe-
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¢iienT Kp, 110 XapakTepu3ye BIIHOCHY BEJIMYHMHY OaJaHCUPHOI YAaCTUHU KepMma.
Haii6inpmmii MOMEHT, 110 KPYTUTh, BIANOBIIAE XapakTepucTull Ms 3 KoedilieH-
TOM KoMIleHcauii pyns k,=0,2 (xpusa 3). Bin nopiszioe 630 kHwm.

VY 1upomy BUIAJIKy HEOOX1ITHO MOCTABUTU HA CYJIHI KEPMOBY MAIlIMHY 3 BETUKUM
KpYTHUM MOMeHTOM. LI kepMoBa MaimHa mMana 6 BUCOKY BapTiCTh, BEJMKI rabapu-
TH 1 BEJIUKY MOTYXKHICTh €JIEKTPOJBUTYHIB HacociB. OTKe, Taka KepMoBa MalllMHa
€KOHOMIYHO 1 TEXHIYHO HEIOLIbHA.

MeHmmii MOMEHT, 110 KpYyTUTh, BiANoOBifae xapaktepuctuili Ms npu kp=0,3
(xpuBa 1). Bin nopiBatoe 200 kHm. OanHak 151 XapakTepucTUKa Mae 3HAYHUM Hera-
tuBHUN MOoMeHT (-120 kHwm npu 0=7°). ¥ takomy BUMaaKy MoTpiOHa MEHIIIA 1O Po-
3Mipax 1 BApTOCTI KepMOBa MalllMHAa, ajie BOHA He Morjia 0 3a0e3neunTy rapHy Kepo-
BaHICTh CY/IHOM.

Xapaxkrepuctuka Ms npu kp=0,25 € HailOUIbII AOULIBHOIO (KpuBa 2). Y 1bOMY
BUIAJIKy KEpMOBa MallliHa OyJ1eé MaTH MOMEHT, 1110 KPyTUTh, 420 kHM.

HominanbHuit KpyTHUI MOMEHT MaluuHu Oyze piBHUN: My= Mg /fu, (1€ fm - Me-
xaHiyauit KKJ[ piBawuii (0,85-0,92). Takim yunom M,=420/0,92=457 xHwm.

MakcuManbHui MOMEHT Ha Oaiepi Oyne piBeHb M,,=1,5 My, T00T0 M,10,=685
kHwMm.

KepMoBy mamnHy BUOMpaeMo 3 ypaxyBaHHSIM THITY 1 PO3MIpPIB CyJIHA.

[TopiBHsUIBHA OIIHKA HABAHTAXKYBAJBHUX XapaKTEPUCTHK O00OB'I3KOBA MpHU MPO-
exTyBaHH1. Kpim Toro, y mporeci TpuBaioi eKcIutyaTalii cyJJHa MOXYTbh OyTH CHUTY-
aIii, KoJu NOoTPIOHO 3MIHUTH PO3MipU KepMma a00 BCTAHOBUTH HOBY KEPMOBY Malllu-
Hy. Y TaKuX BUIAJKaX HEOOX1IHO TaKOX BUKOHYBATH HaBEJCHUU BUIIIE MEPEBIPOU-
HUM PO3paxyHOK KPUBOT MOMEHTY Ha OaJjiepi.

BMCHOBKU

JIJist po3paxyHKiB HaBAaHTaXyBaJIbHOI XapaKTEPUCTUKH 3 €(DEKTUBHUM 1 €KOHO-
MIYHO BHIPABJaHUM KPYTHUM MOMEHTOM Ha Oamiepi HEOOXiHO BMKOHYBaTH Ha-
CTYIIHE:

-BUKOPHCTOBYBATH ONTHUMAaJIbHI MapaMeTpu KepMOBOro O0JIaJIHaHHA, K1 HaBe-
JICH1 BUIIIE;

- 3MEHIIYBaTH HEMPUIYCTUMI HETaTUBHI 3HAUYEHHS MOMEHTY Ha Oaiuiepi, ki 1o-
ripUIyIOTh KEPOBAHICTh KEPMOM, HIJISXOM 30UIbLIEHHS (Y MeXaX, [0 JIOMYCKalOTh-
cs1) BUCOTH mepa kepma. [lpu npomy ( mpu 3ajaHiil 1011 KepMa) 3MEHIIYEThCS HO-
ro OajaHCHUpHA YacTHHA W BIAMOBITHO BIJCTaHb BiJl IIEHTPY TUCKY BOAM JI0 OcCi 00e-
pTaHHs, 1110 A03BOJIE€ 3MEHIIUTH OMIP BOJIU MOBOPOTY KEPMa;

- 0JIEpKYBaTH ONTUMAabHI 3HAUEHHs OaJaHCUPHOI IJIOIII KepMa 3a JOTOMOTOIO
KoedilieHTa KoMIeHcallli.

CITHCOK BUKOPHUCTAHOI JIITEPATYPHU
1..AnexcangpoB M.H. Cynossie yctporicTBa: CnpaBounuk.-JI: CynoctpoeHue.
1987.-656 c.

2.IlpaBuna knacudikailii Ta moOya0BH MOPChKHUX CyJeH. Perictp cyaHomiaBcTBa
VYkpainu. — K., 2002.
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Crykanenko O. M., Makapenko JI. M.
Hamionanbauii yHiBepcuret «Ojiecbka MOPChKa aKaaeMisi»

JlocaigzkeHHSI BUKOPUCTAHHSA GPUKIIOHY 3 MOCTIHHUM OIIOPOM Y 3IBOEHOMY

MOJIiCIACTI
Onuu 3 NMUTaHb MiJ Yac eKCIulya-
’d Tamii MiAHOMHUX MPUCTPOIB € TPo-
3 OysiemMa yTpUMaHHS BaHTaKOHECY4YOTO

opraHa miciii oOpuBy Tpoca. Y mpu-
CTpOSIX 13 HaANpsIMHUMH ab0 CTpaxy-
BaJIbHUMHU €JeMEHTaMU — Macaxup-
ChKUX Ta BaHTaXOMACAXKUPCHKUX JIi-
dbrax, miAHOMHUKAX, JIOJbKAX — 3a-
moOiraHHs TajiHHA Tepea0adyaeThes
BUKOPUCTAHHSIM  YJIOBJIIOBAUIB, SKi
BMUKAIOTHCSI TIPU TIEPEBUILECHH] I1IBH-
JKOCT1 OMyCKaHHsSI OLIbIIE PO3paxyH-
KoBOi. J[J11 BapiaHTIB BUIBHOIO MiJBi-
Cy 13 3JBOEHMMH TIOJICIIACTAMH 3
JBOMa TpPOCaMU ICHYIOTh TEXHIUHI
pIllIEHHS, B SAKUX ISl BUPIIICHHS 3a-
Jadl  MPOMOHYETHCS BUKOPUCTAHHS
4acTKOBOro pe3epByBaHHs. [lpu 00-
pPUBI OJHOTO TPOCa BaHTaX yTPUMY-
€TbCsl Ha Jpyromy. JlocmimkeHHs
MIPOIIECIB, IO BiAOYBAIOTHCS Y CHUIIO-
BOMY JIaHI[I031, TPOBOJSATHCS 3 BU3HA-
Pucynok 1 — JluHamigHa MOJENb ONyCKaHHS YEHHAM MaKCUMAJIbHUX JIUHAMIYHUX
BaHTAXYy IICII OOpUBY Tpoca Oe3nedyHoro  pgapaHTaKeHb HA KOHCTPYKTHBHI elle-
3ABOEHOTO IOTICHACTa MCHTH Ta BHM3HAYCHHSIM MapameTpiB

3pIBHSUIBHUX MPUCTPOIB, AKi 3a0€3MeUy0Th HEOO0X1/IHI YMOBH.

VY pobGoti [1] mocmimkeHnit BUNAJAOK BUKOPUCTAHHS Yy 3JBOEHOMY IOJIICHACTI
(GPUKLIHHOTO 3pIBHSUIBHOTO MPUCTPOIO C MOCTIMHUM OMOPOM IPU YTPUMaHHS BaTa-
Ky Ticisi 0OpuBY Tpoca Mij Yac MiJHOMY 3 OCHOBH «3 MiAXOIUIEHHSAM». OJIHaK BU-
najKkd oOpuUBY Tpoca BiIOYBaIOTHCS TaKOX 1 IPHU OMYCKAaHHI BAHTAXY, IO € OUIbII

Y,
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TIpIIUM BUNIAJKOM, SIKAU crenu@iyHud A1 JaHOTo PEXXUMY HaBaHTaXEHHS, 3 TpHU-
YUHU HAsIBHOCTI MOYATKOBOI MIBUAKOCTI BAHTAXYy Y HAIPSIMKY HOTO MaiHHS.

PosrnsiHyTHii mpouec yrpuMaHHs BaHTaXy 3 BUKOPUCTAHHSAM (DPUKIIIOHY 3 MOC-
TIHHUM OMOPOM Y 37BOEHOMY MOJICHACTI MiJl Yac yTPUMAaHHS BaHTaXXy MIcCis 00pHu-
BY TpOcCa IpU ONyCKaHHI B PEKUM1 T€HEPATOPHOIO rajibMyBaHHS.

MatemaTtuyHa MoJedb NPOLECy po3podiieHa 3 BUKOPUCTAHHAM AMHAMIYHOI MO-
Jienl, sKa Tpe/icTaBieHa Ha puc. 1, de m; — Maca 00EpPTOBUX YaCTHUH MEXaHI3MY ITi-
aiioMy, IpUBEACHA 10 TOCTYNAIBHOTO MEPEMIILIEHHS |, IO CIIBMA/IA€ 3 HAMPSIMKOM
NEePEMIIICHHS] BAHTAXY )2, KT, My — Maca BaHTaXy, KI; 73 — Maca METaJOKOHCTPYK-
1ii, IpuBeJeHa A0 BepTUKAIBbHOI nedopMalii )3, BIJIIYYBaHOI BiJi CTATUYHOIO IO-
JIO’KEHHA 32 YMOBH BIICYTHOCTI BaHTaXYy, KI; €3 — JKOPCTKICTh METaJTOKOHCTPYKIUIi B
TOYIll MPUKIAJCHHS HaBaHTaxXeHHs, H/M; ¢ — )KOPCTKICTh MOICIACTOBOTO MiABICY
BaHTaxy IMicist 00puBy oaHoro 3 TpociB, H/mM; G — Bara Bantaxy, H; # — npuBenena
JUISIHKA BUIBHOTO XOAY OanaHcupa, M; P — pyliiiiHe 3yCHUiuUls MiAHIMAJIbHOTO JBUTY-
Ha, IPUBEJICHE 10 MOCTYNAIBLHOTO NEPEMILIICHHS BaHTaxy, P = F, — By, , ne Po — 3y-
CWJUIL B MOMEHT ITYCKY €JIEKTPOJBUTYHA MPHU YUCII 00epTiB, piBHOMY Hyimto, H; [
— KOe(IIIEHT )KOPCTKOCTI MEXaHIYHOI XapaKTEepUCTUKHU elleKTpoABuryHna, H c/m; S
— 3ycWJuIs y noxicnactoBomy minBicl, H; F'=c3y3 — 3ycuiis, o i€ Ha MeTaJIOKOHC-
TpyKuito, H; F, = kG - 3ycusnsna onopy ¢pukyiona, H.

Pyx mac nns gaHoro BUNaAKy po30MBaeTbcs HA 4oTHpU eranu. Ha mepuiomy
eTani BiIOYBa€ThCS pyX Mac micisi oOpuBY LIKEeHTENs npu BUOOpi ciaabunu y III1.
[Ticns mpuknaaeHHs HaBantaxeHHs 10 I1I1 mounnaeTbesa npyruit eran pyxy mac. Ha
TPETHOMY €Tarl BMHUKA€EThCA B pOOOTY (PPUKIIOH 3pIBHSIIBHOTO MPUCTPOIO. YeTBep-
TUH eTan NOYMHAETHCA MICs BUMHKAHHS (DPUKITIOHY 3 poOOTH.

PiBHSIHHS, 110 OMUCYIOTH PyX Mac Ha MEPIIOMY €Tarli, MalOTh BUTJIS]

m;y; + ¢33 =0

my, + By =R
myy, =G.
[ToyaTKkOBI yMOBH IS MIEPILIOTO STAITY
Grp .
tl e O, y3 e ) y3 e O,
cM
yl = 09 yl = V2 5
G G )
YVo=—tFt_—, Vy=V,,
c; 2c

Ac v, — CTajla H_IBI/II[KiCTB OIIYCKAHH BAHTAXY, Mm/c.

3 ypaxyBaHHSIM IMIBUAKOCTI BaHTaXy Ta Jaedopmallii METaTOKOHCTPYKIII y MO-
MEHT OOpHUBY IIKEHTEJsI YMOBA MEPEXOy /10 IPYroro eramy
2
gt G G
Vol + =h——+y—-(—-y).
2 2c Cy

Pyx mMac Ha ipyromy eTarni OnUCy€eTbCS CUCTEMOIO PIBHSHb
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myjy + 3y —c(y, = y3 —3)=0;
mj, + By —c(yy, = y3 =) =Fy; (1)
myj, +c(y, —y; —»)=G.
3ycuiiis, 1o Ji€ Ha MOJICIIacTOBUH MiBIC
S=c(y, = Y3 =) (2)
[ToyaTkOB1 yMOBH JJIsl APYTOrO €TAIy
5,=0, y3=1), ¥3=0%)
n =0, =0

Yo = (y3)1a YV, = (J>2)1-
YMoBa mepexoay Bi Apyroro eramy a0 Tpetboro S =kG.
PiBHSIHHS, 1110 OMUCYIOTH PYX Mac Ha TPEThOMY eTalll

myjs + 3y =V =y =Yy = 1) =0;

mjy+ By —c(¥y —y3 — vy — ) =Fy;

myy,—c(y, —=y3 =4 —0)=-kG;

My, +c(yy —y3 — Yy — ) =G,
3ycuid B miaBici S =c(y, — y; — v, —»)- (1.39).

[ToyaTkoOB1 yMOBH JIJIsl TPETHOT'O €TAIy
13=0, y3=(03)2 V3=01)
=02 =01,
=) 72=00)2s
y4 = 09 _).74 = O
YMoBa nepexoay 10 eraiy, Ha SIKOMY B1IOYBa€ThCS PyX Mac MicCiid BUMUKAHHS
¢pukiiony 3 pobotu y, =0. Pyx mMac Ha 4eTBEpTOMY €Talll OINUCYETHCS CUCTEMOIO
piBHsAHB (1). 3ycwis y nomicnacToBoMy miaBici (2).
[To4yaTKOB1 yMOBH JIJIsl YETBEPTOI'O €TAIy
1,=0, y3=0)s, V3 =(3)s,
i =0)s, » =03,

Y2 =) =45 ¥ =0n)s

Pe3ynpTaTi uncenbHOTO po3B’sSA3aHHS CUCTEM IudepeHlIaJbHUX PIBHAHBb PYXY
Mac JIIs MOCTOBOTO KpaHa BaHTakomiaioMHicTio 20 T HaBeJeH1 Ha pUC. 2 Y BUIJISAL
rpadikiB 3aJ€KHOCTEH 3yCHIIb y MOJICHACTOBOMY MiJABICI W y METaJOKOHCTPYKIIIT
Bix vacy: S(¢) 1 F(¢). Ha rpadiky aingaka T1 BianoBigae ctaHy cuCTEMU 10 OOpPUBY
tpoca. Jlutsaka T2 — pyx mac mijx yac BUIBHOTO MajaiHHA BaHTaxy. Ha mumsumi T3
Macu pyXaroThCsl MICHs MPUKITAICHHs HaBaHTaXeHHs A0 miaBicy. Juisaka T4 Biamo-
BiJla€ CTaHy IiJ 4ac 3HIMKEHHS 3yCWUIS y mijBici ¢ppukuidauM npuctpoeM. Ha mi-
nsHii TS5 BimOyBaeThest pyX Mac micis MOTJIMHAHHS €Heprii, 1o 3’ IBWJIaCh Y CUCTEMI
miJ yac BUIBHOTO MAaJiHHA BaHTaXy. MakcuMmanbHe HaBaHTAXKEHHS HAa METaJIEBY
KOHCTPYKI[1}0O BUHUKAE 1€ O BBIMKHEHHS B pOOOTY (PHUKILIMHOIO IPUCTPOIO 1 CTa-
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HOBUTH 425 xH, mo BiAnoBigae koedilieHTy AMHAMIYHOCTI 2,2. PernmameHnToBaHmit
3arac MIIHOCT1 METaIOKOHCTPYKITii 1,4 [2].

BucHOBKM i IepcneKTHBH MOJAJIbIINX JOCTi/I’KEHb.

Amnani3z pe3ynbTaTiB CBIIYMTH NPO T€, IO 3aCTOCYBaHHS (PUKIIOHY 3 MOCTIH-
HUM OIOPOM Y 3PIBHSJIBHOMY HPHUCTPOi JJisi aHOi KOHCTPYKUII KpaHa J103BOJISIE
3HM3UTH AUHAMIYH1 HABaHTAXKEHHS HAa BaHTaXKHHUM MIIBIC O BEJIMYUH, IPH SIKUX KO-
e(IilieHT AMHAMIYHOCTI HABAHTAXKEHHS M1JIBICY MEHIIE ICHYIOUMX 3aIraciB MIITHOCT1
Tpoca. OJIHaK, SIK 1 y BUMAJKy OOpUBY Tpoca IpH MiIHOMI BAHTAXKY 3 OCHOBU "3 MiJI-
XOIUICHHAM", KOe(DIIIEHT AMHAMIYHOCTI HAaBaHTAXEHHS METAJIOKOHCTPYKIlIi OiIbIIe

PEryIaMeHTOBAHOT O 3aMacy ii MIHOCTI, 1110 HEMUHYY€ MPU3BEAE 10 il pyHHYBaHHS.
S, F
KH

S\
AL

A

Ny 11
mw—w@ /’*W\{X }V\/ VAV VAVE 4
T VT MUY

400

"

1

/ |

Y
0

i

i

}

{ |

! i |
’
II

e

"

|
Y
il

T , 0,4 0 0.8 1,0 1,2 14 t,c
™ T3
EniNESs T4 de
e 2|t =
Pucynoxk 2 — I'padiku 3anexunocreit F(t) 1 S(t) st Bunaaky oOpuBy Tpoca IpH OMyCKaHH1 BaHTa-
xy

Jlnist 3ano0iranHs aBapii KpaHa Mmiciis 0OpuUBY Tpoca HEOOX1AHO PO3POOUTH HOBI
TeXHIYH1 pimeHHs. [le BuMarae momanbIIuX JOCTIIKEHb JUHAMIYHHMX IMPOIECIB Y
CUJIOBOMY JIAHI[I031 KpaHa Micisl 0OpUBY Tpoca, Ta BU3HAYCHHSI HEOOXITHUX 3aKOHIB
OTIOPY PYXY 3PIBHSJIBHUX HNPUCTPOIB.

Po3poOneny maremaTHuHy MOJENb MOXHa BUKOPUCTOBYBATH JIJIi CTBOPEHHS
rpadiuHOi MOAeINl TUHAMIYHOIO MPOILIECY HABAHTAKEHb HAa METAJIOKOHCTPYKIIIO Ta
BaHTAXXHUH MOJIICTIACT MPU BIAMOBI TPOCa 3BOEHOIO MOMICTIACTA 13 MOCTIMHUM OTIO-
poM (GPUKIIAHOTO 3pIBHSAIBHOTO MPUCTPOIO MiJT YaC OMYCKaHHS B PEXKUMI FreHepaTo-
PHOTO rajJbMyBaHHS.
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Kosunpkuii C. B., Kipisu C. B.
Hamionanenauit yaiBepcuret “Opecbka MOpChbKa akajaemis”

Oco0,1MBOCTI MOBEJIHKHA HAHOYACTHUHOK NP B3a€EMO/Il 3 MapaMu TepPTH

Beryn

OpHUM 3 NPIOPUTETHUX HAMPSAMKIB 30UTbIIEHHS PECypCy eKCIUIyaTalii cya-

HOBUX J[BUT'YHIB Ta JOMOMDKHUX MEXaHI3MIB € YJAOCKOHAJIEHHS MpPOLECIB 3Ma-
IEHHs 33 PaXyHOK BIIPOBA/KEHHsS HOBMX TEXHOJOTIH. IX MeTa migBUImuUTH eKcrtya-
TalliiH1 XapaKTEPUCTUKU BY3JIIB TEPTS, SIK1 BUZHAYAIOTHCS SIK OCOOJUBOCTSIMU KOH-
CTPYKIIii caMoro By3Jja, Tak 1 MacTuipHOTrO Marepiany. Illnsgxom BBeneHHs mpuca-
JOK MIKPOHHHUX PO3MIpIB A0 MAcCTHJIBHOTO Marepiaidy YacTKOBO BIAETHCS JIOCATTH
METH.

B KiHII MHHYJIOTO CTOJITTS MOYANUCSA TOCHIIKEHHS XapaKTEPUCTHK MaKpo-
00'eKTIB MpU BHUBYEHHI iX BJIIACTMBOCTEW Ha MOJIEKYJsipHOMY piBHI. Ll oGnacTsb
HayKHM 1 TEXHIKA OTpHMaja Ha3By HaHoTexHojoris [1, 2]. Marepianu, yTBOpeHi 3
HAHOYACTHUHOK, MPOSBIISIIOTh MPUHITUIIOBO HOB1 (p13MKO-MEXaHI1uH1 BJIACTUBOCTI, SIKi
BUKJIMKaH1 3MEHIIIEHHSIM PO3Mipy 4acTUHOK. Oco0JIMBICTh HAHOCTAHY MPOSBISIETHCS
y BIUTMBI HAHOYACTUHOK Ha MaKpOCKOIIIYHI apaMeTpy MaTepiajiB Npu iX B3aeMOll
3 HAHOYACTHHKaMHU.

Lle nuTanHs 0OTOBOPIOETHCS B POOOTI.

Ponb noBepxHeBUX aTOMIB

VY 3BHYallHUX MAKpOCKOMIYHUX TilaX, 3 SIKHMHU MU BCl 3BUKJIM MaTH CIIPaBy B
MOBCSIKICHHOMY JKUTTI, IJIOIIA MOBEPXHI TL1a HEBEJIMKA y MOPIBHAHHI 3 HOT0o 00Cs-
roM. XapakTepUCTUKU MaKpOCKOIIYHUX TUI BHU3HAYAIOTHCA (PI3UYHUMHU BIACTUBO-
CTSIMHU Yy 00'eM1 3pa3ka, Xo4ya YUCIIEHHI1 JOCHIIKEHHS BCTAHOBWIH, IIO0 00’ €MHI Ta
MOBEPXHEB1 BIACTUBOCTI TBEPJAUX TUI SKICHO BIAPIZHSAIOTHCS.

BnacTuBOCTI HAaHOKPHUCTAIIYHUX MaTepialliB 3HAYHOIO MIPOI0 BU3HAYAIOTHCS
BHECKOM mpunoBepxHesoro mapy [1]. Lleit BHecok mMoxke OyTH oliHEeHUN y HAOIu-
XKeHH1 7151 chepudHoi popMu HAHOUACTUHKH, sIKa Ma€ aiaMeTp d 1 TOBIIUHY TpaHUIl
po3auny & . Toxail monst yacTok (aTOMiB, MOJIEKYJ), IO 3HAXOASATHCS HA MOBEPXHI, 10
3arajibHO1 KUTBKOCT1 YaCTOK Y 00’ €M1 TIOPIBHIOE:

-1

A N2 -y [Fa| 8
v |6 6 6 d
Otpumana ¢hopmyiia 103BOJISIE OIIHUTH JOJIFO MOJIEKYJ, IO 3HAXOAATHCS Ha T10-
BEpPXHI, B 3QJIEKHOCTI Bl po3Mipy YaCTUHKHU. TOBIIMHA MOBEPXHEBOTO MmIapy (Tpa-
HUIll) HAHOYACTUHKH & BHU3HAYA€ThCAd 3-4 MOHOIIApaMU 1 Ma€ BEIUYUHY
~ 0,5 am. Tak, ipu po3mipi chepuunoi wactuuaku 1000, 100, 50, 20 ta 10 uM, yacT-
Ka nmoBepxHeBux aTomiB ckiamae 0,3% , 3% , 6%, 15% Tta 30%, BiATIOBITHO.
3MiHa 1IbOTO CIIBBITHOIIEHHS, KOJIM BEJIMKa J0JIs aTOMIB Oy/i€ 3HAXOJIUTUCS Ha
MOBEPXHi, MPUBOJUTH JI0 MEPEXOAY BiJl HOPMAIBHOTO 00’ €MHOTO CTaHy (IIpH PO3-
Mipi yactTuHkd 1000 HM) 10 HE3BUYAMHHUX CTaHIB 3 HOBUMH BIACTHUBOCTSIMH (IIpU
po3Mmipi yactuHku 20 - 10 HM). ATOMH, 10 3HAXOAATHCS HA MOBEPXHI HAHOUUCTH-
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HOK, aKTUBHO B3a€MOJIIIOThH 13 30BHIIIHIM CEPEIOBHUIIEM, 1110 BIAIrpae BU3HAYAIBHY
poJib y popMyBaHHI iX He3BHUAWHUX (PI3UUHHUX 1 MEXaHIYHUX BJIACTUBOCTEH.

JIiiicHO, CTPYKTYpHHMIl CTaH aTOMIB, IO YTBOPIOIOTh T'PAHMIIO (IIOBEPXHIO),
BIJIPI3HAETHCS BiJl CTPYKTYPHOT'O PO3TAIlyBaHHS aTOMIB y KpUCTaiax: Ae(OpMYETh-
Cs KpHUCTaJllyHA PEIIITKAa, aTOMH MalOTh HAJJIMIIKOBY MOBEPXHEBY EHEPriio i
HEKOMIIEHCOBaH1 MIKATOMHI 3B’sI3KU. Tak, pEeHTTeHO- 1 HeHTpoHOorpadiuyHUMHU J0-
CJIJKEHHSIMU HaHOKpHCTaliyHOro Pd BctaHoBieHo [1], 1o rycTHA pe4OBUHHU Tpa-
HULb po3auty Ha 20 - 40 % MeHIe rycTuHu 3Bu4aitHoro Pd, a xoopauHaniiine yuc-
JIO aTOMa, 1110 HaJIeKUTh TPAaHUIll PO3/UTY, MEHIIE KOOPAUHAIIHOTO YKClia aToMa Y
3BUYAHOMY KPHUCTAJII.

OTxe, HAaHOKpUCTaIIYHA YacTHHKA po3MipoM 10-20 HM yTBOpeHa ABOMa CTPYK-
TYPHUMH KOMIIOHEHTaMH [l]: KpUCTamiYHUM CTaHOM, IO BKJIIOYAE aTOMHU, PO3Ta-
IIOBaH1 yCEpeIMH1 YACTUHKH, 1 HEKPUCTAIIYHUM CTAaHOM LIUPHUHOIO ~ 0,5 HM, yTBO-
PEHUM 3 YCiX aTOMIB, PO3TAllIOBAHUX HA T'PAHULIL.

Ponb nosepxueBoi nudysii

Jiist 30UIBIIEHHS pecypcy nap TepTs y MacTHWIIbHHUI MaTepian 3aMicTh IPUCAIOK
MIKpOHHUX PO3MIPiB BBOASATH HaHOpo3MipHI npucaiku [3]. [loBepxHeBi aTtomu,
AKUX Yy HAHOMPHUCAIKAX BEJMKA JIOJIsI, MPOSBISIOTh BEJIMKY AaKTUBHICTH TPHU
B3a€MO/I1i HAHOYACTUHKH 3 Tapamu TepTs. ABTopH [4] BUMipioBaau 1udys3ito ojoBa
B Mini npu Temnepatypi 1000 °C i BctaHoBMIM CHiBBimHOIIEHHS MiXK KoedilicHTOM
00’eMHoi qudy3ii D, Ta xoedinieHToM nudysii no rpanuni Dy :

D

* =8.10°.

ABTOpH 3a3HayaroTh, IO MPHU 3MEHIICHHI TeMIEepaTypu TaKe CIiBBIIHOIIECHHS
3pOCTae.

OTxe MOoBEpXHEBI aTOMU MalOTh 3HAYHO OUThIIUN KoedimieHT audy3ii [4], 110
CYTT€BO MIPUCKOPIOE MPOIIEC BIPOBAIKEHHS aTOMIB HAHOYACTUHOK J0 Map TePTH.

3. KBAHTOBI E®OEKTU

VY po3mipHoMy MacmTabli HAHOYACTUHKH MepeOyBaloTh Ha TPaHUILl KBAHTOBOTO
Ta KJIACHUYHOTO CTaHy 1 Ilell MeTacTaOUIbHMM 1 CTPYKTYpPHO-HEOAHOPIAHUMN CTaH
BU3HAYa€ YHIKAJbHUN KOMIUIEKC iX (DI3MKO-XIMIYHUX 1 MEXaHIYHUX BIACTUBOCTEH
[1]. Po3aMipHi edexTn y HaHOMaTepiagax MOXYTh MaTH KBAaHTOBUW XapakTep, KOJIU
XapaKTepHUI pO3MIp YaCTUHKH CTA€ MOPIBHAHHUM 3 JOBKHUHOIO XBUJI1 e bpois

h_ h _ h
p 2mE 2mkT

A=

OmiHka JOBXKUHU XBUJL Je bpoins mis aroma npu KIMHaTHHUX TeMIlepaTypax
Jla€ 3HAYCHHS

A= 0,2 -0,1 HM™,
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TOOTO aTOMH, IO 3HAXOJUTHCS HA MOBEPXHI HAHOYACTMHOK, MOBOJATH ceOe sK
KJIACUYH1 YaCTUHKH, 1 IX PyX OMHUCYETHCS PIBHAHHIMU KJIACUYHOI MEXAHIKH.

IHma cnpaa 3 e1eKTpoHaMH MOBEPXHEBUX aTOMIB. IS €EKTpOHIB Taka OI[IHKa
nae

A =8 um,

TOOTO po3Mip HaHOYACTUHKU Y 10-20 HM cTa€ MOPIBHIHHUM 3 JIOBKUHOIO XBUJI1
ne bpoiins 1 s MosiCHEeHHs TOBE/IHKA EJEKTPOHIB Yy MOBEPXHEBUX aTOMaX HEOO-
X1IHO BUKOPUCTOBYBATH KBAHTOBY MEXaHIKY.

XapakTepHOI OCOOJMBICTIO KBAaHTOBO-MEXAaHIYHOT TMOBEIIHKH YacCTHHOK €
TyHeNnoBaHHA. OTXe MpoLecH TYHENIOBaHHS €JIEKTPOHIB 3 HAHOYACTUHOK 0 Tap
TEpTs. UUIKOM WMOBIipHI. Ilpy TyHeItOBaHHI €JEKTPOHIB 3 MOBEPXHI HAHOYACTHUHOK
710 Tap TepTs BUHUKAE JIOJAATKOBA KYJIOHIBChKA B3a€MOJIS MIX HAaHOYACTUHKOIO Ta
MartepiaioM nap TepTs, 10 MPUCKOPIOE MPOLIEC BIPOBAKEHHS aTOMIB HAHOYACTHH-
KU JI0 MaTepiay map TepTsl.

4. CAMOOPT AHIZAIILA

[Ipu nucnepryBaHHs TU1a PI3KO 3pOCTA€ AKTUBHICTH PEUYOBUHU Y TBEPJIOMY CTaHI
1 MBUAKICTH (HI3UKO-XIMIYHOT B3a€MO/II1 3 HABKOJMIIHIM cepenoBuiieM [2]. [IBunu-
KICTh TaKOi B3a€MOJ11 3aBX/IH MPOIOPIIiiiHA BEJIMYMHI MOBEPXHI 1 YUM OUIbILA J0JS
MOBEPXHI, TUM HIBUJIIE MPOTIKAIOTh TBEPAOTUIBHI peaKIlii.

OT1xe, 3a paxyHOK BEJIMKO1 KiIJIbKOCT1 TOBEPXHEBUX aTOMIB, SIKI MalOTh HAJIJTUIII-
KOBY MOBEPXHEBY €HEPrilo MpHU B3a€MO/I1i HAHOYACTHUHOK 3 MapaMu TEPTS 4epe3 ix
IPaHULIIO MPOXOAUTH OOMIH €HEPri€l0 Ta PEUYOBHMHOIO. YTBOpEHA cUcTeMa ‘‘HaHova-
CTHHA - Mapa TepTs’ CTa€ BIAKPUTOIO TEPMOJUHAMIYHOIO CUCTEMOIO.

VY BIIKpUTHX CHCTEMAX 3MI1HA EHTPOITIT CKIJI/IA€THCS 3 IBOX BHECKIB [, 6]

ds =dS, +dSg
ds, >0 : . L :
e — € TIPUPICT EHTPOIIIi B CUCTEMI 3a PaxXyHOK MPOIIECIB SIKI MPOTIKAIOTh, Ta
dSs _ norix eHTpoITii, 00yMOBJICHUH OOMIHOM €Heprie€lo abo PEUYOBHHOIO 3 OTOUYIOUUM

CEepEeZIOBHIIIEM, 1 LIEH JTI0JJAHOK HE Ma€ TIEBHOIO 3HaKy. B Takiil BIIKpUTIH cHCTeMi, SIKY Ha-
3MBAIOTH "aKTUBHUM €JIEMEHTOM", MOMJIMBHIA TaKUM MPOILIEC, MIPU SIKOMY CHCTEMa Mepexo-
JIUTh B CTaH 3 MEHILIOIO €HTPOIIIELO:

ds = (ds, +dS)<0

ToO6To, y BIAKPUTIN TepMOJUHAMIYHIA CUCTEMI MPHU MEPEPO3MOALTI EHEPTrii MK
il eneMeHTaMM YacTHHA 11€1 eHeprii MOXe BUSBUTHUCS BUTPAYCHOIO HAa TakKi MepeT-
BOPEHHSI, SIKI MPUBOJASTH O BIOPSAKYBAaHHIO B CHCTEMI, SIK NMPArHEHHS CUCTEMU
3HM3UTH EHTPOMII0 HUIAXOM CaMOOpraHi3ailii JUCUIATUBHUX CTPYKTYp [6]. YV nux
yMOBaxX aHOMAJIbHO 3pOCTaloTh KoediieHTH nudy3ii Ta camoaudysii, K1 MiICUITIO-
I0Th MTOTOKM (POPMOTBOPHOI PEYOBUHH, 110 3a0e3Ieyye caMOOpraHi3alilo JUCHUIla-
TUBHUX CTPYKTYD.
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[Ipouiecu KOJNEKTUBHOTO IPYMYBaHHS KPUCTAJIB MPU HEPIBHOBAXKHIN KpucTaii-
3a1ii JOCHIKYBaJIA aBTOPHU [5], @ X BAHUKHEHHSI [1OB’13aHE 3 YTBOPEHHSM BIAKPH-
TO1 HEPIBHOBAXHOI CUCTEMH IPHU KpUCTaNi3auii cynb(iay LHHUHKY.

5. PEBITAJIIBALIA

[IposiBoM ycix 3a3HaY€HUX OCOOJIMBOCTEN MOBEIIHKM HAHOYACTHUHOK, BKJIFOYAIO-
Yy CaMOOpPraHi3aiilo, MpU BHUKOPUCTAHHI iX K MPUCATOK 10 MACTWIbHHX Ma-
TepiaiB € SIBUIIIE peBiTaIi3allii.

PeBiTainizalisi 1a€ MOXJIMBICTh MOBEPHYTH MPOLIEC 3HOIIYBAHHS Y 3BOPOTHOMY
MOPAJIKY 1 BIAHOBUTH 3HOIIECHY IMOBEpPXHIO [3] MpU BBEIEHHI HAHOJIMCIIEPCHOTO
peBiTaiizanTa y MacTHJIbHUI MaTepiai. PeBiTanizaHT € renb 10 CKIaAy SIKOTO BXO-
IuTh [3] nyxe akTHBHA KapOokcwibHa rpyna COOH, cymimi oxeuais Al,0;, SiO,
i Fe,0, Taix rinparis, abo A1,0,, MgO i Fe,0; Ta ix rigpartis, abo Al,0,, CaO
1 Fe,0, Ta ix rigparis aucnepcHicTio Bix 100 HM. 3ayBakumo, 10 BC1 3rajiaHi pe-
YOBMHM 3HAXOJSATHCS B HAHOAMCIEPCHIA (opMi Ta MaroTh 1HII (DI3UYHI BIACTH-
BOCTI, HDK X MaKpOCKOITIYH1 aHAJIOTH.

Ha pucynky (1, a) 300pakeHO crieniajbHO HAaHECEHUH NePeKT y BUTIISAIIL JIITEPH
N opHi€l 3 TUIOLIMH TePTS MIAMIUITHUKA KOB3aHHs. 30HA MOJAPANUHU — 1€ 30Ha aHO-
MaJIbHOI MOBEPXHEBOI aKTUBHOCTI, /I aTOMU METaly MaloTh HEKOMIIEHCOBaHI 3B'S3-
KM, 1 TaKi aTOMH NpU HaBAaHTa)XEHH1 MOXYTb JIETKO BIAPUBATHUCS BiJl MATpPUIll, 110
MPOJIOBXKYE pyHYyBaHHs noBepxHi. HacTae kaTtacTpodiuHe 3HOITYyBaHHS.

PeBiTanizaifiss moYyMHA€ETHCSI B 30H1 HAWOLIBIIOTO 3HOIIYBAHHS, OCKUIBKH came
TYT JOCUTh HAIJIUIIKOBOI €HEpTii AJI1 MOYaTKy HOBOIO MPOIECY Ta aTOMHU METaly
MarTh HAaWOUIBIIY KUIBKICTh HEKOMIIEHCOBAaHUX 3B's3KiB. Lli 3B'SI3KHM, K MarHitw,
3aXOIUTIOIOTh 1 YTPUMYIOTh CaMe€ B MICISIX 3HOIIYBaHHS OyAiBEeIbHUN MaTepiai —
peBITaNiI3aHT, AKUK Oy/lye HOBY KPUCTANIIUHY pelriTky. Takum 4uHOM, Ha cTapiil oc-
HOBI (QOpMYyeTbCs HOBE MOKpUTTA. Yepe3 KilbKa XBWIMH TICHS IOYATKY
peBiTanizallii Ha Miclli MOJAPSIUHY 3'ABISIETHCS METAIIOKEpaMiyHa JIaTKa.

a) 6) B)
Pucynoxk 1. Pesynprat nii pesiranizanta XAO [3]

Ha puc. (1,0) 300pakeHa moBepxHs xoJjio0a micias 15 XBUIMH peBitamizaiii —
3HUKAIOTh JIPIOH1 MOJPSAMNUHN Ta MIOYNHAETHCS BIIHOBJICHHS MMOBEPXHI, 1110 YTBOpPEHA
nedexrom. [ledbexkTHa 30Ha aHOMAJbHOI AKTMBHOCTI 3HUKJIA TMichs 1 TOAUHU
peBitanizaiii (puc.l, B) 3a paxXyHOK YTBOPEHHS METAIOKEPAMIYHOTO TTOKPUTTSL.
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OpHouacHO 3 MM BiIOYBa€eThCS B3aeMHA NU(]y3is 1BOX pEYOBUH (MeTaly 1 Me-
TaJOKepaMiKHu), siKa 3aBepluye npouec (GopmMyBaHHS HOBOTO MOKPUTTS, LIEMEHTYE 1
TAM CaMUM OCTAaTOYHO 3HHINYE nedexT. | yum Oulbllle MPOXOAUTH Yacy, TUM
MIIIHIIIE 1 MIITHIIIE TPUMAETHCS HOBE MOKPUTTSI.

3ayBaKUMO, 110 peBiTaNi3allisd CIOCTEPIraeThCs JIMIIE KOJIM KOMIOHEHTH HaHO-
PO3MIpHI, 1 HE CIIOCTEPIraeThCsl MPU BUKOPUCTAHHI CKJIAJIOBUX MIKPOHHUX PO3MIpIB.
binbm Toro, kBapuoBuil micok Si0Q,Ta KpucTaniyHuili KopyH1 Al,0;, [K1 BXOIATh

710 CKJIaJly MPUCAJKU Y BU1 MIKDOHHUX PO3MIpIB, € aOpa3uBaMHU.

BMCHOBKU

1. MexaHi3M B3a€MO/Jlii HAHOPO3MIPHUX MPHUCATOK MPUHILIUIIOBO BIIPI3HAETHCS
BiJI i1 aHAJIOTTYHUX MPHUCATOK MIKPOHHHUX PO3MIPIB.

2. Hanomarepianu 3a paxyHOK MajJHX pO3MIpiB MalOTh BEJIMKY JOJIO TTOBEpXHE-
BUX aTOMIB 3 HaJJIMIIKOBOIO MOBEPXHEBOIO €Hepriero. B pe3ynbraTi 30UIbIIYETHCS
koe(iieHT audysii, TPOSABIAIOTHCS KBAaHTOBI €(EKTH ISl TOBEPXHEBUX EJICK-
TPOHIB, a CUCTEMA “HAaHOYACTHUHA-NIApa TEPTA~ MEPETBOPIOETHCA Y BIAKPUTY TEPMO-
JUHAMIYHY CUCTEMY, B SIKIi MOXXYTh BUHUKATH MPOILIECH CaMOOpraHizallii.

3. 3acTocyBaHHS HAaHOPO3MIPHHUX MPHUCATOK JO MACTUIBHHUX MaTepiajiB 301b-
1Iye pecypc nap TepTs y pa3u 3a paxyHOK BIIHOBJICHHS (peBiTanizailii) MOBEpPXHi.
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VJIK 539.51(075.8)

Onpuniko M.O.
Hamionanbauit yHiBepcutet «Oiechbka MOPChKa akaaeMis»
3acTocyBaHHSI HAHOTEXHOJIOTIi B CyTHOOYAyBaHHI

3aIlikaBJIeHICTh 10 3aCTOCYBAaHHS MOJIMEPHUX KOMITO3UIIIMHUX MaTepialliB B Cy-
AHOOYIYBaHHI B MEPIY Yepry BUKIMKaHA iX BUCOKOIO MUTOMOIO MILIHICTIO, & TAKOXK
KOPO31i{HOIO CTIMKICTIO, HU3bKOIO TEIUIONPOBIAHICTIO, HEMArHITHICTIO, BHCOKOIO
yIapOCTOMKICTBIO, ajieé HAWTOJIOBHIIIE MOXKJIMBICTIO IPOEKTYBAHHS 1 CTBOPEHHSI HO-
BUX MaTepialiB 1 KOHCTPYKIIiH 3 HUX.
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OTpumaHi KOHCTPYKI[Ii MarOTh MO YHKIIIOHATBHI BIACTUBOCT1, TOOTO BJIACTH-
BOCTI, 1110 3aJIe)KaTh BiJI KOMIIOHEHTIB MaTepialy, 3 IKOr0 BOHU CTBOPEHI.

Bce 1ie 103B0IIsIE MPOEKTYBATH HE TUTBKK KOHCTPYKILIIO 13 33JJaHOTO MaTepiaiy, a
i caMm maTepiall.

TakuM yuHOM, TOCATHEHHS B OJIHIA KOHCTPYKIII HEOOX1THUX XapaKTEPUCTHUK IO
HeCy4il 3JJaTHOCTI 1 BIOPO, 3BYKO-, PaJAiONOTIIMHAHHIO JI03BOJISIE 3HU3UTH HE TUIBKU
il Bary ajsie 1 3a0€3MeYUTH MiABUIIEHHS 3aXUIIEHOCT1 KOpals Mo (PI3UYHUM TOJISM.
[3]

JloGaBKM 4acTOK 1 BOJOKOH B MOJIMEPHI MaTpuili 3a0e3neuye MigBUIIEHHS (]i-
3MKO-MEXaHIYHUX BJIACTUBOCTEH MOJIMEPIB, a TAKOXK iX BOTHECTIMKOCTI. 3aMiHa Oa-
raTbOX METAIIYHUX MaTepialliB Ha MOJIMEPH, ApMOBaHI HAHOYACTKaAMH, IPUBOJIATH B
CyIHOOYyBaHHI O 3MEHIIECHHSI Macu BUPOOY, 3HIDKCHHIO CIIOKUBaHHS OCH3HUHY 1
MIKIIJIABUX BUKUIIB.

Jlo0aBKM HAHOKpHUCTAIIB anMa3zy 1 BYIJEHEBUX HAHOTPYOOK B HAHOKOMIIO3UTH
MIJBUINYIOTH MILHICTh 1 3HOCOCTIMKICTb.

Hanomatepianu BOJOMIIOTh 3HAYHUM CIIEKTPOM BJIACTHUBOCTEH, Cepell SKUX: -
MO>KJIMBICTbH 3B'A3yBaTUCS 3 HYKJIETHOBUMHU KUCJIOTaMU, 3MIHIOBATU O10CTPYKTYpH;

- TOCHJICH1 KaTaJIITUYHI BIIACTHBOCTI;

- MiABUIIEH] a0COPOIIiiiHI BIACTUBOCTI;

- 30UIbIIIEHA 3/IaTHICTD IO aKyMYJISIIIT;

- 30UIbIIEHU XIMIYHUHM TOTEHIIal HAa MDK(a3H1i MexX1 BUCOKOT KPUBU3HU;

- MOXJIMBICTh CAMOBUCTPAIOBATHUCS B TIEBHI CTPYKTYPH;

- 30UIbIIIEHA TUTOMA MOBEPXHS HAHOMATEP1aliB.

3aBASKU MM BIACTUBOCTSM, HAHOMAaTEplaid 3HAWIUIM 3aCTOCYBaHHS B PI3HUX
rajiy3sx MpoMHUCIOBOCTI (CyAHOOYAYBaHHs, IBUTYHOOYyBaHHs, 1 T. 1.) HanoTexHo-
JOT1i BKJIIOYAIOTh B ce0€ MIMPOKHI CHEKTp MOXIMBOCTEW 1Jisi OyHiBHULTBA, MO-
JIepHi3allli Ta PEMOHTY CY/IE€H, a TAKOX CYJAHOBHUX CUCTEM 1 yCTaTKyBaHHS. 3aCTOCY-
BaHHS HAHOTEXHOJIOTIH JJ1s1 OyAIBHUIITBA Ta PEMOHTY CYIEH JT03BOJISIOTH MOJIMIIHU-
TH MaHEBPOBAHICTb, X0y 1 KEpPOBaHICTh cyAeH. HaHo00aBKku Ha OCHOB1 OKCUAY Lie-
3110 BXKE€ 3apa3 J0JAal0Th B JM3EJIbHE NaJMBO, L0 J03BOJIsi€ HAa 4-5% NIIBUIIUTH
KK/I nBuryHa i 3HU3UTH CTYIIHb 3a0pyIHEHHS BUXJIOTHUMU Ta3aMHU.

bynu mpoBeneHi AOCHIIKEHHsS] BIACTHUBOCTEH 3'€lHaHBb Map TEPTs, OTPUMAHUX
[UISIXOM TJIa3MOBOT'0 HAWJICHHS MPU HaHECEHH1 (yruiepeHa.

3a oLiHKamMu 3apyODKHUX €KCIIEPTiB, BEJMKA YacTKa npupocty cBitoBoro BBIT ,
MOB'I3aHOTO 13 3aCTOCYBAaHHSM HAHOTEXHOJOTIH, Oyne 3a0e3mnedeHa came 3a paxy-
HOK E€BOJIIOLIMHOIO YAOCKOHAJIEHHS ICHYIOUMX BUPOOHMIITB 1 MiJBHUILEHHS SIKOCTI
MPOJYKILi, [0 BUITYCKAEThCA B JAHUM 4ac, JUIsl IKOi BIIOMUN PUHOK 1 ICHY€E CHIOXKH-
Bau. Y 0araThoX BUIAJKaX II€ MOB'I3aHO 3 TMOJIMIICHHSM SIKOCTI MaTepialliB 3a pa-
XYHOK Moju(ikalii HAaHOYaCTUHKaMU 1ICHYIOUHMX MaTtepiajiiB abo BUpoOiB (HaHOYacC-
TUHKHA BBOJSITH B 0OCAT MaTepialy ab0 HaHOCSTh Ha MOBEpXHI0). B nanuit yac nis
UX LUJIed BUPOOJIAIOTHCS METaneBl, KepaMiuHi, BYTJeleBl, KpeM'sHi, MoJiMepH1 Ta
1HII THIIM HAHOYACTOK. [4]

AHani3 HOBUX TEXHOJIOTTYHHMX PIIIEHb MOKAa3ye, 10 TPaJULIiHI MOPCHKI JIAKO-
(hapOOBi MIOKPUTTS B MEPCICKTHBI MOXYTh OyTH 3aMiHCHI IIOKPUTTAMH, OTPHMaHN-
MU 3 BUKopHcTaHHAM HT, 3 uynoBuMH Gap'epHUMM BIaCTHBOCTAMH. IX aHTUKOpO-
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31iH1 BIACTHUBOCTI 3a0€31euye BiIMOBIAHA HAHOCTPYKTYpa, 10 OJIOKYE JOCTYI arpe-
CHUBHMX areHTIB JI0 MiAKIAIKHA, IPUYOMY OJHOYACHO BOHA 30UIBIIYE CTIHKICTH TOK-
PUTTS 1 O MEXaHIYHUX MOWIKOJXeHb. llepenbavyaeTbesi, 10 B MailOyTHHOMY TOB-
IIMHAa MOPCHKHUX MOKPUTTIB, OTpUMaHuX 3 3acTtocyBaHHaM HT, moxe Oytu Gararo-
pa3oBO 3MeHIleHa. Jlami po3riasiHyTI HACTYNHI BUJIM MOKPUTTIB, OJIEPKYBAHUX 3a
nonomororo HT:

- HaHoTexHoJjori: 2K

- QHTHAJre31MHUX;

- MPOTHOOPOCTAIOUHX;

- KPUTOCTIMKUX IS TIABOAHOT YaCTUHU KPUTOJIaMiB;

- MPOTU3aMOPOKYBAJIbHI1 JIJI51 CYJIEH.

2K-noKpUTTS ISl Cy/IeH 1 KaTepiB - i€ JABOKOMIIOHEHTHA CYMIIl, CKJIaJieHa Ha
0a31 XIMIYHOi HAHOTEXHOJIOT1i, SIKE CTBOPIOE CTIMKUN €PEeKT BIATOPTHEHHS BOAM 1
MacCJSTHUCTUX CyOCTaHIII BiJl MOBEPXOHb, SIKI CXHIIbHI JJO CEPHO3HMUX HAaBAaHTAXKEHb.
KinbKiCTh NpUpOCIUX 10 JHUIIA YEPENallioK, MOPCbKUX KOJYA1B, BOJOPOCTEH 1 1H-
muxX HeOa)XaHUX BIJKJIAJICHh ICTOTHO 3MEHIIIYETHCS, IOBEPXHS CTA€ OUIBII CTIHKOIO
710 TOAPSIIUH, a KpiM Toro, oOpobieHe AHMILE Ha0araTo Jieriie OYUINAEThCS, MPU-
YOMY I LIbOTO OLTbIIIE HE MOTPiOHI arpecuBHI MUIOY1 3aC00U (€KCTpEeMaIbHO KUCI1
a0o Jy>xHi, abpa3uBH ).

[Ipu mocnabiieHH1 ePeKTy AOCTaTHbO MOYMUCTUTU JTHO 3a JOMOMOTOI0 T'yOKH 1
M'SIKOTO MUIOYOTO0 3ac00y. Xo4a o0poOJieHa MOBEepXHs Bce OJHO Oyze Yac Bija yacy
noTpedyBaTH OUMIIECHHS Bl IpIOHUX 3a0pyAHEHbB, ajle BEJIHUKI 3a0pyTHEHHS, TaKl K
Yyepernamkl 1 MOPChKI KONyl JIETKO 3MHBAIOTHCSI MOTOKOM BOAM MPHU HIBUIKOMY
XO/I1 Cy/Ha.

nepeBaru:

* MopchKi %0Jy1, MyIUTi 1 BOJOPOCTI 3HAYHO MEHIIIE MPUCTAIOTh 10 THUILA
* [linxouTh Tak camo 115l HOBEPXOHb, 10 3HAXOASATHCS 1]l BOAOIO
* [IpocTe 1 nerke ounuieHHs: 00POOJIEHUX TTOBEPXOHb

* [TigxoauTh K JJ1s1 COJIOHUX, TaK 1 JIsl IPICHUX BOJT

* EkoHOMIYHa BUTpaTa

* Exonoriuno

O6uacTi 3aCTOCYBaHHSA

 dxTnn

» Tankepu

* PiukoBi cyHa

* Kpyi3ni naiinepu

* Mopchbki / OKeaHChKI CyTHA

Haii6inb1 eeKTUBHI aHTUKOPO31iH1 MIrMEHTH, TaKl SIK CIOJIYKH LIECTUBAJICHT-
HOTO XpOMY, B JaHU Yac BUKIIOYAIOTh 3 peuentyp JIOM yepes ix migBUILEHY TOK-
cuuHicTh. [Ipobnema 3aMiHM IIUX CHONAYK O€3 MOTIPIICHHS SKOCTI MOKPUTTIB JYXKe
aKTyaJlbHa JJIs1 CyJHOOYAYBaHHS, TaK SK TakKl MIMEHTH IIUPOKO 3aCTOCOBYIOTHCS B
AHTUKOPO31MHUX CYAHOBUX IPYHTIBKAaX.
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TaHHsI CYyJICH, 1110 BUMAarae IMiJIBUIIIEHHS MIITHOCTI, 5Kl 3a0€3Meuy0oTh HOBI HAHOMa-
Tepiau.

2. KiBydJiCTb 1 3HUI)KEHHSI Baru, sike 3a0e3MeuyloTh B JaHUN yac KoMno3uTu. [o
HUX TTOBMHHI MPHUETHATUCS HAHOMATEPIalu.

3.3MeHUIEHHS TEPTS, IKE MOXKHA JOCATTH, nepexoasun Ha HT.

4.BupiiieHHs 3aBJaHHS OOpOTHOM 3 OOMEp3aHHSAM 1 MPUIMIAHHAM 0 30BHIII-
HbOi CTOPOHU KOHCTPYKIIII CyaHa pi3HOI "010JIOT1YHOI KMBHOCTI" 3a JOMOMOTOIO
B1JIIIAPOBYBAHHS JIYCOYOK. [ 1]

I3 BCHOTO BHIIIE CKA3aHOTO, MOYKHA 3POOUTH TaKi MiJICYMKH:
1. HanotexHO0T11 - CMMBOJI MallOyTHROTO, HAWBAXKJIMBIIIA TaTy3h, 0€3 IKOT HEMO-
KITMBUU MMOJATBIITUN PO3BUTOK ITUBLITI3AIII].
2. MOXJIMBOCT1 BUKOPUCTAHHS HAHOTEXHOJIOT1H MPAaKTUYHO HEBUYEPITHI — TOYHUHA-
FOUHU B1JI MIKPOCKOITIYHUX KOMIT IOTEPIB, 5IKi BOUBAIOTh PAKOB1 KJIITUHH, 1 3aKIHUYIO-
9H TBUTYHAMHU, SIKi HE 3aCMITYIOTh HAaBKOJIUIIIHE CEPEIOBHIIIE.
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3. B noganpiioMy BUEHUM HAJIEKUTh PO3IMIUPUTH O€31114 3alUTaHb, OB’ I3aHUX 3
HAHOHAYKOI0, 1 OCATHYTH i1 HAUTIUOII1 TaeMHMIII. AJie, HE3Ba)Kal0UM Ha 11, HAaHOTe-
XHOJIOT1i B3K€ HaJlal0Th y>K€ CEpHO3HUI BILIMB HA KUTTS Cy4aCHOTI'O JIOJCTBA.

4. Benuki nepcrneKTUBU HECYTh B c001 1 BeJIMK1 HeOe3neku. B 11boMy BiTHOIIEHH]
JII0JIMHA TOBUHHA 3 MAKCUMAIbHOIO O0EPEXHICTIO BITHECTUCS 1O HEOYBAJIUX MOXK-
JMBOCTEW HAHOTEXHOJIOT'1M, HaMpaBISIOUM CBOI JOCHIIKEHHSI Ha MUPHI 1111. B mpo-
TUJICKHOMY BHUIIAJIKy BOHA MOE TTOCTABUTH MiJ yJap CBOE OCOOUCTE ICHYBaHHS. [2]

BUKOPUCTAHA JIITEPATYPA

1. nanotekhnologiy-v-aviatsii-v-sudostroenii-i

2. studcon — orq — 00003374

3. Komnosutelt B cynoctpoenun | Hanorexnomorunm Nanonewsnetwww.
nanonewsnet.ru >

4. B.A. Opexso, T.A. bparunckas Hanorexnonoruu cyaoctpoenus. «KoHrpecc
Mexnaynapoanoro ¢gopyma «Bemukue pexkn» 2015 r.» -2015. - ¢. 66. ®I'BOY BO
«BI'YBT»

5. JlakumeB H.IL, AneimoB M.M. Hanokpucraminmueckne mMartepuaibl KOH-
cTpykuuoHHoro HazHadueHusi. B C6. «[IpoGnembl COBpeMEHHOIO0 MaTepHualioBe/e-
Hus.- 2002.- C. 9-15.

6. archive.kpi.kharkov.ua/files/47393

7. library.weld.kpi.ua/sites/default/files/ipip_kl.pdf

8. https://studfiles.net/preview/5349180/page:54/

9. https://vdocuments.mx » Category Documents

V]IK 62-761:620.3:629.123
I'purop’eBa O.C.
Hamionanbauit yHiBepcutet «Oqiechbka MOpPChbKa akaaeMis»

3acTocyBaHHSI HAHOMATEpPiaJIiB y 3aXHCHHMX IOKPUTTIB BiJ KOPO3ii i
o0pacTaHHS CyAHOBMX KOHCTPYKUIIii

3axucT BiJl KOpo3ii 1 0OPOCTaHHS € OJHIEIO 3 BAKIMBUX MPOOJIEM EKCIUTyaTallii
cyneH. Ha nanuii yac icHye BeJIMKe Pi3HOMAHITTS CHOCO0IB 3aXUCTY: KaTOJAHHUM 3a-
XHCT, YAbTPa3BYK, IHT1OITOPU KOPO3ii, KOPO310OHOCTINKI MaTepiaiu, JakodapOHi mo-
kputTs. OCcTaHHI CIOCI0 € OCHOBHUMH METOJaMU IMiJIBUIIIEHHS! KOPO31HHOT CTIMKOCTI
CYIHOBUX KOHCTpYKIii. Ha ix yacTky noBoauthcs Ouibiie 80% (iHaHCOBUX BUTpAT
Ha BIJTHOBJIEHHS 3ac001B 3aXHUCTy CYACH BI1J KOPO3ii 1 00pOCTaHHs B MPOIIEC] iX eKC-
rryatartii [ 1].

CydacHi BUMOTH JI0 3aCTOCYBaHHSI CUCTEM JIakopapOHUX MOKPUTTIB JUIsl 3aXHC-
Ty Bil KOpO3li PI3HUX CYJHOBUX KOHCTPYKLIH, MOJSATA€ B CKOPOUYEHHI TOKCHUUHHUX
BUKH/IIB B HABKOJIMITHE CEPEIOBUIIIE Ta IMiJIBUILIEHHS €HEProe(PeKTUBHOCTI CYyIEH.

[ToBHICTIO BIAMOBUTUCH Ha CyAHaX BiJ MPOTUBOOOPOCTAIOUUX Ta KOPO3IMHUX
MOKPUTTIB HE MOXJIUBO. TOMY PO3pOOJISIIOTH OUIBII €KOJIOTTUHI Ta BOJOCTIMKM Ma-
Tepiau.
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JlJisi TpUBAJIOTO 3aXMCTy CyJIHA BiA il 30BHINIHBOTO CEPEAOBHINA HEOOXIIHO,
o0 TUTIBKA 3aXHMCHOTO MOKPUTTA Oyjia CYIUIbHOI, M030aBJICHOIO Iip, 30epiraia
BHUCOKY aJre3it0 70 MOBEPXHI, Malia MiHIMajdbHE BojomnoriuHaHHA [1]. B mepry
4yepry 1e BIAHOCUTHCS 10 PI3HUX KOPIMYCHUX KOHCTPYKI(IH, Y TOMY YHUCII JO MiJBO-
JTHO1 YaCTUHU KOPIYCIB CY/EH.

CyuacHi nakodap6ni matepianu (JIOM) nependavaroTh HEBEIUKUM 3MICT QyH-
KIIOHAIBHUX J00aBOK B PELENTypPHOMY CKJIaJi, 10 MicTaTh HaHodasy. Ix 3acTocy-
BaHHA Iepeadavae NPUCKOPEHHS CHUHTE3Y JiakoapOHUX MaTepialiB, ONTHUMIZYE
MpOLIeC HAHECEHHS], TTIBUIILYE 3HOCOCTINKICTD, (PI3UKO-MEXaHUYHI 1 MPOTHUKOPO3iitH1
BJIACTUBOCTI.

Jlo cygacHUX po3po0OK 3aXUCHUX MOKPUTTIB BITHOCATH €MaJjll Ha BOJHIM OCHOBI,
HAIMOBHEH1 HaHOYacTKaMu. HaHo4YacTKu B OJIIMEPHOMY MOKPUTTI 30UIBITYIOTH HOTO
TBEPAICTh 3UEIUICHHS MDK MOJIEKyJaMu moiiMepy. Takok Taki KOMIIO3UTU 3 HaHO-
yacTkaMu (01u3bko 5-6% BiJ mojimMepy) 30UIbIIYIOTh YaC MPOHUKHEHHS BOJHU 1 KU-
CHIO Yepe3 MOKPUTTS JI0 IOBEPXH1 METaIy.

BukopucranHs SiK HaHOHAIMOBHIOBaYa IIAPyBATOro aTIOMOCUIMKATa (MOHTMO-
PUWLIOHUTA) Y BOJHUX €OKCUIHUX, AKPUJIOBUX CUCTEMAX, MPU3HAYCHUX JIJISl 3aXUC-
Ty CTajJeBUX IOBEPXOHb, JO3BOJISIE 3MEHIIUTH TPUBAIICTh BUCHUXAaHHSA MOKPUTTS,
MOJIMIIUTHA MEXaH14H1 BIACTUBOCTI — CTIMKICTh O CTUpaHHs, a0pa3uBHY CTIMKICTb,
aaresito, BOAOCTIMKICTD [2, 3]. 3acTocyBaHHS HAaHOYACTOK (~20 HM) IOKCUIY KpEM-
HII0O B JIBOKOMIIOHEHTHIN TOJI1ypETaHOBIM CHCTEMI J03BOJIAE€ MOJIMIIUTH CTIAKICTh
70 APSAMaHHS 1 CTUPAHHS, MIABUIIUTH TBEPAICTh, 30UTBIIUTH 3MICT CYXOI0 3aJUIIKY
0e3 1CTOTHOT 3MIHU BJIACTUBOCTEN peoJiorii, 0e3 MoripiieHHs npo30pocTi abo yTBO-
peHHs "anenbCMHOBOT KIpKU'" 13-3a MoraHoro po3nuBy [3]. BukopuctanHs BOJHOTO
KOJIOTTHOTO KpEeMHI0 JuIsl Moaudikailii BOJOOCHOBHOTO mojiypeTaHoBoro JIOM no-
3BOJISIE CTBOPIOBATH MPO30pe, BUcokoepekTuBHe nMokputTs [3]. HomaBanusa 3% (1o
Maci) HAaHOPO3MIPHHUX YacTOK JIOKCUIY TUTaHy (5-10 HM) 10 BOJOOCHOBHOTO MOJIi-
aKpUJIOBOI'O IPYHTY MOKpAIye HOr0 aHTUKOPO31iH1 BIacTUBOCTI [3].

3acToCcyBaHHS HAHOPO3MIPHOTO MaTepiany aiokcuay kKpemHis SiO» B ckiaii
KOMITO3ULIIMHUX MaTepialliB JOCUTh MOIIMpeHa. XiMis Ta TEXHOJOTris OTPUMAHHS
HAHOYACTHHOK Ha OCHOB1 KPEMHIIO Ha JaHUM yac 10Ope BUBUYEHI, 10 TOTO K OKCHUJIU
KPEMHIIO MalOTh BUCOKY aJICOPOIINHY 34aTHICTh Ta MIABUIICHY aJre3I€lo.

Jliokcua KpeMHII0 BBOAMBCS 10 CKJIaay po3uuHy nojiMepy (SAS-150) y Burmisai
areroHoBorO 3071a BupoOHuiTBa TOB "Kommac" 3 cepeaHiM po3mipom dacTok 26,7
HM [4].

Pe3ynbpTaTn npoBeneHux aBTopamu [4] HOCHIIKEHb, IPEACTABICH] Ha puc. 1-2,
MOKa3aJld MOXJIMBICTh ONTUMI3AIll BIACTUBOCTEH MOKPUTTIB Ha OCHOBI SAS-150
IpY HAOBHEHH1 HAaHOPO3MIpHUM Si10,. HasiBHICTh ONTUMAaNbHUX KOHILIEHTpALIi 110-
KCHUJly KpEMHisl, SIKi IO 3HOCOCTIMKOCTI 1 BIIHOCHIM TBEPAOCTI ckianawTsh 1-3%, a
o npo3opocTi 1-5% mac.
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18 I, ob/mr
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Puc.1. — 3anexHicTh BITHOCHOT TBEPOCTI Pric. 2. — CIeKTp CBIT/IO POIYCKAHHS TOK-

ggﬁgﬁ;}? Helng%{gB;;:ip((;?—;Kan)o:&ro PHUTTIB HAa OCHOBI SAS-ISO 3 pi3H'I/IM BMIC-

Py n Ig Y \BULT. OX. TOM HaHO4YacTUHOK S10; y CKJIali KOMIIO-

xouuentpauii (C, [%]) Si0: [4]. sumii: 1 — 0%, 2 — 1%, 3 — 3%, 4 — 5%, 5
8% [4].

OO6pocTaHHs MiABOAHOI YACTUHU CY/IHA BUKJIMKAE 3HAYHY NIEPEBUTPATY MaJIUBA 1
30UTBIIECHHS BAPTOCTI MEPEBE3CHHS BaHTaXy. TOMY aKTyalbHUMU 3aIHILAIOTHCS Ta-
KOX pO3pOOKH CydyacHUX 3ac001B IPOJOBKEHHS MIKIOKOBOIO Mepioay cyaHa [5].

CydJacHi TeXHOJIOTIi JO3BOJIAIOTH PO3POOUTH Ta 3aCTOCOBYBATHU 3aXMCHI KOMIIO-
3UINT SIKUM BJIACTHUBI MPOTHOOpacTaroya Jisg, TOOTO J0AAI0Th PEUOBHHU OIOIIU[IH.
Haii611b111 mommpeHuMu € OKUCIIN Mijli, MUII Ky, PTYTi, Ta OJIOBMICHI, 5IK1 € 3a0py-
IHIOBauyaMu cepepouina. [IpakThyHe 3acToCcyBaHHS JAHOTO METOJYy BUMAara€e BU-
TpaT BEJIMKOI KITLKOCT1 O101M11B, TOMY €KOHOMIYHO OOTPYHTOBAaHE TIJILKHU Yy BHUIA/-
Ky BUKOPUCTaHHS JCIIEBUX CIIONYK.

Haii6inpmr  epekTUBHUMU  BU3HAHI MPOTHOOPOCTaIOUl  MOKPUTTS  PipMu
International Marine Coatings (AkzoNobel) cepii Intersleek 700 1 cepii Intersleek
900. IMpoaykt Intersleek 700 € cuIiKOHOBUM HPOTHOOPOCTAIOYHM MOKPHUTTSIM, SIKE
MO>K€ BUKOPUCTOBYBATHUCS JJI 3aXUCTY CYIEH PI3HOTO MPU3HAYEHHS 1 KJacy 1 He
MICTUTh TOKCUHIB (O1011A1B) [5, 6]. IlokpUTTS 103BOJISIE OTPUMYBATH TJIAJIK1, PIBHI,
TakKi, 110 OYMILAIOTHCS, MOBEPXHI 30BHINIHBOT OOIIMBKU KOPIYCY 3 HU3BKOIO IIOPCT-
KicTI0. MoOke HaHOCUTHUCS MOBEPX ICHYIOUOIo MPOTHOOPOCTal0uoro mokputts. Ile-
pEeBarol0 3acTOCYBaHHS MOKPUTTS €: 3HIKEHHSI BUTPATH MaJBa 1 MIABUUIEHHS XO-
JIOBUX sKOCTEM [6, 7].

[ y 6e36i01MIHUX MOKPUTTSAX, 1 B IOKPUTTSX 3 Ol0I[UAaMU MEPCIEKTUBHE 3aCTO-
CyBaHHS HAaHOTEXHOJIOT1M, HANpPUKIAJ, OTPUMaHHS HAHOCTPYKTYpOBAaHUX IOBEp-
XOHb, 200 3aCTOCYBaHHSI HAHOPEUOBHH, IO JIIIOTh Ha HaHOPiBHI [8]. HanopeuoBuHa
XapaKTepU3y€eThcsi OCOOJUBUM PO3MOJLJIOM B HIM aTOMIB 1 €JIEKTPOHIB, L0 HAJA€
HAHOYACTLI PEYOBMHU OCOOJIMBI BJIACTUBOCTI: MIHIMaJbHUNA 00'€eM, MaKCUMaJbHY
MOBEPXHEBY €HEPTit0, 0OCOOIMBY €HEPreTUKY, TOIO, Ha BIAMIHY BiJ 3'€IHAHb aHAJIO-
rYHOI XIMIYHOT CTPYKTYPH 3 YaCTUHKAMH BEIUKUX po3MipiB. Ha ganuit yac B cBito-
Bili MPaKTHIIl BIIOMI MPOTHOOPOCTAIOU1 CUCTEMH MOKPUTIB, AKI HE MICTATh O10LK/IH,
3 HaHOCTPYKTYPOBAHOIO TMOBEPXHEIO, SIKa €(PEKTUBHO MPOTUCTOITH OOPOCTAHHIO
MOpPCBHKUMU OpraHi3MaMu.
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Tak, 3acTOCOBYIOTH y CKJIaJi MPOTHOOpPOCTAOUMX MaTepiaiaiB 0e30101uaH1 il
riOpuaHUX CHOJIYK, HATIOBHEHUX HaHOKOMIOHeHTamH. Hampukiaza, oTpuMaHi Mmok-
pUTTS, yTBOpeH1 HaHoyacTkamu T10,, IpUTroTOBaH1 Ha MOBEPXHI HEPKABIIOYOI CTa-
ni. Hanouactku TiO, manu aiametp 15-18 HM, Ta yTBOPIOBAJIM MOKPUTTS 3aBTOBILIKH
375 uM, Oynu AOCHIIKEH1 30JIb-TeJIEBBIM METOAOM 1 Tipo¢o0i3ipoBaH IMIapOM
¢dropankinciiaHa (KOHTAaKTHUNA KYT 3MOYYBaHHS BOJOIO Tipo(}o6i3ipoBaHHOIO MO-
KpuTTs ckiaB 150°), sskuii Mae BIACTUBICTH 10 camopraHizaiiii. Mopdororis nmosep-
XH1 1 CTPYKTYpa MOKPUTTS AOCHIIKEHI METOJaMU CKaHYIOUOi eJIeKTPOHHOI MIKpOC-
KOIii 1 peHTreHo(a30Boro aHaiizy. 3a JaHUMHU €JIEKTPOXIMIYHUX BUMIPIB, TOKPUTTS
MPOSBIIINA BIIMIHHY KOPO31MHY CTIMKICTh B XJIOPITHOMY PO3UMHI IPU KIMHATHIN Te-
Mmrepatypi [8].

Jlo mepcneKTUBHUX O10IUIHUX HAMTOBHIOBAYIB, MOKHA a BIIHECTU TaKOX HaHO-
yacTUHKHU cpibna (~5+40 um). JlakodapOHi Marepiany 1 MOKPUTTS, MPHU J0/IaBaHH1
HAHOYACTOK cpibiia, MalOTh YHIKaJIbHI aHTUCENITUYHI BJIACTUBOCTI. biolnaHa akTHB-
HICTh TaKOT'O 3aXHWCHOTO MOKPUTTS 30€piraeThCsi Ha yBECh yac Horo ciyxou. Bkasa-
Hi JIKM ekomnoriuno Oe3neuHi JJjis Jr01eH 1 JOBKULISA, MOXKYTh 3aCTOCOBYBATHUCS IS
3aXMCTY METAJICBUX 1 HEMETaIIYHUX TTOBEPXOHB [9].

BucHoBku.

Ha nanuii yac 3anuiaeTbest akTyalbHICTh BUKOPUCTAHHS HAHOCTPYKTYPHHUX J10-
6aBok B TexHosorii JIOM nis BUpoOHUIITBA MOKPUTTIB CrielU(PIYHOro MpU3HaAYEH-
Hs. Bukopucranus HaHOMOIU(DIKATOPIB J03BOJIsIE€ 30UTBIIYBATH aHTUKOPO31MHI Xa-
pakrepuctuku JIOM, a ot ke 1 30UIBIICHHIO TEPMIHY CIIYKOH BHUPOOIB, 1110 MOKpPHU-
BaIOThCA. 3aCTOCYBaHHS (PYHKIIIOHATBHUX JH00ABOK HAHOYACTOK B MOJIIMEPHUX Ma-
Tepianax, Mae BPaXxOBYBATHU iX ONTUMAalbHI KOHUEHTpAIli, IPU SIKUX JOCATAETHCS
ICTOTHE MOJINIICHHS eKCIUTyaTal[liHUX XapaKTepUCTUK 0e3 3MIHU iX ONTHUYHUX Blia-
CTHUBOCTEHN.
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Kypasawos [0.1., KocTiouenko €.0.
Hamionanbauit yHiBepcutet «Oiechbka MOpPChKa akaaeMis»

IHinBuieHHs e(peKTUBHOCTI TEXHIYHOT0 00CIYyrOBYBaHHSA i pEMOHTY
CIIOJIyYeHb BAJI-MIAMIUNHUK KOB3AHHS HA OCHOBI MO/ICJIIOBAHHSA IX
NMOUIKOAXKEHb

Cy4acHi JBUTYHU BHYTPIIIHBOTO 3rOPSHHSA MPaLIOIOTh B yMOBaX BUCOKUX HaBa-
HTa)XeHb PI3HOTO MOXO/KEHHS, MepernajiB TeMIepaTypy 1 TUCKY, 1 TOMY IIi HaBaH-
TaXEHHS Ha pyXOMi YaCTHHHU JIBUTYHA - KOJIEHBAJ 1 paclpeaBall, MaTyHH, IITOBXadl
Ta 1HII JeTaai Ha CbOTOJIHI MOTPEeOYIOTh MPUHIIMIIOBO HOBUX IMIJIXOAIB IO BiIHOB-
JICHHS! BTPAuy€HO1 pare31aTHOCTI.

B crnonydyeHHsX Ban-migMIMITHUK KOB3aHHS Mpale3AaTHICTh MIJUIMITHUKIB KOB-
3aHHS TIOPYIIYETHCSI BHACIIIOK 3HOCY JeTalield B 30H1 TepTs abo uepe3 ociabiaeHHs
BTYJIKM (BKJIaauiiB) B mocaiui. [lo mipi 3HOCy aeTaneil 30UIbLIyeThCsl 3a30p MK
HUMHU, 1110 MPU3BOJUTH B OAHUX BHUIIAJKAX JI0 MOSBH yJapHUX HABAHTAXKEHb, a B 1H-
X — JI0 pa3peryioBaHHs 3'€IHYBaIbHUX JIAHIIOTIB, a TAKOXK O BUTOKY MacTuJja,
TOOTO MOPYILIEHHS 3MallyBaHHS JeTaJICH.

JIyist BITHOBJIEHHS Mpale3AaTHOCTI MIAMIMITHUKA KOB3aHHS HEOOX1IHO YCYHYTH
ocJlabJIeHHs BTYJIKM (BKJIAUIIIB) B TIOCA/ILI 1 JOBECTH 3a30p MUK JIETaJIsIMU TEPThO-
BOi [apu 10 HOpMaJbHO1 BeNuYrHU. Ha chbOroHINIHIN eHb HE BUYEpIIaHi BC1 MOXK-
JMBOCT1 BIIHOBJIEHHS HOPMaJIbHUX PO3MIPIB 1 (GOpMHU TEPTHOBOI YACTUHU HE3aMi-
HIOBAHOI JIeTalll IIIXOM TEXHIYHOT'O OOCIYrOBYBaHHSI 1 PEMOHTY pOOOUYHX IMOBEP-
XOHb.

[IpononyeThcsi OCHOBHUM yrop poOUTH HA TIPOTHO3YBAHHS Ta PO3POOJICHHS pe-
KOMEHJAIIN 1Jis eKCIuTyaTalii poOOTH CIOSydYeHb Ha OCHOBI MiJIBUILIEHHS €()eKTHB-
HOCT1 OOCJIYTOBYBAaHHS 1 pEMOHTY Ta aHalli3y PI3HOMAHITHUX KPUTEPIiB HAAIAHOCTI

[1].
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JIJisi 1bOTO BUKOPUCTOBYETHCS MAaTEMaTUYHUN onuc (MOJAENIOBAaHHS) MPOLECIB
MOIIKOKEHHS. BOHO 103BOJIsiE aHAI3yBaTH BHYTPIIIHI 3B'A3KM Ta 30BHIIIHI BILIU-
Bu. Ha mifcraBi 3araabHUX NpUHIUIIB (JOPMYBaHHS BIAMOB MOJEN1 3a0€3MeuyI0Th:
PO3pOOJICHHS aITOPUTMIB OI[IHKM HAJIHHOCTI CKIaAHUX BUPOOIB, 00JIIK 3BOPOTHUX
3B'SI3KIB Y CTOCYHKaX «T€XHOJIOTTUHHUIA MPOLEC — BUXIAHI MapaMeTpH MaIIUHU, OIi-
HKY MapaMeTpiB B3a€MOJii MAIIMHU 1 OCOOJMBOCTEN BTpAaTH HEIO MPale3aaTHOCTI.
PimeHHs Takux 3aBaHb J1a€ MOXJIUBICTH PO3POOJISITH OUIBII JTOCKOHAN1 MOJEN1
BIIMOB CIIOJIYYeHHS BaJ-IIAMIMUITHUK KOB3aHHS, 1 HAa X OCHOBI BY3JIIB 1 arperaTiB Jie-
Tajnei 3aco0iB TpaHcHopTy (MamtoHOK 1).

BinpmiicTs mporieciB HAKOMMYEHHS MOIIKOKEHb B 3a3HAYCHUX JeTajsix BiOy-
BA€THCA MPOTATOM TPUBAIKX MPOMIDKKIB 4acy, TOOTO MAalOTh SCKPABO BUPAXKEHY JIU-
HaMiKy npoTikaHHs. L{i mpoiiecu € mpuYMHOIO BIAMOB JeTajei o0JagHaHHs 1 3MIHU
foro crany B yaci [4].

Pa3paboTka MeTONHKH UCIIBITAHHI
COIIPSIKEHHS BaJI-I10 ANTHITHHK
CKOJTBKEHHS

BrrsicHenne NPHIHH IMMIOTEPH OETATAMH
BaI-IIOJIIHITHHK CKOJIBKCHHA
CIIOCOOHOCTH BEHITIONMHATE 3a/IaHHbIE

TEXHOIOTHYECKHe (hYHKITHH
F

Ananmnz BHYTPEHHHX cBA3eil H BHEITHHX
BO3eHCTBHI HA TeTalIn HCCIIEAYEMOI'O
COIPAKEHHA

V4é&T 00paTHBIX CBA3el BO
B3aHMOJCIICTBHH «TeXHOIOTHUECKIT
IIPOLIECC» -BBIXOHBIE IIAPAMETPEI
MAIITHHEI

V4éT HHEPIIHOHHOCTH (JIHHAMHKH)
TIePHOIMIHOCTH BHEITHHIX
BO3IeHCTBHI, B3aHMOICHCTBHA
00paTHMBIX H HeOOPATHMBIX ITPOIIECCOB

OneHKa B3aHMO/IeHCTBHS TapaMeTpOoB
MAIlHHBI H Pa3paboTka Mojenel
OTKA30B HCCIETYEMOTO COTPSKEHHS

Y9ET HHEPITHOHHOCTH (JTHHAMHAKH)
[ePHOIHIHOCTH BHEITHHX
BO3JIeHiCTBHIi, B3aHMOJIeHCTBHS

00paTHMBIX H HeoOpaTHMEIX MPOIIECCOB

Pa3padoTka KBaIHMETPHH
TIOBPEKIEHAH H YIET 3KOHOMHIECKOTO
takTopa, ONEHHBAOINETO MOCIEICTBHL

Moae/mpoRaHHe NOBpeKIeHA R
ngeTaJiell BaJI-NOJIMHIHHK
CKOJIBReHHA

PaspadoTka MeTOIOB PAallHOHAIBHOTO
IPOEKTHPOBAHHA 3IeMEHTOB
000pYIOBAHHA C ONITHMH3AIHELT
MapaMeTPOB J0JITOBEIHOCTH,
MaTepHATOEMKOCTH H YIHEPTOEMKOCTH

OTKa3oB

PaspaboTka HHPOPMAIIIOHHBIX CHCTEM,
ONTHMH3HPYFOIIHX JOITOBEYHOCTh KaK
OTIETHHOTO COMPSKEHHS, TaK H Beeit
MAITHHEL B T[eIOM

Hcenenopanne BIHAHIA H3HAIIHBAHUL
neTaneif Ha TUHAMHUYECKUE
XapaKTepHCTHKH MaTlTHHBI

A

Pa3paGoTKa aITOPHTMOB OTICHKH H
obecredeHne TpedyeMOro YpoBHA
HaIEXHOCTH COIPSKCHIS Bal-

O JUIHITHHK CKOJIBKEHHS

TIporHO3HPOBaHHE OTKA30B
paccMaTpHBaEMOTO COTPSIKEHHS H
ONITHMH3AIHS CPOKOB MPOBeIeHHA
PEMOHTHBIX pa0oT | 3aTpaT Ha HX
IIPOBEICHHE

PHCyHOK 1. HaHpaBHeHHH HICIIOJIB30BaHIIA MOJEINPOBAHIA HOBpe}K)ICHHfT JeTanell Bal-TIO INMNITHAK CKONBKEHIT

OO0k B MOJIENISAX YIIKO/JKEHb BEJIMKUN 1HEPIIHOCTI AeTalleld, 3pOCTaHHs nepi-
OJIMYHOCTI 30BHINIHIX BIUIMBIB, B3aEMO/I1i OOOPOTHHUX 1 HEOOOPOTHHUX MPOIIECIB, Ma-
T MIBUAKOCTI MPOIECIB, B CYKYNHOCTI 3 aJanTOBaHUMH (yHIaMEHTaIbHUMHU
MPUHIMIAMHU AUHAMIKA MAIIKH 1 TeOpii aBTOMAaTUYHOTO

yIpPaBIiHHA, JO3BOJSATH BUPIIIMTH 3aBIaHHS, MOB'SI3aH1 3 HAIIMHICTIO CKIaTHUX
CUCTEM, JI0

SAKUX BITHOCUTBHCS CYJHOBI €HEPreTUYH1 CUCTEMHU.

OctanHiM yacoM [2-4] HaOUTBII TOCTPO MOCTae npodieMa MoJaIbIIOr0 PO3BU-
TKY 1 peajiizaiii MeTo/1iB MPOTHO3YBaHHS HAAIMHOCTI HA OCHOB1 MojieNiel BiIMOB [5-
7], axi 6a3yl0ThCcsl HA 3aKOHOMIPHOCTSX MPOIECIB MOMIKOMKEHHS (13UKHU BIAMOB 3
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ypaxyBaHHSM iX IMOBIPHICHOT PUPOJIU , IO € KIIOYOBUM ISl BUPIILIEHHS OCHOBHUX
3aB/IaHb, MOB'SI3aHUX 3 YAOCKOHAJEHHSM TEXHIYHOTO OOCIYrOBYBAaHHS 1 PEMOHTY
CIIOJIy4€Hb, OLIIHKOIO HaJiiHOCTI. HalOuibin oOIpyHTOBAHUM € BHUKOPUCTAHHS Me-
TOJIB CTATUCTUYHOI'O MOJEIIOBAHHS YIIKOKEHb, 1110 BPaXOBYIOTh IMOBIPHICHI pe-
KUMHU EKCIUTyaTallli 00JialHaHHs, 30BHIIIHI BIUIMBY 1 XapaKTep MPOTIKAHHS MPOIIe-
ciB nowkopkeHHs [4]. [Ipu 1boMy aKTyallbHICTh TAKOTO MIAXOAY MOSICHIOETHCS He-
OOXITHICTIO TOJAJIBIIOTO BIOCKOHAJIICHHS METOIB MPOTHO3YBaHHS HAIMHOCTI Je-
Tajei, o MiAIal0ThCs 3HOCY 1 BTOMHOTO pyHHYBaHHS, MalOTh SICKPaBO BUPAXKEHUH
XapakTep y 3aco0ax TpaHCIOPTY, 1 € OCHOBHUMH MPUYUHAMU iX BIIMOB [5].

AKTyaJqbHUM HANpPSIMKOM BHKOPHUCTAHHS MOJENEH MOLIKOKEHHS € po3poOka
METO/IIB PO3paxyHKy TPAaHUYHHUX CTaHIB OKPEMHUX JeTajeil 1 MallMHU B LLUIOMY, a
TaKOXX PO3poOKa KBaJIMETPil YIIKOIKEHb — METOJ[IB YUCEIHHOI OIIIHKH CTYIEHS
TIOIIKOKEHHS JIeTaliel, PI3HUX 3a CBOEIO MPUPOOI0 1 XapakTepom [6].

Haii6inpin nepcrneKTUBHUM HANpsIMKOM BUKOPHUCTAaHHS pPe3yJbTaTiB MOJENIO-
BaHHS TOIIKODKEHHS JIeTalei, € CTBOPEHHs CHEellalbHUX cUCcTeM 1H(opmarlii nmpo
CTYIIHb YIIKOJKEHHSI PEMOHTOBAHUX JI€Talel, 10 HE JOCITIM IPAHUYHOTO CTaHY 1
HE MaloTh BIIMOB, ISl HEJIOMYIIEHHS SIKUX 1 TpoBoaAuThCsl peMoHT [8]. Lle mxepeno
iHopMmarlii, IKU B JaHUW Yac NMPAKTUYHO HE 3aCTOCOBYETHCS, JIO3BOJIUTH OLIIHUTH
CTYIiHb BUKOPUCTAHHS MapaMeTpiB HAIIHHOCTI JIeTajl 1 OOTpyHTOBAHO MPU3HAYUTH
pecypc MamuHu [8].

Po3rnsin mpUHIMIIIB HAKOMUYEHHS MOIIKOMKEHb 1 po3poOka Mopenen aisd ix
OIMKCY JTO3BOJISIE AOCHIKYBATH BIUIUB 3HOIIYBAHHS JeTalled Ha AMHAMIYHI Xapak-
tepucTrkyd MamuHu [8]. Llei 3B'A30K HOCUTH CKIIAJHUM, TaK SK B PIBHSAHHIX TUHA-
MIKH TPUCYTHI WICHHW 3aJIKHI BiJ 4acy 1 MalOTh BUMAJAKOBY MpUpOAy. PO3KpHUTTS
[UX 3aKOHOMIPHOCTEH Ha OCHOB1 MOJieNiel YIIKO)KEHb JO3BOJIMTh BUBUUTH SIBUILA,
MOB'13aH1 13 3MIHOIO BUXIJTHUX MapaMeTpiB MAIlMHU B Yaci 1 BIAMOBaMHU (DYHKIIIOHY-
BaHHA 4epe3 pyWHyBaHHs JeTaneil. JlocTaTHhO 4acTO BIIMOBU (PYHKLIOHYBAHHS €
HACJIIKOM 3pOCTaHHS JUHAMIYHMX HABAHTAKEHb B MAILMHI MPU 3HOCI 11 €JIEMEHTIB.
Jlist 3aco01B TpaHCTIOPTY, OCOOJIMBO HIBUAKOXIHUX 1 BaKKO HaBaHTaXEHUX, came
JMHAMIYHI SIBUIIA JIMITYIOTh JOIMYCTUMI BEJIMYMHU 3HOCY 1 pecypc AeTaneil [6].

VHIKaNBbHICTh TPAHCTIOPTHOTO 00JIaTHAHHS CTBOPIOE HEOOXIHICTh BUKOPUCTAH-
HS MATEMaTUYHOT'O OMUCY MPOIECIiB HAKOMUYEHHS MOLIKOHKEHb NIl pO3pOOKHU Me-
TOJMKYU BUNMPOOYBAHHS CKIJIAJHUX O00'€KTIB, O SIKUX BITHOCSTHCS CYAHOBI EHEPreTH-
4yH1 cucteMH. Bucoka ¢yHKIIOHATBHICTE OKPEMUX JleTajleil 00MaiHaHHS BUKIIIOYAE
3aCTOCYBaHHS TPAJAMIIMHUX METOAIB BUIPOOYBAHHS HA HAJIIMHICTb, IO 3aCTOCOBY-
IOThCS JJIS1 BITHOCHO TIPOCTOro o0JagHaHHs [4].

HaykoBuii HanpsiM TEXHIYHOrO0 0OCIYTOBYBaHHS 1 PEMOHTY TOJISATA€E Y BUSIBIICH-
Hl BIUTMBY HAJIMHOCTI CHOJyY€Hb JETajel Baj-MiAMIMIHUK KOB3aHHS, IO BXOJSThH
70 CKJaay BUpoOy, HAa HaJIMHICTh BCHOTO BY3Jla, arperary, MamuHu. Lle 703BonuTh
BUSIBUTU CITOJTYYEHHsI 1 caMi JieTall, siki HEOOX1HO YAOCKOHATIOBATH B MEPIY Yep-
ry, BUOpaTu CTpaTerito MiIBUIICHHS HAIIHHOCTI TEXHIYHOTO BUPOOY, OLIHUTH KiJIb-
KICHO BEJTMYMHY TMOJIMNIICHHS XapaKTePUCTUK HAIIMHOCTI MAIIMHH.

[TigTpriMaHHs Ta BIHOBJICHHS MPalE3aTHOCTI TPAHCIOPTHOT MAIIMHU € CKJIaJ-
HUM TPOIIECOM, 1110 3aJIeXkKaTh B/l TAKUX (AKTOPIB, SAK: KOHCTPYKI[iSl MAILIMHU, METO-
IiB 11 eKcIiulyaTallli, opratizamii CHCTEMH PEMOHTY 1 TEXHIYHOT'O OOCIYroBYBaHHS,
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€KOHOMIYHMX (PAaKTOPIB 1 T. 1. BUsABIEHHS palliOHAIBHUX METO/IB PEMOHTY 1 TEXHI-
YHOro OOCIYyrOBYBaHHS MOB'sI3aHE 3 X ONTUMI3AIIIELO, JI€ MEepIIe MICIE BIABOJIUTHCS
Kputepiro ekoHoMiuHOCTI [9]. le Bumarae o0iKy 1 BIpOTiJHOT'O aHaJi3y OCOOJIHUBO-
CTeil HAKOMMYEHHS IMOIIKO/KEHb JAeTallel, 1 sIK HACIII0K, BTpaTH HUMHM Ipale3aaT-
HOCTI, @ TAaKOX OI[IHKU peaJbHUX MOXIJIUBOCTEH 111070 iX BigHOBiIEeHHS [10]. [IpaBu-
JbHA OpraHizallisi CUCTEMHU PEMOHTY Ta OOCIYrOBYBaHHS MOXKe MPU THUX K€ BUTpa-
Tax 3HaYHO MIIBUIIUTH €(EKTUBHICTD 1 HANIWHICTh PYHKIIOHYBAaHHS TPAHCIIOPTHUX
MalIuH 1 yCTaTKyBaHHS, & TaKOX 3a0€3MeUUuTh OLUIBHICTh 1 €()eKTUBHICTH MPOBE-
JEHHS MPO(UIAKTUYHUX ONEpaIliil Ta peMOHTHO-BIIHOBIIOBAJILHUX pOOIT. DYHKIII-
OHYBaHHS MojieJiell HAKOTIMYEHHS MOLIKOKEeHb JeTalel, B paMKax CIeliaIbHO1 CHU-
CTEeMH, 3BaHOT PEMOHTHOIO CIIYy>K00I0 MIANPUEMCTBA, 3a0€3MeYUTh HEOOXITHUMA Pi-
BEHb MPaIle3/1aTHOCT1 00JIaTHAHHS.

Posrasinemo mMopenb, MpU3HAYECHY IS OI[IHKH IMiJIBUIICHHS MOKAa3HUKIB HaIli-
HOCT1 MAalllMH, HaNpallOBaHHS Ha BIAMOBY SIKMX OINHUCYIOTbCS M'ATbMa HaMOLIBII
MOIIUPEHUMHU 3aKOHAMU: HOPMAJIbHUM, JOTapU(PMIYHO HOPMAIBHUM, €KCIIOHEHI1a-
neHUM, Epnanra 1 BeitOysia.

HaykoBuii HanpsMOK, MpeacTaBiICHE B JOMOBIAL, MOJIATAE Yy BUSBICHHI BIUIUBY
HAJIIHOCT1 CHOJy4YEHb JleTajeil Bald-MiIIIUITHUK KOB3aHHS, 1110 BXOASATh O CKJIaay
BUpoOy, Ha HAJIAHICTh BCHOIO BY3Ja, arperary, MamuHu. lle 103Bojsie BUABUTH
CIIOJIYYEHHS 1 cami JieTalll, siki HeOOX1THO yIOCKOHAIIOBATH B MEPITy 4epry, BuOpa-
TH CTpATerito MIABULIEHHS HAIIHHOCTI TEXHIYHOIO BUPOOY, OLIHUTU KUIbKICHO Be-
JUYMHY TOJIMIIEHHS XapaKTEPUCTUK HAAIIHOCT1 MAIlIUHU.

OO6'exTOM IMX OOCHIJKEHb € 3aCO0M TPAHCIOPTY, L0 MPEACTABISAIOTH COOOI0
(GyHKIIOHATBHY CUCTEMY, IO CKJIaJaeThcsd 3 M MOCHiAOBHO 3'€JHAHUX CIOJYYEHb
neranei. BigmoBa Oyab-sikoi AeTajil NpuU3BOAUTH 10 BiaMoBU BupoOy. Ilpaie3nat-
HICTh BUPOOU BIIHOBIIOETHCS MIJISXOM 3aMiHH, 110 BUHNUIA 3 jnany i-i (1= 1, 2,
M) netani HOBOi. Tak sik BiIMOBa BIiIOYBA€ThCS Y BUIMMAJAKOBUM MOMEHT, YacC KUTTS
JeTalll MOKHA OMMCATH 3 JIOMOMOTrOI0 MpOoLEciB BiAHOBIEHHS. [Ipu oMy BBaxa-
€THCS, III0 KOXKHA 1-Ta JeTallb BUPOOY XapaKTepU3yeThCs HANpPAIIOBAHHIM tcpil 3Ha-
xoaumo 1 Bif (j-1) — ro 10 j - ro BigMoBH (j = 1, 2,...Z), po3MOALT SIKUX HE Cylepe-
YUTh OJHOMY 3 HACTYNMHHUX 3aKOHIB: HOPMAJbHOMY, €KCIIOHEHI[1aJIbHOMY, Jorapud-
MIYHO-HOpMallbHOMY, Eprianra i qByxnapameTpuyeckomMy 3akoHoM BeliOyina.

OCHOBHUMH XapaKTEepPUCTHUKAMU IMPOLIECY BIIHOBIEHHS, € MPOBIIHA (PYHKIISA
MOTOKY BiiMOB €2 (t) 1 mapaMeTp MOTOKY BiAMOB ® (t). Tak sk B X0J1 JOCHIIKEHb
pPO3pO0JIEHI METOAMKHU PO3pPaxyHKY MPOBIAHOT (PYHKIIIT MOTOKY BimMoBHU € (t) ) 3a
aHATITUYHUMHU 3aJIe)KHOCTAMH [10] Ta METOIOM CTaTUCTUYHOTO MOJeItoBaHHs [12],
TO 1I€ JI03BOJISIE€ aHAII3yBaTH BUPOOU, KUTTEBUHN ITUKI AKUX OMUCYETHCS OyIIb-IKUM
MPOLIECOM BITHOBJIEHHS, 30KpeMa, MPOCTUM, CHUIBHUM 1 3araJlbHUM HecTallioHap-
HUM. 3 TOIOMOT'0OI0 MOJIEJl TAKOK MOKHA PO3IJISIAATH CUCTEMH, Y SIKHX 3aKOHH, 110
ONMKCYIOTh HANpAIlOBAHHS 0 4eproBoi 3aMiHM, pi3Hi. L{i1poBoIO QyHKIIEIO MaTe-
MaTUYHOI MOJIE1 NPUUHITHI MIHIMyM CyMapHHUX cepeAHiX nuroMux BuTpat Cyn (t)
Ha BUTOTOBJICHHS TEXHIYHOT'O BUPOOU Ta MIATPUMKH MOT0 B CIPABHOMY CTaHI:

+1p 00

(D Cyy
Cyalll= == 2 Cortall+ =7 , (1)
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ne M- KUTbKICTh €JI€EMEHTIB, 1110 BXOAATh y BUp1O; D - koedilieHT, 110 BpaxoBye
TPYJOBUTPATH, BUTpAaTa MaTepiaiiB 1 BTpaTH BiJl MPOCTOIB MPHU 3aMiH1 JeTalell BU-
poOu; Cni - BapTicTh 1-oi AeTaini; Cu - epBicHa BapTicTb BUpoOy; Qi(t) - mpoBigHa
(GyHKILIS TOTOKY BIAMOB 1-0i JeTatl.

KpiM MiHIMyMy cymMapHUX cepeliHiX muToMux BuTtpaT Cyamin, B SKOCTI ONTH-
MI3YHOMUX MOKAa3HUKIB HAJIHHOCTI NMPUUHATI PIBE€Hb HAIIMHOCTI N, ONTUMATbHUN
pecypc tonT, a TaKoXX HaIpalfoBaHHs BUpOOy Ha MepIuil BiMoBa t Bif 1.

Jl1s1 Mo/IeNTFOBaHHSI MiIBUIIICHHS MMOKA3HUKIB HAIIMHOCTI IMITYEThCS 3aMiHa Jie-
taii. Jleranp, 10 Ma€e HAWTIpIIi B TOPIBHSIHHI 3 IHIIUMHU JI€TaIsIMUA BUpOOU HAIHHO-
CTHI XapaKTEPUCTUKH, 3aMIHIOETHCA OUIBII HAAIMHOI, Ma€ OUIBII BUCOKI 3HAUYCHHS
MOKa3HUKIB 0€3BIIMOBHOCTI 1 JOBTOBIYHOCTI, 4, 3HAYUTh, MA€ 1HIIY BAPTICTh.

Jlnst 00Ky MiABMINEHHS PECypCy 1 3HMXKEHHS BIIIHOCHOTO PO3CIIOBaHHS 3Ha-
YeHb HaIpalloBaHb JeTalield 1 BIAMOBIIHOT 3MIHM BapTICHUX MOKA3HHUKIB MPUUHSITI
Koe(ilienTH, BBeieH1 B poboTi / 1,2 /:

- Koe(]iIieHT 30UTBIICHHS PEeCypCy -0 , MOKAa3ye, Y CKUIbKU pa3iB 30UIbIIYETHCS
pecypc BIOCKOHAJIEHOIO JIeTalll IO BITHOIIEHHIO 10 BUX1IHOT,

P = t’cpa/tcp% (2)

e t¢ps 1 tep> — PECYPCH BIAMOBITHO JeTasIeil BIOCKOHAICHOT i BUXiTHO;
- Koe(iIieHT 3MIHM BapTOCTI JIeTalll A, BimoOpaxae 30UIbIICHHS BapTOCT1 JAeTali
B pe3yJbTari i MOJIMIICHHS,

‘LIZC’S/Ca, (3)

ne C', 1 C,- BapTicTh JeTalli MOJIIMIIEHO0 1 BUXiIHOT;
- KoedillieHT 3MIHM PO3CIIOBaHHS pecypcy Jerajed 77, 10 MOKa3ye 3HWIKEHHS
PO3CIIOBaHHS pecypcy JeTail BUpoOy npH ii BAOCKOHAICHHI,
n=wv/v,, 4

ne v, i v, — koedinienT Bapiamii BUXiAHOT aeTaji i mics i yI0CKOHAIEHHS;

- KoeilieHT MPOMOPIIIAHOCTI k), 1110 BiTOOpakae CHIBBIAHOIICHHS 30UIbIICHHS
BapTOCTI 710 30UIBIIEHHIO PeCYpPCy AeTalll MpH 11 yIOCKOHAJICHH];

- KoeIIieHT MPOMOPIINHOCTI ky, 110 BioOpaXkae CHIBBIIHOLICHHS 30UTBIIICHHS
BapTOCTI JI0 3MEHILEHHS PO3CIIOBAHHS pecypcCy JAeTall Mpu ii yI0CKOHAJIEHHS;

- KoeiLi€eHT k,, 10 BiTOOpa)xae CHIBBIAHOLIEHHS BApTOCTI BUPOOY A0 CyMapHOi
BapTOCTI JieTajneit

e

2 Con (5)

ne C, - BapTicTh BUpoOy; Cy— BapTICTh 1-TOI AeTaIl.

[lepepaxoBaHi BuIlle KOe(ILIEHTH € KEPYIOUUMH NapaMmeTpaMu mojeni. B xoxi
MOJICJIIOBaHHS M MPUCBOIOIOTHCS P13HI 3HAYEHHS, & TIOTIM NIEPEPAXOBYIOTHCS OCHO-
BHI1 BapTICHI 1 HAJIIMHOCTH1 XapaKTEPUCTUKU JETaIl.

BapTicTh BIOCKOHAJIEHOTO €JIEMEHTA BU3HAYAETHCS 32 (POPMYJIIOI0

C ’a= U Ca, (6)
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Z Z .2 Z
=1 J;: -1 -1
e -1 plo =107 +hyfe—1)7 7)
BapTicTh BIOCKOHAIEHOT0 BUPOOY PO3PAXOBYETHCS MO 3aJIE€KHOCTI:

‘ 1 AL
Ty = y [rii-I D+ B r:'lau-:] ®)
KopuryBanns cepeqnboro pecypcy i koedilieHTa Bapiallii AeTaii NpoBOAATHCS
3a JIOOMOI'0I0 KOE(IIIEHTIB, B 3aJIEKHOCT1 BIJ BUAY TEOPETUYHOTO 3aKOHY PO3IIO-
Iy, 3 ypaxyBaHHSIM 3MiHM MapaMeTpiB 3aKOHY.
30Kkpema, 1711 HOpMAJIBHOTO 3aKOHY:

t=t-p ©)

c=0c-p/n. (10)
Tax sik ekcrioHeHI[IaIbHUI 3aKOH € OJTHONAPAMETPUYHUM 1 HE 3aJIeKUTH BiJ] Koedi-
LIEHTA PO3CiFOBaHHS PECYPCY, MApaMETP A Jis HOBOI JeTalli pO3paxoBy€ThCS 3a Ha-
CTYMHHOIO (popMyII0I0:

A =A/p. (11)

Jnis 3akony Epnanra kpok koedimieHTa po3citoBaHHS PECYpPCY 3MIHIOETHCS AUCKpe-
THO TaK, 11100 MOPSAJOK 3aKOHY m' MOKpAIIEHOT IeTalll 3MIHIOBABCS Ha I[1JIe YUCIIO.
[Topsinok 3aKk0HY 00UHCTIOETHCS 32 HOPMYIIOIO:

m=m-n’ (12)
1 OKPYIJIAETHCS [0 LIJIOr0 3HAYECHHS; IIaPaMETP 3aKOHY A, BU3HAYATHCS 5K
A =A-/p (13)

Jlns qBomapaMeTpudyHOro 3akoHy BeiOyria mepepaxyHOK MmapameTpiB MPOBO-
nsaTh noetanHo. [lapamerp dbopMu 3aneXUTh TUIBKU BiJl KOeilllEHTa PO3CIIOBAHHS
pecypcey, alie oB's3aHui 3 KoediI[IEHTOM Bapiallii 3a J10MOMOTor raMma — (PyHKIIII.
Tomy oGumcitoeTbCs uepes KoedilieHT po3CiIoBaHHS pecypcy, KoedilieHT Bapialii
BJIOCKOHaJIeHO1 aeTaii. [ToTiM 3 oTpumaHoro 3Ha4YeHHs KoedillieHTa Bapiallii, 3a J0-
MOMOTOI0 TaOJUIll, 0OUUCITIOEThCA TTapamMeTp (HOpMH 1 3HAYEHHSI raMma — (PyHKIIIT
nis mojinmienoi gaerani. Ilapamerp macmraby A 0OYMCIIOETHCS 33 HACTYIHOK ()O-
PMYJIOI0:

1
— 1

1 A% 51 e =)
A - x i
s oMl Ly

. ; (14)
ne I' (x) - ramma — ¢ynkuisa Eitnepa, o i A- - BignoBigHo napametp Gopmu i1 Ma-
cmraby 3aKOHY PO3IOALTY pecypey BUXIIHOL AeTami; o U A - BiANOBiIHO apamMeTp
dbopmu 1 MaciTady 3aKOHY PO3MOJLTY PeCYpPCy BAOCKOHAJIEHOT AeTal.
Jlsist norapupmMiYHO HOPMAJIBHOTO 3aKOHY, TAKOX 3 MOYATKY BU3HAYAETHCS HOBE
3HaYECHHS MapaMeTpa o, TaK sK Ied mapaMeTp 3aJeKUTh TUIBKH Bi 3MiHH Koedirri-
eHTa Bapiamii. PopMyJa A pO3paxyHKy mapamMerpa o Mae BT

(15)
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Je O - TapaMeTp PO3CIIOBAaHHSA pecypcy JorapuMiyHO-HOPMAJIBHOTO 3aKOHY
JUTA BUX1AHOT AeTaIl.

[TapameTp t' TorapuMidHO-HOPMAJILHOT BEIMUNHU TIEPEPAXOBYETHCS ISl BJIOC-
KOHAJICHO1 JieTai 1o GopmyIIi:

II= 2n o+ ﬂ'2 +2.t—f:rI2
2 (16)
Jie O - MapaMeTp PO3CIIOBaHHS pecypcy 1 t jorapudMidHO-HOPMAIBLHOTO 3aKOHY
IS BHXIAHOT JeTaii; o - [apaMeTp pO3CIIOBaHHS pecypey JorapupmidHo-

HOPMAJIBHOTO 3aKOHY IJIA BI[OCKOHEU'ICHOI I[CTaJIi.

BMCHOBKU

CTBOpeHHSI Ta BUKOPUCTAHHA MAaT€MaTUYHUX MOJENed HaKOMWYEHHS MOIIKO-
JDKeHb JIeTajied Baj-MiAIIMIHUK KOB3aHHS € OJHHMM 3 NEPCHEKTUBHUX HANpPSIMKIB
BUPIIIICHHS 3aBJaHb MIJBUIICHHS 1X HAIIMHOCTI HAa BCIX eTarax iCHyBaHHS (IIPOEK-
TyBaHHs1, BUTOTOBJICHHS1, BUIIPOOYBAaHHS Ta €KCIUTyaTallis).

[Ipy moOynoBI MareMaTHYHUX MOJIeJIe HAKOMUYEHHS MOILIKOJXEHb BUKOPHUC-
TOBYETHCS BEJIMKA KUIBKICTh METOAIB 1 MIJXO/IIB, 1110 MaIOTh MEBHI 0COOJIMBOCTI 1 0a-
3YIOThCSI Ha PI3HIN BUXIJHIA CTaTHCTH4YHOI 1HPopMarii. [ToOyaoBu MateMaTuyHUX
Mojieliel Tiepe/lye peTelibHe BUBUYEHHS MPOILECIB, 110 MPU3BOJATH 0 3aPOKEHHS,
PO3BUTKY 1 JIOCSATHEHHSI KPUTUYHOTO PIBHS MOILUIKOHKEHHS JAeTalield 3aco01B TpaHC-
MopTYy.

HasiBHICTh BeMKOI KIIBKOCTI PI3HOMAHITHUX TPAHCIIOPTHUX MAILIKH, 110 MAIOTh
CBO1 KOHCTPYKTHBHI Ta €KCIUIyaTalliHi OCOOJIMBOCTI, BUMAarae IHIAUBIIyaJIbHOIO
HIAXO0AY 10 PO3pOOKM MAaTeMAaTUYHOTO amaparty, L0 OMUCYE Mpolec nepeaadi Tex-
HOJIOTTYHOTO HABAHTAXXEHHS, K TOJIOBHOIO YMHHHMKA YIIKOJXEHHS, BiJ poOOYOro
OpraHy MalllMHU J0 BCIX il KOHCTPYKTUBHUX €JIEMEHTIB.

Bukopucranus mojenel MOLIKOKEHHsS JeTaled TPaHCIOPTHOro oOJagHaHHS
Ha CTajil MOro MpOeKTYBaHHS 1 eKCIuTyaTalli, 3a0e3Me4YnTh BUPILIECHHS HU3KHU 3a-
BJIaHb, TAKUX SIK: OOIPYHTYBaHHS ONTHUMAJIbHOI JOBIOBIYHOCTI JieTajeil o0JaqHaH-
Hs, 3HUKEHHS MAaTepiaJIOMICTKOCTI Ta €HEPrOEMHOCTI KOHCTPYKIIIH, IMiJBUIICHHS
MPOTYKTUBHOCTI MAIIIMH.

BukopucranHg MaTeMaTHUYHUX MOJieJiel HAKOMUYEHHS MOIIKOKEHb, €

BIJITPaBHOIO TOUKOIO y BUPIIIEHH] 0aratb0X 3aBJaHb JOCIITHUIBKOTO, TEXHOJIO-
IYHOTO Ta TEXHIKO-€KOHOMIYHOTO CHpPSIMYBaHHS, MOB'SI3aHUX 3 MIABUIICHHSIM Ha-
JTIHHOCTI poOOTH 0OJiaHaHHS Ta 3a0e3neueHHs O0e3MepPEePBHOCTI TEXHOJIOTTYHOTO
MIPOIIECy, 110 3ar00irae 3HMKEHHS TEXHIKO-€KOHOMIYHUX NTOKAa3HUKIB BUPOOHHUIITRA.
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Mensauk O.A.
Hamionanbauit yHiBepcutet «Oiechbka MOpPChKa akaaeMis»

Bup i esieMeHTH pe:RUMY TePMiYHOI 00pPOOKH CyAHOBHUX KOJIIHBAJIB

Komninuactuii Ban— ojHa W3 HAMOUIBII BIAMOBIIHUX, TIOPOTUX 1 CKJIAJIHUX B BU-
rotoBieHHi Jneraneil. EdexkTuBHA MOTYXHICTh, L0 PO3BUBAETHCA JABUTYHOM,
3HIMA€eThCs 3 (aHIs KodiHYacToro Bany. KpyTHuil MOMEHT uepe3 JIiHII0 Bajomnpo-
BOJYy MepenaeThcsi rpeOHOMY TBUHTY, a00 IHIIOMY MpuiiMady eHeprii (Hampukia,
reHepaTopy eNeKTPUYHOro crpymy). KomiHuacTuil Basl MigAaeTbcsl 3HAYHUM 3THHA-
IOYUM Ta KPYTHUM 3yCHJUJISIM, 3MIHHUM 32 3HaY€HHSM 1 3HAKOM, TOMY JJIsl HOTO BU-
TOTOBJICHHS 3aCTOCOBYIOTh HAHOUIBIN SIKICHI cTani 1 yaByHH. KoiiH4uacTuii Baj mnot-
YKHUX MaJIoOOEPTHUX CYIHOBUX IU3EIIB PO3paxoBaHUM Ha poOOTy 0e3 KamiTaib-
HOTO peMoHTY (migiomy Bany) Ha 60 - 80 Tuc. Pik 1 Guibiie, abo, MpakTUYHO, HA
BECh yac poOOTH CyaHA.

BinbuiicTe cydacHMX KOJIHBaJiB BUTOTOBJISIIOTH JUTTSIM 3 BHCOKOMIIIHOTO Ya-
ByHY. BHcOoKOMIlIH1 YaByHM OUISTHCSA Ha JBa KJjacu: mepiiTHi 1 ¢pepitHi. Benuke 3a-
CTOCYBaHHS 3HAWIUIM YaBYHM MEPIITHOTO KJIACY 3aBASKU BUCOKIA MIITHOCTI 1 3HO-
COCTIMKOCTI.

OTpuMaHa TUM 4YH IHITAM CITIOCOOOM 3aroTOBKa MPOXOJIUTh MEXaHIUHY 00pOOKY
70 HOMIHQJIBHUX PO3MIPIB, MICIS YOTrO MIAAAETHCS TOAATKOBOMY 3MilHEHHIO. [lo-
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BEPXHI HIMHOK KOJIHYACTOrO0 Bally OOpOOJIAIOTHCS 3a JOMOMOIOI0 XIMIYHOTO
3MILIHEHHS IPU HAarpiBaHH1, a Kpai NIUHOK CKPYTISAIOTCS, 00 MiIBUILUTH MILHICTb 1
OIip BTOMHOTO pYHHYBaHHS.

Koninuactuii Basm au3ens mpaioe B Ay)Ke CKIIaJHUX 1 BaXXKUX yMoBax. BiH Bif-
YyBa€ 3HAYHI 3yCWJUIA TUCKY ra3iB, 110 MEpPEaloThCsi MIAaTYHHO-TIOPUITHEBUM Me-
XaHI3MOM, BiJl CWJI 1HEpIlii MOCTyHmajibHO 1 OOEpTaIbHO PYXOMHUX Mac, a TaKOXK
3yCWJLISL 1 MOMEHTH, 1110 BUHUKAIOTh BHACIIIOK KPYTHUX KOJIUBAHb.

BUroTOBIIEHHS KOIHYACTUX BaJiB JIUTTSM JO3BOJISIE 3 HAMMEHIIIMMH BUTPATaMU
OTpUMATH HANUOUIBII MPUUHATHY (POPMY HIIK KPUBOUIUMIB 1 OUIBII paljiOHAIbHUMI
pPO3MOJILT MeTaly 3a PaXyHOK BUKOHAHHSI KOPIHHHUX 1 IIATYHHUX MIMAOK MOPOKHHU-
CTUMH, L0 3MEHIIYE€ Macy BaliB MpHU 30€epeKeHHI MI0A0 BUCOKOI MIHOCTI. [y
MMIBUILEHHS MIIIHOCTI Bajla HA BUTHH rajTell IIUHOK Baja CIEIAJIbHO 3MIIHIOIOTH
HaKaTkoro 3 ponukamu. [lIniiku KoJiHYACTUX BajliB ACSKUX JIBUTYHIB a30TYIOTh JIJIs
MIBUILIEHHS 3HOCOCTIHKOCTI.

Koninvacti Basiv Au3eniB M0 KOHCTPYKIIT MIMHOK OAHAKOBI. Binpi3HsAI0ThCSA BO-
HU KIHLIEBUMH yacTuHaMU. [ToBepxHi TepTs MIATyHHUX HIMHOK BalliB 3'€IHAHI 3 TO-
BEPXHIMHU CYMDKHUX KOPIHHUX IMMHOK KaHajJaMH, SKUMU Macjio HaJXOJIUTh JI0 Iia-
TYHHUX MIJIIUIHUAKIB Y JBOX MNPOTWICKHHMX TOYKaX, 3a0e3reuyrodyd HaAiiHICTh
3MalllyBaHHS BKJIQJIMIIIB, @ TaKOX, OXOJOJKEHHs MopiHiB. OcTaHHS IIMiKa CIiy-
KUTh JIJI1 YCTAHOBKU OTMIOPHO-YIIOPHOTO MMiIIIUITHUKA.

VY KkiHIIeBil YacCTHHI KOJIIHYAcTOro Baiy (puc.l.) BcTaHOBIEHO aemIiiep KpyT-
HUX KOJMBaHb. A IIecTepHs, sika BCTAHOBJEHA Ha Bajy, CIYXUTh IJs IPUBOIY
PO3MOJIILHOTO Bay.

Puc. 1. 30BHIIIHINA BUTIISAI KOJTIHYACTOTO BTy

Jlns migBeZeHHS Maciia BiJl KOPIHHUX IIMHOK J0 MIATyHHUX € KaHaiu. Ha me-
pPEIHBOMY KIHII1 Bajia - JUCK BaJOIMOBOPOTKH.

KosniHuacti Bajin MpaiOTh B YMOBaX BHCOKHMX HAaBAaHTAXKEHB, a IIUUKU Bajy
MIJIAI0ThCS IHTEHCUBHOMY 3HOIIEHHIO. TepMiuHa oOpoOKa KOJIHYACTUX BaJliB TIe-
peciiaye IB1 METH: MIJBUIIUTH iX MIIHICTh 1 3HOCOCTIHKICTh. KosiHuacTti Banu ne-
SKUX YOTUPHbOXTAKTHHUX JW3ENIB 1HOJA1 BUTOTOBISAIOTH 13 CTaJedl rapsyuM IITaM-
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MyBaHHSAM. 3aBISKH IITAMITyBaHHIO BUXOJIUTh XOPOIlla MAKPOCTPYKTYpa - BOJIOKHA
MeTajly He Nepepi3yroThes, a BIANOBIAAI0Th KOHPIryparlii Baty.

OpHuM 3 BUJIB TEPMIUYHOI OOPOOKM KOJIIHYACTOTO Bally € HOpMali3allis, - BUJ
BIJINIAJy 3 TPUBAIMM OXOJOJKEHHSM JJIsl 3HW)KEHHS TBEPAOCTI 1 MOJETIICHHS Me-
XaHIYHOI OOPOOKH, MOJIMIIEHHS MIKPOCTPYKTYPH 3 JOCATHEHHSM OUIbLIOT OJHO-
POJTHOCTI METaly 1 3HATTA BHYTPIIIHIX HANpy>XeHb 3arOTOBOK KOJIHYACTHX BaiB.
Hamnpukian, mrraMnoBaHi 3aroTOBKY JESKUX BaJiB 31 CTajl MiAJal0Th HOpMaTi3allii B
crielialbHIN MIUTMHHIA HOpMalTi3aliitHii meul 3 migBicHUM KoHBeepoM. [lepen Han-
XO/DKEHHSIM B poOody kamepy medi, Harpity g0 850 © C, mrammnoBaHi 3arOTOBKH
BaJIiB MPOXOAATH Yepe3 CHellalbHIil KOpUAOop, Ae 0XoJoKytoThes 3 1050-1100 © C
1o 600-650 ° C. Ilicia HOpMai3alii TaMIIOBaH1 3arOTOBKU MPOXOASAThH Yepe3 Ka-
Mepy MONEPETHbOI0 OXOJIO0KEHHS 1 TOIAI0THCS Ha MOBITPSL.

HarpiBanHs mTaMmnoBaHuX 3aroTOBOK B MIJBINIEHOMY CTaH1 PU HOpMasi3alli B
neyi 3 MiABICHUM KOHBEEPOM Mae€ MepeBary nepen ix HarpiBaHHSIM B FOPU30HTaJIb-
HOMY TMOJIOKE€HH1 B IITOBIIAIOYMX T€YaX, OCKUIbKH BUKIIIOYAE€THCS HEPIBHOMIPHUIA
HarpiB BUIIPOMIHIOBAHHSM TI€Yi 1 IITAMIIOBaH1 3aroTOBKH HE Je()OpPMYIOTHCS Bif
MIPOBHMCAHHS M1 BIIACHOIO Baroio.

[Ticns HOpMmamizarlii, MTaMIIOBaH1 3ar0TOBKH JJi1 OOpOOKH HAIXOIATh HA METa-
JIOpi3alibHI BEPCTATH, a MOTIM MIATYHHI 1 KOPIHHI MUKW BaJliB Mi/J1al0Th TOBEPXHE-
BOMY 3arapTyBaHHIO MpHU IHAYKI[IHHOMY HarpiBaHHI, JJi1 YO0 3aCTOCOBYIOTH aBTO-
MaTU30BaHl YCTaHOBKH, HAa SIKUX BUKOHYIOTh TOCIHIJOBHE HarpiBaHHS Ta OXOJOJ-
KEHHS KOXKHOT IMUKK. 3a paXyHOK CKOPOUYEHHSI TPUBAJIOCTI OXOJIOJKEHHS TPOBO-
JIUTHCSl CAMOBINYILEHHS UHOK (TepMIYHUN TpoLeC, IPU SKOMY MapTeHCHUT po3Ia-
JAETHCS; TIPU [IbOMY MIABUIIYETHCSA MIACTUYHICTD 1 3HUKYETHCSI KPUXKICTh METaIy;
temrneparypa camootiycka 240-250 C). Jlns 3arapTyBaHHs KOJIIHYACTHX BajiB B IO-
TOKOBIH JIiHIi BCTAaHOBJIIOIOTH ClielliaibHi BepcTaTu. OTpUMYIOTh 3arapTOBaHUMN IIap
TOBIIMHOIO 3-5 MM, a TBepaicTh noBepxHi muitok HRC 56-62; mikpocTpykTypa 1a-
Py - MUIKOTOJIKOBUN MapTEHCHUT.

Haii6unpin Hanpy>KeHUMH JIJISSHKAMHU KOJIIHYACTOTO Baly, 3BIIKM 4acTO MOYH-
HAETHCS PYMHYBAHHS B YMOBax €KCIUlyaTallli, € TalTell - MICIs Mepexoy IIOKH Ba-
Ja B IIMIKY. 3MIHEHHS UX MICLb JOCITAa€ThCs OJTHUM 13 ABOX CIOCOOIB: 3arapry-
BaHHSAM TaJITe]eil 0IHOYACHO 3 MUHKaMH ab0 K 0OKATKOIO TajTesel 3a 10MOMOror0
ponukiB. [Ipu oOkatui 3aBAsSKM MIACTUYHOI Jedopmali BiIOyBa€eThCS 3MIITHEHHS
MeTaly 1 CTBOPIOIOTHCS CIIPUSATIUBO A1I0Y1 3aIMIIKOBI CTUCKAIOUl HAPYTH. AJie 1o-
BEPXHEBE 3arapTyBaHHS IIMHOK KOJIIHYACTUX BaJliB 3 TaJTeNIIMHU IPHU IHIYKIIHHOMY
HarpiBi € EKOHOMIYHO OUIbII BUT1IHUM IPOLIECOM.

Benuki koniHyaTi Bajgu, MiAAal0Th TOBEPXHEBIM 3MIIHIOIOUIH 00pOOIll METOA0OM
azoTyBaHHs. Taki Bajnu MICHS TONMEPEIHBOT TEPMIUHOI OOpOOKH y BUIJISAI HOP-
MaJtizarii 1 BACOKOTO BIAMYIIEHHS MPOXOJATh MEXaHIYHYy 0OpoOKy, a MOTIM Iijija-
I0ThCSI TIOJIMIIEHHIO 3arapTyBaHHsAM B MacJi B 850-870 © C 1 BiamyuieHHi ripu 540
° C. Ilicna nmonepennboro mnuipyBaHHsS Bajld HaAXOHASTh HA a30TyBaHHs. [[U1stHKU
Baja, 10 HE MJISATraloTh a30TYBAaHHIO, 3aXMIIAIOTHCS PIAKUM CKIOM. A30TYBaHHS
MPOBOJUTHCS B KOHTEMHEPHUX Meyax. Ban ykinagaerbcs Ha Bl MPU3MHU, SIKI BCTa-
HOBJIIOIOTHCS M1 AB1 KpalHi muiku Baiy. [1in cepeaHi MUNKK MiKIaJa0ThCs KITU-
HU. PexxuM a30TyBaHHS IBOCTYMIHYACTHIA: | CTymiHb MPOXOAUTH MPHU TEMIIEpaTypax
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500-510 ° C, 3 Butpumkoto 30 ron, crymine po3nany amiaky 20-40%; apyra x
CTYIIHb NPOXOJUTH MPU BUCOKUX TeMiiepaTypax 520-540 ° C, 3 urpumkoro 50 rof,
CTYIIHb JUCOIAIli amiaKy Tex Besuka - 10 60%. ToBIIMHA a30TOBAHOTO LIAPY BU-
xoauTh He MeHIe 0,7 Mm.

JUist TABUILEHHST CTIAKOCTI €BTEKTOINHOIO ILEMEHTHUTY, 100 MpU TEepMIUHIH
00po0611i BimOyBanacst chepoigizaiis, a He rpadiTu3anus eBTEKTOITHOTO [IEMEHTUTY
B YaBYH JIOJA€ThCSI MapraHelb.

Tepmiuna oOpoOka KOJIHYACTHX BajiB MPOBOIAUTHCS MO HACTYIHOMY PEXH-
My: HOpMai3auisa - HarpiBanHs 10 950-960 ° C, ButpuMka 8 roji, OXOJOKEHHS 31
mBukicTio 30-60 °© C / xB 1o 600 ° C; BiamymieHHs - HarpiBanHsa 10 725-740 °© C,
BUTPUMKA 8 TOJI, OXOJIO/I>)KEHHS Ha MOBITPL.

Tepmiuny 0OpoOKy KOJIHYACTUX BaiB JAOLLUIBHO IPOBOJUTH B Ieyax i3 3axXuc-
HOIO aTMoc(eporo, Uisi 3MEHIICHHS BUKPUBIEHHS HArpiBaTH KOJIIHYATI Bajld Ha
CHEIIAILHUX IT1CTaBKaX.
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JABUI'YHU TA EHEPT'ETUYHI YCTAHOBKH
YK 621.346

Carix C.B.
Hamionanbauit yHiBepcutet «Oiechbka MOpPChbKa akaaeMis»

3HMKeHHS MeXaHIYHUX BTPAT y CyAHOBHX CePeAHb000EPTOBHUX AU3EJIAX

IloctanoBka npoOjieMHu B 3arajibHOMY BHUIJIsiAL. MexaHIyHI BTpaTu €HEPrii
IpH nepeaadi KOpucHoOi (1HAUKATOPHOT) MOTYKHOCTI BiJl Cy/THOBOTO JABUT'YHA BHYT-
pimHboro 3ropsuug ([IB3) 1o cnokuBaua nexaTh y MIHPOKUX MEXKaxX 1 MOXKYTb CTa-
HOBUTH 6...10 % — y pa3i ekcruryatanii JIB3 Ha HOMiHanBHOMY pexuMi, 1 10 100 %
— MiJ1 Yac eKCIUTyaTalii Ha X0JIOCTOMY XOAy. PiBeHb MEXaHIYHUX BTPAT OLIHIOETHCS
MexaHiyHUM KoediuienToM kopucHoi aii (KKJ). MiniMizanii nux BTpar i 3abe3re-
YeHHsS MIHIMaJIbHUX 3HAYEHb MPOTATOM TPUBAJIOrO YaCy € aKTyaJlbHUM 3aBJIaHHSIM,
Ha PO3B’sI3aHHS SKOTO CIPSMOBAHO HAYKOBI JIOCIII>KEHHS, 10 MPOBOASATHCS 5K JTU-
3e5e0yIIBHUMHU KOPIIOPALISIMU, TaK 1 OKPEMHUMH HAayKOBO-BUPOOHUYUMH (PipMamMu
Ta iHcTUTYTamH [1].

AHaJi3 OCTaHHIX JocailKeHb i nmyOaikamiii. KoHCTpyKIlifiHI Ta TEXHOIOTTYHI
3aX0/id, 110 3a0e3MeUyOTh 3HIKEHHSI MEXaHIYHUX BTpaT €HEprii mija yac eKcIulya-
tauii cynnoBux JIB3, posrasganucs B pizHux podorax. [Ipu npoMy yBara mpuaiis-
nacst MoaMQiKalii MOBEpXOHb LWJIIHIPO-MOPIIHEBOI IPyIH, 3a0€3MEUYEeHHI0 MiHIMa-
JbHOT BUTPATH MaJuBa, 3arajibHii METOJIONOrIT OLIHKK €HEPreTUYHUX BUTPAT, pere-
Hepallii BIaCTUBOCTEH poOOUYMX MOBEPXOHb OCHOBHUX €JIEMEHTIB JIU3€IIS.

IlocTtanoBka 3aBaaHHs. AHali3 JIOCBIAY MPOEKTYBaHHS Ta €KCIUTyaTallli Cya-
HOBUX NMPONYJbCUBHUX KOMIUIEKCIB, 110 3a0€3MeuyloTh MiHIMaIbHUN piBEHb MeXa-
HIYHUX BTpaT, MOKa3ye, MO0 iX BIOCKOHAJIEHHS JOLLILHO BECTH 3a HACTYNHHUMHU Ha-
MpsIMKAMHU:

® I{IBUIICHHS CTIMKOCTI poOOTH JleTajeil KpUBOLIUITHO-IIATYHHOTO MEXaH13My
(KILIM) 1 migmunHuKIB pyxy;

®3HIDKEHHSI BTPAT €HEprii 3a paxXyHOK MIJBUIIECHHS TMPYKHOAEMI(DYIOUNX
BJIACTUBOCTEH MacTWJIBHOTO MaTepiaiy, 110 3a0e3nedye MpoLecHu 3MallyBaHHS 1
oxosiomkenHss KIIIM 1 miAmuMnHuKIB, a TakoXX Mpane3JaTHUW CTaH KOJIHYacTOro
BaJly 1 JIiHIi BaJIOIPOBO/LY;

e MiHIMI3aIlls TIAPaBIIYHUX BTPAT 1 KOHTAKTHHUX HABaHTAXXECHb Y MaJMBHINA
anaparypi BUCOKOTO THCKY;

® PO3BUTOK METOJIIB JIIarHOCTUKU TEXHIYHOT'O CTAHy BY3JIIB 1 JAeTaJICH qu3eIs, a
TaKOX (PYHKIIOHAIBHUX XapaKTEPUCTUK pOOOYMX PIIMH, MO0 3a0e3MeuyroTh
OTPUMAaHHS KOPUCHOT poOOTH;

® yIOCKOHAJICHHSI METOIB, 110 CIPUSAIOTh 3HIKEHHIO TEPMIYHUX 1 TUHAMIYHUX
HABAaHTAXXE€Hb HA PYXOMI 1 HEPYXOMI JieTai AU3eis 1 BAJIOMPOBOY.

Hali6unpnM JOCTYTHUM B yMOBaX €KCIUTyaTallii BXe 1CHYI0OUOT0 €HepreTHYHO-
ro 00JIaJHaHHS € ONTUMI3alisl POOOTH HUPKYJIALIMHUX CUCTEM MAILEHHS.

Buxiaaax ocHOBHOro martepiajy Aoc/izKeHHsl. 3 LUIOTO Py METOJIB, IO €
HaNHOUIBII TPUHHATHUMH JJIs1 CYAHOBUX YMOB (3 TEXHOJIOTTYHOI Ta (piHAHCOBOI TOY-
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KM 30pYy), € BUKOPUCTAHHS ONTUMAJIbHOTO JTOJIMBAHHS MAacTWiIa B CUCTEMY 1 3aCTO-
CyBaHHS MOBEPXHEBO akTUBHUX peuoBuH (IIAP) [2].

BriiuB 1HTEHCMBHOCTI 10IMBAaHHS MOTOPHOTO MacTUjia B 3arajJbHUM 00’ €M LHp-
KYJISIIAHOT CUCTEMHU MAIllEeHHs Ha MEXaH14H1 BTPAaTH €Heprii MOXIJIMBO OLIHUTU 3a
3miHo mexaHiunoro KK/ nuzens mist pisHUX YMOB eKcrutyaTamli (pi3HUX yMOB
MOTIOBHEHHSI CUCTEMHU MAaIIeHHsS CBIXUM MacTWioM). J[Ji1 bOro BUKOHYBAJOCh BH-
MmiproBanHs MexaHiuHoro KKJI Ha pi3aux pexumax podbotu auzenis 6EY22AW (o
BIMOBIAAI0Th 35-TH, 50-TH, 65-TH 1 80-TN %-0MYy HAaBaHTAXKEHHIO) 3a PI3HOI 1HTEH-
CHUBHOCTI MOIMOBHEHHS CUCTEMU MaileHHs: 1-uit quzenp — yepes 100, 2-uit — yepes
25, 3-uit — uyepe3 10 rogun pobGortu. Ha KoXXHOMY 3 JOCHIIKYBaHUX PEKUMIB
(0,35Neons 0,5Neniors 0,65Nenon, 0,8 Newon) AU3EINT €KCILTyaTyBaIUCA PIBHUN MPOMI-
KOK 4Yacy, KU 3aJIeKHO BIJ] HABAHTAXXEHHS CYJHOBOI €JIEKTPOCTaHIli CTaHOBUB
1,5...2,5 roguau. 3MiHa HaBaHTAKEHHS Ha JBUTYHU 3a 1€l yac HE MEepEeBUIILYBajo
+2,5 %, a oTpuMaHuii MacuB 3HaueHb MexaHiuHoro KKJI 103B0sB 13 BUCOKOIO TOU-
HICTIO BU3HAYUTH HOro cepeaHe 3HayeHHs. [IpuHIIMNIOBA cXeMa CUCTEMH LUPKYJIs-
IAHOTO MaI_HeH?SI I[I;ISGJ'IiB HaJlaHa Ha puc. 1.
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7 6 5
Puc. 1. Cxema moaepHizailii HUPKYIAIMIHHOT CHCTEMHU MaIlleHHs CyTHOBHX Au3eniB 6EY22AW
¢ipmu Yanmar mij] yac IpoBEIEHHS €KCIIEPUMEHTY:

1 — MacTHIbHUHN HAcoC; 2 — MACTUIILHUM (QUIBTP TOHKOTO OYHUIIEHHS; 3 — MaricTpalib BiABEICHHS
napiB MacTuia i moBiTps; 4 — BUTpATOMIp; 5 — 103aTOp NPUCATKHU; 6 — MACTUIILHUHN QUIBTp Ipy-
00ro ounieHHs; 7 — BIAUTIOBaY MacTuiIa; 8§ — MaricTpalib MiJBEACHHS MacTuia

VY pesynbTati Oynu oTpuMaHi 3HAYEHHS, y3arajJibHEH1 y BUTJIsA1 Ta0md. 1, 3a pe-
3yJbTaTaMHM SIKOi Mo0yaoBaHa jiarpama, 1o HaBejieHa Ha puc. 2.

Tabnuus 1. 3mina mexaniyHoro KK/I cynnosux auzeniB 6EY22AW ¢ipmu Yanmar 3a pisHUX
YMOB €KCIuTyaTauii

VMOBH eKCILTyaTaIlii HaBaHTaXeHHS HA TBUTYH
y 0,35NEHOM O,SNEHOM 0,65N3H0M 038N€H0M
o iﬁﬁ)l (monOEBHEHI Yepes 0,743 0,803 0,842 0,872
JBuryn Ne 2 (momoBHEHHs depes 25 0.806 0.821 0.862 0,882
T'0JIMH)
JBuryn Ne 3(momoBHeHHs yepe3 10 0.823 0.837 0.873 0.891
T'0JIMH)
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Puc. 2. 3mina mexaniunoro KKJI cynnosoro nuzens 6EY22AW ¢ipmu Yanmar 3a pi3HoOi iHTe-
HCUBHOCTI JJOJIMBAHHS MacTUJIA:

1 —gepe3 100 rogun pobotn; 2 — uepes 25 roaun podotu; 3 —yepe3 10 roaun

Hageneni B Tabnuui 1 1 Ha puc. 2 pe3ynbTaTd MIATBEPAKYIOTh 3HIDKEHHS MeXa-
HIYHUX BTpPAT €Heprii Ipu CKOPOYEHH] Yacy MK JIOJIMBAHHSIM MacTuja B 00CST IHUp-
KYJSIIAHOT CUCTEMH.

st Bu3HayeHHs: BILIMBY ITAP Ha MexaHiYHI BTPAaTH CYJIHOBHX CepPeIHbOO-
0epToOBHX aM3e]iB EKCIEPUMEHTH OTPUMAJId HACTyIHE TMpojaoBxeHHs [3]. Sk 1 B
nonepeHii cepii eKCIepUMEHTIB, JIU3€ll eKCIUTyaTyBalKCs Ha PIBHOBEJIMKOMY Ha-
BaHTaxeHH1 (250...750)%(15...45) kBt, omgnakoBy KuibKicTh dYacy 12..15 ro-
TTUH/100Y.

TexHonoriyHa NMoCiiJOBHICTh MPOBEIECHHS €KCIIEPUMEHTIB TOJsirana B HaCcTYyI-
Homy. [lepuuit nu3ens OyB «KOHTPOJIBHUMY, 1 MICIS 3aMIHM MAacTUJIa B HOTO cUcCTe-
Mi MalIeHHS THIIUX TeXHIYHUX 3aXO0/1B 3 HUM HE MPOBOJUIIOCS, 1 BIATIOBIIHO 0 BU-
MOT 3aBOJY-BUIOTOBIIIOBaYa MOro eKcrulyartaiis 3aidcHioBanacs npotrsarom 100 ro-
IUH poOoTH 06€3 MPOMIKHOTO MOMOBHEHHSI MacTuia B CUCTeMl. 3a el mepiof eKc-
rTyaTauii KUIbKICTh MacTWia B LMPKYJSUIAHIA CHCTEM1 JU3elNs HE 3HUKYBalach
HUKY€ TPAaHUYHO JOIMYCTUMOTO 3HaueHHs. CucrteMa MalleHHs JPYyroro Ju3els Mo-
MOBHIOBAJIACA CBIKMM MAacTHIJIOM 4epe3 KoxkH1 10 roguH po6oTu 10 BEPXHBOTO pe-
KOMEH/JIOBAaHOT'O B KapTepi IU3els, 10 BIANOBIAAIO MAaKCUMAJIbHO MOKIMBOMY 00-
CATy MacTWia B cucteMi. J[aHuii mepiol MOMOBHEHHs OyJIO0 BU3HAUEHO B SIKOCT1 OII-
TUMaJILHOTO MiJl Yac MPOBEJACHHS MOMEpeaHIX eKcrepuMeHTiB. CucremMa MalleHHs
TPETHOTO JAM3ENsI CHOYATKY 3alOBHIOBAjacsi MACTUJIOM 3 IMOBEPXHEBO AKTHUBHOIO
npucaakoro (ITAIT), o MicTUTh y cBoeMy ckiajii coii Mifi. OnTuManbHa KOHIEHT-
pattis npucaaku craHoBuia 0,1 % Big oOcsAry mMacTuiaa B CUCTEMI MallleHHs 1 Oyna
BCTAHOBJICHA 3a JIOMOMOTOIO MOMEPEIHIX ONTUYHUX 1 TPUOOTEXHIUHUX JOCTIIKEHb
[3]. Kpim Toro, uepe3 koxHi 10 roguH poOOTH 311iCHIOBANIOCS MMONOBHEHHS ITUPKY-
JSAUIAHOT CUCTEMHU MAIEHHS AHOTO JAM3EJs MAaCTUJIOM 3 TaKOIO K KOHIUEHTpAIIED
[TAIL six 1 B 3aranbHOMY 0OCSITY CUCTEMHU, 110 3a0e3MeuyBajocs 1 KOHTPOIIOBAJIOCS
3a JIOTIOMOT'00 J03yI0YOT0 MPUCTPOIO 1 BUTpaToMipa (rmo3uilii 5 1 6 Ha puc. 1).
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AHaJIOTTYHO MOTEPeIHIN cepil eKCIIEPUMEHTIB, JIJIsi KOKHOTO JU3€eNIs B Jlana3oHi
HaBaHTaxeHb (0,35...0,8)Newow BUKOHYBaNOCS Bu3HaueHHs mexaHidHoro KKJI. Pe-
3yJIbTaTH LIMX €KCIIEPUMEHTIB HaBeIeH1 B TaOMIll 2 Ta Ha/laHl Ha puc. 3.

Ta6mums 2. 3mina mexariuaoro KKJI cyaaoBux nuzeniB 6EY22AW ¢ipmu Yanmar 3a pi3-
HUX YMOB €KCIUTyaTauii

VMOBH eKCILIVATALL HaBaHTaxxeHHS Ha IBUTYH
e 0.35Nesow | 0.5Newow | 0.65Newow | 0,8Nerion
Po6ora cucremu B ITATHOMY PEKUMI 0.743 0.803 0.842 0.872
(monoBHeHHs uepe3 100 rogun) ’ ’ ’ ’
ITormoBHEHHS cuCcTEMU Uepes 0,823 0,837 0.873 0,891
10 roauH poOoTH
[TonoBHEHHS cucTEMH Yepe3
10 rogun po6oTu 1 mo6aBka [TATI 0,852 0,864 0,887 0,906
T]I’ﬂ
0,85
0,8
2
0,75
1
0,7 L L L L
0,35Ne, 100, 0,5Neyon 0,65Ne,10n, 0,8Ne, o0,

Puc. 3. 3mina mexaniunoro KKJI cynnoBoro nuzenst 6EY22AW ¢ipmu Yanmar 3a pi3HOi iHTe-
HCUBHOCTI JJOJIMBAHHS MacTUJIA:
1 — po6oTa cucTeMu MalleHHsI B LITATHOMY PEKKMI; 2 — IOTIOBHEHHS CUCTEMH MAIllEHHS Yyepe3
10 roauH poOoTH; 3 — MOMOBHEHHS CUCTEMH MalleHHs yepe3 10 roaun po6oTu 1 1o1aBaHHs
MIOBEPXHEBO aKTUBHOI IPHUCAIKU

BucHOBKH i mepcrneKTUBY NMOAAJBIIMX AOCTIIAKEHb. [3 IIUIOr0 psay METOJIB
3HIDKCHHSI MEXaHIYHUX BTPAT y CYJHOBHX CEPEAHHLOOOCPTOBUX TU3EIISIX HANWOLIBIIT
MPUUHATHUMU ISl CYTHOBUX YMOB (3 TE€XHOJIOT1YHOI Ta ()iHAHCOBOT TOUKH 30PY) €
BUKOPHUCTaHHS ONTUMAJIBHOTO JIOJMBAaHHSI MacTWia B CHUCTEMY UUPKYJSALIMHOTO
MAaIlleHHS 1 3aCTOCYBaHHsS TOBEPXHEBO aKTHUBHUX pedoBuH. [lepmuii (monvBaHHS
MacTuia) peKOMEHI0BaHO 3aBOJIOM-BUTOTOBJIIOBaUEM, ajie, SIK MPaBUIIO, po3poOlIe-
HO JUIsl HOMIHAJIBHOTO PEXUMY poOOTH AM3EN 32 YMOBHU MOro eKCIUTyaTtallii 3a cra-
HIApTHUX YMOB. J[pyruii (3aCTOCYBaHHs NMPHUCAIOK) HE MA€ HIMPOKOr0 PO3MOBCIO-
JOKEHHS 4epe3 HEoOXITHICTh JOAATKOBHX JOCHIKEHb Ta PO3POOKH CIeIiaJbHUX
pEeKOMEHaIIH, 1110 BpaXxOBYIOTh OCOOJIMBOCTI €KCIUTyaTallli Ju3eliB Ha PI3HUX eKC-
IUTyaTaliiHUX peKrMMax, a TaKOXK Yy BHUIAJKaxX 3MIHM OJHOTO COPTY MHajuBa Ha iH-
10005078

3HUKEHHS MEXaHIYHUX BTPAT OIIHIOETHCS MPSIMO-TIPOMOPIIHHUM 3POCTaHHAM
mexaniyHoro KKJI nuzens. Lleit mapamerp npu po6oti nuzens 6EY22AW 6e3 Buko-
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puctanus [TAIl y uupkyasuiiHiid cucteMi MalieHHs Ta TP HOPMAaTUBHOMY TEpMiH1
MOMOBHEHHs cucTeMu MacTuiioM jnopiBHioe 80,3+0,2 %. Bubip onTtumanbHOro pe-
UMY TOMOBHEHHS HUPKYISALIAHOT CHCTEMH, a TAKOXK JI0JIaBaHHs B 3arajibHUI 00CsAT
HUPKYJIALIIHOT CHCTEMU MOBEPXHEBO-aKTUBHOI MPHUCAAKHU 3 ONTUMAIBLHOIO KOHIIEH-
Tpali€lo (BU3HAYEHHS SKOi 3IACHIOETHCS MOMEPEAHIMH JTaOOPATOPHUMHM JOCIi-
JOKEHHSAMM), cripusie 30utbieHHI0 MexaHiyHoro KKJI nuzens — To0TO 3HMXEHHIO
MEXaHIYHUX BTPAT Ta 30UIbIIEHHIO €(PEKTUBHOI MOTY>KHOCTI.

[Ipu onTUManbHOMY MOMOBHEHHI IMUPKYJALINHOI CUCTEMU (sIKE BIIMOBIIHO 10
€KCIIEpUMEHTATBHUX JAOCTIKEeHb ckiafae 10 ronun) Ta 1ogaBaHHsAM J10 00CSTY LU-
pkymsiitHoi cucremu MaiueHHs [IAIL (3 ontumanbHOO KoHUEHTparieo 0,1 % 3a
3arajJlbHUM oO0CSITOM cucTeMu) MOXIUBO 5,8...11,1 %-e¢ 3HMWIKEHHS MeXaHIYHUX
BTpaT, 1o i cyaHoBoro ausens 6EY22AW 3abesrneuye QOCATHEHHS 3HAYCHHS
mexaniunoro KKJI na pini 89,1%0,2 %.
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3aomnonpkuii FO.B.
Hamionanbauit yaiBepcutet «Oiechbka MOpPChKa akaaeMis»

IigBuIIeHHSA €KOHOMIYHOCTI pO0OTH CYTHOBHX JU3€JIiB

IlocTtanoBka npo6iaeMu B 3arajibHOMY BHIJsiAL. OTpuMaHHS KOPUCHOI po0o-
TH Y OyAb-SIKOMY TEIUIOBOMY JBUTYHI CYIIPOBO/IKYETHCSI BUTpATaMH TajiuBa (piako-
ro a0o ra3onoioHOro), Ke € JXKepeaoM eHeprii. 3a pi3HUMU OI[IHKAMH, BUTPATH HA
NajguBO MOXYTh jgocsratu 70 35...40 % BiJ 3aradbHUX BUTpAT HA 0OCIyTOBYBAaHHS
CYJIHOBOI €HEpreTUYHOi YCTaHOBKU. BUKOpHUCTaHHS TMajlvBa B CYIHOBIN €HEPreTHIll
HEMOJXKJIMBO 0€3 Horo nomnepenHboi 00poOKH, MPU LIbOMY 3a0€3MeUy€eThCsl BU1aICH-
Hs 3 MaJlMBa MEXAHIYHUX JIOMIIIOK Ta BOJM, a TaKOX MIATPUMAaHHS HEOOXITHOI
B’SI3KOCTI MAJINBA, 32 SIKOi MOXJIMB1 HOTO PyX y CHCTEMI Ta BHOPCKYBaHHSI B IUJIIHJIP
nuzenss. OMHUM 13 METOJIB MIATOTOBKM TajuBa 0 BUKOPUCTAHHS € WOro XiMiyHa
00poOKa, sika 3a0e3MeuyeThCsl 32 PaXyHOK BBEACHHS B HHOTO MAJIMBHUX MPUCATOK

[].
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AHaJIi3 OCTAHHIX I0CJHiIKeHb | myOJikaniii. BukopuctanHs npucajok 10 ma-
JIMBA, SIK TPABUJIO, BUBYAETHCA 11 aBTOMOOUTBHOT TEXHIKM Ta CTalllOHApHOI eHep-
reTUKd. MOKJIMBICTD 3alpOBaJKEHHSI TAKOIO METOAY MIArOTOBKH MaJlMBa, SIK HOTo
xiMiyHa 00poOKa (TOOTO BUKOPUCTAHHS MPHUCAT0K) Y CYAHOBY €HEPreTUKY OOMEXY-
€TbCSI aBTOHOMHICTIO POOOTH MOPCHKUX CYJIEH Ta HEMOXIIMUBICTIO 0€3MEepEeIKOIHO
OTpUMATH HEOOXIJHI MPUCATKU B TIOPTaX, Y AKUX 3A1MCHIOETbCS OyHKepoBKa. Bin-
CYTHICTh OKPEMHX TaHKIB, 3a37aJI€T1b MPU3HAYEHUX ISl 30€pexKeHHS MPUCATOK 10
najauBa, 3MYIIY€E 710 iX MepeBE3EHHS B OKPEMHUX €MHOCTSX, 10 HE MepeadayeHo o0-
MEXEHUM MPOCTOPOM MAIIMHHOIO BIIJIUICHHS. Y Ce 1Ie HEraTUBHO BIUIMBAE HE JIUIIE
Ha MOXJIMBICTh BUKOPUCTAHHS MPUCAJIOK JI0 MaJIUBa, ajie i Ha MOXJIMBICTH MPOBE-
JCHHSI €KCMIEPUMEHTAIBHUX JTOCHIIKEHb, SIK1 COPUATUMYTh BU3HAYEHHIO ONTUMAaJb-
HUX PEXUMIB IXHbOTO BUKOPUCTAHHS [2].

IMocranoBka 3aBaanHsA. Ha nanuii MOMEHT KOHCTPYKTHBHE 1 TEXHOJIOT1YHE BU-
KOHaHHS CYJTHOBHUX JM3EJIB JOCSTJIO CBOEI JTOCKOHAJIOCTI, IO 3abe3reuye MiHIMa-
JIbHI €HEepPreTUYH1 BTPAaTH Ta MUTOMI BUTPATH MajluBa JAHUX TUIIIB TEIIOBUX JABUTY-
HIB MOPIBHSAHO 3 IHIIMMU (MapOBUMH KOTJIaMU Ta ra3oBUMHU TypOiHamu). Tomy Bu-
KOPHUCTAHHS MPHUCAOK JI0 MajJuBa BBAXKAETHCSA OJIHUM 13 IIISAXIB MIABUIICHHS Mau-
BHOI €KOHOMIYHOCTI AM3ediB. Y 3B’S3Ky 3 MM METOIO JIOCHTIJKEHHS OYyJ0 BHU3HA-
YEeHHs BIUIMBY NAJIMBHUX MPHUCAJ0K Ha €KOHOMIYHICTh Ta €KCIUIyaTalliifH1 MOKa3HU-
K1 poOOTH CYJTHOBOTO AU3EJIS.

Bukisiag ocHOBHOro Martepiany aociaigxeHHsl. J{OCTiPKEHHS B YMOBaX MOPCh-
koro cyaHa neneiitom 51200 ToHH OyiuM BHKOHAH1 Ha CyAHOBOMY auzeni 6N21L
¢ipmu Yanmar 3 HACTYTHUMU OCHOBHMMH XapaKTEPUCTHKAMU: THUI — PSAHUM 3 BO-
JSTHUM OXOJIOJIKEHHSM; 4-TaKTHUM, 3 Ta30TYpOIHHUM HAJITyBOM; JllaMeTp LHIIHIpa
— 0,21 m; xig mopmHs — 0,29 M; gactora odepranua — 720 xB' (00/XB); KiIbKiCTb
HUTIHIPIB — 6; HOMIHAJBbHA MOTYXHICT — 680 KBT.

Jlo ckiany CyAHOBOi €HEPreTUYHOI YCTAaHOBKHM BXOJMJIO TPU Ha3BaHUX JIH3El,
10 BUKOPHUCTOBYIOTHCSI B SIKOCTI Ju3elib-reHepatopiB. Lle mo3Bonumino nBa auseni
BUKOPUCTOBYBATH JJI MPOBEJAEHHS EKCIEPUMEHTIB, a OJMH 3aJMIIATH B SKOCTI
«KOHTpOJIbHOTO». Cxema MajMBHOI CUCTEMHM JIM3€liB HaBeneHa Ha puc. 1. [lanusHa
cuctema «koHTposnbHoro» nusens (KJI) e 3a3nana mogepnizaii. [lanuBHa cucrema
«exkcnepuMmeHTabHuX» aAuzeniB (EJl) noo6nannatu ButpaTomMipoM 6 1 103aTOPOM
npucanku 7. Taka opraHizailisi mojadi Ipucajku 10 MaJIUBHOI CUCTEMH 3a0e3mnedy-
Bajla HEOOXIJIHY JUCIIEPCito 1 pIBHOMIPHUI piBEHb ii po3unHEeHHs B manuBi. [1ig yac
MPOBEJICHHS E€KCIEPUMEHTY KOHIIEHTpAlllsl MPUCaIKU B MalUBl oOupaiach 3 peKo-
MEHJIOBAaHOTO (PIPMOIO-BUPOOHMKOM Jlana3oHy Ta mpuiimanacs piBHowo 1:2000,
1:4000, 1:6000, 1:8000 mo 3araabHOr0 OOCATY MajMBa, 110 3HAXOJUJIIOCH Y BUTpAT-
HIl [IUCTEPHI.

100



Puc. 1. IlanuBHa cucrema cynnoBoro nusenst 6N21L ¢pipmu Yanmar (pparmenr):
1 — qu3ensp; 2 — ra30TypOboKOMIIpecop; 3 — HACOC, IO MiIKaYye NATUBO; 4 — HATUBHUN QUIBTP
TOHKOT'O OYHILEHHS; 5 — BUTpAaTHA LIUCTEPHA; 6 — BUTPATOMIp; 7 — J103aTOp IPUCATKU

VY pasi, Koy aAu3eni NpauoBail B MapalelIbHOMY PeXuMi 3 OYIb-SKOi 31 CXeM
miakmoueHus: KA-EJ, KI-EJ-EJl, EJI-E]I, HaBaHTa)k€HHS Ha KOXKEH 3 HUX CTaHO-
BUJ0 Ne=300...600 kBT 1 migTpriMyBasiocsi Ha OJJHAKOBOMY PiBHI 3 BiAXUJIeHHM 10
kBTt [4].

[ToryxHicTb nu3eniB Ne Bu3Havanacs 3a BUpa3zoM N=Ny/M, (1€ Ny — HOTYXKHICTh
resepaTopa, kBT, ng — KoeilieHT KOpUCHOI A1l TeHepaTtopa). 3HaueHHs Ny 3HIMaJO-
csl 3 BaTMETpa, PO3TAILIOBAHOTO HA MaHeNl KepyBaHHS JIM3elib-TeHepaTopa, a Belu-
YMHA T pUiiMasiacs 3 NaCIOPTHUX XapaKTEPUCTHK AU3ENb-TeHEpaTopa 1 CTAHOBUIIA
Ng=0,915. [Ins po3paxyHKy BEIMYMHU NUTOMOI €(EKTUBHOI BUTpaTH HajiuBa b, 3a
BUMIPHUKOM DiBHS (pO3TallOBaHUM Ha KOXKHIA BUTpATHIN LMCTEpPHI) BU3Hauajacs
MOTOYHA BUTpaTa nanuea Gy Ta BEIMYMHA MUTOMOI €EKTUBHOI BUTPATH NaIHUBA be.
Byno BcTaHOBIEHO, 1110 BUKOPUCTAHHS MaJIUBa 3 MPUCATKOIO CIIPUSIE 3HIKEHHIO Ja-
HOT'O TIOKa3HUKa y BChOMY Jlana3oH1 eKCIuTyaTal[liHuX HaBaHTaXeHb (puc. 2).

b

T

>

kBT'Toz

205 1

200

195

190

185

7

50 6

70 80 90 Ne_ o,

énom
Puc. 2. 3mina nutomoi eeKTUBHOI BUTpATH NajiuBa b, cyqHOBOro nu3eins 6N21L npu pi3Hux
3HAYEHHSIX WOTO BITHOCHOT MOTYKHOCT1 Ne/ Nenom:
1 — «KOHTPOJBHUI» AU3enb (0€3 BUKOPUCTAHHS NAIMBHOI IPUCAKH);
2, 3 — «eKcIepuMEeHTaNIbHI» n3ei (P BUKOPUCTaHHI NAJIMBHOI IPUCAIKU 3 KOHLIEHTPALIEIO
1:2000 1 1:6000 BiAMOBIAHO)
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ExcriepuMeHTaIbHO OTpUMAH1 PE3yibTaTH, L0 MIATBEPIKYIOTh 3HUKEHHS MU-
TOMOI e€()eKTUBHOT BUTPATH MaJIMBa 13 BUKOPUCTAHHAM MAJIUBHUX MPUCATOK, CBIJI-
4aTh PO 1HTEHCU(IKAIIIO MPOLIECY CYMIIIOYTBOPEHHS 1 3ropsiHHs nanusa. Lle npu-
3BOJIUTH A0 OUIbLI MOBHOI'O BUKOPUCTAHHSA HMOTO TEIUIOTBOPHOI 37aTHOCTI Ta 3HU-
KEHHS KUIbKOCT1 MaJNBa, 0 AOTOps€ HA XOA1 PO3IIUPEHHS 1 Y BUTYCKHOMY KOJICK-
topi. I[Ipu npomMy BiA3HAYUMO, 11O JJIS PI3HOI KOHIIEHTpAlii NMpUcagku B 6a30BOMY
NajguBl CHOCTEPIraeThCsl Pi3HA BEMWUYMHA 3HMXKEHHSI MUTOMOI €(EeKTUBHOI BUTPATH
nanuBa. Ha Ham morusi, 1€ MOsSICHIOETbCS TUM, IIO YacTHMHA BUIBHUX PaUKaIIiB
MPUCAJIKHU 3AJTMIIAETHCS HE3aIITHOIO B PO3PUB1 BHYTPILIHBO MOJIEKYJISIPHUX 3B’ A3KIB
MajuBa M aKTUBAIlll HOT0 FrOPIOYUX CKIAT0BUX [4].

Hacniakom mosiniieHHs mpoiecy 3ropsiHHs NajiuBa 1 3MIIEHHS HOro MpoTiKaH-
HS Ha JITHIIO 130XOPHOTr0 MiIBEACHHS TEeIlla TAKOX € 3HUKEHHS TeMIIEpaTypHu BUITYC-
KHHUX Ta3iB. lle mo’s3aHO 3 TUM, 110 3aCTOCYBAaHHS MPHUCAJOK 10 MaJUBA CIPHUSE
nepediry mpolecy 3ropsHHS B IWIIHAP] AU3ENsS HE JIHIEI0 PO3BUTKY JIAHITIOTOBOI
peaxIlii, mo Beje A0 AeTOHAIlll, a JIHIEI PO3BUTKY CTAI[IOHAPHOTO TOPIHHS.

HaBeneHi pe3yibTaTi CBiqYaTh PO OUIBII SKICHE CYMIIIOYTBOPEHHS 1 3rOpsH-
HSl, a TAKOK OUTBII MOBHE BUKOPUCTAHHI TETUIOTBOPHOI 3AaTHOCTI MaJIUBa 3 MPUCAI-
KOIO.

BucHOBKHY i nepcneKTHBY NMOAAJBIIUX J0CTiIKeHb. TaKUM YMHOM, HaBeACHI
PE3yNbTATH JI03BOJISIOTH 3pOOUTH HACTYTIHI BUCHOBKH.

1. OnHUM 13 METOAIB MOKpAIIEHHS EeKCIUTyaTallliHUX BJIACTUBOCTEW MajiMBa €
BUKOPHUCTAHHS MaJUBHUX MPUCANIOK, K1 MOKYTh BBOJUTHUCS JI0 MATMBHOI CUCTEMH B
PI3HHUX TOYKaX: BIACTIHHOMY TaHKY, BUTPATHOMY TaHKY, MaJUBHUX MAaricTpajsx, a
TaKOX Iepes Horo 06e3mocepe/IHbOI0 Mo1aueto B IMIIHIAP Iu3end (mepel NaluBHUM
HAaCOCOM BHCOKOTO THCKY).

2. EkciepyuMeHTanbHO OTpUMAaH1 pe3ynbTaTH, IO MiIATBEPIKYIOTh 3HHXKCHHS
NUTOMOI €(PEeKTUBHOI BUTPATH MaJMBa MiJl YaC BUKOPUCTAHHS MAJUBHUX MPUCATIOK,
CBITYATh MPO IHTEHCHU(]IKALIIO MPOLECY CYMIIIOYTBOPEHHS 1 3ropsiHHs nanusa. Lle
MPU3BOAUTH O OUIBII MOBHOTO BUKOPHUCTAHHS HOTO TEIUIOTBOPHOI 3AaTHOCTI Ta
3HIKEHHS KUTBKOCTI MaJliBa, 110 JOTOPsi€ Ha XOJ1 PO3IIUPEHHS Ta y BUIYCKHOMY
koJjektopi. [Ipu 11boMy Bii3HAYKMMO, 110 JIJIS1 PI3HOT KOHIIEHTpAIlli MpUcaaKku B 6a30-
BOMY MaJIMB1 CIIOCTEPIraeThCs pi3HA BEJIMYMHA 3HMXKEHHSI MUTOMOI €()eKTUBHOT BU-
TpaTtu nanuBa. Ha Ham norsia, 1e NosSCHIOEThCS TUM, 10 YACTUHA BUIBHUX pajlKa-
JIB MPUCATKU 3aJTUIIAETHCS HE3aAISTHOIO B PO3PUBI BHYTPILIHBO MOJEKYJISPHUX
3B’SI3KIB MajMBa W akTUBallill HOr0 TOPIOYMX CKIaJA0BUX. EKCHiepUMEHTaIbHO MiJIT-
BEP/XKEHO, 10 MMiJ] YaC BUKOPUCTAHHS MaJUBHUX MPHUCAJO0K HA PI3HUX PEKUMAX PO-
00T CYJHOBOTO YOTHMPUTAKTHOI'O IU3EISl MOKIUBO JOCSTTH 3HMXKEHHS MUTOMOI
BUTpaTH nanusa Big 2,6 10 4,8 %. [Ipu iboMy MakcuMasibHE MiJIBUIIICHHS TaJIUBHOI
€KOHOMIYHOCTI BiOyBaeThcsi B Aianazoni 50...60 % HaBaHTaXeHHsI au3ensi, TOOTO
PEXHUMIB, IO XapaKTEPU3YIOThCS HAHOUIBIIMM eKCIUTyaTallliHUM MepiogoM poOoTH,
a TaKOX IM1JIBUILIEHOIO TEIJIOBOIO HAIIPYXKEHICTIO.

3. KoHueHTpanis npucajgku Ma€ ONTHMallbHE 3HAYEHHS, BU3HAYAETHCS EKCIIe-
PUMEHTAIBHO 1 3aJIEKUTh B/l XapaKTEPUCTUK AU3ENS 1 BUKOPUCTOBYBAHOTO MATUBA.
Bu3zHaueHHs onTUMaabHOI KOHIICHTpAIlli MOXJIMBE 0€3MOCEPEIHhO Ha CYTHOBOMY
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JU3elTl BIAMOBITHO O PO3POOICHUX TEXHOJIOTIYHUX CXEM Ta 3 BUKOPUCTAHHSIM 3a-
MIPOTIOHOBAHUX PEKOMEHIAITIH.
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3al0e3neyeHHs PeOIOTIYHOI CTIMKOCTI CyTHOBUX MOTOPHHMX MACTHJI

IMocTtanoBka npoOJemu B 3arajabHomMy Burasiai. [1in yac excrutyaranii 1BUTY-
HIB BHYTPIIIHBOTO 3ropsiHHs (JIB3) MOpChKHX 1 pIUKOBUX CyJ€H 3A1MCHIOEThCS Oe3-
NEepPEepBHUM 1 NEPIOJAUYHUN KOHTPOJIb HE TUIBKUA MOKA3HMKIB, IO XapaKTEPU3YIOTh
poOoumii UK Au3es (TUCKY 1 TeMIIepaTypH B XapaKTepHUX TOYKAX, YACTOTU 00ep-
TaHHs, MOTY>KHOCTI, TEMIIEPATypU BUITYCKHUX Ta3iB), aje TaKOX EKCILTyaTallliHUX 1
PEOJIOTTYHUX XapaKTEPUCTUK MOTOpHOTO MacTuia [1].

AHaJIi3 0CTaHHIX J0c/iIKeHb 1 nydaikanii. Y 3B’513Ky 31 30UIbIICHHSIM TUCKY
1 TemMmepaTrypu LUKy, MIIBUIICHHSIM KPYTHOIO MOMEHTY, 3MIHOIO KOHCTPYKIIII,
YCKJIAJIHEHHSIM YMOB €KCIUTyaTallii, MABUIICHHSAM 4Yacy poOOTH CY4acCHHMX JIU3EIIB
Ha MaKCUMaJIbHUX HABaHTA)KEHHAX YMOBH pOOOTHU MAaCTUJI SIK B JIyOPUKATOPHUX, TaK
1 B IIUPKYJISIIIAHUX CHUCTEMax MaIlleHHsI, CTalu OUThIN >kopcTkuMuU. BomHouac tep-
MIHU 3aMIHUA MacTHJ 0e3MepepBHO 30UTbIIYIOTHCS 3aB/ISKHU MOMNIMIIEHHIO iX eKCILTY-
aTalifHUX BIacTUBOCTEH. Bu3HaueHHs ONTUMAaJIbHOT MEPIOAMYHOCTI 3aMIHU MaCTHUII
€ TPYAOMICTKOIO TpPHMBAJIOK pOOOTOIO, CIOYATKYy BHU3HAYAETHCS 3aBOJIOM-
BUPOOHUKOM, KOPUTYETHCS 3a pe3yjbTaTaMU E€KCIUTyaTallil Ta TsIrHe 3a co0oio ¢i-
HAHCOBI Ta eKCcIUTyaTaiiitHi ButTpaTi [2]. ToMy akTyalbHUM € po3B’s3aHHS 3aBAaHHS
pereHeparii ekcrryaTaliiHuX XapakTepUCTUK MacTUIa B Mpolieci HOTo eKcIuTyaTa-
uii [3].
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IMocTtanoBka 3aBaanHHs. [loBHA 3amMiHa MacTUiia B Cy[IHOBUX YyMOBaxX BHMarae
BUBEJICHHS JBUTYHA 3 €KCIUTyaTallii, IpuuoMy el Mepioj BKIIOYA€E HE TUIBKUA caMy
NpoLeaypy 3aMIHA MacTuia, aje i OUYMILEHHS MMOBEPXOHb TEPTs BiJ eKCILTyaTallii-
HUX 3a0py/nHeHb. BUKOHAHHS 1IOTO 3aBAaHHS AJI TOJOBHUX JABUTYHIB B1IOYBa€Th-
Csl MiJ Yac CTOSTHKU CyJHA 1 MOXe OyTH 3a3/alieriip 3aljlaHOBaHO 3 ypaxXyBaHHAM
pENCOBOro 3aBIaHHS, XapaKTEPUCTUK BAHTAXKY 1 MAaHOYTHIX BaHTaKHHUX OIepalii.
VY 3B’s13Ky 3 MOCTIHHOIO 3MIHOIO HABAaHTAXXEHHS CYJHOBOI €JIEKTPOCTAHLIIT AJIs AU3e-
JiB, 10 BUKOHYIOTh (DYHKIIIT JOTMOMIDKHUX, TPUBAJIMI BHUBEJCHHS 3 €KCILTyaTallii
CIIPOTHO3YBAaTH JIOCUThH Baxxko. ToMy i iX cHUCTeM MallleHHs HalOuIbll eeKTUB-
HUM € TpOLEeC MEepPIOUYHOTO JIOJMBAHHS MAacTWia. 3 ypaxXyBaHHSM BUIIEBUKIIAJE-
HOTO METOIO JOCIIDKCHHS OyJI0 BUBHAYCHHS ONTUMAJIbHUX TEPMIHIB 3aMiH1 YH I10-
MOBHEHHSI MAacCTUJIOM 00’ €MIB CHCTEMHU MAILEHHS, SIKI CIIPUSATUMYTh pereHepariii ta
NIATPUMAHHIO Y BCTAHOBIIEHUX MEXaX EKCIUTyaTalliHUX XapaKTePUCTUK MOTOPHO-
ro MacTuia.

Bukisiag ocHoBHOro martepiany aociigzkeHHsl. J[OCHiIKEHHS BHKOHYBAaJIHCS
st cynqHoBoro motopHoro mactwia Castrol TPL 203 3 HacTymHUMH OCHOBHHMU
XapaKTepUCTUKAMU:

ekiac B s3kocTi 3a SAE — 30,

eryctuna rpu 15°C — 920 xr/m’;

o B’ s13KicTh ipH 40°C — 102 cCr;

e 1y>xkHe uncio — 20 MrKOH/T;

e IpU3HAYCHHS — 3a0e3MeyYeHHs] 3MalllyBaHHS WIIHAPO-MOPIIHEBOT TPynH 1
KPUBOIIMITHO-IIATYHHOTO MEXaHi3My TPOHKOBUX JBUTYHIB TpH iX poOOTI Ha
BaKKOMY MaJIUBI.

Mactuno Castrol TPL 203 BukopucTOBYBajocs B IUPKYJISALIAHIN MacTUIbHIN
cuctemi cyaHoBux auzeniB 6EY22AW ¢ipmu Yanmar, 1110 MaroTh Taki OCHOBHI Xa-
PaKTEPUCTUKHU:

® TUM — YOTUPUTAKTHU;

® YICIIO IWIIHJPIB — 6 (pO3TalllyBaHHS PSIHE);

® HOMIHaJIbHA MOTYXHICTh — 885 KBT;

eyacTtota obepranHs — 900 06/xB;

e miameTp muiIiHapa — 220 mm;

e xiy moprHs — 320 MM.

VY tabnuni 1 HaBeneHi MaHi 00 3MIHM €KCIUTyaTallifHUX 1 peOJOTIYHUX Xa-
pakTepucTUK Mactuia. [Ipu nuboMy napameTp «peosoriyHa CTIHKICTbY BU3HAYAETHCS
AK 30UIbILIEHHS B’A3KOCTI Yy TPAaHUYHOMY IIapi MacTuja MOPIBHAHO 3 00’ €MHOIO
B’S3KICTIO 1 HE BXOAMTH JI0 YMCIIAa TapaMeTpPiB, PEKOMEHIOBAHUX JJII MOHITOPUHTY

(bipMOIO BUPOOHUKOM.
Tabmums 1. 3miHa eKCIUTyaTalmifHUX Ta PEOJIOTIYHMX XapaKTePUCTUK MOTOPHOTO MacTuia
Castrol TPL 203 nix yac excrutyaranii

S e— Bazose Yac ekcrmyaraiiii, roquHu \
3HA4YEHHS 25 50 75 100
B’s3kicTh (kiHematnuna) npu 50°C, cCt 102 109 114 118 121
PeoJtoriuna ctifikicTb, % +10,36 +8.,76 +6,38 +5,95 +5,44
I'ycruna npu 20°C, kr/m’ 920 897 881 853 846
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Sk BugHO 3 Tabmmii 1, 3HAaYEHHsS BCIX MapameTpiB MOTIPUIYIOTHCA 1 3 MIIMHOM
yacy Ta HaOJMKAIOTHCSA O MAKCHUMAJIbHO JOMYCTUMUX OpaKyBaJbHUX MOKAa3HUKIB.
TakuM urHOM, MIATPUMKA PETIAMEHTOBAHOTO Yacy JOJIMBAHHS MAacTHIIa B CUCTEMY
BUBOJUTH JIBUTYH Ha MEXY HaJIiHOT poOOTH CHUCTEMH, a B KPUTHUYHIA CUTYaIlli MO-
e MpU3BeCTH 10 aBapii. Came TOMy BUHMKAa€ HEOOXIAHICTh MOUIYKY ONTUMAIbHUX
TEPMIHIB MOMOBHEHHS MACTUIILHOT CUCTEMU HOBUM MacTWiIoM [4].

VY 3B’43Ky 3 UM il Yac JOCIIKEHb CTAaBUJIOCS 3aBJIaHHS pallloHAIBHOTO 30i-
JBIICHHS] YaCTOTH JOJMBAaHHSA MAacTUjla B CUCTEMY, Ka BU3HAYaJIacs IUISIXOM KOHT-
POIIIO eKCIUTyaTAlliHHMX i PEONOridHIX XapaKTepPHCTHK MacTHia. Moro po3s’si3aHHs
3MiACHIOBaNOCA 0e3mocepeiHhO B CYJHOBUX YMOBAX, MPU LOMY TOMOMDKHA €HEp-
reTUYHa YCTAaHOBKA CyJHA CKJajanacs 3 TphOX OJHOTUIHUX au3eniB 6EY22AW di-
pMu Yanmar, 1o Aajio MOXKJIUBICTh IPOBEACHHS MapajelbHUX €KCIIEPUMEHTIB 3 pi-
3HOIO IHTEHCHBHICTIO MOMOBHEHHS MacTuia B 00’ €M HUPKYJIALIMHOI CHCTEMH.

CxeMa CyaHOBOI HIUPKYJALINHOT cucTeMu MamieHHs au3eniB 6EY22AW dipmu
Yanmar, 1110 BIAMIOBIZIa€ TPOBEACHUM E€KCIIEpUMEHTaM, IT0Ka3aHa Ha puc. 1.
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Puc. 1. Cxema MozepHi3amii HTUpKYIALIHHOT CHCTEMH MallleHHs CyaHOBHUX nu3eniB 6EY22AW ¢ipmu Yanmar miz
Yac MPOBENICHHS €KCIIEPHUMEHTY:
1 — MacTUIIBHHI HACOC; 2 — MACTHUIILHHUHN (UIBTP TOHKOI'O OUMIIEHHS; 3 — MaricTpajib BiJIBEJICHHS apiB MacTuia i
TIOBITps1; 4 — BUTpATOMIp; 5 — 103aTOp MPUCAIKH; 6 — MACTHUIILHUH (DIIBTP rpyOOro OUYHIIEHHS;
7 — BiAiTIOBaY MacTHiIa; 8 — MaricTpalib MiABEICHHS MacTHIIa

Jluzeni mpalffoBajiy HaBIEPEMIHKH 3 MPAKTUYHO OJHAKOBHM HaBaHTaKEHHSIM,
Jlana3oH SKOi 3MIHIOBABCS B JOCUTH MIUPOKUX Mexkax (250...750 kBT), 3 oqHakoBUM
gacoM ekcruryaTaiii npotsroM aodou (12...15 roaun). Ilepmmuit nuzenb-reHepatop
3QJIMIIABCS «KOHTPOJBHUMY» 1 3MIHM B YacTOTI JOJIUBaHHS MacTW/a B CUCTEMY Ha
HbOMY HE TpoBoawIucs. TakuM 4yuHOM, AaHWUN Au3enb mnpaipoBaB 100 rogun 6e3
MONOBHEHHSI CUCTEMM MaIlleHHs. 3a JaHWUW TepioJl yacy KUIbKICTh MacTuja B CHU-
CTEMI He OIlycKajacsi HUK4e IPaHUYHOTO PIBHS, a €KCILUIyaTallis ABUTYHA MPOBOIHU-
Jacs 3 JOTPUMAHHSAM YCIX BHMOT, IO MPEa’ sIBISIOTHCSA. Y CHCTEMY MaIlleHHS JIpY-
roro Ju3elib-TeHepaTopa MAacTUJIIO JI0 BEPXHBOTO JOIMYCTUMOTO PIBHS JOJIUBAJIOCH
gyepe3 KOXkHI 25 roauH poboTH. Y CUCTEMy MaIlleHHS TPEThOro — uepe3 KoxkHi 10
TOJIMH TIPU OJHOYACHOMY JI0JIJaBaHH1 IMMOBEPXHEBO-aKTUBHOI TIpucajaku [2]. Pe3ynb-

__!%__._
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TaTH, 110 OTPUMAaHI Mij] Yac eKCIEPUMEHTY, HaBEJIeH1 Ha pUC. 2, HA SKOMY 3MiHa Ia-

paMeTpiB HaBeJIeHA Y BIICOTKaX.

a)

0)

Puc. 2. 3miHa XapakTeprCTHK MOTOPHOTO MAcTHJIA TiJT Yac eKCIUTyaTallii Mpyu pi3Hii IHTEHCUBHOC-

T1 JOJIMBAHHA MacTHJIA:
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1 —gepe3 100 rogun pobotu; 2 — uepes 25 roaun podotu; 3 —yepe3 10 rogun poOOTH 3 H0/1aBaH-
HSIM ITIOBEPXHEBO-AKTUBHOI IIPUCAKH;

@) B’A3KICTh; 0) KUCIOTHE YKCIIO; B) PEOJIOTIUHA CTIHKICTh; I') TYCTHHA

BucHOBKY i nepcneKTMBU NOJATBIINX J0CTIKeHb. 3 HABEJICHUX Pe3yJIbTaTIB
MO>KHA 3pOOUTH HACTYITHI BUCHOBKH.

1. ITpu iaTepBani monuBanHs mactuia 100 roawH (4ac, SIKUM PEKOMEHIYETHCS
3aBOJIOM-BUPOOHHUKOM) B’S3KICTh MacTHJIa TOCTYIOBO 30utbinye 10 18,63 %
(mpu MakCUMalbHO MOXJIMBOMY 30UTBbIIEHHI LbOTO Moka3zHuka 20 %), 1o
BUBOJUThH JU3€]b HAa MEXY HaAliHOi poOOTH. AHanoriyHa TEHJAEHIIs CIO-
CTEpPIra€ThCs 3 THIIMMHU PEOJOTTYHUMHU MOKa3HUKaMH MOTOPHOI'O MacTHJIa —
I'YCTUHOIO, KUCIIOTHUM YHUCIIOM, PEOJIOTTYHOIO CTIMKICTIO.

2. 30UIbllIEHHS IHTEHCUBHOCTI JOJMBAaHHSA MacTuia CIpusie€ OUTbII MOBUIBHOMY

BIIXWJICHHIO OCHOBHUX SIKICHUX MOKa3HUKIB MOTOPHOTO MacTujia Bia 6a30BOro

3HAUEHHS, HacaMIiepe] B’SI3KOCTI, sIka TP 3MiHI IHTEHCUBHOCTI JOJUBAaHHA 31

100 no 25 roaun 3poctae Ha 11,76 %.

2. Haitbuibll epeKTUBHUM CITOCOOOM pereHepalii eKCriyaTalifHiuX Ta peosiori-
YHUX XapaKTEPUCTHUK MOTOPHOTO MacTuja € CKOPOYEHHS IHTEHCHUBHOCTI J0-
JuBaHHA MacTwia A0 10 roavH 3 OJHOYACHUM BUKOPHCTAHHS MOBEPXHEBO-
aKTUBHOI mpucaaku. [Ipu nboMy 3pocTaHHs B’SI3KOCTI 3IMCHIOETHCS JIUIIE
Ha 3,92 % npu 3HaXOJKEHHI IHIIUX MOKAa3HHUKIB (PEOJIOTTYHOI CTIMKOCTI, I'yC-
TUHU Ta KUCJIOTHOTO YMCIA) Yy Jiama3oHl PeKOMEHJIOBAaHUX Ta MOXIJIMBHUX
3HAYEHb.

3. Caix TakoX BIA3HAYUTHU KpalIUil TEXHIYHUM CTaH OCHOBHUX MOBEPXOHb JU3€-
JiB, 110 MalOTh OUIBII 1HTEHCUBHUW NOAWB Mactuia. Hampuxmnax, mig yac
MPOBEJICHHS TUIAHOBUX MOTOYHMCTOK JU3€JiB OyJ0 BCTaHOBJIEHO, IO JeTall
HWIIHAPOBOI TPyNU 1 NIAIIMIIHUKIB PYXY «EKCHEPUMEHTAIbHHUX» TU3EIiB
MaroTh MEHII YTBOPEHHS HarapiB 1 MIOPCTKICTb MOBEPXOHb HIK «KOHTPOJIb-
HUY IU3€IIb, 10 CBITYUTD MPO OUIBII SKICHUH MPOIIEC X MaIeHHS.

4. HaBezeHi pe3yabTaTu CBIYATh MPO MO3UTUBHUM BIUIUB 30UIbIICHHS IHTCHCH-
BHOCTI JOJIMBAaHHS MacTWIa B CUCTEMY MAIICHHS 3 OJHOYACHUM BHKOPHC-
TaHHSM MOBEPXHEBO-aKTHBHOI MPHUCAJKU Ha MOT0O eKCIUTyaTalliiiHl XapakTe-
PUCTHUKH.
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Kyponstauk A.A.
Hamionansauit yaiBepcuret «Oiechbka MOpPChbKa akaaeMis»

Obecneyenne IKOJIOrHIECKUX NMOKa3aTeJaed padoThl JHEPreTUYECKNX
YCTAHOBOK MOPCKHX CY/10B

['maBHOM 3amaudeil 3KCIUTyaTalldd MOPCKHUX CYAOB (Kak JIIOOOTO TPaHCIIOPTHOTO
npolecca) SBISAETCS MOJIyYeHHe KOMMEPUECKOU MPUOBLIN, KOTOpasi JOCTUTAaeTCs 3a
CYET NEPEBO3KU I'PY30B WM NaccaxupoB. [Ipu 3ToM BO3HHKaeT HEOOXOIUMOCTh HE
TOJIBKO B 00€CTIEUEHNH COXPAaHHOCTH, Kaue€CTBAa U CPOKOB JIOCTABKH I'PY30B, a TAK¥KE
co3aaHusl KOM(OPTHBIX YCIOBHUM OTJbIXa MACCAKUPOB, HO U B MOAJIEpKAHUU TPpeOy-
€MBIX IKOJIOTHYECKUX IOKa3aTeieil paboThl Cy/l0BOM 3HEPreTUYECKON YCTaHOBKH.
DKcmtyaTalusi MOPCKUX M PEYHBIX CYZOB BBIMIOJIHAETCS MPU CTPOTOM 0OECTICUEHUH
TpeboBaHuii MexayHapoaHoi kouBeHIIMM MARPOL, Ilpunoxenue IV kotopoii pe-
INIAMEHTUPYET YPOBEHb 3arpsA3HEHUN BO3JYIIHOM Cpellbl BPEIHBIMU BBIOpOCaMH,
COJZIEpIKaIllMHUCS B BBIITYCKHBIX I'a3aX, B TOM 4ucie okcuaamu azora — NOX.

Ob6ecneuenne TpedoBanuii [lpunoxenus [V MARPOL nns BHOBB cTposiuxcs
CylIOB (a Takke IJisg CYJI0B, BBEJECHHBIX B dKcIuryaTanuio nocie 01.01.2016 r.) He-
BO3MOXHO 0€3 UCIOJIb30BAHUS JOTOJHUTEIBHBIX TEXHOJOTHUYECKUX PEIICHUM, K KO-
TOPBIM OTHOCATCS:
® KaTaJIUTUYECKOE BOCCTAHOBIICHUE OKHCIIOB a30Ta JI0 3JIIEMEHTAPHOrO a30Ta C IO-
MOIIIbIO 100aBOK aMMHAaKa I MOYEBUHBI;

e JIONOJIHUTEJIbHOE YBJIAJKHEHUE HAJAYBOYHOTO BO3/1yXa;

® [PUMEHEHUE BOJOTOIUIMBHBIX 3MYJIBCUA U MPSIMOTO BIPBICKA BOABLI B IIUIUHJIP
TU3EIIs;

® YACTUYHBIN WIH MOJHBIA NIEPEXO0] Ha CKUKEHHBIN TPUPOIHBIN T'a3;

® YIIPaBJICHWE BBIMYCKHBIMU Ta3aMu MyTEM HUX MEPENnycKa WM peuupkyaanuu [1,
2].

IlepBOoHauanbHOE MCHOIB30BAHUE CUCTEMBI PELUPKYJISLMK BBITYCKHBIX [a30B —
Exhaust gas recirculation (EGR), ocymecTBisiiocs Ha aBTOMOOMIIBHOM TPaHCIIOPTE
JU1sl OEH3MHOBBIX JBUTATENEH HEOOJIBIION MOIIHOCTH, a TaKXKe JU3EIbHBIX aBUAIU-
OHHBIX JBUTaTeNel. B HacTosmiee BpeMs qaHHBINA criocoO cHuxeHus amuccun NOx
HayaJd aKTUBHO HKCIOJIb30BAaThCS B CYAOBBIX JHEPreTUYECKUX ycTaHOBKax. KoOH-
cTpykTUBHO cucremMa EGR peanusyercs ¢ MOMONIIBIO BHEIIHETO Ia30X0/a, COEqU-
HSIOIIETO BBITYCKHOM KOJIJIEKTOP M MPOAYBOYHBIN pecuBep. [IpoaykTel cropanus,
MPOXOJIA MO CUCTEME PEUUPKYJISALNUH, OXJIXKIAIOTCA. DTO 00ecneunBaeT JUllb MU-
HUMAaJIbHOE YBEJIMYEHHUE YACIBHOI0 00beMa CMECH CBEXKETO BO3/yXa, HATHETAEMOTO
BO3IYIIHBIM KOMIIPECCOPOM, M MPOAYKTOB CTOpPaHUsl, MOCTYMAKOUIMX [0 CHCTEME
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perupKysanud. DPGEeKT OT MOJIMEIINBAaHUS K CBESKEMY BO3IYIIIHOMY 3apsay OTpa-
0oTaBmIUX ra30B (IPOIYKTOB CTOPAHUSA ¢ HU3KOH TEMIIEPATypOi) IPH 3TOM MOYKHO
paccMaTpuBaTh Kak pa30aBieHHE CBEXEH cMecH MHEPTHBIM T'a30M, B OCHOBHOM CO-
crosiluM U3 nuokcuna yriaepoga CO, u nmapoB Boasl HyO. DTH npoaykThl UMEIOT
BBICOKYIO TEIUIOEMKOCTh W 3(PPEKTUBHO OTOMPAIOT TEIUIO W3 30HBI PEaKIuH,
YMEHBIIAsi €€ TeMIIepaTypy, UYTO U O0OECIeuMBACT CHUKCHHE BHIOPOCOB OKCHIIOB
azota NOx C BBIITYCKHBIMHU ra3zami [3].

B mocnenHee aecsaTUNETHE CHCTEMBI PELUPKYIISAIMS OTpabOTaBIIMX Ta30B akK-
TUBHO MPUMEHSIOTCS B CYJIOBOM DHEPreTUKE IS CHHYKCHHUS TOKCUYHOCTH OTPado-
TaBIIMX Ta30B (B OCHOBHOM JJIsl CHWKCHHSI KOHIICHTpAIIMM OKCHAOB a3oTa NOx B
BBIITYCKHBIX Ta3aX CYAOBBIX au3elield). JlaHHBIMH cuUcTeMaMu OOOpYAYIOTCS Kak
TJIaBHBIC CY/IOBBIC JBUTATENH, MEPEAAIOIINE MOIHOCTh HETIOCPEICTBEHHO Ha Tped-
HOM BHHT, TaK U MOIITHBIC BCIIOMOTaTCIIbHBIC IBUTATEIH, 00C€CIICUNBAIOIINE YHEPTH-
el CyZOBYIO 3JIEKTPOCTaHIMI0. MaTteMaTnueckoe MOAeIUpOBaHUE MPOLECCOB Tra30-
oOMeHa W CrOpaHus MpHW HCMoNb3oBaHuKU cucteMbl EGR compsixeHo ¢ HeoOxoau-
MOCTh y4eTa CIIOXKHBIX SBJICHHH TEIJIOMAacCONEPEeHOca, MPU dTOM IOIyYCHHBIE pe-
3yJIBTAThl HE YYUTHIBAIOT TEXHUYECKOE COCTOSTHME KaK CaMOTO JTU3eJsl U €ro TOII-
JUBHOM ammapartypsl, Tak U cucteMbl EGR. TloaToMy cOBepIIeHCTBOBaHHWE CHCTEMBI
EGR wu BeIOOp Hanbosiee ONTUMAIBHBIX PEKUMOB €€ IKCIUTyaTalliu 11eJecoo0pa3Ho
OCYIIECTBIIATh Ha 0a3e JKCIEPUMEHTAIBHBIX [aHHBIX, MOJYyYEHHBIX HEMOCpe-
CTBEHHO TNpH dSKcruryatanuu cucteM EGR, yxke yCTaHOBIICGHHBIX Ha JIBUTaTEIAX
BHYTPEHHETO CIrOpPaHUs MOPCKUX CYyZIOB [4].

Kommuiekc nccnenoBanuii (B pe3yinbTaTe KOTOPBIX OBLIO OMPEICICHO BIUSHUE
mporecca pelupKyISIIUU BBIITYCKHBIX Ta30B Ha dKOJOTHYECKUE, SHEPTETUICCKUE U
HYKOHOMUYECKHUE IOKa3aTelu padOThl JBUTATENsT BHYTPEHHETO CropaHMs) BBITION-
HsJIcs Ha cymoBoM manoobopotHoMm auzene 7UEC60LS Mitsubishi, o6opynoBaH-
HoM cuctemoil ERG.

[MpunnunuansHas cxema auzens 7UEC60LS Mitsubishi ¢ cuctemoit ERG mnoka-

3aHa Ha puc. l.
1 2 3 4 5

A

é{ ==
A A u
AN

AN
% 10 % 3

Puc. 1. [IpunuunuansHas cxema cucreMbl ERG cynosoro auszenst 7TUEC60LS Mitsubishi:

1, 5 —razorypOoHareTareinp; 2 — BBITYCKHOM KOJUIEKTOP; 3 — YIPaBJISAIONINI KiIalaH CUCTEMbI
PELUPKYIISIIIUN BBITYCKHBIX Ta30B; 4 — CKpy00Oep; 6 — BOJSIHOM HAcOC; 7 — BOJASHAS ITUCTEPHA; 8
— I'a30BbIM HarHETaTeJb C IEKTPUUECKUM NMPUBOJIOM; 9, 11 — oxmaguTenb HaJlyBOUHOTO BO3/Y-

xa; 10 —pecusep; K, T — Bo3aymiHbIii KoMmpeccop u razoBasi TypOMHA ra3oTypOoHareTaTess
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BrlnyckHbIe Ta3bl U3 MWIMHAPOB AU3EIIS MOCTYNAOT B OOITUN BBITYCKHOM KOJI-
JIEKTOp 2 W jJajiee K ra3oTypOoHarteTatesasiM 1 U 5, mociie 4ero yepes ra3oBbITYCK-
HyI0 TpyOy yaamsitorcs B atMocdepy. ['azoTypOoHarHeTaTenm 3a0UparoT BO3AYX U3
MAIIIMHHOTO OTIEJICHUS W MOCJE CXATHsI HAMpPAaBISIIOT €r0 4Yepe3 OXJAaUTeNIn 9 u
118 Bo3aymHbI# (poayBounbiit) pecuBep 10. [Ipu sTOM razorypOoHarsHeraTens 5
000py/IOBaH CHUCTEMON PEIUPKYJISIUKN BBIMYCKHBIX Ta30B, KOTOpask COCTOUT U3
yIpaBJISAIONIEro KiamnaHa 3, ckpyOOepa OYMCTKH ra3oB 4, ra30BOr0 HarHerarens 8,
BOJITHOM LIMCTEPHBI 7 U BOASHOrO Hacoca 6. B ciydae UCnonb30BaHUsI CUCTEMBI pe-
UPKYJISIUN BBITYCKHBIX Ta30B MX KOJHWYECTBO pPEryiaupyercs kiamaHoM 3. Boi-
MyCKHBIC Ta3bl OUUIIAIOTCS U MPEABAPUTEIHHO OXJIAXKIAIOTCS B CKpyOOepe 4, mocie
Yero JIOMOJIHUTEILHBIM HarHeTarejleM 8 MOJIaloTCsl Ha CMENIEHHUE ¢ BO3yXOoM (I10-
CTyMAaloUM M3 Ta30TypOOHArHeTaTeNs S5) U MOCTYIMAT K OXJIAJUTEN0 9, BO3ayII-
HoMY pecuBepy 10 u ganee B nquiauHap nau3zend. ['a30BbIil HarHETATENb 8 — BEHTUIIS-
TOP C MOCTOSAHHOM T€OMETPUEH TPOXOTHOTO CEUCHMUSI.

HccnenoBanus BBIIOTHSIIACH HA CIEAYIOIIMX SKCITyaTallMOHHBIX pEeKUMax pa-
o0oter muzens: Ne=0,25Nenom, Ne=0,5Nenom, Ne=0,75Nenom, Ne=Nenom (rme
Nenom=12600 kBt — HOMuHanbHass MOITHOCTh au3essi). KoHTposib U perynupona-
HUEe 3HauyeHUs F(HPEKTUBHON MOITHOCTH OCYILIECTBIISICS C MOMOIIBIO CYOBOM CH-
CTeMBbI quarHoctTuku Doctor, oGecreunBaroieii TOUHOCTh MOJIJICPKAHUS 3HAUYCHHUS C
oTkiIoHeHUuEM He Oonee +1,5%. [Ipu 3TOM Ha JTFOOOM U3 PEKUMOB JTHU3EIL paboTan
He MeHee 3...5 JacoB, 4TO 00ecreyrBag0 yCTAaHOBUBIIEECS TEIIOBOE COCTOSIHUE U
MOCTOSIHHBIN Mana3oH U3MEPSEMbIX M1apaMETPOB.

CreneHb pEHUPKYISIIIUNA BBIITYCKHBIX Ta30B BO BpeMs DKCIIEPUMEHTOB BapbUPO-
Basiack B auana3zone 0...21 % myTem u3MEHEHHus MOTOKa Tra3oB, BO3BpAIla€MbIX B
BO3JIYIIHBIN pecuBep aAu3els (C MOMOIIBIO KianaHa 3, YNpaBlIsieMOTro KOHTPOJLIE-
poMm — puc. 1). Pe3ynbTathl ncciieoBaHUM, OTpaXkarolue M3MEHEHNE KOHIIEHTPaIlUU
OKCHJIOB a30Ta B BBIYCKHBIX ra3ax B 3aBUCUMOCTH OT Harpy3ku JIW3eisl U CTETEHU
PELUPKYJISLNUY, IPUBEACHBI Ha PUC. 2.

OddexTuBHOCTH UcTONb30BaHus cucTeMbl EWG 11 kakoro u3 pexxumMoB pa-
OO0TBHI TU3eisT BO3MOXKHO ONPEACIUTh OlleHUuB Tuiomanb moa kpuBoit NOX=f(EGR.
Jns  3aBUCHMOCTEW, TIOKa3aHHBIX HAa pHUC.2, 3TO 3HAYEHHE COCTABJISCT:

NOy _ . oNOy _ . QNOx _ . oNOx _
Shav =22,025 §7% =2779 Sp =33,025 S{N=3870. 1 e yxasa-

Ha IpCACIbHO JOIIYCTHMAA I paCCMATPUBACMOTO AU3CIII KOHICHTPAIUA OKCUIOB

NO,  =14,41/(xBr ),
a30Ta B BBIITYCKHBIX I'a3ax max

Ucnonb3oBanue cuctemMbl EGR u3MeHS€T CTEXMOMETPUYECKOE COOTHOIICHHE
TOTUIMBO-BO3/lyX, UTO CHUKAET TEMIIEpaTypy CropaHusi U NPUBOJUT K YMEHBIICHUIO
smuccun NOX. OgnoBpemMeHHO ¢ 3TuM Ha 1,4...2.88% (B 3aBUCUMOCTH OT Harpy3Kku
JU3€eTsl) YBEIUYUBACTCS YIAeIbHbIM () ()EKTUBHBIN pacxo]l TOIJIUBA U MPOUCXOAUT
cHIKeHHe 3P HEeKTUBHOM MOUTHOCTH JTu3ens [S].
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Puc. 3. M3menenne smuccuun NOx B 3aBucumoctu ot creneHu EGR mipu pas-
JUYHBIX Harpy3kax cynosoro ausens 7UEC60LS Mitsubishi:

a— Ne=O,2SNen0m; b - Ne=0,5Nen0m; C— Ne=O,7SNen0m; d - Ne=Nen0m

=)
W— — —
=)
Ol — —
o

AHanu3 pe3ynbTaTOB IMPOBEAEHHBIX HCCIENOBAHUN IMO3BOJIAET CHAENATh CIIEIY-
IOILIME BBIBOJIBI.

1. lna cynoBeIX MasiooOOpPOTHBIX JU3eNiel B KauecTBe MET0/a, 00ecreynBaro-
niero BeinoiaHeHue tpedosanuil [punoxenus VI MARPOL, moxeT ucnosib3oBaTh-
Csl CUCTEMA PELMPKYISIUU BbIMYCKHBIX Ta30B (cuctema EGR), npu kotopoit yactb
MIPOIYKTOB CIrOPaHHUs BO3BPAILAETCS B UWJIUHP JU3EIIS.

2. Ucnonw3oBanue cucreMbl EGR crmocoOcTByeT CHUKEHUIO YPOBHS 3MHCCHH
NOx B BbilycKHBbIX razax. B nuamazone msmenenus EGR 3...21 % npu Harpyske
0,25Newow cHumxenne smuccun NOx cocrtaBisier 4,04...18,63 %; npu Harpyske
0,5Newon — 3,90...21,93 %; npu nHarpyske 0,75Newon — 5,57...34,53 %; npu HOMU-
HaJIbHOW Harpyske — 3,91...45,72%. IIpu 3TOM Ha 3KCIUTyaTallUOHHOM pPEKHUME, CO-
OTBETCTBYIOIIEM 25-Tu %-0i Harpy3ke Nnpu ycIoBHH pabOThl Au3eis 0€3 UCOIb30-
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BaHus cucteMbl EGR, a Takke B nuama3zone pabotel EGR =0...5 % ypoBeHb amuc-
CHH OKCHJIOB a30Ta MPEBHIIIAET MPEAEITbHO JOMyCTUMBIE.

3. Beibop ontuManbHBIX pexuMoB padboTsl cucteMbl EGR, kak ogHOTO M3 Cro-
co0oB obecnieuenus: tpedbosanuil I[lpunoxenus VI MARPOL no orpanuuenuio
smuccur NOx, TOMKEH MPOU3BOAUTHCS IMMYyTEM KOMITJICKCHOW OIICEHKH CIICTYFOIINX
napaMeTpoB paboTel ausens: konnuecTBO NOx B BBITYCKHBIX Ta3aX, YBEIHUCHHUE
yaenbHOTO 3P PEKTUBHOTO pacxojia TOIUINBA, CHUXKEHHE A(P(HEKTUBHON MOIIHOCTH
am3ens. B kagectBe ontumanbHO# ctenmenn EGR crmemyer mpuHUMaTh 3Ha4YeHWMS,
KOTOPBIM COOTBETCTBYET MaKCHUMallbHOE CHIDKEHUE dmuccud NOx Mpu MUHHMAIb-
HOM TIOBBIIIICHUH YKOHOMHUYECKHX TOKa3aTeliell paboThl CYyJOBOTO MPOMYILCUBHOTO
KOMILJIEKCA.
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YK 629.436
Tkauenko 1. B.
Hamionanbauiil yHiBepcuret «Oiecbka MOPChKa aKaaeMisi»
Po3po0xa TexHoJ10rii pO3alJICEHHSI | OUMIIIEHHS BOJ, 110 MiCTATH HAPTY

IlocTtanoBka mpodJjieMu B 3arajbHomMy BuIsiAi. Ha nanuii yac min gac exc-
TuTyaTauii BCIX THMIB Cy/IeH MocTae rnpobiieMa BUHUKHEHHS, 300py, 30epiraHHs 1 mo-
nanbiioi nepepoOku Boja, 1mo MictiaTh Hapty (BMH). Cemapaiiss Takux Boj, A0
CKJIaAy IKUX B OCHOBHOMY BXOJIITb HEBUKOPHUCTAH1 B TEIJIOBUX JBUTYHAX (IU3EIAX,
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KoTJIax 1 TypOiHax) BaxKki (pakiii majmBa 1 MacTuia, € CKIaJHUM TEXHOJIOTTYHUM
3aBJIaHHSIM.

AHaJI3 ocTaHHIX A0C/iIKeHb i myOJikamiii. Yci BiloMi MeTOIH, SIKI pO3po0-
neHi ans ounieHHs BMH Tta gxi BUKOPUCTOBYIOTh TYCTUHHY CTpaTUQIKAIlIO 1 Me-
XaHIYHE PO3AUICHHS, XapaKTepU3yIOThCS HEBUCOKOIO SIKICTIO OYMIICHHS 1 MOXYTh
3aCTOCOBYBATHUCS TUIBKM Ha CTajili monepeaHboi cemapauii [1]. 3 iHmoro 60ky, Me-
TOIM, SIKI 3a0€3MeUyI0Th 3HaUCHHs KOHIIEHTpallii HaQTONPOYyKTIB Ha BUXO/1 3 CHC-
TEMHU OUMUIIEHHS MeHIIEe 15 Mr/n, XapakTepu3yloThbCsl OAHUM 3arajibHUM HEJIOJIIKOM
— CKJIQJHICTIO CBOET TEXHIYHOI peasizallii 1 BeTUKUMHU BUTpaTaMu (€KOHOMIYHUMHU,
€HEePreTHYHUMHU, MaTEPiaIbHUMHK ) Ha MOTOYHE 00CITyroByBaHHS [2].

IMocTtanoBka 3aBaaHHs. TakuM YMHOM, HE3BaXKaIOUU HA BEJIUKY KUIBKICTb J10C-
JKEHb Ta TEXHOJOTTYHUX pIlIeHb, 110 3a0e3neuytoTs ounlieHHss BMH, icaye He-
po3B’si3aHa poleMa — BIZCYTHICTh METO/Ia OUMILICHHS, 32 JOTIOMOTOI0 SIKOT'O MOX-
JTUBO 3a0€3MEUYUTH OCTAaTOYHY KOHUEHTPAIil0 HAPTOMPOAYKTIB MEHII HDK 15 mr/n
IIPY OJJTHOYACHIN MIHIMaIBbHII BUTPATI €HEPrii Ha 1[I0 TEXHOJOT14HY OIepaliio.

Buxiax ocHOBHOro martepiajy AocCaifxKeHHsA. TUNIOBUMHU CKIIaIOBUMH CYJHO-
Bux BMH € nadra 1 ii Bakki komnoHeHTH [3]. Y 3arajbHOMYy BUIIaJIKy BOHU SIBJISI-
I0Tb COOOI0 PO3YMH BUCOKOMOJICKYJIIPHUX CIONYK Yy HU3bKOMOJEKYJISIpHUX. Y CY-
MIII 3 BOJIOKO BOHU € 3BUYAHHOIO TUCTIEPCHOIO CUCTEMOIO.

Ha mponec posnoainy cynmHoBux BMH y cratuuHOMy pekumi Ha CKJIaJ0Bi
BIJTMBa€ 0araTo YMHHUKIB — KOHIEHTpAIlis, pO3MIPH YaCTUHOK, IX MEXaHi3M B3ae-
MOJI1i MK coOoro. Y Takii aucnepcHii cuctemi, ik cyaHoBl BMH, nucumariist enep-
rii, sika CIPUYUHIETHCS OMOPOM CHJI B’SI3KICHOTO MOXOJKEHHS, 3a3BHuYail BUTpaya-
€TbCS 32 TAKUMH TPhOMa HaNPSIMKaAMU

* 3MiHa B’SI3KOCTI, sIKa MPOSBIISIETHCS B TUCTIEPCHOMY CEpEIOBUIIL;

* KOMIIEHCAIIIsl B3a€MOJIIT TUCTIEPCHEHOTO CEpeIOBUIIA, 110 PYXAETHCS 31 3BAXKE-
HUMU YaCTUHKAMU;

* KOMIICHCAIllsl CTPYKTYPHHUX 3MiH, SIKI CIPUYMHSIOTHCS B3a€MOJIEI0 YACTUHOK
nucIiepcHoi (dasmu.

[IpoBenenuii aHani3 roJOBHUX KOMMIOHEHT cynHoBuX BMH, ix ocHOBHHX peo-
JIOTIYHUX BJIACTUBOCTEH, a TAKOkK METOJIB 1 MPUCTPOIB, IO 3aCTOCOBYIOTHCS JJIS 1X-
HBOT'O 30epiraHHs, TPAHCIIOPTYBAaHHS Ta MEPEpOOKHU, BKA3aB HA HEOOXIIHICTH PO3-
POOKM MPHUHITUIIOBO HOBOI TEXHOJIOTI IOJO iX BIAJAUJICHHS BiJl OCHOBHOI BOJHOL
KOMITIOHEHTU. OJJHUM 13 BaplaHTIB MOJI0HOTO MIAXO1Yy MOXKEe OYyTH BUKOPHUCTAHHS Ta
yIpaBiHHS OCHOBHUMHM T1IPOMEXaHIYHUMH XapaKTEPUCTUKAMU PYXOMOTO Cepeo-
Buia. [lepeBara mpornoHOBaHOTO TIPOJMHAMIYHOTO MiAXOAY € MEPCHEKTUBHOIO 1 3
€KOHOMIYHOI TOYKH 30py. EHEepreTuyHi BUTpaTH Ha TiAPOMEXaHIYHE eMYJIbI'yBaHHS
Boau 3 HadTonpoaykramu B 10...15 pa3iB MeHIe, HDXK MiJ YaC BUKOPUCTAHHS TEX-
HOJIOT'11 YJIbTPa3BYKOBOI KaBiTallii [4].

[1ig yac nmpoBeseHHsS €KCIIEPUMEHTIB HEOOXITHO BUBUUTH XapaKTep pyXy MOTO-
Ky BCEpEAMHI IBOX KaHaJiB, 3arajbHa cXxeMma sIKUX MpeJcTaBieHa Ha puc. 1.
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Puc. 1. ®opmu npoxigHOTro NepeTHHy KaBiTaTopa

VY npyromy BUMaJKy KaBepHa Ma€ yTBOPIOBATHCS Ha YBICHYTIM CTIHII KaHAIY 3a
pPaxyHOK JIOKaJIbHOT 3MI1HU I'paJli€EHTa TUCKY 3a TOBXKUHOI0. OJUH 13 BapiaHTIB KOOP-
JUHATHUX XapaKTEPUCTUK BEPXHbOI CTIHKM TAaKOro KaHalTy IMOKa3aHUW Ha puc. 2.
[Ipu 1bOMY HOpPMYBaHHS KOOpPAMHAT MPOBOJIMIOCA HA pajilyc BXITHOTO KaHaly R 1
MOJIOBUHY JTOBXUHU [ yBIrHYTOI YacTUHU. [10310BXKHS BiCh KOOPJIMHAT 301ra€eThes 3
HUKHBOIO CTIHKOIO, @ BEpPTUKaJIbHA MPOXOAUTH YEpe3 IMOYATOK 3MIHU KPUBHU3HU
BEPXHBOI CTIHKH.
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Puc. 2. KoopauHatHi XapakTepUCTUKU KaHAILY
3 MeTow po3B’A3aHHS 3a3HAUYEHUX MpobsieM Oyna po3pobiieHa YCTaHOBKa,
MPUHIMIIOBA CXeMa SKO1 MokazaHa Ha puc. 3. [lpunuun ii poGoTu 3acHOBaHUN Ha
aBTOMAaTUYHOMY KOHTPOJI1 1 pEryIlOBaHHI OCHOBHHUX T1IPOJMHAMIYHUX XapaKTepHc-
TUK NMOTOKY cyaHOBUX BMH, siki IMpKYII0I0TH IO 3aMKHEHOMY KOHTYpY [3].
VYcraHoBKa mpaifoe B Takuid crociod: 10 ceppicHoro tanka 1 cyanosi BMH nan-
XOSTh 3 PI3HUX TEXHOJOTIUYHUX JIUISHOK CyqHA. J[O OCHOBHOTO MEpeNiKy Takux Ji-
JITHOK BITHOCSATBCS: HOCOB1, KOPMOBI Ta LIEHTPaAIbHI KOJO31, PI3HI TAHKU 17151 300-
Py 3aIMIIKIB MaJkBa 1 MacTUJIa, a TAKOXK TaHKU 300py MpOMUBHOI Boau (y pasi ii
BUKOPHUCTAHHS Ha CyJIHAX, 110 NEPEBO3SATh HAPTOMPOIYKTH).
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Puc. 3. [IpunuunoBa cxema CyJHOBOI ycTaHOBKH 3 ouniieHHs BMH:
1 — cepBicHull TaHK; 2 — 3MIHOBUKOBUH MiAIrpiBay; 3 — NOBITPSHUN TPyOOIPOBIL;

4,9, 13, 18, 26, 27 — aBTOMaTHYHMIA KiamnaH; 5, 23 — KoMIpecop; 6 — MOTUIABKOBUN PIBHEMID;
7 — Tepmomertp; 8, 17, 21, 24, 28, 31 — tpy6onposix; 10 — 30ipHuit Tank; 11 — BUMiproBa4d KOH-
ueHTpauii HapTu; 12 — aiHIs OCHOBHOTO KOHTYpY 00poOku cynHoBux BMH;

14 — BinueHTpoBuUii Hacoc; 15 — cucrema puibTpaii (citka); 16 — Bakyymmertp; 19 — manomerp;
20 — kaBitarop; 22, 25 — 1aTYMK KOHIIEHTpAIil; 29 — mecTepiHIacTuii Hacoc;

30 — KOHJeHCallIHHNUN TaHK

CepBicHuii TaHK | yKOMIUIEKTOBaHUI 3MI1HOBUKOBUM MiJirpiBayeM 2. 3 METOIO
iHTeHCcUIKalli Mpoecy MOMepeIHbOT0 PO3MOALTY B TaHKY 1 BHUKOPHUCTOBYETHCS
MOBITPsIHA 3aBICh, II0 CTBOPIOETHCS OyJIbOAIIKAMMU, SIKI PYXA€THCS 3 MPOKIIAIEHOTO
no JHy TaHka 1 moBiTpsiHOro TpyOompoBoay 3. /i aBToMaTU4YHOI MiATPUMKH BHU-
TpaTH MOBITPs HA IOCTIHHOMY PiBHI Ha TPyOOIPOBO/Ii 3 BCTAHOBJIEHA CEpisi aBTOMa-
THyHUX KianaHiB 4. Ilig gac ekcruryartaiii cyiHa 3aBXId Mae Miclle BUIAJAaHHS
TBepJoro ocanay 3 cynHoBux BMH. 3a3Buuaii piBeHb BIAKIAJACHb y MEPIOJ MIXK
OUHUIIEHHSIMU TaHKa (y cepeaHbOMY Bl 7 10 9 MicsIiB) Moxke nocsaratu 10 10 % Bixg
Horo BUCOTH. 3 1I€T MPUYMHKA MaricTpajb Mojavi MOBITPs 3 BCTAHOBIIOETHCS BIHO-
cHO aHa Ha BifcTaHi 14...17 % Bucotu Tanka. CTucie NoBITPs NOJIAETHCS 10 MOBIT-
psiHOrO TpyOOmpoBOAY 3 3a JOMOMOrow0 Kommpecopa 5. Jljis KOHTPOIIO 3a piBHEM
HAMOBHEHHs 1 TeMrepaTypoio cyaHoBux BMH y tanky 1 BUKOpUCTOBYIOTHCS MOII-
JaBKOBHM piBHEMIp 6 1 Tepmometp 7 [2].

Jlist BinOopy CBITIIOT BOAM MICHsl MOMEPEIHbOro mpoliecy ¢oTailii Ha BUCOTI
5...7% BepxHbOro piBHA TaHKa 1 mpuenHyeThes TpyOomposia 8. Ha Hbomy BcTaHo-
BIIIOETHCSl aBTOMATUYHO KepoBaHui kianan 9. [To miHii 8 cBiTia Boja 3 Majgow KOH-
HEHTpalier0 HaQTONPOAYKTIB HAAX0AUTh Y 30ipHuid Tank 10. ns xepyBaHHS Kja-
naHoM 9 Ha BiABIHOMY TpyOONpOBOJA1 8 BCTAaHOBJICHHH BUMIPHUK KOHIEHTpAILil
Hagtu 11. Ilpu nepeBUIIeHH]I BCTAHOBJIEHOIO IPAHUYHOTO 3HAYECHHS KOHIIEHTpAIlil
Ha(TONPOJYKTIB LEH AaTUMK MOJAE CUTHAJ HA 3aKPUTTS KiamaHa 9 1 Ha BIAKPUTTS
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BCTAHOBJICHOT'O Ha JIiHIi OCHOBHOTO KOHTYpY 00poOku cyaHoBux BMH 12 aBroma-
truHoTO KianaHa 13. 3 tanka 1 cyqnoBi BMH BinOuparThcs 3a 101IOMOI0O0 Bijlie-
HTpoBOro Hacoca 14. Ha Bxojl B Hacoc BcTaHOBJIeHa (QuibTpalliiiHa ciTka 15 1 Baky-
ymmeTp 16. @uibTpaniiina citka 15 npu3HaueHa AJid 3aTPUMaHHS BEJIMKHUX 3a0py/I-
HIOBAJIbBHUX PEYOBHH 1 MpEeAMETIB (raHuip’si, mamip, MeTajeBa CTpyXKa TOIIO) 1 3a-
Oesneuye Oe3rnepeliliHy 1 TpUBANy €KCIUTyaTtallito Hacoca 14. 3a 10moMorow moka-
31B BakyymMeTpa 16 MokHa 3p0OUTH BUCHOBKH PO CTYIIHb 3a0pyAHEeHHS (iibTpa-
[IAHOT CITKHM 15 1 KOHTPOJIOBaTH BaKyyM, CTBOPIOBaHUI HacocoM 14 Ha JiHii BCMO-
KTYBaHHS.

Ha tpy6onpoBoai 17, To6To Ha JiHIi HarHITaHHS 32 HacocoM 14, s KepyBaHHS
BUTPATHUMU XapaKTepUCTUKaMU 00poOIitoBaHOr0 NOoTOKYy cyaHoBux BMH Bcrano-
BJIEHO aBTOMAaTUYHO KepoBaHUM BeHTWIb 18. Takox 3a HACOCOM BCTaHOBJIEHUN Ma-
HOMETp 19, KUl B aBTOMAaTUYHOMY PEKUMI HAJa€ JaHi MpO BEJIMYUHY TUCKY B pO-
004yoMy KOHTYpI1 cenapailiiinoi ycranoBku. Ha ocHoBHOMY poGouomMy TpyOorpoBoi
12 3a nonmoMororo ¢aHIEBOro 3’€IHAHHS BCTAHOBJICHUNA OCHOBHUN TEXHOJOTTUHUHN
€JIEMEHT CYJIHOBOI cemnapairiiiHoi ycraHoBku — kaBitatop 20. Ha Buxo/i 3 kaBiTato-
pa 20 BiZOKpeMJIEHI MPOAYKTH, IO MICTATh HadTy, MOTPAILIAIOTE y TPYOOHPOBif
21. Ha HbOMY BCTaHOBIJIEHHI OJIOK BUMIPIOBAHHS KOHILIEHTpAIlii BOJHOT KOMIIOHEHTH
B MPOJYKTax, 0 MICTATh HaPTYy 22. Tpybompoogom 21 cymim HaAXOAUTH Ha3al
1o cepBicHoro tanka 1. Ilin yac poOOTH yCcTaHOBKM JaT4YMK KOHIIEHTpalii 22 moka-
3ye CTyMiHb ounilleHHs cyaHoBuX BMH 1 koHTpotoe mporiec iX BiaaiieHHs. SKIIo
KOHIIEHTpaI[is BOJHOT KOMIIOHEHTH HE 3HHM3WJacs 10 3aJaHOro pPIiBHS, TO MPOLEC
BIJITUICHHS] TPUBAaTUME 32 OMHCAHUM 3aMKHEHUM KOHTYpoM oO0poOku. Llupxyssiiis
cynHoBux BMH noBunHa miaTpuMyBaTUCS 1OTH, TOKU NaTYUK 22 HE MOKaXKe 3aja-
HUH CTYIMIHb OYUIICHHS BOAM.

VY pe3ynbTaTi Npolecy XOJOJHOTO KUIIHHS, 1110 3yMOBJIIOEThCS KaBITAI[IEIO BCE-
peAnHI KaBiTaTopa, BUXOJUTh XOJOJIHA BOJsHA mapa. 3 kaBitaTopa 20 BoHa Bi10HU-
paeThCs 3a I0NOMOroro Komiipecopa 23 tpydomnpoBogom 24. Ha iHii BCMOKTYBaHHS
24 nepen koMnpecopoM 23 BCTAHOBIEHUN JAaTUMK BUMIPIOBaHHS KOHLIEHTpaIlli Ha-
dbTonpoayKTiB y BoAsiHIN mapi 25. Takox Ha JiHIT BCMOKTYBaHHSI BCTAHOBJICHUM aB-
TOMATUYHO PETyNbOBaHUM KianmaH 26. YmpaBiiHHS UBOTO KJlanaHa 3A1HCHIOETHCS
BiJl JaTyMKa KOHIEHTpauii 25 . SIKIo KOHUEHTpallis HapTONMPOAYKTIB y BOASHUX
napax fnepeBuIlye 3aJaHe 3HaYeHHs, TO TaTYMK 25 MoJa€e CUTHAI A0 aBTOMAaTUYHOTO
KJanaHy 26 — 1 BiH 3aKpUBa€TbCA. Y 1bOMY BUIMAJKY BOJSHY Mapy HEOOXIAHO MiJ-
JaBaTU JOJATKOBIN CaHITapHO-TIri€HIYHIN 00pooiui. OTpuMaHi TPOAYKTH HaTOXI-
Mii 31 301pHOTO TaHKa 1 MOXHa TaKOX BUKOPUCTOBYBATH B €EHEPIeTUYHUX MOTpedax
CyJlHa B SIKOCT1 BTOPUHHUX €HEPreTUYHUX PECYPCIB.

Jlist ynpaBiiiHHSL BCI€IO 3aXMCHO-PETYIIOBAIIBHOIO aBTOMATHUKOIO cenapariitHoi
YCTAaHOBKM Nepe10ayaeThCsl yCTAHOBKA €JIEKTPOHHOTO IIUTA.

BucHOBKH i mepcneKTHBH NMOAAJBIIMX J0CTiIKeHb. BUKOHAaHI HOCTIIKEHHS
J03BOJISIIOTH 3pOOUTH HACTYIH1 BUCHOBKH:

1) po3poOneHuii HOBHI METOJI cemapallii J103BOJISIE OYUIIYBAaTH CYAHOBI BOJM,
10 MiCTATH HA(TY 3 BUXIJIHOK KOHLEHTPALICIO BOAM Ha PiBHI MeHIIe 5 MuH™, 1m0
3a0e3nedye MDKHAPOAHI BUMOTU BIIHOCHO 3aro0iraHHs 3a0pyAHEHHIO MOPCHKOTO
CepelloBHUIIIA 3 CYJIEH;
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2) HaTONPOAYKTH (MAJTUBO 1 MOTOPHE MACTHIIO), SIKI BUAAIAIOTHCS 3 CYTHOBUX
BOJI, IO MICTSTh HaAQTY po3po0JIEHUM CIOCOOOM CyTNepKaBiTallli, MOKYTh BUKOPHUC-
TOBYBATHUCS SIK BTOPUHHE JIKEPESIO €HEPrii, IKe CIPSIMOBYEThCA Ha €HEPreTUYHI M0~
TpeOu cyaHa (K IpaBUiIo, AJi pOOOTH CYyTHOBOT KOTEJIbHOI YCTAHOBKH);

3) po3pobieHa yCTaHOBKA /IS Cemapallii CyJHOBUX BOJI, III0 MICTATh HaTYy, Xa-
pPaKTEepU3YEThCS MAJIUMHU E€HEPreTUYHUMHU BUTpaTaMu 1 3a0e3MedyeThCsl CTaHIapT-
HUMH BHUTpaTaMd Ha TEXHIYHY EKCIUIyaTallllo, TeXHIYHE OOCIYyroBYBaHHsS Ta pe-
MOHT.
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VJIK 629.487

Mapssuos JI.H.
Hamionanbauit yHiBepcutet «Oqiechbka MOpPChbKa akaaeMis»

Onrumusanus padorel MUD systems MOPCKHX CHIeIIHAJTU3MPOBAHHBIX CY/10B

Mopckue cyna, oOecreunBaroiie 3aBOJKY SKopel, OYKCUPOBKY M CHaOXeHHE
MOpPCKUX OypOBBIX IIATHOPM, XapaKTEPU3YIOTCS IMOBBIIIEHHOW HACHIIIEHHOCTHIO
CylI0BO#l sHepretuuekor yctaHoBku (COY) BcmoMoratenbHbIM O0O0OpYAOBaHHUEM,
HaJIM4YHUEM CHeHAIU3UPOBAHHBIX MEXAHU3MOB U CUCTEM, a TAaK:K€ HEOOXOAMMOCThIO
TPAHCHIOPTUPOBKU  TEXHOJOTHYECKUX OSKHAKOCTEH, KOTOpble B MOCIEACTBUU
WCTIONB3YIOTCA JUIsl  OOCCIIEUeHMsl Tpolecca JoOBIMH HEe(TENpPOAyKTOB. ITH
KUAKOCTH  (OypWJIbHBIE  CYCIEH3MM)  BBIMOJHSAIOT  (YHKIUMU  CMa3bIBaHUS,
OXJIAXKJIEHUS U MTpoMbIBaHus OypoBoro obopyanosanus (Drill equpment) u siBnsitoTCs
HEOThEMJIEMOH 4acThIO Tak Ha3biBaeMod MUD systems (puc. 1).
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Puc. 1. [IpunuunuansHas cxema MUD systems OypoBoii ycTaHOBKH
MoOpcKoi HedTenoObIBaroIIel m1aTGopmbl

[To cBOEMY CTPYKTypHOMY COCTaBY OYpHIJIbHBIE CYCTIICH3UH IMPEACTaBISIOT CO-
00l cMecH BBICOKOMOJICKYJISIPHBIX COCTUHEHHUH C OTIEIHHBIMU METaIOOpTaHnude-
CKUMHU (IIETOYHBIMHU, IIEIOYHO3EMEIbHBIMHU, MEPEXOTHBIMH), KpEMHUHOpPTaHnYe-
CKUMU U (TOPOPTaHMYECKUMHU COCAMHEHHSIMH. DTO YBEIMYHMBAET MX IUIOTHOCTH,
BSI3KOCTh, & TAKXKE CYIIECTBEHHO U3MEHSIET PEOJIOTHIECKUE XapakTepucTuku [1]. Ux
TPAHCIIOPTUPOBKA Ha OypOBBIC TUIAT(HOPMBI BBITIOTHICTCS MOPCKHMH CICIIHATU3H-
POBaHHBIMH CY/AaMH, KOTOPBIE OCYIIECTBISIOT MX MEPEBO3KY B TPY30BBIX TaHKAaX.
Bpems TpaHCTIOPTUPOBaHUS 3aBUCHT OT YJAJICHHOCTH OypoBOii MmiaaTdopMbl OT Oa-
30BOT0 MOPTAa, CKOPOCTHBIX XapaKTEPUCTHK CYy/IHA, a TaKKe OT BHEIIHUX YCIIOBHM
(moroxpl, BeTpa, BOJHEHUS MOps) U MoOXeT pocTturath 7...10 mgueit. Ilpm sTom, B
CBSI3U C JICWCTBHEM T'PABUTAIMOHHBIX CHJI, OOJiee TSHKEIbIe KOMIIOHEHTHI, BXOISIINE
B COCTaB OypHIIBHBIX CYCTICH3UH, TTOCTENIEHHO OCAXKIAIOTCS B TPY30BBIX TaHKaX. JTO
NPUBOAUT HE TOJBKO K YXYAIICHUIO WX (YHKIIMOHAIBHBIX XapaKTEPUCTHK 3a CUET
paccioeHus, HO ¥ COCOOCTBYET 00pa30BaHUIO IJIOTHBIX KPEMHHI OPTraHUYECKUX U
rpaUTOBBIX COCIMHEHW HA JIHE TPYy30BOTO TaHKA. Pe3ynbTaTOM 3TOTO MOXET
CTaTh MOJHOE OTCYTCTBUE TEKYUYECTH OypHIBHON CYCIIEH3UH U HE BO3MOXXHOCTH €€
TPAaHCHOPTUPOBKH M3 IPYy30BOI0 TaHKA CIEIUAIM3UPOBAHHOTO CyIHA HAa OYpOBYIO
mwatgopmy [2].

[TnotHOCT, OypunpHBIX cycneH3uit B 1,3...1,5 pasza mpeBbIIaeT TUIOTHOCTH
He(TenpoayKTOB (TOIUIMBA U Macia), HaXOASIIMXCs Ha cyqHe. DT1o (ans obecneye-
HUSl OCTOMYMBOCTH) BBIHYXKIAET pacriojiaraTh Tpy30BbIe TaHKH, B KOTOPBIX HaXo-
auTcs OypuiIbHBIE CYCIIEH3UHU, HU)KE BaTepIMHUN. K KOHCTPYKTHBHBIM HEIOCTaTKam
MUD systems Takke OTHOCHUTCS TMOBBIIICHHAs JUIMHA TPyOOIPOBOIIOB,
o0ecCreunBaIINX TMepeKauynBaHue OYPHIIBHBIX CYyCIeH3Wi ¢ Oopra cyaHa Ha
OKEaHCKYI0 MM MOpcKyto mnatdopmy (puc. 2). Kak nmepBoe, Tak 1 BTOpOE MOBBIIIA-
€T TUAPOIUHAMUYECCKHIE MMOTEPU U TIOBBIIIAET BEPOATHOCTh HAPYIICHUS CIUIOMIHOCTH
MOTOKA TPHU JBWKCHUHM CYCTICH3MH MO0 MAarucTpaliiM CUCTEMBl W BO3HUKHOBCHHSI
CPBIBOB BCAChIBAaHUS HACOCOB.
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Puc. 2. [IpyHuunuanbHas cxema CUCTEMbI TPAaHCIOPTUPOBKU OYypOBOM CyCIIEH3UU Ha
CIICUAIIM3UPOBAHHOM MOPCKOM CYOHE

Pemenue npoGiemMbl MOBBILIEHUS OJHOPOAHOCTH OYpUIIBHON CYCIIEH3UH,
TPAHCIIOPTUPYEMOW B IPY30BbIX TaHKaxX CHELUATIU3UPOBAHHBIX CYHIOB, Mpejara-
Jach Pa3’IMYHbIMU CIOcOOaMHU, K HauboJee paclHpOCTPaHEHHBIM U3 KOTOPBIX OTHO-
csTcsl pa30aBlieHHE/TIPOMBIBaHUE CYCTIEH3UM MOPCKOW BOJIOM, MapoBoOil 000rpeB ma-
rucTpaiei, 1o6aBieHue cuelualbHbIX MPUCATIOK.

OgHuM H3 BapUAHTOB, OOECMEUYMBAIOIIMX COXPAHEHHE HKCILTyaTallMOHHBIX
CBOMCTB OYpWJIbHBIX CYCIEH3MH, a TaKKe MOJJEp:KaHUsd HEOOXOAMMOro TeXHUYe-
CKOTO M (YHKIMOHAIBHOTO cocTosHUs cynoBoii MUD systems, sBisieTcst ee
YIPOIIEHUE MTyTEM MHUHUMM3AIMH MPOTIKEHHOCTH MarucTpaieil u TpyoomnpoBOJIOB,
BBIOOP ONTUMAJIBHON KOHCTPYKIIMU U PEKUMOB paOOThI IPY30BBIX HACOCOB, a TAKXKE
HEMOCPEJICTBEHHOE BO3JAEHCTBHE HA JUCIIEPCHBIE KOMIIOHEHTHI CyclieH3uu [3, 4].

Peanuzanust ~ mogoOHOM ~ TEXHOJOTMM  BO3MOXKHAa € IPUMEHEHUEM
JOTIOTHUTENIBHOM CUCTEMBI YIIpaBJiIeHUs, KOTOpas JOJIKHA 00eCleuynBaTh:

® [IOCTOSIHHBI MOHUTOPHUHT IJIOTHOCTH OYyPWJIBHOM CYCIIEH3UHU KaK B TPY30BBIX
TaHKax, Tak U Ha OTAEJIbHBIX yyacTkax MUD systems;

® BO3MOXKHOCTh JIOTIOJHUTEIbHON MPUHYIUTEILHON HUPKYJISAIUU OypUIBHOU
CYCIICH3UH B TPY30BbIX TAHKAX;

® IUCTAHIIMOHHAE OTKPBITHE/3aKPBHITHE KJIAMAHOB MEpPENnycKa U HUPKYIISIHIY;

® KOHTPOJIb JIABJICHUS BCACBIBAHUS IPY30BbIX HACOCOB;

® KOHTPOJIb U CUTHAJIM3ALHUI0 YPOBHS CYCIIEH3UHU B IPY30BOM TaHKE.

Pemenue nanHbix 3amad OyAeT cmocoOCTBOBATH IMOBBIMICHUIO HaJEKHOCTH
pabotet MUD systems, noaiep>kaHui0 CTPKYTPHOIO COCTOSHHUS OypHUIJIbHOM
CYCIIEH3UH, CHIKCHHIO MaTepHabHBIX 3aTpaT Ha OOCIYXUBaHUE CHUCTEMBI,
YMEHBIIEHUIO TSDKEIBIX OCTaTKOB B TPY30BBIX TaHKax, IMepeaada KOTOPBIX
HEBO3MOXXHa ¢ OopTa cyaHa Ha OypoByio HedTemoObiBaromywo miatdopmy. Bee
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BBIIIIEHA3BAHHOE Oyner CII0COOCTBOBATH MOBBIIIIEHUTO 3 PeKTUBHOCTH
AKCIUTyaTallul MOPCKOTO CyAHA, KaK CPEACTBA TPAHCIIOPTHON CUCTEMBI.
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Research of starting modes of the rt-flex engine

Starting modes are one of the most critical in the operation of marine diesel en-
gines. Under the unsteady conditions of the flow of working processes, it is difficult
to ensure their quality indicators. Of particular importance is the reliability in ma-
neuvering. The foregoing relates, first of all, to fuel injection, which determines to a
large extent the combustion process and all the operational characteristics of a diesel
engine.

Typical start-ups are the first fuel supply cycles [1], presented in Fig. 1 by the
oscillograms of the nozzle needle movement. An oscillatory process is observed, ac-
companied by a partial rise of the needle. This increases the duration of injection,
and an incomplete rise leads to a throttling of the fuel flow in the section under the
needle. The atomization pressure decreases, the conditions of mixture formation de-
teriorate, which, along with the low parameters of the air charge, adversely affects
the characteristics of the working process up to skipping the ignition.
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Fig. 1. Fuel supply when starting a diesel engine

If starting modes for diesel engines with traditional fuel supply systems have
been studied to a large extent, the features of the working processes of electronically
controlled diesel engines with accumulator’s fuel injection systems have not been
studied. Therefore, the research of the starting conditions of RT-flex engines, related
to the indicated type of diesel engine, is an urgent task and is of interest both for en-
gine building and the operation of this class of diesel engine.

The start-up features of RT-flex engines are connected, as mentioned above,
with the use of an accumulator’s (Common Rail —CR) fuel injection systems and
computer control of this system and the entire engine.

An experimental study of working processes was performed on a Wartsila 6 RT
Flex 50 B marine diesel engine with a rated power of 9960 kW. During testing, the
engine was powered by IFO 380 fuel. Recording of working processes was carried
out by the standard Wartsila system - Flex View.

The diagram of the fuel injection system of RT-flex engines is shown in Fig. 2.
A high-pressure fuel pump (HPFP) driven by an engine supplies fuel to the accumu-
lator (Common Rail) with a pressure of up to 1000 bar.

Control oil WECS- 9520
200bar ECU
Cylinders Injection -
& 5 4 3 2 control 3 \

t ¢t ¢t + ¢

Sulzer Common Rail ~1000 bar

-

Fuel supply

Fig. 2. RT-flex engine fuel injection system

The pressure in the accumulator is set by the WECS-9520 control program and
is controlled by a change of HPFP performance set by the actuator. Injection control
is carried out by a control unit, the actuating elements of which are valves with a hy-
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draulic drive with oil pressure of 200 bar. Fuel is supplied to the nozzles by the me-
tering piston of the control unit.

Starting the engine after cranking with a shaft-turning device (STD) begins,
in accordance with the PTE, by blowing the cylinders with compressed air simul-
taneously with its turning. The control is carried out by activating the “Air Run”
button on the panel of the WECS engine management system. Such a panel is
shown in Fig. 3 (there are two panels on the engine).

At start-up the system first performs a self-test of all control parameters,
namely, the pressures and temperatures in the engine oil system, whether it is
disengaged from the STD gearing, whether auxiliary air blowers are started, as
well as starting air pressure.

By pressing the “Air Run” button, a control signal is supplied to the WECS
unit and the control air is distributed (with a pressure of 5.5-7.5 bar) to all air dis-
tributors and to the main start valve (MSV) with a pressure range of 10.0-30.0
bar. Air is supplied through control solenoids, the number of which corresponds
to the number of cylinders. Two solenoids were installed on MSV. The control
of the solenoids on the MSV is carried out by the program, and the operator has
the opportunity to choose one of them to work, which increases the reliability of
the starting system.

In fig. 4 provides an RT-flex engine starting system. The diagram shows the
following main elements, involved in starting the engine in the air:

] SreedCmd=100.5 RPM| Eng.Speed-100.5RFM
Fuel Cmd- 2.3 % | Fuel Rail=1000 Bar

Turning Gear Emgaged| Servo Oil= 19% Bar
Start Interlock I Comtr.Qil= 195 [Bar

AUX SPEED REMOTE
BLOWER: CON | ROL AUTOM.
PRESEL, MODE CONTROL

ECR

MANUAL ;
CONTROL OVERRIDE

WECS-9520 MANUAL CONTROL

Fig. 3. WECS engine control panel

* MSV -2.03;

* control solenoids of control air -ZV7014C and ZV7013C;
* cylinder start valve - 2.07;

* control solenoid of the starting valve - ZV7241-54C,;

* STD with start blocking - 2.13 31HA.
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At the moment of receipt of the low-pressure control air, the MSV is opened, af-
ter which control signals are sent from WECS to individual starting valves of the
cylinders, the position of the pistons of which corresponds to 0-110 ° CSR
(degrees of crankshaft rotation) .

After purging the cylinders, the engine is stopped; indicator valves are closed
and on fuel is started. These two stages are represented by separate oscillograms.
The first - purge - is shown in Fig. 5. The following parameters are recorded:

1 - position of HPFP actuator - m,, %;

2 - oil pressure in the control system, bar- p., ;

3 - fuel pressure in the CR accumulator, 10 bar- py, ;

4 - engine speed, rpm- ne.
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Fig. 4. Starting system of the Wartsila RT Flex engine

=

The current time (hour: minutes: seconds) and parameter values are fixed on a
generalized ordinate scale in accordance with the indicated units. At the same time,
Pra1s given at 10bar.

Carrying out the analysis from the beginning of the deviation of the recorded pa-
rameters from the initial values, we note the simultaneous shift of the curves of the
actuator 1, the oil pressure in the hydraulic control system 2 and the engine speed 4
at 20:11:29. Moreover, for m,, the initial level was 100%, p., = 5 bar, as the engine
was stopped and, of course, n, = 0.
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Fig. 5. Cranking the engine in air

Of these three parameters, the last two are related, since the oil pumps are driven
by an engine. The actuator displacement at this stage is not specified by the control
system algorithm and is reduced to a transition to the level of 60% within 6 s.

The further movement of the actuator consists in increasing m, to 73% by the
time 20:11:41, then during 1s decreasing to 38% and gradually increasing to 52% by
the end of the first start-up phase. Actuator movement occurs mainly after engine
shutdown.

When the engine rotates, the oil pressure in the control system reaches 67 bar in
4 s, after 35 s, it drops to 17 bar and at the end of the stage is the initial value of 5
bar.

The engine speed at the first stage of starting is increased to n. = 27 rpm for 3 s,
and after 15 s the engine stops.

Critical for ensuring subsequent start-up on fuel is the pressure in the accumula-
tor prq. The beginning of its growth was recorded with a small delay of 2s from the
start of engine rotation, and the maximum value of 460 bar occurs at the time the
engine was stopped. By the end of the stage, the level of py, is reduced to 320 bar.

The final values of the described parameters are initial for the second stage of
start-up - with the transition to work on fuel. The oscillogram of this process is
shown in Fig. 6.
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Fig. 6. Start-up on fuel
The start of engine rotation when starting on fuel corresponds to a time of
20:12:37, that is, after 1 min 8 s from the previous straggling. Acceleration to a max-
imum frequency of 87 rpm took 6 s, and subsequently n. was maintained at 81 rpm.
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Actuator 1 in the first 3 s from the beginning of engine rotation has moved in
the direction of reduction: from 60 to 21%, remaining in this level at a later stage.

The oil pressure 2 from the initial 5 bar increases to 110 bar, following the curve
of the engine speed 4. Then p. , decreases slightly, reaching the value of 93 bar by
the end of the stage.

The fuel pressure in accumulator 3 increases in proportion to 7, and by the time
of maximum 7, has increased from 300 to 640 bar. Then py, remains within 700-670
bar.

The development of processes in individual engine systems during start-up is de-
termined by the tasks in the WECS control program. For the fuel pressure in CR,
this is the dependence of py, on the engine load shown in Fig. 7. In the start-up
mode, its value, following the schedule, is 700 bar. In fact, the change in ps,, as
shown above, occurs as follows.

When cranking the engine at the first stage for purging the cylinders, the maxi-
mum value reaches 460 bar, and before starting on fuel it decreases to 300 bar. Dur-
ing acceleration on fuel, the pressure changes in the range of 300-640 bar, and only
after 18 seconds of operation at a steady speed, it gradually increases to 700 bar.
Subsequently, pr. 1s maintained in the range of 700-670 bar.

Thus, in real conditions, the engine starting mode does not correspond to the
program task for the fuel supply characteristics. The value of ps, is determined by
four factors: the cyclic injection of the injection pump, the engine speed, the amount
of fuel injected into the cylinder and leaks in the fuel delivery system. Of these, the
first parameter corresponding to the task of the high pressure fuel pump actuator is
most easily changed. Obviously, it should be maintained at the highest possible lev-
el, providing a software setting of the characteristics of fuel injection.

In reality, when cranking the engine at the first stage of starting, the values of m,
are 100-60-73%, and at the second - with starting on fuel during acceleration, and
even less - 60-21%. You can also mention, that when the engine rotates with a shaft-
turning device before starting, the pressure py, reaches 70-90 bars. This parameter is
for the most part diagnostic, characterizing the impenetrableness of the fuel system.

p, bar _

=
=

700 bai

e — e - A e — e

C 20 40 60 81 100 120 N, %

Fig. 7. Task for the high pressure fuel pump actuator, depending
on the engine load: up to the start of 700 bar
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In addition to the fuel pressure during start-up, the engine speed is set in the first
and second stages. These parameters actually coincide with the set ones (27 and 87
rpm, respectively), which was noted above.

The effect of oil pressure in the control system on the start-up process requires
additional research. In real conditions, its value is much lower than a passport equal
to 200 bar. At the first stage, the working range p., 5-67 bar does not affect the start-
up process. For the second stage, p., = 5-110 bar and the first revolutions during ac-
celeration, the engine runs at an oil pressure close to the minimum. This discrepancy
may affect the speed and reliability of the injection control unit (ICU) valves.

Conclusions

1. A methodology has been developed for using the data of current control of the
RT-flex engine workflow registration system for studying them under various oper-
ating conditions.

2. Suggested characteristics for describing the progress and parameters of work
processes.

3. A description and analysis of the operation of units and systems during the
engine start-up has been completed.

4. The operational parameters of fuel supply at start-up are determined. The dis-
crepancy between the established and actual characteristics of fuel injection is
shown.

5. The possibility of improving fuel supply due to adjustment of the injection
pump control has been established.

6. The existing process for changing the pressure of the control oil does not
meet the requirements for ensuring the speed and reliability of the fuel injection con-
trol unit.

7. The engine speed during purging and starting on fuel is provided at the level
specified in the control program.
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Influence of operating conditions on characteristics of fuel feeding by the
common rail system rt-flex engines

The current stage of development of marine diesel engineering is characterized
by a widespread transition to computer control of the main work processes. At the
same time, the hydromechanical elements of the corresponding diesel systems also
became different. This change fully applies to fuel supply processes and fuel injec-
tion systems. Typical in this regard are RT-flex engines equipped with common rail
(CR) fuel injection systems.

Until now, there was not enough information about the influence of operational
factors on the fuel supply characteristics of the specified system. The materials pre-
sented in the report contain the results of simulation modeling of fuel injection pro-
cesses by the CR system under changing operating conditions. These are, first of all,
fuel characteristics and adjusting settings. The latter include fuel pressure in the sys-
tem rail. Information on their impact on fuel delivery parameters will contribute to
the efficient use of fuel equipment and, in general, these engines.

One of the most significant parameters, characterizing the operational character-
istics of the fuel, is its heating temperature. To determine the influence of this factor
on the injection process, a computational study was conducted using the model of
the CR system. The processes in various elements of the system are considered
when using heavy fuel with characteristics corresponding to RMG 380 grade accord-
ing to ISO 8217 standard.

Functional diagram of the fuel supply system is shown in Fig. 1, the diagram of
the calculation model - in Fig. 2.

The main elements of the accumulator injection system (Fig. 1) are, along with
the nozzles (fuel nozzles), the injection control unit 1- Injection Control Unit - ICU,
the fuel accumulator (fuel Rail) and the valves of the control system.

The working cavity of the ICU is communicated during the injection period with
the nozzles, and in the preparation phase of the next supply, with the fuel accumula-
tor. The buffer cavity 3 has no connection with the nozzles and is constantly con-
nected to the accumulator. The control functions for the indicated actions of the ICU
are carried out by valves (two for each nozzle). One of them (Rail valve) with sole-
noidal two-way drive is intermediate.

Link in the control system, working with service oil (Control oil). To supply fuel, it
passes oil to the injection control valve (Injection control valve), and then provides
oil drainage through the drain line.
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Fig. 1. Accumulator fuel injection system AFIS (CR —Common Rail): 1 - injection
control unit - Injection Control Unit - ICU; 2- Working cavity WC of ICU ;, 3-buffer
cavity BC of ICU; 4-metering piston (QP - Quantity Piston); 5 - fuel accumulator FA

(Fuel Rail)

The second valve connects the working cavity of the ICU alternately with the
nozzles (during fuel injection) and with the accumilator. The working stroke of the
metering piston (QP - Quantity Piston) 4 is ensured by the pressure drop when the
WC is connected to the nozzles. Its reverse movement is determined by the
difference in the areas of the QP - it is larger on the WC side. In Fig. 1, the system is
shown in the final phase of filling the WC ICU with fuel from the accumilator.

The injection processes are controlled by the WECS-9520 computer system
(Wartsila Engine Control System).

In the design model of the CR system (Fig. 2), compiled in the environment of
the GT-Power package, two digital indication systems are used. The names of the
main blocks 1-5 are indicated on the circuit field. Another part of the specification
(in circles) refers to the output points of these processes in individual elements of the
system:

1- fuel pressure at the inlet to the valve 3 port A;

2- pressure in the accumulator 1;

3- pressure in the working cavity ICU 2;

4,5- pressure in the nozzle channel (4.1,4.2);

6.7 - pressure at the inlet to the nozzle;

8.9 - raising the nozzle needle;

11 - movement of the piston ICU;

12 - pressure at the valve outlet - port T,

13 - the speed of movement of the metering piston ICU.
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An example of the oscillograms of the operation of individual elements of the
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system is presented in Fig. 3. The numbers of the graphs correspond to the above

list.
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The main properties of the fuel at various temperatures and the parameters of the
injection process in the elements of the system are presented in table. 1, and the cor-
responding dependencies are given in the graphs of Fig. 4.

Symbols adopted in the table and text:

t, o0 C —fuel temperature:

gs, kg - cycle feed;

zp, mm position of the metering piston:

h,, mm - piston stroke;

v, m/ s - piston speed in the forward stroke;

v, m/ s - piston speed during the reverse stroke;

Vmax, M/ $ - maximum piston speed;

p'n, bar - pressure in the sub needle-shaped cavity;

1, kg / m-s - dynamic viscosity of the fuel;

v, mm? / s - kinematic viscosity of the fuel.

Table 1

Fuel characteristics and injection parameters depending on the heating tempera-
ture

Zﬁo c | 4. kg Zp, mMm hy,, mm | v, m|/s Vi, M/S Vinax, M/S | p'n, bar W, v,
kg/m-s mm?/s

1 2 3 4 5 6 7 8 9 10

50 0.0128 293 7.39 -0.135 0.222 -0.486 610 0.372 380
70 0.0192 290.8 9.54 -0.211 0.272 -0.59 604.8 0.117 120
90 0.0217 289.9 10.49 -0.236 0.289 -0.64 604.2 0.045 46
110 0.0219 289.6 10.79 -0.244 0.292 -0.65 603.8 0.024 25
130 0.022 289.4 10.99 -0.249 0.298 -0.647 602.4 0.013 14
150 0.022 289.3 11.09 -0.254 0.3 -0.65 600 0.0088 9

The temperature range was 50-150 © C, which covers the values of dynamic vis-
cosity p = 0.372-0.0088 kg / m- s or kinematic v = 380-9 mm? / s. The nature of the
change in viscosity is represented by the curve p = f (¢) and illustrates the well-
known strong temperature dependence of viscosity.

Other processes that ultimately determine the result of the system — the param-
eters of the fuel at the outlet of the nozzle atomizer — depend on the interaction of
individual elements of the fuel supply system.

The g. cycle supply increases with temperature from 50 ° C to #= 90-110 ° C
from 0.013 to 0.022 kg - 1.69 times. A further increase in temperature does not
change the g. value.

Obviously, the determining factor in this dependence is the movement of the
metering piston of the QP of the injection control unit of the ICU. This indicator (in
the graph /4, - the course of the QP) changes in a close way, increasing in the same
range from 7.4 to 10.5-10.8 mm. The resulting ratio is 1.44 and subsequently chang-
es slightly.
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Additional information about the
movement of the QP is the speed of its
movement. In the direct (working, injection)
stroke, it increases with increasing tempera-
ture in the above range from vy = 0.135 to
0.244 m/s. Further temperature increases
have little effect on the velocity of QP
movement. The minus sign in this case is a
conditional characteristic of the direction of
movement.

The return of the QP to its initial posi-
tion occurs at a higher speed: it is 0.222-
0.292 m/s for the same temperatures. The
maximum speed of the QP movement co-
vers the range vy, 0.486-0.65 m/s and refers
to the forward stroke.

As for the fuel pressure in the nozzle
p'n, then the influence of temperature is
small. It decreases from 610 to 600 bar -
less than 2%. (in the ratio of 1.016). This
pattern indicates the decisive influence of
the hydraulic resistance of the elements of
the high pressure path on the pressure in the
nozzle.

These data are well coordinated with
the recommendations of the operating in-
structions for this class of diesel engines in
terms of maintaining the operating viscosity
in the range of 15-20 c¢St. This value in the
considered data corresponds to a heating
temperature of 110-130 ° C, above which
the fuel supply parameters vary slightly.

An illustration to the foregoing is more
detailed information about the operation of
the main unit fuel supply systems - injection
control unit

and its metering element - the piston.

Fig. 4. Dependence of fuel
injection parameters of fuel
temperature

In fig. Figure 5 shows the dependence of

the piston stroke on the angle of rotation for two extreme values of the heating tem-
perature: 50 and 150 °C,
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and in fig. 6 shows a graph of the respective speeds. The range of motion from
straggling to returning to the initial state is the same in both cases: 119.5 - 151.4 °
RCS. Only when approaching the initial position with a higher temperature is a cer-
tain lag observed.

Piston Position
304 1 Cyl-2Act-1End part Cyl2act 1-1

300.0 \ -
|
f

()
©
o
o

—_—

Position [mm]
_\_\_ﬁ\_\_\_‘_‘—‘—\—\_

290.0 \\]

285.0
60.0 100.0 150.0 200.0 240.0

Main Driver Angle [deg]

Fig. 5 . Moving the plunger at different fuel temperatures: ---- - 50;
—-150°C

As for the full stroke of the piston, the difference is significant. With increasing
temperature, £, increases by 1.5 times.

Dependencies for piston speeds give more detailed information about its move-
ment. The total can be given by averaged values. Smaller speed correspond to lower
stroke. For direct movement and ¢ = 50 ° C, this is v/= -0.135 m/s, and at the maxi-
mum temperature vy = -0.254 m / s, or almost twice (more precisely, 1.88 times)
more. A similar ratio was obtained for the reverse stroke: v, = 0.222 m/s and 0.3 m/s,
respectively.

Additional information is provided by peak velocity data. As follows from the
graphs of Fig. 6, these values fall on the forward stroke, but in the previous ratio Vi
= -0.486 and -0.65 m /s. In addition, the oscillatory nature of the movement of the
piston is also significant, especially
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Velocity [m/s]

noticeable when the piston stops at the time of returning to its original position. The
maximum swing in a damped oscillatory process is 0.296 m/s.

I vy

0.3909 C¥i-2Act-1End part Cyl2act 1-1

""" Fueltempl = 50

—Fuel-templ = 150
0.3000 J\N—‘
|

-0.3000 l@ J\/\M
:
f
|

-0.6000 v

-0.7500
98.8 120.0 140.0 160.0 180.0 2023

Main Driver Angle [deg]

Fig. 6. The speed of movement of the metering piston at different temper-
atures of the fuel: ---- - 50; — - 150 °C

Table 2. Injection parameters depending on fuel pressure

p.bar | q. kg Zp.mm hp , mm Vr, m/s V. m/s Ve, /s p s, bar
1 2 3 4 5 6 7 8

500 0.0156 292.22 8.02 -0.189 0.237 -0.446 385
600 0.0181 291.15 9.14 -0.209 0.26 -0.526 458
700 0.0201 290.24 10.1 -0.229 0.279 -0.582 531
800 0.022 289.41 10.98 -0.252 0.298 -0.648 605
900 0.0239 288.66 11.78 -0.268 0.315 -0.67 678
1000 | 0.0256 287.97 12.52 -0.28 0.331 -0.72 752
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One of the main parameters of the fuel supply process, the change of which is

T s

hn, MM

0.01 1 ; 1 | T | T ; T ]
500 600 700 800 900 P.bap

Fig. 7 Parameter of fuel supply depend-
ence from fuel pressure
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available in normal operation, is the
fuel pressure in the accumulator p, .
Its effect on the injection parame-
ters is presented by the data in table.
2 and the graph of Fig. 7.

The range of investigated val-
ues of p, 1s 500 - 1000 bar. It is nat-
ural to assume the relationship of p,
with the fuel pressure in the nozzle.
Indeed, p', increases from 385 to
752 bar. As you can see, the hy-
draulic resistance of the system
mentioned above is quite large and
amounts to 115-248 bar. The in-
crease in resistance corresponds to
an increase in the speed of move-
ment of the fuel, caused, in turn, by
a change in the parameters of the
QP motion: an increase in vy from
0.189 to 0.28 m/s. At the same time,
the backward velocity of the QP v,
also increases - from 0.237 to 0.331
m/s. We also note that the differen-
tial pressure on the QP creates a
force that determines the course of
piston.

With an increase in the pres-
sure p, , the QP moves a greater
distance, supplying more fuel. The
following numerical values were
obtained: 4, = 8.02 and 12.52 mm,
and g. = 0.0156 -0.0256 kg. Close
ratios of the indicated values can be
noted: 1.56 and 1.64.
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Development of operational control systems for marine diesel engines working
processes based on combined measuring transducers

The central question when creating measurement systems is the development of
measuring converters. For fuel injection process control fuel pressure check convert-
ers are used. Existing systems use autonomous sensors of various types that require
additional structural elements that influence the process of fuel injection in the sys-
tem of fuel supply inclusion. Promising is the creation of systems with combined
converters, based on the basic constructive elements. Creating this kind of measure-
ment systems is the subject of development and research, the results of which are
presented in this report.

One of the promising directions of development of systems of control of work-
ing processes of diesel engines is the use of combined transducers on the basis of the
structural elements of the engine. This solution does not require the use of separate
sensors and provides continuous monitoring of the considered parameters.

The automated analysis of characteristics of processes with integration into the
overall alarm monitoring system (AMS) of the engine, and the prospect of creating
an adaptive system of control, ensuring optimum engines control is possible.

The Ship Power Plant Department of the National University “Odessa Maritime
Academy” developed the measuring system to control workflows based on the com-
bined transducers. As the basic variant made tracking the fuel injection. The most
informative for this process is the pressure in the fuel high-pressure pump (HPFP).

Research conducted in relation to marine medium speed engine CHN25/34. Fuel
injection equipment has the following basic parameters:

high pressure fuels pump spool type with regulation on the end of fuel injection;

plunger diameter and stroke 16 mm,;

uncooled injection valve, number of nozzles 9 of @ 0,35 mm.

From the injection pump elements as the base element for the combined trans-
mitter adopted with a fixing stud for connecting the flange of the pump with the
plate of the camshaft casing was chosen. The stud takes the force caused by fuel
pressure.

The measuring converter is assembled using wire strain sensors elements. The
drawing of the stud, machined for mounting of the strain sensors, and a general view
of the measuring converter assembly shown in Fig.1, 2. The converter is called a
"stud sensor" - «S-S».
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\
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.
40
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40\

Fig. 2. "Stud sensor" - «S-S» assembly: 1-active sensors, 2 - Compensation sensors, 3 - electrical
connector
The basic metrological characteristics of
measuring system with the combined gauge of
pressure are certain by tests at the engineless
stand. Comparison of oscillograms of pressure
in HPFP, are recorded with basic and combined
sensors. The placement of the "«S-S»" stud
sensor on the HPFP when tested on engineless
stand is shown in the photograph Fig. 3.

Fig. 3. Fuel pressure stud sensor («S-S») on a engine-
less injection pump stand: 1 — stud sensor - «S-Sy», 2
— HPFP
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The recording of the pressure oscillogram is performed (Fig. 4, 5) simultaneous-
ly by two sensors: a conventional strain gauge mounted on the fuel injection pump
union nipple p, and a «S-S» stud sensor - py.

Fig. 4. Oscillogram of the fuel supply when n,= 46 rpm, m =27

Fig. 5. Oscillogram of the fuel supply when n,=248 rpm, m = 32

Modes in which the trials were carried out correspond to the full operating fre-
quency range of fuel equipment of the engine.

Visual assessment of the fuel pump pressure p, and deformations py,, recorded by
«S-S» stud sensor curves indicates acceptable for the practice informativeness of the
latter. A similar conclusion is obtained for the result of the frequency analysis of the
oscillograms.

Conducted testing and analysis of obtained data allowed to draw the following
basic conclusions.

As the base parts to create a combined high-pressure fuel injection pump sensor
can be used a pump drive stud.

The parameters of the elements of the developed measuring system are coordi-
nated with a significant margin for deflections, including their limit values.
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Data of fuel injection control parameters received for the base and experimental
sensors are equivalent for all operating conditions, except the minimum frequency of
rotation with fractional injection.

The further works on the implementation of control systems of working process-
es with combined transducers was the development of an experimental shipboard
version of such a system.

Sensors structurally corresponded to data of engines on which tests of System
Control Diesels (SCD) were provided. These are middle speed 6D30/50 two-stroke
engines with the following characteristics: diameter of a cylinder is 300 mm, a pis-
ton stroke of 500 mm; rated frequency of rotation 300 RPM; rated power is 441 kW.

The electronic module with the basic function of tensometric amplifier is creat-
ed. A recording apparatus is manned. The software for monitoring of SCD is worked
out. Measuring sensors are designed and made for two parameters: fuel pressure in
HPFP and gases pressure in a cylinder.

Gauges structurally corresponded to data of engines, on whom tests DCS were
provided.

Work is executed on two vessels- sea tows mv "Mars" and "Typhoon" where the
specified diesel engines are used as the main ones. On the first check of assemblabil-
ity of sensors and initial start of DCS is carried out.

On mv "Typhoon" full-scale start of system is carried out.. Components of tested
experimental variant DCS are presented in the photo of fig. 6.

Fig. 6. Structure of a control
system of diesels on the basis
of the combined pressure
transformers: 1- pressure sen-
sor of gases (nut) N-S; 2 -fuel
pressure sensor in HPFP the
main S-So (long stud); 3 - fuel
pressure sensor in HPFP short
stud S-Sk; 4 — oscillograph; 5
—amplifier for sensors

The system consisted of two variants of the fuel pressure sensor in the fuel injec-
tion pump 2, 3 - a combination of measuring sensors based on the fuel pump mount-
ing studs. One of them, the main «S-So» of greater length, was created on the basis
of a stud for fastening the pump head; the other shortened one «S-Sk» combines the
functions of mounting the injection pump flange.

For record of pressure of gases the gauge 1 on the basis of nut «N-S» of fas-
tening of a cylinder cover is executed.
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The system includes also an oscillograph 4 for registration of controllable pro-
cesses and the tensometric amplifier 5. For parameters recording the personal com-
puter is used also.

Accommodation of sensors on the engine 6J130/50 m/v « Typhoony is shown on
Fig.7, 8.

Fig. 7. Fuel pressure sensor on HPFP:1 - the basic «S-So» long stud sensor , 2 - «S-Sk» short stud
sensor

Fig. 8. The gauge of pressure

of gases on a cylinder cover:

1 - the nut pressure sensor of
gases "N-S"

The gas pressure in the cylinder and the fuel in the injection pump were recorded
sequentially through a single channel in two modes:
= idling (with zero pitch angle of CPP turn) at frequency of rotation 200 RPM;
= at 300 RPM with zero pitch angle and shaft generator load of 8 kW.
During the tests, the following parameters were recorded:
= gas pressure in cylinder by « N-S » sensor;
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= fuel pressure in high pressure pump main sensor;

= fuel pressure in high pressure pump with a «S-Sk» short sensor.

Oscillograms of pressure in fuel injection pump and gas pressure photographing
from the screen of an analog oscilloscope. Recording was carried out continuously
for several revolutions. The oscillograms below are a sample of many oscillograms.
Along on the photos are their copies.

An example of recording the pressure of gases made with a PC is shown in
Fig.9. The diagram clearly shows the characteristic points: the pressure at the time of
the beginning of the visible combustion, the maximum pressure of combustion. You
can appreciate the dynamic workflow.

Fig. 9. Gases pressure record on the personal computer

The remaining oscillograms (Fig. 10-15) were obtained by filming from the
screen of oscilloscope. Of these, the first four reflect the fuel pressure in the HPFP.
The recording was made with two sensors: "S-S": main "S-So" Fig. 10, 11 and
shorter length "S-Sk" Fig. 12, 13.

Record "S-So" is preferable, both in terms of signal level and in the absence of

significant interference. Obviously, a large load on this sensor determines its greater
sensitivity.

TN

Fig. 11. Fuel pressure at 8 kW, 300 rpm - " S-S0 " long stud sensor
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Fig.13. Fuel pressure at 8 kW, 300 rpm - "S-Sx" short stud sensor

When recording the injection process in a high-pressure pump and working pro-
cess, it is possible to transform oscillograms for a more detailed analysis of individ-
ual sections or to obtain the required form when documenting it. This is achieved by
varying the scanning frequency and scale when displaying an oscilloscope. Addi-
tional features in this area arise when editing an image on a computer.

Oscillograms of the working process in the cylinder (Fig. 14, 15) are developed
indicator diagrams. The quality of registration provides obtaining the necessary in-
formation about the characteristics of the processes that form the working cycle:
compression, combustion, expansion.

Fig.14. Pressure of gases by idling at 200 rpm - "N-S" nut sensor
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Fig.15. Gas pressure with a load of 8 kW at 300 rpm - "N-S" nut sensor

Conclusions

As the base parts to create a combined high-pressure fuel injection pump sensor
can be used a pump drive stud.

The parameters of the elements of the developed measuring system are coordi-
nated with a significant margin for deflections, including their limit values.

Data of fuel injection control parameters received for the base and experimental
sensors are equivalent for all operating conditions, except the minimum frequency of
rotation with fractional injection.

The ship tests of experimental SCD variants on the basis of combined measuring
converters have confirmed at a qualitative level (without numerical parameters) the
possibility of its use for the registration of fuel supply and the working process of
ship diesel engines.
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[TomoBunka €. M. Cinoboasaiok M.B.
Hamionanbauit yHiBepcutet «Oiechbka MOpPChbKa akaaeMis»
InctutyT BilicbkoBo-Mopcerkux Cun HanionansHoro yHiBepcutery “OMA”

CraTtucTHYHI MOJeJIi XapaKTePpUCTUKH NAJTUBOINOAAYi CyTHOBOI0
cepeIHbOOEPTOBOIO AM3eJI

Hocmikennst mokazywoTs [1, 2, 3, 4], 1m0 cynoBi au3eiabHI YCTAaHOBKH Mijja-
IOThCSl BIUTMBY KOJIMBAJILHOTO HAaBaHTAXXEHHsI MPUPOJHOTO M TEXHOJIOTIYHOTO I0-
XOJ[PKeHHsI. BUBUEHHSI BIUTMBY KOJIMBaHb Ha OKPEMIi BY3JIM U CUCTEMU IU3ENs, Y TO-
My YHCJIl HA TIAJUBHY CUCTEMY IPEACTABISETbCS aKTyalbHUM Ipu GHOpMyBaHHI U
OIIIHIII MOJIeN1 TIpoliecy manuBomnojadi [5, 6, 7, 8, 9, 10].

MopentoBaHHS TIPOLIECIB y MAJMBHINA CUCTEMI BUCOKOTO THCKY J03BOJIsI€ BU3HA-
YUTH B3a€MO3B'SA30K MapaMeTpiB MAIMBOINOAAY] 3 PEKUMHUMH W perysroBaIbHUMU
dakropamu. lle no3Bonauths y monansiioMmy ¢GopMyBaTH peKkoMeHAallli B 00JacTi
MOJTIMIICHHS MPOIECy MaJuBOIOAaYl, BUTPAT MaJMBa W ONTUMAJIbHICTh €KCILTyaTa-
IHHUX PEKUMIB Y IIIIOMY.
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Cy4acHi 1u3enbH1 yCTaHOBKU 00J1aJHaH1 PI3HUMH NAJTMBHUMU CUCTEMaMH BUCO-
KOT'O TUCKY, 5Kl MOTPeOYIOTh OOIPYHTOBAHUX HAJAITOBAHUX MapaMeTpiB.

MeToro n10noBiai € GpopMyBaHHS i OI[IHKA XapaKTEPUCTUK CTATUCTUYHUX MOJIe-
JIel manuBoIoAaydl CyJHOBOTO CEpeTIHbOOEPTOBOTO AU3EIIS.

Tpanuiiiino, XapakTepUCTUKU CHUCTEM IMAJMBOIOJAYl U3ENiB y rpadiuHOMYy
BUJI M1 'y (hOopM1 aHATITUYHUX MOJIETIEH, MOAAIOThCSA Y CTATUCTUYHIA 00poOLIl eKcIie-
pUMEHTANbHUX JaHUX, 3 0OPMIICHHAM DPE3yJbTaTiB y (opMi perpeciiHux 3anex-
HOCcTeH. Y maHiil poOOTI HaBEJIEHO caMe TaKWM MiXIiM, SKUM 3M1MCHEHUI TIPU aHai31
pe3yNbTATIB BUMIPY MapaMeTpiB NaIMBOINOa4l CYAHOBOTO CEpeaHOOEPTOBOTO U-
3eJis, a JIaHl OTpUMaH1 y X0/l 6€3MOTOPHUX AMHAMIYHUX CTEHJOBUX BUIPOOYBaHb.
YMOBH €KCIIEpUMEHTY BIJIMOBIIAIOTh HaBaHTaXyBadbHIM [11] 1 mBuakicHIA [12]
XapaKTepUCTUKAM.

ExcniepumeHTanbH1 TiAPOAMHAMIYHI MOKA3HUKKA HA HAaBAaHTAXXyBaJIbHIN 1 MIBU-
KICHHM XapaKTEepUCTHUKaX OTpPUMaHl B X0l MPOBEJACHHS €KCIIEPUMEHTAIBHOrO J10-
CJIIDKCHHS TTAJIMBHOT CUCTEMHU BUCOKOTO TUCKY au3eliss 6UH25/34 na 6e3motopHOMY
crenai. [Ipuctpiii 1 xapakTepucTUKH OE3MOTOPHOIO CTEHJa BUKIAJEHI B POOOTI
[13].

Y  Xodl eKCNepUMEHTaIbHOrO JOCHKEHHS BUMIPIOBAIBHOIO CHCTEMOIO
pEeECTPYBATUC:

— THCK MaJIMBa B IITYIEP1 MaJUBHOTIO HACOCA Py;

— TUCK NAJINBA HA BXOJ1 Y (POPCYHKY P sx;

— TUCK y NAJIMBHOMY KaHall (GOPCYHKHU Py ;

— X171 TOJIKM po3nuitoBava (GOpCyHKH) z;

— BHU3HAvanacs 4acToTa 0OEpTaHHS PO3NOAUIBHOIO BaIly Mp;

— (pikcyBaBcs KyT MOBOPOTY PO3NOALILHOTO BalLy

— BUMIpSIBCS Yac £

— IepeMIIIEHHS peiiku aJuBHOTO Hacocy BUcokoro TucKy (ITHBT) myp;

— 3aTATyBaHHS TOJKU (POPCYHKHU NpH BUNpOOyBaHHAX ckiana 70 6ap.

Pyx peiiku ITHBT 3anaBaBcst HuKIorpaMoro BUXIAHUX JAHUX.

Metoauka HOCHIKEHHS BKJIFOYA€ CTATUCTUYHUM aHaI13 HAa HABaHTaXXyBaJIbHIN 1
HIBUAKICHUN XapaKTEPUCTHKAX.

CratucTUyHU#M aHami3 T1IPOJAUHAMIYHMX MOKAa3HUKIB HA HaBaHTA)KyBaJIbHIM Xa-
PaKTEPUCTHUIl BUKOHAHUN 332 €KCIIEPUMEHTAIbHUM JaHUMHU, MPEICTABICHUMHU Y PO-
6oti [11].

OTpumMaHi eKCcliepUMEHTa bHI JIaHl, B yMOBaX JWHAMIYHUX BUNPOOYBaHb NpPHU
(biKCOBaHOMY MOJIOKEHH1 MapaMeTpiB KepyBaHHS €JIEKTPOJBUTYHOM O€3MOTOPHOTO
CTeH/1a TMOKa3ajM, 110 KOJIMBAaHHS HABAHTAKEHHS BUKJIMKAHI MEPEMILIEHHAM pPEUKH
I[THBT, O6ynu moB's3aHi 31 3MIHOIO 4acTOTH OOEpTaHHS PO3MOJUIbHOrO Baiy. I'pa-
HUYHI 3MIHU YaCTOTHU O0EpTaHHs 1, ckilanu 233255 00/xB, o Bignosinae 9% abdo
+ 4.5% BiJl cepeIHbOT0 3HAYCHHSI.

I'padix xonqy ekciepuMeHTy MoKa3aHo Ha puc. 1.
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JUis OLIHKM CTaTUCTUYHOI 3HAYMMOCTI 3MIHU 7, B OTPUMAHOMY J1alla30H1 Mpo-
BEJICHO aHaJI3 CIUIBHOIO BIUIMBY IOJOXEHHS PEHKU M, 1 np HA BEIUYMHY KyTa
YIIOPCKYBAHHS @y 3@ A0MOMOTOI0 makeTa STATISTICA oTpuMaHO IBOX(paKTOPHE
perpeciiiHe JIiHIMHE pPIBHAHHA WO0A0 (AKTOPIB Qe = 7,4168 + 0,49322m, +
0,0050825n,. CtarucTuyHi napamMeTpu MOJEINI IPEACTaBIeHl B Ta0u. 1, 2.

JUJist OLIHKY 3HAaYMMOCT1 4YaCTOTH OOEPTaHHS PO3IIISIHEMO JIBa MOKa3HUKA: PIBEHb
3HaYUMOCTI p 1 Kputepiit Ct’1oneHTa t.

Taoauusa 1
OpHOMIpHI KpUTEpii 3HAUUMOCTI 1715 Qg
Edexr SS CryneHi Boi MS F p
BinpH.unen | 1,6728 1 1,6728 9,561 0,003074
myp 438,8614 1 438,8614 | 2508,426 | 0,000000
np 0,0494 1 0,0494 0,2823 0,597274
IMommn. | 9,9724 57 0,1750 - -
Taoanus 2
OniHKY napaMeTpiB
Qs Qs Qs Qs Qs Qs
Edpexr [Tapam.| Ct.mommuI. t p bera (?) | Cr. momumn.2
BinbH.unen | 7,4168 2,39861 3,0921 | 0,0307 - -
myp 0,4932 0,00985 50,0842 | 0,0 0,9997 0,01996
np 0,0051 0,00957 0,5313 | 0,5313 0,0106 0,01996

Bennuuna p = 0,597 "wenpuiinsatHa, npu 3agadomy p = 0,05, a npuitHsaTHa npu t
=V F =0,2823 = 0,531 << tya5, = 12,7.
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TakuM 4yMHOM, BIUIMB KOJIMBaHHS YaCTOTH OO€pTaHHS Ha KyT yIOPCKYyBaHHS He-
3HAYHUH, TOMY MOJANBIINI aHali3 CIIiJl MPOBOJUTH JJI1 OAHOTO (paKkTOpy HaBaHTa-
KYBaJIbHO1 XapaKTEPUCTUKU — 1T00KeHHs perku [THBT m,.

AHaJloriuH1 pe3yJjapTaTH OTPUMaHI i JJIs IHIIMX [apaMeTpiB NaJMBONOAAYL Py« 1
Pn — TUCKY B MaJUBHOMY KaHajll (OPCYHKH ¥ THUCKY MajuBa B LITYIEPl MaJTUBHOTO
Hacoca.

JlocnimKeHHs] CTAaTUCTUYHUX NapaMeTpiB BIUIUBY B3a€EMO3B'SI3KY XapaKTEPUCTUK
YIOPCKYBaHH MajuBa IpHU poOOTI CUCTEMHU MaJIMBONOAYl MOKA3all HEJIIHIAHY 3a-
JEXKHICTb (Pu, Pp.x) B My , IO TOCITYXKHWIO MIJCTABOIO AJI1 OOYJ0BU OJAHO(DAKTOP-
HOI MOJIeJIi IPyroro mopsiaky y Gopmi perpeciitHoro piBHSHHS py = f(my, my), pu =
12,454 + 30,272my, - 0,47403m,>. CratucTHYHi MapaMeTpy JaHOr0 PErpeciiiHoro
PIBHSIHHS HaBeZEH1 B TAOMUISAX: OMHOMIPHI KpUTEPIl 3HAYMMOCT1 TabJ1.3; OI[IHKH Ia-
pameTpiB Tab.4; 'SS Moneni i SS 3aNMILIKIB', IO XapaKTepU3yIOTh MOAEIb Y I1IJIOMY
Tabi.5.

CratucTuuHi gadi Mogeni py = fimy, my’) Tabauus 3
OpHOMIpHI KpUTepii 3HAUMMOCTI ISl Dy
Edexr SS CryneHi Boi MS F p
BinbpH.unen 425,0 1 425,0 4,097 | 0,047655
myp 104825,3 1 104825,3 | 1010,448 0,00
my> 23519,2 1 23519,2 | 226,710 0,00
[Tommuu. 5913,3 57 103,7 - -
Tabanus 4
OniHKY napaMeTpiB
Edexr Hal;)aM. CT.er)MI/IJI. pt l; Befa (7 CT.H§MI/IJ‘I.2
BinpH.unen 12,454 6,153269 | 2,0241 0,047655 - -
My 30,272 0,952339 | 31,7875 0,0 1,833541 0,057681
my> -0,47403 | 0,031483 | -15,0569 0,0 -0,868498 0,057681
Tabauus S
SS Moneni i SS 3aUIIKIB IS Py
Sanewna | MHO- | MHO- | Ciopuro- | gq cc MS SS cc MS
sMigHa | CLHE | OKHIHA pana MOJIENII | MOJEMI | MOAETI |3aHIIKY |3aTHIIKY SAJHII F P
R R2 R2 Ky
Pu, 0ap | 0,9964 10,9928 | 10,9925 | 810051 2 405025 | 5913,25 57 103,74 |1 3904,2 | 0,0

dopMyBaHHS ¥ aHANI3 MOJEII pg.—fMmp, My’) BAKOHAHUHN 338 aHAIOTIYHOIO Me-
TOAMKOI0. Mojenb 01HO(DAKTOPHOTO PErpeciitHOro piBHAHHS JPYroro MOPSAKY Mae
BUIIIAL: Py 124,69 + 24,354m, - 0,4326m,°.

®dopmyBaHHs i aHaII13 MOZAEIN Qgr=f(1p) BUABUIIOCS TOCTATHIM OJTHO(PAKTOPHOTO
JIHIMHOTO PIBHSHHS MEPIIOro MOPAIKY Qsn = 8,6895 + 0,48992m,,

VYci cTaTUCTHKY, 110 XapaKTepU3yIoTh 3HAYUMICTh BHILE HABEJEHUX PIBHSIHB Ta
iX Koe(IIEHTH, 3a10BOTBHAIOTh KPUTUYHUM 3HaYeHHsIM F — kputepito i t — cratu-
ctuku. OTKe, MOJeNl KyTa YIIOPCKYBaHHS i TUCKY NanuBa y (pOpCyHIIi € 3HaUyII1.

CratucTUYHUN aHalli3 T1IPOAMHAMIYHMX IMOKA3HUKIB Ha IIBUJIKICHIA XapakTe-

pI/ICTI/II_Ii BUKOHAHUM 3a CKCIICPUMCHTAJIbHUMU OJAaHUMU, IIPCACTABIICHUMHA Y pO6OTi
[12].
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AHani3 CTAaTUCTUYHUX MOJIeNIeH SISl MBUAKICHOT XapaKTepUCTUKUA TpeacTaBIe-
HUH 3aN€XKHOCTAMU: Qun=A1p); pu=f1p); po.x=Anp). CPopMoBaHI MOJEN] PIBHIHHS
OpocToi  perpecii  MEpIIOro  MOPSAKY:  Qen=2,84418+0,050926rm,;  pu=-
25,853+2,2756np; pg.—- 40,332+2,1818n,, craTMCTUYHO 3HaunMMi (3a KpHUTEpIEM
dimepa).
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Kpusuii M. O.
Hamionanbauit yHiBepcutet «Oiechbka MOpPChKa akaaeMis»

Mogesab HeHbTOHIBCHKOT0 MAaCTHJILHOIO IIAPY B MapaX KOB3aHHS B CYAHOBHX
C€HePreTH4YHNX YCTAHOBKAX

BaxxnuBumu By3naMu Tpu TOCTIIKEHH1 HAIWHOCTI 1 TOBMOBIYHOCTI pOOOTH CY-
noBux eHepretnuHux ycTaHoBok (CEY) € mapu xoB3aHHs, B SIKMX BiIOyBarOThCS
MPOLIECH 3HOIIIYBAHHS 1 3HAUHI TEIIOBULICHHS. 3allOPyKOIO0 3MEHIIEHHS LIMX Hera-
TUBHMX BIUTMBIB Ha 3araibHy poOoTy CEVY € HasBHICTH B 30H1 TepTS MAaCTUIBLHOTO
mapy 1 SKiCTh MalIMHHO1 0JuBH [1-8]. B poO0TI q0CHi)kKeHO BIMB HA HASIBHICTh Ma-
CTHJIBHOT'O IIapy BJIACTUBOCTEN MAIIMHHOI OJIMBH, 30KpeMa ii B’ S3KOCTI.

\H

Puc. 1. Monenb pyxy MacTUJIBHOTO IIapy B Mapi KOB3aHHS.
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Ha pucynky 1 momana Mojens pyxXy MacTHJIBHOTO IIapy B Mmapi KoB3aHHsA. byje-
MO BBaXKaTH, 110 T1APOAMHAMIUHI MPOIECH B Mapi KOB3aHHS HE 3aJIe’KaTh B1J IMOB3-
JOBKHBOI KOOPAMHATH, TOOTO MIBUIKICTH PyXy MacTuja B3JOBX OC1 OOepTaHHS
CYTTEBO MEHIIIE IIBUIKOCTI KPYrOBOro oOepTaHHS 1 HUM MOKHA 3HEXTyBaTH. Kpim
TOTO, OyJIeMO BBa)XKaTH YCTAJICHUM PEKUM OOCpTaHHS BHYTPIIIHBOTO Tija MapH Ko-
B3aHHA, TOOTO @(¢)=®,, a TYyCTUHY MacTHiIa p CTaiuol. IIpu TakuX NpHITYyICHHSA
TUCK B MacTWIbHOMY mapi p(w) i #oro toBiuHa H () 3B’s3aHi piBHIHHSIM Peii-

HoJbacal 1,2]:

d [ pH® dp
dy\ u dy

d(pH)

= 6wy Ry R, “ay Y <y <y, (1)

ae R,,R, — BIINOBIIHO paAlyCu TuLIa OOEPTAaHHS 1 30BHINIHBOIO HEPYXOMOI'O
LWIIHAPUYHOIO TUIA, Y/, |/, —BU3HAYAIOTh IOYATOK 1 KIHELb poO0OYOI KOHTAKTHOI
30HU, B IKUX BUKOHYIOTHCSI YMOBH

p(\pl)Zp(\Vz):O. (2)

SIKI10 AOMYCTUTH BIACYTHICTD AedopMallii B eleMeHTaxX mapu KOB3aHHS, TO JJIs
TOBLIMHHU MPOIIAPKY MACTHJI HE BAJKKO OTPUMATH MOJIAHHS

H(y)=6+¢ecosy, (3)
ae O, & —BIUIMOBIAHO pajialibHUI 3a30p 1 CKCICHTPUCUTET LIEHTPIB TLT Map KO-
B3aHHS.

Bbynemo BBakaTH 110 MACTWJIO € HEHBIOTOHIBCHKOIO PIIMHOIO: JIWHAMIYHA
B’S3KICTh 4 3aJICKUTh Bia THCKY p(W ), ToOTO Mae MicIie criBBigHOIICHHS bapyca

U= luoefp(l//), (4)

Ae & — n'e3o0 KoediuieHT B’A3KOCTI macTua, Ma-1 (1A HaGTOBUX MOTOPHUX MaCTUA
£~(2...3)-10-3 Ma).
[Ticns inTerpyBanus nudepenuianbue piBHAHHS (1) mpuiiMe BUTIISA

_ d
He ) ﬁ =04y RRH+C,  y <y <y,. )

Jl1s1 BU3HAYEeHHS TOBUIBHOI cTanoi C CKOPUCTAEMOCS YMOBOIO
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dp(Wo):O

dy

1€ ¥, 3HAa4EHHs KyTa IIPU SKOMY TOBIIMHA IIPOIIAPKY J0CATa€ MIHIMyMY a THCK

makcumymy:  H . =H (‘/’0)» Pmax = P(V/o). SIKIIO IOIYCTUTH, 30KpeMma, IIO0
MaKCUMaJlbHE 3HA4EeHHS TUCK JOCSTa€ B cepeuHl poOo4oi 001acTi mapu KOB3aHHH,

_VYi v, : . .
T0 MOkHa BBaxkatn Vo = 5 OTtxe, micls MiJICTAHOBKHA Yo B PiBHIHHA (5),
orpumaemo C =—p 6@ RRH .. Ocranns opmyna mos3sonse piBHsAHHA (5) 110-
JaTH Tak
., dp O (cosy —cosy, )
e’ L =— 3, Y <Y <VY,, (6)
dy ¢ (l+¢,cosy)
ne
o R g gl
O, :E, A :i, &E=—, O= 65/,100)050—020.

HNudepeniianbHe piBHIHHSA (6) JOMyCKa€e PO3IUICHHS 3MIHHUX 1 OTXKE JIJI1 HbOT'O
MOXe OyTH OTpUMaHUN PO3B’SI30K B KBaJpaTypax, KU 3aJ0BOJIbHSE TPAHUYHUM
ymoBaM (2):

1 % (cosa —cos
p(y)=-—-In 6é‘ﬂowoRlR28I( W‘;)da i<y <y, (7)
3 W (5+gcosa)

JI71s1 HBIOTOHIBCBKUX MAacCTHJI PO3B’SI30K Ju(epeHIliaabHOro piBHIHHS (6) Oyae
MaTH BUTJISA]

Eoly l]f (cosa —cosy)

da, Y <y <y,.
(1+&ycosa)

OTpumaHuil po3B’sI30K J03BOJISIE BU3HAUUTH 3araJibHUN MATOMUN THCK P, CH-
7y B’A3KOT0 3CyBY 7T 1 KoeQilieHT TepTs K, B MACTUIBLHOMY ILIapi Mapu KOB3aHHS

JJIA HEHBIOTOHIBCHKUX MACTHII:

R [ONL T
P="1l® ’T:Mq) VK, =— 8
5 P9® 50 T 1 P’ ()
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AC

1) R, €
50:_’ rO:_) 80 = —

Eol
, O =3&0) —5",
R R 5 Sty

2
0

coSa —Cos I//O)
3

1) v
CDP’@:J‘cos(t//th//O)ln 2®j( do |dy,

o ” (1+80 cosa)

W . Ep W Ep
o 3% (cosy —cosy, e dl//+l e*Pdy
T2

: —
v (1+&gcosy) 2 5 1+&cosy

BucnoBkn. OTxe, OTpUMaHO PO3B’SI30K KpaeBoi 3aaul 1 qudepeHIiaabHo-
ro piBHsHHS PeifHonbca, B pe3ysbTaTi 3HaACHO BUpa3 sl PO3IOALUTY TUCKY B Ma-
CTUJIBHOMY IIIapi Mapu KOB3aHHS JJI1 HEHBIOTOHIBCHKMX MACTHJI 1 CHJIOBI XapakTe-
puctuku (7), 110 T03BOJISE€ 3aCTOCYBATH, 30KpeMa, Kkputepiit 3omepdenbaa [1,2] nus
BU3HAYEHHSI YMOB BIJICYTHOCTI 30H CYXOTr'0 TEPTs B 00JIaCT1 KOHTAKTY Iap KOB3aHHS.
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Pycnak /I. YO., Cariu C. B.
Hamionanbauit yHiBepcuret «Oiechbka MOpPChKa akaaeMis»

3al0e3neyeHHs €KOJOTTYHUX BUMOT NIPH yJIbTPAa3BYKOBIH aecybpypizamii
BYIJICBOJAHUX NAJIUB

VYV XXI cromitti Ha OUTBLIOCTI TOPriBEJIBHUX CYJEH B SIKOCTI JIXKEpesa eHeprii
JUISL TETUIOBUX JIBUTYHIB MPOJIOBAKYIOTh BUKOPUCTOBYBATH BYIJIEBOIHI NanuBa. Haii-
OUTBII PO3MOBCIOKEHUMH THUIIAMH CYAHOBHUX TEIUIOBUX JBUTYHIB € TU3€Il, SIKI Y
CYKYIHOCT1 3 KOPIyCOM, TPEOHUM BaJIOM Ta TBUHTOM CKJIaJal0Th MPOMNYJIbCUBHUIMA
koMIuieke. Ha cyanax nu3enbHi ABUTYHU OyBalOTh TOJIOBHI, IOMOMDKHI Ta aBapiifHi.
[ManuBom st manooOepToBux (MOJI) 1 cepennboodepToBux aABuryHis (COJl) € Ba-
K€ MaIUBO (1€ MOOIYHUNA TPOAYKT MEPEroHKU HAPTH SIKUN Ma€e BEIUKUNA BICOTOK
CIPKH Yy CKJIaJil) Ta AU3eJbHE MAJIMBO (IUCTUIIAT, BMICT CIPKU B IKOMY MIHIMQJIbHUN)
[1].

B ManooGepToBux ABUTyHaX MpoOjemMa 3 BUKOPUCTAHHSAM Ba)XKKOTO MajlBa BU-
pillieHa TOMY, II0 HAa HUX KOHCTPYKTHBHO IepeadadeHa IWIIHIPOBA CHUCTEMa Ma-
IICHHS, BOHA B CBOIO Yepry HEUTpali3ye Mil0 CIpYaHOi KUCIOTH SIKa YTBOPIOETHCS
i Yac B3a€MOJIl CIpKH Ta KUCHIO. [HIlIE MUTaHHS BXKE CEpeIHbOOOEPTOB] IBUTYHH
Jie BIICYTHS IIWIIHApOBa cucteMa MmanieHHs. Came yepes 11e cepeIHbOOOEPTOB1 ABH-
T'YHU € OUIbII Bpa3iuBi 0 J1ii CIpYUCTOI KOPO3ii.

EneMeHTHUN XIMIYHHMN CKJIaJ IaJydBa — 1€ CKIaJ XIMIYHUX €JIEMEHTIB 3 SIKHX
YTBOPIOETHCS NAIMBO, BUPAKEHUM B MACOBHX HacTKaxX, a00 y MacoBUX BiJICOTKaX.
[lanuBO Ma€e TOCUTH BUCOKE YHMCIIO €JIEMEHTIB Y CBOEMY CKJIAJl, ajle HEe TUBISYUCH
Ha 11 eJIEMEHTHUHN XIMIYHUN CKJIa/l MAJIMBA BUPAKAETHCS 3aJICKHICTIO [2].

Cp+Hp+Op+Np+Sp+ Ap + Wp =100%,

0 JIEMOHCTPY€E HOTO OCHOBHI Troproui pedoBHHU: CipKy (S), BoaeHb (H), Byr-
nenp (C), a Takoxk kucenb (O), 1 a3ot (N), BC1 BOHU ITepeOyBalOTh B CKIJIATHUX BUCO-
KOMOJIEKYJIIPHUX 3B’s3Kax, 1 TaK caMO HE TOproYl MiHepaibHi gomimku. [lix yac
3TOPSIHHS BOHH MEPETBOPIOIOTHCS B 3011y 1 Bojory (W) [3].

[linBumena vactora obepranHs COJl 3MeHilye yac, SKMM BIIBOAUTBCS IS
BIIOPCKYBaHHS, CYMIIIOYTBOPEHHS, 1 3rOPsIHHA NanuBa B MWIHAP (y TMOPIBHSIHHI 3
MO/). Lei#t dakt € npuyuHOIO cipyaHOi KOPO3ii, 1 CIpYaHOTO 3HOCY MEXaHI3My BU-
MyCKHOTO KJIanaHy, MajJuBHOI anapaTtypH, IiHIponopiHboBoi rpynu (LIIIT).

Y dipmax MAN-Diesel & Turbo 1 Wartsild-Sulzer my6nikyrots iHbOpMaIliio,
10 HaWOUIBILY KUIBKICTh BIIMOB mpunaaae Ha aerani LI, nanuBHy amapatypy, i
BUITYCKH1 KJanaHu. JIOCUTh JOTIYHO MPUIYCTUTH, MO 1€, MEepHl 3a BCe, MOXKHA
3B’S13aTW 3 SKICTIO MIATOTOBKM IMajMBa Ta MOTro BIACTUBOCTI 3ropsiHHS. OCHOBHMIA
BIUIUB HA CTaH LUX JeTajied poOJsTh MEXaHIYH1 JOMIIIKU IO MICTSATHCS y MaMBI
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(xapOoinu, kapOeHu, YaCTKM HE OPraHIYHOTO MOXO/KEHHS ), MEPKAaNTaHOB1 CIIOIYKH
CIpKH, pi3HI BUAM COJI IO MICTUTh BoAa (OCOOJMBO MOPCHKA), yC1 BOHM IMiJl 4ac
3rOpSIHHSI TIEPETBOPIOIOTHCS B 3041y. Jlopeuno Oyno 6 BpaxyBatu To# (akT, 110 ic-
HYyI0Ul Ha OOPTY CYJI€H CUCTEMH IMAJIUBO MIJTOTOBKU B iX «IITATHOMY» KOMILJIEKTY-
BaHHI HE MOXYTh 3a0€3MEUUTH TOBHY OYKMCTKY BiJl BCIX OMUCAaHMUX JOMImIOK. JlocTa-
THBO J00pE BUPIIIECHO HA CHOTOJHINIHIN JICHh MUTAaHHS 3MEHIICHHS y MaJlMBl MeXa-
HIYHUX JIOMIIIOK 1 BOJH, 1 MEHIIOK € YCHIIIHICTh BUJQJICHHS 30JIM, a MPAKTHYHO
’KOJHUM YMHOM HE BUPIIICHO NMUTAHHS OYUILCHHS BiJ CIPKH.

Cipka € 4acTMHOI YHUCJIEHHOI I'PYNH CIPKOBMICHUX T'€TEPOATOMHHX 3'€THAHbD.
[TanuBa moAUISIIOTHCS HA: 3 MaauM BMicToM cipku (BMicT cipku 0,01...0,5 % mo ma-
cl); 3 BEJIMKUM BMICTOM Cipku (BMICT cipku 110 3,5 %). Cipka sK mpaBUJIO 3HAXO-
JIUTHCS Y BUCOKO KUIUIAUUX (ppakiisx Hadtu (ue 6utbiie 400° C), meHI yacTilie y
HU3BKO KUIUITYuX. Cipka € HeOakaHUM XIMIYHUM €JIEMEHTOM B TaJIMB1 3 TOUYKH 30y
€KOJIOT'1i Ta cipyaHOi KOpO3ii.

Ha choronHimHiil 1eHs BUPIIIECHO 3aBJaHHS 3HI)KEHHSI CIPYMCTOTO 3HOCY JIeTa-
JIel IBUTYHIB BHYTPIIIHBOTO 3ropsiHHS ctocoBHO MO/, 110 MaroTh okpeMy J1yOpu-
KaToOpHYy cucTteMy MaiieHHs. [Ipu npomy Tpeba yuiie 3HaWTH ONTUMAaIbHE CITIBBiJI-
HOIIIEHHS MK KUIBKICTIO CIpKH B TAJUBI1 1 KTLKOCT1 JIY)KHUX MPUCAIOK IO € Y Mac-
i, COJl MaroTh 3arajibHy CUCTEMY 3MallleHHs, TOMY BUKOPUCTAaHHS MacTuJIa 3 Ili-
JIBUILIEHUM BMICTOM JIYT'Y HE JoIIbHE. B mepiry uepry 3 eKOHOMIYHOI TOYKHU 30Dy,
yepe3 BUCOKY BapTicTh. [lo mpyre uepes iX ekcrulyartaiiiiHi mapameTpH, siki € Tip-
IITUMU, BOHU JAIOTh MEHIIMHN OIip MPU HOPMAJbHUX HaBaHTAXKEHHSAX. ToMy MOXHA
Kazatu 1mpo Te, 1o y Bunaiaky 3 COJl equnuM MetogomM O0pOTHOM 3 HACIIKaMHU
BIUIMBY CIPYMUCTOr0 TMajuBa € MOro J0JaTkoBa 0OpoOKa mepes BIOPCKYBAHHSIM Y
HUJIHIP, 110 10 PeUi CIIPHUSE 3T0JI0M 3HIHKEHHIO CIpUMCTOro 3HOCY [4].

BpaxoByrouu 11e HEOOXiHO OpaTH 1O yBaru, IO MOBUHEH OyTH KOMILICKCHHIMA
MIAX1A 10 BUAAICHHS CipYaHUX JOMIIIOK 3 nmaynuBa. Tpeba mam’statu, 1o Oyab-sKa
¢i3u4Ha Jis HA TAJIUBO MPU3BOJIUTD IO 3MIHU YCiX HOTO KOMIIOHEHTIB.

OmuH 3 edeKTUBHUX METOJIB € BUKOPUCTAHHS IajiBa 3 BMICTOM CIPKH
0,01...0,1 %. OnHak Ha CHOTOJIHIIIHIN AeHb HadTOnepepoOHi 3aBOIM HE B 3MO31 3a-
0€3MeUnTH TAKUM MAIMBOM yCiX oxounX. CripaBeJiuBoO Oyjie 3a3HAYUTH PO 3HAYHY
BapTICTh 1OTO MAJMBA, Yepe3 Iie He BC1 MOXKYTh Horo npuadatu. He mano Baxiu-
BUM € Te€, 1[0 JAJIEKO HE BCl MOPTHU B 3MO31 30epiratu Take MajuBo. BpaxoByrouu
ckazaHe uacrime 3a Bce COJl BHUKOPUCTOBYIOTH TMajuBa 3 BMICTOM CIpKH
2,5...3,5 %. BukopuctaHHs TakuMx MajduB MPU3BOAUTH JO MIJBUIIIEHOTO KOPO31MHO-
ro 3Hocy aeraneit L{I1I°, Tomy HeoOXinHa € 10aTKOBA MAJUBO MiATOTOBKA, B IKOCTI
SIKOT MOJKJIMBO BHKOPHUCTOBYBATH YJIbTPa3BYKOBY KaBiTalliiiHy oO0poOKky. Bukopuc-
TaHHsI YJIBTPa3BYKOBOT CUCTEMH JO3BOJISIE€ 3HU3UTH 3HOC TOPIIHEBUX KUICIh U ITUITi-
HIPOBUX BTYJIOK MpUOIN3HO B 2,3...3,7 pa3u. Jlyke BaXIUBO IO TAKOX 3MEHIIY-
€TBCS BMICT OKCHJIB CIPKM Yy BHUITYCKHHUX Ta3ax BHUITYCKHOTO TPaKTy JU3Els B
2,3...2,7 pa3u, mo nokparniye texHigauid cran L' Tak caMo sk 1 HOro BUITYCKHOT
cuctemu. o BaxxnuBO 1151 mepcoHany 3HMWKYeTbes Ha 35...40 % TpynOMICTKICTh
poOIT 3 00CITyroByBaHHs au3eis. BripoBakeHHsI HA MOPCHKUX CYJTHAaX pe3yJibTaTiB
MonepeaHIX JOCIIKeHb J03BOJUIIO ToinmuTy Ha 3,5...4,8 % exkoHOMIuHi, Ta Ha
7,3...9,6 eneprernuni nokazHuku cyanosoro COJI. BrockoHasieHHs] CUCTEMU TaJv-
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BO nigroroBku COJl MokIMBe 32 paXyHOK NMPOBEACHHS KaBiTallli METOJOM YJIbTpa3-
BYKY, 1110 cpusie po3puBy C — S 3B’53KiB 1 Aecynb(ypizalii najiusa.

PosrasiHeMo oco0auBiCTh KaBiTaliiiHOT 00poOku manuBa Ha cyaHaxX. CyIHOBe
MaJIUBO € BUCOKOMOJIEKYJISIPHOIO, TETEPOre€HHOIO PIAMHOIO, Y SIKOMY M1 Yac BIUIUBY
aTMOC(EPHOTr0 TUCKY 1 HOPMAJIbHOI TEMIIEpaTypy MOJIEKYJIH CKIIATHO OPIEHTYIOTh-
cs. Merop kaBiTailii € OJHUM 3 HAUMOIIUPEHIIINX METOAIB PO3PUBY MiKMOJICKYIIS-
pPHUX 3B’SI3KIB, MiJ] Yac AKOTO BIAOYBA€TbCS YTBOPEHHSI pO3PUBIB MaJIUBA B PE3yJib-
TaTl MICIIEBOTO CMajJly TUCKY. SIKIIO B HACHIIOK BEIUKUX JIOKAJBHUX HIBUIAKOCTEH
BIIOYBAETHCS 3HMXKEHHSI TUCKY, TO KaBiTallisl BBAXKAETbCA T1IPOJIMHAMIYHOIO, a SIK-
10 L€ BiAOYBA€THCS 3a JOMOMOTY MPOXOKEHHS B MaJMBl aKyCTHUHUX XBHJIb TO
BOHA HAa3WBAEThCS aKyCTHMYHOI, ab0 yibTpa3BykoBoio. EdekT kamitaiii cympoBo-
JDKYETBCS. MIKPOBUOYXaMH M1 JI€I0 YIBTPA3BYKY, 1 MEXaHIYHUMHU 3pi3aMH Ta 31TK-
HEHHSIM 1]l BIUIMBOM COTE€Hb PLKYYHMX Map, SIKI PyXaroThbCsl Ha 3yCTPid 3 BHCOKOIO
niHiiHO mBUAKICTIO [S]. I1i yac po3MoOBCIOKEHHS YIBTPa3BYKOBOT XBWII1 PO3TS-
T'YIOUM 3yCWJUIS B MaJIMB1 B 00JACTI PO3PSAIKEHHST XBUJI1 NPUBOJATH IO MOSBH PO3-
PUBIB, TOOTO IPIOHMX aHTU KaBITAUIHHUX OyJIbOAIIOK SK1 3a[IOBHEHI ra30M 1 Maporo.
Ile nonmatkoBO crpusie yabTpa3BYKOBIM KaBitaiii. bynbOamiku kaBiTauiid yTBOpIO-
I0OTbCSI B MOMEHT, KOJIM TMIAXOAUTH A0 a3y XBUJII YIbTPa3BYKY. SIK IpaBUIIO KaBiTa-
1iHI OynbOaIKu KOPOTKOYACHI: MiJ] Yac CTUCHEHHS Maii’ke BCl BOHM 3aKpUBAIOTh-
cs1. ToOTO MOKHA Ka3aTH, 10 KaBiTalliiiH1 OyJbOaIlIKu 3aKpUBAIOTHCS OApa3y IICIIs
Ai1 yIbTpa3ByKoBOi XBWJIL. JIOCTOBIpHUM pe3ybTaTOM JIOCIIIKEHD € T€, 0 YJIbTpa-
3BYKOBI XBWJII MOXKYTh 3MIHIOBaTH arperaTHUN CTaH MajuBa, TaKOX JUCHEPrye 1
eMYJIbI'ye MOoro, MOXe 3MIHIOBATH HIBUAKICTh AUQY3ii, a TAKOXK KpUCTami3auii pos-
YUHEHHS PEYOBUH, MPUILIBUJIIIYE TEXHOJOTIYHI MPOLIECH, aKTUBI3YE peakiii. XBuii
BEJIMKOI aMIUIITY/IH SIKI MIPOXOJATh Yepe3 MalluBO, YTBOPIOIOTH TAaK 3BaHi 00JacTi
CTUCHEHHS 1 po3pspkeHHs. [lpu 10oCTaTHHO BETUKOMY pPO3PSIKEHHI BUHUKAE TaK
3BaHUIl «HETaTUBHHUI TUCK», IO MPUBOJIUTH IO pO3puBY mnanuBa. [lopoxHeul sk
MpaBWIIO 3aiiMae ras, SIKMM NOTparvisie Tyau Yepe3 Aito Audy3ii BiJl HABKOJUIIHBOTO
najauBa, a TakoX 3 napamu naiauBa. OCKUIBKU TICHS PO3PSAKEHHS HACTYNAE CTHC-
HEHHS1, P13KO 3pOCTa€ TUCK HAa MyXUPEIlb, 11€ MPU3BOJUTH 10 «CXJIOMYBaHHA» OYiIb-
Oamok. [1ig yac uporo npoiiecy BUHUKaIOTh XBUJI1 BUCOKOI IHTEHCUBHOCTI.

VbpTpa3ByKoBa KaBiTallisl € JOCUTh €(heKTUBHUM CIIOCOOOM KOHIEHTpAIlil eHep-
rii 3ByKOBUX XBUJIb HU3BKOI HIUIBHOCTI B BUCOKY T'YCTHHY €HEPrii, 11€ MOB’A3aHO 3
MyJbCallisIMU KaBITaI[IHHUX Oynb0allloK 1 3MEHIIEHHSIM PajilyCy HaBKOJIO HUX R 110
MIHIMAJIBHO MOJIUBOTO Rpyin «CXJIOMYBaHHS». byayBaHHS KaBiTallliHUX 30H BiA0Y-
Ba€ThCS B HACTYITHIM MOCTIAOBHOCTI, [ 1X HA3UBAIOTh «KaBITaIliitH1 OyIH0aIIKI» B
najauBHoMYy cepeaoBuii. [1ig dac $a3u po3pikeHHs aKyCTUYHOI XBWJI1 B HaJIUB1
YTBOPIOETHCS PO3PUBU Y BUIJISAI MOPOKHHUH, BOHU B CBOIO YEpry 3alOBHIOIOTHCS
HACUYCHUMHU Tlapamu najnuBa. Y ¢a3l CTUCHEHHS MiJ JI€0 MABUIIEHOTO TUCKY 1 CHJ
MOBEPXHEBOI'0 HATATY MOPOKHUHA 3aKPUBAETHCS, A NAPU NaJIUBAa KOHACHCYIOThCS Ha
KOpJIOHI po3auty (a3. Uepes CTIHKM MOPOKHUHU B Hil AUPYHIYE POZUMHEHUN B Ta-
JIUBI ra3, SKU MOTIM MIAA€ThCS CUJIBHOMY aJ11a0aTUYHOMY CTUCHEHHIO [6].

Binnosigno no Bumor MARPOL rnaBa VI, 3 1 ciuns 2020 poky BMICT CipKu B
MajuBl, 110 BUKOPUCTOBYETHCS HA MOPCHKUX Cy/AHAaX, HE NMOBHHEH IEpPEBULITYBaTH
0,5 %. BukopucrtanHsi Takoro najuBa € JOCUTh JOPOTMM. ToMy JesKi KoMMmaHii mi-
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IIUTK Ha T 100 3HU3UTH BUKHUJI CIPKU B BUITYCKHHUX Ta3ax 3aBAsKH ckpyoepam. Cro-
Ci0 yJIbTPa3BYKOBOI'O OYHIIEHHS MaJIUBA € JOUUIBHUM 1 Ha CHOTOIHINIHIA JIEHb Y
MoeHaHH1 31 ckpyOepoMm. Uepes Te, 110 BUKOPUCTAHHS YCTAHOBKH JTO3BOJISIE€ 3HU3H-
TH 3HOC JeTalied nu3ens. BinmpaiboBaHi mapu CipKu 3 YCTAaHOBKH y MPOCTOMY BH-
IS BUKUJIAIOTHCST B aTMoc(epy, aje HAaCTymHUH CIoci0 J03BOJIsi€E HE BUKHUIATH
rasu B atMoc(epy, a IpoIyckaT ix uepes ckpyoep (puc. 1). 'a3u ski mpoxoasiTh
gyepe3 CKpyOep MpoXosaTh Yepe3 Cripalib Ta OpoIIaloThes Boow. Ocaa AKUi yTBO-
PIOETHCS T Yac POOOTH APEHYEThCS y CHEIIadbHUM TaHK 17151 30epiranns. Lle nacte
MOXJIMBICTb, IMTIABUIIUTH HAIHHICTH ABUTYHA, Ta 30€perTH JOBKLIS.
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«sslllNES Bunycksi razu B3 1a BeHTHIALIA BHTpaTHOT
NAJTMBHOT CHCTEMH fiIKa 0bJ1aJHAHA
VIBTPA3BYKOBOK CHCTEMOK OUHIIEHHN

Puc. 1. Cxema ckpyOepHOTO OUHIIICHHS

Pe3ynbTaT mociiykeHb BUKOPUCTAHHS CUCTEMH YIIBTPA3BYKOBOI MaJUBO IMiJTO-
TOBKHU IOKa3ye 10 €(PEeKTUBHICTh CUCTEMH JOBEJEHO MEHIIMM 3HOCOM TMajJuBHOL
anapatypu, LTI, BUMyCKHUX KiamaHiB IWIIHAPA, BUIYCKHOTO TPAaKTy Ta IHIIE.
3MEHIYEThCS JTJAKOYTBOPEHHS, Ta 3MEHITYEThCSl BIUIUB CipuaHoi Kopo3ii. MoaepHi-
3aIfisi CUCTEMH J03BOJIMTH MIJBUIIUTH HAAIWHICTh ABUTYHA Ta 30epexe JOBKULIA. |
151 MOJIepHi3allisg 3MorJia O MOBHICTIO BiAnoBigaTu ycim BumoraMm MARPOL. 3a6py-
JTHEHY BOJY MOJKHA 371aBaTH Y TIOPTY.
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Benmnuko C.C., Beperennuk O.M.
Hamionanbauit yHiBepcutet «Oiechbka MOpPChbKa akaaeMis»

HigBumeHHs eGeKTUBHOCTI IMITYJIbCHOI CHCTEMH HALYBY CY/THOBMX /IU3€JIiB.

VY po0oTi nmoka3aHui BILUIUB CTYIEHS PaliajibHOCTI Ha XapaKTEPUCTUKH paJliajib-
HO-OChOBO1 TypOIHM MPalOY0i B YMOBax HECTAI[IOHAPHOTO MOTOKY IMITYJIbCHOT
CUCTEMU HaJlyBaHHS KOMOIHOBAHOT'O JBUTYHA.

Ha ocHoBi anani3y psiny craTeit mokasaHo, 1o TypoiHa TypOokoMmpecopa BILUIH-
Ba€ HA MOKA3HUKU €KOHOMIYHOCTI Ta MOTY>KHOCTI KOMOTHOBaHOTO JIBUTYHA.

AKTyalqbHUM € po3poOKa METOY, 110 J103BOJISIE€ MPOBOJAUTU BUOIP ONTUMATIBHOT
reoMeTpii MPOTOYHOT YACTUHH, IO 3a0e31euye KOMIPOMICHUI PO3B'SA30K ISl BCLIS-
KHX HeCTallloHapHUX BIUIMBIB 3 00Ky ABUTYHA. Ha ocHOBI sKOoro Moxke OyTu 3ampo-
MOHOBAHUM KOMILIEKCHUM MIAX11 A0 MPOEKTYBAaHHS MPOTOYHOI YACTUHM PaialibHO-
0CbOBOI TypOI1HH, IO MpPAIO€ B CKIIal KOMOIHOBAHOTO JBUTYHA.

Ha ocHoBI cepii mpoBeieHUX pO3paxyHKIB IO MOJIENl Ha CEpEeIHbOMY pailyci,
XapaKTepUCTUK TypOiH 3 PI3HUMHU T'€OMETPUYHUMHU KyTaMH 3aKpYUEHHs JIOMATOK,
nokasase, 1o Haitouipm Bucokuit KK/ MaioTh TypOiHU 31 CTyleHEM peakTUBHOCTI,
o nepedysae B nianazoni p=0.4 0.5.

[HIIMM nyXe Ba)JIMBUM MapameTpoM, IO XapaKTEPHU3YIOTh MPOTOYHY YACTUHY
paaiaibHO-0ChOBOI TYpOiIHM, € CTYNIHb padiaibHOCTI W. HempaBunbHUI BUOIp CTY-
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MeHs paJiaibHOCTI BeA€ N0 BIAPUBY MOTOKY, MAIIHHIO MPOMYCKHOI 3JaTHOCTI
TypOiHU 1 301IBIICHHIO BUTPATH NaJIUBA.

[IpoBeneni AOCHIKEHHS 13 BIUIMBY CTYNEHS paJialibHOCTI Ha €(QEKTUBHICTD
paaianbHO-0chOBOI TypOiHM TypOokommpecopa TKP-14C-27 mpaiorouoi B ymoBax
HECTAI[IOHAPHOT'O MOTOKY JIBUTYHA.

[TpuitHaTuil niana3oH 3MIHM 3HA4€Hb CTYINEH1 pafiaiabHocTi: W = 0.4, 0.52,
0.6..

VY pesynbTaTi NPOBECHUX PO3PAXYHKIB MOOY0BaHI MPOTOYHI YACTUHU POOOUUX
KOJIC 13 NPUMHITUMH 3HAYEHHAMH CTYTEHs paaianbHOcTl. [loOygoBaH1 30BHIMIHI 1
BHYTPIILIHI JIIHIT MEpUIIOHATBLHOTO 00BOY. Pe3ynbpTaTi moOy0BH HaBeE€H1 Ha pUC.
1.

R
Puc. 1. [loOynoBa 00BOIB MPOTOYHOT YACTUHU POOOYOTrO KoJieca TypOiHU

Po3paxyHku mokasanu, o 31 30UTbIIEHHSIM CTYINEHs paglalbHOCTI L, 3MEHIIY-
I0ThCSI: TUIOIA MEPETUHY Ha BUXOA1 3 pobodoro kojeca F2 cTyninb KOHPY30pHOCTI
KaHaiy j .

Bynu 3po0neHi nTocmiKeHHsT XapakTepucTuk TypOinu nT, yacTku Termo nepe-
najy Ha pobodomy koieci Q, 3MiHM BTpat y pobodomy koneci EPK, 3miHu BTpar 3
BUXIHOIO IBUJKICTIO EB 3anexHo Bix 3minu koedimientra nanopy HT (0,5...3,5), 1
pi3HuM ctyneHeM paaianbHocTi | (0.4, 0.52, 0.6).

[Ipu 301nbIIeHHS 3HaUYeHHs Koediuienta Hanopy HT 30ub11yeTbest onTUManbHe
3HAYEHHS CTYNEHS PajliajdbHOCTI U.

31 3MEHUIEHHSM CTYIEHS Pa/iilajibHOCTI |L Y BCbOMY J1ara30H1 3Mi1HU Koe]ilieHTa
Haropy HT 3pocratoTh Temio nepenan Ha podouomy kosneci HTP/HTMAX, Brpatu
B poOouomy koiseci EPK, 3MeHIyI0ThCs BTpaTh 3 BUX1THOO MIBUAKICTIO EB .

ImMnynec TuCKy Tra3iB Ha BXOAl B TypOiHY MNpH 3MiHI CTYINEHS pPEaKTHUBHOCTI
MIHSIE€TbCA HE3HA4HO. lle MOXKHA MOSACHUTH THUM, IO 3MIHA CTYHEHS PajiajdbHOCTI
MPUBOJUTH 10 3MIHU IUJIOLII MEPETUHY Ha BUXO1 3 pobouoro kojeca F, ognak Ha
dbopMyBaHHS IMITYJILCY OUTBIIIO MIpO0 BIUIMBA€E IUIONIA MEPETHHY Ha BHUXOAl 13
COILJIOBOT'O arapara.

[lopiBHsTBHA OLIIHKA KOe(illieHTa BUKOPUCTAHHS PO3TAlIOBYBAHOI €HEprii M-
nynbcy MTU 3anexHo BiI BIJHOCHOTO PO3TAlIOBYBAaHOTO TEIUIO Tepenany
HTP/HTMAX (puc.2), epextuBHoi notry>kHocTi TypOinu NT mist pi3HUX 3HAYEHBb
CTYIIEHS paAlajibHOCTI IOKa3ania, 1o Juisi poooTu TypOIHM Ha MaJIUX TEIUIO Mepena-
Jax, 3 MOrisiay kKoedimieHTa BUKopucTaHHA iMnynbcy NTU HallOuibin edekTuBHI
TypOIHM 3 MEHILIKUM CTYHEHEM paJliajJbHOCTI W, 32 KpUTEPIEM €PEKTUBHOI MOTYK-
HocTi TypOinu NT, Halikpaloi € TypOiHa 3 MiIBUILIEHUM CTYIIEHEM PaaiaIbHOCTI |L.
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Puc. 2. 3miHa eeKTUBHOCTI BUKOPUCTAHHS IMITYJIbCY 3QJIEKHO BiJl BIIHOCHOI'O PO3TAILIOBYBAHOTO
TEIUIO Nepenay

VY SKOCTI ONTHUMaIBHUX MOXYTh OyTH MPUHHSATI MapameTpu TypOIHU 31 CTyIe-
HeM pagiasnibHOCTI L = 0.52. 1lg TypOiHa BUXOJUTH HA KOMIIPOMICHUH BapiaHT M1k
Koe(DiliEHTOM BHKOPUCTaHHS po3TamoByBaHoi eHeprii immynbcy NTU 1 edexTus-
HOIO TOTYXHICTIO TypOinu NT.
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HoninmeHHs ekcIuryaTaniiiHUXMapamMeTpiB Cy10BUX IU3eJiB

IlocTanoBka npodJjiemu B 3arajibHOMY BUIIIsiAi. Excruryaraiiiss cepeHr0000-
POTHUX JIBUTYHIB BHYTPIITHBOI'O 3TOPSIHHS Ha CyJaX BOJHOTO TPAHCIOPTY MOKa3zye
Ha TPOTA31 6araTboX poKiB, IO JAaH1 ABUTYHHU 3HAWUIIN HAWIIUPIIE 3aCTOCYBaHHS 1
MarOTh BEJIUKE 3HAYCHHS JIS BUKOPUCTAHHS B SIKOCT1 TOJIOBHUX €HEPTETUYHUX YC-
TaHOBOK.

[lutaHHsS BIOCKOHAJCHHS NM3EJIB 3aBXAM aKkTyalbHi. JIJIsl CyqHOBUX JBUTYHIB
BEJIMKE 3HAYEHHS MAalOTh MOKA3HUKH MOTYKHOCTI, MUTOMOI BUTPATU TaJInBa, HaJIMH-
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HocTl. OJTHaK OCTaHHIM YacOM MPIOPUTET BIIJIAE€THCS MUTAHHIM €KoJIOoT1i. SKio He-
JaBHO OCHOBHMMHM €KOJIOTTYHHMH MapaMeTpaMH BBAXKAIUCS BMICT OKCUIB BYTJICIIO
COx 1 He noBHICTIO 3roputux ByrieBojaHiB CH y BiampanboBaHUX razax, TO TENep
BBOJIATHCSI OUTBII )KOPCTKI OOMEKEHHS Ha JOMYCTUMY KOHIICHTpPAIlII0 Y BiANpaIbo-
BaHUX Trazax okcugiB a3oTy NOy, mpuyoMy pilieHHS 1i€i mpoOieMu BUSBISETHCS
0COOJIMBO BaYKKHUM.

[TuTaHHs 3HMKEHHS TOKCUYHOCTI 1 MOMINIIEHHS MaJMBHOI €KOHOMIYHOCTI JIH3e-
JIB € B3a€EMOIIOB'SA3aHUMU 1 B3aEMOBUKIIOUYHUMU. CKJIQAHICTh BUPIMICHHS IUX IH-
TaHb MOJISTA€ B PI3HOMAHITTI KOHCTPYKTUBHUX, PETYIIOBATBHUX 1 €KCIUTyaTallIiHUX
(bakTopiB, sIKI BIUIMBAIOTh Ha MPOLIECH, SIK1 BIIOYBaIOThCS BCEPEIUH] LIUIIHIPA ABU-
r'yHa, a 30KpeMa, Ha IIPoLEeC 3rOPSIHHS MaJIBa.

YMOBU 3HUKEHHS BUKHU[IB OKCHJIIB a30TYy B BIANpPAIbOBAHUX T'a3ax Ta MUTOMOT
BUTpATH MajJuBa MPOTUIIEKHI, OCKUTBKU AJi 3HMKEeHHA 3MicTy NOy HE0OX1HO 3HU-
’KYBaTH MaKCUMaJIbHY TeMIIepaTypy LUKIY, a JIJIs 3HUKEHHS MUTOMOI BUTpPATH Ma-
JMBa MIABUIIYBaTH. Y TOH K€ yac TEIUIOBUN peXHM 0araTo B UOMY BH3HAYa€ TETl-
JIOHANIPY>KEHICTh JeTaNed UITHAPO-IOPUIHEBOT IPYNU 1, BIAMOBIIHO, HAAINHICTH
poOOTH IBUTYHIB.

IocranoBka 3aBaaHHsl.  MeTor0 JOCHIKEHHS € BIOCKOHAJIEHHS poO0YOro
MPOIIeCy JABUTYHA 3 HAOJIMKEHHSIM MPOIECY 3rOpsiHHS 10 1300apHOro, 100 MaKCH-
MaJbHO 30€perTH JOCATHYTUN PIBEHb MaJWBHOI €KOHOMIYHOCTI JU3ENs, JOMOITHCS
CKOpPOYEHHSI BUKHAY OKCHAIB a30Ty. [Ipy 1bOMy BUKOHYETHCSI OCHOBHA BHUMOTa:
BIUTUBY Ha poOOUunii mpolec 311iMCHIOI0ThCS 0€3 3MIHM KOHCTPYKIIT BUTYHA.

BukJiiaag 0CHOBHOro MaTepiajty J0CTiIKeHH S

OpHuMm 13 3ac001B 3HMKEHHSI BUKUAY OKCHAIB a30Ty 3 BIANPAIbOBAHUMU ra3aMu
JBUTYHA € 3HWKEHHS CTYNEHS CTUCHEHHS, 3 METOIO 3HI)KEHHSI MaKCHUMAaJIbHOI TEM-
nepaTypu UKy, aje 31 30UIbIIeHHSIM MMTOMOI BUTPATH MaIUBa.

Pob6ora cyyacHux au3einiB 3[1HCHIOETHCS MO 3MIIIAHOMY LUKII 3rOpaHHA, MpH
AKOMY ITIK MaKCUMaJbHUX TUCKIB ra30BUX 3yCUJIb 3HaxoauBcsa B paiioni BMT. Tep-
mivauit KK/ Takoro nukny cranoBuTth 1 = 0,548.

3 METOI0 3MEHIIEHHS CTYNEHs CTUCHEHHS MOJKHA IITH HA HEBEJIMKE IMOTIpILICH-
Hsl, TIOPIBHSHO 3 IIMKJIOM 3MIIIAHOTo 3ropsiHHs, TepMmiuHoro KKJI, mo6 3MeHmuTu
MAaKCHUMAaJbHUI TUCK 3rOpsHHSA [1].

Ane nuki, HabIMKeHU 10 1300apHOro, 30epirae ToM k€ HEJIOIIK - BUCOKI TeM-
nepaTypu 3ropsiHHS MajluBO-MOBITPSIHOT CyMillli, SIKi € TOJIOBHUM YMHHUKOM YTBO-
pPEHHSI OKCHUJIB a30Ty B BiANpanboBaHUX Ta3ax. | ang toro, mob 3abe3neyuTy npu-
WHATHI XapaKTEepUCTUKHU ABUTYHA 3a BUKUIaMHu NOy, HEOOXITHO MParHyTu 10 3Me-
HIIEHHS MaKCUMAJIbHUX TEMIEPATYP IUKITY.

B nanuii yac npuiftHATO BBa)KaTH, 10 BJOCKOHAJICHHS pOOOYOTo MPoIecy Heoo-
X1JTHO BECTH M0 NUIAXY HOTO HAOIMKEHHS 0 1300apHOoro npouecy (uukiny uzens),
10 JT03BOJISI€E 3HU3UTHU TEIUIOB1 Ta JMHAMIYHI HAaBaHTAXKCHHS Ha JI€Talll JABUTYHA, 1
IPU LIbOMY KUIbKA MIAHITH CTYIIHb CTUCHEHHS 1 30 UIBLIUTH POOOTY IIUKITY.

3menmeHHs BukuaiB NOx y BIANIpalbOBaHUX razax MOKHa JIOCSATTH BIUTMBOM Ha
pobounii riporiec. Jlo KX 3aX0/1B BITHOCUTHCS:
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* TaJIbMyBaHHS MPOIIECY 3TOPSHHS MajvBa JJIsl 3MEHIICHHS MaKCUMaJIbHUX TEM-
neparyp pooouyux rasis;

* craluri3alis mojayvl nmajvBa 3a paxyHOK YCYHEHHs MIJIBOPHUCKIB MajuBa B LIH-
JHJp BHACIITOK BUCOKOYACTOTHUX KOJIMBAHb B HATHITAJLHOMY 1 BIICIYHI MAJTUBHUX
TpyOonpoBoaax.

["anbMyBaHHS Tpoliecy 3rOpsiHHS MOHa 3a0e3nedyuTH 3MiHOK (a3 razoposmno-
Ty JJIs 3MEHIIIEHHS KyTa 3aKpUTTs KJIalaHiB, BHACIIOK YOr0 3MEHIIYETHCS TPO-
JyBaHHS LWJIIHIpa 1 BiIOYyBaeThCsl 30UIBIIIEHHS KUIBKOCTI BIANpallbOBaHUX Ta3iB B
HWJIIHIP] IBUTYHA; TUM CaMHUM 3MEHIIYETHCS HAIIOBHEHHS ITMITHApPA CBIKUM TOBIT-
PSAM, HEOOX1THUM JIJIs1 3TOPSIHHS TaJiiBa.

3MEHIIeHHs KyTa MEPEKPUTTS KJIalaHiB JOCSATAEThCS PETYIIOBAHHSIM MOMEHTIB
BIIKPUTTS BITYCKHOTO KJIalaHa 1 3aKpUTTS BUIYCKHOTO KjiamaHa. BmyckHi kianaHu
BIJIKpUBAIOTHCS MMI3HIIIE, a BUITYCKHI 3aKpUBAIOTHCS paHimie [2].

Peryntoroun ¢aszu razopos3noairy, MOKHa 3MIHIOBAaTH THUCK Ha IMOYATKY CTHC-
HEHHsI, a, OTXKe, 1 MAKCUMaJIbHUM THCK B IITHAPI [3].

VYcTaHOBKOIO BIAMOBIIHUX (Da3 ra30po3MOAUTy MOKHA 30UIBIIUTH Macy 3aJldll-
KOBHX Ta3iB, YUM JIOCATAETHCS 3HMKEHHS MaKCUMaJIbHOI TeMIIepaTypH UKy, TaK
SIK 3MEHIIYETHCSI Maca CBIKOTO 3apsjy 1, OTXKe, MiJBeIeHa TeroTa. BHaciigok po3-
BEJICHHS CyMIIIll HEUTPaIbHUMU MPOIYKTAMH 3TOPSIHHS TaKOXX CIIOBUIBHIOIOTHCS pe-
aKIIi OKMCIIeHHS naiuBa [4].

3MEHIIEeHHSI IEPEKPUTTS TPU3BOAUTH /10 30UIbIICHHS KOe(IliEHTA 3aTUITKOBUX
rasiB 1 3HKeHHS emicii NOy [5].

Takox raabMyBaHHS MPOIIECY 3rOPSIHHS MOXKHA 3a0€3MEYUTH 3MEHIIIEHHSIM KyTa
MOYaTKy MoAayi MajuBa, o0 T03BOJISE:

* 3MEHIIIUTU MIBUJKICTh HAPOCTAHHS THCKY, a OTXKE€, 3MEHIIUTHU KOPCTKICTh PO-
00TH NIBUTYHA, SIKa BUSBISETHCSA B MIABUILNEHHI PIBHS IIYMY 1 30UTbIIEHHS 3HOIIY-
BaHHS ITIIIUITHUKIB;

* 3MEHIIIUTH BMICT OKCHJIIB a30TYy y BIANpaIllbOBAaHUX razax;

* 3MEHIIIUTU TEMIIEpaTypy BIAMNpPAIlbOBAHUX Ta3iB, ajie MPHU I[bOMY OTPUMATH 1
Nesike 30UTbIIeHHS] TUTOMOT BUTPATH TMajuBa 32 paxXyHOK MOPIBHSIHO BUCOKOI TEMIIE-
paTypu LUKITY.

BucnoBkn. BcraHoBieHo, 10 OCHOBHUM (akTopom, 1110 BIUIMBAE Ha
MIABULIEHHS BMICTY OKCHU[IB a30Ty B BIANPalbOBaHUX Ta3ax, € BHCOKa
MaKCHUMaJlbHa TeMIlepaTypa [MUKIY.

HaGmmxenns poGodoro mporiecy Au3elis A0 1300apHOrO MPOIECY 3TOPSHHS
MajuBa JIO3BOJIAE€ TIABHUINMTH CTYMiHb CTHUCHEHHS JIBUTYHa 3 BHUXOJOM
MaKCUMaJIbHUX HaBaHTaX€Hb HOBOTO IMKIY A0 piBHA 0OazoBoro nauryHa. Ilpu
IIbOMY 3MEHINYETHCA MUTOMA BUTpaTa TMajvBa MPU HE3HAYHOMY 30UIBIICHHI eMicii
OKCH/IIB 30Ty B BIJINpallbOBaHUX Ta3ax JBUTYHA.

VYaockoHaneHHs poOoYoro Tmpolecy Au3eis 3IIMCHIOEThCA 3a PaxyHOK
MEPBUHHUX 3aXOIB» MO JABUTYHY, fKI BKJIIOYalOTh B ce0e: 3MEHIIEHHS KyTa
MOYaTKy MoJaadi MajivBa, 3MiHa (a3 ra3opo3noainy.
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ITapameTpr4yHMii pe30HAHC PH KPYTHWIBHUX KOJUBAHHAX CYAHOBOI0
BAJIONIPOBOLY

[Ipy TeopeTMYHHX Ta EKCIEPUMEHTAJbHUX JOCIIIKEHHSIX BiOpaliiHoO-
KOJMBAJIBHUX MPOLECIB SIKI MPOTIKAIOTh B KOJIMBAIBHINA CHCTEMI CYJHOBOTO BaJlo-
IIPOBOAY il IPUUHATO INPEACTABIATH SIK JUCKPETHO-MACOBY B SKHW €JIEMEHTH Xa-
pPaKkTEepU3yIOThCsl HE3MIHHUMH IapaMerpaMu (MOMEHTaMH I1HEpIii, KOPCTKICTIMU
OUISHOK ~ BajornpoBonay). OCHOBHMM BHUIpaBAaHHSAM TaKOro JOMYUICHHS €
IMOBIpHICHA MPUPOJA BCIX YMHHUKIB, 10 BIUIMBAIOTH HA PE3YNIbTaTH BUMIPIOBAHb.
Ile HaBOAMTH 10 MPUPOIHOTO PO3KUIY MAPAMETPIB, SKHUM, SK MPAaBUIIO, HAKPUBAE
IpaHull 1X BIAXWJIEHHS 13-32 BIUIMBY HEJIIHIMHOCTI €JI€MEHTIB. SIK MOKa3yloTh J10-
ciipkeHHs [1] Ha aucnepcito pe30HaHCHOT aMILTITYIU 3Ha4YHO BIUIMBAIOTh TaKi YHH-
HUKHU K PEryJIIOBaHHS JIBUTYHA, SAKICTh 301pKM KPUBOILIUITHO-IIIATYHOBOTO MEXaHi3-
My (KHOIM), 3ycumis 3aTsAryBaHHS pi3bOOBUX 3'€lHaHb 1 1HIIE 1 1HIIE. AJe
HeNiHiHA nepioanyHa 3MiHa MoMeHTy iHepuii KIIM (puc.1) npu neBHux 0o6cTaBu-
HaX MOXX€ MPHUBOJUTH A0 CyOrapMOHIYHOTO a00 MapaMEeTPUYHOIO PE3OHAHCY.
Brnepire Ha Te, mo MoMeHT iHepiii KIIIM aBidi 3MiHIOETBCS 32 OJUH 00€pT KOJIiH-
yaToro Basa 3BepHYB yBary Goldsbrough G.R. [2], Gregory R.W. [3] mocaimkxyBaB
BJIACTUBOCT1 CHPOIIEHOI HENIHIMHOT KoNMBalibHOI cuctemu, Draminsky P [4,5] no-
CJIIJIUB MOXJIMBICTh BUHUKHEHHS MMapaMeTPUYHUX KOJIUBAHB 1 MOB'I3aHOMY 3 HUMHU
PE30HAHCHOMY SIBUIY 1aB Ha3BY 'BTOPUHHUMI pe30HaHC".

Hestermann D. C. i Stone B. J. [6] 3anponoHyBaiy aHAIITUYHUN BUpa3 JJIsI MO-
MeHTy iHepuii KIIIM B 3anexHOCTI BiJf KyTa HOBOPOTY KOJIHYATOro Bajyia (1.K.B)

I(p)=1, +IWA2 %+ mnr2 (cos@-tg S —sin @) + mmr2 [(l —h)? cos® p+(hcos-tgf—sin (p)z]
ne IkB — MOMEHT iHepIii KoiHYaToro Baja; Iim- MOMEHT iHepIlii maTyHa BiIHOCHO
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Horo 1eHTpa Mac; mi — Maca MOPIIHS pa3oM 13 KpeHikondom; min — Maca martyHa;
A — noctirina KILIM; h — BigcTans Bijl 0C1 MOTHIILOBOT IITMUKH J0 LIEHTPA Mac
maTyHa; [ — KyT BIAXWICHHS IIaTyHa BiJl BEPTUKAJIbHOT OCI.

o %0 180° 210° 360°
crank_anghe

Puc. 1.3aexHicTb MOMEHTY 1HEpII1l KPUBOILIUITHO-IIATYHOBOI'O MEXaH13My BiJl KyTa IOBOPO-
Ty KOJiHYaToro Bana [7].

Sk MoxkHa 6auMTH 13 puc. 1 MakcuManbHe Ta MiHIMaJIbHE 3HAYEHHS MOMEHTY
iHepiii KIIIM neuryna 8RTA/RT-flex96 BinpizHseTbes OUTbII HIXK B iBa pas3u [7].

W. Schiffer [7] noka3aB BUHUKHEHHsS e€(EeKTy BTOPMHHOI'O PE30HAHCY Ha IMpH-
KJIaJ1 MpOIMYJIbCUBHOI YCTAHOBKM 3 JIBOTAKTHUM MajoO0OEpTOBUM  JIBUTYHOM
Wairtsild SRTA/RT-flex96C 1 mecTuiionaTeBUM TBUHTOM (DIKCOBAHOTO KpPOKY O€3
BUKOPHUCTaHHS AeMrdepa KpyTUIbHUX KOJMBAaHb MOPIBHIOIOYM JaH1 BUMIPIOBaHHS 1
METO/IIB PO3pPaxyHKYy KyTa CKPYYYBaHHsS B 3aJIKHOCTI B1Jl 4acTOTH OOEpTaHHS
KOJIIHYATOro Baja 3 MOCTIHUMH MOMEHTaMH 1HepIii (puc. 2 a)) Ta 31 3MIHHUMH MO-
MeHTaMu iHepuli (puc. 2. b)).

oe . - os
[ A ] =
0§ a - eV o5
N B ==
04" d order 5 04
2N
0y A\“/\j Q.% N . L
e maasured order 11
or { }p | — measured order 13 or
s /| 1 messured order 5
[3M .______,./ - ’ . ' o
' 3
- —— - -
o0 10 ] ®  pm 100
spmad

Puc. 2. [lopiBHAHHS JaHUX BUMIPIOBaHb 1 TEOPETUUHUX PO3PaXyHKIB PO3BUTKY KPYTHIBHUX
KOJIMBaHb [7]: a) 3 MOCTINHUMU MOMEHTAMH 1HEp1ii; b) 31 3MIHHUMU MOMEHTAMHU 1HEPLIii

Moskna G6auuTH, IO TpaJIULiiHA CXeMa PO3PaXyHKY aMILIITy10-4aCTOTHOI Xa-
PaKTepUCTUKU TOOIHM3Y pe3oHaHcy npu 90 00/XB jae 3aHIKEHI 3HAYCHHS aMILTITY-
U BIIHOCHO BUMIpsSHUX (puc. 2 a)). BpaxyBaHHS 3MIHHOi YacCTMHM MOMEHTIB
1HEepIlii 3HAYHO MOKpAIIY€e Y3roKEHICTh JaHUX BUMIPIOBAHHS 1 PO3PaxyHKY.

B po6orti [8] po3risiHyTa MOJelb OAHOLMIIHAPOBOrO JBUTYHA 13 MaXOBHUKOM.
3MIHHUM MOMEHT iHepIlii OyB po3kianeHuil B psaag Oyp'e. B pesynbTaTi 4ncenbHOTO
PO3B'SI3aHHSI OTPUMAHOTO JIU(EepeHI1abHOTO PIBHAHHS OYJI0 BCTAaHOBIIEHO, IIO Ia-
pameTpuuHe 30y/UKeHHS! TPUBOAUTD 10 HUKIIYHOT 3MIHM SIK aMIUTITYAH Ta 1 4aCTOTH
KOJMBAJIBHOI CHCTEMH BIPOJOBXK OJHOTO 00€pTy KOJIHYATOrO BaJIa.
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Puc. 3. Kyt ckpyuyBaHHS £ B 3aJI€KHOCTI Bifl BIAHOIIEHHS YacTOTH 0O0EPTaHHS KOJIHYATOTO
BaJIa JI0 BJIACHOT YaCTOTH KOJUBAJIBHOT CHCTEMH [ §]

Ha puc. 3 aBropu [8] mokazanu 30UTbIIEHHS aMIUTITYJUd BUMYIIEHUX KOJUBAHb
npu 30UTbIIEHH] BIIHOUIEHHS YaCTOTH 00epTaHHs KOJIIHYATOTO BaJia J0 BJIACHOI Ya-
CTOTH KOJMBaJIbHOI cucteMu. Lle o3Hayae, 110 mpu nNeBHUX 0OCTaBUHAX M1JICUITIONO-
Yl eeKT BTOPUHHOTO PE30HAHCY MOKE BUBECTH aMIUTITYJy KOJIMBaHb JAJIEKO 3a
paMKu OOYMOBJIEHOT CTaTUCTMUHUM pO3KHa0M mnapametpiB. K Takum obcraBuHAmM
MO>KHA BIIHECTH HEJIOCTATHE IeMI(PipyBaHHs B KOJIMBAJIbHIN CHCTEMI.
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IHoninmeHHs eKOJOTiYHUX XapPAKTEPUCTHK AU3e/1 3 BUKOPUCTAHHAM
AJIbTEPHATHUBHHUX BUAIB NAJTHBA

CBiTOBa CHUIBHOTA OCTAHHIM YacoM MpHUiIMae psiJ KOPIHHUX 3aXOMAIB, CIPSMO-
BaHUX HA 3HIKEHHS 3a0py/JHEHb HABKOJIUIIHBOTO CEpe/lOBUINA, MIJBUIIEHHS €KO-
HOMIT TaNMBa, TMOJIMIICHHS XapaKTEPUCTUK EHEPreTUYHHX YCTAaHOBOK B CEKTOPi
BOJHOIO TpaHcnopty. [lepiini Kpoku B HAMPSIMKY MEpeKiIaay MOPCHKOTO TPaHCIIOPTY
Ha OUIBII €KOJIOT1YH1 BUJIM MAJIMBA CBITOBE CIIBTOBAPUCTBO 3poduiio B 2010 p, konu
nonatkom VI MAPIIOJI 73/78 IMO 6ynu BcTaHOBJIEHI OCOOJMBI paiilOHM KOHTPO-
o BUKUAIB cipku - 30HU SECA (Sulfur Emission Control Areas). Y nux 30Hax, Ky-
M Ha CHOTOAHIIIHIN JeHb BXOJATh akBaTopii IliBHiuHOrO 1 Banrtiiickkoro mMopis,
nporoky Jla-Manm, Kapubcebke mope 1 200-munbHi 30uu CIIIA 1 Kanaau, BBeaeHa
3a00poHa Ha BUKOPHUCTaHHS BHUCOKOCipyaHoro maynmpa: 3 junHs 2010 p. piBeHb
BMICTY CIpKU B nanuBi O0yB oomexeHuit 1%, a 3 1 ciuns 2020 poky - 0,5%. Onnax
e 710 HACTaHHS LbOro TepMiHy MiKHapoJaHa KOHBEHIIS MO 3ano0iraHHio 3a0py/a-
HEHHS 3 Cy/IeH OCUJIMJIa BUMOTH IIOJI0 BMICTY CIpKU B CyAHOBOMY mnaiuBsi 10 0,1%
MO0 Maci B 30HI CHeIaJIbHOTO eKoJoriyHoro koHTpouto SECA, BBIBIIK B Ait0 oOMe-
xeHHs 3 1 ciuna 2015 poky. Po3pi3HAIOTH BakKi 1 JETrKl CYJHOBI MaluBa.
Baxki:Residual Fuel; Intermediate Fuel Oil (IFO); ¢norcbkuit Mma3zyt mapok ®-5 u
®-12. Jlerki manua (quctuisatu): Distillate Fuel, MDO (DMB) - nu3enbHe maauBo
3 BMicToM cipku 10 0,5-2,0 % (Marine Diesel Oil); cyqHoBe ManoBsizkoe MajauBo.
J1o Jerkux Takox BiZHOCATH TazomoTopHe naiuo: MGO (DMA) — razoiiis, au3na-
nuBo 3 BMicToM cipku 10 0,1%, B mianazoni 0,1-0,5% (Marine Gas Oil); 3pimkeni
ByIJIeBOAHEB1 razu. Y BupoOoHuTBi nanus kareropii ULSFO, Ultra Low Sulfur Fuel
Oil — RMD 80 (RMB 30) BUKOPUCTOBYIOThCS K JIETKl, TaK 1 BaXKKi KOMIIOHEHTH.
Makcumanbauii BMIcT cipku - 0,1% [1]. OCkuUTbKH TOProBi CyJJHa BUKOPUCTOBYIOTh
OJIHY 3 HallOpynHimux HadToBUX (Ppakiiil - GIOTCHKUN Ma3yT B 00cs31 10 4 MIIH
OapeniB Ha 1100y, TO Taki 3aXOJu 3aXKaJalu BiJl CYAHOBJIACHHMKIB 1 OMEpaTOpiB
¢brnoty, MmapuipyT sikux npodsirae uepes 30Hu SECA, neperisaay ckiany TpUHHITOrO
OyHKepa 1 HEOOX1IHICTh MEepPEeBECHHS CYAHOBUX JBUTYHIB 3 Ma3yTy 3 BUCOKUM 1 ce-
peaHiM BMICTOM Cipku Ha ynbTpa Husbkocipuucti namuBa (ULSFO). B sxocTi
BIJIMOBITHUX OYIKYBAaHUM OOMEXEHHSM BUJIIB MMaJMBa CyIHOBJIACHUKHU, SIK IIPABUIIO,
PO3IIIAIalI0Th HU3bKOCIPYUCTI JUCTUWIIATH - Ta3oisib (MGO) 1 cyJHOBI NajguBa 3 yiib-
TPaHU3bKUM BMICTOM CIPKH, Y BUPOOHHUIITBI IKUX BUKOPUCTOBYIOTHCS JIETKI HATOBI
dpakiii, 3piIPKeHU NPUPOIHUN ra3, METUJIOBUN CIUPT (METAHOJ) Ta TUMETHIOBUI
edip. Uu He HadTOBI MaauBa - pOCIUHHI Macia, CIUPTH, edipy, ra30Mo/10H1 MajauBa
(cTUCHeHMI TPUPOAHUN Ta3, AUMETHIOBUN edip, BOAEHb 1 1H.) MaroTh ¢i3uKo-
XIMIYH1 BJIACTHUBOCTi, BIAMIHHI BiJi BJACTUBOCTEW HA(TOBOr0O IU3EIHHOTO MAJIMBa
ab0o MasyTy, Kl € OCHOBHUMHM JUJIsi CYJHOBUX JIM3€JIbHUX ABUTYHIB. [Ipu BuUKOpH-
CTaHH1 LIMX NaJIUB HEOOXITHO BPaXOBYBaTH BUMOTH, IO MPE'ABISIOTHCS 10 TPAHC-
NOpPTYBaHHs, 30epiranHs, 3arpasili, BAKOPUCTAHHS B IU3EJIbHUX ABUT'YHaX. Brache,
TUIbKM €KOHOMIYHI (B TIEpIIY YEPry) 1 €KoJIOriuHi (y ApYry) NPUYHMHU 3yMOBIIOIOTh
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NIABULIEHUN 1HTEpPEC 10 MNpoOJieMH T.3B. albTEPHATUBHUX NaIMUB ISl JABUTYHIB
BHYTPIIIHBOT'O 3TOPSHHS, B TOMY 4HuCHl 1 cyaHOBHUX. [ BukoHanHs Bumor IMO
CYJIHOBJIACHUKaM JIOBOAMTHLCS BIAMOBIATHUCS BiJl BAKOPUCTAHHS TPaJULINHOrO Ma-
3yTy 3 BMicToM cipku 1,0-3,5% 1 nu3enpHOr0 nanusa 3 BMicToM cipku 0,2-0,5%. Ta-
KUM YMHOM, BBEJICHHS CBITOBUM CIIBTOBAPUCTBOM OOMEXKEHb L1010 BMICTY CIPKU B
CyJHOBOMY TaJMBI Ta 1HIIl €KOJOT1YHI IHII[IaTUBU BEAYThb /0 CYTTEBUX 3MIH Ha
PUHKY CYIHOIUIABCTBA, B JIOTICTHIl, MOPTOBOI 1H(PACTPYKTYypH, BUPOOHMIITBI
HadTonpoaykTiB 1 nanmB. Paktrnuno BumMoru MAPIIOJI BBenu 3a60poHY Ha BUKO-
PUCTaHHS Ma3yTy 1 TPAJIULIHHOIO JU3EJIbHOrO MaJMBa, 10 3MYIIYE CYIHOBIACHUKIB
BIIMOBUTHUCSA BiJ] iX BUKOPUCTAHHS [2]. ANbTEpHATUBOIO BUKOPUCTAHHIO HU3bKOCIpP-
YUCTHX MaJIMB € 3aCTOCYBaHHS YCTAaHOBOK JIOOYMIIEHHS Tra3iB, IO BIAXOIATH -
ckpy66epis (EGCS). Ix 3acTocyBaHHs 103BOJIS€ MPOOBXKYBATH BUKOPUCTOBYBATH
BHUCOKOCIpUKCTe MaiuBo npu miuaBaHHi B 30H1 SECA, Bukonyiouun Bumoru IMO.
Tak, nanmpukiaza, BizoMa TpaHCHOpTHA Kommadis Maersk, nepernsHyna cBoro ma-
JUBHY cTpaTerito y 3B's3ky 3 BumoramMu IMO 10 sKOCTI CyJHOBOrO MajnuBa i
BUpIIINJIA BCTAHOBUTU CHUCTEMH OYHMIIEHHS rasiB, 110 BIAXOASTh Ha CBOIX CyJax
(npaBaa, Ha 0OMeEXEHOMY iX KUIBbKOCT1). Po3paxyHku, IpoBejieHI KOMITaHIEIO, TTOKa-
3ay, 10 Micis BCTymy B cuily BuMor IMO BuTpatu Ha OyHKEep BUPOCTYTh Ha § 2
mipa. [puctpiit 1 excrutyaTtaniiHi 0coOJIMBOCTI CKpyOOEpoB BiIOMI, iX IIMPOKO 3a-
CTOCOBYIOTh B XIMIUHIM MPOMHUCIOBOCTI JJIsl OUMIIEHHS TBEPAUX a00 ra3omoi0HuxX
CEpEellOBHUII, BUIYUYEHHS IUIbOBUX KOMIIOHEHTIB. Y CYJAHOBHX CKpyOOEpOB BiIKpH-
TOTO (HACKPI3HOTO), 3aMKHYTOTO (3aKpUTOT0) TUITIB (LIUKJIIB), & TAKOXK T1OPUIHUX €
CBO1 OCOOJMBOCTI, SIKI HEOOXIZIHO BpaxOBYBaTH. YCTaHOBKa CKpyOOEpoB BuUMarae
PO3paxXyHKIB OCTIHHOCTI Cy/IHa, KOHCTPYKIIHHOT MILHOCTI KOPITYCY, 3araJibHUX Ia-
pameTpiB Oe3MeKH, a TaKoK OOJIKY 3BOPOTHOIO TUCKY BUXJIOMHUX Ta3iB 1 JOJATKO-
BOi BEHTWISALII MaIIMHHOTO BigfuieHHs. KpiM Toro, HeoOXiIHO BpaxoBYBaTH
«BxuBieHHs» obnaaHanHs EGCS B yxke icHyroue 0O0NaJHaHHS, MaplIpyTH3aLI0
TpyOompoBoAiB. [loTpiOHO nojaTkoBe OOJagHAHHS MJI 3aCTOCYBaHHS PEarcHTIB,
BiIKAUyBaHHS 1 OYMIIEHHS YTBOPIOIOTHCS B Pe3yJbTaTi EKCIUTyaTallii ckpyOOepa
PIAKMX BIIXOMAIB MIJBUIINEHOI TOKCUYHOCTI, 1X 30epiraHHs Ui MOJAJbIIOI 37a4l B
NOpTYy NMpu3HauYeHHA. JIJsl MOTrJIMHAHHA CIONYK CIPKU 3 Ta3iB, [0 BIAXOJATH CYJIHO-
BOT'O JBUT'YHA B AKOCTI aOCOpOEHTY BUKOPUCTOBYIOTH MOPCHKY a00 MpICHY BOIY, B
TOMY YHUCI1 3 mpucaakamu. Ha BUXOIl yTBOPIOIOTHCA PO3YMHHU CYIb(DITIB 1 CYJib-
¢datiB HATPiIO, IMHKY, SIKI B MOPTAaX BIAMOBISIIOTHCSA NpUMaTH Ha 30€piraHHs: TeX-
HOJIOT'11 Ta IOPUIANYHI MEXaHI13MU YTUJII3allli BIAXO1B CKpyOOepoB He ompalboBaHi,
IO CTBOPIOE III€ OAHY €KOJIOoriyHy mnpoOiemy. Ha cymax cepeaHboi BOJOTOHHAXK-
HOCT1 CKpyOepu MOXKYyTh 3aliMaTh YBEpPTh KOPUCHOI IUIOMNIi, IO 3HUXKYE BaH-
TaXOMIIHOMHICTh CyJHA 1, BIATIOBIAHO, 3MEHIIIY€E BUTO/ly CY/IHOBJIACHUKIB. BapTicTh
YCTaHOBKHU CKpyOOepa Ha cyaHo ckianae Bix $ 2 1o $ 5 muiH. Ha iX BUTOTOBIICHHS, 3
OrJISiAy HAa KOPO31iiHY aKTHUBHICTH CIIOJIYK YTBOPIOIOTHCS B PE3YNIbTAaTI OYUCTKU
BIJIMIpallbOBaHUX Ta3iB, /i€ BUCOKOSIKICHA HepkaBitoya craib. [lepeobnamHanHs
MOPCBHKHUX CYZI€H Belie 70 mpocToro neBHoi TpuBainocti. [Ipu ubomy EGCS Bumarae
PEryJsIpHOrO OOCIYrOBYBaHHS, IO BKJIOYAE 3aMIHY BHUTPATHUX MaTepialliB, IO
30UTBIIY€E eKciutyaTaliiHi Butpatu [1]. Ha aymky psay ¢axiBuis, siki mpeacTaBis-
10Tb Morgan Stanley, Thomson Reuters, mia BIJIMBOM KOPCTKUX MIKHAPOAHUX 00-
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MEXEeHb MAJIMBHUI OajaHC IOCUTh IIBHJIKO Bl TPaJWLIMHOTO ISl rajxy3l BHCO-
KOCIpYaHOTO Ma3yTy 3MICTUTHCS, 3 OIJISAY Ha 1X €KOJOTTYHOCTI Ta €EKOHOMIYHOCTI, B
ctopony auctuiaTiB 1 CIII'. Octanniit noBHicTiO BignoBigae Bumoram MAPIIOJI 3a
3MICTOM CIpKHU. 3 1€l IpUYMHM B OUIBIIOCTI Kpain €Bpornu, a Takoxk B CIIA 1 Ka-
HaJ[l IPIOPUTETHUM CYJHOBUM MajnuBoM MailoyTHeoro BuOpanu CIII' [3]. Ilpu itoro
BUKOPHUCTaHHI B SIKOCTI MaJIMBa BUKUIU IIKIIUIMBUX PEUOBUH 3HIKYIOTHCS 10 90%.
3a 1IHOIO 3PIHKEHUN MPUPOAHUN Ta3 MOXKHA TIOPIBHATH 3 MEeTaHOJIOM. Psi daxiBiiB
3asIBJISIIOTH PO MOXKJIMBE 3pOCTaHHS BUKHUIIB MApHUKOBUX Ta3iB B aTMocdepy MpH
BukopuctanHi CIII" B sikocTi nanusa. J1Jjis 3MEHIIEHHS IbOTO €PEeKTy MPOMOHYEThCS
3HIKYBATH MIBUAKICTh PYXY cynHa. JlaHa MpOMO3UIlisl BXOJUTh B MPOTUPIYYS 3 BU-
MOTaMH Oe3MeKH, KEPOBAHOCTI CYAHOM, 3a)KaJa€ rnepedy0BU JOTICTUUHOT CUCTEMHU
JIOCTaBKM BAaHTaXIB, HE BUKIIIOYAETHCS 1 30UTBIIEHHS KUTBKOCTI CYIIB - BCE II€, B
KIHIIEBOMY MIJCYMKY, HaBps YU NpU3BeAe A0 THofinmeHHs cutyauii. Kpim toro,
HIXTO HE BIIMIHSB 3aCTOCYBaHHS MOBITPS B SIKOCTI OKMCIIIOBaya B MPOIIECi CHato-
BanHsa CIII. A moBiTps, SK BiAOMO, MICTUTh a30T, 1 MpoOJjieMa OKHUCIIB a30Ty B
BIJIMIPaI[bOBAaHUX ra3ax 3aJUIIMTHhCS HEBUPIIIEHOI, OCKUJIBKM HOBI TUIHU JABUTYHIB
a00 KOHCTPYKTUBHI PIIIEHHS 1[0 MOKPAIYIOTh MMPOIIEC 3rOPsSIHHA MaJIMBa 3'BISIOTh-
Csl HE TaK 4acTo, SIK LIbOr0 XOTUIOCS O amojoreram «3eJeHO0i eKOHOMIKu». I Bce-
Taku, 70 OCHOBHUX nepeBar BukopuctanHs CIII' Ha MOpCbKOMY TpaHCIOPTI BiIHO-
CATHCS: HU3bKA BApTICTh B TOPIBHSHHI 3 TPAAUIIMHUMHU BHJIaMH TaJIMBA; MOXK-
JUBICTh pealtizallii BEIMKUX OOCSTIB; 3HUIKEHUM 3HOC 1 30LIBIIEHHS MOTOPECYPCY
MOPIUIHEBUX JBUTYHIB, 3HI)KCHHS HAraporosiBICHHS B HUX. Y MEPCHEKTUBI MPUPO/I-
HUW ra3 MOXeE CTaTu OJAHIEI0 3 TOJIOBHUX MaJMBHUX aJbTEPHATUB JJI CBITOBOTO
CYJIHOIUIaBCTBA. 3a JeaKuMu olinkamu, Bukopuctanusa CIII' mo3BonauTs 3aomaauTu
6mu3pko $ 1,3 MITH Ha CYZHO B piK B MOPIBHIHHI 3 BUKOPUCTAHHSIM HU3BKOCIPYHCTO-
ro najuBa.
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AepoauHaMiuHe Ta BiOpauiiiHe BJOCKOHAJICHHS POOOYHX JIONATOK
NapoBHUX TypOiH

VY neskux cTyniHsax (MepeBa’kHO OCTaHHIX) MOTY>KHUX MapoOBUX TYpOiH (K cya-
HOBUX, TaK 1 CTAaI[IOHAPHUX) Yepe3 3HAYH1 3TUHAI0Y1 3yCUILISI BAHUKAE HEOOXIHICTh
3aCTOCYBaHHS MPOQLIIB poOOUYMX JIONATOK 3 BEJIUKUMU MOMEHTaMu omopy. Jis
BUpIIIEHHS LBOrO 3aBJAaHHsA OyB po3poOieHuil aBoonykiui mnpoduis (puc. 1
npodim /-111) [1,2]. PemiTka Takux npoduiiB J03BOJIsIE 3a0€3MEYUTH 1X ONTUMAJIb-
HE aepoauHaMiyHe OOTIKaHHsS MpU 3a0€3MEeUeHHI HEOOXITHOTO MOMEHTY OIOpYy
npod IO,

BaxxmBoio mepeBaror0 JBOOMYKJIOrO MPO(UII0 € MepeMIlIeHHS MaKCUMyMy
3TUHAIOYUX HAIpPYKEeHb 31 BXIIHOI Kpaiku, /e 3 0ararbox MPUYUH HPUXOIUTHCS
OUIKYBAaTH KOHIIEHTPAIII0 HAaIpy>KE€Hb, HA BEPIIMHY BUCTYNYy Ha CTOPOHI THCKY
(. A, puc. 1).

Ockutbku GopMa CTOPOHU THCKY aBoomnykioro (/) mpoduiwo (puc. 1) 1 mMixk-
npo(UIBHOTO KaHally 1CTOTHO BIJIPI3HSETHCS BiA 3BUYaiiHOi (BBirHyToi, /V), HE0O-
X1IHO AOCTIKYBATH XapakTep OOTIKaHHS MpoQiIiB.

Jlist mpoBesieHHsT nociiaiB Oyina oOpaHa cepist 3 YOTUPbOX PELIITOK MPOQLIIB 3

OJIHAKOBHM BIJIHOCHUM KPOKOM t=1/b=0,70 (t — kpoxk peumitku, b— xopaa
npodiIt0), €HEKTUBHUM KyTOM BHUXOIY P25 = 20°, 0HAKOBUM CKEJIECTHUM KyTOM
Bxony B = 140°, onHakoBoO ()OPMOIO CTOPOHU PO3PIIKEHHS («CIIUHKW» MPOPLII0) 1
HE3MIHHOIO BUXIHOIO JUITHKOIO HAa CTOPOHI TUCKY (pHC. 2).

¥

Puc. 1. Docaimkeni Buau npodinis: 1, 11, 111 — qoomyk:i mpodii:
1-0,14; 11— 0,16; 11 — 0,19; IV — 3Bu4aiiHuii mpodinb
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KoMmnbroTepHe Moae/il0BaHHS 0i0/10TiYHOT0 3a0py/IHEHHSI KOPITyca CyHA

Binomo, o Gionoriune 3a0pyanenus (biofouling, 6iodymniHr) Moke HETaTUBHO
BIUTMBATH HA T1APOJMHAMIKY KOPIIYCY CYJZI€H, 30UTbIIYIOYM HEOOXIAHY MOTYKHICTh
rOJIOBHUX JIBUTYHIB 1 BUTpATy MajuBa, MOT1pIIye MaHEBPEHICTh CyAHA.

CydacHa po3poOKka MOKPHUTTS MPOTU O10JOTIYHOTO 3a0pyAHEHHS - 1€ MIKIHUC-
HUIUTIHApHAa Po0O0Ta 13 3aJly4eHHSIM XIMIKIB, MOPCBHKHX O10JI0TiB, TIPOJAMHAMIKIB
TOILO 3 PI3HUMH NPIOPUTETAMHU, X0Ua 3arajibHOI0 METOI0 € €(EeKTUBHUN €KOJIOT14-
HUN KOHTPOJIb 32 aHTPOTIOIr€HHUMU 3a0pyTHEHHIMH.

[Ipouec OionoriyHOro 3a0pyAHEHHS MOXKHA 3rPYyNyBaTH MO KJIIOYOBHM CTaisM
pOCTY, SIKI BKJIIOUAIOTh MOYAaTKOBE HAKOMMWYEHHS aJcOpOOBAHOI OpraHiKH, MOCEJICH-
HS Ta PICT MEPIIONOXITHUX OakKTepii, 10 CTBOPIOIOTH MATPUIIO OIOTUIIBKM Ta Ha-
CTYIIHY MOCIHIIOBHICTh MIKPO- Ta Makpo- cTpykTyp (puc. 1). Ilokpurrtsa 3pinux 3a-
OpyaHEHb, sIKe BKJII0YaI0 O CMEPTHICTh Ta eMirpalliro BUiB, He ToKa3aHo [1].

Ha puc. 1 HaBeneHo yacoBe HaKOMMYEHHS 010JIOTTYHOTO 3a0pyAHEHHS, 10 MiC-
TUTh YOTUPHU OCHOBHI CTaJli: Mepila — CTBOPEHH KOHAMUIIN (YMOB JJ1s1 0O10JIOT'TYHO-
ro oOpoCTaHHs); Apyra — NPUKPIIJICHHS; TPETS — CTBOPEHHS KOJIOHIT; YeTBepTa —
3pOCTaHHS.

[TocnigoBHICTh 010J0TTYHOTO OOpPOCTaHHS HE mMependadyBaHa yepe3 eKCITyaTa-
110 CyOCTpAaTHUX Hilll BUIMMHU OopraHizsMamMu. @opMyBaHHS OIOIUTIBKM YacTO € IO0-
NepeTHUKOM MOAANBIINX 3a0pyIHEHD 3 00Ky MakpoopraHizMis. [lociigoBHicTh Oi0-
JIOTIYHOTO 0OpOCTaHHs OyJia eKCIIEPUMEHTAIbHO BUNPOOYBaHa NUISXOM BUJAJICHHS
MOYAaTKOBHX IIAPIB BOJOPOCTEH, IO MPU3BOJIUTH 10 OOMEKEHOro MOJAJIbIIOro 3a-
OpynHeHHs [2].
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CONDITIONING ATTACHMENT COLONISATION

\?‘ —
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STEEL SUBSTRATE
1 minute to | 1 hour to 24 hours to 2 weeks to
1 hour 24 hours 1 week 1 month
- Microorganism. Spore Adsorbed organics

- Larvae |:] Extracellular polymeric substances (EPS) : Seawater

Puc. 1 — CxemMa KpUTHYHHX CTaJIil O6i010TiIHOTO 0OpocTaHHs [1]

biomniBku 3a6e3neuyroTh cepeoBuille icHyBaHHs it moHaa 400 BUAIB MOPCh-
kux popm xkutts [3].

Puc. 2 — MakpoBOIOPOCTi, TUIMHKHU O0e3XpeOeTHUX MOPCHKUX TBAPHH, IHIINX 0e3XpedeTHux [3].

JIis KOMII' FOTEpHOTO MOJIETIOBAHHS T1IPOJIMHAMIKH KOPITYCY CyIHA 3 ypaxy-
BaHHSAM O010JIOTIYHOTO 3a0pyJAHEHHS palllOHAJIbHO Ha TEPIIOMY eTari po3poOuTH
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MOJIeN1 JUISTHOK KOPIYCY 3 PI3HUM pIBHEM 3a0pyIHEHHS, JIJI1 4Oro HEOOXI1THO BHU-
3HAYMUTH CTYIMiHb OOPOCTaHHS.

[ndopmariiro moa0 po3MipiB Ta CTYHEHIO OOPOCTaHHS KOPITYCY CyJIHA MOXHA
OTPUMATH Ha IIICTaB1 €KCIIEPUMEHTAIBHUX JOCIIIKEHb [3, 4], Ta 610JOTTUHUX J10C-
JKEHb [S].

3a nanumu [4] po3mipu 010J0TTUHMX HAKOTMYEHb (HA IPYTik cTajil) MOXYTh
MaTH CePEeJIHIO MOPCTKICTh Ry = 5—10 MkM.

B nocnimxennsx [3] HaBeAeH1 J1aHi IO MPOIIECY HAKOMWYEHHs 010JIOTTYHOTO
3abpyaHenHs. ocmimkenHs npoBoawmucs npu 21 °C, mpoBiTproBaiu, Mo 4Yep3i
14/10 roguH MK CBITJIMM/TEMHHM, 35 JTHIB 3pOCTaHHs/7 THIB 0OEpTaHHs, TOBIIMHA
IUTIBKHM cTaHOBUTE 0,1-0,2 MM,

Ha dgerBepTiii cTaaii po3BUTKY 010JIOTTYHOTO OOpOCTaHHS Ha KOPMYCl CyaHa
YTBOPIOIOTHCA PO3BUHYTI KOMIUIEKCH MOJIOCKIB Ta BojopocTeil. BusHaueHHs po3-
MIpiB MOJIFOCKIB B 3aJIC)KHOCTI BIJ] TEPMIHIB PO3BUTKY HaBeJeH1 B [5].

Direction of current

Puc. 2 — EkcriepuMeHTaIbHI JOCIIDKEHHS 010JI0TIYHOTO 3a0pyaAHCHHS [4]

[cHyIOTH TpHM CTaHAAPTHUX BUMIPIOBAHHS MOJIFOCKIB: BUCOTA - BIJICTaHb 1O Tep-
MIEHIUKYJISIPY 10 TO3/I0BKHBOI OC1 PAKOBUHU BiJl BEPXIBKHU 0 HAHOLIBII BUCTYIMAIO-
Y01 TOUKH YEPEBHOT'O Kparo, TOBXKHHA - BIJICTaHb IO MO3/I0BXKHIN OC1 paKOBUHU MIXK
HaWOLIBII BIAJAJICHUMHU OJIMH BiJl OJTHOTO KpalKaMH MEePeIHbOro 1 3aJHHOTO KpaiB 1

OMYKJIICTh (200 TOBIIMHA) - BIACTaHb MK HAHOUIBIN BiAJAICHUMU OIYHUMU TOYKA-
Mmu (puc. 3) [5].
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Puc. 3 — Bumipu po3mipiB MOJIIOCKIB 3a IOIOMOI'O0 IITAHT€HIIUPKYIIS [S]

[Ipu cepenuboMy po3mipi mMinii Bik 0,5 poky - 24,4 MM, MOJIIOCKH POCTYTh B Ce-
peanbomy 4 mm/mic . Ilicas mepuioro poky TeMIu 3pOCTaHHS CIOBUIBHIOIOTHCS 1
ckJ1aaroTh 2 mm/Mic. Bin 1,5 1o 2 pokiB BiH OyB A€o HIKYUM - 1,7 mM/mic. JliHii-
HUM picT y 2,5 - 3,5 pruaux Miaii ckias 0,58 mm/micsus [5].

Ha mizncraBi BU3HaYeHUX PO3MIPIB MOJIOCKIB MOXKHA PO3POOUTH MOJENb MOJIIO-
cka (puc. 4) 1 KOMILJIEKCY MOJIOCKIB (puc. 5).

Puc. 4 — TBepaoTiibHa MOJIETH MOJIFOCKIB
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Puc. 5 — ®parmeHT KOMIUIEKCY MOJIFOCKIB Ha KOPITyC1 CyHA

Jl1s1 mpoBeIeHHS T1APOAUHAMIYHUX KOMIT FOTEPHUX JOCJIIIB BIUIUBY 010JIOT1Y-
HOTO OOPOCTAaHHS Ha OIip KOPIYCY CyJHA HEOOXiHO pO3pOOUTH OUIBII MOBHI MO-
JIeJ1 KOMITJIEKCiB MOJIIOCKIB Ha MIJCTaBl (aKTUIHOTO OOCTEKEHHS CY/CH.

MonenboBaHi MOBEPXHI MOXYTh JUHAMIYHO MiAJAaBaTUCS PO3BUTKY O1OTLIIBKH,
10 YTBOPIOKOTHCS B MOPCHKHUX a00 J1abOpaTOPHUX YMOBAX.

Takox HEOOX1THO pO3pOOUTH MOJETh TiIAPOJUHAMIYHOTO CTEHIY, IO BKIIOYAE
3aHypeH1 YaCTUHY KOPITYCY Ta IPOTOYHY YaCTUHY KaHaIly.

BukonaHHsI 10CHIIB T03BOJINTH BU3HAYATH OMOP KOPIYCY CYJHA B 3aJEHKHOCTI
BiJI CTYNEHIO O10JI0T1YHOT0 3a0pyIHEHHS Ha 0a3i IeTajJbHOr0 aHali3y MOPCTKOCTI.
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TumkiB O.B., lenicos B.I"., I'natiok b.1
Hamionansauii yHiBepcuret «Oechka MOPChKa aKaaeMisi»
Cy4acHi 3aco0u 1IarHOCTyBaHHS CYAHOBHUX CHCTEM

Orsi icHyr0401 Ipo0eMu

['onoBHEe MpU3HAYEHHS CYy4acHOTO AIarHOCTYBaHHS MOJISITae B Oe3MepepBHOMY
aBTOMAaTUYHOMY KOHTPOJI1 TEXHIYHOTO CTaHy 00'€KTa, CBOEYACHOMY BHSBJIEHHI Bif-
XWJIEHb KOHTPOJIbOBAHUX MapaMeTpiB BiJl HOPMATUBHUX 3HAYEHb, IICHTU]IKALIT Ta
nokanizauii nedexTiB, BUPOOJICHH] CTpaTerii MoJaiblIuX i 1 IPOrHO3yBaHHS pe-
cypcy. CucteMu aBTOMaTUYHOTO KOHTPOJIIO 1 JIarHOCTYBAaHHS CTBOPIOIOTHCS Ha 0asi
HOBITHIX 1H(pOpPMAIIITHO-00UHCTIOBANIBHUX 3ac001B, MPOrpaMHa YacTHUHA SIKUX CITHU-
paeTbcs Ha pyHJIAMEHTaJIbHI 1 MPUKIAAH1 MaTeMaTU4YH1 METO/IH.

CphorojiHi iCHye BeJIMKa KUIBKICTH CIICIIaJIi30BaHOI amaparypH, sKa BUKOPHUCTO-
BYIOTbCA JUIsl OTPUMAaHHS HaJIeKHOi1 1HGOpMaIlisl s JA1arHOCTYyBaHHS Pi3HOMAaHIT-
HUX NpUCTpoiB. [lopyd 3 cneriaibHUMHU MPUCTPOSMH TaKOX PO3BUBAIOTHCS aJIbTEP-
HaTUBHI. Pi3H1 nporpamu Ha 3BHYailHUX cMapT(oHaX CHOTOAHI MOKYTh BUKOHYBATH
HIMPOKUNA CHEKTP 3a7a4: MOYMHAIOUM 3 BUMIPY rabapuTiB 00’ €KTIB, 3aKIHUYIOUH Ce-
plie OUTTAM, KPOB’SHUM TUCKOM 1 T.]..

KpiM ocHOBHUX 3aBIaHb, y cMapT(OHIB € 0arato JOJATKOBUX MOMXJIMBOCTEM.
Haounum npukiaagoM € BUKOpUCTAaHHS TenedoHy B SIKOCTI TepMomeTpa. BOyaoBaHi
MO>KJIMBOCTI orepariiHoi cuctemMu Android He MICTATh TaKOi MOKJIMBOCTI, aJjie He-
3aJIe’xH1 pO3pOOHUKHN CTBOPWIM Oarato mporpam, IO J03BOJSIOTH MPUOJIU3HO BU-
3HAYaTU TeMIIepaTypy B MPUMIILIEHHI. BIIbIIICTh TAKMX IpOrpaM € abCOIIOTHO Oe3-
KOIITOBHUMH.

BaxxnuBo Big3HAYMTH, 1110 TOYHICTh TAKUX BUMIpIOBaHbL HeBHCOKA. lle 0OymoB-
JIEHO BUKOPUCTAHHSAM TEMIIEPaTypHOTO JAaTyMKa, IPU3HAYEHOIr0 JJIsl peecTparlii me-
perpiBy BOy/10BaHMX KOMITIOHEHTIB, & HE HABKOJHUIIIHBOTO CEPEIOBUIIIA.

OckiTbKM 711 BUMIPIOBAHHSI TeMIIEpaTypyd BUKOPUCTOBYETHCS 1HTErPOBAHUMN
JaTYUK, PO3MIISIHYT1 JOAATKU MalOTh HE HAMBUILOIO TOYHICTIO. JIJig MpaBaono i0HUX
CBITYEHb PEKOMEHIYETHCS JOTPUMYBATUCS KUTBKOX MTPaBUII.

1. HeoOxinHO 3amyckaTH MOMNEPEIHIO KaliOpyBaHHs, SKILO TaKa OIIIis € B 10/a-
TKY.

2. Ilepen 3amyckom mporpamu TeieoH moBWHEH naisTu (xoua 0 10 XBuiIuH),
00 BHYTPIIIHI KOMIIOHEHTH OXOJIONH. SIKIIO0 MOOLIRHUM MPUCTPi CTOSIIO Ha 3a-
psaaui abo TpuBanuil yac nepedyBajio B pyKax BJIACHHUKA, BUMIPIOBaHHS OyIyTh MO-
MUJIKOBUMH.
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BOynoBanuii natuuk temrepaTypu B TeleQoOHI He 3[aTHUN BUJABATU TOYHI pe-
3yJlbTaTH BUMIPIOBAHb - MOKa3HUKU OyayTh BapiioBaTHCS B Mexax 3-7 rpaayciB 3a
Lenbciem. SIKII0 1OTpUMYBATHUCS 1IHCTPYKIIi, MOXHA JOCSITTH TOYHOCTI A0 3 rpaay-
ciB. Jlis 1poro He0OX1THO BUKOHATH KalliOpyBaHHS 1 HE KOPUCTyBaTUCS cMapTho-
HOM TIPOTSATOM JIESIKOTO Yacy J0 MOYaTKy BUMIPIOBaHb, 1100 KOMIIOHEHTH TaJlKeTa
Oynu HarpiTi.

binbuiicTe TepMOMETPIB BUMIPIOIOTH TeMneparypy sk B Llenbcisx, Tak B @apeH-

reurax.

a
IS

a

H

W
w

w
w

- NN

m © & 6 0 O 0 o

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
- NN

0. O——0—0_0- 00—

=
-

I m I IIIIIIlIl IIIII III!IIIIII IIIIIIIIIiI

Puc. 1. Ilopisnanua memnepamypu uepes 0eskuil yac

AxcenepoMeTp - 1€ NMpujaji, 3a J0MOMOrol0 KOO0 BUMIPIOETHCS MPUCKOPEHHS.
Crnouatky OynoBa akceiepomeTpa Oylia JOCHUTh CKJIAJHA, a CaM JATYHUK - BEJTUKUM.
3BUYAIHO, TaKka KOHCTPYKIISI HE MOKe OyTH 3acTOCOBaHa JIsl MOOUTBHUX MPHUCTPO-
iB. ToMy B HUX CHOT'O/IH1 3aCTOCOBY€ETHCSI MIHIATIOPHUMN Uil 3 IHEPTHOIO MAacoO0 BCe-
peauni. Tpu Takux npunagau, o0'eJHaHI B OJIHY CUCTEMY 1 30pIEHTOBAHI MO OCSAX J0-
3BOJISIIOTH OTPUMYBATH 1H(GOPMAIIIIO PO CTaH MpeAMETa B TPUBUMIPHOMY IPOCTOPI.

Komnu BinOyBaeThes cTpyc, Haxuia abo MOBOPOT 00'€KTy, B SIKMl BOY/TOBaHUN aK-
ceJIepoMeTp, IHepTHA Maca pearye Ha cuity iHepitii. 31 301UIbIIeHHSIM IHTEHCUBHOCTI 1
CWJIM Haxuily, OBOPOTY abo cTpycy 30UIbIIyeThbCA palyc Aedopmaliii npyxuHU.
[ToTimM rpy3uK npuiiMae CBOIO KOJMILIHIO MO3UIII0, 3aBASKU NpyxuHi. CreniaibHui
JaT4uK (iKCye piBeHb 3MILIEHHS 1HEPTHOI MAacH BiJ ii MOJIOXKEHHS B CTaHl «CIIO-
koto». [1oTiM 111 JaH1 NepeTBOPIOIOTHCA B €IEKTPUYHUNA CUTHAM, 1 MEepeJatoThes Ha
00pOoOKY €JEeKTPOHIKOI0, 1 MPOrpaMHUM 3a0e3NedYeHHsIM. 3aBAsIKH OTPUMAHUM Ja-
HUMU MporpaMa MOXe «BUpaxyBaTH» 3MIHU B (DI3UYHUX 3MIHAX pO3TallyBaHHS 00'-
€KTa.

[Ile € Take MOHATTA, SIK BICh YYTJIMBOCTI NMpuiaay. SIKuio Bich TUIBKK OAHA, AaT-
YUK 3MOXKe MepeaTu JaHl Mpo 3MiHY MOJOKEHHS 00'eKTa B MPOCTOPI TUILKU B Me-
*ax 9yTauBocTi oci. 11106 301IbIIMTH YyTIMBICTh AaT4MKa, 1 OTPUMATH TOYHI JaH1
PO CUJTY Ta HAPSAMOK Haxmily o0'ekTa, HEOOX1AHO JBi, a 11e Kpaiie TpHu oci. O0'e-
HaBIIM B OJMH MpPWJIAJ Bipazy TPU OCl, MOXHA OOYMCIUTHU TMOJOXKEHHS 00'€KTa B
TPUBUMIPHOMY MIPOCTOPI.

AxcenepoMeTp Mae€ JIBI OCHOBHI YAaCTUHHU KOPIIYC, MPHUKPIIUICHUH 10 00'€kTa,
Yhe MPUCKOPEHHSI MU XOYEeMO BUMIPSATH 1 AKach Maca, sika OyAy4yu NpuB's3aHa J10
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KOPITyCYy BCE LIE MOXKE pyXaTucd. fIK TyT Npy>KHHA 3 BaXKKUM METAJIEBUM KYJBKOIO.
SIk10 BU pyXxaere KOpIyc Bropy, TO KyJjbKa BIICTa€ Yepe3 pO3TSITHEHHS MPY>KUHH.

Puc.2. [Ipoctuit npuctpiii [uist BU3HAYEHHSI LIBUAKOCTI IEPEMILIEHHS B IPOCTOP1

SIK110 MU BUMIPSEMO HACKUIBKH 1€ MPYKUHA PO3TATHYJIACS, MU 3MOXKEMO Topa-
XyBaTH CHJIYy TpaBiTallii. JErko MOMITUTH, 10 TPU TaKUX MITYKH 3MOKYTh BU3HAYU-
TH OpIEHTAILIII0 TPUBUMIPHOTO 00'ekTy. II0KM Bich Z MepHeHANKYISIPHA 10 OC1 TpaBi-
TalIAHOT CHJIM, TUTBKH MPY>KUHA 3 KYJIBKOIO Ha OC1 X OyJIe pO3TATyBaTHUCH.

Puc.3.AxcenepomeTp 3 TppOMa OCAMHU

Tenep nmoBepHeMo Tak, 1100 BiCh z AUBUIACS Bropy. ToJl TUIbKHM OJIHA MPY>KUHA
B aKCeJIEPOMETPi, sIka 3HaXOJAUTHCS B3JOBXK II€]l ocl, Oy/e po3TaryBatucs. Y Tele-
(doH1 Yin BIAIITOBAaHUN CKJIAJHINIEC, HDK MOJIENb 3 MPYKHUHOI KYJIbKOIO. AJie BiH
BUKOPHUCTOBYE TOM K€ MPHUHIUI BCEPEIUHI Yila, 110 1 KyJIbKU. [H)XeHepu CTBOPUIH
KPHUXITHI aKCeJIepOMETPH 3 KpeMHi0. BoHM 3BHUYaliHO X MalOTh KOPIYC, SIKHU 3a-
KpirieHu# 10 Tenedony 1 rpeOeHyaTy 4acTUHY, sKa 37aTHA pyXaTUCs BIEpe] 1 Ha-
3an. g ceiicmiuHa Maca eKBIBaJIEHTHA KyJi: B IbOMY BHUMAJKY 3aMICTh MPY>KUHU
BUKOPHUCTOBY€ETHCS THYUKICTh TOHKOTO KPEMHIIO, IPUKPIIIIIEHOTO KOPITYCY.
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Ceicmudeckan
Macca

atamic nn 14

Puc.4. Yun akcenepomeTpa BOyJ0OBaHOTO y CMapTQOHIi

BucHoBku

1. IlpoananizyBaBiiu 3Ha4H1 00csru 1HGOpPMaIlli, MU MPOBEIU PETEIIbHUI aHa-
ni3. Buxoasum 3 pe3yabTaTiB IpoBeaeHOT poOOTH, MOXKHA TIPUWTH 10 BUCHOBKY, 1110
IcCHy€e 0e3Jliy aHaJIOroBUX Mporpam Juisl TeledoHiB, sIKI MOXY BUKOHYBATH (YHKIIIT
cremiani3oBaHuX NpucTpoiB. OJHAK, TOUYHICTH BUMIPIOBaHb 3aJUIIAETHCS CYMHIB-
HOIO.

2. 3 pO3rIIAHYTUX IPUCTPOIB TUIbKH J0AaTOK Moasure Moxe Mmoka3yBaTH J0CTO-
BIpHI B1IOMOCTI. AJie IPH L[bOMY, caM J0JaTOK HEOOX1IHO BUKOPUCTOBYBATH B Mapi
3 cremiaJibHUM npuctpoeM. [Iporpamu, siki BCTaHOBIIOIOTHCS HAa cMapThoH Oe3ro-
CEpelIHbO 3aJIeXKaTh BiJ IKOCTI BUKOHAHHS BUMIPHUKIB Ha caMmoMy TenedoHi. 3ae-
’KHO B1Jl CKJIaJTHOCT1 BUMIPIOBaHb, 1aHl Oy1yTh OUIbII-MEHII KOPEKTHI.

3. JItokcMeTpH MaloTh BUCOKY MOTPIIIHICTD, a, OT)KE, BUKOPUCTAHHS iX HA cMap-
T(OHI1 B IKOCT1 3aC001B J[IarHOCTUKH - HEIPHUITYCTUMHUM.

4. BUKOpHUCTaHHSI aKCeJIepOMETPIB € AOomycTUMUM. [lpu Horo BUKOpHCTaHHI
MO>KHa TOBOPUTHU MPO MPaBUIBHICT POOOTH TOTO UM IHILIOTO MEXaHI3MYy. AJe ciij
MaTu Ha yBa3i, U0 aKcelepoMeTpH, ado IHIII MPOTrpaMu, 110 BUMIPIOIOTH MEpPEMi-
HIEHHS MIPUCTPOIO B MPOCTOPI 3aj]eXaTh BiJl SIKOCTI 4irna, sikuid Oyae o04HCIIoBaTH
nporpamMa TOMy 3BEpTaTH yBary Ha Moro skictb BUKOHaHHS. CMapThOH Takox MoO-
’KHAa BUKOPUCTOBYBATH JIJIi BUMIPIOBaHHS TEeMIIEpaTypH, aje 3BepTaTH yBary, IO
pY HAaWOUIBI TOYHOT KaiOpyBaHHs, MOXUOKa BUMIPIOBAaHHS 3aBXIu Oyje KOoJIuBa-
tucs Bix 2-4 °C.

[lincymyBaBIIM, MOKHA CKa3aTH, IO 3apa3 BEIYThCS Pi3HI TOCIIIKEHHS B Pi3-
HUX 00JacTsX, /e 3ac000M JIarHOCTYBaHHS MOKE BHCTymaTu cMmaptdoH. [ns mo-
JITIIEHHS TTOKa3aHb HEOOX1THO BJOCKOHAIUTH JATUYMKH, sIK1 BOY/IOBaH1 B MPUCTPId,
a TaKO po3po0Ka OUTBII CKJIAJHUX TEXHOJIOTIYHO MPOrpam.

CIIMCOK BUKOPUCTAHOI JIITEPATYPU
1. MeTonsl U cpeicTBa TEXHUYECKOTO JUArHOCTUPOBAHUS CYJIOBBIX SHEPreTHYE-
CKUX ycTaHOBOK : MoHorpadus / B. I'. [Ilenucos; Ognec. Han. mop. akaz. - O. : De-
Hikc, 2008. - 304 c. - bubnuorp.: ¢. 279-297 - pyc.
2. MOHUTOPUHT Mpoliecca U3HAIIMBAHUS CYIOBOM SHEPreTUYECKON YCTaHOBKH /

A. B. Teimkus, B. I'. [lenucos // CynoBbie 3HepreTudeckue ycraHoBku. — 2014, —
Brimn.33. -C.88-95. - Pexxum noctymy: http://nbuv.gov.ua/UJRN/seu 2014 33 12
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Hamionansauii yniBepcuret «Onecbka Mopcbka AkaneMis»

IHigBHIIeHHA €KOHOMIYHHMX TA €KOJOTIYHUX XapPAKTEPUCTHK CYTHOBOI0
ABUTYHA HUISIXOM 3MiHM CKJIay HAJJYBHOI'0 OBITPA

[IpoGnemMu 3axUCTy HABKOJUIIHBOTO CEPElOBUIIA Bl 3a0pyAHEHb aKTyaJbHI
JUIsL BCIET €HEPreTUKH, B TOMY YHCIi 1 CYyJHOBOI. BUKHAM WIKIIJIMBUX PEYOBHH 3
BIJIIIpal[bOBAaHUMU Ta3aMM CYJHOBHX JU3€JiB HIOPIYHO CKJIAIal0Th MUIHLHOHHU TOHH.
OCHOBHUM MIXHApOJHUM JIOKYMEHTOM, IO PErJIAMEHTYE EKOJIOT14HI MapameTpu
pOOOTH CYJHOBUX €HEPreTUUHUX YCTAHOBOK, € KoHBeHIlist MARPOL.

VY xonsennii MAPIIOJI 73/78 mepenbadeHo 3axoau, MIOA0 CKOPOYEHHsS 1 3a-
noOiranHs 3a0py/THEHHS MOPCBKOTO CEPeloBHUIlA, SIK HA(QTOIO 1 HAPTOMPOAYKTaMHU,
TaK 1 IHIIMMHU PEYOBUHAMH, MIKNIMBUMHM ISl MEHIKAHIIB MOpS, 10 MEPEeBO3SITHCS
Ha cyaHax abo yTBOPIOIOTKLCS B MPOIIEC] X eKCIUTyaTaIllii.

[IpaBoBi HOpMU, TOOTO IHCTPYKIIIi, IIOJI0 3aN00IraHHs 3a0pyAHEHHS aTMOC(hepH
3 cyneH MicTathes B Jlonatky VI no Kouseniii MAPITOJI 73/78.

B [lonatky BCTaHOBJIEHI MEX1 €MICii OKCHJIIB CIPKHM Ta a30Ty BiJ] €eHEPreTUYHOL
YCTAaHOBKU CYyJIHA 1 3a00POHSIOTh HEKOHTPOJILOBAHY €MICII0 PEUOBUH, IO PYHUHYIOTh
030HOBUH map atmocdepu [1-3].

[TpoBigui nigepu nuzenedynyBanus MAN B&W. Wartsila, Hyundai, Mitsubishi,
CAT ra iHII1 OCHAIYIOTh CBOT ABUT'YHU JIOPOTMMHU CHCTEMaMHM OpraHizallii Ta KOHT-
pOJIIO 3amajieHHs] NajKuBa, HOBITHIM BUCOKOTEXHOJOTTYHUM O0JIalHAHHAM, 1110 3HU-
KY€ KUTBKICTh IIKIIJIMBUX BUKHIIB.

B octanHi poku 11e npu3Beno A0 30UIbIIEHHS 3aCTOCYBAaHHA JU3ENIB 3 Oe3noce-
pEAHIM YNPUCKYBAHHSIM TNalKMBa 1 €JIEKTPOHHUM YIPABIIHHAM, 110 J03BOJIE€ OTPHU-
MaTd TOYHE 1 BUKJIIOYHO THYYKE BHU3HAUYEHHS MapaMeTpiB YIMOPCKYBaHHS MajuBa,
3HAYHO MOJIMIINTH €KCIUTyaTalliifH1 IKOCT1, MABUIIUTH HAIIHHICTh, 3HAUTH pe3epBU
I0JI0 MIJBUIIEHHS TEXHIYHOTO PIBHA: TUIbKM TaKUM HUISX J03BOJISIE BUKOHYBAaTH
HIUPOKUNA PSJ] TEXHIYHUX BUMOT, L0 MPE'SIBISIOTHCS CYYaCHUM JU3ETISIM.

CydacHi METOIM 3HWKEHHS ILIKIIJIMBUX BUKHUAIB CYAHOBHUX JU3€IIB, SIBISIOTH
ChOT'0/IH1 HAYKOMICTKI TEXHOJIOT1i KpallliX CBITOBUX IHCTUTYTIB.

Tax pipma MAN B&W 1HTEHCUBHO Mpallo€ Y HANPSMKY BUKOPUCTAHHS TEXHO-
jorii peunpkysnii Bianpanboanux raziB EGR (Exhaust Gas Recirculation) croco-
BHO BEJIMKHUX Majoo0EpTOBUX ABUTYHIB, OTpUMaH1 0aratooOilsitoyl pe3ysbTaTu B
3HIKEHH1 BUKUAIB NOX NU3elbHUX JABUTYHIB, K CTBEPIXKYE (pipMa, HA AecATHPIY-
ysi. Hanpuknaz , npu crenini perupkyisnii 15-20 % BinOyBa€eThCsi 3MEHILIEHHS BU-
kuaiB NOx 1o 60-80 %.
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[lepmium kpokoM 10 3HMKeHHS BUkuaiB NOx, Ha nymky ¢ipmu Wartsila, € 3a-
CTOCYBaHHS «BHYTPILIHIX 3aXOAIB» IO JIBUTYHY, 1100 BIANOBiIaTH YUHHUM OOMe-
xeHHsaM. L1 3axoau BKIIIOYAIOTh 3aCTOCYBaHHS OUIbII BUCOKOT'O CTYIEHS CTUCHEH-
HS, «II3JHBOrO» BIIOPCKYBAaHHS NajlMBa OJAHOYACHO 3 BUKOPHUCTAHHSIM 3MIHEHOT
KOHCTPYKI[li po3MujroBava 1 ajgantoBaHux (a3 razooOminy. Bonu € mpoctumu i
e(eKTUBHUMHU, Ta HE BIUIMBAIOTh HA HAINHICTH ABUTYHA [4-5].

[amoro Texnonoriero 3HMWkeHHs emicii NOx, Ha gymky dipmu Wartsila, € BBe-
JICHHSI BOJIU B KaMmepy 3ropsiHHs. EMynbryBaHHs nanuBa (BOJONAJTMBHUX €MYIIbCIH)
Mi1aBaIOCs TPUBAJIIOMY BUBYEHHIO. [ HyUKICTh y HajmamTyBaHH1 JBUryHIB RT- flex
3 cucremotro Common Rail monermrye ix amanraiito 10 BBEACHHS €MYJIbOBAaHOTO
najauBa. BUKOpUCTOBYBaH1 B JaHUM Yac HACOCH Ta iX BUPOOHUKHU POOJISITH MOKIH-
BUM 3HIKEeHHs emicii NOx Ha 20 % 1o BiHOIIEHHIO JO0 ICHYIOUHUX OOMEXeHb Pi-
BeHb |. SIk anbrepHaTHBa, BoJa MOXKe OyTH Oe3nocepeHbO BIPHUCHYTAa B KaMepy
3TOPSIHHSI OKPEMO BiJl MaJIUBa.

®dipma MAN Diesel 3aiiicHIIa JOCHTIIHY €KCILTyaTaIlil0 CBOIX CepeIHhOO0EPTO-
BUX JIBUTYHIB 3 CEJNEeKTMBHUM KaTamiTuuyHuM BigHOBIeHHAM (SCR - Selective
Catalytic Reduction ) BinnpanboBaHUX ra3iB 1 TEXHOJIOTIEO M09l BOJIOTOTO MOBIT-
ps B mmiHapu asuryna (HAM - Humid Air Motor). BripoBapkeHHsT UX 3aXO01B
JTI03BOJIUJIO OTPUMATH 3HAYHE 3HUKEHHS BUKHUIIB OKUCIIB a30Ty (NOX) 10 Mex piB-
Hsa Tier III Bumor MuixuaponHoi mopcbkoi opranizamii (IMO - International
Maritime Organization), ki HaOuparOTh YMHHOCTI michs 2016 ana npubepexHux
palioHIB TJIaBaHHS MOPCHKUX CYZEH.

Takox 11s 3amo0iraHHs JUMHOCTI Ha BUXJI0M1 HeaBHo ¢ipmoro MAN Oyna po-
3poosieHa cuctema «Lambda Control System »

[Hukn Mimepa ckopodye TakT CTUCHEHHS 3a paxyHOK TakTy BIYCKYy, 30epirato-
Yy pyX MOPIIHS Bropy 1 BHU3 OJJHAKOBHM IO HMIBUIKOCTI (K y KJIACUYHOMY ITUKITY
Ot10). 05 uporo Mumiep 3anponoHyBaB JiBa Pi3HUX MIAX0U: a00 3aKpUBATU BITY-
CKHUM KJIalaH ICTOTHO paHillle 3aKIHYeHHS TaKTy BIYCKY (200 BIIKpUBATH Mi3HIIIE
MOYaTKY LbOTO TAKTY ).

[{ikaBo1O € Tak caMO MOXJIMBICTh BUKOPUCTAHHS « XIMIYHOTO » HAAAYBY 13 3a-
CTOCYBAaHHSIM a30THHUX MaJIMB 1 MOHOTOIUTIB , IO CTBOPIOE MOXIIUBICTh OpPraHi3yBa-
TH pOOOUMIA LMK AU3ENs 0€3 BUKOPUCTAHHS KUCHIO aTMOC(epHOTro moBiTpst abo va-
CTKOBE MOro BUKOpUCTaHHS ( aHaepoOHM 1K) [6-8].

Ha nanuii MOMEHT CTaHOBUTH IHTEPEC BUKOPUCTAHHS METOJY 3MIHU CKJIAy IO-
BITpS B AW3EIbHUX JBUTYHaX. 30UIbLICHHS BMICTY KUCHIO B pearyrodiil cyMiili na-
JIMBO - OKUCJIOBAY MPHU3BOJAUTH J0 CKOPOUYEHHS Yacy 3TOPSHHS MaJiiBa 1 MOXKIIH-
BOCTI CIaJlOBaTH OUIBINE MaJIMBa MPU TiK camiil cTrexioMeTpii (1100 KUCHIO J0 Ta-
nuBa). lle mae MOXIUBICTH MOTeHIIMHOTO 30UIbIIeHHS TepMiuHoro KK/ 1 muromoi
MOTY>XHOCT1 nu3ens[9-11].

3rigHO 3 JOCIHIKEHHSAMHU, MpoBeAeHUMHU yHiBepcuTeToM Miuirany (CILA) no-
cratHboro migBuieHHs (10 %) BuxinHux xapaktepuctuk JIBC MoXHa IOCATTH B
pe3yabTaTi BITHOCHO HEBEJIUKOTO IMIBUIIICHHS KOHIIEHTpallii KucHIo 110 23 %, B TOM
yac gk 90 % mnoninmens MoxHa gocsartd npu 35 %. [Ipu koHueHTpalii KUCHIO B
HaJyBOoyHOMY moOBITp1 BiAg 23 % m0 35 % uwmniHapoBa ePeKkTUBHA MOTYKHICTh
30ubIIyeThes Bl 10 1o 90 % mpu pi3Hux HaBaHTaxeHHsAX. [Ipu 3HMOKEHIM mogavi
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najauBa MOTYXKHICTh 30UIBIIYETHCS HABITh OUIbII, nMpuOanu3HO Ha 12 % 1 110 % npu
TUX K€ KOHILEHTpAIisX BIAMOBIMHO. Take MIABUIIEHHS MOTYXXHOCTI CYIPOBOJ-
KYETbCS MIIBUILIEHHSIM CEPEeIHbOS()EKTUBHOTO TUCKY 1 3HMKEHHSIM IUTOMOI edek-
TUBHOI BUTpaTu nanuBa. OuikyBaHe 30uIblIeHHS TepMmiuHoro KKJI Bukiamkano
OUTBII BHUCOKOIO IIBUJKICTIO TOPiHHS, ocoOnuBo mix yac ¢a3u nudysii. OnHaxk,
HE3Ba)KAal04M Ha MepeBaru BUKOPUCTAHHS 30araueHoro noBiTPsl MAaKCUMAJIbHUM TUCK
3ropsiHHA migBuInyBaBcs Bi 3 % 1o 35 %, xoda Ttake miaBuieHHs Pz Oyino menIe
MIJBUILICHHS UAJIIHIPOBOT MOTY>KHOCTI.

Pe3ynpTaTi mOCHIIKEHHS BIUIMBY 30aradyeHOro HaJyBHOTO MOBITps Ha poOoui
xapakrepuctuku JIBC:

1. Ha moBHOMY HaBaHTa)XeHH1 MpHU 30UTbIIEHH] BMICTY KUCHIO B MOBITP1 Big 21%
1m0 35 % 1 mpu 30epeXeHH1 MOCTIMHOTO CHiBBIIHOIICHHS KHUCEHb - IMaJIUBO,
cpenHeedekTuBHUN TUCK 3pic 10 90 %, a muTOoMa BUTpaTa MajuBa 3HU3WIACS HA
15%.

2. I1i3He ynpucKyBaHHS MajuBa CIIPaBUB MO3UTUBHUN BIUIMB, HAJAABIIN 3HAYHUN
BIUTUB HA MaKCUMAaJIbHUW TUCK 3TOPSIHHS, MPU I[bOMY HE CHJIbHO MOTIPIIMBIIN 3HA-
YEeHHS OTY>KHOCT1 i BUTpATH.

3. Bukugu NOX, mopaxoBaHi Ha OCHOBI aJ1la0aTUYHOI TeMIIepaTypu MOIYM'd,
30UTBIIMIIMCS Mailke B 4 pa3u IpH BMICTI KMCHIO B OBITP1 Bix 21 % no 35%. Takox
PEryJIOBaHHS KyTa BUIEPEIHKCHHS YIIOPCKYBAaHHS MOXE CIPHUSATH HEBEJIMKOTO 3HU-
KEHHS BHKHUJIB, TMPOTe HEOOXIAHI 1HII cnocodu Oopotedu 3 NOx s
BIJIMOBITHOCT1 CTaHAApPTaM BUKHU/IIB.

4. Perynioroud MakCUMaJIbHUI THCK KYyTOM YINPUCKYBaHHS MajdluBa MOXHA J10-
CATTH 3HAYHO OUIBIIMX YCHIXiB B 30UIbLIEHHI MOTY>KHOCTI JABUTYHA MPU BUKOPH-
CTaHH1 30arayeHoro MoBiTPs B MOPIBHAHHI 3 IHIIUMHU MeTojgaMu. J[o Toro x, mpu
yTHITI3alli]l MiABUIIEHOT TEIUIOTH BIAMPAaIlbOBAaHUX Tra3iB i7les BUKOPUCTaHHsS 30ara-
YEeHOr0 MOBITPS CTa€ 1€ OUIbII MPUBAOIUBOIO.

5. OckinbKH HEOOX1H1 3MIHM B CUCTEMI BITyCKY JBUT'YHA HE CTAHOBISATH CKJIa-
HOCTI, JIaHa YCTaHOBKAa MOke 0e3 3BOJIIKaHb BUKOPUCTOBYBATHCS B CKJIaji eHepre-
TUYHOI YCTaHOBKHU [12].

NASA Equlibrium Calculations for diff % of
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Puc. 1. 3anexHicTs BUKHIY OKHCIIB a30Ty BiJ] IPOLIEHTHOTO 3MICTY KUCHIO
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binbln BUCOKMI BUKH]T OKUCIIB a30Ty, OOYMOBJICHHM MiABUIIEHOIO TEMIepaTy-
pOIO 3rOpsiHHSA, € TOJOBHMM HEJIOJIKOM BHUKOPUCTaHHs 30aradeHoro mositps. Bu-
BUYMBIIY 1HPOPMAIIIIO NMPO ICHYIOU1 METOJU 3HMUKEHHS IIKIJIMBUX BUKU[IIB, BUMOTH
MAPIIOJI no BUKMIIB Ta XiMIii IIKIAJMBUX PEYOBUH MPOMOHYEMO HACTYIHUN Me-
TOJ:

SIKI0 BUKOPHCTOBYBATH MOJAdy MOBITPs, 30aradye€Horo azoToM, B LWJIIHIPHU
JBUTYHA TICJS MEpioay 3aTPUMKU caMo3aliMaHHs, 1€ MPU3BEAE 0 €K30TePMIUHOT
peaxiiii OKUCIEeHHS a30Ty. B pe3ynbrari 4oro CnoBUIBHIOETHCA MPOLEC MEPETBO-
pPEHHS XIMIYHOI €Heprii MajuBa B TEIUIOBY, 3HU3UTHCS 3pOCTaHHS TEMIEPATypH 1 TH-
CKy B Kamepi 3ropsiHs. Lle npusBene 10 3HMKEHHS <«GKOPCTKOCT1» poOOTH JIBUT'YHa,
30UTBIIeHHS Tiepioay novatkoBoro ropiHHs (II) (Puc 2.) A moTim, mogaBaty MoBIT-
ps, 30araueHe KMCHEM B MOMEHT MOYaTKy rnepioa ocHoBHOro ropinus (III), moxxna
JOCSITTU MMOBHOTH 3rOPSIHHA MaJIUBa, MABUIIEHHS MOTYXHOCTI1, 3MEHIIEHHS TUTOMO1
BUTpATH MaJINBa, 3HIKEHHS MIKIJIMBUX BUKUIIB 3 BIANPALlbOBAHUMHU T'a3aMU 1 BiJIK-
JaZieHb Ha MPOTOYHIM YacTUH1 TypOoHarHitaya. 30UIbIIEHHS BMICTY KUCHIO CYMIIIi
NaJguBO - OKUCHIOBAY, SIKa pearye 1 Ha Hally IyMKY, IPU3BeJie 10 MiABUIIECHHS SKOC-
Ti 3TOPSHHS MaJIMBA 1 MOXJIMBOCTI CMAOBATH OUIbIIE NalvBa MPU T ke CTEXHO-
MeTpil (KuceHb A0 nanuBa). Lle nacte MOXIUBICTh MOTEHIIHHOTO 30UIBIICHHS Tep-
migHoro KKJI, muTomMoi moTy>KHOCTI Au3esl 1 KepyBaTH MPOLIECOM 3TOpPSHHS Malu-
Ba. [Ipu 30araueHHi MOBITPs KUCHEM BUKUAM BUIUMOTO JUMY, TBEPJUX YACTUH 1 HE-
3rOpUTMX BYTJIEBOJIHIB 3MEHILATHCS B PE3YJIbTaTI OUIbII MOBHOTO 3TOPSHHS B 3HAYHO
HIMPIIOMY J1alla30H1 HaBaHTaxkeHb.[ 13-15].
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Puc 2 .InauxaTtopHa niarpama poOOTH CyAHOBOIO JBUTYHA 3 I0JaBaHHSIM a30Ty Ta 30araueHoro
KHCHEM IOBITPS

TexHiuHI XapaKTepUCTUKU YCTAaHOBKH PO3/AUIEHHA MOBITPs, Y ckiaal CEY, nos-
BOJISIIOTH OTPUMYBATHU MOBITPs, 30araueHe kucHem a0 40 % 3a 00'emoMm. 30UTbIICHHS
BMICTY KHCHIO B pearyrouiid CyMillli MajJMBO - OKUCIIIOBAY Ha HaIlly AYMKY MpU3BE/e
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710 TJIBUIIICHHS SKOCT1 3rOpSHHS MajuBa 1 MOXJIMBOCTI CIIaJIOBATH OUTBIIE MalnBa
IIpH TiH xKe cTexioMeTpii (11010 KUCHIO 10 TTaIuBa).

30araycHe KHCHEM TOBITpPS, MOKHA OTPUMATH 3a JOIMOMOTOI0 MEMOpPaHHOI yC-
TAHOBKHM PO3JUICHHS TOBITPsA. B OCHOBI poOOTH MEMOpaHHOT YCTAHOBKHU JIEKHUTH
MPUHIMI BHOOPUYOi MPOHUKHOCTI: Bojiora, CO; 1 kucenb O, MPOHUKAIOTH Yepe3 CTi-
HKY MEeMOpaHHM JIieTie, HiX a30T Nz, TaKUM YUHOM, MEPBICHA CYMIIll ra3iB PO3/LIs-
€ThCS Ha JIBa MMOTOKU - a30T N> 1 30arauennii 40% kucens O,.

Jlns peanizaliii Takoro IUKIIY MPONOHY€EThCs cxeMa (puc.3) Ta (puc.4) , 1o ckia-
Ay SIKOT BXOJWUTH >KMBHIJIbHI KOMIIPECOPH IS 3aKauyBaHHsS CTUCHYTOTO TOBITPS Ue-
pe3 GUIbTpHU MomnepeHbO1 MIATOTOBKU MOBITPS, MEMOPaHH1 MOy, IO PO3AUISIOTH
noBiTpst Ha N, Ta O, , 10 32 JTOMOMOTOI0 PUCKOPIOBATHHUX MPUCTPOIB 3aKaAYYIOTh
rasu 70 pe3epByapiB 13 TuckoM 200 bap BiAMmoBiaHO, TaKOX MependadyaeThCs aesKa
MOJIEpHi3allisl IBUTYHA 3 JOJaBaHHIM CUCTEMHU IMOJadl a30Ty 1 30araueHoro KMCHeM
MOBITPsL , a caMe (POPCYHKH , KOHTPOJIbHI MPUCTPOi 00’€MHOT0O BIIOPCKYBAaHHS Ta
€JICKTPOHHOTO OJIOKY YIPaBJIiHHAM MOAYEIO.

CeHcop kyTy MKB

200 Gap 02

200 Bap N2

TOBITPAHI KOMNPECCOPK HMHBAEHHA
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A dinbTp

N2 MembpanHUui Moy

Puc. 3. [IpuanmumoBa cxema rerepartii A30Ty Ta 30aradyeHoro KHCHeM TMOBITPs
Ockuibk HEOOXiJIHI 3MIHM B CHCTEMI1 HAJIIyBY JIBUT'YHA HE CTAaHOBJISTH CKJIA-

HOCTI, JJaHa CXeMa yYCTaHOBKH MO)Ke 0€3 3BOJIIKaHb BUKOPUCTOBYBATHCS y CKJIail
EHEPreTUYHO1 YCTAaHOBKHU.
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On Bridge

BRIDGE PANEL

In Engine Control Room
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Puc. 4 Cxema BIpoBaJKEHHsI IPOTIOHOBAHOI YCTAHOBKH B CUCTEMY YIPABJIIHHS ABUTYHOM 3 €JIEK-
TPOHHUM yIpaBiIiHHIM Qipmu MAN.
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Hynniep O.1I1.
Hamionanbauii yHiBepcuret «Oecbka MOPChKa aKaaeMisi»
AHaJII3 eMiCiHHMX XaPAKTEPUCTHK TONKOBHUX MPUCTPOIB CyIHOBUX KOTJIIB 3
YPAXyBaHHSIM fIBHIIA NEPEMi’KHOCTI TypOyJIeHTHOIr 0 OTOKY.

OpHuM 13 HaANPAMKIB JOCHIKEHb TOIMKOBUX MPUCTPOIB, IO CIPSIMOBaHI Ha MO-
IIYK YMOB JIOCSTHEHHSI MiHIMaJIbHUX 3HaY€Hb €MICIi IIKIJIMBUX BUKIIIB CYJTHOBUX
KOTJIIB, € CTPYKTYPHUN aHaji3 ra3oAMHaMI4YHUX BJIACTUBOCTEH MpPOLECY CHAIIOBaH-
HSl MaJUBa.

EmiciliHi XapakTEepUCTUKU MPOIYKTIB CHAIIOBAHHS B TONMKOBHUX MPHUCTPOSX 3HA-
YHII Mipi 3a/ekaTh Bl XapakTEPUCTHK (POPCYHOK 1 MOBITPACHPSIMOBYIOUUX IPHU-
CTpOiB, 5Kl GOPMYIOTh CTPYKTYPY T'a30IMHAMIYHUX IIPOLECIB.

CrpykTypa Tpollecy BHU3HAYa€ TPAH3UTHBHI 3HAYEHHS IMIBUIKOCTI BUILICHHS
Teria 1 IKICHOTO CKJIaay MPOAYKTIB CHAIIOBAaHHS, SIKI MPU CyYaCHUX METO/aX OLIH-
KM SIKOCTI TOPIHHS HE BPaXxOBYIOThCS, OJIHAK MAIOTh PE3yIbTYIOUHI BILUIUB Ha €HEp-
roe(peKTHUBHICTb.

ExcniepumenTanbHl JOCHKEHHS [l] TONKOBUX MPHUCTPOiB HE J103BOJSIOTH
OTPUMATH OJIHO3HAYHI 3aKOHOMIPHOCTI eMICIi MIKIUIMBUX BUKHUIIB TPU 3TOPSHHI
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najvBa B BUIAJKaX CTPYKTYPHOI 3MIHM XapaKTEPUCTUK B TMOTOIl MPOIYKTIB 3r0-
PSIHHS 3 TIOBITPSIM.

OCHOBHUM 3aBJIaHHSIM JOCJHII)KEHb € BU3HAUYEHHS BIUIMBY BUIIECKAa3aHUX Xapa-
KTEPUCTUK OKPEMHX MapaMeTpiB MPOILECY TOPIHHS ISl y3araJlbHEHHs JaHUX OLIHKU
HOro eHepreTuyHoi epeKTUBHOCTI, a TAKOXK CTPYKTYpU (PEHOMEHOIOrTYHOI MOJIETh
JUISI OTUCY TIPOIIECY.

OcHOBHI TapaMeTpu MPOILIECiB, IO MPOTIKAIOTh B MOTOLII:

- MABEJICHHS 1 B3a€MO/I1s MaJIMBa 1 TOBITPS;

- TPaJi€HTH MacH, IIUILHOCTI, TEMIIEpaTypH, KOHIIEHTpAIlli KOMIOHEHTIB 1 iX
PO3IOALT B IEpePi3i MOTOKY;

- Koe(PIIEHT HAJIMIIKY TOBITPS;

- BUXI1JIHI 1 TPOMDKH1 MPOAYKTH 3rOPSHHS.

JIJisi BCTaHOBJIEHHS SIKICHUX B3a€MO3B'SI3KiB BHYTPILIHIX YMOB CTPYKTYpU TIpO-
LIECy 3 YpaxyBaHHSIM BIUIMBY KOe(iI€EHTY HAJIUIIKY MOBITPS MOXeE OyTH BUKOPHUC-
TaHa BiJJoMa MOJIEJb «BITHOBJICHOI KOHUEHTpAIlli» z NajdlBa 3 ypaxyBaHHIM sBUIIA
NepeMiKHOCTI B TypOylIeHTHOMY noToui [2].

Emicis mpoayKTIB TONKOBOTO MPUCTPOIO KOTJA, siIka OOYMOBJIEHA CKaJsPHOIO
CTPYKTYpPOIO IpoLiecy, BiANOBIAaE 0OpaHiil TEXHOJIOT1] ClaTIOBaHHS NanuBa. TexHo-
JIOTISl CMIAJIOBAHHS MalvBa, B CBOIO YEPTry, 3aJIeKUTh Bl MOJIIUCIEPCHOTO CKIamy
PO3MUITY MaJIMBa 1 HOr0 poO3MOALIIOM B 00’ €Mi, IKUH BU3HAYAETHCS CTEXIOMETPHY-
HOIO TIOBEPXHEIO0 FOPIHHS Zg MiJ] BIJIMBOM MIPOLECIB BUNAPOBYBaHHS 1 TU(Dy31i KOM-
NOHEHTIB. B 00sacTi cTexioMeTpuyHOI MOBEPXHI TEPMOJMHAMIYHI YMOBHU (OpMY-
I0ThCSI T1J] BIUTMBOM XIMIYHO1T KIHETUKH. BHACHI0K JaHIIOrOBOTO XapakTepy XiMiy-
HUX peakIliil 1ieil npouec BiI0YyBAETHCS MOETAMHO, HA KOKHOMY 3 SIKUX YTBOPIOETHCS
3HAaYHa KOHIIEHTpAllisl TPAH3UTHUX MPOJYKTIB [3], B TOMY YMCIII BYTJEEBUX CTPYK-
Typ (caxi). 3a yMOBHU TEPMOJMHAMIYHOI PIBHOBArU MIBUAKICTH MPOLECIB JOCTATHHO
BHCOKa 1 XIMIYHE NIEPETBOPEHHS IMajuBa BiI0YBAETHCSA B BY3bKUX MPOCTOPOBUX 30-
Hax 3 BUIMAJIKOBUM XapaKTepOM pO3MOojiLTy. BHacHigoKk BUIIEBKa3aHOI 0COOIMBOCTI
nporecy, B moiayM'i popmMyroTbes KiIbKa XapaKTepHUX o0yacTeid, B IKUX HOro cka-
JsipHA CTPYKTypa BiaMiHHA. [Ipu mipomy 111 006s1acTi po3aiieHI By3bKUMU 30HAMHU, B
SKUX 3aKOH TOPIHHS 3MIHIOEThCS. SIK BU3HA4YEHO B poOOTI [2], CKasIpHA CTPYKTYypa
npolLecy, CKJIaa MPOAYKTIB TOPIHHS 1 TeMIlepaTypa BH3HAYAIOThCS 32 YMOBU HOTro
TEPMOJIMHAMIYHOT PIBHOBArH.

Buninsots 1B1 XapakTepHi 00JacTi:

- ICHyBaHHS TypOYJIEHTHOro AUQPY31MHOTO MoayM'st zs(N), KoM YMOBU TOPIHHS
najauBa cialo 3anexaTh BiJl XapaKTepUCTUK TYpOYJIEHTHOTO MOTOKY;

- o0nacTi z < z,, 1€ TOPYIIYEThCS YMOBA ICHYBaHHS TypOyJIEHTHOTO AUQY3iiHO-
ro MoJiyM's.

JIJist OLIHKK €HEPreTUYHOi e€(PEeKTUBHOCTI MAIUBHOTO MPUCTPOIO BUKOPUCTOBY-
€TbCS KOE(ILIEHT MOBHOTHU CIATIOBAHHS MAJUBA 7], AKUI BUZHAYAETCS JUISl KOXKHOI 3
BUJIUIEHUX 00JIacTEN B 3aJI€KHOCTI BiI KOS(IIIEHTY HAJUIMILIKY TOBITPS

—)
0.6,
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XapakTepuCTHKH NPOLECY FOPiHHSA B TONIKOBOMY IPHUCTPOI

SIkicTh mpoliecy TOpiHHS B TOINKaX CYJIHOBHUX KOTJIB € HEOOXITHOIO, aje He J0-
CTaTHHOIO YMOBOIO JTOCSITHEHHSI HEOOX1THOT X eHeproeeKTUBHOCTI.

[Tig yac excruryaTtauii 341MCHIOETHCS MOCTIMHUIN Bi3yalIbHUI KOHTPOJIb 32 SIKICTIO
MpOLIECY 3TOPSHHS MalKMBa MO KOJIBOPOBUM XapaKTEPUCTUKAM 3 YpaxXyBaHHSAM BCIX
HEOOXITHUX YMOB 1 3aX0/I1B MO 3aXHUCTY.

JIJisi TOBHOILIIHHOT'O KOHTPOJIO BCIX 3MiH KOJBOPOBUX XapaKTEPUCTHK MOIYyM s
HEOOX1/IH1 BUMIPH SIK 1HTEHCUBHOCTI CBITJIOBOTO IMOTOKY, TaK 1 HOro mepepo3mnoiia
MO JIOBXKMHI XBUJI1, IO MPUHAMAETHCS BiJl BUIPOMIHIOBAHHS, OCKUIBKH CHEKTPaJIbH1
XapaKTepUCTUKH MOJIYyM'sl B 3HAYHINA MIp1 3ajieXaTh Bl BUY MaJUBa.

[Ipu 3ropsiHHI Ma3yTy BUIIPOMIHIOBAHHS BIIOYBA€ThCS Yy BUIAUMOMY, 1H(ppadep-
BOHOMY # ylbTpadioeTOBOMY CHEKTP1 1 BUSHAYAETHCA ONTUYHUMHU BIACTHUBOCTSIMU
caxi. PamiamiiiHa 31aTHICTh MOJyM sl 3QJISKUTH Bl TEMIIEpATypH, KOHIIEHTpaIlii ca-
K1 B 00’eMi MOJAYyM'sl Ta PEKUMHHUX MapaMeTpiB, 0 BU3HAUAIOTh CKAJSPHY CTPYK-
Typy pobouoro mpouecy. OCHOBHA YacTHHa €HEPrii BUIPOMIHIOBAHHS Ma3yTHOTO
noJiyM’sl BIINMOBia€e 1H(PAYEPBOHIM YaCTUHI CIEKTPa, 1 XapaKTepU3yeThCs JTOBKU-
Hoto xBwii 0,8-800 MkM. Buaumuii ciekTp BUITPOMIHIOBAaHHS BIJTIOBIIa€ TIOBKUHAM
XBUJIb B miama3oHi 0,4-0,8 MkMm.

OriHka SIKOCTI TOPIHHS 32 KOJBOPOM IMOJYM'st BIJINOBIIa€ YMOBI BI3yaldbHOTO 3i-
CTaBJIeHHs 1 Kjacudikallii BUIIPOMIHIOBaHHS 32 ICHYIOUMMHU KOJIIPHUM Jlarpam.
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B ocHOBI BU3HaUYEeHHS KOJIBOPY [2] JEKUTHh MOro MareMaTUYHUN BHpa3 SIK BEK-
TOpa 0araTOBUMIPHOI'O MPOCTOPY, a KOJIBOPOBOCTI - JTBOBUMIPHOI BEUYUHH, SIKY
MO>KHA YSIBUTH TOYKOIO Ha TJIOLIUHI.

MaTteMaTu4yHi OCHOBM BHM3HAYEHHS KOJbOPY IPYHTYIOTHCS Ha NpPUHILIMNAX, B
AKUX TpoIeaypa AUCKpPETH3allii MOTOKY BUIIPOMIHIOBAHHS MO CIEKTPY IOJATaEe B
pO3KJIaZaHHl BUIPOMIHIOBAHHS CKJIAJAHOTO CHEKTPAIbHOTO CKIaay Ha - KOMIO-
HeHT. Peakiiis Ha BUMPOMIHIOBAHHS Ha 1-OM CIEKTPAJIbHOMY IHTE€pBaJi BU3HAYAETh-
cs1 3a GOpMYJIIOI0

U = k/lsz(/l)ri (A)e(A)(2)dA
A

1

ne k - KoeilieHT nepeTBOPEeHHS;

CHEKTpasIbH1 XapakTepucTuku: G(A)- 4yTIuBICTb MEPETBOPEHHS; 7;(A) - CIEKT-
po30HATBLHOTO GUIBTPA; £(A) - CIEKTpalibHA CTYIIHb YEPHOTHI; /(A) - IHTEHCUBHICTh

TEIJI0BOro BUMpoMiHioBaHHA o AYT.
BinmnoBiiHO KOOpAMHATH KOJILOPOBOCTI BU3HAYAIOTHCS

U] U2
X = = .
U +U,+U," " U +U,+U,

y

OCKUTBKH M1 3HAKOM 1HTErpaja CTOSITh eKCIEPUMEHTAILHO 3HalIeH] BETUYHHU
TO JJIs1 OOYMCIIEHHS KOJhOPOBOCTI OYB BHUKOPHCTAHHUM YUCENBHUI METOJ| IHTErpy-
BaHHA - METOJl 3BaXKEHUX KOOpAMHAT. BUaNMMMIl cIeKTp BUIPOMIHIOBAHHS MOIYM's
OyB po30uTUl HA piBHI iHTEpBaIU A4 = SHM. 3HaUEHHS THTEHCUBHOCTI TEIJIOBOTO
BUIIPOMIHIOBaHHS MOJyM'st po3paxoByBcs 3a Gopmyioro [lnanka ayg temmnepaTyp B

nianmasoni 1500 + 2500°K. CnekrpansHa aymiuBicts G(A) BU3Ha4Yanacy 3HaYEHHAMU
OpAUHAT KPUBUX CKJIaJaHHs B cuctemi XYZ [3].

VY mporeci aHani3y XapakTepUCTUK BUIPOMIHIOBAHHS 10 MOJIOKEHHIO TOUKU KO-
JBOPOBOCTI BU3HAYAETHCS CTaH Ipouecy B / - 00JacTi KOJIBOPOBOCTI OJIYM'sl, B 3a-
JIE)KHOCTI Bl TEMIIEPATYPH 1 CTYIIEHS YOPHOTHU HOTYM's.

Bubip koedirieHTIB, 1110 BU3HAYAIOTh MOJOKEHHS KOPJIOHIB 00sacTti H, i po3mi-
piB 1 po3TalllyBaHHS Ha IJIOUIMHI IPOBOJUTHCS LUISIXOM PO3paxyHKy KOOPAMHAT KO-
JLOPOBOCT1 BUITPOMIHIOBAHHS HAa KOJILOPOBIi giarpami XYZ.

Pe3ynbratu po3paxyHKiB HaBeJleH1 Ha puc.l.
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Puc.1 Konvoposicts noixym’s B aiarpami XYZ

Ha niarpami obnacte kojibopoBocTi monym'ss H, mpeactaBisie cob6or0 BYy3bKYy
CMYTY 31 3MiHOIO KOJIbOPOBOCTI JJIsi BUMAJKy BUNpOMiHIOBaHHA momyM'ss ik AUT i
JUI BUTIAJKY BHUIIPOMIHIOBAHHS TPO30POTO TMOIYM'ss SIKi MPAKTUYHO 3ITHBAOTHCS 1
BH3HA4ar0Th Mex1 o0nacti H, popMyroun AMX0TOMI4HE CUCTEMY KOJIBOPOBOCTI.
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VJIK 620.3

Jlatum O.M.
Hamionanbauiil yHiBepcutet «Ojiecbka MOPChKa aKaaeMis»

CuHTe3 HaHOMAaTepiadiB Ta iX BJACTHBOCTI

Hanomarepianu— ue qucnepcHi abo MacUBHI Matepiaiu (CTPYKTYpHI €J1eMEHTH
- 3epHa, KPUCTAJITH, OJOKH, KJIACTEPH), TEOMETPUUHI PO3MIpH SKHX X04a O B OJIHO-
My BuMipi He nepeBunlytoTh 100 HM, 1 Taki, [0 MalOTh SKICHO HOB1 BJIACTHUBOCTI,
(GyHKLIOHANBHI M eKCIUTyaTalliifHi XapaKTepUCTUKHU, SK1 MPOSBISIOTHCS BHACITIIOK
HAaHOMACIITa0OHUX PO3MIpIB.

VYci pedoBHHM y TIOYATKOBOMY CTaHi a0o0 MICias MeBHOro oOpoOieHHs (moapio-
HEHHs1) MalOTh PI3HUM CTYNIHb AUCHEPCHOCTI, PO3MIP iX CKIAJOBUX YAaCTHHOK He
MO>KHA MOOAYUTH HEO30POEHUM OKOM.

O06’extu 3 po3mipamu B Mexax 1-100 HM NPUKUHITO BBaXKaTU HAHO00 €KTAMH,
ajie Taki OOMEXEHHsI € 10CUTh YMOBHUMHU. [IpH 11bOMY J1aH1 pO3MipU MOXYTh CTOCY-
BaTHUCA AK YChOTO 3pa3Ka , TaK 1 HOro CTpYKTYPHHUX €JIE€MEHTIB.

OcHoBHI nepeBaru HaHO00 €kTiB 1 HM monsiratoth y ToMy, 110 4yepe3 Malll po3-
MIpH B HUX MPOSIBISIOTHCS HOBI OCOOJIMBI BIIACTUBOCTI, HE XapaKTEepHI LIUM PEYOBH-
HaM y MAaCUBHOMY CTaHI.

Kanacudikauis 3a po3mipom. 3a po3MipHOIO 03HAKOI HAHOOO €KTH MOAUISIOTH
Ha Tpu Tunu: HyabBUMipHI (0D), onnoBumipHi (1D), nBoBuMIpHi (2D).

OcCHOBHI MeTOAH OJepP:KAHHSA HAHOMATEPiaJIiB

B nam yac icHye KiJibka METO/[1B BUTOTOBJICHHSI HAHOMATEpiajiB MIJISIXOM OJiep-
’KaHHS TOPOIIKIB 3 X HACTYITHUM MEPEeTBOPEHHSIM y 00'eMHuil Bupib. ['eomeTpryHi
pPO3MIpH TakuxX BUPOOIB MOKH Maji, ICHYIOTh MPOOJIEMHU YCYHEHHS MOPUCTOCTI, Ha-
SBHOCTI JIOMIIIOK, MPAKTUYHOTO 3aCTOCYBaHHS TEXHOJIOTIH 1 T.4. [lpu BUroTOBIEHH]
HaHOMAaTepialliB BAKOPUCTAIOTh TPAIULIIMHI METOIU (DI3UKHU, XIMIi Ta IHIINX HAYK.

Iopowkosi mexnonozii. Y cydyacHOMYy MalIMHOOYIYyBaHHI IIUPOKO BUKOPH-
CTalOThCA TOTOBI BHpPOOM, OTpUMaHI 3 JpIOHOAMCIEPCHHUX TMOPOIIKIB METOIO0M
CriKaHHs (TMOPOIIKOBAa METANIypris). 3a TaKOK TEXHOJOTIEI0 BUTOTOBISIOTH PIKYUl
IUTACTHHM, CBEPAJA, MITYUKU Ta THIIMHA pi3ajbHUI IHCTPYMEHT, a TaKoX (yHKI1O-
HaJbHI JeTall MallliH, HANPUKJIA] [IAaTyHU JBUTYHIB BHYTPILIHBOIO 3ropsiHHs. Me-
TOJaMH TOPOIIKOBOT METanyprii BUTOTOBJSIOTH COPTOBI CTajl W CIUIABH, 3 SIKHX
IUISIXOM MEXaHI4HOT OOpOOKH BUTOTOBJISIOTH TOTOB1 BUpoOH. Taki TexHOIOrii 103-
BOJISIFOTH OJIEP>KaTH PIBHOMIPHY APIOHO3EPHUCTY CTPYKTYPY MaTepiaiy, 110 3Ha4HO
nigBuIlye (i3UKO-MEXaHI4YH1 W eKCIUTyaTalliiiHl BiaacTUBOCTI BUpoOy. Ilig moporm-
KOM IpU I[bOMY PO3YMIIOTh CYKYITHICTh TBEPAMX YaCTOK, 110 NMEepeOyBaloTh y 31TK-
HEHHI, HEBEJIMKUX PO3MIPIB - BIJl I€KUIBKOX HAHOMETPIB 10 TUCAYI MIKPOMETPIB.

[Ipu BUrOTOBIIEHHI HAHOMATEPIialiB BUKOPUCTOBYIOTh YJIbTPAIUCIIEPCHI MOPOII-
KM 3 po3Mipamu yacTok MeHbine 100 HM, sIKi MAIaI0ThCS CHIKaHHIO, rapsioMy ado
XOJIOJTHOMY TMPECYBaHHIO 3 METOI0 ojiepkatu BUpoO. [Ipu 1bomMy KUIBKICTh TIOp TO-
BHHHA OyTH CKOpOY€Ha JI0 MIHIMYMY i 30epe’keHa HaHOCTPYKTypa BHXITHOTO IO-
POILIKY — 3aM00iratlouu Mpolecy peKpucTaiizamii y MiKkpoHH1 00’ €KTH.
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MeToan oTpUMAHHSI HAHONIOPOUIKIB

MeTtonu OTpUMaHHS HAHOIMOPOUIKIB MOBMHHI BIATOBIIATH TaKWM 3arajlbHUM
BUMOTaM :

- BUCOKa IIBHUJIKICTh YTBOPEHHS LIEHTPIB 3apOI>KEHHS YaCTUHOK;

- IOBUIbHUH PICT YaCTHUHOK;

- MOXJIMBICTh KOHTPOJIIO PO3MIPY YACTUHOK;

- HAMOLTBIIMI po3Mip yacTUHOK He nepesuirye 100 HM;

- MaJjl 3HauY€HHs Jucnepcii, CTabUIbHICTh OTPUMAHHS YAaCTMHOK 33JaHOr0 PO3-
MIPHOTO /11a1a30Hy;

- IOBTOPIOBAHICTh XIMIYHOTO 1 ()a30BOTr0 CKJIaJly YaCTUHOK;

- KOHTPOJIbOBAHICTh MApaMEeTPIB MPOLIECY OTPUMAHHS.

Metonu oaepskKaHHs MOPOUIKIB MOYKHA PO3AUTMTH HA XIMIYHI ¥ p13UUHI.

[Tonin MeroaiB Ha XiMiyHI 1 (Pi3UYHI HOCUTH YMOBHHI Xapaktep. [Ipu Bukopu-
CTaHH1 (PI3UYHUX METOJIB JIETIIE 3IMCHIOETHCS KEPyBaHHS pO3MipaMu, CKJIAJIOM i
($hopMOI0 YaCTOK.

Memoo Konodencayii 3aCHOBaHHMI Ha BUIApl M KOHJEHCAIll aTOMIB, SIKi OCaji-
KYIOTBCSI HA XOJIOJIHY MOBEPXHIO IMIIHIpPA, 10 00EpTAETHCS, 3 YTBOPEHHAM HaHO-
KPUCTATIYHUX YaCTOK. PO3PI3HAIOTH TOMOT€HHE i reTeporeHHe 3apoKeHHs 3apo/I-
kiB (kmactepiB). [Iporec BinOyBaeThesi B cepeIOBUIII IHEPTHOTO Ta3y, SIK MPaBUIIO,
renito. [ngxoM 3MIHM yMOB CHHTE3Y MOKHa OTpPUMAaTH HaHOMaTeplald pPi3HOT
dbopmu Ta pidHUX po3MipiB. [llupoky mnomynspHicTh HaOyB METOH OJepkKaHHS
00'eMHUX HaHOMaTepiaiiB, 3anponoHoBaHuil ['neditepom . KonnmeHncar 3 moBepxHi
HWTIHAPA 3HIMAETHCS CHENIaTbHUM IIKpEeOKOM 1 nonaaae B kosiektop. [loTim iHepT-
HUM Ta3 BIAKAYYIOTh 1 IpU TUCKY NopsAnaky 1 I'ma 3a1iCHIOIOTE MonepeaHe, a MoTIM
npu THcKky a0 10 I'Tla - ocraroune npecyBaHHsI MOPOUIKY. Y pe3yJbTaTi BUXOASITh
3arOTOBKH Y BUTJISA1 AUCKIB JiaMeTpoM 5-15 Mm 1 ToBiuHO0 0,2-3,0 MM 13 TYCTH-
HOt0 10 70-90% TeopeTH4HOi I'YyCTUHHU BiMOBIIHOTO MaTepiaiy.

Jlist HaHomaTepiaiB MoxHa aocartd 90-95% TeopeTuyHol ryCTUHH, ISl HAHO-
KepaMikH - 10 85%, Mpu LbOMY PO3MIPH HAHOYACTMHOK MOXYTbh JOCATATH B1J OJIU-
HULb 10 JeciaTKiB HaHoMeTpiB.Ilpu oxaep’kaHHI HaHOKPUCTATIYHMX OKCHUIIB 1
HITPHUIB BUKOPUCTAIOTh KUCHEBY a00 a30TOBMICHY aTmocdepy. [3oms1is nporecy
BiJl BIUIMBY HABKOJMIIHBOIO CEPEAOBHILNA JO3BOJISIE OACPKYBAaTH JOCUTH YHCTI
HaHOMaTepialu.

['yctuna HaHoMmaTepiasliB Moke OyTH 30UIbIlI€Ha 32 PaXyHOK MIABUIICHHS TEM-
nepaTypu MpecyBaHHS, ajie B IbOMY BHUIIAJIKy MOXE MOYaTHCS peKpUcTamizauisi, i
pO3Mip 4acTOK Oy/ie pOCTH 0 JECATKIB MIKpoMeTpiB. ['ycTuHA OTpUMaHUX 3pa3KiB 3
HaHOMAaTepialliB TAaKOX 3aJISKUTh BIJl TUCKY Ta yacy npecyBaHHs. HaitOuibmn mnep-
CIEKTHUBHE IMPHU LIbOMY JMHAMIYHE MPECYBaHHS, 110 3IMCHIOETHCA MPH BHCOKOYA-
CTOTHUX KOJMBAHHSX.

3MIHIOIOUH MEePEeHACUYEHHs CUCTeMH (30UIbIIYI0uM abo 3HMKYIOUM THCK MapH,
HaIMpUKIad, 3MIHIOIOYH TEMIIEpaTypy MpoIecy), MOXKHA JoMaraThcs HNOTPIOHOTO
pPO3MIpYy YAaCTOK OTPUMAHUX MOPOIIIKIB.

KonneHcaniiiii MeToiu JO3BOJISIOTh OJIEPKYBATH YIIbTPATUCIEPCHI MOPOLIKH 3
pPO3MIPOM YAaCTOK JI€KUIbKa HAHOMETPIB, aje MPOAYKTUBHICTb MPU LBOMY IyXkKe
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HU3bKa. MeToau 103BOJISIIOTh HAHOCUTH Ha MOBEPXHIO MOPOILIKAa TOHKI MOJIMEpPHI
TUTIBKH, 110 3aM00IratoTh arjoMepariii Ta Kopo3iitHOMY BIUIUBY.

ITnazmoximiunuit cunmes npoxoauth npu temneparypax no 6000 — 8000 K,
110 3a0e3nedye BUCOKUN piBEHb MEPEHACUUYEHHS, a TAKOXK OUIbII HIBUIKOCTI PEaK-
uid. BukopucTaloTbcs NpU LBOMY JIYTOBI IUIa3MOTPOHM 1 HaJIBHCOKOYACTOTHI
(HBY) renepatopu muasmu. JIyroBi amapatu MaiOTh BUCOKY MPOJYKTHBHICTH 1
nopiBHsHO Hepopori, ane HBY -ycranoBku 3a0e3neuytoTh 0Jep:KaHHs 3 HE3HAYHOIO
JUCIIEPCIEI0 32 PO3MIPOM 1 OUTBIN YHCTUX MOPOMIKIB. SIK BUXiAHI Marepianu s
M1a3MOXIMIYHOTO CHUHTE3Y BHKOPUCTAIOTH XJIOPUAM METaliB, METaJeBl MOPOIIKH,
KpPEMHIH - 1 MEeTaloOpraHiyHi 3'e JTHAaHHS.

[InazmoxiMiyHa TEXHOJOTIA 3a0e3neuye OJep)KaHHS YJIbTPaAUCIEPCHUX IO-
pomikiB TyromiaBkux meraniB (W, Mo), 3'eqnanp (Ti, Al, Al1,0s3, SiC, SizNy,
Ti(C,N) 1 1H.), a Takox KoMmo3uiliiHuX 00'ekTiB Ty Si3N4 + SiC, TiB, + Ti#i iH. y
outbIuX obcsrax. Yepes 0coOIMBOCTI MIA3MOXIMIYHOTO CHHTE3Y (HE130TEPMIUHICTh
MpoLIECY, MOXKIIUBICTh KOAryJsillii 4aCTOK, TOIIO) PO3MOALT OTPUMYBAHUX YACTOK T10
po3Mipax y OUIBIIOCTI BUNAAKIB JOCUTH IITUPOKUH.

B ocHOBI MeTony cunme3sy ¢ ymosax yibmpazéykogo20 naugy nexuTh ehexT
KaBiTalli MIKPOCKOIIYHUX MYXUPI[iB, IPU I[bOMY B HEBEIMKOMY 00’€Mi pO3BHBa-
I0ThCsl BUCOKI TUCKHU mopsanky 50-100 MIla i temmniepatypa 3000 K 1 Burie, a Takox
J0CSITalOThCsl BUCOKI IIBUAKOCTI HarpiBaHHs ¥ oxonomxkennd (1o 1010 K/c). B ymo-
Bax KaBiTallli MyXUpellb CTAE CBOEPITHUM HAHOPEAKTOPOM. TakuM METOAOM OTpH-
MaHO 0araTo HaHOKpHUCTaIIYHUX (aMOp(HUX) METalliB, CIJIaBIB 1 TYTOIJIaBKUX 3'€]1-
HaHb (Hanpukiaa, HaHoyacTUHKU Fe, Ni 1 C 1 iXHiX cIjiaBiB 3 KapOOHLIIB, KOJOiIH
30J10Ta ¥ Mifl, HAHOOKCHUJ ZT i 1H.).

MoskHa onepX yBaTH MOPOIIKA 3a JOINOMOTOIO0 e1eKMmPUUHO20 GUOYXYy OpO-
muxkie. Bimomo, 10 Npu MPOMYIIEHHI Yepe3 BIAHOCHO TOHKI APOTUKH IMIYJbCIB
crpymiB 104—-106A/Mm? BinOyBaeThes BUOYXOBE BUIIAPOBYBAHHS METAly 3 KOH/IEH-
calli€ro Moro mapy y BUIJISA1 4aCTOK Pi3HOT AMCIEPCHOCTI. 3aJekKHO BiJ CKIady ce-
pEeNOBHILA, ¥ SKOMY MPOTIKAE MPOLEC, MOXKE BIAOYBATHCS YTBOPEHHS METaJEBUX
4acToK (1HEepPTHI cepenoBuIa) ad0 OKCUAHUX (HITPUIHMX) MOPOHIKIB (OKUCHI abo
a30THI cepenoBuia). HeoOXimHuil po3mip 4acToOK 1 MPOAYKTUBHICTH MPOIECY 3ajie-
KaTh BIJ MapaMmeTpiB PO3PSATHOTO KOHTYpPY Ta AlaMeTpa BUKOPHCTAHOTO JPOTY.
dopMa HAHOYACTHHOK MEpeBaKHO chepudHa, PO3MIpU YAaCTOK 3MIHIOIOTHCA B IIU-
pokux mexax. g HaHodyacTUHOK po3MipoM 50-100 HM Takux mertanis, sik Al, Cu,
Fe it Ni npoyKTUBHICTh yCTaHOBKM cTaHOBUTH 50-200 r/rog mpu eHeproBUTpaTax
1o 25-50 xBt-roa/kr. MoxyTe OyTH OTpuMaHi HaHOMOPOWKU OKcHIIB (Al,0s,
Ti10,, ZrO,, MgA 1,04 # 11111.) 3 po3mipom 20 — 30 HM.

Bubip Toro abo iHIIOro MeTOay OJiepKaHHS HAHOMOPOILIKIB 3aJIekKUTh B MPO-
MOHOBAHUX JO HUX BHUMOI, BJIACTUBOCTEH BHUXIIHOIO MaTepially 1 €KOHOMIYHOTO
OOIpyHTYBaHHS MPOIIECY.
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Cagenbena O.C., Manaxosa /1.0.
Opechkuii HallIOHATBHUHN TOJMITEXHIYHUI YHIBEPCUTET

IIporpamMHuii KOMIUIEKC VISI 3aCTOCYBaHHSA iH(pOpMALiHHUX TEXHOJIOTIH Ha
TaHKepi

[ToctanoBKa npobsieMu

VY OuUIbIIOCTI TEXHOJOTIYHUX TMPOIECiB, M0 BUKOPUCTOBYIOTH 1H(OpMAaIIiiiHi
TEXHOJIOT1i JJIg Bi3yali3allli MOTOYHUX MapaMeTpiB, MAETHCS HA yBa3l MPE/ICTaBIICH-
HSl OCTATOYHOT'O PE3yJIbTaTy B HAWOLIbII 3pYYHOMY ISl KOPUCTYBaya BUIJISAL Y 3a-
CTOCYBaHHI JI0 PI3HUX TEIUIO- 1 MACOOOMIHHUX a00 T1IPOJAMHAMIYHMX MPOLECIB, SKI
3yCTpIUalOThCS HAa CyJIHAaX MOXHA KOHCTATyBaTH, IO TOJS TEMIEepaTypH, LIBUI-
KOCT1, TUCKY, 3aBUXOPEHOCTI, KOHUEHTpAIlli 1 T. M., Kl OTPUMYIOTbCSI B KIHI[EBOMY
MIACYMKY JYy>K€ YacTO XapaKTepHU3yIOThCs 0araTOBUMIPHUMH 1 BEIMKUMH 3a 00Cs-
raMM MacuBaMU YHCEJIbHUX JaHuX. Bcl MeTonu, 10 BUKOPUCTOBYIOTBCS MJIA iX
00poOKM BHUMararoTh HasIBHICTh Y KOPUCTyBaya MEBHUX 3HAHB 1 Jy’KE 4acTO Xapak-
TEPU3YIOThCS CJIa0KOI 1H(POPMATUBHICTIO a00 3aBUIIEHMMH BUMOTaMH A0 00-
YUCIIIOBAIBHOT TEXHIKH.

He nuBnsiuuck Ha iCHyBaHHS LIJIOTO HAYKOBOI'O HAMPSAMY I/l HA3BOIO OOYHUCIIIO-
BanbHa rigpoanHamika (CFD - computational fluid dynamics) MoxxHa KOHCTaTyBa-
TH, 10 poOOTH, MPUCBAYEHI METOAAM Bi3yaui3allii OTpPUMAaHUX PO3PaXyHKOBHX Jla-
HUX 3yCTpiyaloThcsl HE yacTo. Ha OCHOBI aHami3zy cy4acHUX JOCHIIKEHb B 00JacTi
Bi3yallizallii MpoIleciB 3 NEPEeMIIICHHSIM TEIla, ra3iB ado KpaneiabHUX PIAMH MOXKHA
KOHCTaTyBaTH BIJCYTHICTh HaAlllHOTO MeTony oOpoOkH aanux. Bimomi mMeroau xa-
pPaKTEepU3yIOThCS BIACYTHICTIO 1H(QOPMATHBHOCTI MOJAul KIHIIEBUX pE3YyJbTaTIB 1
BHMAaraloTh BUCOKI BUTPATH 3 00UMCIIOBAIbHOT TOUKH 30DY.
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OcoOnuBuii iHTEpEC NpeCcTaBisie COO00 BUKOPUCTAHHS 1HPOPMAILIITHUX TEXHO-
JIOT1H B 3aCTOCYBaHHI 0 MOPCHKUX CyJeH. BinoOpaskeHHs KOHTPOIbHOT 1H(OopMaIlii
1HOM1 Oe3mocepeHhO BU3HAYAE SIKICTh MPOBEJACHHS PI3HUX BAHTAXKHHUX a00 TEXHO-
joriyHuX omnepanid. I[IpakTMUHO Ha KOXXHOMY CYJIHI 3 BHCOKHUM CTyIEHEM
NEepioIMYHOCTI MPOBOAATH POOOTH, 110 MOB'SI3aH1 3 BEHTUJIALIEI0 a00 MUKKOIO pi3-
HUX poOounx 00CsTiB a00 BaHTAXXHUX TPIOMIB, TPAHCIIOPTYBAaHHI PEYOBUH IO THYY-
KHX 1 )KOPCTKUX TPyOOINpoBOoAax 1 T.M. Y OUIBIIOCTI BUMAJKIB BCl Il MPOLECH KOH-
TPOJIOIOTHCS 32 JOMOMOIOI0 3ac00IB KOHTPOJbHO-BUMIPIOBAIBHOI anapaTtypu, 0e3
BUKOPUCTaHHSI CyYaCHUX METOJIIB Bi3yalli3allli YMCEIbHUX 3HAaUY€Hb MOTOKOBUX Ja-
HUX.

MoskHa KOHCTaTyBaTH, IIO0 B 3aCTOCYBaHHI 10 0araThoX poOOYMX MPOIECIB Ha
MOPCBHKUX CyIHaX JI0 TEMEepIlIHbOr0 4Yacy 1H(POpMaIliiiHI TEXHOJOTil HE 3acTOCO-
ByBajucs. PimeHHs npobiemu Bizyanizallii YMCEeNbHUX AaHUX, L0 BiIOOpaKaloTh
AKICTh 1 IIBUAKICTH pOOOYOro MpOLECy, MOKE MPUBECTU 10 OTPUMAHHS HAUTOJIOB-
HIIIOTO pe3yJbTaTy - MIABUILIEHHIO MPUOYTKY BiJl poOOTH CyIHA.

AHaJi3 oCTaHHIX AOCIIIKEHb 1 IMyOIiKaIin

Haii611b11 moBHUH 1 SIKICHUM OMUC CY4acHOTO CTaHy MUTAHHS PO Bi3yani3aliio
MPOLIECIB NMEPEHECEHHs TEeIUIa 1 MacH, 1110 3yCTPIYaloThCs MPU poOOTI CyJIeH pHBe-
neHuit B pobortax [1-3], mpore B HUX MPUCYTHI Aesiki HeTouHOocTi. Hampuknaz, B
AKOCT1 METOly Bi3yaiizallii po3paxyHKOBUX JIaHUX HABOJIUTHCS METOJ MPEAUKTOpA-
KOPEKTOpa, SIKUii 32 (haKTOM MOKE€ BUKOPHUCTOBYBATHUCS TUIbKU Ha CTaJll YMCEIbHOT
CXEMH pillIeHHs PIBHSIHB NepeHocy. L{g craais BinnoBijae OTpUMAaHHIO TIIBKU MacH-
BY BHUXIJTHUX PO3PaxyHKOBHX JIaHUX, a HE Horo oOpoOiii 3 MeTo10 Mo0yI0BH KapTH-
HU Bi3yajizallii mojst Teuii abo nepeHeceHHs Tera.

[IpakTyHO y BCiX HAyKOBHX CTaTTSIX 1 MOHOrpadisfix, L0 BIAHOCATHCS [0
Bi3yalizallii MpoIeciB MEPEHECeHH TeIula 1 MacH BUKOPUCTOBYETHCS TUIBKU JIBa
BapiaHTH M00yR0BH rpadivHNX 00pa3iB OTPHMAHUX MOJIIB MIBUAKOCTI, TUCKY, JIHIH
CTPyMY, 3aBUXOPEHOCTI i T. 1. IX BUOip BU3HAYAETLCA TINHKH CAMUMHM JOCIiTHUKAMU
IpU IBOMY caMi METOJM He MIJAAI0ThCS SIKICHOMY aHali3y a0o OILHII 3 TOYKU 30py
1HpOpMAaIIITHUX TEXHOJIOT1i.

VY mpoliecax NepeHEeCeHHs TeIUIOTH 1 MacH BUKOPUCTOBYETHCS JOCUTh OOMexKe-
HUN HaOlIp NMEPBICHUX XApaKTEPUCTUK 1 MapaMeTpiB, Kl iX ONMUCYIOTh. BiamoBigHO
10 1HpOpMaLIMHUX OIJIANIB, 110 MpeacTaBlieHl B pobotax [1-4] Binpmiicte mapa-
METPIB OMHUCYE:

- (p13MyH1 BIACTUBOCTI PEYOBMHU, TaK 3BaHl OCHOBHI NMapaMeTpu CTaHy, HaIpH-
KJIaJ: HIUIbHICTh, TUTOMHM 00'eM, TemIiiepaTypa, B'A3KiCTb, MOBEPXHEBUN HATHT,
MPYXKHICTh 1 T.II .;

- MIpY PIBHOBQ)KHOT'O CTaHY PEYOBHHU 3 TOUKH 30pYy TEPMOJAMHAMIKH abo Tiapo-
MEXaHIKU, HAMPUKIIAJ: TUCK, TEMIIEpaTypa, HAaIpyKEeHICTh, IIBUAKICTh IEPEHECEHHS
pedyoBUHM a00 €Heprii, EHTaNIbIIs, eHTPOIIS.

B Teopii oguHUIE BUMIpPY, IO BUKOPUCTOBYETHCS JJIsl aHAJII3Y PI3HUX TETJIOBUX
1 TIIPOMEXaHIYHUX MPOIIECIB MOKA3aHO, 110 MPAKTUYHO BCl MapameTpu BIACTUBO-
CTel 1 CTaHy MOXYThb OyTH 3alMcaHi 3a paxyHOK KomOiHaiii 0a30BHUX OJUHHIIL
BuMipy [5-6]. [Ipu ckinaganHi KpUTepiiB MOAOOM 10 TaKMX 0a30BHX OJUHUIb PO3-
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MIPHOCTI1 BIJHOCSITh: Kijiorpam (Kr), MeTp (M), rpaaycu - Temneparypauit (0C) i ky-
TOBUM (rpan), CeKyHIY (CeK).

Takuil migxig 10 po3risay XapaKTepHUX MapameTpiB MOTOKY 3 HalpaBICHUM
PYXOM 3 TOUYKH 30py 1H(POpMALIHHUX TEXHOJIOTH € He 3pyyHuM. OCHOBHA MpUYUHA
HOTO HEAOJIKY MOJIATae B TOMY, IO MPH MOOYA0BI XapaKTEPUCTHK MOTOKIB Teria
ab0 MacH nepepaxoBaHi BHILE BJIACTUBOCTI CKIIATHO MIAAAIOTHCS 1HMOpMaLIHHOMY
aHamizy. Y 4YHUCIOBUX MacHBax BHUXIJHUX JIaHUX BOHU HEEKOHOMHO BHUTpPayaloTh
BUJIUICH] JIJIsl MPOTPAMHUX KOMILJIEKCIB 0OCSTH MaM'sTi 1 30UIbLIYIOTh Yac iX mpole-
copHOi 00poOKku. 3 I1i€T MPUYUHU 3aMICTh HAOOPY YMCIOBUX MACHUBIB JIOLLUIBHUM €
BUKOPUCTAHHS aHAJNITUYHUX BUPa3iB a00 KOHCTAHT, IO OMUCYIOTH 11 BIACTUBOCTI.
B apxiTekTypi nporpaMHUX KOMIUJIEKCIB TaKUi MIAX1A TO3BOJISE 1€ HA MOYATKOBIH
cTaaii popMyBaTh HEOOXiJHI iHPOpPMaliifHI MOTOKH 1 B MOJAJBIIOMY iX BHUKOpH-
CTaHHS OyJe BUKOHYBAaTHUCA 3 HAaMEHIIMMHU BUTpaTaMu OOUYHMCIIOBAJIBHOI MOTYXK-
HOCTI.

[IpuknagoM OJHOrO 3 TaKUX BHUPA3iB € BHUAO3MIHEHE pIBHSIHHS MeHneneeBa-
Knaiinepona, sike 103BOJIsi€ BU3HAYATH IIUIbHICTh MOBITPS. 3 YpaxyBaHHSAM BOJIO-
rocTi 1 TeMIiepaTypu

_ P, %P
PRI T RT >

e p — WUILHICTL MOBITPs, Kr/M°; Py — mapuianbHuil THCK cyXoro mositps, Ila;
Py.n. — mapuianbHUM THCK HacHYeHO1 BOAsTHOT napu, [1a; y — BilHOCHA BOJIOTICTD, %0;
R — razosa noctiitHa st cyxoro noBiTps, Jx/(krK); R, — razosa nocriiiHa s ma-
pu, Jx/(xrK); T — Temniepatypa, K.

dopMyITIOBaHHS METU JOCIIIKEHHS

OcHoBHa MeTa HAyKOBOT'O JOCIHIIKCHHs MOJIATae y (OpMyJIIOBaHHI OCHOBHUX
MPUHIIUIIB BUKOPUCTAHHA 1HPOPMALIHHUX TEXHOJIOTIN Ha CyJIHAX 13 3aCTOCYBAaHHAM
METO/y Bi3yaslizallli YMCeIbHUX MACUBIB JaHUX MPU BIAOOpaKEHHI MPOLECIB PyXy
PI3HUX TOTOKIB (TETUIOBUX, aepo- ab0 TIpOAMHAMIUYHUX ) 3 BUAUICHHSIM 1 JBOBUMIp-
HUM TpadiuHUM BiIOOpa)KEHHSM JWHAMIKM 3MIHM TOJIOBHUX BU3HAa4yaJIbHUX Mapa-
METPIB.

BuknaneHHs: OCHOBHOTO MaTepially AOCTIIKEHb

['onoBHUM mpu3HauYeHHSM OYAb-SKOrO0 METOJY Bi3yaji3allii MpoleciB NepeHe-
CEHHS TEeIUIA 1 MACH € BIIOOPaKEHHA CTIEU(PIUYHIUX OCOOIUBOCTEN PyXOMOI'O MOTOKY
13 HaJJaHHSM MOXJIMBOCTI MTPOBEACHHS OJJHOYACHOT YUCENbHOT OLIHKU IIUX 0COOIu-
BocTeil. B manuii yac icHye qBa HampsIMKH Bi3yauni3alii Tedid - BiIOOpakeHHsI eKc-
NepUMEHTAIBHUX 00pa3iB 1 MOOYI0Ba YMCEIbHUX PE3YIbTaTIB PIlIEHHS BUKOPUCTA-
HUX PIBHSIHb pyXy a00 JaHUX BiJ 3ac00iB BUMIpIOBaHHS 1 KOHTpoito. [Ipenmerom
BUKOHAHMX JIOCIIKEHb OYB APYyruil HanmpsIMOK - 1H(opmaliiina o0podka MOTOKO-
BHUX JaHUX 1 TOOY0Ba JOTIOMDKHOT KAPTUHM Bi3yasizallli 3a JOMOMOI'OK0 BIIOBIJI-
HOT'O IIPOrPaMHOI0 3a0e3MeYeHHs.

Jlo mapameTpiB poO3MOJLTy OCHOBHHMX BIIACTMBOCTEM PYXOMMX ra3iB 1 Kpareib-
HUX PIIUH MOXKHA 3 TOUKHU 30pY 1X MOJabIIOi Bizyani3alii BiIHECTH HACTYIIHI:

1. Bekrop mBuakocTti. [Ipu Bizyainizamii el napameTp MOTOKY, IO PyXa€eTbCs
B1100pakaroTh YOTUPMA CIOCOOAMU: CIPSIMOBAHUMHU CTpLUIKaMU (MacmTad JOBXKHU-
HU 1 IPOCTOPOBA CIPSMOBAHICTh BU3HAYAETHCS 1 OyyETHCS BIAMOBIAHO A0 3HAKIB 1
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YUCEIbHUMH 3HAYCHHSMH TPOEKINM MBHAKOCTI Ha BIAMOBIAHI BicCl KOOPAWHAT);
KOJIPHUM PO3NOJALUIOM (Tpajauii 1 Mipi IHTEHCUBHOCT1 KOXKHOTO KOJIbOPY MPHUCBOIO-
€TbCSI HEBEJIMKUN Jlanma3oH 3MIHM 3HA4Y€Hb IIBHJKOCTI, 3a3BMYaii: CHHIA - Mana
HIBUAKICTh, YEPBOHUM - BEJMKA LMIBUJIKICTH); MOHOXPOMHHUM CBITJIOBUM BiATBOPEH-
HSM (3 TpajallisiMu CIporo Koibopy); rpadiuHUM BiIOOpa’KEHHSAM JaHUX y BIJIO-
BIJIHIM CUCTEM1 KOOpIUHAT.

3 HUX 4YOTUPHOX CMOCOOIB Bizyani3alii MBUAKOCTI AJI TPOBEAEHHS KUTbKICHOTO
aHai3y Ma€ CeHC TUIbKM KOJIpHHUM po3nojii 1 rpadiune BimoOpaxkenns. Ha ix oc-
HOBI1 HalyacTime poOJsAThCS BUCHOBKH PO OCOOJMBOCTI pyXy MOTOKY. Pemita cmo-
co0iB Bi3yasi3allii HIBUJKOCTI I03BOJISIIOTh POOUTH TUIBKH SIKICHI BUCHOBKH PO Xa-
pakTepHi 0COOIMBOCTI PyXy PO3TIASHYTOrO MOTOKY.

2. Tuck. Ilpu Bi3yanizanii bOr0 mapamMeTpa BUKOPUCTOBYIOTHCS JIBa CIOCOOM,
AK1 aHAJOTIYHI B1IOOPa)KEHHIO BEKTOPY MIBUAKOCTI. JI0 HUX BITHOCSTHCS: KOJIIPHE
IBO- 200 TPUBHUMIPHE PO3MOJLICHHS 130/11HIN a00 130MOBEPXOHb, & TAKOK BUKOPHUC-
TOBY€ETHCS rpadiuHe BiToOpaKEHHS.

BukopucranHsa npu Bizyanizalii CpsSIMOBaHUX CTPLIOK B CHJIY TOTO, IO THUCK
CKaJIsipHa BEJIMYMHA € Oe3rITy3/IUM.

3. OyHkuis ctpymy. BoHa siBisie co00r0 JTiHIO, 10 KOKHOT TOYKU SIKO1 BEKTOP
HIBUAKOCTI B JaHUII MOMEHT 4Yacy CIpsSIMOBAaHUMN MO JAOTUYHIN. Y JABOBUMIPHOI MIIO-
HIMHI BioOpakeHHs1 QyHKLII CTpyMy € OJHO3HAYHHUM, MPOTE B pa3l TPUBUMIPHOTO
MPOCTOPY KOPEKTHICTh BIOOPaKEHHS JIIHIT CTPYMY B CUJTy HEOJIHO3HAYHOCTI ii BU-
3HAYEHHS € CIIPHOI0. BUX0A4M 3 pIBHSIHHS 3alKUCy MPOCTOPOBOI JIiHII CTPyMY Y BHU-
TIISL Al

?+$+$=m=mnst) (2)

X ¥ 2

MO>KJIMBO CTBEP/KYBAaTH, 110 B pa3l TPUBUMIPHOIO MPOCTOPY ii BiAOOpaKeHHS
HEMOJXKJIMBO. 3 i€ MPUYMHU MOXHA C(HOPMYITIOBATH BUCHOBOK, 1110 B Cy4YacHIH Ji-
TepaTypl 1 aJlbTepHATUBHUX JiKepenax 1H(opmallli BelMKa 4acTHUHA HAyKOBUX pe-
3yJbTATIB Bi3yali3alli MOTOKIB, 1[0 MICTUTh MPOCTOPOBI JIiHIT CTpyMy, HE BIIOBI-
Jla€ peajbHUM MpoliecaM. Y OUIBIIOCTI BUMNAAKIB Taka Bizyalizallis BigoOpakae Ha-
YKOBI TIMOTE3H MPO XapaKTep pyXy MPOCTOPOBOTO MOTOKY 1 HE MOXKE PO3TIsAaTHCS
SK JIOCTOBIPHUH pe3yJIbTar.

Jlnist Bi3yanizallii IBOBUMIPHUX CTal[lOHAPHHUX MOTOKIB, JIe YKCIIOBA 0a3a JaHMUX,
10 00poOIIsIEThCS, SIBIsIE COO0I0 HAOIp CKaJISIPHUX (PYHKIIIH, JIIHIT CTPYMY € OJTHUM 3
HaNHOUIBII SAKICHUX BapiaHTIB BioOpa)KeHHs OTpUMaHUX pe3yibrariB. [Ipu Bizyasi-
3alii JiHIA cTpyMy NOOYAOBY TOJIS Teuii MOXKIIMBO 3pOOUTH JTIOCUTH JIETKO 3a JOMO-
MOTOIO0 HaCTYTHOT'O IBOMIPHOTO YSIBJICHHS

V,dX-V.dZ=¢dXd Z=const, 3)

Jie @ — YUCIIOBE 3HaYeHHs GyHKIIi TOKy, M>/c.

3HadeHHs (QYHKIII CTPYMY @ € mapamMeTpoM, sIKUi JIeTKo nmopaxyBaTu. Lls Benu-
YUHA SIBJISIE COO0I0 BEJIMYUHY BUTPAT MK JIBOMA CYCIAHIMU JIHISIMU CTPYMY.

[lopiBHsiHHSA piBHSAHB (2) 1 (3) moka3zye, 110 MpH Bizyani3alii rapoAMHAMIYHOTO
MOTOKY 3HAYEHHS JIiHIT CTPYMY HE BPaxOBYIOTh JIOJATKOBI CKJIAJIOBI MO HIBUIKOC-
Ti B OJJHOMY 3 NIONIEpEYHUX HanpsMKiB. LI HEBIMOBIHICTD € HeOMIKOM. BiH Moxe
HE BPaxOBYBAaTHUCS TUIbKU B OJHOMY BUNAJKY - KOJIM 1H(POpMalLliiiHa TEXHOJIOT1s BU-
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KOPHUCTOBYETHCS JJIsl Bizyanii3alii pe3ysbTaTiB IPOCTOPOBO-CUMETPUYHOIO MOTOKY.
[IpukiazoM Takux MOTOKIB €: pyX MOTOKY BCEpEIHHI TpyO 3 HE3MIHHOIO (HOPMOIO
MOMEPEYHOro Mepepizy; pyX OJMHOYHOIO CTpyMeHs, CHEepUUYHHUIl TEIUIOBUN MOTIK
B1Jl TOYKOBOTI'O JiXKepena 1 T.1I.

Jlist Ge3nocepeHboi MporpamMHoi peaiizailii piBHSHHS (3) IPOMOHYETHCS BUKO-
PUCTOBYBATH B PI3HUIIEBOMY MOJAaHHI TAKOTO BUTJISILY

_ Valmip g —%l-Vylzis g -l
a5 ’ (4)

Sxuo B iHQOpMaLIMHO-MPOrpaMHOMY KOMILIEKC JJIsi Bi3yasizailii MOTOKY
BUKOPUCTOBYETHCSI PIBHOMIPHA CITKA 3 1IGHTUYHUM KPOKOM IO JIOBXKHHI TO PIBHSH-
Hs (4) cIpOITy€EThCS 0

A

¢= )

5+1%

[Ticas 3HaxXoMKEHHSI YMCENbHUX 3HaUY€Hb (PYHKIIIT CTpyMy ¢ i1 MOXHa BigoOpa-
3UTU 3 BUKOPUCTAHHSAM PI3HUX METOJIB CTATUCTUYHOI 0OpOOKM BUOIPKHM 1€HTHUY-
HUX 3HAYEHb 3 33JIaHOI0 MEKEI0 MOXUOKHU.

4. 3aBuXopeHicTh. [IpakTHYHO BC1 MOTOKU MICTATH BUXOPH, & CTYIIHb IHTEHCHUB-
HOCTI X 00€pTaHHs OI[IHIOETHCA MOHATTAM 3aBUXOPEHOCTI.

Po3noain 3aBUXOpEHOCTI B 00J1aCTI pyXOMOIo MOTOKY MOKHA Bi3yasi3yBaTH 3a
JIOTIOMOT0I0 HaOOpYy BHXOPOBHUX JIIHIN, KOXKHA 3 SIKUX OyJe BIJIMOBIIATH MEBHOMY
YUCJIOBOMY 3HAYEHHIO 3aBHUXOPEHOCTI. Y KOXHIA TOYI[l BUXOPOBOI JIiHIT TOBUHHO
BUKOHYBAaTHUCSI YMOBA KOJIIHEAPHOCTI OPTY AOTUYHOI 1 BEKTOPY CKIIaJJ0BO1 "BUXOPO-
BOi" IIBUJIKOCTI.

5. Temneparypa. Ilpu Bizyamizaliii 1[bOro napaMmeTrpa BUKOPUCTOBYIOTHCS JBa
crocoOu, AKl € aHAJIOTTYHUMHU BIAOOPaXKEHHIO BEJIMYMHU THUCKY. Lle - KombopoBumii
po3nonin 1 rpadiyHe BigoOpakeHHs. [lyxke yacto mpu rpadiuHoMy BigoOpakeHH1
3HAYEHHS TeMIEPATypH MPUB'A3YIOTh 10 3MIHU OyIb-IKUX KOMIUIEKCHHX XapakTe-
pucTuK noToky. L1 xapaktepucTuku, chopMynbOBaH1 y BUTJISAI1I KpUTEpIaIbHUX 3a-
JEKHOCTEH, B1IOOpaXKalOTh CIIBBIIHOIIEHHS MIXX OCHOBHUMU CUJIaMH, SIKl GopMy-
I0Tb KOHKPETHY KapTUHY PYyXy TEIJIOBOro MoToKy. HaluacTimie 10 Takux cui Bif-
HOCSITh CUJTY 1HEpIi, Baru, TUCKY, IOBEPXHEBOro HaTATy. KoMIJIeKCHUMH XapakTe-
pUCTHKaMU TOTOKY 3a3Buuail € umciio Pelnonwiaca, Ilexne, Crpyxamns, Bebepa,
Opyna i T. 1.

6. KonienTpaitiist peuoBUHU B pyxomomMmy OaratodazoBomy nortoui. [Ipu Bizyani-
3a1lii UpOro MnapamMerpa BUKOPUCTOBYIOTHCA TPU CIIOCOOM, SIKI aHAJIOTIUH1 BigoOpa-
KEHHIO BEKTOpa MIBUAKOCTI. [l0 HUX BIIHOCATHCA: KOJIBOPOBUW PO3MOJLI, MOHOX-
POMHE CBITJIOBE BIJOOpaKeHHs 1 TpadiuHi 00pasu.

Haiiuacrinie po3moain KOHIIEHTpAIlii 32 00CIToM, IKUH OOMEXKEHHUI KOPCTKUMHU
MOBEPXHSIMHU Bi3yalli3ylOTh 3a JOTIOMOTOIO ABOX 200 TpUBUMIpHHUX rpadiuHux oOpa-
31B.

KomOinanis 1 koMisiekcHa o0poOka cpopMyIbOBaHUX HIECTH MapaMeTpiB MpH
BUKOPHUCTaHHI1 1HPOPMALIHHUX TEXHOJOT1 B KOHKPETHUX CYTHOBUX TEXHOJOTTYHUX
mpoliecax J03BOJISE MiJ Yac Bizyati3allii OTpUMATH 1 SKICHO Bi10Opa3UTH BCIO HEOO-
xinHy iH(opmanio. B nanuii yac nmoxiona oOpoOka iHboOpMaIiiHUX TaHUX B TPO-
rpaMHOMY 3a0€3MeUYeHH1 CY/IeH BIICYTHS.
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HactynHum etanom Bi3yastizallii CyJHOBHX TEXHOJOTTYHUX MPOLECIB € KOHKpe-
THa JIOKaJTi3allisl JaHUX B 00JIaCT1 MOTOKY, 110 MOJICIIOEThCS. 3aJI€KHO BiJl BUIY PO-
3TJISTHYTOTO TPoIiecy (TEMI0BOTO, T1APOJUHAMIYHOTO, 1X KOMOIHAI 1 T. 1.) MPH Bi-
3yanizalii pe3ysbTaTiB 1HOJ1 BUHUKAE HEOOXITHICTh BUKOPUCTAHHS PI3HUX KOOPIU-
HAaTHUX cUcTeM. B iHpopMaliifHUX TEXHOIOTIAX ISl XapaKTEPUCTUKU pO3TallyBaH-
Hs a00 Jokanizaiii KOHKPETHOTO Pe3yJIbTaTy MOXYTh BUKOPUCTOBYBATHUCS MPSMO-
KyTHa, [IWIIHAPUYHA 1 cepruuHa KOOpAUHATHI cucteMu. [lepexin MK HUMH JIETKO
3MIACHUTU 3a JIONOMOrow KoediuieHTiB Jlame. Y psal BUNAAKIB MpU Bizyamizaiii
BUKOPUCTOBYIOTHCS KPUBOJIIHINHI KOOPJIMHATHI CUCTEMHU Ta TakKi, 0 caMOaJanTy-
IOThCSI, OJIHAK X BUKOPHUCTAHHSA € AYyXKe crienu(iyHuM 1 HEe 3aBXK]IU BIAMOBIIAaE pea-
JBLHUM 3M1HAM MOTOKY, 1110 BiTOOPaKa€ThCHI.

B nanwmii yac Bci MeToaM Bizyani3allii cpsiMOBaH1 Ha MOOYJOBY KapTHHM Teuii
npu 00poOLll eKCIePUMEHTAIbHUX 300paKeHb 1 MPU MOJENIOBAaHHI 32 PaXyHOK BU-
KOPHUCTaHHS 0araTOBUMIPHOI XMapH JaHUX, IO OAEP>KYEThCS IPU BUPILIEHH] qude-
pEeHIIATbHUX PIBHSIHB BIAMOBIIHUX MaTEMaTUYHUX MOJIENEH.

JJist IOMIMNIIeHHS ICHYIOYUX METO/(IB Bi3yaJi3allii MOTOKIB 3 METOIO MOJIAJIbIIOr0
BUKOPHUCTaHHS B CYZHOBOMY NMpOTrpaMHOMY 3abe3nedeHHi 0yna copMysiboBaHa Ha-
yKOBa TIIOTe3a: MpHU Bizyallizalii HEOOX1THO BUKOPUCTOBYBATH He crienu(ivHi Xa-
pakTepucTUKU abo mapaMeTpu MOTOKY Teria abo Macu B MOTOYHUNA MOMEHT 4acy, a
iX MaTeMaTUyHe MOJAAaHHsS y BUIIISLA1 HAOOpy ornepaTopiB BeKTOpHOI anredpu. Jlo Ta-
KHX alNreOpaiyHUX orepaTopaM BIJHOCSTBHCS: TPAAIEHT CKAISPHOrO TOJsA (3MIH-
HICTB); IUBEpreHIis (po301KHICTh), CKAApHUN nudepeHuiiHui onepaTop Mojs Be-
KTOpa; poTOp (BUXOP), BEKTOPHUM AUQPEPEHIIIHUI omnepaTop BEKTOpHOro mois. B
bOMY BUNAAKY MiJ Yac MpoBeaeHHs 1HGOopMaIiitHOT 0OpOoOKH MOKIMBO BUKOPHC-
TOBYBATH YUCEJIbHI 3HAYEHHS XapaKTEPUCTUK MOTOKY SIK B MOTOYHUMN, TaK 1 B TIOIE-
pEeAHI MOMEHTH 4Yacy 1 TaKUM YMHOM TIPH Bi3yaiti3allii BiJoOpakaTu 3 BUCOKOIO SIKIC-
TIO TEHACHI[II0 iX 3MiHU. J[0 TemepilHbOro Yacy B MporpaMHOMY 3a0e3MeUYeHHi Cy-
JTHOBUX TEXHOJOTTYHUX MPOLECIB TAaKWM MiAXiJ MpH Bizyanmi3alii MOTOKIB Teria i
Macu HEe BUKOPUCTOBYBABCH.

3acTocyBaHHS ONEpaTOpPiB BEKTOPHOI alnredpu 10 No0y10BU KapTHHU Bi3yai3a-
1ii OyJb-SKOro TiPOJUHAMIYHOTO TOTOKY Oy/€ BUKOHYBAaTH HAWTOJOBHIITY (PYHK-
110 - MOKa3yBaTH JIOKAJIbHY 3MIHY XapaKTEPUCTUK 3 MOKJIMBICTIO MPOBEJEHHS Ki-
JBKICHOTO aHanizy. Takuil aHami3 MOXIMBO MPOBOJUTH BXKE MO HE TUIBKH MO BCIH
00J1acTi MOTOKY Teria abo MacH, 110 BiJOOpa)KkaeThesl, ajie 1 B KOHKPETHUX JIOKaJIb-
HO BUAUICHUX JIUITHKAaX MOTOKY. Y I[bOMY BUIIAJKY MOJIUBO 3pOOUTH NOBHE 00'€1-
HaHHS 1HPOPMAIIITHUX TEXHOJIOTIHA 3 TEPMOJUHAMIKOIO 200 T1p0-aepOMEXAHIKOIO 1
BUPIIIUTH TOJIOBHE MUTAHHS Bi3yali3allii - CTBOPEHHS CTAI[IOHAPHOTO 00pa3y, KUl
Bi10Opa)ka€ JUHAMIKY 3MIHM OCHOBHUX OCOOJMMBOCTEH MOTOKY. Jlo Takux ocobiu-
BOCTEl MO’KHA BITHECTH: BUHMKHEHHS 30H MIJBUIIEHOT TYpOYJIEHTHOCT1; OCBITY 1
MOJaJbIIE ICHYBAaHHS 3aCTIMHUX o0JiacTell B HaliB3aMKHEHHMX ab0 KyTOBHX 30HAX
TPUBUMIPHUX MPOCTOPIB TPIOMIB 1 TAaHKIB CY/[HA; BUJIJICHHS 00JacTel 13 CTINKUMU
BEJIMKOMACHITAOHUMHU BUXPOBUMHU 30HaMH; BUHUKHEHHS XBHJIbOBHX a00 Iepioany-
HO TOBTOPIOBAHUX TEUii, XapakTepHHX OOJacTed TeMmIepaTypHOi cTpaThdikarlii,
3MIHY JOKaJIbHUX 00JacTel KOHIEHTpallii BUOYX0- a00 MoKeKOHEOe3MeyHUX razo-
Mo11I0HUX NPOJYKTIB B 3aMKHYTUX 00cCsArax TPIOMIB 1 T. 1.
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[IpakTuyHe 3HAYEHHS 3aMpPONOHOBAHOrO MIAXOAY JI0 BHUPIINIEHHS MNpoOIeMu
CTBOPEHHSI HAyKOBUX OCHOB JUIsl METOAY Bi3yallizallii TEXHOJOTIYHUX IMPOIIECIB Ha
CyIHax Jo0pe JeMOHCTPYEThCS Ha MPUKIIAl PyXy ABOPA3HOIO MOTOKY IPYHTY 1 BO-
JIU TIPU PYC1 Y3/I0BXK BCMOKTYBAJIBHOI IUISTHKM CYJIHOBOTO IpyHTOIpoBOy. Take 3a-
BJIaHHSI BUHUKA€E MpU poOOTI CyIE€H THOMOTIMOMIOBATBLHOTO (GIOTY 1 (GAKTUYHO Bi-
noOpakae MPOAYKTUBHICTh POOOTH CyJaHA 3a 00cAroMm BuAoOyTOro rpyHry. B mep-
11y 4epry NpoAyKTHUBHICTh 3aJI€KHUTh B/l BIACTaHI MK IIApOM TPYHTY, 110 BUI00Y-
Ba€ThCS 1 TPYHTO3a0IpHUM MeXaHi3MOM. UuM BOHO OUIbIIE, TUM MEHIIE KOHIIEHT-
palisi TpyHTY B BUIOOYTIM MyJIbI 1 HUKYE MOKA3HUKH MPUOYTKY BiJ poOOTH CyIHA.

TexHonoris BUAOOYTKY IPYHTY 32 PaXyHOK PO3PSIPKEHHS, 10 CTBOPIOETHCS CY-
JTHOBUM HACOCOM, HE JI03BOJISIE€ 3MIHIOBATH BUTPATY MYJbIIM 1 BOJIU 32 MAJIHM Mepioa
yacy. DakTUYHO OINEpaTop, AKUN Kepye TPYHTO3a0IpHUM IMPUCTPOEM 1 MPOLECOM
nigiiomy ABo(a3zHOro MOTOKY BOJM 1 TPYHTY Ha OOpPT Cy/lHa KOHTPOIIOE poOoUl Xa-
PaKTEPUCTUKU MPOIECY TUIBKH 32 OAHUM MOKA3HUKOM - MOTOYHOIO MPOAYKTUBHIC-
TIO TPYHTOBOTO Hacoca. Lleil uncenbHuii napamerp He € 1HPOPMATUBHUM OCKUIBKU
BiH HE B110Opa)a€ CKUIbKH BOAM 1 CKUIBKU TPYHTY NEPEKAYy€eThCS B OAMHUIIIO Yacy
1 HE J03BOJIss€ pOOUTH SIKICHI BUCHOBKHU IMPO IIBUAKICTH 3allOBHEHHS TpyHTOM (0e€3
BOJIM) TPIOMY CY/HA.

Bupimenns 1iei mpobseMu, TOOTO MiIBUILEHHS SKOCTI MPoIeCy 3a00py TPyHTY
IpU THIIKX PIBHUX YMOBaX MO>KHA OTPUMATH SIKIIO MPHU Bizyaunizalii podo4oro mpo-
necy O0yJe BUKOPUCTOBYBATHCS 3MiHA TpaJl€eHTa KOHUEHTpallli TPYHTY B IYJbIIl B
yaci. B npoMy BHUMajKy npu po3poOlli MpOrpaMHOro 3abe3rneyeHHs HeoOXiTHO Te-
pendaunTy BUBEACHHS HA MOHITOp omneparopa rpadika, sKuil moka3aHuil Ha MaTIOH-
Ky 1. L1 kpuBa € nMHAMIYHUM BiJOOpaXE€HHSM poOOYOTro MpPOLECy 1 MOBUHHA Oyay-
BaTHCs Oe3MmocepeHbO B X011 poOoTH cyaHa. Ha HaBeneHomy rpadiky BiCh OpAUHAT
BIJIMOBIZIA€ TPAJIEHTY KOHIIEHTpALlli TPYHTY B IyJbIIL, 10 oAepxkyeTbest C, %, a BiCh
abcIC MOTOYHOMY Yacy poOOTH Cy/Ha £, X8.

Sk BUAHO Ha rpadiky BUKOPHUCTAaHHS 3alPOINIOHOBAHOTO MIIXOIy MAa€ BUCOKY
1HGOPMATUBHICTh OCKUIBKU B OyAb-KUH MOTOYHHM MOMEHT 4acy ONEpaTop MOXKe
NPUIHATH NMPaBUIIbHE PIMIEHHS MPO SKICTh MPOBEAECHOT0 MPOIECY BUAOOYTKY I'pyH-
Ty. CyaHo npaitoe e(heKTUBHO TUIBKU MPU BUKOHAHHI YMOBHU IIPO HE3MIHHICTH a00
MO3UTUBHE 3POCTaHHS BEIWYMHM rpajieHTa KoHIeHTpauii. Ha rpadiky i ymoBi
BIJIMOBIIAIOTH YC1 3HAYEHHS, SIK1 3HAXOISITHCS BUIIE BiCCl aOcHMC. 3pOCTaHHS KPUBOi
CBIIUYUTDH MPO MIABUIIEHHS SKOCT1 POOOYOro MPOIECy B IUIOMY 1 MPO CKOPOUCHHS
gacy BUJ00YTKY HEOOXITHOTO 0OCSTY TPYHTY.

VY pasi, Koau Benu4rHa TpajleHTa IpuilMae HEraTUBHI 3HaYEHHS (Ha MaJIIOHKY |
BOHHU BIJIIIOBIAI0OTh MYHKTUPHIN JiHIT) omepaTtop 0ayuTh, IO CYJHO HE BUKOHYE
CBO1 (YHKIIi 1 B IbOMY BUIAAKYy HEOOX1IHO 3MIHUTH YMOBH IOJIOKEHHS TPyHTO3a-
OIpHOTO MPUCTPOIO MO BIIHOIIEHHIO JI0 PIBHA JHA, 200 3MIHUTHU 30HY POOOTH CaMo-
ro CyJHa.

VY 3acrocyBaHHI 10 PO3TJISHYTOrO0 poOOYOMY MPOIECY Ha CyAHAX AHOIOIIIHO-
JIOBAJIBHOTO (JIOTY A0 TENepillIHbOro 4acy iH(POpMalliifHl TeXHOJOrii He 3acCTOCO-
ByBajucs. MoxHa KOHCTAaTyBaTH, 110 BUKOPHUCTAHHS 3alpONOHOBAHOI Bi3yasizailii
YUCEJIbHUX JaHUX JJIs BIIOOpa)KEHHs MOTOYHUX MapaMeTpiB MpoLecy podoTu cyaHa
NpuU3BeJe 10 OTPUMAHHS HAWTOJOBHIIIOIO PE3yJbTAaTy - MIABUIICHHIO PEHTAOEIb-

197



HOCTI 32 paXyHOK CKOpPOYEHHs 4acy poOOUYOro Mmporecy i BUTpAT MajuBa Ha HOTo

IMPOBCACHHA.
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Pucynok 1. Bizyanizaiiist sKoCTi mporiecy BUJ00yBaHHS IPYHTY I1iJl BOJOIO

BucHoBkHu

1. V cydacHiii aiTeparypi 1 aibTepHATUBHUX JIXKEpesiax 1HpopMallii BeuKa yac-
THHA HAyKOBUX PE3yJbTaTiB Bizyadizallii MOTOKIB, IIO0 MICTUTh MPOCTOPOBI JiHIT
CTpyMYy, HE BIJIIIOBIJA€ pealbHUM IpoliecaM. Y OUIBIIOCTI BUIMAJIKIB Taka Bi3yasi3a-
i BimoOpakae HAYKOBI TIOTE3U MPO XapaKTep PyXy MPOCTOPOBOTO MOTOKY 1 HE
MO>KE PO3IIISIATUCA SIK JJOCTOBIPHUM pe3yJbTar.

2. Ilpu Bi3yamizanii He0OXIJTHO BUKOPUCTOBYBATH HE cHelM(pIYHI XapaKTepuc-
TUKHM 200 mapaMeTpu MOTOKY Tersia ado Macu B MOTOYHUI MOMEHT 4acy, a iX mMare-
MaTU4He TOJIaHHA Yy BUIUISLA1 HAOOpY OmepaTtopiB BEKTOPHOI anreOpu - rpajieHTa
CKajsipa, TUBEPreHilii 1 potopa BeKTOpiB. B 1pomMy BHUMaaKy MiJ 4ac MpPOBEACHHS
iHpopMaIliitHoi 0OpOOKH MOXIMBO BUKOPUCTOBYBATH YMCEIbHI 3HAYEHHS XapakTe-
PUCTHK MOTOKY SIK B MOTOYHMM, TaK 1 B MONEPEIHI MOMEHTH 4acy 1 TAKUM YHUHOM
IpH Bizyanizalii Bi1oOpakaT 3 BUCOKOIO SIKICTIO TEHACHIIIIO 1X 3MiHH.

3. PimenHs npo6ieMu MiIBUILEHHS SKOCTI Mpoliecy 3a00py IpyHTY mpu poOOTi
CyJl€H JHOMOINIHOIIOBAIIBHOTO (PJIOTY MOXJIMBO OTPUMATH SIKIIO BUKOPUCTOBYBATH
Bi3yalli3alliio 3MiHHM I'pajJiieHTa KOHIEHTpallll TPYHTY B MyJbi y yaci. Taka Bizyasi-
3allisl MOTOYHMX MapaMeTpiB Mpolecy poOdOTH CyaHA MPU3BEAE 10 OTPUMaHHS Hau-
TOJIOBHIIIOTO PE3yJbTaTy - MiJBUILEHHIO PEHTA0ENbHOCTI 32 PaXyHOK CKOpPOYEHHS
gyacy po0Oo4oro Mnpoiiecy 1 BUTpaT NajuBa Ha HOro npoBeAeHHS.
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Manaxos O.B., I'yninko P.T.
Hamionanbauit yHiBepcutet «Oiechbka MOpPChKa akaaeMis»

BruiuB cTyneHsi 00BOJHEHHS NMAJHUBA HA OCHOBHI MOKA3HUKH PO0OOTH Cy/IeH
BOTHOT'0 TPAHCIIOPTY

Ha mniacraBi ornsay JitepaTypHUX JKEpesl MPOBEIECHO aHalll3 OCHOBHHUX
HaMpPsMKIB BUPILIEHHS MPOOJIEeMHU MIBUIICHHS €()EKTUBHOCTI POOOTH CYJIEH BOJIHO-
ro TPAHCIIOPTY 332 PaXyHOK BUKOPUCTAHHS TE€XHOJOTIH MIATOTOBKUA BOAO—TIATUBHUX
CyMilIel 1 X mOJIajJbIIOr0 BUKOPUCTAHHS B CY/IHOBIM €HEPreTUUHIM YCTaHOBIIL.

B pe3ynbraTi aHanmizy OyJg0 BCTAHOBJICHO, IO IMIJBHUIIECHHS TEXHIKO—
€KOHOMIYHMX TMOKAa3HUKIB POOOTH CyJHA MOXE OyTH JIOCATHYTO ILJISAXOM PO3POOKH
HOBOI TEXHOJIOTIi, SIKa J103BOJISIE OTPUMYBATH 1 BUKOPUCTOBYBATH BOJO—TaJIUBHI
eMyJIbCii mpu poOOTI CYAHOBOI'O TOJIOBHOT'O JIBUT'YHAa 0€3 3HM)KEHHSI OCHOBHMX I1O-
Ka3HUKIB MOTY>KHOCTI, IO iM pO3BUBAEThCA. JlJig BUpIIIEHHS MPOOJIeMHU MiJBULICH-
HSl TEXHIKO-EKCIUTyaTaliifHIUX MOKa3HUKIB Cy/lHa HEOOXITHO BU3HAUUTU TEOPETHUY-
HUM 1 €KCIEPUMEHTAJIbHUM IIJISXOM OCHOBHI MOKAa3HUKH poOOYOro mpouecy, 1o
MOJIATAE Y OCHOBY PO3pOO0JIEHOI TEXHOJIOT1i MIATOTOBKH BOJO—TIAJIMBHOI eMYJIbCli, 1
MOKAa3aTH, SIKUM YUHOM BOHU MOXXYTh OyTH BUKOPHUCTaH!1 B MPAKTHIIl €KCILTyaTaiii
CyJIeH.

ITin wac mocnimxkeHb OyJ0 BUKOHAHO MIJABUILNECHHS TEXHIKO—CKOHOMIYHUX TIO-
Ka3HUKIB POOOTH CyJHA MIISIXOM po3poOKH HOBOI TexHoJorii. BoHa m03BoJIsIE OTpH-
MyBaTH 1 BUKOPUCTOBYBATH BOJAO—TAIMBHI €MYJbCIi IpU pOOOTI CYTHOBOI'O T'OJIOB-
HOTO JIBUI'yHa O€3 3HM)XEHHS OCHOBHUX MOKAa3HUKIB MOTY)XHOCTi, IO iM pPO3BH-
BaeTbca. OOpoOKa OTpUMaHUX Pe3yJbTaTiB BUKOHYBAJIACA 32 JOIMOMOTOI0 Cy4acHUX
MPOrpaMHUX KOMILIEKCIB Ta METOJIIB MATEMaTUYHOI CTATUCTUKH.

Ha ocHOBiI po3poOieHoi TEXHOJOTil MNpH CyMapHiM €KOHOMII TajauBa [0
I’ ITHAAISATH B1ICOTKIB MOXJIMBO MIATPUMYBAaTH BUXIIHY MOTYKHICTh T'OJIOBHOTO
JBUTYHA Ha MOCTIMHOMY PIBHI 32 paXyHOK YOTO JOCSTAE€ThCS 3HAYHUN €KOHOMIYHUHN
edext. Po3pobiena MeTomonoris MOJAEpHI3alil CyJIHOBHUX TEXHOJIOTIYHUX CXEM
MIATOTOBKM MajvBa HE3aJeKHO BiJ X KOHCTPYKTHUBHOTO BHUKOHAHHS, THIY CYJHA,
MPOJYKTUBHOCTI CUCTEMH, a00 MOTY>KHOCT1 TOJIOBHOTO JIBUTYHA HA/JIa€ MOXKJIMBICTh
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BIPOBA/KCHHS TPAKTHUYHUX PEKOMEHJAIlli, 1o OylIu OTpuUMaHi MiJ dYac Jo-
CJIJIKEHb.

Bukonano pocmigxeHHs: poOOTH CyJIeH Ha PI3HUX PeXHMaX HaBaHTaKEHHSI TO-
JIOBHOT'O JIBUTYHA 3 BUKOPUCTAHHSIM BOAHO-TAJIMBHUX €MYJbCIH 13 BMICTOM KOHIIEH-
Tpaiii BOJAHOI KOMIIOHEHTH BiJ OJHOTO 1O I STHAJAILSTH BiICOTKIB. B pe3ymnbTaTi
MPOBEJICHUX JOCTIIKEHb MOKa3aHO, 110 MO3UTUBHUMU PE3YJIbTaTAMH BIPOBAJIKEH-
Hsl Ha CyJIHI CUCTEMH MiITOTOBKU BOJIO—TaJIMBHOI €MYJIbCII €:

— MIJABUILEHHS SKOCT1 MPOLIECY CMAIOBaHHS NaJKMBa B TOJIOBHOMY JBUTYHI CY/I-
Ha;

— 3HWKEHHS 3arajJibHOi BUTpaTH MaiuBa (IPpU KOHILEHTpalii BOAM B BOJO—
najguBHIN emynbcii 7 % Ha 56,12 1/micsub, a pU KOHIEHTpallii BOJU B BOJO—
najguBHIN emyinbcii 15 % Ha 65,12 T/Micsis;

— 3HW)KEHHS TEIJIOBOT HAIMPY’KEHOCTI JIBUTYHA 1 HOr0 TEIJIOBUX MEpPEeBaHTAXKEHb
32 paxyHOK 3MEHIICHHS TeMIepaTypu 3TrOpsSHHSA BOAO-TIAJIMBHOI €MYyJbCili B
MOPIBHSHHI 3 3HEBOAHEHUM MAJIMBOM JIa€ 3MEHIICHHS TEMIEpaTypu BIAXIIHUX -
MoBHX Ta3iB Ha 52,7 0C ;

— 3MEHILIEHHS Harapy 1 KUIbKOCT1 BIAKJIaJ€Hb Ha BHYTPIIIHIX MOBEPXHAX po0OO-
YUX LUUJIHAPIB TOJOBHOTO JABUTYHA CyAHA JAa€ 3MEHIIEHHS KOHLEHTpallli OKCHUITY
Byriernto CO Ha 3,635 mr/m3, a niokcuay Byrieiio CO2 Ha 1,3 %.

Ha miacraBi meTony iHTerpaiabHOI OLIHKU Ta OU(dy31iMHOI Teopii ropiHHS 3
ypaxyBaHHS KiHETUYHUX (PakTopiB OyJ0 BCTAHOBJICHO, 110 KOHIIEHTpAIlisl BOJHU B
najauBl Oe3MocepeIHbO BIUIMBAE HA 3MIHY MAacH Kparuli BOJO—TIaJMBHOI eMYJIbCii i
yac 1i 3ropsiHHA. [IOTIK, 1110 MICTUTh BOAY Y BEJIUKUX KUIBKOCTSX, MIJAAETHCS Kpa-
HIOMY pO3MHITY, a, OTXKE, XapaKTePU3YEThCS OUIBIIOI JOBXHMHOI (akerna, II0
oJlepKyeThCcsl. Takoxk, MpU MIABMUILEHIA MICTKOCTI BOJIOTM Maca Kparull BOJI0—
MaJIUBHOI €MYJIbCIi B X011 CBOI'O PyXY 3MEHIIYETHCS OUTBII TUIABHUM YHHOM.

B pe3ynbTaTi ekcrnepuMeHTaaIbHOTO BUBYEHHS BIUIMBY BEJIMYMHHU KOHIEHTpALIl
BOJIM B MAaJMBI Ha MPOIEC MOT0 CHaIOBaHHS B poOOUiil KaMepi roJOBHOTO JIBUTYHA
cyaHa OylM OTpUMaHi pe3yJbTaTH, Kl MOXYTh OYTH BUKOPHUCTAaHI, SIK YHIBEpCAJIbHI
IpH OLIHII MOJIB TeMIlepaTypHu 1 KOHLUEHTpalli BcepeauHi podouoi Kamepu roJioB-
HOTO JIBUT'YHA CYyJIHA.

Byno BcTaHOBNIEHO, IKUM YHHOM HAsSIBHICTh BOAM B JU3EJILHOMY IaJUB1 BIUIUBAE
Ha JIBa OCHOBHUX €KCIUTyaTal[liHUX MTOKa3HUKA CyJHa — BUTpaTy MaJiiBa 1 TeMIiepa-
Typy JIMMOBHUX ra3iB. Bumipu npoBoIuiaucs mija 4ac nepexoay CyaHa, KOJIHU TPU Po-
00UYNX peXUMy HaBaHTAKEHHS HOT0 TOJIOBHOIO JABUTYHA IIPU HE3MIHHOMY YHCIi KO-
ro o06epTiB BianoBigHO cTaHoBUIN: 80 %, 50 % 130 %.

Haiikpanuii epext B ekoHOMIi MajauBa NpHU BUKOPUCTAHHI BOAO—TAIUBHOT
eMyJibcii OyJI0 JOCSATHYTO NpHU HaBaHTa)XXEHHI Ha rojioBHIA ABUryH cynHa 80 %. B
[bOMY BHUIQIKy MOXJIMBE OTPUMaHHS €KOHOMII nmanuBa B 13,42 %.

3anponoHOBaHa HOBAa METOJMKA IHTETpyBaHHS PO3pOOJIEHOI TEXHOJIOrIi MiATo-
TOBKHM BOJIO—TIQJIMBHOI €MYJIbCii B KOMIUIEKC TEXHIYHUX CHCTEM CYJHOBUX €HEpre-
TUYHUX yCTaHOBOK. [loka3zaHo, 1m0 i BUKOPUCTAHHSA HAa CYIHI € JOUUIBHOIO NPHU
MOCTIMHUX HaBaHTAXKEHHSIX HA TOJIOBHUM JABUTYH Cy/IHA.

Jlist IpOeKTyBaHHS, MOHTa)XKY Ta €KCIUTyaTalii CyAHOBOI CHCTEMHM MiJTOTOBKH
najauBa chOpMyTLOBAHUHN NEPEITIK ii OCHOBHUX TEXHOJOTIYHUX MMapaMeTpiB.
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TH)KEHEPHI TEXHOJIOI'TI EKOJIOTTYHOI TA MIPO®ECIMHOI
BE3IEKHW HA MOPI

VJIK 629.123

Koneraes M.O., bpaxnik [.11., [Tapmenosa JI.I".
Hamionanbauit yHiBepcutet «Oiechbka MOpPChbKa akaaeMis»

TexHoJ10Tisi BAKOPHCTAHHS NPoOLEca MPUMYCOBOI0 TEIJI0-Mac000MiHy npH
iHepTH3auil TAaHKepa

OcHoBHI puHIMIHN poO6oTH cucTemMu iHepTHUX ra3iB (I[') Ha Tankepax 0a3yl0Th-
Csl Ha CHaJIIOBaHH1 Ju3eNbHOro nanuea B renepatopi 1. IlpoaykTu 3ropsuHs, oTpu-
MaHi B IIpolieci ekcruryarairii reaepatopa I, micias Hu3Kku onepartiid 3 iX OUHIeHHS 1
3HIKEHHS TeMIEepaTypy HANpaBislOTbCA B BaHTAXKHI NpuUMilleHHS TaHkepa. [Ipu
3arMoBHEHHI 00'eMy BaHTa)XHOro Tptomy II' mocTynoBo BUTICHSIIOTH MOBITPS, B pe-
3yJlbTaTl YOrO OTPUMYEMO OCHOBHUN pe3ylbTaT —KOHIIEHTpallisl KHUCHIO B 00'eMi
TPIOMY 3HMXKY€ETbCS O MEHII HiK 8% Bij 3arajibHoro oocary tptomy. [Ipu Takiit
KOHIEHTpaIlli KUCHIO MiKpoaTMocdepa B cepeiHi TPIOMY BBaXKAETHCS 0€3MEUHOIO 3
TOUYKH 30pY MOXKEK a00 BUOYXIB.

VY 3arasibHOMY BUMNAJKY MPU PO3IJISIAI IIPOLIECY TETUIOBOI KOHBEKIIT B 00J1acTi J1ii
CWJIM TSDKIHHS PIBHSHHS, 1[0 ONUCYE 3MIHY IUIbHOCTI cyMimi I 1 moBiTpst B cepe-
JUHI TPIOMY TaHKepa MOXe OyTH 3anmucaHo y BUrJsi [1-3]

dp = (a_pj dT + (a_p) dP

ne p — wiineHicTs I, ke/w’; T — tremneparypa, °C; P — Tuck, I1a.

BinnoBigHo no pexkoMenpariii podotu [4], y mepmoMy HaOIMKEHHI PO3IMOILT
TeMIlepaTyp MK CTIHKaMH MO IIMPHUHI 1 BUCOTI BAHTAXXHOTO TPIOMY MOKHA MPUMA-
MaTu JiHIHHUM. ['paHUYHUMH 3HAYEHHSIMH B IbOMY BUIAAKY MOBUHHI OyTH MOKa3-
Huku Temneparypu I, siki mogaroThCs B TPIOM 1 OYATKOBA TEMIIEpaTypa MoBiTps B
Cepe/IiHI HbOTO.

JIJist XapaKTepUCTUKU CTIMKOCTI MOBITPSIHOTO PyXY Yy TPIOMI Cy/AHA Mij 4Yac Mo-
nadi ctpymeHiB II', He0OXiTHO BUKOPUCTOBYBATH 0e3po3MipHUid kputepid Puuapco-
Ha
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VY npoMy BHpasi KOOpJIMHATA Z BIINOBIJIa€ BEpTUKAII TpioMy cyaHa. [louatkoBa
TOYKa ii BIUTIKY MOBMHHA BIANOBIAATH JIIHIT CIIOTYYEHHSI BEPXHbOI MEXK1 CYyTHOBOTO
TpIOMY 3 aTMOC(HEPOIO.

[Ipu namiHapHOMY BUCXITHOMY (3 JIHIHHUM NpodiIeM MIBUAKOCTI) pyci TOBITPS
B TPIOMI 3a paxyHOK mnopaui II' cTiiikicTh Teuii Oyae MPUCYTHS, MpH 33J0BOJEHHI
HepiBHOCTI Ri > 0,25 [5].

[Ipouec 3amimieHHss noBiTps HuisgxoMm nojayi II' mpussene 1o TypOyJIeHTHOrO
pexXUMy Horo pyxy. ¥ nepuomMy HaOJIMKEHHI enopy po3MoAily HIBUIKOCTI B MOIIe-
peyHOMY TIepepi3i TPIOMY MPU TAKOMY Pyci BIAMOBIAHO 10 POOOTH [6] MOKHA MHca-
TH y BUTJISA1

T
y -
v=5751gP 155

v

1€ v — MBUAKICTh, M/C; Y — IOTOYHA KOOPJAHHATA MOMEPEYHOr0 Mepepizy TPIOMY,
M; T — Hampyra TepTs Ha CTiHI, I1a; p — MTBHICTE MOTOKY, k2/M’; v —KiHeMaTHYHa
B SI3KICTh IOTOKY, M/C°.

Benunuuna Hanpyru tepTs T Moxe OyTH BH3HAa4YeHa 3 YpaxyBaHHSIM MaKCHUMallb-
HOT IIBUAKOCTI (sIKa BU3HAYAETHCS 3 MOTOYHOI BUTpatH II') 3a emMnipuyHUM BUPa3oM
y BUTJISIAL [5]

0=00225p| V| 7| | | Vo) 7| | 77
—H —H
2 2

1€ Vimax — MAKCUMAJIbHA MIBUIKICTh PYXY MOBITPs, M/C; H — muprHa nonepevyHo-
ro nepepizy TpoMy, M.

[IpumycoBa nonaya II" B TproM TaHkepa 11010 MOT0 BEHTWJIALII 3aCHOBaHA Ha
CTPYKTYpP1 PYXOMOI'O MOTOKY IMOBITPS ¢ HEBUCOKUMH HIBUIAKOCTSIMU BCEPENIMHI 00-
MEXYIOUHX HOTO KOPCTKUX CTIHOK BaHTakHOro TptoMy. Ilomauya ctpymenis II" mo-
BHUHHA 3/1MCHIOBATHUCS Y AJIp1 BUCXITHOTO MOBITPSIHOTO MOTOKY. Y IOMY BUIAAKY
TypOyii3alis CTIMKOro nepepizy Teuii y cepe/iHid 4aCTHHI BAHTaXHOTO TPIOMY TaH-
Kepa OyJie MPU3BOJUTHU TUIBKH 10 CKOPOUEHHS Yacy Ipolecy Horo BeHTUssii. 3 1mi-
€1 IPUYMHHM T1J] YaC eKCIEePUMEHTANBHUX AOCTIKEHb OyJIM BUKOPUCTaHHI TPU TEX-
HOJIOTTIYHI CXeMU 1HepTH3allil TaHkepa. Bonu 300pakeHi Ha pUCYHKY 1.

[lepma cxema (quB. puc. 1-a) cUCTeMU BEHTUJIALIT MICTUTh TUIBKUA OJHE JIKEpe-
7o crpymeHnio II'. BoHo po3MilnyeTbest y HeHTpajabHIA TOYII BAaHTAXHOTO TPIOMY.
[1ig yac ekcepuMeHTIB BUKOPUCTOBYBAIOCH TPH COILJIA 3 KyTaMU PO3KPUTTS KOHYycCa
(akena, CTpyMEHIO a SIKUM BUTHCKAE, BIAMOBIIHO piBHUMU 160°, 90° 1 30°.

Hpyra cxema (auB. puc. 1-0) cuCTeMU BEHTWIAIII MICTUTh YOTHPH JIKepesa
ctpymeHiB II', siki po3TaiioBaHi Ha JHI TPIOMY B BUTJISJII XpecTa.
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Cormuta po3TalioBaHi 1o JiaroHaii 1Mo HeHTpax YOTHPbOX OJHAKOBUX MPSIMOKYT-
HUX 30H Ha JHI Tptomy. Hacanku Ha comiax yTBOPIOBaJM KyT PO3KPUTTS KOHYyca
dakena crpymens piBHuUM 30°, 0 BUKIIOYAIO B3a€EMHUHN BIUIMB cTpyMeHiB I mif
Yac iX BUTIKaHHS y MOBITPSIHUMA MPOCTIP.

Tpetst cxema (nuB. puc. 1-B) cucreMu BEHTWIAIIT Oyja KOMOIHOBaHA 1 MOKa3asa
Halikpanuii pe3ynbraT. Kinbkicts mxepen crpymeniB II' nopisatoe n'stu. Ha moua-
TKy npouecy noxaadi II' Oynu BUKOpUCTaHI YOTUPH JpKepena, Kl po3TalloBaHl 1Mo
Kpasx (auB. puc. 1). Ilpu 3HM>KEHHI MOYAaTKOBOI KOHIIEHTpALlil KUCHIO B MOBITP1 Ha
TPUALATHh BiACOTKIB, mojaya II' BimOyBasiiach TUIBKM 3 IIEHTPAJBHOrO JKepesa
ctpyMento 1.

a 3] B

Pucynok 1.  Cxemu nonaui crpymeniB II' y BaHTakHUI TprOM:
a — mepiia cxema; 0 — ipyra cxema; B — TPETs cxema.
1 — Ba"TaXHMIA TptoM; 2 — coruio nmofadi II'; 3 — BuximHuii IFOKOBHI OTBIP

Pe3ynpTaTi BUMIpIOBaHb 3HMKEHHS KOHLIEHTpALi IJIs1 YCIX TPbOX TEXHOJOT1Y-
HUX CXEM I0Ka3aHl Ha pUcyHKy 2. TaMm >xe HaBe/leH1 pe3yJbTaTH, SIKI OTpUMaHI 3a
JIOTIOMOTOI0 CTaHAAPTHOTO CYJTHOBOTO TEXHOJIOTTYHOTO Tpouecy. Ha rpadikax Bua-
HO, 110 HalKpaluii pe3yabTaT 3HMKEHHS Yyacy IPOBITPIOBAHHS BaHTAKHOI'O TPIOMY
OyJI0 TIOCATHYTO 3a JIOTIOMOT'OK0 TPEThOT TEXHOJIOTTYHOI CXeMHU. Y TOPIBHSHHI 3 BU-
KOPUCTaHHAM TpaauuiiHoi nmoaadi II' 3MiHK Ha Kparie 3a piIBHUMH yMOBaMu Ipu3-
BEJIU JI0 I0AATKOBOTO 3HMKEHHS KOHIIEHTpAIlll KUCHIO 3a TOM e MepioJl BEeHTUIIALIT
TPIOMY.

Ha pucynky 3 HaBeJieH1 BUMIPIOBAaHHS, SIKI ONMUCYIOTh MPOIEC 3HIKEHHS KOHIIe-
HTpallll KUCHIO Y BaHTQXHOMY TPIOMI TaHKepa IMiJ] 4ac WOro BEHTWIALI HUISIXOM
npumycoBoi nogadi II'. Ili gani Oynu mopiBHSAHI 3 JaHUMU BUMIPIOBAHHS aHAJIOT14-
HOTO MapameTpa Npu cTaHaapTHii nii nogayi II' B Tprom cyaHa 13 pe3ynbTaTamu Te-
OPETUYHUX JOCIIKEHb 3a JOMOMOIroK po3poOsieHoi MaremaTudHoi mojeni. 11
KOHIEHTpaIlli KUCHIO BIANOBIAAIOTH TOYLl BUXOAY MOBITPS 3 BAHTAXKHOTO TPIOMY B
atMocdepy. ExcriepuMenTanbHi pe3yibTaTu Oyiu OTpUMaH1 OJTHOYACHO, KOJIU JiBa
MOBHICTIO 1IGHTHUYHI BaHTQXHUX TpioMu Oynu 3amoBHeHi I 3a mjomomoroto cranaa-
PTHOI TEXHOJIOTTYHOT CXEMU 1 3 BUKOPUCTAHHAM po3po0iieH0T KOMOIHOBAaHOI o1yl
[7].

Sk BuIHO 3 rpadikiB, BUKOPUCTAHHS MPUMYCOBOI MOJa4l MPU3BETIO IO KUIbKIC-
HOTO, aJie He SIKICHOTO PO3XOJIKEHHS Y BIIMIHHOCTSX IIOJI0 Yacy KOHIIEHTpallii KUC-
HIO BcepeauHi TpioMy. OTpumaHa BIAMIHHICTR MDK JBOMa €KCIIEPUMEHTAIHLHUMU
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KPUBHUMHM ITOKa3aJia, 110 BUKOPHCTAHHS MPOIlecy NpuMycoBoi mogayi II' B cepenuny
TPIOMY MPHU3BENIO A0 OTPUMAHHS T'OJIOBHOTO 1 OCHOBHOTO PE3YyJIbTaTy - CKOPOUYCHHS
Jacy, BUTPAUYCHOTO HAa BEHTWIAIIIO OOpOOKM TPIOMIB TaHKEpa MEpe] OTPUMAaHHSIM
HOBOT'O BaHTaxy. 3 rpadika BUIHO, IO HA TIOYATKY MPOIIECY BEHTHJIALII 3MiHa KOH-
IIEHTpallii KUCHIO BiI0YBAa€ThCS OJTHAKOBO HE3aJIekKHO Bij criocoOy momayi 1T

02, %
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11 +

0 50 100 150 200 250 300 f, MUH
Pucynoxk 2. 3HMKEHHS KOHLIEHTpALlii KUCHIO Y TPIOMI:
1 — mepia TEXHOJIOITYHA CXeMa; 2 — Jpyra TEXHOJIOIYHA CXEMa;
3 — TpeTs TEXHOJIOTIYHa cxema; 4 — cranjapTHa nojaya II°
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Pucynok 3. [HepTH3anis BaHTa)KHUX MPUMIIIEHb TaHKEpa:
@ — cranaaptHa noxada Il
B — npumycoBa nojaya II'; aiHis — po3paxyHKOBI gaH1

3HayHa po30DKHICTh MK KPUBUMH MOYMHAETHCS depe3 80 XBUIMH MICHS TOTO,
K TIOYMHAETHCS MPOLEC BEHTUIIALIT TproMy. 3aJIe’KHO BiJl CIIOCOOY BEHTUIIIOBAHHS
TPIOMY, OCTaTOYHA KOHIIEHTpallisl KUCHIO BCepeauHi Horo pobo4oi 30HM pi3Ha 1 ii
3HAUEHHS Yy BHUIAJKY MPUMYCOBOi BEHTHJISALII CTa€ MEHIIUM, HDK npupomHoi. Ha
rpadiky BHJIHO, IO JIOCSATHEHHS CTalllOHAPHOI'O 3HAYEHHS KOHLEHTpAIlli KUCHIO Y

205



8% mpu mpumycoBoi nogadi II" cnoctepiraerbcst BrpoaoBxk 740 XBWIMH TICHS T0-
YaTKy MPOLECY BEHTWIIALIT TproMy. Taka K KOHUEHTpallisl mif Yac NpupoaHOI BEH-
TUJIALIT TPIOMY MPOTATOM ITLOTO Tiepioay 4acy Oyna Ounbmioro 1 ckiana 9,25%. Io-
CSTHEHHS CTalllOHApHOTO 3HaY€HHA crocTepiranocs npubiausno 3a 1700 XxBuiuH mi-
CJIsl MOYATKY MPOLECY BEHTUIISIIT TPIOMY.

VY nponeHTHOMY CHiBBIIHOIICHH] MOJINIIEHHS MPOLECY BEHTUIALIT TPIOMY TIpH
3MiH1 IPUPOAHOT BEHTHIISIIT TPIOMY Ha MIPUMYCOBY ckiiafae 3HaueHHs 13,5 %. Cko-
POUYEHHS Yacy 3a IHIIUMH PIBHUMH YMOBaMU ckiaio 56,47 %.

BuchHoBku.

1. Takuii e TUI TEXHOJOTTYHUX KOHTYPIB 1 00JIaJHAHHS, 1110 BUKOPUCTOBYETh-
csl JUTst BUPOOHUIITBA, 00poOKu 1 moaaui II" Ha TaHKepH NPOSBIAETHCA B 11€HTUYHOC-
T1 TEXHIYHUX TIPOOJIeM, sIKI BAHUKAIOTH ITiJ1 Yac iX eKCcIuryararii.

2. Ha Tankepax AOLLUIbHO BUKOPUCTOBYBAaTH MpUMycoBY nojauy II' B Tprom cy-
JTHA 3 KYTOM pPO3MOPOIIEHHs B Hacaimi coria piBHUM 30°. Uepes 30UIbIICHHS 30HU
KOHBEKTUBHOI B3aeMoAli MK II" 1 mOBITpsIM 3HAUEHHS KOHIIEHTpAIlii KHCHIO BCepe-
IUHI TPIOMY Oy1yTh HAHHUKYUMHU.

3. Bukopuctanss npouecy npumycoBoi nogaui II" mpu3BoauTs A0 CKOPOYECHHS
qacy, HEOOX1THOTO ISl BEHTWIALIIHHOT 00poOKH TpromMy TaHkepa Ha 56,47 %.

4. OCHOBHUM HAIPSIMKOM MOJANBIIUX JOCIIKEHb Ma€ OyTH YJOCKOHAJICHHS
CUCTEMHU MIArOTOBKH MaJIUBa, 1110 BUKOPUCTOBYETHCS B CYJJHOBOMY I'€HEpATOp1 1HEP-
THUX Ta3iB. 30UIbIICHHS IUCTIEPTyBaHHS MOXE OyTH JOCSITHYTO 3a JOIMOMOTOIO
MpoIriecy KaBiTaliiHoi 00poOKH majuBa 0 HOro CraatoBaHHS.
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Ocobucra 0e3nexka Ta npogiiakTuka BipycHuX iHpeKuii y miaBckiaagy
MOPCHKOro ¢uiory

Beryn. Tonan 200 Trc. MOPSIKIB MPaLIOOTh B PI3HUX perioHax Ta MiJ pI3HUMHU
nparnopamu Kpail CBITY. Y CBITI IIOPOKY peeCTpyeThCs MOHaA 1 MiIp/. BUNIAJKIB 1H-
(deKIiitHMX 3aXBOPIOBaHb INUIYHKOBO-KHUIIKOBOI'O TPAKTy 1 AUXadbHUX HUIAXIB. [o-
HaJ 75 MIIH. JIIOJIel y CBIT1 XBOPIIOTh HA FOCTPI peciipaTopHi BipycHi iHdekii. [Tig
yac cydacHoi 3arpo3u nanaemii COVID-19 curyariis HaOyBae xapakTepy CTHUXIHHO-
ro Juxa 1 3aB/Ia€ KpaiHaM BEJIMYE3HOTO €eKOHOMIYHOTO 30UTKY.

[epmumu, 3 rpomaass Ykpainu, Ha COVID-19 3axBopinu ujieHH eKinaxy Kpyi-
3HOro naitHepa «Diamond Princessy.

AKTyalIbHICTh TeMH. 3TiJIHO 3 onepatuBHOIO 1HGopmaliero MO3 Ykpainu, mnpo
nomupeHHs: kopoHaBipycHoi iH@pekuii COVID-19 nuranas npodilakTHYHUX 3aX0-
IiB 1H(QEKUIMHUX BIPYCHUX XBOPOO CTOITh Ayxe roctpo. CtaHoMm Ha paHok 10 Oepe-
31 2020 poxky y cBiTi Oyno 3apeectpoBaHo 114 219 BumaakiB 3aXBOpPIOBaHHS
COVID-19, 3 Hux 4024 3akiHumiuch cMepTio, BogHouac 64 147 (56,2%) ocib ony-
xamu. 3a wMexamu Kwurao 3adikcoBano 33 295 Bunmaakie y 103  kpai-
Hax/Teputopisx/perioHax. Ha teputopii €BponeicbKoro periony 3apeectpoBaHo 15
114 Bunazakis 3axBoptoBanHsg COVID-19 (Itania - 9172, Himeuuuna -1139, ®pan-
st - 1412, Iemanis - 1024, HIseitnapis - 332, BenukoOputanis - 323, Hinepnanau -
321, benswris - 239, llsenis - 248, Hopserist - 192, Asctpisa - 131, I'pemis - 73, Ic-
naunis - 55, Can-MapuHo - 49, Jlanis - 90, I3paine - 35, @insauais - 30, Yexis - 36,
Ipnangis - 21, [optyramnis - 30, ['py3isa - 15, Xopsaris - 11, Ectonis - 10, Azep6aii-
mxaH - 9, Cnosenis - 23, Pymynis - 15, binopycs - 6, [lonsmia - 16, Pocis - 7, Yro-
piiuHa - 9, IliBHiuna Makenonis - 4, CinoBauuuHa - 5, bonrapis - 4, MansTa - 3, bo-
cuis Ta ['eprierosuna - 2, Jlatis - 6, Cep0is - 2, Aunoppa, Bipmenis, JIutsa, Jlrok-
ceMOypr, Monako, MonoBa, YkpaiHa no ogHOMY BUMNAAKY) Ta 529 jeTanbHUX BHU-
MaJIKiB.

B Vxkpaini 3apeectpoBano 1 nadoparopHo niarsepxenuit unagok COVID-19.
Ockinbku cnanax COVID-19 nponosxye po3suBatucs, BOO3 npoBoauTs Horo mo-
piBHsHHS 3 rpunoM. OOuJBa BUKJIMKAIOTh PECIIPATOPHI 3aXBOPIOBAHHS, aje MK
IMMHU JIBOMA BIpyCamH 1 THM, SIK BOHU MOIIMPIOIOTHCS, € BaXJIUB1 BIAMIHHOCTI. Lle
Ma€ BAXKJIMBE 3HAUYCHHS ISl IPUUHATTS 3aXO/A1B OXOPOHH 3/I0POB'S TPOMaIChbKOCTI
JUIsl pearyBaHHs Ha KOXKeH Bipyc [1].

[TocTanoBka 3agadi. BuBunTtu cyvyacHy iHpopmailito mo A0 npodiIakTUKH BIpy-
CHUX 1H(EKIIIH.

Pe3ynpTaTi pociimkenb. 3aXoau 3 NpoPUIAKTUKY 1HOEKIIHHUX XBOPOO MOXKHA
YMOBHO PO3JIJIUTH Ha JIBl TPyNU — 3arajibHl Ta cHelialbHi. 3arajbHi 3aX0u — 1€
JIep>KaBH1 3aX0/IM, HAIpaBjieHl Ha MIJBUIIEHHS MaTepialibHOro A0OpoOyTy, MOIII-
HIEHHS MEIUYHOrOo 3a0e3MedYeHHs, YMOB Ipalli Ta BiIMOYMHKY HACEJICHHs, CaHITap-
HO-TEXHIYHI, TIIPOTEXHIYHI, a TaKOXX MDKHApPOJHI 3aXOAM IOJ0 KapaHTUHHHUX 1H-
dexuii. CrnemianpHi MpodUTaKTUYHI 3aX0AU MPOBOJATHCS CHEIIaliCTaMH JIIKyBaJlb-
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HO-TIPO(PLIAKTUYHUX 1 CAaHITAPHO-EMIAEMIOIOTIYHUX yCTaHOB. Binomo, mo 11 po3-
BUTKY €M1AEMIYHOr0 Mpolecy HeoOXiIH1 3 TaHKu: JKepeno iHQeKIlli, MexaHi3M Ie-
penadi Ta COPUMHATIMBICTH HaceleHHs. BiACyTHICTH a00 po3puB OYIb-SKOi 3 LHX
JAHOK MPUBOAUTH 0 MPUIUHEHHS emineMidHoro npouecy. Icaye 3 rpynu npodina-
KTHYHHUX 3aX0AiB: 1. 3axo/u, HampaBJieH1 Ha Jpkepelo iHdekii. 2. 3axoau, HampaB-
JIEH1 Ha MEXaHi3M mepenayl iHQeKIii, MeTa sSIKUX — PO3pUB HUIIXIB nepeaadi iHdpe-
Kiii. 3. 3axou, HampaBJeH1 Ha MIABUILCHHS HECTIPUUHATIUBOCTI HACEJICHHS 10 1H-
¢exkii. BaxxauBy posb BinirpatoTh npodilakKTUYHI 3aX01, HAIIPaBJICH] Ha JIKEPEIIO
iHdek1ii. Bimomo, 1mo mxepenoM iH(eKiii Ipu aHTPOMOHO3HUX XBOPOOax € XBOpa
moauHa abo Hocii 30ynHuKiB. [Ipu 300HO3HUX 1HGEKIIAX KeperaoM 1HEKIIT €
xBopa TBapuHa. [IpodiakTuyHi 3aX01u I1€T TPYIH: A1arHOCTUYHI, 130JIS1MHI, JKY-
BaJIbHI Ta PEKUMHO-00MexyBanbHI. [Ipu geskux iHpexuiiHuX XBopobax rocmirai-
3allisl y CTalioHap € 000B’s13K0BOI0 (0c00MBO HeOe3neuH1 iHdeKIIli, YepeBHUM TU,
BUCHUITHUM TU(, nudTepis, MeHIHrokokoBa iHdekuia i iH.). [Ipu iHIUX HO30J0T14-
HUX (QopMax 3a BIACYTHOCTI €MiAEMIONIOTIYHUX 1 KITHIYHUX MPOTUIIOKA3aHb AOIYyC-
KAa€eThCS 130JIAIIIST XBOPUX yAoMa (AM3EHTEpis, elmepuxio3, Kip Ta iH.). BaxxauBum
poIIaKTUYHUM 3aX0JI0M € aKTUBHE BUSBJICHHS OaKTEpiOHOCIIB 1 iX caHailisa. Bu-
SIBJICHHSI OAKTEPIOHOCIIB MPOBOAUTHCA B OcepeaKy 1H(DEKIi, cepes; peKOHBaIECIICH-
TiIB MPU BUIUCYBaHHI, a TAKOX CEpe]] MEPCOHAY XapUOBUX YCTAHOB, BOJOMIPOBI/I-
HUX CTaHLIN, AUTSIYMUX 3aKiajiB. bakTepioHocii HA AesKUN Yac yCcyBaroThCs BiJl PoO-
60Tu ansa GakrepilosoriyHoro odcrexeHHs 1 canaiii. [Ipu ocobiuBo HeOe3nmeyHUX
iHbekIigX (yyma, xouepa) ocodu, 1o Oyiau B KOHTAKTi 3 XBOPUM, MJIATAIOTH 130-
nsuii (el 3axix Ha3uBaeThesi oOcepnailisi). TpuUBaIICTh 1301111 3AJICKUTH Bl MaK-
CUMaJIBHOrO 1HKYOAI[IHHOTO Mepioly HANpPUKIAI: IpU 4YyMi — 6 JHIB, MPU XOJepi
— 5 nuiB. O6cepBallis € CKIaJ0BO0 YaCTUHOI KapaHTUHHMX 3aX0iB [2].

VY 2005 p. BOO3 npuiinana HOBUI BapiaHT MDKHAPOJHMUX CaHITAPHUX MpaBUII
[3]. Biarenep peryntoBaHHIO, BIAMOBIAHO 10 UUX IPABWII, HIAJIATAIOTH «...BUMAIKH,
Kl MOXKYTb CTaTH HAJ3BHUYAMHOI0 CHUTYAII€l0 y ranay3i CyCHiIbHOI OXOPOHM 370-
pOB’sl, Ta MalOTh MDKHApOJHE 3HaueHHs». J[o Hux Hanexats: 1. Xomnepa, JiereHeBa
yyMa, >KOBTa rapsiuka, remopariuni rapssuku MapOypra, E6ona, Jlaca, rapsuka 3axi-
aHoro Hiny, HaTypanbHa Bicna, MOJIOMIENIT, CHPUYUHEHUN «IUKUM» BIpYCOM MO~
OMI€NIITY, JIOACHKUNA TPUM, COPUUMHEHUH HOBUM MIATUIIOM (y TOMY 4HUCHi U BIpy-
COM mTamuHoro rpuny — nonpaska 2006 p.), SARS. 2. Iauii xBopobwu, sKi € 0co0-
JMBOIO HAIIOHAJIBHOIO Ta PETIOHAJIBHOI0 MPOOJIeMOI0 (HaIpUKIA, rapsyka JICHTe,
MEHIHTOKOKOBa XBopo6a). 3. [HI Haa3BUUalHiI CUTYyaIlll y Taly31 CyCHUIBHOI 0XO-
POHH 3/10pPOB’sl, IKI MOXYTh BIUIMBAaTH Ha HACEJICHHS IHIIMX KpaiH: MMOBEHI1, BUTI-
KaHHS Ta BUKUIM XIMIYHUX PEYOBHH, aBapii Ha SJIEPHUX peaKkTopax Toulo. Yci Kpai-
Hu — wienn BOO3 3000B’s13aH1 cBoeyacHO 1HGOPMYBATHU 110 OpraHizailito npo BCl
BUIAJIKM BUHUKHEHHS 3aXBOPIOBAaHb, HA SIKI PO3MOBCIOJKYIOTHCS MIXHAPOIHI CaHIl-
TapH1 MpaBuja, a TaKOXX MPOBOAUTH BIAMOBIIHI IpoTUeniaeMiuH1 3axoau. [Ipu 300-
HO3HUX 1H(EKIISIX NPOoPUIAKTUYHI 3aX0/I1 MAaIOTh CBOI 0COOMMBOCTI. SIKIIO mXepe-
goM 1HQekuii € JOMallHI TBapUHU, TO HEOOXIHO MPOBOJIUTH CaHITAPHO-
BETEpUHAPHI 3aX0U IIOAO iX 03J0POBIEHHS. SKIIO JKepenoM 1HGEKIi € MU Ta
11ypi, TO MPOBOAUTHCS JepaTuzailis. Y npodutakTuill iHPEKIIHHIX XBOpOO BaKIIu-
BHUM 3aXOJIOM € JIii, HalpaBJIeH1 Ha MexaH13M nepenadi iHdexuii. [lepegaya 30yaHu-
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Ka BiJI XBOPOi JIFOAMHU 370pPOBiM 3MIMCHIOETHCS 3a JIOMOMOIOIK PI3HUX (HaKTOPiB
(Boma, Tka, moBiTps, mui, KomMaxu W iH.). [IpodimakTudni 3axoau, HampaBiIeHI Ha
ApYTY JIAaHKY €MiJeMIYHOr0 MpOoUecy, MIAPO3AUIAIOTs Ha 3 TPYIU: TIri€HIYHl, Ae31H-
dekiitHi Ta ne3iHcekuini. [lpyu kumkoBux iHPEKUiSIX 13 (eKanTbHO-OpaTbHUM Me-
XaHI3MOM Tiepenayi (4epeBHUM TU(], XoJjiepa, NU3EHTEPis) OCHOBHUMH YHWHHUKAMU
nepenayi 30yaHUKa € iKa, BoAa, piauie — MyXH, OpyJIHi pyKu. Y mpoduIakTHIl TUX
1HEeKIIITHIX XBOpoO HANOUIbIIE 3HAUEHHSI MalOTh 3arajbHO CaHITapHI Ta Tirl€HIYHI
3axonu. I[lpu iHpexuiax nuxanbHUX NUIAXIB (Kip, KpacHyxa, nudrepis, ckapiaTHHa,
MEHIHI'OKOKOBa 1H(EKIIs, TpUM) 3ano0LKHUMHU 3aco0aMM € caHallisg MOBITPSHOTO
cepelloBUIIIa MPUMIIIEHb, 3aCTOCYBaHHS pecipaTopiB. Jle3iHdeKIliss MpoBOIUTHCS
TUIBKU MPHU CKapJlaTUHI Ta 1U(Tepii, OCKUTbKY 30 yAHUKU OLIBIIOCTI 1H(PEKIIN auxa-
JBHUX MUISX1B MaJIO CTIMKI y 30BHIIHROMY cepenoBulli. [Ipu TpancMicuBHuX 1Hbpe-
KIIISIX BEJIMKE 3HAYEHHS Ma€ METOJI JIe31HCEKIIIl, HallpaBJICHU HA 3HUIICHHS KOMaX.
3axomamMu, HaMpaBJIEHUMH Ha TPETIO JIAHKY €MiJeMIYHOrO MpPOLECy, € MiABUIICHHS
3arajbHOI HecTieM(PIYHOI PE3UCTEHTHOCTI OpraHi3My, a TakoX creuudiuna npodi-
JAKTUKA, HAMpaBJIeHa Ha CTBOPEHHS IITYYHOT'O IMYHITETY (aKTUBHOTO a00 MacHUBHO-
ro) npoTu iH@pekuiitHnx xBopoo. Crnenudivyna npodilakTUKa TPOBOAUTHCS 3a J0-
MOMOTOI0 BaKIIMH, aHATOKCHHIB, CHPOBATOK, raMMarioOyiiHiB. BakuuHu i aHaTOK-
CUHU CTBOPIOIOTh aKTUBHUM IMYHITET, CHPOBAaTKH 1 raMMarjoOyJliHi — MacUBHUH.
Bakiunu noauisitoTbest Ha xUB1 M youTi. JlJis BUTOTOBJIEHHS! BaKIIMH BUKOPUCTOBY-
IOThCSI MIKpOOHU 3 0CJIa0JIEHOIO BIPYJIEHTHICTIO.

[Tonpu Te, mo 3apa3 B Kutai npoBoasThCs KIIHIYHI BUIPOOYBAHHS pALy JIiKap-
ChKUX 3ac001B 1 po3po0isieTsest moHaa 20 BakuuH 111 COVID-19, B ueit yac Hemae
JIIEH30BaHUX BaKIMH a00 TepaneBTHYHUX 3aco0iB st COVID-19. HaBmaku, mipo-
TUBIPYCHI IIpenapaTu Ta BAaKUUHU JTOCTYIIHI AJis TpUMy. X0o4a BaKIIMHA MPOTHU TPUITY
He edextuBHa npotu Bipycy COVID-19, pekoMeHI0BaHO MPOXOJUTH BAKIIMHALIIIO
IIOPOKY, 1100 3aM00IrTH 3apakKeHHIO TPUTIOM [4].

BucHoBku:
Jlist npoduIakTUKK IHPEKIIMHUX BIPYCHUX XBOPOO CIiA JOTPUMYBATHCS Cy4aCHUX
pekomeHgamii  Ta  3axoxiB. BOO3  onyOnikyBana  3BEeIE€HHMHA  Ta-

KEeT YUHHUHN KePIBHULITB LI0JI0 3a0e3MeyeHHs] TOTOBHOCTI 1 pearyBaHHs Jis KpaiH,
11100 BOHU MOTJIM YHNOBUIBHUTH 1 3ynuHUTH niepenauyy COVID-19 1 BpstyBatu *KuT-
TS

Jiss COVID-19 naHni Ha chOrojiH1 NpUITYCKaroTh, 1m0 80% iHdekiiil € serkumu abo
06e3cuMnToMHUMH, 15% € TSHKKUMU 1HQEeKLIIMH, sIKI BUMararoTh KUCHEBO1 Tepartii, 1
5% € KpUTUYHUMH BUTIAJKAMHU, sIKI BUMAraloTh IMTY4YHOI BEHTWIAII iereHb. 11 Ba-
K1 1 KpUTUYHI BUNAAKU 1HGEKIT HalOUIbll CepHO3HINIl, HIK CHOCTEPIraeThes [
npu rpumi. HallOu1bIn cXuiibHI 0 PU3UKY Ba)KKOI I'PUIIO3HOI 1H(EKIIIT 11TH, BariTHI
KIHKH, JIIOJM MOXWJIOTO BIKY, JIFOAM 3 XPOHIYHUMHU 3aXBOPIOBAHHAMM 1 JIIOJIU 3 IMY-
HozaediuTom. s COVID-19 noTouHi AOCTIKEHHS TOKa3yI0Th, 10 CTApIIUHA BiK
1 HasiBHI CYMYTHI 3aXBOPIOBAHHS MIBUILYIOTh PU3UK PO3BUTKY Ba)KKOi 1H(EKIII.
CwmepraicTb Bi SARS-CoV-2 Bulle, HiXK BiJ TpUIy, OCOOJIMBO BiJl CE30HHOTO T'pH-
nmy. Xoua JiJ1sl IOBHOT pO3yMIHHS cripaBkHboi cMepTHOCTI Bix COVID-19 6yne not-
pIOHO AKUICH Yac, HasBH1 y HAC J1aH1 MOKa3yIOTh, 0 KOE(ILIEHT JeTaIbHOCTI (YuC-
JIO 3apEECTPOBAHUX CMEPTEH, MOJAUIEHE Ha 3apEECTPOBAHI BUIIAJKH) CTAHOBUTH 3-
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4%, yacToTa cMepTer BiJ 1HQEKIli (YUCTI0 3apeecTPOBAHUX CMEPTEH, MOIICHE Ha
KUIBKICTh 1H(DEKIIIH) Oyae Hik4e. [l Ce30HHOTO TpUIly JETaIbHICTh 3a3BUYal 3HA-
gHO HIk4Ya 0,1%. OgHaK JeTaIbHICTh 3HAYHOIO MIPOI0 BUZHAYAETHCS BiJ JOCTYITHO-
CT1 Ta PiBHA HaJIaHHS MEIUYHOI JOTTIOMOTH.

Ha caiiti KaGinery MinicTpiB VYkpainu myOJiKOBAaHO pPO3MOPSIKEHHS Bij
03.02.2020 Ne93-p “IIpo 3axonau 110/10 3aroOIraHHs 3aHECEHHIO 1 MOIIUPEHHIO Ha
TEePUTOPIi Ykpainu rocTpoi pecripaTopHOi XBOpoOH, CIIpUYMHE-
HO1 KopoHOBIpycoM 2019-nCoV*[1].
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VIIK 159.943(042)

Posnynpkuit O.M. Mamkiue M.A.
Hamionanbauiil yHiBepcuret «Oiecbka MOPChKa aKaaeMis»
IHinBuIIeHHA PiBHA JTUCHMILIIHU e PyX Yy Oik 0e3me4Hol ekcmyaraunii cy1eH

Beryn. 3HauHe 3pocTaHHS 1HTEHCUBHOCTI MOPCBHKHUX MEPEBE3CHb MPOTATOM
OCTaHHIX JECSATUPIY MPU3BENO A0 30UIbIIEHHS KUIBKOCTI aBapiid CyjAeH, B T.4. 1 3
JIOJCHKUMU JKEPTBAMHU Ta BAXKMMU TEXHOT€HHUMHU Haciaiakamu. [lupoke 3acTocy-
BaHHA HOBHMX 1H(OpPMaLIHHUX TEXHOJOTIA Ta aBTOMATHU30BAHUX CHCTEM B CYJIHO-
IJIABCTB1 HE TapaHTye 3yMUHEHHS 1[bOTO MPOLECY, OCKUIBKH, 3 OJJHOTO OOKY, BUKO-
PUCTaHHS Cy4yacHUX 1H(GOPMAIITHUX CHUCTEM YIpPaBIiHHSA PYXOM CYyJHA 3HAYHO I0-
JIETIIY€E Mpali0 MOPSKIB, aje 3 IHIIOro - 00 €KTUBHO MOPOJKYE HOBI MpoOiIeMHu,
00yMOBJICH1 MPOIECaMH B3aEMOI11 JIFOJJUHU 1 TEXHIYHUX 3aCO01B.

VY nonepenHii crarti [1] s B3SIBCS PO3IJIIHYTH MUTAHHS MPO BIUIMB CYO'€KTHUB-
HOoro (pakTopa Ha Oe3leuHy eKcIulyartailito cyaHa. SIKk Bxke BiIOMO, Cy0'€KTUBHUM
(bakTop CKIaaeThes 3 TPhOX OCHOBHUX CKJIAJOBHUX, PIBHI SKUX TIHCHO BIUIMBAIOTh
Ha aBapiHICTh cy/AeH npu ekcruryatanii. le mpodeciiinuii piBeHb MOpsika, TUCIU-
TUTIHOBAHICTh 1 WOro mncuxodizionoriyunuid ctad. Te, HACKUIBKA MOpPSK 30pOBUH,
TBEpE3Uii, BUCTIABCS, BIAMIOYMUB Y BUIBHHI Yac 1 T.I. 3BUYANHO K, B1IOOpaKa€eThCs Ha
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AKOCT1 HOro mpartli. Aje He BapTO «BIAOMpATH XJ110» y HAIMX MeIUKiB. BoHu cami
MIPEKPACHO PpO30epPyThCA 3 MOXKIMBHUMH IMpodiieMaMu NCUX0(]i310J0TTUHOTO CTaHy
MOpsSIKa 1 BUTIKAIOUMMU BiJl CIOJM HAcHigKaMu. Y IIif K€ CTAaTTi pO3IJIsTHyTa Taka
CKJIaJIoBa Cy0'eKTUBHOTO (hakTOpa SIK JUCLUILUIIHA 1 11 BIUIUB Ha O€3MeKy eKCIuTyaTa-
1ii cyaHa.

AKTYyaJIbHiCTh AocaigxeHHs. [Ipobnemi 3a0e3nedeHHs 6€3MeKu MOpEIUIaBcTBa
B 0araTtboX KpaiHax CBITY, B TOMY 4HCIi ¥ B YKpaiHi, IpUAUISAE€THCA TPIOPUTETHE
3HaueHHsA. [lep>kaBHa moiituka B cdepl 3a0e3nedyeHHs Oe3MeKH CYIHOIIABCTBA,
BHU3HaueHa noctaHoBowo KabGinety MinictpiB Ykpainu 3a Ne 1137 Bin 07 >kOBTHA
2009 poky, nepeadayae KOOpAUHAILIIO 1 yCiX Y0’ €KTIB, IO € BIAMOBIAATFHUMH 32
Oe3aBapiifHe cyTHOIIABCTBO [2]. OaHIE0 3 HAWBAXKIUBIMIMX CKIAJOBUX 3a3HAYEHOT
npo0emMu, € 3HIKEHHSI BIUIMBY JIIOJICBKOTO (paKkTopy.

MeTo10 10C/IiIZKeHHsI € BUSBICHHS KIIIOUOBUX CKJIQJIOBHUX SIBUIIA «JIHOJCHKHIM
dakTop» Ta BU3HAYEHHS €(EKTUBHUX IILUISAXIB 3HUKEHHS HOT0 HEraTUBHOTO BIUIMBY
Ha 0e3IeKy Cy4acHOIo Cy/AHOIJIaBCTBA.

IMocranoBka 3aaa4i. CrioyaTky BU3HAUYUMO, 10 TAKEe AUCIUIUIIHA B TMPUHIIMIIL
Ta BIUIMB 1i CKJIaJIOBUX Ha 0€3MEKy CYIHOIIaBCTBA.

Juciurmuiina - e o00B'I3K0BE JIsl BCIX WICHIB JAHOTO KOJIEKTUBY MIANOPSAIKY-
BaHHA TMEBHHUM pErjlaMeHTaM, NpaBWJIaM, LI0 BCTAHOBIIOE MOPSAOK OyAb-sIKOT
TMisTbHOCTL. JlucuuiuiiHa, sIK IHCTPYMEHT, € 3aco00M, 3a JIOTIOMOTOI0 SIKOTO J1OCS-
raeTbCsl €HICTH Nii BCEpEUHI SIKOICh CHUIBHOTU (KOJIEKTHBY). BoHa BuHUKIA B
MPOIIECl CMUIBHOI TPYA0BOI MIsNIBHOCTI. OJHUM 3 HAaWBKIUBIMKMX (PAKTOPIB JUCIIU-
IUTIHU € CBIOME MIATPUMAaHHS 11 CaMUM KOJIEKTMBOM, BCiMa Wi€HAMU CYCITUIHCTBA B
CBOIH MOBCAKACHHIN AIIILHOCTI.

JlucuuuiiHa Ha Cy/H1 MOJsrae B CTPOroMy JOTPUMAaHHI BCIMa 4JIEHaMM eKima-
Ky TOPSAJZIKY 1 MPaBUJ, BCTAHOBIEHUX YMHHUM 3aKOHOJABCTBOM JEp>KaBU Ipamnopa,
KEpIBHUMH JOKYMEHTAMH KOMIIaHii, CYJHOBUMH IHCTPYKIISIMH 1 HaKa3aMu KariTa-
Ha. J[MCIMTUTIHOBaHICTh MOpsIKA Tiepeadavae TMOOKI 3HaHHS 1 HEOJIMIHHE BUKOHAH-
HSl BUMOT 3aKOHIB, HaKa3iB, MPaBWJ Ta IHIIMX HOPMATUBHUX JIOKYMEHTIB, SIK1 BUPO-
OJieH1 OaraTopiYHUM J0CBiIOM poOOTH B Mopi. Byb-sike HaBITh HA MEPIINI TOTJIS,
HE3HAuHE MOPYILIECHHS MpaBWj, HeJ0alINBe CTABJICHHS N0 CIY>KOOBUX OOOB'SI3KIB,
MOPYIICHHS] BCTAHOBJICHOT'O MOPSAKY MOXE CTaTH MPUYUHOI BUHUKHEHHS HECTaH-
JapTHOI, @ 4acoM 1 aBapiiiHOT CUTYaIlii.

Jlan1 aHanizy mojid 1 aBapiiHOCTI Ha (JIOTI CBITYATH MPO TICHUN B3a€EMO3B'SI30K
0e3MeKu 3 TUCHUILTIHOBAHICTIO Ta OPraHi30BaHICTIO MPallIBHUKIB MOPCHKOTO TpaHC-
MOPTY 1 MepII 3a BCE WICHIB CYJHOBUX eKimaxiB. YacTo mMpUYMHAMHM TEXHIYHUX
aBapiil € HeyBa)KHE HECEHHsI BaXTOBOi CIIyOH, HEUiTKe NpUMaHHS 1 mepenaya
BaXT, MOPYUIEHHS BUMOT HOPMATUBHUX JOKYMEHTIB, HECBOE€YACHE 1 HEAKICHE BUKO-
HaHHS Olepalii, MoB'sa3aHUX 3 KOHTPOJIEM TEXHIYHOI'O CTaHy Ta BUKOHAHHS TEXHIY-
HOTO OOCJIYrOBYBaHHS CYJHOBOI TeXHIKM [3]. A MPUKIAIOM LIOI'O MOXKE MOCTYKHU-
TH BUIAJOK, IKUI Oy/ie MPUBEICHUI MHOIO HUXKYE.

SIK BUHO, TUCUUIUIIHA - 1€ JOCUTh LIIMPOKE MOHSATTS, SKE CIII PO3AUIUTH Ha
KUIbKa CKJIQJOBHUX 1 PO3TJIIHYTH INIMOLIE Ti, SIK1 OUTBIIOI0 MIPOIO BIUIMBAIOTh Ha O€3-
aBapiiiHy eKCIUTyaTaliio Cy/Ha.
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JIMCIUIUTIHY, SIK TOHSTTS, MOXHA PO3IUIMTH Ha MOBCSKJIEHHY, KOJU MOpPSK Ie-
pedyBae B paMKax KOAEKCY MOBEIIHKU (HOPMU MPUCTOMHOCTI) HA TOPrOBUX CyAHaX
1 TPYZOBY IUCLMILUTIHY, KOJU TOM k€ MOPSAK OOTS>KEHUU BIAMOBINANBHICTIO 32 BUKO-
HaHHsI CBOiX cly>)kO00BUX 000B'sI3KiB. HazBeMo 1e¥l BUJI NUCIUIUTIHU JHUCIMUILTIHOIO
Tparii.

Jlucuurutina mpaill Ha Cy/iH1 BKIIIO4a€ B ce0e TPy0BY, TEXHOIOTTYHY, BUPOOHU-
4y 1 BUKOHABYY JUCIUILTIHY.

TpynoBa guciuIuiiHa IpyHTYETHCS HA JOTPUMAHHI BCTAHOBJIEHOTO PO3MOPSIAKY
po60YOTro JIHS, IO PETJIaMEHTYE PEKUM pOOOTH, TTOYATOK 1 KiHEIb POO0YOro JHS,
3MIHHICTh, Yac MepepB Ha 0011, BIAMOYMHOK. TpynoBa JUCHUIUIIHA €KIMaxXy HEPO-
3pUBHO MOB'A3aHa 3 OpraHi3alli€lo cnyK0u Ha CyJlHaX, sika perjameHTyerbest Crarty-
TOM CcIy:kOM Ha cyaHax Mopcbkoro ¢uoty. Lleil noxkymeHT BHU3Hayae IMpasa,
00OB'SI3KM 1 BIAMOBIIAJBHICTh WICHIB eKinmaxy. TpyaoBa AMCHUMIUIIHA - IEBHUN TO-
PSAZOK TIOBEIIHKM YYAaCHUKIB KOJIEKTUBHOTO TPYIOBOTO MpOIECy. XapaKTep 1 METO-
1 11 3a0e3MeUYeHHs] BU3HAYAIOTHCSl TUIIOM BUPOOHHYMX (CITY>KOOBHX) BITHOCHH, pe-
IJIaMEHTYIOTbCS HOpMamu 1npaBa, BcraHoBiaeHuMu K3nll, [IpaBunamu BHYTpILIHBO-
ro TPYAOBOI'O PO3NOPANIKY, KOHTPAKTAMH, IHIIMMH MOJOXKEHHIMH 1 HOpPMAaTUBHUMU
aKTaM{, IO PEryIIol0Th OCHOBHI yYMOBHM Tpalll Ta JUCUUIUIIHApHY abo 1HIIY
BIJIMOBIJABHICTh KOHKPETHUX KAaTEropii MpaliBHUKIB B JaH1i ranysi.

[lig TEeXHOJIOTIYHOI AMCIUILUIIHOI PO3YMIETHCS TOYHE JOTPUMAHHSA TEXHO-
JOTIYHUX KapT Ha BUKOHAHHS KOHKPETHUX BUAIB POOIT, PEKUMIB, MOCIITOBHOCTI 1
croco01B BeJIEHHsI pOOOYHX MPOIIECIB.

Bupobunya nucnuruiiHa nependadae 4YiTKUN pO3MOJLUT BUPOOHUUMX 3aB/IaHb,
n0ailiiBe CTaBJEHHS O OOCIYrOBYBAaHOI'O OOJIaJIHaHHS, anapaTypH, IHCTPYMEHTY
Ta IHIIMX MaTepiajJbHUX IIIHHOCTEH.

Ha koxxHOMy cynHi, B cuily crnenudiky opraHizaiii ekinaxy, To0TO HasBHOCTI
0ci0 KOMaHJHOTO CKJaAy Ta MiJIETNIMX, KpIM IMepepaxoBaHUX BUIIE BUJIIB JAUCIIH-
TUTIHU, Ma€ Miclle BAKOHABChKA AUCIUILIIHA.

BukoHaBchka JUCHUIUTIHA - TOYHE BUKOHAHHS €KIMaXkKeM CyAHa 1 KOKHUM HOTO
YJICHOM HakasiB, pillleHb, PO3NOPSIIKEHb, BKA31BOK, MPUUHATUX Ha BUIIOMY PiBHI
ynpaBiiHHg. BUKOHaBChbKa AMCHMIUIIHA 3a0€3MeUyeThCS BHCOKOIO SKICTIO Op-
ra”izamii mpaii i KOHTPOJIEM BUKOHAHHS, BUXOBAHHIM MOYYTTS BiAMOBIIAIBHOCTI y
KOXHOTO 4JIeHa EKINaxy 3a JopydeHy crpaBy. BoHa 3anmexuTs Bij 0araTb0X yMOB:
YITKOI OpraHizaiii Ta HOPMYBaHHsS Mpalll, 3pocTaHHs mpodeciiiHoi kBamidikaiii
EKIMaXxy CyAHA, TEXHIYHOI OCHAIIEHOCTI pobouYnX Micup Ta iH. BoHa, ik mpaBuio,
(bopMy€eThHCSL Ha YITKOMY PO3YMiHHI MOJITUKKU KoMIaHii. Ha xanb, 1is miiBUILIEHHS
piBHS BUKOHABCHKOI IMCLMIUIIHU, B OUTBLIINA Mipl, IPALIO€ METOJ CTSITHEHb, TOOTO
HACKUIbKM KOMIIaHIs BUMOIJIMBA J0 CBOiX CHIBPOOITHUKIB, HACTUILKM BOHU OYIyTh
ctapanHi. Big mociiabieHHsT KOHTPOJIIO HAJl CTAHOM JMCITUIUIIHU Ha CYJHI 1 0e3Kap-
HOCTI1 3BOPOTHA peakxilis He 3a0apUThCS.

Ha npaxruni, Ha ajab, HaBiTh 0COOM KOMAaHJHOTO CKJIaly HE OJUIIATh Mpo-
¢decioHani3MOM 1 JTUCUUIUTIHOBAHICTIO B MpuHLUII. [IpuknanomM 1boro Moxe mo-
CIIY)KUTU TIPUKJIAJl aBapiifHOI cuTyallii sika ctanacs Ha Ro-Ro Cargo IMO: 9424871
AMANDINE B kinmi nuctomana 2019 poky [kondimeHiianbHa iHpopmalris].
Kanitan — pymyH, ekinax — ykpainui. CyaHo Buxoauiio 3 nopty Zeebrugge (bemns-
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risi) B HanpsiMky Gioteburg (LlBeris). Buaumicte — menme 1 Muii (TymaH), IBUI-
KicTh cyaHa Omm3bko 18 BysmiB. Kamitan cyana maroum PEC (Pilot Exemption
Certificate) BUBIB CyIHO 3 MOPTY, MEpeaB YIPaBIiHHSA BaXTOBOMY IMOMIYHUKY 1
MIIIOB 3 MICTKA, X04a CYJIHO I1ie repedyBajo B JIoIMaHChKkoi 30H1. Uepes 10-20 xBu-
JUH TicHs mepenadi, TOBHICTIO 3HECTPYMIIIOETHCS XOJOBUM MICT, BC1 HaBITalliifH1
npwiaau racHyTb. CyJqHO, Ha MOBHOMY XOJAY, BMUTh BTpayae yIpaBiiHHs, epely-
BalOYM B 30HI IHTEHCHBHOTO CYJHOIUIABCTBA Ta B O€3MOCEpeNHIi OJM3BKOCTI Bij
MOJIIB BiTporeHepatopiB. TUIbKK 3aBISKH BUCOKOMY MpOQecioHani3My MOMIYHHUKA
KaliTaHa BJaJioCsl YHUKHYTHU KaTacTpodu B chopmoBaHii cuTyalii. A NPUYHUHOIO
aBapiiiHOI cUTYyallli CTano Te, U0 CTApIIMK MEXaHIK, pa30M 3 HEJOCBIIUYEHUM EJIEK-
TPOMEXaHIKOM, panToM (He MpopaxyBaBLIM PU3UKIB, HE MOMEPEIUBILIN NPO 1€ BaX-
TOBOTO MOMIYHUKA KamiTaHa, He MOPAJUBILINCH, HE 3aIUIAHYBAaBILIN,a TUIBKA TOMY,
110 iM IPOCTO PanTOM Taka JyMKa IMPUMIIIIA B TOJIOBY) BUPIIIWIN 3aMIHUTH aKyMy-
nstopHi 6atapei (AKDB) aBapiiiHOro *UBJIEHHS XOJOBOro MicTKa. B pesynbrari,
micis pI3KUX CTpUOKIB Hampyru, BuimoB 3 naay Track Pilot (iHTerpoBanuii micT:
Radars(X,S), ECDIS, aBropysneBoil) 1 cioT ynpaBiiHHS OanacToM cyaHa. Takum
YUHOM, IIi /1Bl O0€3BIAMOBIAATBHUX OCOOM MOCTABWJIW TiJ 3arpo3y >KUTTS JIECITKIB
CBOIX KOJIET 1 3aBAaJIM CEPHO3HOI IIKOAM TEXHIYHOMY CTaHy cyAHa. Taki 3aX0AH MO
3amidi AKB HeoOxigHo Oyi0 MpoOBOAMUTH IUIAHOBO, MiJ Yac CTOSHKH B MOPTY. Ajie
CTapIIMi MEXaHIK HE3Ba)KalouM Ha Te, 10 BiH J0JAaTKOBO, OyB odilepoM 3 Oe3nexw,
i Yac CTOSHKHU, BU3HAB MOXJIMBUM 31MTH Ha Oeper 1o ocoOMCTHX cpaBax HE OT-
puMyroun 100po Ha cxia. HasBHOCTI mOBHE ITHOpYBaHHS 3aXOJiB O€3MeKH Ta Bij-
CYTHICTb IUCUUILIIHAPHOT MPAKTUKU HA JAHOMY CYJIHI.

BucnoBok. B nanomy BuUnajaky, miiCyMOBYIOUH, MOKHA 3pOOUTH TaKUil BUCHO-
BOK, IO B JaHiil KOMIaHIi HAa KOHKPETHOMY CYJIHI KyJbra€ TUCUMUIUIIHA Y BCIX il
CKJIaJIOBUX. SIK K€ MiABUIIYBATU AUCIUILIIIHOBAHICTh TaKUX eKimaxiB? MokHa 3BHU-
YallHO «MPSTHUKOM», ajieé sSK I[I0Ka3ye JOCBiA, - «Oarorom» Oyae IIBUILIE 1
HajiiHie... be3 TucuuIuIiHg 1 HaleKHO1 opraHizallii CiIy 01 Ha CyJTHaX, MOPChKUI
baoT ¢yHKIIOHYBAaTH HE Moke. llepmiopsiiHe 3HAaYeHHS MJIA 4YITKO1 OpraHizarii
CITY>KOW, BUXOBAaHHS BHCOKOi JUCHUIUTIHOBAHOCTI WICHIB CYAHOBUX €KIMaXIB Mae
OyTh o0coOMCTMI mpuKIaa, BUCOKMN mpodecioHani3M, BHCOKa OcOOHCTa
BIIMOBITAIBHICTh OCI0 KOMAHJIHOTO CKJaay CYyIeH 1 O0coOHuCTa 3alliKaBJICHICTh
YJICHIB eKiMaxiB B pe3ynbTaTax cBoei mpai [4]. e B igeani ... Ik Ha Mii moruis,
TYT KJIFOYOBE CJIOBO — BiJMIOBIATbHICTb.

CIIMCOK BUKOPUCTAHOI JIITEPATYPU
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excruryaraiist 1 peMoHT " - Ogeca: HY "OMA", 2019.
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4. Topckuit B. I'. Ynpasnenue cynoBeiMu skunaxamu / B. I'. Topckuii, B. I1. To-
nanos. - Oxaecca : Actponpunt, 2000. - 212 c.
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VJIK 341.225(045)

Kpaiinosa B.1.
Hamionanbauit yHiBepcuret «O1echbka MOpPChKa akaaeMis»

Oco0,1MBOCTI BIPOBAIXKEeHHS HOBUX BUMOT 10 AoaaTka 6 kousenuii MAPITOJI
73/78

Po3po0Kky Ta npuiHATTS HOPMATUBHO-TIPABOBOI 0a3u JJisl CyTHOIUIABHOI rajysi 3
MOJAJIBIIONI0 iX IMIUIEMEHTALI€l0 KpaiHaMH, 110 MAalOTh MOPCHKUU TOProBUM (IIOT,
3niicHioe MikHapoaHa mopcbka opranizamis (IMO). Illopiyuno MixHapoaHOO
MOPCBHKOIO OpraHi3aIli€l0 po3poO0IsiOThCS HOB1 BAMOTH Ta MIEPETIISAIal0ThCS ICHYIOYI.
HalyTTss HUMU YMHHOCT1 BiIOYyBa€ThCsI TOMA1, KOJU BUKOHYIOTHCS YMOBH II[0OJIO pa-
TU(diKalii X JOKYMEHTIB a00 CXBaJCHHS KpaiHaMH-yYacCHUIIMU NPUUHSITHX TO-
MpaBoK a0o MO 3aKIHYEHHIO MEBHOIO TEPMIHY, SIKHM Ta€ThCsa KpaiHaM AJis TOro, H00
MIATOTYBATUCS 10 JTOTPUMAHHS BIAMOBIAHUX BUMOT, BUKJIQJICHUX B LUX JOKYMEH-
Tax[4].

[TuTaHHsAM eKoJIOri4HOi 0e3MeKH MOPEIUIaBCTBAa B KOMILJIEKC] TPOOIeM CydacHo-
ro MOPCBKOTO TPaHCHOPTY HPUIUISETHCSA MiJBHILIEHAa yBara. HalOuibmmii 30MTOK
HABKOJIUITHBOMY CE€PEJOBUINY 3aBIA€THCI CYAHOBOIO €HEPIrETUYHOIO YCTaHOBKOIO, B
pe3yiabTaTi poOOTH SKO1 YTBOPIOIOTHCS TaKl MIKIAJIMBI KOMIIOHEHTH, SIK HE3ropii
BYIJIEBOJHI, TBEpP/Il YACTUHKU, OKCUIU a30Ty, MAPHUKOBI T'a3u 1, B OKPEeMHX BHUIIA/[I-
KaX, CHOJYKHU CIpKU. PimeHHs mpobiem ckopodeHHs BUKHUIIB SOX BUMarae crieuu-
(bI1YHUX pIIIeHb.

Cipka - npupoJHU eIeMEeHT, IPUCYTHIM y BCiX BUAax nanuBa. BoHa BaxiuBa
JUISL SKUATTS, ajie il MPUCYTHICTh B aTMocdepl y BUMIIsAL oKcuaiB cipku (SOX) Moxe
MPU BUCOKMX KOHLEHTpALIX BUKIMKATH LUTMN psi cepilo3HUX MpobdsieM s 370-
POB'S JIIOAMHM 1 0€31EKH HABKOJIUIITHBOTO CEPETOBUIIIA.

3 1 ciunsa 2020 poky IMO nocunmia HOpMH, MaKCUMaJIbHOIO BMICTY CIPKH B
MOpChKOMY nayinBi (OyHKepHii Ma3yTi) 3 3,5% 1o 0,5%, 1o MaTuMe MO3UTHUBHUN
BILJIUB Ha HABKOJIMIITHE MPUPOJIHE CEPEAOBUILE TA 3/I0POB'S JIF0/IeH BCi€l IJIaHETH.

Ha6ynu yunnocti nmonpasku 1o Homatka VI MARPOL - 73/78, npuitasati 7
munHs 2017 poxy Pesomrouiero MEPC.286(71) «IlonpaBku ao Joxatka VI no Kon-
BeHlii MAPIIOJI (ITpusnayenns banriiickkoro Ta IliBHIYHOrO MOPIB B SIKOCT1 pai-
oHiB KoHTpoJito BukuliB NOx mo spycy III) (Imdopmariisi, mo BKIIOYAETHCS B
HaKJIaJIHYy Ha MMOCTayaHHsI OYHKEpPHOTro majauBa)y [4].

3 ypaxyBaHHSIM TOro, IO CYJHOBI €HEPreTUYH1 YCTAHOBKUA € OCHOBHHMH CIIO-
KUBayaMHu BHUCOKocipyacTuxX Bakkux nanuB - High-Sulphur Fuel Oil (HSFO), nns
perymtoBanHs BUKUAIB SOX IMO B 2015 p Oynu BBeneHi 30HU KOHTPOJIO - Sulpfur
Emission Control Areas (SECA).

3oun SECA (Sulfur Emission Control Areas) 6ynu chopmonani B 2010 pori. Y
IIMX 30HaX, B SIK1 HA ChOTOJIHIIIHIN JIeHb BXOATh akBatopii [liBHIYHOTO 1 BanTiiick-
Koro mMopiB, npotokya Jla-Manm, Kapu6cske mope 1 200-munbHi 30uu CIIA 1 Ka-
HaJY, BBeJeHA 3a00pOoHAa HAa BUKOPUCTAHHS BHCOKOcipuaHoro nanusa. 3 2015 poky
IPaHUYHO JOMycTUMa KOHUeHTpalis ctraHoButh 0,1%. Y mepcrektuBi Moxe OyTH
BBEJICHO III€ KUJIbKa 30H MO BChOMY CBITY: pailon ABctpanii, Cepeaszemue 1 bapeniio-
Be Mopsl, y30epexoki Hopaerii.
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s cyaen, o mpaioroTh no3a paioHiB SECA 3 1 ciuas 2020 poky, IMO
BCTAaHOBMJIA MEX1 BMICTY CIpKH B TaJIMBI, III0 BUKOPUCTOBYEThCA Ha cyaHax- 0,50%.
Ile 3HAYHO CKOPOTUTH KUIBKICTh OKCHIIB CIPKH, IO BUAUISIOTHCS 3 CYJICH, 1 Mae
MPUHECTH BEJIUKY KOPUCTH VISl 3I0POB'S JII0€H 1 HABKOJIUIITHBOTO CEPEIOBUINA, 1110
KUBYTHh HEIAJIEKO BiJl MOPTIB 1 HA Y30€pexkiKi.

[Ipu 1bOMyY Cy/nHaM, Ha €HEPreTUUYHUX YCTAHOBKAX SIKUX BCTAHOBJICHI CHCTEMH
OUYHMIIEHHS BIIMPAlbOBAHUX T'a31B BiJI CHOJYK CIpKU, Oy/i€ I03BOJIECHO HE MPUITUHATH
BukopuctanHsa HSFO.

O6mexenns Ha piBHi 0,10% M/M 3aCTOCOBYETHCS B YHOTUPHOX BIABEJECHUX 30HAX
kouTpoito BukuaiB ECA: banriiickke mope, [liBHiune mope, paiton IliBHIYHOT AMme-
puku (1o Bkirovae npudepexHi paitonn 611 Oeperis CHIA 1 Kananu) 1 paiion Ka-
pu6cskoro mops CIIA (maBkoso Ilyeprto-Piko 1 Biprincskux octpoBis CIIIA). Ha
J0JIaTOK JI0 PO3TJISHYTHX 30H KOHTPOJIO, MOCUJIEHHS HOpM BUKHAIB SOX BiaOy-
BA€ETHCA B TaKUX 30HaX, K [lanamcekuii kanan, Taioei (TaiiBaHb) Ta IHITUX MICIIE-
BUX MYHIIUTIATITETaX IO BChOMY CBITY.

Bubip cnocoOy BinmoinHOCTI HOBUM BuMoram IMO BuaaeTbcs BaKKOIO Op-
ra”i3aliiHO-TEeXHIYHOI0 TPOOJIEMOI0, III0 BUMAarae BCeOIYHOTO aHaji3y JIOCUThH Be-
JIUKOTO Ynciia pakTopiB BILUIUBY.

SIK anpTepHATUBHUN METOJ 3HMWXKEHHS BUKUIIB SOX MOXE 3aCTOCOBYETHCS CH-
cTeMa OYMILEHHS BUXJIOMHUX Ta3iB 3 CYJHOBUX YCTaHOBOK CHAJIOBAHHA PIiJIKOTO
najaunBa, 3 ypaxyBaHHAM nonoxeHb pe3oinolii IMO MEPC.259 (68).

CyTTe€BOIO MOMPABKOIO 10 PETYIIOBAHHS € «YTo/a Mpo 3a00pOHY MEPEeBE3CHHS
HSFO B nanuBHIN cucTeMi», 3a BUHATKOM CYJEH, 00JaJHaHuX ckpybOepamu. Sk i
panime ao3BosieHO mnepeBo3uTH HSFO sk BaHTax, olHaK 3a00pOHSAETHCS MaTH
HSFO B pesepByapax ManuBHUX CHUCTEM B pa3l, SKIIO HE BUKOPUCTOBYIOTHCS
CKpy0Oepu.

YcranoBka ckpyo6epiB (SCR-TexHosorii) - npuctpoi HeMTpanizamii mKiIIUBUX
PEUYOBHUH BUXJIOMHUX Tra3iB 1 CUCTEM BHOOPYOro KATaJIITMUHOIO BIIHOBIEHHS JJIS
OUYHMIIEHHS! BUXJIOMHUX Ta3iB B CIPKH 1 AIOKCUAY a30Ty. s cyneH NesKux THUIliB
yCTaHOBKa CKpy0OepiB BUMarae J10JaTKOBOI EPEBIPKU OCTIMHOCTI, JJIS TTACaKUPCh-
Koro (yIoTy ycTaHoBKa ckpy0OOepa B IpUHIIUII NpoOJieMaTUYHa.

[IIupoke ocHaIEHHS CyI€H CKpyOOepamu 3a)kajiae pi3Koro 30UIbIIEHHS 00CATIB
JIOIATKOBUX TPEHIHTIB ISl €KIMa)<iB, 0OOB'I3KOBUX BIAMOBIIHO O PO3POOIEHOTO
BUMOI'OI0 IIOJ0 OMVISIAY Ta BUAA4y MIDKHApOJHOIO CBIOLTBA MpPO eHeproedex-
TUBHICTh CyJHA. [CHYIOTH 1 aJlbTepHATUBHI CYJHOBI YCTAaHOBKH, IO 3a0€3MEUyIOTh
3HIKeHHA BHKUAIB NOX 1 SOX, Hanpukiaa, YCTAHOBKM 3 €MYJIbIalllOHHO-
IUTIBKOBUM TpyOUacTuM abcopOepoM.

JlomycTuMi HOPMH BMICTY CIpKM B CYAHOBOMY HaJMBl BU3HAYAIOTHCS
MixnapoaHoro KoHBeHIli€lo mo 3amo0iraHHio 3a0pyJAHEHHIO BiJl CYIHOILJIaBCTBA
(International Convention for the Prevention of Pollution from Ships, MARPOL).
Honatok 6 MARPOL Bu3Havae 3axo/u 1040 3ano0iraHHst 3a0pyAHEHHs MOBITPSI-
HOT'O CEpe/IOBUIIA, 30KpEMa OKCUIAMU CIPKH, a30Ty, OPraHIYHUMU CIOJTYKaMH.

Hocmipkennst mBencbkoi kommnanii «SEB» mokasyroTe, mo Ha modatok 2020
potii, meniie Hix 2000 cyaeH 3 ycboro obcsry toprooro ¢ioty (6im3pko 60 000
0]1.), MalOTh BCTAHOBJICH1 CUCTEMHU «CKPYyOOEpiBy.
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3actocyBanHsa HSFO sk 1 panime Oyne moxumBuM 1 micist 2020 r.,0qHaK J1s
BIJIMOBITHOCTI HOpMaMm MOTPIOHO BIPOBAIKEHHA B KOHCTPYKIIIIO Ta30BHITYCKHUX
TPaKTIB €HEPreTUYHOI YCTAHOBKU MPUCTPOIB 3 TEXHOJIOTIEI0 OYUIICHHS BIAIPALbO-
BaHUX Ta3iB, IIUPOKO BIIOMHUX sIK cKpyOOepu SOx. YcraHoBka ckpyOOepiB HE BUMa-
ra€ HiIKUX 3MIH B KOHCTPYKI[li ABUTYHIB €HEPreTUYHOI YCTAHOBKU 200 CHCTEM Ia-
JUBOIIITOTOBKM 1 mojayi nmanua. OCHOBHI MepeBaru 1 HEJOJIIKA TeXHOJOTi mpei-
CTaBJieH1 B TabJyuili, OUIBII JeTanbHa iHGOpMAIlisl TPo TeXHOoJorii ckpyoodepie SOx
MpUBEAeHa HIDKYE.

Tabnuus 1 - Texnonorig ckpy06epis SOX

HSFO co ckpy66epom

IlepeBaru Henmoniku

Moske  BHUKOPUCTOBYBAaTH  3BUYAWHUUI 3HavH1 moyvarkoBi HBecTuiii (2-10 muH

HSFO. MoxnuBo nepeocHalleHHs. 3MEHIIye
BMICT TBEpAMX YACTHHOK, a Takox SOX. Ilpu-
BaONMBUIl OI13HEC-IPOEKT JJIsi IMEBHUX THIIIB
CYJEH.

noit.). 3-5% mTpady 3a mamuBo. I[loTpiOHO
Micle Uil YCTaHOBKM CKpyOOepHO1 Bexi 1
OTIOPHUX CHUCTeM. MOKJTMBI JJOJIATKOB1 BUTPATH
Ha ximikatu. HeoOxinHa iHTerpailisi B CUCTEMY

ynpasiiHHs. [1oTpiOHO MOHITOPHUHT

BukopucranHs TeXHOJOT1l ckpyOOepiB B CKJIa/ll CyAHOBUX €HEPreTUYHUX yCTa-
HOBOK HaOyJO TOIIMpEHHS 3 MOMEHTY BrpoBamkeHHd 30H SECA B €spomi 1 B
[TiHiuHii Amepurii. Bupanenns Bukuaie SOX 3 BifnpanboBaHUX Ta3iB J0 abo
HUKY€ TPAaHWYHUX 3HaUY€Hb BUKUIB, nependoadenux B MEPC.259 (68), BBaxxaeTbcs
MOBHUM €KBIBAJIEHTOM BHUMOT, 3a3HaueHuXx y pernamenti 4 gon. VI no MARPOL.
3acTocyBaHHS CKpyOOEpiB MPU3BOJUTH 10 ICTOTHOTO 30UIBIIEHHS POOOYOTr0 HaBaH-
TaXEHHS eKIMa)xy, BUMaralouu 3yCWJIb IO €KCIUlyaTallli Ta TeXHIYHOTO 0O0CIyro-
ByBaHHA 1 OyZyuu B TOH XK€ 4ac BaroMolo ajJlbTEPHATHBOIO ISl BUKOPUCTAHHS Ma-
nocipunctux naiaus. [Ipu oMy i 3a3HaYNTH, 110 PIMIEHHS MO YCTaHOBII CKPYO-
O0epa B OCHOBHOMY OOYMOBJIEHI MPUBAOIMBUMU TepMiHaMu oKymnHocTi. CkpyOOepu
HEUTPaN3yIOTh CIPKY B BIAIpPAIlbOBAaHUX razax abCOpOEHTOM, B SIKOCTI SIKOTO MO-
’KYTb BHUKOPUCTOBYBATHCS Ppi3HI MOMMHa4Yil. Buxonsum 3 1UpOro TEXHOJOTIT
HeHTpanmizalii 3a3BUyall KIacu(iKylOTbCS SK «MOKpD» ab0 «CyXi» CHUCTEMHU.
«MoKpi1» CUCTEMH, 10 BUKOPUCTOBYIOTh MOPCHKY BOJlY B SIKOCT1 MOIJIMHAYa, B1IOMI
AK CKpyOOepu 3 BinkputuM u1ukiIoM (Open-Loop), Ha CHOTOJHINIHIA JE€Hb €
HaWOLIBII 3aTPeOyBaHOIO KOHCTPYKII€H0. BUIBIIICTh MOCTavYaNbHUKIB TAKOXK MPOIIO-
HYIOTh 3aMKHYTi1 1 TIOpUJHI CUCTEMHU 3 BHUKOPUCTaHHSM KayCTUYHOI coau abo
TIIPOKCUY MarHito B sikocTi abcopOenty. «Cyxi» cUCTEeMH BUKOPUCTOBYIOTH pea-
TeHTH B CyXid ¢opmi, Hanpukiaa, BanHo. «CyXi» CUCTEMH MOXKYTh CKJIAJaTHCS 3
HEPYXOMOro a00 MCEBAO3PKEHUM IIapOM, 1110 CHPHUs€ BCTAHOBJICHHIO OLIBII MOB-
HOT'O KOHTaKTy MIXK ra3onoaioHoi 1 TBepoto pazaMu. Y Takiil KOHCTPYKIli, MOXKIIHU-
BO, Oyzie moTpiOHA 10AaTKOBA yCTaHOBKA (UIBTPIB AJI BUIAJIEHHS TBEPAUX TBEPIUX
YaCTUHOK 3 00po0JIeHNX B CKpyOOepi rasis.

Ckpy006epy MOBHHHI BINOBIIATH BUMOraM OOMEKEHHSI BUKUAIB IKIJIUBUX pe-
YOBHH SIK B aTMOc(epy, Tak 1 31 CKpyOOepHOIO BOJIOIO, Ka Oepe yyacTh B OUUIICHHI]
BiampanpoBanux rasis. Kepisuunrso IMO st cuctem ouMIlleHHS BUXJIOITHUX ra3iB
MEPC.259 (68) nponoHyIOTh JB1 MOKJIUBOCTI JI cepTU]IKAIlil CUCTEM.
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PuHOK mpornoHye BenMuYe3HY KUIBKICTh Fa300YMCHUKIB MOKpOi [lii, TOOTO BOHH
BUKOPUCTOBYIOTh 3a00pPTHY BOAY ISl OUMIIEHHS BUXJIOMHUX ra3iB. Taki ckpy0Oepu
MOJUISIOTHCS 32 30BHIIIHIM BUTJIAIOM: 3 BIAKPUTHM 1 3aMKHYTHUM LIMKJIOM, T10pU/IHI,
BOyoBaHi1, mpudynosadoro tTumny (U-type).

Ckpy0O0epH 3 BIAKPUTHUM LUKIIOM

Cucremu 3 BIAKPUTUM KOHTYpoM (IIMKIIOM). JlaH1 cucTeMHU € HalOUIbII MPOCTH-
MU 3a KOHCTPYKII€IO 1 JIEMIEBUMHM B YAaCTUHI MOHTaXy Ta ekcruryaramii. Jlms
HeUTpasizallii CIpki y BIANPalbOBAHUX ra3aXx CUCTEMU BUKOPUCTOBYIOTH MIPUPOIHY
JY>KHICTb MOPChbKOT Bonu. LI cucteMu MOXYyTh 3a10BOJBHSATH BUMOTaM CIIOKHBaH-
Hs nanuBa 3 BMicToM cipku Bix 0,5 10 0,1% 1 BUKOPUCTOBYBATHCS y BCIX 00JIACTIX 3
JOCTaTHBOIO JTY>KHICTIO MOPCHKO1 BOJIM, 32 BUHATKOM BHUIMAJKIB, KOJU ICHYIOTH 00-
MEXEHHS Ha CKUJI CKpyOOepHO1 BOIu.

Jlesiki cUCTEMHU 3 BIAKPUTHM KOHTYPOM MOXYTh BKIIOYATH B KOHCTPYKIIIO
oOnagHaHHs Uil OYMILEHHS BOJM, L0 Mpoiiia yepe3 ckpyooep, pucynok 1 . Ile-
peBaru 1 HeJONIKU KOHCTPYKI[i CKpyOOepy 3 BIAKPUTHM LHMKJIOM MPEACTABICHI Y
Tabsui 2.

Tabnuus 2 - [lepeBaru 1 He1OJIKH CKpYOOEpy 3 BIIKPUTUM LIUKIOM

Ckpy006ep 3 BIAKPUTUM LUKJIOM

[TepeBaru Henmoniku

IIpocroTa KOHCTpYKLIii (OUIBII HU3bKA He nomyckaerbcst B JesiKUX mopTax 1 30-
BapTicTh). BuUKopucToBye MOpPCHKY BOIy 0Oe3- | Hax. He migXxoauTs [UIsi COJIOHOBATOI 1 MPIiCHOT
MOCEPEHBO 3 MOPsI, HE TMOTPIOHO HISKUX He- | Boau. s BigmoBigHOCTI BUMOram Boau o pH
0e3MeUHUX XIMIKATIB. B CIIIA notpiben Hacoc, 1110 po30aBJisie BOIY

Puc. 1 Cxema ckpy060epy BIAKPUTOTO ITUKITY

[ligxonaTh cyaHaM, siKi ONepyroTh y Binkputux mopsx. Cuctema Oepe Boay 3
KIHTCTOHOTO SIIIIMKA 1 Kayae ii uepe3 ckpyO0Oep, ouunIaroun OUIbIY YaCTUHY CIPKH 3
BUXJIOMTHUX Ta3iB, a MOTIM BUJIMBAE BOAY 3a OOpPT (B OCHOBHOMY 0e3 3a0pyaHEHHS
JUTsI HABKOJIMILIHBOT'O CEPEAOBHILA).

Ckpy0O0epH 13 3aMKHYTUM LIUKJIOM
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3amkHeH1 / Ti0puaHi cuctemu. Cuctema i3 3aMKHYTUM KOHTYPOM, CXe€Ma SKOI
MOKa3aHa Ha PUCYHKY, 3a0e3Ieuye MOXIMBICTh poOOTH CKpyOOepa B 30HaX 3 oOMe-
KEHHSIMU Ha BUITYCK TPOMMBHOI BOAM a00 3 HU3BKOIO JIYKHICTIO MOPCHKOi BOAM. Y
3aMKHYTIM CUCTEM1 TEXHOJIOT1YHA BO/IA LIUPKYIIOE 3 0aKa TEXHOJOTTYHOI BOJIU Yepe3
BEXY 1 Ha3aja B pe3epByap. TEXHOJOTTYHY BOAY OXOJIOKYIOTh B TEIUIOOOMIHHUKY
JUTsL 3MEHIIEHHS! BUNIapOBYBaHHs. TexHIYHA BOJla Cy/lHA JOJA€ThCA B TEXHOJOTIYHY
BOAY ISl KOMIIEHCAllill BUIAPOBYBAHHS TPOMUBHOI BOJIM, B TOM Yac SIK JYT J0/Ia€Th-
Cs I MIATPUMKH JY>KHOCTI. Jleska yacTMHA TEXHOJIOTIYHOI BOAM 3JIMBAETHCS 1
00poOJISIETHCS 32 TOMOMOTOI0 IeHTpUyr ado xiMmikariB. OOpoOIeHa TeXHOJIOTYHA
BOJIa MEPEHOCHUTHCS B HAKONUYYBAIBHUN pe3epByap 1 BUBAHTAXKYETHCS, KOJIU 1€
JI03BOJICHO, a 0CaJl IEPEHOCUTHLCS B pe3epByap Uil ocaay, pucyHok 2. Jlesiki cucre-
MU MOXXYTh TIPAILIOBATH SIK 3 BIAKPUTOTO, TaK 1 IO 3aMKHYTOMY IHKITY 1 HA3UBAIOTh-
csl T1i0puaHUMHU cKpyOOepamu, 1o 3abe3nedye MiABUIIEHY THYYKICTh MPU poOOTI B
yciX 0O0JacTsAX HEe3aJIeKHO BIJ JYXKHOCTI MOPCHKOi BOAM abo MpaBui, IO 00-
MEXYIOTh BHKOPHUCTAaHHS CKpyOOepiB 3 BIIKpPUTUM IIMKJIOM, OMNHC TNepeBar i
HEJ0JIKIB T1I0pUAHUX 1 CKpyOOepiB 3 3aMKHYTUM LIMKJIOM MPUBEIEHO B TaOMIuUIII 3.

Tabnuus 3 - [lepeBaru 1 HeOIIKH CKpYOOEpy 13 3aMKHYTHUM ITUKIIOM

Ckpy006ep 13 3aMKHYTUM ITUKIIOM

[TepeBaru Henmonixu

[ligBuiieHa THYYKICTb B eKCIUIyaTallil. [ligBumiena CKIAIHICTh  KOHCTPYKLIT
Moske mpairoBaTH y BCiX 00J1acTsX, He3alnexxHo | (Outbmn BHCOKI BuTpatru). lloTpiOHa mocriiiHa
BiJl JIY’)KHOCT1 a00 TeMIlepaTypu MOPCHKOi BO- | mojaaya jyxHoro cepenosuina (NaOH e neGes-

M. MIEYHHUM 1 BUMarae creuiaibHoi 00poOKH).
Exhaust gas + Closed loop works with freshwater
-------------- to which NaOH is added for the
neutralization of SO,
+ Closed-loop means zero discharge
~10 m*/MWh | in enclosed area.
] + Parasitic losses approx. 0.1% of
' the fuel consumption.
NaOH unit ~ 0.1 mYMWh
______________ ' Fresh water
FE BB - Scrubber |

Water Treatment

TE ] . ~01mY : Hddmg G
Cooling () I MWh
P i -~ —=
A L .?‘.‘ .....
I Process tank |- — 0.1 m¥MWh
Sludge tank
‘ ‘ ~0.1-0.4 kgmwh

Puc. 2 Cxema ckpy060epy 3aMKHYTOTO IIUKITY

[TigxoauTh cynHaM, ki raBatoTh B pailonax ECA a0o yacto 3aXouTh B MOPTH.
Po6ora 111€i cuctemu cxoka, SIK 1 3 BIIKPUTUM ITUKIIOM, TUTBKH BOJA HE e 3a 00pT,
a 3anumaerscs Ha cyadi. [li3Hime B MmOTpiOHOMY MOPTY OJEPKYBaHHM Clamk
3/1a€THCA.

['iOpuana cucrema
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Scrubber

Puc. 3 Cxema ribpugHoro ckpyooepy

Jlesiki cucTeMH MOKYTh MPAIlOBATH SIK 3 BIIKPUTOTO, TaK 1 MO 3aMKHYTOMY LIMK-
Jy 1 HA3UBAIOThCS T1IOPUIHUMU CKpyOOepaMu, 110 3a0e3neuye MiJIBUILEHY THYUYKICTh
npu poOOTI B yciX 00JACTAX HE3AIEKHO BiJl JIYKHOCTI MOPCHKOi BOJM a00 MpaBuil,
10 0OMEXYIOTh BUKOPUCTAHHS CKPYOOEPIB 3 BIIKPUTUM LIMKJIOM, PUCYHOK 3.

Cucrema momopoxye, ska MOEAHYE B cOOl BIAKPUTUN 1 3aKPUTUH LMK, 11O
3py4Hillle 1 EKOHOMIYHIIIE, SIKIIO TUBUTUCS B TIEPCTIEKTUBHE MaliOyTHE.

BOynoBani

BcTaHoBI0€THCS B TOJIOBHUI JBUTYH Pa3oM 3 TpyOOI0 BUXJIONHUX ra3iB. Yacto
BUKOPHUCTOBYETHCS Ha MACAKUPCHKUX Cy/IaX 1 KOHTEHHEPOBO3aX.

BukopucranHs ra3zy B SIKOCTI CyIHOBOT'O [1aJIMBA.

3pimxenuit npupoauuit ras (Liquified Natural Gas - LNG) B sikocTi nanusa. 3a-
CTOCYBaHHS Ta30BOr0 NalMBa J03BOJISE: MOBHICTIO BUKIIOYUTH BHUKUAU CIPKU 1
TBEPJMX YACTUHOK, Ha 80% 3HU3UTU BUKUIU OKCUAIB a30Ty, icToTHO (Ha 30%) cko-
POTUTU BUKUAM AIOKCUAY Byriento. Take MmajauBO BIAMOBIAE€ €KOJOTTYHHUM CTaH-
JapTaM, 3HIKYE 3HOC JBUTYHA. Ha chorogHi 1e enuHuii BUA MajuBa 3 TeMIepary-
poro cnamaxy MeHme 60 ° C, gkuil JO3BOJEHUN [0 3aCTOCYBaHHSA Ha cyAax
BIJIMOBIIHO 70 MDKHAPOHOT HOPMATUBHOI 0a3u 1 nmpaBuiaMu KiacuikamiiHux To-
BapucTB. OCHOBHI CKJIaIHOCTI TIOBCIOJJHOTO BIPOBAXKEHHSI Ta3y SIK Cy/JHOBOTO Ia-
JIMBa TIOB'A3aH1 3 HEPO3BUHEHICTIO CUCTEMH OYHKEpYBaHHS ra3oM 1 3 MOTPeOO y
BUJIUICHH1 3HAYHUX OOCSTIB IJII PO3MINIEHHS TMaJUBHUX €MHOCTEH 1 JOJAaTKOBUX
YCTaHOBOK, HAIlpUKJIaJ, KpioreHHUX. B naHuii yac nmpupoaHuil ra3 Ha cyaax 3acTo-
COBYETHCSA Y BUTIJIAJl 3PIKEHOTO BYTJIEBOAHEBOrO Tra3y, CTUCHEHOTO MPUPOJAHOIO
rasy, 3pimkeHoro npupoauaoro raszy (CIII'). HalGiabpIn nepcrneKTUBHUM JIJIsE OyHKE-
pyBanHs Benukux cyaeH € CIII'. o cynen, mo Bxe BukopuctoByiots CIII', BigHO-
CSATHCSI IOPOMU 1 O(IIOPHI CyAy, a TAKOXK CYJHA, IO MPAIOIOTh B MPUOEPEKHUX 1
BHYTPIIIHIX aKBaTOPiAX (B palloHaX KOHTPOJIIO BUKH/IIB) HA JJOCUTh MOCTIMHUX 1 KO-
POTKHUX MapUIpyTax.

BucHoBku

Cxkopouenns BukuiB SOX BUMarae creud@piuHux pilieHb, FTOJIOBHUMH 3 SIKUX €:

- mepexij 3 Bucokocipuanoro maszyty (HSFO) na mopcbkuii razoitnne (MGO) abo
TUCTHUIISITH;
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- BUKOPHUCTAHHS NaJMBa 3 Iy)K€ HU3bKUM BMICTOM CIpKH 200 CYMICHUX HaJMB-
Hux cymimei (0,5% cipkn);

- YCTaHOBKA CHUCTEM OYMILCHHS BiINpalbOBaHUX ra3iB (CKpyOOepoR), 110 103BO-
nsie mpaioBatu 31 3suyaitnum HSFO.

Bulip TexHonOrii CKOpOoYeHHsI BUKH/IIB CIPKOBMICHUX MPOAYKTIB HA OCHOBI Ha-
SABHUX aJbTEPHATUBHUX BapiaHTIB MOBUHEH 3/1MCHIOBATHCS HAa OCHOBI BCEOIUHOTO
aHai3y HaCTYMHUX (aKTOPiB BILTUBY:

- TUII 1 pO3MIp CYyJIHA, HOT0 eKCIUTyaTalliifHl XapaKTepUCTUKU;

- JIOCTYIIH1 BHJM MajuBa B PI3HI TEPMIHM, a TAKOX CKJIAJAHICTh €HEPreTUYHOI
YCTaHOBKU;

- IHTEHCUBHICTD 1 €PEKTUBHICTh EKCILTyaTallli Ta CTPOK CIY>XKOH CyJIHA 1 1H.

JIITEPATYPA
1. Muixuapoana Konsenuist MAPITOJI 73/78
2. Pesomoniss MEPC.286(71) «Ilonpasku no Joxatka VI no Konseniii MAPIIOJI
(ITpuznauenns bantificbkoro 1 [TiBHIYHOrO MOpIB B SIKOCTI pallOHIB KOHTPOJIO BU-
kuniB NOx no sipycy III) (Indopmartis, 1m0 BKIIOYAETHCS B HAKJIaHY Ha MOCTayaH-
Hsa OyHkKepHoro manua)y. [lpuitnara 7 nunas 2017 p. HaGyna uunHOCTI 1 CluHs
2019 p.
3. Pezomoniss MEPC.274(69) «llonpaBku no Jomatka IV (OcobnuBuii paiion
banTtiiicekoro mops 1 popma Csigoursa [SPP)y». [Ipuitnsrta 22 ksiTas 2016p. HaOy-
ne yuHHOCT1 1 uepBHs 2019 p.
4. Tlapmenona /I.I'., Kpaitnosa B.I. HoBi Bumoru mixkHapoaaux korBeHiiit IMO ta
kozekciB IMO, mo Becrynaiots B cuity B 2019 poui // Matepianu HayKOBO-TEXHIYHOT
koH(pepeHii «Mopcbkuil Ta piukoBHUil (JI0T: eKcIuTyartanis 1 peMoHT», 21.03.2019 —
22.03.2019.— Opeca: HY "OMA", 2019. — C.302-309.
5. Resolution MEPC.259(68) (adopted on 15 May 2015) 2015 Guide-lines for ex-
haust gas cleaning systems. — 23 p.
6. Global Sulphur Cap 2020 — extended and updated [DnexrponHsIit pecypc]. —
Pexxum noctyma: https: / www.dnvgl.com/maritime/publications/global-sulphur-
cap-2020.html
7. Guidance to Shipping Companies and Crews on Preparing for Compliance with
the 2020 ‘Global Sulphur Cap’ for Ships’ Fuel Oil in Accordance with MARPOL
Annex VI. — London: Marisec Publications, 2019. — 36 p.
8. Jlaryxos C. B. I[IpoGaemsbl 3K010ruueckoil 6€30MacHOCTU CYJ0XOACTBA: MOHO-
rpadus / C. B. Jlaryxos [u np.]. — CII6.: U3a-Bo 'YMP® um. agm. C. O. Makapo-
Ba, 2015. — 160 c.

220


http://www.dnvgl.com/maritime/publications/global-sulphur-cap-2020.html

VK 628.32.2

VY nonartiit B.b.
Hamionansauii yHiBepcuret «Oecbka MOPChKa aKaaeMis»

OcHOBHi HanpsiMK 00MeKeHHSI BUKM/AIB CIPKHM CYyIHOBUMH €HePreTHYHUMH
YCTAHOBKAMH

[HaycTpiss MOPCHKHX MEpeBEe3€Hb € OJHUM 3 Hal3HAYHIIIKX JKEpe 3a0pyJHEeH-
HS1 IOBKULIS 1 BUKHU/IIB BYTJIEKUCIIOro Ta3y Ha miuaHeTl. binbme 90% cyaeH cBiToBo-
ro ¢uoty o0naHaHO MU3eIbHUMU ABUTYHaMU. OCHOBHUM THIIOM OYyHKEpPHOTrO ma-
JUBa s SKUX € Ma3yT. OTpUMYIOTh HOTO B pe3yibTaTi MEPEeroHKU cUpoi HadTH.
Cupa HadTa MICTUTH CIpPKY, SKa MICJsS 3rOpaHHS B ABUTYHI MPUBOAMUTH JI0 MOSBH
IIKIJITTMBUX BUKHUJIIB 3 CYJICH.

Haii6inbia yBara octanHiM yacoMm OyJia IPUKYTa A0 OCHOBHOI'O MIKHApOIHOTO
IHCTPYMEHTY, 110 perjiaMeHTye BUKUAM B atMocdepy 3 cyneH, — no omatky VI
Mixunapoanoi konseniii MAPIIOJI 73/78. BiqnoBigHO 10 LbOTO TOKYMEHTY, 3Hay-
HO MOCWJIMJIUCS BUMOTH 710 OOMEKEHb MIKIUIMBUX BUKHUIB 3 CYAI€H, y TOMY YMCII 1
okcuAaiB cipku (SOy), mepin 3a Bce B Npu3HaueHUX PaiioHax KOHTPOJIO BUKHIIIB
SECA (SOx Emission control areas). SECA, — 1ie 30HH, Jie AIIOTh CTPOTIIli MpaBU-
Ja 1 BUMOTH 10 BUKUAX MPU TPAHCIIOPTYBaHHI BaHTaxiB. JIIMIT BMICTY CIpKH B Ia-
nuBi 1is cyaeH B 3oHax SECA ckianae Ha nanwmii yac 0,1%. [locunroBanHs BUMOT
3a 3micToM emicii SOy no6pe BimoopaxkeHo Ha puc. 1 [1],[4]. ['eorpadis 3on SECA
HECTPUMHO po3mHproeThesa. Ha manuit yac BoHa Bkitouae: banriiiceke 1 [liBHIuHE
Mops, Yy ToMy umcii nposuB Jla-Manmi, a Takox 3axigHe 1 CxigHe moOepexxs
[TiBHiuHOi AMepukH, MekcukaHchbKy 3aToKy 1 KapuOcbkuiil 6aceiis, 1mo BIAHOCIThHCS
no CIIA. V¥V uux palioHax HOBI €KOJIOT14HI BUMOTHM MOETAMHO BBOASTHCSA B IO Y

Mepury 4yepry.
;’2 4. &

. W

1IN momatkoso 32012 p.
32015 p.
== :2020p.

Pucynok 1 — I'eorpadiune po3ranryBanss 300 SECA

Kpim Toro, ciin 3a3Hauntu, o y 300y SECA moske OyTu BKItOUYeHUN 1 Oyab-
AKUN THIIMH MOPCHKUM pailoH, BKJIIOYAIOYM MOPTOBUM, MpU3HauyeHUd MixHapo.-
HOIO MOpchkoro oprasizamniero (IMO) BiAnoBIAHO 10 KPUTEPIiB 1 MpoOIeaAyp, BUKIA-
nenux y ponoBHeHH1 III no IV Jlogatka xonseniii MAPIIOJI 73/78. ¥V taGaumi 1
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HaJlaHl BUMOTH JJ0 OOMEKEHb BMICTY CIPKM B aKBaTOpii CBITOBOIO OKeaHy 1 30Hax

SECA, a Tako MocJiIOBHICTb iX BBeaeHHs [4],[6].

Tabmuus 1 — JluHamika 3MiHM OOMEKEHb 32 3MICTOM CIPKH Yy
CYJHOBUX OYHKEpHUX MaJIMBaXxX

. HuspkocipuaHi 3aUIIKOB1 .
Pix BcTymy JucTwiisaTHI nanusa
rajmBa
OOMExeHE B [To3a 30Hamu [To3a 30Hamu
(97813% 3ouu SECA SECA 3ouu SECA SECA
He outemr 1,5%
19 TpaBHs He 6inbm 1,5% He 6inpm (y moprax 1 Tepu-
2006 BanTiiiceke Mmope 4,5% TOpIaJIbHUX BO-
nax kpain €C)
He outemr 1,5%
2lmaerona- | P ke Mope
na 2007 e p
ta [liBHIYHE MOpEe

He outemr 0,1%

| ciuns 2008 | He Ginbm 1% (y moprax i Tepu-
TOplaJbHUX BO-
nax kpain €C)

1 ciaus 2010

. He Giapm
1 cigns 2012 3.5%
1 ciuas 2015 | He 6inemr 0,1%
. He Giapm
1 ciuns 2020 0.5%

3 1 ciyns 2020 poky [uist BCIX CYyJIIEH, AKi MaioTh 3axoau y 3oHax SECA BMicT
SOy y BiampaipoBaHUX razax He noBuHeH nepesuiysatu 0,1 r/(kBt-1).

Bwmict SOy y BUKHJAX, 3HaXOJIUTHCS B MPAMIM 3aJI€KHOCT1 BiJl BMICTY CIPKHU B
MaJIMuBL, 1 OJTHIEI0 3 OCHOBHUX HANPSIMKIB OT0 3HMKEHHS € BUKOPUCTAHHS B JIU3EIISAX
HU3bKOCIpYAaHUX NanuB. Y TaOnuul 2 HaBeAeHa KUIbKICTh IIKIJIMBUX BUKUAIB MPHU
3ropaHHi NajJuBa 3a JOCBIIOM CEpeHbOOOOPOTHUX MOPCHKUX JU3EIbHUX JBUTYHIB,
aki Oynu BupoOaeni micist 2010 p. [2].

Tabnuus 2 — KinbKicTh BUKUAIB IPU 3TOpaHH1 PI3HUX BUAIB NAJIHBa

Tull HasiBa SOy, NO« CO2 Trepmi
r/(kB1°T) r/(kB1°T) r/(kB1°T) YaCTKH
MasyT (3,5% cipkn) 13,0 9-12 580-630 1,50
Mopcbie mmsenbie ma- | 811 580-630 | 0,25-0,50
muBo (0,5% cipku) ’ ’ ’
OHHmene AHseiEHe 0.4 811 580-630 | 0,15-0,25
nauso (0,1% cipkn)

3 HaBeIEHMX JAaHUX BHUJIHO, IO MPU EKCIUTyaTallii CyJHOBUX IU3EIIB Ha Tpa-
JTUIIHHUX MaJIMBaX BUKOHATH BUMOTH KOHBEHIII1 HE MPEICTABISIETHCS MOKIUBHM.
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VY curyarii, o ckianacs, CyJHOBIACHUKH, ONEPaTOPHU CyJeH Ta OYHKEpHI KOM-
naHii copMyBaii TP OCHOBHI HANPSMKHU BUPILICHHS JaHOI MPOOJIEMHU:

— mepexiJ Ha OUIbII YMCTIIIE 1 JOPOXKYe NATUBO (IUCTUISATH, Y TOMY YHCII
MOPCBHKHI Ta30iJib);

— BUKOPUCTAHHS YCTATKyBaHHS MO OYMILEHHIO CYTHOBUX BUKHIIIB (CKpYOEpH);

— BUKOPHUCTaHHS 3pipkeHoro npupoanoro rasy (3I10).

Koxen 3 BkazaHux BapiaHTiB Mae Henoliku. Cepesl OCHOBHMX HEJOJIIKIB Iepe-
X0y CylIeH Ha MOpPCHKHUW Ta30illib HEOOXIAHO BIA3HAYWTH, IO JJIS YACTUHU
TOPTiBEILHOTO (JIOTY 1€ YCKJIQJHEHO YHACIHIIOK 3HOIIEHOCTI MajJWBHOI CYJITHOBOI
anaparypu. Kpim Toro, 1iHa Ha MOPCBKHI ra3oiiib Ma€ TEHICHIUIO 0 3pOCTaHHS,
sKa TTOCUITIOBATUMETHCS 13 30UIbILIEHHSM MOIUTY Ha 1€ BUJ MMaluBa.

OcCHOBHUMU HEJ0JIIKaMu CKpyOepiB (MPUCTPiil, SIKU BUKOPUCTOBYETHCS IS
OYMILEHHSI Ta30TMOJIOHUX CEPEJAOBUII Bil JOMIIIOK B PI3HUX XIMIKO-T€XHOJIOTTYHUX
MpoIiecax) €:

— BEJIMKI pO3MIpH 1 Bara MpUCTPOIO, 110 A03BOJISIE€ iX BUKOPUCTOBYBATH JIMILIE HA
BEJTMKOra0apUTHUX CYJHAX;

— BUCOKA BapTIiCTh npuctporo. [1oTpiOH1 TeXHIYHI pillIEHHS 32 CUCTEMOIO Cera-
paiii 1 3HKEHHIO Baru MpucTpoIo.

OCHOBHUMH YMHHUKaMH, 10 oOMexytoTh BukopuctanHs 3III" sik MoTOpHOrO
najauBa Ha CyJHax, €:

— BIZICYTHICTB OeperoBoi iHppacTpyKTypu Juis noctayanHs 1 36epiranns 311T;

— CIIPOMOXKHICTh 10 POOOTH Ha ra3i roJIOBHUX JABUTYHIB 1 €HEPreTUYHOI ycTa-
HOBKU,;

— JoJlaTKoBa KyOaTypa juist 30epiranns Oynkepa 311" Ha cyaui;

— CTBOPEHHS CIIELIaJIbHUX Ta30MaIUBHUX CUCTEM;

— HEOOXIAHICTh MEePEMiIrOTOBKYU MPalliBHUKIB CYyJIEH.

3a ominkamu kiacudikamiiinoi cniibHOTH Det Norske Veritas 1 Germanischer
Lloyd (DNV GL), Bxwurok 3III" ais cBitoBoro 6ynkepyBanusa 10 2030 p. mocsrue

16,2 mapx v [3] (puc. 2).
16,2
8,1
2,8
- = l

2015 2020 2025 2030
Pucynoxk 2 — [Iporno3s csiroBoro nonuty Ha 3I1I" ik GyHKepHE naluBo,

miH. T. (DNV GL)

Sk momepenHsl mepeBipKa BIAMOBIAHOCTI CYJIEH pEriiaMeHTy mependayaeThes
MOHITOPUHT BUKUAIB SOy 32 JOMOMOTOI0 JUCTAHIIIMHUX AaTYHKIB [6].

L1 xii HampaBieH1 Ha Te, MO0 11eHTU(dIKYBaTH CyJHA, SIKI MalOTh OYTH MOJalb-
e 1HCIIEKTOBAaH1 CIIY»OO0I0 Jep)KaBHOTO KOHTpoit mopty, — Port State Control
(PSC). Heob6ximHO BiA3HAYUTH, 1110 TAKUHA MOHITOPUHT HE 3JJaTHUN 3aMIHUTH OOpPTO-
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BUl Bi0ip npoO naynuBa, ockuibku ciayk6u PSC ropunnyHo 3000B'13aH1 MOKJIa1a-
THUCS JIUIIIE HA aHall3 (PI3UYHUX 3pa3KiB MaIMBa.

BucHoBkHu
1. HoBi Bumoru IMO naGpamu umnHHOCTI 3 1 ciuna 2020 p. 1 JiOTh y BCIX
MDKHAPOJHUX BOJIaX, TOPKAIOUM IHTEPECH CYTHOBIACHUKIB Oubie 70 TUC. Cy/eH.
2. BuMoru 10 oOMeXeHb BMICTY CIPKH Y MaJlMBi, 1110 BUKOpUCTOBYEThCS 110 0,5 % y
MDKHApOJHUX BOJAX € JIOMOBHEHHSIM J10 OOMEXKEHb, 1110 Ait0Th, B 0,1 % y miBHIYHO-
aMEepUKaHChKUX 1 aMepukaHCcbkux pailonax KapuOcbkoro Oaceiiny, IliBHiuHOTO 1
BbanTificbkkoro mMopiB 1 iHmux paiioHax SECA.
3. CxopouenHst BUKuiB SOx BUMarae creliipiyHuX pillieHb, TOJIOBHUMH 3 SIKUX €:
— mepexij] 3 BUCOKOCIPYAHOr0 Ma3yTy Ha MOPCHKUM Ta30iliib a00 TUCTUIISTH;
— BUKOPHUCTaHHS NalKBa 3 YK€ HU3bKUM BMICTOM CIPKH 200 CYMICHUX MAJIMBHHUX
cymimett (0,5 % cipkn);
— 000alHaHHS CYJIEH JUIsl BUKOPUCTaHHS ajJbTePHATUBHUX BUIB IMaJMBa, TAKUX
sk 3I1I" abo 1H111 BUAH, 1110 HE MICTITh CIPKH;
— BCTAHOBJICHHS YCTAaTKYBaHHsI JIJISl OYMIIEHHS BIAIpPAllbOBaHUX ra3iB (CKpyOepiB),
10 JTO3BOJISIE MPALIOBATH 13 3BUMAITHIM BUCOKOCIPUYAHUM Ma3yTOM.
4. PezynbratroM IMO 2020 OynyTh HETaTUBHI €KOHOMIUHI HACHIJIKH SIK ISl TIEPEBi3-
HUKIB, TaK 1 Ui BaHTa)XKOBIAMPABHUKIB, aJie €KOJIOTTYH1 HACIIKH CTaHYTh MO3UTHB-
HUM YMHHHUKOM. [Ipornosyetscs, mo IMO 2020 ckopoTuTh 3arajibHi BUKUIA OKCH-
ny cipku Ha 85%.
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YK 656.61.050.4(042.3)

Jannnenko /I.B.
Hamionansauiil yHiBepcuret «Opecbka MOPChKa akaaeMisi»
Bruius J10aCbKOro (pakTopy Ha NPUYMHHU aBapiil B Mope

[TincymKku po3ciiiyBaHHs aBapifHUX MOAINM Ha MOpE MOKa3yloTh, IO X OCHOB-
HOIO NMPUYMHOIO € TOMUWIKH, SIKMX MPUITYCKAIOTHCS eKiMakaMH IpH yIpaBIliHHI CY/I-
HaMHU, a TaKOX YIYHIEHHS OeperoBUX OpraHizailid, 3allHATUX B OOCIYroBYBaHHI
¢b0Ty, TOOTO HEraTUBHI BILIMBY JIIOACHKOTO (paKTopy.

Icayrounii Tepmin "dopc - maxkop" abo mii HemepeOOPHUX CHII, SIK IPABUIIO,
3BOJUTHCA 10 MiHIMyMy. IIITopMOBI MOroAH1 yMOBH MOKYTh OyTH MPOTHO30BAHI 1
BpaxoBaHi MpU CKIAJaHHI MapuIpyTy nepexony. BpaxoByeThcs 1b0/10Ba 00CTaHOB-
ka. [lnaBaHHs B TyMaHi MiggaeTbcs oOJIIKy Ta MOxke OyTH ckopuroaHo. "dopc-
Makopom» Xi0a 110 MOXKHA Ha3BaTH IIJIBOJHE BUBEPKEHHS BYJIKaHa, a0o, 110 30-
BCIM MaJIOUMOBIPHO, MaJiHHS METEOpUTA. Y YMHHOMY ,,HALlIOHATBHOMY JOKYMEHTI
"TlooxeHHs Mo MOPSAOK Kiacudikallli, po3ciilyBaHHsI Ta 00JIIKYy aBapifHUX BH-
nankiB 3 cynHamu" (ITPAC-90) y nogatky 1 HaBoguThCs KiacudikaiiiiiHa TaOIuIls
aBapiiiHUX BUMNAJAKIB. Y M. 3 BUIUICHI NPUYMHHU aBapiiiHUX BUMAAKIB — "O€3 BUHU
exinaxy". OgHaK, MOCUIaHHS Ha BIACYTHICTh BUHU (OUIBII MPaBUIBHO — MpPUYET-
HOCTI) €KIlMa)Ky He TOBOPUTH, IO TYT HE MPUCYTHIN JIOACHKHM (hakTOp, a came: 1o-
rabHe HasiraumiiHe-rigporpadiune 3a0e3neyeHHsl, KOHCTPYKTUBHI HEIONIKU CYJHA,
HESKICHUN PEMOHT, HEMPAaBUIJIbHA MOJIITUKA CYJAHOIJIABHOI KOMMAaH1i 1010 0e3MeKH,
HEJIOCTAaTHIM KOHTpOJIb 3 OOKy Kiacudikauiinux toBapuctB. Cucrema MKVD,
BIIPOBAa/)KyBaHa B JIaHWW 4Yac, CTaBUTh CBOEID METOIO PO3MOJUIUTH BIANOBIIAb-
HICTh 32 KOHTpOJieM O€3MeKU CYAHOIIABCTBA MIXK CYJHOBIIACHUKOM 1 CYJHOBHUM II€-
PCOHAJIOM.

HaliBa>xmuBiluM TOKYMEHTOM, MOB'SI3aHUM 3 pO3CIiAYyBaHHSM aBapii, € Pe3o-
mouig IMO A. 849(20) — "Koxekcy 3 po3ciiiiyBaHHsI MOPChKHUX aBapiil Ta 1HIM]IE-
HTiB". 3rigHo 3 KogekcoM Bci aBapiiiHi moAil KiIacuikyroThCs K "myxe cepilo3Hi
aBapii, cepiio3Hi aBapii 1 MOPCHKI IHIIMIEHTH".

He Menm BaxymBuMm nokymeHToM € Pesomroriss IMO A. 884(21) — "Jlomog-
HeHHs 10 Kozgekey 3 po3ciigyBaHHs MOPCHKUX aBapiil Ta IHUUMAEHTIB". Y 1bOMY J10-
KYMEHTI BiJOOpa)XeHO POJb JIIOACHKOTO (PaKTOPY 1 BUCBITICHO LUIMH psAJl MUTaHb
I0JI0 MOBEAIHKA OCOOMCTOCTI y (i3UuHOMY, (i310JOTTYHOMY, MCUXOJOTTYHOMY 1
MICUXOCOIIATbHOMY acCleKTaxX Ta 0OMEKEeHHS JII0IMHU-0TIepaTopa Ha CY/HI.

e 3a micth pokiB a0 nosisu Pezomronii IMO (21) Oyna npuiinsta Pe3ontonis
A. 772(18) — "dakTopu BTOMHU NPU YKOMIUIEKTYBaHHS Cy/A€H eKinmaxkamu". Y 10-
KyMEHTI BC1 (paKTOpu BTOMU PO3MOAUISIOTHCS MOB'SI3aHUX MK COOOIO TPYII:

11) 3aJ1€XaTh Bl yIpaBIiHHS Ha Oepe3l Ha CyJHE, IPOrpPaMHOro 3a0e3MneYeHHs;

0) 3ajeXxaTh BiJ TEXHIYHOTO YCTAaTKyBAaHHS Ha CyJAHI, CTyNeHs aBTOMaTH3allii,
YMOB JKUTTS 1 pOOOTH;

B) akTopu, 1110 BIAHOCATHCS JO EKIMaxy, 3aJIe’KaTh BiJl MIATOTOBKH, KOMIIETEH-
1111, KOHCOJIi1a1li1 KOJICKTURY;

I') 3aJ1€XKaTh BiJl BIUIMBY HABKOJIMIIIHHOTO CEPEIOBUIIIA.
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VY Pesomionii A. 884 HaBoauThcs cxema, siky ckiaB Hawkins, mae aGpeBiaTypy
SHEL (software — mporpamue 3abe3neuenHsi, hardware —texHiuHe 3a0e3MeueHHs],
environment -- HaBKOJIMIITHE cepeloBHIle, liveware — mtoauHa). B 1ieHTpi cxemu
3HAXOJIUTHCS JIOAMHA (KaliTaH), BIH MOB'A3aHUN 3 MPOrpaMHUM 3a0€3MeUYeHHSM, 3
TEXHIYHUM 3a0€3MEeUEHHSIM, 3 HABKOJIMILIHIM CEPEOBUIIIEM, a TAKOXK 3 KOJIEKTUBOM.

3 12.09.97 nabyna unnHocTi mupkyspauit auct IMO MSC/circ/827 — nomnosi-
11 po aBapii Ta iHuuaeHTu Ha Mopi. [loBigomiienns IMO nisraiors gyxe cepio-
3H1 aBapii, MPO MOPCHKHUX IHIMJICHTH TMOBIAOMIISIETHCS, SIKIIO € BAXJIMBI YPOKHU Ha
MaiOyTHe. Y nomaTKy 2 NaHOro LUPKYJspa MyHKTH 8-10 MOBHICTIO CTOCYIOTHCS
BCIX AaCIEKTIB JIIOJCHKOT OCOOMCTOCTI, TEXHIYHOIO 1 MPOTrpaMHOro 3abe3reyeHHs,
BIUIMBY HABKOJUIIHHOTO CEPEIOBHUIIA, a TAKOX CTYMNEHsS JOMYCKalOThCS OMeparo-
POM MOMMUJIOK.

XoTuiocst 6 3BepHYTH yBary Ha BCTAHOBJICHHS THIy Ta XapakTepy MOPYIICHHS.
IX MO’KHA MOMIIUTH HA HABMHUCHI TA HEHABMUCHI il

HenaBmucHi aii, B CBOIO 4epry, BKIIOYAIOTh ABI Kateropii: slip

— MOMWJIKA, HEBIPHUM KPOK, MPOMax — TOB'I3aH1 TOJJOBHUM YUHOM 3 HEYBaXK-
HICTIO, lapse — ynyllleHHs, 3a3B1uail MoB'sA3aHe 3 3a0yAbKYBaTICTIO.

HaBmucHi 111 TakoX MOAUIAIOTHCS Ha JBI KaTeropli: mistake —rmomMuiika, sika
BUHUKA€E Yepe3 HepO3yMiHHS MpaBuJl, IHCTPYKILIH a00 He3HaHH4, violation — mopy-
HICHHS, SIK€ BUMHAETHCS YMUCHO, BCyNepey ICHYIOUUM IUIAHOM, THCTPYKIIISIMU, Tpa-
BUJIAMU 1 € CAMHM Ba)XKUM TUIIOM MOMUJIIKU. 3pO3yMLI0, HE MOXKHA BCl BHILETIEpe-
JYeH1 rpajamii po3KiIacTH Mo cBoix Himax. Hampukian, sKujo mrypmaH npu Kope-
KTyp1 KapTH M0 HEYBaXXHOCT1 3a0yB BI/I3HAYUTU (aKT MEepeHEeCeHHs Oys Ha 1HILE Mi-
cie ado He 3a3Ha4MB Oy/b-IKYy MUIMHY, CYAHO MOXE a00 TOPKHYTHUCS IPYHTY, abo
3aiiTu B 3a00pOHEHMI AJid TU1aBaHHs paiioH. ToMy rpajaiiis 3a THIIOM MOMMJIOK 3Ti-
nHo Kojekcy He Moke OyTH OJJHO3HAYHOO. SKIIO0 BpaxoByBaTH NCUXO0(}1310JI0T1UHI
0COOJIMBOCTI XapakTepy omnepaTopa (CyaHOBOJIS, MEXaHiKa, 1 1H), TO 4acTo 11 0C00-
JUBOCTI MOXXYTh CTaTH NPUYUHOIO MOMWIOK, SIKI BUKJIUKAIU i, 110 MPU3BEIH J0
aBapiitHoi cutyaiii. lle — caMmoBneBHEHICTb, HEAOATICTh, BIACYTHICTh MOYYTTS BiJ-
MOBiaILHOCTI a00 obOepekHocTl. Cepiio3HUM HAaBMUCHUM TMOPYIICHHSM € KOMEp-
[1H1 BUMOTH, 5Kl CYIPOBO/KYBaJId TOPrOBOI'O MOPEIUIABaHHS 3 HE3amaM'siTHUX 4Ya-
ciB. Ha mouatky XX cTOMITTS KOMEpPIIiiHI BUMOTH cripusiin 3aruoeni « Tutanika». Y
ciuril 2001 poky B pe3yibTaTl NMepeBaHTAXKEHHA CyaHa, B YOpHOMY MOp1 MOTOHYB
1/x "[lam'ssTe Mepkypis", 3arudens sxoro 3abpana 20 mroacbkkux KuTTiB. Kamitan
cynHa OyB o3HallomyieHUH 3 1H(GOpMAIIE€0 PO OCTIMHOCTI /1 HEMOTOIUTIOBAHOCTI, B
Hiil BKa3yBajocs, 1110 MaKCUMallbHa KUIBKICTh BaHTaxy Mae OyTu He Ounbiie 200 1, y
TOMY 4ucii He Outbine 25 T Ha nanydy. OgHak Ha cynHo Oyio 3anypene 324 T, y
Tomy uncii 234 T Ha nanyOy. Matouu Ha 60pTy paaioo0IaHAHHS, SIKE PErIaMEeHTY-
Bajio AoTpuMaHHs He nami 20-25 muipb Bij Oepera, KamiTaH 3A1MCHIOBaB MapuHIpyT
gyepe3 HEeHTpalibHy YacTuHy Mops 31 CramOyna B €Bmatopito. OTxe, KamiTaH 3HaB,
1o /i€ BCymepeu MIaHy Ta IHCTPYKIH, ajge BiH MOPYIIMB iX, BUKOHYIOYH KOMeEp-
[1HI BUMOTH CYJHOBJACHUKa Ta omneparopa. XOoTuiocd O 3ayBa)KUTH, 110 ChOTOAHI
npaBoBe Moje YKpaiHu HeJ0CTaTHBO 3a0e3Meuye 3aXUCT KaliTaHa BiJ IUKTAaTy Troc-
nojaps 1moao komepiiitanux sumor. Y kouseHIlii COJIAC rnasa IX (MKVYB), Pe3o-
mromii A. 741118) m. 3.2 po3risnarThCs MUTAHHS 3a0€3MEeUeHHs BIAMOBIAAIBLHOCTI
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3a Ge3neKy MOpEIJIaBCTBA Ta OXOPOHY HABKOJHMIIHBOTO cepenoBuia. [1. 4 Bumarae
HAssBHOCT1 B KOMMaHIi BIIMOBIIAJILHOTO 3a 3a0e3nedyeHHs Oe3neku ocodu. B peso-
mouii IMO A. 847(20) "KepiBHULITBO 3 HaJaHHS JONOMOTHU JiepKaBaM Iparnopa B
3niicHeHH1 JokyMeHTiB IMO" B JlogaBanHi 1. 7.2 ieTbca MpoO MOKapaHHs BIACHU-
Ka, AKUM CIIOHYKAa€ KalliTaHa NOpYyIyBaTH Oy1b-IKOTO MOJOKEHHS.

["oBOpsiuM PO 0COOJIMBOCTI JIFOJUHM, SIK OIEpaTopa, A1I0U0ro Ha Cy/AHi, HeoOXi-
JTHO BpaxoBYBaTU PUCH HOTO XapakTepy 1 BUKOPUCTOBYBATH 1I€ 3 MAKCUMAJIbHO MO-
XKJIUBOIO KopucTio. Y 1997 poui Nautical Institute (Mopcekuit [HCTUTYT) BUIaB Ke-
piBHMIITBO, sike HamucaB kamitad Tallock, "Commercial management for
shipmasters" ("KomepiiiitHe kepiBHHIITBO IS KamiTaHiB cyaeH"). TyT mokiamHo po-
30uparoThesa (Pi31070T1UHI Ta TCUXOJIOTTYHI 0COOIMBOCTI ocoducTocTi. Mozenb i-
JIUTh BECh CY/THOBUM MEPCOHAI HA J[BA TUIIU:

€KCTpaBepPTH — IMCUXOJIOTTYHUM CKJIaJl UX OCOOUCTOCTEN CHpPSIMOBaHUM, roJIo-
BHHMM YMHOM, Ha 30BHIIIHIHI CBIT, 30BHIIIHI IPEIMETH;

IHTPOBEPTU — X MCUXOJOTTYHUHN CKIIAJ 30CEPEIHKYETHCS HA CBOEMY BHYTpIII-
HBOMY CBITI, Ha COOL.

VY cBo Yepry, mepiiui TUIM IUIUTHCS Ha JBI KaTeropii, yYMOBHO iX MOJKHa Ha-
3BatH "thinkers" — "mucinsaui" 1 "sensors" — "uyBcTBeHHMKH". Hanpuxnan, "muc-
ns4l" Ay’e CUIIbHI B aHalli31, MPOEKTYyBaHHI, sike 0a3yeThCsl HAa pallioHai3Ml 1 JIOTi-
ui. PazoM 3 TUM BOHM cnabKi y BIPOBAJKEHHI pilieHb. "UyBCTBEHHUKHU'", HABMAKH,
MOTaHO IJIAHYIOTh, aJie 3aTe €HEPTriiiHl MPU BUKOHAHHI 3alyMIB 1 CUJIbHI B MMPaKTHUY-

Hii poOOTI.
Hpyruii THI — IHTPOBEPTH (IHTPOCHEKTUBHI OCOOUCTOCTI), TAKOX MOJUISIOTHCS
Ha 11B1 Kareropii. Lle "intuitors" — "taTyiTUBIcTH", 1 "feelers" — "pacno3znaBaTemi".

"[HTYiTUBICTH" CIIMPAIOTHCS HA 3HAHHS 1 JOCBIJ, CHJIbHI B 3araJIbHOMY OTJISIIL, OJI-
HaK BTPAyaloTh AeTai. IM BIacTuBi nepeauyTTs i migo3pinicts. BonoaioTs aberpa-
KTHUM MHUCIICHHSIM. "Pacro3HaBatenu" MaloTh eMOIIWHUN CKiIaj, J00Ope BHUKAIOTh
y JeTali, IpiOHUIll, CYTHOCTI, aj€ 4acoM HE MOoMivaroTh 3araibHuX ¢akTtiB. [Ipumi-
JSI0Th yBary KOHKPETHKH.

3rimHo Mojedi, siky 3actocoBye Kapi FOHr, 0coOMCTOCTI IUIATHCS B 3aJI€KHOCTI
B1JI MJIXOAY 10 pOOOTH HA YOTUPH THUIIH:

OCOOHUCTICTh aHAJIITUYHOTO CKJIany (BiJNoBigae Ha muTaHHsa "gak?");

0COOUCTICTH ornepaTopa (BiAMOBIIa€E HA MUTaHHS TUNY "m0?");

OCOOUCTICTH AOOPO3UUIMBOIO TUIY (BIAMNOBIIA€ HAa MUTAaHHA "doMy?");

eKcrpecuBHa 0co0y (BIAMOBIIA€ HAa MUTAaHHA "XTO?").

VY peanbHOMY KUTTI JIOACHKI XapaKTEepH HE 3aBXKIU MOKJIMBO BIAHECTH JI0 O
HI€T 3 BUILENIepeniueHnXx kateropid. KpiM Toro, oauH i TOM X JIIOAMHA B Pi3HUX CH-
Tyalisax nposBisie cede mno - pisHomy. OCHOBHa MeTa Tpajiailii — BIpHO PO3IMi3HATH
XapakTep 0COOMCTOCTI AJIsl AKICHOTO KOHCOJIITyBaHHS Cy/THOBOTO E€KIMaXKYy.

XoTuiocst 6 3yNUHUTHUCS IIe Ha OJHOMY acnekTi. [ly»ke yacTo KOMaHIHUM Tep-
COHAJI CYAIB y MPUUHATTI OyJb-KOi BIANOBIAAIBHUX PIIIEHb CTUKAETHCS 3 (AKTO-
poM ediuTy yacy. Y OUIbLIOCTI BUIMAJKIB IPM BUHUKHEHHI MTPOOJIEMU ICHYE piBHA
3QJIKHICTh MK CKJIQJIHICTIO 3aBJIaHHS, TMHAMIYHICTIO HAPOCTAHHS 1 HEBU3HAYCHIC-
Ti0 pimeHHs. el ke nmpuHUUI 30€epira€ThCsl, TUIBKU B 3BOPOTHOMY MOPSJIKY, MPHU
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3MEHILIEHHI CKJIaJHOCTI cuTyarii. Tomy, 1[IKaBO 3HATH PO BUIU PILIEHb, 110 MPUK-
MalOThCsl 111 PO3PSJIKM CUTYAIlIi:

1) crepeorunHi pimieHHs (3aCHOBaHI Ha PEKOMEHIAISIX B HOPMATUBHUX JIOKY-
MEHTaXx 1 BKJIIOYAIOTh MEPEiK PI3HUX MPOLEeayp),

2) anbTepHATUBHI pilIEHHS (BUKOPUCTaHHS PI3HUX BAPIaHTIB 1 aJbTEPHATUBHUX
CXEM),

3)eBpucCTUYHI pillIeHHs (X04a 1eil BUJ pillleHHs sBJIsi€ panToBe "OCAsSHHS" Yy CBi-
JIOMOCTI, IAIPYHTSIM MOr0 € HAKOMUYEH] 3HAHHSA 1 JOCBIJ), BUMIAJKOB1 pillICHHS (Ta-
KO MOXYTh MaTH MICIE, BUXOJSIYH 3 allPIOPHOTO JOCBIAY).

HaBeneni npuxnanu aBapiii JOCUTh SCHO UTIOCTPYIOTh BIUIMB JIIOJCHKOTO (hax-
TOpPY Ha iX MPUUHHH.

26.11.99 karamapan "MS Sleipner", npanop Hopserii, B IliBHiuHOMY MODi, B
peiici 3 beprena B CraBaHrep, BUCKOUYMB Ha pudu 3 noBHoro xoay (35 Bysinis). B
pe3yibTati aBapii 0yJno 3pyiHoBaHOo moHan 60% muuma. 3 85 ocid (9 wieHiB eximna-
Ky, peliTa — nacakupu) 3arunyno 16. [IpuunHoro gaHoro BUNaaKy € HekBaiiko-
BaHE YMpPaBJiHHS IIBUAKOXITHUM 3aCO00M, NIOTAHE CIOCTEPEKEHHS 3a HABKOJMUII-
HBOIO 00CTaHOBKOIO, MEPEBUILIEHHS IIBUJIKOCT1 B OCIHHbO-3UMOBHI Mepioj yacy.

17.01.2000 y KapkiniTcekiit 3aToui YopHOro MOpsi B IITOPMOBUX yMOBax mepe-
namaBcd T/x "CnaBytuu-16". KpiM HenpaBuibHOrO MaHEBpPYBaHHS, sIKE 3[1HCHIOBAB
KaliTaH Cy/AHa, BII3HAYEHO pAJl IHIIMX NPUYMH aBapii. Bapto Oyno 0 3amatucs nu-
TaHHSIM — YOMY CYJIHO Y BIlll IEB'SITH POKIB €KCILTyaTyBaJOCs 3 IEMEHTHUMU SIIIIU-
KaMH B JHIIIEBOT YaCTUHU HaboOpy (mepesom cTaBcs B paloHi mux smukiB). [pu
JOKOBaHH1 MIIBOJTHOTO Cy/HA HE Oyi0 3po0JIeHO BIAMOBIIHE MIAKPIIJICHHS HA00py
nHUIEeBnX cekiin. Kontposnp knacudikaiiiHoro ToBapucTBa, a TakoXK CYJTHOBJIAC-
HUKa 332 CTAaHOM Kopiycy OyB HenoctatHii. [1ig BimuBoM 20 XBUIMHHOTO HECIIPUS-
TIMBOTO XBUJIIOBAaHHS CTajacs aBapis.

3. 02.02.2000 B paitoni Pociiicbkoro y36epexoks KaBka3y, B IITOPMOBUX YMO-
BaX, 3a3HaB aBapito KOopadis (MepeoMuBCs Ha JBl 4YaCTHHU 1 3aTOoHYB) T/X "Tikci",
npanop KamOomxi, 6araMchbKuil Cy/THOBJIACHUK, YKPATHChKUM OmepaTop, eKimax —
rpomajisinn Ykpainu. [lin dyac aBapii 3aruHyB oAMH WieH ekinaxy. Kamitan cygHa
NPUIHAB HEBIpHE PINIEHHS — CIIAYBaTH NpPU3HAYEHHSIM 03 BCeOIYHOro aHami3zy
MPOrHO3Y MOr0JIM 1 BpaXyBaHHs pekoMeHaallii somii YopHoro mops. 3a 1Ba 3 moJio-
BHUHOIO MICSIIl A0 aBapii Ha cyAH1 OyB 3poOjeHuil peMoHT Ha XepcoHcbkomy CP3.
3rigHo 3 BUCHOBKOM KamiTaHa nopTy HoBopociiichk, MOOIYHO MPUYETHUM 0 MOAIT
3'IBUBCS CY/JHOBJIACHUK, a TaKOX NPEICTaBHUKU Kiacu(iKaliiHOrO TOBapHUCTBA,
KOHTPOJIIOBAJIA PEMOHT.

4. 14.03.01 1/x "Anwkop". Ilpu HaBaHTaXEHHI KOHTECUHEPIB OUISI TEpMIHATY
Xepcoucbkoro CP3 BinOynocs pizke HakpeHeHHs cyaHa (10 30°) 3 mojganbliuM Ta-
JiHHSAM 3a 0opT 22 KoHTeMHepiB. Sk 3'sicyBanocs miJ yac po3CiilyBaHHs, IEPCOHAT
TEepMiHaATYy NOPYIIMB TEXHOJIOTTYHUIA PEXUM 3aBaHTAXKEHHS KOHTEHHEpIB, HE 3/iic-
HUB PO3paxyHKH BaHTa)XHOTO IJIaHy, HE KOHTPOJIOBAaB Bary KoHrtelHepiB. CynHoO-
BOAIMHUI CKJaJ CyJaHA TaKOX JOMYCTUB LIUIMHA PsiJl MOPYIIEHb: PO3PAXyHOK OCTIH-
HOCT1 BUKOHAHUN HENMpaBUIILHO, HE MpPOBEJeHA OallacTyBaHHS TaHKIB MOJBIHHOTO
nHa, OyB BIACYTHIH KOHTPOJb Barkd KOHTEIHEPIB 1 CIOCTEPEKEHHS 3a IIBAPTOBUMU
KIHISIMU.
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Hapeneni npukiaam HAOUYHO MOKA3YIOTh, 110 TIOTOHI YMOBH € JAJIEKO HE OCHO-
BHOIO TNPUYUHOIO BUHUKHEHHS aBapidHOi cuTyallii. BupimaabHUMU € TIOMUJIKH 1
yIYIIEHHS B JIISJILHOCTI CYJAHOBOTO Ta OE€peroBoro nepcoHany. BnpoBamkeHHs BU-
mor MKVYb, nanaromxeHnHs Ouibll TICHOT 3B'SI3KM "Oeper-cyaHo", MiBUIIEHHS PiB-
Hs KOMIIETEHIIII CYJHOBOTO Ta OE€peroBOro IMEPCOHANy, KOMIUICKTAIlld €KiMaxiB 3
ypaxyBaHHSIM TCUXO0(1310JIOTTYHUX BIACTUBOCTEH KOXXHOI OCOOMCTOCTI JOIOMO-
KYTh 3HAYHO 3MCHIIIUTH HETaTUBHUMN BIUIMB JIFOACHKOTO (pakTopy Ha Oe3meKky mMope-
TJIaBCTBA.
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CYYACHI THOOPMAIIIMHI TEXHOJIOTTI B OCBITI TA IHHIOMOBHA
HIATOTOBKA CYIHOBUX ITH)KEHEPIB

VJIK 378.147.091.33:378.4:[656.61(477.74)]JHY «OM A»

Kopx M.B., Kynakos M.O.
Hamionansauii yHiBepcuret «Oechbka MOPChKa akaaeMisi»

InHoBaniiHMI MeTOX BUKIAAAHHA JUCHHUILUIIH Y MOPCbKOMY HABYAJIbHOMY
3aKJani

HaliBaxxnuBima MeTa cydyacHOT MOPCBhKO1 MPOQeciiiHOT OCBITH - 1aTH MalOyTHB-
oMy (axiBII0 MOPCHKOTO (DJIOTY HE TUIbKH MEBHUM KOMILJIEKC 3HaHb 1 HABUYOK, a i
YCTAaHOBKY Ha CaMOOCBITY 1 PO3BHUTOK, O€3MepepBHE PO3LIUPEHHS 1 MOTIUOJICHHS
3HaHb 1 yMiHb. Takuil MiAXiJ 10 MIATOTOBKM MalOYyTHIX MpodecioHaniB, 3JaTHUX 10
caMo(OpMyBaHHS PO3BUHEHOI OCOOMCTOCTI 3 HEOOXITHUMH MPODECIHHUMHU SIKOCTSI-
MU, MOXKJIMBUH MPU PO3YMHOMY MOEIHAHHI TPAAMIIIMHUX Ta IHHOBALIMHUX METO/IIB
HaBuaHHs [1]. Lle Bumarae Bijg MalOyTHIX 1HXEHEPIB MOPCHKOTO (JIOTY aKTUBi3aIlii
iX IHTENEKTyaJlbHOrO MOTEHI[laNny, MPOSBY IHILIATUBH, MNPOQPECIHHOT KOMIIETEHT-
HOCT1, KOMYHIKa0eJIbHOCT1, TBOPYOIO 1 BIAMOBIAAIBHOTO CTaBJICHHS 1O BUPIIICHHS
Cy4YacCHUX MPOOJIEM.

HeoOxigHICTh 3aCTOCYBaHHS HOBUX 1H(MOPMAIIMHIX TEXHOJIOT1H B HABYAJIbHOMY
mpoleci MoB's3aHa 3 TUM, IO 3a JIONOMOIOI0 TPAJULIMHUX METOIB BUKJIaAaHHS
BXK€ HEMOXKJIMBO MIATOTYBaTH Cy4acHUX BUcCOKompodeciiHux ¢axiBuiB. JJo Toro x
KOMIT'TOTEPHI TEXHOJIOT1i HAaBYAaHHS CHPHUSIOTH MIABUINEHHIO 1THTEPECY MOJIOAI JO
IH)KEHEepHOi Mpalll Ta TBOPUOCTi. Bce 11e BUMarae HOBUX METO[IB 1 CIOCOOIB HaB-
yaHHS (axiBIIB CY4aCHUM MpHUiloMaM 1H)XEHEpHOi Mpalll, a BUCOKAa KOHKYPEHTOC-
MPOMOXKHICTh 1HXEHEPHUX KaJpiB B PUHKOBUX YMOBaxX MOJKJIMBaA IMpHU KBalliiko-
BaHIi MiIrOTOBII1 T4 BUIbHOMY CHUIKYBaHHI 3 KOMI'IOTEPOM.

OcBiTHIii Tpoliec HaOyBa€ Macy JOCTOITHCTB NMPH BUKOPUCTAHHI €JIEKTPOHHOIO
KypCy BHMBYEHHS HaBYAJIbHOI TUCUUIUIIHHU, IO JO03BOJIE OpPraHi3yBaTU €JUHUMN
OCBITHIM TPOCTIp AJIA KypCaHTIB (CTYAEHTIB) 1 Meaarora, 3 MOBHUM HabOpOM Cy-
YaCHUX IHCTPYMEHTIB HaBYaHHS, 1 MOKE€ BUKOPHCTOBYBATHCS, SIK O€3MOCEPEIHbO
i Yac ayJIMTOPHUX 3aHATh, TAaK 1 IPU CaMOCTIHHIN poOOTI AUCTaHLIHO Yepe3 [H-
TEpHET.

EnexktpoHHUN HaBYaJIbHUN KypC - 1I€ TEMAaTUYHO 3aBEPLICHUM, CTPYKTYPOBAaHUMI
aBTOPOM HaBYAJIBHUHN Matepiall, kUi yepe3 IHTepHET ab0 Ha €NEeKTPOHHUX HOCISX
MOCTABJISIETHCS] TUM, XTO HABYAETHCS.

EnexTpoHHU HaBYaNbHUN KypC MpPHU3HAYEHUH, SIK MPABUIIO, JJI CAMOCTIHHOTO
HABYaHHS, ajie, Ha BIIMIHY BiJ MIJpyYHUKa a00 JOKYMEHTa, 3a0e3neuye:

- MOTY>KH1 UTIOCTPATUBHI MOXJIMBOCTI - BUKOPUCTAHHSA KapTUHOK, aHIMallii Ta
MyJIBTUMEIIMHUX MaTepianiB (Bigeo Ta ayaio poiukis, Flash-ponukis i 1.11.);

- IHTEpaKTUBHICTD - YSIBJIEHHSI HABYAJILHOI'O MaTepiay MOKe 3MIHIOBaTHUCS B 3a-
JIEKHOCTI BiJT JII CTYJEHTA;

- pI3H1 BapiaHTH KOHTPOJIIO 1 OLIIHKKM OTPUMAHUX 3HAHb (TECTH, BIIPABH).
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BrnacHuii nocBij HaBUaHHS B €JIEKTPOHHOMY Kypcl «HapuchHa reometpist Ta iH-
*KeHepHa rpadika», po3podiaeHoMy Ha KaHam YouTube [3] mokas3aB, Ha CKUIBKU B
HbOMY 0araTo CUJIbHUX CTOPIH.

Ha nanuii MoMeHT B aBTOpChKMM KaHal Ha YouTube momilieHO MIICTHAIUSATH
B1JIEO PI3HOTO 3MICTY, KUIBKICTh MIJMUCHUKIB - TPUCTA COPOK YOJIOBIK, MEPETIISIIB -
OJIN3bKO YOTUPHAALATH TUCSY. Bifeo 3rpynoBaHO MO MieHIMCTaM, IO JO3BOJISIE
KypcaHTaMm (CTyJeHTaM) LIBUIKO 3HaXOAUTH HeoOXigHy iHopmariito. Ha xanami €
HACTYMHI TUICHIMCTH: JIEKUIi 3 HApUCHOI reoMeTpii, JeKuUii 3 iHkKeHepHoi rpadiku,
HapHuCcHa IeOMETpis 3 MPUKIAJaMU PO3B'sI3aHHS 3a/1ay JUIsl MIATOTOBKU JO ICTHTIB.
Po3mireHi B €1€KTPOHHOMY BHIJISII METOAUYHHUIN MOCIOHUK 3 HAPUCHOI reomMeTpii
Ta METOJWYHI BKA31BKU JJIs BUKOHAHHS PO3PaxyHKOBO-TpadiyHUX poOIT 13 3aBlIaH-
HSIMU 3 HAPUCHOT reoMeTpii Ta iHxkeHepHoi rpadiku. [IpoBeneHe B HaBUaIbHUX T'PY-
MaxX aHKeTYBaHHS IMOKa3ajo, IO OLIBIIICTh KypCaHTIB (CTYACHTIB) BBaXKAIOTh, IO
caMe EeJEKTPOHHMH KypC HApUCHOI reoMeTpii Ta 1HXKEHEpHOi rpadiku Joromarae
OCBOITH JTUCUHUIUIIHY HAMOUTbII €()EKTUBHO.

OcCHOBHUMU TIEpEeBarami €:

1. JocTtynHicTb - Y 99% KypcaHTiB (CTYIEHTIB), 1110 HABYAIOTHCS, € NOCTYM B [H-
TEpHET, a 3HAYuTh B OyIb-gKOMYy Micii (B aBTOOYyCi, BJIOMa, MijJ Yac IJIaBaJbHOI
MPAKTUKH 1 T.I1.) KYpCaHT (CTYI€HT) MOK€ BUBUUTH HaBYAJIbHUI MaTepial.

[Tpuknax 1: skmo KypcaHT (CTYAEHT) HE 3MIr MPUHTH 3 MOBAXKHUX MPUYMH Ha
JIEKIIi10, HOMY MOTPIOHO 3pO3YMITH JOCIIKYBaHY TEMY JUJISI BUKOHAHHS 3aBJIaHHS, 1
32 JJOMOMOTOI0 €JIEKTPOHHOTO KYpCYy BiH MOXKE 3aCBOITH JICKIIIO 1 MIPUCTYIUTH JI0
BUKOHAHHS pOOOTH.

[Tpuknan 2: Ha neKuii, 1€ BUKIAga4 TOBOPUB JIy>Ke MIBUAKO a00 OyJI0 HEe UYTHO,
KypcaHT (CTYIEHT) MOraHO 3aCBOIB MaTepia, 110 BUBYAETHCSA, IKUM CTaHE B HAroi
HE TUIbKU Ha ICTHTI, aje 1 JyIsi BUKOHAHHS POOIT, a OT)KE, BIH HE 3MOXKE BUKOHATH
poboTy, He po3i0paBUIMCh B Marepiaii. Y Iii mpobsiemi sk pa3-Taku 1 JOTIOMOXKE
enexkTpoHHUM Kypc. KypcanTt B Oynb-sakuii 4ac, B OyAb-SIKOMY MICIIl MOXE 3alTH 1
MPOYUTATH HE 3pO3yMilly HOMY TEMY 1 3 JIETKICTIO BUKOHATH 3aBAaHHS.

2. 3po3yMiicTh - 98% KypcaHTIB (CTYIEHTIB), K1 HABYAIOTHCS B CJICKTPOHHOMY
KypCl HApUCHOT TeoMeTpii Ta 1HXKEeHEepHOT rpadiku, BBAXKAIOTh, 110 AY>XE 3p03yMLIO
HaIUCaH1 JEeKIi.

3. [Ipu BUKOHAHHI 1HIMBIAYaJIbHUX JIOMAIIHIX 3aBJaHb, B €JIEKTPOHHOMY KypcCi
KypcaHT (CTyJEHT) BUBYA€ 1 0aYUTh BUMOTH, IO MPEI'SIBISIOTHCS ISl BUKOHAHHS
rpadiuHUX pOOIT.

4. EneKTpoHHUMN KypC ABJISE€THCS 1€TBHOIO MIJIMOTOI0 JIJISl CTY/IEHTIB 3a0YHOTO
HaBYaHHS, B pelci Ha CBOEMY poOOYOMY MICIII BOHH MOXKYTh MPOCIYXaTH KYypcC
JEKL1 B TMOBHOMY 00Cs31, pO3IVISIHYTH MNPUKIAIW 3aBJaHb 1 BUKOHATH POOOTY
3rigHo cBOro Bapianty. CtyaeHT Ha 95% roToBuil 10 37a4l ICIUTY, KOJW BUXOJAUTH
Ha CeclIo.

Tak camo nepeBaramMu €€KTPOHHOTO KYpCY KYpCaHTH (CTYJI€HTH) BBAXKAIOTh:

- HoOB1 ¢dopMH ToOJaHHA 1HQOpMalii (SIKI BKIOYAIOTh HE TUIBKM TEKCT, a i
rpadiuni 300pakeHHsl, aHIMaIlil0, 3BYK 1 B1I€0 ()parMeHTn);

- 3HAYHO OUTBIINNA 00CIT KOPUCHOT 1HGOpMAIlii;

- IUBUJIKHUM, MPOCTUH 1 HAOYHUH MOLIYK MOTP1OHOT 1H(OpMaITii.
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Takox 90% CTyIeHTIB, 110 HABYAIOTHCS B €JICKTPOHHOMY KYPCi, BBAXKAIOTh IIC
Cy4aCHUM, LIKaBUM MIAXO0J0M JI0 HAaBYaHHSI.

PosrnsinyTunii y craTi Bigeo Kypc 3a HampsiMoM «HapucHa reomerpisi Ta iHxke-
HepHa rpadika» € He €IMHUM MPUKIAIO0M, HASIBHUM ChOTO/IHI Y HAaBYAJIILHOMY MPO-
neci HY «OMAy». Tak, Ha ¢akyiabTeTI MOPCHKUX MEpeBEe3e€Hb Ta TEXHOJOT1M Ka-
dbenpu YrpapiiHHA CyJHOM, BUKIIaJa4eM pO3p00JIeHO €IeKTPOHHUN KypC Ha KaHai
YouTube 3 nucuumninm «llomepemkeHHsl 3ITKHEHHS CYJIEH Ta BUKOPHCTAHHS
paioJIOKAIIMHUX CTAHI[IM 1 3aC001B aBTOMATU30BaHO1 PAAI0IOKAIIHHOT TPOKIIATIKI
[4]. BpaxoBytouu BaromicTb MaTepialiiB JaHOTO KypcCy, IpeCTaBIeHI MpaBuiia mia-
BaHHA CYJIEH Ha MOpI € JIy’)K€ KOPUCHUMH HE TUIbKU JJIs1 KypCaHTIB (CTYJEHTIB), ajie
W 1S yCiX YMHHUX CYTHOBOJIIB.

BbitpmiicTs BUIIMX HaBUAJbHUX 3aKJIaJliB HA CHOTOJIHINIHIN JE€Hb MAa€ CBOI CepBe-
pH, Ha SKUX PO3MIIIYIOTh pi3HI 1H(GOpMaIliiiHI Ta HaBYaIbHI MaTepianu. HasBHICTH
HABYAJIBHOTO MaTepiajly Ha cepBepi By3y CTa€ OCOOIMBO aKTyaJlbHUM IPU PO3BUTKY
JTUCTaHIIMHUX (HOPM HaBUYAHHS, 10 OCOOJIMBO BaXKJIMBO JIJIsI CTYJICHTIB, SIK1 IEpeOy-
BaIOTh Ha IUIaBaJIbHIN mpakTuili. Tak K cydyacHUM CBIT MPOHU3AHUN MMOTOKAMU 1H-
dbopmartlii, a CTyJEHT, SIKUA HE BMIE CHCTEMAaTH3yBaTH 1 BUTATYBATH MOTPiIOHY iH-
dbopmatiito, Moxke He 3 opieHTyBatuca B [HTepHeri. 11lo abconoTHO HEMOXKIUBO TIPH
BUKOPHUCTaHHI €IEKTPOHHO-OCBITHIX PECYpCiB, CTBOPEHUX 1 pO3TAIIOBAaHUX Ha BJac-
HUX CepBepax - Lie OJIMH 3 ICTOTHUX TUIIOCIB.

Tak 1 Ha caiiTi HamionansHoro yHiBepcuteTy «Onecbka MOpPChKa akaaeMis» €
CBIll €JIEKTPOHHUIU CEpBEP, HA TKOMY PO3MILIYIOTHCS BC1 HaBYaJIbHI IMPOrPAMH JIUC-
IUATUTIH, METOAUYHI poOOTH BHUKJIa[a4yiB, METOIMYHI BKa31BKH SK J0 ayJUTOPHHUX 3a-
HATh, TaK 1 CAMOCTINHOT pOOOTH KYpCaHTIB, 10 JO3BOJISE MIABUIIUTUA €(EKTUBHICTh
HABYAJILHOT'O TIPOIIECY 1 BUIMTYCTUTH J00pE MIATOTOBICHUX (PaxiBIliB. AJie €IeKTPOH-
Ha OCBITa HE MOBHHHA MOBHICTIO BUTICHUTH TPaJUIliiHE BUKIaAaHHs MaTepiany. Lli
JIBa €JIEMEHTHU IMOBHUHHI B3a€MHO JOMOBHIOBATH OJIMH OJHOTO, 110 OyA€ CHOPUSITH
MIJBUIICHHIO €(PEKTUBHOCTI MOPCHKOI OCBITH B IIJIOMY.

BripoBajpkeHHsI cyyacHUX IHHOBALIMHUX METOIB HaBYaHHS MiABUIIYE edek-
TUBHICTh HAaBUYAJIBHOTO MPOLECY T4 BUXOBHOI POOOTH, CIpHUSi€ BUPOOJICHHIO HEOO-
X1IHUX KOMIIETEHTHOCTEW y KypCaHTIB — MalWOYTHIX 1HXXEHEpPIB MOPCHKOTO (IIOTY
JUISL YCHIITHOTO BUPIIIEHHS] HUMU NpodeciiHuX 3a1a4.

CITHCOK BUKOPHUCTAHOI JIITEPATYPHU:

1. bopucenko W.T"., [lerpoBckas H.M. MupopMalinoHHbIE TEXHOJIOTHUHU B TIPETIO-
JaBaHUM TpadUUeCKUX MUCIUIUIMH mpu (GopMupoBaHUM NMPOGHECCHOHAIBHBIX KOM-
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YAK 621.12

batemackuin A.U.
Hamionanbauit yaiBepcutet «O1echbka MOpPChKa akaaeMis»

IT TexHosiorMu 1 aBTOMAaTH3aLMA MOPCKOM HHAYCTPHH

B Teuenue Gosiee yem 200 et Mopckasi OTpaciib SBISETCS CBUIIETEIIEM BHEApE-
HUsI HOBBIX TEXHOJIOIMH, TAKUX KaK IEpEeX0] OT Mmapyca K MapoBbIM JABUTATEIISIM, OT
HUX K JU3€JIbHBIM, OT YIJId K He(TH, OT He()TH K TOIJIMBY C HU3KUM BBIOPOCOM Map-
HUKOBBIX ra3oB. [lapaiienbHo 10 pa3BUTHE HABUT'aLlMOHHBIX TEXHOJIOTHUM, OSIBU-
JUCh paJiapbl U JIEKTPOHHO-KapTorpaduueckue HaBUTAIMOHHO-UH(GOPMAIIMOHHbIE
CHUCTEMBI.

CynoxoncTBO aBTOMAaTH3UPYETCS TakKe, KaK M JAPYrue OTPACIH TPAHCIIOPTA.
TeM He MeHee NPOU3BOIUTENIM B MOPCKOM OTPACIIM CTPEMATCS K JallbHENIIEH aBTO-
MaTHU3alMK U IEpeXoy K HU(POBBIM TEXHOJIOTHSAM Ha CyJlax.

CucreMbl aBTOMAaTH3allMU Ha CyAax MO3BOJSIOT PA3IMYHBIM U reorpaduyecku
Pa3pO3HEHHBIM KOMIIOHEHTaM COCIAWUHUTBLCS W B3aWMMOJCHCTBOBATH B aBTOMAaTH4Ye-
CKOM peXHME, TaK 4TO 000PYJOBAaHUEM U CUCTEMaMU MOXHO YIPaBJIsATh TUCTaHIHU-
oHHo. OnHaKo, Ojarofaps pacTylle KOHKYPEHIIMH MEXAY KOMIaHUSMU — MPOU3-
BOJUTEISIMU DJIEKTPOHUKHM, & TAKIKE PACTYLIEMY CIIPOCY Ha HAJEKHBIE CUCTEMBI, 3a-
TpaTbl HA 000PYOBAaHUE CHU3UJIUCH, U CYJOBIaAEIblbl MOI'YT MUHTETPUPOBATH CBOE
CYJIHO B OJIHY cHCTeMY. BOJIBIIMHCTBO QPYHKIMI MO YHIPaBICHHUIO CYJOBBIM 000pY-
JIOBaHUEM MOXET BBITOJHITHCS TUCTAHIMOHHO C MOMOIIBIO OJHOM MM GoJiee KOH-
COJIEH.

B coBpemenHol Mopckor uHAYyCTpuU IT-TE€XHONIOrMM UMEIOT IIMPOKOE MpUME-
HEHME, [IPUYEM UX POJIb U 3HAYEHUE IIOCTOSHHO MOBBIIAIOTCA. TOoUHEE, MOKHO CKa-
3aTh, YTO OHM MPEACTABIAIOT COOON €IMHBIN MOTOK MHHOBALMIA B MOPCKOM OTpaciu
[2]. XoTs M cymiecTByeT Henblid psig npeumyiiectB IT-rexHonoruid, ogHako mo-
NPEeKHEMY HMEIOT MECTO MpOOJeMbl B UX peaju3allid, K KOTOPbIM OTHOCSITCS B
YaCTHOCTU: KUOepOe30MacHOCTh, 0€30MacHOCTb, CBSI3aHHAsg C OTCYTCTBHUEM WJIU
CHI)KEHHOW YHMCIICHHOCTBIO JKHMMaxka Ha OopTy. Taxke OecroKONCTBO BBI3BIBAECT
MOTEHIIMAJIbHASI yTpaTa MOPCKHUX Mpodeccuil B pa3BUBAIONIMXCS CTpaHAX M3-3a IO-
BBIIICHUS] TpeOOBaHUN K YOPBHIO MpOo(hecCHOHATBHOM MOATOTOBKH MOPSKOB. JTO
0COOEHHO aKTyaJIbHO JIJISl CTpaH, OTCTAIOIIUX B SKOHOMUYECKOM M TEXHUYECKOM OT-
HomieHusix [2]. Tem He MeHee, B JOJATOCPOYHOW TmiepcrnekTuBe BhusHue IT-
TEXHOJIOTUN Ha Bce cdepbl IKCIUTyaTallid MOPCKOTO TPAHCIIOPTAa COBEPIICHHO OYe-
BUJHO. Takum 00pa3oM, peub MOXKET UATH JIMIIb O TIOMCKE TAKUX PEIICHUN U myTel
pa3BUTHsI, KOTOPbIE CMATYMUIIN Obl 00JE3HU POCTa, HU B KOEW Mepe He MPEnsiTCTBYS
JOCTHYKEHUIO BBICOKMX TEMIIOB BHeApeHUs [ T-TeXHOIO0rui B MOPCKYH0 HHIYCTPHUIO.
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ABTOMaTH3aLMs U TpUMEHEHHE HU(PPOBBIX TEXHOJIOTUN B CYJOXOJHON OTpacCiu
Pa3BUBAIKCH 3BOJIOLUOHHBIM MYTEM, U OTPACiIb OCO3HAJAa OMACHOCTh MOTEHLIHAIb-
HOTO BO3JIEMCTBUS, MPOBEAS TUIATEIBHOE MEXIYHAPOJHOE PerjJaMeHTallMOHHOE 1ie-
JIEBOE UCCJEeI0BaHUE, MPEXKIE YeM MOTYT HACTYUTh HEOOpaTUMbIe TOCeACTBUA. B
2017 rogy Mexnaynaponnas mopckas opranuzanus (MMO) yreepauna «Pernamen-
TallMOHHOE 1I€JIEBOE HMCCIIEIOBAHNUE MO MOPCKUM HAaJBOAHBIM aBTOHOMHBIM CyIam
(MACC)» na 98-m 3aceganuu Komurera o 6e3onacHocTd Ha Mope U yupeauia Pa-
Oouyto rpynmy. Ha naHHbBIiI MOMEHT opraHu3alMs COrjacoBayia ONpEAeICHUE CTe-
neHel aBTOHOMHOCTH CYJIOB: 1) cya ¢ aBTOMaTU3UPOBAHHBIMU MPOIIECCAMU U MO/~
JEP>KKOW MPUHATHUS PELICHUl; 2) cya ¢ JUCTAHIIMOHHBIM YIPABICHUEM C MOpsKa-
MU Ha 6opTy; 3) cyla ¢ IMCTaHUMOHHBIM yIpaBieHHEM 0e3 MOpPSKOB Ha OopTy; 4)
MOJIHOCTBHIO aBTOMATU3UPOBAHHBIE Cy/1a 0€3 SKUITaKEH.

C npyroi#t cTopoHBI, BCe 3a7jauM, pelIaeMble HKUIMAKEM MpPU HECEHUHU BaXThl, a
Takke (PU3NYECKHe U YMCTBEHHBIE HAarpy3Kd MOPSIKOB Ha OOpTY, CBSI3AHHbBIE C Xa-
pakTepoM KopaOelbHOU Cpelibl, SIBISIIOTCS TJIaBHBIMUA MPUYUHAMH YCTAJIOCTH MOPS-
koB[1]. Takum oOpa3om, yiydllleHHE YCIOBUN TPYyAa U KU3HU HKUIAKa B MOPE MO-
KET CTaTh BAXKHBIM 3JIEMEHTOM oOecreueHus Oe3omacHocTU cyaoBoxiaeHus. Ilo-
ATOMY NPOU3BOJMUTENN PA3BUBAIOT aBTOMATU3ALMIO HA CyJax C LIEJIbI0O CHHXKCHHS
(GU3MYECKMX U YMCTBEHHBIX Harpy30K Ha MOPSKOB U MOBBIIICHUS MPOU3BOIUTEb-
HOCTH UX TpyAa.

JIMTEPATYPA
1. BonpinunkoB W.b. TlepcnexkTrBbl poOOTH3AIMKM B MOPCKOM CYIOXOJCTBE //
Momnono# yuensiid.-2018. -Ne7,-C.29-33.
2. «O630p mopckoro tpancnopTa — 2018 roa» (Kondepennms OOH mo Topros-
ne u pazsututo, KOHKTA).
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Buxopucranus PDE Toolbox MATLAB i1 004nC/IIOBAHHSA T€OMETPUYHHX
XapPaKTePUCTHK KOHCTPYKTHBHMX €JIEMEHTIB

[Ipu BuBYeHHI Oaratbox TexHIYHUX auctuIiuliH («IIpuknanHoi MexaHikmy,
«Omnopy matepianiBy, «JleTaneil MamuH 1 MEXaHI3MiB» 1 1H.) JOBOJUTHCS CTUKATHUCS
3 BU3HAUEHHSAM T'€OMETPUYHHMX XapaKTEPUCTUK TOMEPEYHOro MEPEeTHUHY PI3HUX
KOHCTPYKTHBHUX €JIeMeHTIB (B ocHOBHOMY Opyca) [1]. [lonepeunuii nepetun 6pyca
€ IJIOCKOI0 (Iryporo (4acTto JOCUTh CKIaAHOTO KOHTYpY). Ilpu mpomy HeoOXigHO
BMITH OOYMCITIOBATH HACTYITHI T€OMETPUYHI XapaKTEPUCTUKU (puc. 1):

A= IdA - ioma Qirypu;
A
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Szl = IyldA; Syl = IzldA - CTaTUYH1 MOMEHTH;
A
2 D
= Iy dA J I dA JZlyl IylzldA - OCBOBI 1 BIAIICHTPO-
A A
BU MOMEHTH 1Hepui'1' BITHOCHO JIOBUIBHUX B3a€MHO MNEPHEHAMKYJISAPHUX OCEH
Z1, ), AKl neXxaTh B momuni ¢irypu [2].

’

=

Puc. 1. Oci koopauHat TpukyTHOro KiHiieBoro eiaementy (KE)

Posmmpennst Matlab PDE (Partial Differential Equation) Toolbox npuznauene
JUISL IHTeTpalii AuQepeHIialbHIX PIBHAHDb B IPUBATHUX MOX1IHUX 3 BUKOPUCTAHHIM
3anexHocteir Merony kKiHueBux enemeHTiB (MKE). Ilpu npomy aeski ¢pynkuii PDE
MOXXYTh OyTH BHKOPUCTaHI JJIsl BUPIIICHHS 1HIIMX 3aBAaHb — HANPUKJIAJ], BHU3HA-
YEHHSI TEOMETPUYHHUX XapaKTEPUCTUK TUIOCKOT (irypu ckiiagHoro koHtypy [3]. O6-
nacTh pimeHHs (rwiocky ¢irypy) B PDE Moxna chopmyBaTtu 3 mpoctux obiactei
(reoMeTpUYHUX TPHUMITUBIB) — OaraTOKyTHHKA, MPSIMOKYTHHUKA, €JIIIca 1 JOTTYHUX
onepariiii *(1), +(abo), — (i Hi) [4]. [IpumiTUBU 3a1ar0ThCA y BUTIIAAI MaTpull gd,
YHCJIO CTOBIILIB IKOi JOPIBHIOE YUCITY MPUMITUBIB (KOKEH CTOBMEIb MICTUTD 1H(O-
pMalilo MO OJHOMY MPUMITHBY 1 IO3HAYAETHCSA, CHUMBOJAMH), HANpUKIAI, P
(polygon), r (rectangle), e (ellipse). LLlo6 chopmyBaTH 13 3a7aHUX TPUMITHBIB 00-
JacTh, MOTPIOHO 3a/1aTH B Mporpami BiIMOBIAHY GopMyiTy.

VY poGoti 6yne cTBopeHa 00JacTh y BUTIISLI1 PIBHOMOIMYHOTO KYTKOBOTO MPOodi-
mo 100x100x10 TOCT 8509-86 (puc. 2). A1 uboro po3risiHyTo 8§ MPUMITHUBIB —
I'Th TPSIMOKYTHHKIB 1 TpH Koja. B npoMmy Bunaaxky marpuus gd mae § CTOBILIB —
ns="r1r2r3elr4e2rse3’, a popmyna mae ctpyktypy sf =’(r1 — (r2-r3+el) — (r4+e2)

—r5+e3)’. ®opmyBanHs obsacTi BUKoHyeThbest komanoro [dl,bt]=decsg(gd,sf,ns).

t
)
i Y

Puc. 2. TpUKyTHa CiTKa piBHOMOIMYHOTO KyTKOBOTO Moo
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Macus dl MicTUTh pO3KJIaJieHy MaTpHIl0 reomeTpii obaacTi. Y macusi bt mic-
TUThCS OyJieBa TaOuUIlA BIAMOBIIHOCTI MPUMITUBIB OoOY0BaHOi 06nacTi [5]. Buna-
JIEHHS BHYTPIIIHIX TpaHUIlb 371HCHIOEThC KoMaH 010 [d1L,bt]=csgdel[dLbt].

Jlicrunr 1. @opmyBaHHS | TpiaHryasiisi 00J1acTi pO3B’sI3aHHSA

. gd =[2;4;0;10;10;0; 0;0;10;10]; % nepmmii 6araToKyTHUK (a)

. gd =[gd[2;4;1;10;10:1; 1;1;10;10]]; % apyruii 0aratokyTHuk(b)

. gd =[gd[2;4; 152.2;2.2;1; 151;2.252.2]]; Y% neHTpaJbHUH OaraTOKyTHUK(C)
. gd =[gd[1; 2.252.2;1.2; 0;0;0;0;0;0]]; % menTpanbHe ko0 (d)

. gd =[gd[2;4; 0.651;1;0.65 9.65;9.6510;10]]; % BepxHiii 0araToKyTHHUK (e)
. gd =[gd[1; 0.6;9.650.4;0;0;0;0;0;0]]; % BepxHe ko0 (f)

. gd =[gd[2;4; 9.6;10;10;9.6; 0.6;0.6;1;1]]; % HUKHiH OaraTOKYTHUK(Z)
. gd =[gd[1; 9.6;0.6;0.4;0;0;0;0;0;0]]; %o HuxkHE KOIO (i)

9. ns ="abcdefgi'" %cTpoka BixmoBigHOCTI CTOBNLIB

10. fs =""(a-(b-c+d)-e+f)-g+i'" % ¢popmyna onepamuiit

11. [dL,bt]=decsg(gd,fs,ns);; % ¢popmyBaHHs 0daacTi

12. [dl1,btl]=csgdel(dl,bt); % BUaaIeHHS BHYTPILIHIX TPAHUIb

13. [p,e,t]=initmesh(dl1,'"hmax'",0.5); % ¢opmyBaHHs ciTKH

14. z=p(1:) "'; y=p(2:) ""; np1=t(1:) "'; np2=t(2:) '""; np3=t(3:) '";

15. pdemesh(p,e,t)% 300paxkenns cirku MKE

R A SNN A WN -

dopMyBaHHSI TPUKYTHOI CITKU 3[1HCHIOETHCS KOMaHIOIO [p,e,t]= initmesh(d1).
MacuB p MICTUTh KOOpAUHATH Zk,Yk (z=p(1:); y(2.:)) BY3JiB KIiHIIEBOTO €JIEMEHTY
(KE). Macug t mictuts HOMepH By3JiB KE (np1=t(1:); np2=t(2:); np3=t(3:)) — 1us.
Jlictunr 1. By3au npoHyMepoBaHi MPOTH XOAY TOJUHHUKOBOI CTpUIKH (puc. 1).
[Tnoma tpuxkyTHOro KE Moke OyTu oOunciena 3a GpopmyIioro:

A = 0,5%[(x1y3-x3y1)+(X2y3-x3y2) t(X1y2-X2y1)];
KoopauHaTu ueHTpy TsxiHHA KE o6uncniooTbes no popmynax:

zc = (m1tz2+23) | 3;
Ve = (y1tyz2tys) / 3.

MowmenTn 1Hepiii TpukyTHOro KE BiIHOCHO LIEeHTpallbHUX OCeHl Z, Y MOXKYTh Oy-
TH OOYMCIICH] IO BUpa3ax:

J=A[(y1-y2)*+[(y2-y3)*+(y3-y1)*] / 36;
Jy=A [(Z]-Zz)z+(12-Z3)2+(Z3-Zl)2] / 36;

Jzy = A[(y1-y2)(21-22)+(y2-y3) +(22-23)+(y3-y1)(z3-21)] / 36.

Jnist piBHONOMYHOTO KyTKOBOTO mpodutto 100x100x10 TOCT 8509-86 (puc. 2)
O0OYHCIIeH] IJI0Ia NEPETUHY, KOOPAUHATH LIEHTPY TSKIHHS, 1 MOMEHTH 1HEpIii Bif-
HOCHO IIEHTPaJIbHUX OCEH (OormepaTopu, BIATOBIAHI IIbOMY €TaIly pO3paxyHKY B JIic-
TUHTY HE MIPUBEACHI):
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- A =19,24 cm?;
-Zo=Yo=2,83 cm;
-Jz=Jy=178,3 cm*;
- Jzy = -104,4 cm*.

VY Tabnuui copTaMeHTy AJis PO3IIIIHYTOTO PIBHOMOJIUYHOIO KyTKOBOTO HPOGiITio
HaBeJICH1 HACTYMHI 3HAYEHHS BEJTUYMH:

- A =19,24 cm?;
-Zo=Yo=2,83 cm;

- Jz=Jy=178,95 cm*;
- Jzy = 110,0 cm?.

BenunuuHa BiueHTPOBOro MOMEHTY Jzy HacmpaB/i NOBUHHA CKJIaAaTHCS

+(Jxo — Jyo) / 2 = 9283,83 — 74,08) / 2 = + 104,9 cm*.

3HaK BIALIEHTPOBOTO MOMEHTY 1HEpIii B TaOJMUIl COPTAMEHTY BpPaxOBYBaTU HE
npuitHATO. 301 MOPIBHIOBAHUX PE3YJIHTATIB HE MOTAHUM.

CIIMCOK BUKOPUCTAHHOI JIITEPATYPU
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National University “Odessa Maritime Academy”

Importance of intercultural awareness

My theses hereafter will deal with the importance of intercultural awareness for
people who work in a multinational team or crew, which is of utmost importance for
the seafarers who have to adapt themselves to a multicultural medium of communi-
cation.

The domain of my teaching embraces the cadets of Odessa Maritime Academy
who will become the seamen on board ships flying various colours, working hand by
hand with other seamen of different nationalities. That is why it is extremely im-
portant to convey business communication not only in English, which is worldwide
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international maritime language, and everybody on board is supposed to know it, but
also bearing in mind the possible cultural differences, such as:

- traditions

- religion

- cultural values

- taboos

- non-verbal communication, etc.

Needless to say that in contemporary diverse and cosmopolitan world people are
ripe and ready to accept all the possible collisions of intercultural discrepancies, at
least they are prepared for them socially and morally. But still no one can be abso-
lutely aware of all the shades and modes of behavior that different people and na-
tions follow. That is why it is vitally important to pre-teach and anticipate in the
class room the possible misunderstanding that may arise when working with people
of other nations, nationalities, cultures.

Most of the cadets in our Maritime Academy are Ukrainians since Odessa is a
Ukrainian city, but we do have foreign students’ groups, like Nigerians, Turkish or
Vietnamese students. Of course the focus of pre-teaching intercultural awareness in
Ukrainian groups will be on the introduction to various Asian or African cultures,
whereas in the foreign students’ groups the focus will be on the introduction to
Ukrainian culture. In the most desirable and favorable academic situations there may
arise the probability of forming mingled groups of cadets/students of mixed nation-
alities. In this case the students may anticipate the real situation on board ship when
being the seafarers who may come across the intercultural misunderstandings or
even collision of a kind.

In the modern world people tend to migrate for various reasons, like seeking
shelter because of religious persecution or whatever. In this case people face the
problem of integration into another society, another culture. In our case the cadets
who would be people working in a multinational crew will face the problem of coex-
istence rather than integration, because they would be working with people of some
other cultures just for some time, and then they might change the crew or the ship-
owners company and meet absolutely different people from different countries. That
is why it is very important to introduce the cadets to the different cultural peculiari-
ties of behavior

of those cultural groups that they will most probably work with on board ship.
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Lexical and grammatical features of the IMO Standard Marine
Communication Phrases (SMCP)

A greater part of the IMO Standard Marine Communication Phrases (SMCP),
further called Phrases [1], concerns the safety of ship, crew and passengers; the oc-
cupational safety of the seagoing personnel; fire-prevention measures and fire-
fighting; rendering assistance to victims; engineering condition of the shipboard
equipment and trouble-shooting; measures to prevent and remove the aftereffect of
sea pollution; machinery and equipment control in standard and emergency situa-
tions; holding and participating in shipboard safety drills.

In order to adequately understand these phrases it is important to have
knowledge of the contextual meaning of a number of words, word combinations and
idiomatic expressions established by the Phrases compilers, century-long experience
acquired by the world merchant fleet having been taken into account [1]. The analy-
sis of the Phrases that I previously had carried out allowed me to single out lexical
and phraseological units marked with contextual meaning typical for SMCP. Further
below I give the most frequent words, word combinations and expressions that could
be recommended to be included into the required minimum for the professionals tak-
ing a profession refresher course.

Phraseological units

Clean up spill; Dead slow...; Emergency full...; Engine / Fire party standing by;
Power at ...station available; Power in ...not available; Stand by engine! Stand by
fire fighting stations! Stand by fire party; Standing by for maneuvering; Stand by on
VHF channel 12.

Adjectives and participles

Complete; Disabled; Inbound (vessel); Injured (person); Inoperative; Major; Mi-
nor; Not operational; Not under command; Off-shore; Off-station; Operational; Out-
bound (vessel); Underway; Unmanned / Unattended (engine room).

Verbal phrases

(to) Appoint crew member in charge of safety; (to) Brief; (to) Complete; (to)
Free blocked water pipe; (to) Get underway; (to) Leave/ (to) Evacuate; (to) Make
water; (to) Man; (to) Provide first aid; (to) Stand on; (to) Stand by for ...; (to) Sta-
tion; (to) Take immediate action; (to) Take readings; (to) Read; (to) Take soundings
of ...; (to) Shut down; (to) Secure.

Substantives and nominal phrases

Briefing; Damage control; Discharges; Drill; Escape route; Fire mains; Fire par-
ty; General emergency alarm; Hampered vessel; Lifeboat men; Lifeboat station;
Muster; Muster List; Muster station / Assembly station; Occupational safety; Occu-
pational safety equipment; Oil clearance; Openings; PA-system; Polluter; Problems;
Restricted area; Retreat signal; Roll call; Sea (suction) valves; Slings; Spill; Stand-
ing orders; Station; Training Plan; Training session.
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Abbreviations

COW = MuTtTs TaHKIB CUPOI0 HAPTOIO

CPA = Touka HalKOPOTIIOTO 30JIMKEHHS (CYICH)

CSS = KoopanHatop HaABOAHOTO MOIIYKY

ETA = llepen0auyBanuii yac npudyTTs

ETD = Ilepen0auyBanuii yac BIATUTUTTS

GMDSS = I'moGanpHa MOpChbKa cCUCTEMa 3B’A3KYy IiJl YaCc CTHXIMHOIO JIUXa Ta
i 3a0e3meueHHs Oe3MmeKu

GPS = I'mobGanpHa (CymyTHHMKOBA) CHUCTEMa BHU3HAYEHHs MiCIsl nepeOyBaHHs
(cynen)

RCC = PaTyBanbHO-KOOpIUHAIIIHHUAM [IEHTP

SAR = Tlomyxk 1 paTyBaHHS

UTC = BcecBiTHiil CKOOpAMHOBaHUHN Yac

VTS = Cnyx6a ynpaBiaiHHS PyXOM CYJeH

Conventions

COLREG = KonBeH1ig npo MDKHAPOAHI MpaBuiia 3amo0iraHHs 31TKHEHHIO CY-
JeH

ILO N 147 = KonBeH11is1 PO TOProBeIbHE CYIHOIUIABCTBO (MIHIMAIbHI HOPMH)

ISM Code = MixHapoiHHI KOJEKC YIIPaBIiHHS OE3MEKOI0

MARPOL - 73/78 = MixHapo/iHa KOHBEHIIISl TIPO 3amoOiraHds 3a0pyaHEHHIO
MOps 3 CyZIeH

SOLAS — 74 MixxHapoaHa KOHBEHI[ISI [TPO OXOPOHY JIFOJACHKOTO KHUTTS Ha MOpI1

STCW — 78/95 = MixHapoaHa KOHBEHIIS PO MIATOTOBKY, aT€CTaLlll0 1 HECEHHS
BaxTH ISl MOPETLIABIIIB

Words indicating the character and content of information

Advice; Answer; Correction; Information; Intentions; Instruction; Mistake; Neg-
ative; Position; Positive; Question; Repeat; Request; Say again; Time; Warning;

MAYDAY - information about distress;

PAN-PAN — an urgent message;

SECURITE — a safety message.

The vocabulary, abbreviations and phrases given above could be effectively
learnt by being memorized, and for all that, special attention should be paid to the
pronunciation. The remaining phrases were submitted to a grammatical analysis in
comparison with the Standard English. The findings are presented at the lectures de-
livered to updating or PhD course students as follows.

Using / Dropping /Omitting article

Normally, article is omitted independent on the syntactical function of the noun:
- Present stability good. — What is course and speed of polluter? — I am in critical
condition. - Does helmsman understand English / Wheel orders?

However, article before noun is maintained in some phrases: - You now have
the watch. — The flooding is not under control. — Danger of going down by the
stern.

Structural particulars of the “Question — Answer”-type micro dialogues

Such phrases can be of two kinds: a) phrases correspond to the syntax of the
standard English: Q1. What kind of assistance do you require? Al. I require tug as-
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sistance. Q2. Can you transfer bunkers to stop listing? A2. Yes, I can transfer bun-
kers. kind b) the interrogative sentence is syntactically complete, but in the respon-
sive cue the auxiliary or modal verbs are omitted: Q1. How many compartments are
flooded? Al. One compartment flooded. Q2. Is fire under control? A2. Yes, fire un-
der control. / No, fire not under control. Q3. Is smoke toxic? A3. Yes, smoke toxic. /
No, smoke not toxic.

Information about the state of affairs at the present moment (moment of
conversation)

Two types of construction are used for this purpose:

type a) syntactically complete:

I am maneuvering with difficulty. I am not under command. I am ready to get
underway. type b) syntactically incomplete, where auxiliary, copula or principal
verb, as well as construction there is / are or verb have are dropped: - Rudder dam-
aged. — Level increasing. — Engine alarm at ...UTC due to ... . — Breakdown of
main engine at ... . Vessel overtaking on starboard side. — (No) problems with auxil-
iary engines....- Discharging fuel tank N 3.

Use of the verb “be” and construction “there is / are

As a rule, the verb “be” is not omitted in interrogative sentences, independently
of whether it is or is not principle, auxiliary or copula verb: - Q1. Where is whistle
control? — Q2. What notice is required to reduce from full sea speed to maneuvering
speed? — Q3. What is your ETA? — Q4. What was your last port of call? In the ques-
tions about availability of something in the appointed place only one out of two
components of the construction there is / are is maintained, which is the appropriate
form of the verb “be”, while the formal subject (there) is omitted: - Q1. Is sufficient
depth of water in my position? Sometimes omission of there produces ambiguity: —
Q2. Is fishing gear ahead of me? Those who made up this phrase intended to express
the idea “Is there any fishing gear on my bow?” that is ask about availability of gear
before the vessel. But actually, the phrase is taken in as the question “Is the fishing
gear located on my bow?” And the question about the existence of gear in this place
is not asked at all. It is just specified whether it is located ahead. In the questions
about availability of something in the appointed place and their answers the follow-
ing means are used: the verb have instead of there be construction. — Q1. Do you
have any deficiencies? — Al. Yes, I have following deficiencies: ...- A2. No, I have
no deficiencies; the verb carry: - Q2. Do you carry any dangerous goods? the adjec-
tive available: - Is extra power available in emergency? the negative particle no: -
A2. No pumping at present.

In the affirmative and negative answers of the questions about availability both
components of there be construction are usually omitted: - Danger of icing in area
around ... . — No possibility for vessels to turn. — No person injured.

When designating the quantity of objects or persons in the appointed place
there be construction is omitted and its function is performed by the noun number:
- Number of injured persons: ... .

In the affirmative and negative sentences Present Simple of the principle verb
be is omitted like in Russian: - Pilot ladder too far aft. — Yes, (No), pilot boat (not)
on station. In the sentences informing about future events, both components of the
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word combination will be can be omitted, and the role of future tense indicator, in
this case, will be played by the tense modifier: - Pilot boat on station at ... hours lo-
cal time.

But in most affirmative and interrogative phrases the future tense indicator will
is not omitted, but combined with the principal verb in accordance with the standard
English rules. — Note book entries will be copied into the record books. — I will ar-
range for boat. — In what position will tug meet me? — MV ... following you will
overtake you on your port side.

Use of the verb “have”

Interrogative phrases including the principal verb “have” are constructed by
means of the auxiliary verb “do” if the verb have has semantics of “possession”: -
What problems do you have? — Do you have controllable or fixed pitch propeller?
Such a question is answered by the standard response: - We have fixed pitch propel-
ler. or by inverting the verb have and the subject if have has semantics of “availabil-
ity”’: - Have you doctor on board? In a negative answer of such a question the nega-
tive particle no is put before the object: - I have no doctor on board.

In affirmative phrases the principal verb have is retained. — I have major dam-
age below water line. — MV ... has dangerous list. and the auxiliary verb have can
be retained as well: - I have collided with unknown object. But more often it is omit-
ted: - Located vessel incinerating waste.

Use of perfective / imperfective, aspectual and temporal, active / passive and
modality verbal forms

To describe an activity or condition topical at the moment of conversation, sub-
jectless phrases are normally used, since it is clear to the listener that the forwarder
of the message is speaking about him/herself, his/her team or ship, auxiliary verb be
is omitted, and the principle verb is used with the suffix — ing:- Making identifica-
tion signals by flags. - Keeping wind on port bow.- Starting number two general ser-
vice pump.

Frequently, omission of the copula be occurs as well: - Ready to receive bun-
kers. However, complete constructions occur as well. — I am starting operation. — I
am ready to get underway. Informing that the action has been completed is rendered
by reduced form of the Past Simple Passive: - Course altered at ... UTC. — Engines
stopped at ... local time. ...- Ballast transferred from N 5 tank to N 2 tank to correct
list.

Present Perfect Passive:

Order: Operate lifeboat engine and report; - Report: Lifeboat engine operated.
Operation finished. N 3 lifeboat launched.

Past Simple Active:

-Transferred fuel from settling tank to service tank; - Discharged NN 4, 6, 8
double bottom tanks. At the same time, complete phrases are encountered some-
times: - Q. How was your position obtained? — A. Position was obtained by GPS. —
This is Captain speaking. We have grounded. — I have located you on my radar
screen. Sometimes inconsistency of the phrase compilers in the use/omission of the
auxiliary verb have is found. Compare: - Fishing gear fouled my propeller. You
have caught my fishing gear.
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The following phrase belongs to the same pattern. Here, instead of the correct
form proceeding incorrect form proceeds is used: - MV ... proceeds to your assis-
tance.

The verbal form fitted with the suffix “—ed” is a non-ambiguous piece of infor-
mation meaning that this individual action has been completed and no matter for the
user what its function in the phrase is: Past Simple Active, Present Perfect Passive
without omitted has/have been or Predicative, before which copula be has been
omitted, cf, [3. 102]: - Vessel anchored ahead of you in position ... .

Expression of orders, instructions, directions, advice and appropriate an-
swers

Standard verbs in imperative mood are used for this purpose: - Keep well clear
of towing lines. — Have heaving lines ready forward and aft. — Do not put windlass
in gear. As a response to such orders and instructions are used phrases which make
more precise the way of performing orders / directions: - Orderl: Stop engines. Re-
sponsel: Engines stopped. — Order2: Stay where you are. Response2: I will stay
where I am. — Order3: Go ahead and follow me. Response3: Going ahead and fol-
lowing you. — Order4: Do not follow me. Response4: I will not follow you. A usual
practice is to repeat the order received: - Order: Go and check (the) port alternator.
Be sure to check (the) cooling water pressure. Response: Go and check port alterna-
tor. Be sure to check cooling water pressure. The order can be expressed with an in-
finitive: - All officers to report to the bridge, or with an implicit verb in imperative
mood, - All crew members to assembly stations. Advice or recommendation can be
expressed with the lexeme Advise or future tense form: - Advise you alter course to
port side. — You will join convoy at ... UTC.

Expression of need, necessity, obligation and permission

- Following requires attention: ... .

- What notice is required to reduce ship’s speed?

- (I) require (tug) assistance.

- No, I do not require pilot.

- Q. Must I take tug? Al: Yes, you must take tug. A2. No, You need not take
tug. ... You must abandon vessel after piracy.

Permission to enter sector B.

You are allowed to proceed without Pilot.

Expression of negative semantics

Do not enter unmanned engine room.

No, radar not operational.

No, radar has no blind sectors.

No, not ready yet to get underway.

No contact. No person injured.

No pumping at present.

Transfer of person not possible.

Pilot ladder unsafe.

Expression of cause

Speed due to ... .

Expression of aim / purpose / objective
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Deck cargo restowed to correct list.

In conclusion, let me point out that in the National University “Odessa Maritime
Academy” this article can be used as basic material of a course delivered to the
SMCP learners — profession refresher course students and post graduate students.
The functional method of expounding and learning SMCP’s lexical and grammatical
features suggested in the article promotes creative approach on the part of the users
in the teaching / learning process making it more efficient. This issue has been dis-
cussed more than once in the maritime circles [4, 5].
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Listen english daily practice’ mobile phone application as means of self-study in
improving your listening skills

Nowadays the situation at a foreign language study literature market is in a nut-
shell as follows: the prices for paperbacks have increased dramatically and not many
learners can afford buying them so there should be some other ways of practicing
your foreign language skills. As far as you know there are four of them: reading,
writing, speaking and listening. And in this very article the latter one will be dis-
cussed.

First of all we should come across with an appropriate definition of listening as a
language learning skill. ‘Communication has two dimensions: speaking (expres-
sion), and listening (reception). Survey results showed that listening skills were con-
sistently ranked as the most important communication skills for career competence.
Listening is the active and dynamic process of attending, perceiving, interpreting,
remembering, and responding to the expressed (verbal and nonverbal) needs, con-
cerns, and information offered by other human beings’ [2].

In order to develop good listening skills one has to have an effective and effi-
cient tool. Mobile phones software designers and developers have come up with
plenty of applications which can meet every requirement for successful learning
process and create environment for fruitful results. One of the fundamental condi-
tions of such a tool is a recording of authentic native speakers from different English
speaking countries or lately even of those for whom English is a second language so
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that learners will have an opportunity to understand English speaking people better
having insight into different accents. That is why ‘If your goal is communicative
competence... authentic texts have advantage over all other types’ [1].

The Android based application which will be discussed here is called ‘Listen
English Daily Practice’ and can be downloaded free of charge from Play Store. To
enjoy this application one has to have a smart phone. On the one hand there is a
small drawback in it and it is the fact that this application contains advertisements or
ads as every free of charge application. But on the other hand there is a plenty of ad-
vantages which will make a difference for a foreign language learner. They are as
follows:

When you start this application, you get into a Favorite Lessons section to
choose from Level A (236 lessons), Level B1 (252 lessons), Level B2 (179 lessons),
Level C1 (103 lessons), Level C2 (54 lessons), American Voice (198 lessons), Brit-
ish Voice (217 lessons), International (47 lessons), Family (32 lessons), Self Infor-
mation (28 lessons), Food (35 lessons), Life Style (98 lessons), Education (46 les-
sons), Science (20 lessons), Business (18 lessons), Stories (63 lessons).

When you choose a lesson, you get into a number of dialogues and each of them
has got its own title. For example, Level A — World Traveller. After choosing a dia-
logue, you get into a set of five multiple choice questions which are called Show
Test. Next option is called Show Transcript where there is a full written dialogue.
Then there is a Subtitle section where there are separate phrases of this dialogue
which can be played back even in a random order according to your preference. And
the last section is called Vocabulary where you can find active set expressions from
this dialogue explained and used in different example sentences.

Before doing any listening activity a teacher has to decide what kind of learners
there are in his/her class. If they are weak, a teacher might like to pre-teach some of
the vocabulary or even read a transcript of this dialogue together with the whole
class and translate the dialogue if it is necessary. Before listening with any class ‘a
teacher has to remind his/her learners to look through the test questions and multiple
choice answers to understand what kind of information they will have to look for
while listening to the dialogue’ [3].

As a rule every recording is played back twice. Besides on the bottom of this ap-
plication window there is a timeline scale of this dialogue duration with a slider to
help you find the exact place in the recording to listen to for the second time. There
is also a speed regulator from 0.4 to 2.0 with 1.0 being a standard speed so that
learners will have the opportunity to choose the speed with which to listen to the
dialogue.

As a consequence activity a class might be asked to role-play the dialogue in
pairs or make up a similar one or use the situation from it to speak up about their
own experience in order to bring their life feelings and worries closer to the educa-
tional situation and learn to be more open, easy-going and emotional if they are not.

As a conclusion it is necessary to say that such kind of programmes will help
learners to create true to life situations in a typical class which will facilitate their
ability to communicate with their peers in a group or a teacher depending on the
task. They will also develop an ability of being attentive to what people are saying in
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order to build up a successful communicative act to just make friends or even
achieve the set goals during say a negotiation, press conference, job interview or
panel discussion.
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Use of mnemonics in learning English

The use of mnemonics in English language classroom is insufficiently addressed
in professional journals and by teachers now. Such little interest can be explained by
the following reasons: first, memory enhancing methods have been rendered obso-
lete by current English teaching theories; and secondly, mnemonics is usually re-
garded as a source of entertainment for others. So, not many consider it useful for
the classroom or serious learning; though, both perceptions are unfair.

Mnemonic techniques are used for organizing information so it could be easier
and more likely remembered. These techniques have been in use since antiquity;
many famous and remarkable orators and philosophers (like Cicero and Quintilian)
practised them to remember the details of their speeches. At those times, mnemonics
was not considered to be just the skill of simple memorization for fun, but rather a
true, rigorous art which required imagination, effort, and a good mind.

Lately, mnemonics has received support in the field of cognitive psychology.
Mnemonics, under certain conditions, are considered to be quite effective ways of
storing and retrieving information.

Results of numerous empirical studies involving association learning and visual-
ization testing proved that when learning new material an individual manipulates in-
formation according to various "control processes" (memory strategies, or systems)
[2], [3], [4]. The studies showed that if material is presented in a way which relates
meaningfully to what is already known, it will be retained for relatively long periods
of time. Proper organization at the "encoding" stage of memory processing provides
effective recall. And mnemonic systems impose a plan of meaningful organization.
The best of them "work as a memory aid precisely as they mimic natural organiza-
tional schemata associated with meaningful material" [10, p. 333]. This explains the
effectiveness of mnemonics.
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There are a large number of mnemonic devices. Though, not all are appropriate
for English learning purposes, some are worth of closer examination.

The mnemonic called the method of "loci" (place) (particularly useful in gram-
mar teaching) involves intensive use of the human visual memorization faculties and
the idea of a "memory palace." The technique consists of three steps.

First, a series of locations is memorized, like: a public building, own room or
house, a street with various landmarks on one’s usual way to some place. Next, an
image for the topic to be recalled is thought of. For example, a coin for money, a
plane for travelling, etc. Third, the topic image is combined with the image of its
corresponding location. The coin might be imagined laying on the floor of a particu-
lar room in a house, and the plane might be cruising on the table surface. Putting this
all together, a person can recall a series of items or topics by simply "strolling"
through the house mentally, neatly retrieving the object images from the locations,
in the order in which they were originally placed.

Because of its simplicity, this particular method was very popular in ancient
times. After a speech was given, the images would soon fade, but the “palace” could
be used again to memorize other speeches. Abstract subjects could also be recalled
easily when appropriate images were constructed.

This technique can be effectively used in EFL classrooms for teaching preposi-
tions and basic English sentence structure.

Let’s consider teaching prepositions in an English classroom. Traditionally, the
teacher would perhaps write the preposition under question on the board, use class-
room objects, situations, or simple drawings to explicate meaning, and then exam
sentences using the term, and so forth. The memory palace method is used when
students understand the core analytical meaning of the words and are ready to con-
vert this meaning into images. When creating images one shall keep in mind that
those images are easier recalled which are concrete, sensory, practical, interactive,
and interesting [3].

The teacher presents the method of making images and gives a few examples,
then the students (low-middle and upper-level students) can form their own. When
teaching low-level (beginning) students, the teacher is recommended to provide
some of the images.

To familiarize students with the basics of the memory palace method, the teacher
begins by writing four to five simple words on the board (e.g., pen, book, car,
and bag). The students are told to close their eyes, imagine their own room at home,
and to place these objects somewhere in the room. Then the teacher asks the students
where they placed each object, in the order in which they were presented. The teach-
er can have the students mentally move to another room, and place additional ob-
jects. The students write down what they remember about the objects and are asked
again on where the items were placed. Then the teacher goes to a discussion of
prepositions: their meaning and types. Starting out with prepositions of location, for
example IN, the teacher writes on the board a sentence containing an image which
clearly illustrates the meaning of the term (E.g., "An old book is IN the bag"). The
students are again told to place this image in a room. At this stage, the teacher has
several options. Students can use their own place as a memory palace, or a simple
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and general floor plan constructed by the teacher can help to facilitate the precise lo-
cation of images. The latter can be a kind of a basic generic architectural floor plan
of a house, complete with several rooms (living, dining, bedroom, and kitchen). Stu-
dents are given the copies of the plan and asked to place images both mentally and
physically into the plan. The higher the students’ level, the more objects can be add-
ed to the plan. With high-level classes, some furniture, windows, and so forth are
added. The memory palace selected will serve as a template for storing images.

After the first image is shown, the students are given auxiliary location preposi-
tion images ("A little kitten is BY the door"). After the initial introduction of imag-
es, teachers also have the option of either continuing to generate images or giving
the term under discussion to the students and having them make their own images.
Students need to be told that their images should be clear and concrete; however, it
should also be stressed that images of unusual colours or showing odd behaviour can
be easier recalled.

In order to avoid standard memory interference effects, all images need to be
linked into a coherent chain. Moreover, their placement must be logical and con-
sistent. As images are situated, memory palace rooms should not become too crowd-
ed (about four images per room is adequate. Activities can take the form of oral re-
views, short and simple written tests, or the students drawing or filling in a picture.

This method is flexible and can encompass a great deal of information (various
grammatical points). For instance, in order to introduce additional location preposi-
tions, we can construct parks, streets and more buildings. For motion and time, im-
ages can move in these structures under various time constraints.

Provided careful and thorough explanation of the loci method, its use by teachers
and students will not present any difficulties, though it’s seemed to involve too
much work for the teacher and be too complex and impractical for students. Along
with greater recalling of information encoded in images that are paired with certain
location in the room, this technique maintains high interest on the part of students.

Mnemonics shows that students have direct control over the way they learn and
remember, and that there are interesting and viable alternatives to simple rote memo-
rization. Thus, it provides positive psychological support to students who actively
participate in the learning process.

Another mnemonic technique recommends students create images in a way that
is meaningful specifically to them or their life. A student puts him/herself into the
examples of vocabulary in use. If a teacher presents students a phrase like “to doze
off” (meaning to go to sleep), students need to imagine a time when they’re really
tired and can hardly keep eyes open, even though they want to stay awake. Then
they imagine themselves saying “Oh God, I keep dozing off”. Vividly picture some-
thing familiar to you when you’re trying to remember the words. Students can create
stories with the new language.

When trying to practice using new grammar or vocabulary, students are recom-
mended to make a random sentence, but a sentence which they really feel or really
mean. This works for teachers as well. When explaining new words, examples
should be vivid and colourful with some personal element added. If you can, try to
attach some personal element to it or put yourself into the example.
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The core principles of memory techniques which lead to permanent memory
memorizing are the following:

1. Always a sequence of scenes, never just a single one. So, even if a student
forgets parts of a mnemonic story, at least a couple of “triggers” will stick
permanently.

2. Whatever a student imagines must be drastically different from anything we
see in everyday life or it’ll be forgotten due to the retroactive inhibition.

3. Stimulate all five senses, or as many as possible (seeing, smelling, tasting,
touching, hearing).

4. Engage emotions (story - funny; footballer crying — feeling embarrassed; the
learner climbing down to help the poor man — emotional response).

5. After the creation of the “memory clip”, i.e. mnemonic device, it
is essential to repeat it backwards and forwards, and starting from dif-
ferent points in the story. (The beginning and the end of any sequence is
usually easier retrievable than the middle. Therefore, repeating the sto-
ry, always from a different point, provides more “beginnings” and “endings”
and increases the chances for every single “scene” to be better recalled.)

However, without repetition the effects will eventually fade away, no matter
how effective a mnemonic device is. Along with periodic repetition based on human
brain work mechanisms, some teachers offer automatic repetition, on reflex. Such a
reflex repetition would be the closest thing to the effect an L2 environment has on
the memory of a language learner — constant recycling of the (target) language. This
is achieved by embedding memory triggers from learners’ immediate surround-
ings into mnemonic devices! So learners could not possibly forget to “repeat.

Mnemonic devices shall be given more attention by English teachers since these
memory techniques provide an inquisitive and creative teacher with useful tools for
better facilitation of learners’ progress and enhancement of their autonomy.
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The ways to create a successful interaction with students

Rapport means the relationship that the students have with the teacher and vice
versa.

In part, successful rapport derives from the students’ perception of the teacher as
a good leader and a successful professional. If, when teachers come to the class, stu-
dents can see that they are well organized and well-prepared (that is, they have
thought about what they are going to do in the lesson), they are likely to have confi-
dence in their teacher. Such confidence is an essential component in the successful
relationship between students and their teachers. It extends as well to the teachers’
demonstrable knowledge of the subject they are teaching and to their familiarity
with classroom materials and equipment. All of these things tell the students that
they are in “good hands™.

However, rapport also depends on the way that we interact with the students. A
teacher might be most well-prepared and knowledgeable, but if that interaction isn’t
working well, his ability to help students to learn will be seriously compromised.

Successful interaction with students depends on four key characteristics:

1) recognising students.

Students want their teachers to know who they are. They would like their teach-
ers to know their names, of course, but they also appreciate it when teachers have
some understanding of their characters.

It is extremely difficult for teachers to know the names of all their students, es-
pecially at the beginning of a term or semester when they have, say, eight large
groups. As a result, teachers have developed a number of strategies to help them
cope with this situation. One method is to ask students (at least in the first week or
two) to put name cards on the desk in front of them or stick name-tags to their
sweaters or jackets. We can also draw up a seating plan and ask students always to
sit in the same place until we have learnt their names.

Many teachers use the register to make notes about individual students (he wears
glasses, she is very tall, freckles, etc.) and others keep separate notes about the indi-
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viduals in their classes. Some teachers study the register or class seating plan before
the lesson starts or when it is finished to try to fix students names in their heads.

There is no easy way of remembering students’ names, yet it is extremely im-
portant that we do so if good rapport is to be established with individuals. We need,
therefore, to find ways of doing this that suit us best.

But knowing students’ names also involves knowing about students. At any age,
they will be pleased when they realize that their teacher has remembered things
about them, and has some understanding of who they are. Once again, this is ex-
tremely difficult in large classes, especially when we have a number of different
groups, but part of a teacher’s skill is to persuade students that we recognize them
and who and what they are.

2) listening to students.

Students respond very well to teachers who listen to them. Although there are so
many calls on our time, nevertheless we need to make ourselves as available as we
can to listen to individual students’ opinions and concerns, often outside the lessons
themselves.

But we need to listen properly to students in lessons, too. And we need to show
that we are interested in what they say. Nothing demotivates a student more than
when the teacher is dismissive or uninterested in what they say.

I should point out that listening is not just done with the ears! We need to show
that we are listening and paying attention to our students, and this will mean ap-
proaching them, making eye contact and generally looking interested.

3) respecting students.

Correcting students is always a delicate event. If we are too critical, we risk de-
motivating them, yet if we are constantly praising them, we risk turning them into
“praise junkies (addicts)”, who begin to need approval all the time. The problem we
face, however, is that while some students are happy to be corrected robustly, others
need more support and positive reinforcement. In other words, just as students have
different learning styles and intelligences, so, too, they have different preferences
when it comes to being corrected. But whichever method of correction we choose,
and whoever we are working with, students need to know that we are treating them
with respect, and not using mockery or sarcasm — or expressing despair at their ef-
forts!

Teachers who respect students do their best to see them in a positive light. They
are not negative about their learners or in the way they deal with them in class. They
do not react with anger or ridicule when students do unplanned things, but instead
use a respectful professionalism to solve the problem.

4) being even-handed.

Most teachers have some students that they warm to more than others. For ex-
ample, many teachers react well to those who take part, are cheerful and coopera-
tive, who take responsibility for their own learning, and do what is asked of them
without complaint. Sometimes teachers are less enthusiastic about those who are less
forthcoming, and who find learner autonomy, for instance, more of a challenge. Yet,
a good teacher should try to draw out the quiet ones and control the more talkative
ones and ask students who don’t often put their hands up.
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The reasons that some students are not forthcoming may be many and varied,
ranging from shyness to their cultural or family backgrounds. And these quiet stu-
dents will only be negatively affected when they see far more attention being paid to
their more robust classmates. At the same time, giving some students more attention
than others may make those students more difficult to deal with later since they will
come to expect special treatment, and may take our interest as a license to become
over-dominant in the classroom.

Treating all students equally not only helps to establish and maintain rapport, but
is also a mark of professionalism.

Carl Rogers, an American psychologist, suggested that there are three core
teacher characteristics that help to create an effective learning environment. These
are respect (a positive and non-judgmental regard for another person), empathy (be-
ing able to see things from the other person’s perspective, as if looking through their
eyes) and authenticity (being oneself without hiding behind job titles, roles or
masks).

A teacher must put themselves in the place of the student. If we cannot as teach-
ers learn to see things from the students' point of view, if we have no intuitions
about where their resistance or confusions are located, if we cannot remember what
it was like to be buffaloed by new material, then we lack the empathy.

Real rapport is something more substantial than a technique that you can mimic.
It is not something you do to other people. It is you and your moment-to-moment
relationship with other human beings. Respect or empathy or authenticity are not
clothes to put on as you walk into the classroom, not temporary characteristics that
you can take on for the duration of your lesson. You cannot role-play respect or any
of the other qualities. On the contrary, they are rooted at the level of your genuine
intentions.

In order to improve the quality of our own relationship in the classroom, we do
not need to learn new techniques; we need to look closely at what we really want for
our students, how we really feel about them. It is our attitude and intentions rather
than our methodology that we may need to work on.
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The method of language teaching divised by Galeb Gattegno — the silent way

This article is devoted to modern, intensive and extraordinary teaching method
of foreign languages by Galeb Gattegno (silent way); this way is perhaps as well
known for the unique nature of its teaching materials as for the silence of its teach-
ers. The general goal set for language learning is near-native fluency in the target
language, and correct pronunciation and mastery of the prosodic elements of the tar-
get language are emphasized. The “artificial approach” (Krashen, Terrel, 1983) that
Gattegno proposed is based on the principal that successful learning involves com-
mitment of the self to language acquisition through the use of silent awareness and
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then active trail. Gattegno’s repeated emphasis on the primacy of learning over
teaching places a focus on the self of the learner, on the learner’s priorities and
commitments.

Keywords: Fidel’s (colored wooden sticks), cues, elicit, puppeteer, cuisenaire
(rods)

Introduction

The Silent Way is the name of a method of language teaching devised by Galeb
Gattegno. Gattegno’s name is well know for his revival of interest in the use of col-
ored wooden sticks called Cuisenaire rods and for his series Words in Color, an ap-
proach to the teaching of initial reading in which sounds are coded by specific col-
ors.

It is bases on the premise that the teacher should be silent as much as possible
in the classroom and learner should be encouraged to produce as much language as
possible.

Aim and tasks

The aim of this article is to describe modern and extra ordinary method of learn-
ing and teaching foreign (English) language; To compare with other methods of
teaching languages.

The Silent way shares a great deal with other learning theories and educational
philosophies. It could be stated as follows:

1. Learning is facilitated if the learner discovers or creates than remembers and re-
peats what is to be learned.

2. Learning is facilitated by accompanying (mediating) physical objects.

3. Learning is facilitated by problem solving involving the material to be learned.

We are not surprised then to see simulated experiences using tokens and picture
charts as central elements in Silent Way teaching.

By looking at the material chosen and the sequence in which it is presented in a
Silent Way classroom, it is clear that the Silent Way takes a structural approach to
the organization of language to be taught. The sentence is the basic unit of teaching,
and the teacher focuses on prepositional meaning, rather than communicative value.
Students are presented with the structural patterns of the target language and learn
the grammar rules of the language though largely inductive processes.

Gattegno sees vocabulary as a central dimension of language learning and the
choice of vocabulary as crucial. He distinguishes between several classes of vocabu-
lary items. The “semi-luxury vocabulary” (Gattegno, 1972) consists of expressions
common in the daily life of the target language culture; this refers to food, clothing,
travel, family life, and so on. “Luxury vocabulary” (Gattegno, 1972) is used in
communicating more specialized ideals, such as political or philosophical opinions.
The most important vocabulary for the learner deals with the most functional and
versatile words of the language, many of which may not have direct equivalents in
the learner’s native tongue. This “functional vocabulary” provides a key, says Gatte-
gno, to comprehending the “spirit” (Gattegno, 1972) of the language.

Like many other method proponents, Gattegno makes extensive use of his un-
derstanding of first language learning prosses as a basis for deriving principles for
teaching foreign languages to abuts.
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Research methods and results

The general objective of the Silent Way is to give beginning level students oral
and aural facility in basic elements of the target language.

An immediate objective is to provide the learner with a basic practical
knowledge of the grammar of the language. Students should be able to:

correctly and easily answer questions about themselves, their education, their
family, travel, and daily events;

speak with a good accent;

give either a written or oral description of picture, including the existing rela-
tionships that concern space, time and unmembers;

answer general questions about the culture and the literature of the native
speakers of the target language.

Learning tasks and activities in the Silent Way have the function of encouraging
and shaping student oral response without direct oral instruction from or unneces-
sary modeling by the teacher. Basic to the method are simple linguistic tasks in
which the teacher models a word, phrase, or sentence and then elicits learner re-
sponses.

The absence of correction and repeated modeling from the teacher requires the
students to develop “inner criteria” (Asher, 1977) and to correct themselves. The ab-
sence of explanations requires learners to make generalizations, come to their own
conclusions, and formulate whatever rules they themselves feel they need.

Teacher silence is, perhaps, the unique and, for many traditionally trained lan-
guage teachers, the most demanding aspect of the Silent Way (Savignon, 1983).

More generally, the teacher is responsible for creating an environment that en-
courages student risk taking and that facilitates learning. This is not to say that Silent
Way teacher becomes “one of the group” (Gattegno, 1972).

In fact, observers has noted that Silent Way teachers often appear aloof or even
gruff with their students. The teachers role is one of the neutral observer, neither
elated by correct performance nor discouraged by error. Students are expected to
come to see the teacher as a disinterested judge, supportive but emotionally unin-
volved.

The teacher uses gestures, charts, and manipulatives in order to elicit and shape
student responses and so must be both facile and creative as a pantomimist and pup-
peteer. In sum, the Silent Way teacher, like the complete dramatist, writes the script,
chooses the props, sets the mood, models the action, designates the players, and is
critic for the performance.

The pronunciation charts, called “Fidels” (Asher, 1977), have been devised for a
number of languages and contain symbols in the target language for all of the vowel
and consonant sounds of the language. The symbols are color coded according to
pronunciation; thus, if the language possesses two different symbols for the same
sound, they will be colored alike.

The colored cuisenaire rods are used to directly link words and structures with
their meanings.
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The vocabulary or word charts are likewise color coded, although the colors of
the symbols will not correspond to the phonetics of the Fidels, but rather to concep-
tual grouping for words. There are typically twelve such charts containing 500 to
800 words in the native language and script.

Chart 1: the word rod, colors of the rods, plural markers, simple imperative
verbs, personal pronouns, some adjectives and question words.

Chart 2,3: remaining pronouns, words for ‘here’ and “there”, of, for, and name.

Chart 4: numbers

Chart 5,6: words illustrating size, space, and temporal relationship, as well as
some concepts difficult to illustrate with rods, such as order, casualty, conditions,
similarity and difference.

Chart 7: words that qualify, such as adverbs.

Chart 8,9: verbs, with cultural reference where possible.

Chart 10: family relationships.

Chart 11,12: words expressing time, calendar elements, seasons, days, week,
month, year etc.

Discussion

A Silent Way lesson typically follows a standard format. The first part of the les-
son focuses on pronunciation. Depending on student level, the class might work on
sounds, phrases, or even sentences designated on the Fidel chart. At the beginning
stage, the teacher will model the appropriate sound after pointing to a symbol on the
chart. Later, the teacher will silently point to individual symbols and combinations
of symbols, and monitor student utterance. The teacher may say a word and have a
student guess what sequence of symbols rhythm the word.

The pointer is used to indicate stress, phrasing, and intonation. Stress can be
shown by touching certain symbols more forcibly than others when pointing out a
word. Intonation and phrasing can be demonstrated by tapping on the chart to the
rhythm of the utterance.

After practice with the sounds of the language, sentence patterns structure, and
vocabulary are practiced. The teacher models an utterance while creating a visual
realization of it with the colored rods. After modeling the utterance, the teacher will
have a student attempt to produce the utterance and will indicate its acceptability. If
a response is incorrect, the teacher will attempt to rephrase the utterance or have an-
other student present the correct model. After a structure is introduced and under-
stood, the teacher will create a situation in which the student can practice the struc-
ture through the manipulation of the rods. Variations on the structure theme will be
elected from the class using the rods and charts.

Conclusion

The Silent Way can be used with elementary, intermediate and advanced stu-
dents. Its principles are far-reaching. It’s not only effects education but the way one
perceives the living of life. The Silent Way exemplifies many of the features that
characterize more traditional methods, such as Situational Language Teaching and
Audiolingualism, with a strong focus on accurate repetition of sentences modeled
initially by the teacher and a movement through guided election exercises to freer
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communication. The innovations in Gattegno’s method derive primarily from the
manner in which classroom activities are organized.
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Engine department Correspondence

Ship’s correspondence is, mostly thought to be the area of interest of the deck
department: the deck officers mainly deal with all kinds of paper work. And engi-
neer officers’ work includes economical and efficient operation and maintenance of
ship’s machinery. But, may be it used to be this way years ago. Nowadays the world
is changing rapidly and marine industry as well. The ships have become faster and
more complex, the number of them is also growing and marine traffic is getting
more intensive. The growth of world fleet number and tonnage as well as speed
greatly increased shipping intensity. And as a result the increased number of marine
casualties. In spite of the most modern integrated navigational complexes and power
plants, enhancing shore servicing and crew training quality, casualties are still rather
frequent. The main cause is usually “human factor” which is being studied nowa-
days. This deals with adequate actions of complex systems operators in inadequate
(emergency) conditions. The study of such situations can give methods and recom-
mendations for safe ship operation and develop adequate guidance , certificates,
check lists etc.

World community, worried by large casualties with marine vessels, heavy living
conditions of crews and by ecological problems, has elaborated a great number of
international legislative acts, stating the requirements for the fleet conditions and the
ways of its operation. The greatest efforts in this direction have been made by Inter-
national Maritime Organization (IMO) and International Labor Organization (ILO).
These organizations have developed a number of international conventions for safe-
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ty of life at sea, environment protection from pollution and provision of proper liv-
ing and working conditions for crews.

Rather important role in marine industry is played by so called “human factor”.
With purpose to minimize negative influence of incompetence of marine specialists
IMO established the minimal requirements to the crew manning and crew training.

While developing these conventions the control function of their accomplish-
ment was put onto the Flag State and specialized organization — classification socie-
ty. The responsibility for the compliance with the convention requirements was put
onto the owner.

International Safety Management Code (ISM Code) was also developed to en-
sure safety at sea, to prevent injuries and casualties and avoid damage to environ-
ment and indemnity.

The Code requires that every shipping company developed, accomplished and
maintained Safety Management Systems.

Safety Management system includes:

Safety policy and environment protection;

Instructions and procedures ensuring safe ship’s operation and environment pro-
tection according to the international legislation and Flag State legislation;

Determining authoritative level and ways of interaction between shore and ship
personnel;

Procedure of informing about incidents and incompliance with the ISM Code;

Procedure of preparation for probable emergencies and handling them,;

Still safety and security require more attention and are to be put to the first row
of the most important issues. Shipping companies are creating all sorts of measures
to enhance their safety policy. All this involves not only safety instructions and
manufacturers’ manuals to be read and properly understood by marine engineers but
also all kinds of forms, check lists, risk assessment to be filled. We know that all
ship’s activities are to be recorded and entered into the log books.

Every ship must have valid and properly drawn up technical documents taking
into account ship's design and area of sailing. The list of documents is drawn up by
the ship owner. So it may differ considerably but still there are standard documents
which are necessary for every ship.

If in the process of ship repair or modernization certain works have been carried
out which have resulted in ship’s construction or technical characteristics changers
or led to ship’s purpose changes, the technical documents should be corrected ac-
cording to the actual works carried out.

The ship owner bears responsibility for every ship being completed with the
necessary documents and also their timely updating.

The Master is responsible for availability and proper maintenance of the neces-
sary documents on board

Ship’s technical documents include

-construction documents;

-legislative documents;

-ships documents;

-accounts and reports;
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-standards and regulations;

-management and guidance documents;

-provision documents.

Construction documents

Construction documents are designers’, engineering and technological docu-
ments and certificates on materials, equipment and stores, certificates and specifica-
tions on ship’s technical means and machinery, manufacturers instructions on their
operation and also statements and protocols and results of acceptance trials.

First full complete pack of these documents is to be kept as the ship’s invento-
ry by the Chief Engineer. The second pack is kept by Ship Owner.

Legislative documents

These are national and international normative acts, rules and regulations of su-
pervisory boards, industry normative documents, orders, regulations and instructions
of Ship Owner

Full complete of legislative documents must be kept by Master and Chief En-
gineer

Ship’s Documents

Every ship must have valid ship’s documents confirming the compliance with
the legal provisions, engineering and fire safety, proper ship’s technical condition,
safety of life at sea, pollution prevention, safe cargo carriage, ship’s sanitary condi-
tion and labor protection, as well as Ship’s Log Book and Engine Log Book.

General ship’s documents are kept by the Master. All the rest documents are
kept by the Chief Engineer.

Accounts and Reports

The main records are: Ship’s Log Book and Engine Log Book, engineering and
electrical log book, different technical condition record books, maintenance plans
and schedules, record books of ship’s stores and spares.

These documents should contain actual information of ship’s operation and
maintenance, stores and spares consumption. Control of these documents mainte-
nance is carried out by the Master and the Chief Engineer accordingly. The correct
maintenance of these documents is the responsibility of the ship’s officers according
to the responsibilities of their charge.

Maintenance reports contain general information on maintenance, technical con-
dition, stores and supplies consumption for certain period. Main report is the voyage
report.

Voyage report should contain brief description of the main voyage conditions,
emergencies occurred, troubles and failures, their causes and measures taken by the
crew, list of maintenance works carried out and materials consumed, supplies and
tools. Expiry dates of ship’s documents should be given, ship’s readiness for getting
underway and other data stated by the owner.

Standards and regulations

Standards and regulations for operation and maintenance of a ship establish
quantity of store consumed per a unit of time ( power, volume etc.)

Management and guidance documents
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These include inventory books, record book of orders and remarks of managing
staff, files with the onboard orders, emergency cases, statements of taking over and
handing over responsibilities, reports of ship’s readiness for getting underway, on
ship’s personnel, time table of watches and other documents, reflecting daily engine
department activities.

Provision documents

These are necessary for technical supervision and classification of ship, technical
use, maintenance and repair.

These documents also include design, technological, operational, engineering,
maintenance and repair documents such as repair lists, lists of works actually carried
out, statements of sea trials, drawings, diagrams, specifications, technological charts,
trouble shooting statements, dry dock survey statements and other documents.

The way of keeping and using these documents is established by the Master to-
gether with the Chief Engineer, and they both are responsible for them.

To ensure proper operation of diesel engine on board every ship there should be
the following documents:

Engineering files for main and auxiliary diesels and their supporting machinery;

Operation manuals and instructions for all machinery;

Graphs of relation between vessel’s speed, hourly fuel consumption and engine
power and revolutions per minute;

Register book for boiler;

Statements of surveys and trials;

Spares inventory book;

Complete of drawings;

Diesel operation and maintenance rules;

Engine Log Book is main control document of the engine operation and must be
checked and signed by the Chief Engineer daily.

Engine department documents

Instructions on ship’s diesels operation and maintenance

Instruction on electrical equipment operation

Instructions on ship’s auxiliary machinery operation

Engine logbook

Electric equipment logbook

Boiler watch logbook

Ship’s logbook on water control

Oil Record book. Part 1 Machinery Space Operations (for all ships)

Oil Record book. Part 2. Cargo/ballast Operation (Oil tankers)

Sewage Record Book (all ships)

Garbage Record Book (for all ships)

Cargo Record Book for ships Carrying Noxious Liquid Substances in Bulk

These are only the main standard documents of the engine department, which
deal with general operation and maintenance. Every kind of work requires certain
risk assessment form or work permit if it involves any hazard. Each procedure re-
quires to fill in the check list to be sure not to miss anything. So marine engineers
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are to be prepared to work not only with machinery but also with a lot of paper
work.
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A Problem of Motivation of Maritime Students in the Process of English Study

Language is our primary source of communication. Nowadays, in our current
time several factors make the English language as an essential component for com-
munication, thus the importance of learning foreign language enables to communi-
cate easily with our global citizens. As usually, use English is a common language to
communicate and everyone needs to learn the language in order to get in touch on an
international level. Speaking it will help you communicate with people from coun-
tries all over the world, not just English-speaking ones.

English is essential to the field of education. It is also accepted as common
working language of the maritime world and being competent in its use is essential
to the safety of ships, their crews and the marine environment. The necessity for the
establishment of ME (maritime English) proficiency standard is mandatory used by
all maritime based professionals and become an important tool to ensure safety at
sea, on shore or in ports.

Motivation occupies an important place in the structure of personality and is one
of the basic notions used to explain drivers of behavior and activity of an individual.
Theoretical analysis and motivational research have led to the formulation of the hy-
pothesis that the motivational sphere, in general, is a structural and holistic entity
behind the process of development. The relevance of the motivational research is
caused by the growing interest in the student's personality and his or her activities
and changing of each student's social environment.

The learning process is present in life of every individual from a young age until
the completion of professionally oriented establishments such as colleges and uni-
versities. Any examination is encouraged by a number of other grounds, which in
turn constitute the motivational sphere structure of a personality. Learning motiva-
tion is one of the types of motivation, which just like any other, is characterized by
consistency and sustainability. It is just a kind of activity, which is reflected by stu-
dents to achieve certain educational objectives. Its development can without exag-
geration be described as one of the central issues of the maritime student’s modern
training. The updating of the content of English teaching and setting objectives of
development of free-roaming acquisition of knowledge and cognitive interests, as
well as a proactive attitude in life, among cadets cause the relevance of the issue ex-
amined.

The analysis of literature and web sources showed that the consensus has yet to
be reached, and there is no permanent solution to the problem, namely, what motiva-
tion is in general, and what motivation of learning process is particularly. Motivation
of human activities is very diverse since it is caused by different needs and concerns
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that arise from social life. It is rooted in comprehension of moral responsibilities and
tasks, which the social life entails. So, in its most deliberate acts behavior of a per-
son is regulated by declared need.

Motivation influences means and direction of usage of the maritime student's
various functional abilities; it explains the choice between different possible actions,
between options of perception and possible contents of thinking. In addition, moti-
vation explains intensity and tenacity in the implementation of the action selected
and its impact while studying English.

In the twenty-first century, learning foreign languages, especially English, has
become essential. Clearly social demand for a maritime establishment graduate has
long been voiced. He or she shall be a professional of any occupational area who has
a good command of spoken and written English.

A problem of motivation frequently occurs while learning in the process of Eng-
lish study at the maritime establishment. It is common for motivation to reduce with
each next course of studies. It should be noted that before the English study at the
maritime establishment begins and at the very beginning of the training students
generally have a strong drive. They want to learn to speak English with their peers.
It has turned out that the most attractive opportunity for cadets is to write business
letters in English, which is very important in the future seafarer’s profession. Cadets
want to read and understand the information without the use of a dictionary. Almost
all cadets wish to master English to be able to communicate in a foreign language
with each other and with foreigners both verbally and in writing; but once English
language training begins, cadets’ attitude undergoes dramatic changes, and too many
of them get frustrated. The process of learning English involves the stage of “build-
ing blocks” accumulation, the period of inevitably primitive content, dealing with a
variety of challenges, and this, in turn, pushes achievement of the objectives stu-
dents have dreamt of away. As a result, the reduction of motivation happens; the ac-
tivity at the lesson goes missing; the will aimed at mastering foreign language weak-
ens; the academic performance, in general, tends to decrease, and it has a negative
impact on motivation. This is the widely observed situation, which is connected with
the maritime students' English learning.

If there is a strong motivation, inviting wish to work actively, cope with the in-
herent difficulties, unfavorable conditions and other circumstances any activity takes
place more efficiently and yields better results. All this is relevant to English study
at the maritime establishment that takes place more effectively when the learners
have a positive attitude, cognitive interest, need to obtain knowledge, skills, sense of
duty, responsibility and other grounds for training. The maritime students should
understand that knowledge of English is very important for representatives of mari-
time occupations. This knowledge allows taking tests offered by crewing companies
successfully and without difficulties; passing oral interviews and awarding the con-
tract for gainful employment on a foreign ship; not having trouble with business cor-
respondence; reading contracts and understand every word. Carriage by sea is im-
plemented all year round. It means that specialists with foreign language skills will
be continuously provided with jobs. The issue of employment is very current. Secu-
rity clearance on board the vessel requires passing of qualification tests and
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knowledge of English, which The International Maritime Organization (IMO)
adopted as the international language in 2001. In addition, a chance of getting a de-
cent job for a cadet with knowledge of English is higher. Moreover, this chance in-
creases when a student knows professionally oriented English. A good command of
English ensures the safety of operations at sea. Statistics indicate that accidents at
sea occur primarily through lack of understanding. In the Maritime industry being
able to communicate effectively in English and preventing intercultural misunder-
standing can be a matter of life and death. Maritime communication programs help
professionals in the maritime industry communication better in English and cross
cultures. Communication at sea is the essential part for the effective and safe run-
ning of the ship. It takes place within the ship herself, between the ship and shore
station, between the ship and other ships and sometimes between the ship and air-
craft. It is needed to be sure that the speech communications are as precise, simple
and unambiguous as possible and that language confusions and errors are avoided
that are often at the root of accident and other circumstances.

An essential condition for the establishment of a particular training objective is
the focus of a student’s consciousness not only on the results of learning but also on
the means for achieving it. In order to form training objectives an array of methods
of organizing and implementing training activities is used, such as verbal, visual and
practical methods. It is common knowledge that visibility has a catalytic effect. Vis-
ibility increases the interest in issues studied, initiate new sources of activity capable
to overcome fatigue.

Currently, the issue of English study by maritime students plays an important
role. The younger generation has already changed the attitude to this process as a re-
sult of reforms taking place in modern society both in Ukraine and abroad. The fol-
lowing changes are the most significant ones: the world is experiencing processes of
globalization (cultural integration); the reorientation of the educational process to-
wards education and its value in real life. All this stimulates increasing of motiva-
tional level in the process of English study among maritime students, as well as in-
troducing the concept of “language proficiency” at the degree of substantive value.
Language proficiency is the key to the culture of people who speak this language.
The interpenetration and mutual impact of cultures make people from different lin-
guistic communities communicate with each other. Language study followed by the
familiarization with cultural and social values is the way of mutual understanding
and rapprochement among peoples. Research shows that maritime students who
learn English have are motivated mainly by the personal incentives. Some students
have a profound professional motivation of their study, assess the professional im-
portance of such subject as “Maritime English”, their interest in it is well above
compared to those who don’t seek to gain the necessary in-depth knowledge to be a
good specialist. Students who seek to gain good knowledge are characterized by de-
termination, strong will, ability to mobilize their physical and mental energy on their
studies, high regularity of education activities. The set of all these features together
with motivation, which focuses on gaining knowledge, provides a good education
achievement.
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It should be pointed out that authoritarian training style has a negative impact on
the development of positive motivation among cadets. Together with this, the level
of internal perceptive motivation decreases, as well as the importance of the results
of English study; students begin to feel hesitant about their powers. A teacher often
considers his or her students as the object of impact rather than equal partners in ac-
tivities. The teacher distances both from a group as a whole and each student indi-
vidually. The authoritarian style suppresses interest in English study; the enthusiasm
across the training activities declines. Similarly, this style deters young people from
fulfilling themselves creatively, and consequently, a student has no intention to
achieve better results.

It can be concluded that many factors influence the creation of a positive train-
ing motivation when studying English. It must be understood that the training moti-
vation is the foundation of a progressive growth and provides a great assistance in
achieving desired goals and acquiring a dignified occupation in the maritime indus-

try.
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To the question of modal verb constructions in maritime english sublanguages

The widespread development of international scientific contacts and the growing
need for knowledge of a foreign language among specialists in various industries in
the era of globalization raises the question of the necessity of such a description of a
foreign language that would orient the recipient to the needs of professional com-
munication, based on the knowledge of corresponding scientific and technical sub-
languages.

To achieve this goal is hardly possible without a scientific justification of the se-
lection of the volume of grammatical and lexical phenomena that must be learned by
the recipient. The actual functioning of the language in various spheres of human ac-
tivity leads to stylistic heterogeneity of texts, to their sublingual and functional-style
differentiation.

Since the scientific and technical text does not implement the entire system of
the language, but only its individual sections, it seems appropriate to study consist-
ently the structure and behavior of various fragments of the language system in the
text. A certain experience has been accumulated in cataloging and describing the
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lexical subsystems of a language. The grammatical aspects of science and technolo-
gy have not yet found sufficient reflection in works on functional stylistics and in
the theory of sublanguages. Therefore, the description of a part of a grammatical in-
ventory of sublanguages is an important task today. The study of this side of the lan-
guage development involves focusing on the necessity to study the diversity of word
combinations.

We will try to consider only some word combinations (modal verb+infinitive)
In the sublanguage that we studied, it was found that among the word combinations
the most frequent ones are the constructions consisting of a modal verb + infinitive,
which come to 57.95% of the total number of word combinations [Beresnev, 1979].
Therefore the aim of this study is to try to identify some features of the verb con-
structions functioning in a number of sublanguages.

The material considered is taken from the following journals: “Maritime Report-
er and Engineering News” and “Journal of Marine Engineering & Technology”

The texts used in our research belong to one functional style — scientific-
technical - and to the same sublanguage —marine automation. The sample size was
30,000 word usages.

The unit of sampling and analysis is the word constructions- modal verb + infin-
itive. Word constructions of English scientific and technical texts are considered
from the perspective of a foreign language recipient.

Peculiarities of the use of the studied structures are revealed in the statement of
facts and data, a description of the predicted consequences, results, instructions and
recommendations.

The statement of facts and data and the description of phenomena are caused by
objective reality, which is an informative part of the discourse, pursuing various
communicative goals, for the implementation of which a number of modal verbs are
used, the most frequent of which is MV can. This verb is most often used to describe
properties and characteristic processes [Selezneva, 2008]. In our studythe hypothesis
put forward stating that the most frequent verb is CANwas confirmed, the share of
its constructions was 61.2%.

When describing the predicted consequences and results, the modal verbs ex-
pressing the possibility are the verbs can and may. For the verb can in the scientific-
technical stylethe meaning of the theoretical possibility arising from the presence of
conditions or the absence of obstacles to the implementation of the action expressed
by the verb, in combination with which the verb can is used [Selezneva, 2008], is
the most common.

In the scientific- technical style the use of the verb may with the meaning of the
possibility based on permission is most often limited to discussion, and it can also be
found in the introductory or final part of the work, where more general questions are
considered. The share of constructions with this modal verb is 21%.

It seems obvious that forecasting potential risks and dangers, warning about
their occurrence is one of the goals of a scientific-technical text. Perhaps this ex-
plains why more than one third of the total frequency of the verb may is used to ex-
press this particular meaning. Might is used to predict low risk.
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Instructions and recommendations are a special kind of scientific- technical dis-
course associated with manuals and reference books intended for users of devices
and systems. This text uses modal verbs expressing advice, recommendation, duty or
prohibition. In the scientific-technical style the verb should is often used as a rec-
ommendation, but in a peculiar form due to the communicative task of this style - in
the form of manuals, instructions to the procedures and processes. The instruction
can warn the user about possible risks using the verb may, as in the following sen-
tence: Turn the button to off failure to do so may cause the battery to lose its charge.
In the scientific functional style the importance of the need of MVmust in most cas-
es reflects the objectively existing need (its share is 8.4%), which consists in the ob-
ligatory or inevitability of some processes or phenomena caused by certain facts of
objective reality.

Based on the above facts we can conclude that the most common in the marine
sublanguage of automation is the verb ecan, which is included in the construction of
can + verb, because it has the highest polysemantics and, accordingly, is found in
texts of various orientations of the marine sublanguage of automation.
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Use of Authentic Materials in Maritime English Classroom

Among other aspects of language teaching is the problem of resources and mate-
rials to be used in classroom. The use of authentic materials in the classroom has re-
peatedly been the topic of discussions at conferences of different levels. Uniform in-
formation space, the World Wide Web, which is turning the world into a global vil-
lage, provides opportunities to educationalists all over the world to obtain free ac-
cess to any resources. There is no doubt that these resources should become an inte-
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gral part of the educational process. Though there is a problem — what materials
need to be included into the course syllabus.

At present there is no any longer such a problem as lack of resources and materi-
als to be used in everyday practice of a foreign language teacher. Enormous re-
sources of Internet and You-Tube, free web-sites, as well as numerous language
courses are at the disposal both of teachers and students willing to teach/ learn for-
eign language.

One can find various resources not only for teaching English for general purpos-
es (EGP) but English for specific purposes (ESP) as well. Maritime English (ME)
being an example of ESP is not an exception.

But the abundance of resources does not guarantee their quality; there appear
another problem - how to find the ones most appropriate, useful, of the required type
and quality. Inter alia, there is an issue of using authentic materials in the teaching
process.

Authentic materials are widely used within the framework of the ME courses
taught by the instructors of the National University Odessa Maritime Academy.

Definition of Authentic Materials

The issue of authenticity has been foundational to much language teaching and
language teacher education for almost forty years [1]. What is meant by authentic
materials? There are many definitions and explanations of them. According to Jor-
dan [2], an authentic material (text) is the one used “in the students’ specialist sub-
ject area: written by specialist for specialists. It is not written for language teaching
purposes’.

Swaffar [3] thinks that authentic materials are primarily intended to “communi-
cate meaning” and should possess “an authentic communicative objective”, whereas
the purpose of foreign language textbooks is “to teach language per se rather than to
communicate information”. Peacock [4] says that authentic materials are the materi-
als specially produced to fulfil some social purposes in the language community. For
Martinez [5] authentic materials are the materials prepared for native speakers and
not designed to be used for teaching purposes. Widdowson [6] defines authentic ma-
terials as the materials created for native speakers and used in the classroom in a
way similar to the designed one.

Tomlinson [7] believes authentic materials (texts) are produced in order “to
communicate rather than to teach”, they do not have to be produced by native speak-
ers and they might be even simplified to facilitate communication.

According to Carter and Nunan [8] authentic materials are "ordinary texts not
produced specifically for language teaching purposes". These materials are not spe-
cially developed for teaching purposes, but they can be successfully used for such
purposes. Nunan [9] defines authentic materials as spoken or written language data
that have been produced in the course of genuine communication, and not specifical-
ly written for purposes of language teaching.

The definition of the term ““authentic materials” given in Longman Dictionary of
Language Teaching and Applied Linguistics, in our opinion is a kind of an essence
of the existing numerous definitions showing the most important notions contained
in the term. This definition is as follows: “the use of materials that were not original-
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ly developed for pedagogical purposes, such as the use of magazines, newspapers,
advertisements, news reports, or songs. Such materials are often thought to contain
more realistic and natural examples of language use than those found in textbooks
and other specially developed teaching materials” [10].

Herod [11] thinks authentic learning materials and activities are designed to imi-
tate the real world situations.

Summarizing various definitions of the term we can conclude that authentic ma-
terials are not specially produced for teaching/ learning, and created to communicate
some real world information required by the society for successful communication.
“In this context, the most significant synonyms are genuine and natural; on the other
hand, the most significant antonyms are artificial and unnatural” [12].

Teaching materials in ME classroom

Teaching materials are rather important in educational process, they are speci-
fied in the course programs and curriculum. They are specially developed with the
account of the existing requirements and needs of teachers and learners. Some of
these materials are really good, the others are not. But most of these materials are
artificial and unnatural in terms of real-world situations. They are specially created
to drill some grammar structures and forms, to practice vocabulary, to work with
texts, to memorize some materials, etc., i.e. to carry out some academic activity.
Both teachers and learners interpret these materials as the integral part of teaching/
learning process and sometimes they cannot explain the way to apply them in real
life and in their professional activity.

The same can be referred to both EGP and ESP. To prepare students for real life
situations is the issue of great concern for ESP teachers especially in case of ME.

The International Convention on Standards of Training, Certification and
Watchkeeping for Seafarers (STCW) has adopted the detailed list of the require-
ments an engineer should meet. The STCW Code requires “Adequate knowledge of
the English language to enable the officer to use engineering publications and to per-
form engineering duties, effective communication also with a multilingual crew”.
The analysis of the requirements stipulated by the STCW Code allows instructors to
prepare the list of authentic materials compulsory for studies.

The basic idea of any and all courses in ME is to help trainees to develop the
communicative competence in English to a level that will enable them to satisfy the
competences relating to English language set out in the STCW Code. The use of au-
thentic materials is one of the sources of professional knowledge, the way to prepare
seafarer for future activity, to develop the required skills and competence.

The standardized national and international requirements, the recommended
“Model Course 3.17” give us references as for the materials to be used. Some of
these materials are authentic, among them are texts of conventions, amendments to
the resolutions, International regulations (texts), Check Lists (for seafarers), ship-
ping industry magazines, etc. Besides the regulatory documentations, there are refer-
ences to the text books, audio-video courses specially developed for seafarers and
not authentic. All ME instructors are well familiarized with the Marlins course and
tests (on-line), moreover for crewing companies these tests are a “must-do” item. It
means we have a very rich spectrum both of authentic and non-authentic materials.
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At the same time use of authentic materials in ME classroom can demonstrate the
real-life situations ME is used, motivate learners and help them in developing com-
municative competence, thus preparing them for their professional activity.

Among the strengths of the authentic materials are: their authenticity, relevance
to the professional activity of the target group. We work with senior students so they
understand the importance of these materials for their profession, especially with the
account of their competitiveness in effort to find a job. Unfortunately not all regula-
tory documents, papers, sources and materials are attractive to arouse interest but
they are required to get the desired certificate of professional competence so it is
very motivation increasing. Moreover the learners have their content area subjects
where they study the same materials but in their mother tongue, so they have “at
least some experience with the topic” or text, or other material(s). The mentioned
content area subjects can be considered as a sort of “pre-activities” necessary to
work with them during the ME classes.

The main idea behind implementation of these materials into ME course is to
proceed from simple ones — to more complicated, thus increasing the level of diffi-
culty from the learners’ own or “slightly above their existing level” to the required
one.

In case of printed materials their presentation is not very attractive but in terms
of their usefulness they attract attention of learners, as these materials haven’t been
“specially done” to make the learners do something. It is very important as we have
some very highly motivated learners, who are eager to acquire all possible
knowledge, to find a good and well paid job after graduation from the University.

We don’t think that regulatory documents, instructions and Check Lists, as well
as other publications contain “a significant number of metaphors, symbols, idioms,
hidden meanings”. They contain well known (from content area studies in mother
tongue, and pre-activities in ME), and some guessable items (lots of maritime terms
are the borrowings from English into Ukrainian, similar pronunciation, meaning,
etc.).

For seafarers to be able to communicate effectively one needs to be able to use
and understand English in a range of situations. Any seafarer should be able to ex-
press himself clearly and appropriately in speech and writing, to interpret messages
that he hears and reads correctly, to respond to these messages appropriately and
comprehensibly. When a seafarer can demonstrate the ability to do this, he proves
his communicative competence in English. Language skills required for seafarer re-
fer to the four communication skills: listening, speaking, reading and writing. There-
fore authentic materials should be used to develop these skills. Among them are var-
ious documents, instructions, regulations used on board and regulating ship’s every-
day operation: SOLAS, MARPOL, IBC-Code, Check-Lists,etc.

The use of a specific type of materials is stipulated by the logic of the course and
the theme studied. For example, when it is “Ordering bunkers and taking them on ”
we need to revise the information contained in the appropriate “Bunkering Check
List”, our learners are to be able to read and understand the Check-list, to be ready to
answer the questions.
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The analysis of every theme studied supported by the regulations and infor-
mation obtained from the content subject allows collecting a package of authentic
materials and resources to be used in ME teaching.

And here are the examples of some resources, that can be used in ME classroom:

- the site specially designed for marine engineers and seafarers with links and
references: http://www.dieselduck.info/

- maritime information website: www.marineinsight.com

- another resource which can be of great help:
http://www.maritimetv.com/FeaturedContent/FeaturedVideos.aspx

- YouTube can also be used as a source of classroom materials.

In terms of World Englishes especially for seafarers it is also a good demonstra-
tion of

various pronunciation models which they also need to be able to understand.

Finally it should be reminded that the use of authentic materials cannot replace
the recommended and mandatory text-books; it is rather time- and labor-consuming
process. These materials require a thorough selection, planning and sometimes adap-
tation.

It is important to to use authentic materials in ME classroom to achieve the de-
sired level of professional communicative competence of the maritime educational
institutions graduates. Authentic materials can become an effective tool on the way
of forming communication skills of learners, increase their professional language
awareness, and introduce some specific features of their future profession. Authentic
materials are “tailored” for the specific needs of learners, can add motivation to
them, enrich the academic process, help to train well-qualified specialists.
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Maersk Alabama

In  April 2009 Maersk Alabama was sailing  from Salalah, Oman,
to Mombasa, Kenya, with 21 Americans onboard, including Phillips. On April 7 the
ship was a few hundred miles off the coast of Somalia. The area was well known for
pirate attacks, and Phillips had received warnings but did not alter course. In the
late afternoon, the vessel was approached by several pirate boats that ultimately
turned back without incident.

On the morning of April 8, the Alabama sighted a small speedboat carrying four
pirates armed with AK-47s. The unarmed crew attempted to ward off an attack,
shooting off flares and spraying fire hoses. the hijackers were successful on their
second attempt. Despite the Alabama’s efforts to repel the pirates using fire hoses,
“racing maneuvers” (swaying back and forth), and flares (fired by Phillips), the pi-
rates eventually threw up a ladder and boarded the ship, taking the bridge. Somalis
were able to board the vessel, marking the first time in some 200 years that pirates
had set foot on a ship sailing under the U.S. flag. The crew managed to disable
the Alabama, and most retreated to the fortified steering room. However, Phillips
and several others were captured on the bridge.

When the pirate alarm sounded, Chief Engineer Mike Perry brought 14 members
of the crew into a secure room that the engineers had been in the process of fortify-
ing for just such a purpose. As the pirates approached, the remaining crew fired
flares. In addition, Perry and First Assistant Engineer Matt Fisher swung the
ship's rudder, which swamped the pirate skiff.[®!

Nonetheless, the ship was boarded. Perry had initially taken main engine control
away from the bridge and Fisher had taken control of the steering gear. Perry then
shut down all ship systems and the entire vessel "went black." The pirates captured
Captain Richard Phillips and several other crew members minutes after boarding,
but soon found that they could not control the ship.
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pirates chose to leave the ship. The 53-year-old captain was taken hostage.
As one of the sailors from Alabama said, one of the pirates was in the hands of
the sailors, and it was supposed to be exchanged for Phillips, but the pirates vio-
lated the agreement.

Phillips with four pirates was on board an orange rescue boat, rushing to the
shore.

the frigate Haliburton and the Boxer universal landing ship came to the aid
of the captain. According to reports, the pirates demanded a ransom of $ 2 mil-
lion for the release of Phillips. For several days, the ships chased the boat, an
urgent situation occurred on Sunday evening: the snipers watching the boat saw
through its porthole how one of the criminals aimed the machine gun at the
hostage. Two other pirates at this time leaned out through the hatch of the boat.
The commander of the special forces of the Navy decided that they need require
quick and decisive action, and at 19:19 local time, snipers dealt with the robbers
- one bulletfor each.

The captain turned out to be on board the Bainbridge, where he put himself
in order, and then went to the nearby Boxer and underwent a medical examina-
tion there.
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10 Largest Ship Graveyards in the World

Where do all the ships go after their service life?

This frequently asked question, however, was offered a number of answers, sug-
gesting a variety of ship disposal methods that have been used for a quite long time.

Graveyards were formed as a result of the deliberate disposal of the vessels, nat-
ural calamities and wars, among others. Thus, the phrase now refers to places that
are created specifically for the purpose of a ship’s decomposition and also the ocean-
ic parts where ships have been stranded without any chances of getting rescued be-
cause of natural occurrences.
In addition, the places where a number of vessels have been purposely scuttled to-
gether, and have been sunk during naval battles also known as ship graveyards.

Contrary to its name, these kinds of graveyards on the seabed are now home to
rich marine life, becoming an excellent destination for scuba divers and marine en-
thusiast. Sometimes, even ship breaking yards, where the vessels are dismantled or
scrapped for recycling their metal parts, are also termed as ship graveyards.

Here is a list of such ten ship graveyards around the world. (Not according to
any ranking system)

1. Bay of Nouadhibou

Located in Mauritania, this passage of water is regarded unequivocally across
the world as being the world’s largest ship graveyard.

It is said that more than 300 vessels can be found in this graveyard, both in the
water and on land. However, unlike the other mentioned ship graveyards, the Bay of
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Nouadhibou was used as a ship dumping ground mainly on account of the avarice of
the Mauritian authorities who allowed uncensored dumping of ships in the Bay after
receiving bribes.

Hundreds of ships were brought from all over the world to be disposed of in the
area during 80’s following the nationalization of the country’s fishing industry. The
popular wreck of the Bay of Nouadhibou ship graveyard is a reefer vessel named
United Malika.

2. Aral Sea

The Aral Sea is a well-known graveyard of ships in the Eurasian country of Uz-
bekistan.

Once a thriving hive of fishing activity, the Aral Sea was reduced to a graveyard
after the Soviet government decided to divert two rivers that fed the sea to irrigate
the desert for cultivation, particularly of cotton.

The Aral Sea began to shrink in the 1960s and the body of water had split the
lake into two separate bodies of water—the North and South Aral Seas- in 1987.

Following this, many ships were abandoned by its owners, leaving the fishing
towns to become a ship graveyards.

3. Alang Ship Breaking Yard

The world’s largest graveyard with respect to ship breaking in the Indian sub-
continent, Alang in Gujarat, India, oversees ship dismantling for almost 50% of the
world’s vessels.

Located on the Gulf of Khambat, over a hundred yards along the beach in Alang
dismantles vessels in different types and sizes, including car ferries, ocean liners,
container ships and large supertankers, among others.

According to reports, over 6,900 vessels have been dismantled in these yards
during the last three decades. These ship-breaking yards in India have a capacity to
break at least 450 ships annually and dismantled a record of 415 ships in 2011-12.

On the other hand, as a storage facility for a variety of toxic wastes, these yards
have polluted the beach and destroyed the marine life in the area.

4. Chuuk Lagoon

Chuuk Lagoon, also known as Truk Lagoon, is one of the largest ship grave-
yards under the water. A sheltered body of water in the central Pacific, Chuuk La-
goon represents Chuuk State within the Federated States of Micronesia.

The result of an allied attack on Japan’s naval base in the South Pacific during
World War II, Chuuk Lagoon has over 60 warships on the sea floor. The area sur-
rounded by the wreckage has now become an array of marine life due to the pres-
ence of hundreds of species.

5. Landévennec

Mainly used by the French Navy, the ship graveyard in Landévennec consists of
military vessels. The graveyard is basically a water cove created by the Aulne River
about the Pen Forn point near Landévennec and has a depth of about 10 metres.

The naval history of the region goes back to around 1840 when a naval station
was first established there to house reserve fleet vessels.

Currently, a number of naval vessels belonged to the French Navy, including the
Soviet-built Komet and the cruiser named Colbert, rest in Landévennec.
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6. Gadaniship-breaking yard

Located near Karachi, Pakistan, the Gadanibreaking yard is another biggest ship
graveyard in the world. Stretches up to 10kn along the coast, this massive ship-
breaking yard consists of over 130 ship-breaking plots.

The Gadani Yard, which provides employment to around 6,000 people, has an
annual capacity of dismantling up to 125 ships. According to an estimate, the yard
dismantles up to 100 ships a year into metal sheets and other re-usable parts.

At the yard, ships are being broken after they are run aground on the beach and
dragged further when the weight of the disposed of vessel lessens.

7. Skeleton Coast

Located in Namibia, the Skeleton Coast is a ship graveyard that features the
ghostly remains of vessels resting there for years. The Skeleton Coast originates at
the mouth of the River Ugab and extends up to the River Kunene located near the
border of Angola.

Known as the Skeleton Coast National Park (named in the year 1973), the ship
graveyard is regarded by many as the world’s largest graveyard of ships.

The occurrence of impenetrable fogs and storms has led to various ships being
stranded causing it to become a vessel graveyard.

The name, Skeleton Coast, comes from the remains of the whale and seal bones
that were littered in the coast by the whaling industry. In addition, the remains of
stranded vessels in the coast also resulted in the popularity of the name.

8. Staten Island

The Staten Island graveyard in the United States is a well-known graveyard for
tugs and barges. The most important feature of the Staten Island graveyard is that
some of the tugs and boats’ salvage rest here belong to the 20™ century and it forms
one of the most sought-after places for scuba-divers.

Founded by John J. Witte in the 1930s, this scrapyard has been recognised as an
official dumping place for tugboats, barges and ferries in the US.

Other notable names of Staten Island graveyard include the Witte Marine Scrap
Yard, the Tugboat Graveyard, the Arthur Kill Boat Yard, and the Donjon Iron and
Metal Scrap Processing Facility.

9. Bikini Atoll

Located in the Marshall Islands, the Bikini Atoll is known for the naval vessels
resting in its lagoons. The Bikini Atoll was a location of the United States’ nuclear
testing programme, which saw the sinking of 90 vessels between 1946 and 1958.

The ships used for testing in the seven test sites in the Bikini Atoll region in-
clude USS Pennsylvania, USS New York, USS Saratoga and USS Arkansas. Offi-
cially designated a ship graveyard by the US Navy, the Bikini Atoll is a UNESCO
World Heritage Site now.

A very popular destination for researchers and scuba-divers, it has been recently
found out that the coral reefs of the Atoll which had been completely destructed dur-
ing the war-time are showing signs of re-growth and resurgence.
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10. Olenya Bay

Olenya Bay, located on the Kola Peninsula in Russia, is home to the historic So-
viet submarine graveyard. As an active military base during the Cold War, the bay
witnessed the disposal of the submarines those completed their military duty.

The subs that are resting in the Olenya Bay’s cemetery date back to the 1970s,
during when the Russian shipyards were struggling to meet the Navy’s requirements
and didn’t have resources to recycle the old underwater vessels.

However, many submarines disposed of in the Bay were dismantled and recy-
cled later, especially during the 1990s.

Ship graveyards in recent times have come under the scrutiny of environmental-
ists and preservationists of the oceanic ecosystem and ecology.

Organisations like the Greenpeace are taking huge efforts to make people aware
of the repercussions of such ship graveyards. In today’s times, it needs to be noted
that many shipping companies and government authorities make sure that the dis-
mantling of a ship happens in dry docks.

However, those ships which are not disposed of in dry docks still do become a
part of the ship graveyard chain. In order to protect the marine ecosystem from de-
generating further, it is important and highly imperative that the usage of ship
graveyards is restricted and curtailed.
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Marine piracy in the waters of east Africa and crew’s actions in the event of
pirates attack

In total, 11 vessels were captured in the world. 212 crew members were taken
hostage, and four were killed. Attempts were made to board 45 ships, 32 ships were
attacked, 14 ships were fired - the latter is attributed to either Somali or Nigerian pi-
rates.

According to the latest data, the number of cases of piracy at sea for the first quarter
of 2012 decreased by 28% because, thanks to international naval patrols, the number
of attacks in the waters of Somalia fell sharply.

The country's economy, formerly very backward, has now been completely de-
stroyed. Industry is absent, medieval methods of livestock and fisheries can not pro-
vide food to the six million people of Somalia. Unemployment is 95%. If we add
that over the years of wars in the hands of the population accumulated a huge num-
ber of weapons, it becomes clear where the pirates came from. Local leaders de-
clared pirates fighters for justice, returning a small share of the unjust wealth of Eu-
ropeans suffering Africa. Field commanders often themselves participate in pirate
fishing, and some gangs call themselves "coast guard", which protects the country
from poaching.
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The International Maritime Organization (IMO) has identified two main situa-
tions that may arise when attacking pirates:

1) Pirates were discovered by the ship's personnel before boarding the ship

Pirates were found before boarding the ship: if the pirates did not request a ship
to comply with radio silence, a message should be sent from the ship immediately
with the category "Piracy / armed robbery attack" to nearby ships and authorities on
the shore.

At the same time, all possible ways of message transmission should be involved:
INMARSAT system, DSC equipment using the appropriate DSC distress frequen-
cies, any other equipment using any distress frequencies.

2) Pirates landed on the ship unexpectedly, capturing hostages and threatening
the violence / death of the ship's crew.

In the event that the requirements of pirates do not allow the ship to conduct any
transmissions and the implementation of the recommendations outlined above can
lead to physical violence / death of the ship's crew members, any such requirements
must be met, because they may have equipment that can detect any radio signals, in-
cluding signals from satellite equipment. Thus, in the event of an attack on a pirate
ship, a message with the category "Piracy / armed robbery attack" is recommended
only in circumstances where pirates on board have not been required to comply with
radio silence.

During the attack:

Follow a pre-designed plan;

Activate the emergency communication and alert plan;

Contact UKMTO Dubai, MSCHOA and IMB;

Activate the alarm button;

If AIS was turned off, turn it on;

To announce the general alarm "Pirate attack" by voice and signaling;

On VHF to give a distress signal MAYDAY on 16 and 8 channels;

Send a distress signal by DSC (Digital Selective Calling) and Inmarsat-C;

Establish a telephone connection with the UKMTO.

The transmission of the indicated message should be carried out by pressing the
hidden buttons located in at least three different places on the ship:

1) on the bridge;
2) in the captain's cabin;
3) in the engine room.

Pressing the button should cause the satellite terminal to automatically select the
attack message and transmit it to the appropriate shore authority. To avoid false
alarm transmission, a code sequence must be used to activate the button to prevent
accidental triggering.

Maneuvering:

If possible, increase the speed to 15 or more knots and immediately start maneu-
vering with a zigzag (small flaps, large ones should be avoided due to speed loss).
Take into account wind and excitement and maximally "substitute" pirates for wind
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and excitement, as well as fore and aft waves. Give water to the hoses. Experience
shows that the maximum attack time is 30 - 45 minutes, if during this time pirates
can not land, they usually stop the attack. Trying to win the most in time - the mili-
tary can get to the rescue. That part of the crew that does not participate in repulsing
the attack must proceed to the "citadel".

If the pirates landed on the ship:

Before they get to the bridge, in time to warn UKMTO, MSCHOA and, if there
is time, the company shipowner. Remember - no resistance to the pirates, this can
result in beatings or even death.

If it is necessary to leave the bridge and the engine room, it is necessary to stop
the engine and, if possible, steer the ship away from other vessels for the purpose of
navigational security.

With pirates you need to behave calmly and fulfill all their requirements. It is
advisable to collect the entire crew (except for the watch on the bridge) in one place.
If people are in a "citadel" or other enclosed space, do not interfere with pirates
when they are trying to penetrate.

In the case of military intervention:

DO NOT use photos, movie cameras and mobile phones with flash for the dura-
tion of the actions of the military. When the military is on board the ship and any
military operations, the crew must lie on the deck, holding hands behind the head -
nothing should be in hands, hands must be clearly visible. Do not make any sudden
movements without the command of the military. The questions of the military
should be answered immediately - to identify yourself and your position on the ship.

Bear in mind that there are many military men in the Gulf, whose spoken lan-
guage is not English.

Presentation was prepared by the group 2351 Kovalchuk K. and Shnurenko V.

Thanks for attention, have a nice day :)
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Future Technologies Of Maritime

The landscape of maritime is shifting with the rising tides of technology. The
trends that are emerging are doing so out of necessity. Advances in shipbuilding,
propulsion, smart shipping, advanced materials, big data and analytics, robotics,
sensors and communications in conjunction with an increasingly skilled workforce
are all having monumental shifts in how the maritime industry are approaching new
challenges and opportunities.

The drivers for these technologies are balanced between environmental and
commercial necessity. As a catalyst, environmental policies are fast tracking some of
the developments to drive sustainability, and as a result have pushed for greater
R&D (Research & Development) and adoption of tech to reduce GHG (Greenhouse
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gases) emissions, and the benefits are clear. For example, hybrid propulsion has the
potential to save 20-30% on vessel operating costs, all whilst reducing GHG emis-
sions.

What are the future technologies of Maritime?

Regulatory changes and compliance are having a profound impact on the mari-
time industry, this is for certain. But what technologies are the leaders investing in
for a sustainable and viable future of maritime?

According to the Global Marine Technology Report 2030, two technology land-
scapes will shape the future of commercial shipping with a significant impact on
ship design and ship operation: the first technology arena originates from within the
industry, as intense competition encourages technology sophistication and opera-
tional efficiency in order to gain commercial advantages. The second technology ar-
ea comes from other sectors, as maturing technology is ripe for transfer to ship sys-
tem design and operation to enhance safety, as well as financial and commercial per-
formance.

Shipbuilding technology

Advancement in technology is key to the development of any industry. The
shipbuilding industry is no exception. In fact, shipbuilding is changing at a rapid rate
taking advantage of highly advanced technologies which aim to solve the issues
such as environmental pollution, rising fuel costs etc.

Riding high on R&D activities, the shipping industry has developed some poten-
tially revolutionary technologies. Mentioned below are seven important technologies
which might help to change the future of shipbuilding.

1. 3-D Printing Technology: 3D printing technology makes it possible to con-
struct real objects from virtual 3-D objects. This process is carried out by cutting vir-
tual object in 2-D slices and printing the real one slice by slice. There have been
several 3-D printing processes invented till date but very few are commercially af-
fordable and sustainable. Currently, this technology is being used in industries to
produce scientific equipment, small structures and models for various applications.

Recently, NSWC Carderock made a fabricated model of the hospital ship USNS
Comfort (T-AH 20) using its 3-D printer, first uploading CAD drawings of ship
model in it. Further developments in this process can lead the industry to use this
technique to build complex geometries of ship like bulbous bow easily. The prospect
of using 3-D printers to seek quick replacement of ship’s part for repairing purpose
is also being investigated. The Economist claims use this technology to be the
“Third Industrial Revolution®.

2. Shipbuilding Robotics: Recent trends suggest that the shipbuilding industry
i1s recognizing robotics as a driver of efficiency along with a method to prevent
workers from doing dangerous tasks such as welding. The shortage of skilled labour
is also one of the reasons to look upon robotics. Robots can carry out welding, blast-
ing, painting, heavy lifting and other tasks in shipyards.

Geoje shipyard in South Korea which boasts of launching around 30 ships a
year, 68% of its production processes is carried out by robotic systems which con-
tributed to achieve it such a high production rate.
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Robot was first designed for welding process in shipyards but now inspection
and pipe cleaning robots have also come. The most interesting one is spider robot
which autonomously crawls over the surface of vessel and prepares surface for
painting by blasting off rust and other contaminants. The ‘Iron Man’ wearable robot
is also in fray which can enhance worker’s strength and stamina. Hyundai Heavy In-
dustries (HHI), which has developed mini welding robots, is set to use robotics in
shipbuilding. These trends clearly suggest that the future of shipyards will be smart
and digital.

3. Ballast Free Ship Design: The concept has potential to mitigate the problem
of ballast water disposal which causes discharge of non-native species and creates
several ecological problems.

The design has network of longitudinal pipes from bow to stern in ship’s hull
causing constant flow of local sea water which prevents transfer of contaminated
water or water of one ecosystem to other.

Though this technology is in experimental and developmental stage, if it is suc-
cessfully tested, then ballast free design is definitely going to be the future of ship-
building.

4. LNG Fueled engines: Liquefied Natural Gas (LNG) surge in popularity as an
alternate fuel for ships is visible these days because of its environmental friendli-
ness. That is why, the market of LNG fueled ship engines is emerging and its pro-
spects are high as well.

In the LNG engines, CO2 emission is reduced by 20-25% as compared to diesel
engines, NOX emissions are cut by almost 92%, while SOX and particulates emis-
sions are almost completely eliminated. Moreover, the new generation ship engines
are strongly required in order to comply with the TIER 3 restrictions of 2016 by
IMO. Therefore, LNG solution is the best at the moment and the industry realizes it
as well.

The major ship engine designers, Mitsubishi, Wartsila, Rolles-Royce and MAN
Diesel & Turbo, are busy in the technological development of LNG fuelled engines.
Classification societies are also active in this regard and have issued “Rules for LNG
for Ships”. Recently, Deen shipping developed a 6,100 dwt dual-fuelled chemical
tanker named ‘MTS ARGONON’ which is the world’s first new-built LNG fueled
tanker. Classed by Lloyd’s Register, it sails on dual fuel, 80% LNG & 20% diesel.

Besides being an environmental friendly fuel, LNG is also cheaper than diesel,
which helps the ship to save significant amount of money over time. Furthermore,
LNG powered escort tug has been developed by BB with LNG engine support of
Rolles-Royce marine. If these indications are anything to believe, most of the future
ships will be LNG powered contributing in green shipping.

5. Solar & Wind Powered Ships: Imagine the situation when we will have fin-
ished all our reservoir of oil and gas; really horrible! Sailing ships, once used in past,
are definitely not going to return but shipbuilding industry is trying hard to develop
technologies to utilise renewable sources of energy (i.e, wind & sun) to run the ships
considering today’s challenges.

The world’s largest solar powered ship named ‘Turanor’ is a 100 metric ton cat-
amaran which motored around the world without using any fuel and is currently be-
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ing used as a research vessel. Though exclusive solar or wind powered ships look
commercially and practically not viable today, they can’t be ruled out of future use
with more technical advancements.

Recently, many technologies have come which support the big ships to reduce
fuel consumption by utilizing solar panels or rigid sails. A device named Energy Sail
(patent pending) has been developed by Eco Marine Power will help the ships to ex-
tract power from wind and sun so as to reduce fuel costs and emission of greenhouse
gases. It is exclusively designed for shipping and can be fitted to wide variety of
vessels from oil carrier to patrol ships.

6. Buckypaper: Buckypaper is a thin sheet made up of carbon nanotubes
(CNT). Each CNT is 50,000 thinner than human air. Comparing with the conven-
tional shipbuilding material (i.e. steel), buckypaper is 1/10"™ the weight of steel but
potentially 500 times stronger in strength and 2 times harder than diamond when its
sheets are compiled to form a composite. The vessel built from this lighter material
would require less fuel, hence increasing energy efficiency. It is corrosion resistant
and flame retardant which could prevent fire on ships. A research has already been
initiated for the use of buckypaper as a construction material of a future aeroplane.
So, a similar trend can’t be ruled out in case of shipbuilding.

7. Integrated Electric Propulsion: The integrated electric propulsion technolo-
gy 1s an arrangement wherein gas turbines or diesel generators or both generate
three-phase electricity which can be used to power electric motors which turn pro-
pellers or water jets. The system uses electric transmission instead of mechanical
transmission which eliminates the need for clutches and reduces or eliminates the
use of gearboxes.

Some of the advantages of using this technology are freedom of placement of
engine, less noisy ships, reduction in weight and volume etc.

Warships of future like HMS Queen Elizabeth of Royal Navy and Zumwalt
Class Destroyers of the US Navy will use the integrated electric propulsion.

The above mentioned are some of the most famous and talked about technolo-
gies will be used in shipbuilding processes in future.

Big Data Analytics

Data is the new most important element of the present era. With multiple sources
pouring data in abundance, Big Data Analytics will be an essential technology im-
proving the operations of shipping industry by deriving a correlation between the da-
ta collected from various sources (for instance oceanographic data, maritime acci-
dent data etc) and applying relevant and new algorithms automatically on the estab-
lishment of any correlation between pieces of information.

Green Technology

With the world’s major industries dedicating the next decade for the reduction of
their environmental footprints, the shipping industry will also have to watch out for
the same. Green Technology can help the maritime sector to carry out its operations
in a very cost-effective and environment friendly way. The latest alternative fuel-
LNG is proving to be a smarter solution currently and may be the answer to the
growing environmental risks caused due to the emission of hazardous gases during
transportation.
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Robotics

Robots are creating new waves in almost every other sector. In the coming days,
we can expect the use of robots in commercial shipping for two main purposes- for
handling assets, and for inspection and maintenance of the environments which are
not safe for humans. Along with robots, we may also see the evolution and devel-
opment of sensors and remote control technologies and their effective implications
so as to reduce human interaction.
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Means of wireless data interchange automation with using of PLCs

Abstract: The research of a standard features of the PCWorx integrated devel-
opment environment application software for wireless data interchange automation
between ship data transfer network and shore subdivisions is presented. Correspond-
ing characteristics of embedded function blocks are analyzed.

Keywords: PCWorx, wireless data interchange automation, GSM/GPRS,
function blocks.

In future cargo transferring methods will come to automatic vessels. In turn, they
require high automation level, including round-the-clock control. Nowadays,
development perspective of automation increases in all areas of manufacturing. Any
working process requires permanent observation and control by a human. Any data
and parameters should be sent from PLC (Programmable Logic Controller) to any
system remotely. In this case we should attract wireless technologies. Today, the
possibility of wireless data transfer can be included into the standard capabilities of
the PLC [1].

Wireless transmission has several advantages:

. Wireless networks are cheaper to install and maintain;

. Data is transmitted faster and at a high speed;

. Reduced maintenance and installation cost compared to other form of
networks;

. Wireless network can be accessed from anywhere, anytime.

In the last 10 years, PLCs have become quite popular compared to computers

due to their undeniable advantages:
. Ease of programming in the plant;
. High reliability and minimal maintenance;
. Small physical size;
. Ability to communicate with computer systems in the plant;
« Moderate to low initial investment cost;
. Available in modular designs.
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During the 1st semester of 2019/2020 academic year we studied an academic
subject, called “Ship computers and computer networks”, where standard functions
of Phoenix Contact controller family were considered.

The GSM/GPRS (Global System for Mobile Communications/General Packet
Radio Service) function blocks allow to send and receive data and SMS messages
via the GSM/GPRS mobile radio network with the speed up to 171.2 kbps. Using
EDGE (Enhanced Data for Global Evolution) technology, the speed can be in-
creased up to 473.6 Kbps. For most industrial applications, this speed meets the re-
quirements of the transmission speed.

The following function blocks are available in PCWorx to interchange data and
SMS via GPS/GPRS mobile radio network:

. MOBILE _CONNECT
SMS SEND
SMS RECEIVE
S MOBILE_SEND
S MOBILE RECEIVE
. GPRS_CONNECT

This type of data transmission can be implemented on the controller from Phoe-

nix Contact ILC 151 GSM / GPRS by using of additional broadcasters [2], [3].

Fig.1 Controller ILC 151 GSM / GPRS
The block MOBILE CONNECT is used to parameterize and to switch on the
mobile radio module in the controller. In addition, it provides information on the
currently selected provider and the signal strength of the mobile radio module. Also
the controller's mobile radio module can also be parameterized using PC WORX.
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MOBILE_CONNECT_1

4 MOBILE_CONNECT D
e— ENABLE VALID [—o
¢ MODE ERROR [—@
e— PARAMETER STATUS [—o

SIGNAL_STRENGTH —e
& PROVIDER ———— PROVIDER{—®
\ J

Fig.2 MOBILE CONNECT 1 function block

This block provides four inputs and five outputs. Inputs are used for changing
the parameters of module. Outputs are used only for indication. Every port receives
and transmits information by using different data type. For example, enable port us-
es BOOL type of data. It means that this signal can be 1 or 0. But parameter port us-
es STRING type of data. A string is a data type used in programming, such as an in-
teger and floating point unit, but is used to represent text rather than numbers. It is
comprised of a set of characters that can also contain spaces and numbers.

SMS SEND

The function block SMS SEND is used to send an SMS message via the mobile
radio module of the controller.

This block has a password function which is also included in SMS_RECEIVE
block. Password is used for data protection.

SMS_SEND_1

( SMS.SEND )
o REQUEST DONE |-
e NUMBER READY |-
o ID ERROR|—o
e PASSWORD STATUS|-e
e DATA

\

Fig.3 SMS SEND 1 function block

SMS RECEIVE

The function block SMS RECEIVE is used to receive an SMS message via the
mobile radio module of the controller.

As a safety function a password is implemented. This block can receive message
from SMS SEND block with the same password.

In addition to the mobile phone number, an address for the sender of the SMS
message can be specified with a definable ID.
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SMS_RECEIVE_1

( SMS_RECEIVE R
o— ENABLE NDR [—o
o ID ERROR [—o
e— PASSWORD STATUS o
o—— RETURN_ADDRESS — RETURN_ADDRESS{—e
o—— RECEIVE_TIME —— RECEIVE_TIME{—o
o—— DATA DATAT—o

\

Fig.4 SMS RECIEVE 1 function block
S MOBILE SEND
The function block S MOBILE SEND is used to send data in transparent mode
via the mobile radio module of the controller and to pass AT commands to the mo-
dem, for example, for parameterization purposes.
S_MOBILE_SEND_1

( S_MOBILE_SEND h
o— REQUEST DONE e
o—| DATA_COUNT ERROR [—o
o— TERMINATOR STATUS [—o
o DATA SEND_BUFFER_COUNT [—e

BUFFER_EMPTY |—o

A\

Fig.5 S MOBILE SEND 1 function block
S MOBILE RECEIVE
The function block S MOBILE RECEIVE is used to receive data from the mo-

bile radio module.
S MOBILE_RECEIVE_1

( S_MOBILE_RECEIVE )
o REQUEST DONEf—o
e TERMINATOR ERROR |-

STATUS |-

BUFFER_NOT_EMPTY |-

BUFFER_FULL|-o

RECEIVE_BUFFER_COUNT |-

DATA_COUNT |-

o DATA DATA}—

Fig.6 S MOBILE RECEIVE 1 function block
GPRS CONNECT
The GPRS CONNECT function block (GPRS General Packet Radio Service) is
used to activate the GPRS context. Once activated, a TCP/IP connection can be es-
tablished using the IP blocks [4].
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GPRS_CONNECT _1
(" GPRS_CONNECT )

o ENABLE VALID

ERROR
STATUS
RX_BYTES
TX_BYTES

¢ o6 6 6 o o

e IP_ADD - IP_ADDj

\

Fig.7 GPRS _CONNECT 1 function block

According to the research of MUNIN (Maritime Unmanned Navigation
through Intelligence in Networks), the connection of PLCs with the shore can be or-
ganized as shown in Figure 8 [1].
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Fig.8 Organization of communication with and without intervention of a human operator on board
Summarizing, we can say that having the skills to handle the analyzed functional
blocks, as well as the ability to work with the PCWorx integrated development envi-
ronment software, today can be a tool for solving many tasks of the modern fleet.
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A Composite Boiler

The space of the boiler is not the most important part of the boiler plant of this
type. A fuel-air mixture just enters this space, which during combustion generates
heat and gives it to the medium, which in its turn flows through the pipes along the
boiler circuit. This heated medium is thermal oil.

Thermal oil for ship boilers is more preferable than steam, since it allows you to
get a sufficiently high heating temperature with a minimum working pressure. The
circulation of thermal oil is provided by special circulation pumps.

Heavy oil burners also include: oil preheater, recirculation nozzle assembly,
thermometer, heating cartridges (in the nozzle assembly, distributor piece, pressure
switch and solenoid valve), filter, stainless steel hoses).

The safe and trouble-free operation of the plant depends on regular maintenance.
The following measures to be taken and the periods at which they are made should
be adhered to:

Heating medium: the heat transfer oil is to be checked regularly as to its condi-
tion and in order, to establish how longer it may be in use. After the initial starting
up of the plant, the heat transfer oil should be examined after the period of 3 months,
thereafter at intervals of one year (appr. 3000 operation hours). The samples of the
oil to be examined should first be taken directly from the plant (e.g. from the boiler)
and secondly from the expansion tank.

Proper and sensible operation of the plant contributes towards the long life of the
heat transfer oil. For this reason, use only that temperature which is stated in the
manufacturer's instructions. In general the lower the operating temperature is, the
longer the oil will last.

The exhaust gas temperature should be checked daily. Should this temperature
rise and continue to do so, this is a sign that the heating area inside the boiler is be-
coming dirty.

The correct functioning of measuring, regulation and control devices is of the
utmost importance for the correct operation of the plant.

The circulation pumps should be checked daily for unacceptable heat loss, as
well as the temperature of the motors. Should the pumps have a cooling system fit-
ted, this system should be checked daily. Pump shaft gaskets and seals should be
checked monthly and changed as necessary.
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A Distilling Plant

The most important goal for all ship constructors is increasing of efficiency of
ship propulsion plant. One of the best way to improve this parameter is using energy
of exhaust gases. In cylinders gases transmit some temperature to cylinder covers.
High temperatures, pressures and reciprocating motions of the pistons can lead to
cranks and to metal melting. To prevent this, every main engine on every vessel has
special area in cylinder covers called a jacket. Water circulating in this area takes
part of the heat. So this water in the end of the circulation line has the temperature
near 80 degrees.

The smartest way to use this temperature is using this hot water as heating liquid
in fresh water generator.

Everybody knows the temperature of the water boiling. It's higher than 80 de-
grees. But the seawater in the FWG boils at a temperature of 50 degrees. Distillating
plant evaporates seawater in high vacuum to produce highly pure distillate.

The inside of the FWG is always kept at high vacuum by means of the water
ejector. The seawater fed by the ejector pump drives the water ejector, and then en-
ters the cooling pipe in the condenser where is used as cooling water. After taking
heat away water is discharged overboard.

Jacket cooling water works as heating water (heater). It flows outside the heating
tube and transfers waste heat to feed water (seawater) flowing inside the heating
pipe.

From the generated vapor, seawater mist is separated by the deflector and mesh
separator, and the vapor enters the condenser. Vapor gets in contact with cooling
pipe and condensates. The resulting distillate flows into the pan. Separated sea water
mist with non-evaporated water is named brine. This liquid is discharged overboard
by water ejector.

The salinity of the distillate is continuously monitored with the salinity indicator.
If the specified salinity level is exceeded, the solenoid valve in the distillate pump
outlet line is actuated to automatically direct the salinity water back to the evapora-
tor, preventing the high salinity water from flowing into the fresh water tank.

Cleaning the fresh water generator is one of the important factors of its
continuous and proper operation. Removing scale from the heater and condenser
should be done immediately when:

» Efficiency gradually decreased to 70% of nominal or less;

 The temperature difference between the inlet and outlet jacket water decreased
to 70% of the nominal difference or lower;

* The salinity of distilled water increased rapidly and remained inconstantly for a
long period of time.

There are 2 types of distilating plant cleaning: physical and chemical. Physical
cleaning means washing equipment using rags and sponges. This way of cleaning is
inadvisible, long and poor quality. This method leads to equipment downtime.
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Another and more popular way is to clean the FWG with a chemical method,
which is based on the circulation of the chemical mixture inside the heater and
condenser. The chemical mixture is fed through a special adapter inside the
evaporator, and comes out through the blow-down valve. The amount of circulating
chemistry must be selected in accordance with the type of desalination plant. To
clean the desalination plant of our vessel, 137 1 of chemical cleaner is needed. At the
end of cleaning, it is necessary to drain the chemistry and let seawater flow through
the pipes of the FWG to completely clean the system of chemistry and scale. After
that, the responsible engineer checks the condition of the distillating plant.
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Refrigeration of cargo spaces and storerooms

Refrigeration process system requirements: Refrigeration is a process in which
the temperature of a space or its contents is reduced to below that of their surround-
ings. Refrigeration is used in the carriage of some liquefied gases and bulk chemi-
cals , in air conditioning systems, to cool bulk CO2 for fire fighting systems and to
preserve perishable foodstuffs during transport of foodstuff .

Ships refrigeration plant may vary from the small domestic refrigerating unit for
provisions to large plant for reefer vessels. The Chief Engineer is responsible for the
correct temperatures being maintained, delegating the good operations and mainte-
nance of the plant to the 2/E. Larger plants may have a Refrigeration Officer.
Machinery under ship's engineer responsibility may include:

* Domestic ref. plant.

= Cargo ref. plants
Air conditioning plants
Ventilation and heating plants

= Cargo refrigerated containers

All maintenance recommendations from the makers have to be carried out regu-
larly and according to instructions, entered in the refrigeration maintenance log, to-
gether with the test of all cut outs, i.e. HP, LP, LO, HT, that have to be carried out at
regular intervals, generally one month.

All adjustment must be made according to standard good practice and records of
the same entered in the log.

Filter separators and driers should be regularly cleaned in order to have always
the circuit moisture, dirty and oil free. When shutting down a plant all refrigerant
gas must be pumped in the liquid receiver or condenser.

Four basic components of a refrigeration system

The four main components of a refrigeration system working on the vapour
compression cycle are:

» The compressor
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* the condenser

= the expansion valve

= the evaporator.

Compressor: The function of the compressor in a refrigeration system is to raise
the pressure of the vapourised refrigerant, causing its saturation temperature to rise
so that it is higher than that of seawater or an air cooled condenser. The compressor
also promotes circulation of the refrigerant by pumping it around the system.

Condenser: The function of the condenser is to liquefy the refrigerant and sub
cool it to below the saturation temperature by circulating seawater or air. Latent heat
originally from the evaporator is transferred to the cooling medium. The liquid re-
frigerant still at pressure produced by the compressor passes on to the expansion
valve.

Expansion valve: The function of the expansion valve in a refrigeration system
is to regulate the flow of refrigerant from the HP side of the system to the LP side of
the system. The drop in pressure causes the saturation temperature of the refrigerant
to fall so that it will boil at the low temperature of the evaporator. The expansion
valve controls the flow of refrigerant to the evaporator thermostatically.

Evaporator: The function of the evaporator in the refrigeration system is to cool
the air in the fridge space. It does this because the temperature of the refrigerant en-
tering the evaporator is lower than that of the air in the space and this causes the re-
frigerant to receive latent heat and evaporate. The evaporator normally has a fan to
circulate the air around it.

Three desirable properties of a refrigerant are:

* Low boiling point

* Jow condensing pressure

= high specific enthalpy of vaporisation. (This reduces the quantity of refriger-

ant in circulation and lower machine speeds, sizes, etc).

The effects of insufficient refrigerant in the system are a low reading on the LP
pressure gauge and a lack of frost on the suction pipe.

The high pressure (HP) cut out is fitted on the discharge side of the compressor
in a refrigeration system. This will shut down the compressor in the event of an over
pressure and can only be manually reset.

Details of refrigeration cycle

Refrigeration of cargo spaces and storerooms employs a system of components
to remove heat from the space being cooled. This heat is transferred to another body
at a lower temperature. The cooling of air for air conditioning entails a similar pro-
cess.

The transfer of heat takes place in a simple system: firstly, in the evaporator
where the lower temperature of the refrigerant cools the body of the space being
cooled; and secondly, in the condenser where the refrigerant is cooled by air or wa-
ter.

The pressure of the refrigerant gas is increased in the compressor and it thereby
becomes hot. This hot, high-pressure gas is passed through into a condenser. De-
pending on the particular application, the refrigerant gas will be cooled either by air
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or water, and because it is still at a high pressure it will condense. The liquid refrig-
erant is then distributed through a pipe network until it reaches a control valve
alongside an evaporator where the cooling is required. This regulating valve meters
the flow of liquid refrigerant into the evaporator, which is at a lower pressure. Air
from the cooled space or air conditioning system is passed over the evaporator and
boils off the liquid refrigerant, at the same time cooling the air.

The design of the system and evaporator should be such that all the liquid refrig-
erant is boiled off and the gas slightly superheated before it returns to the compres-
sor at a low pressure to be recompressed.

Thus it will be seen that heat that is transferred from the air to the evaporator is
then pumped round the system until it reaches the condenser where it is transferred
or rejected to the ambient air or water.

It should be noted that where an air-cooled condenser is employed in very small
plants, such as provision storerooms, adequate ventilation is required to help remove
the heat being rejected by the condenser. Also, in the case of water-cooled conden-
sers, fresh water or sea water may be employed. Fresh water is usual when a central
fresh-water/sea-water heat exchanger is employed for all engine room requirements.
Where this is the case, because of the higher cooling-water temperature to the con-
denser, delivery temperatures from condensers will be higher than that on a sea wa-
ter cooling system.

Temperature Records

Temperatures of domestic refrigerated rooms have to be corrected daily by the
2nd Engineer or delegated Officer, passed to the Chief Engineer and to the Master.
On larger plant suitable logs will be supplied in order to enter temperature of the
cargo and all other relevant details.
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Fire safety

Fire safety is a very important topic, because fire is the most frequent accident
on board.

Most ship fires result from the carelessness or negligence of the ship's admin-
istration. With the proper implementation of existing fire regulations, fire can almost
always be prevented.

There is a few types of fire:

-Class A. These fires are caught on solid substances such as paper, wood, plastic
etc.

-Class B. These fires are caught on liquid substances such as oil fuel etc.

-Class C fires are fires of flammable gases such as propane, butane, methane etc.

-Class D fires are fires of combustible metals such as magnesium, ti-
tanium, zirconium, sodium, lithium, and potassium.
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-Class E. These fires involve electrical appliances such as outlets, circuit break-
ers, or wiring.

For all these classes of fire there is some protective and fire fighting equipment.
The most common is a fire extinguisher.

A fire extinguisher is a special device used to put out small fires. This active fire
protection device is not used, however to put out out-of-control fires, but is only
used for the purpose of putting out small level fires. Thereare several types of extin-
guisher:

Water Fire Extinguishers are used typically for Class A fires and are filled
with water, pressurized with oxygen. This fire extinguisher works only for the
type A fires.

A dry powder fire extinguisher is a multi-purpose extinguisher used for Class A,
B and C fires. It is pressurized with nitrogen but special powders are also available
for Class D metal fires. This versatile fire extinguisher is expensive and much more
effective.

Foam Fire Extinguishers are filled with foam and are pressurized with nitrogen.
They are only used for A and B type fires and can not be used on type E fires that
involve electricity.

The carbon dioxide fire extinguisher is used to extinguish electrical fires, but it
can also be used to extinguish Class B and C fires. This highly pressurized extin-
guisher contains carbon dioxide as its name suggest.

It is extremely important to check/test fire detectors on regular basis. Some of
the main types of detectors used on ships are:

Flame detectors.Light produced by a flame has a characteristic flicker frequen-
cy of about 25Hz. The spectrum in the infra red or ultra violet range can be moni-
tored to give an alarm. Oil fires generally do not give off much smoke and this type
of sensor is preferred, especially near fuel handling equipment or boilers to give an
early warning.

Heat detectors. Heat detectors are of various types such as rate of rise type,
which has bi-metallic type detecting elements — a thick strip and a thin strip. The
thin strip is more sensitive to temperature rise than the thicker one. If there is a sud-
den rise in temperature, the thin one bends faster than the thicker one, bringing both
of them in contact.

During normal temperature rise both strips will deflect about the same amount
and thus show no reaction. Normally if rate of rise is less than 10 degrees Celsius in
half an hour, the detector will not give any alarm. If the rate should rise to 75 de-
grees Celsius, or more, the two strips come in contact, thus triggering the alarm.

Smoke detectors. There are two main types of smoke detectors used:light ob-
scuration type and ionizationtype. However, liquid or gas fires may not give off
smoke initially but will catch fire spontaneously. Thus smoke detectors are not ef-
fective for such fires. These detectors are mostly used in accommodation areas.

The best way to protect vessel from fire is to be attentive and careful and of
course, never neglect safety rules.
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Introduction to MAN B&W Electronic Engines

Since the new standards of emission control come into force and the demand of
more efficient usage of main propulsion engines on merchant fleet ships is becoming
an urgent issue, the invention and introduction of Electronic Control Low-Speed
Two-Stroke Engines on ships embodies the solution of the problem.

The implementation of Tier 3 level Control of NOx emissions and spring of
ECAs requires more thorough control on the combustion processes that take place in
an engine. The conventional Main Propulsion Engines with Camshaft drive of the
auxiliary machinery of an engine, such as fuel booster pump and exhaust valve,
don't give an operator the opportunity to control the fuel injection timing, exhaust
valve opening and closing angles, the amount and angle when starting air is supplied
to the cylinders.

So here comes principally new way of controlling these processes by already
known means before - the hydraulic control of operating fuel pumps, exhaust valve
opening and closing, and via solenoid valves the timing of starting air can be con-
trolled within milliseconds. Since the electricity takes almost no time to be distribut-
ed along huge distances, the electromagnetic induction phenomenon is used to con-
trol pilot solenoid valves of the hydraulic units.

The introduction of electronically controlled starting air injection has allowed to
increase the number of consecutive starts of an engine from 12 to 24. The electronic
fuel injection control allows to make the combustion process smoother and decrease
the shock load of an engine. Also the application of pre-injection and post-injection
allows to let all fuel amount injected to the combustion chamber to be burnt, thus
decreasing the amount of SOx and NOx junctions.

Furthermore, the employment of electronic control of engine cylinder lubricators
allows more efficient usage and dosing of oil injected to the cylinder during process-
es. By the way, total base number of cylinder oil plays an important role in proper
engine operation over long period owing to KOH particles that chemically interact
with acid particles of the fuel, making the pH more neutral.

The introduction of Electronic control let us make engines more compact in
comparison to camshaft-driven engines with tons of extra steel constructions that
obstruct the maintenance of engine. There used to be special device that moves the
camshaft when you need to reverse the engine during maneuvering on camshaft en-
gines, whereas on electronic-driven The Tacho System is applied. It counts the revo-
lutions of an engine as it has a couple of sensors at different crank angles.

This way, an electronic controller always knows the position of the crankshaft
and can vary the injection of air at the engine start.
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Corrosion Prevention in Steam Boiler systems
I.Introduction

Most of Marine steam boiler systems operate using high quality supply from on
board evaporator systems. This quality of water helps to greatly reduce the problems
associated with scale deposition and overheating. The most common failure and re-
pair issue is the damaging effect of corrosion. It is estimated that there are many
cases of failure and repairs due to boiler system corrosion notified to Class Society’s
each year. The cost of boiler repairs due to corrosion can be in the order of $50,000
to over $1m, plus cost of time off hire. These significant costs often go unrecognized
as many are covered by insurance claims.

2.Effects of Corrosion

In the steam boiler system, the primary routes for corrosion are due to the pres-
ence of oxygen in the feed, boiler and condensate waters and the risk of acidic type
corrosion due to reduced pH in the condensate water. These types of corrosion are
localized and aggressive and can quickly degrade metal pipework and lead to fail-
ure.
To control the risk of the corrosion we must take a quality approach to the problem:

= Assess the risk

= Select the optimum boiler treatment program

= Apply chemical application approach

* Implement a good monitoring and control scheme

3. Dissolved Oxygen vs Temperature

In considering the risk of corrosion, the primary factor to be understood is the
amount of oxygen that is entering the boiler water system. Graph shows that this is
related to the temperature of the boiler feedwater. It is important to maintain boiler
feedwater temperature in the range from 85 to 95 oC to achieve the available dis-
solved oxygen within the confines of 2.3 to 1 ppm. We must take care not to have
too high feedwater temperature as this may give rise to cavitation on the feed pump
impellers.

Other methods of physio/mechanical treatment such as de-aeration can also be
considered. Such equipment can reduce the dissolved oxygen level to around
0.01ppm. However, space restriction and cost usually limit installation on board.

4. Boiler treatment

The optimum treatment program should include a chemical oxygen scavenger to
remove the remaining oxygen and have the property of forming a passive magnetite
layer on internal metal surfaces, which provides enhanced protection against corro-
sion. A volatile amine treatment should also be selected which carries over with the
steam and provides corrosion in the condensate system by raising the pH of the con-
densate water. Scale and Alkalinity control treatments are also used to maintain
clean heat transfer surfaces and help with corrosion protection.
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Table shows the properties of commonly available Oxygen Scavengers. Hydra-
zine and DEHA (Diethylhydroxylamine) (It is a volatile oxygen scavenger) are the
most widely used because of the combined Oxygen Scavenging and Passivating
properties. Major boiler manufacturers and Class organizations strongly recommend
such technologies because of this dual activity.

6. Chemical Application

When the boiler treatment program has been selected, we need to consider how
best to apply the treatment chemicals to the boiler system. The treatment chemicals
should be applied in right time place and quantity

7. Monitoring and Control

Once the chemical treatment program is being applied, we must put in place a
suitable monitoring and control program. This takes the form of a range of simple
chemical tests that are carried out on water samples from the boiler system. Because
we are dealing with a dynamic, high-pressure water system, it recommended that
such tests are carried out daily. Results should be logged, monitored, and corrective
action should be taken promptly.

Boiler manufacture advice on activities such as following:

Daily

Analyses of feed and boiler water.

Weekly
Skimming (surface blow down) according to analyses, but at least once per week (2
minutes with fully open valve). Blow down (bottom blow down) according to anal-
yses, but at least once per week (each blow down valve 1 minute in low load condi-
tion).

Monthly

Check the functions for salinity and oil detection systems.

Every six months

The boiler water side (interior) must be carefully inspected at least twice a year.

Yearly

Check of the water side of the boiler and hotwell/deaerator for corrosion and
scaling.

Check the chemical pump unit.

YK 656.61.085.5/6—-111 (045)
Isarev I. 1., Shalyov A. S.
National University "Odessa Maritime Academy"

Fires on the ship

INTRODUCTION

‘Fire on board ship is one of the most serious risks for property and people, as
well as for the environment. A ship is evidently a subject to the same kind of risks
with regard to fire as a civil or industrial land structure’ [1]. On board ship there are
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tons of liquid fuel, electrical equipment, air-conditioning plants, engines, boilers,
stores of flammable material and crew accommodation areas (kitchens, mess rooms,
lounges, cabins, WCs). To all this we must add the load, which in cargo vessels con-
sists of a high percentage of solid and liquid goods that are flammable or at least
combustible, and often of a dangerous nature. In passenger ships the load consists of
accommodation and entertainment facilities for the passengers and, in ferries, of a
large garage for motor vehicles. ‘Offshore rigs and tanker storage ships are essential-
ly oil plants’ [3].

A ship, however, by her very nature, is bound to spend the greatest part of her
working life at sea where, in the event of a fire, difficulties related to the meteoro-
logical and maritime environment coexist with the need to cope with the emergency,
in conditions of limited space and without the possibility of immediate assistance in
terms of personnel or facilities to combat the fire and to assist casualties, who may
be burned, poisoned or traumatized.

‘Thus, a fire on board ship during navigation represents an extremely high-risk
situation which may cause physical harm or death to passengers, and loss of the ship
or considerable damage to her structures and equipment. Furthermore, when the ship
is carrying mineral oils, chemical or gas products, gases will certainly escape into
the atmosphere and very probably liquids and solids harmful to the environment will
be spilt into the sea’ [2]. When the ship is unable to manoeuvre because of the dam-
age she has sustained, especially in narrow waters, she may run aground so that
mineral oils from the ship’s fuel or the cargo are spilt into the sea. When the wrong
rescue methods are employed, for example the indiscriminate use of large quantities
of water, the ship may be lost as a result of instability, and not because of the fire.

FIRE-FIGHTING AND FIRE SECURITY

1. Passive defence, in terms of the fireproof compartmentalization of the ship,
the use of fire-resistant material, improved electrical installations, fireproof air con-
ditioning/refrigeration/ventilation plants, proper stowage of combustible materials in
relation to their flash point.

2. Active protection, in terms of fire detection and localization devices, automat-
ic extinguishers of various types (sprinklers, sprays, and equipment using inert gas,
CO0,, foam, halogenated liquids), mobile equipment for the use of the ship’s fire-
fighting squads (portable extinguishers, fire hydrants, foam extinguishers), and fire
emergency training.

‘All these precautions are agreed upon and established by the International Mari-
time Organization (IMO) through international conventions, which are obligatory
for all ships flying the flags of countries belonging to the convention, and through
resolutions or recommendations providing guidelines, which, however, are not bind-
ing for the national legislation of other countries’ [4].

THE FUNCTION OF THE INTERNATIONAL CONVENTIONS AND OF
NATIONAL REGULATIONS

‘At present the ‘Safety of Life at Sea — 1974° Convention (SOLAS) is in force,
of which chapter 2 establishes merchant ship passive and active defence criteria. It
should be borne in mind that the SOLAS regulations are scarcely ever retroactive,
1.e. they are applied — especially when introducing new shipbuilding criteria — on-
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ly to ‘new’ ships’ [1]. This explains, though does not justify, why it is mainly ‘old’
ships that are liable to fires. SOLAS 74 provides for obligatory programmed
maintenance of all fire-fighting equipment for active defence and for maintenance in
a state of working efficiency of all material for active or passive defence. All ships
are subject to initial and periodic checks to ensure proper observation of the national
and international navigation safety standards, including fire precautions. These
checks are carried out by the maritime authority of the ship’s flag state, which is re-
sponsible for issuing the relevant certification.

CONCLUSION

The main problem in fire prevention, fire-fighting and safety on board ship is
that of knowing the ‘enemy’, i.e. fire, and the environment where it flourishes. This
requires on the one hand technological means of reducing to an absolute minimum
the possibility of fire breaking out and limiting its capacity to spread, so that there
can be automatic intervention, and on the other hand proper training of fire-fighting
and fire-prevention squads. Numerous papers have already been published on this
subject and all have one aspect that is worth underlining: all the regulations, as they
have been updated over time, have aimed to improve the standards in two mentioned
above respects.
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High voltage systems

INTRODUCTION

Nowadays, the usage of high voltage (HV) electrical systems on ships is a fre-
quent occurrence. Normally, a low voltage system is common on board of merchant
and other types of ships (220V; 440V). However, the owners and designers aim for
bigger ships for more profitability. As the ship size increases, there is a need to in-
stall more powerful engines and other machineries. But rising demand for power due
to heavy consumers on new ships require an efficient and surplus power supply. The
answer is an HV system. HV systems are mainly used on ships with a single power
station and electric propulsor (a main electrical propulsive plant). HV systems are

most often used on cruise liners, icebreakers and special purpose ships.
WHAT IS HIGH VOLTAGE?
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In the marine field: ‘Voltage below 1,000 V/AC is called a low voltage, and
voltage above 1,000 V/AC is called a high voltage.”; ‘3,3 KV (3,300V), 6,6 KV
(6,600V) and 11 KV (11,000V) are the typical HV systems’ [1].

NECESSITY AND ADVANTAGES

Large electromotive plants consume a lot of electricity, which means very high
currents. So, first of all, HV is necessary to reduce the currents of the main diesel
generators on MSB (main switch board) buses. The higher the voltage, the lower the
current. This is done in order to reduce damage in case of short circuit because if
you do not reduce the currents (in other words if you use a low voltage instead of
high voltage), and a short circuit occurs then the main propulsion system will be
strongly damaged, and the electrical equipment and feeders to which they are con-
nected will simply burn out (transformers and generators will also suffer).

Below there are some advantages:

1. Low currents reduce the loads on the main switchboard buses.

2. High voltage machineries have much reduced size and weight compared to

the same power low voltage counterpart.

3. Using electric propulsion further reduces engine room size, there is again
more cargo space and reduced fuel consumption.

4. Reduction in size of generators, motors, cables etc.

5. Ease of installation due to the use of a single power system and reduced in-

stallation cost.
6. Conductor size is reduced due to low current flow in high voltage system,
means reduced copper requirement and low cost.
. In a high voltage system, copper or I’R losses are much reduced when com-
pared to a low voltage system, as the current flow is less.

]

For instance: if the voltage is 400 V, the current produced is 3,300 A and if the
voltage is 6,600 V, the current produced is 220 A only, for the same power.

SAFETY WORK

Now, let us talk about how maritime engineers should work with HV systems
and what precautionary measures they must follow. HV work always means high
safety requirements. For any person doing electrical work on a HV system, the main
hazard or danger is an HV electrical shock. Unlike low voltage, any contact, even
the shortest one with a HV network can be fatal. The first safety procedure starts up-
on joining of the crew members the board ship. All engine room staff is instructed
about HV safety work. ‘Training will also need to be given to non-technical person-
nel to ensure everybody is aware of the dangers of these higher voltages’ [2].

Basic and the most important safety work procedures are ‘Switching procedures’
[3]. That means, that the power plant you are going to work with (re-
pair/maintenance/overhaul), must be de-energized.

Switching procedures have 5 main steps:

1) Turn off the equipment (power off).

2) Disconnect the circuit from the power source (isolate).

3) Prove de-energizing (dead).

4) Block the circuit from being switched on again (lock).
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5) Ground the circuit (ground).

Now let us use orders at the beginning:

l.

2.

Power off. The very first and common thing you should do, is to turn off the
plant (if it is working).

Isolate. The second step you must do, is to isolate the circuit from the power
source. You can do it right on the HV switchboard. On the ships with low
voltage systems, the first 2 steps are enough for safety work.

. Prove dead. You must prove to yourself and to the Chief Engineer and Chief

Electrical Engineer that the plant you are going to work with is isolated so the
work will be safe. It can be done with the help of special devices.

Lock. After isolating, you must prevent accidental inclusion by anyone. For
that purpose, locking devices are hanged on circuit breaker panel.

Ground. And the last step is grounding. You must ground the circuit on the
circuit breaker panel.

CONCLUSION

High voltage systems as well as single power plants are increasingly used on mod-
ern merchant, passenger and special purpose ships. Nowadays, the use of HV sys-
tems has become a necessity in many cases. HV systems have got a lot of important
advantages such as: ease of installation, lower costs, lower electrical losses, reliabil-
ity and efficiency. However, this system has one big disadvantage, and this is the
danger of working with high voltage. Therefore, it is very important that all person-
nel are highly qualified and carry out all safety precautions and procedures at all
times, and under any circumstances. ‘It is essential that all Marine Engineering per-
sonnel are trained in safe working practices for these voltages’ [2].
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Marine diesel engine from MC to ME

Nowadays ship industry is evolving with unbelievable speed, but the main jump
was achieved by invention of electrically controlled engines. I have had a working
experience of such an engine and would like to tell you discrepancies between clas-
sic and electrically controlled engines on example of MAN B&W MC and ME types
of engines.

At first, there is no camshaft in ME type of engines. Camshaft was changed to
hydraulic oil distribution system, which led to the new types of high-pressure injec-
tion pumps. So, how does this hydraulic distribution system work? There are axial
piston hydraulic pumps which are engaged to crankshaft by chain and create oil
pressure, about 250 bar, for each unit of main engine, each unit consist of high pres-
sure fuel injection pump, exhaust valve actuator, alpha lubricator, accumulators to
maintain pressures on hydraulic line and special FIVA (fuel injection valve actuator)
which controls where should hydraulic oil pass and in which time, to fuel injection
pump or to exhaust valve actuator.

At second, there is no fuel racks on ME type, injection of fuel is controlled au-
tomatically and can be changed by the opening time of FIVA on unit. Amazing
thing that this and many other processes can be controlled directly from control
room by using MOP (main operating panel).

The main advantage of ME type to MC it is that every parameter and processes
can be monitored and controlled, so the efficiency of engine can be used at maxi-
mum level and working process for engine crew can be eased. Responsible engineer
can change any parameter in main engine system even not touching the engine and
any malfunction can be found by analysis of inappropriate readings in system or by
giving alarm on MOP. The solenoid valves of the electronic/hydraulic units are con-
trolled by a computer system. The tacho system continuously transmits a crankshaft
position signal to the computer system.

To sum up, I want to say that electrically controlled engines are the next step to
the fully automatic engine room and great step in providing next level safety to the
ship.
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Marine Boiler Operating Principle

Boiler is one such machinery, which is being used on board ships from the very
early days of shipping when there were no propulsion or power generating auxiliary
engines.

During that time, boiler was used to do all the major works on ships that present
day propulsion and power generating systems do. With evolution of technology, a
variety of machines took over the important jobs on ships; however, advanced boil-
ers are still an important part of the engine power plant and cargo operations.

Principle of Working: The marine boiler works on a simple principle of change
in state of water from liquid to vapor form by utilizing the heat energy. The water is
boiled in an enclosed pressure vessel so that the steam generated is not lost to the
atmosphere. The heating source is enclosed in an insulated furnace to ensure that the
heat energy is transferred mainly to the water and not to surrounding area.

A variety of boilers are used on ships, depending upon their size and type. The
most common types of boiler installed on board are:

Smoke Tube Boiler

As the name suggests, the heated smoke generated in the boiler furnace is passed
through several tubes surrounded by water in the boiler drum.

The heat of the smoke in the tubes generates the steam. The smoke tube boilers
are used in a system with less steam quantity and quality. In a ship, a smoke tube
boiler can be described as — horizontal or scotch boiler and vertical smoke tube boil-
er. [1]

Water Tube Boiler

The working principle of water tube boiler is thermal siphoning (circulation of
natural water). Basically, this type of boiler includes two drums called steam and
lower or mud drum.

These two drums are connected via two types of tubes such as downcomer and
riser. At first, the water is supplied into the steam drum with the help of a water
pump. Whenever the fuel is burned, then hot gases will be generated that are permit-
ted to supply in the shell part of the boiler. The hot gases which are produced by the
fuel will transfer heat to the water; the water gets changed into steam. Since the wa-
ter temperature increases, the concentration will increase too automatically.

Clearly, the concentration of steam will be lesser than the water. Thus in the
steam drum, the water, as well as steam, gets divided obviously due to variation in
concentration. Here the traveling of steam will be upward because of low concentra-
tion as well as water will travel downward because of high concentration. [2]

Exhaust Gas Boiler

The exhaust gas boiler and economizer are heat recovery units and types of wa-
ter tube boiler. The flue gases from the exhaust of the engine are used to heat water
in the tubes at a specific temperature and limited pressure loss.
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A circulation pump is used to continuously circulate the hot water in the water
tubes of the economizer.

The auxiliary steam boiler serves as a steam separator for the entire system and
is thus kept hot and ready to start instantly.

The excess steam produced by the economizer when the main engine is running
at high load, is dumped back to the hot-well using a steam dump condenser.

The exhaust boiler is provided with a vertical register of double steel tubes hav-
ing steel gills welded on the tube. This provides a strong rigid structure and also as-
sists in preventing damages caused by vibrations.

Since hot gases flows from the boiler trunk to heat up the water, the complete
exhaust boiler is prone to thermal expansion, which is controlled by fitting various
tubes and plates.

Composite Boiler

Another most common type of boiler found on ships is the composite boiler,
where the exhaust heat of the main engine or generator engine is used to additionally
heat the water or generate the steam. Technically, composite boiler is an integration
of exhaust gas boiler and oil-fired boiler.

A composite boiler can be a water tube or a smoke tube boiler divided in two
different sections. One section of the boiler is heated by the burner and the other by
the exhaust gases produced by ship’s engine. [1]

Thermal Oil Boiler

A thermal oil boiler fires through a helical coil and generates energy from the
hot products of combustion. This, by heating the coil through radiation and convec-
tion.

The coil heats the thermal oil or fluid that is pumped through the thermal oil
boiler. The thermal oil heats coils in various types of heat users. Unlike a water or
steam boiler, this heating process does not heavily pressurize the system.

Thermal oil systems are superior to water boiling systems

A thermal oil boiler is nearly always cheaper to operate and maintain than water
boilers. High pressures required to operate water and steam boilers makes them far
more hazardous than thermal oil boilers. Other noticeable advantages with thermal
oil systems are the lack of corrosion, lime deposits and scale that are common with
heated water or steam boilers thus raising the operating costs of a water boiler con-
siderably. Also, thermal oil boilers do not require makeup water or efficiency drain-
ing steam traps.

With thermal oil systems, the user is given the capability of high-temperature
operation (up to 600F with organic thermal oils and 800F with certain synthetics) at
quite low pressures. Due to the low operating pressure and properties of thermal flu-
ids, most heaters are built to the specific standard called ASME Section VIII, Div. 1.
A licensed boiler operator is not typically required.

Thermal Oil Systems Go By Various Names

Many people around the world refer to these systems by different names. Ther-
mal oil heater, thermal oil system, thermal oil boiler, thermal fluid heater, thermal
fluid system, thermal oil boiler, thermic fluid heater, hot oil heater, hot oil system,
and hot oil boiler. All of them refer to the same type of closed loop liquid phase heat
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transfer system. And many people use the terms thermal oil boiler or thermal fluid
boiler even though most systems do not involve any type of vaporization.

Heat Transfer Fluid Systems

Filter housing with isolation valves and pressure gauges that become a value
added option for thermal oil boiler process loops

Heat transfer fluids are typically circulated through a wood, gas, oil or electric
heaters. Thermal oil is pumped by at least 2 pumps. The fluid is heated by direct
contact with the heater element, pumped to the process heat user and returned back
to the heating system. This is a continuous process and many plants operate continu-
ously. Organic heat transfer fluids generally are stable if operated below their ther-
mal stability limit (TSL) and not contaminated by agents from outside of the system.
Occasionally, overheating and contamination occurs, causing the formation of car-
bon insolubles that deposit on system surfaces and foul heat transfer surfaces. Sedi-
mentation of solids can cause pipes and valves on the system to get plugged. Fouling
reduces overall heat transfer system efficiency, increases wear of dynamic seals and
can even cause burnout or cracking of the heater surfaces. [3]
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Basics of hydraulics

Hydraulics is the generation of forces and motion using hydraulic fluids which
represents the medium for the transmission of power. Hydraulic systems are ex-
tremely important for the operation of heavy equipments.

The basis for all hydraulic systems is expressed by Pascal's law which states that
the pressure exerted anywhere upon an enclosed liquid is transmitted undiminished,
in all directions, to the interior of the container. This principle allows large forces to
be generated with relatively little effort.

In a basic hydraulic circuit, the force exerted by a cylinder is dependent upon the
cylinder bore size and the pump pressure.

Elements of a hydraulic system

Five main categories of equipment to achieve power transmission in a hydraulic
system are:

1. The hydraulic pump to convert mechanical into hydraulic energy.

2. Valves to allow this hydraulic energy to be controlled.
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3. Hydraulic cylinders to convert the hydraulic energy into linear force and mo-
tion.

4. Hydraulic motors to convert the hydraulic energy into continuous rotary mo-
tion.

5. Ancillary equipment including filters, heat exchangers, tanks, pipes, etc.

The advantages of hydraulics

1. Transmission of large forces using small components which mean great power
intensity;

2. Precise positioning;

3. Hydraulic system delivers consistent power output which is difficult in pneu-
matic or mechanical drive systems;

4. Startup is feasible under heavy load;

5. Even movements are possible independent of loads, since liquids are scarcely
compressible and flow control valves can be used;

6. Good control and regulation;

7. Favourable heat dissipation;

8. Possibility of leakage is less in hydraulic system as compared to that in pneu-
matic system;

9. Ease of installation, simplification of inspection and minimum of maintenance
requirements;

10. Hydraulic system uses incompressible fluid which results in higher efficien-
cy.

The disadvantages of hydraulic systems include pollution of the environment by
waste oils (danger of fire or accidents), sensitivity to dirt, danger from excessive
pressures (severed lines), and dependence on temperature (change in viscosity).

Uses of hydraulics in marine systems

Marine hydraulics has become one of the most used power- and torque delivery
systems, primarily due to the highly efficient transfer of large both linear and rotary
forces and torques. Listed below are some of the uses of marine hydraulic systems:

Deck Machineries: deck cranes, winches, mooring drums, windlass, capstans,
emergency towing arrangements, hatch covers, and other similar equipment. All
these machineries have very simple and basic hydraulic systems involved in
smoother and heavy duty operation.

Engine Room Applications: with the hydraulic tightening, it is possible to hold
the cylinder heads, entablature, and bed plate together. Thus, to perform mainte-
nance and repair operations, it is necessary to use hydraulic pumps and jacks.

Ship Stability: some ships have fish like fins called stabilizers that act as a re-
sistance against rolling. These operate under high hydraulic oil pressure and thus re-
duce rolling to very great extent, making the life on board a ship more comfortable.

Bow and Stern Thrusters: a bow and stern thruster is a propeller which has a
transverse axis of rotation instead of longitudinal axis. To alter the pitch of these
thrusters, hydraulics is used, and they perform a very precise and accurate control,
thus enabling the ship to maneuver easily.
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Steering Gears: as the size of ships increased, mechanical and other means of
steering experienced problems, and, thus, electro-hydraulic steering gears are being
used.

Maintenance of hydraulic systems

It 1s essential that operating oil (hydraulic fluid) contained within hydraulic sys-
tems is maintained in a clean condition. Failure to do so will result in poor operating
performance, component failure and increased maintenance. Dirt is the worst enemy
of any hydraulic system not only the oil but the total environment in which the sys-
tem is sited must be kept spotlessly clean. Hydraulic station rooms are not be used as
storage areas for other items which are not associated with the plant. When in opera-
tion, the hydraulic plant is to be regularly checked for:

= External leakage;

= Contamination;

= Damage;

= Noise Level;

= Instrument level;

= Temperature;

= Oil levels;

» Accumulator pressure;

= System pressures.

Summary

» Hydraulics is mechanical function that operates through the force of liquid

pressure.

» Hydraulics has plenty of advantages over other methods of operation.

» Hydraulic systems are extremely important for the operation of heavy equip-

ments.

» Hydraulic machinery are widely used onboard ships on deck and in engine

room.

* One of the main point in maintenance of hydraulic systems is hydraulic oil

cleanliness.

YAK 811.111:621.431.7

Olefir M., Nikulina E.
National University “Odessa Maritime Academy

Turbocharger . Construction ,operation and common problems.

To begin with , the appointment of installation of turbocharger on an engine is
multipurpose . Main goal is to supply fresh air in combustion chamber to create
Fuel- Air mixture . Second purpose is to raise efficiency of propulsive plant by ex-
cluding auxiliary compressor from the system . Also turbocharger helps us to reduse
consumption of fuel which leads to reducing air pollution . To increase the outlet
power of engine without changing it size .

To be short , marine turbocharger consists basically of 4 main parts . First one is
a compressor blower which sucks air from atmosphere and provides it to air receiver
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and then to each cilinder . Wool-like material filter is located around compressor to
purify inlet air . After passing through it air get rotated by impeller which radially
pushes working body throught diffuser . Those orifices help to turn kinetic energy to
pressure . Before getting to the cylinder the air should be cooled down . This is a
purpose of air cooler where air heat is absorbed by sea or fresh water . This process
helps to reduce air temperature to 50 — 60 degrees .

Second main component is a shaft wich cares on bearings ( usually it is a boll or
roller type). Shaft transmits rotation moment from turbine to compressor . For cool-
ing down the shaft, oil with temperature is about 40 degrees , circulates in the sys-
tem. It lubricates only bearings and rotor.

Rotating moment is produced by turbine which converts exhaust gas pressure in
kinetic energy by nozzle ring . This process happens in exhaust trunk . But gasses do
not disappear , that is why trunk is connected to ship funnel.

Last component of turbine is casing of turbocharger . It is just a way to connect
turbine to the system .

Usually blades of turbocharger are fixed , but nowadays variable geometry tur-
bochargers exist . Variable angles make it possible to adjust exhaust flow on turbine
. It helps to control the volume of the air along with fuel on wise range of rotations .
Movable vane adjusted by control ring which connected to electric motor with re-
duction gear . Position of blades is changed automatically . It helps to achieve lower
emission of CO2 and deposits of soot.

Like any other unit , machinery or equipment turbocharger has problems and in-
struction of troubleshooting .

First one and the most common is the surge . It can be discovered while periodic
observation of engine room . The signs of surge is abnormal vibrations , noises and
reducing of pressure and engine output power . Surge in turbocharger can lead to
damage of nozzles , blades , bearings and shaft .All of these can become a reason of
bigger damage of whole engine . The nature of this problem can be described as dis-
ruption of air flow . But the range of reasons of surge is really wise . Usually gas
part can be coked ( natural for specific time period ). In that case crew should dis-
mantle turbocharger and put turbine in water or acid bath and while soot gets dis-
solved nozzle ring should be cleared .

Second problem that should be mentioned is the rotor wear . It happens , for ex-
ample, when there is dirt in oil . If this has not been discovered in time , turbine or
compressor can get in contact with casing . This contact will defiantly damage the
blades . As a result crew should change filters , check condition of oil and periodi-
cally wash oil channels .

As maintenance of turbocharger should be mentioned dry cleaning with coconut
shavings that helps us to clean blades from some amount of soot without disman-
tling . Everything else is common thing as changing of bearings and rings .
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Dredge Yard
MAIN FEATURES
= Easy to use dredger controls
= Powerful Caterpillar engine
= Efficient underwater pump
= Fully equipped control cabin
= Removable cutter teeth/knives
» Compact and easy to transport
* Various customization options

DREDGER TYPES

Auger Dredger ECO 200

Auger Dredger ECO 200 (8 inch) is a compact dredger, transportable in one
standard 40 feet container. It is ideal for smaller, reoccurring cleaning and mainte-
nance dredging projects.

Cutter Dredger ECO 250

Cuter Suction Dredger ECO 250 (10 inch) is a compact, one truck transportable,
self-propelled dredger. It features 261kW power and is also easily customizable —
with extended dredging depth, electric drive system and more.

Cutter Dredger ECO 300

CSD ECO 300 (12 inch) is a compact dredger known for its reliable perfor-
mance. The dredger features 310kW power and is constructed of high quality mate-
rials to ensure low maintenance costs, low emissions and eco-friendly operation.

MAIN FEATURES

One container transportable

This compact budget dredger can be transported in one standard, high cube (40 feet)
container in an assembled state. The compact design makes it easy to transport,
launch, operate & store for later use.

Caterpillar Engine

The dredger includes a world-renowned Caterpillar engine, which is a light-
weight engine with low CO2 emissions. Its compact size allows for small, but pow-
erful Auger ECO 200 design.

Convertible design

Side pontoons of ECO 200 can fold upwards. Thus, it is easy to mobilize, launch
on project site & store for later use. It is very practical for reoccurring maintenance
projects.

305



Exchangeable knives

When needed, cutting knives are fixed to the auger head through a bolt connec-
tion. They can be easily interchanged between different types of knives or replaced
when worn out.

Submersible dredge pump

Hydraulically driven submersible dredge pump achieves higher pumping flow of
higher density mixture. Therefore, its overall production rates are higher than of a
pump mounted in the pontoons.

Optional: Propulsion

Auger dredger ECO 200 can be supplied with a hydraulic thruster in the back of
the pontoons. This makes the dredger self-propelled, resulting in easier maneuvera-
bility around the dredging area.

AUGER ECO 200 APPLICATIONS

Environmental dredging

Adaptive auger head featured on Auger ECO 200 causes minimal to no turbidity,
protects marine animals from entering the suction system & avoids dispersion of
pollutants. Due to its environmentally friendly design and precision, it is especially
suitable for cleaning contaminated soils.

Canal & channel dredging

Canals & channels require regular maintenance dredging to retain safe depths for
navigation. Adaptive auger head ensures high production rates of fine, loose sedi-
ments & low turbidity to protect the environment. This dredger is compact & can be
easily removed and stored for later use.

Water intake cleaning & dredging

Auger ECO 200 is a good tool for water intake cleaning at industrial plants. It
causes minimal to no turbidity to maintain high quality of water entering the plant.
Additionally, it removes loose sediments in a precise manner without damaging in-
frastructure of the water intake channel.

«First Dredger With Ultra-Low Emissions Arrives In Belgium»

Jan De Nul Group’s newest Trailing Suction Hopper Dredger Sanderus has just
arrived in Belgium to execute maintenance dredging works in the coastal ports. Not
just any dredger, but an ULEv with ultra-low emissions as this vessel has a two-
stage catalytic filter system on board.

The dredger Sanderus is Jan De Nul’s fourth Ultra-Low Emission vessel (ULEvV)
that has been launched within the past year. The vessel was built in Singapore and
left the shipyard in January after successful offshore tests.

Another three major vessels with a same technology and ultra-low emissions are
under construction. The Sanderus arrived in Belgium, where in the next two years
she will maintain the navigation depth in the marine access channels to the Flemish
ports under the authority of the Flemish Government.

Focus on air quality: minimal impact

Internal combustion engines without post-treatment emit air pollution affecting
both climate and air quality. Air pollution and particulate matter damage our health
and also have a direct impact on our living environment.
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With its Ultra-Low Emission vessels (ULEvs), Jan De Nul Group aims for a
much better air quality. These vessels are equipped with a catalyst that renders ni-
trogen oxides harmless and with a soot filter blocking the finest particles. Several of
these pollutants also affect our climate so that the post-treatment also ensures a re-
duction of greenhouse gases.

Mieke Fordeyn, Director of Jan De Nul Group’s International Division “In a
business-as-usual scenario, air pollution would be responsible for 8.8 million deaths
a year, worldwide. That is twice as many as what was assumed so far. Also shipping
has a partial responsibility in this area. And even if the dredging industry accounts
for only 0.1% of the total emission of global shipping traffic, we feel personally in-
volved in this issue and regard it as one of our core missions to do something about
it.”

With this emission treatment, Jan De Nul Group performs pioneering work with-
in the shipping industry. The newest generation of Jan De Nul vessels has been
equipped with this highly advanced dual exhaust gas filter system, making Jan De
Nul a frontrunner within global shipping.

Focus on climate: ambitious reduction of greenhouse gases

Jan De Nul Group not only invests in air quality but also sets ambitious green-
house gas reduction targets to reduce its climate footprint. Worldwide, the energy
supply must change drastically to meet international climate agreements. Businesses
must switch to carbon-neutral energy systems: renewable energy, various flexible
raw materials, a mix of primary energy sources and other solutions.

For its maritime fleet, Jan De Nul Group goes for 100% renewable fuel, a certi-
fied sustainable substitute for fossil fuel made from waste flows. Since the end of
2019, the first Trailing Suction Hopper Dredger is sailing in Zeebrugge on 100%
biofuel. Jan De Nul Group is now considering this switch for other dredging vessels.

Michel Deruyck, Head of Energy at Jan De Nul Group: “Such renewable fuel of-
fers the huge advantage that engines must not be adapted so that the fuel can be used
immediately. As this solution makes use of biological waste flows as raw material, it
is also beneficial to the circular economy. Research into fuels of the future is useful,
but it should not prevent us from using sustainable solutions already available today
for the much-needed energy transition within the shipping industry.”

YAK 811.111:[621.431.7:629.544

Sorokin R., Nikulina E.L.
National University “Odessa Maritime Academy”

MAN B&W ME - Gl installation in Very or Ultra Large Container Vessels

In the period of time when all technologies are changing, it’s quite important to
have an up-to-date information about the results of global progressive researches.
The new chapter in maritime trading industry — is the installation of dual-fuel en-
gines on the container vessels. One of the advantages of gas-fuelled vessels is the
ability to improve operation while the fuel prices are rising and modern exhaust-
emission limits are becoming robust. Current gas prices offer savings of almost 50%
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in fuel costs compared with heavy fuel oil (HFO). A comparison with marine gas oil
(MGO), which is needed when ships operate in emission control areas (ECAs),
makes the investment even better. It is therefore expected that two container vessels
that are to be delivered in 2020, will be operated on gas both inside and outside ECA
zones. So, it makes sense to use gas as the fuel for both operational scenarios.

On a container vessel with an ME-Gas Injection (ME-GI) engine, it is possible to
change between two different fuel modes: dual-fuel and fuel oil mode. The gas sup-
ply line is designed with ventilated double-wall piping including HC sensors for
safety shutdown. For control of the gas engine, the GI control and safety system are
added to the well-proven ME control system. Technically, there is only little differ-
ence between engines burning fuel and gas, but the engine itself and its auxiliaries
will comprise some new units. New units are: ventilation system for venting the
space between the inner and outer pipe wall of the double-wall piping; sealing oil
system, delivering sealing oil to the gas valves separating control oil and gas; inert
gas system that enables purging of the gas system on the engine with inert gas, con-
trol and safety system, comprising a hydrocarbon analyser for checking the hydro-
carbon content of the air in the double-wall gas pipes.

The gas is supplied directly into an ongoing combustion. Consequently, the risk
of having unburnt gas that might slip past the piston rings and into the scavenge air
receiver is considered to be unlikely. Monitoring of the scavenge air receiver pres-
sure and the combustion condition also safeguards against such a situation. The op-
timised engine design platform has resulted in a lighter engine as the length, width
and height of the engine have been reduced due to introduction of the Flexrod; inte-
gration of the top-controlled exhaust valve (TCEV) and fuel booster injection valve
(FBIV) on the cylinder cover; increasing flexibility of the main bearing support; im-
proving piston crown design.

TCEV. The control and actuation of the exhaust valve are integrated into the
TCEV. A distributor block placed on the exhaust valve provides high-pressure hy-
draulic oil via two control valves to the exhaust actuator on top of the exhaust valve
and to the booster function in the FBIV. Since the fuel oil injection pressure is gen-
erated by the booster function in the FBIV, the high-pressure fuel-oil pipe has been
removed as well. The engine control system fully controls the combustion process
by electronic control of fuel injection and exhaust valve opening according to the
crankshaft position measured in that moment.

Dual fuel operation requires injection valves for both pilot fuel oil and gas. The
FBIVs operate as main injection valves when the engine operates in fuel oil mode
and as pilot oil injectors when the engine operates in dual fuel mode. This means
that the engine does not require additional or special pilot oil valves.

The top cover of the 90 and 95ME-GI has three FBIVs and three gas injection
valves. The gas supply system on the GI engine is of the common rail type, where
the pressure in the fuel gas supply system is constantly equal to the gas injection
pressure. The high-pressure gas is distributed via a chain of double-walled pipes to
each cylinder, where the gas enters the gas distribution block and finally the gas
valves via the gas distribution channel in the cylinder cover. The supply and return
of gas have been combined in one double-walled chain pipe. The gas distribution
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block effectuates the engine control system signal into a safe and correctly timed
administration of fuel to the engine. When the gas injection valves are opened with
hydraulic oil, a gas jet is injected into the combustion chamber. Previously, gas op-
eration had to be stopped if an unexpected fault occurred on a single cylinder. An-
other recent benefit added to the design is that one cylinder can be withdrawn from
gas operation, while the engine continues working on gas mode on the remaining
cylinders. The cylinder not operating on gas may continue on fuel oil with un-
changed load and performance depending on the nature of the fault.

Fuel gas supply system design for G9OME-GI, G/S9SME-GI and DF gen-
sets. FGSS matches the fuel gas demands of main and auxiliary engines. The main
components of the fuel gas supply system are: booster pump in the LNG fuel tank;
LP pump and vaporiser unit (PVU); standalone low-pressure vaporiser; gas valve
train (GVT) in front of the ME-GI and gensets.

The engine control system (ME-ECS) receives information from the FGSS con-
trol system about the available amount of fuel gas and it calculates the required
amount of fuel oil. Today, the ME-GI engine operates on 3% fuel oil and 97% gas
fuel, the short-term target is a further reduction of the pilot oil consumption to 1,5%.

The ME-GI pump vaporiser unit (PVU) is a high-quality pump unit for supply of
LNG to the two-stroke ME-GI engine and DF gensets. The pump unit is designed
with three hydraulically activated cryogenic pumps, a vaporiser, filters and a control
system with safety functions.

The low-pressure or booster pump in the LNG fuel tank supplies the PVU with
LNG at approximately -163°C. The cryogenic pump is a high-pressure reciprocating
pump with three cylinders actuated by linear hydraulic pistons. Pressurised LNG
flows through a compact, printed-circuit heat exchanger, where it is heated by warm
glycol water to 45°C. Before the fuel gas reaches the gas, valve trains (GVTs) and
the engines, it is passed through a high-pressure natural gas (NG) filter. The gas
pressure is controlled by controlling the hydraulic flow to the cryogenic pump in the
PVU unit. The one can control three pumps separately.

Gas valve train. The GVT controls the safe admission of gas to the ME-GI en-
gine. It is installed between the fuel gas supply system and the ME-GI engine to
provide a double block and bleed function, when the engine is not running on gas or
when requested by the ME-GI ECS. The GVT is controlled by the ECS and it sepa-
rates the FGSS from the ME-GI during shutdown. On new modern engines, the N2
purge connection is installed on the ME-GI engine. The GVT is equipped with slow-
opening valves that applies the high-pressure gas slowly in order to avoid pressure
shocks on the seals.

After considering the advantages and working principle of the duel-fuel engine,
there is a need for choosing the best optimal space for a safe distribution of gas to
the ME-GI engine as well as to the DF gensets. These are 4 possible locations that
can be used for such a purpose:

» [n the pipe tunnel in the double bottom;

» In the longitudinal recess in the side of the cargo holds;

» In the passageway below open deck;

* On open deck alongside the hatch coaming.
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The vessel designer has performed an evaluation [1] of four different options for
the location of high-pressure gas transfer pipes transferring LNG from the FGSS to
the engine room, where the fuel is supplied to the ME-GI and to the gensets. The
evaluation has been performed for a 14,000-teu container vessel arranged with ac-
commodation and engine room separately. The LNG storage tanks and PVU are
placed below the accommodation avoiding a reduction of the number of containers.
According to the researches [1], if the assessment of risk is not considered, the most
feasible location of high-pressure gas transfer pipes is the passageway. However, if
the assessment of risk is addressed, the location on open deck is as feasible as the
passageway.

The location of the high-pressure gas transfer piping has to comply with rules
and regulations for LNG fuelled machinery [2, 3]. The pressure loss in the high-
pressure pipe system is estimated to 4-5 bar for all four locations. Besides, expan-
sion devices have to be installed to accommodate temperature fluctuations and hog-
ging/sagging deflections for all four locations as well.
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Crew structure on board merchant vessels — engine department

INTRODUCTION

As we all know life on board is focused on precise rules and tasks. Each crew
member carries out his rank duties in order to keep the vessel operations running
safely and smoothly.

The engine crew is responsible for operating, maintaining and repairing of the
propulsion and support systems when required. The engine department is also re-
sponsible for the repair and maintenance of other systems, such as: lighting, lubrica-
tion, refrigeration, air conditioning, separation, fuel oil, electrical power and so on.

ENGINE DEPARTMENT DUTIES

According to the vessel’s hierarchy, the engine officers are as follows: Chief
Engineer, Second Engineer, Engine Watch Officer, and Electrician Officer.

The first engine officer who is in charge of the engine department is a Chief En-
gineer. He takes complete control of the engine room and must make sure that every
system and equipment runs by the book and is suitable for inspection at all times.
‘The Chief Engineer also maintains up to date inventory for spare parts, extra fuel
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and oil and delegates the tasks for the officers under his command. In order to be-
come a Chief Engineer a seafarer must first be a Second Engineer with at least two
years sea time experience’ [1].

After the Chief Engineer in charge with the engine room is the Second Engi-
neer, who also has a management level position. He assists the Chief Engineer in
keeping the vessel running efficiently, and is responsible for supervising the daily
maintenance and operation in the engine room. He also prepares the engine room for
arrival, departure or other operations. He reports directly to the Chief Engineer.

The Engine Watch Officer position is usually held by the Third or Fourth En-
gineer and it is an operational level job. The Third Engineer is usually responsible
for the change of boilers, fuel, auxiliary engines, condensate and feed systems. ‘The
Fourth Engineer is the most inexperienced officer, who has duties assigned by the
Second Engineer, and some of his responsibilities are: engine watch, air compres-
sors, purifiers and other auxiliary machinery’ [3].

Another officer working in the engine room is an Electrical Engineer who is in
charge of overseeing and ensuring the maintenance and proper functioning of all
electrical systems and machinery. The Electrical Engineer responds directly to the
Second Engineer and Chief Officer and has to have proper training to do this job.

‘Some merchant vessels also have amongst their crew members an Engine Ca-
det or Electrical Cadet who receive structured training and experience on board
and learn how to become an engine or electrical officer’ [2].

Apart from the officers, the engine depar ment crew also consists of ratings, such
as a Motorman, Fitter, Electrician, Pumpman, Oiler and Wiper.

A Motorman is an engine rating who keeps watch and assists engine officers
when performing maintenance tasks. He also participates in maintaining and repair-
ing main and auxiliary engines, pumps and boilers.

On board vessels, a Fitter carries out daily maintenance and engine cleaning
jobs and is also specialized in fabrication, welding or repairing.

An Electrician on board of a merchant vessel is a rating working on the electri-
cal equipment and systems, wiring and high voltage panels.

‘Mostly on tanker vessels we may also find a Pumpman who is responsible for
the liquid cargo transfer system, pumps, stripping pumps, filters valves, deck ma-
chinery involved in the liquid cargo transfer etc. His main job is to keep the liquid
cargo system on a tanker running accordingly’ [1].

An QOiler and Wiper on board are ratings who are in charge of cleaning engine
spaces, machinery, lubricating bearings and other moving parts of the engine and as-
sisting the engine officers in the general maintenance of the machinery in order to
ensure that the oil temperature is within standards and oil gauges are working
properly.

‘Although the crew structure in the engine room is mainly the same, there are
vessels that only have a part of the mentioned crew. This is due either to the size of
the vessel or to financial reasons’ [2].

CONCLUSION

Maritime manpower supplier agencies recruit highly trained engine officers and
ratings for all types of vessels. All crew members are carefully selected to ensure
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that each task is performed at the highest possible standard in accordance with their
qualification.
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