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Improvement of the automated means of
controlling the lubrication process of cylinder
bushes

Pezwome.  Obrpynmosano  cxemMOmexHiuHe  pIlWeHHs — RPUCMPOIO
KOHMPOII0 MAWEHHs NO8epXonb Oemainel YULHOPO-NOPWHEeBol 2pynu
CYOHOBUX O8USYHIE HYMPIUHBO2O 320PAHHA. Y Npononoeanomy npucmpoi
3abe3neuena Oinbw A0eK8AMHe SUSHAYEHHS 3MIHU PeXHCUMI6 MAWjeHHs ma
nepemeopents napamempié NAieKu Macmuia y 3minu Hpopmayiinoco
CUCHATY, a4 MAKOJIC KOMHeHcayis 8naugy O0ecmabinizyrouux ¢axmopie Ha
BUMIPIOBANILHUL KAHAT NPUCTPOIO.

Summary. The schematic and technical solution of the device for
controlling the lubrication of the surfaces of parts of the cylinder-piston
group of internal combustion marine engines is substantiated. The proposed
device provides a more adequate determination of the change in lubrication
modes and the transformation of the parameters of the lubricant film into
changes in the information signal, as well as compensation for the influence
of destabilizing factors on the measuring channel of the device.

besnepepBHe  MABHINEHHS  TMOTY)XKHOCTI  CyJHOBUX  JBHUTYHIB
BHyTpimHBOr0 3ropsHHs (CJIB3) i momanbile BUKOPUCTAHHS BAKKHX Ta
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HA/IBAKKUX COPTIB MajvBa OOYMOBHJIM TCHICHIIIIO 3HIDKCHHS HAJIHHOCTI
HaWOUTBII BAXXIMBUX AeTalied i By3niB apuryHiB. Cepex By3niB CIAB3, uus
HAIWHICTh BUKJIMKAE HAWOLIBIIY 3aHEMOKOEHICTh, IIAUPYHOUYE MICIC
HaJCKUTh  JAeTansM  mwiiapo-niopiiHeBoi rpymi  (HIII).  Awnamniz
CTAaTUCTHUYHUX NaHUX MOJ0 HanaidHocTi cydacHux CJIB3 mokasye, 1o
pecypc BTYIKH LMIiHApa CTAHOBMTH OpieHTOBHO 3 ... 4-10%, romoBku
nopwHs — 2 ... 3-10%, xpumku — 3,5 ... 4,5:10° romun. Ilpu yomy
CIOCTEPIraeThCsl YNUCIIO PANTOBUX BiIMOB, SIKi LIBHIKO PO3BUBAIOTHCS, Ta
BU3HAYCHHS SIKMX HEMOXKJIMBO 0€3 HOBITHIX 3aCO0IB Ta METO/IIB TEXHIYHOTO
JIarHOCTYBaHHS. Y IJIOMY, 32 OCTaHHE IECSATHUPIUYs XapaKTCPH3YEThCSI
3HIKCHHAM (akTuuHoro pecypee neraneid LTI maibke y 1,5 pasu. Sk
HACIIIJIOK, — 3arajibHe 301bIICHHS BapTOCTI eKCIUTyaTallii i TpyIOMiCTKOCTI
TexHiuHOrOo 00cimyroByBanHs Ta peMonty CJIB3. Takum unHOM, po3poOKa
e(peKTHBHHUX 3ac00iB BH3HAYCHHS peajbHOTO TexHiuyHoro ctany CJIB3 e
aKTyaJbHAM 3aBIJAaHHSAM CY4acHOTO €Tally eKcIUTyaramii CyAHOBHX
SHEepreTHYHUX YCTAaHOBOK 1 Tn3ese0y TyBaHHS.

Biporinna inpopmanis npo peansHuid TexHigHuA ctan C/IB3, a came —
iHpopmanis mpo HasBHICTH 3HomyBaHHsA netaneid LI, mae 3mory
BIUIMBATH Ha HOTO iHTEHCHBHICTH i, TAKMM YHHOM, YIIPABIATH IM, a, OTXKE,
YOPaBJISATH TEXHIYHUM CTAaHOM JIBUTYHA B 1itomy [1 - 3].

Ha cyuacHMX cyaHax TIpOBOJMTBCS ~MOHITOPMHT  CTaHy |
¢yHKIiOHYBaHHS OKpeMux BimnosimampHuX mertaneii LIII'. CreriampHuii
IIBUAKOAIIOYMH JIaTYMK, YCTAHOBJICHWH BHIIE MPOJYBHHUX BIKOH Ha
ITIHAPOBIH BTYIII IBUTYHA, BUMIPIOE YaCTOTY ¥ aMIUTITYAy aKyCTHIHHUX
KOJIMBaHb, L0 BHHHUKAIOTh TPH INPOXOJDKEHHI KUIbLS IMOB3 JATYHMK II0
CYUUIbHIA TMOBEPXHI BTYJKH # TiIpoJMHAaMIYHUX YMOBHM MamieHHs. Ha
mizicTasi miei iHGopMarii BCTAHOBJIFOETHCS MPAINC3JaTHUN CTaH CIIOTYYCHHS
"Kizmp1ie-BTyKa". OHAK, IPH MAJINX MIBHIKOCTAX PyXY MOPIIHS, Y MOMEHT
MIPOXO/PKEHHS MPOAYBHHUX BIKOH BTYJIOK, YMOBH MAI[EHHS MOTIPUIYIOTHCS
4yepes3 NPOoAYBKY i, peXXUM 3MallleHHs BXKe He € TiapoguHaMidHuM. ToBIrHA
IUIIBKA 3MEHIIYEThCS, Y TOHKOMY MAacCTWJIBHOMY IIapi BHHHKAIOTh
aHI30TPOIHI BJIACTHBOCTI, IO 3MIHIOIOTH IPHPOAY B3aeMomii "Kijblie-
BTyJKa" 3a paxyHOK pO3KIMHIOIOYOTO THCKY, IIO IIEPEHIKO/KAE
BUHHMKHEHHIO a/[re3iHHOTr0 KOHTAaKTy. PO3KIMHIOIOUYHH THCKY HWIIHAPOBOTO
MacTWja Ha CTalsX 1 4YaByHaX HOCSATh €KCIOHEHTHHMH XapakTep.
MakcumasbHe 3Ha4YeHHS PO3KIMHIOIOYOTrO THUCKY, 1[0 BUHHUKAE B TOHKIH
TUTiBI IAJTIHAPOBOTO MAIIEHHS CKIIAJAE: I YaBYHHOTO KiJIbIIS JOPiBHIOE
140 xIla; na crani 45 ... 40 kIla; Ha cram 35XMA — 2,49 kITa. MinimanbHa
TOBIIWHA IUTIBOK MIapy MAIICHHS, MPU AKIH PO3KINHIOIOYHHA TUCK JOCSTae
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MaKCHMYMY JUIsl BCIX JOCIIKEHUX MaTepialliB JIexuTh B iHTepBaii 140 ...
160 mm. TlopiiHeBe Kinblie 30epirae mparne3faTHUH CTaH NPH TOBLIMHU
TUTIBKY MaIeHHS], 0 H BUKJIIOYA€ KOHTAKT MK CIIOJTyYE€HUMH IIOBEPXHSIMH,
nipu 1i 3HaueHHI Oubin 140 HM [4].

JaHi, oTpuMaHi y pe3yibTaTi BIPOBAUKEHHS METOAy ineHTHdikamii i
cnoci0 JiarHOCTHKHM TEXHIYHOro cTaHy mopmHeBux kineus CJIB3 3a
YaCTOTOIO aKyCTHYHOTO CHUTHAITY TIPH PyCi KiJIelb Y310BX MPOTyBHUX BIKOH
BTYJIKH, JIO3BOJIMIIM JIITH TaKUX BUCHOBKIB.

Jlo GinbI feTanbHOro po3yMiHHS e(peKTHBHUX KOe(illieHTIB B'SI3KOCTI i
OITFHOCTI MACTWJIBHOTO IIapy MOXKHA TPUUTH B pPE3yibTaTi aHAIi3y
3aBIaHHS PO PYX BAXKKOI YAaCTKU B CEPEIOBHILI, SKE KOJIUBAETHCS, 3
omopoM THIy cyxoro Teptsa. I[lpm BiOpamii TepTs TpaHchOpMy€eThCS
(BiIHOCHO TIOBUIHFHHX PYXIiB) y HEMiHIHHO-B'13Ke. [Iprdomy dacTka, sSka mpu
BiCYTHOCTI BiOparmii abo 3Haxoawmacs y CTaHI CIOKOKO abo majana
(cruiMBana) MPHUCKOPEHO, OyAe CIUIMBATH 3 MOCTIHHOIO CEpeaHBOIO
MIBUKICTIO, IKA BU3HAYAETHCS 3 piBHAHHS Mo(A - 1) g = W(V2), a came

2 2

m@A-)| | KR [ & m
m1-87 | [mre’ 1-52 M

V, =rwd, (A-Dro, (1)

ne 81= Mo(A - 1)g/Fy; mg — maca cepenoBuina B 00'eMi, SIKMi TOPIBHIOE
00'eMy yactku; A = p*/p — CHiBBiHOIIEHHS CEPE/IHIX MIUIBHOCTEH YacTKU
Ta Cepe/iOBHUINA; § — MPUCKOPEHHS BiibHOTO naainus; W — BiOpariiiina cuna.

Skuro 3ictaBuTi 3HaueHHs V 3a (1) 3 BUpa3oM st LIBUAKOCTI BiJIBHOTO
najniHasg cepruyHOl YacTKW y 3BHYAlHIM B'S3k01 PIIMHM TpPU  Manux
yucnax Peitronbaca Ta VZ = Mo(A - 1)g /3nud (1 — xoedimienT B's13K0CTi
pimuau, d — miaMerp YacTKM), TO 3HAYCHHS €(PEKTHBHOTO KoedimieHTa
B'si3K0CTi (KoedilieHTa BiIOPOB'SI3KOCTI) MOXKIIMBO BU3HAUHUTH SIK:

. FAN1-8* F, (3ndro) @
© 3ndRo ? '

2

m, (A-1) | R
ml(\ll—Sz) mlr(")2

EdexTuBHI miIbHICTD 1 B'SI3KICTH CepeOBUILA JOIILHO 3aCTOCOBYBATH
IIPY aHaMi31 SIK JIHIMHUX, TaK 1 HEMTHIMHUX KOJMBaHb T B'SI3KO1 PiIUHH, a
TaKOX TIPY PO3TIISIII KOJMBAaHb €MHOCTEH i3 3a3HAYECHOIO CYyCIIeH3i€r. Y
FOMY BHITAAKY €(eKTHBHA IIUIBHICTh p* BU3HAYAETHCS SK:
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P _1+s(a-1) 1—A—_1(A+o,5+ij , ®3)
p A(a) 40,

ne A = p*lp; o = ro(op/21)°%; A(a) = A2+ A(1 + 4,5a) + 0,25 + 81/16a4(1

+ 200 + 202+ +4/90%); p — MINBHICTS PiUHM; P1 — IIIIBHICTH YACTOK; Io — X

paniyc; S — 00'eMHa KOHIIEHTpallisl TBEpANUX YacTOK, MepeadadyBaHa MO0

MaJIol; |l — KOeQII[i€HT B'SI3KOCTI PiTUHA;  — YaCTOTA KOJIHBAHb.

EdexTuBHa MINBHICTS p* 3aBXAM MEHIIE CEPEIHBOI MIITIBHOCTI CyMimIi
pm = p[1+5 (A - 1)]. Lle HOSACHIOETHCS TUM, 1110 OLIBIII HIiTBHI TBEP/Ii YACTKH
3MIACHIOIOTh a0COTFOTHI KOJIMBAHHS, MEHIII [0 aMILTITY Ii, YAM KOJMBAHHS
camol piguHu. Hampotn, edekTuBHa B'S3KICTh BHSBISETHCS 3aBXKIU
OLIBLIOI0, HIK B'SI3KICTh YHCTOI PiAMHH, BHACIIJOK BIJTHOCHUX KOJHMBaHb
4acToK y piauHi [5].

Sxmo y (1 - 3) 3acTocyBatu AiiicHI mapaMeTpy BEJINYWH, SIKI OTpPUMaHi y
[4], TO M™MOXTMBO HiliTH Takoro BHUCHOBKY. Pexum piauHHOTO
T1IPOIMHAMIYHOTO TEPTs CYyNPOBOKYETHCS TEHEPALi€I0 NIAPOM MAaIlleHHS
BiOpauiiHUX KOJMBaHb y BHCOKOUYAcTOTHiM oOmacti. Ilpu mepexoxai mo
PEKUMY MiBP1IMHHOTO TiJPOIUHAMIYHOTO TePTH 1 Aaji, CHEKTp BiOpaliifHuX
KOJIMBaHb 3CYBa€ThCA Y CEPEIHbO- Ta HU3bKOYACTOTHY 00JIacTi.

CyuacHi 3aco0M TEXHIYHOTO JiarHOCTyBaHHsA netameir LTI
(YHKIIOHYIOTH B  yMOBaxX KOHIIGHTPOBAaHOTO BIUIMBY  IOTYXHHX
€JIEKTPOMArHITHUX 1 TEPMIYHUX MOJIB, MiJ Ji€r0 30BHINIHIX BIOpaIlii, sKi
CTBOPIOIOTHCS CYyJHOBMM €HEPTeTHYHUM BCTaTKyBaHHAM. Came 111 30ypeHHs
HE [O3BOJAIOTH 3a0e3meunTH  e(QeKTHBHY, BINNOBITHY CYYacHUM
eKCITyaTalliiHUM BHMMOTaM, JIarHOCTHKY 1 TPOTHO3YBaHHS TEXHIYHOTO
crany nerajueit L{T1I" 3a rosoBHOIO [1arHOCTUYHOIO 03HAKOIO — BiOpawLisMu y
HaOIbII 1HGOPMATHUBHOMY BUCOKOYACTOTHOMY Jlialia3oHi.

AHami3 BiIOMHX pIillIeHb JOBOJIWThH, IO I CYYacHOI TEeXHIYHOL
excruryaranii i pemonty LI 3aTpeOyBani HOBiTHI 3acO0M J1iarHOCTYBaHHS
Ta MPOTHO3YBaHHS TEXHIYHOT'O CTaHy, SKi € iHBapiaHTHUMHM 10 OLIBIIOCTI
eKCIITyaTaliiHuX Jectabinizyounx daxropis [6].

Bigomuii mpuCTpiif, IO CKIAZA€ThCS 3 TEPMETHYHOIO KOPIYCy 3
OCHOBOIO Ta CBITJIOBO/Ia 3 KOHCOJIBHO 3aKPIIUIEHUM Ha HbOMY J3epKajioM |7
-9].

BukopucranHst 3epkana, KOHCOJBHO 3aKpIIJIEHOrO Ha CBITIOBOII,
00yMOBIIIOE TaKi HEJJOJNIKH BKA3aHOTO MPUCTPOIO:

HEMOJKJIMBICTh KOMIICHCAIlll BIUIMBY HETaTHMBHHUX JECTa0UII3yIOUHX
(hakTopiB, TAKMX SK MiABUICHA TEMIIEPATypa;

CTBOPEHHSI KOMIUIEKCOM '"CBITIIOBOA-KOHCOJb-I3€PKaIo" JOJAaTKOBUX
BJIACHUX KOJIMBAaHb, SIKi MOXYTh OYTH Mapa3uTHUMU IO BiTHONICHHIO JIO
KOJINBaHb, 10 CTBOPIOIOTHCSI KOHTPOJIHOBAHOIO TOBEPXHEIO;
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HEOOXIMHICTh MEpPIOAMYHOTO  OYHUIIEHHS ONTHYHHUX  IIOBEPXOHb
BIZIKPUTOTO ONTHYHOTO KaHAJY.

Binmpimoro Miporo BIiAMOBiZae 3afayaM KOHTPOJIO MPOIECY MAlCHHS
neraneit L{III" € npuctpiid, ikuii ckiiagaeTbes 3 6J0Ka )KUBJICHHS Ta 00pOOKH
iHpopMarii, jxepenra Ta mUpuiiMadya BHUIIPOMIHIOBaHHS, TepPMETHYHOTO
KOpIYCY 3 OCHOBOIO, CBITJIOBO/IA Ta /I3€PKaja, Ta y IKOMY Ul KOMIIEHC Al
TEMIIEPaTyPHOTO BIUIMBY 3aCTOCOBAHO OICKJIAHE J3€PKaIO, IO KOHCOIBEHO
3aKpiruieHo Ha ocHOBi [10].

AJe 1 meW mpucTpiii He BUTBHUHN BiJ Takoro HENOJNIKY SK CTBOPEHHS
KOMIUIEKCOM  "CBITJIIOBOJI-KOHCOJb-I3EPKAIO"  JTONATKOBHX  BIIACHHUX
KOJIMBaHb, SIKI MOXXYTh OyTH Iapa3uTHUMH MO BiIHOIIEHHIO 0 KOJHBAHb,
L0 CTBOPIOIOTHCS KOHTPOJIBOBAHOIO TMoOBepxHel. Kpim Toro, npu
3aCTOCYBaHHI MPHUCTPOIO, ICHYE HEOOXIMHICTh MEPIOAMYHOIO OYHIICHHS
ONTHYHHX MOBEPXOHb BIAKPUTOTO ONTHYHOTO KaHATY.

TakuMm YMHOM, HEBIIKJIaTHUM € PO3B'sI3aHHs 3aBAAaHHS 1110JI0 CTBOPEHHS
MPUCTPOIO, y SIKOMY TMIiJBHIICHA 3aXWIICHICTh  CJIEMCHTIB  Bif
HEKOHTPOJIbOBAHUX EKCIUTyaTalliiHUX (haKTopiB, BIACYTHS HEOOXiTHICTH
MEPIOMIHOTO OYMIICHHS ONTHYHHUX IOBEPXOHb BIIKPUTOTO ONTHYHOTO
KaHAJIy Ta OJHOYACHO 30epeKeHi BUCOKHH PIBEHD Yy TIMBOCTI Ta IIBUAKOIIS
BOJIOKOHHUX IIPUCTPOIB BiZIOMHX THIIIB.

Ha migcraBi mpoBemeHWX JOCHIIKEHb 3alpPOMOHOBAHO TEXHIYHE
pIlICHHS  BOJOKOHHO-ONTHYHOTO  IPUCTPOI0  KOHTPOJIO  MAIIEHHA
LITIHAPOBUX BTYJIOK, IO CKJIANA€ThcsA 3 OJOKa SKUBIEHHS Ta 0OpOOKHU
iHopmanii, pkepena Ta TpHiiMaya BHUIPOMIHIOBAHHS, T'€PMETHYHOTO
KOpITyCY 3 OCHOBOIO Ta CBIiTJIOBOJA. ['0OJIOBHA BiAMIHHICTH BiJ ICHYIOUHX
QHAJIOTIB TIOJISITAE y TOMY, IO JIO CKJIaAy NAaTYMKy 3aJy4eHO OICKISHHMA
CBITJIOBOJI, SIKMH YTBOPIOE CBITJIOBOJHY KOTYIIKY 3 BiJJ3€PKAIIOIYNM
LIapoM Ta IHEepLiHHOI Macor Ha OJHOMY 3 KiHIIB. OKpiM KOTYLIKH JI0
CKJIaay TPHUCTPOIO 3ailydeHi MABOOIYHUM ONTHYHMH pO3ralyXyBad 3
ONTHYHUMH (DITBTPaMH y KOXKHIH TUIII, a TaKOX MiJICHIIIOBaY CUTHAITY Ta
(UIBTP BUCOKHX 4acToT (pHC).

BunpomiHroBaHHS Bij [pkepera 2 HaAXOAUTh 10 ABOOIYHOIO ONTHYHOTO
posranmyxyBada 3. KojxHa riika posraiy’kyBada MiCTUTb ONITHYHI QijabTpH,
SKi (OPMYIOTH BHUIPOMIHIOBaHHS 31 CBO€IO JIOBXHMHOIO XBWI. [UIkn
po3ramykyBada CHOJy4YeHi 3 OJHHM 3 KiHIIIB CBITJIOBOJHOI KOTYIIKU 6 3
OICKJISTHOTO CBITJIOBOMY, SIKa MICTHUTBCS y TEPMETHYHOMY KOpmyci 5 3
OCHOBOIO. [HIIINI1 KiHEIh CBITIIOBOHOT KOTYIIKH 6 3 OICKITHOTO CBITIIOBOIY
Ma€ BiI3EPKATIOIOYHA map 8, Ta CIOIydYeHHH 3 iHEpUiHHOI Macor 7.
BunpomiHioBaHHST TiCJHA  BiZOWTTA Bi  BiAA3epKAITIOIOUOTO APy
MOBEPTAETHCSA  Yepe3  BIAMOBIAHI  TiMKK  JABOOIYHOIO  ONTHYHOTO
posraiyKyBaya 10 NMpuiiMada BUIPOMIHIOBaHHS 9.
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Puc. BolokOHHO-ONTHYHUI NPUCTPIH KOHTPOJIIO MAIIeHHS [IMIIIHPOBUX
BTYJIOK: 1 — GJIoK *HBJIEHHS Ta 00poOKu iH(popMmallii; 2 — JKepeno
BUIIPOMIHIOBAaHHS; 3 — IBOOIYHMIT ONTHYHMI po3raiyKyBad; 4 — ONTHYHI
¢buTBTPH; 5 — repMETHYHMI KOPITyC 3 OCHOBOIO; 6 — CBITJIIOBOZHA KOTYIIKA
3 OICKJISIHOTO CBITJIIOBOAY; 7 — iHepIiliHa Maca; 8 — BiI3epKaIOI0unii
map; 9 — npuiimMay BunpomiHtoBanHs; 10 — migcwmosay; 11 — GinbTp
BUCOKHUX 4acTOT

EnextpuyHuid CHUTHAN, SKHA T€HEPYETHCS Y MPHAMAadi ITiICHITIOETHCS
migcwtoBadeM 10. [Ticist 9oro HanxoauTh Yyepe3 QiTbTp BUCOKUX 4acToT 11
10 OJIOKY JKHBJIEHHS Ta 00poOKku iHpopmaii 1.
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Kopnycu i3 cBITIIOBOZHMMHU KOTYIIKaMH (DiKCYIOThCSI HA 30BHIIIHBOMY
0011l MITIHAPOBOIO BTYJIKH Y3J0BXK JIiHIT TPUOOJOTTYHOTO KOHTAKTYy BTYJIKH
Ta MOPIIHEBUX KiJelb.

VY craTH4HOMY peKMMi (IBUT'YH, SIKHH KOHTPOJIFOEThCS HE IMPALOE), Y
eJIEMEHTaX JaTYUKY BiJOyBAa€ThCS 3MEHIICHHS IHTEHCHBHOCTI ONTHYHOTO
BHIIPOMIHIOBAHHS, IO MPOXOAWUTH CKPi3h HHUX, K€ OOYMOBIEHE TiTbKH
BIUIMBOM [IECTAa0LITI3yI0OUMX HEKOHTPOJIbOBAHUX (AKTOpiB. Y MBOMY
peXnMi, T BIDIMBOM TEMIIEPATYPH, 3MIHIOETHCS TEOMETPis KOTYIIKH 3
OiCKIITHOTO CBITJIIOBOMA. 3MiHA pajiyCy BUTHHY BHTKIB KOTYIIKH BHKIIHKAE
3MIHM YMOBH MOAYJIALI{ OITOPHOTO BUIIPOMIHIOBAHHS IIPOIIOPLIHHO BIUIUBY
30BHIMHIX (QakTopiB. 3aikcoBaHi 3MiHH BPaXOBYIOTHCS B MOJANBIIOMY SK
BIJINIOBI/THI ITOTIPaBKH.

VY nMHaAMIYHOMY PEeXHMI (JBHUTYH, HOBEPXHI SIKOTO KOHTPOJIOIOTHCS, Yy
pobodoMy pekMMi) Mif BIUIMBOM BiOpauii BiIOyBaeTbcs pyX IHEpLiHHOT
MacH, SKHH TEpeTBOPIOETHCS HA 3MIHM YMOBH MOZYJISLII OIOPHOTO
BUIIPOMIHIOBAaHHS y KOTYIIKH 3 OICKJISIHOTO CBITJIOBOJAA MPOIOPLIHO 10
BeNIWYMHI  BUMIpoBaHOi  BiOpawii y  TpUOOJOTiYHOMY  KOHTaKTi
KOHTPOJILOBAHOT ITOBEPXHI.

[lig BIIMBOM MeXaHIYHHX KOJHBAaHb, SKi TCHEPYIOTBCS Y HACIiIOK
TPHOOJIOTIYHOTO KOHTAKTY MiX J3€pKajoM MOBEPXHI MIITIHAPOBOI BTYJIKH,
IIapOM MaIIeHHS Ta MOPIIHEBUMHM KUIBIIMH, BUHHKAIOTh BUCOKOYaCTOTHI
MeXaHI9HI KOMUBaHHA. KoMMBaHHS CripUAMAarOThCs IHEPIIIHOIO Macoro, sika
BIJIBHO TIEPECYBAETHCS y TEPMETHYHOMY KOPITYCl Ta cripuumHsie aedopmarii
CTHCKY Yy CBITJIOBOAHOI KOTYmHII 3 OickiisiHOro cBiTioBoxy. edopmarrii
CBITJIOBOJIHOI KOTYIIKH BUKIHKAIOTh MOJYJIIIII0 OMOPHOTO CBITJIOBOTO
BUIIPOMIHIOBAaHHS, SIK€ HAOXOJUTh BIA JpKepena 10 KOTYIIKH 3
BIJI3EPKATIOIOYMM IIapOM Ta y 3BOPOTHOMY MOPSIKY JO TNpHiiMaua
BunpoMiHioBanus [11, 12].

[lin BmmBOM TemmepaTypu OICKISHHHA CBITJIOBOA 3MiHIOE CBOIO
TEOMETPII0 Ta BIAMIOBIAHO YMOBH MOJIYJISII OMOPHOTO BUIPOMIHIOBAHHS.
Takum  umHOM  BigOyBAa€ThCs ~ KOMIIGHCAllil ~ HEKOHTPOJILOBAHHMX
necrabinizyrounx ¢akropis [13, 14].

[onmanpra 00poOka BENTUYMHU IHTCHCUBHOCTI BHIIPOMIHIOBAHHS, IO
HaJIXOMUTh JI0 NpuiiMada BUIIPOMIHIOBAHHS, INCJISI HOTO MiJCHJICHHS Ta
¢utpTpanii, 103BOJIMTH OTPUMATH EJIEKTPUYHHMHA CHUTHAN, SKHH Oyne
a/IeKBaTHUM yMOBaM MallleHHS y TPUOOJIOTiYHOMY KOHTaKTi, Ta B SIKOMY
Oyne KOMIICHCOBaHa Ilapa3WTHa CKJIAJ0Ba BiJ IUIMBY JAECTaOUII3yIOUMX
(akTopis.

3acTocyBaHHS KOTYIMIKH 3 OICKJISTHOTO CBITJIOBOAY  BiAIOBiZHOL
JKOPCTKOCTI y CIIONY4YeHHI 3 iHEPIIHHOT Macot0 TO3BOJIUTE OiJIbIII aIEKBATHO
OIIIHIOBATH TIEPETBOPEHHS TMapaMeTpiB BiOparii TpUOOIOTI9HOTO KOHTAKTY
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y 3MiHH iH(pOpMaIiiHOTO curHaNYy. B 101aTOK BUKOpPHCTaHHS OiCKIISTHOTO
CBITJIOBOJY 320€3MEeYNTh KOMIICHCAIII0 BILIMBY JecTalbini3younx (pakTopiB
Ha BHMIPIOBAUIBHHN KaHajd MPUCTPOO. TepMOCTiIHKI KOMITIOHEHTH
OICKJISTHOTO CBITJIOBOAY JO3BOJISITH MakCHMajbHO HAONM3UTH MPUCTPIH 110
JpKepelia BAHUKHEHHs BiOpallii y KOHTPOJIbOBaHUX TOYKaX TPUOOJIOTTYHOTO
KOHTakTy [15]. A mepexin [0 3aKpUTOrO ONTHUYHOTO KaHAIy HPHUCTPOIO
BUKIJTIOUHTH IMiJBUIICHHS AKOCTI (DYHKIIFOBAHHS 32 PAXYHOK IEPEXO.y JIO0
3aKpUTOTO ONTHYHOTO KaHAIy BUKIIOYUTh HEOOXIAHICTH MEPiOAWIHOTO
OYHILICHHS BIIKPUTHX ONTHYHUX [TOBEPXOHb.

Takum dnmHOM OyIe 3ailicHEHa 1HBApiaHTHICTh TPUCTPOIO IO
nectabinmizyrounx (hakTopiB Ta peanizoBaHa MOJMIIHBICTH 3aCTOCYBaHHS B
CIemiabHAX yMOBaX eKCIUTyaTalii y MekaxX e€IuHoi i1H(opMaIliitHo-
BUMIpIOBAJILHOT MepeXi 3 NPHCTPOIB Ha OCHOBI BOJIOKOHHO-ONTHYHUX
TexHouorii [16 — 18].
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Abstract. Among the components of marine internal combustion engines,
the reliability of which causes the greatest concern, the leading place
belongs to the parts of the cylinder-piston group. Analysis of statistical data
on the reliability of modern marine engines shows that the resource of the
cylinder liner is approximately 3 ... 4-108, piston heads - 2 ... 3-10°, covers -
3.5 ... 4.5:10% hours. At the same time, there is a number of sudden failures
that are rapidly developing, and the determination of which is impossible
without the latest means and methods of technical diagnosis. Modern means
of technical diagnostics of CPG parts function under the conditions of
concentrated influence of powerful electromagnetic and thermal fields,
under the influence of external vibrations created by the ship's power
equipment. It is these perturbations that do not allow to provide effective
diagnosis and forecasting of the technical condition of the parts of the CPG
according to modern operational requirements based on the main diagnostic
feature - vibrations in the most informative high-frequency range. The
analysis of known solutions proves that modern technical operation and
repair of gas turbines requires the latest means of diagnosing and
forecasting the technical condition, which are invariant to most operational
destabilizing factors. It is proposed to solve the given problem through the
introduction of a new fiber-optic device for monitoring the lubrication of the
cylinder sleeve. The main difference from the existing analogues is that the
sensor includes a bi-glass light guide, which forms a light guide coil with a
reflective layer and an inertial mass at one end. In addition to the coil, the
device includes a two-way optical splitter with optical filters in each branch,
as well as a signal amplifier and a high-pass filter. The creation of a fiber-
optic lubrication control device will allow obtaining a measuring tool that
is invariant to the uncontrolled effects of destabilizing factors and has
sufficient sensitivity to the controlled parameters. The use of such a tool will
contribute to the organization of constant and long-term control of the
lubrication process of the tribological contacts of the parts of the cylinder-
piston group.
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Promising ways to improve the environmental
friendliness of merchant fleet vessels

Peztome.  O6rpynmosano  nepcnekmueui — wiiaxu — 3a0e3neyeHus
€KOIOSTUHUX BUMO2 Y CYOHONIABHIU 2any3l 3 YPAXYBAHHAM 0COOIUBOCMEN
MOPCbKO20 ma GHYMpIuWHb020 600HO20 mpancnopmy. Ilpoananizoeani
KIMbKICHI NOKA3HUKU WKIONUBUX BUKUOIE OISl PI3HUX MUNi6 CYOHOBUX
npueodie. [Tloxaszana egexmuenicmov 6NPOBAONCEHHS NEPCHEKMUGHUX
piuteHb w000 CKOpOUYeHHs BUKUOI6 8I0 CYOHONIABHOI 2any3i 3 Memoi
8I0N0BIOHOCMI MIJDICHAPOOHUM eKOLOSTUHUM HOPMAM.

Summary. The perspective ways for ensuring environmental
requirements have been substantiated taking into account the peculiarities
of maritime and internal water transport. Analyzed a quantitative indicators
of harmful air emissions from various types of vessel's prime movers. The
effectiveness of implementing the promising solutions regarding reducing
emissions from the world shipping industry in order to comply with
international environmental standards.

ITapu3pka yroma mpo 3MiHy kiiMary Oyna moromkeHa B 2015 pormi
Croponamu PamkoBoi koHBeHnii OOH mpo 3miHy kimimary i HaOyma
yuHHOCTI B 2016 pomi. 'onoBHOI0 MeToro ITapu3bKoi yroau € mocuiIeHHs
rio0anapHOl peakiii Ha 3arpo3y 3MIHM KJIIMaTy, YTPUMYIOUYH ITiJBHIICHHS
rinobanpHOl Temmepatypu Hikue 2 °C. Ilapu3bka yroja He BKIJIIOYAE
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MDKHapOJHE CyIHOIUIaBCTBO, ajle MiKHapojHa MOpCHKa OpraHizaris, sK
PperyJroYHii OpraH ranysi, 3000B’s13anacs 3MEHIINTH BUKUIU TAPHUKOBUX
ra3iB BiJi MDKHApOJHOTO CyIHOIUIABCTBA. Y CBOIO Yepry, OCHOBHHUM
JOKYMEHTOM, SIKMH PETJIAaMEHTY€E I'PaHUYHI 3HAYEHHS IIKIJIUBUX BUKUJIIB B
aTMoc¢epy Bil MiDXHApOIHOTO cyaHoruaBcTBa € Jlonarok VI MixxnapoaHoi
KonBennii momo 3amobiranas 3abpymHeHHio i3 cynmeH (MAPIIOJ). YV
OFOMY JOKYMEHTI BHKIJIQJCHI BHMOTH MO0 OOOB’A3KOBHX IUTFOBHX
TEXHIYHHUX Ta eKCIUTyaTallifHUX 3aXO0[iB MIOA0 CKOPOYEHHS iIHTCHCHBHOCTI
BHUKHIIB BYTJIEHIO B aTMOc(epy BiX MDXHAPOTHOTO CYTHOILUIABCTBA, IO
npuiiaaTi Pesomomiero KowmiTtery i3 3aXHCTy MOPCBKOTO CepeIoBHINA
MEPC.328(76), mpaBuna mono BUKHIIB OKCHIIB cipku (SOy) Ta TBEpIuX
yacTuHOK — Pesomouiero MEPC.176(58), a Takox 11010 BUKH/IB OKCHIIIB
aszoty (NOy) — Pesomroriero MEPC.271(69). 30HH KOHTPOJIO BHKHIIB
Bu3HaueHi 3rimHo 3 Jlomatkom VI MAPIIOJI sk 30HH, jae moTpiOHE
MPUNAHSATTS CICIiaTbHUX 000B’A3KOBUX 3aXO/IIB JJIs PEr'YJIFOBAHHS BUKHU/IIB
i3 CyJIeH /U1 3an00iraHHs, 3MEHIICHHS Ta KOHTPOJIIO 3a0pYAHEHHS TIOBITPSI
OKCHAAaMH a30Ty, OKCUAAMH CIPKH Ta TBEPAUMH YacTHHKaMH. LlupKynspom
MEPC.1/Circ.778/Rev.4 30HaMH KOHTPOJIO BHKHIIB BH3HAYCHO: 30HA
Banriiicekoro Mops, 30Ha [liBHigHOTO MOPSI, TepuTopis [liBHIYHOT AMEpHKI
(oxorurroe BU3HaueHi npubepexHi Teputopii Oinst Cmomydenux IITariB
Awmepuku (CIHA) i Kanagn) i 302 Kapudcekoro mopst CLIA (HaBKOIIO
[Iyepto-Piko Ta Bipriacekux octposiB CIIA). ¥V cBoro uepry, Pezomoriero
MEPC.361(79) BHeceHi HonpaBkH 11010 BU3HaYE€HHs BCboro Cepei3eMHOTo
MOpsI 30HOKO KOHTPOJIIO 332 BHUKHJIAMHM OKCHIIB CIPKHM 1 TBEpPAWX YaCTOK.
OuikyeTbCsl, 110 HOBHH JIIMIT BMICTYy cipku HaOyne 4MHHOCTI 3 1 TpaBHs
2025 poky. Bianmosigno no MEPC.392(82) Oynu npHidHATI TIONPaBKH /10
Honatky VI MAPIIOJI mono Bu3HAueHHs apKTUYHMX Boja KaHanu Ta
HopBe3bkoro Mopst 30HaMH KOHTPOJIIO 33 BUKHIAMHU OKCHJIIB a30TY, OKCHUJIIB
cipkn 1 TBepamMx wacTtok. Lli 3MiHM HaOyayTh YMHHOCTI, NMOYMHAIOYH 3
1 6epesns 2027 poky.

VY cBoto gepry, craHoMm Ha 01.01.2024 y cBiti 3apeectpoBano 108789
TOProOBUX cyJeH BasoBoro MicTkicTio 100 T i Oinpme [1]. IIpu oMy Bik
CBITOBOTO TOProBoro (uIoTy 3a AeABEHTOM CTaHOBHB 12,5 pOKiB; cepeaHiit
BIK 3a KIJIBKICTIO CyJIeH CTaHOBUB 22,4 poKy, 10 Ha 2 % Oinblie, HiXk 3a TOH
cammuii niepion y 2023 pomi. binpmie monoBuHN GI0TYy 3a KiIBKICTIO CyJeH
3apa3 ctapmre 15 pokiB. CepeqHii Bik CyJeH 3pic y BCiX cerMeHTax ¢uioTy,
3a BUHATKOM KOHTEHHEpOBO3iB. baikepu BiZHOCHO MOJOMI, CepeaHiil Bik
sskuxX craHoBuB 11,1 pokiB, Tomi SK yHIBEepcallbHI TOPTOBI CyIHAa €
HaiicTapimumu — 28 pokiB. CepenHiii Bik ¢QIOTy 3a KUIBKICTIO CyACH i
TIparnopaMy po3BUHYTHX KpaiH 1 KpaiH, 0 PO3BUBAIOTHCS, HA movyaTky 2024
POKy cTaHOBMB Oyim3bKko 22 poku. He3Baxkaroum Ha Te, 110 B JaHWil 4ac
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monan 30 % TOHHaXy CBITOBOrO (IOTY CKIQJaeThcs 3 "eko" cyjieH,
3poCTalouMii Bik (pJIOTY, TpHBalO4a HEBU3HAYEHICTH CEPEAHBOCTPOKOBHX
3aXO/iB IIOJ0 3MEHIIECHHS BHKHWJIB, a TaKOX HEBH3HAYEHICTh MI0O/O0
JUHAMIKH PO3BUTKY (MIOTy B JOBrOCTPOKOBIHM IEpCHEKTHBI pa3oM i3
IJI00aJIbHUM €HEPTETHYHUM I1EPEX0/I0M, BUKIMKAE 3aHEIIOKOEHHS 3 OTJISI Y
Ha TIPUAHATI MDKHAPOTHI €KOJIOTiYHI T MIOAO0 CKOPOYEHHS BUKHIIB, Y
TOMY YHCIi, TAPHAUKOBUX Ta3iB.

ToOToO Ha MPaKTHUII CIIOCTEPIraeThCs TEHACHIS 301IbIIEHHS KUTBKOCTI
0COONMBHX PaliOHIB KOHTPOJIO BUKUAIB Ta IOCHICHHS TPAHUYHUX 3HAYCHD
BHKHJIIB, IPOTE HAHOIIBII MOMIUPEHUMH B €KCILTyaTaIlil Hapasi € cTapi TN
KOHCTPYKIIH MPHUBO/IB, AKi HE BiAMOBINAIOTH BUMOTAM MO0 BUKHUIIB. Y
3B’S13Ky 3 [MM HEBIANOBIJHICTH TOKAa3HUKIB CYJHOBUX JBHI'YHIB
YCTAaHOBJICHUM  BHMOI'aM  IIOJO  3amo0iraHHs  3a0pyJHEHHIO  Bif
CYJJHOIIJIABHOI raity3i BUSBUIIO MPOOJIEMy BHOOpPY MEPCIEKTUBHUX IIUIAXIB
3a0€e3[eYeHHs] €KOJOTIYHUX BHUMOI JUI 3HM)KEHHS BUKHIIB IIKIIJIUBUX
PEUOBHH CYJHOBUMH €HEPreTHYHUMH yCTAaHOBKAMH.

VY 3B’A3Ky 3 BHUKJIQJCHHM METOI0 JaHOi poOOTH € OOIPYHTYBaHHS
NEePCIEKTUBHUX IUIAXIB 3a0€3MEYCHHS] SKOJIOTTYHUX BHMOT CyJHOBUMH
CHCPreTHYHHMH  YCTQHOBKaMH, Yy TOMY YHCIi M8  JOCSTHEHHS
CYZHOIUIABHOIO Taily33l0 Y IOBIOCTPOKOBIil MEPCIIEKTUBI TPAHCIIOPTYBaHHS
3 HyJIbOBUMH BUKHIAMH.

CaiToBa CyJHOIUIaBHA raiy3b Bignosigae 3a 3 % cpitoBux BUKUAIB CO2,
5...8% BukuaiB SOx ta 15 % Bukunie NOx. Cepex NpUBOAIB CyJleH
CYJHOBI JiM3€J1i 3aCTOCOBYIOThCS Ha 97 %, a Ha mapoBi Ta ra3oBi TypOiHH
npuniagae 3 % [2]. llomo mnpuBomy CyaeH pPIidKOBOrO (UIoTy i iXHiX
TEHEPaTOPHHUX YCTAHOBOK, BKIIFOYAIOYW aBapiiiHi, TO y NAHOMY BHIIQJIKY
BUKOPHCTAHHS N3EIiB MOILIMPIOETHCS HA yci 0e3 BHUHATKY TOProBi CyJHA
[3]. 3ycTpiyaroThes i HETPAAMIIHHI KOMILICKCH 3 aJIbTEPHATUBHUMU BHIAMH
CHEProyTBOPEHHS, SKi BHUKOPHUCTOBYIOTBCS IIEPEBAXXHO y  CKIAJi
KOMOIHOBaHMX  TPOMYJIbCUBHUX  KOMIUIEKCIB, HAaNpHKIal, pPOTOPH
@nerraepa. Cranom Ha 2023 pik y cBiTI HapaxoByeTbcs 29 niroumx
TOPTOBHX CYZEH Ta 72 3aKijia/IeHUX Ha CyJHOOYIIBHUX BepdsiX, Ki y CKIati
KOMOIHOBaHMX NPOITYJIbCUBHUX KOMIUIEKCIB MAlOTh pPYILii, SIKI MOXYTh
BUKOPHCTOBYBATH CHITy BITpy Ha OCHOBI ehexkty Marnyca [4]. Y 3B’s13Ky i3
YIPOBa/DKCHHSIM  PEryJIIOBaHHS IIOAO0 [OPOrOBOrO BMICTY CIpKH B
CYJJHOBOMY MNaJIMBI BUKOPHCTAHHS JH3EJIbHOTO, & TAaKOXK MalOCip4acToro
BKKOTO TaiMBa i3 BMicCTOM cipku MeHmie 0,5 % 306impmmmmocs, mo y
MTOPIBHSAHHI 3 Ma3yTOM i3 BMICTOM Cipku 110 3,5 % 3HAYHO 3MEHIITY€ BUKHUIN
CO,, ane ixHe BHPOOHHMITBO Ha Ha3eMHHX HadTOMEpepOOHHX 3aBOIAX
BHpOOJIsie MPUOITM3HO €KBIBAJICHTHY BEJIMYMHY MapHUKOBUX rasiB [S]. Ha
cporoziHi 7113 TOproBux cylieH BHKOPHUCTOBYE BHCOKOCIpYaTe MalHMBO i3
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CYJHOBHMHU CKpyOSpHHMH yCTaHOBKAaMHU [6], 10 OKpiM 3MEHIIIEHHS BUKHIIB
SOy, Takox pornoMarae 3MeHIINTH ri1odanbHi Bukuan COz. Y cBoro uepry,
OIHMM 13 HailepeKTHBHIMINX CMOCOOIB 3MEHIICHHS BHKHIIB Yy
CYJHOIIJIABCTBI € BHMKODHUCTaHHS JIbTEPHATHMBHUX BUAIB manuBa. Ha
TenepimHid yac 3949 ToproBux cyJHa MalOTh IPOIYJIbCUBHI YCTAHOBKH 3
JBONAJIMBHUMH [U3CIbHUMH ABUTYHAMH, SKI MOXXYTh BHKOPHCTOBYBAaTH
aIbTEepPHATHBHI BUU MMaJHMBa 3 HU3bKNM a00 HYJIHOBHM BMiCTOM BYTIICITIO,
10 3MEHIIY€E NMPHUOIH3HO Ha 15 % BHUKMIIB MApPHUKOBUX Ta3is, 85 ... 90 %
SOy, 10 % NOx Ta 90 % TBepANX YaCTHHOK.

[Tix yac BuOOpy CHIOBOI yCTAHOBKH AJISI CYyJEH TOPrOBOTO (JIOTY, Y
MepIry 4epry, BpaxOBYEThCS CHelu]ika, YMOBH €KCIUTyaTamii, IIPOEKTHA
BOJIOTOHHAXKHICTh, @ TaKO)X CKOHOMIYHAa C(EKTHBHICTh, BIAMOBIIHICTH
€KOJIOTIYHUM HOpMaM, BHCOKa HamiiHicTe [7, 8]. Hampukmanm, skmo 1o
CyJHa BHUCYBAalOThCS JKOPCTKI BHUMOTM JIO MaHEBPOBUX sIKOCTeH abo
JIOBrOTpHBaioi poOOTH Ha HECTAL[IOHAPHHX PEXHMMax i3 4acTol 3MiHOIO
HaBaHTA)KCHHS, BUKOPUCTOBYIOTh MPUBENCHHS B Ji0 TPeOHOT yCTaHOBKU
SNIEKTPOABUIYHAMHU. Y [bOMY BHIAQJIKY /ISl JKUBJICHHS €JIEKTPUYHOIO
SHEpTi€l0 TPeOHUX eJIEKTPOIBUTYHIB BCTAHOBIIIOIOTH TOJIOBHI CNEKTPUYHI
TeHepaTopu 3 OOEpPTaHHSAM BiJ AWM3ENs, MapoBoi abo ra3oBoi TypOiHH.
BukopucraHHS €NEKTPUYHHMX CHJIOBHX YCTAHOBOK IIE€pEBa)ka€ Ha
MacaXHPChKUX IIOpPOMax, a TAKOX CyJHAX, SIKI BUKOPHCTOBYIOTHCS JJIS
CelCMIYHUX JOCIiIKeHb, PO3BiTyBaHHSI HA(TH 1 ra3y, a TAKOXK IMOCTaYaHHS
MaTepiaiiB 1 majguBa Ha oduIopHi HadTOmMOOYBHI CTaHINI. 30UIbIICHHS
SNIEKTPUYHKUX a00 TiOPUIHHMX CHIOBHX YCTAHOBOK B €HEPrOMEHEKMEHTI
BOJIHOTO TPAHCIIOPTY TIOTEHIIHHO MOXE MOKPALIUTH EKOJIOT1YHICTb,
MIABUIUTA HAIHHICTh, 3HU3UTH CKCIUTyaTalliiiHi BUTPATU 1 PO3MIMPHUTH
MoxMBOCTI  aBroMartm3amii [9]. OcHOBHI IiepeBaru eNeKTPHUYHHX
MPOIYJIbCUBHUX KOMIUIEKCIB IOJISITAIOTh y HHM3bKOMY DIiBHI IIymMy Ta
BiOpamii, a TaKOXX MIKIJIMBUX BUKHJIIB. Y CBOIO 4Yepry, 3arajbHi BTpPAaTH
MIOTY>KHOCTI Ha BCIX €JIEMEHTax €JEKTPUYHOI IPOITYJIbCUBHOI YCTAaHOBKH
CcTaHOBIATH § ... 12 % [10], mo Habarato BHUIIE MOPIBHIHO 3 TU3CIEHUMHU
JBUT'YHaMH, J€ BTPAaTH MOTYXXHOCTI BiJi IEPBHHHUX IIPHUBOJIB JIO TBHHTA
CTaHOBIATS 2 ... 4 %. Hanpukian, Ha naca)kupchKuX Ta OQIIOPHUX CyAHAX
MOIIMPEHEe BHKOPUCTAHHS MOBOPOTHHUX TI'BHHTOPYJLOBUX KOJIOHOK THITY
Azipod i3 6e3mocepeiHiM eNeKTPONIPHBOIOM TPEOHOTO TBHHTA, SIKi TAKOXK
cebe mobpe 3apeKOMEHAYBAIM SK HAMIMHUN EIeKTPUYHUN pPyLIHHUI
KOMIIIEKC Y JIbOJIOBHX YMOBax IuiaBaHHs [11].

Hapa3i cBiToBHit TOproBuii GJIOT 3piKEHOTO MIPUPOTHOTO Tra3y HAIIYy€e
221 cymHO 3 MapoTypOIHHHM IMPHBOAOM, IO CTaHOBHUTH 33 % Bim #oro
3arajabHOT aKTUBHOI KUTBKOCTI [ 12]. JlaHnii BUI IPHUBOAY HA CHOTOJTHI TAKOXK
BUKOPHCTOBYETbCS HA JESIKMX Maca)XUPChKUX IOpOMax, IEPEBaXHO, Y

16



ABTOMAaTH3AIlis CyTHOBHX TEXHIYHHUX 3aCO0IB Bumyck Ne 29

CKiIaal KOMOIHOBaHMX MPOIYJbCHBHUX KOMIUIEKCIB. Y TOpIBHSHHI 3
MONYJIAPHAMH paHillle CHJIOBUMH YCTaHOBKaMH Ha Tra3oBoMy (QJoTi —
napoBuMH TypOiHaMHU a0 ABO- Ta TPHUITAIUBHUMHE JH3€IIb-EIEKTPUIHUMU
YCTaHOBKaMH, Cy4acHi JBOIAJIMBHI JU3€JIbHI PYIIiiHI KOMIUIEKCH, SIKI TaKk
caMO MOXYTb BHUKOPHCTOBYBAaTH BHIIApHMH ra3, npubimsHo Ha 50 %
edpexTuBHimi. [lapoBi TypOiHM MOXYTh MaTH TepeBary B 00JacTi Tyxe
BEJIMKOI TOTY)XHOCTi, aje e(EeKTHUBHICTh BHUKOPHCTAaHHS NajiBa HAaBIiTH
IapoBUMH TypOiHAMH BHCOKOTO THCKy Jocsirae Makcumymy 35 % [13].
OCHOBHUMHM HEJIOTIKAMH € BEJMKa BUTpATa IAJMBa Ta 4ac MiATOTyBaHHS,
0COOJMBO MOPIBHSIHO 3 AW3CIHHUMH YCTAaHOBKAMH, a TAaKOXK HEOOXiIHICTPH
OKpeMoi TypOiHH 11 3aJHBOTO XOAy, IO 3yMOBIIOE HEIOCTATHIO
MaHEBPEHICTh CyTHa. ATOMHUI NPUBIZA € 0COOIMBUM THIIOM MApOTypOiHHOT
CUCTEMH, OCKUIbKH BiH y KIHIIEBOMY PaxyHKY BUPOOJII€ BOISHHUHN Map, KU
NPUBOJMTH Y PYX POTOP MapoBOi TypOiHW. BiAMiHHICTB BiJ 3BHYaifHOTO
napoTypOiHHOTO HPUBOAY MOJISITAE B TOMY, IO TEIUIO, HEOOXigHe s
CTBOPEHHSI BOZSIHOI MapH, BHUPOOJSETHCS 3 SIIEPHOTO peakTropa, TOMY He
BiIOyBa€eThCsl 3rOpsiHHS TajMBa, a BeCh Mpolec TeHepauil Teruia
BimOyBaeTbcss Oe3 mpucyTHOCTI KuCHIO [14]. I3 MeToro BUKOpHCTaHHS
SOEPHUX TEXHOJIOTi y CyAHOIUIAaBCTBI Hapasi cTBopeHa Mopcbka
OpraHizamiss sAEepHOI eHeprii [UIs YCYHEHHS SIEpHUX 1 MOPCHKHX
HOPMAaTHBHHUX HPOTAJIMH, OLIHKHM BIUIMBY HA HABKOJIMIIHE CEPEIOBHIIE, a
TaKOXX CTaHIAPTH3AIlii MPOTOKOIIB Oe3meku [15].

I"azoBi TypOiHu MaroTh nopiBHsaHO HU3bKUIT KK/ y Mexax 25 ... 30 %
[16], Hapa3i 3ycTpi4amOThCsi y CKIaJi KOMOIHOBaHHMX KOMILICKCIB
LIBUKICHUX TAaCaXUPCBKUX CYAEH, a TaKoX Ha JesIKHX BHIAX
crewiali3oBaHuX CyJieH, HAIPUKJIIA[, IUIABYYHX YCTAHOBOK JUIsl BUIOOYTKY,
30epiraHHss ~Ta  BiJBAHTaXXEHHS  NPUPOJHUX  ByrieBojHiB  [17].
HaiiBaxxnuBiln nepeBarn TMOJISTAlOTh Yy BIJIHOCHIM MajorabapuTHOCTI,
MiHiMaNbHi# BiOpalii, a TakoXk peanizallii BUCOKOIBUAKICHOTO 00epTaHHS.
Henoniku monAraroTb B MOXIMBOCTI O0EpPTAaHHA TUIBKH B OIHOMY
HarnpsIMKy, BUCOKiH BapTOCTI BUPOOHUIITBA, & TAKOX HU3bKIH epeKTHBHOCTI
Ta BEJMKIN MUTOMIH BUTpaTi MajinBa.

CyIHOBI qu3edi BiIHOCATHCS /10 HAaHOLIBII TOIIMPEHOT0 THITY TEIIOBHX
JBUT'YHIB, $SKI BHKOPHUCTOBYIOTHCS Ha MOPCHKOMY Ta BHYTPIIIHbOMY
BOJHOMY TpAaHCIOPTi. Y MOpPIBHSAHHI 3 iHIIUMH THIAMH EHEPreTHYHHX
YCTaHOBOK CYAHOBI AM3€Ii XapaKTepU3yIOThCS MiHIMAIBHUMH BUTpaTaMu
SIK Ha OJIMHUITIO TIOTY>KHOCTI, TaK 1 Ha OJMHUIIIO TIpoiaeHoro nuisaxy [18].
IcroTHa mepeBara OU3EIBHUX CHIOBHX YCTAHOBOK MOJATA€ B IXHBOMY
mopiBHsibHO Bucokomy KK, sxumit moxe csaratm 49 ... 53 % [19].
CTOCOBHO BEITMYMHH TOTY>KHOCTI, TO AU3ENbHI IBUTYHH CTAIA CEPHO3ZHUM
KOHKYpPEHTOM NapoBux TypOiH. Hanpukian, HalOlnba qu3einbHa CHIOBA
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ycranoBka Wairtsild RT-flex96C, sika mMoke pO3BHBaTH MOTYXHICTb 10
84420 BT, ycraHoBieHa Ha KoHTelHepoBo3i Emma Maarsk [20].
[TpoBimHMMHU BHPOOHMKAMH Ha CBITOBOMY PHHKY CYJHOBHX JW3EIBHHX
asuryHi € Caterpillar Marine (Britouatoun 1odipHro kommasito MaK) — 27
%, Hyundai Heavy Industries — 21 %, Yanmar — 18 %, MAN Energy
Solutions — 13 %, Wartsild Corporation — 12 % Ta immi — 9 % [21].
Po3pi3HsrOTE Mano-, CepeaHbO- Ta IIBHUAKOOOEPTOBI CyIHOBI JH3EI.
Maitoo6epToBi B OIMBIIOCTI BHUMAIKIB € JBOTAKTHUMH, MAlOTh BHCOKY
e(peKTHBHICTh, MOXYTb TpAIfOBAaTH 3 pI3HAMH THNAMH TBHHTIB (i3
¢ikcoBaHOIO a00 3MIHHOIO T€OMETPI€I0), BHPOOIIIOTH BHUCOKY IIOCTIHHY
MIOTY>KHICTP 1 3a3BHYail BOHU 0e3 peaykropHoi rnepenadi. [l{omo cepenupo-
Ta I[IBHJIKOOOEPTOBUX CYAHOBHX JIM3€IiB, TO II€PEBAXHO BOHU €
YOTHPUTAKTHUMH Ta HaluacTillle BUKOPHCTOBYEThCS SIK JONOMDKHI abo
TOJIOBHI HEBEJIMKOT IOTY)KHOCTI.

Ha cynHax MOpCHKOTO Ta BHYTPINIHBOTO BOJHOTO TPAHCIOPTY JAHU3Ei
MAaroTh HalKpally NepCreKTHBY Y MOPIBHSAHHI 3 IHIIMMHU BUJIAMU [IPUBOJIIB
CYJJHOBHX IPOITYJIbCHBHUX Ta JIOMOMDKHUX YCTaHOBOK 3aBJISIKH:

BHCOKIH TepMOIUHAMIYHIH €()EeKTUBHOCTI;

BEJIMKOMY MOTOPECYpPCY, HATIHHOCTI 1 Oe3Mmeri eKcIuTyararii;

MOXJIMBOCTI PEBEpPCYBaHHS;

MIOPIBHSUIEHO HU3bKUM BHTpPATaM Ha TEXHIYHE 0OCITyrOByBaHHS;

THYYKOCTi BHOODPY TIaJINBa;

BHCOKOMY CTYIIEHIO IPUCTOCOBAHOCTI /IO aBTOMAaTH3aLIil;

MTOMIPHIi# TPYIOMICTKOCTI TEXHIYHOTO 00CITyTOBYBaHHS;

LIMPOKiil MOXIIMBOCTI YHi(iKauii By3JiB Ta qeranei;

BIZICYTHOCTI KOPCTKHX OOMEKEHb 32 MacOIO Ta PO3MIipaMH.

CyTTeBuil BIUIMB Ha 3HMKEHHS BHUKHIIB IIKIJJIMBUX DPEYOBHH B
aTMocdepy BiI TOPrOBHX CYJCH MAIOTh TEXHOJIOTIYHI aCIIEKTH, ITOB’sI3aHi 3
MIOKPAILIEHHSIM EHEproeeKTUBHOCTI, HANpPHKIAJ, CHCTEMH 3MEHIICHHS
omopy KOpIycy CyAHa, a TaKoX IIOKpalleHHAM pOOOTH CHUCTEM
JIarHOCTYBaHHS Ta aBTOMATHYHOTO DEryJIIOBaHHS CyIHOBUX JIBUTYHIB,
HaNpHKJIaJ, BIPOBA/KCHHSIM INTYYHOTO IHTEJEKTY JUIl aHali3y IXHbOI
edexruBHOCTI. CTOCOBHO €Heproe()eKTUBHOI eKCIITyaTalii icCHyI0UHX CyJIeH
CBITOBOTO TOProBOTro (JIOTY, TO HEOOXITHUMHM € Taki HajauBo3Oepirarodi
3aX0QW, K  TIABUIIEHHS  €(QEeKTHBHOCTI  CHCTEM  peKymepartii
BiIMPaIbOBaHOTO TETUIa, ONITUMI3AIlisl IMBHUIKOCTI CyTHA AJIs 3a0e3meueHHs
"ByacHOT0" TMPUXOAY, BHOOPY ONTHMAJIBHOTO CIIBBiIHONIEHHS YacTOTH
o0epTaHHs TOJOBHOTO JBUTYHA Ta KPOKy I'peOHOTO TBHHTA Ha XOJOBHX
pexXMMax CyJHa, a TAKOXK BIIPOBA/KECHHS abTEPHATHBHUX TEXHOJIOTIYHUX
CHCTEM pereHeparlii eHeprii Ta 30epiraHHs eHeprii y CyNepKOHIEHCATOPHUX
HaKONHMYyBayax.
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lono ckOpoOYeHHs BUKHIIB BYIJICHIO IHHOBAaLiWHUM pIIICHHSIM €
TEXHOJIOTIsl yJoBmoBaHHA Ta 30epiranHs CO; Ge3nocepeqHbo Ha OOPTY
cynna. [IpoBigHuM y iboMy taHi craia komnanis Eastern Pacific Shipping
YCTaHOBHBIIM Ha TaHKepi-ximoBo3i Pacific Cobalt Taky ycraHOBKy, sika
3natHa BioBiroBatH 10 40 % COz 3 BuxionHux rasis [22]. ¥V cBoro uepry,
BHKOPHCTAHHS aKyMYJIITOPHUX OaTapeil MOKpallye eKoJIOTidHI MOKa3HUKU
SK y CKJIaJi KOMOIHOBaHHMX CHJIOBHX YCTaHOBKAaX, TaK i y TO€IHaHHI 3
nm3ens-reHepaTopaMu. Ilpote y 3B’sS3Ky 3 0COOIHMBOCTAMH POOOTH
CBITOBOTO TOPrOBOTO MOPCBHKOTO ()JIOTy MEPCHEKTHBA iXHBOTO IIMPOKOTO
BUKOPDHCTaHHS SIK CINCKTPUYHUX CHEPreTHYHHX YCTAaHOBOK MOJXKE
MOMINPIOBATHCS TIABKH Ha CyIHa NPUOEpEeKHOro ado BHYTPIINIHBOTO
BOJTHOT'O ILIaBaHHSI.

Jlnsl KOMIUIEKCHOTO aHajli3y BIUIMBY Ha HABKOJIMIIHE CEPEIOBUIIE
Cy[IHOBUX TIPUBOJIB HEOOXiNHA KIIbKICHA OIliHKA, IS SKOI MOXKHA
BHUKOPUCTOBYBAaTH METOMOJOTII0 [23], sika J03BOJIAE OIIIHUTH BUKUIH
3a0py/IHIOIOYHX PEYOBHH Yy TIOBITPS Bijl Pi3HHX THIIIB CyJHOBUX JIBUI'YHIB,
BUKOPHCTOBYIOYHM JIaHI IOJO IUTOMOI BUTpPAaTH NajKkBa CHIOBHMHU
yCTaHOBKaMU TOPTOBUX CyJeH [24], Buny nanusa [25] Ta Tuny qBuryHa [26],
a takox Bukuam COz [27] ta NOy [28]. ¥V Tabn. Bka3aHi ycepemHEHi
pe3yibTaTh pO3paxyHKiB 3a [JaHOIO METOJMKOI0 Ha OCHOBHOMY
eKCIITyaTallifHOMy XOJOBOMY PEXHMi CYIEH 3 ypaxyBaHHSIM BKa3aHHX
BUIIE OCOOIMBOCTEH.

Tabmuis
KispKicHa oliHKa HIKIJIMBUX BUKHUIIB 3 ypaxXyBaHHAM MUTOMOI BUTPATH
Ta BUY MaJIMBA JJIsl KOXKHOTO TUILY CY/IHOBUX IPHBO/IIB

TTokaznuk MO CO/J BO/J I'T IT

TTanuso 3[I" | 411 | BIT | AIT | BIT | AIT | BIT | AIT | BIT | AIl | BII

TTuroma
BUTpATA, 140 | 185 | 195 | 203 | 213 | 203 | 213 | 290 | 305 | 290 | 305
r/kxBr*rog

CO;,

435 | 588 | 620 | 645 | 677 | 645 | 677 | 922 | 970 | 922 | 970
r/xBr*ronx

NO,, xr/t | 4,71 | 88,6 | 89,7 [63,1 | 634 57,1 |57,7 | 190 (193 | 66 | 66

ne MOJI, COJl ta BOJ] — mano-, cepefHpO- Ta BUCOKOOOEepTOBi au3eni; ['T
ta IIT — razoBa ta mapoBa TypOinm; 3III, AIl Ta BIl — 3pimxenuii
MIPUPOJIHUM Ta3, TU3eIbHE Ta Ma3yTHE MAJIHBO.

Y Tabi1. eKOJIOTIYHI XapaKTEPUCTHKH BU3HAYAIKCS BMICTOM Y POJYKTaX
sropsiHHs NOy, SKUi 32 piBHEM TOKCHYHOCTI 3HAYHO TMEPEBUILYIOTH i1HIIT
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LIKIJUIMB] KOMITOHEHTH BHUXJIOMHHUX Ta3iB, Ta CO2 € OZHUM 3 OCHOBHHX
MIApHUKOBHX Ta3iB, IO 3yMOBIIIOE INI00AJIbHE TMOTEIUTIHHA. BUKOpHCTaHHS
napoBux abo ra3oBux TypOiH, SIKI y MOPIBHSHHI 3 CYJHOBUMH IM3EISIMHU
MAaroTh 3HaYHO OLIBLIY MMTOMY BUTPATy MaJIMBa, NPU3BOJUTH HE TUIBKH JI0
M/IBUIIEHHS 3arajbHUX eKCIUTyaTalliiHUX BUTpaT, a g0 CYTTEBOTO
30UTBIICHHS IIKI[UIMBUX BUKHUIB i3 BHXJIOIIHUMH Ta3aMH B aTMocdepy i,
0COOIMBO, MMAPHUKOBUX Ta3iB. Y TOH K€ 9ac, CyAHOBI TU3eIi TMOPIBHIHO 3
TypOIHHAMH YCTaHOBKAaMH MarOTh 3HAYHO BHUIIUIT piBeHh NOy BUKHIIB, 10
YTBOPIOIOTBCA MIiJ Yac 3rOpsSHHSA manuBa. g Toro, mo0 BiAmoBigaTh
CyJaCHHM €KOJIOTIYHHM BHMOTaM HEOOXiTHO BHKOPHUCTOBYBATH TaKi
TEXHOJIOTIYHI PIMICHHA, SK PEHUPKYIMIis BHUXJIONHHUX ra3iB, 3MiHHa
reOMETpisi COIUIOBOTO amapaTa TypOOHarHiTauya, BIOPCKYBaHHS BOJH B
UWIHAP Ha CTaail 3rOpSHHS s MiABHMIICHHS BOJOTOCTI CyMinn (st
MaJo00CpTOBUX  JU3ETIB), BHUKOPDHUCTAHHS CHCTEM  CEJICKTHBHOTO
KaTaJITUYHOI'O BiJHOBJIEHHS ab0 JX MPSIMOrO BIOPCKYBaHHS aMmiaky y
BUXJION Y BHUIJBSIII PO34nHY cedoBHMHH. [IpoTe HE3MIHHMM METO/IOM B
obnacti 3MeHIIeHHs BUKHIIB NOyx y Cy/JHOIUIABCTBI TAKOXK 3aJIMIIAETHCS
NepeHANAIITYBAaHHS TapaMeTpiB pobodoro mporecy amsens. CTOCOBHO
€KOJIOTIYHOCTI HOBHUX KOHCTPYKIIH CYAHOBHX JH3ETIB TO, HAIPHUKIA,
po3pobieHi kommnaHiero WinGD cydacHi IBHTYHH 3 YIIOPCKYBaHHSM Ta3y
i HEU3BKUM THUCKOM Tumy X-DF BiANOBiZarOTh HAHBHUIOMY CTaHAAPTY
piBHS BHKHIIB i HE BHMAararTh JOJATKOBOI OOPOOKM BUXJIOITHHX TIa3iB.
IIpoTe Ha 3MIHHUX PEKUMaX POOOTH OCOOJIUBO ITiJT YaC CTOXACTUUHOT 3MIHU
HABaHTAXKCHHS Ha TOJIOBHUIA IBUTYH B YMOBaX XBHJIIOBaHHS MOpst ab0 mif
4ac IMyCKy, a TakoXX Mepexojy 3 OJHOTO BHJY NaluBa Ha iHIIE, MOXYTb
BUHMKATH SIK ITiIBUIIEHE AUMIICHHS Y 3B’5I3KY 3 HE33/I0BIJIbHOIO JMHAMIKOIO
€JIEKTPOHHOT'0 PEeryjsTopa 4acTOTH OOCpTaHHS, TaK 1 MiABHUIINCHA eMicis
UIKIJTMBUX BHKHUJIB i3 BIAMPaIbOBAHUMHU Ta3aMHU Yy PE3yJIbTaTi TEIJIOBOTO
NIepeBaHTaKEHHS JIeTallei IMIiHAPOBO-TIOPLIHEBOI IPYIIH.

Ha ocHOBI mpoBeneHOro asaiizy MOXHA 3pOOMTH BHCHOBOK, IO
BPaxOBYIOUH EKCIUTyaTalliHHUHA Tepiof Ta KUIBKICTh ICHYIOUHMX TOPTOBHX
CyIeH i3 CTapuMH KOHCTPYKIISIMH CYAHOBHX JH3€JB, HEOOXIIHHM €
BpaxyBaHHS TAaKHX IEPCHEKTUBHHUX LUIAXIB 3a0€3ME€UYEHHs EKOJIOTTYHHX
BHMOT:

MiIBUIICHASIM €(EeKTUBHOCTI AM3ENIB i Yac BUKOPHUCTaHHS TaJHB i3
HU3bKMM a00 HyJIBOBUM BMICTOM BYIJIELIO, alle 3 ypaxyBaHHSIM
eKCIUTyaTal[iiHuX PU3HKIB Y 3B 3Ky 3 JIETKO3aHMUCTICTIO 1 TOKCUYHICTIO
OUIBIIIOCTI aNbTEPHATUBHUX TAJIHB,

ToTIepePKEHHSM yTBOPEHHS TOKCHYHUX KOMITOHEHTIB Ta HEHUTpai3alis
YTBOPEHHX TOKCHYHHMX MIOMIIIOK 3a JONOMOIOI0 IOAATKOBUX CHCTEM
OYMIIEHHS BUXJIOITHUX T'a3iB;
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BIIPOBA/KCHHSIM CHCTEM JIarHOCTYBaHHS Ta MOHITOPHHTY pPOOOYHX
MPOIIECIB, Y TOMY YHCHi, Ha 0a3i IITYYHOTO IHTEJICKTY;

BHOOPOM  ONTUMAJBFHOTO  CIIBBIJHOIICHHS YacTOTH OOCpTaHHS
TOJIOBHOT'O JIBUT'YHA Ta KPOKY I'PEOHOT0 T'BHHTA JJIsl CYJICH i3 TBUHTAMU 31
3MIHHOO I'€OMETPIETO;

MOKPAILIEHHSIM €Heproe(eKTUBHOCTI BUKOPUCTAHHSM €Heprii BITpY Ta
COHAYHOI €Heprii, a TakoXX aKyMyJIATOPHUX OaTapel, MaJMBHUX €IEMEHTIB
Ta CyNepKOHICHCATOPHUX HAKOMHYYBaYiB.

Hactynae mocmimkeHHS IDIAaHYETHCS B 0OOJACTi OIIHKH JOCSTHEHHS
HYJIbOBHX BUKHUJIB BiJl CyJICH CBITOBOTO TOProBOro (uioTy 3 ypaxyBaHHSIM
0COONUBOCTEY  BOPOBAKCHHS  CYYaCHHMX  KOHCTPYKLIHHO-TEXHIYHUX
pimeHs  ans  3a0e3ledeHHs  CKOJOTIYHHMX  MOKAa3HHWKIB  CYAHOBHX
C€HEPreTHYHUX YCTAaHOBOK.

JITEPATYPA
REFERENCES

1. UNCTAD - United Nations Conference on Trade and Development.
/I Review of Maritime Transport 2024. — United Nations Publications:
Geneva. — 2024. — 166 p.

2. Nguyen H., Hoang A., Nizetic S., Nguyen X., Le A., Luong C., Chu
V., Pham V. The electric propulsion system as a green solution for
management strategy of CO2 emission in ocean shipping: A comprehensive
review. // International Transactions on Electrical Energy Systems. — 2020.
—Ne31(11).—29p.

3. Sulligoi G., Vicenzutti A., Menis R. All-electric ship design: from
electrical propulsion to integrated electrical and electronic power systems. //
IEEE Transactions on Transportation Electrification. — 2016. — Ne 2 (4). — P.
507 — 521.

4. ENERGY EFFICIENCY RETROFIT REPORT 2024: Applying
wind-assisted propulsion to ships. // Lloyd’s Register. — 2024. — 43 p.

5. Hoang A., Pham V. A review on fuels used for marine diesel engines.
/I Journal of Mechanical Engineering Research and Developments. — 2018.
— Ne 41 (4).— P.22-32.

6. World Fleet Register. // Clarksons Research. — Pexum moctymy:
https://www.clarksons.net/wfr.

7. Pham V., Hoang A., Do H. Analysis and evaluation of database for
the selection of propulsion systems for tankers. // In: International
Conference on Emerging Applications in Material Science and Technology.
—2020. — Ne 020034. — 13 p.

21


https://www.clarksons.net/wfr

ABTOMAaTH3aIlis CyTHOBHX TEXHIYHHUX 3aCO0IB Bumyck Ne 29

8. Parsons M. Applications of optimization in eaearly-stagehip design. /
The Ship Science and Technology Journal. —2009. — Ne 3. —P. 9 — 32.

9. Martelli M. Numerical and experimental investigation for the
performance assessment of full electric marine propulsion plant. // Maritime
Transportation and Harvesting of Sea Resources. — Taylor & Francis Group:
Boca Raton. — 2018. — Ne 1. — P. 87 — 93.

10. Skjong E., Johansen T., Molinas M., Srensen A. Approaches to
Economic Energy Management in Diesel-Electric Marine Vessels. // In:
IEEE Transactions on Transportation Electrification. —2017. — Ne 3 (1). — P.
22 - 35.

11. Symington W., Belle A., Nguyen H., Binns J. Emerging technologies
in marine electric propulsion. // Proceedings of the Institution of Mechanical
Engineers, Part M: Journal of Engineering for the Maritime Environment. —
2016. — Ne 230. — P. 187 — 198.

12. WORLD LNG REPORT 2023. // International Gas Union. — 2023. —
79 p. - Pexum JIOCTYILY: https://safety4sea.com/wp-
content/uploads/2023/07/IGU-World-LNG-Report_2023_07.pdf

13. Ito M., Hiraoka K., Matsumoto S., Tsumura K. Development of high
efficiency marine propulsion plant (Ultra Steam Turbine). // Mitsubishi
Heavy Industries Technical Review. — 2007. — Ne 44 (3). -5 p.

14. Saito E., Matsuno N., Tanaka K., Nishimoto S., Yamamoto R., Imano
S. Latest technologies and future prospects for a new steam turbine. //
Mitsubishi Heavy Industries Technical Review. — 2015. — Ne 52 (2). — P. 39
—46.

15. How close is the shipping industry to adopting nuclear for
propulsion? // Lloyd’s Register. — 2024. — 10 p. — Pexxum pocrymy:
https://storage.pardot.com/941163/1719821070NWHAmMFvmM/LR_ZCFM _
Nuclear_Report.pdf

16. Bonet M.U. Techno-economic and environmental assessment of an
intercooled-recuperated (ICR) marine gas turbine for powering a LNG
carrier. // Naval Engineers Journal. —2017. — Ne 129. — P. 77 — 86.

17. Gutierrez C., Labajos C. Technical structure of the Gas carrier fleet
in 2019. // Journal of Maritime Research. — 2020. — Ne 17 (1). — P. 86 — 92.

18. Nikolaos X. Robust control of diesel ship propulsion. // London:
Springer. —2012. — 51 p.

19. Lamaris V., Hountalas D. A general-purpose diagnostic technique for
marine diesel engines - Application on the main propulsion and auxiliary
diesel units of a marine vessel. // Energy Conversion and Management. —
2010. — Ne 51 (4). — P. 740 — 753.

22


https://safety4sea.com/wp-content/uploads/2023/07/IGU-World-LNG-Report_2023_07.pdf
https://safety4sea.com/wp-content/uploads/2023/07/IGU-World-LNG-Report_2023_07.pdf
https://storage.pardot.com/941163/1719821070NWHAmFvm/LR_ZCFM_Nuclear_Report.pdf
https://storage.pardot.com/941163/1719821070NWHAmFvm/LR_ZCFM_Nuclear_Report.pdf

ABTOMAaTH3AIlis CyTHOBHX TEXHIYHHUX 3aCO0IB Bumyck Ne 29

20. Largest marine engine. // Guinness World Records — 2008. — Pexum
nocrymy: https://lwww.guinnessworldrecords.com/world-records/largest-
marine-engine#

21. Marine Engine Industry Report. // Mordor Intelligence. — 2024. —
Pexxum JOCTYILY: https://www.mordorintelligence.com/industry-
reports/marine-propulsion-engine-market

22. First LR class notation for onboard carbon capture system assigned
to Eastern Pacific Shipping tanker. / Lloyd’s Register. — 2024. — Pexum
nocrymy: https://www.Ir.org/en/knowledge/press-room/press-listing/press-
release/first-Ir-class-notation-for-onboard-carbon-capture-system-assigned-
to-eastern-pacific-shipping-tanker/

23. Trozzi C. Vaccaro R. Methodologies for estimating air pollutant
emissions from ships: a 2006 update. // In: Environment & Transport 2nd
International Scientific Symposium. — 2006. — 8 p.

24. Huan T., Hongjun F., Wei L., Guogiang Z. Options and Evaluations
on Propulsion Systems of LNG Carriers. // Propulsion Systems. —2019. — 20

25. Haglind F. A review of the use of gas and steam turbine combined
cycle as prime movers for large ships, Part 111 Fuels and emissions. // Energy
Conversion and Management. — 2008. — Ne 49. — P, 3476-3482.

26. Gopi M. The technical and economical aspects of marine engine
selection. Dissertation ... Master of Science. — M.: WMU. —1996. — 100 p.

27. Defra UK Ship Emissions Inventory. // Report Ne 21897-01. — 2010.
— 168 p.

28. Lamas M.I., Rodriguez C.G. Emissions from Marine Engines and
NOx Reduction Methods. // Journal of Maritime Research. — 2012. — Ne 9. —
P. 77 -81.

Abstract. Compliance of ship power plants with international
environmental requirements regarding the level of atmospheric emissions is
mandatory and regulated by Annex VI of the International Convention for
the Prevention of Pollution from Ships. At the beginning of 2024, 108,789
merchant ships with a gross tonnage of 100 tons and above were registered
in the world. At the same time, the age of the world merchant fleet by
deadweight was 12.5 years, and the average age by number of ships was
22.4 years. More than half of the fleet by number of ships is now over 15
years old.

In practice, there is a trend towards an increase in the number of special
emission control areas and tightening of emission limits, however, the most
common types of vessel's prime movers in operation on merchant ships are
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currently old types that do not meet the requirements for emissions in special
areas. In this regard, the inconsistency of marine engine performance with
the established requirements for preventing pollution from the shipping
industry has revealed the problem of choosing promising ways to ensure
environmental requirements for reducing emissions of harmful substances
by ship power plants.

International shipping accounts for approximately 90 % of world trade,
producing approximately 3 % of global CO, 5...8 % of SOy and 15 % of NOx
emissions. The most common movers on merchant ships are marine diesel
engines, which account for 97 %. A quantitative assessment of the impact of
marine drives on the environment has shown that the use of steam and gas
turbines leads to a significant increase in harmful emissions with exhaust
gases into the atmosphere and, especially, greenhouse gases. At the same
time, modern marine diesel engines have a significantly higher level of NO,
emissions formed during fuel combustion. In order to meet modern
environmental requirements, it is additionally necessary to use, for example,
selective catalytic reduction, exhaust gas recirculation or alternative fuels.

Based on the analysis conducted in the work, it can be concluded that it
is necessary to take into account promising ways to ensure environmental
requirements when using fuels with low or zero carbon content, but taking
into account operational risks due to flammability and toxicity; prevention
of the formation of toxic components and neutralization of the formed toxic
impurities using additional exhaust gas cleaning systems; implementation of
systems for diagnosing and monitoring work processes, including those
based on artificial intelligence; selection of the optimal ratio of the main
engine speed and propeller pitch for vessels with variable geometry
propellers; improvement of energy efficiency by using wind and solar
energy, as well as batteries, fuel cells and supercapacitor storage devices.
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Automated device for air environment control
on ships

Peztome. O01pyHmosarno cxemomextiune pilueHHs 0amuuKy 6UHAYeHHs
memnepamypu mouku pocu. Y npononogaromy npucmpoi 3abe3neueHa
BUKOPUCTAHHS NPUHYUNIE 4ACMKOBOI iHEApIAHMHOCMI 00 308HIWHIX
HEKOHMPOAbOGAHUX ~ 6NIUGIE HA  GUMIDIOGAHHS. 3aci6  3abe3neuye
nioguuenHs Gipo2iOHOCmi Npoyecie KOHMpO0 NOGIMPAHO20 Cepedosuua
Ha CyOHax 3 mMemoio 3abes3neueHHs KOMPOPMHUX YMOE HCUMMEDILIbHOCI
exinasicy.

Summary. The technical solution of the sensor for determining the dew
point temperature is substantiated. The proposed device ensures the use of
principles of partial invariance to external uncontrolled influences on
measurement. The tool ensures an increase in the probability of air
environment control processes on ships in order to ensure comfortable living
conditions for the crew.

3a BHCOKO{ TeMIepaTypH TOBITPS JIOACBKE TiJIO BHKOPHUCTOBYE
BUIIAPOBYBaHHSA IOTy JUIsI CBOTO OXOJIOJDKEHHs. Ll dyHKuist myske
eekTuBHA, aje 3a MNeBHUX yMOB. lIIBHAKICT BHIIApOBYBaHHS MOTY
3aJIeXKHUTh BiJ] TOTO, CKIJIbKHA BOJIOTH MICTUTBCSI B TIOBITPi 1 CKIJIbKA BOJIOTH
BOHO MOXE YTPUMYBATH TIPH BHU3HAYCHOMY THCKY. SIKIIO TOBITPS BXKe
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HacH4eHe BoJIOroto (TIpH BiHOCHIH Bostorocti 100 %), BUnapoByBaHHS IOTY
MpUTUHAETHCS. TepMoperyJsimis Tiina Oy qe BUKIUKATH TOTOBHILUICHHS, 00
MiATPUMYBaTH HOPMaJIbHY TEMIlEpaTypy Tija, HaBiTh SIKIIO IIBUJAKICTb, 3
SIKOT BUAIISIETBCS TIIT, IEPEBHIIYE NIBUAKICTH BUIIApOBYBaHHsL. Lle mosicHioe
T€, YOMY Y BOJIOTHX CIICKOTHHX YMOBaX Ha CyAHAaX MOXIIHBO HOKPHUTHCS
MIOTOM HaBiTh 0e3 3acTocyBaHHs OyIb-KMX (I3MYHMX HaBaHTa)XeHb. B
LLOMY BHUIQJIKy, TOYKa POCH Oy/ie MaKCUMaJIbHO HaOJIMbKeHa 10 pakTHIHOT
TeMIepaTypH i 3a3BHYail SKIIO BOHA CTaHOBHUTH Bume 16 ... 18 °C, To
JMIOAWHA BiMYyBa€ 3aAyXy, CKIATHOIII 3 (Pi3SMYHIMH HaBaHTAKEHHSIMH.
BiguyTTst IMCKOMQOpPTY YacTo CyNpOBOPKYIOThCS TOJOBHOIO OLIIO.
MakcuManbHO 3apeecTPOBAHUM TOKa3HWK TOYKM POCH Ha IIIaHETI y
npupogHuXx ymoBax ctaHoBHB 35 °C. Ile 3HaueHHs Oyio 3adikcoBaHo 8§
surnHs 2003 poky y micti Jlaxpan. dakTruHa TeMIeparypa noBiTpsi Ha TOH
nesb ckinana 42,2 °C. 3 ypaxyBaHHSAM ciabkoro BiTpy B 1 m/c, eekTuBHA
TemmepaTtypa (BipTyalbHa TeMmImeparypa, SKy BimgdyBama O IOIMHA,
ojsiTHEHA 3a ce30HOM) nocsirna 115 °C!

JuckoMpopT TakoX BUKIMKAIOTh HU3bKI 3HAYCHHS TOYKH pOCH (B
OCHOBHOMY HIK4e -5 °C), OCKUTBKH 1€ CBIYNTH PO BKpail HU3bKUH piBeHb
BoJiorocti oBiTpsi. Cyxe MOBITPsI MOXKE BUKJIMKATH PO3TPICKyBaHHSI IKIpH
Ta MEPECUXaHHs CIU30BUX OOOJOHOK HOCOTJIOTKH 1 JUXaJbHHX IIIJISIXIB.
Tomy pekoMmeHAyeTbcs MIATPUMYBAaTH TEMOEpaTtypy B  CYIJHOBHX
npuMinieHHs X B Mexax 19 ... 24 °C Ta BigHocHy Bosoricts 20 ... 60 %, mo
€KBIBaJICHTHO TOUIll pocu B aiana3oni 4,0 ... 16 °C). Jlroau, siki 3BUKIIH 10
MIOMIPHOTO KJIIMAaTy, 4acTO MOYMHAIOTH MOYYBATHUCS HEKOM(OPTHO, KOJIH
Touka pocu mepepuirye 15 °C, y TOH 4Yac SK IHIIHM MOXE 3IaBaTHCS
koMpopTHOIO Touka pocu a0 18 °C. TermoBuit KOMQOPT 3alEKHUTh HE
TITBKH Bil (I3MYHUX OCOOIMBOCTEH MOBKIJUIA, a M B TCHXOJOTIYHHX
¢axropis [1 - 4].

Takum 4rHOM, pobIIeMa 3a0e3eueHHs KUTTE3a0e3MeUeHHs CyTHOBOTO
NIepCOHAJTY IPSIMO TOB'sI3aHa 3 PIICHHSIM TaKOTO 3aBJAHHS SK ONTHMI3allis
CKIaAy ¥ peXHMIB €KCIUTyaTallil CUCTEeMH KOHIMWIIIOBAaHHS TOBITPS Ha
OCHOBi J1OCcTOBipHOi iH(oOpMamii Tpo mMapaMeTpu HABKOJIHUIITHHOTO
CepeloBHIIA.

Jnst momyky OLIBII JOIUIBHOTO MHUIIXY OTPHUMaHHS JOCTOBIpHOT
BHMIipIOBaJIbHOI iH(pOpMaIii mpoaHami3oBaHI HAWOLIBII HOMIMPEHi THUIH
NPUCTPOIB Ui BU3HAYEHHs MapaMeTpiB  aTMOC(EpPHOTO0 TIa30BOTO
CepeloBHINA, a caMe TeMIIepaTypy TOYKH POCH.

Tpanuiiiiino Ha CyJIHaX BHKOPHUCTOBYETHCS NATYUK TOYKH POCH, SKHI
CKJIQJIa€ThCsl 3 BHUMIPIOBAJIBHOI KaMepH, TpyOOIpoOBOLY CTHCJIOTO
ra30lOBITPSIHOTO CEPEJOBHUINA, BIYCKHOTO Ta BHUITYyCKHOIO KJIAIAHIB,
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JaTYNKy THCKY, OOYHCIIIOBAJIBHOTO IPUCTPOIO, CYXOro 1 MOKPOTo
TEPMOMETPIB, CHCTEMH KEPyBaHHS IMOBITPSAIIATOTOBKOIO Ta 1HIUKATOpa [5].

BukopucraHHsT BUMIpIOBAJILHOT KaMepH Ta CUCTEMH TpYOOIpPOBOIIB 3
KJIallaHaM¥ Ta JaTYMKIiB BUKIHMKA€ HEOOXITHICTh PEryJIIPHOIO OYHIICHHS
MMOBEPXOHb BHUMIPIOBAIIbHOI KaMepH Ta CHCTEMH TpyOOIpoBOIiB 3

KJIaraHaM¥  BiJ KOpO3iffHMX 3a0pyaHEHb Ta CYIIPOBOIKYETHCS
YCKJIaJHEHHSIM KOHCTPYKLII Ta 30UIBIIEHHSM KOIITOBHOCTI MPHUCTPOIO.
OpHOUYacHe 3aCTOCYBaHHS  CyXOTO i MOKporo TEPMOMETPIB

CYTIPOBO/IKYETHCA HEINEHTHYHICTIO BUMIPIOBaHb Ta, IIEBHUM UYHHOM,
00MeKy€e METPOJIOTIHHI XapaKTePUCTHKU TATYUKY THUCKY.

Binmpmmoro Miporo 3agadi BipoTiTHOTO BU3HAYEHHS TOYKH POCH Ta30BOTO
CepeIOBHINA BiIIOBia€ BOJOKOHHO-ONTHYHUI IATYHK, IO CKIANA€THCA 3
JpKepena ONITHYHOTO BUIIPOMIHIOBaHHS, BOJIOKOHHO-ONITHYHHX
po3sramyXyBadiB, KOHTPOJIBHOTO Ta YyTJIMBOTO, 31 CKOJIOTHUM IIiT KyTOM 0
0Ci, CBITJIOBOJIIB, BUMipPIOBAIBHOI KaMepH, OJIOKY PIAMHHOTO OXOJIOKEHHS
3 TEPMOEJCKTPUYHUM  OXOJOJKyBayeM,  IUIATHHOBOTO  JaT4UKa
TeMIepaTypu Ta GpoTonpuiiMada 3 00UUCIIOBAILHUM IIPUCTPOEM [6].

BukopucranHs =~ BUMIpIOBaJIbHOI ~ KaMepW, OJIOKYy  PiJUHHOTO
OXOJIO/DKEHHSI 3 TEPMOENEKTPUYHHM OXOJIO/KyBauyeM Ta ILUIATHHOBOTO
TEPMOMETPA € NEPETyMOBOIO TAKUX HEAOJIIKIB IPHCTPOIO:

CKJIAJTHICTh Ta KOIITOBHICTH KOHCTPYKIIiT;

HEOOXIJHICTh PEryJIAPHOrO OYHIICHHS [OBEPXOHb BHMIPIOBAIBLHOL
KaMepH Bil KOPO3iHHIX 3a0pyTHCHE;

CKJIQIHICTh CIIOJNYYEHHS CKISIHOTO YYyTJIMBOTO  CBITJIOBOLY Ta
IUIATHHOBOTO TEPMOMETPY;

po3TalryBaHHs ~ KOHTPOJIHOTO CBITJIOBOJA 1032  MeEKamu
BUMIipIOBAJILHOI KaMepH;

3aCTOCOBaHI Marepiayin 3 Koe(dilmieHTaMu TETUIOBOTO TOIIMPEHHS, SIKi
CYTTEBO BIAPI3HAETHCA IS PI3HUX €IEMEHTIB JaTIMKA,;

HEOOXIHICTh TOCTIIfHOTO KOpEryBaHHS B3a€MHOT'O pO3TallyBaHHS
€JIEMEHTIB, SKe 3MIHIOETHCS ITiJ] BINIMBOM €KCIUTyaTallifHuX (haKkTopiB.

TakuM YHHOM, aKTyalbHHM €  CTBOPEHHS BOJIOKOHHO-ONTHYHOTO
JaTYNKy TOYKH POCH, y SKOMY 3acTOCOBaHI Marepiasm ¢ OJM3bKHMH
Koe(illieHTaMn  TEIUIOBOTO  MOWIMPEHHS,  BIJACYTHS  HEOOXIiJIHICTh
PEryJsipHOTO  OYMILEHHS [OBEPXOHb BHUMIPIOBAIBHOI KaMepH  Bil
KOpO3iHHHUX 3a0pyAHEHb, BiZICYyTHS HEOOXIHICTh IIOCTIHHOTO KOPEryBaHHS
B3a€EMHOTO DPO3TALIyBaHHS €JIEMEHTIB, SKE€ 3MIHIOETbCS I BIUTUBOM
eKCIUTyaTalliiHuX (QakTopiB, Ta OIHOYACHO 30epekeHi BIIACTUBOCTI
JATYMKIB POCH BiJJOMUX THITIB.
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Jnst BUpIIEHHS 3aBJaHHS 3alpOIOHOBAHMH BOJIOKOHHO-ONTHYHHUN
JaTYNK TOYKA PpOCH, M0 CKIAJAEThCA 3 DKEpella  ONTHYHOTO
BUIIPOMIHIOBAHHSI, BOJIOKOHHO-ONTHYHHUX PO3rajy’KyBadiB, KOHTPOJIEHOTO
Ta YyTIUBOTO, 31 CKOJIOTUM IIiJ] KYyTOM JIO0 OCi, CBITJIOBO/IiB, BUMIPIOBAJILHOT
KaMepH, JaTdiKa TeMIepaTypd Ta (oTolpHiiMada 3 OOYHCIIOBATEHUM
npucTpoeM. Bin iCHyOUMX aHaJOTIB JaTYMK BIAPI3HAETHCA THUM, IO
TEPMOEJIEKTPUYHUIA OXOJIOMKYBad YTBOPEHUI CIIONYYECHHSIM YYTJIUBOTO
CBITJIOBOIY 3 HIOKCHAY OJIOBA, JITOBAHOTO TAHTAJIOM Ta 31 CKOJIOM IIif
KyTOM J0 OCi, Ta eJNeMEHTy 3 OKCHAY IHAiI0, IO SKHX HaIXOAUTh
BUIIPOMIHIOBAaHHSI BiJ| JUKepesa BUIPOMIHIOBAHHS, a JKUBIICHHS BiJ OJIOKY
JKUBIICHHS. ~ BiAMOBimHO. JlaTumk TeMmmepatypu € CBITJIOBOJOM 3
TepMAHOCIUTIKATHOTO CKJIa, a ONTHYHHUHA PO3Taly’KyBad CIIONYYECHUH 3
YyTJIMBHM, KOHTPOJBHUM Ta CBITJIOBOJOM 3 I€pPMaHOCHJIIKATHOTO CKJIa
CBITJIOBOJJaMH 3 ONITHYHUMH (DiTBTPAMH.

Hns BigOopy Tra3oBOTO CepeloBHINA 3aCTOCOBAHO BHMIpPIOBAIBHY
Kamepy 1, sika BUKOHaHa y BUIVIAI LMIHIAPY 3 3aMKHYTUMH TOPLSIMH Ta
oTBOpoM-mipuiiMaueM (puc.) [7]. Y kaMepi MiCTATBbCS KOPCTKO CIIOTyYCHI
MiX cO00!0, BUKOHAaHI 3 TIPO30POT0 HAIBIPOBITHUKA Yy TIUBUI CBITIOBOL
2, 31 CKOJIOM TOPIIS IiJi KYTOM JI0 OCi, Ta €JIEMEHT 3 OKcuay iHmiro 3 [8].
PazoM BOHM YTBOPIOIOTH TEPMOEIEKTPUIHHN OXOJOKYBad — CIIEMEHT
[MenbThe. [0 4yTIAMBOTO CBITIOBOAY 2 Ta €JIEMEHTY 3 )KUBJICHHS HAJXOUTh
Bin Oyoky >kuBieHHs 11. Takox y BUMIpIOBaNbHIA KaMmepi MICTHTBCS
KOHTPOJIbHUH CBITJIOBOJI 5 Ta CBITJIOBOJI-TEPMOMETP 3 F€PMAaHOCHIIIKATHOTO
ckia 6. Jlo 4yTJIMBOro, KOHTPOJILHOTO CBITJIOBOJLY Ta  CBITJIOBOJIY-
TEPMOMETPY 3  TIepMAHOCHIIIIKATHOTO  CKJIa  TaKoX  HAJXOIWTh
BHITPOMIHIOBAHHS BiJ JDKEpeJia BUIIPOMIHIOBaHHS 9.

OnTuyHUN PO3rayly’KyBad 8 CIIOJYYCHHUN C YYTIUBUM CBITJIOBOAOM 2,
KOHTPOJIbHAM CBITJIOBOZOM 3 Ta CBITJIIOBOIOM CBITJIOBOJIOM-TEPMOMETPOM
3 TePMaHOCWIIKaTHOTO CKia 6, cBiTioBogaMu 4. CBiTioBOAM 4, SK TiIKH
po3ranykyBada, BAKOHaHi 3 MITYYHOTO cardipoBOro BOJOKHA Ta MICTATh Y
co0i ontuuHi ¢insrpu 7 [9, 10]. Y 3B0poTHOMY MOPS/IKY BUIIPOMIHIOBAHHS
BiJl CBITJIOBOIB 2, 5, 6 HaAX0AUTh 110 poTompuitmada 10, SKuii crioTydeHui
3 00YHCTIOBAIEHUM MIPHUCTPOEM 12.

VY cratnuHOMy pexuMi (KaniOpyBaHHS) BUIIPOMIHIOBAHHS BiJl JpKepesa
HaJIXOIUTD JI0 ONTHYHOTO PO3raly’KyBaua Ta Kpi3b ONTHYHI (QUILTPH 10
YyTJIMBOTO, KOHTPOJBHOTO CBITJIIOBOJAY Ta CBITJIOBOIY-TEPMOMETPY 3
BJIACHOKO  JIOBXXKMHOK  XBWIi. [licns  MPOXOMKCHHS  CBITJIOBOJIB
BHITPOMIHIOBaHHS BiJJOWBAETHCS BiJl TOPILIIB Ta MMOBEPTAETHCS Y 3BOPOTHOMY
TIOPSZIKY 10 poTonpHuiiMaya.
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Puc. BonokoHHO-0ONTHYHMI 1aTYNK TOYKU POCH:

1 — BumiproBaNbHA KaMepa; 2 — Yy TIUBUHA CBITIOBOI; 3 — €IIEMEHTOM 3
OKCHIy iHIif0; 4 — CBITIIOBOX; 5 — KOHTPOJLHUH CBITIOBOJ; 6 — CBITIIOBOJ-
TEPMOMETp 3 TePMaHOCHIIIKaTHOTO CKJIA; 7 — ONTUYHAN QLIBTp; 8 —
ONITUYHUH po3ramyxyBad; 9 — Ipkepelio ONTHYHOTO BUIpoMiHIOBaHH:; 10 —
(dotonpuiimay; 11 — G0k kuBICHHS; 12 — 0OUHCITIOBATBHAN PUCTPIiit

3apeectpoBane (poTonmpuiiMaueM BHIPOMIHIOBAHHS y 0J01i 0OpPOOKH i
BUBOJy CUTHaJly (DIKCYETBCS SIK IIONPaBKa JI0 pe3yJIbTaTiB BUMIpIOBaHHS,
sika 00OYMOBJIEHa BIUIMBOM €KCIUTyaTalliiHUX YHHHHKIB.

VY nuHaMivHOMY peKMMI (BUMIPIOBaHHS) 10 YyTJIMBOTO CBITIOBOIY 2 Ta
SIIEMEHTY 3 KUBJICHHS HAAXOIUTH Big OJIOKY skuBleHHs 1 1. CBiTioBox 2 Ta
€JIEMEHT 3 yTBOPIOIOTh KOHTAKT JBOX HAIIBIPOBIAHUKOBHX MaTepialiB 3
PI3HUMH PIBHAMH €HEPTii eJIeKTPOHIB y 30HI MpoBigHOCTI. [Ipn mpoTtikanHi
CTPYyMy depe3 KOHTAaKT TaKMX MaTepialiB e€JIeKTpOH NpHUI0a€e eHeprilo Ta
MEPEXOIUTh JO OULTBII BHCOKOCHEPTETUYHY 30HY IPOBITHOCTI iHIIOTO
HamiBOpoBimHuKa. [lpm mornmmHaHHI wiel  eHeprii  BimOyBaeThCs
OXOJIO/KEHHS CBITIIOBOY 2. Y MOMEHT, KOJIM ITOBEPXHS CKOJIY CBITJIOBOIY
2 Ticns OXOJIOMPKEHHS 3aTYMAaHIOETHCS BOJIOTOI0 — POCOIO, IO BHIMAaja 3
MOBITPs, BUMIPIOIOTH TEMIEpaTypy, SKa JOPIBHIOE TeMIIepaTypi KpamKu
pocu TOBiTpSA. MOMEHT CTBOpEHHS POCH (DIKCYeThCS MICIA Y MOMEHT
MaKCHMaJIbHOI 3MiHH 1HTEHCHBHOCTI BUITPOMIHIOBaHHSI, SIKE BiJIOWBA€ThHCS
BiJl MOBEPXHi CKOJY CBITJIOBOAY 2 Ta IIOBEPTAETHCS Y 3BOPOTHOMY HMOPSAKY
1o oronpuiimaua [11 - 13].

BenuunHa iHTEHCHMBHOCTI BUINPOMIHIOBaHHS, K€ BiOMBA€THCSA BiX
MTOBEPXHI CKOJY 3aJICXKHUTH Bl KOe]ili€HTY MPOITyCKaHHSA Yepe3 MOBEPXHIO.
KoedimieHT nponyckanHs BU3HA49a€ThCs [14]

=1- (H2 —52)[(M2 _52)2 +482uzcth(Bd )}_1 ,
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ae d — ToBUMHA APy pOCH; 3 — MOCTiliHA MOLUIMPEHHS;
i .
B=| = |(n?sin® ® -1
)\‘ 1

0,5
5

1  cos®
nlcosG)’M” n,

Ky

B

2 .2 0.5 2 .2 05
3, =—(n1 sin ®—1) ; 9, :(nl sin G)—l) ,
ne imgexcn | ta | | BkasyroTs Ha HAnpaM monspH3amii BiTHOCHO MUIOMMHK
pHUCYHKA).

BumiproBaHHS TeMIepaTypH 3IiHCHIOETHCS CBITIIOBOIOM-TEPMOMETPOM
3 TEepPMaHOCWIIKATHOTO CKJla, SKOMY NpHUTaMaHHa IiHII{HAa 3aleXHICTh
MIOKa3HHUKa 3aJIOMJICHHS BiJ] TEMIIepaTypH HaBKOJIHUIIHBOTO cepenoBuia. Lis
3aJIeXKHICTh OOYMOBJIEHa 3MIHOIO IHTEHCHBHOCTI BHITPOMIHIOBaHHS, IO
BiIOMBAETHCS BiJ TOPIII CBITIOBOAY 6 Ta MOBEPTAETHCS 10 (oTONpHiiMaya.

KoHTponbHUI CBITIIOBOJI  3aCTOCOBYETHCS JUIsl KOMIIGHCALil BILIUBY
eKCILTyaTalliiHUX YUHHUKIB Ha pe3yJIbTaTh BUMipIOBAaHHS.

KoncTpykuii 1 komOiHamii MmarepianiB 3a0e3nedyye BIICYTHICTh
HEOOXIHOCTI  MOCTIfHOTO  KOPEryBaHHs B3aEMHOIO  PO3TAlIyBaHH:I
€JIEMEHTIB, SIKE 3MIHIOETHCS i BIUIMBOM EKCIUTyaTalriifHux (pakTopiB Ta
BIICYTHICTh ~ HECOOXiJHICTh  PETYJSIPHOTO  OYHWIICHHS  IOBEPXOHBb
BHMIPIOBAJIFHOI KAMEPH BiJl KOPO3iHHUX 3a0pyTHEHB.

[IponoHoBaHwil 3aci0 3abe3medye MigBUIICHAS BipOTiTHOCTI MPOIIECiB
KOHTPOJIIO Ta30BOTO CEPEIOBHINA 332 PAXyHOK BHKOPHUCTAHHS NMPUHIUIIB
YacTKOBOI iHBapiaHTHOCTI /IO 30BHIIIHIX HEKOHTPOJILOBAHWX BIUTHBIB Ha
BUMIPIOBAaHHS, 3alPOMIOHOBAHUM METOJIOM CHHTE3y OCHOBHHX MPOLECIB
NepEeTBOPEHHS CBITJIAa, KOHCTPYKIIii, KOMOIHALIT MaTepiaiB i 0JepIKaHHIM
BHMIpIOBAJIFHOI iH(OpMAIIil mpo cTaH aTMoc(hepr y CyTHOBHUX CITy>KOOBHX
Ta )KUTJIOBUX MPUMIMIeHHIX [15].
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Abstract. The problem of ensuring the life support of the ship's personnel
is directly related to the solution of such a task as optimization of the com-
position and operation modes of the air conditioning system on the basis of
reliable information about the parameters of the surrounding environment.
In order to find a more appropriate way of obtaining reliable measurement
information, the most common types of devices for determining the parame-
ters of the atmospheric gas medium, namely the dew point temperature, were
analyzed. To solve the problem, the design of a fiber-optic dew point sensor
is proposed, consisting of a source of optical radiation, fiber-optic splitters,
control and sensitive, split at an angle to the axis, light guides, a measuring
camera, a temperature sensor, and a photoreceiver with a computer device
The sensor differs from existing analogues in that the thermoelectric cooler
is formed by the combination of a sensitive light guide made of tin dioxide
doped with tantalum and with a chip at an angle to the axis, and an element
made of indium oxide, which receives radiation from the radiation source,
and power from the power supply, respectively. The temperature sensor is a
light guide made of germanosilicate glass, and the optical splitter is con-
nected to the sensitive, control and light guide made of germanosilicate glass
by light guides with optical filters. The proposed tool provides an increase
in the probability of the processes of controlling the gaseous environment
due to the use of the principles of partial invariance to external uncontrolled
influences on measurements, the proposed method of synthesis of the main
processes of light transformation, construction, combination of materials
and obtaining measurement information about the state of the atmosphere
in the ship service and residential premises.
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Using artificial intelligence for risk assessment
on marine vessels

Pezwome.  Midchapoonuii  kodekc 3 YNpaeniwHa — Oe3neuHoo
excniyamayiero cyoen ma 3anobieannam 3a0pyonenHs eumazae "oyinumu
6Ci  I0eHmu@IiKo8aui puzuKu, nO8'sa3aHi 3 CYOHaMu, NEPCOHANOM Mad
Q0BKILIAM ma opeaHizysamu 6i0nosionull 3axucm 6i0 Hux". Buxonane
00CHIONCEHHST 00360IUNO BUSHAYUMU MOJICTUBOCI WMYHYHO2O IHMENEKM)
0Nl AOMIHICMPYBAHHA PU3UKAMU HA CYOHAX MA NOKA3aio  1o2o
egpexmusnicmo. Hasedeno npuxiao euxopucmanns ChatGPT oas
ioenmudpixayii nebe3nex y KOHKpemuitl cyoOHo8ill onepayii, a maxoic Ojis
OYIHKU Y KOJUCHOI Hebe3nexu: kamezopii 30umkis, kame2opii ii imogipnocmi
ma xameeopii puzuxy. /[nsa puzukie 6ucoxoi ma cepednvoi xameeopii
ChatGPT 3anponouysas 3axoou 3axucmy ma OyiHUu8 epexmusHicmy
3anpONOHOBAHUX 3AX00i8.

Summary. The International Management Code for the Safe Operation
of Ships and for Pollution Prevention requires that "assess all identified risks
to ships, personnel and the environment and establish appropriate
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safeguards”. The conducted research identified the potential of artificial
intelligence in risk management for ships and demonstrated its effectiveness.
As an example, was provided use of ChatGPT for identifying hazards in
specific ship operation. Additionally, it assessed each hazard's damage
category, probability category and risk category. For risks classified as high
and medium, ChatGPT proposed protective measures and evaluated the
effectiveness of these measures.

Excryaralfiss MOpPCHKHX CYACH CYIPOBOIDKYETbCS —YHCICHHUMH
pU3UKaM¥, TaKHUMH SK TEXHIYHI BiIMOBH, aBapiifHi CHUTyallii, JIOICHKI
MIOMUITKH, BIUIUB HECHPHUSITIMBUX MOTOJHUX YMOB, €KOJIOTIUHI 3arpo3u Ta
kibepaTaku.

3 01.07.2010 BimnosizHo no peszomonii MSC.273(85) Kowmirery 3
MOpchKoi Oe3meku MixkHapoaHoi Mopchkoi opranizamii (IMO) HaOymu
YHUHHOCTI 3MIHH 0 MDKHapOJHOTO KOJCKCY 3 YNpaBIiHHS OE3MEUHO0
eKCIUTyaTalli€ro cyaeH Ta 3anobiranusm 3abpyauenns (ISM Code), skuii
OyB mpuitHatuii pesomromiero IMO A.741(18). Ili 3MiHM BHUMAararmTh
"oyinumu 6ci i0enmughikoami puzuKu, No8'a3ami 3 CyOHAMU, NEPCOHATIOM
ma OO0BKINIAM Ma Opeanizyeamu GION0GIOHuU 3axucm 6i0 Hux". Y CBOIO
yepry, pesosoiis IMO A.1188(33) "2023 Guidelines on implementation of
the International Safety Management (ISM) Code by Administrations”
Haka3ye, mo0 3a3HaveHa BUMora OyJia peaqi3oBaHa CHCTEMOIO yIPABIiHHS
0e3mekoro, a aaMiHIiCTpaIii JepaB KOHTPOJIOBAIM BiIMOBITHICTH IIHX
cuctem ISM Code.

VY HaiioHaJqpbHOMY 3aKOHOMABCTBI myHkTamu 1.1 JlomatkiB 1 Ta 2 mo
ITosioKeHHST TPO CHUCTEMY YIOPAaBIiHHS OC3IEKOI0 CyAHOIUIABCTBA Ha
MOPCBKOMY Ta pIYKOBOMY TPAHCIOPTI, IO 3aTBEPIXKEHO HaKa30M
MinicrepctBa Tpancnopry Ykpaimm Bim 20.11.2003 Ne 904, Taxox
BUMaraeTbcsi 3a0e3Ne4YnTH OCHOBHY METy CyIHOIUIaBHOI KOMIHaHii,
TIOB'A3aHOI0 3 "3a0e3neuenuss 3axucmy 6i0 ycCix pusuKie, wo GuseIeH .
Tepmin peanizaii iiei Bumoru BctanosieHo 3 01.07.2004, To6to 3a 6 pokis
1o Bimnosigauoi Bumoru ISM Code.

Opnnak aHani3 pakTu4HOI peanizanii HOpMaTHBHUX BUMOT ITOKa3ye, 110
BUKOHAHHS X 3aBJIaHb 3AJIMIIAETHCS HE3aJOBIJIBHUM Yepe3 HaCTYIHi
aJMIiHICTpaTHBHI Ta opraHi3amiiHi ckiaagaomi [1, 2, 3].

1. lo KepiBHHMUTB i3 CHCTeM YIpaBiliHHA Oe3nexoo (HopMaIbHO
MepPENUCYIOThCSI TEKCTH YHIBEPCAIBHOTO XapaKTepy 3 JKeped:

JCTY ISO 31000:2018 (ISO 31000:2018). MeHeKMEHT PH3UKIB.
IIpuHUMIIM Ta HACTAHOBHY,
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JACTY EN IEC 31010:2022. KepyBaHHSI pH3MKaMH — METOIM OILIIHKU
PH3HKIB;

Revised Guidelines for Formal Safety Assessment (FSA) for use in the
IMO rule-making process (MSC-MEPC.2/Circ.12/Rev.2), HaBith 6e3
ypaxyBaHHS TOTO, IO LIEH JOKYMEHT CHpSIMOBaHMM B3araiyli Uil OLIHKH
PU3MKIB y HOPMOTBOPYOMY TIIpOIeCi, a HE NPH BHUKOHAHHI CYJIHOBHX
oTepariif;

A Guide to Risk Assessment in Ship Operations — No 127: IACS Rec.
2012/Rev.12021. -6 p.;

Marine risk assessment: Offshore Technology Report 2001/063. /Det
Norske Veritas. — Health and Safety Executive. — 2002. — 94 p.

IEC 61882:2016. Hazard and operability studies (HAZOP studies):
Application guide. Edition 2.0. — Geneva: IEC. — 2016. — 195 p.

BianoBigHO, KePIBHUIITBA 13 CUCTEM YIPABIIHHSA OC3MEKOI HE MICTATh
KOHKPETHUX MpPOLEAYp ILIOJ0 OIIHKKA PH3HMKIB CTOCOBHO KOHKPETHHX
cynHoBUX omepaiiid. I{e o3Havae, m0 (pakTUIHO TBOpYA CKJIA0BA IOJO
OLIIHKH PU3HUKIB MEPEKIaIacThCsl Ha CYHOBI eKimnaxi, 6e3 ypaxyBaHHS TOTO,
o0 Taka KOMICTCHTHICTH HE IepeqdadcHa HABITH HA PIBHI yIpaBIiHHI
MDKHapOIHUMH Ta HalliOHATbHUMH BUMoOramHu [4, 5, 6].

2. 3BITHICTH IMOMO OI[IHKK PH3HKIB 1 3aXHCTy Bil HUX IPH BUKOHAHHI
CyIHOBHX OIepamid HagMIpHO 3aperyjbOBaHA BHMOTaMH OIIHIOBATH
PU3UKH "3aBXKAM 1 BCIOAHM" i3 3aNIOBHEHHSIM YHIBEpCATBHUX (OPM, Y SIKHX
HEOOXiJTHO WEpeNiYnTh: BCi 3arpo3d, IO CYIPOBOKYIOTh CyIHOBY
OTIepallifo; 3aX0.IH, SIKi JIFOTh Ha CYTHI JAJIs1 SMEHIIIEHHS HIMOBIPHOCTI KOXKHOT
3arpo3u; J0JaTKOBI MOXKITMBI 3aXO/H Il 3MEHIIICHHS HMOBIPHOCTI KOXKHOT
3arpo3u; MpOIeIyPH/UeK-TUCTH, SIKI 3aCTOCOBYIOTHCS IMiJ] YaC BUKOHAHHSI
Cy[IHOBOI omepariii; IUIaHW/4eK-JIMCTH Jiii HAa BHUIAJO0K BHHUKHEHHS
aBapiifHoi cutyarii. Ilicas mporo moTpiOHO oumdpyBaTH HWMOBIPHICTH
BHUHUKHEHHSI KOXKHOT 3arp0o3H Ta MOKIMBUN 30MTOK y pasi il BUHUKHEHHS 3
00TpyHTYBaHHAM 3a(hiKCOBAaHMX YMCIIOBHX 3HAYECHb, a TAKOXK 32 TAOIHUIICIO
ab0 MaTpHUICI0 OIIIHUTH KaTEropifo KOXKHOTO PH3WKY. 3amoBHEHy (opmy
4acTo MOTPIOHO Y3rojkyBaTtu 3 odinepom Oe3neKd, NPU3HAYSHUM IS
LILOT'0, Ta 3aTBEP/UKYBATH y KalliTaHa.

3. OcraHHIM dYacoM MiJBUIIWIACS IHTCHCHUBHICTH IIpaii CYAHOBHX
eKimaxxiB 4epe3 30UIBMICHHA IUIAHOBUX MIBHIKOCTEH CYICH Ta OULIbII
HIBHAKY 0OpoOKy cCyZleH y moprax. BinmoBinHO, CyZHOBI eKimaxi MaroTh
MEHIIIe Yacy Ha BUKOHAHHS aJMiHICTpATUBHUX il 3 OIIIHKU PH3UKIB ab0
BHKOHYIOTH ITI0 poOOTYy B yMOBaxX BTOMH. HelmoOOAMHOKIMH € BHUITAIKH, KON
Ha Ccynyax 3BiTHI (QOpMH 3 OIIIHKM PHU3HKIB 3alOBHIOIOTHCS ITiCIS
MIPOBEJIEHHS CyTHOBHUX oreparliii. B pe3ynbrari Itochkuid pakTop HaBiTh 3a
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HasIBHOCTI SKICHHX IPOLEAYP 3 OLIHKM PU3UKIB MOXE HE JIUILIE CYTTEBO
TIOTIPIIUTH peaji3alilo BUMOT LIOA0 OLIHKM PU3HKIB, a W IPHU3BECTH 10
KaTacTpoiYHUX HACITIJKIB IPH BUKOHAHHI CyTHOBUX OIeEpariil.

OCKiNbKM CyAHOIUIaBHI KoMIaHii 3000B's3aHi cepTu(diKyBaTd CBOI
CHUCTEeMHU YIIPaBIiHHS O€3MeKOI0, He3aJO0BIIbHUA MEHEIKMEHT OILHKOO
PHU3HKIB YacTO MAacKyeThCs MarnepoBHMH KaMIIaHiSIMH, sIKi BiIBOJIKAarOTh
TIEPCOHAN BiJl BAKOHAHHS BaYXJIMBUX 00OB'S3KiB.

Bukmanene o3Hadae, MmO € TpakTUdHA MpoOieMa MOKpAlICHHS
aJIMIHICTPYBAaHHS OIIIHKOIO PH3HKIB Ta 3aXHCTy Bil HUX Ha MOPCHKUX
cynHax. L1 mpobnema Ge3nocepesHpO MOB'I3aHa 13 3a0€3MeUCHHIM OS3MEeKH
CYJHOIIJIaBCTBA.

Jiis BUpIMICHHS TOCTABIICHOI MpobiieMu y poOoTi [2] 3amponoHOBaHO
BIOCKOHAJIIOBATH CyJHOBI KOMITIOTEPH30BaHI CHCTEMH TEXHIYHOTO
MEHEIKMEHTY, IKi OCTAHHIM YacOM CTaJIi Ha3UBAaTH KOMIT'IOTEPH30BaHUMHU
CUCTEeMaMH YIpaBJIiHHS aKTUBAMHU CY/ACH. YIOCKOHAJICHHS IIOJISrae B
ABTOMAaTH30BaHOMY ()OPMYBaHHI CIMCKIB MOXIIMBHX PU3HUKIB (3arpo3) s
KOKHOTO BHIY/KJIaCy CyJHOBHX orepailiii. Takum YHHOM, Ui KOXHOI
CyIHOBOI omeparlii MOXe T'eHepyBaTUCs yHiKaibHa (opMa 3 MOKIUBUMH
pHU3MKaMH Ta THIIOBUMH 3aX0J[aMH 10JI0 3MEHIIEHHs X iiMoBipHOCTI. Taki
(GbopMH TEHEpyIOTBCS Ta JOJAIOThCS 10 HapsAgiB HAa BHKOHAHHA
CYIHOIUTABHUX OTIEPaliii/podiT y BHIAAKaX, KOJIH CYTHOIUTABHA KOMITAHIsA
MpUiHsIA pINICHHS OIIHIOBATH PHU3UKM Y BiANOBITHUX BHIAaX/Kiacax
CyOHOBHX omepauiil. lle 3Ha4HO crpollye aaMiHICTPYBaHHS pPU3HKaMU.
OnHak 3ampoBajKEHHS! TaKOi MPOMO3HUIIi MOXIMBE JIMIIE Y PO3BHHEHUX
CcHCTEeMaxX TEXHIYHOTO MEHE[KMEHTY Ta MOXe OyTh 3miCHEeHO Jmiie
BUPOOHMKaMU 1uX cucteM. CyTHOIUTaBHI KOMIIaHii 1030aBIeHI MOKIHBOCTI
JIOOTIPAIFOBATH ~ JITOPUTM  BHUKOPHCTOBYBaHMX CHUCTEM  TEXHIYHOTO
MeHeLKMeHTy. Takox mis aBromartm3ariii popMyBaHHSA SKICHUX CITHCKiB
MOJIMBHX PH3HKIB TOTpiOHa HAsBHICTH BiANOBITHOTO Kiacudikaropa
BHJIIB/KJIACIB CYJHOBHX OIEPaIliii/pooir.

Skmo cyaHOIIaBHA KOMIMAHis MPOCTO JOAA€E 0 KOMIT'IOTEPU30BaHOT
cUCTeMH 3BiTHI (YOPMH 3 OLIHKM PHU3UKIB O3 aBTOMaTH3alii opMyBaHHS iX
3MICTY, SIKICTh a/IMiHICTPyBaHHs PH3MKAMH HE IOKPAILIYETHCS. 3'SIBISETHCS
JIMIIE MOXJIMBICTh €JIEKTPOHHOIO 3allOBHEHHA IMX QopMm, mIo Jae
HEe3HAYHUH eeKT.

B nmanwmii yac HaWOUIBII MEPCHEKTHBHOIO TilIOTE30I0 MOKIJIHMBOCTI
CYTTEBOTO MOKPAIICHHS aAMIHICTpYBaHHS pH3UKaMH Ha CyIJHAaX €
BHUKOPHMCTAHHS IHCTPYMEHTIB IITYYHOIO iHTEIEKTY, 30kpema ChatGPT.

Jls e(heKTHBHOTO 3aCTOCYBaHHS IITYYHOTO 1HTENEKTY B MEHEIKMEHTI
pU3UKaMH HEOOXiTHO:
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pPO3pOOHTH Ta BKIIOYUTH JO CYAHOBY IpPOLEAYPY OLIHKH PHU3HKIB
pexoMeHmanii momo GopMyIroBaHHS promts (IMigKa30K, TBEPHKEHb Ta
MIUTaHb), SIKi MiBUILYIOTh SKICTh BIATYKIB IITYYHOTO IHTEJIEKTY;

aIanTyBaTH INTYYHHWH IHTENEKT IO MIIOYMX y CYJHOIUIABHIN KOMMaHIii
peTIaMeHTIB Ta IpoLeayp;

NPOEKCHEPUMEHTYBaTH 3  PI3HUMH  (OPMYJIIOBaHHSIMHU  promts,
JOAaTKOBUMH 3allUTaMU Ta JIOCSATTH MaKCHMaJbHOI e(eKTHBHOCTI HOro
BIITYKiB;

po3pobuTH Ta peamizyBaTH pEeKOMEHAAMii MO0 HAaBYAHHS IITYIHOTO
IHTEJIEKTY Ha HOBUX JIaHHX.

ITpoOHe 3acTocyBaHHS IITYYHOTO IHTENEKTY ITOKa3ajo, IO BiH MOXe
BUKOPHUCTOBYBATHCS JUIAI aBTOMAaTu3amii (opMyBaHHS, amamTamii i
3allOBHEHHS SIK YEK-JIUCTIB CyIHOBHUX OIepaliif, Tak i 3BiTHHX (opM 3
OWIHKM PHU3HKIB 3 YpaxyBaHHSAM IIOTOYHHX YMOB. IIpu mpoMy mITyqHHI
IHTETIEKT MOJKE BPaxOBYBaTH Oe3id (PaKTOpiB, BKIOYAIOYH THII CyIHA,
XapakTep ormepailii, MOroJHi YMOBH, KBaJipiKallifo IEpCOHAy Ta CTaH
o0JaJHaHHS.

Ha ocHOBiI panime HaKONWYEHHWX BIIOMOCTEH INTYYHWUH IHTEIEKT
3IaTHHUI aBTOMaTH4YHO c(hOpMyBaTH CITUCOK MOTEHIIITHUX PU3HKIB (3arpo3),
SKi HEoOXiTHO BpaxoByBaTH. TakoX WITyYHHH IHTENEKT JIO3BOJISE
3MIHIOBAaTH 3MICT YEK-JHCTIB y peabHOMY Yaci, JO1AI0UH ITyHKTH 3aJIeKHO
BiJl HOTO4YHOI cuTyauii. Hanpukinan, y pa3i noripiieHHs MoroJJHAX yMOB a00
BUHHMKHEHHs Oylb-IKMX OOMEXeHb, y TOMY YHCII 4epe3 TeXHIuHi
HECTIPaBHOCTI, aBTOMATHYHO MJOMAIOTHCS BIATOBIAHI PEKOMEHAAIIi Ta
TIOTIepeKEHHS.

ITy4Huii iHTENIEKT Ha OCHOBI JaHHMX MPO TONEPEe/Hi CyIHOBI oneparil
Ta IHIUJICHTH MOXE 3aIPOIIOHYBAaTH 3alOBHEHHS JEAKHX MYHKTIB YeK-
JIMCTIB, BKJIIOYMBIIM JI0 HHUX 3alOODKHI 3aXOIM, a TAaKOX 3allOBHEHHS
3BITHUX (H)OPM 3 OIIHKHU PHU3UKIB.

Bigryk mrydHoro iHTenekTy mpu (GOpPMyBaHHI Ta 3allOBHEHHI YeK-
JIMCTIB Ta 3BITHUX (OPM 3aliMae JiYeHi CeKyH/H, O 0COOINBO BaXKJIMBO B
yMoBax oOMexeHoro yacy. OTHOYaCHO MiHIMI3YIOThCS JIFOJICHKI TOMUIIKH.
Ile cnpuse TOKpameHHIO O€3MEeKH, 3HWKEHHIO aIMIiHICTPAaTUBHOTO
HaBaHTAKEHHS HA MEPCOHAN Ta OibIl e(peKTHBHOMY BHKOHAHHIO BHMOT
ISM Code.

Sk mpukmang y uar-60t i3 mryurum intenekrom ChatGPT 6Gys
BIJINPABICHUI HACTYNHUI Promt, sikMi MICTHUTH 3arajbHy [UISl OLIIHKH
pu3uKiB iHpOpMAIiF0 (MOXKE BUKOPUCTOBYBATHUCS B CYIHOIUIABHII KOMITaHii
JUTS. BCIX 3alMTIB MO0 OIIHKK PU3WKIB) Ta CIICLialbHY, sIKA CTOCYETHCS
JIMIIEe KOHKPETHOI Cy/THOBOT omeparii.

37



ABTOMAaTH3aIlis CyTHOBHX TEXHIYHHUX 3aCO0IB Bumyck Ne 29

YV komnanii die npoyedypa oyinku pusuKis, 32i0HO 3 SIKOI0 GMPAMAM HA-
0aromscs Kamezopii:

Oyoice éenuxi (nonao 100 mucsy oonapie CILLIA abo wupoke HeeamusHe
BUCBIMJICHHS 8 MIJNCHAPOOHUX 3ac00ax Macosoi inghopmayii abo binvute 00-
HO20 cMepmenbHO20 pe3yIbmamy),

senuxi (6i0 75 0o 100 mucau donapie CLIIA abo wupoke Hecamughe 8u-
CBIMIEHHA Y MICYeux 3acodax mMacogoi ingpopmayii abo o0un 8unadok cme-
pmi);

cepeoHi (6i0 50 0o 75 mucau donapie CLLA abo kinbka HecamusHux ny-
onikayitl y 3acobax macosoi ingpopmayii abo 8UNAOOK ceprio3HO20 3aX80PH0-
BAHHA/MPABMU THOOUHU);

HuzobKi (610 25 00 50 mucsiu donapie CLIIA abo nowupenns necamugHux
8i02yKi6 AO0 6UNAOOK 3aX8OPIOBAHHA/MPABMU TIHOOUHU CEPEOHbOT MSNCKO-
cmi);

Oyorce Huzvki (menue 25 mucsay oonapie CLLUA abo menuie mpvox neea-
MUBHUX 8I02YKi6 60 BUNAOOK 3AX60PIOBAHHI/MPABMU TTOOUHU I€2KOT MAANC-
Kocmi).

ImogipHicme pusukie oyinlOeEmMbC Kame2opiamu. 0yice BUCOKA, BUCOKA,
cepedHsi; HU3bKaA, 0yJice HU3bKA.

Pusuxam 6i0nosiono 00 mabauyi npuceowOmvcs Kamezopii: Kpumuu-
HULL, BUCOKULL, CepeOHill;, HU3bKULL, HeCymmeauil.

. Kamezopisa pusuxy 3a imogipnocmi
Kameezopin PP Y P
oyorce oyarce
empam 8UCOKA | cepedHs| HU3bKA
suUcoxa HU3bKA
Iyorce . . . . .
. KPUMUYHULL | KDUMUYHULL | 6UCOKULL | BUCOKULL cepeoniil
8EUKI
Benuxi KpUMUYHULL|  8UCOKULL | BUCOKULL | cepedHill HU3bKUU
Cepeoni BUCOKULL | BUCOKUL |cepedHill| Hu3bKuil HU3LKUL
Hus3vki BUCOKULL | cepelHill | HU3bKUL |  HU3bKUll  |Hecymmesutl
Llyoce .o . . . .
. CepeoHill | HU3bKULL | HUSLKUL |HeCYmmesull | Hecymmeauil
HU3bKULL

3annanosana oesincexyis npenapamom BIFEN I/T scumnosux, epomao-
CbKUX, CIYAHCOOBUX, NOOYMOBUX | CAHIMAPHO-CICIEHIYHUX NPUMILYEHb 6AHMA-
JICH020 cyOHa dedselimom 60 muc. m.

Heobxiono nacmynue.

1. Ioenmudgbixysamu puzuxu (nebesnexu), nog'azami 3 dezinceKyicio.

2. Buxopucmosyiouu ony6nikoeany cmamucmuxy wooo 0e3incekyii cy-
HCOOBUX NPUMIUYEHD, OYIHUMU!

Kamezopilo mpam 01 KONCHOI Hebe3nexu,

Kamezopiio IMOGIPHOCMI 05l KOXCHOI Hebe3neKu.
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3. Ha ocnoei oyinox kamezopiti gmpam ma iMOGIPHOCMI BUHAYUMU KA-
me2opii KOJHCHO20 PUUKY.

4. Jlns puzuxis iz GUCOKUMU MA cepeOHiMU Kame2opisimu 3anponoHyeamu
3ax00u 3axucmy i oyinumu ixHio egpexmueHicmuy.

5. Hosidomumu ons woeo 3acmocogyemuvcsi npenapam BIFEN I/T ma
00MedHCeHH U000 3ACMOCYBAHHS.

ChatGPT BiamoBiB 3a KilbKa CEKyHJ] HACTYITHE.

3asoanns 1: Ioenmudpixauyia pusuxis (nebeznex)

Ilio wac Oesincexyii npenapamom BIFEN UT y npumiwennsix
BAHMAIICHO20 CYOHA MONCYIMb GUHUKHYMU MAKI Hebe3neKiL:

1. Toxcuunuii éniue Ha NEPCOHAN uepe3 HenpaguibHe 8UKOPUCTIAHHSL
abo HedompumanHs 3ax00i6 be3nexu.

2. 3abpyonenns  xapuosux npooykmie uu 800U  GHACNIOOK
HenpasuibHo2o 30epicanisi abo 3aCmMoCcy8ants NPEenapamy.

3. llowkooxcennn maiina uepes peaxkyiro npenapamy 3 Mamepiaiamu 6
NPUMILYEHHSX.

4. Heoocmamusa egpekmuenicmo 0e3inceKyii, o modxce cCnpuduHumu
NOBMOPHE 3APANCEHHSL.

5. Hecamuenuii énnueé Ha HAGKOIUMWIHE CePeOOSUU4e, SKUIO 3ATULUKU
npenapamy nompanisms y mope.

3aedannsa 2: Ouinka kamezopii empam i Umogipnocmi

Ha ocnosi onybnikosanoi cmamucmuku (3a3guuaii maka ingopmayis
Micmumb 6URAOKU OMPYEHb, NOWKOOICEHb MAlHA, 8NIUBY HA O0BKINLIA):

1. Toxcuunuii 6nnue na nepcounan.

Kamezopis empam: cepeons (cepiiosni 3axe0pro8aHHs/mpasmi).

ImogipHicmb: cepeons (8unaoku MOKCUYHO2O GNIUBY DPEECPYIOMbCs
pe2yiapHo).

2. 3abpyonenns xapuosux npooyKmie uu 600U

Kameeopia empam: eenuxa (nomenyiiina wikoda 01 300pog's ma
penymayii KOMnamii).

Imogipricme: Huzbka (npu omMpuUMarHi cmanoapmis).

3. ITowkooscenns maina:

Kameeopis smpam: nusvka (mamepianeni 30umku 0o $50 mucsu).

Imogipricms: dyoice Hu3bKa.

4. Heoocmammns eghexmugnicmo 0e3inceKyil:

Kameeopis empam: cepedns (nosmopna 0esincexyis).

Imogipuicmu: HU3bKa.

5. Hecamuenuii 6niueé na 006Kinna:.

Kameeopia empam: eenuxa (penymayitini smpamu, wumpagu).

Imogipuicmu: HU3bKa.
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3aedannsa 3: Buznauenns kamezopiil puszuxie

Ha ocnosi mabnuyi pusukis 3 0okymenma:

1. Toxcuunuii 6n1U8 HA NEPCOHATL: CePeOHill pUUK.

2. 3abpyonenns xapuosux npooyKmie yu 600U: cepeonill PU3UK.
3. [owiko0icenHss MQiiHA. HECYMMEGUIL PUUK.

4. Heoocmamus egpekmuenicmo Oe3inceKyii: HUIbKUI PU3UK.
5. Hecamuenuil 6niue Ha 006KiNIA: HU3bKUIL PUSUK.

3asoannsa 4: 3axoou 3axucmy 014 cepeonix pusuKie

Toxcuunuii 6niue Ha nepconan:

1. Haoamu npayignuxam iHOUIOyanibHi 3acobu 3axucmy (pyKasuuku,
pecnipamopu).

2. [lposecmu Hasuanist 3 6e3NEUHOLO0 BUKOPUCMAHHS NPENAPAM).

3. Opeanizysamu eHMUIAYIIO NPUMILEHDb NICTS Oe3iHCeKYil.

Ouikysanuii  pe3ynomam. 3MeHUleHHs UMOBIpHOCME 00 HU3bKOL
Kamezopii.

3aopyonennsn xapuoeux npooyKkmie uu 600u:

1. Buoanumu abo eepmemuyno ynakysamu xapuogi npooykmu nepeo
nowamxkom 06pooKu.

2. Buxopucmosysamu 3axucui mamepianu 015t ROKpUmms 001a0HAKHS,
sIKe KOHMAKMYE 3 nPOOYKMAaMU.

Ouixkyganuil pe3yibmam. 3HUNCEHHS Mpam 00 HU3bKOI Kamezopii.

3aeoannsn 5: IIpenapam BIFEN I/T

Ilpusnauennn: Ilpenapam euxopucmogyemocsi 01 6opomvbu 3
WUPOKUM CNEKMPOM KOMAX-WIKIOHUKIB, BKIIOYAIOUU MAp2anie, Mypax,
KW, KIONi8 mowjo. 3acmoco8yemuvcs y JHCUMAOBUX T 2POMAOCHLKUX
NpUMiWeHHAX, 8KI0YAIoYU CYOHA.

OomericeHns w000 3aCMOCY8aAHHA .

1. He 3acmocogysamu y npucymnocmi arooeti ma meapun.

2. YHuukamu npsmoeo KOHMAaxKmy 3 Xapyoeumu npooyKmamu ma 600010.

3. 3abesneuumu docmammuio enmuaAYiio nicis oopooKu.

HaBenenunit mpukian IeMOHCTpYe 3[aTHICTh INTYYHOTO IHTENICKTY
HIBUAKO Ta e(EeKTHBHO 00poOisaTH Benukuid oOcsr iHdopmanii s
Ii/IBUICHHS. PE3YJIbTaTUBHOCTI YNPABJIIHHAM pPH3MKaMH Ha MOPCBKUX
CyJHax.

VY Bunajkax 3ajly4eHHs CTOPOHHIX KOMIIaHii abo ociO Juisi BUKOHAHHS
CYIHOBUX OTepalii y TpakTHIll KOXEH i3 YYaCHUKIB OIIIHIOE PHU3WKHU
camocTiitao [7]. IIpn 1IbOMy HEMHHYYE 3aCTOCOBYIOTHCS Pi3HI MPOLETYPH
OLIIHKHY PU3HKIB, & PU3HKH OLIHIOIOThCS 0€3 BpaXyBaHHs B3a€MOBIUIUBY i
y4JacHHKIB. JIJIg MiIBHIIEHHS SKOCTI OINIHKK PHU3WKIB Yy CIUIBHUX disIX
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YYaCHHKIB JIOLIIBHO BHUKOPUCTOBYBATUM IXHI CHUIBHI 0a3W JaHUX, SK
3aMponoHOBaHO B poOoTi [7]. Takoxk A CyMiKHHX YYaCHHKIB MOXKHA
3aCTOCOBYBAaTH CTAaTHCTHKY IIOAO aBapiii Ha MOpi, HANPHKIAA IIOPidHi
OIJISITM MOPCHKHUX aBapiil 1 iHIMACHTIB, ski mybaikye European Maritime
Safety Agency [8]. V 1poMy BHIAKY IITYYHHN iHTEIEKT CTAE HE3aMiHHUM.

Posmin 9 ISM Code Bumarae, mo6 cucrtemMa yIpaBIiHHSI O€3MEKO0
3abe3nedyBaia nepegady B odic CyIHOIUIaBHOI KOMIaHii MOBIIOMIIEHb PO
HEBIJIIOBITHOCTI, HELIACHI BUITAJKK Ta HEeOE3Ne4Hi CUTyalii, a TakokK ix
po3CiiyBaHHS ¥ aHai3 3 METOI MiJBHIICHHS OC3MCKU Ta 3armo0iraHHs
3a0pyaHeHH0. Tako) HEOOXiHO BCTAHOBUTH MPOLEAYPHU Ul BUKOHAHHS
KOPDUT'YBAIBHUX [if, 30KpeMa 3aXxOjd, CIPSAMOBaHI Ha 3amoOiraHHs
MOBTOPEHHIO TAKHX BUIA[IKIB.

3 mosBoio B odici CymHOIIABHOI KOMMAaHIii JOCTaTHBOI KUTBKOCTI
iHpopMmamnii BUKOPUCTAHHS UITYYHOTO IHTENEKTY IS aHalli3y CTae
akTyanpHUM. J[1 OIIHKM, HACKUIBKM IUTYYHHH IHTEJEKT JO3BOJIE
MIABUIUTH SKICTh aHATI3Y Ta PEKOMEHIAIlH MIOAO TONIIMIIICHHS Oe3IeKH,
JOLLTEHO MMPOBECTH MOAANBILE TOCITIPKSHHS.
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Abstract. During the operation of marine vessels, numerous risks arise,
including failures of technical systems, emergency situations, human errors,
environmental factors (including weather conditions), ecological threats,
violations of healthy lifestyle practices among crew members and
cyberattacks. The International Management Code for the Safe Operation of
Ships and for Pollution Prevention (ISM Code) requires that "assess all
identified risks to ships, personnel and the environment and establish
appropriate safeguards™.

An analysis of the actual implementation of regulatory requirements
shows that the implementation of these tasks remains unsatisfactory due to
administrative and organizational difficulties..

Currently, the most promising hypothesis for significantly improving risk
management on vessels is the use of artificial intelligence (Al) tools.

Preliminary application of Al has shown that it can be utilized to
automate the creation, adaptation, and completion of both checklists for ship
operations and risk assessment forms tailored to specific operational
conditions. Al can account for numerous factors, including the type of vessel,
nature of the operation, weather conditions, crew qualifications, and
equipment status.

For example, an Al chatbot, ChatGPT, was given a prompt regarding
disinsection with the BIFEN I/T chemical in residential, public, office, utility,
and sanitary premises of a cargo vessel. The task included:

1. Identifying risks (hazards) associated with disinsection.

2. Using published statistics on disinsection of office premises to
evaluate: the category of damage for each hazard and the probability
category for each hazard.

3. Based on the assessments of loss categories and probability, determine
the category of each risk.

4. For risks with high and medium categories, propose protective
measures and evaluate their effectiveness.

5. Explaining the purposes and limitations of using the BIFEN I/T
chemical.

ChatGPT's response demonstrated the high effectiveness of artificial
intelligence for risk assessment on marine vessels.
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Improvement of air control means the engine
room when working with hydrocarbon substances

Peztome. Ob61pynmosano cxemomexuiune piuieHHa 3acoOy KOHMpPONo
PisHsL 3a0pYOHeHHs NOGIMPsL CYOHOBUX MAWUHHUX NPUMILEHb WKIONUBOIO
peuosuHolo akponeinom. Y npononosanomy npucmpoi 3abesneuena Oinvuu
adekeamna 10KANI3ayis NOA6U AKpoaeina ma nepemeopeHHs napamempis
2a306020 cepedoguya y 3MiHU IHQOPMAYINHO20 CUSHALY, A MAKOIC
KoMneHcayis enaugy 0ecmaoinizylouux oaxmopie Ha eUMIpIOBAIbHUL KAHAT
damuuky akponeina. Busnaueni ceomempuuni napamempu CKIa008020
eleMeHmy npucmpoio — POKoHy.

Summary. A well-founded circuit-technical solution of a means of
controlling the level of air pollution in ship's engine rooms with the harmful
substance acrolein. In the proposed device, a more adequate localization of
the appearance of acrolein and transformation of parameters of the gas
environment into changes in the information signal, as well as compensation
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for the influence of destabilizing factors on the measuring channel of the
acrolein sensor, are ensured. The geometric parameters of the constituent
element of the device - the focon are determined.

OxopoHa HaBKOJMIIHBOTO CEpENOBUINA, INPHPOAHUX PECYpCiB 1
3a0e3nedeHHs Oe3MeKH, y TOMY YHCIi W eKOJIOTI9HO1, 3aBXK 11 OyIIH OTHUMHI
i3 MIPIOPUTETHHUX 3aBOaHb OyAb-IKOTO €HEPTeTHYHOTO Ta TEXHOJIOTIYHOTO
mporecy. OmHEM i3  ITUPOKO  PO3IOBCIOMKCHUX  TOKCHKAHTIB
HaBKOJIMIIHBOTO CEPEOBHIA € aKpoJeiH, KUl yTBOPIOETHCS B MPOLECAX
3TOPSIHHS TTJIMB 1 MacTWJI Ha OCHOBI NMPUPOJHHX BYIJTIEBOIHIB. AKpOJIEiH
BHIIUIAETBCA B MPOIECI eKCIUTyaTallii ABUTYHIB BHYTPIIIHHOTO 3TOPSHHS,
ra3oTypOiHHUX YCTAaHOBOK, MAPOBHUX 1 BOAOIPIHUX KOTIIB.

AKpoJIeTH HaJIeXKUTh A0 2 Kilacy HeOe3IeKH, Mae 3aralbHOTOKCHYHUH, 3
BUPA)XEHOIO JIPaTiBHOIO, AJIEPreHHOI0, MYTAareHHOIO Ji€l0, MPHUTHIYYeE
CHUHTE3 JIC30KCUPHOOHYKIICIHOBOI KUCIOTH il KIIITHHHUN PO3IO/IiJI, BUSBIISLE
LUTOTOKCUYHY JAit0. ['paHUYHO NpHITycTHMMa KOHLEHTpAIlisl akpolyieiHa B
armoc(epHomy Toeitpi 0,03 Mr/m3, pedpepeHTHA KOHLIEHTpALlis IPH FOCTPUX
iHranauiinnx Bmwmeax — 0,0001 mr/m®, npu XpoHiuHOMY iHTaALIHHOMY
BB — 0,00002 mr/m3. Bucokuii THCK HACHYEHOT APHU CIIPHSAE MIBUAKOMY
yTBOPY HeOe3NeuHHX KOHLEHTpaliil akpojeiHa B TOBITPI MAaIIMHHUX
npuMiIIeHb. Moro mapu BHKIMKAKOTh MOPA3KM THXATBHHX ILIAXIB, TaK
HaBiTh TMICJHA BHUIYKaHHS JIOOUHH B HOTO OpraHi3Mi 3aUIIAIOTHCS
HEe3HUKAIO4i paaiofoTivHi # pyHKIIOHATBHI mopymeHHs. [1o XxapakTepy il
Ha OpraHi3M JIIOJJMHU aKpojeiH BiAHOCATH JIO TPYIH KaHIEPOTCHHUX
pEUYOBHH.

Jyist pO3IIMPEHHS aHATITHIHUX MOYKJIMBOCTEH BCTAHOBJICHHS peasIbHOI
KOHIICHTpAIlii aKpoJsieiHa B MOBITPI MAIIMHHUX HPUMIIIEHb MPU OIIHII
PH3HKIB 370pOB'I0 HEOOXIJHO KOHTPOJIIOBATH BMICT akpoJieiHa Ha piBHI
pebepeHTHOT KOHIIEHTpaITil.

Taka 3amaya 3 JOCTATHHOKO TOYHICTIO PO3B'SIBYETHCS y JIAOOPATOPHHX
YMOBax METOJOM Ta30BOi xpomarorpadii, Y¥ MeToaoM, KUl MOeIHYe
ra3oBy XpoMarorpadiro Ta Mac-crieKTpomeTpito. JlaboparopHi ociipKeHHS
TaKkoro pojJy 3a0e3nedyloThb BHCOKY BIPOTIHICTb Ta CEJNEKTUBHICTh
BHMIPIOBaHb. AJie MPUIAAH JUIS aHATi3y HAJTO KOIITOBHI, MAalOTh BEIHKI
Baro-ra0apuTHi IOKAa3HWKH, BHMAararoTh BEIUKHX BHUTpAaT HA TEXHIYHE
00CIIyrOoByBaHHS Ta EKCIUTyaTallil0 BHKIIOYHO BHCOKOKBaJIi()iKOBAHHUMH
(daxiBusMu.

IcHyr04i OpTaTHBHI 3aCO0M KOHTPOJIO BMICTY akpoJieiHy B yMOBax
BIUIMBY JecTabili3aliiHuX EKCIUTyaTaliiHIX YHHHHUKIB EMOHCTPYIOTh
3HaYHE BiJCTaBaHHS SIKOCTI BUMIpPIOBaHb BiJ 1a0OpaTOPHUX aHAIOTiB

[1-3].
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VY 3B'I3KYy i3 IMM aKTyalbHUM 3aBIaHHSIM € pO3poOKa MOOLIFHOTO
3ac00y MOMIpHOI BapTOCTi, KU 3a0€3MCYUTH IiBUIICHHS BipPOTiTHOCTI
NIpOLIECiB BUMIPIOBaHHS KOHIIEHTPALiT akpoJieiHa y IUPOKOMY Jliara3oHi 3a
paxyHOK BHKOPUCTaHHS IPHHIMIIB 4YacTKOBOI I1HBapiaHTHOCTI J0
30BHILIHIX HEKOHTPOJIbOBAHUX BIUIMBIB HA BUMIPIOBAHHS.

Jis TmomyKy NDISIXiB IIONIMIIEHHS METPOJIOTIYHHX XapaKTePUCTHK
MIPUCTPOIB KOHTPOIIO aKpoJeiHy OynaM MpoaHaji30BaHI KOHCTPYKIIl
HAMMOMNPEHIMNX BUMIiPIOBAIEHUX TIEPETBOPIOBAUIB.

BigoMuM € BOJOKOHHO-ONTHYHHHM JaTYMK Ta30BOTO aHami3y, IO
CKJIQJAETHCS 3 OCHOBH, BiAJ3€PKAIIOI0YOTO IIapy, OCHOBHOTO CBITIOBOY,
YyTIMBHX  CBITJIOBOXIB,  MYJIbTHIUICKCOPA/AEMYJIbTUILIEKCOpa  Ta
posramyxxyBaua [4]. KoHcTpykuis npunany sBis€ co0OK CTaTHYHY
KOHCTPYKLIIO 0€3 CIPOMOXXHOCTI Monudikamii, IO CYTTEBO OOMEXYe
CIPOMOXKHOCTI TOLIMPEHHs Jiana3oHy BuMipioBaHb. Ilpuctpii He €
iHBapiaHTHHUM 10 TEMIEPAaTyPHOTO BILIUBY, 00 BiZICYyTHS TEPMOKOMIICHC AL
KOJIMBaHb TEMIIEPaTypu 30BHIIIHBOTO CEpEeJOBHUILA Ta KOHTPOJIHOBAHOT
razoBoi cymimi. HeoOximHicTh 0OpOOKM OCHOBHOTO Ta YyTJIUBHX
CBITJIOBOJIIB 3 HA/I3BHYAHO BHCOKOIO SIKICTIO JJISi YHUKHEHHSI CTBOPECHHS
YMOB JUIsl TIOSIBH ITIapa3sUTHOI MOIYJALil OOyMOBIIIOE HENPUHHATHY [UIS
MMOPTAaTUBHUX TPHUCTPOIB BapTicTh. TeX caMe CTOCYEThCS 1 HEOOXiTHOCTI
HasiBHOCTI CKJIAJHOI CHCTEMH IJTPUMKH T€OMETpil ONTHYHOIO KaHaIy
TYHEJILHOTO 3B'SI3Ky OCHOBHOT'O Ta YyTJIMBOCTI CBITIOBOJIIB.

Haii0inpmr OJU3bKAM 32 TEXHIYHOK CYTHICTIO Ta PE3yJIbTaTOM, IO
JIOCSITAa€ThCs, A0 PIlICHHS 3ajadl BJIOCKOHAJCHHS NAaTYMKY akpolieiHy, €
BOJIOKOHHO-ONITHYHUI JIaTYMK Ta30BOro aHamizy. JlaTuuk ckiamaerbes 3
JpKepelia BUIIPOMIHIOBAHHS, CBITIOQUIBTPIB, KOHAEHCOpY, miadparmu,
MOJYJIATOPa, BHUMIpPIOBAIbHOT Ta TMOPIBHSUIBHOI Kamep, JIH3M Ta
¢doronpuiimaua [5].

CkiagHicTh  KOHCTPYKLil, HEOOXigHICTH  omepamii  B3a€MHOTO
IOCTHPYBaHHS ONITUYHHUX EJIEMEHTIB Ta 3aXOiB IIOJ0 IATPHUMKH YHUCTOTH
ONTHYHHUX MOBEPXOHb CYTTEBO 301JBLIYE BapTiCTh IpWIaay Ta HOTro
o0ciryroByBaHHS. BincyTHiCTh TepMOKOMIIEH Al KOJMBAaHb TEMIIEPATypH
30BHILIHBOTO CEPEJOBUINA Ta KOHTPOIHOBAHOI I'a30BOi CyMillll Ta BIUIMB Ha
pe3yibTaTd  BUMIPIOBaHHS  HEIIEHTHYHOCTI  BUMIpIOBaJbHOI — Ta
MTOPIBHAIBHO{ KaMep HeTaTMBHO BIUIMBAIOTH HA BipOTiTHICTH BUMipIOBaHb.
A BenMKa KUIBKICTh ONTHYHHMX CHOJIyYeHb CTBOPIOE YMOBH JJISI TOSIBU
Mapa3uTHOI MOZYJIAMii, IO NEeBHMM YHHOM TIIOTIPIIye METPOJIOTiuHi
XapaKTEPUCTUKH MPUIIALY.

Mera [OCHIIKEHHS — CTBOPEHHS BOJIOKOHHO-ONTHYHOTO JaTYHKY
akpoJieiHa, 00TpyHTOBAHOI BApTOCTI, CIPOINEHOT KOHCTPYKIIIi 3 iIEHTUIHUX
€JIEMEHTIB, y SKOMY MiHIMaJlbHa KiJIbKICTh ONTHYHMX 3'€HAHB, BiICYTHS
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3aJIeKHICTh BiJl CTaHy 30BHIIIHBOTO CEPEIOBHINA Ta KOHTPOJIHOBAHOI
ra3oBOi CyMillli, Ta OZHOYACHO 30epe’KeHi BUCOKHH PiBEHb YYTJIMBOCTI Ta
IIBUJIKO/IiSI IPUCTPOTB BIIOMUX THUIIIB.

HaykoBo-TexHIUHEe 3aBlaHHS, SKE CTBOPEHO 3allUTOM IPaKTHKH,
BUPINIYETbCS THUM, IO IPONOHOBAaHUI BOJOKOHHO-ONTHYHUI JaT4UK
aKkpoyieiHa CKIJIAJa€eThcs 3 JDKepena iHQpadepBOHOTO BUIPOMIHIOBAHHS,
¢dorompuiiMaga, oNTUIHOTO (ITBTPY, CBITIIOBOAIB Ta (oTompuitmaya.
BimMmiHHICT AaTYWKa TONSATAaE y TOMY, IO JDKEPENO BHIIPOMIHIOBAHHS
CIIOTyYCHE 3 IBOOIYHMM ONTHYHHAM pPO3Taly’)KyBadeMm, IEpBHHHA TilKa
SIKOTO MICTHTh ONTHYHUHA (QLIBTP Ta BUMIpIOBaIbHAN TPyOUaTHIl CBITIOBOT
Ta BKPHTHM BiJJI3EpKAIIOFOYMM LIapoOM ToplieM. BTopuHHa Tinka MiCTUTB
KOHTPOJIHUHM CBITJIOBOJ] T2 ONTHYHHUN (POKOH JUISl CIIOJIyYESHHSI CBITJIIOBOY
3 ¢orompuiimayem. OOMIBI TUIKM po3ramyxyBada CIOJy4YeHI 3
0iMeTaneBOO IIACTUHOIO.

CxeMOTexXHIYHE pIlIeHHS MPOIOHOBAHOIO JAaT4YHMKy IOSCHIOEThCS
KkpecienHsaMm (puc. 1).

>

\ Q ﬁ\ﬁ__ﬁm
2 8 9 7 6

Puc. 1. BoiokoHHO-ONTHYHUN 1aTYMK akposieina: 1 — mkeperno
iH(ppauepBOHOrO BUITPOMIHIOBaHHS; 2 — OTONpHUIiMaY; 3 — ONTHYHUH
¢buIbTp; 4 — ONTHYHUI po3ranyXyBay; 5 — BUMIpIOBaJIbHUIN TpyOUaTHid
CBITJIOBOJI; 6 — BII3EPKAIIIOIOUMH 11ap; 7 — KOHTPOJIBHUIL CBITIOBO/;

8 — dokon; 9 — OimeTaseBa IIACTHHA

[lepBuHHa Tinka MICTHTP ONTHYHUN GUIBTp 3, cHoomydeHWHd 3
BHMIipIOBAJIFHAM TPyOYaTHM CBITIIOBOAOM 3 BKPHUTHM BiJA3€pKATIOI0UNM
mapoM TopueM 5. TpyOuatuii CBITIOBOX [O3BOJNSE 30UTHIINTH 30HY
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KOHTaKTy ONTHYHOI ITOBEPXHI Ta ra30BOIO CEPEAOBHIIA TPH 30€perKEeHHI
HEOOXiTHOTO  OJHOMOJIOBOTO  peXuMy pobOotu. BropunHa rinka
posray)kyBaya MiCTHTh KOHTPOJIBHHUII CBITIIOBOJ 6, TOPELb SIKOTO TaKOX
BPHUTHUH BII3EPKATIOIOUNM IAPOM, Ta ONTUYHUH (POKOH 7 /IS CIIOJTyYSHHS
3 (orompuiimauem 2.

CBITJIOBOIM TEPBMHHOI Ta BTOPHHHOI TUJIOK >KOPCTKO CIIOJy4YeHI 3
OiMeTaleBOI0  IUIACTHHOIO.  BiIm3epKamoouuii map Ha  TOPIX
BHAMIipIOBAJIFHOTO Ta KOHTPOJIEHOTO CBITJIOBOMIB CIIYKHUTH LIS BiIOWBaHHSI
MOJYJNbOBAaHOTO Ta IIEPBUHHOTO BHUIPOMIHIOBaHHA. TWM caMuMm
CKOPOUYYETHCS TOBKMHA BUMIPIOBANIbHOI JIiHII Ta 3HHKAE HEOOXiOHICTH
3aCTOCYBaHHS NPOXITHUX BHUMIPIOBAJIbHOI Ta TMOPIBHMIBHOI Kamep.
Ontryanit GUTBTP TO3BOISIE BUIUIHTH HAHOIIBII JOUTBHY JOBXHUHY XBHII,
Ha SKifl TPOXOAWTH IMOINIMHAHHS akpojeiHy. 3acTOCyBaHHS ONTHYHOTO
GUIBTPY YHEMOXXJIMBIIOE BIUIMB IHIIMX CKJIAJOBMX Ta30BOi CyMilii.
OntuuHuid  (HOKOH JO3BOJIIE BUKOHATH OIJBLI TOYHE CIIOJIYYEHHS
CBITJIOBOJIa Ta AaKTHBHOI MAUISHKH ¢oTrompuiiMaya 0e3 I10JaTKOBOTO
locTHpyBaHHs.  biMeTraneBa  IulacTMUHAa  CIIYyKHTh Ui CTBOPEHHS
MOTIePETHHOTO BUTHHY CBITIOBOIIB. CTBOPCHUI BUTHH iHILIFO€ JOJATKOBHUI
BHTIK BHIIPOMIHIOBaHHS 32 MEXi CBiTIIOBOa. [IpH 3pocTaHHi TeMIiepaTypu
KOHTPOJILOBAHOTO CEPEIOBUINA BUI'MH IUIACTHHHU Ta IIOTIEPEIHBO CTBOPEHI
BTPaTH 3MIHIOIOThCS. TakuMm YMHOM  BiJOyBAa€eTbCS  aBTOMAaTHYHE
KOpHUTYBaHHs 1H(QOPMAIIITHOrO CHUTHAITy BIiAMMOBIZHO IO TEMIIEPATypHOTO
BIUIUBY.

IMomanpita  0OpoOKa  BHIIPOMIHIOBAHHS  JO3BOJHUTH  OTpPUMATH
SNIEKTPUYHUI CHUTHAN SIKUI Oyae NpONopuiiHMK BEIMYMHI KOHIEHTpALii
KOHTPOJILOBAHOTO I'a30BOT0 CEPEAOBHIIIA.

IMpu mosiBi 3 BHYTPIIHBOTO OOKY BHMMIPIOBAIBLHOIO CBITJIIOBOAY
akposeiHy BiZOyBaeTbcs TOPYIIEHHS YMOB IIOBHOTO BHYTPIIIHBOTO
BiZIOMBaHHS CBITJA, SIKE BUHUKAE SIK BIKIMK Ha TyHEJbHE IEepeKauyBaHHs
BUIIPOMIHIOBAHHS 3 CBITJIIOBOAY Ha30BHi [5, 6]. [lopymieHHS yMOB IOBHOTO
BiIOMBaHHS CBiTJIIa y BHMIPIOBAJHHOMY CBITJIOBO/I HAaXOJHUTh CBOE
BiZIOOpaXXEHHS y 3MiHI BEJIMYMHM IHTEHCHBHOCTI BHIPOMIHIOBAHHS, SKE
BiOMBA€ThCA  BiJl  BIAN3EPKANOIOYOrO  IMapy. BumpomMiHOBaHHS
TIOBEPTAEThCS KpPi3b po3raiyxyBad 0 (oTonpuiiMada, Je 31iHCHIOETHCS
peectpartiss  iHpopmarniitHoro curHany [7 — 9]. Jns BOOCKOHAJEHHS
BIIACTUBOCTEH TMpWJIaLy MOXYTh OyTH 3acTOCOBaHi ajabTepHATHUBHI
ckiomarepianm [10].

Y cratnaHOMYy peXuMi (pekHM KaiaiOpoBKH), TOOTO Y BiACYTHOCTI
ra30BOTO CEepENOBHUIIA BiIMIHHOTO BiJ aTMOC(HEPHOTO TMOBITPS, y IKEepemi
BUIIPOMIHIOBAHHS T€HEPYETHCS BUITPOMIHIOBAHHSI, SIKE KPi3b pO3rally’KyBad,
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HaJIXOMUThb JI0 BUMIPIOBAJBHOIO Ta KOHTPOJBHOTO CBITJIOBOXIB. Y
CBITJIOBOJIaX ~ BiOyBa€TbCs 3MEHIIEHHS IHTEHCHBHOCTI  ONTHYHOTO
BUIIPOMIHIOBAHHSI, 1[0 TPOXOUTH CKPi3b HUX, SIKE 00YMOBJIEHE 3aTyXaHHIM
y Marepiaii CBITJIOBOIB I BIUIMBOM eKCIUTyaTaliiiHUX (aKTopis.
[HTEeHCHBHICTH BHIIPOMIHIOBAHHS, LIO MOBEPTAETHCS 10 (oTonpuiiMaya,
(ikcyeThCs 1 3am1aM’ATOBYETBCSA SIK TIOTIPABKa.

Y nuHaMivHOMY peXuMi (3aHYpeHHS Yy KOHTPOJBOBAaHE Ta30Be
CepeloBUIIE) TpPH TOABI 3 BHYTPIITHROTO OOKy BHUMIpIOBAJIBHOTO
CBITJIIOBOLY akposieiHy BigOyBaeTbCs TMOPYIICHHS YMOB IIOBHOTO
BHYTPIIIHBOTO BiMOWBaHHS CBITJIA, SIKE BUHHUKAE K BIIKIUK HA TYHEIBHE
nepeKkavyBaHHs BUIIPOMiHIOBaHHS 3 CBITJIOBOJY Ha30BHI. [lopylieHHs yMOB
MOBHOTO BiZIOMBaHHSI CBITJIa Y BUMIPIOBAJILHOMY CBITJIOBOJY HAXOJIUTh CBOE
BiZIOOpaXXCHHS y 3MiHI BEJIMYMHU IHTCHCHBHOCTI BHUIPOMIHIOBAaHHS, SKe
BiIOMBAETHCA BiJl BII3EPKATIOIOYOTO HIaPy.

[HTEeHCUBHICTh TOTJIMHAHHS BHUIPOMIHIOBaHHS aKpOJIETHOM JOLIIBHO
XapaKTepU3yBaTH B OJMHUIISIX MOJIIPHOTO Koe(ilieHTa morimuHaHHs € 1 Y D-
cnektp mpeacraBisatd y ¢opmi € = f (L). Benmuunna € B eneKTpOHHUX
CHEKTpax OpraHiYHUX MOJIEKYJ 3MIHIOIOThCS B JIy)Ke IIMPOKOMY 1HTEepBaji
snadenb (0 ... 10°%) i jna 306paskeHHs abCOPOLIHHOT KPUBOT B IIMPOKOMY
CHEKTpaJbHOMY [iana3oHi JOLUJIBHO Ha OCI OpIWHAT IMEPEeXOAUTH Ha
norapupmiuny mkany. Kpusa Ig € = f (A) mae MoxiuBicTh HaouHO # 3
OJJHAKOBOIO TOYHICTIO MPEJCTABUTH HAa OJHOMY TpadiKy IiJISIHKH CIIEKTpa,
110 BiJPI3HSIOTHCS 10 IHTEHCHBHOCTI Ha KiJibKa mopsiaxis (puc. 2) [11].

AHai3 3aJeXHOCTI (pHUc. 2) BKa3ye Ha Te 10 HAWOUIBIIOW Mipolo, sSKa
BiJINIOBiZIa€ PO3B'SI3aHHIO 33]1a4i Fa30aHANI3Y Y MAIMHHUX MPUMIMICHHSX, €
00paHHs JTOBXWHU XBWJII BUIIPOMIHIOBAHHS ~ 2 MKM.

lg&: T T T

4} .

-1 1
0 2 2 3 7. MEM

Puc. 2. CriekTp NOTJIMHAHHS aKpOJIEeTHY
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[licns 1pOro, 3MiHEHE 3a IHTCHCHBHICTIO  BHIPOMIHIOBAHHS,
BiIOMBAETHCSA BiJl BINI3EPKAIIOIOYOr0 MIapy Ta KpPi3b BIAMOBIMHY TUIKY
posraimyyBaya HagXoguTh 10 QoTonpuiiMaya. Y  ¢oTonpuiiMaui
pedriekTomMeTpi  BiIOYBa€ThCS MOCTIMHUN  KOHTPOJb  IHTCHCUBHOCTI
BUIIPOMIHIOBAaHHS.

[HTeHCHBHICTH 3apeecTpoBaHOi YacTKM CBiTJIa OyjAe IponopliiiHa
BEJIMYMHI BUMipIOBAHOTO MapaMeTpa Ta30BOr0 CEPEIOBHIIA.

Sx mpaBuio, GOKOHH MK TPUBUMIPHUMH ONTHYHNUMH XBHJIEBOIAMH
SIBIISIIOTH  COOOF0  3BY)KEHHS TINBKH OJHOTO IOMEPEYHOTO  PO3MIpY
XBUJICBOJY B IUTOIIUHI ITiIJIOKKA XBHJIEBOAY (pHcC. 3).

Y

r =

| |

e ————3

Wnox

Puc. 3. XBuneBoxHuit pokoH

Y ¢okoHi 3MiHa TONEPEYHOro Iepepizy XBUIEBOAY HPHUBOAUTH IO
3B'S3KY XBHJIEBOJHHMX MOJ OJMH 3 OJHHM 1 3 MOJJaMH BUIIPOMiHIOBaHHS. B
OJTHOMOJIOBHX XBHJIEBOJIaX BHUHHMKA€ 3B'SI30K OCHOBHOI MOJM 3 MOJaMH
BHIIPOMIHIOBAaHHSA, 1 BOHa BTpPada€ YaCcTUHY CBO€l MOTYXXHOCTI Ha
BHUIIPOMIHIOBAHHS 3 XBHJIEBOAY. Y 0araTOMOJOBHX XBHJIEBOJAX JI0JaTKOBO
BUHHMKA€E OOMIH MOTY>KHICTIO MK MOJAMHM B IpoOleci iX NMEpeTBOPEHHS y
¢okosi. [ToTykHICTb OCHOBHOT MO/IM IIPH 1IbOMY BTPaua€ThCs Ha FEHEPALIio
NapasuTHUX MOJI 1 Ha BUIIPOMIHIOBaHHS B IPWIISITAl0UE CEPEOBHIIE.

Amnani3 (QOKOHIB Ha OCHOBI YHMCENILHOTO PO3B'SI3KY PIBHSHB 3B'I3aHUX
XBWIb IIOKa3y€, 10, SK 1 Yy BHIAJIKy XBHJICBOJAHOTO IIEPEXOAY MIiX
TPUBUMIPDHUMH XBHJIEBOJIAMH, BTPATH MOTYXXHOCTI 4epe3 IMepeTBOPEHHS
MOJI Y MOJH BHILIOTO MOPSAKY W MOJHM BUIIPOMIHIOBAaHHS MOXYTh OyTH
CYTTEBO 3MEHIIICHI TIpY 301IbIICHH] JOBKHUHHU XBUJIEBOIHOI CTPYKTYpH L 1m0
semmunan (102 ... 109)A.

AHai3 MOIOBOTO 3B'S3Ky V ()OKOHAX i3 TUIABHUM NpodisieM T03BOJIUB
BCTAHOBUTH iXHIO ONTUMAIbHY (OPMY Ta CITIBBIIHOIICHHS PO3MIpiB, IO
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3a0e3neduyroTh MiHIMaJIbHI BTPAaTH Ha TIEPETBOPEHHS MO NpH KoedilieHTi
nepenadi moryxHocti noHax 90 %. Ymosa aniabarnunocTi (OKOHA, MpU
SKOT BTpaTH Ha HEPETBOPEHHS OCHOBHOI MOJAM Y BHIII MOAM HajaMaI,
MoJIArae B TOMy, IO y BCIX TOYKaX Y3J0BX OCl ()okOHa KyT ©, yTBOpeHHH
JOTHYHOIO JI0 TIOBEPXHI pynopa i Horo Biccio B Oyab-siKiii ToYlli Ha OcCi Z, €

O = ah/2W, (1)
1€ Ay = A/N* — OBKKMHA XBUJIi B ONTHYHOMY XBHJIEBOI IS JIOKATBHOT MOJIH
HIDKYOTO TOPSKY 3 €PEKTHUBHIAM ITOKA3HUKOM 3aJIOMJICHHS n* y Oyap-saKii
touti oci Z; W — nokanpHa mupuHa (GOKOHa B Tiif ke Toulli; a<l — mocriiiHa.

®i3uuHmii 3MiCT ciBBiAHOMEHHS (1) mOsATaE B TOMY, IO IS yCYHEHHS
MIEPETBOPEHHS MOJ 1 BTPAT Ha BUIPOMIHIOBAHHS CTIHKHA ()OKOHA TIOBHHHI
PO3IIMPIOBATUCS TOBUIBbHINIE IU(PPAKIIITHOTO PO3MIMPEHHS IydKa s
KO>KHOT'O 3HaUY€HHS Ha 0cCi Z.

3 ormsmom Ha ymoBy (1) ta te, mo 20=|dW/dz|, MmoxHa 3a3HauUTH 110
HAMOLIBII TOUUTFHUM € 3aCTOCYBaHHA MapaboivHol popmu HOKOHY

W (z) = (2a, |2 +W2) ", @)

ne W, =W (z=0).

JloBxuHa apaboJIiuHOro pynopa, NPy JOCUTh BETUKUX 3HAUCHHIX Wmax
(Winax >> W,), MOxe OyTH BU3HAUECHA SIK
2

— Wmax

2aL

6

@)

Po3spaxyHkn BTpaT, 0OyMOBJICHHX IEPETBOPEHHAM MOJ y (OKOHHHX
CTPYKTYpax, Mmokasye, mo s (OKOHy napabosigyHol pOpMHU BEpXHS MexKa
BTpPAT MOTY)KHOCTI, 1110 BBOJIUTHCS /10 (POKOHY, BU3HAYAETHCS BEIHYUHOIO
(a/4)?. Ha npaktuni Moxe OyTH JOLIILHOI ampoKCHMallis mapaboliunHoi
¢opmu GoKOHA TpbOMa JIIHITHUMHU CEKIIisIMH, YIHCAaHUMHU B mapadory. Y
IIFOMY BHIIAJIKy MOke OyTH OoTpuMaHHH Koe(illieHT mepenadi HoTy>KHOCTI
PYIOPHOI CTPYKTYpPH, OJIM3BKUI 10 pO3paxyHKOBOTO.

ITpn onHakoBiit KoBXMHI (OKOHY HapabonidHa GopmMa BHOCHTH MEHII
BTpaTH W J/O03BOJSIE Ha TMpPAKTUII OJEpXKyBaTW JIsi OCHOBHOI MOJIH
koediieHT nepenadi morykHocTi moHan 90 %. Tomy ii 3acTocyBaHHS €
OUTBII JOITEHUM HIX JIHIHHOT popMH.

[NopiBHSAHHA PYNOPHUX CTPYKTYp pi3HOI (pOopMHU MOKazye, 1m0 y GokoHi
€KCITOHEHTHOT (OpMH BTpaTH ONTHYHOI TOTY>KHOCTI MOXYTh OYyTH IIe
menri. 3 (2) i (3) BuaHO, Mo HeoOXixHa st BUKOHAHHS yMOBH (1) moBknHa
(hoKOHY 3HAYHO 3pOCTA€ 31 30UTBIICHHSAM IEepenany MoNepedyHux Po3MipiB
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XBUJICBOJIB, MO 3'€IHYIOThCA. TOMYy CIiJi 3acTOCOBYBaTd (POKOHHI
cTpyKTYpH 3 Winax <50 mxm [12].

3ampornoHoBaHe CXEMOTEXHIYHE pIlIEHHS BOJIOKOHHO-ONTHYHOTO
JaTYNKy akpojeiHy 3aBIsKM 3aCTOCYBaHHIO ONTHYHUX EJIEMEHTIB
3a0e3MeunTh TaKi CKIa0Bl TEXHIYHOTO eeKTy:

OiBpII aJEeKBaTHY JIOKANi3alllf0 MOSBH aKpoJielHa Ta INEpEeTBOPEHHS
apaMeTpiB Ta30BOTO CEPEAOBHUINA Y 3MiHH iH)OPMAIIITHOTO CHTHAIY;

KOMIICHCAIIII0 BIUIMBY JAecTalini3yrounx (akTopiB HA BUMipIOBAIBHHMA
KaHaJl JaTYUKy aKpoJIeiHa;

MOXJIMBICT CTBOPEHHSI PO3TANTY’KEHOI MEpEeXi KOHTPOIIO Ta30BOTO
CepeloBHUINA B OCOOIMBUX YMOBAX;

MiABUINCHHS SKOCTI (DYHKIIIOBaHHS 3a PAaxXyHOK BHKOPHCTaHHSA
MarepiaiiB 3 OJIM3bKUM KOe(il[ieHTOM TEIIOBOTO MOIIMPEHHS Ta 00paHHs
paLioHAILHOT CXEeMHU MOJYJIALIT OIOPHOTO BUIIPOMIHIOBaHHS;

MOXKEXKEeBUOYX00E3MEeUHICTh P 3aCTOCYBAHHI.

TakuM YMHOM 3aIPOIIOHOBAHO HOBE CXEMOTEXHIYHE DIllIeHHS AaT4nKa
BU3HAYCHHS  KOHLEHTpauii akpoieiHa y  CYAHOBHUX  MAalIMHHHX
npuMimeHHsX. Ha BiaMiHy Bif iCHYIOUHX, 3alIpOIIOHOBAHE CXEMOTECXHIUHE
pIIIEHHS CIPOMOKHE 3HAYHUM YHHOM 30UTHIIMTH POOOYMH Hiala3oH Ta
IHBapiaHTHICTh JO EKCIUTyaTaliifHuX (paKTOpiB BHMIPIOBATHHOTO 3acC00Y.
BripoBapkeHHST HOBOTO JATYMKY JO3BOJIUTH 3a0€3MEYUTH YMOBH IS
3aXHCTY 3/I0POB'S EKillaxy.

JITEPATYPA
REFERENCES

1. Katz, S. H., E. J. Talbert. Table 3. Intensities of odors versus
concentrations in parts per million // Intensities of Odors and Irritating
Effects of Warning Agents for Inflammable and Poisonous Gases. —
Washington, D.C.: U.S. Bureau of Mines, U.S. Dept. of Commerce, 1980. —
P. 14.

2. Marenr P® Ne 2556294, MIIK GOIN 30/02 (2006.1). Crnoco6
OTIpe/IeIeHNs] KOHIICHTPALNHU aKpOJIEHHA B aTMOC(EPHOM BO3yXe METOIAOM
BbICOK03(pexTBHON xuaKocTHOI xpomartorpadun/ H. B. 3aiinesa, T. C.
Vnanosa, T. [I. Kapuaxunxas, E. O. 3aBepHeHKOBa; 3asBUTENb U BIaJIEIEL]
nareHta @DenepanbHOe OrOJUKETHOE yupexieHne Hayku "dexepanbHbIi
HAyYHBIH LEHTP MEIUKO-TPO(UIAKTUIECKUX TEXHOJOTHH yIpaBICHUS
puckamu 310poBbto Hacenenus". — 2014114334/28. — zasen. 10.04.2014. —
omy6u. 10.07.2015, Gron. Ne19.—5c.

51



ABTOMAaTH3aIlis CyTHOBHX TEXHIYHHUX 3aCO0IB Bumyck Ne 29

3. Canunep, A. K., Hukonbckuii, B. B., Xutonus, C. I'. Ucnons3oBanue
BOJIOKOHHO-ONITHYECKUX YCTPOWCTB Ul NPENOTBPAIICHHUS TEXHOTCHHBIX
katactpod Ha cynax / ABToMaTH3alys CyJOBBIX TEXHHYECKUX CPEJIICTB. —
2004. — Bom. 9. — Onecca: OHMA. — C. 82 - 90.

4. Tlarent Ykpainu Ne 78611, MIIK (2011) GOIM 11/02 (2006.1).
BosokoHHO-ONTHYHMI Ta3oaHamizatop/ 3asBHHUKH Ta BOJIOAApi MATEHTY:
Canmnep, A.K., Llromko, FO.M. — u201210906. — 3asBm. 18.09.2012. —
omy0u. 25.03.2013, 6rom. Ne 6. — 3 c.

5. KpaBuenko, O. M. IlingBHIIIEeHHS CEIEKTUBHOCTI ra30BOTO aHAII3Y MPH
BUMIpIOBaHHI KOHIIEHTpauii amiaky // [V HaykoBo-npakTHuHa KOH(pepeHis
cTyzAeHTiB Ta acnmipantiB "[lorisn y MaiOyTHe npunanoOynysanss”. — K.
HTYY "KIII", 2011. - C. 214.

6. CHaiinep, A., JIas, JI. Teopus onTu4ecKux BOIHOBOJIOB. — M.: Panuo
" CBsI3b, 1987. — 656 c.

7. Cangnep, A. K. Meron migBumieHHs! e(eKTHBHOCTI J1arHOCTYBaHHS
TEXHIYHOTO CTaHy CyIHOBHX TIa30TypOIHHMX YCTaHOBOK Ha OCHOBI
BOJIOKOHHO-ONITHYHUX TEXHOJIOTiH: aBToped. muC. ... KaHA. TeXH. HayK:
05.22.20 / KuiBcbkuii yHiBepcuTeT iHPpacTpyKTypu Ta TexHoiuorid. — K.,
2021.- 20 c.

8. Sandler, A., Budashko, V., Khniunin, S., Bogach, V. Improving the
mathematical model of a fiber-optic inclinometer for vibration diagnostics
of elements in the propulsion system with sliding bearings // Eastern-
European Journal of Enterprise Technologies. Applied physics. — 2023. —
Vol. 5. — Ne. 5(125). — P. 24 - 31.

9. Cammiep, A. K., Jlorumes, U. B., Canmiep, A. A. VHBapuaHTHBIH
BOJIOKOHHBIH akcenepometp // EHepreTuka cyiHa: eKCIulyaralfisi Ta pEMOHT:
Marepiann HayKoBO-TeXHi4HOi KoH(pepeHii. — Oneca: OHMA. — 2011. - C.
277 - 279.

10. Canpnep, A. K. UyBCcTBUTENBHBIH 371EMEHT BOJIOKOHHO-OIITHYECKOTO
akcejepoMeTpa Ha OCHOBe carupoBoro crekina // IX Mi>kHapoIHa HAyKOBO-
MetoanmyHa KoH(pepeHmis "CyaHOBa eJIEKTPOIHKEHEpis, eJIeKTPOHiKa i
aBromaruka", 05-06 aucromana 2019 p.: matepianu korpepentii. — Oxeca:
HY"OMA". —2019. - C. 27 - 33.

11. Nodde, b. B., Koctukos, P. P., Pasun, B. B. ®usndeckue MeTo bt
ONPENEJICHUsI CTPOEHUsI opraHudeckux mogekyn. — JI.: M3n. Jlenunrpan.
Vu-ta, 1976. — 344 c.

12. Cemenos, A. C., CmupaoB, B. JI., IlImansko, A. B. UaTerpanbhas
ONTHKA JJIsl CUCTEM Tepenadyn u 00padoTku nHpopManmu. — M.: Paano u
cBa3b, 1990. — 224 c.

52



ABTOMAaTH3AIlis CyTHOBHX TEXHIYHHUX 3aCO0IB Bumyck Ne 29

Abstract. One of the directions that determine the improvement of the
quality and reliability of information systems for monitoring the state of the
air environment in the ship's engine room is the intellectualization of
diagnostic information processing processes based on the technology of
expert systems. Systems of this type make it possible to improve the quality
of recognition of the technical condition of the controlled environment. The
most effective system for monitoring the state of the air environment is a
system with methods of organization of measurements based on individual
observation of changes in the composition of the air mixture during
operation through measurements carried out on a constant basis over long
periods of time. But, in a certain way, the development of the mentioned
systems is restrained by the imperfection of the corresponding gas analysis
sensors. The goal of the work is to introduce the newest means of gas
analysis to prevent the negative impact of dangerous substances on the
health of the crew. The object of research is the processes of formation and
transformation of the measuring signal in the means of gas analysis of the
state of the air mixture in the ship's engine room. The subject of the research
is fiber-optic means of measuring the concentration of the dangerous
substance acrolein. It is proposed to solve the given problem due to the
introduction of a new fiber-optic sensor. The difference of the sensor lies in
the fact that the radiation source is connected to a two-way optical splitter,
the primary branch of which contains an optical filter and a measuring
tubular light guide, and the end is covered with a reflective layer. The
secondary branch contains a control light guide and an optical focon for
connecting the light guide to the photoreceptor. Both branches of the splitter
are connected to a bimetallic plate.

The creation of a fiber-optic sensor of the proposed design will make it
possible to obtain a measuring tool that is invariant to the uncontrolled
effects of destabilizing factors and has sufficient sensitivity to controlled
parameters. The use of such a tool will contribute to the organization of
permanent and long-term control of the air condition in the machine room.
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Ensuring technological operations with liquefied
natural gas during its production in coastal sea
water areas

Pestome. Busnaueno, wo pospobKa GeIuKux 2az08ux pooosuuy Ha
MOPCObKOMY Wenb@i CIMUKAEMbCs 3 BUCOKUMU SUMPAMAMY 1A MEXHIYHUMU
sukaukamu Ak eapianm po3e’szamHs yux npoobrem 6npo8aAOANCYIOmb
ABMOHOMHI NAABYYI 3A800U 3Pi0AHCEH020 NPUPoOHo2o 2a3y. CnopyodiceHms
nooibHuUx 3a600i8 HAUOIILW OOYITLHO BUKOHY8AMU 3d  MOOVIbHOIO
cmpamezilo  nob6y008u, 6i0nogioHo 00 AKoi Oinbwa yacmuna pooim
BUKOHYEMBCSL  HA  3A600i, a NOOAIbLWA 30ipKa 20MoGUX MOOYiG
6i00ygacmvcs  0e3nocepeOHbO0  HA  MOPCbKUX — NAAm@opmax,  uo
3abe3neuyons UOOOYMOK 243y 8 MOPCHLKUX NPUOEPENCHUX AKEAMOPIAX Md
11020 NOOAIbULE MPAHCROPMYBANHS CYOHAMU-2A30803AMU.

Summary. It was determined that the development of large gas fields on
the sea shelf faces high costs and technical challenges. Autonomous floating
liquefied natural gas plants are being implemented as a solution to these
problems. The construction of such plants is most expedient to be carried out
according to the modular construction strategy, according to which most of
the work is carried out at the plant, and the subsequent assembly of ready-
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made modules takes place directly on marine platforms that ensure gas
production in coastal sea areas.

CrorozHi ra3oBu100yBHa IMPOMHCIIOBICTh aKTHBHO 0Yaja OCBOIOBATH
Mopcbkuil mensd. Hapasi po3poOka BENTHMKHX MOPCHKHX POJOBHI Tazy
BEICTHCS B TAaKWX perioHax, sk I[liBHiuHe Mope, MeKCHKaHCBKa 3aTOKa,
ABctpamis, Manaizis Ta I[amonesis. OgHak OyIiBHHITBO 3aBOMIB, IO
3a0e3medyroTh 3piHKeHHS Tazy Oe3mocepeqHho B MicTaxX HOro BHIOOYTKY,
BAMAarae 3HaYHUX KaliTaJOBKJAaJeHB, 30KpeMa B MOPCHKi TPyOOIpOBOIN
SIKUMH 3pimpkeHnid npuponuuii raz (3[II°) mocragatumycs Ha Oeperosi
posnoxineHi crantii [1 - 3]. BignaneHicTs 6araThoX pogOBHII BiJ OeperoBoi
iHpPaCTPYKTypH, CKJIagHICTh OyJIIBHMITBA MOpPChKMX IuiatGopm 3i
3pi/KeHHs ra3y, HeOOXIIHICTh MPOKIIaJCHHS MiIBOJHUX TPYOOIPOBOIIB i
CXOBHII[ 3HIKYIOTh PeHTa0CIbHICTh MOAIOHUX MPOEKTIB [4 - 6].

Sk po3p’s3aHHs 1i€i mpoOieMH HaWOIIBII KOMMaHii-po3poOHUKH
MPONIOHYIOTh BHKOPUCTOBYBAaTH aBTOHOMHI Mopchbki 3aBoau 3IIIT (LNG
Floating Production Storage and Offloading — LNG FPSO). 1li nnaByui
KOMIUIEKCH € CcyIHamMu a0o ©OapXaMH, OCHAIIEHHMMH CHCTEMaMH IS
BUOOYTKY, OUMIICHHS, OCYIIEHHS Ta 3pIDKEHHA Ta3y, a TaKoX
BaHTaKHUMH TpuMiteHHsMu 171t 30epiranas 3117, Boru takox obnanHaHi
cHUCTEeMaMH JUIs BifIBAHT@XXEHHsS 3pIJDKEHOrO Ta3y Ha CyAHA-Ta30BO3H.
[TnaBy4i KOMIIJIEKCH MOXYTh PpO3TAIlIOBYBAaTHCh O€3II0CEPEAHBO HaJ
POIOBHIIIEM, IO JO3BOJISIE YHUKHYTH HEOOXIMTHOCTI MPOKIaIaHHS JOBIHX
iIBOTHUX TPYOOIIPOBOAIB 1 MiHIMI3yBaTH BUTPATH Ha iHYPACTPYKTYPY.

Taxuii nigxig € 0co0IMBO aKTyalIbHUM B YMOBaX Cy4aCHHUX KIIIMaTHUHHX
Ta €KOHOMIYHMX BHUKJIMKIB. [11aBydi 3aBOJIM POEKTYIOTHCS 3 ypaxyBaHHIM
CTIMKOCTI JI0 €KCTpeMaJbHUX IOTOJHUX YMOB, BKJIIOYAOUH IITOPMHU Ta
yparaHu, 10 Ba)JIUBO JJIsl IXHBOI €KCIUTyaTallil B Pi3HUX perioHax CBiTy
[7-9]

Ha crorozmenHnst icHye OifbII CTa NEPCHEKTUBHHUX HPOEKTIB IUIABYYHX
3aBOJIIB i3 mpoxykTuBHicTIO Bix 1 MuH. T 31T Ha pik 1 6inpmre. Kpim razoBux
POJOBHIL, PO3TISIAIOTHCS MPOEKTH 31 3PIIKEHHS MOIYyTHOTO Ha(TOBOTO
rasy Ha HaTOBHX POJIOBHILAX i3 BHCOKHM Ta30BHM (akTopoM. Benmki
kommadii, Taki sk Shell, Air Products, FLEX LNG, SBM Offshore-Linde,
AKTUBHO TPOTIOHYIOTH CBOI pillIeHHs I OyAIBHUIITBA IJIABYYHX 3aBOIIB.

TexHomoriuHi JiHil IUX MPOEKTIB BapilOIOTHCS 33 MPOILYKTHBHICTIO Bij
1,0 ... 4,5 mun. T 3II" Ha pik. He3Bakarouu Ha yCIHiNIHY eKCIUTyaTallilo Ha
npotszi moHay 40 pokiB MOMIOHMX 3a TEXHOJIOTIE0 HAa3eMHHX 3aBOJIIB,
IJIaBy4Yi KOMIUIEKCH CTHKAIOTBCA 3 PAJOM YHIKQIBHHX TEXHIYHHX Ta
TEXHOJIOTYHUX BHKIMKIB, MOB'SI3aHMX 13 3a0e3leuyeHHsSM HaAifHOCTI Ta
Oe3rneKr B MOPChKUX yMoBax. I1nmaBydi 3aBOAM 3i 3piKEHHS TIPHUPOIHOTO
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rasy BHCYBalOTh JKOPCTKIII BHUMOTH JI0 Oe3MeKu 4epe3 IIiIbHE
po3TalryBaHHs BHPOOHMYOI 30HM, BAaHTQXKHHUX MPHUMIIIEHb Ta 30HU JUIS
nepcoHaiy. IIpoctip mis po3milieHHs: 00JialHaHHS Ha TUIABY4OMY 3aBOJI
3HAQYHO MEHIIWH B TMOPIBHAHHI 3 HazeMHMMH oO0'ektamu. OnTHMalbHI
KOHCTPYKILIHI pillIeHHs MaloTh OyTH 30cepe/KeH] Ha MiHiMi3auii po3mipiB
Ta Barn oOJagHaHHA. BOHO TOBHMHHO OyTH CTIHKMM A0 pyXy CyAHa i
BIINOBINaTH HOPMATHBHO-TEXHIYHIA TOKyMEHTalii, $Ka perJIaMeHTye
006’exTH, 110 posmimeni Ha cymri [10, 11]. OxHuM i3 BaKIHBHUX 3aBIaHb Y
MpoeKTyBaHHi Ta OyaiBHUITBI IaBy4dnx 3aBoxiB 31T € ycmimHa iHTerparis
HaanamyOHUX criopyn (IepepoOHMX YCTAaHOBOK Ta OCHOBHHX BHPOOHHYHMX
CHCTeM) i3 KOpIyCOM CyJHa Ta HOr0 3arajJbHOCYIHOBHMH CHCTEMAMH
[12 - 14].

BymiBHHIITBO IUIaByYUX 3aBOJIB Ma€ 3IHCHIOBATUCS 32 MOIYJbHUM
MIPUHITUIIOM, 13 MIHIMaJIbHOIO KUTBKICTIO OJJUHHUIL 00TaHaHHA. MOy IbHU
MiAX1J CHpHUs€ 3MCHIICHHIO KAlliTalbHUX BUTpAT Ta 3a0€3Medye BHUCOKY
sKicTh BUpOOHMITBA. CaMe CyJHO 1 KOMIUIEKC HAAMadyOHHUX CIOPY.
MOXYTb OyJyBaTHCS NapajeibHO, 0 CKOPOYY€ 3arajbHUI Yyac CTBOPEHHS
IUTABYYOTO 3aBOAY HA MICHIIi.

[ponecu BupoOHUITBA, 30epiranHs Ta BinmBaHTakeHHS 31" Ta iHIIOL
MPOAYKIIT MalOTh BIiNMOBINATH CYBOpPHM HOpMaM Oe3meku. TexHoIoriuHi
YCTAHOBKH NMOBHHHI OyTH MakCHMalIbHO O€3MI€YHIMH Ta EKCIUTyaTyBaTUCS 3
MIHIMAJIEHOKO KUTBKICTIO 0OCTYTOBYIOUOTO ITEPCOHATY.

OnHUM i3 TOJIOBHHX 3aBJaHb I1iJ] 4ac eKCIUTyaTallii miaByuux o0’ eKTiB,
o 3abe3neuyloTh BHIOOYTOK, 30epiranHsi Ta TpaHcrnoptyBauus 3I1IT, €
6opoThba 3 edexrom "craommury” (posmieckanus) piaunau. [naBydi cyaHa
MMOBHHHI OYTH CIIPOEKTOBAHI TAKUM YHUHOM, 11100 BUIbHI KOJHBAHHS PiIUHH
M1 yac BUPOOHHUIITBA TA TIOCTYIIOBOTO 3aTIOBHEHHS BAaHTAXXHHUX NMPUMILCHb
He momKo/pKyBaiu ix. Ilpu npomy maroTh OyTu nependadeHi BaHTaKHI
MpUMIIIEHHST Ui 30epiraHHs 3pi[PKEHUX BYIJICBOJHEBHX Ta3iB 1
MOXUJIMBOCTI IX BiJIBaHTaXeHHS Ha cynmHa [15, 16]. Takum mpuminieHHs
NMOBUHHI OYyTH pI3HMX THUMIB 1 00’€MiB, OCKUIBKM CKJIaJ Ta3zy MOXe
3MIHIOBATHUCS 3aJI€)KHO Bijl POJIOBHINIA.

Just 3aBanTakenns 317 Ha cyaHa-ra30Bo3M 3a cXeMO0 «O60pT-0-00pT»
PO3po0IIeHi CHCTEMH, 110 BUKOPUCTOBYIOTh IIApHIPHUH 3aBaHTa)KyBaJIbHUN
pyKaB i THy4KHii KpioreHHHH TpyOompoBsin. BinBantaxxenus "6opt-o-60pt"
MOJKJIMBE JIHIIE 32 YMOBOIO CIIOKiifHOro Mops. Po3poOHuKH moaioHuX
TEXHOJIOTiH TaKOX IPOIOHYIOTh JKOPCTKI CHCTEMH BiJBAaHTAXKEHHSA, IO
N03BOJIsIE 37ilicHIOBaTH TiepekadyBanHs 3II[T B CKIaAHIMNX ITOTOAHHUX
YMOBax.

[Tix gac AeTaabHOTO ONPAIFOBAHHS MPOEKTIB CTHKAIOTHCS 31 CKIaTHUMH
TEeXHIYHMMHU TpoOnemMamu. OpHa 3 HUX NOJArae B IOEIHAHHI Ha
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00MEKEeHOMY MpPOCTOpl TeXHOJIOTil BHUAOOYTKY, MiJrOTOBKH, 3PiIKECHHS,
30epiranss Ta Mopcbkoro tpaHcroptysanHs 31117, o1HOYACHO y3romKyroun
BCI HOpMAaTWBHI JIOKYMEHTH Ta TEXHIYHI pErJiaMeHTH, a TaKoXK
JOTPUMYBAaTHUCh BUMOT Oe31eKH. Y MOBH €KCIUTyaTalii Cy/Ha nependavaoTh
HOTO PYXJIMBICTb, IIJ0 BUHUKAE MiJl 4ac XBHIIOBaHH Mops. Pyx cynHa Moxxe
npmBect a0 ciommHry 3[IIT abo HepiBHOMIpHOTO HOTO pPO3MOIiTy B
€JIEMEHTaX BaHTAKHOI CHCTEMHU, IO 3HWKY€E HAMIHHICTh POOOTH YCTaHOBOK
[17, 18]. Edexr cnommuury 311" y MeMOpaHHUX TaHKax Iij 9ac XUTaBHII
Moske OyTH 3MEHIICHUH 3a JOMOMOTOIO ITOCHICHHS CTIHOK, 3MiHH TeoMeTpil
TaHKIB Ta BCTaHOBJCHHS ICHTPAIBHOI MO3JOBXKHBOI INEPETOPOIKH, SKa
TaK0X BUKOHY€E POJIb JOJATKOBOI ONIOPH I HaananyOHux criopyn [1, 19].

3  OCTaHHBOTO  JECATHJITTS  KOMIIaHiI-pO3POOHUKH  MPOBOAWIIN
MOPIBHSUIbHUI aHANI3 TEXHOJIOTTYHUX NPOLECIB 3p1KEHHS, TPUAATHUX JJIS
iaByyux 3asoniB 3III. BinOyBammcst cnpoOu azantyBaTéd  Bigomi
BEJIMKOTOHHA)KHI TEXHOJIOTIUHI MPOIIECH IO YMOB poOOTH Ha MOpi, a TAKOXK
JOCIIDKYBINACS  ICHYIOUl MPOIECH, TMOB’S3aHI 3 MaJOTOHHAKHUM
BupoOHuuTBoM 3III. YV mpoueci cucremaruszanii 3HaHb Ta JIOCBiAY
eKCIuTyaTarii pi3HuX TexHoJorii BupoOHHuTBa 3III" Oyno BH3HAYEHO
OCHOBHI KpHUTepil BHOOpPY TEXHOJOTIl 3piKEHHS Ta3y: IIPOCTOTa B
eKCIUTyaTallii, MiHiMaJbHa 3aJIeKHICTH Bill MOTOJHUX YMOB, MOXKIHUBICTBH
IIBUKOTO 3aIlyCKy Ta 3yNUHKH, 30epeXeHHs e(eKTHBHOCTI Ipouecy B
IIMPOKOMY Jialla30Hi TeMIIepaTyp JOBKIULIA, BHCOKA €HEProe(eKTHBHICTB,
aJIalTUBHICTH JI0 3MiHM MPOJYKTHBHOCTI, FapHa IPUCTOCOBAHICTh JI0 3MIHH
CKJIaJly CUPOBHMHHOTO Ta3y MiJl Yac MepeBejicHHS BHPOOHHUITBA 3 OJTHOTO
POJIOBMIIA /IO IHIIOrO, MiHIMajdbHAa HEOOXiIHICTH POOOTH 3 MOTEHLIHHO
Hebe3meuHnMHE Xosomoareutam [3, 20].

SIKIIO PO3MIISHYTH NMPOEKTH IUIaBYYMX 3aBOJIB, SKi BXE NMPUIHATI 10
BUPOOHHUIITBA, a00 TakW, 1m0 MepeOyBalOTh Ha CTaiil BIPOBAIKCHHS,
MOXJIMBO BHU3HAYMTH, LIO JIAMPYIOUY TIO3MIII0 Cepell TEXHOJOTTYHHX
NIPOLIECIB 3pI/KEHHsT 3aiiMae a30THO-AETaHJCPHUH LMKI — a30THUH
XOJIOMWIBHAN LMK 13 JBOMA JETaHAEpaMH, J€ 3acTOCYBaHHsS JpPYyroro
JeTaHjgepa  Ha  HIDKYOMY  TEMIEpaTypHOMY  piBHI  HiJBHUIIYE
TEpPMOJMHAMIYHy €(EeKTHUBHICTh TNPOIECY 3aBJSKH 3MCEHIICHHIO Pi3HMII
TeMIepaTyp y mporeci nepeoxoinopxerns 31T

A30THHI XOJIOUIBHUHN LIUKJI MA€ MEpeBard B MOPChKUX yMOBaX — MepIl
3a BCe — MIBUJKUH 3aMyCK 1 3yMMHKA, MaJia KiJbKiCTh 00JIaJHAaHHS, IPOCTOTA
cxeMH Ta 3a0e3medeHHS O€3MeKW 3a BiJCYTHOCTI BYTJICBOIHEBHX
XOJIOIOAreHTIB. A30THMHA INHMKJI JEIICBITUH TIOPIBHAHO 3 IUKIOM Ha
3MIIIAHOMY XOJIOJIOAreHTI, a WOTo JeKijdbKa HIK4Ya EPEKTUBHICTh
KOMITEHCY€EThCSL TIPOCTIIIOI TexHojoriero. KpiM Toro, TexHOJOTiuHE
oOnajHaHHS a30THO-JICTAH/EPHOTO IHPOLECY 3PIPKEHHS  IJIAETHCS
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MOJYJIbHOMY KOHCTPYIOBaHHIO Ta BHT'OTOBJEHHIO 3aBJSIKH KOMIIAKTHUM
pO3MipaMm i BiTHOCHO HEBEIHUKIH KIIKOCTI €JIEMEHTIB.

3a ocranHi poku B iHxgyctpii 3III" 3’saBuimcs HOBI IuiaBydi
perasudikarniiini ycranoBku — Floating Storage and Regasification Unit
(FSRU). Lle moB's3aHO 3 BHCOKOIO BapTICTIO OEperoBHX TEPUTOPIH Ta
MTOCHJICHUMH €KOJIOTIYHIMH BUMOTaMHU B MpHOepexHii 30Hi. Po3mimenHs
MpUiMabHUX TEPMiHANIB Ha MOpi no3Boisie Bigmamutu o6'ektu 31T Bixg
HACEJICHUX ITyHKTIB i CKOPOTUTH TEPMiHHU OyIiBHUIITBA TEPMiHAIB.

IlepeBarm  mmaBydynx  NpUMMaJBPHUX  TEPMIHAIIB  BKIIOYAIOTH:
MiHIMaIIFHUH BIUIMB Ha MPHOEPEk)HY SKOJOTii0, BUCOKHI piBeHBb Oe3IeKH,
MOXJIMBICTh OYAIBHUIITBA CyJHA T4 MOHTaXy HaANAITyOHHX yCTAaHOBOK Ha
onHil Bepdi, 3HWKEHHS KalliTalbHUX BUTPAT Y TMOPIBHSIHHI 3 OeperoBuMu
TepMiHaJIaMH, MOXIIUBICTh IEpEMILIIEHHS TepMiHaia, BUOIp ONTHMaIbHOTO
Micus JUIsi TpOKIaJaHHs TpPyOONpPOBOMAIB 3 ypaxyBaHHSIM iCHYIOYOI
6eperosoi indpactpykrypu [21, 22].

[MnaByunii npuiiMansHuii Tepminai 3aBantaxye 3I1I° 3 TaHkepiB y cBol
pe3epByapu, a 0opToBa perasudikalliiiia yCTAHOBKA BUIIAPIOE 3PiIKCHUMN
ra3 i mojae Horo B MiABOJHMH Ta30NPOBIA Yepe3 CHUCTEMY THYYKHX
KOJICKTOPIB.

Cdepa 3acrocyBanas FSRU posmmproetscs. Ha croromni dotupu
ctheprunnx Tankepa kommaHii Golar LNG Oynu mepeobnaiHaHi B IDIaBydi
MpuiiMalbHI TepMiHAIH, sKi 0a3yroThcs Oinst OeperiB bpasmiii, Apabchkux
Ewmiparis, Itanii Ta CIIA. [IpoTe y miaByyux TepMiHaIIB 3aJIUIIAIOTHCS
mpobeMu, CX03Ki 3 mpobiieMamu miaBy4ux 3aBoiB 3I1I7, Taki sik KOJIUBaHHS
PIIMHM B 4acTKOBO 3allOBHEHMX TaHKaX. Halkpaluumm pilleHHSM JUTs [UX
YMOB 3aJIMIIAIOTHCS ChepruyuHi Ta MPU3MaTHYHI BAHTAXXHI TaHKH.

CyJHa-ra30BO3M TaKOX CTHUKAIOTHCS 3 MiJBHIIEHOK PYXJIMBICTIO Mij
BIUIMBOM IIOT'OJHUX YMOB Ha MODI, IO 301JIbIIIy€E HABAHTAXXCHHS Ha SIKIpHI
CHCTEMH Ta CTBOPIOE HeOe3meKy Iij 4Yac IMIBapTyBaHHS «OOpT-0-00pT».
OmHuM i3 pilleHb € 3aMiHa >KOPCTKHUX 3aBaHTAXXyBaJlbHUX PYKaBiB Ha
amrutitynai cucreMn Amplitude-LNG Loading System (ALLS), sxi €
THyYKUMH  KpPIOT€HHMMHM IIUIAHTaMH Ta  JIO3BOJIIIOTH  IIPOBOJHUTH
pPO3BaHT@XXEHHs B OUIBII CKIAJHUX TOTOMHMX yMoBax. llle oxHMM
pIlICHHSAM € 301JbLICHHS Bard KUTIO IUIaBy4Oro TepMiHaa, IO 3MEHINYe
HOTO PyXJIMBICTB.

3a manumu Baird Maritime, xommanis Hyundai Heavy Industries y
2023 p. yknana KOHTPaKT Ha OY/[IBHUIITBO HOBUX IIJIABYyYHX TEPMIHAIIB JJIst
Hopgerii, mosxuHoto 294 M 1 mupuHOo0 46 M, 3 pe3epByapaMu €MHICTIO
170000 w3 311T.

[IpoTarom ocTaHHIX IBaIIATH POKIB Y CBITi CIIOCTEPIra€ThCS 3pOCTAHHS
BU00OyTKY IPUPONHOIO rasy 3 HeTpaauuiHux mxepen. Lle ras, mo
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JN00yBa€eThCsl 3 IIUJIBHOTO MICKOBUKY, CIIAHIIB 1 BYTUIBHUX IUIACTIB.
Po3ramryBanHs pogoOBHII HETPAIULIHHOTO ra3y CHIBHO BiJPI3HIETHCS Bil
po3TallyBaHHs TPaJULIAHUX POJOBHIN BYIJICBOJAHIB, IO MOXE CYTTEBO
3MIHUTH HalpsIMKH CBITOBOTO €KCIOPTY Ta IMIIOPTY MPHUPOIHOTO rasy.

Binpnr XUTTE3MaTHUMU 3 PO3MIIAYBAaHUX MPOEKTIB HA JTAHOMY €Tarli €
MIPOEKTH 3PiMHKEHHS BYTUIbHOTO rady. Ha manmit MomeHT B ABcTpaiii Ha
PI3HHX CTamisIX TOTOBHOCTiI iCHy€ IU'STh TIPOEKTIB 3pi[HUKCHHS Tra3y 3
BYTUIbHHX IUIACTIB — YOTHPH BEIUKOTOHHAXHUX 1 OZAWH MaJIOTOHHAKHHH.
Bci Bonmn oOynoBaHi 32 OJHIEI0 MOIEIUTIO: BYTUIBHUNA METaH TOOYBAETHCS
Ha KOHTHHECHTaJFHOMY mIenb(i, 3pIIKYeTbCs Ta 10 Ta30NpOBOIY
HampaBisieTbcs Ha Oeperosi Tepminamu 3III. 3a mporHo3amm, cymapHa
MPOXYKTUBHICTh YOTUPHOX OCHOBHUX 3aBoJiB 31" 3 ByrinbHOrO MeTaHy 3
ChOTOJICHHUX 16 MIIH. TOHH/PiK 3pocTe A0 57 ... 58 MitH. T/pik.

Cepen €Bporneiicbkux KpaiH nojbcbka kommaniss LNG-Silesia crinbHO 3
aMepHKaHCbKUMH MapTHEpaMH B JaHMW 4Yac NPUCTyNWiIa 10 peaizariii
MPOEKTY MaJoTOHHaxHOTO BUpoOHMITBA 3III" 3 BMicTOM Metany 97 % 3
BYTUIBHOT'O ra3y NPOAYKTHUBHICTIO 3 THUC. T/pIK.

HesBaxaroun Ha 0e3iu HETpaAWIiHHUX KOMAJIHH y CBITi, iCHye psin
mpobieM, OKpiM eKOHOMIYHUX, 3 SKAMH CTHKAIOThCS PO3POOHUKH
TEXHOJIOTiH 3piIKCHHS CITaHIIEBOTO a00 BYTUIBHOTO Ta3y BUAOOYTOK SKOTO
3IIMCHIOETHCS Ha MIENB(OBHUX POJOBHILAX.

OpHi€r0 3 OCHOBHHX TPyAHOIIIB peanizarii mpoekty 3I1I" 3 ByrimpHOTO
rasy € 3a0e3neyeHHs JOCTaTHBOI KUIBKOCTI CUpOBHHH. it miATpUMaHHS
0JIHaKOBOI TpoayKTHBHOCTI 3aBoay 3III" HeoOXimHO B cTo pa3iB Oinblie
MPOJYKTUBHUX CBEPAJIOBUH HAa METaH-BYTOJbHOMY POOBHILI, HDK Ha
TpamuIiitHoMy. 3a MOoNepeHIMHU OIliHKaMH, 1151 3a0e3nedeHHs 3asony 31T
3 mpoxaykruBHicTio 1,5 ... 4,0 muH. T/pik. mpotsirom 20 pokiB Moxe
3HaobuTucs 6mu3bko 3000 cBepIIOBHH.

ByrineHuii MeTaH 100yBa€eTHCS 3 CBEPJIOBUH 32 YMOBO. HU3BKOT'O THCKY
Ta MoTpedye J0AaTKOBOI KOMIIpecii I oadi 1o TpyOoonpoBoay Ha 3aBOJ
3[II". ByrimpHuWiA Ta3 BITHOCHTBCS IO CWJIBHO 30iqHCHHUX Tra3iB, BiH
BIZIPI3HAETbCS TOBHOIO BIJCYTHICTIO IHIIMX BYIJIEBOJHIB HOPMAaJbHOTO
psamy, SIKI YacTo CyTTEBO MiABUINYIOTH eKOHOMiKy 3III'-mpoexry.
BincytHicTs nerkux ByrieBoaHeBHX ra3iB Cz+y ToBapHOoMy 3III' 3HMKYE
HWOTO TEeIUIOTBOPHY 3MaTHICTh. CKJIaJ JOMIMIOK Y TPUPOAHOMY Tasi
BYTIJIbHHX IUTACTiB MOJKE BapilOBaTUCS B IIUPOKOMY Jialla3oHi, 0 BUMArae
PI3HOIJIAHOBUX 1HBECTHIIH B YCTaHOBKM OYHCTKH Ta OCYIIKH Tas3y.
KomMmepriiitHo mpuBabIMBUM BBaXKAETHCS T'a3 3 BMICTOM METaHy HE MEHIIE
90 %. Hampukiaj, ByriibHUI npupoaHuii ra3 3 ABctpanii micturs 98 %
MeTaHy 1 30BCiM HE MICTHUTh BYTJIEKHCIIOTO Ta3y, IO 3ACHIEBIIOE HOTO
MiATOTOBKY JO 3pifpKeHHs. [Jlesiki BUIU BYTUIBHHUX Ta3iB MAlOTh y CKJIAIl
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JIOMIIIIKK a30Ty, KUCHIO, BOJW Ta BYIJICKHCIOrO Tady. BunmaneHHsS mux
JIOMIIIOK 3 ra3y BUMAarae JOJATKOBHX IHBECTHIIN B YCTAHOBKH OYHCTKH.
Turnogi ckianu ra3y 3 TpaAuLiiHUX Ta MCTaH-BYTIIBHUX POTOBHII] HABEICHI
B TaOJIL.

Tabnuus
TunoBuii ckiaa ByrJIeBOJIHEBOTO Ta BYTUIBHOTO Ta3y
KowMmrmoHeHTi ra3zy Byrnesoanesuid, % Byrinsauid, %
Mertan 83,0 95,0
Byriiekucnuii ras 2,5 3,0
AsoT 1,5 2,0
Etan 6,5 BincyTHii
[Ipoman 3,0 BincyTHii
Byran 1,5 BincyTHii
[lenTanu i BuIIE 0,5 BincyTHii
CipKOBOJICHb 1,5 BincyTHii

TumoBa TexHojNoriyHa cxema BupoOHHHTBa 3III" 3 Trasy 3 BYTiIBHHUX
IUIACTIB MOBHHHA BKJIIOYATH HACTYIIHI MPOLIECH: BUAAJIECHHS TBEPIMX YACTOK
3 Ta3zy, BHAAICHHS KHUCIOTHHX KOMIIOHEHTIB, OCYIIYBaHHS, BHIAJCHHSI
CIIJIIB CIPKH Ta CHOIYK PTYTi, OXOJOIKCHHS Ta 3piKCHHS T'a3y, BUIUICHHI
a30Ty 3 3PiHKEHOrO Tasy.

VY MOpiBHSAHHI 3 TPAIUIIHHOI TEXHOJOTIUHOW cxeMoro 3asoay 31T, B
LOMY BUIIaJIKy BiJICyTHS YCTaHOBKA JIJIs BUAAJICHHS BaKKHX KOMIIOHEHTIB
Ta (hpakLioHyBaHHS. 32 YMOBOIO BUKOPUCTAHHS TEXHOJOTTYHUX MPOLECIB 31
3MIIIaHUMHU XOJIOJI0areHTaM1, KOMIOHEHTH XOJIOJI0areHTIB IMOBUHHI OyTH
IMIIOpTOBaHi Ha IUIaBy4uMid 3aBoj. [IpakTHYHO TIOBHA BIJICYTHICTb
CIDKOBOZHIO y BYTUIBHOMY Ta3i 3HaYHO MOJIETHIYE IIPOIEC BHIATICHHS
KHCJIOTHUX KOMITOHEHTIB, SIKHH, BPEIITI-PELIT, 3BOIUTHCS JJO OUMIIEHHS BiJl
BYTJICKHCIIOTO ra3y [23, 24].

Buno0yTok mpuposHOro rasy 3 BYriIbHUX IUIACTIB HEMHUHYYE NPU3BE/IE
JI0 3MEHILICHHS BUKU/IIB ME€TaHy B aTMocdepy, 1 110 Habararo BakJIWBIlLIE,
CHPUSITUME TTJIBUILICHHIO O€3MEKH! Mpalli Ha 3aXUCTy JOBKLIIS.

MopaynpHa CTpaTeris CHOPYMKEHHS BETUKHX BHUPOOHUYHX OO'€KTIB,
XapakTepHa i1 HaQTOBOI MPOMHCIOBOCTI, 3HAXOIUTh 3aCTOCYBAHHS B
igmyctpii 3III. MonynsHicte Oyna po3pobieHa mijn dac OyIiBHHITBA
menbhoBrx HadroBUX cropyn. CTpaTeris moisrae B TOMy, 1o Oinpina
gacTHHA OyJiBEIbHHX pOOIT BUKOHYETHCS HA 3aBOi, a MmojaibIina 30ipka
TOTOBUX MOAYIIB BiOyBaeThcs Oe3rmocepeIHh0 Ha MOPCHKHX TUIaThopMax.

3aBasiku po3BUTKY 3 cepeanHu 10-x pokiB XXI cromitrst OyniBensHOT
iHAyCTpii, 30KpeMa, 3POCTaHHIO NPOJIYKTHBHOCTI BaHTaXKOIIHOMHHUX
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MEXaHi3MiB Ta OOJagHAaHHS IS TPaHCIOPTYBAHHS BEIUKOra0apUTHHX
BaHTaXiB, MOJYJIbHA CTPATETisl CTaja MOJIIMBOIO TaKOX IS MOPCHKHX
ra3oBUX 00'eKTiB. MoJyJIbHa CTpaTeris BXKE 3acTOCOBYBajacs Ha 00'€KTax
3T -inaycTpil mig gac 6yaisaunTBa B 2022 p. HOPBE3bKOTO 3aBoAy SNohvit
LNG, n'stroi minii aBeTpaniiicekoro 3aBoay 3I1I" North West Shelf B 2023 p.
ta 1-1 minii aBeTpamniiicekoro Pluto LNG B 2024 p.

IcHye mBi OCHOBHI KaTeropii 00'€KTiB, SIKi BHKOPUCTOBYIOTh MOIYIBHY
crparerito. [lo-meprme, e MpPOEKTH 3 CE30HHUMH ab0 TOTOAHUMH
mpobiIemMaMu, SKi BUKIMKAIOTh TPHBAJi MEpioay MPOCTOI0 B OYAiBHHIITBI.
Jlo moromHMX mpoOieM HaleXaTh, HANPHUKIAA, HU3BKI TeMIlepaTypw,
3HaYHUH Opyn Wi dYac Ce30HHOI aKTHBHOCTI MiABOTHHUX Tedili abo
30UIBIICHHST JIBOJIOBOTO IIapy B akBaTopii MOPCHKUX BHIOOYBHHX
mwiatdopm. [To-apyre, 11e MPOSKTH 3 OOMEKCHOIO IUIOICIO OY/IIBHHIITBA,
MIBHUIICHOI BapTICTIO OyIiBEIBHUX POOIT i HEOOXITHICTIO MEPiOAUIHOT
porTarii mepcoHainy.

KoHcTpykuist MOAyJ1iB NOBUHHA OyTH PO3paxoBaHa Ha TPAHCIIOPTYBaHHS
Ta YCTaHOBKY, 10 PIBHOCHJIbHE 3MIITHEHHIO KOHCTPYKIIT LISl eKCIUTyaTawii
B ceficMo-HeOe3neuHiil 30Hi. SIk mpaBmito, MOIyIi MICTITh Onm3bko 60 %
KOHCTPYKIIHHOI cTaui, Ha BigMiHY Bix 25 %, 10 BUKOPHUCTOBYIOTHCS ITiJ] 4ac
OyniBHMLTBAa TpaguUiiiHUMH MeTomamu. lle TMpHU3BOAWTH 11O 3pOCTAHHA
3arallbHUX KalliTalbHUX BUTpaT. KpiM TOrO, 4epe3 po3poOKy MOIYIiB
30UIBITY€THCS 3araJIbHUN Yac MPOeKTyBaHHs. MoTyIbHE BUKOHAHHS TaKOX
CYTTE€BO BIUIMBA€ HAa BUKOHAHHS 3aKyIiBEJb, JIOTICTHKY Ta IUIAHYBaHHS
BCBOT'0 X0y po0iT. Yci i (hakTopH ITOBHHHI BpaXOBYBATHUCH ITifl 4ac BUOOPY
cTparerii OyaiBHUITBA MaByunx 3aBofiB 3I1I". TuM He MeHI, MOy IbHUI
NPUHLIMI  MOXE BHUSBHUTHCS €JIMHUM TPaBWJIBHUM  DILICHHSIM B
eKCTpeMaJIbHUX IIOTOJJHUX YMOBaxX. 30Kpema, BiH TIOBHHEH CTaTH
BU3HAYAJILHUM MPU PO3MILIEHHI 00'€KTIB MaJIOTOHHAKHOTO BHPOOHUIITBA
31T

SIK BUCHOBKM BU3HAUYMMO HAaCTYITHE:

1. [IparHeHHs 10 3HW)KEHHS HETaTUBHOIO BIUIMBY Ha JOBKULIA, IO
3IIHCHIOETBCS 3 OOKY MOPCBHKHX CY/IEH Ta iX €HEpPreTHYHHX YCTaHOBOK, €
OJTHIEIO 3 ITi/ICTAB, SIKi CIPHUAIOTH PO3BUTKY aBTOHOMHHX IIJIABYYUX 3aBOJIIB
3pi/KEHOT0 MPUPOIHOTO rasy.

2. Po3MileHHs mogiOHMX 3aBOJIIB JOLUIJILHO 1034 JBAHAALSTHMUILHOIO
NpUOEPEKHOI0 30HOI0, IO Pa3oM 3 BaHTAKHHMH ONEpalisiIMU J]a€ 3MOTY
BHKOHYBAaTH TEXHOJIOTi14Hi omepamii 3 6aJaCTHIMHU BOJIaMH Ta BOJAMH, IO
MicTATh HadTYy, Bignosigao g0 Bumor MAPITOJL.

3. Haiibinbir  e(heKTHBHOIO CXEMOK KOMIUICKTYBAHHS aBTOHOMHEX
IUIaBY4YMX 3aBOJIB 3Pi/UKEHOTO IPHUPOJHOTO Ta3y € MOIyNbHA, sKa, B
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3aJIKHOCTI BiJl BUPOOHMYOTO 3aBAaHHS, JO3BOJISIE BUKOHYBaTH pi3HI
orepariii 3 BU00yTKY, IepepoOKH Ta IepeBaHTAKEHHS CKPAIICHOTO Ta3zy.

4. BUKOpHUCTaHHS ~aBTOHOMHHMX IUIAaBYYMX 3aBOJIB  3pIIHKEHOTO
MPUPOJHOTO Ta3zy TAKOX CHpUSE MiABHIIEHHIO E€HEPreTHYHOI Oe3rekw,
3abe3nedyroun OuIbII cTiiike Ta Oe3mepebiliHe MOCTayaHHsS 3piHKEHOTo
MPUPOITHOTO Ta3y sIK Jokepena eHeprii. lle ocoOmMBO akTyaiabHO IS
BiJIaJICHUX PETiOHIB Ta paifoHiB 3 00MEXCHUMH MOXIIMBOCTSMH 30€piranHs
Ta TPaHCIIOPTYBAHHS.

5. BukopucraHHs aBTOHOMHHX IUIaBYYHX 3aBOJIB B CHEPIeTHYHOMY
KOMILIEKC] OYIb-KO1 KpalHH 3HIDKYE 3aJICKHICTD BiJI TpaIUIIiiHOT Ha3eMHOT
iHPPACTPYKTYypH, MIiHIMI3YIOUH BHUTPAaTH Ha OYIIBHHITBO CTAaIliOHAPHUX
00'€KTIB 1 CHPOLILYIOUH MPOLEC TPAHCIIOPTYBAHHS 3PiIKEHOTO MIPUPOIHOTO
ray 0 KiHIEBHUX cHoxuBauiB. Lle crpuse po3BHUTKY CBITOBOi Mepexi
MOCTa4YaHHs EHEPropecypciB, MiZBUIILYIOUN FHYYKICTh Ta ONEPATUBHICTD Y
BIJINIOBI/Ib HA 3MIiHHI TOTPEOU PUHKY.

6. MonysbHa CTPYKTypa TakUX 3aBOJIB J03BOJISE IHYYKO alalTyBaTH
0o0JamHaHHSA I PI3HAX BHPOOHMYHMX TMOTPEO, IO MOXKE 3MEHIIUTH
eKCIUTyaTalliifHi BUTpaTH Ta MiABHIINTA €(EKTUBHICTH BHAOOYTKY Ta
00poOku pecypciB. Lle cmpuse 3araipHii eKOJOTIYHIA Oe3lmeku Ta
€KOHOMIYHIH TOUITHPHOCTI Y MOPCHKOMY TPAHCIIOPTY Ta EHEPTEeTHUKH.
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Abstract. Currently, the gas production industry has actively begun to
develop the sea shelf. Currently, large offshore gas fields are being
developed in regions such as the North Sea, the Gulf of Mexico, Australia,
Malaysia and Indonesia. However, the construction of plants that provide
liquefaction of gas directly in the cities of its production requires significant
capital investments, in particular, in marine pipelines through which
liquefied natural gas will be delivered to coastal distribution stations. The
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remoteness of many fields from the coastal infrastructure, the difficulty of
building offshore gas liquefaction platforms, the need to lay underwater
pipelines and storage facilities reduce the profitability of such projects. As
a solution to this problem, the largest development companies propose to
use autonomous marine liquefied natural gas plants. These floating
complexes are vessels or barges equipped with systems for extraction,
purification, drying and liquefaction of gas, as well as cargo spaces for
storage of liquefied natural gas. Floating complexes can be located directly
above the deposit, which avoids the need to lay long underwater pipelines
and minimize infrastructure costs. The construction of such plants is most
expedient to be carried out according to the modular construction strategy,
according to which most of the work is carried out at the plant, and the
subsequent assembly of ready-made modules takes place directly on marine
platforms that ensure gas production in coastal sea areas. The design of the
modules must be designed for transportation and installation, which is
equivalent to strengthening the structure for operation in a seismically
dangerous zone. Modular execution also significantly affects the execution
of procurement, logistics and planning of the entire course of work. All these
factors should be taken into account when choosing a strategy for the
construction of floating LNG plants. The modular principle may prove to be
the only correct solution in extreme weather conditions. In particular, it
should become decisive when placing objects of low-tonnage production of
liquefied natural gas.
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Improvement of the process of preparing cargo
tanks of crude oil tankers for cargo operations

Pe3tome. Posenanymi  numauHa w000 600CKOHANEHHA Npoyecy
ni020MOBKYU 8AHMAIICHUX MAHKIE HAQMOHATUBHUX CYOeH 00 BAHMAICHUX
onepayii. 3aznaveno, wo epexmusHicmv excniyamayii HapmoHarueHux
cyOeH KpiMm Mmpaucnopmuux onepayii, GU3HAYAEMbC MEXHON02IAMU, SKI
BUKOPUCTOBYIOMbCSL NI0 4ac Ni020MoeKU CYOHA 00 NPUtiomMy HOB020
sanmaoicy. OOHI€I0 3 MAKUX MeXHON02TE € iHepMU3ayis 6AHMANCHUX MAHKIG.
Memorw Oocnidxcenv 6yn0 600CKOHANEHH CUCMEMU THEPMHUX OUMOBUX
2asie HaAmMouanueHo20 cyona. BcmaHnoeneno, wjo cymmese CKOpOUeHHs
yacy iHepmuzayii 00cs2a€mMbCsl 34 PAXYHOK KOMOIHOBAHO20 BUKOPUCTNAHHSL
YOMUPLOX NePUEPItIHUX Ma 00HO20 YEHMPATbHO20 CONA Oisi 66€0€HHS
IHEpMHUX 2a31i8 Y GAHMANCHUL MAHK HADMOHAIUBHOZ0 CYOHA.

Summary. Considered issues related to the improvement of the process
of preparing cargo tanks of oil tankers for cargo operations. It is noted that
the efficiency of the operation of oil tankers, in addition to transport
operations, is determined by the technologies used during the preparation of
the vessel to receive a new cargo. One of such technologies is the inertization
of cargo tanks. The aim of the research was to improve the inert flue gas
system of the oil tanker. It was established that a significant reduction in the
inertization time is achieved due to the combined use of four peripheral and
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one central nozzle for the introduction of inert gases into the cargo tank of
an oil tanker.

EdexruBHicTh excruryaranii cyzeH, 10 HpU3HAYEH] Ui MepeBe3eHHs
cupoi HapTH Ta HapTONPOAYKTIB, KpiM TPAHCHOPTHHX OIlepamil,
BHU3HAYAETHCSI TEXHOJIOTISIMH, SIKi BUKOPHUCTOBYIOTBCS IIiJ 9ac MiATOTOBKH
CymHa 10 TpUHAOMYy HOBOro BaHTaxy. OIHIEI0 3 TaKUX TEXHOJOTIi €
iHepTH3allis BaHTAXXHUX TaHKIB, fKa Iepexye OyIb-SKAM BaHTaKHUM
omepamisaM. Y TEeXHOJOTi] YIpaBIiHHS Ta KOHTPOIIO MPOIECOM iHepTH3aIlil
BaHTA)XHUX TaHKIB Ha TaHKEpax iCHye psix Henomikis. [lepmr 3a Bce 10 HUX
BiTHOCSITHCS: BEJIMKA TPUBAJICTH IPOLECY; BIACYTHICTh TEXHIYHUX 3ac00iB
iHTeHcH(iKalil mporecy 3aMillleHHs] aTMOC(epH TaHKY; HEBIANOBIJHICTH
BUMIpIB KOHIIEHTpaLii aTMoc(epH TaHKy Ha BUXOJ pealbHUM 3HaYCHHSIM
ycepeauHi BaHTaxHOro TaHkKy [1,2]. CyKynHiCTh UIHMX HEIOJIKIB
HECIIPOMO)KHA T'apaHTYBaTH BUCOKY €(EKTHUBHICTH INpPOILECy iHepTH3alil
BaHTQ)KHUX IPHUMIIIEHh TAaHKEpa, 3 1€l MPUYMHU MpPOLEC iHepTH3aLil
BaHTa)KHUX TaHKIB HATOHAJIMBHOTO Cy/lHA 3aiiMae 3HAYHUI vac.

CkopodeHHS yacy Ipollecy iHepTH3alii € 3aTpeOyBaHUM 3 €eKOHOMIYHOT
TOYKHA 30py, OCKUTBKM JUIS TaHKepiB 3 pgenseiitom monHax 50000 T
CcKopoueHHs 4acy 3i craHmaptHux 30 rox. mo 20 rog. MoXKe JaTH pidHy
€KOHOMIIO TIanuBa (SKe BHUKOPHUCTOBYETHCS s 3a0e3ledYeHHS pPoOOTH
reHeparopy iHeptHux rasis) 10 90 ... 100 tuc. $ CILA [3, 4].

MopepHizariisi cucremu ineptHoro ra3y (II') tamkepiB mepemdadae
MPOBEJCHHS POOIT 3 JBOX HANpPsMIB: KOHCTPYKTHBHOI 3MIiHM TEXHOJIOTIT
MiITOTOBKM MajMBa B CUCTEMI TeHEpyBaHHs IHEPTHHX Tra3iB Ta
BJJOCKOHAJICHHS TEXHOJIOTIT 1HepTH3allii BAHTQ)KHUX TaHKIB.

OcHoBHI npuHLunu poboru cucremu II' Ha TaHkepax 0a3ylOThCs Ha
CHaJFOBaHHI JIM3€JBHOIO MajuBa B T€HEpaTopi iHEPTHUX AMMOBHUX Tas3iB,
SIKMH € OKpEeMHUM HPHUCTPOEM, II0 HE IOB'SI3aHUH i3 CYyJHOBMM KOHTYpOM
miAroToBKM manuBa. OTpuMaHui TiJ yac (yHKIIOHYBaHHS TeHeparopa
IHEPTHUHM AMMOBHII Tra3 IIcHs TNPOBEJNCHHS HU3KM oOmepanid 3 #Horo
OUMIIECHHS Ta 3HIKEHHS TEMIIepaTypH CIPSIMOBYETHCS JIO BaHTaKHHX
TaHkis [5, 6].

Bignosigao g0 Bumor SOLAS TexHiuHI IMOKAa3HUKH, 3a SKUMH 1[0
MOBMHHI TIOAABAaTUCS 10 BAaHTAXKHUX TAaHKIB Ha()TOHAIMBHUX CyJeH
BU3HAYAIOTHCSl TAKUMH 3HAYCHHSIMM: KOHLEHTpaiis kucHioo B I, mio
MO/TA€ThCSl, TOBMHHA OyTH He Oinbmie 5 %; KOHIEHTpPAIisl KUCHIO Y
BaHTaXXHOMY TaHKY — MEHIIE 3a 8 %; Temmeparypa iHepTHHX ra3iB — MEHIIIe
3a 65 °C [7].

Bucxigauii BUMyIIeHHE pyX aTMOc(epH y BaHTOKHOMY TaHKY 3 HOTO
NOJAJIbIIMM BHAAJICHHSM 3 TaHKY BUKIJIMKA€ThCs Ji€ro cuin 3 6oky 1IN, mmo
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TIOJIA€THCS Y BaHTaKHUN TaHK. L[5 cuia yTBOproeThes uepe3 3MiHy T'yCTHHU
Oararoda3Hoi cyMilli ycepeluMHI TaHKa, a TaKOXK € HAaCHiJKOM
B33a€EMOIIOB'SI3aHUX MIXK COOOIO MPOIIECiB IEPEHECEHHs TEIIOTH Ta Iepeaayi
Macu uepe3 pizHi koHueHtpauii II' Ta atmochepu tanka. TemmeparypHa
cTparudikanis Oararoa3HOro MOTOKY, LIO pyXaeTbcs B Ccymimn 3
aTMocQeporo TaHKa IO BUCOTI BAHTAXHOTO NMPUMIIICHHS, TAKOX € OTHUM 13
(akTOpiB, IO BIUIMBAIOTH HA MIBUAKICTE 3aMillleHHs aTMoc(hepH ycepeTuHi
BaHTa)XHOTO TaHKa [8]. 3a ymoBoro 3Minu Temnepatypu Big 20 °C go 50 °C
ryCTMHA TOBiTps 3MiHI0eThCs Ha 10 % Big 1,2 xr/m® 1o 1,09 kr/m® [9].

B pasi Bu3HAYeHHS T'yCTHHH iHEPTHOTO rasy NpUIHATO BPaxOBYBaTH
BMICT HOTO 4OTHPHOX OCHOBHHMX KOMIOHEHTIB: Byriekucioro rasy COa,
mapiB Boxu H,O, okcuny azoty NO; Ta kucHio O». 3rigso 3 [4, 6, 10] Brutus
TEMIIEpaTypy Ha I'yCTUHY IHEPTHHUX JMMOBHX I'a3iB MOXKHA BPaXxOBYBAaTHU SIK
JIOOYTOK iX TYCTUHHM 32 HOPMaJIbHHX YMOB Ha TEMIIEpPAaTYpHY MOMpPABKY 3a
BUPa3OM:

Gy 273 1+ol, 273

Vi 27347 22,8y, + Mo +Myo, + Mg )+ 273+T "

7€ pir — I'yCTHHA iHEpTHUX AMMOBHX rasis, kr/m°; Gir — 3arajbHa KilbKiCTh
IHEPTHUX JAMMOBUX Tra3iB, IO YTBOPIOIOTBCS il Yac CIATOBaHHS |
KT NanuBa, Kr; Vir — 00'eM iHepTHUX AMMOBHX raszie, M3 T — Temmneparypa
razie, °C; o — koe(illieHT HaJUIMIIKY MOBITPs; Lo — TeOpeTnyHa KiJIbKICTh
MOBITPS, 1[I0 HEOoOXigHa JUIi 3TOpsiHHA | KT mamuBa,  KI/KT;
mco2 + mHZO + mNO2 + mo2 ’

Prr =

KMOJIB/KI — MOJIIDHUH BMICT B 1HEPTHHX
JUMOBHX Ta3aX BYIJIEKUCIOrO rasy, HapiB BOJH, OKCHAY a30Ty, KHCHIO
BIIIIOBITHO.

VY poborax [6, 8, 11] nokasaHo, 110 y pa3i BUMYIICHOT KOHBEKIIi 1MoJIe
Teuii B 3aMKHYTOMY 00cCs3i TiepecTae 3ajexaTH Big MexaHi3MiB
TeIUIoNepeiadi Ta HOTOYHOTo noist Temnepatyp. Lleit gpaxr 6Ge3nocepenabo
BKa3ye Ha JOIUIbHICTh BUKOPUCTAHHS MOJa4yi CTPYMEHIB iHEPTHOTO Ta3y y
BaHTaXXHI NpHUMINIeHHA TaHkKepa. OCHOBHA CIPSIMOBAHICTH JOCIHiIKEHb
MeXaHi3My BUKOPHCTaHHS nojadi ctpyMeHiB II' y BaHTa)XHUH TaHK cyaHa
Mae OyTH npu3Ha4YeHa JUIs pO3B’SI3aHHS 3aBJaHHS 11010 CKOPOYEHHS Yacy
Horo iHepTH3aIlii.

MeTo10 JOCIIKEHHSI € BIOCKOHAJICHHS CHCTEMH IHEPTHHX JUMOBHUX
ra3iB 3a paxyHOK BHMKODHCTaHHS HOBOi TEXHOJIOTil Mojayi CTpyMeHiB
IHEPTHOTO TMMOBOT'O ra3y Y BaHTaXKHI TAHKW Ha()TOHAJIMBHOTO Cy/IHA.

OCHOBHUM 3aBIAaHHSIM JOCIIJKCHHS € BCTAHOBJICHHS CTYIICHS BIUIMBY
rapaMeTpiB Ta30BOT0 MOTOKY (SKi yTBOPIOETHCS T€HEPATOPOM IHEPTHHX
TUMOBHMX Ta3iB) Ha BXOAl B BaHTQXHUK TaHK Ha XapakTep 3MiHHU
KOHIIEHTpalii KHCHIO y arMmocdepi TaHKy. 3a KIHIEBHHA pe3ysbTaT
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pPO3B’SI3aHHSI  LILOTO  HAyKOBO-NIPUKJIQJHOTO  3aBJAHHS  BH3HA4YEHO
CKOpPOYEHHs Yacy iHepTH3alil BaHTa)XHUX MNPUMILICHb HA(TOHAINBHHUX
CYZEH.

OO0'eKTOM JOCHIKEHHsT € Tpolec iHepTu3alii BaHTa)KHOTO TaHKY
HaTOHANMBHOTO CyaHa. [IpeMeToM TOCHIPKEHHS € CUCTEeMa IT'eHepyBaHHs
Ta TOAa4i IHEPTHOTO JUMOBOTO Ta3y.

[Tig gac iHepTH3aIii BaHTaXXHOTO TaHKY rmonxava crpyMeHis II" moBuHHA
OyTH Y3TODKEHOI0 31 MOTOKOM MOBITPS, IO PYXa€ThCS 3 HEBUCOKMMH
MIBUAKOCTAMH BCEPEIHMHI JKOPCTKUX CTIHOK BaHTAXHOTO TaHKY, IO
o0MexytoTh #oro. OCHOBHY 3MiHy JAHWHAMIi4HI  XapaKTEPHUCTHKHU
OaraTtoga3Horo MOTOKY ra3iB Ta MOBITPs OYAyTh 3a3HABATH Y KYTOBHX 30HAX
[2, 3]. 3 wi€l npruKH Ty*)e BXKIUBOIO € ogada ctpyMeHis II" came B s1po
BUCXI/IHOT'O TOBITPSHOTO IOTOKY. Y I[bOMY BHIAJKy BEJIMKOMAacIITaOHi
TypOyJICHTHI BUXOpPU B CEPEAMHI BAaHTAKHOTO TAHKY NPU3BOJUTUMYTbH 10
CKOpOYEHHS Yacy Horo iHepTH3aLil.

Jlye BaXJIMBUM MHUTAHHIM € KUTBKICTh JDKEpE CTPYMCHIB Ha JHUIIEC
BaHTQ)KHOI'O TaHKy Ta KyT O PO3KpUTTs ix ¢akemy. HaiimeHm kytu
PO3KPHUTTS OyAyTh MPU3BOAMUTH A0 MOJOBXKEHHs cTpyMens 1T Ta uepes ue
30LTBITYBaTH 30HY TypOyIi3amii sapa MOTOKY MOBITPS 32 BUCOTOIO TaHKY.
Benuki KyTH BIDIMBaTUMYTh Ha IHTCHCH(]IKAIIO MPOIECy TEIUIo- i Maco
NepEeHECeHHsI, 0COOJIMBO B KYTOBHX 30HaX HIKHBOI YACTHHH BaHTAXKHOI'O
tauky [12].

Ha cragil exkcnepuMEHTANFHOTO BHBYEHHS MpOLECY iHepTh3auii
BAaHTAXXHOTO TaHKYy 3a paxyHOK YAOCKOHaleHHs mnoxadi [T Oyim
BHUKOPHCTaHI TPH TEXHOJIOTIUHI CXeMH, sIKi Moka3aHi Ha puc. 1.

___k | __0_4_.:’_:,__ __o__#_:_:l_
J LL

Puc. 1. CXBMI/I nofadi II" y BaHTaXXHUH TaHK:
a — mepia, 6 — Ipyra, 6 — TpeTs cxemu; | — BaHTa)XHUN TaHK; 2 —
COIIIO ToAadYi ra3iB (po3MilleHO Ha JHUIIE TaHKY); 3 — BUXI1IHUH OTBip
(po3mimmeHo y BepxHii YacTHHI TaHKY)

Ilin 4Yac excrepuMEHTIB BHKOPHCTOBYBAJIOCS TPH OJHAKOBI 3a
MIPOITYCKHOIO 3aTHICTIO COILIA, ajle 3 PI3HUMH KyTaMH PO3KPUTTS 0L KOHYyca
(bakena cTpyMeHst iHepTHHX ra3iB piBHuMu 30°, 60° Ta 90° (puc. 2).
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o= 30° a = 60° o =90°

Puc. 2. [lomava iHepTHHUX ra3iB B BAaHTaXXHI TAHKH 3 PI3HUMH KyTaMA
PO3KPUTTS pakery

Iepma cxema (puc. 1, @) MicTuia Juiie OJHE JDKEPEIO CTPYMEHS 3
KyTOM po3KpuTTsi a.=60° (puc. 2, 6). BoHo po3mimiyBanocs B LEHTpaJIbHIN
TOYIIl THMINA BAaHTAXXHOTO TaHKy. [lpyra cxema (puc. 1, 6) MicTHIa YOTHPH
JDKepeTia CTPYMEHIB iIHepTHHX Ta3iB, SKi pO3MIIIyBalllCh XPECTONOAIOHO Ha
aHAII TaHKy. CoIla BCTAaHOBIIIOBAJIHCA IO JIaroOHajll B YOTUPHOX IIEHTPAX
O/IHAKOBUX TPAMOKYTHHX 30H JHHMINA TAHKY. IXHill KyT PO3KpHTTS st
CTBOPEHHS KOHYCHOTO (hakenry cTtpyMeHs craHoBUB 0.=30° (puc. 2, a). Lei
KyT BHUKOPHCTOBYBaBCSI 3 METOI0 BHKJIOUEHHS B3AaEMHOTO BIUIMBY
ctpymeHiB I ofuH Ha iHIHH 1M1 9ac TX CpsMyBaHHS B 00’ €M TaHKY. TpeTs
cxema (puc.l,6) Oyma kombOinoBana. KinbKiCTh JDKEpen CTPyMEHIB
JopiBHioBana m'sti. Ha novarky mpouecy nopadi II' BukopucToByBanucs
YOTHPH JPKEPElIa, 0 PO3MIIyBAJINCh IO KyTaM TaHKY 3 KyTOM PO3KPHTTS
0=30° (puc. 2, a). Ilig yac 3HMWKCHHS BHXIJHOTO 3HAYCHHs KOHIICHTpAIil
KHCHIO B TIOBITpPI HA TPHUIIATH BiICOTKIB momava II" BizOyBamacs mumre 3
I’ ITOTO — EHTPAILHOTO JPKepelia CTPYMeHs. Y HbOMY BUKOPHUCTOBYBAJIOCS
COIUIO, IO CTBOPIOE KYT PO3KPHUTTS KOHyca ¢akena crpymens a=90°
(puc. 2, 6). 3 moyaTKOM pOOOTH HEHTPAIBFHOTO COIIa BCi KYTOBI JuKepesa
nofavi ctpymenis II" Bigkmoganmcst.

Jlns Bcix Tppox cxeMm mogadi I y BaHTaXHUH TaHK OyJno OTpUMaHO
3aJIOKHICTh 3MIHM KOHIIEHTpAIlii KHCHIO BiJ dacy Wi dYac MpoIecy
iHepTu3anii. BumiproBaHHS TPOBOAMINCS OAHOYACHO HA PI3HUX BHUCOTAX Y
LIECTH BAHTKHUX MTPUMIILEHb.

PesynbraTn MOpIBHSAHHS 31 CTaHAAPTHOIO TEXHOJIOTIEIO IMMOKa3aHO Ha
puc. 3. B 3B’513Ky 3 THM, IO M 4ac MPOBEICHHI EKCIIEPUMEHTIB I'OJIOBHUM
3aBIaHHsM OyB BuOip HaiOLnbm edexTuBHOI cxemu noxadi I, TpuBanicTh
poboTtH razoananizaTopa Oyiaa oOMexeHa IepiogoM O 5 TOIHHI.
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Puc. 3. 3mMiHu KOHIIEHTpAIIiT Puc. 4. 3miHa KOHIEHTpPAIIT KHCHIO Y
KHCHIO Y BaHTXXHOMY BaHT)KHOMY MPUMILICHHI
MPUMILICHHI 32 Pi3HUX KYTIiB HadroHanuBHoro cynua. [lonaua II':
crpymens IT':1 — 60° 1 — crannapTHa; 2 — yAOCKOHAJIEHA,
(cranmapTHa cxema); 2 —30°;3 3 — pO3paxyHOK
—30° Ta 90°

Sk cBimuaTh pe3yabTaTH, IO HABEACHI HAa PHUC. 3, SIKICHUHA XapakTep
IpoLleCy 3MEHIIEHHs KOHIEHTpamii KHCHIO BCEPEAMHI BaHTa)KHOTO
NPUMILNIEHHS. Yy BCIX YOTHPHOX BHIAJKax 3aJIMIIABCS HPAKTHIHO
inenTnuHUM. Lle Bkasye Ha Te, 0 BIUIMB KyTa PO3KPUTTS (hakena CTpyMeHs
II" Ha xapakrep 3amimeHHs aTMoc()epu TaHKa HE € OCHOBHMM 1 IO Ha
IpoIiec BIUIMBAE CTYIHB CTpAaTHU(IKaIil r'yCTHHH 0arato(a3sHoro IMOTOKY
rasiB i MOBITpPsl BCEPEAMHI BaHTAXKHOTO NMPHUMIIIEHHS TaHKepa. Pe3yibratn
IO HaBeleHI Ha puc. 3, TaKOX CBiI4aTh, IO SKICTh POOOTH JPYroi
TeXHOJIOTiYHOi cxemHu mojadi II' y TOpiBHAHHI 3 MepIIo0 CXeMOI0 Kpalle,
ayle HafOiTpIIe CKOPOYECHHS Yacy iHepTH3amii BaHTQXKHOTO MPHUMINICHHS
OyJI0 MOCSATHYTO 3 BHWKOPUCTAaHHSAM TPETHhOI TEXHOJOTIYHOI CXeMHu. Y
TIOPIBHSAHHI 3 BHKOPHCTaHHSAM TpajauniiHoi moxadi II' 3MiHM B Kpamry
CTOPOHY 3a IHIIMX PIBHUX YMOB IIPH3BENIH JO JOJATKOBOTO 3MEHIIECHHS
KOHIICHTpAIlii KHCHIO 3a TOH )K€ Iepio]] iHepTH3allii BAHTaKHOTO TaHKA.

[NopiBHAHHA pe3yibTaTiB BHMIpIOBaHb, IO ONHUCYIOTH BECh MPOILEC
3MIHM KOHIEHTpalii KHUCHIO y BaHTaXHOMY IPHMIIIEHHI TaHKepa 3
BUKOPHCTAaHHSAM YJIOCKOHAJICHOI Ta CTaHJApTHOI TEXHOJOril moxadi
IHEpTHOro razy mnokasaHo Ha puc. 4. Takox Ha puc. 4 HaBeleHO NaHi
TEOPETUYHHMX PO3PaxyHKiB (CyLUIbHA JIiHIS) TIpolecy iHepTH3auii
BAaHTaXXHOTO TaHKa. EKCTieprMeHTaNIbHI 1aHi, 10 IMoKa3aHi Ha puc. 4, Oynu
OTpUMaHi OJHOYACHO, KOJIM TIPOBOJMBCS TpOIEC iHEepTH3ammii JBOX
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IIeHTHYHNX BaHTa)XHUX TaHKiB. [logava ra3y BinOyBanacs 3a CTaHIapTHOO
TeXHOJIOTiYHOI cxemu (puc.l, a) Ta 3 BHUKOPHCTAaHHAM pPO3POOIIEHOT
KOoMOiHOBaHOI cxemi (puc. 1, ).

AHani3 HaBeJeHMX pe3ylbTaTiB MOKa3ye, M0 BUKOPHCTaHHS
ynockoHaneHoi momadi I mpu3BOOMIIO A0 KITBKICHOI, aje He SKiCHOI
PO30DKHOCTI y 3MiHAX Yacy KOHIIEHTpalii KHCHIO yCEepequHI BaHTaXXHOTO
npumimenHs. OTpuMaHa po30LKHICTE MK JBOMa €KCIEPHMEHTAILHUMHU
KPHBHMH CBIAYHUTH NTPO JOCSTHEHHS FOJIOBHOI METH TOCTIKEHb.

BukopucranHs BIockoHaneHoi cxemu nofadi I 1o BaHTa)XHUX TaHKIB
NPU3BOJNUTH J0 OTPUMAaHHS HAWTOJIOBHIIIOTO Ta OCHOBHOTO PE3YJbTATy —
CKOpPOYEHHS 4Yacy, IO BHTpPAdae€ThCs HA IHEPTHU3AII0 BaHTAKHHUX
NPUMILICHb TaHKEpa Tepel] BaHTAXHUMH oleparisiMu. Pesymbrath, mo
HaBeJCHI Ha pUC. 4 NEMOHCTPYIOTh, IO Ha MOYATKY IPOLECY iHepTH3alil
3MiHa KOHIICHTpamii KHUCHIO BigOyBa€ThCS OJHAKOBO HE3AJICIKHO Bif
cnocoby moxadi II'. CyTTeBO pO3XOIPKEHHS MK KPHBUMH ITTOYHHAETHCS
yepe3 80 XB. micist OYATKy MPOLECy iHepTH3allii BAHTAKHUX MPUMILICHb.
3ajexHo Bix crocoOy iHepTu3alii TaHKy KiHIIEBa KOHICHTpallis KHCHIO
BCEpeIMHI HOTO MPOCTOPY BiAPI3HIETHCS — 11 3HAYCHHS Y Pa3i BAKOPUCTaHHS
BIOCKOHAJICHOT CXEMH CTae€ MEHIIe, HDK 3a CTaHJapTHOW0. Buxim Ha
CTalliOHApHE 3HAYEHHsI KOHICHTpalii KHCHIO Y BaHTaXXHOMY TaHKY (IO
nopiBHIOE 8 %), B BUManKy ynockoHaieHoi momadi i II' crmocrepiraerses
mpubim3HO depe3 740 XB. MICIA MOYATKY HPOIECY iHepTH3AMii BAaHTAKHIX
TaHKIB. AHAQJOTIYHA BEJHMYMHA KOHIICHTpAIll 3a YMOBOIO IHEpTH3aIlii 3a
CTaHJAPTHOIO CXEMOIO JOCITAETHCS 3a OUTBIIHIA TMEepioja Jacy. i1 Buxin Ha
CTallioHapHe 3HAYeHHsS cIocTepiraBcs mpuOmm3Ho depe3 1700 xB. micis
MOYaTKy HpOLeCy IHEPTH3aLlil BAHTAKHUX NPUMIILICHb.

[MTix yac mpoxo/KeHHs Hpolecy iHepTu3amlii TeMneparypa BcepeanHi
BaHTA)XHOT'O MPHUMIIIEHHST TaHKepa IIOCTiHHO 3poctae. [Iporec 3MiHM
TeMIiepatypu Ty 4aci t 3a BHCOTOI0 BaHTa)XXHOTO TaHKY H BimoOpakeHuii Ha
puc. 5.

HaBeneHi 3aeXHOCTI BiIIOBIJaIOTh YOTHUPHOM BHMIipIOBAILHIM
TOYKaM, 5K 3HAXOAWIMCh Ha PI3HMX BHCOTaX BaHTa)XHOro TaHka: 0 (Ha
JoHHOT yacTuHi TaHky), 0,25H, 0,5H, H (B BepXHiii 4aCTHHI TaHKY).

3a aHaJIoTi€r0 3 POLIECOM 3MiHHM KOHIEHTPALIl KUCHIO BCEpEIMHI TaHKY
TaKOX CIIOCTEPIraeThes cTabimizalist TeMneparypu arMocepu BaHTaXKHOTO
npuMilneHHs. Pe3ynbraTtd, 10 HaBeAeHI Ha pwuc. 5, CBim4aTh, IO
MIOYMHAIOYH 3 Yacy piBHOTO 960 XB. TeMIiepaTypa Ha BCiX BUMipIOBaIbHUX
PIBHSX Iepecrae 3MiHIOBAaTHCS 1 HA0yBa€e CBOrO CTAI[lOHAPHOTO 3HAUCHHSI.
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Puc. 5. 3mina Temmepatypu atMochepr BaHTaXHOTO TaHKA 3a HOTO
Bucototo H: 1 — 0 (nouna uacrtuna); 2 — 0,25H; 3 — 0,5H; 4 — H (BepxHs
YacTHHA)

[Tix yac mopiBHSHHS pe3yJbTaTiB BUMIPIOBAaHb TEMIIEPATypU Ha BUXOI
3 TaHKy 3a CTaHAapTHOI Ta BJIOCKOHAJIEHOK cxemamu noxadi II' Oyio
BCTAaHOBJICHO, 10 CTA0LTi3allisl TeMIIepaTypy B OCTAHHBOMY BUIIAJIKY TaKOX
Hacrae panime. TemmepaTypHuil rpanieHT, sikid cranoButh —17 °C, y
BUIAJKy BHUKOPHUCTaHHs YJOCKOHAJIEHOI CXeMH iHepTu3alii jocsraBcs 3a
yac MeHmud Ha 38,2 % MOpIBHAHO 31 CTaHAAPTHOIO CXEMOI0 iHepTH3aLil
BaHTAXXHUX NPHUMIIIEHb TaHKEPA.

TexHomorist MPOBEICHHS AOCHITHUIBKAX poOIT Oyna IMOTOoMKEeHa 3
Bi[UILJIOM TEXHIYHOT EKCILTyaTallii Ta MCHEeIPKMEHTY CyTHOIUTABHOT KOMITaHi1
SIKOT HAJICXKUTH CyJHO. BCl 1oCiipkeHHS BUKOHYBAJIUCDH 3 320€3M1eUeHHSIM
sumor MARPOL ta SOLAS [13, 14].

BucHoBku.

1. BukopucToByBaHa HHMHI TEXHOJOTIS 1HEpPTH3alii BaHTAKHHUX
NPUMIIIEHb TAaHKEPIB XapaKTEPH3YETHCS BEITUKOI TPUBAIICTIO Yacy [bOTO
npouecy. s po3p’s3aHHsS 1€l mpoOaemMu 3amporoOHOBAHO IiABHIIUTH
AKICTH TIPOIleCy iHepTH3allii BaHTAXHUX NPUMIIIEHb TAaHKEPYy 3a PaxXyHOK
BHKOPHUCTAHHS YAOCKOHAICHOT M0/1adi CTPYMEHIB iHEPTHOTO Tazy.

2. Ilig wac iHepTH3awii TaHKY Iojada CTPYMEHIB IHEPTHOTO razy Mae
OyTH Yy3rOoJUKEHOI 31 CTPYKTYpPOIO IIOTOKY MOBITpS, IO PYXA€EThCS 3
HEBHCOKMMH MIBUAKOCTSMHM BCEpEIUHI J>KOPCTKUX CTIHOK BaHTa)KHOTO
TaHKy, 110 00MexyroTh Horo. [lyist mporo Oyna po3poOiieHa komMOiHOBaHA
cXxeMma ojia4i iHepTHOTO Ta3y J0 BaHTAXXHOTO TAHKY CY/HA.
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3. 3anponoHOBaHa TEXHOJIOTiS 110/a4i IHEPTHOTO ra3y y BaHTa)KHUH
TaHK 3a0e3redye MONIMIIEHHS TNpolecy iHepTH3alil Ha(TOHAIMBHOIO
CyJHa, IO BiZ0OpaXkaeThCsl B CKOPOYEHHI Yacy, sKiii moTpibeH Ha iforo
MIPOBECHHSI.

4.Tlin 4Yac BHKOPUCTAHHS 3alpPOIOHOBAHOI BJOCKOHAJIEHOI CXEMH
mojadi 1HEPTHHX Ta3iB y BaHTaXHI MPHUMIIICHHS CynHA cTradimi3armis
TeMIepaTypy BCEpEIHHI TaHKY HACTA€ paHille, HIK y pa3i BUKOPUCTAHHS
CTaHOApTHOI cxeMmu. IliNTBep/pKeHHSIM IHOTO € Takii ¢akT, 1o
TeMIepaTypHUil rpafgieHT (akiii cranoBuTh —17 °C) mocsraBcs 3a MEHIITHHA
Ha 38,2% wuac B TOpIBHAHHI 31 CTAaHAAPTHOIO CXEMOIO IHEpTH3aIil
BaHTAXXHUX MPUMILIEHb TaHKEPA.

5. [Mogampmri MOCHIMKEHHS MAalOTh OYTH CIPSAMOBaHI Ha pPO3pOOKY
croco0iB TEexXHIUHOI peaiizaiii po3po0JICHOI TEXHOJOTIl 3aJeKHO Bif
KOHCTPYKILIi TaHKepa Ta TEXHIYHMX XapaKTEPUCTHK CYIHOBOI CHCTEMH
IHepTHHX rasiB.
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Abstract. Considered issues related to the improvement of the process of
preparing cargo tanks of oil tankers for cargo operations. It is noted that the
efficiency of the operation of oil tankers, in addition to transport operations,
is determined by the technologies used during the preparation of the vessel
to receive a new cargo. One such technology is the inertization of cargo
tanks, which precedes any cargo operations. The purpose of the research
was to improve the system of inert flue gases by using a new technology for
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supplying jets of inert gas to the cargo tanks of the oil tanker. The main task
of the research is to determine the degree of influence of the parameters of
the gas flow (which is generated by the generator of inert flue gases) at the
entrance to the cargo tank on the nature of the change in air concentration
in the entire volume of the tank. The final result of solving this scientific and
applied task is defined as a reduction in the time of inertization of cargo
spaces of oil tankers. During the experiments, inert gas was supplied to the
cargo hold according to three technological schemes. The first contained
only one jet source with an opening angle of 60 ¢ which was located at the
central point of the bottom of the cargo tank. The second contained four
sources of jets of inert gases, which were placed in a cross shape on the
bottom of the tank. The nozzles were installed diagonally in the four centers
of the same rectangular zones of the bottom of the tank. Their opening angle
to create a conical jet flame was 30 ° The number of inert gas jet supply
sources of the third circuit was five. At the beginning of the inert gas supply
process, four sources were used, located at the corners of the tank with an
opening angle of 30 © During the reduction of the initial value of the oxygen
concentration in the air by thirty percent, the supply of inert gas occurred
only from the fifth — the central source of the jet. It used a nozzle that creates
an opening angle of the cone of the jet torch of 90 © With the start of the
central nozzle, all corner sources of inert gas jets were turned off. It has been
proven that this scheme ensures the improvement of the inertization process
of the oil tanker, which is reflected in the reduction of the time required for
its implementation.
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Ensuring the process of inertization of cargo tanks
of gas carriers

Pezwome. Haoani pesynomamu 0ocniodxcenv, wodo 3ab6e3neqenHs
npoyecy inepmu3zayii 6aHMAXNCHUX MAHKIE cyOeH-2a30603i8. Busnauerno, ujo
AKICHe npogeoeHHs  Inepmusayii Hemodcauee 6e3  YMGEOpeHHs ma
NIOMPUMANHA Y BAHMAIICHOMY MAHKY NOOLIAIOY020 wapy, AKUU wap
nOnepeoIHCYe CyMIu0ymeopeHHs Midic Napamu 6AHMAdNCY, W0 3ATUMMUTUCD Y
6AHMAJICHOMY MAHKY MA IHEPMHUM 2aA30M, MA GUKOHYE QYHKYII KHOPUIHION
3a 00NOMO2010 K020 30IUCHIOEMbCS GUIMUCHEHHS 3ATUWKIE NAPI6 6AHMANCY
3 8anmadicHo2o mauky. Excnepumenmansno 6cmanoeneni 3Ha4eHHs MUcKy
HASHIMAHHA THEPMHO20 2a3)y 3a AKUM npoyec inepmu3ayii 30IUCHIOEMbCSL 3
HAUKOPOMWUX 4ac 3 OOHOYACHUM 3a0e3nedeHHAM CYYiibHocmi ma
CmIUKocmi noOLAI04020 Wapy.

Summary. The results of research on ensuring the process of inertization
of cargo tanks of gas carriers are provided. It was determined that high-
quality inertization is impossible without the formation and maintenance of
a dividing layer in the cargo tank, which layer prevents the formation of a
mixture between the cargo vapors remaining in the cargo tank and the inert
gas, and performs the functions of a "piston" with the help of which the
remaining cargo vapors are pushed out of the cargo tank. Experimentally
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determined values of the inert gas injection pressure according to which the
inertization process is carried out in the shortest time while simultaneously
ensuring the continuity and stability of the dividing layer.

B TemepimHiit yac mpupoaHUN Ta3 3aliMae JOMIHYIOUy TO3HUINIO cepen
IHIIMX BWJIB nNanuBa B Oaratbox kpaiHax Caity. Ilpuponguumii ras
BUKOPHCTOBYETHCS IBUTYHAX aBTOMOOIJIBHOTO, 3aJII3HUYHOTO T MOPCHKOT'O
TPaHCIIOPTY, @ TAKOXX B CTAalliOHAPHOI €HEPreTUKH Ta U1 3a0e3NedeHHs
moOyTOBHX MOTPEO.

CporosiHi MpUPOAHUIA Ta3 — 1€ TOBap, 110 NPOJAETHCI B YChOMY CBITI,
SIKHA TIOCTadaeTbess abo B Ta3omofiOHOMy craHi (1o TpyOOompoBigHUX
Marictpaiasix), abo B 3pimKeHOMY CTaHI (CHemialbHAMH MOpPCHKAMHU
TaHKepaMHU-Ta30Bo3aMu). SIK MpaBHIIO, OCHOBHI 3aMOBHHKH / CIIOXKHMBaUi
ras3y 3HaXOIAThCS HA BEIMKIN BIICTaHI BiJf HOro pomoBHIIL. Y IIMX BUIMAIKax
METOJ TPAHCIIOPTYBaHH 3pipkeHoro npupoaHoro razy (3I1I°) Mopcekumu
Ta OKEAHCPKUMH LUISIXaMH € OUIbII EKOHOMIYHMM Yy TOpIBHSHHI 3
TpyOompoBinauM. ToMmy, NPHPOIHHA Tra3 y 3pIIPKCHOMY BHIVIAIL
MIEPEBO3UTHCS MOPCHKUM TPAaHCHOPTOM. MOpPCHKI TepMiHaNMM iMIopty Ta
excriopty 3I1I" po3ramoBani npakTHyHO MOBCIOAHO. Ile o3nauae, mo 31T
JIOCTYIHHU TIPaKTHYHO y Oy ab-siKiit Touti cBity [1, 2].

[epeBe3eHHs TPUPOIHOTO ra3y TAHKEPaMU-Ta30BO3aMH 31 CHIOETHCS Y
CHeLiaJIbHUX 130TePMIYHUX EMHOCTSIX, IIPU IIbOMY T'a3 OXOJIOKYETHCS JI0
temrnepatypu —160 ... =165 °C. Came 3a 1ux yMOB BiIOyBa€Thcs Nepexin
ra3y B iKW CTaH 3 OJHOYACHUM 3MCHIICHHSIM Horo obcsry mo 600 pasis.
Konrunenransuumu ninepamu excriopty 3I1I" € kpainu, HaBeneHi y Tabu. 1.

Tabmmms 1
Kpaiuu-migepu 3 eKCopTy 3piKeHOTO IPUPOIHOTO Ta3y
Kpaina 3ana](;: 3611331(]\248%' M) T'eorpadiunnii parion

Agsctpaiis 1600 3axinHa ABcTpais
Karap / Ipan 35000 Ilepcbka 3aToka
Amxup 3500 [liBHiuna Caxapa
Hinepnanau 2100 [liBHiYHE MOpE
Benecyena 850 [TiBniuna Benecyena
CLIA 2300 MekcHuKaHChKa 3aTOKa
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Tankepu anst nepesesennst 3[1IT TpaHCTIOPTYIOTH BeNW4YE3HY KiJIbKICTh
MIPUPOJTHOTO ra3y BiJi TEPMiHAJIB 3PIIKEHHS 10 TEpMiHATIB perazudikarii,
SKi pO3TalllOBaHI B MOPCBKMX MOpTax MO BCBOMY CBITy. Y LHUX HOpTax
BiOyBaeThCs perasudikaiiss razy Ta HOro MOJaiblia JOCTaBKa
cnoxuBauaM. HaiiOinbii perasudikaniiiHi TepMiHanu €Bpomny HaBeIeH! y
Tabm. 2.

Ta6mums 2
Haiibinpmri perasudikaniiiai Tepminanm €Bporu
Kpaina Tepminan 0 1.1(_)1;). Tz}(,;;g’lcl\;f;p};a -
Benbris Zeebrugge 9,0
Benukobpuranist Teesside 4.0
I'pertist Revithoussa 52
Icnianis Barcelona 17,1
ITamis Porto Levante 8,0
Hinepnauau Gate Terminal 12,0
TTonbia Swinoujscie LNG 5,0
[optyranis Sines 7,6
Typeuunna Marmara Ereglisi 6,2
OpaHnris Mg?;g; nDee 10,0

Y 2023 p. MiKHapoAHI MOCTauyaHHs razy TpPyOONPOBOJAMH CKIIAJIN
682 mupa. M3, 3pimkeHoro rasy cyaHamu-razosozamu — 412 mup. m3. Ipu
LLOMY YacTKa 3pi/PKEHOTO ra3y B 3arajibHOMy 00CS3i ITOCTaBOK LIOPIYHO
3poCTae Ta 3a MPOTHO3aMH, IO €, 30iLIbIuThes 10 650 ... 680 mapa. M3 1o
2030 p.

HaBeneni mani miaATBEpIKYIOTh aKTyalIbHICTh PO3BUTKY OKEAHCHKHX
nepeesenb 31T, 1o 3AiHCHIOITECS CyAHAMU-Ta30B03aMH [3, 4].

3piKeHui NpUPOJHUH ra3 € HalKpaIoo (GOpPMOIO ISl IIepeBE3CHHS Ta
30epiranHs razy Ha cynHax. OpjHak, Bce oOnajgHaHHS Juisi 30epiraHHs,
nepenadi Ta BUKOPHCTaHHS Ta3y Mae OyTH CKOHCTpyHOBaHe Tak, HI00
MIOCTIHHO MiATpUMYyBanucst HeoOXigHi KpioreHHi ymoBH. KpiMm Toro, Bci
TEXHOJIOTIYHI omepamii 3 MiArOTOBKM BAHTA)XHUX TaHKIB CYICH IO
tpancnoptyBanas  3III°, 3aBamtaxenns 3IIIC Ha CyaHO-TA30BO3,
tpancrioptyBanHs 3[1I" 3 mopTy 3aBaHTaXEHHsI /10 TOPTY BHBaHTa)KEHHS,
BuBaHTaXeHHA 3I1I°, 3auMIeHHs BAHTAKHUX TaHKIB ITICJI BUBAHTAXCHHS
3II" moBHHHI BUKOHYBATHCS BiIITOBIAHO IO PO3POOJIEHUX PEKOMEHAITIH Ta
3a0e3meuyBaTi KOHCTPYKIIHHY HalilHICTh, TIOXKEXKO- Ta BHOYyX0O0E3MeKy,
€KOJIOTIUHICTh Ta eHeproeeKTUBHICTh. Lle € HeoOXiTHOI BHUMOTOIO IS
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Oe3reyHoro Ta HaaiiHOro (YHKIIOHYBaHHS CyJleH, W0 3a0e3nedyloTh
MIepEeBE3CHHS 3P1IXKEHOr0 rasy.

OO0O0B’SI3KOBHM €TarloM BaHTQXXHUX OIepaliil B HOPTY BHBAHTAXXEHHS
3I1T" € iHepTH3anis TaHKIB. [Ticns 3aKiHYCHHS BUBAaHTAXKCHHS B BAHTAXKHUX
TPIOMax Cy/I€H-Ta30BO3iB 3aBK/I1 3aIMIIAETHCS JCKIJIbKa YaCTHHA BAaHTaXY.
Ie moB’s13aH0 3 HeMUHYYHM TiaBumeHHIM Temueparypu 31T mix wac fioro
BHBaHTaXKeHHA. OHOYACHO 3 1M YacTrHa 3anummkiB 31T, mo mepeBo3uBcs
K BaHTaX, BHUIIAPOBYEThCA Ta (3a BIACTUBOCTAMHM Tra3y) 3aiiMae Bech
BUTHHHI 00CAT BaHTa)KHOTO TaHKa. CamMe Ha ToTepeKeHHS IIboTo eheKTy
CIPSIMOBAHA IHEPTH3ALlisl BaHTA)KHUX TAaHKIB, i/ 4ac SKO1 B HUX 3 THCKOM,
MiABUIICHHM B TIOPIBHSIHHI 3 THCKOM 3QJIMIIKIB MApiB BaHTAXY, HOTAETHCS
iHepTHUIT ra3. JlKepenoMm IiHEpPTHHX ras3iB MOXXYThb OYTH BHIIyCKHI rasi
CYJHOBHX JOIIOMDKHHMX KOTJIIB; Ta3i, LIO TEHEpPYIOThCS B TeHeparopi
IHEPTHHUX Ta3iB MiJl Yac CMAIIOBAHHA B HUX PIJKOTO MauBa; 0€3M0CepeIHbO
XIMiYHO 4HCTi a30T [5, 6]. B nepiuii Box BUmaakax OTpUMaHHS IHEPTHOTO
razy (¢yskuii skoro yrtBoptoe niokcun Byriemto COz) mo’si3aHo 3i
CHaJIOBaHHIM Ha()TOBOTO MaKBa Ta JOAATKOBUM HETaTMBHUM BILUTUBOM Ha
noBkist [7, 8]. B TpethoMy — reHepatopu a30Ty 3a0e3MeuyoTh BUIIICHHS
a30Ty N2 3 MOBITps, IpH LILOMY B aTMOC(EPY MOBEPTAETHCS YUCTHH KUCECHb
O2. 'eHeparopu a30Ty MOXKYTh BXOAUTH JI0 CKJIaay CYZHOBOTO OO JHAHHS
CyAeH-Ta30B03iB. IlocTayaHHs a30Ty B BaHT&XHI TaHKH TaKOXK MOXKe
3nificHroBaTHCs 3 OeperoBux craniiii npuitmanas 3I1T. Leii cmoci6 (depes
Horo OUIBII BUCOKY ITPOIYKTUBHICTh) TAKOK BUKOPUCTOBYETHCS 32 YMOBOIO
CKOPOYECHOI CTOSHII CYyIHA-ra30BO3y Ta IijJ 4ac HEOOXiJTHOCTI CKOPIIIOro
3aJIMIICHHS TIOPTY.

HeoOxiMHOI0 YMOBOIO SIKICHOTO TPOBEJEHHS! MpPOIECy iHepTH3alil
BaHTAXKHUX TAHKIB CyJCH-Ta30BO3IB € 3a0€3MEYCHHS CTIHKOro mapy, o
MOJIJISIE TApH BaHTAXYy, Ki 3aJMIIMINCh B TAHKY, Ta IHEPTHHUH ras, 1IO B
HBOTO ToaeThes (puc. 1).

U A30T, N,
/ A3zor \

Moninarounii map

Puc. 1. YTBOpeHHs NOAUISIOYOro Mapy MiX MapaMu BaHTAXy Ta
IHEPTHHUM T'a30M IIiJ Yac MPOBEJCHHS IHEPTH3allii BAHTA)KHIX TAHKIB
CyIICH-Ta30B03iB
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VY BHUNajgKy HiITPUMAaHHS CTIHKOrO MOAUISAIOYOTO LIApY Y BaHTAKHOMY
TaHKy 3a0e3nedyeThcsi e(EeKT «IOPIIHIO», 4Yepe3 SIKHH 3HiHCHIOETHCS
MIOCTYIOBE, aJie NOCTiiHE BUTHCHEHHS 3JIMILIKIB BaHTaXy. Po3puB oBepxHi
MOJIJISIIOUOTO  IAary CHpUsie HOTPAIUIIHHIO MapiB BaHTaXy 3 HIKHBOT
YaCTHHU TAaHKY B BepXHIO. [Ipy oMy Ha/l HOBEpXHEIO MOIUISIOUOTO MIapy
3MIACHIOETECS YTBOPEHHSI CyMIillli iHEPTHOTO Tra3y Ta IMapiB BaHTAXY,
KOHIICHTpAIlisl SKUX B 3arajlbHOMY 00’€Mi CyMillli IIOCTiHHO KOJMBAETHCS
[9, 10]. Ile 36inbmrye yac iHepTH3allii BAHTAXXHUX TAHKIB, T4 MPU3BOAUTE K
i ABUIICHHIO BUTPATH iHEPTHOTO Ta3y, a TAKOX (depe3 301IbIICHHS BUTPATH
eHeprii Ha TeHepallie IHepTHOTO ra3y) 3HIKY€E CHepPreTHIHY ¢(peKTUBHICTD
mporecy iHepTm3amii. [lizcTaBor0 MOPYMICHHS CYHIIBHOCTI MOAIISIOYOTO
LIapy y BAHTXXHOMY TaHKY MOJKE CTaTH ITiIBUIIIEHUH THCK IHEPTHOTO rasy,
SIKMI TOJTA€THCS B TaHK, ab0 HESKICHWI CTaH iHEpTHOro rasy. B pasy
BUKOPHCTAHHS a30Ty Lie MOXe OyTH HasBHICTb B I'a3i BOJH, sIKa 32 HU3BKOIO
TEMIIEPaTypOI0 IEPETBOPIOETHCS B JIJ| Ta MOXE PO3IpBaTH IOBEPXHIO
MOJIISIOUOro Iapy. 3a YMOBOIO BHKOPHCTaHHS IIOKCHAY BYIJICIIO
CYLUIBHICTh TOBEPXHI MOAIISIOYOTO Iapy Moke OyTH 3pyHHOBaHa 4epes
MEXaHI9Hi JOMIIIKA Ta TBEPIN HE3rOpisli YaCTHHKH, IO BXOASTH 0 CKIIAIy
BUMyCcKHHX ra3is [11, 12].

[IparneHHs NPUCKOPUTH BaHTAXKHI omepanii Ta CKOPOTUTH Yac CTOSHKH
CyJlHa 3MYIIIy€ BUKOHYBATH IIPOLIEC IHEPTH3ALIi]l 3 MAKCUMAIBHO MOXKIMBAM
JUTSL BAHTAXKHOT CHCTEMH THCKOM iHepTHOTO ra3y [13, 14]. IIpu usomy came
MaKCHMaJIbHO MOXIIMBHH THCK IHEPTHOT'O Ta3y, IO MOJA€ThCS B BAHTAXKHI
TaHKH, € EUHAM TIOKa3HUKOM, 10 BKa3y€ThCsl HOPMaTHUBHUX JJOKyMEHTaX,
SIKI PEryJIIOIOTh BUKOHAHHS BaHTaKHMX oreparii. OJHOYacHO 3 MM He
ICHy€ JIOKYMEHTIB, 5IKi BU3HAIOTh KPUTHYHHU THCK B CUCTEMI iHepTH3allil,
nepeOiNbIIeHHs  SKOTO  IPU3BOJAMTH JI0 MHOPYIIEHHS  CYLIbHOCTI
nojinsirouoro mapy. [Ipu npoMy neit Tuck Moxke OyTH Pi3HUIA JUIsi Pi3HOTO
BaHTaXy, a TaKOX /IS Pi3HOI KUIBKOCTI OCTaTOYHOTO BaHTaXy, IO
3aJIMIIMBCS B JOHHOI YacTHMHI BAaHTAKHOTO TaHKY IICJISI MPOBEICHHS
TEXHOJIOTIYHOI onepalii 3 iioro BuBaHTaxeHHs [15, 16].

KoHTpons HasgBHOCTI MOAIISAIOYOTO INApy y BaHTAKHOMY TaHKY
HEMO>XJIMBUM ONTHYHMMH a00 Bi3yalbHMMH 3aco0amMM KOHTPOJIIO, IO
00yMOBIIFOEThCSI HEIIPO30PUM CEPEOBHUILEM BcepearHi TaHKy. CylibHICTh
MOJUISAIOYOTO MIApYy, a TaKoX piBeHb, HA KOMY BIiH 3HaXOIWTHCS B
BaHTAXXHOMY TaHKy MO)ke OyTH BH3HA4YeHI Yepe3 BHMIip KOHIIEHTpAIil
iHepTHOTO Ta3y B 00cs3i Tanky [17, 18]. Bigmosigno no Bumor Komekcy
IMO m1st Ta30B031B, BaHTaXHI TAHKU IIUX CYACH 00OB’SI3KOBO MOBUHHI MaTH
IHAMKATOPU PIBHIO, SIKi BCTAHOBIIOIOTHCS Ha BUCOTAX, IO BiAMOBIIAIOTH
5 %, 50 % Ta 95 % Big moBHoro 00’eMy Tanky [19, 20]. [IpuzHaueHHs KX
IHIMKATOpIB — KOHTPOJIb 3allOBHEHHs 00’€My BaHTa)XHUX TaHKiB. Lli
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IHIMKATOpU 3HAXOZAThCS Oe3nocepenHbO Ha OIYHOT MOBEPXHI TaHKY B
BaHTQ)XHOMY BiAJieHHI cyaHa. KpiM TOro, 10JaTkoBO BCTaHOBIIOIOTHCS
iHAMKaTOpU piBHA, 0 BigmoBimarotb 20 %, 50 % Ta 80 % Bix moBHOTO
00’eMy TaHKy. Bisyami3allis 3Ha4eHb ITUX IHAMKATOPIB BHBEJCHA HA IOCT
YIpPaBIiHHS, IO 3HAXOAUTHCS HA BaHTaXHOI mamyOi cyaHa. OcHOBHE
(yHKIiIOHATBHE MPU3HAYCHHS IUX IHAUKATOPIiB — KOHTPOJIb PIBHOMIPHOCTI
3aBaHTAKEHHS B PI3HMX TAHKAX ITiJ] YaC IIPOBEJICHHS BAaHTAXKHUX OTIEpariii 3
MeTOl0 3a0e3meueHHs CTikocTi cymHa. CaMe depe3 KOMIUIEKCHE
BUKOPHCTAHHS IIMX [JBOX TPyl IHAUKATOPIB MOXIHBHH KOHTPOIb
CYUUIBHOCTI MOINSAIOYOrO MIAPY, 10 3HAXOMUTHCS Y BAaHTAKHOMY TaHKY.
[pu 1bOMY SIK OKA3HHUK, 32 IKUM 3[iHCHIOETHCS [IEH KOHTPOJIb, HEOOXIIHO
00upaTu caMe KOHIICHTPAIIil0 IHEPTHOTO Ta3y.

Jnst migTBEpPKEHHS MOXIMBOCTI TO/AIOHOTO KOHTpPOJIKO Ha CYAHI-
rasoosi 3 BaHTaxomicTkicTio 15314 M®  BHKOHyBaquMCh  HacTymHi
JOCITIIKSHHS.

[Ticns 3aKiHUCHHSI OTepalliii 3 BUBAHTAXKCHHSI BAHTAXy 3a0e3IeuyBaBCs
mpoIiec iHepTH3alii HOro BaHTAKHHUX TaHKIB (puc. 2). 3 LI€0 METOKW Y
BaHTaXXHI TaHKH 6 momaBaBcs a30T Np, sKiif reHepyBaBCs 3a TEXHOJIOTIIO
Pressure Swing Adsorption (PSA) B rereparopi 2.

5 6 7

Puc. 2. InepTu3amist BAHT&XXHUX TaHKIB Cy/I€H-Ta30BO31B a30TOM 3a
JIOTIOMOTOI0 TeXHOJIoTii PSA!:

1 — xomnpecop; 2 — rereparop; 3 — komOiHawist GUITPIB; 4 —
ajicopOLiiiHi cyTMHHU; 5 — BUTpaTOMIip; 6 — MaHOMETp; 7 — MaricTpaib
oJiadi a30Ty; 8 — BaHTaXXHUHU TaHK; 9 — moaustouni map; 10 —
Maricrpajib BUAAICHHS 3JIUILIKIB BAHTaXY
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OtpuMmaHHs a30Ty 3a TexHoJorielo PSA nependayae BUALIEHHS 30Ty 3
TIOBITPSI, SIKe HATHITAEThCSA JI0 reHepatopy 2 kommpecopoMm 1. ['eHeparop
azoty PSA BupoOmisie a30T 32 JONOMOror0 IMPOLECY, SIKMH TOYHUHAETHCS,
KOJIM CTHCHEHE MOBITPSl MPOXOJUTh 4epe3 KoMOiHario ¢GuibTpiB 3 s
BU/IQJICHHS MacTHJIa Ta BOJIOTH, MTOTIM OYHIICHE HOBITPS CIPSIMOBYETHCS B
azcopOLiiHi cyauHu 4, 1110 MICTATH BYTJIeleBl MOJNEKYJISIpHI cuta. Boaa, 1o
3aJMIIUIACS, BYIJIEKHCIWM Tra3 Ta IHION JOMIIIKA  aacopOYIOTBCS
MaTepialioM CcHTa. 32 YMOBOIO BHCOKHMX THCKIB B TEHEpaTopi CHTa
aIcOpOYIOTh KACEHB. A30T BUPOOISIETHCS 3 Oa)KaHOIO YHCTOTOIO, a KHCCHD
npsiMmye Hazan B atMocdepy. ['enepatopu azoty PSA MOXyTb BHPOOIATH
a30T i3 4ucToTOI0 110 99,9995 %, mo myke aKTyalbHO AJS MiATPHMKH
TIOXEXO0- Ta BUOYyX00€3IeKn B BAHTA)KHUX TaHKaX Cy/I€H-Ta30B03iB, & TAKOX
JUISL  TIOTEPEPKEHHS YTBOPEHHS JIbOJOBHX MPOOOK Ta MEXaHIYHUX
3a0pyAHEHb B MaricTPassix, SKHMHU a30T NPSMY€ B BAHTAXKHI TAHKH.

3aJMIIKKA BaHTaXYy, IO BUTICHSIOTHCS a30TOM 3 TaHKY 8, MaricTpauiio
10 cipsIMOBYIOTBCS B IHILIUI TaHK, 200 B IpUIIMabHy OeperoBy MaricTpas.
[oainstounii mwap 9, WO YTBOPIOETHCS B BAHTAKHOMY TaHKY, IONEPEIKYE
CYMIIIIOYTBOPEHHS MapiB 3aJUIIKIB BAHTAXKY (SIKi 3aBXKIH IPUCYTHI B TAHKY
ITICJIST BAHTAXKHUX OMepalliif) Ta iHepTHOTO Ta3y, M0 TMOAA€THCS B TAHK.

KingpkicTh Ta THCK a30Ty, IO TEHEPYETbCS B TeHeparopi 2,
KOHTPOJIIOETECSI 32 JIOTIOMOTOI0 BHUTPATOMIpy 5 Ta MaHOMETpy 6, mIOo
BCTaHOBJICHI Ha MaricTparmi 5. KiibKIiCTh Ta CTaH BaHTaXYy, IO 3HAXOAUTHCS
B BAaHT@KHHUX TaHKaX &, KOHTPOIIOIOTHCS 3a JOIOMOTOI0 IHIMKATOPIB
Cl1...C6, siki Z03BOJISIOTH OJIHOYACHE BU3HAYCHHSI PIBHIO PIIMHU B TAHKY Ta
KOHLEHTpalil MapiB pPEYOBHUHHU, IO 3HAXOJMThCS BCEPEIMHI TaHKY.
KoHTponb piBHIO piiuHM € OOOB’SI3KOBHUM IOKa3HHUKIB TiJ 4ac
3aBaHT)XEHHs Ta BUBAHTAKEHHS 3pIIDKEHOro rady. BusHaueHHs ckiamy
napiB peuOBHHH, IO 3HAXOJUTHCS B TaHKY, JO3BOJISE NIarHOCTYBAaTH SIK
IIpOLIeCcH 3aBaHTaXXCHHS / BUBAHTAXKCHHS, TaKOXK i MIpoLecH
nerasaii / ineptuzanii. [Ipu 1bOMy B 3aJIe)KHOCTI BiJ| THUIy BaHTaxy Ta
cnocoOy iHepTm3alii MOXJIMBO OJHOYAaCHO BHM3HAYEHHS JIO JIECSTH
CKJIa7oBUX (a30T, amiak, OyTaH, BOJICHb, IIOKCHJ BYIJIEItO, 1300yTaH,
KHCEeHb, MeTaH, nponad, npormiieH). OcHoBHi iHgukartopu Cl, C2, C3
3a0e3neuyBaiii KOHTPOJb MOKAa3HHKIB HA PIBHAX, IO BiAMOBiAawTh 5 %,
50 % T1a 95 % Bix 3aranpHOI rTMOMHYU TaHKY. JlomaTkosi inaukatopu C4, CS5,
C6 3abe3nedyBaiy KOHTPOJb MOKAa3HHWKIB Ha PIBHSAX, IIO BiAMOBIJAIOTH
20 %, 50 % T1a 80 % Bix 3araybHOI ITHOWHU TAHKY.

OpnHuM 3 3aBJaHb AOCTIHKEHHS OyJI0 BU3HAYCHHS BIUIMBY THCKY a30Ty
(KM BHUKOPHCTOBYBAaBCS SIK iHEPTHWUH Ta3) HAa CTIHKICTh TMOIISIOUOTO
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apy, 1o Monepe/pKy€e CyMIIIOYTBOPCHHS MapiB BAHTAXY, K1 3aJIHIIIIUCH
B TaHKY, Ta a30Ty, AKUH 3a0e3Meuye mporec iHepTU3aIlii.

[lig gac mociKeHHS BUKOHYBAJIOCH BUMIPIOBAHHS KOHIICHTPALIT a30Ty
B HACTYITHUX KOHTPOJBHHUX TOYKAX BAHTAXKHOTO TAHKY:

na Bucoti 0,05h, 1o Bignosimae 5 % Bijx 3aranbHOI BHCOTH TaHKY h (3a
noroMororo iHaukaropy C3);

Ha Brcoti 0,2h, 1o Binmosigae 20 % Bix 3aransHOi BUCOTH TaHKy h (3a
noroMororo iHgukaropy Co);

Ha Bucori 0,5h, o Bimmosinae 50 % Bin 3aransHOi BUCOTH TaHKy h (32
noroMororo iHaukaropis C2 ta C5);

na Bucoti 0,8h, mio Binnosinae 80 % Bij 3aranbHOi BHCOTH TaHKY h (32
noroMororo iHguKaropy C4);

Ha BucoTi 0,95h, 1o Bianosigae 95 % Bix 3araabHOI BUCOTH TaHKY h (3a
nonomoroto inaukaropy C1) — puc. 2.

BiamoBigHO 0 XapaKTEPUCTHK T'€HEPaTOpy a30Ty, THUCK a3oTy, IO
BHUPOOJIAETHCS B TeHepaTopi, ckinanae 0,7 ... 1,05 MIla 3 pekomeH10BaHUM
(GpaxTyBaIbHUKOM CKCIUTyaTaliinuM pgiamaszoHom 0,8 ... 1,0 MIla. B
3B’S13Ky 3 LUM JIOCHTI/DKEHHS 3 BU3HAYCHHS BIUIMBY THCKY a30Ty, IO
MOTparuisie B BaHTAXHI TaHKA g X iHepTHW3amii, Ha CTIHKICTh Ta
CYHITBHICTE MOAIISAIOYOTO apy BUKOHYBAIUCH 31 3Ha4eHHs p1=0,85 MIla
(sixe mpHtMaIoch K «0a30Be») Ta MOAATBIIOTO MTOKPOKOBOTO 301TbIICHHS
tucky: p2=0,90 MIla, p3=0,95 MIla. TpuBasicTh EKCIEPHUMEHTY CKJIaJana
14 r, (ikcaris 3HaYCHb KOHIIEHTPAIIii 30Ty BUKOHYBAJIACh Yepe3 KOXKHi 2 T.
KoHTposb THCKY a30Ty, IO MOJaBaBCs B BaHTaKHI TAHKH, KOHIICHTPAIIis
a30Ty 3a BHCOTOI0 BaHTAXHOTO TaHKy, & TaKOX 4Yac MPOBEICHHS
BHUMIPIOBaHb 3a0e3MeUyBaBCs 3a JTOMOMOTOK MIKPOKOHTPOJICPHHUX CHCTEM
ympasmiaas [21].

Pesynbrati  gociipkeHh HaBegeHi B Ta0Om. 3 - 5.  [lopiBHSAHHS
pe3ynbpTariB, moO HaBeneHi B Tabm 3,4 Tta pwuc. 3,4, cBimyare, IO
30uIbIIeHHss TUCKY HarHiTanHsa 3 0,85 MIla nmo 0,90 MIla mpuckoproe
IpoleC iHepTH3allii, MPHU IbOMY Yac iHepTH3allil cKopouyeThes 31 14 r 1o
12 r. Take WiABHIICHHS THCKY HE BIUIMBA€ HA CTIMKICTh Ta CYIUIBHICTB
TIOJIJISIOUOTO MIapy, 3a mo cBimunth 100 %-a KOHIEHTpallis a30Ty 3a BCi€l
BHCOTOIO BAHTQ)KHOTO TaHKY.

IMopiBHsAHHA pe3yJsibTaTiB, 10 HaBeaeHi B Tabxn. 3,5 Ta puc. 3,5
cBim4arh, mo 30imbIIeHHs THCKy HarHitanHs 3 0,85 MIla mo 0,95 Mlla
MIPU3BOJNTH JI0 IOCTYIOBOTO PYHHYBaHHS CTIHKOCTI Ta CYIIBHOCTI
nojauIsItoyoro mrapy. lle miATBepIKYETbCS 3MEHIICHHSIM KOHIICHTpAITii
a30Ty B BEpPXHiil YaCTMHM BaHTAXXHOTO TAHKY 3a MEBHHU MPOMDKOK 4acy
(8 ... 10 r). IIpu upomy BimOyBaeThCsi MOCTYNMOBE CYMiLIOYTBOPEHHS Mapis
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3aJIMIIKIB BaHTaxy Ta a3oTy. [Ipomec iHepTH3alii BaHTa)KHUX TaHKIB
MOTIPINY€ETHCS, 10 3MYIIYE BUKOHYBATH HOTO NOBTOPHO, OJJHOYACHO 3 UM
MI/IBUIY€ETHCS BUTpaTa a30Ty, 30UIBIIYIOThCS BHUTpaTH €Heprii Ha iforo
BUPOOHHUITBO 200 OTPUMAaHHS, a TaKOX MiJBUILYIOTHCS CTOSHKOBHH 4ac
eKkcruTyaramii cyaHa. Takok HEOOXiZHO BpaxoBYBaTH, IO 3aJIUIIKH
BaHTaXy, [0 BUTICHAIOTHCS 3 BaHT@XXHUX TaHKIB a30TOM, Y MOAAIBLIOMY
CIIANTIOIOTECSL HA TEpUTOpii OeperoBMX BaHTAXHHUX KOMIUIeKCiB. lle
HETaTUBHO BIUIMBAa€ HA EKOJIOTII0 MOPTOBOI TEpHUTOpii Ta NpHOEpekHOI
aKBaTOPii.

Taommus 3
3MiHa KOHIIEHTpAIIil a30Ty Wi 9ac THCKY HarHiTaHHS p1=0,85 MIla
KoHneHTpariist a30Ty 3a pi3HOI BHCOTOIO BaHT)KHOTO
Yac, T TaHKy
0,95h 0,8h 0,5h 0,2h 0,05h
2 100 34 0 0 0
4 100 68 28 12 0
6 100 84 72 46 23
8 100 100 88 76 58
10 100 100 100 91 81
12 100 100 100 100 100
“Budineno uac, 3a AKuil 3a6epuiycmvCs npoyec inepmusayii.
Tabmuus 4

3MiHa KOHIEHTpAIIi] a30Ty MiJ 9ac THCKY HarHiTaHHA p>=0,90 MIla

KonmenTparist a30Ty 3a pi3HOIO BUCOTOIO BaHTaKHOTO
Yac, r TaHKY

0,95h 0,8h 0,5h 0,2h 0,05h
2 100 62 34 0 0
4 100 82 68 29 0
6 100 100 92 62 42
8 100 100 100 84 72
10 100 100 100 100 100
12 100 100 100 100 100

“Budineno uac, 3a AKuii 3a6epuyemocs npoyec inepmusayi.
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Tabmuus 5
3MiHa KOHLIEHTpALil a30Ty Ii 4ac TUCKY HarHiTaHH:A p3=0,95 MIla
KoHuenTparist a30Ty 3a pi3HOI0 BUCOTOIO BAaHT)KHOTO
Yac, r TaHKYy
0,95h 0,8h 0,5h 0,2h 0,05h
2 100 68 42 24 14
4 100 88 78 56 38
6 100 100 100 62 48
8 100 92 72 52 32
10 88 77 68 42 22
12 75 62 44 32 18

*Buoineno uac, 6 saxuii 6i06y6acmvcsi pytiny6anHs nooilao4020 wmapy.

Jlnis kpainoi Bisyauizaiiii, pe3yibTaTH, [0 HaBeeHi B Ta0i. 3 - 5, momaHi
sk miarpamu (puc. 3 - 5).
Cu:

Ne»
%

100 | — — — —

80 — ] = —
60
40

20 2 '
0 345
2 4 . e 8 I 10 ], 12 furon

Puc. 3. 3miHa KOHIIEHTpAIIIT a30Ty Wi 9ac MiATPUMAHHSI THCKY
HarHiTaHHsA p1=0,85 MIIa 3a pi3HOIO BHCOTOIO BAaHTa)XHOTO TaHKY:
1-0,95h; 2-0,8h; 3-0,5h; 4 —0,2h; 5-0,05h
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Puc. 4. 3mina KOHIIEHTpAIII{ a30Ty IMiJT 9ac MiATPUMAHHS THCKY
naraitarss p2=0,90 MIIa 3a pi3HOO BHCOTOIO BAaHTa)KHOI'O TaHKY:
1-0,95h; 2-0,8h; 3-0,5h; 4 —0,2h; 5-0,05h

4

t, rox
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Puc. 5. 3miHa KOHIIEHTpAIIIT a30Ty Wi 9ac MiATPUMaHHS THCKY
HarHiTaHHA p3=0,95 MIIa 3a pi3HOIO BHCOTOIO BaHTXHOTO TaHKY:
1-0,95h; 2 -0,8h; 3-0,5h; 4 —0,2h; 5-0,05h

[Tix yac mpoBeleHHs! eKCIIEPUMEHTIB BUKOHYBAJIMCh BCI BUMOTH IOJIO
Oe3rneyHol eKcIutyaralii CyZHOBOTO JOINOMDKHOTO OOJaJHaHHS, a TaKoX
BUMOTrd MiKHApOJHOro KoJeKcy 3 MmoOyJOBH Ta OOJaIHAaHHS CYIEH, IO
NepeBo3sTh 3pilkeHl ra3su HanmuBoM Ta BuMorn MARPOL mono
norepeKeH st 3a0pyAHEHHS TOBKiIs [22 - 24].

BukoHaHi J0oCTiHKEHHS TO3BOJISIOTH 3pOOUTH HACTYITHI BUCHOBKH.

1. IHepTH3aIis BaHT2XXHUX TAHKIB MICJI1 BHBAaHTAXKECHHS IEPEBE3CHOTO
BaHTaXXy € 00OB’SI3KOBUM TEXHOJIOTIYHUM IPOIIECOM 3a0e3MEeUYEHHS SIKOTO
MOXJIMBO HISIXOM 3aIOBHEHHS TaHKIB a30TOM, sIKii ab0 reHepyeThcsi Ha
cynHi, ab0 TocTadaeThes 3 Oepery.

2. SIkicHe TIPOBEJICHHS MPOIIECY IHEPTH3AIl1 MOKIHBO JIUIIE 32 YMOBOIO
3a0e3neueHHs CTIKOCTI Ta CYLUIBHOCTI MOIUISIOYOTO 1Iapy, 33 TOMOMOI0I0
SIKOTO TIOTIEPE/KAETCSL CYMIIIOYTBOPEHHSI MK IapaMH BaHTaxy, IO
3aJMIIMBCS B TaHKY IICIS BHMBAaHTaXEHHs, Ta IHEPTHUM Tra3oM, IO
MOJIAETHCS Y BAHTKHHUN TaHK.

3. PekomeHn1oBanuii ppaxTyBaTbHUKOM Jiara3oH THCKY IHEPTHOTO rasy,
110 MTOJIAETHCS B BAHTAKHUHN TaHK JJIS 3a0e3IeUeHHs MPOLecy iHepTH3allii,
He BU3Ha4yae HaOUIbII pamioHaNbHUX 3HAUYEHb — TAKHX, 38 SIKUMH ITPOIIEC
iHepTM3alii MOJMIJIMBO BHUKOHATH 3a HAWMEHIIMH dYac 3 OJHOYACHHUM
MOCTIHHUM MIATPUMAHHSAM CTIHKOCTI Ta CYHUIBHOCTI MOJUISIOYOTO IIapy.
3MEHIICHHS! THCKYy HAarHiTaHHS IHEPTHOTO Ta3y CIIOBUIBHIOE MPOLEC
iHepTH3aii Ta 30inpHIye HOTo TpUBaicTh. 30UTBIICHHS TUCKY HarHiTaHHS
IHEpTHOTO ra3y MPHCKOPIOE iHEPTH3AIiI0 Ta CKOPOUye 4ac ii mpOoBEAEHHS,
aJie TIpyU LbOMY BHHHKa€e HeOe3NeKa pyHHyBaHHS IoAiIaodoro mapy. Lle
MIPU3BOJNTH 10 BUHUKHEHHS CYMIITIOYTBOPEHHS MiX 1HEpTHHUM Ta30M Ta
TapaMu 3aTMIIKIB BaHTaXy Ta 3MYIITy€ BUKOHYBATH MTOBTOPHY iHEPTHU3AIIIO
BaHTAKHUX TAHKIB.
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4. 3abe3neueHHs] HAMKOPOTIIOrO 4acy IHEpTH3alil 3 OJHOYaCHUM
MiATPUMAHHIM CTIHKOCTI Ta CyLUIBHOCTI MOJUISIOUOTO IIapy MOXKIHMBO
LUIIXOM ~ BUKOPHCTAHHS  MIKPOKOHTpOJEPIB, 3a JONOMOIOI0  SIKHX
JIOCSITa€ThCs YIPABIIHHA THCKOM HAarHITaHHS IHEPTHOTO ra3y B 3aJIe)KHOCTI
BiJl 3MiHY HOT0 KOHLIEHTpAIIi] 32 BUCOTOIO BAaHTA)KHOTO TAHKY.
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Abstract. The considered question regarding ensuring the process of
inertization of cargo tanks of gas carriers. It was determined that all
technological operations for the preparation of cargo tanks of vessels for the
transportation of liquefied natural gas, loading, transportation, unloading,
cleaning of cargo tanks after unloading of liquefied natural gas must be
performed in accordance with the developed recommendations and ensure
structural reliability, fire and explosion safety, environmental friendliness
and energy efficiency. As a mandatory stage of cargo operations in the port
of liquefied natural gas unloading, tank inertization is considered - a
technological operation, the necessity of which is connected with the fact
that after the end of unloading, some part of the cargo always remains in the
cargo holds of gas carriers. It is noted that the source of inert gases can be
the exhaust gases of the ship's auxiliary boilers; gases generated in the inert
gas generator during the burning of liquid fuel in them; and directly
chemically pure nitrogen. A schematic diagram of the ship's inert gas
generation system is provided, which, through filtration and adsorption,
releases nitrogen from the air, which is then supplied to the cargo tanks of
the gas carrier. The results of research on ensuring the process of
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inertization of cargo tanks of gas carriers are provided. It was determined
that inertization is impossible without the formation of a dividing layer in
the cargo tank. This layer prevents the formation of a mixture between cargo
vapors remaining in the cargo tank and inert gas, and performs the functions
of a "piston" with the help of which the remaining cargo vapors are pushed
out of the cargo tank. For a gas carrier with a cargo capacity of 15,314 m?,
the values of nitrogen injection pressure (as an inert gas) were
experimentally established, according to which the inertization process is
carried out in the shortest time while ensuring the integrity and stability of
the dividing layer. In order to ensure the shortest inertization time and
simultaneously maintain the stability and integrity of the dividing layer, it is
proposed to use microcontrollers that control the injection pressure of inert
gas depending on the change in its concentration along the height of the
cargo tank.
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Technical diagnostics of ship refrigerators plants
based on fiber-optic technologies

Pesziome. Ob61pynmogano cxemMomexmiune piuenHs 0amyuxy KOHmMpoo
6011020CMi  XNAOOHI8, sKe 3abe3neuumsv IHEAPIAHMHICMb pe3yIbmamis
BUMIPIOBAHHA 00 HEKOHMPOILOBAHUX eKCNIYAMAYIUHUX Qaxmopie ma
00CMamHbO 8eAUKUL eKCHIYAMAayitHuil pecypc. ¥ npononoeanomy 0amyuxy
00HOUACHO 30epediceHi HAOIIHICMb MA NPOCMOMA CXeMOMEXHIYHUX DIULEeHb
damuyuxkie eidomux munie. Pospobreno mamemamuynuii onuc npoyecy
nepemeopenns onmuuyHoi nomyosicnocmi |y oamuuxy. OO0rpynmosano
3aCMOCY8ants CKA 31 WMYYHO20 Canghipy 0N 6U20MOGIEHHS eleMeHmIE
oamuuxy.

Summary. A well-founded schematic solution of the sensor for
controlling the humidity of refrigerators, which will ensure the invariance of
the measurement results to uncontrolled operational factors and a
sufficiently large operational resource. The proposed sensor simultaneously
preserves the reliability and simplicity of circuit solutions of sensors of
known types. A mathematical description of the optical power conversion
process in the sensor has been developed. The use of artificial sapphire glass
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for the manufacture of sensor elements is substantiated.

OCHOBHa CKJIaJIHICTh Y CTBOPEHHI aJ1eKBaTHOT CUCTEMH J[1arHOCTyBaHHS
CXY mnomnsirae y ToMy, IO eKCIUTyaTallis YCTaHOBKH XapaKTE€PHU3y€EThCs
HecTaOUTbHICTIO. [le 0O0yMOBICHE XapaKTEpPHUMH IS MOPCBHKHX CyJIeH
(akTopamu: QIyKTyaIlisl TEeMIIEpaTypH, TUCKY i BOJIOTOCTI HABKOJIHIITHEOTO
CepeNoBHUINa, 3MiHHI HaBaHTAXXyBaJIbHI PEKIMH.

OmHMM 3 HampsAMKiB, IO BH3HAYAIOTH IIJBHIIEHHS SIKOCTI Ta
BiporimHocTi iH(GOPMAIIfHAX CHCTEM MOHITOPHHTY ¥ JiarHOCTYBaHHS
TexHiyHOTO craHy CXVY, € iHTeneKryamizamisi mpomeciB 0o0poOku
JIarHOCTUYHOI 1H(pOpMaIil Ha OCHOBI TEXHOJOTii EKCIEPTHUX CHUCTEM.
CHCTeMH TakKOro THITy JO3BOJIIIOTH 3a0C3MCUUTH IMiIBUIICHHS SKOCTI
pO3Mi3HaBaHHs TEXHIYHOTO CTaHy YCTaHOBKH.

V neit yac BUKOPUCTOBYETHCS it po3polIasieThest 6arato iHpopManiiHux
CUCTEM, METOMIB 1 3ac00iB MOHITOPHMHIY # JIarHOCTYBaHHS TEXHIYHOTO
crany CXVY. Pa3om 3 TuM HeoOXiZHa po3poOKa HOBHUX TEXHOJIOTIH Ta
3aco0iB, sKi 3abe3meuyBanmu O e(eKTHBHE TeXHIYHE OOCITYroBYBaHHS it
PEMOHT XOJOAWIBHOIT TEXHIKH 33 PEAIbHIM TEXHIYHUM CTaHOM.

Haii0inpm e(peKTHBHOIO CHCTEMOIO TEXHIYHOTO OOCIYTOBYBaHHSA W
pemonTy CXYVY B 1eli yac € cuctemMa 3 METOJaMH OpraHi3amii peMOHTY, [0
0a3yI0ThCS Ha IHIUBIAyaIbHOMY CITOCTEPEKECHHI 3MIHH TEXHIYHOTO CTaHY B
IIpoIeCi eKCIUTyaTalil IUITXOM KOHTPOJIO M J[IarHOCTHKH, IPOBEACHHUX Ha
MOCTIHHII OCHOBI IJITMHOM TPHUBAJINX MEPioAiB yacy. Alie, IEBHUM YHHOM,
PO3BUTOK 3rajjaHUX CHUCTEM CTPUMYETHCS HEIOCKOHAIICTIO MATYHUKIB, SIKI
KOHTPOJIOI0TH Tapametpu CXV.

VY icHyHUHMX pealisix OCOOJMBY aKTyalbHICTh 3]100yBac pO3B'I30K
HAYKOBO-TEXHIYHOTO  3aBJaHHs CTBOPEHHS 3aco0iB, 3JaTHHX 3a
pe3yibTaTaMH NPEBEHTHBHOTO TEXHIYHOTO MiarHOCTYBAaHHS BUSIBIISITH
mopymenHss y pobori CXVY Ha paHHIX CTamisX pO3BUTKY W 3amo0iraTu
iXHBOMY IepexoJy B aBapiiiHi curyanii [1].

Y CXVY 3MIHIOETBCSA arperaTHuil CTaH XJAQJOHY B 3aJIe)KHOCTI Bij
TEMIIEpaTypu Ta TUCKY y 3aMKHYTIH cucTeMi, A€ BiH HUpKyItoe. {1 nporo
3a JOMOMOrOI0 KoMmIpecopa (peoH HHM3BKOTO THUCKY Ta TeMIepaTypu
(0,3 ... 0,5 MIlIa, 10 ... 20 °C) cruckaerbes g0 THCKy 1,5 ... 2,5 MIla Ta
HOTO TeMIepaTrypa MmiIBHILY€eThCs mpH 1boMy 10 70 ... 90 °C. [Ipoxoasuun
4yepe3 KOHJEHCATOP, XJIaJOH OXOJIOIKYEThCS 1 TIEPEXOAUTh B PIIKHA CTaH
MiJ BHUCOKAM THCKOM 1 HaIXOIUTh JO KamiisgpHOi TpyOKuW, g€ BiH
BHITAPOBYETHCS 1 IEPEXOIUTH Yy Ta30BUH cTaH. OHIEI0 3 BUMOT IO CUCTEMH,
Jie IUPKYIIOE XJIaJ0H, € MiHIMAIBHUI PIBEHb BOJOIOCTI OCTaHHBOTO (HE
6inpuie 12 mr/xr ¢peony). He BukoHaHHSI Takoi BUMOTH NPHU3BOIUTH IO
BUXOJLy 3 JIa/ly IPHIIaly, OCKLIBKU BOJIOTa IIPY 3aMep3aHHi 3aKyTOPIOE OTBIp
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Kamiisipa 1 He 1a€ MOXIJIMBOCTI (ppeoHy nupKymmoBaTh y cuctemi [2, 3]. Lle
BUMarae 3JIiHCHIOBaTH IOCTIHHUA KOHTPOJb TaKOro Mapamerpy sK
BOJIOTICTb XJIAJIOHY.

BimoMuii naTYMK BOJIOTOCTI Y BUIJISII 1HAMKATOPHOI TaOJICTKH, sKa
po3TamoBaHa Ha CTOWII y Kopmyci. s MOXJIMBOCTI OISy JaTyMKa y
BEPXHIO YaCTHHY KOPITyCy BOYJOBaHO IPO30pE CKIIO 3 TIEPETiKOM KOJIBOPIiB,
SIKi BiZIITOBIIatOTH Pi3HUM piBHAM BojorocTi (puc. 1) [4].

Puc. 1. JlaTumnk BOJOTOCTI XJIQAOHY 3 IHIUKATOPHOIO TaOIETKOO

OCHOBHUMH HEJOJIKaMH HOTO € TOCTaTHBO BEJIHKA MOXHOKA, OCKUTBKA
orepaTop IMOBHHEH MNPOBECTH MOPIBHSHHS KOJIBOPY ONTHYHOTO MOTOKY
BIiZIOUTOrO Bij CEHCOpa Ta TAaOJIUIII BOJIOIOCTi, HEOOXIIHICTh 30BHIIIHBOTO
OCBITJICHHS, 8 TAaKOX BiJICYTHICTh MOXKJIBOCTI MaTH €JICKTPUYHUIN CHTHAI,
SIKAA MOKITUBO BHKOPHCTAaTH B CHCTEMaX aBTOMAaTH30BAaHOTO KOHTPOIIO
pOOOTH CHCTEMH.

Tako BiTOMHUM € TaTYUK, IO MIiCTUTH KOPIYC, Y IKOMY PO3TaIlOBaHa
BIIKpHTa OITOMAapa, MDK eJNEeMEHTaMH $KOi 3aKpilUICHHH ONTHYHUI
YyTIMBHH €JIEMEHT 3 XJIOPHILY KOOAIbTy y BUTJISLAI miacTuru (puc. 2) [5].

OCHOBHMUMHM HEJIOJIKaMHU 3aCTOCYBAaHHS BIJKPUTOI ONTONMAapH y 30HI
HHU3bKHX Ta HJHU3bKUX TEMIIEPaTyp:

MIPUCKOPEHE CTapiHHA Ta Jierpaanis XapaKTEPUCTHK
HalliBIIPOBITHUKOBHX JDKEpeIIa Ta puiiMada BUIIPOMiHIOBAHHS;

HasIBHICTb BiJIKPUTOTO ONTHYHOTO KaHAIY;

HEBEIMKUI poOOUHii pecypc;

HEMUHy4Ya 3MiHa TE€OMEeTpii ONTONApH, XapaKTEpPUCTHK ONTHYHOTO
KaHaJly Ta BIpOT1THOCTI pe3ysbTaTiB BUMIPIOBaHHS IIiJl BIUIMBOM KOJHBAHb
TEMIIEPaTypH XJIaJI0HY;

BIZICYTHICTh KOMIIEHCALii BIUIMBY HEKOHTPOJIbOBAHUX €KCILTyaTaliitHUX
¢axropis.

Crnig 3a3Ha4MTH, IO HEOJHOPA30Bi CNPOOW BHUNPABUTH 3a3HAUYCHI
HEJIOJIKY TIEpeiueHUX NaTINKIB OyJIU HEBIATUMHU.

94



ABTOMAaTH3AIlis CyTHOBHX TEXHIYHHUX 3aCO0IB Bumyck Ne 29

Puc. 2. JlaTynk BOJIOTOCTI XJIaJIOHY 3 BiIKPHTOIO OIITONAPOIO:
1 — onTHYHMI YyTIMBHUIA €IEMEHT 3 XJIOPHUAY KOOAJbTY;
2 — BIIKpUTa ONTOMAapa; 3 — KOPITyC

TakuM 4YHMHOM, HAyKOBO-TEXHIYHa 3a/jada CTBOPEHHS JATYHUKY
KOHTPOJIIO BOJIOTOCTI XJIaJIOHY,fKa 3a0€3MeUnTh JIOCTaTHIO BUPOTiIHICTH
pe3yNbTaTiB BUMIPIOBaHHS, 1HBapiaHTHICTh PE3YJIbTATIB BUMIiPIOBAHHS /IO
HEKOHTPOJIbOBAaHUX eKCIUTyaTaIlitHnX (akTopin Ta BEJIMKUH
eKCIUTyaTalliiHUN pecypc € aKTyalbHOIO Ta JOIIIBHOIO.

Line poboTH mosnsArae y BIPOBA/PKCHHI HOBITHIX 3aC00iB TEXHIYHOTO
JiarHOCTYBaHHS Ul MiABUIIEHHS sAKocTi ympaBiaiaHa CXVY i1 HaxiitHOCTI
(YHKIIOHYBaHHS yCTaTKyBaHHS.

Ob'exToM nocHipKeHHA € TporecH (GopMyBaHHA I THEpEeTBOPEHHS
JIarHOCTUYHOTO CUTHAJTY Y 3aCO0M J1iarHOCTHKHY TeXHiyHOro ctany CXYV.

IMpeamerom  mociipKeHHS €  BOJOKOHHO-ONTHYHI  3aco0u
JliarHOCTYBaHHS TEXHIYHOTO cTaHy poboydoi pedyoBuan CXVY.

Meroau pocmijpkeHHs. Teopernyna dYacTMHa poOOTH BUKOHAaHA 3
BUKOPHUCTAHHSIM: ) CHCTEMHOI'O aHali3y — NP BU3HAYCHHI CTPYKTYPHHUX
3B'SI3KiB MiXK €JIeMEHTaMU 3ac00y KOHTPOJTIO TTapaMeTpiB poO0v0i pedOBHHU
Ta JEKOMITO3HIIii 00'€kTa JOCTIHKEHHS; 0) Teopii ONTUYHUX XBUJICBOIIIB —
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NP BHU3HAYEHHI MEPETBOPEHHS ONTHUYHOI MOTY)XKHOCTI Yy XBHJIECBOJHIM
CTPYKTYpi "CBITJIOBOJ-IIACTHHA"; B) MATEMAaTHYHOTO MOJICTIOBAHHS — IIPU
OTpUMaHHI HaOJKEHOI OLIHKK (YHKIIIOHYBaHHS BOJIOKOHHO-ONTHYHOTO
JIaTYNKa BOJIOTOCTI XJIaJIOHY.

[IpomoHyeTbcs  BHUpIMICHHS — IIOCTaBJICHOT 3ajgadyl  3a  paxyHOK
BIIPOBAJPKEHHSI HOBOTO BOJIOKOHHO-oNTHYHOTrO natunky (BO/I) koHTposo
BOJIOTOCTI XJIAIOHY .

OCHOBY JaT4HKy CKJIaJal0Th BUMIpPIOBaIbHI CBITIOBOIH 3 caripoBOTO
CKJIa T2 TEPMOYYTJIMBA IUIACTHHA 3 XJIOPUIY KOOAIBTY.

CyTh CXEMOTEXHIYHOTO DIIICHHS JaTYHKA IMOSCHIOETHCS KPECICHHSIM

(puc. 3).

3 \2 ~L M \6\S 8 \7

Puc. 3. laTyrk KOHTPOITIO BOJIOTOCTI XMamoHy: 1 — koprryc; 2 — ruiacTuHa 3
XJIOpUY KOOANBTY; 3 — BIAI3EPKATIOIOYHIA Iap; 4 — BOJIOKOHHO-OIITHYHI
CBITJIOBOIU; 5 — po3rayxyBad; 6 — onTHIHIHA (QiabTp; 7 — IHKEpeo
ONITHYHOTO BUIIPOMIHIOBAHHS; 8 — MpHiiMad ONTUYHOTO BUITPOMIHIOBAaHHS

VY koprmyci 1 MicTUTBCS po3ranyxyBad 5, y BIANOBIIHUX TiJKaX SKOTO
posramoBaHi ontuuHi GineTpH 6. KoxkHa rinka posramrykyBada CHOJydeHa
3 BOJIOKOHHO-ONTHYHHUM CBITIIOBOJIOM 4. CBiTJIOBO/IM €3 3a30py CIIOJIyUeHi
3 IUIACTUHOIO 3 XJOpUAy KoOanpTy 2, 3BOpOTHIH Oik siKkoi Mae
Biyzepkamoounii map 3. OnTuyHe BHUIPOMIHIOBaHHS Bl JpKepesa
MOTpAIUIsiE Yepe3 Po3TanyKyBadi JI0 CBITJIOBOJIB Ta MJIACTUHU 3 XJOPUAY
KOOaJIbTY.

[IpoHimoBmy Kpi3k IUIACTHHY BHUIIPOMIHIOBAHHS BiIOMBA€THCS Bij
BiUI3EPKATIOIOUOT0 MIapy Ta IIOBEPTAETHCS dYepe3 CBITIIOBOAM Ta
po3sraryKyBadi 10 puiiMada BUIIPOMiHIOBaHHSI.

BumpomiHroBaHHS Kpi3b po3raiyKyBad Ta ONTHYHI QUIBTPH MOTpAILIIE
JI0 KOXKHOTO CBITJIOBOJAa 31 CBOEIO BIJIACHOIO JIOBXHMHOWO XBwii. Ilicis
MIPOXOy CBITJIIOBO/IB BUIIPOMIHIOBaHHS BinOMBa€ETHCA Bix
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BIJ/I3EPKAIIOI0YOT0 MIapy Ta MOBEPTAETHCS 10 po3ranyxyBada. [Ipu 3miHi
TEMIIEpaTypH XJIaIOHY IJIACTHHA 3 XJIOPHUY KOOAIbTY 3MIHIOE CBIi KOJIip Ta
YMOBH TIEPETBOPEHHsI ONTHYHOI MOTY)KHOCTI y CHOJIy4eHHi "CBITJIIOBOA-
I1acTuHa".

CnomyueHHs: "CBITJIOBOA-IIACTHHA" YTBOPIOE CKJIQJHY ONTHYHY
XBHJIEBOJIHY CTPYKTYpPY. 3TiJTHO 3 TEOpi€lo, pillleHHs piBHSHb MakcBeiuia
J03BOJSIFOTE  TOYHO BH3HAYUTH XBHJIEBOJHI XapaKTEPHUCTHUKH TaKol
cTpyktypu. OpfHaK pIIICHHS MOXHA OJEPXKATH JINIIE YHCCIbHUMHU
METOJaMH, III0 BUMAararoTh 3HAYHOTO 00CTY 00UHCITIOBAIBHIX pooiT. Tomy
JOIIIPHAM € 3aCTOCYBAaHHS TIayCcCOBOTO HAONIDKCHHS, $KE Hamae
MOXIIMBICTh OJCp)KaTH aHANITHYHI BHpPa3W TMPaKTUYHO IS BCIX
XapaKTePUCTHK MOIMIUPECHHS XBIII B ONTUYHOMY BOJIOKHI (OB) 3 moBinEHUM
npodineM nokasHuka 3anomieHus (I1113).

[lepeTBopeHHsT rayccoBOro ITydyka MOJ € rayccoBuM 3a (opmoio, a
MEPETBOPEHHS OJHOPIIHOTO ITyYKa A€ LIHIPUYHUA aHaior (GyHKIIT
sin x/x. IntencusHicth A%(U) AMPPaKUiHHOT CTPYKTYPH OJHOPIAHOTO IMy4Ka
€ MaibKe rayccoBOIO JJIsl 3HAU€Hb Urs, MEHILHX 3a HepIIoro HyJst QyHKIIT
Ji (U rs).

VY Toii ke yac, TaycCOBUI ITyUYOK 3 pajiycoM cepreBuHH p ~ 0,75urs mae
Maibke Taky * IHTEHCHBHICTh TU(pakuiiHOT CTPYKTYpH, SIK OJHOPIIHUIT
ny4oK pagiyca rs. @ynxuis A%(U) e Maife rayccoBoro sl IIyUKiB Pi3HUX
3MIIaPKEHUX MPoQLTiB, MPOMIKHAX MIX OJHOpITIHMM i rayccoBmM. Lle
O3HaYae, M0 Pe3yJIbTaTH ¥ BHCHOBKH, OTPUMaHi JUII TayCCOBOTO ITydKa,
MOXYThb OYTH 3 JOCTaTHBOIO TOYHICTIO 3aCTOCOBHI Jis Oynp-skux OB 3
nositeHuM ITI13 [6].

Skmo rayccoBuil IMydoK Majae neprneHAuKysipHo Ttopuro OB, To
SJICKTPUYHE TOJIE TIPH [IbOMY Ma€ BUTIISIL:

E, =ex _—rz
X = p 2 : ’
I Ps — PO3MIp IUIAMHE TydKa.

Takum yuHOM, E, HE 3aN€KUTH BiJl NAIIHAPUIHOT KOOPIUHATH (P, IO
03HaYa€ MOpyIIeHHs TuUbku MoJ 3 iHgekcoM | = 0 a6o HEim moa. s
OCHOBHO1 MO/TH, TOJISIPU30BAHO1 Y3/I0BXK MO3/I0BXHBOI 0ci OB,

_r2
Vo =F=exp| — |,
2r,

ne Iy = p/\/\7 — po3Mip IUIAMH MOIIH; P — PaJiyC CEpIICBUHU BOJIOKHA; V —

XBI/IJ'IGBOL[HI/Iﬁ napameTp.
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Skmo npudiHATH WO Ni = Ng, TO YaCTUHA TMOTY)KHOCTI IMyYyKa, IO
MOIIUPIOETHCS B OCHOBHIN MOJI1

2
R [ 2psk 1)
P \p2+r?)’
i Ps 0
ae P,— onTH4Ha MOTYXHICTb, IO HaIiIIUIA Bij JUKEepesa BUIPOMIHIOBaHHS;
P;— onTuyuHa NOTYXHICTb, 10 TIOBepHYJIacs A0 (GoTonpuiimaya.

Bupa3 (1) omucye CHiBBIZHOLICHHS ONTHYHHUX MOTYXXHOCTEH IIpH
30ymkerHi OB noxmimmm myykoM. Y nboMy BUTAIKY

2

F(R)J, (kR)eXp(_szfz]RdR

S

n ) .
AN [F2(R)aR

ot— R

Sxmo npu orpumaHi (2) rayccoBHil ITy4OK 3aMIiHHTH OIHOPITHUM 3
paniycoM ps, OEPIKEMO aHAJOTiYHE BUPpaXSHHs 11 cliaboHanpsimHoro OB
31 cxiquactuM [1I13

PO _ 2ps
P\ p:

2

F (R)J, (kR)RdR

O O ‘.',?

[F2(R)dR
0
Ie K — XxBuiboBe 4nciIo.
Posrissaemo
Ps
p
[F(R)J, (KR)RdR =,.
0
Hns ps=p
J (UR)
F(R)=- s 0<R<1,
|( ) J| (U) ﬂnﬂ
K

WR
F (R):%J, (kR)RdR, w1 0 < R < oo,

e U =p(k’n.,>—p?)*> — mapamerp momu B cepuepuni; Ki, Ji — Qynkmii
Beccens.
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Toxi

Ps

1 p
h=JﬂRdR+IMRdR=|3+|4,
23, (U)J, (kR DK, (W), (kR)

l,=3,(U )’1le (UR)J, (kR)RdR, @3)

ne W =p(B?— k?n¢?)*5 — mapamerp Moy B 060IOHIII.
CkopucTaeMocs iHTerpaioMm Bin no0yTky Qyukuiit beccens [6], Tomi (3)
HEPETBOPUTHCS 10 BHIY:

k3 (U)J,,(k)-Ud, (k)I,, (V)

.=
J,(U)(U?-k?)

IS

L K (WR
= #RdR.

2 Ki(W) 3, (kR)

IToBTOpHE 3aCTOCYBaHHs iHTErpaiaM Bif 100yTKy ¢GyHKIii beccens [6]

BU3HAYUTH /4 SIK

I,

R ()3, (k)W (K ) (W,)) (0 (W), (€)W, (K)

! ( 21+k?)p .
Ski1o noBepHyTHCS 10 (1), TO

R (2’ [|3+|4]2_[I3+I4]24p2U2K12(W) 4

R S T Ty T ) R

Bupa3 (4) BpaxoBye HaWOINBII 3arajJbHUH BHUMAJOK IOPYIICHHS
XBHJIEBOMY. SIKIIO pO3MIsAAaTH CHIBBICHE pO3TAlIyBaHHS IIydka it
0JTHOMOZIOBOT'O XBHJIEBO/IY, TO BUIIJIMBAE, 10 Oy1e nopymena Tiibku HE 11 —
Moxa i 0 = ks = k = 0. IlpuiAHATTA UUX OOMEKEHb MPHBOIMTH 0
nepeTBOpeHHs (4) 10 BUIIIALY, 38 YMOBH Ps = P!

el ey

Skmo npunyctutd [6] ro = p (21InV)?1, To rayccose HabnukeHHs
J03BOJIUTh MomudikyBatn (5) Ta OTpUMAaTH BUpa3, IO OIMHUCYE TPOIEC
mepenadi ONTHYHOI TOTYKHOCTI Mk OB Ta mimacTHMHOIO 3 XJIOPHIY
KOOAIBTY:
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2
R _(2mV)(v-1)°* ©
R v?
I'padiuna 3amexnicTs (6) HaBeneHa Ha puc. 4.

i

P,

08 —

’ —
0,7 / T —

0,6

0.5 /
04

0,3 /
0,2 /

0,1

Puc. 4. 3anexHiCTh YaCTKH ONTHYHOTO BUIIPOMIHIOBAHHS, IO BTPAYa€THCS,
BiJl XBHJIEBOJTHOTO ITapaMeTpy

Amnari3 3anexxHocTi (puc. 4) CBIIUUTH PO TOCTATHIN I pO3B'sI3yBaHHS
3aj71a4i KOHTPOJIIO BOJIOTOCTI XJIaJ0HY poOOoUiil fiana3oH y OJHOMOJIOBOMY
peXUMi poOOTH JaTYMKa Ta PiBEHb 4y TIMBOCTI.

OHOMOJIOBHI peXXuM 00paHO 3 MipKyBaHb BHKJIIOYEHHS HETaTUBHOTO
BIUIMBY MiXkMoJ0Boi mucmepcii y OB. MixmomoBa mucmepcis 3HAYHO
obMexye iHpopMaIlifHy TPOMYCKHY 37aTHICTh YChOTO BHUMIPIOBAIEHOTO
TPaKTy i 3MYIIYE BHUKOPHCTOBYBATH HHU3bKOE(EKTUBHI
cBiTnoBunpomintorodi mioan (CBJI) sk mxeperna BUIPOMiHIOBaHHS.

Kpim Toro 3acTocyBaHHS KOPITYCY Ta BOJIOKOHHO-ONITUYHUX CBITIIOBO/IIB
31 ITy4HOTO candipy, 3abe3neyars:
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IHBapiaHTHICTh pPE3yJbTaTiB BUMIPIOBAHHSI /0 HEKOHTPOJILOBAaHHX
eKCIITyaTallifHuX GakTopis;

JIOCTaTHBO BEJMKHUI eKCILTyaTaliitHuil pecypc;

MOXIJIMBICTh JIETKOI 3aMiHM €JIEMEHTIB Ta KaliOpyBaHHS JaT4uKa
B3araii.

CrBoperns BO/I, Ha ocHOBiI ckia 3i mWTy4HOTO camdipy, JO3BOIUTH
OTPUMATH 3aci0 BUMIpIOBAaHHS, SIKUI € iIHBapiaHTHUM J0 HEKOHTPOJIBOBAHUX
BIUIMBIB JecTabinmizyrounx (akTopiB Ta Ma€ JOCTaTHIO YYyTIHMBICTH [0
KOHTPOJILOBAaHMX MapaMeTpiB. 3aCTOCYBaHHA TaKOro 3aco0y CIpHATHME
oprasizanii HOCTIHHOTO Ta JOBrOTPHBAIOTO KOHTPOJIIO TEXHIYHOTO CTaHy
pobounx pedoBuH CXVY.

3aci0 BHUMIpPIOBAaHHS 3alpONOHOBAHOI KOHCTPYKWii Ma€ MeBHI
0OMEKEHHS II[OJI0 CBOTO 3aCTOCYBaHHSA. ['OJIOBHE 3 TaKUX OOMEKEHb
BITHOCUTBCS JIO MEXaHIYHOi cTifikocTi. ToOTO BOJOrOMIp MOXKE
3a0e3neunTH OTpUMaHHs BiporinHoi iHQopmanii B ymMoBaXx KOJH He
BinOyBaeThcsi pyHHAIiss HOro eJeMEeHTIB MiJ BIUIMBOM  YAapHUX
HaBaHTa)XEHb. BpaxoByl4n 0COOIMBOCTI KOMIIOHOBKU Ta 3aCTOCYBaHHS
BOJl ™MoxHa 3a3HAYUTH, IO HAMOLIBII BPA3JIMBHM CIIEMEHTOM €
BOJIOKOHHO-OIITHYHI KOHEKTOPH 3B SI3KY.

3 OoriIagoM Ha MOXKIHMBOCTI, OOMEXEHHS Ta HEIONIKH, PO3BHUTOK
JOCITIKSHHS M€ HOJIATATH y:

noJanbIIoMy BIockoHaneHi mojeni BO/I, sika 103BOJIMTH BpaxoBYBaTH
Outbie  (pakTOpiB, M0 BIUIMBAIOTh HA MOXJIMBICTH 3AIHCHIOBATH
OesrniepepBHUI MOHITOPUHT cTaHy poOounx pedoBuH CXY mpotsirom
TPUBAJIMX TEPMIHIB Uyacy;

MOIIYKaX aJbTEPHATUBHUX CKJIIOMATEpialiB 3 OUIBII JOCKOHATUMH
(hi3UKO-MEXaHIYHUMHU BJIACTUBOCTAMH JUISi CTBOPEHHS BUMIpPIOBAJILHOTO
3aco0y [7, 8];

ontumizamii koHCcTpykmii BOJl 3a kpuTepisMH TOBrOTpHBaiOl
HaaiiHOCTI Ta tBHakoii [9, 10].

VY BigmoBigHOCTI 10 CcHOPMyIBOBaHOI 3a1adi 3alPONOHOBAHO HOBE
cxemoTexHiuHe pimeHHs BO/l. 3aBnsku 3aBaJOCTIHKOCTI 1O BIUIUBY
excryaraniinux JI® mpu 3xaificHeHHI MOCTIMHOTO Ta JOBrOTPHBAJIOTO
JIarHOCTYBaHHS Ta MPOTHO3YBAHHS TEXHIYHOI'O CTaHy POOOYMX pPEUOBHH
CXY. Ha BigMiny Bix icHyroumx, 3anponoHoBanuii BOJl cnpomoxHUiA
MiABUIUTH TOYHICTh BUMipOBaHHSA. EXCIUTyaTaIriiiHi MOKa3HUKU JaTYHKa
OyJl0 eKCIepHMEHTAJILHO TinTBepiukeHo. Kpim Toro, Oyim mpoBeneHi
eKCIIEpUMEHTaIbHI BHNPOOYBaHHS B Jiama30Hi BiZHOCHOI BOJIOTOCTI
20...60% gmns  momanpmiol  mepeBipKH  epeKTHBHOCTI  KOMOIHAMIT
3aMpoTIOHOBAHOTO 3aco0y 3 aHAIOTIYHMMHU. BigXWiIeHHS BeIMYUHU
ONITHYHOI MOTYXHOCTI 32 MEXAMH 33aHOTO CTATUYHOT'O THCKY HE3HAYHE Ta
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3HAXOJMTHCS B MEKAX CTATUCTHYHOI HOXHOKHU. Takoro pe3ynbTaTy BAAIOCS
JOCATHYTH 3a PaxyHOK TOro, 1o 3ampornoHoBanuii BOJl mae niHiiiHy
PEaxIiro Ha 3MiHY BOJIOTOCTI KOHTPOJILOBAHOTO CEPEIOBHIIIA.
Brpoamxennst HoBoro BO/] Boorocti XJ1aoHy TO3BOJIHUTH MiBHUIUTH
sikocTi ynpasininag CXY it HaziliHicTh QyHKIIOHYBaHHS BCTaTKYBaHHS.
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Abstract. One of the directions that determine the improvement of the
quality and reliability of information systems for monitoring and diagnosing
the technical condition of ship refrigerating installations is the
intellectualization of diagnostic information processing processes based on
the technology of expert systems. Systems of this type make it possible to
improve the quality of recognition of the technical condition of the
installation. The most effective system of technical maintenance and repair
of a ship's refrigerating installation at this time is a system with methods of
organizing repairs based on individual observation of changes in the
technical condition during operation through control and diagnostics
carried out on a constant basis over long periods of time. But, in a certain
way, the development of the mentioned systems is restrained by the
imperfection of the sensors that control the parameters of the ship's
refrigeration unit. The goal of the work is to introduce the latest technical
diagnostic tools to improve the quality of the management of the ship's
refrigerating installation and the reliability of the equipment's operation.
The object of research is the processes of formation and transformation of a
diagnostic signal in a means of diagnosing the technical condition of a ship's
refrigeration unit. The subject of the study is fiber-optic means of diagnosing
the technical condition of the working substance of a ship's refrigeration
unit. It is proposed to solve the given problem due to the introduction of a
new fiber-optic sensor to control the humidity of the refrigerant. The basis
of the sensor consists of measuring optical fibers made of sapphire glass and
a heat-sensitive plate made of cobalt chloride. The creation of a fiber-optic
sensor based on artificial sapphire glass will allow obtaining a measuring
tool that is invariant to the uncontrolled effects of destabilizing factors and
has sufficient sensitivity to controlled parameters. The use of such a tool will
contribute to the organization of permanent and long-term control of the
technical condition of the working materials of the ship's refrigeration plant.
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Improvement of the adaptive mirror of ships
optical location stations

Peztome. OOrpynmosano cxemomexniume piwleHHs AOANMUEHOZO
03epKana CcyOHO80i ONnmMuKo-1oKayiinoi cmanyii. Y npononosanomy
03epKani 6i0cymus He0OXIOHICIb KOPEeKYIUHUX Oitl 3 NIOMPUMKU ONMUYHUX
sracmusocmell 6CIX eleMeHmi@ JIH3U Ni0 GNIUBOM eKCNLYamayiuHux
YUHHUKIG, PO3WUPEHUT OIaNA30H PEANCUMIE POOOMU 1l OOHOUACHO MONCTUBA
He3anejcHa  3MiHa — ONMUYHUX — GIACMUBOCMEU  DI3HUX  NOGEPXOHb.
Obtpynmoseano  3acmocysanms Hiobamy Aimil0 04  6USOMOBIEHHS
eemenmie 03eprana.

Summary. The schematic solution of the adaptive mirror of ship optical
location stations is substantiated. In the proposed mirror, there is no need
for corrective actions to maintain the optical properties of all lens elements
under the influence of operating factors, the range of operating modes is
expanded, and at the same time, independent changes in the optical
properties of various surfaces are possible. The use of lithium niobate for
the manufacture of mirror elements is substantiated.

Jlazepm  CymHOBHX  ONTHKO-JIOKAI[iIHHUX  CTaHIid  MailoTh  psf
crienupiYHIX BigMiHHOCTEH, OOYMOBIICHHMX CIIIBBITHOIIEHHSAM TE€OMETpIi
pe3oHaTopa Ta TOBXKMHOKO XBWJII BUIIPOMIHIOBAaHHS. 3BUYAHO TIOTIEPEYHUIH
repepi3 pe3oHaTopa IMHX JIa3epiB BiIPI3HAETHCS BiJ JOBXKHUHH XBHIII
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NpUOJIM3HO HA JBa MOPSIKHU. Y TaKUX Jla3epax 3aCTOCOBYIOTHCS pPe30HATOPHI
€IEMEHTH  XBWJIEBOJAHOrOo THIy. Jlis BHBOLY  BUIPOMIHIOBaHHS
BUKOPHCTOBYIOTBCS 4YacTKOBO MPO30pi BHXigHI J3epkana. DizudHO
J3epKalla peai3yloThCsl y BUIVIAL MEPIOJUYHHUX CTPYKTYpP, MEpiof SIKHX
MEHIINN AOBXUHH XBWIL. CTPYKTYpH, Y OLIBIIOCT] BUIIA/IKiB, YTBOPIOIOTHCS
METAJIeBUMH  TIPOBITHUKAMH  pi3HHX  KoH(irypami.  BaxmmBumu
BIIACTHBOCTSIMH TIEPIOJUYHUX CTPYKTYp € JOCTaTHBO BENHMKHI Aiama3oH
BapifoBaHHA Koe(QillieHTa TMPONyIIeHHS W MOJMIMBICT 3MiHIOBAaTH
MOJISIPU3ALliffHI Ta €HepreTHYHI MmapaMeTpH ONTHYHOTO BHIIPOMiHIOBAHHS
BHIIPOMIHIOBaHHS. 3a3HAa4YeHi SKOCTI MTO3BOJIUIM 3alfHATH MEPiOJMIHIM
CTPYKTypaM JOMiHYIOU€ TIOJIOKEHHS B TaTy31 BUX1THHUX J3€PKaJ JIa3epiB.

[epioguyHi CTPYKTYpH, YTBOPEHI MapajielbHUMH IPOBIIHUKAMH,
JI03BOJISIFOTh  OJIEP)KYBAaTH JIHIMHO MOJISPU30BaHE BUIPOMIHIOBAaHHS 3
HaNpsIMKOM BEKTOPY HOJsIpU3allii eJeKTPUYHOro NOoJs, NapajeidbHUM
mpoBigHUKaM TpaT. KpiM TOro, mepiofaWdHi CTPYKTYpHU BHOCATH (ha3oBe
3pYILICHHS Y €JICKTPOMArHITHE BUITPOMIHIOBAHHS, SIKE BIZIONBAETHCS BiT HUX
a00 MPOXOJHUTH HACKPI3b.

BenmuuHa ¢a3oBoro 3pyIIeHHS 3aJeKUTh BiJ ITapaMeTpiB MepioudHOL
CTPYKTYPH — TEOMETPUIHUX PO3MIpiB MPOBITHHUKIB 1 BiICTAHEH M)XK HIMHU.
SIKmo napaMeTpy epioANIHOT CTPYKTYPH HEIICHTUYHI Y3JJ0BX i1 TOBEPXHI,
TO II¢ NPUBOIUTH IO 3MiHH ()a30BOr0 (PPOHTY BHIIPOMIHIOBAHHA. Tomy
nepiouyHa CTPYKTypa, SKa CTBOpPEHAa Ha IUIOCKIH TIOBEpXHi, MOXe
HaOyBaTH BJIACTHUBOCTI CKPHUBJICHUX Jj3epKan 1 JiH3. Taki BIaCTHBOCTI
MOXYTh OYTH KOPHCHI NPH BHUKOPUCTaHHI I'PAJIEHTHHUX IPAT SIK BHXIIHHX
J3epKall Ja3epiB. AJpKe B Jlazepax 4YacTO 3aCTOCOBYIOThCS chepudHi
J3epKajia Jyisl JIOCSATHEHHS HEOOXiHOT KayCTHKH pe3oHaTopa W 3HHKEHH:
IudpakLiiHUX BTpaT BUIIPOMIHIOBaHHS. Y pe30HATOpax Jia3epis Jiana3ony
JUIsL  3HMKEHHs JU(PaKUiHHUX BTpaT BHUKOPHCTOBYIOTHCS CepuuHi
J3epKajia 3 OUNBIIMM pajilycoM KpuBU3HM. Taki J3epkasa J03BOJIAIOTH
3MEHIINTH BTPATH HE TUILKU B KJIACHYHMX BIJKPUTHX PE30HATOpPAX, alle i y
pe3oHaTopax XBHJIEBOJHOTO THITYy, OCKUIBKM 3MEHIIYIOTh HETaTWBHHUN
BIUIMB HEOJHOPIMHOCTEH XBWJIEBOMY W 3a30piB MK XBHIJICBOAOM 1
m3epkasiaMu. OpHak cepuyHi J3epKana BEJMKOro pajiyca KpHUBH3HHU
3HAYHO CKJIaJ(HIIle Y BUTOTOBJIEHHI, HIX TUIOCKI 13epkaia. ToMy CTBOpEHHS
IUIOCKUX YaCTKOBO MPO30PUX J3€pKaj, 3AaTHUX BUKPUBIATH (a3oBuit
(POHT eNIeKTPOMATHITHUX XBWJIb, IO BIACTHBE CHEPUIHHM J3E€pKajiaM i
JIiH3aM, € IOCUTh aKTyaJIbHUM 3aBaaHHsM [1, 2].

Bimoma Benmnka KiJIbKicTh KOHCTPYKTHBHOTO BHKOHAHHS TEPiOIUIHUX
rpat. HaiibimbIn TEXHOJOTIYHIMY € METaJIeBi IpaTH, BUKOHAHI Ha TPO30pii
TieNeKTpUdHid mianmoxii. Ha mimmoxiii Mo)kKHa BHKOHYBaTH CTPYKTYpH
pI3HOMaHITHUX KOH(QIrypauidd, Hampukial, y BHIJISAI CYHIIbHUX abo
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(¢parMeHTOBaHMX TPOBiAHUKIB. OCOONMBHH IHTEpec MpPEeACTaBISAIOTH
NepiOJMYHI CTPYKTYpH Y BHIVISI KOHLIEHTPUYHMX KUIEUb 1 pafialibHUX
CMyr, SKi JO3BOJISIIOTH OJEP)KYBaTH Jla3epHE BHUIPOMIHIOBaHHS 3
paniagbHOIO Ta a3UMYTaJIbHOO MOJISAPHU3ALIEO.

Binome n3epkaino, mo BUKOHaHE 3 METally Ta Ma€ Ha CBOIH MOBEpPXHIi
TepioINYHI CTPYKTYPH y BUTIIS/II TPAT 3 MapajebHUX MPOBiIHUKIB (puc. 1)

3.

Puc. 1. [I3epkano nazepa: 1 — MeTaneBi KUIbI; 2 — MPO30pa IIIACTHHA

Hepmomiku mpucTporo, sKi OOYMOBJIECHI BHUKOPHUCTAHHSIM METAIy, 5K
OCHOBH J3epKaa:

HEOOXiJHICTh MOCTIHHOTO KOPEr'yBaHHS 3MiHH ONTHYHHUX BIIACTHBOCTEH
METalleBOi TOBEPXHI NPH KOHTAaKTI 3 HABKONUINHIM CEpEeIOBHIIEM
(ounineHHs Ta nutihyBaHH);

HEOOXiAHICTh JIOJATKOBOI TepMOKOMITeHcallii naedopmaiiii OCHOBH
J3epKana;

HEOOXiJHICTh KOMIIEHCAIlli BIUNTUBY eMiNTHYHOCTI BUIPOMIHIOBAaHHS, KA
00yMOBJIEHa aHI30TPOTIIEIO A3EpKaa.

Haii6inpm OGMM3bKMM 3a TEXHIYHOIO CYTHICTIO Ta PE3yJbTaToM, IO
JOCSITa€ThC JI0 PIIICHHS 3ajadi BJOCKOHAJIEHHS J3€pKaia Ja3epa, €
a3UMyTaJlbHE BUXIJHE J3€pKalio, IMIO MICTUTh METaleBi  KiJbI,
KOHLEHTPUYHO pO3TAIIOBaHI Ha CKISHIM TPo30piii IUIOCKIH OCHOBI-
IUTACTHHI, SKE BIAPI3HAETHCSA TUM, IO IMIMPHHA KUICIb Ta BIICTaHI MiX
HHUMH TTOCTIJOBHO 3MIHIOIOTHCS Y HANPSIMKY Bifl Kparo JI0 IEHTpa IUIACTHHH,
MPUYOMY TIOCTIJIOBHICT, 3MIHM MOXe OyTH IIJJaBHOKO a0o0 TUIaBHO
TUCKpeTHOIO [4, 5].

Henoniku mnpuctporo, siki 0OyMOBIIEHI BUKOPUCTAHHIM CITOJyYICHHS
MeTally Ta CKJIa y OCHOBI A3epKaa:
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3aCTOCYBAaHHS MaTepiasliB 3 MOKa3HUKAMHU TEIUIOBOTO MOIITUPEHHS, 0
CYTTEBO BIAPI3HSAIOTHCS;

HEOOXITHICTh MOCTIHHOTO KOPEryBaHHS 3MIHU ONTHYHUX BIaCTHBOCTEH
METaJICBOi TMOBEPXHI NP KOHTAKTI 3 HABKOJUINHIM CEpEIOBHIICM
(ounienHs Ta nutipyBaHHA);

CKJIATHICTh MIATPUMKH FOCTHPYBAHHA I3€pKajia B HACHIIOK TEIUIOBOTO
BILIHBY;

00OMeKEHICTh Jialma30Hy PeXIMiB POOOTH.

TakuMm 9WHOM, AOIIIBHUM € 3MiHCHEHHS IOCIIIHKEHHS 31 CTBOPEHHS
aIalITHBHOTO J3epKajia, y IKOMY BiICYTHS HEOOXiTHICT KOPEKIIiHHIX il 3
MIATPAMKH ONTHYHUAX BIACTUBOCTEH BCIX EJIEMEHTIB JIIH3W MiJ BIUIUBOM
eKCITyaTallifHUX YMHHHKIB, PO3IIMPEHUIl Aiana3oH peXHUMIB podOTH i
OJIHOYACHA MOXIIUBICTIO HE3aJC)KHOW 3MIHM ONTUYHHMX BIACTUBOCTEH
PI3HHUX MOBEPXOHb.

IMocTaBnena 3amavya BHPILIYETHCS THM, IO aJANTUBHE J3€PKaIo
KopaOeJbHUX ONTUKO-JTOKAIHHUX CTaHLIM, 0 CKIIAJAETHCS 3 OCHOBH, SKa
MICTUTh KOHIIEHTPHYHI ITPO30Pi KUIIISL, HIUPUHA SKUX Ta BIICTaHI MK HUIMU
MOCTITOBHO 3MIHIOIOTECS y HANpsMKY Bil Kparo A0 ILEHTpa A3epKaia.
[ocnimoBHICTE 3MiHE MOXe OyTH IDIaBHOIO a00 IUIABHO IHUCKPETHOIO.
BimMiHHICTE TIPOIIOHOBAHOTO A3epKajia MOJSTae y TOMY, IO KiIbI, SKi
BHKOHAHI 3 €JEKTPOONTHYHOTO MaTepialy Ta PO3IiJICHI mapamu CKia 3i
mTyq9HOTO cardipy, 3TpyNoBaHI B €IWHUA OJNOK y MeXax OCHOBH Ta
MIAKTFOYCH] 710 TUIATH KePYBaHHSI.

KoHcTpykuisi J3epkajia CKIANaeTbCss 3 OCHOBM 1, sika BHUKOHAaHa 3
carnipoBoro ckina. Y BHYTPIIIHBOMY IIPOCTOPI ONOPH  MICTSITBCS
KOHLEHTPHUYHI IPO30pi KiJblisl 3 EJNEKTPOONTHYHOro Matepiany 3, ski
PO3IUISIOTHCS KOHIEHTPUYHUMH KUTBISIMU 3 IITYYHOTO candipoBoro ckia
4, TOBIMHA AKX NepeOyBae y HaHo iana3oHi. Kijbls 3 e1eKTpOONTHYHOTO
MaTepialy Ta IOTYYHOTO CamndipoBOr0 CKJIa BUKOHYIOTBCS METOIOM
IUTa3MOBOTO  OCa/DKCHHs. KimpIld 3 apceHily Taliio CHOJIyYeHi 3
BiJIIOBITHIMH KOHTAKTaMU IUIATH KEPYBaHHS 2, SKa, TAKOXK MICTHTHCA Y
IIPOCTOpPi OCHOBH (pHC. 2).

[pu BKITFOYEHHI A3epkaia A0 poOOTH 3 IUTATH KepYBaHHS HAJXOJIHUTh
Hampyra 0 BIANOBIAHUX KiJelb 3 apceHiny ramiro. Lle no3poisie 3amatu
BIIMOBI/IHI ONITHYHI XapaKTEPUCTHKN KOXKHOTO KiTbIls [5 - 7]. Takum 4nHOM
BimOyeTbcs (OpMyBaHHS HEOOXiZHOI a3WMMyTadbHOI Ta pagiadbHOI
TOJIApHU3allii Ja3epHOTO BUIIPOMiHIOBaHHS. TakoX 3'IBISIE€THCS MOXKIUBICTh
HaJaTH KiJIbIEBIH MepiOAWYHIN CTPYKTYpi BJIACTHBOCTEH BHTHYTOTO
m3epkana Ta (ykycyrodoi JniH3n. OcHOBa Ta KOHIICHTPUYHI Iapu 3i
MTY4YHOTO cardipoBOro Ckjia 3aCTOCOBaHi I 3amoOiraHHs JOJAaTKOBHX
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TEepMIYHUX JedopManiid y o0cs3i a3epKaia Ta MepeKpydyBaHb ONTHYIHOTO
uusaxy ceiria [8 — 10].

//

Puc. 2. AgantuBHE n3epKaio ja3epiB KopabeabHUX ONTHKO-TOKAIiTHIX
craHmii: 1 — ocHOBA; 2 — mu1aTa KepyBaHHsI; 3 — KOHLEHTPUYHI IPO30pi
KIJIBLIS 3 €IEKTPOONTHYHOTO MaTepiaiy; 4 — KOHIEHTPHYHI IapH 3
candipoBoro ckia

VY nuHaMigYHOMY pexHuMi (BKIIOUEHHI iepKaiia 10 poOOTH) BilOyBaeThCs
BHXiJ Ja3epa Ha cTabiIpHUN poOOUiid PeXKUM 1 HaJaIITyBaHHS J3epKaia Ha
LeHTpaibHy dYactoTy. HanmamtyBaHHA mosisrae y 3 TOMy, LI0 3 IUIaTH
KepyBaHHS  HAIXOAWTh  Hampyra JO0  BiAMOBIMHUX  KUlelb 3
€JIEKTPOONTHIHOTO Marepiany. Lle mo3Bossie 3amaTy BilMOBIAHI ONMTHYHI
XapaKTEPUCTUKU KOXKHOTO Kbl TakuM 9iMHOM BifgOyeThest (hopMyBaHHS
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HEOOXiMHOT a3MMyTalbHOI Ta pajiajdbHOi MNOJApH3alii  JIa3epHOTO
BUIIPOMIHIOBAaHHS.

BukopucTaHHSI €JIEKTPOONTHYHOTO KEpyBaHHS J3epKalia MpeJCTaBIIsie
OipII MOXIIMBOCTI NpH 3/AIHCHEHHI DI3HUX PEXHMIB pOOOTH Jasepa.
EnexTpoonTiyHe KepyBaHHS pE30HATOPOM Jiazepa 3acHOBaHE Ha
enekTpoonTHdHOMY edekTi Ilokkenbca, mo monsArae B 3MiHI MOKa3HHUKA
TIepeIOMIICHHS CBITJIa B MaTepiaiax, IOMIIIeHNX B eleKkTpuaHe more [11].

Mopa pe3oHaTopa 3 MONIOHUMH A3epKalaMy SBIISE CTOSYY XBHIIIO, SIKa
eKBIBaJICHTHA [IBOM XBWJIIM, IO ODKaTh, pIiBHOI IHTEHCHBHOCTI, IO
TOIIMPIOIOTHCS B IPOTUIICIKHUX HANpsIMKaX. SIKIIO MOTiK €Heprii B KOXHIH
i3 XBWIB, 10 O1XAaTh, JOPIBHIOE P, TO TpU BiOOWUTTI BiJ JBOX OTHAKOBHUX
J3epKai BigOyBa€eThes BTpaTa moTykHocTi Ha piBHi 2P(1 - R). OTxe, eHepris
BTpar 3a mepio komuBauHsi Oyne craHoButi 2P(1 - R)A/c. Emnepris K,
HAKOMHWYCHA B pe30HATOPI, CKiajge 2PL/c. 3Biku JOOPOTHICTH pe30HATOpa
[12]:

ne R — xoedimieHT BiZOUTTS; A — MOBXWHA XBWJII BHIPOMIHIOBAaHHS; L —
TeOMETPUYHHUH pO3Mip J3epKaia.

[Tpn BIUMBI 30BHIMIHBEOTO €IEKTPUIHOTO IIOJIST MaTepia CTA€ ONTHIHO
aHI30TPOITHMM, IO IPOSBIAETHCSA B 3MiHI IMOKa3HUKA 3aJIOMJIEHHS AN 71
XBWJII BUIPOMIHIOBAHHS, TOJSPHU30BAHOI MapajeJbHO 30BHIIIHBOMY
SIIEKTPUIHOMY TOJIO, Ha PiBHI

an— fiMeEsy
2
rie fij— TeH30p JIHIHHOTO eNeKTPOONTHYHOTO e(eKTy; No— IOKa3HUK
3aJIOMJICHHST Marepiany 0e3 elneKTpudyHOro mons; Epny— HampyxeHicTh
30BHILIHBOTO EIEKTPHUYHOTO MOJIS.

3 BimoMHUX MaTepianiB HaHOUIBIIOK MIpOIO BiJMOBiNAIOTH 3aBIAHHIO
€JIEKTPOOINITUIHOTO KEPYBAHHS I3epKaJIOM apCeHiJl TATii0 Ta Hio0aT JiTiro.
Enextpoontuunuii KoedillieHT apceHia raiifo, SKAH BIAMIHHUHA Bix HyJS,
rs1 = 1,41. Enexrpoontiuni xoedimieHTH HiobaTy IiTito, SIKi BiAMIHHI Bix
HYJS: 33 = 30,8, r13=8,6, rn = 3,4, rsp = 28,0 [13, 14].

[NopiBHAHHA LMX MaTepiaiiB 3 TOYKHM 30py KepyBaHHS JOOPOTHICTIO
3aBJISIKM BIUTMBY €JIEKTPUYHOIO T10JIS 32 Pi3HUMHU HalpsIMKaMU Ha MOKa3HUK
3aJJOMJICHHSI, 1aJI0 Taki pe3ynbratu (puc. 3).

Amgamiz 3anexHocted  (puc. 3) [03BOJsIE BBaXaTHh JOIUIEHUM
BUKOPHUCTAaHHS Y J3epKalli 3alPOIOHOBAHOTO CXEMOTEXHIYHOTO PIlICHHS
HioOary JiTilo, K Matepiaiy, o 3ade3neuye OUIbIINIT Aiana3oH KepyBaHHS
ONTHYHUMHU BIACTHBOCTSMH A3€pKala.
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Puc. 3. 3anexHiCTh BETUIHMHHA JOOPOTHOCTI BiJl TOKa3HUKA 3aJIOMJICHHS

ISt a — apeeniny ramiro (a1 = 1,41); 6 — miobary mitiro (rz2 = 3,4);
6 — Hiobary mirito (rs3 = 30,8)
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KpiM Toro 3acrocyBaHHs HIOOaTy JITil0 JUIi BUTOTOBJICHHS
KOHLIEHTPUYHUX €JIEKTPOKEPOBAHUX KiJIENb A3epKajia, 3a0e3euuTh:

BIZICYTHICTh ~ HEOOXIZHOCTI TMOCTIHHOTO KOpEryBaHHS ONTHYHHX
BJIACTHBOCTEH J3epKala;

CIPOLICHHS I0OCTUPYBaHHS J3epKaJia;

PO3LIMPEHHH Aiana3oH POOOUNX PEKUMIB.

AanTUBHE [3EPKAJ0 3aIPOIIOHOBAHOI KOHCTPYKILIi Ma€ TIEBHI
OOMEXEHHSI OO CBOTO 3aCTOCYBaHHS. [ONOBHE 3 TakMX OOMEXEHb
BiTHOCHUTHCA IO MEXaHIYHOI CTIMKOCTI Ta BIUTUBY ITi IBUIIEHOI TEMIIEPATyPH.

3 OormsIOM Ha MOXJIHMBOCTI, OOMEXKEHHS Ta HENONIKH, PO3BHUTOK
JOCTIDKCHHS Ma€ MOJATaTH Y:

NOJABIIOMY BJIOCKOHAJCHI MOJeNni aJanTHBHOIO J3epKana, sKa
JI03BOJIUTh 3a0€3MeUNTH 1HBapiaHTHICTh J0 OUIBIIOCTI EKCIUTyaTaliiHUX
(haKkTOpIB MPOTITOM TPUBAIUX TEPMIiHIB UYacy;

MOUIyKax allbTePHATHMBHUX MarepialiB 3 OUIbII JOCKOHAIMMHU (Hi3UKO-
MeXaHIYHUMH BJIaCTHBOCTSIMHM JJIs KEPOBAHUX €JIEMEHTIB JI3epKajia;

onTHMi3alil KOHCTPYKIIi 32 KPUTEPiIMH JOBroTpUBAIIOl HAIIHHOCTI Ta
IIBUAIKOIIT.

VY BiAmoBigHOCTI 10 c(hOpMYIHOBAHOI 33a]a4i 3aIIPOTIOHOBAHO HOBE CXe-
MOTEXHiYHe pIlleHHs aJalTUBHOIO J3epKaja CYAHOBHX  OINTHKO-
JMOKamiiHUX cTaHMiiW. Ha BiaMiHYy Big ICHYIOYHX, 3allpOIIOHOBAaHE
CXEMOTEXHIYHE PillIeHHsI CIIPOMOKHE 3HAYHUM YHHOM 30UTHIIATH poOoUmit
Jiana3oH KepyBaHHS. BHpoBajUkeHHS HOBOrO aJalTHBHOTO J3epKaja
JO3BOJIUTh  MiJBUIIMTH  SIKICTh W  HaAidHICTh  (QyHKIIOHYBaHHS
BCTAaTKyBaHHS.
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Abstract. One of the directions that determine the improvement of the
quality and probability of functioning of the ship's optical location station is
the use of the latest materials based on nanotechnology. The lasers of the
ship's optical location stations have a number of specific differences due to
the ratio of the geometry of the resonator and the wavelength of the
radiation. Physically, mirrors are realized in the form of periodic structures,
the period of which is less than the wavelength. Spherical mirrors with a
larger radius of curvature are used in resonators of range lasers to reduce
diffraction losses. Such mirrors make it possible to reduce losses not only in
classic open resonators, but also in waveguide-type resonators, as they
reduce the negative impact of waveguide inhomogeneities and gaps between
the waveguide and mirrors. However, spherical mirrors with a large radius
of curvature are much more difficult to manufacture than flat mirrors.
Therefore, the creation of flat partially transparent mirrors capable of
bending the phase front of electromagnetic waves, which is characteristic of
spherical mirrors and lenses, is a rather urgent task. The goal of the work is
to implement the latest constructive implementation of the adaptive mirror
of optical location stations. The object of research is the processes of
formation and transformation of an optical signal in an adaptive mirror. The
subject of additional research is electro-optical mirrors. It is proposed to
solve the given problem due to the introduction of a new mirror consisting
of a base made of sapphire glass. The inner space of the support contains
concentric transparent rings made of electro-optical material, which are
separated by concentric rings made of artificial sapphire glass, the thickness
of which is in the nano range. Rings made of electro-optical material and
artificial sapphire glass are made by the method of plasma deposition.
Gallium arsenide rings are connected to the corresponding contacts of the
control board, which is also contained in the space of the base. The
introduction of a new adaptive mirror will improve the quality and reliability
of the equipment's functioning.

113



ABTOMAaTH3aIlis CyTHOBHX TEXHIYHHUX 3aCO0IB Bumyck Ne 29

UDC 681.53/.54 ARTICLE HISTORY
DOI: 10.31653/1819-3293-2024-1-29-114-127 Received 05.09.2024
Accepted 18.09.2024

Levinskyi Maksym Valeryevich?, Levinskyi Valeryi Myhailovich?
NU "Odessa Maritime Academy", Odessa, Ukraine!

Odessa National Technological University, Odessa, Ukraine?
MaxLevinskyi@gmail.com?, ValeryLevinskyi@gmail.com?

Automated parameter selection
for throttling control valves

2
1

JleBinchkuii Makcum Banepiiiosuua!, Jlepinchkuii Banepiit Muxaiinosua
HY "Opnecrka Mopchka akaneMis'

OpechbKHil HAI[IOHANLHKI TEXHOJIOTIUHMI YHIBEpCHTET?
MaxLevinskyi@gmail.com?, ValeryLevinskyi@gmail.com?

ABTOMATH30BaHUil BUOIpP mapaMeTpiB
APOCEJIbHUX PEryJO4YnX OPraHis

Summary. When designing new systems for automatic control of
technological processes, there is a need to choose the type and calculate the
parameters of throttle regulating bodies (RO). Therefore, the throughput
(ideal) characteristic of RO in working conditions is called the consumption
(real) characteristic. Selection of throttle RO parameters requires a certain
theoretical training and practical skills from the designer, which should be
acquired using specialized programs from manufacturers. These programs
allow designers of automatic control systems to develop skills in the
selection of valves and actuators, to correctly place orders for the
manufacturing company.

Pestome. [Ipu npoexmysanni HOGuUX cucmem agmMoOMamu4Ho20 KepyeanHs
TNEeXHONO2TUHUMU NpOoYyecamu BUHUKAE HeOoOXIOHicmb eubopy muny i
PO3PAaxynKy napamempie Opocervhux pezymoiouux opearnié (PO). Bubip
napamempie opoceavnux PO nompedye 6i0 npoekmysarvHuxa nesHoi
meopemudnoi ni02omosky i NPaKMu4HUX HABUYOK, AKI 0OYilbHO HaOymu,
BUKOPUCMOBYIOUU Cheyiani3osani npozpamu 6i0 @ipm-eupooduuxis. Jlani
npoepamu  00360JAI0Mb  Chopmysamu Yy NPOEKMYATbHUKIE — cucmem
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asmomamuinoco KepyeaHHsa HABUYKU 3 6u6opy K1ananie ma BUKOHABYUX
MEXAHIZMIB, KOPEKMHO CKIACMU 3AMOBIeHHS 05l PIpMU-6UPOOHUKA.

Throttling regulating valves (RV), for example, valves or dampers, are
designed to change the flow rate of the substance entering the technological
unit in proportion to the amount of the control action of the regulator.
Throttle RVs are part of the pipeline network, which also includes pumps,
pipes, elbows, shut-off valves and other local resistances. They have their
own typical dependence of pressure loss depending on flow rate [1].

The pump head depends on the flow rate, which decreases when the flow
rate increases. Pump manufacturers usually indicate this relationship in their
manuals. In liquid transport systems, the pump size is selected to operate at
maximum efficiency at rated flow rates. Under conditions of minimum flow,
the pump pressure is higher, and under conditions of maximum flow, the
pressure is lower than optimal. This change is manifested in a change in the
pressure drop AP=P; — P, at the RV when the flow rate Q in the network
changes (Fig. 1). At rated flow rates, the control valve typically accounts for
approximately one-third of the total system pressure loss [1].

Pg PUMP PRESSURE HEAD
prALVE UPSTREAM PRESSURE

Ap

pg VALVE DOWNSTREAM PRESSURE

P3 svsTEM PRESSURE

Q
Fig. 1. Pressure loss in the pipeline network [1]

From a hydraulic point of view, the throttle RV is a complex variable
local resistance. When passing through it, the flow of matter undergoes
compression, expansion, rotation, separation and subsequent merging
(Fig. 2, a).

During operation, not only the live cross-section of the passage and its
geometry changes, but also the flow speed; in addition, the density of the
substance, its viscosity and temperature may change. All noted factors
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complicate the analytical calculation of the parameters of throttle control
valves.

0)

Fig. 2. Example of RVs designs from Fisher [2]:
a) — cell valve with noise reduction; b) — a cage which provides a linear
throughput characteristic of the valve

In throttling valves, a change in their hydraulic resistance AP and flow
capacity ky occurs due to a change in the flow area depending on the linear
h or angular o stroke of the movable part of the valve, consisting of a seat
and a plunger [3].

In the technical documentation, manufacturers indicate the flow capacity
kv, m%h of the regulatory valve as the water flow through it with a density
of p=1000 kg/m? under the influence of a pressure difference AP=0.1 MPa
(1bar). At the maximum stroke (conditional stroke) of the rod hs (or as), the
kv value is maximum and is called the conditional capacity kys [3].

The documentation also indicates the throughput characteristics of the
valve. In dimensionless form, this is the dependence of the relative flow
capacity kv/kvs on the degree of opening h/hs (or a/as) [3]. It can be, for
example, linear or equal percentage (Fig. 3), which mainly depends on the
design of the seat and plunger (Fig. 2, b).

To understand the physical meaning of the k, parameter, one should
recall the Weisbach formula for local resistance. Let us first write it for
idealized conditions, when water with density py=1000 kg/m3, speed Vy, m/h
and flow Qv, m%hour flows through a valve with local resistance & and inlet
area S, m? under the influence of a pressure difference APy=1 bar:

eV puQF
AR =t =t

Similarly, for another liquid that flows through the same valve, you can
write:
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P Vi . P1 Qf

AP]_ = E 2 = E 252 .
25
hi
k,/K s ky/kys LJ
10 1,0

Linear

08 038
Butterfly valve /
Equal percentage /
0,6 / 0,6
04 > 04
02 A 02

02 04 06 08 10 0 20 40 60
h/h o’

Fig. 3. Throughput characteristics of regulatory valves [3]

Then

AP, _ P1Q12
AP‘V p‘UQU ’

from where, taking into account the definition of the flow capacity, you can
get the expression for the kv of another liquid [4, 5]:

API? P1 P1
k = = f—_—= _—
== ’APl Oy & /IOOO-APl

A similar expression is given, for example, in the reference table [5],
which also contains formulas for calculating the flow capacity of a valve that
changes the flow rate of gas or water vapor.

Examples of flow capacity calculation are given in [1, 3, 4].

In the American calculation system, Cy is used instead of ky, which is
equal to the flow of water through the valve in gallons per minute at a
pressure drop of 1 psi and a water temperature of 60 °F. The ratio of kv and
Cv values is as follows: ky=0,86-Cv.

Dependencies listed in the reference table in Fig. 4 are approximate and
valid only under certain conditions. More detailed dependencies and
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conditions of their use are given in the standard 1SA-75.01.01-2007
(IEC 60534-2-1 Mod) [6].

p1 Upstream pressure

f K\* f\ q\ pz Downstream pressure
i { | I l | P2 H Travel
/ T Hioo K / ly o
:3,/& Ho J ‘olume flow rate in m*/h [gases)

W Mass flow rate in kg/h (liquids, steam)
p  Density in kg/m?

hd rl | \J’lﬂ (general, also in liquids)
! ){ . ] p Density upstream of the valve in kg/m?
—— —— vV W in gases and vapors)
l J—\ H /);\_.[ l— 8, Temperature in °C upsiream of the valve
= ~__ Medium Liquids Gases Steam
Pressure drop—__ m/h kg/h m/h kg/h kg/h
p>5 — — —
2 Vo [poT w [T w v
Ky =—% Ky =473 Ky ==
p 519 |ap p 519 poap pr 3162 | ap
ap<gy Mo w
Ky = Vb Ky =
o v=Visa 5 JT0007 4p -
P2< ‘ Ve K w_ [ ke W [2T
v =————Jpc V= o — = .
ap> B 2595 p ¥ 259.5p1 \ps 362y pi
where
py [bar] Absolute pressure pe, p [kg/m’] Density of liquids
pa [bar]  Absolute pressure p, p [ka/m?| Density of gases at 0 °C and 1013 mbar
Ap [bar]  Absolute pressure pqy, (differential pressure py - pz) vy [m?/kg] Specific velume (v found in the steam table) for py and 4,
T [K] 273+ 9 vy [m*/kg] Specific volume [v* found in the steam table) for p; and 9,
Vi [m*/h] Flow rate of gases, v* [m*/kg] Specific volume (v found in the steam table) for % and 9,

related fo 0 °C and 1013 mbar

Fig. 4. Reference table for calculating ky [4]

Next, we will consider the concept of the flow characteristic of RV. To
do this, note that the total pressure losses in the pipeline network Pg - Ps3
consist of losses in the control valve AP=P; - P, and losses in the pipeline
AP (see Fig. 1). The ratio between AP and AP, is characterized by the
module ny or valve authority av [3]:

1

AP
=" aps 4y = e
v

During the operation of the valve, the type of its throughput characteristic
usually changes significantly depending on the change in the hydraulic
resistance of the network, the parameters of the substance (temperature,
density, viscosity, etc.), which collectively leads to a change in the flow
mode. Accordingly, the indicators ny , ay change, and, together with them,
the appearance of the graphs of the flow characteristics of the valve (Fig. 5).

The throughput (ideal) characteristic of valve in working conditions is
called the flow (real) characteristic, which is the dependence of the relative
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volumetric Qn/Qmax or mass Gn/Gmax flow rates of the substance from the
degree of opening of the regulating valve h/hs [3].

G, /G G,/G
1,0 10
L
0.9 . 09
n310,0 i n,F10,0
o 2,-0.09 >/ é 4 03 2,30.09
3 2 ’ s 560 /
o7 1// /< A 07 a,,ﬂv 74N
1 hFB0 74 a2 ; —75
| az0.14 342 R 3,40.2 /i
0, 7 N 06
7 éj 3,025
08 9 720 05 3,0 7
i nT3,
04 / / | a3 305N Y /
W/ A o S,
03 /] 0.5 03 Y, 3,013
h / =03 o 0 A/ A n=10
02 7 nz: =0.7 02 A 4 7 2
a1 ZZil
01 01
=0
N a=1.0
Y01 02 03 04 05 06 07 08 08 1.0 051 02 03 04 05 06 07 08 03 10
7 [
a) 0)

Fig. 5. Examples of flow characteristics depending on the degree of
opening at different values of the module ny/authority ay [3]:
a) — for a valve with a linear throughput characteristic;
b) — for a valve with an equal percentage throughput characteristic

The non-linear nature of the change in the flow characteristic naturally
leads to a change in the Kgy transfer coefficient of the regulating valve, which
in relative terms can be represented as:

. 4Q/Qnar) _dg
RV = d(h/hg) — dl’

In the process of operation, the throttling regulating valves must provide
such a flow characteristic of the hydraulic system that the static characteristic
of the control object (as a whole) is as close as possible to the linear one.
Then the transmission coefficient Ko of the control object, which is the
product of the transmission coefficients of the actuator Kac, the regulatory
valve Kgy, the technological unit Kry and the sensor Ks, will change
insignificantly, i.e.:

K, = Kyc - Kgy " K7y - Kg = const.

Therefore, the designer faces the task of choosing such a valve with the
transmission coefficient Kry that would change minimally in the working
range of the stroke of the rod I=h/hs=0,2 ... 0,8. For example, if the
functioning of the control system requires a linear flow characteristic, then
there is an alternative: for values of the ny < 1,5 one should choose a valve
with a linear throughput characteristic, and if ny > 3,0 then a valve with an
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equal percentage throughput characteristic (see Fig. 5). If an equal-
percentage flow characteristic is required, then there is no alternative and
one should choose a valve with an equal-percentage throughput
characteristic. More detailed recommendations for choosing the type of flow
characteristic are given in [3, 7].

When choosing the type and parameters of the valve, one should also
take into account the possibility of harmful phenomena, namely noise and
cavitation, associated with an increase in the speed of the liquid flow that
flows through the valve. The result of these phenomena can be intensive
wear of the surfaces of the throttling pair, the body, the rod and the sealing
elements of the stuffing box, as well as a violation of the tightness in the
throttling pair and flange connections. The conditions under which the listed

phenomena occur are presented in fig. 6, a [1].

Ap1 |Ap2|Ap3lAps| Aps

CAVITATION

|

A

2

L
L4

"

)

I

VELOCITY
e
"%

®(®'

ml

PRESSURE

<_U
%

PRESSURE

VELOCITY

P1-P2 = Apy+ Apa+Apgt Apst Aps

a) )

Fig. 6. Phenomena of noise and cavitation in valve [1]:
a) — conditions of occurrence; b) —an example of valve with a gradual
decrease in the pressure drop across it

An increase in the flow rate of the liquid when it passes through the valve
is accompanied by a decrease in the pressure in the throttle passage and can
cause the phenomena of cavitation if the pressure falls below some critical
Py threshold. Cavities (caverns) filled with vapors or gases released from the
liquid appear in the liquid flow. The occurrence of cavitation is accompanied
by the occurrence of vibrations and noises, erosion of the surfaces of the
shutters and seats, when the cavities snort near them. However, the most
undesirable consequence of cavitation is a sharp increase in the hydraulic
resistance of the throttle passage and, as a result, a weak dependence of the
medium flow rate on the pressure drops across the valve. To avoid erosion
of valve surfaces, it is necessary [1]:
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* reduce the flow rate inside the valve using multi-stage pressure drop
regulation by utilizing special valve structures (Fig. 6, b);

» reduce surface wear due to the use of stainless and hardened materials.

Thus, the most important modern trend in the development of the
structures of regulating valves should be recognized as the division of the
following functions in their design: flow control and throttling, i.e.
extinguishing "excess" pressure drop. Accordingly, with the appearance of
these two functions of regulating valves, the content, as well as calculation
and software for choosing their size, changed. The new approach consists in
choosing the type and size according to the following indicators:

« according to the degree of anti-cavitation or anti-noise protection;

« flow capacity ky.

In general, it should be noted that the selection of throttling valve
parameters requires a certain theoretical training and practical skills from the
designer, which can and should be acquired using specialized software from
manufacturers.

The purpose and tasks of the research - consider using the Fisher Valve
Specification Manager and Metso Nelprof programs as examples for
selecting parameters of throttling valves.

Throttling control valves automated calculation of parameters using
Fisher VSM and Metso Nelprof programs was chosen as the research
method.

Fisher Valve Specification Manager software offers a set of tools for
calculating Fisher and Baumann control valves [8]. The calculation itself is
performed on the 2-Valve Sizing tab, where the initial data for the calculation
is specified, for example, for three options of changing the water flow
through it (Fig. 7).

1A Sheet | Tnstallation Data: 2-Valve Sizing | 3Valve Selection | 4-Valve Construction | 5-Actustor Selection | 6-Postioner | 7-Addtional Accessories |

Name Units Minimum Normal Maximum Others Sizing For

\lamings: NO NO NO YES © Liquid
SIZING INPUTS e
Violumetric Flow Rate Liquid < mah v 50000 100000 15,0000 o
© Steam
Inlet Pressure barig) = 2.00000 180000 1.80000 P
Outlet Pressure = barig) 5 050000 0.60000 0.70000 & water
Inlet Temperature deg C % 500000 500000 500000 C Pup
Resavery Factr (FI) 0900 0900 0900 0500 € 2-phase liquidigas
Valve style modifier (F<) 0350 0350 0350 0350  2-phase liquidivapor
Cavitation cosfficient (Kc) 1.000 1,000 1,000  Simple Cv
Upstream pipe size mm e e e ~les % Diffuser Modet
Upstream pipe schedule sTD ~|sTo ~ 5T ~ 5T <112 | [None
Downsiream pipe size mm oles |65 |65 |65 = - -
Downstream pipe schedule STD ~|STD ~|STD ~|STD - ’%
Valve Diameter mm 5 5000 5000 5000 5000
NOISE INPUTS Salve For
Hydredynamic Trim Stendard Trim| v | Stendard Trim| v | Standard Trim v v @ Cv C dP  Q(Flow)

Fig. 7. Example of the data input in the Fisher VSM program
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Next, on the 3-Valve Selection tab, the type of control valve is selected
as well as its desired flow characteristics and DN size. At the same time, the
program immediately displays possible options of the standard valve types
and sizes (Fig. 8).

15A Sheet | 1-nstallation Data: | 2:Valve Sizing {3 fion | 4-Valve Construction | 5-Actuator Selection | 6-Postioner | 7-Addtional Accessories |

[ Product i Attribute Name i Attribute Value | Service Condition Cv
4653
e — | [ Minimum |
Normal 10.088
Masximum 16.470
[ENI i ]
Shaw
For I Product Bulletin
FFr % Recent
I Fl —_—
¥ Hits Only Options
Graph
[ Filter: Shutoff Class ifecelisiecion
[V Falter:Style, Rating, Line size
VelveSize  Balance  Travel  FPortDismeter  TrmCapscity  Type 10%  20% 0% 40% 50%  60%  70% 80% 0% [T
NPS 1172 Unbalanced 20mm | 2ZZmm Full Capacity Cv --42 --- 105 --
DM 40 Unbalanced  20mm  22mm Full Capacity Cv --42 ---105 --
NPS1172  Unbslanced  20mm  36mm Full Capacity o [ER45 ] 162
DN 40 Unbalanced  20mm  26mm Full Capacity o [R5 [ e

2 265 |
NPS2 Unbalanced  20mm  22mm Full Capacity SN O EN T
NPS 2 Unbslanced  20mm  26mm Full Capacity o s EllTc EENv: EENEEEE

Fig. 8. Example of selecting the type of control valve
in the Fisher VSM program

For the Fisher Valve Specification Manager, control valve parameter
calculations can be obtained from the 2-Valve Sizing tab after clicking the
Calculate button. By far the most important parameter is the flow capacity
Cv. When ordering a valve, one should take Cy for maximum flow rates, and
with a margin of up to 20 %. One should also pay attention to the speed of
water flow through the valve, which should not exceed 2 m/s (Fig. 9).

On the 3-Valve Selection tab of the Fisher VSM program, after clicking
on the Graph button, you can get graphs of the dependence of the throughput
on the stroke of the control valve stem Cy = f(l) (Fig. 10). In this case, for the
selected valve of the GX type with a linear throughput characteristic, the
stroke of the rod exceeds the permissible limits of 20 % ... 80 %. And this is
undesirable, because beyond these limits the transmission coefficient of the
valve can change significantly. Therefore, under such operating conditions,
one should choose a different valve size.

Metso Nelprof software is an expert system for selecting control and
shut-off valves. In addition to the calculation equations, it also includes
expertise in the interpretation of the results. The program analyzes the
selection and gives advice on the selection of control valves [9].
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15A Shest | 1nstallation Data: 2'Valve Sizing | 3Valve Selection | 4Valve Construction | 5-Actuator Selection | 6-Positioner | 7-Addiional Accessories

Fydrodynamic Trim
SIZING QUTRUTS

Flow Coeficient (Cv)
Application Ratio

Pressure differential

Valve dPIP1 pressure ratio
Choked flow pressure drop

Cavitation Fressure Drop

Pipe and fiting flow correction facter
Combined recovery factor
Dynamic viscasity
Kinematic viscosity

Critical Pressure

Upstream Inside Dismeter
Downstream Inside Diameter
Vapor Pressure

Reynalds humber

Liquid Specific Gravity

Inlet Density

Mass Flow Rate Liguid
NOISE OUTPUTS

Sound Fressure at Im
VELOCITY OUTPUTS

Fluid Velocity Upstream
Fluid Velocity Downstream

Liquid critical pressure drop ratio factor

mPa.s
ssu
bar(g)
mm
mm
bar(g)

kg/m3

kg/h

dB(A)

mis
mis

Standard Trim | Standard Trim . | Standard Trim| o

4693

0.519

- 1.50000
0438

- 234385
v 288728
035

1.00

0.0

- 0.547
- 2509
“ 21962700
~ €271
“ 6271
~ -0.88949
11730139

0.988

v 988.13
~ 49362868
<50

v 04495
- 04495

10.083
0.466
1.30000
0.446
225836
277970
035

1.00

030
0.547
2509
219.62700
6271
6271
-0.88%49
160204 70
0988
98813
9872.5302

<50

0.8989
0.8983

16.470
0.409
1.10000
0.391
216836
266454
095

1.00

030
0.547
2509
21962700
6271
6271
-0.88%49
188544 13
0.988
98813
14808.7301

<50

13484
13484

4536

Sizing For
Liquid

Gas

Vapor

Stesm

Fisher Real Gas
Viater

DS Ie N e e

Fulp
2-phase liquidigas
2-phase liquidivapor
Simple Cv

TN

7

Diffuser Modet
None

Design Condition

Mirimum

Solve For

@& Cv " dP  Q(Flow)
Fiping

¥ Size/Schedule

" Size/Thickness

Insulation Credit
ol

" Thermal

" None

Fig. 9. Table of results control valve parameters calculations
in the Fisher VSM program

! Flow Coefficient vs. Valve Opening

Flow Coefficient vs. Valve Opening

1719

— FlowData
B Minimum
®  Normal
Maximum

15.28

13.37

1146

9.55

Cv

7.64

573

3.82

1.91

10 20

Project Name: Project1
Tag Name: Tag1
Product: GX

Body Style: Globe

Travel: 20 mm

30

40 50 60 70

% Open
Trim Style: Linear

80

Print

90

100

Copy To Clipboard

Close
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Fig. 10. Dependence graph Cv = f(l) for a linear throughput characteristic
Input data for calculations is set in the Control tab, for example, for two
options of changing water flow through a valve, the type of which is selected
from the list that appears after clicking on the Valve button (Fig. 11).

Control 1 Notes and warnings  Characteristics Curves Comparison
— Ui
- | %
Liquid Water (D Flow data Unit
Lig flow
i 2 Inlettemp
= = = Inlet press
Gas Steam 2-phase Press diff
Qutlet press
[ | |vappress
DP-shutoff
Crit press barA 2212
Special semvi Mormal Valve.. Unit
Dpm-factor 03

Inlet dia
mm 65
Case 1
m3h 5
degC 50
barA 2
bar 15
barA 05
barA 0.138
bar 2

Type

mm ALL

Outlet dia

Press rating

Thickness  Schedule
65 40
Case 3 Case 4
15
50
18
1.1
07
0.138
Code Size
ALLANSI  GB-STD-LIN AUTOM

Fig. 11. Example of data entry in the Metso Nelprof program

For the Metso Nelprof program, calculation results can be obtained by
clicking on the Calculate button (Fig 12).

Results Unit Case 1 Case 2
Max capacity Kv 2249
Req capacity Kv 435 14.3
Travel % 194 64.2
% of maxcap. % 194 63.4
Moise dBA[IEC] 55 63
Flow velocity mis 0.71 212
Terminal dp bar 13 1.2
Fl coeff. 0.84 0.85
Construction Material Seat Gland pack
63055 + HCr std_Metal PTFE + Carbai

Class 2 Flowto Close

Fail to Close

Case 3

Case 4

Metal

Yes

Fig. 12. Table of results control valve parameters calculations

in the Metso Nelprof program

When you go to the Characteristics Curves tab of the Metso Nelprof
program, you can see graphs: inherent and installed characteristics of the
selected GB-STD-LIN type valve (top in Fig. 13), the change in pressure and
valve transmission coefficient depending on the stroke of the rod (bottom in

Fig. 13).
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In this case, it is noteworthy that the transmission coefficient of the se-
lected GB-STD-LIN type valve changes insignificantly within 35 % ... 80 %
of the stroke of the rod, therefore this valve can be recommended for use.

Control Motes and warnings Characteristics Curves  Comparison
Inherent Flow Characteristic Installed Flow Characteristic
Inherent Flow Characteristic Installed Flow Characteristic
(o] (o]
1.0 1.0
oz 05
0.5
0.6
0.4
0.4
0z
0.2
0,0+
o0 0.2 04 05 0z 1.0 oo
Relative travel h ‘oo 0.z 04 06 03 10
Q =relative capacity coefficient Relative travel h
Installed Pressure Level Installed Gain
Installed Pressure Level Installed Gain
P
1.0 4
08
3
06
0.4 3
0.z
) 1
0,0+
0.0 0.2 04 06 0s 10 @
Relative travel h 0o 0.2 04 05 03 1.0 12
F = relative pressure giqm

Fig. 13. Graphs of control valve characteristics
in the Metso Nelprof program

Using the Fisher Valve Specification Manager and Metso Nelprof
programs to select parameters of throttling RVs allows one to quickly obtain
and analyze the results for several alternative options and choose the desired
one.

The functionality of the Metso Nelprof program also allows one to view
and select the type of actuator for the selected valve. The program is
presented on the website of the manufacturer in the form of a WEB page,
which simplifies its use.

The programs Fisher Valve Specification Manager and Metso Nelprof
provide in a convenient form an opportunity to calculate the main parameters
of throttling valves and choose a specific type that meets the technical
requirements of its use, taking into account the limitations. These programs
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allow designers of automatic control systems to develop skills in the
selection of valves and actuators, to correctly place orders for the
manufacturing company.
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Anomauia. Ilpu npoexmyeanni HOBUX cucmem aABMOMAMUYHOSO
KepyBaHHs MEXHON02IHUMU NPOYecamy BUHUKAE HeOOXiOHiCMmb eubopy
Muny i po3paxynxy napamempis opoceibHux peynoruux opeawnis (PO). 3
mouku 30py eiopaenixu opocenvhuti PO s61ie co60t0 ckiaonutl 3mMiHHULL
Mmicyesuti onip. B mexwiuniti  doxymenmayii 6UpoOHUKU 6KA3VIOMb
nponyckny 30amuicme PO ma tioco nponyckmny xapaxmepucmuxy. Bona
Modice Oymu, HANPUKIao, JIHIUHOW, PIBHONPOYEHMHOK, WO 8 OCHOBHOMY
3anexcums 6i0 KOHCMpYKYii ciona ma naynacepa. ¥ npoyeci pobomu PO euo
11020 NPONYCKHOI XAPAKMEPUCUKU 36UNAUHO CYMMEBD 3MIHIOEMbCSL
3a1€JICHO IO 3MIHU 2IOPABNIYHO20 ONOPY MEPediC, Napamempie peyosunu
(memnepamypu, winbHocmi, 6'a3kocmi ma iH.), WO 6 CYKYRHOCMI
npueooums 00 3MIHU DedCuUMy pyxy Hnomoky. Bionosiono sminoemvcs
suensio epagixie nponycknoi xapaxmepucmuxu PO. Tomy nponyckny
(ioeanvry) xapaxmepucmuxy PO 6 pobouux ymosax nputiHamo Ha3ueamu
BUMPAMHOI0 (peanvbHoro) xapakmepucmuxoro. Heninitinuii xapaxmep 3minu
BUMPAMHOI XApAKMEPUCMUKU 36ICHO NPUBOOUMb 00 3MIiHU Koegiyicnma
nepedaui pezyniorouozo opeawny. Ilpu eubopi muny i napamempis Kianamy
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CNI0 MAKOAHC 36AAHCAMU HA MONCTUGICIb SUHUKHEHHS WKIOIUBUX AU, A
came wymy i kagimayii, no6's13anux 3 3i 30IbUEHHIM WEUOKOCI NPOMOKY
piounu, sxa npomikae xkpisb PO. Pesynomamom yux auwy modxce cmamu
iHmMeHCUsHe 3HOWYBAHHSA NOBEPXOHL OPOCENbHOI napu, Kopnycy, wmoka i
VWITbHIOBANbHUX — eleMEHMI6  CANbHUKA, a  MAaKodC  NOPYUIEHHS
2cepmemuyHocmi 8 OpocenvHill napi i ranyesux 3'eonannax. B yinomy cnio
3a3Hauumu, wo eubip napamempig Opocervhux PO nompebye 6i0
NPOEKMYBANbHUKA NEe6HOI MeopemuyHoi niocomoexu i NpaKmudHux
HAaBUYOK, Ki OOYIIbHO HAOYMU, BUKOPUCTNOBYIOUL CReYiani308aHi NPpoSpamu
610 ipm-eupobnuxis. Ipoepamne 3ab6esneuenns Fisher Valve Specification
Manager nponouye nabip incmpymenmis Ons pO3PAXYHKIE pe2ynioryux
xknananig Fisher i Baumann. IIpoepamne 3abesneuenns Metso Nelprof — ye
eKxcnepmHa cucmema 6uOOpy pecynoiouuUx ma 3anipHuUX — KIanawie.
Buxopucmanns npoepam Fisher Valve Specification Manager ma Metso
Nelprof ons eubopy napamempie Opocenvhux PO 00360156 weUoKo
ompumamu  ma — NPOAHANi3y6amu  pe3yibmamu  Oaf  0eKilbKOX
anvmepHamusHux eapianmis ma oopamu oasxcanuii. Pynkyionan npozpamu
Metso Nelprof o0osgonse makodxc poszensdamu ma obupamu mun
BUKOHABYO20 Mexanizmy 0nia obpanozo kranauy. IIpoepama npedcmasiena
Ha caumi Qipmu-supobruxa y euensioi WEB-cmopinku, wo cnpowye ii
sacmocysanns. [Ipoepamu Fisher Valve Specification Manager ma Metso
Nelprof y 3pyuniii popmi Haoaromv MONCIUBICIL NPOBECHU PO3PAXYHKU
OCHOBHUX Napamempie OpocebHUX KI1ananié ma 0opamu KOHKpemuuLl mun,
AKULL 3A00601bHAE MEXHIYHUM GUMO2AM 1020 GUKOPUCTNANHA 3 YDAXYEAHHAM
obmedncens. Jlani npocpamu 003601A10Mb CHOPMYEAmMU Y NPOEKMYEANIbHUKIE
cucmem a6MOMAMUYHO20 KepyBAHHA HAGUYKU 3 GUOOPY KIanauie ma
BUKOHABUUX MEXAHI3MI8, KOPEKMHO CKIACMU 3aMOBNEHHA Oad pipmu-
8UpOOHUKA.
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PEDOEPATU

VK 681.518.5:681.586.5

DOI: 10.31653/1819-3293-2024-1-29-03-12

Borau B. M., Onpumko M. O. BrockoHalleHHS] aBTOMaTH30BaHOTO 3ac00y KOHTPOITIO
MPOLIECY MAICHHS [IMTHAPOBHUX BTYJIOK // ABTOMATH3AIIIS CYyJHOBHX TEXHIYHHX
3aco0iB: HayK.-TexH. 30. — 2024. — Bum. 29. — Oneca: HYOMA. — C. 3 - 12.

In. 1. Crncok it.: 19 Ha3B.

OOIpyHTOBaHO CXEMOTEXHIYHE pIMIEHHS MPHCTPOI0 KOHTPOJIO MAICHHS
MOBEPXOHb  J€Talied  IWIIHIPO-TIOPHINHEBOI TPyNH CYJHOBHX  JBUTYHIB
BHYTPIIIHBOTO 3TOPsIHHA. Y IIPONOHOBAHOMY TIPHCTPOI 3abe3nedyeHa OLTbII
AACKBATHC BU3HAYCHHIA 3MIHH pe)KI/IMiB MalICHHS Ta IMEPETBOPCHHA napaMeTpiB
IUTIBKH MacTHjIa y 3MiHM iH(QOpPMAaLifHOTO CHTHAly, a TAKOK KOMIICHCAI[isl BILIUBY
nectabimizyounx GakTopiB Ha BUMIPIOBAJIbHUI KaHAI IPUCTPOIO.

Kiro4oBi ciioBa: MacTuiIo, rijib3a MUITiHAPa, ONTOBOJIOKOHHUH IPHCTPIH.

Fig. 1. Refer: 19.

The schematic and technical solution of the device for controlling the lubrication
of the surfaces of parts of the cylinder-piston group of internal combustion marine
engines is substantiated. The proposed device provides a more adequate
determination of the change in lubrication modes and the transformation of the
parameters of the lubricant film into changes in the information signal, as well as
compensation for the influence of destabilizing factors on the measuring channel of
the device.

Key words: lubrication, cylinder sleeve, fiber-optic device.

YK 621.431.74
DOI: 10.31653/1819-3293-2024-1-29-13-24

Bynypo M. 1. IlepcnekTHBHI NUIAXM IOKPAIIEHHS EKOJOTIYHOCTI CyJeH
Toprosoro oty // ABToMaTu3allisi Cy JHOBUX TEXHIUYHHX 3ac00iB: HayK.-TeXH. 30. —
2024. — Bum. 29. — Onmeca: HYOMA. — C. 13 - 24.

Tab6mn. 1. Crimcok mit.: 28 Ha3B.

OOrpyHTOBaHO NEPCHEKTHBHI NULIXM 3a0€3MEeYCHHS CKOJOTIYHUX BHMOT Yy
CYJIHOIUIABHIHM rajy3i 3 ypaxyBaHHSIM OCOOJHMBOCTEH MOPCHKOTO Ta BHYTPIIIHBOTO
BOJHOTO TpaHcmopry. [IpoaHamni3oBaHi KUTBKICHI MOKa3HUKHU MIKIJIJIHBUX BUKHUIIIB
JUI PI3HUX THUINB CYAHOBHX NpHUBOIIB. [loka3zaHa e(eKTHUBHICTH BIPOBAJKECHHSI
HEePCHEKTUBHUX DILIeHb MO0 CKOPOYEHHS BUKUAIB BiJ CyJHOIIaBHOI ramysi 3
METOIO BIAMOBITHOCTI MI>KHAPOHUM E€KOJIOTIYHUM HOpPMaM.

KmrogoBi crmoBa: MiKHapopHe CyAHOIUIABCTBO; TOPrOBE CYAHO; CYyIHOBI
€HEPreTUYHI YCTAHOBKHU; Cy4acHi CyJHOBI [M3€Jli; TPAaHCIIOPTYBaHHS 3 HYJIbOBUMHU
BUKHJAMH; TAPHUKOBI Ta3u; BUKUAN B aTMOChEpy.

Tab. 1. Refer: 28.
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The perspective ways for ensuring environmental requirements have been
substantiated taking into account the peculiarities of maritime and internal water
transport. Analyzed a quantitative indicators of harmful air emissions from various
types of vessel’s prime movers. The effectiveness of implementing the promising
solutions regarding reducing emissions from the world shipping industry in order to
comply with international environmental standards.

Keywords: international shipping industry; merchant vessel; ship’s power plants;
modern marine diesel engines; zero emissions transportation; greenhouse gas; air
pollution.

VK 621.317.39:681.586.5

DOI: 10.31653/1819-3293-2024-1-29-25-32

TonixoB B. A. ABTOMaTH30BaHUI IPUCTPIH TSI KOHTPOJIIIO MOBITPSIHOTO
cepeloBHIIa Ha CyiHax // ABTOMAaTH3allist CyTHOBUX TEXHIYHUX 3aCO0iB: HAYK.-
TexH. 30. — 2024. — Bum. 29. — Omeca: HYOMA. — C. 25 — 32.

In. 1. Coucok mit.: 15 Ha3B.

OOTIpyHTOBaHO CXEMOTEXHIYHE PIIIeHHS NaTYMKy BU3HAYCHHS TEMIEpaTypu
TOYKU POCH. Y TPOMOHOBAaHOMY HPHUCTPOi 3abe3reueHa BUKOPUCTaHHS NPUHILIHUIIIB
YacTKOBOI 1HBApiaHTHOCTI 1O 3OBHIMIHIX HEKOHTPOJBbOBAHMX BIUIMBIB Ha
BUMIpIOBaHHs. 3aci0 3abe3redye MiIBHIICHHS BipOTIIHOCTI MPOIECIB KOHTPOIIO
MOBITPSIHOTO CEpeNIOBUINA Ha CyJHaX 3 MeTolo 3abe3rneueHHs KOMGOPTHHX YMOB
KHUTTEMISUTHHOCTI EKIMaXKy.

Kirouosi ciioBa: Touka POCH, BOJIOKOHHA ONITUKa

Fig. 1. Refer: 15.

The technical solution of the sensor for determining the dew point temperature is
substantiated. The proposed device ensures the use of principles of partial invariance
to external uncontrolled influences on measurement. The tool ensures an increase in
the probability of air environment control processes on ships in order to ensure
comfortable living conditions for the crew.

Key words: dew point, fiber optics.

VK 621.431.74
DOI: 10.31653/1819-3293-2024-1-29-33-42

I'op6 C. 1., Caraiinax O. 1., 'op6 O. C. BUKOpHCTaHHS IITY4YHOTO IHTEJIEKTY IS
OL[HKM PH3HMKIB Ha MOPCBHKHX CyaHax // ABTOMaTH3alis CyJHOBHMX TEXHIUYHHX
3aco0iB: HayK.-TexH. 30. — 2024. — Bum. 29. — Oneca: HYOMA. — C. 33 —42.

Tab6mn. 1. Crincok mit.: 8 Ha3B.

MiXXHapOoIHUH KOAEKC 3 YNpaBiliHHSA OE3MEYHOI EKCIUTyaTallielo CyJAeH Ta
3ano0iraHHsaM 3a0pyIHEHHS BHMarae "OLIHMTH BCl ITEHTU(IKOBaHI PHU3UKH,
MOB'sI3aHi 3 CyJHAMHM, IEpPCOHAJIOM Ta MOBKUUIIM Ta OpraHi3yBaTH BiIIOBITHMIT
3axucT Bim HuX". BUKOHaHe NOCHI/KEHHS MO3BOJMIO BH3HAYUTH MOXKINBOCTI
IITYYHOTO iHTEJEKTY JUIs aIMIHICTPYBaHHS PU3UKaMH Ha CyJHAX Ta II0Ka3ano Horo
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edpexruBHicTh. HaBeneno mnpuxnan BuxopucranHs ChatGPT mia ineHTndikamii
HeOe3leK y KOHKPETHIH CymHOBIH omeparii, a TakoXX U1 OLIHKA Y KOXKHOI
HeOe3neKku: KaTeropii 30MTKiB, KaTeropii I iMOBIpHOCTI Ta Kateropii pusuky. st
PU3HKIB BUCOKOI Ta cepennboi kateropiii ChatGPT 3ampornoHyBaB 3axo1u 3aXHCTy
Ta OLIHNB e()EeKTHBHICTb 3aIIPONOHOBAHMX 33aXO0IiB.

Kirouosi cnoa: ISM Code; pusuk; mTy4HHIl iHTEJEKT; CYIHOBi omeparii;
Oe3IeKa CyTHOIIIABCTRA.

Tab. 1. Refer: 8.

The International Management Code for the Safe Operation of Ships and for
Pollution Prevention requires that "assess all identified risks to ships, personnel and
the environment and establish appropriate safeguards”. The conducted research
identified the potential of artificial intelligence in risk management for ships and
demonstrated its effectiveness. As an example, was provided use of ChatGPT for
identifying hazards in specific ship operation. Additionally, it assessed each hazard's
damage category, probability category and risk category. For risks classified as high
and medium, ChatGPT proposed protective measures and evaluated the effectiveness
of these measures.

Key words: 1ISM Code; risk; artificial intelligence; ship operations; shipping
safety.

VK 614.72:547.381-074:543.544.45
DOI: 10.31653/1819-3293-2024-1-29-43-53

Kypasnwos lO. 1., Canmep A. K., Kapmisos O. 1O., Xuronin C.I'. BrockonaieHHs
3aco0y KOHTPOJIIO MOBITPSHOTO CEPEIOBHINA Y MAITMHHOMY NPUMIILeH] U poOoTi 3
BYTJIGBOJHEBHMH PEYOBUHAMH // ABTOMATH3aLlisl Cy/THOBHMX TEXHIUYHMX 3aC00iB: HayK.-
TexH. 30. — 2024. — Bur. 29. — Oneca: HYOMA. — C. 43 - 53.

In. 3. Crincok mit.: 12 Ha3B.

OOTpyHTOBaHO CXEMOTEXHIYHE PIillIeHHs 3ac00y KOHTPOJIO piBHS 3a0pyAHEHHS
MOBITPSI Cy/THOBUX MAIIMHHHUX MPHUMIIIEHb MIKi[UIMBOIO PEYOBUHOIO aKpOJIEiHOM. Y
MPOTIOHOBAHOMY TIpHCTpoi 3abe3ledeHa OLTBIN aJeKBaTHA JIOKATi3alis ITOSBH
aKpoyieiHa Ta TIEPETBOPEHHS TMapaMeTpiB Ta30BOTO CEpPElOBHIIA Y 3MIiHH
iHpOpPMaIifHOTO CHTHAly, a TaKoX KOMIICHCAllisl BIUTUBY JAECTa0lIi3yr0unx
(daxTOpiB Ha BUMIPIOBAJILHAIN KaHAN NAaTYWKY akpolieiHa. BuzHaueHi reomeTrpuyHi
mapaMeTpH CKJIAJIOBOTO €JIEMEHTY MPHUCTPOIO — (POKOHY.

KitrouoBi ciioBa: akposieiH, BOJIOKOHHO-ONITUYHUHA JaTIUK, (POKOH.

Fig. 3. Refer: 12.

A well-founded circuit-technical solution of a means of controlling the level of
air pollution in ship's engine rooms with the harmful substance acrolein. In the
proposed device, a more adequate localization of the appearance of acrolein and
transformation of parameters of the gas environment into changes in the information
signal, as well as compensation for the influence of destabilizing factors on the
measuring channel of the acrolein sensor, are ensured. The geometric parameters of
the constituent element of the device - the focon are determined.

Key words: acrolein, fiber optic sensor, focon.

130



ABTOMAaTH3AIlis CyTHOBHX TEXHIYHHUX 3aCO0IB Bumyck Ne 29

YK 629.5
DOI: 10.31653/1819-3293-2024-1-29-54-65

3abmonpkuii 0. B., Bynamko B. B., Carin A. C. 3a0e3ne4eHHs TEXHOJIOTTYHIX
orepamiii 31 3pi[PKeHUM MPUPOJHUM Ta30M IIiJ] 4yac HOro BHIOOYTKY B MOPCBKHX
NIpUOEPEKHNX aKBATOPIsAX // ABTOMAaTH3aIlisl CyAHOBUX TEXHIYHMX 3aco0iB: HayK.-
TexH. 30. — 2024. — Bum. 29. — Oxeca: HYOMA. — C. 54 — 65.

Tabmn. 1. Ciucok mit.: 24 Ha3B.

BusHaueHo, 1m0 po3poOKa BENMKHUX Ta30BHUX POJOBHUILI Ha MOPCHKOMY MIENb(i
CTUKA€ThCA 3 BUCOKHMMHU BHTpaTaMH Ta TEXHIYHHMMH BHUKIMKaMH Sk BapiaHT
PO3B’A3aHHS IUX MPOOJIEeM BIPOBAKYIOTh ABTOHOMHI IIIaBY4i 3aBOJH 3PiHKEHOTO
npupogHoro raszy. CHOpPYyMKeHHS TOAIOHMX 3aBOMIB HAWOUIBII OLLIBHO
BUKOHYBATH 32 MOJYJIBHOIO CTPAaTerilo MOOYAOBH, BiAMOBITHO A0 SKOi OiTbIIa
YacTHHA POOIT BUKOHYETHCS Ha 3aBOJi, a Mojaiblia 30ipka TOTOBUX MOIYJIB
BimOyBa€eThcss Oe3MOCEpeHbO0 HAa MOPCHKUX IUIaTGopMax, M0 3a0e3MeuyroTh
BUIOOYTOK ra3y B MOPCHKHX IIPHOEPEKHUX aKBaTOPIsX.

KirouoBi ciioBa: aBTOHOMHI TUIaBYYi 3aBOJHU 3PIIKEHOTO MPHPOJHOTO Ta3y,
3piUKeHMH  TPUPOAHMH  Tra3, MOpPCBKMH  TpAaHCIOPT, CyAHA-Ta30BO3H,
TPaHCIOPTYBAHHS 3p1KEHOr0 IPUPOTHOTO Ta3y.

Tabl. 1. Refer: 24.

It was determined that the development of large gas fields on the sea shelf faces
high costs and technical challenges. Autonomous floating liquefied natural gas plants
are being implemented as a solution to these problems. The construction of such
plants is most expedient to be carried out according to the modular construction
strategy, according to which most of the work is carried out at the plant, and the
subsequent assembly of ready-made modules takes place directly on marine
platforms that ensure gas production in coastal sea areas.

Key words: autonomous floating plants of liquefied natural gas, gas carriers,
liquefied natural gas, sea transport, transportation of liquefied natural gas.

YK 629.5
DOI: 10.31653/1819-3293-2024-1-29-66-76

Komeraes M. O., bpaxnik I. [I. BnockoHameHHs Tpolecy ITiArOTOBKH
BaHTAXXHUX TaHKIB Ha()TOHAIMBHHX CYICH [0 BaHTAXHUX onepamid //
ABTOMATH3aIlis] CYTHOBHX TE€XHIYHHX 3aC00iB: HayK.-TeXH. 30. — 2024. — Bum. 29. —
Opeca: HYOMA. — C. 66 — 76.

In. 5. Crncok mit.: 14 Ha3B.

PO3FH${HyTi NUTAaHHA OO0 BAOCKOHAJICHHS NPOLIECY l'li}lFOTOBKI/l BAaHTaXXHUX
TaHKiB Ha()TOHAJIMBHHUX CYAEH [0 BaHTAKHUX OIepalii. 3a3HaueHo, IO
e(eKTHBHICTh eKCIlTyaTanii Hah TOHATMBHUX CyJeH KpIM TPaHCIIOPTHHUX OMEparlii,
BU3HAYAETHCS TEXHOJOTISIMH, SIKi BUKOPUCTOBYIOTBCS I/l Yac MiATOTOBKH CYIHA 10
npuitoMy HOBOro BaHTaxy. OJHI€IO 3 TAKMX TEXHOJIOTII € iHepTH3allis BaHTaXKHHX
TaHKiB. MeToI0 AoCimKeHb O0yJI0 BIOCKOHAJICHHS CHCTEMHU IHEPTHUX TUMOBHUX ra3iB
HaTOHANMBHOTO CyAHa. BeraHOBIEHO, IO CYTTEBE CKOPOYEHHS Yacy iHepTH3amil
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JOCATAETHCS 32 paXyHOK KOMOIHOBaHOTO BUKOPHCTaHHS YOTHPHOX IepudepiiHuX Ta
OIHOTO LEHTPAJILHOI'O COIUIa IS BBEACHHSA iHepTHI/IX rasis y BaHTa)XHHUI TaHK
Ha(I)TOHaJ'H/IBHOFO CyaHa.

Kiro4oBi ciioBa: BaHTa)KHi oneparii, iHepTHI IMMOBI I'a3H, KOHIEHTpAIlisl KHCHIO,
KyT PO3KPHUTTSI CTPYMEHIO, MOPCHKUII TpaHCHIOPT, HATOHAINBHE CyIHO, CHCTEMA
IHepTHHX Ta3iB.

Fig. 5. Refer: 14.

Considered issues related to the improvement of the process of preparing cargo
tanks of oil tankers for cargo operations. It is noted that the efficiency of the operation
of oil tankers, in addition to transport operations, is determined by the technologies
used during the preparation of the vessel to receive a new cargo. One of such
technologies is the inertization of cargo tanks. The aim of the research was to improve
the inert flue gas system of the oil tanker. It was established that a significant
reduction in the inertization time is achieved due to the combined use of four
peripheral and one central nozzle for the introduction of inert gases into the cargo
tank of an oil tanker.

Key words: cargo operations, inert flue gases, inert gas system, jet opening angle,
marine transport, oil tanker, oxygen concentration.

YK 629.5
DOI: 10.31653/1819-3293-2024-1-29-77-91

Mareiiko O. B. 3abe3neuenHs nporecy iHepTH3alii BaHTa)XKHUX TaHKIB Cy/eH-
ra3oBo3iB / ABTOMATH3aIlisl CyTHOBUX TEXHIYHHX 3aCO0iB : HAyK. -TeXH. 30. — 2024.
— Bum. 29. — Oneca : HYOMA. —C. 77 - 91.

Tab6mn. 5. Im. 5. Crmcox nut.: 23 Ha3B.

Hanani pesysibraté JIOCHiKeHb, IIOJ0 3abe3NeueHHs Mpollecy iHepTh3amil
BaHTAXXHUX TaHKIB CyAEH-Ta30BO3iB. BU3Ha4YeHO, 1110 iHEpTHU3AllisI HEMOXIHBA Oe3
YTBOPEHHS y BaHTQXHOMY TaHKY MOALISIOYOrO MLIapy, SKUH IIap MOIepeKye
CYMILIIOYTBOPEHHS MIXK ITapaMH BaHTaXYy, IO 3MIIHINCh Y BAHTQ)KHOMY TaHKY Ta
iHEPTHUM Ta30M, Ta BHKOHYy€ OYHKLI] «IOpPIIHIO» 32 JIONOMOIOI0 SIKOTO
3IIACHIOETBCSl BUTHCHEHHs 3ajMIIKIB MapiB BaHTaXy 3 BaHTAKHOTO TaHKY.
EKCIIEpUMEHTANBHO BCTAHOBICHI 3HAYEHHS THUCKY HarHITaHHs iHEPTHOTO rasy 3a
SKUM TPOIEC 1HEPTH3allil 3IICHIOEThCS 32 HAMKOPOTHIMX Yac 3 OJHOYACHHM
3a0e3neyeHHsIM CyHTBHOCTI Ta CTIHKOCTI MOAIIAI0YOTO 1apy.

KirodoBi cioBa: TeHepaTop IHEPTHUX Ta3iB, 3pIIPKEHHH TNPHPOIHUI Tras,
iHepTH3allil BAaHTAXHUX TaHKIB, KOHIIEHTpAIis, MIKPOKOHTPOJEPH, MOPCHKHIA
TPaHCIIOPT, NOAISAIOUHH 1Iap, CyAHA-Ta30BO3H, THCK.

Tabl. 5. Fig. 5. Refer.: 23.

The results of research on ensuring the process of inertization of cargo tanks of
gas carriers are provided. It was determined that inertization is impossible without
the formation of a separating layer in the cargo tank, which layer prevents the
formation of a mixture between the cargo vapors remaining in the cargo tank and the
inert gas, and performs the functions of a "piston" with the help of which the
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remaining cargo vapors are pushed out of the cargo tank. Experimentally determined
values of the inert gas injection pressure according to which the inertization process
is carried out in the shortest time while simultaneously ensuring the continuity and
stability of the dividing layer.

Key words: concentration, generator of inert gases, inertization of cargo tanks,
liquefied natural gas, microcontrollers, sea transport, separating layer, gas carriers,
pressure.

VK 681.518.5:681.586.5
DOI: 10.31653/1819-3293-2024-1-29-92-103

Canmnep A. K., Beperennik O. M. TexHiuHe IiarHOCTYBaHHS CYIHOBHX
XOJOAWIBHUX YCTAaHOBOK Ha OCHOBI BOJIOKOHHO-ONTHYHHX TEXHOJOTiH 1
ABTOMATH3aIlisl CyJTHOBUX TEXHIYHHX 3aC00iB: HayK.-TexH. 30. — 2024. — Bum. 29. —
Opeca: HYOMA. — C. 92 — 103.

In. 4. Crncok mit.: 10 Ha3B.

OOIpyHTOBaHO CXEMOTEXHIYHE pIMICHHS IaTYuKy KOHTPOJIO BOJIOTOCTI
XJIQJIOHIB, sIK€ 3a0e3MeYNTh I1HBAPIAHTHICTH PE3YJBTATIB BUMIPIOBAaHHS IO
HECKOHTPOJIbOBAHUX eKCHJ‘IyaTaHiﬁHHX (I)aKTOpiB Ta JAO0CTAaTHBO BEJIMKHHA
eKCIUTyaTaliiHuid pecypc. Y TPOIMOHOBAHOMY JaTYUKY OJHOYACHO 30epeiKeHi
HAAIHHICTh Ta MPOCTOTa CXEMOTEXHIYHUX PIillleHb JATYUKIB BIIOMHUX THITIB.
P0o3po6ieHo MaTeMaTHYHUI OIHC MPOIECY MEPEeTBOPEHHS ONTHYHOI MOTYXHOCTI Y
natauky. OOTpyHTOBaHO 3aCTOCYyBaHHsS CKJIa 3B IITyyHoro candipy Uit
BUT'OTOBJIEHHS €JIEMEHTIB JaTYUKYy.

KmrouoBi cioBa: CyJHOBa XOJIOAWJIbHA YCTaHOBKH, BOJIOKOHHO-ONTHYHHI
JATYHK, XJIOPH] KOOAIBTY.

Fig. 4. Refer: 10.

A well-founded schematic solution of the sensor for controlling the humidity of
refrigerators, which will ensure the invariance of the measurement results to
uncontrolled operational factors and a sufficiently large operational resource. The
proposed sensor simultaneously preserves the reliability and simplicity of circuit
solutions of sensors of known types. A mathematical description of the optical power
conversion process in the sensor has been developed. The use of artificial sapphire
glass for the manufacture of sensor elements is substantiated.

Keywords: ship refrigerating installation, fiber optic sensor, cobalt chloride.
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O6I‘pyHTOBaHO CXEMOTEXHIUHE piHIeHHH AarTUBHOTO J3€pKajia CyI[HOBO'f
ONTUKO-JIOKAiHHOI CTaHWii. Y HpPONOHOBAHOMY N3€pKaii BiACYTHS HEOOXiIHICTH
KOPEKLINHMX Hil 3 MIATPUMKH ONTHYHHUX BIACTHBOCTEH BCIX €JIEMEHTIB JIiH3H Mij
BIUTMBOM EKCIUTyaTalifHUX YHHHHKIB, PO3MINPEHUH Aiana3oHy peXUMiB poOOTH i
O/IHOYACHO MO>KJIMBA HE3aJIe)KHA 3MiHA ONTUYHUX BJIACTUBOCTEH PI3HUX MOBEPXHi.
OOrpyHTOBaHO 3aCTOCYBaHHS Hio0aTy JITil0O A9 BHTOTOBJICHHS €JIEMCHTIB
J3epKajia.

Kirouosi cioBa: CyaAHOBa OHTI/IKO-J’[OK&HiﬁH&, alaliTUBHE A3€PKaAJIO.

Fig. 3. Refer: 14.

The schematic solution of the adaptive mirror of ship optical location stations is
substantiated. In the proposed mirror, there is no need for corrective actions to
maintain the optical properties of all lens elements under the influence of operating
factors, the range of operating modes is expanded, and at the same time, independent
changes in the optical properties of various surfaces are possible. The use of lithium
niobate for the manufacture of mirror elements is substantiated.

Keywords: ship optical location, adaptive mirror.
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Fig. 13. Refer: 9.

When designing new systems for automatic control of technological processes,
there is a need to choose the type and calculate the parameters of throttle regulating
bodies (RO). Therefore, the throughput (ideal) characteristic of RO in working con-
ditions is called the consumption (real) characteristic. Selection of throttle RO pa-
rameters requires a certain theoretical training and practical skills from the designer,
which should be acquired using specialized programs from manufacturers. These
programs allow designers of automatic control systems to develop skills in the selec-
tion of valves and actuators, to correctly place orders for the manufacturing company.

Keywords: throttling control valves, Fisher VSM, Metso Nelprof, capacity, pro-
grams.

[11. 13. Criucox Jit.: 9 Ha3B.

HpI/I HpOCKTyBaHHi HOBHUX CUCTEM aBTOMATUYHOI'O KEPYBAHHA TEXHOJIOTIYHUMHU
npolecaMd BHHHUKAa€e HEOOXIiJHICTh BHOOpY THIy 1 pO3paxyHKy mapameTpiB
JpocenbHEX peryiotounx opradiB (PO). Bubip mapamerpiB apocensHux PO
noTpedye BiJ HMPOSKTyBalIbHHKA MEBHOI TEOPETHYHOI MIiArOTOBKM i MPAaKTHYHUX
HaBUYOK, SIKi JIOIIJBHO HAaOyTH, BUKOPUCTOBYIOUM CIIelialli3oBaHi MpOrpaMu Bif
¢ipM-BupoOHuKiB. J[aHi nmporpamu 103BOJSIIOTE ¢(HOPMYBATH Yy MPOCKTYBAIbHUKIB
CUCTEM ABTOMATUYHOI'0 KEPyBaHHS HAaBUYKU 3 BI/I60py KJIallaHiB Ta BUKOHABYHX
MEXaHi3MIB, KOPEKTHO CKJIACTH 3aMOBJICHHS ISl (hipMH-BHPOOHUKA.

KurouoBi cnoBa: apoceinbHi perynmorodi kiananu, Fisher VSM, Metso Nelprof,
MIPOITyCKHA 3AaTHICTH, IPOTPaMHU.
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