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10.31653/smf48.2024.5-17
Borau B.M., [Tapmenosa /I.I"., O6eptiop K.JL.
Harmionansauii yHiBepeuTet «O1echka MOPChKa aKaaeMishy

MATEMATHYHA MOJIEJIb PYXY MACTHJIA MO J3EPKAJTY
IJITHIPA

PosmmpenHs BUKOpUCTaHHS Ha CyTHAX JIOBrOXOJIOBUX JBUTYHIB, IXHE
(hopcyBaHHA, 3aCTOCYBaHHS BAKKUX COPTIB MMAJIHBA 3 3aBUIIIEHUM BMICTOM
Cipku ¥ 30epeXeHHA TpH I[bOMY HAIIHHOCTI ¥ JOBrOBIYHOCTI POOOTH
JIU3EITIB MiJIBUIIYE aKTYalIbHICTh MTUTaHb OpraHi3allii MaleHHs CIIONyYeHb
muninapo-nopuaeBoi rpymu (UIII) i BUMarae onTUManbHOTO iXHBOTO
pilIeHHS.

3 MOSIBOIO IIBUJIKICHUX KOMITIOTEPIB, IHTEHCHUBHO PO3BUBAETHCS 00-
YHCITIOBAIFHE €KCIICPUMEHTYBAHHS, 110 BUMAra€e OMHCY JOCHiHKYBaHOTO
00'exTa 32 IOTIOMOTOFO PIBHSAHB (MaTEMAaTHIHUX MOJIEIICH).

IcHyroui MaremaTwdHi MOAeNi pyxXy MacTWia B KaHall CTiHKH
HWTIHIpA Jal0Th MOXJIUBICTh MPOBOJUTH aHalli3 pOOOTH CHCTEMH Ha
YaCTKOBHX PEXHMMaX, KOPUCTYIOUNCH €IUHUMHE MapaMeTpaMu, OJHAKOBH-
MU KPUTEPISIMH OIIHKH, IO JO3BOJIIE KOPEKTHO 3IIHCHIOBATH TOPiBHSIIb-
HUM aHami3 TOBO/PKECHHS PI3HUX KaHaNiB, OI[IHIOBATH TMepeBard U
HEJ/IONIIKA KOXKHOTO 3 HUX, TPOBOJUTH OOIPYHTOBaHWN BHOIp HAWOLIBII
JOLITFHUX BapiaHTIB.

BaximBo MaTH MOMJIMBICTh MPOTHO3YBATH HAaWBaXKJIMBIII €KCILTya-
TaIii{Hi MOKa3HUKH SIKOCTi POOOTH CUCTEM Yy LIJIOMY, 3HATH HUISXH # cIio-
coOu ixHBOTO mominmieHas. [Ipu oMy JOBOAMTHCS PO3B’SI3yBATH IIH-
TaHHS ONTHMAIBHOTO MPOEKTYBAHHS IIUX CKIAJAHUX CHCTEM 1 ONTHMAalh-
HOTO KEpyBaHHA HUMH. | B I[bOMYy BHIIAJKy HEOOXITHUN CHUCTCMHHIA
X1, 3arajbHi METOIM ONTHMI3aIlil.

SIk mokasye aHaii3 HasBHUX JOCTIDKeHb [1,2], 10 Temep mpakTHIHO
HE BUBYCHMI PYX MACTHJIa 32 MEKaMH KaHaJIiB, a caMe 110 TIOBEPXHi A3ep-
KaJa IMuTiHapa.

Pyx MacTuna no a3epkaiy IWIIHIpa SBIsIE COOOK CTIKaHHS HOTO 1O
TIIaJKid TBEpHAid MOBepxHi, puc.la, mig mier0 cumu TsokiHHS. ToBIMHA
IUTIBKY 3aBXIHM BUABJISETHCS 3HAYHO MEHIIE il IIMPUHM, a OTXKE, pyX Ma-
CTHJIA B IIbOMY BHITJIKy MO>KHA PO3TJISJIATH SIK JIBOBUMIPHHUU.

Te  caMe cIipaBeIIMBO JUIsl BUMAJIKY, KOJIM IDTIBKA CTiKa€ BHU3 IO
MOBEPXHi, M0 Mae 3ariauOiieHHst (MpU 3yCTpidi 3 PO3MOJIIBHOI0 KaHAB-
KOI0), puc.10, 3a yMOBH, IO pajiyC KaHaBKW OaraTo OiNbIIe TOBIIMHU
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IUTiBKU. BuTpara MacTWia B Takid IUIIBIII BH3HAYAETHCS CITIBBITHOIICH-
HSM HOTO BarW, B'A3KOCTI ¥ CWIJI, IO AIFOTh HAa IOBEPXHI MOMITY ras-
piauHa.

6)

Puc.1. Xapakrep pyxy MacTuiia IpH BiIbHOMY CTIKaHHI 10 I3epKaITy
LITIHApA: a) TI0 PiBHIN MOBEPXHi: 0) MO MOBEPXHi 3 KAHABKOIO

KinbKicHHI OTMHC TAKOTO PYXY BBa)Ka€ThCsl BUUEPITHIM, SKILO BH3HA-
YeHI KOMIIOHEHTH BEKTOpa INBUAKOCTI, TUCK Y MacTWii W TOBIIMHA
mriBky. LI XapakTepucTHKH MOXYTh OyTH OTpHMaHi 3a JOIOMOTOIO
BUPIIIEHHS OCHOBHUX pIBHSHb MEXaHIKH CYIUIBHUX CEPEeIOBUII, IO
BKITIOYAIOTh PIBHSHHS MEPEHECEHHS IMITYJIbCY, HEPO3PUBHOCTI W Makpo-
CKOIMIYHOro OaJiaHCy.

MareMaTHyHHUI ONKC IUTIBOK, IO CTIKAIOTh IO MOBEPXHI, IPYHTYETb-
cst Ha Qisuuniid Mozeni [1], moka3aniii Ha puc.l. [TmiBKa cTikae BHHU3 MO
TBepaii noBepxHi y=0, i MaTeMaTHYHA MOJEJb PyXy 3alUCY€EThCS CUCTE-
MO0 IudepeHliaJbHuX PiBHSAHb, IO 3B'A3YIOTh KOMIIOHEHTH BEKTOpa
mBUIKOCTI U 1 v, Tuck P i ToBimHuy h. J{ns HeloTOHIBCHKOT piAMHU OC-
HOBHUMH PIBHSHHIMH, IO ONMHCYIOTh pyX, € piBHsHHA Ha’e - Ctokca,
PIBHSHHS HEpPO3PUBHOCTI W PiBHSHHA MakpockomiyHoro Oamancy. s
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BEPTUKAJIBHOI TUTIBKM MAacTHWIa Ha A3EpKali OWIiHApPa KyT HAXWIy II0-
BEPXHI J0 TOpU30HTY y=90°.

YMOBHU OHO3HAYHOCTI PIILIEHHSI CHCTEMHU 3a3HAUYEHUX PiBHSIHD Mpea-
CTaBJIeHI YOTHPHAIISThMa MOYAaTKOBUMH U TpaHUYHHMH YMOBaMmH. 3
OTJISiTy Ha CTAIlliOHAPHICTh PyXy, TPU MOYATKOBHX YMOBH U, v i h cTaroTh
HenoTpiOHUMU. Te 3k caMe MOXHaA CKa3aTu Mpo OJIHY i3 TPAaHUYHHUX YMOB
IUISL TUCKY P, OCKUIBKM PO3IOJIT HOTO Y3[0BXK V 3aBKIH BU3HAYAETHCS 3
TOYHICTIO IO JOBLIBHOI NOCTIMHOI. TakuM 4YMHOM, HEOOXIJHO 3a4aTH -
CSITh TPAHUYHHUX YMOB st GyHKIin U(X,y,t), o(Xy,t) i P(x,y,t) abo ixHix
noxigaux npu X=0 i x=I, a Takox npu y=0 1 y=h(X,t).

OCKIbKH JOBXKHMHA IUIIBKM 3HAYHO OUIbIIE, HIXK i1 TOBIMHA, 1ICTOTHO
BKIMBI JIUIIE ACHMOTOTHYHI PIIIEHHS TPHU X —> 00 i, TaKUM UYHUHOM,
TPaHUYHI yYMOBH II0 TIO3JOBXXHIA KOOPIWHATI CTalOTh HEMOTPIOHWMH.
Otxe, s BUpIMIEHHS 3aBOaHHS TOTPIOHO JWIE YOTHUPU TPAHUIHHUX
yMOBH. BOHM BHpakaloThb yMOBY "mpuiumnanHsa" Ha TBepAii ctinmi y=0 i
YMOBH PiBHOBaru Cuj Ha Mi>k(a30Biif OBEPXHi ra3-pianHa:

y=0, u=v=0,

y=h, P =P,+P: Pi=DPgs
Ug =Uys Ug =Uy,
ne

1-h" ou, h" (ou ov
12 __Z'U 12 — t=
1+h" ox 1+h“{ oy ox

Pne :_p_zzu

Gh"
P = 3/2
@+h*)
1-h*(ou  ov h" au
PENY7Y I b 4u 1. h2 Ay’
1+h'“\oy ox 1+h' ox
BepxHiil mTpux TYT i BCloau Aali 03Hadae AuQepeHIiroBaHHS 10 X,

HWXHIN iHAeKC G - mpuHANEKHICTh 70 ra3oBoi daswm, L - 1o piakoro, o -
KOeili€HT MOBEPXHEBOI'0 HATATY PiuHH, P, 1 P, - HOpMaibHa i ToTHYHA

P =u
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KOMIIOHEHTH TEH30pa Halpyr Ha IMOBEPXHi pO3MAidy ra3-MacTuio, a P, -
KaIliJIsIpHAN THCK.

PosrnsaeMo namiHapHUAN pPeXUM pyXy IUTIBKH MacTWiIa 1O TOBEPXHI
n3epKaja nuiiHApa. BiH Moke icHyBaTH MpH BHUTpaTaxX, MEHIIMX, YUM
Jesike KpUTUYHE 3HAYEHHS, 110 3aJIeKUTh BiJ BIACTUBOCTEH pinuHH (TO-
BEPXHEBOTO HATATY, B'SI3KOCTI), BIACTHBOCTEHW TBEPHOi MOBEPXHi (HAIPH-
KJIag, 1l MepIiaBocCTi), HASBHOCTI MTOBEPXHEBO-aKTUBHUX pedoBrH (ITIAP) i
T.IL.

XBHWIIBOBI PEXKUMH TIO CYTi TAKOX € JIAMIHAPHUMH, 1 JUTSI HAX Xapak-
TEPHO, 1[0 XBHIII TOMINPIOIOTHCSA Y3IOBXK IUTBKU 3 (pa30BOIO MIBHIKICTIO,
IO TepEeBUIIYE MBUAKICTh YaCTOK MacTHJIa Ha MOBEPXHi. Y CTaHOBIEHO,
mo npu Re>Re,, XBuJIi 3'ABIAIOTECSA Ha MOBEPXHI IUIIBKU JIMILE HA MEBHIH
BIJICTaHi BiJl PO3MOAUTFHUKA PIAWHW, IO HA3WBAKOTH JIHIEIO IMOYATKY
XBHJTb.

JloBxkuHA MOYaTKOBOI 03 XBHIBLOBOI 00JIACTI 3aJ€KHTh BiJ KOH-
CTPYKIii IMapu TepTs "KiIblie-13epKano MuIiHaApa" 1 HasBHOCTI TOBEpXHE-
BO-aKTHBHHX pedoBUH. BoHa yOyBae 3i 30imbIieHHsM yncna PeiiHombca.
HasBHiCT, 3a0pyJHEHb 13 ITOBEPXHEBO-aKTUBHUMH BJIACTUBOCTSIMH,
HaBIAKK 301JIBIIYE 110 00J1aCTh.

IMOBipHO, IPUYHMHOIO MOSBH 30ypPEeHHS, [0 NPUBOASATH 10 PO3BUTKY
CHCTEMH XBHJIb Ha TOBEpXHI IUTiBKH, € kpanmka K (puc.2a), y sKii
3MIUCHIOETBCSI TIEpEXifl BiJl PEKUMY PYyXy MK JBOMa MapajelbHUMHU
TBEPAMMH CTIHKAMH JIO PYyXY 3 BUIBHOIO ITIOBEPXHEIO.

JlaminapHuUil pyX IUTIBKM MacTWIa € 1O CYTi CTAJIWM, OCKIIBKH Ha ii
MOBEpXHi BiICYTHI XBIIi. Takuil pyXx MoOXe iCHyBaTH Ha BCbOMY MPOTS3i
JIOBJKWHU TUTIBKH (TIpY JOCUTh MauX 4riciax PeiiHonbaca) abo TUThKH Ha
MMOYATKOBIH AUMAHI. EKCIepuMeHTanbHI pe3ybTaTi CBiA4aTh PO Te, M0
TUTIBKH, Ha MOBEPXHI SKUX HE (POPMYIOTHCS XBHJI, CIIOCTEPIralOThCs ax
1o Re = 6.

BcranoBneHo, 1m0 niepexiz 10 TypOyJIeHTHOTO PeXUMY BiIOyBaeThCS
B pianasoni 250< Re,, >500. Lle Moxe OyTH MOSCHEHO MEPeXiTHOI0 MpHU-
POIIOT0 ¥ BIACTHBOCTSIMH ITOBEPXHI XBUIIb.

IHomi [UIA BU3HAYEHHsSI KPUTUYHOTO uucia PeiiHonmbaca BUKOPHCTO-
BYIOTH €KCIIEPUMEHTAJIbHI JaHi 10 NEPEHECEHHIO MacH B PiJKUX IJTiBKaX.
OnHak BapTO NPUHHSTH, IO NEpPEXiJHUN PEeKUM, OE3CYMHIBHO, iCHYE.
OTxe, pexxuM pyXy IUTIBKH MacTHjIa BapTO PO3IIISAATH SIK TypOyJIeHTHUH
mpu Re > 500.
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a)

Puc. 2. Tunm po3moniry MacTuiIa MiXK I3€pKaJIOM i TOPITHEBUM KiJTBIICM:
a - Ha raakii mosepxHi LIB; 6 - Ha moBepxHi LB mpu 3ycTpidi 3 kaHABKOIO

0)

MareMaTiyHa MOJIENb JIAMIHAPHOTO PYyXY IUTIBKH MacTHIIA O J[3eP-
Kally IWIHIpa BUXOAMWTH i3 piBHSIHb HaBbe-CTOKCa, HEPO3PUBHOCTI U
MaKpOCKOITIIYHOTro OajaHcy (3 ypaxyBaHHSIM IPaHUYHHX YMOB) 32 YMOBH,
110

ou ov oh
ot ot ot

Jist BUpilIeHHs TiAPOIMHAMIYHOTO 3aB/IaHHS HEOOXiMHO chopMyITro-
BaTH JIBl TpaHUYHI YMOBH o KoopauHarti x. [lepmia 3 Hux (mpu x=0), sk
1€ BUHO 3 PUC.2, 3aJI€KUTh BiJl KOHCTPYKLIl ITapH TEPTSL.

Po3srnsiHeMo Ba rpaHMYHMX BUMAIKU: HapaOoniyHuil npodinas mBUA-
KocTi (puc.2) abo ofHOpiaHME BXijHWE nipodins (puc.l). Oduasa TuU
YMOBH MOKHA 3aIACaTH Y BUTIISIII
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x=0, u=u,, v=0, p=const h=h/-h! @

ac

U, =Const, abo Uy =uUy(y).

Hpyra rpaHu4Ha yMOBa BHUCTAaBISIETHCS Ha KiHI TUTiBKH. BoHa 3aie-
XHTb BiJ] CIOCOOY BHIAJICHHS MacTuia 3 MoBepxHi. OCKiIbKH 3BHYAIHO
JOBKHHA IUTiBKK | 3HAUHO TIepeBepinye ii TOBIIMHY N, 1f0 TpaHUYHY YMO-
BY BapTO C(HOPMYITIOBATH TIPH X —> 0O

[IpaBna, Takuit po3risg He MOXKe OyTH HACIIIKOM anpiopHOi (i3md-
HOI MepesyMOBH, a A€ JIUIIEC aCUMIITOTUYHE PILLICHHS IOCTaBJICHOI'O 3aB-
JaHHS TIPU x —> 00. PeanabHO, MOYKHA BUKOPUCTATH IPAaHUYHY YMOBY IPH
Xx=I, are 1ie He TABUIIUTH MPAKTUIHOT IIIHHOCTI PillIeHHSI.

Pyx namiHapHOi TUIIBKM MacTWia 3aJieKUTh BiJl Pi3HUX (pakTopis,
3B'si3aHMX SIK 3 00'eMHMMU [1,5] (KyT HaxXwuiy TBepAoi MOBEPXHi, B'I3KIiCTh
PIOVHM), TaK i 3 MOBEPXHEBUMH TWHAMIYHAMH BILTUBAMHU (PyX MPHIETIIO-
ro Tasy, NMOBEpXHEBa NPYXKHICTh, MOB'I3aHa 3 aJICOPOIIEI0 MOBEPXHEBO-
AKTHUBHUX PEUOBHH 1 iH.).

[loBepxHst piaKoi MITIBKH, IO CTIKa€, MPAKTUIHO BiJbHA BiJl HANPYT,
SIKIIIO HEMa€ MUHaMigHOI B3aeMoii (a00 BOHA JOCHTH Majia) 3 ra3oM i
SIKIIIO TIOBEPXHEBUH HATAT CTAJIMKA y310BXK BCIET JOBXKUHU TUTIBKH.

VY 1poMy BUIaAKy T'PaHUYHA YMOBA i1CTOTHO CIIPOLIY€ETHCSI BHACIIIOK
TOTO, 110:

Pec =0, pg=0. (3)

Pyx mutiBku 3 BiJIbHOIO TIOBEPXHEIO 300pakeHe Ha puc.2a. MacTuiio
MPOXOJIUTh Yepe3 MIUIMHY IIMPUHOIO «, 1 3aJIe)KHO Bix BUTpaTH Q, KOH-
CTPYKIIiT pO3MO/IiIbHUAKA i IOBKHHU IIUIMHKA D MOKYTh OyTH peasti3oBaHi
pi3Hi BapiaHTu BXigHOro mpo¢inro mBuAKOCTI IwtiBKU. IIpu 5>0,08aRe
peaizyeTbes po3BUTHIA TTapaboIiuHU TPOQiIb.

Ipu nocutk noBrux rmiiBkax (I>h), po3noain MBUAKOCTI BUXOIUTH K
pillleHHsI 3aBJaHHs 13 TPAHUYHOK YMOBOIO (2) 1 0OJIIKOM CIHiBBIIHOIIICHB
(1) 1 (3). 3aBaaHHA MpenCTaBIAETHCS B 0€3p0O3MIPHOMY BHJII 33 JJOITOMO-
TOI0 HACTYITHUX 3MIHHHUX:
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X_li Y: / y /! U_gl V:L_l
I hy —hy U &y
p h h —h? “
P=—3, T %o |
pu oMo 0

I W T = N
Tyr hj-h/ i U=Q/hy—hy mnossauarors cepesHio TOBIUHY
TUTiBKH H CepeTHIO 0 MOTIEPEYHOMY Mepepi3i MIiBKY MBUAKICTH PiAHHH.
[TizcraBnenns crniBBigHomens (1), (3) 1 (4) y BUXigHi piBHAHHS MIpH-

BOJHTH JI0 HACTYIHOTO KpaioBOro 3aBIaHHs, chopMysIbOBaHOTO B 0Oe3-
PO3MIpHUX 3MIHHHX:

2 2
oX oY 6X Fr Re oX oY
o V) oP , 0N oV
(U— V—)+—=i AN (6)
oX oY oY Re oX oY
ouU 6V _o, )
6X 6Y
H =V /U)_y, (8)
Y=0 U=V =0, (9)
2 " 2 12
Y=H, p+L3/2+280 %GU
We(1+g§H’2) Re 1+gZH” oX
(10)
+250 H' 2[6U+ ZGVJ 0,
Re 1+g2H"”\ oY X
von, Mz 82742' 2@20, (11)
oY 0 ox 1-ggH"™ oX

PimenHs1 3aBJaHHS MOXHa OJIepXKaTH, JOJAI0YU JIO 3a3HAYEHOI CH-
CTeMH pIiBHSHb TpaHW4HiI yMOBU mpH X=0 i X —>» 00. OcTaHHE MOXKHA

YTOUHUTH, BHUpilIyroun cuctemy (5)...(11) y HynpoBOMY HaOIHKEHHI TI0
&0-
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U__Re P UV _

o7 Erl oY oX oy
Y =0, U=V=0

Y=H, P=0, a—U=0, HU -V =0.
oY

Le piteHHs BUMTHUCY€ETHCS 0€3M0CEPEaHbO:

U_?G ~Y?/2) V=0, P=0, H=l (12)
Hi)ICTaBHeHH}I 1ICTUHHHUX 3HAYCHb BCIIMYUH a€ HaCTyHHI/Iﬁ BUpa3 i
PO3paxyHKy HIBUAKOCTI PyXy ILTIBKM MacTH/Ia O I3EPKAY:

] L N A
Qv (ho—hy 2(h )

Yucenbhe pimenns cuctemu (5)...(11) mokasano, mo pisHsHHS (12)
cripaBenBO, Ko lo > Rehy. ExcrnepumenTanbHa mepeBipka IUX pe-
3yJNbTaTiB 3BUYANHO 3MIMCHIOETHCS BHMIPOM MOBEPXHEBOI MIBHUIKOCTI,
npodiIto MBUAKOCTI W TOBIIMHY ILTiBKH.

BikHa kamepu 1a0OpaTOpHOrO CTEHAa W BUKOPHCTAHHS IPO30PHX
JIUISTHOK HATHITAIBHOTO TPakKTy (puc.3) J03BOJSUIM BECTH Bi3yallbHi CITO-
CTEpPEXKEHHSI 32 CKOPOMUHYYMMH NpOLECaMy K Y KaHalli, Tak 1 3a HOro
MeKaMu - Ha ja3epkaii muriaapa [1,3]. s BisyaasHOTro CIoCTepEKeHHS
3a MpOIecOM TojAadyi MacTuia B IWUIIHAP, Yy 3arajbHy CXeMy CTeHIa

BKITFOUEHA IIBUKICHA KiIHOKaMepa.

CTikaHHS
a) 6)

MaCTHJIa
Puc.3. Kinokaapu (mpo3opa MOAEIb) pyXy MacTHIa:
a) 10 KaHally; 0) Mo 3epKairy

MacTtuno
¥
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Cnig 3a3HauuTH, IO B POOOTaX NMPHUCBIYCHHUX JAHOMY HMHTAaHHIO HE
BpaxoBaHi Taki ¢axrtopu sk BumB [IAP abo pyx rasy, a cTocoBHO 10
CYAHOBUX JBWIYHIB HEOOXiZIHO BpaxoByBaTH TaKOX HAasBHICTb
PO3MOAITBHUX KaHABOK Ha JA3epKali HuWiiHApa. Sk BUOHO 3 puc.20, mpu
pyci TOpIIHEBMX KiJIeI[b TIOB3 KaHABKM IUTIBKA MacThja PyWHYETHCS
(uacTKOBO 200 MOBHICTIO), 110 3HAYHO MOTIPIIye YMOBH 3Ma3yBaHHs MapH
TepTs "MOPIIHEBE KiJbIIe — N3ePKaI0 IMIiHApa".

€ nmocnmimKeHHS, 3 SIKUX JOCUTh YITKO HPOIVISIAETHCS HEraTUBHUI
BIUIMB KaHAaBOK Ha e(PEeKTHBHICTH poboTHu crcteM MamieHHs [4]. IIpu Bus-
YeHH1 BIUTMBY NPOPUBY Ta3iB Ha TeruioBuit ctan L{I1I" cydacHux cyaHOBHX
IBUTYHIB BHUSBUJIOCS, L0 IIPH HASBHOCTI MAaCTWJIBPHMX KaHaBOK MaKCH-
MaJbHA TeMIepaTypa IIiJi BEpXHIM IMOPITHEBUM KinblieM Ha 50° BHIle, HiXK
0e3 HuX. MakcumanbpHa TemIeparypa LWIIHApa, 32 THX CaMUX YMOB,
BigpizHsacs Ha 20°.

Bimomo, 1mo 3 poctoM TemmepaTypu IHTEHCH(IKYIOTHCS MPOIECH
OKHCJIFOBaHHSI BYIJIEBOJIHIB MacTHja. 3 JESIKOTO PIBHA B HbOMY 3pOCTa€
BMICT CMOJ, acQalibTeHIiB, KapOCHiB, KapOiJliB 1 OKCHKHUCIOT, 3 SKHX
OCTaHHI NP TOJANBIIOMY HarpiBaHHI B MPUCYTHOCTI KHCHIO KOHJEHCY-
I0TBCA B KJIGHKY Macy, o nokpuae nosepxHi LIII" makoBoro 1utiBKoRO.
ByBumm moranuM mpoBiTHUKOM, JIaK TOPYIIYE YMOBH Terutonepenadi. Y
3BSI3KY 13 1M, IUTAHHS TIPO AOMUIBHICTh KAHABOK 3aCIYTOBYE OKPEMEX
JIOCJIIIKEHb.

JlaminapHu#i pyX IUIIBKY 3BUYAHHO aCOLIIOETHCS 3 ICHYBaHHSM Ha T10-
BEPXHi IUTIBKH JOTHYHUX HANPY>KEHb, 10 BUKIMKAHI JUHAMIYHUM BIUIU-
BOM TIpWIIETIIO1 Ta30B01 ¢a3u. [Ipu BiACyTHOCTI BUMYIIIEHOTO PyXYy Tasy Iii
Hanpyru 3BUYaiiHO HE OEpyThCs B PO3PaXyHOK.

3MylIeHUl pyx ra3y ICTOTHO BIUIMBAE Ha pyX IuiiBku. lleW BruiuB
3BUYAaHO BPaxOBYETHCSl B 'PAaHWYHIA YMOBI PIBHOBaru Cuj Ha IOBEPXHi
ra3-piJJuHa yepe3 BeITUIUHU Png 1 PoG:

L{ikaBuM MpeNCTaBISETHCS PO3TISI OJTHOYACHOTO PYXY PiJKOT IUTIBKU
MacTHJIa ¥ Ta30BOr0 MOTOKY B TOMY BMIIQJKy, KOJIM OCTaHHIN € TypOy-
JICHTHHUM.

OriHka po3MoJuTy MIBHIKOCTI B IIbOMY BHIIQJIKY € JOCHTh TPY-
JOMICTKHMM 3aBJIaHHAM. ToMy, TYT pO3rIsHyTa JIUIIE Tiepia ii craiis, 1o
CKJIaZIa€ThCsl B OJIEPKaHHI aCUMITOTUYHOTO PilIEHHs AJSl BEIMKHUX 3Ha-
YEHb X.

KpaiioBe 3aBmaHHs (GOPMYITIOETHCS AHAJIOTIYHO PO3IVISHYTHM BHIIE.
[Ipunyckatoun, 1m0 BUXpOBa B'A3KICTH 3aJISKUTh TUIBKU BiJ MOMEPEYHOT
KOOPAWHATH, MOKHA 3aIlUCaTH
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Ul oYs

3aKoH 3racaHHs JOBKWHH IUIAXY MEpeMilTyBaHHS NepeadadaeTses
HACTYITHUM:

L= (Yo —gH).

3Biacu npu & = &g = 0 3amaua npuiimae Buj

('ﬂZ_U__E (13)
ov? TFr
Fe _ 0 1+Reg 7°(Yg —gH ) Ve | Vg |
Xg oY g | 0¥,
Y=0 U=V=0, Y=H, Yo=gH, Ug=60U, (5
U aug
oy~ af oY, (16)
ou
Y. =1 G _0,
G g (17)

Bennunna ) sBisie co0600 eMmipuyHy KOHCTaHTY. MoOXHa HpuILy-

CTHTH, 1110 BOHA MA€ TE X CaMe YUCEJIbHE 3HAUCHHS, 10 ¥ Y BUMAJIKY PyXy
no6nusy TBepaoi crinky, T06To } = 0,43. IlokasHuk cTymeHs K Mo)xHa
OLIIHUTH TIIbKY Ha MiZICTaBl eKCIEPUMEHTAIBHUX JaHuX. bynemo nymati,
0 BiH Oyjae npuiiMaTH JiMIle il 3HavyeHHsA. Tozl pillleHHS 3aBJaHHs
(13)...(17) moxHa 3amucaT B HACTyHOMY BHIi [4]:

U= (3-2@@) (Y —%Y 2) +&0,7Y,



2024 — N 48 Cyonosi enepeemuyti yCmanosxu 15

Yo

UG:92(3_81917J+ ] — e
2 4 1-¢g 811+\/1+4Reer;((1—77)(77—81) (18)
1-¢

Tyt h,U oTpumaHi 3 yMOB MaKpOCKOIIIYHOr0 OajaHcy

1 H
[UgdYe =1, Judy =o.
gH 0
a7=0Ug/0Y; pH Yg =g H.
st BU3HAUCHHS T, ﬁ, U BHXOIUTH HACTYyIHA anreOpaiuHa CHCTE-
Mma:
P =tpi+r 4%y
2ur

h®=+nd 1—z‘ﬂ h? |,
2uQr

3 gbr 1 N, (2k+1)° 1-JA
=- 1-g)+-rl-£2)1 =1,
92(2 A J( 81)+3T( 81)% 80k> 1+A

(19)
4Reg 7 * (2k " (7 - & )" '
(2k + 1)

Piusiaus (19) oTprMaHO B pe3ynbTaTi anpoKcUMallii miiHTerpatbHOl
¢yHkuii y BupaxkenHi (18) mHoIiHOMOM YETBEPTOro CTYIEHs, MI'STh
HEBIJJOMHUX YHCJIOBUX KOE(DIIIEHTIB SKOr0 BHU3HAYAIOTHCS, BUXOIIYH 3
3aJ]aHnX 3HaYeHb (MYHKIIT 1 11 mepuriid moXigHii npu 7 = ¢, 17 = 1, a Ta-
KOX 3 il MAKCUMAJIbHOT'O 3HAYEHHS.

Busnaunty nepenan TUCKY y ABO(a3HOMY ra3oBO-piIMHHOMY MOTOL
MPAKTUYHO JyXe CKIamHO. € NesAKi eKCIIepUMMEHTaNbHI JaHi, IpeCcTaB-
JIeH1 Ha puc.4 s epenaaxy THCKY PyXy Ta30BO-PiIMHHOTO MOoToKy [1,4].

A=1+
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OueBHIHO, IO PEKUM PYXYy B OZHOMY HAINpPSIMKY XapaKTEepU3YeThCS
Oinpie cmabKoI0 3aJIEKHICTIO Tepenany THCKY Bin dwcia PeitHomnbxca,
HiXK PEKUM 3yCTPIUHOTO PYyXY.

3 i"moro OOKy, pyX B OJHOMY HaIpSAMKY, OYEBHIHO, POOHTH
cTabimizaniifHuil BB Ha ABO(a3HUHA pyX. Y IbOMY BHUNAJAKY IEpemas
TUCKY MTOYMHAE 3POCTATH MPH JSSIKOMY TOCUTH BHCOKOMY 3HA4eHHI 4nciia
Pefinonpaca. Y BUMaAKy K 3yCTPIYHOTO PyXy pi3Ke 3pOCTaHHS Mepenamy
THCKY TIpY TIEBHOMY 3HadeHHI Re_ mpuBOAWMTH y pe3ynbTaTi A0 sSBHIIA
"saxmmHanHA". Kputnane 3HaueHHs Reg, 1m0 BianoBinae pexumy "3axiu-
HaHHs", yOyBae 3 pocToM Re|, sik moka3aHo Ha puc.4.

Bapro mam'staTtu, 110

ReG . .
JlaHi, TpeICTaBIeHI Ha
puc.4, HE 30CTaHyThCS

850 TaKMMHU 5K JUTS IHIIMX YMOB
t pyxy - iHImIOl reomerpii,
700 [ 5 T~E HIMPHHI 3a30py # T.m. Xo-
h‘l“‘% - 4a SICHO, 110 TIPH MOMIPHHUX
550 3TN uncnax Pelinonbaca mepe-
\R\l najg THCKy Oyjae J0BOIi
400 \ MaJIUM SIK Y BHIQJAKY OJ-
\\ HAaKOBOTO 1 3YyCTPidHOTO
250 \ HanpsIMKiB pyXy MacTuia i

\\\o razis.
s ocobmuBicTh po-
100 300 500 700 900 1000 Rer OWTb TNEPCIEKTUBY MpaK-
THYHOTO 3aCTOCYBaHHS

Puc.4. XapakTepucTuku pexumy "3axITHHaHHA"

IIPH 3yCTPIYHOMY HANPAMKY PyXy HFO(I)EBHOFO. rasoxui-
MACTIIA i rasiB KICTHOTO TUTIBKOBOTO PYXy
JIOCHTh pUBaOIIUBOIO,

0CcOOJIMBO y BHIIQJIKYy OJIHAKOBOTO HAIPSMKY, KOJH TPOSBISETHCS
crabinizamitinuii edexrt. [Ipapna, HaaMipHE 30UIbIICHHS YKcia PelHOb -
ca 110 ra3y NPUBOAUTH 10 TAKUX JTOJATKOBUX €(EKTiB, K PO3BUTOK XBUIb
BEJIMKOT aMILTITY/T! Ha TIOBEPXHI TUTIBKH, 3PUB 1 BIJIHECEHHS Kpamelb i T.II.

BucHoeku

e  BcraHoBieHo, 0 BUTpaTa MacTHiIA B IUTIBII, IO CTIKAE MO J3EPKATY
MWTHIPA T Ji€0 CHIIA TSOHKIHHS BH3HAYAETHCS CITIBBIIHOIICHHSM HOTO
Baru, B'SI3KOCTI ¥ CWJI, 110 AilOTH Ha IOBEPXHI PO3iTy ra3-pianHa.
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e  AHaJiTHYHI 3aJIGKHOCTI BKa3ylOTh Ha TOW (DaKT, 110 BUMYIICHHN PYX
ra3y iCTOTHO BIUIMBA€ Ha PyX IUTIBKH, NIPU IIbOMY OJJHAKOBUI HANPSIMOK
pyxy rasy i mactuia (mepioj pyxy IMOpIIHS A0 H.M.T.) pOOUTH Ha IBO-
¢dasumii pyx cralimizauiiHui BIIMB. Y BHUMAIKY XK 3YCTPIYHOTO PYyXY
rasy i Mactuia (pyX HOPIIHS B HAmpsIMKY B.M.T.) Pi3Ke 3pOCTaHHS Mepe-
najy THCKY MPUBOAUTE Y PE3yJbTATI IO SBHINA «3aXJIMHAHHS», TIPH KO-
My BiJHOCHO TOHKHH IIap MacTHJIa 3aXOIUIIOETHCS Ta30M, IO PYXA€ThCS
oMy Ha3ycTpid.
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10.31653/smf48.2024.18-30
Bynamko B.B., 3a6moupkuii }O0.B.
Hamnionaneuuii yHiBepcuteT «Oiechka MOPChbKa aKaaeMis»

AHAJII3 TEPMOJANHAMIYHHUX HUAKJIIB OXOJOIKEHHS
HNPUPOJHOI'O I'A3Y I YAC MOI'O TPAHCIIOPTYBAHHA
MOPCBKUMU CYJTHAMMU-TA30BO3AMU

IlocTanoBka mpoOiemMu B 3arajibHOMY BMIIfAIi. B ocranne mecs-
TUPIYYS NPUPOJHUIA Ta3 PO3IIIAAAETHCA SIK OCHOBHE JDKEPETIO eHeprii ams
0araTbOX THIIIB €HEPTeTHYHMX yCTaHOBOK. CKPUTHH «HEAOJIK» MPUPO.I-
HOTO ra3y — HeOOXiJHICTh HOro TpaHCIOPTYBAaHHS Bil MicTa BHIOOYTKY
1o criokuBaviB. HaitoineIm eheKTHBHOT TEXHOJOTIED, KA JO3BOJISE Tpa-
HCTIOPTYBaTH BEJIHKI 00’€My MPHUPOAHOTO Tazy — € HOro 3pimKeHHS.
3pimkennii npupoauuit ra3 (3[1') — kproreHHa pigka 6araTOKOMIOHEHT-
Ha CyMIII JIETKUX BYIJIEBOJHIB, OCHOBY IKOI CTAHOBHUTH MeTaH. TpaHcio-
pryBanns 3I1I" Mmoxe 3aiiicHIOBaTHCS A00 KOHTHHEHTATEHUMU IIIJISIXaMU —
TpyOOIPOBITHUM CIIOCOOOM, 200 OKEaHCHKUMHU / MOPCHKUMH — CYJIHAMH-
rasoBoszamu [1-3].

Cxurag 3III" Bigpi3HAETbCA Bif ckiaay npupoaHoro rasy. o6 otpu-
matu 3[1I" 3 mpupoHOTO ra3y, cro4aTKy BUAASIOTH €TaH, IporaH, OyTaH
1 OUIBII Ba)KKi BYTJICBOIHI, TOTIM HOT'O OYHINAIOTH BiJl ByTJIEKUCIIOTO razy
1 CIpKOBOJIHIO, & MOTIM OCYIIYIOTh — BHIAIAIOTH BoOJIOTY. | azomomiOHuit
METaH, 10 3AJIMIIMBCS, MOXKE SIK JOMIKd Matu 3...4 % erany, 2...3 %
npomnany, 10 2 % Oyrany 1 10 1,5 % a3oty. SIKIO 110 CyMilll METaHy 3
1HIIMMH Ta3aMu OXOJIOJUTU NMPHONK3HO A0 Temneparypu —160°C 3a tuc-
KOM Tpoxu Oinbiiie atMochepHOro (Temmneparypa KUITiHHS YUCTOTO METa-
Hy 3a atMocepHuM TUCKOM —161,5 °C), BiH epeTBOPIOETHCS HA PiIUHY.
He 1 e 3II'. 3paskosi ckinaau npupoanoro razy ta 3[1[° HaBenmeHi B
Tabm. 1.

Tabmuus 1. 3pa3koBi ckiaju npupoHporo raszy ta [T

Enement [Tpupoganii ra3, MoJbHI % 31T, moseHI %
Mertan 62,6...98,8 86,98...99,72
Etan 2,89...7,06 0,06...9,35
IIponan 0,05...2,1 0,0005...2,33
byran 0,03...1,04 0,0005...2,33
Byrnekucnuii ra3 0,03...2,25 e
A3zor 0,43...28 no 1,5
Temiit 1o 0,58
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3II" € 6e36apBHOIO PiMUHOIO O€3 3amaxy, TyCTHHA SKOi BABIYI MEHIIIA
3a ryctuny Bogu — 3III" Moxke miaBaTH Ha MOBEPXHI BOAW, HE 3MIIIYIO-
YHCh 3 HEl0. Y PIIKOMY CTaHi BiH TOKCHYHHIA, HE arpecuBHHUN. 3a BiICYT-
HocTi mkepena 3aiiMaHHs 31117 mBUIAKO BUMAPOBYETHCS Ta PO3CIIOETHCS,
He 3anmmatoun ciigiB. [licns posnusy 3111 Ha 3emumi abo Ha Boji Hemae
HEOOXITHOCTI MPOBOAMTU €KOJIOTiYHe oumieHHs. Jleski (i3uko-XiMiuHi
BnactuBocTti 31" HaBeneHi y Tadu. 2.

Ta6muus 2. dizuko-ximiuai Biractusocti 31T

BnactuBocri OpuHUISA BEMipY 3HavYeHHS
MornexymnspHa Maca KI/MOJIb 16,3
TemrmepaTypa KUITIHHSA K/°C 111,7/-161,5
Temrmeparypa riaBIeHHs K/°C 90,7 /-182,5
Kpurnuna temmeparypa K/°C 191,1/-82,1
Kputmunwmii Trck (3a 20° C) MIla 4,3
I'yctruHa piguHHA KI/MS 4245
I'ycruHa razy (3a 20° C) KT/M° 0,667

O6csr 3II" y 600 pasiB MeHIIKH BiJ 00CITy MPUPOTHOTO Tasy, IO
roJerurye 30epiranus Ta 3abe3nedye MOKIMBICTh HOTO TPaHCIIOPTYBaHHS
Ha BesuKi BijcraHi. [Ipu npoMy MocTiiiHO HEOOXiHO BUPIIIyBaTH MUTaH-
Hs 3a0e3neueHHs TpaHcnopryBanHs 317 3 HaHOUIBIIOW E€HEPreTUYHOIO
edexTuBHICTIO Ta HaiiMeHmmMU BTpatamu 3lII°, mo moB’s3aHi 3 Horo
BunapoByBaHHsAM. OcoOIMBO 1l MUTaHHS aKTyaJIbHi A MOPCHKOTO TpaH-
CHOPTY, CY/IHA-Ta30BO3H SKOT'0 31MCHIOITH TpuBaiu nepese3eHus 3111,

AHaJi3 ocTaHHIX AocaiaKeHb i myOmikamii. [1ix yac BunapoByBas-
HSl IPUPOAHUI Ta3 MOXKE CHaJIaXHYTH, SKIIO BiIOYAEThCS KOHTAaKT 3 JKe-
penom nosiaym's abo okuciaroBaueM. [l 3aliMaHHS HEOOXIJHO MaTH KOH-
HEHTpalilo BUMApiB y MoBiTpi 5...15 % (3a HopMmanmbHHX yMOB). fKIio
KOHIIEHTpaList 10 5 %, TO BUMApiB HEJOCTATHRO ISl IOYATKY 3aliMaHHS, a
akmo Oueire 15 %, To B MOBITPI cTae 3aMaino KUCHIO, HEOOXITHOTO st
3aiiMaHHs ra30Bo1 cymii [4-6].

V¥ Bunanxy posnusy 311" Ha noBepxHi 3emMJli XOJIOIHI MapH, 10 YTBO-
PIOIOThCA, KOHACHCYIOTh Ha cebe BOJIOTY 3 MOBITPS 1 CTAlOTh MOMITHHMU,
¢dbopmyroun Oimi XMapu Ha MOBEpXHi 3emuii. ¥ Mipy Toro, sk napu 31T
HarpiBarOTHCs, XMaPH PO3YHHSIOTHCS 1 3HOBY CTAIOTh HEBUIUMHUMH.

BinHocHa rycTHHa MeTaHy MO BiJHOLIECHHIO JIO0 MOBITPS 3a TEMIIEpa-
TypoOr0 JOBKULIA O61u3bko 0,6, TOMy 32 HOPMaJbHUX YMOB ra3oroiOHuN
MeTaH JIETKO MigHIMaeThes Bia noBepxHi 3emii. Ilapu 3I1I" 3a armocdep-
HUM THCKOM 1 Temneparyporo KumiaHsi —162°C MaioTh BiIHOCHY T'yCTHHY
1,8, saka o3Hauae, mo B nux ymoBax napu 3III" Baxudi 3a moBitps i OynyTh
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HaKOIMMYIyBATHCS IIiJ Yac PO3NIUBY 011 MOBEpXHI 3emiti abo Boau. OnHaK,
napu 3I1I" mBUAKO HArpiBarOThECS, Ta Y BUNAAKY JOCATHEHHS TeMIIEpaTy-
pu —110°C ix BiZHOCHA TyCTHWHA CTa€ PIBHOIO 1, Mapy MOYMHAIOTH IIBU-
ko migHimarucs. Orxe, xonoani napu 311" y pasi nokamnizauii y noBepxHi
3eMJI1 32 XOJIOAHO] ITOrOJM CTAHOBJIATH HEOE3MEKy sl JUXaHHS, OCKIJIBKI
3a 30epekeHHs] HeTaTHUBHOI miaBydocTi moBiTps nmapu 3l BUTICHSIOTH
Kucens [7-9].

Temneparypa camozatimanns 3I1I° 3amexxuTs Bif fioro ckiagy i 3Ha-
xomuThest B Mexax 540...600° C, mo 3HaYHO BHUIIE, HIXK Yy TU3EIHHOTO
nanuBa. Temnepartypa nonym's mig yac 3ropsiHas 311 Buia, HixK B iHIIHX
BuaiB mammBa. llim wac 3ropsuaus 3III° yTBOPIOETBCA B CEPEAHBOMY
50,2 MJDK/KT TEIUIOTH — 1€ BHINE, HDK A Yac 3TOPSHHS TU3EIHHOTO
najuBa, 3HaYeHHsI Koi ckianae 42,4 MJlx/xr. 3ropsiroun, 3[1I" BupoOIise,
B OCHOBHOMY, BYIJIGKHCJIHH a3 i BOASHY mapy, ToMy Bukopuctanus 31T
SIK TIAIMBO OLIBII CHPHUATIMBO JJIS €KOJIOTii B MOPIiBHAHHI 3 1HITUMH BU-
namu nanusa [10-12].

s crioyKuBauiB 3HKEHOTO TPUPOTHOTO ra3y BEJMKE 3HAUYCHHS Mae
TaKWii TIOKa3HUK, K HAMBHINA TETUIOTBOPHA 3JaTHICTh — KUIBKICTh TerlIa,
[0 YTBOPIOETHCS TiJI 4ac 3rOPSHHS OJHOTO KyOiYHOTO MeTpa rasy 3a aT-
MocepHuM THUCKOM i Temnepatyporo 15° C. 3III" mpomaeTbes Ta Kymy-
€ThCA HA TMIJCTaBi MOKa3HMUKA TEIIOTBOPHOI 3/IATHOCTI, 3HAYCHHS SKOI
sanexxuts Bin cknaay 3IIN [13-15]. Hasaicts y 31T a30Ty 3HIDKYE HOTO
TEIUIOTBOPHY 3/aTHICTh, a MPHUCYTHICTh €TaHy Ta IHIIUX OLIBII BaKKUX
BYTJICBOJIHIB IMIJIBHIIYE 1eH MOKA3HUK. Y Pi3HUX KpaiHax MPUHHATO Pi3Hi
CTaHAAPTH BUILOI TEIJIOTBOPHOI 34AaTHOCTI, 3B1JICH 1 TAKMH PO3KUA y BU-
morax no ckmaxy 3. Bumoru fAnonii mo skocti I 3a mokasHUKOM
BUIIOT  TEIUIOTBOPHOI  3JaTHOCTI  mNepeOyBarOTh y  JliamasoHi
39,7...43,3 MI[)I(/Ms, Icmanii — 35,0...44,9 MI[)K/Ms. Crienuikanii Ten-
notBopHoi 3aatHocTi 31T 3a pi3HMMHU KpaiHamu npeacTasiieHi B Tabu. 3.

Tabmuusg 3. Bumoru no terorBoproi 3narHocTi 311IN kpaiH cBiTy

. TenmoTBOpHA 3/1aTHICTS, M,Z[)K/M3
Kpaina .
MiHiMyM Makcumym
Snonis 39,7 433
Kopes 40,0 43,7
CIIIA 35,8 40,8
BenukoOpuranist 36,7 42 4
OpaHIis 36,2 43,3
Icnanis 35,0 44,9
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IlocTaHoBKa 3aBaaHHs. B 3B’43Ky 3 BUIIEBUKIIAJAECHUM 3aBIJAHHSIM
JIOCTi/DKeHb OyB aHali3 TePMOAMHAMIYHUX ITHKIIB OXOJIOKEHHS IIPH-
POOHOTO Ta3y MiAg 4Yac HOro TPaHCHOPTYBaHHS MOPCHKUMH CYIHAMH-
ra3oBO3aMH.

Bukian ocHOBHOro mMartepiajay aoc/igxeHHsi. MeTos TpaHCIOPTY-
BaHHsI MPUPOJHOTO ra3y B 3piIKEHOMY CTaHi € 3HAYHO €KOHOMIYHUM, HIX
TpyOOTIPOBITHMIA, TOYMHAIOYH 3 BiJICTAaHEH N0 CIIOKUBauiB raszy OiIble
2000...3000 kM, ane moTpedye OUTBII BHCOKMX MOYATKOBUX BKIJIAJICHH B
iH(pacTpyKTypy, HiK TpyOompoBigHuii. OCHOBHY BapTicTh B ILOMY BH-
MajKy CKJIajae He TPAaHCHOPTYBAaHHS, a BaHTa)KHO-PO3BAHTAXKYBaJIbHI
pobotu. lo mepeBar mpOT0 METOAY BITHOCHUTHCS TaKOXK TOW (pakT, 1mio
3piIpKeHNH Ta3 OumbIn Oe3MeyHwid mix 4Yac TepeBe3eHHs Ta 30epiraHHs,
Hix cruciuit. 3[II" Moxe OyTH AOCTaBJIeHWH 3 OyAb-KOro 3aBOAy 3i
3pimKeHHss Ha Oynp-akuid perazudikauiiianii Tepminan. Kpim Toro, e
€TMHA TEXHOJIOTIs [T TPAHCOKEAHChKHX mepeBe3ens [16-18].

Slkio meperTH Bia rI00adbHHUX JIOTICTUYHHUX cxeM mocTtadanHs 31T
10 MeH MacmTabHux, To 31" Moke po3B’s3atu npodieMy razudikarii
PETiOHIB BiAJaIeHUX BiJl MaricTpabHUX ra30MpPOBOIB. 32 YMOBOIO CTBO-
penHs i3orepmiuHmx cxoBum 3III" Ta HeBenmmkux perasudikamiiHuX
YCTAHOBOK, IO € HEBEIUKUMH TPyOYacCTUMH BHIIAPHHUKAMH, JTOCTaBKa
3III" moxke OyTH 3MIHCHIOBATHCS aBTOMOOUTHRHUM, BHYTPIIIHIM BOJHHAM
a00 3aTI3HUYHUM TPAHCTIOPTOM, 00JIaTHAHUM KPIOT€HHUMU [IUCTEPHAMHU.

Y npoMHUCIIOBUX MpoIlecax TEXHOJIOTII OXOJIOKEHHS Ta 3piPKeHHS
MPUPOIHOTO Ta3y BiJIirparoTh KIFOYOBY POJb. 3a Mepiojl icHyBaHHS CBIiTO-
BO1 TTPOMUCIIOBOCTI 3piPKEHOTO ra3zy OyIio po3po0JIeHO KilbKa TEXHOJO-
riii TPOMUCIIOBOTO 3piKEHHS Ta3y. Psj mporeciB 3HAWNIUIA Pi3HOKO Mi-
POIO CBOE 3aCTOCYBAHHSI, JIESKi 3 HUX JI0C1 ICHYIOTb Jiniie y rpoekTi [19].

s BupoOnunrea 3I1I" 6epyTh MOTIK NPUPOTHOTO Ia3y 3a BUCOKUM
TUCKOM, BHIAISIIOTH 3 HHOTO HeOakaHi JOMIIIKH, OXOJIOJDKYIOTh I'a3 10
Iy’Ke HU3bKOi TeMIepaTypH, MOTIM JIPOCEIIOI0Th HOTro 10 aTMOC(EpHOTro
THUCKY, TIPH IIbOMY I'a3 OXOJIOKYEThCS 10 33/1aHO0I KIHIIEBOT TEMIIEpaTypH,
KOHJICHCY€EThCs 1 mepeTBoproeThes Ha 31T [20-22].

SIKIIO TIOZMBUTHCS Ha KPUBY OXOJIOJDKEHHS TPUPOJHOTO a3y B KO-
OpAMHATaX TeIUIo-TeMmeparypa 3a TuckoMm 3,7 Mlla Big temmeparypu
noskiurst 10°C...20° C mo TemmepaTypu KoHAeHcalii metany —162°C, o
MOKHa MOOAYNTH, IO Ha MOYATKy OXOJIO/DKEHHs Hae mo mpsmii minii
(puc. 1). IIpoTsiroM 11i€i AISIHKE KPUBOT OXOJIOJKEHHS KOHJIECHCYIOTHCS
MepeBaXHO BaXKi BYTJICBOAHI.
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Puc. 1. KpuBa 0x0101K€HHS IPUPOTHOTO Ta3y

®aktuuHo, B miamazoHi —50...—56° C Oinplna YacTHHA TPOMaHy i
OLITBII BaKKMX KOMIIOHEHTIB BHUMANE 3 MOTOKY Ta3y. 3i 3HIDKEHHSIM TeM-
MepaTypy KpUBa OXOJIOJKCHHS 3MiHIO€ HANPsAMOK. LI 3MiHa BinOyBaeTh-
Csl Ha TTOYATKy KOHACHCAIll eTaHy Ta METaHy. Y BHIIAIKy 3HW)KCHHS T€M-
neparypu 10 —140° C mpakTHgHO BCS ra3oBa CyMIIl, KpiM IMapiB a3oTy,
MEPETBOPIOETHCS HA PIAKHIA CTaH.

MeToau OXOJIOKCHHS Ta KOHJCHCAIlIl ra3y MOXYTh CHUJIBHO Bipi3-
HSATHUCS B 3aJIEKHOCTI BiJl TOTO, SIKHH MPOIIEC OXOJOHKEHHSI BUKOPHCTOBY-
eTest [23, 24].

Ha puc. 2 300pakeHi IPUHIIMIIOBI CXEMH MTPOCTOTO OJHOCTYTIEHEBOTO
(@) Ta GararoctyrneHeBoro (6) MUKIIB OXOJIO/DKCHHS, SKi BUKOPHUCTOBY-
FOTBCS T/ Yac 3piPKeHHS IPUPOTHOTO Ta3y. X . .

4 = \
= \ \

/|w

2
=1

a) 0)
Puc. 2. [ukmu oxonomkenns 3111
a — OJTHOCTYTIEHEBUH LIMKIT; O — 6araToCTyNEeHEeBUIA UK,
1 — xoMnpecop; 2 — XOJIOAMIEHUK-KOHJICHCATOP 13 30BHIIIHIM OXOJIOJDKEHHSIM;
3a, 36 — npoceinp; 4a, 40 — cenmaparop; 5a, 56 — X0IOIMILHUK-BUIIAPHUK JUIS
OXOJIOJUKEHHSI IPUPOJTHOTO Tazy
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PosrisineMo gk npukiaa npoCcTUil MpoNaHOBUNA IUKJI, 1[0 BUKOPHUCTO-
By€ TPOMAaH SK XOJOAWJIBHHHA areHT Hpu TemmnepaTypi 6muspko —30° C
(puc. 2, a). Y xommpecopi 1 mponaH cTUCKAETHCS BiJ TUCKY BCMOKTYBaH-
Hs 0,17 MIla no tucky Ha Buxoni 1,8 Mlla. Tuck Ha BCMOKTYBaHHI KOM-
mpecopa 3aBxaAu Mae OyTH OUThIIAM 3a aTMOC(EpHHA 3 METOI BHKIIIO-
YeHHS! MiJICMOKTYBAaHHS! HaBKOJMIIHBOTO TOBITPS B JIIHIIO MoJayi rasy.
Harpituii nin wac ctucHenHs ra3 Bin temmepatypu 80...85° C oxonomxy-
€THCS B XOJIOAWIHHHUKY 2 30BHIIIHIM XOJIOI0areHTOM (BOZOI0 ab0 HAaBKO-
JUIIHIM TOBITPsM) 10 Temmeparypu Omu3pko 50° C Ta KOHIEHCYETHCS.
Jani mig yac mpoXopKEeHHs Yepe3 Ipocellb TUCK Ta3y CKUAAETHCS O PiB-
Ha 0,17 MIla (THCK BCMOKTYBaHHS KOMIIpEcopa), MPH IhOMY IIPOTIaH
oxonmoxyeThest 10 —30° C. Y cemaparopi 4 mpomnaH po3aiIsieThesl Ha Pij-
Ky 1 mapoBy ¢a3u, maposa ¢a3za MOBEPTAETHCS B KOMIIPECOP, a piaka ¢asza
MOJIAETHCS Yy BUIMAPHUK 5, /e MPOMaH BHUIIAPOBYETHCS, & MPUPOAHUN Ta3
IIPU LbOMY OXOJIOJKY€ThCS. Bumapenuil npoman noBepTaeTbes 10 KOMII-
pecopa 1.

SIk10 moAMBUTHCS HA PUC. 2, 6 MOYKHA TTOOAYUTH, 1110 A0 CXEMH IIPO-
CTOTO OJHOCTYIEHEBOI'O WKy Ha JiHII Mojadi piAWHW y BHUIAPHUK-
XOJIOMWIBHUK 5a MOCTaBIeHWH MITBHUK MOTOKY, 1 Ha BiUIIIEHUH IOTIK
piavHU TocTaBieHWil Apyruit Apocenb 30. Lleit BimokpemiieHHWi TOTIK
YTBOPIOE IpYIuil piBEHb OXOJOMKEHHS 3 HIKUYOIO TEMIIEPATYPOIO Ta HU-
KYUM TACKOM. TakuMm 4MHOM, Y CXeMi IPUCYTHI J[Ba PiBHI TUCKY MOTOKIB
MPOTaHy, IO MOAAI0THLCS Ha BCMOKTYBAaHHSI KOMITPECOop, i JiBa TeMIeparTy-
PHHX PiBHS [ OXOJOKEHHS IPUPOTHOTO Tazy.

SIK110 po3BHBATH L0 CXEMY Jalli, MOJKHA JIOJIaTH TPETii, YeTBEPTHH
91 M'ATHH piBeHb. 30UIBIICHHS KiIBKOCTI TeMIIEpaTypHUX PiBHIB, TOOTO
30UIBIICHHS] YHCIa CTYIIEHIB B OJHOMY TEeMIIEpaTypHOMY Jiala3oHi, Ha-
OMKae KpUBY OXOJIOJDKEHHS XOJIOJIOAreHTY [0 KPHBOI OXOJIOKEHHS
ra3y, 1o poOuTh mporec OiIbIl eeKTUBHIUM. UNCIIO PiBHIB OXOJIOKEH-
Hs — 1€ KOMIIPOMIC MK KamiTaJbHUMM BKJIQJICHHSIMH, CKJIQJIHICTIO TEX-
HOJIOT1YHOI CXeMH Ta eKCIUTyaTalliiHiuMHU BUTpaTamu. Ha choromHi mak-
CHUMaJbHO 3aCTOCOBYBAJIOCS I'SITh PIBHIB OXOJIOIXEHHS ISl OHOKOMIIO-
HEHTHOTO XOJIOMWIILHOTO areHTa. BoyeBuib, 10 3 0JJaBaHHSAM CTYIICHIB
OXOJIO/KEHHS 301IBIIYEThCS KUTBKICT TEMIIEPATypHUX PiBHIB. 3pelITolo,
MO’KHa BHUKOPHCTOBYBATU OJIWH 3 LIUX CTYINEHIB OXOJOMIKEHHS Ul KOH-
JIeHCalli] 1HILIOrO XOJOAWIBHOTO areHTa, O 3aCTOCOBYETHCS B KACKATHUX
nporecax 3piHKEHHs PUPOIHOTO ra3y [25, 26].

PosrnsiHeMo Takox rpadik 3anexHOCTI THCKY HacCHUEHOI HMapu MeTa-
HY, ETHJICHY Ta IPONaHy Bija TeMneparypH (puc. 3).
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3a THUX 3HAYEHHSX THCKY, 328 SKHUMHU HPAIIOIOTh YCTAaHOBKH 3PiIKEeH-
HSl, KO)KHOMY KOMIIOHEHTY — METaHy, €TUJICHY i IPOMaHy BiAMOBi/A€ MEB-
HUH Iiana3oH TeMmmepaTryp y MpoLeci OXOIOMKEHHS NPUPOTHOIO razy Ta
orpumanHs 3I1I". 3a meBHUX TEepMOIMHAMIYHMX YMOB IpPOMaH 3JaTHUHN
CKOHJICHCYBAaTH eTaH a0o eTHiieH. Y CBOIO 4epry, eTaH abo eTH4Hui 31aT-
Hi CKOHJICHCYBAaTH METaH, 1 MEeTaH 3MOXe CKOHACHCYBATH MOTIK MPUPOJ-
Horo Ta3y. Ha Takiit cxemi 30y10BaHO KacKaHI MPOIECH 3PiIKEHHS TPH-
POJHOrO rasy.

Posrnsiemo mpoctuit kackaguuii nmpouec orpumanss 311 Sk uucri
XOJIOI0areHT! MpUHMEMO HACTYIIHI Ia3u: MPOIlaH, AKii Mae TeMIepaTypy
kuminHs -42° C, etunen, 3 temneparypoto kuminHs -104° C ta i MeTaH,
TeMIleparypa KuIiHHs SKoro -162° C. SIkino Ha KpUBY OXOJIODKCHHS ra3y
HaKJIACTH PiBHI OXOJOJDKEHHS TPHOX PI3HUX XOJOJO0AreHTiB Y TPhOX pi3-
HUX, IPOCTHX LMKNIAX, OTPHMAEMO PIHC. 4,2a.
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Puc. 4. KpuBi 0X0n0KeHHS IPUPOIHOTO Ta3y Ta YUCTUX XOJIOI0ATeHTIB i 9ac
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BHKOPHUCTAHHS OJHOCTYIIEHEBHX (&) Ta TPUCTYIICHEBUX () IUKIIIB OXOJIOKEHHS

OO6unacTh jgiarpaMu MiXK KPUBHUMH OXOJOJDKCHHS BiJIIIOBiJa€ BTpaTaM
TEIUIOTH B IMKJIAX, TOOTO Takwii mpoiiec He € edekTUBHUM. Hacmpasxi, y
TaKOMY BUITIAII TPU CTYNEHI OXOJO/KEHHS HA YUCTHX XOJOMOAreHTax
BUKOPUCTOBYBAINCS HaJI3BUYaliHO pinko. s miaBuiieHHs eeKTUBHOCTI
MpoIIecy KOXKeH MPOCTHIA XOJOAUIBHUN UK OyB 3aMiHEHHUH Ha TPHUCTY-
MIHYACTUH IUKI 3 TPhOMA Pi3HAMH TEMIEPATyPHUMH PiBHSAMH B KOXKHO-
My OUKIL (OuB. puc. 2, 6). B pesynpraTi BHiNIIa AEB'ATUCTYIiHYAaCTa
KackaJHa CHUCTeMa, sKa JisrJia B OCHOBY JESKUX MPOMHCIOBUX TMPOLECIB
onep>kanHs 311", 3icrapneHHsST KPHBOi OXOJIOKEHHS MIPUPOTHOTO Ta3y Ta
KPHUBOi OXOJOKEHHSI XOJIOJOAreHTIB TaKol JeB'SITUCTYMiHYACTOI KacKal-
HOI CHCTEMH J03BOJISIE 31aBaTH BHUCHOBOK MpO ii OLIbIIY €QEeKTHBHICTH
MOPIBHAHO 3 KaCKaTHUM TIPOIIECOM, SIKUl BUKOPHUCTOBYE OJHOCTYIIHYACTI
XOJOMWIIBbHI TUKIH. [IpuKiIam miarpaMu TpUCTYIIEHEBOTO UKITY OXOJOMKEH-
Hs HaBEJICHO Ha puc. 4, 0.

3 ypaxyBaHHSIM TOTO, IO MOXKHA MOOYTyBaTH CUCTEMY 3 TPhOMa XO-
JIOI0areHTaMH Ta 3 TPhOMa OKPEMUMH PIBHSAMH OXOJIOJDKEHHS JIIS KOX-
HOTO XOJIOJIOAreHTY, TO JUIs MOJAJBIIOr0 IMiJIBUIINCHHS €(QEKTUBHOCTI
mpolecy MoKHa CKOMOIHYBaTH KijbKa KOMIIOHEHTIB B OJTHY BJIACHY CHC-
TeMy.

Buacninok 3akoniB boinst i [laneTona, mig yac 3MinlyBaHHI YHUCTHX
KOMIIOHEHTIB MaplialbHUM THCK KOMIIOHEHTa Ta30BOi CyMiIllli MOKHA
CIIIBBIZTHECTH 3 HOTO TOYKOI POCH, TOOTO 3 TEMIIEPaTyporo, 3a KO0 3a
3aJ1aHOMY THCKY ITOYHHAETHCS HOTO KOHJeHcamis. Hanpukiaza, cyminn mo
cknanaetbes 3 33 % npomnany, 33 % erany Ta 34 % MeTaHy 3HaXOIUTHCS
B 3aMKHYTOMY 00'eMi mij TuckoM 4,2 MIla. 3a 3akonom JlaibTOHA mapii-
QTPHUH THCK KOXKHOTO KOMIIOHEHTa CyMIilli CTAQHOBHTH HPHUOIN3ZHO
1,4 MIla. 3a Takoro THMCKy MpOIAaH MOYHE KOHICHCYBATHCS 3a TEMIepa-
Typoto 6im3bko 41° C, eran — 3a —20° C, metan — 3a —116° C. Konn yac-
THHA TPOTIaHy CKOHJCHCYETHCS, MOJIBHUH CKJIaJ] ra3y 3MiHUTBCS, IHITMMHU
CTaHyTh 1 MapHiaJbHUA THCK KOMIIOHEHTiB cyMimii. [lapriianbHuii THCK
MPOTaHy 3MEHIIUTHCS, PUIOMY 3HH3HTHCS TEMIIepaTrypa HOro KOHJCH-
carlii, a mapmiajgbHi THCKH iHITUX KOMIIOHEHTIB 301IBIIATHCS, TTiBUIINB-
M TeMIeparypu iXx KoHaeHcawii. Lle mpu3BoauTbH 10 TOTO, IO KpUBa
OXOJIO/DKEHHS 3MIIIAHOTO XOJIOJI0ATeHTY CTae Triajkimoto. [linbupatoun
CKJIaJl CyMIillll XOJIOJ0areHTy, MOJKHa MaKCHMajbHO HAOJHU3UTH KPUBY
OXOJIOMKEHHS XOJIOJOAreHTY 10 KPUBOI OXOJIOKEHHS IPUPOAHOTO Tasy,
THM CaMUM POOJISTYM TPOLIEC 3PIKEHHS Ta3y e(hEeKTUBHIIINM.
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Jo ckmamy 3MimaHoro XooamibHoro areHTa (3XA) MOXYTh BXOIH-
TH a30T, [IeHTaH, OyTaH, MPOMaH abo MPOHUIEH, eTaH ad0 €TWJIEH Ta Me-
TaH. B 3B’3Ky 3 THM, IIOTeMIIEpaTypH KHITIHHS Y X PEYOBUH Pi3Hi: Bix
28° C y i3omenrany 10 —196° C y a3oty (Tabi. 4), mij 9ac 0XO0JIOIKESHHS
KOMITOHEHTH Tra30BO{ CyMillli KOHACHCYIOThCS IO Yep3i.
Tabmms 4. Temnepatypu kumigas komnoHeHTiB CXA 3a aTMOC(EpHIM THCKOM

Kommnonent TeMleepaTyp a Komnonent TeMleepaTypa
kumiaHa, °C kumigas, °C
Asor, N, -195,8 [pomnan, C3Hg —-42,1
Meran, CH, -161,5 I-0yTan, C4Hyg -11,7
Etnnen, CoH,y -103,7 H-6yTan, C4Hyo -0,5
Eran, C;Hg 88,6 I — nentan, CsHy, -279
Ipominen, CsHg -47.2

[IpuHIIMTIOBa cXeMa MPOCTOTO XOJOAMIFHOTO MUAKITY 31 3MIIIaHUM XO-

JI0JJ0aT€HTOM HaBEICHO Ha pHC. 5.
5 6 7

: /

[N SRN]

4 3 2 1

Puc. 5. LIuki1 0X0JIOKEHHS 31 3MIIIAHUM XOJI0I0AT€HTOM:
1 — xoMmpecop; 2 — KOHAEHCATOP; 3 — cemapartop; 4 — Hacoc; 5 — 6araTornoToKo-
BUH TEIUIOOOMIHHHUK; 6 — IpOCeIih

Jlo obagHaHHS UKy Ha 3MIIMIAaHOMY XOJIOAMIBHOMY areHTi (puc. 5)
B TIOPIBHSHHI 31 CXEMOIO MPOCTOTO MPOMAHOBOTO MUKIY (pHC. 2, @) BXO-
JIHUTh TaKH caMe KOMIIPECOp, XOJOAWIBHHK, CEIapaTop, ajie 0 CXEeMH
BKITIOYEHO TPHUIIOTOKOBHU TEIJIOOOMIHHUAK 31 30UIBIIEHOI ITOBEPXHEO
Ter1000MiHy. OXOJIO/PKEHUI 1 CKOHICHCOBAHHMM MOTIK 3MIIIIAHOIO XOJIO-
JI0AreHTy, MPOUIIOBIIM B MPSIMOMY HANPSMKY TEIMJIOOOMIHHHK, a MOTIM
JPOCeNb, MiJ] Yac MPOXOPKEHHI TEIJIO0OMIHHHUKA Y 3BOPOTHOMY HarpsiM-
Ky BHKOPHCTOBYETBCSI JUIsSi OXOJIOJKEHHSI caMoro cebe i OTOKY IPUPO/I-
HOTO Ta3y (XOJIoJMIbHE HaBaHTa)XEHHs). Ha mpoTHBary 4ucTuM KOMIIO-
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HEHTaM KOHJICHCAITisS 3MIIIAHOTO XOJIOJO0AreHTY HE BiIOYBA€ETHCS 3a SKO-
ich TOCTIIHOI TeMIiepaTypu. 3aMiCTh JEKITBKOX KOXYXOTPyOUacTHX BH-
MapHUKIB MOKHA BUKOPHCTOBYBATH OJWH MOTOKOBHH TEIUIOOOMIHHHUK 3i
301IBIIICHOI0 MTOBEPXHEIO TEIUI00OMiHy. TakuM BUMOTaMm BiJIIOBiAIOTh
CIIPaJIBHOBHTI Ta PEOPUCTO-TIIIACTHHYACTI TEINIOOOMIHHUKH. BOHM 31aTHI
OJTHOYACHO MPOIYCKATH KiJIbKa TEIJIOOOMIHHUX MOTOKIB.

Oco0nuBiCTIO po0OTHM 0araTONOTOYHUX TEIUIOOOMIHHMKIB TiJ 4Yac
3pIIHKEHHS PUPOAHOTO Ta3y € Te, [0 YaCTHHA TeTIOOOMiIHHHKA TPAITIOe
y aBoazHiit obmacti. OTKe, TOTINIIEHHS TETI0O0OMiHY Ba)KJTMBE 3HAUCH-
HSl Ma€ MpaBUIIbHE PO3MOJLI MOTOKIB. 30KpeMa, B MIIACTUHYACTHUX TETJIo-
OOMIHHUKaX TOTIK, 1[0 BHIIAPOBYETHCS, CHPSIMOBYETHCS 3HU3Y Bropy, a
MOTIK, 1[0 KOHJIEHCYETHCS — 3BEPXY BHU3.

XonoawipHl OUKIX 31 3MIIAHUMH XOJIOJOAr€HTAMH CTajld OCHOBOIO
OUIBIIIOCTI CYYaCHUX TEXHOJIOTIYHHMX IPOIECIB 3PiPKCHHS HPUPOIHOTO
rasy, ki B TOMY YHCJIi BUKOPHUCTOBYIOTHCS HA CYIHAX-Ta30B0O3aX.

BucHOBKH i mepcneKTMBM MOAAJBLINHX JOCHIAKeHb. 3piIKeHUN
MPUPOAHUH ra3 € HAOLIBII IEPCIEKTHBHUM MMAIUBOM, IO B HAHOIKInii
gac Oy/le BUKOPHUCTOBYBATHCS y BCIX BHIAaX €HEPreTUKH, B TOMY UHCII
CYyZHOBOI.

BigHocHo mopcekoro Tpancropty 3I1IT mMae psig mepeBar mepeq iH-
NIMMU MTaJTHBaMU:

e OijpIl BHUCOKA €KOJOTIuHICT, — mmifg dac 3ropsHHs 3IIIT He
BUJIUIAETHCS MAPHUKOBHIA Ta3, SIKUM HEraTHMBHO BIUIMBAE HA O30HOBHMA
mapi 3emii;

e HIKYA I[iHAa, HK Ha MajuBa HA()TOBOTrO MOXO/KEHHS — IMEpeBe-
JICHHSI CyJTHOBUX €HEPreTHYHHX yCTaHOBOK Ha BukopuctanHs 31" mos-
BOJIUTH CYTTEBO IIiJIBUIINTA €KOHOMIYHI TOKa3HUKH POOOTH MOPCHKHX
CyJeH;

e TpuBaNIWA TepMiH BuKOpHcTaHHs obOnagHanHs as 31T, Hik mig
Yac BUKOPHCTaHHS MalBa HAPTOBOTO MOXO/KECHHS, SKi MOXKYTh CHJIBHO
3HOIIYBATH JIETAJl CyTHOBUX TECIJIOBUX JIBUTYHIB;

® CKOpPOYCHHS WIKIJUIMBUX BHKHIIB B atMocdepy, o € 0coOInBO
aKTYaJIbHUM 3 ypaxyBaHHSIM MOCTIHHOTO YM MEPIOJUYHOTO 3HAXOKEHHS
MOPCBHKHX CYZCH y CIEIlialbHUX €KOJIOTIYHUX paiioHax;

® MOXIIMBICTh TpaHCHOPTyBaHHS Benmkux oOcsrie 3IIIT cymamu-
ra3oBo3aMM Ha BEJIMKI BiJCTaHI.

[lig yac nepesesenns 311" cynHamu-ra3oBo3aMu HaiOIbII eeKTHB-
HOIO TEXHOJIOTIE0 HOTO 3PiPKEHHS 3 €KOHOMIYHOI, €HEPreTUYHOI Ta eKO-
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JIOT19HOT TOYOK 30pY € BUKOPHUCTAHHS ITUKJIIB OXOJIO/PKCHHS 31 3MIMTaHUM
XOJIOI0areHTOM.
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Kozumpkuii C. B.
Harmionansauii yHiBepcutet “Ojiecbka MOpChbKa akajieMis”

3ACTOCYBAHHS HAHOMETEPIAJIIB JUISI 3B1JIBINEHH S
HAJIMHOCTI TA PECYPCY CYJHOBUX YCTAHOBOK

IMocTranoBka mpo0jemMu B 3arajbHomMy Buriasigi. O6nacte HaykH i
TEXHIKH, K4 CTPIMKO PO3BHBA€ThCS Y 21 CTONITTI, Ta chnpsiMOBaHa Ha
OTPUMAaHHS MaTepiaiiB 3 OCOOJMBUMH BIIACTUBOCTSAMH, IO CKIAAy SKHX
BXOZSTh €JIEMEHTH 3 po3MipoM y aiamazoni 1 — 100 nHaHomeTpiB, Mae Ha-
3By HaHOTexHoJjoris [1]. 3ampoBa/ykKeHHS HaHOMAaTepiayliB M MiJABH-
IIeHHS e()eKTUBHOCTI Cy/Ha Ta HOro YCTaHOBOK aKTyalbHa 3aJada ChOro-
JEHHS.

AHaJi3 nocaimkens Ta myosaikaniii. @i3nyHi Ta XiMiYHI BJIACTUBOCTI
HaHOPO3MIPHUX YaCTHMHOK CYTTEBO BIAPI3HSIOTHCS BiJl BIAMOBITHUX JJIs
Tpamumiinux Marepianis [2]. Taki ocobmuBi Baactusocti [3] mos’s3ami 3
PO3MIpPHUMU €PEKTaMH Ta OCOOTUBOCTSAMH IX TTOBEIIHKU.

3a3HaunMMo, 110 | T PEUOBHHU YTBOPEHOI CEPUUYHUMM YaCTHHKAMU
posmipom 10 HM Mae mromLy moBepxHi ~ 100 M%, a YacTKa MOBEPXHEBHX
aromiB cknagae 30% [4]. HammumkoBa moBepxHEeBa €HEpris MPUBOASATH
JI0 CYTTEBOI HEPIBHOBaXKHOCTI HAHOYACTHHOK [5], sIka MOCHITIOETHCS Me-
Togamu ix orpumanHs [6]. Jlis yciX HAaHOYACTHHOK CIIOCTEPIraeThest
3MiHa (yHJAaMEeHTAIbHUX (i3MUHHX mapaMeTpiB [7], a HaHOMaTepiaau
XapaKTepU3YIOThCS IMiBUIICHOI0 TBEPAICTIO B 2...7 pa3iB, MeXe Mill-
HocTi B 1,5...8 pa3siB, Mexkero TNIMHHOCTI B 2...3 pa3u y NMOPIBHSAHHI 3 Tpa-
nuiifianvu  Matepianamu [8]. TloBeliHKa HAHOYACTHMHOK BHXOJWTH 3a
paMKH KJIQYU4HOTO YsBJICHHS Tpo iX pyx [3] i morpyOye 3acrocyBaHs
piBHSIHb HEPiBHOBaXKHOT TepMoanHaMiku [9] Ta kBanTOBOT MexaHiku [10].

IlocTraHoBka 3amavi. Y MOPCBKOMY TPaHCIOPTi BEJIMKA KUIBKICTh
npoOyieM BUMarae epeKTUBHOro BHpimeHHs . Cepell OCHOBHUX 3a3HA4H-
MO: MiJBHUINEHHS €()EKTUBHOCTI CYIHOBUX CHCTEM, 30LIBIICHHS PeCypcy
CYAHOBHMX MEXaHi3MiB Ta Kopmycy, 30inbpmenas KKJ| mexani3miB i 3axuct
JOBKIJUIS BiJl BUKHIIB. BUIBIIICTh IMX MPOOJIEM € MOXKITUBICTh BUPIITyBa-
TH NUISTXOM BUKOPHCTAHHS YHIKAIBHUX BIACTUBOCTEH HaHOMaTepiamiB. Y
poGori [11] omwmcaHi OCHOBHI BIACTMBOCTI HAHOYACTHHOK 1 HAHOMa-
TepiaiiB, a y po6oTi [12] po3rnsHyTi NIMTaHHS 3aCTOCYBaHHS HaHOYACTH-
HOK JIJIs1 301JIBIIIEHHST pecypey Ta e(eKTHUBHOCTI CYJIHOBHX MeXaHi3MiB. Y
NaHii poOOTI PO3MIAAAIOTECS THUTAHHS TIEPCIIEKTUBH BUKOPUCTAHHS
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HaHOMAaTepialliB 3 METOI e()EKTUBHOTO BHPIMICHHS 3a3HAYCHUX BUIIC
mpo0GJieM Ta 0COOIMBOCTI MEXaHi3My il HaHOMAaTepialiB.

Bukaan ocHOBHOTo MaTepiaJy.

Tpaauuiiini MacTHIBHI MPUCAAKH, SIKi BUKOPUCTOBYIOTBHCS ISl 3aXH-
CTy BiJ 3HOCY Ta I 3MEHIICHHS TepTs, 0a3yloThcs HAa TaK 3BaHUX
niankingutiopocdarax muHKy (JADPL) Ta iHIMX MOXIAHUX OpraHiYHUX
xupHuX kucnot. DL mictare docdop, sSkuii oTpyroe KaTaizaTopu
BUXJIOITHUX Ta3iB, MO € CEepHO3HOI0 MPOOIEMOI0 ISl HaBKOJIHIIHBOTO
cepenoBuia. [ama mpobiieMa moisrae B TOMY, IO TPATUIIIINHI IPUCATKU
MPU3BOAATH A0 BOJHEBOT KPUXKOCTI, MiKPOMITIHTY Ta OUTMX MOBEPXHEBHX
tpitmumH (BIIT), mo cnpuuanase BTomy Metany. OKpiM TOro, TPHOOTLITIBKH,
yrBopeHi DL, € TBepauMu i TOBOJI KPUXKAMHU. Y pPE3yNbTaTi yTBO-
PIOIOThCA aOpa3WBHI YaCTHUHKH, SIKi TAKOXK 30171bIIYIOTH 3HOC. TOMy TIO-
HIYK albTepHATUBHUX TMPHCAJOK, € BAKJIMBOIO 3a/a4elo, sIKa YCIIIIHO
BHPINIYETHCS 3aCTOCYBAaHHIM HaHOPO3MIipPHHUX MaTepialiB.

3acmocysanna nanomamepiany XA/ O

XAIO — ne ykpainceka kommanisi [13] 3acHoBaHa y 1991 pomi B
XapkoBi, 1Ka € BUPOOHUKOM peBiTaNi3aHTy, IKUI 3amaTeHToBaHO y 1998
poti. 3a 30BHImHIM BurisaoMm peBitamizantr XAJIO e remem abo mia-
CTHYHOIO PEeYOBUHOIO. CKIAaNa€eThCsi 3 BUCOKOMOJIEKYISIPHOTO MacTHIIb-
HOTO CEepeIOBHIIa, 0 CKIIaTy SKOTO BXOJUTH Ty)Ke aKTHBHA KapOOKCHIIb-
Ha rpyna — COOH, a Takox cyminr HaHopo3MipHuX okcuaiB Al,Os, SiO,,
Fe,0O; ta ix rigparis, abo Al,Os, MgO i Fe,0O3 un Al,O3, CaO ta Fe,05 i
iX TigpariB. HAHOYACTUHKU Ili€]l PEYOBHHU MalOTh (HOpMy OJIHM3BKY [0
chepudHoi.

BBenenHs peBitamizaHTa 10 MacTWJIBHHUX MarepialliB MPHUBOAHUTH IO
(hopMyBaHHS 3aXUCHOI'O TOKPUTTS HA METAJIEBUX JICTANIAX MEXaHI3MIB, SIKi
TpyThCs, Ge3mocepeHb0 y mporeci ixHboI ekcruyararii [14]. TIporec
(hopMyBaHHS 3aXHCHOTO TOKPHUTTS, KW HA3WBAETHCS PEBiTallizallis, BiH
3aCHOBaHWI Ha (i3WKO-XIMIYHIM B3a€EMOJii TTOBEPXOHb TEPTS y MPHUCYT-
HOCTI peBiTalli3aHTa MPH IrPaHUIHOMY 200 3MILIAHOMY PEXHMax 3MalleH-
H. MexaHi3M yTBOpEHHS 3aXMCHOi IUTIBKM TP BUKOPUCTaHHI
peBiTaizaHTa 300pakeHO HUXKUe Ha puc. 1.

B pesynbrarti mpoliecy peBiTaiizaiii yTBOPIOETHCS MeTaJoKepaMidHe
rpafieHTHE MOKPUTTS. OCOOIMBICTD MpOLECy — L€ 3MILHEHHS TOKPUTTS 3
OJHOYACHUM HOTO «3POCTAHHSMY, II0 Ma€ BUCOKY KOHTAKTHY MILHICTb i
IUIACTUYHICTh, TAPHY TEIUIONpOoBinHicTh [14]. YTBOpeHe moKpUTTS 30ib-
nrye (akTHUHY IUIOUTY KOHTAKTY, 3HMXKYE KOe(iLlieHT TepTd Ta 3HOLIY-
BaHHsI, @ TAKOXK 3aXUIIAE TOBEPXHI BiJl CXOIUIIOBAHHS 1 3BapIOBAaHHS.
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QOO

Puc. 1. Etanu peitaiizanii B 30Hi TepTs “MeTan — MeTan” 1 yTBOPEHHS
3aXMCHOI IUTIBKY, sIKa 3aXHIIAE apy TepTs BiJ 3HOIIyBaHH:A [13, 14]

PeBitamizanT mposABIsS€ YHIKANbHI BIACTUBOCTI TPW BHKOPUCTAHHI
MPUCANOK [0 MACTHJIBHUX MaTepialiB, 10 3aCTOCOBYIOTHCS AJISI 3MallEH-
Hs MOBEpxXHI IwIiHApiB. Ha puc. 2 HaBeneHi naHi PO BiHOBJICHHS I10-
BEpXHI IWIiHApa JBUTYHA BHYTPIIIHBOTO 3TOpPaHHS JIe CHOCTEpiranucs
moapsnuan ruoOuHOI g0 0,1 MM, SKi 3HUKAOTh TIPH BBEACHHI
peBiTaNi3aHTy y MAaCTWIBHUHN MaTepial.

Puc. 2. 3niBa — mozxpsanuHN riambuHoIo 110 0,1 MM Ha MTOBEPXHI IMITIHIpa
JIBUTYHa, CIIpaBa — Bi/IHOBJICHHS MOBEPXHI IIUITXOM YTBOPIOETHCS TJIaJIKOTO
METAIOKEPaMiYHOTO TOKPUTTSI [15]

SlBure pesitaiizaiii Jla€ MOXJIMBICTH TOBEPHYTH MPOLEC 3HOCY Y
3BOPOTHOMY TIOPSIIKY 1 BIITHOBUTH 3HOIIEHY MOBEPXHIO IIISIXOM YTBO-
PEHHSI METaIOKePaMiqHOro MOKPHUTTS. PeBitamizaiis NOYMHAETHCS B 30H1
HaHO1JIBIIOr0 3HOCY, OCKIJIbKU CaMe TYT JIOCUTh HAJIJIMIIKOBOT €HEeprii JJis
[IOYaTKy HOBOT'O IPOLIECY Ta aTOMHU METajly MalOTh HaWOUIbIIY KUIbKICTh
HECKOMIICHCOBAHUX 3B'SI3KiB, SIKI 3aXOIUIIOIOTH 1 yTPUMYIOTH Came B
MICISIX 3HOCY Oy[IiBeNIbHUM Martepiai - peBiTaiizanT. TakuMm 4MHOM, Ha
crapiii OCHOBI (hOPMYETHCSI HOBE HMOKPUTTS. PeuoBHMHH, 1110 BXOAATH 0
CKJIay peBiTali3aHTy, Hij Ji€l0 TUCKY Ta TeMIepaTypH, 110 BUHUKAIOThH
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MDK JETAISIMH TPU TEPTi, BUCTYHAIOTh y POJIi KaTajizaTopa YTBOPCHHS
kapOinis Metamis [15] 3a cxemoro

nMe+mC —Me,C,

ne Me— meran; C — Byriens.

3a ydacti KapOiliB i CTEpTUX 3 POOOYNX MOBEPXOHH YaCTOYOK METa-
Iy, o nepeOyBaroTh Yy MacTWIBHOMY Matepiami, y 30HI HaJJIHIIKOBOI
eHeprii (hopMyeTbcs HOBUI 3aXMCHHAN map. 3aBAsSKH AUQY3ii 3aXHCHOTO
mapy B MeTall, YTBOPIOETHCA CYIEp MIillHE Tpaji€eHTHE TOKPUTTA 3
YHIKaJIbHUMH MO3UTHBHUMH EKCIUTyaTal[iiHIMH BIACTUBOCTSIMH.

JleMOHCTpalliss YTBOpEHHS TMOKPHUTTSA 300pakeHa Ha puc. 3: a)
30BHINIHIN BUTIISIT TOPIKKA KOYCHHS ITiIITUITHAKA 31 CIICiaIbHO HaHece-
HUM JedeKToM, 0) moyaTkoBa MOBEPXHS ACTaili MpH 30UIbIICHHI, B) Jis
peBiTanizanTy uepe3 15 XB. - 3HUKAOTh JAPIOHI MOAPSAIUHYN Ta IOYUHAETh-
Cs BIIHOBIICHHSI TIOBEpPXHi, T') YCyHEHUH Ae(eKT MOBEepXHi MICIsl OHOI
TOJIUHM peBiTami3alii 3a paxyHOK YTBOPEHHS METaJOKepaMidHOTO IIO-
KPUTTSL.

a)

Puc. 3. TIporiec yTBOpEHHS METAIOKEPaMi4HOTO MOKPUTTS [15]

YTBOpPEHHS! METAJIOKEPaMiYHOI'O MOKPHUTTS BiOYBA€THCS NMPH OAHO-
JacHiii B3aeMHIN qu(y3ii ABOX PeHOBHH (MeTally i METaJOKEpaMiKH), sSKa
3aBepIlye nporec GOPMyBaHHS HOBOTO MTOKPUTTS, IEMEHTYE 1 THM CaMUM
OCTaTOYHO 3HHUIIYE aedekT. Takok yuM OiiblIe MPOXOIUTH Yacy, TUM
O1JIBII MIITHUM CTa€ HOBOYTBOPEHE TOKPUTTSL.

PesitaiizanT po3B'sizye 3aBiaHHS 0e3p030ipHOIO PEMOHTY, 301Jb-
IICHHS PECYpPCy Ta MAaKCUMAJIbHO O€33HOIIYBAJIbHOT €KCILIyaTallil MalluH
1 MEXaHi3MiB Jiuute mooi, Ko1u KOMROHEHMU € HAHOPO3MIPHI, Ta HE
CIOCTEPITaEThCS MPHU BUKOPUCTAHHI CKIIQJOBHX MIKPOHHHUX PO3MIpiB.
Bisnbire toro, kBapiosuit micok (SiO,) Ta kpuctamiuauii KopyHa (Al,O3),
AKIO OM BXOAMJIM JI0 CKJIQAY NPUCAIKH Y MIKPOHHOMY BUJI, TO IisH OU
SK adpa3uBH 3HOILIYIOYH ITOBEPXHI Hap TepTs.

Kommnaniss «XADO» Takox mosimomisie [13-15], mo BHKOpHCTaHHS
peBiTai3aHTy Ja€ HACTYIHI pe3yabTaTH



2024 — N 48 Cyonosi enepeemuyti yCmanosxu 35

Y 08U2YHAX HYMPIUWIHBbO20 320PAHHA.

" YCYHEHHS OBAJIBLHOCTI Ta KOHYCHOCTI Ha po0O4iil MOBEpXHI IUIIHIPIB
nsuryna 1o 0,15 mwm;

" [OBHE YCYHCHHS MOJPANUH 1 MIKpPO3aAupiB Ha poOouiil MOBepxHI
UWIHAPiB rubuHOo 10 0,1 MM;

" ABHIICHHS pecypcy po00v0i MOBEpXHI MITIHAPIB 10 2,5 pasis;

= exoHOMIIO rmanuBa 10 18%;

= smmxeHHs CO 1 HC y Bukuanux razax Big 2 1o 10 pasis.

" Yy RIOWUNHUKAX KOYEHH.

® 3MEHIIEeHHS pamiaibHuX 3a30piB 10 0,07 Mm;

* 30UIBILIEHHA pecypcy B 2 ~ 4 pasu.

1.3acTtocyBanns Hanomatepiaixy Nano Vit Motor Renovator

EdexruBaum € mimernpkuii Hanomatepian Nano Vit Motor Renovator
(NVMR a6o HAHOBIT). Bin 3acTocoByeThCS B CHCTEMaxX 3MAaIICHHS
IU3eNbHUX BUTYHIB BHYTPIIIHBOTO 3ropsiHHS. [IpomyKT mepeBipeHuii Ha
edpextuBHIcTH 1 cepTudikoBannii TUV THURINGEN ceprudikar Homep
8141.076.06.44. TIpoayKT € CyMIMIII0 HaHOUCIIEpCHUX moponikiB (5-10
M) SiO; - 80%, (10-70 um) Al,O3 - 10% Ta TepMopacuIeIuIeHOro iHTep-
KanpoBaHoro rpadiry - 10% [16].

Hanomarepiamn NVMR cymicHuit 3 Oyab-KHUM BHIIOM Maciia, B CHIY
CBO€T XIMIYHOT HACUBHOCTI HE BCTYIIA€ Y B3a€EMOJIIO 3 ITAKETOM CTaHIapT-
HUX TPUCAJIOK 1 HE 3MIHIOE BIIACTUBOCTEU TOBAPHOI'O Macia. 3ayBaKUMO,
mo npu 3acrocyBandHi NVMR [16] npucanka mo maci cranoButh 0,03—
0,05% 3a paxyHOK BEJIHKOi IMTOMI HOBEPXHEBOI eHeprii HAaHOYACTHHOK,
sika ckmagae 156 M” Ha OJIHH rpam.

IMpu BukopuctanHi NVMR sk mpucagku HaHOpO3MIipHI MaTepiain
B32€EMOJIIFOTH 13 TIOBEPXHSAMH TEPTS Ta YTBOPIOKOTH 3aXUCHI TUTiBKH [17] 3a
HACTYITHUM MeEXaHi3MOM. Y 30Hi TepTs, Ji¢ BUHHUKAIOTh BHUCOKI Hampy-
KEHb, BiJIOYBA€ThCS PO3PHB 3B'A3KIB ANIOMIHIH-KHCEHb Y TPUOKCH/II
QIFOMIHIIO, 1[0 BHUKIWKA€E BIPOBA/DKEHHS aTOMIB aIOMIHIFO Yy TOBEPXHI
netaneid. YTBOpeHa IUIaKyBajbHa IUIIBKa MPEACTaBIsIE€ COOOI0 TBEPAMI
PO3YMH 31 3HAYHOIO TUIACTUYHICTIO Ta MIIHICTIO, a YaCTUHKH Tpadity, e
CHJIbHUH KOBaJCHTHHUH 3B'SI30K MIXK aTOMaMH y Iiapi Ta ciaduii Ban-nep-
BaanbcoBuii MiX IIapamu, Ha MOBEPXHAX TEPTs 3a0€3MEUyIOTh HU3BKUI
KOeQIILIEHT TEPTS MIXK JIETAIAMHU.

Po36upanHst ABUTYHIB mokazano (puc.3), MO B pe3ylabTaTi BUKOPH-
cranHs NVMR BinOyBaeTbcss Monudikalisi TOBEpXOHb TEPTsI, sIKa BUKIIU-
Kae pi3Ke 3poCTaHHs aAres3ii MOJIEKyJ Macia 10 MOBEPXOHb METaly i B
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30HaxX TEPTS YTBOPIOIOTHCSA CTIHKI TUTIBKH, SIKI YTPUMYIOTh MAaCTHILHUH
Mmatepian. Jliokcun kpemuito SiO, Ta rpadiT CTBOPIOIOTH JBOBHMIpHHI
KOB3HHMU IIIap, MO0 PI3KO 3HWXKYE OYyIb-sKi JOJATKOBI TOIIKOKCHHS
(GpUKLIHHUX YacTHH ABUTYHA. Maciio He cTikae 3 ii moBepXoHb, IO JO-
JATKOBO 3aXUINA€E MAapH TePTS NPH XOJOAHOMY ITyCKy JBUTYHA Bi ITiJBH-
LIEHOTO 3HOCY Ta BiJHOBIIOE N3epkaio numinapa (puc.3). fAx Hacmigoxk,
3a0e3MeuyeThCs TiAPOANHAMIYHUN PeXXUM 3MAILICHHS, MEXaHiYHi BTPaTH y
JBUTYHI CKOPOUYIOThCs 10 30%, Ta iCTOTHO 3HMXKYEThCS 3HOC.

Puc. 3. PesynbraT Bukopucranns npoaykry NVMR —BigmuBaHHs
MOBEPXHI IIJIIHIPA Ta BiTHOBICHHS Horo “m3epkana” [17]

HocniganM mmsixoM BctaHoBieHO, o NVMR nmpomosxkye TepMiHH
eKCIUTyaTalii MOTOPHHUX Macel B KilbKa pa3iB. Bcranosneno [16,19], mo
micas 50000 roxuH ekcruryaTallii CyIHOBOTO JIW3elb-TeHepaTopa Joja-
BaHHs B MOTOpHe MacTwio npoiaykty NVMR B mporeci momaibimx
12000 roxuu poboTH mipu3Beto a0 30iibmeHHs 10 30% TUCKY CTHCHEHHS
B LWIIHApAX, 3HIKCHHA KOe(ilieHTa TepTS 0 ONTHMAIBHOTO 3HAYEHHS
gyepe3 6000 rogua poOOTH, MiABHUINEHHS B 4 pa3H MepioAy MiX IIaHOBH-
mu (3000 rogun) 3amiHaMu MacTHia, eKoHOMIi mamuBa g0 12% 1 oun-
LICHHIO IIOBEPXOHb TEPTS BiJl BiAKIaAE€Hb MPOAYKTIB 3rOPSHHS

Antudpukiniitai BnactuBocti NVMR Garatopa3zoBo nepesipsuincs B
PI3HUX YMOBax 3MalleHHs, IPU PI3HUX BEJIHMYMHAX HABAHTAXKEHHS 1 KOH-
HEeHTpalisgx npoaykty B Machi [18]. Bymu 3po0sieHi oiHO3HAYHI BUCHOBKH
PO 3HIKEHHS KOe(ilieHTiB TepPTs MpH MEBHUX yMoBax 10 3HaueHs 0,01-
0,001, mpuyomy 3i 30INMBIICHHSIM HABaHTAXKEHHS PEECTPYBAIMCS OLIBII
HU3bKI 3HAYEHHS KOe(]IilieHTIB.

BumnpoOyBanHs Ha peaJbHOMY ABHIYHI IPH BUCOKHMX HaBaHTAKEHHSIX
nmokasanu, mo obpodbka NVMR mpu3BomuTh 10 3HIKEHHS MIBUIKOCTI
3HOCY HOPIIHEBUX KiJIellb B 3 pa3u, a BKIAJMIIIB HiAMUIHUKIB KOJiHYa-
croro Basa B 5 i Ounbie pasis [19].
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3MeHIICHHS BHYTPINTHIX MEXaHIYHUX BTPAT y BY3JIaX TEPTS ABUTYHA
mpu 3actocyBanHi NVMR 3yMoBIIO€ 3HIKEHHS BUTPATH TAJIMBA 1 3pOC-
TaHHSI eKOHOMIYHOCTI JABUTYHA. BUnpoOyBaHHs Ha CTEHAI MOKA3aJId MPH-
picT MakcuManbHOI TOTYXKHOCTI JABHUTYHIB Ha 2-3% micng oOpoOku
NVMR. PeanbHe 3MEHILICHHS BUTPAT NajKuBa B peKUMaX BEJIUKUX HaBaH-
Ta)kKeHb JABUTYHIB CTaHOBHTH 5 - 8%. Kpim Toro, 0o0pobieHuii ABUTYH B
MiBTOpa-/Ba pa3y LIBU/IIC BUXOANUTH HA Ti )K 3HAYCHHS KPYyTHOTO MOMEH-
Ty, 10 HeoOpoOnenuii [20].

Bigmitumo BrumB Hanomarepiamy NVMR Ha 3MeHIIEHHS BHUKHIIB,
MOBHOTY 3TOpSHHS MalvBa Ta 3HIKEHHS PiBHA Iuymy. [pesneHchkuit
iHcTuTyT FSD BHmpoOyBaB Au3enbHI ABUTYHH BHYTPINTHBOTO 3TOPSHHS
MIpH PI3HUX YMOBaXxX eKcruTyararii i3 gogaBarnasmM NVMR.

ExcniepuMeHTanbHO J0BeneHO, mo HaHokpuctanu Al,Os, ski BXxo-
uth 'y ckiaxn NVMR
HAKOIHMYYIOTBCS Ha TIO-
BEPXHI KaMepH 3TOpsHHS
1 OIOTh K He3IYeHHa
KUTBKICTh ~ «MIHi-CBIYOK
3amaaOBaHHSI. 1i
«MIHI-CBIYKH»  BUKIIHU-
KalOTh  3TJIa/PKyBaHHS
BUOYXOBOTO Ky MaK-
CUMaJbHOTO THUCKY, IO

Volumen BiMiYeHO Ha pwuc.l, Ta
Puc.4. 3aexHiCTh TUCKY MIPH CIATIOBAHHI KOHTPOJILOBAHE 3rOpsH-
nanuBa npu 3actocyBanni NVMR [21] Hs nanuBa. [Ipu oMy B

KaMepi 3ropsiHHS BiJIOy-

BaeThCs MonU(iKalisi TOBEPXOHb TEPTS Ta iX perenbHe OuHineHHs. Pis-
HOMIpHE 3TOpsSHHS TaluBa 0€3 JIOKAThHUX MaKCUMYMIB TeMIIEpaTypy 1
TUCKY MPHU3BOAMTH JI0 3MEHIICHHS CIIOKMBaHHS MajnBa Ta BUKHIIB 3a0-
PYJHIOIOUMX PEYOBUH BiJl IBUTYHIB BHYTPIIIHHOTO, 3HAYHO 3MEHIIYIOTh-
cs1 BiOpauii.

3MeHIIeHHsI IIyMy pOOOTH JIBUTYHa TMEPeBipsulocs —TMPSIMHMH
BUMipaMH 3 BHUKOPHCTaHHsIM crenianbHol amapatypu [20]. 3HmkeHHs
piBHS mymy Ha oOpobnernnx NVMR nBuryHax JiexuTh B JIianma3oHi BifJ
1,5 no 2 pasis.

Buxkopucranns NVMR nae HacTynHiI pe3ynibTaTy:

=« PeTenbHe OYMILECHHS IBUT'YHA, OCOOIUBO MOBEPXOHb TEPTH;

= « Moaudikarist mOBEpXOHb TEPTH;
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=+ 3MeHIIEHHs BHYTPIIIHIX MEXaHIYHUX BTPAT JBUTYHA,
® « 3HWKEHHSI BUTPATH MOTOPHOTO Macia;

= « EKOHOMIS ITAJINBA;

=+ 3MCHINCHHS BUKHIIB 3a0pyIHIOIOYNX PEYOBHUH;

® < 3HWKEHHS PIBHSA IIyMY;

= < 30inblIeHHs Yacy pOOOTH ABHUTYHA.

3. 3acmocysannsn nanomamepiany NANOL

VY 2010 poui B micti I'enbcinki (Pinnsnaisa) Oyna 3acHOBaHA KOM-
naniss «Nanol Technologies Ltd.», sika po3poOisie, BUTOTOBISE Ta pe-
ami3ye MPHUCaTKA i T00aBKH 0 3MallyBaJbHUX MaTepiajiB, MaCTHI, MO-
TOPHHUX OJIMB i PI3HOTO BUJIy MAJIBHOTO, K€ BHKOPHUCTOBYETHCS HA MOPCh-
KOMY TPaHCIIOPTi Ta Y BayKKiii POMHUCIOBOCTI i aBTOMOOUTBHIH cepi.

InHOBarifina TexHomoris [21] momsrae y QopMyBaHHI 3aXHCHOTO
HAHOIIIAPY Ha MOBEPXHSIX TEPTs, IKUH HE Ja€ BOAHIO PYHHYBAaTH KOHTAKT-
HI TIOBEPXHI. 3BayK€HI HAHOYACTHHKH M, 110 BXOJSATh JO CKJIaay HaHO-
MaTepialliB KOMIIaHii, yTBOPIOIOTh TOHKUW 3aXWCHHUHU IAp JIMIIE Ha TI0-
BEPXHAX TEPTS 1 Y 30HaX KOHTAKTy. POpMyBaHHS HAHOIUTIBKH y TPOAYK-
tax komnaHii NANOL BinOyBaetbcs [22,23] HUIIXoM MOBEpXHEBOI aKTH-
Ballii, sKa 3allyCKa€ OKHCIIOBAJbHO-BITHOBHY pEAaKIlil0, IO 3MCHIIYE
KUIBKICTE 10HIB Migl B X00AaBIll 3 ITOJANBIIAM BiOKJIaAECHHSIM YaCTHHOK
MiJIi Ha TOBEepXHi MeTaiy (puc.5).

Formation
of Copper
Layer

Redox
Reaction

Surface
Activation

* Interaction between * Reduction of copper «  Protective copper (Cu)
surface asperities ions (Cu?*) layer formed only on
= Wear process « C*+2e>CW the friction surfaces

* Release of

radicals/electrons (e')

Puc. 5 . Mexani3m nii Hanomartepiary NANOL [23]

B3aeMo/1ist Mi>k TOBEPXHEBUMH HEPIBHOCTSAMHU MPUBOIUTH JIO0 3HAUHUX
HaIpYy>KeHb, 1110 BUKJIMKAE PO3KIIAJaHHs €JIEMEHTIB, 110 BXOASATh JI0 CKJIa-
1y NANOL , B pe3ynbTaTi 4oro yTBOPIOIOTHCS BijIbHI eiekTponu. Jami
BiJI0YBa€THCS BiJTHOBJICHHS 10HIB Mili Cu? 3riano peaxitii



2024 — N 48 Cyonosi enepeemuyti yCmanosxu 39

Cu?*+2e— Cu°
Ta YTBOPECHHS 3aXMCHOTO MIapy MifAi (puc.5), SKUH YTBOPIOETHCS JUILE Y
30HI KOHTaKTY, TOOTO TUIbKH Ha MOBEepXHsX TepTs [23]. Minna metaneBa
IUTIBKA 3aXWINA€ 30HU TEPTSA BiJ 3HOCY, 3HIKYE POOOUy TeMIeparypy
BY3JIiB TEPTsI Ta MOJAOBKYE TEPMIH CIIyKOU MAIIUH | KOMIIOHEHTIB [22].
3amaTeHTOBaHA TEXHOJOTIA TAKOX MiABHUILYe epekThBHICTh B3, mo-
Kpallly€ eKOJIOTIYHI TapaMeTpH Ta MiIBUIIYe €(PEeKTUBHICTh TPOMICIOBHIX
3aCTOCYBaHb 13 CHJIBHUM TEPTSAM 1 BHCOKUMH TemmepaTypamu. OcoOnuBy
yBary ciij npuaiauta npoaykry «Nanol Power+ MH/ML» [24], skuit
OyB crneniagbHO pO3pOOIEHUI AJIsl 3aCTOCYBaHHSA Y MOPCBKiil cdepi Ta Ha
MOpPCHKOMY TPaHCIIOPTi, 30KpeMa s cynHoBux JIB3, ski mpalioroTs Ha
Ba)XKOMY TIaJIBi 3 BEMUKUM mNoka3sHukoM cipku (MH — highsulphur) ta
HHU3bKOCipuacToMy nanbaoMy (ML — lowsulphur).

Lentp «VTT Technical Research Center of Finland» y nepiox 3 2010
mo 2017 poku npoBiB [24] 16 HaTypHEX 1 4 CTEHAOBUX BUIIPOOYBaHHS 31
BMicToM 0,3% NANOL y cyqHOBMX MOTOPHHX OJNKBax 1 Mactunax, ta 15
naboparopHux TpubOoBuIpodysans 3 BMicroM 0,3% ~ 3% NANOL B ma-
CTHIIL. Y CYHOBUX HATypHUX BUIPOOYBaHHIX CIIOCTEPIraaocs 3HWKEHHS
BUTpaTH naynuBa Ha 4% A7l QU3eNbHUX JIBUTYHIB CEPEHBOI MOTYKHOCTI
(1600 ~ 10000 kBT), i — Ha 1~2% nnsa Bemukux (12600 ~ 15600 xBT)
nauryHiB. CTeH0BI BUMPOOyBaHHs [24] B OAMHUYHUX CHOCTEPEKEHHSIX
MoKa3aliy 3HWKEHHs TepTs Ha 4%, 3HWKEHHS BUTpaTH manuBa 110 3% i
30UIBIICHHS KPYTHOTO MOMEHTY Ta MOTYXHOCTI Ha 1% B Au3eIbHUX
JIBUTYHaX pizHOro THIOpO3Mipy (60 ~ 4000 kBT) npu BUKOpHCTaHHI TTPH-
caaxu «NanolPower+ MH/MLy.

Llentp «Schaef fler Group» BunpoOyBas Ha mammsi FE8-25 [25] po-
JIUKOBI MiJIIUMHUK 3 MeToro OuiHku BIiuBY NANOL Ha yTBOpeHHs
o0inmmx mosepxueBux TpimmH (BIIT). [dosenmeno, mo mosiea BIIT cmo-
cTepiranace, micis 4acy BunpoOoByBans t>422 roauH, B TOH 4Yac, K JUIS
TpaauIiiHuX npucanok yreoperns BIIT BiaOynocs Bke y MPOMiKKY Bil
30 no 42 ronun. Otxe, Mactuio 3 npucaakoro NANOL pocarno moHai-
MEHILE JECATUKPATHOTO 301NbLICHHS TEpMiHYy CIyXOM B HOpPIBHAHHI 3
THIIIUM €TAIOHHUM MAacTHJIOM B YMOBaX 3MIIIaHOTO TEePTS.

CynnornaBaa kommanis «Transfennica Ltd.» moimommse [23], mio
BunpoOyBaHHs, NpoBeleHi kommaniero «Napa Ltd.» min Harmsgom
Perictpy cynnomiaBcrBa «Lloyds Register» Ha cynni M/V «Seagard» (3
rosioBHUM JBUryHOM Wirtsild 16V46B, MCR-noTyKHICTh SKOTO CTaHO-
Buita 15600 xBt), mokasanu, mo npu BukopucTaHHi npoaykty NANOL
CIIO’KMBAHHS TTAJIMBA CKOPOTHIIOCS B cepenHboMy Ha 2%.
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CynnormaBaa kommanis — «BorelLtd.» (excmmyarye cyana tumy "Po-
Po", a came «Ro-Flex», «Ro-Ro» Ta «CarCarrier»), 3BiTye [25], mo y
JBUTYHAX CYJCH KOMIIaHii 3arajbHa BUTpaTa MajuBa Oyina 3HUKCHA TIPH-
6mu3HO Ha 4% 3a nepiui 12 MicsiB BukopucTanus npoaykty NANOL.

IIpm 3acTocyBaHHI OTpUMaHi HACTYITHI pe3yJIbTaTH:

® 3MEHILEHHS BUTpAT nanusa a0 6%;

" 3MEHIICHHS MIKIUIMBUX BUKUIIB y atmMmochepy 10 30%;

® 3MEHILEHHS MOKa3HUKiB TepTs 10 30%:;

® 3MEHILIEHHS 3HOCY Ta 33JUPiB Ha MOBEPXHI HMIiHAPIB 10 10%;

* 30UIBIICHHS TEPMiHY POOOTH ITiIIIHITHUKIB KOYCHHS.

4. Ocobnusocmi mexanizmy Oii HanHomamepianie

HaBenemo aprymeHTH, sIKi HarOTh IJCTaBH IMOSICHEHHS €()EeKTHBHOI
Ii1 HaHOMAaTepiajiB y MOPIBHIHHSA 3 TPAIUIIMHUME MPUCATKAMHU MiKpPOH-
HUX PO3MIpIB.

OniHuMO HaUTHIITKOBY TIOBEPXHEBY €HEPriro 3pa3ka Mmacorom = 1r
YTBOpPEHOTO CEepUIHNMH HaHOYacTHHKaMu po3Mmipom r =10 mm. [lpwuii-
MEMO Cepe/iHE 3HAYCHHS rycTHHH p = 4 103 kr/M°, Toz1i 06’€M J1aHOi MacH
V =m/p=2510" M, 06’em nanouacrunxu V, = 4mr3/3 = 4,2-10%
Ta ii moBepxus S, = 4mr? = 1,26-10™ m’. 3aranbHa KiTbKiCTh YaCTHHOK
N = Vz/VO = 610" a ix cymapHa  mioua noBepxHi S = S,N =
=75 m° Ta cymapHa nosepxHeBa eHepris W = oS =7,5 JIx, ae B3summ 115
IIMTOMH HOBEPXHEBOI eHeprii XapakTepHe 3Hauenns 6 ~ 0,1 JIx/m’.

Omxe | r HAaHOYACTHMHOK Ma€ XapakTepHEe 3HAUCHHA CyMapHOi IO-
BepxHi 10-100 M° Ta XapaKTepHe 3HAYCHHS HAUTHIIKOBOI MOBEPXHEBOI
eneprii ~ 1-10 /[x. Orpumani pesynpTat Ha 2-3 mopsaka OuIbII, HiXK
JUIS. YaCTUHOK MIKPOHHHX PO3MIpiB, OT’KE€ HAHOYACTHHKHU 3HAXOISTHCS Y
HEPIBHOBAYKHOMY CTaHi..

{06 omucyBaTH MpOIECH, K MPOTIKAIOTh B HEPIBHOBAXXHHUX CHCTE-
Max BBOJSATH MOHSTTS BIAKPUTOI CUCTEMH, € 3MiHA EHTPOIIIi CKIaJaeThCs
3 IIBOX BHECKIB [25 ]

dS = dSy + dSs,
ne dSy > 0 € mpupicT eHTpOIii B CHUCTEMI 3a PaxyHOK IPOIECIB, SKi
MPOTiKalTh, Ta dSg — MOTIK eHTpomii, 00yMOBIEeHUII OOMIHOM E€HEpTi€ro
a00 PEeYOBHHOIO 3 OTOUYIOUMM CEPEAOBHUILEM 1 IIel TOJaHOK HE Ma€ IeB-
HOTO 3HaKy. B Takiif BIIKpUTIii cHCTeMI, SIKY Ha3WBaIOTh "aKTUBHUM elle-
MEHTOM", MOXJIMBHH Takui Mepepo3nolin eHeprii Mix ii eremMeHTaMmu,
IPU SIKOMY CUCTE€MA MEPEXOANUTH B CTaH 3 MEHILOIO EHTPOIIIE0, TOOTO

dS =dSy +dSs <0.
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To6To0, ¥ BIAKPUTHX TEPMOAMHAMIYHHX CHCTEMax IIPH IO Mipi 30111b-
IICHHS BIIXUJICHHS BiJl PIBHOBaXHOTO CTaHy, siK noka3sas [Ipuroxus [25],
TEpPMOJIMHAMIYHA CHUCTEMa I'yOUTh CTIHKICTh, a Maii QuyKTyauii MOXKYTh
MPUBECTH JIO MPOIECIB caMmMoopraHizaiii — y pe3yJbTaTi sSKOTo BinOy-
Ba€THCS TEPEXiJ BiJf XaOTUYHOTO PyXy MO BIIOPSIKOBAHOTO CHUCTEMY 3i
CTBOPEHHS HOBUX NPOCTOPOBUX Ta YACOBHUX CTPYKTYP, SIKi HE BHHUKAIOTh
no0IM3y PIBHOBAXKHOTO CTaHY.

Tak, mpu BBeeHHI HAaHOMAaTEpialiB y MaCTHJIFHUI MaTepian y mapax
TEPTsl JOCATaOThCs BUCOKI HAIIPY)KEHHS Ta T'Pafi€eHTH TEMIIEpaTyp, IO
CTBOPIOE CYTTEBI BiAXWJICHHS BiJ PiBHOBAard y HEPiBHOBAXKHIM cHcTeMi,
SIKOI0 € HaHOMaTepiall. Y IX MICISIX MOXYTh BUHUKATH NEPETBOPEHHS 31
3MEHILEHHSM EHTPOIii, SKi MPUBOAATH 0 BHHUKHEHHS IMOPSAKY B CH-
CTeMi, SIK TParHCHHS CHCTEMHU 3HU3UTH CHTPOIII0 IUIAXOM CaMOOp-
raHi3alii HaHOYACTUHKH, IO IOSICHIOE, YOMY BiIOYBAETHCS YTBOPEHHS
MIIIHOT Ta 3HOCOCTIIKOI TUIaKyBalbHOI IDTIBKH, SKi CYTTEBO 301IBIIYIOTH
pecypc nap teptst [26].

Hpyra npuunHa — 1€ OCOOJIMBICTh MOBEIIHKHA MOBEPXHEBUX aTOMIB
OPU KOHTAKTI 3 METATiYHOIO IOBEPXHEI0, /1€ MOXIIMBE TYHEIIOBAHHS
EJIEKTPOHIB Yepe3 0ap’ep MiXK HAHOYACTUHKOIO 1 MOBEPXHEIO Ta Mepexil
CJIEKTPOHIB Ha BakaHCii. [lons aToMiB, 110 3HAXOJATHCS HA TIOBEPXHi ce-
PUYHOT YaCTUHKH JiaMeTpoM d 110 3araibHOi KiJBKOCTI aTOMIB y 00’ emi
qacTuHKU ckianae [27] AN/N =~ 65/dN, ne § —toBiMHa MOBEPXHEBOTO
[Iapy 4acTUHKH, sika CKJagae 3-4 MOHOIIAPH YacCTOK i Ma€ BEIHYHHY ~
0,5 am. Toxi y chepudoi yacTuHKE po3Mmipi 10 HM, YacTka TOBEPXHEBUX
atoMiB Beauka ta ckiiagae 30%.

EnexTpoHHI BIACTHBOCTI aTOMIB ONMHCYIOTHCS KBAHTOBO-MEXaHIYHUM
METOJIOM MOJIEKYISpHUX opOitanedt ¥z 7 2y, AKI OTpUMYIOTH [28]
NUISIXOM KOMOIHAIIi aTOMHHX XBHJIBOBUX (DYHKIIIN

Y Fopi) = izt W) TPABATH
SIKi € pO3B’SI3KOM crarionapaoro piBasHHSA Llpromiarepa [10]

2 2 2
Wy, TV, Wi
2m{  ox? oy’ oz’

e E — eHepris YaCTUHKH, U(y,y, ;) — NOTEHI[IAIbHA €HEPris B AKIH 3HAXO-

Uy )Wy = EV(xy.a)

JUTHCS YaCTHHKA.

[osoxeHHs MOBEPXHEBUX aTOMIB BiIMIHHI BiJ] 00’€MHHX 33 paxyHOK
HEHACHYEHUX EJIKTPOHHUX 3B’SI3KiB Y TOPIBHSAHHI 3 aToMaMH B 00’€Mi
HAaHOYACTHHKH. TOMY y pa3i KOHTaKTy HAaHOYACTHHKH 3 METATIYHOIO I0-
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BEpXHEIO opbiTalli MOXKYTh BHCTYIIATH 3a MEXi 00’€KTa Ta 3MIHCHIOBATH
3BSI30K 3 OTOYEHHSM. 32 PaxyHOK B3a€MOii 3 OTOUEHHSIM OpOiTaii jae-
(hOpMYIOTHCSI, 10 3MIHIOE X CHEPTil0 1 KOJM €Hepris B3aeMOJil Jocsrae
piBas Depmi [28] enekTpoHH MEPEXOAWTH HA MOBACPXHIO METaNy MpU
KOHTaKTi 3 HUM. B pe3ynbpTari 40ro BHUHHKA€e KyJIOHIBChKa B3a€MOJIIST MiXK
HAaHOYACTHHKOIO Ta METAJIOM, 110 3yMOBIIIOE JIii CHJI MIPUTSTAaHHs Ta yTBO-
peHHs1 KOH(irypauii 3 CHIPHMUM KOBJICHTHUM a00 iOHHUMH 3B’S3KOM
[28].

Kpim 3a3HaueHOr0, BUHUKHEHHS KYJIOHIBCHKOI B3a€MO/Iii HAaHAYaCTH-
HOK 3 METAJIIYHOIO TIOBEPXHEIO, MOXKIIBE 32 PAXYHOK TYHEIOBaHHS €JIeK-
TPOHIB 3 TTOBEPXHEBHX aToMiB. IMOBIpHiCTb enexTpoHa, eHepris sikoro E,
NPOHMKHYTH B 00JaCTh [X1,X,]|, J€ 3HAUCHHS MOTEHIAILHOI eHepril
U(x)>E, BU3HauaeThes 3 Bupasy [10]

W=D =D, - exp [—%f;z,/Zm(u(x) -E)- dx] :

JIe BICh X CIIpsIMOBaHa MO0 HOPMaJTi 10 TTIOBEPXHI.

Ockinpku npu E<u orpumyemo W > 0 , ToOTO €l1EKTPOH Ma€ IIaHC
poiTH Yepe3 6ap’ep, KOJIM HOro eHepris MEHIIa MaKCHMalIbHOI MMOTEH-
[iaJIbHOI, TOMY TPOLIECH TYHEIIOBAHHS EJEKTPOHIB 3 HAHOYACTHHOK JI0
map TepTs MiIKOM HMOBIpHI.

Benuka 10715 MOBEPXHEBUX aTOMIB, HEPIBHOBaKHICTh HAHOYACTHHOK
Ta KBaTHOBHH XapaKTep PyXy aTOMiB Ja€ MOXIIUBICTb TOSICHHTH e(dek-
THBHY B3a€MOJIIF0 HAHOPO3MIPHUX MaTepialiB 3 METAJIEBUMHU IMOBEPXHSI-
MH.

BucHosku

AHali3 eKCHepUMEHTAbHUX JTOCTIKEHb MiITBEPAXKYE, IO HaHOMa-
tepiamn XAZlO, Nano Vit Motor Renovator ta NANOL Bigirpatots
3HA4YHy POJIb y MOKpAalIeHHI eKCIUIATAllIfHUX XapaKTEPUCTHK CYIHOBUX
MexaHi3MmiB. HaHOpO3MipHI YacTHUHKH, IO BXOASTH JI0 HaHOMAaTepialiB,
MaloTh €HEPreTUYHY HEPIBHOBAXKHICTH 1 B pe3yNbTaTi camooprasizarlii
MIPU B3a€MOJIIT 3 TIOBEPXHSIMH JieTanel BiJOyBa€ThCsl YTBOPSHHS 3aXHCHOT
TUTAaKYyBAIILHOI IUTIBKH. Y TBOPEHA TUTIBKA Ma€ BUCOKY KOHTAKTHY MIITHICTb
1 IUTACTUYHICTh, TapHY TEIUIONPOBIAHICT 1 3HMKY€E KOE]ILi€HT TepTs Ta
3HOILYBaHHSI 1 3aXMIIA€ TIOBEPXHI Bifl CXOIUIIOBAHHS 1 3BapIOBAHHSI.

3acTocyBaHHS PO3MIISIHYTUX HAHOMATEPIaliB Y MacTHIaX Ha MOPCh-
KOMY TpPaHCHOPTi i€ MPOTArOM TPUBAJIOTO MPOMDKKY dHacy Ta Ja€
HACTYIIHI IlepeBaru:

" YTBOPIOIOTH 3aXHCHY TPHOOIUTIBKY Ha TMOBEPXHAX TEPTS Ta y 30HAX

KOHTAKTY;
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" CHPHAIOTH CYTTEBOMY 3MEHIICHHIO 3MEHIIYIOTh TEPTS Ta 3HOCY;

" CYTTEBO HiBUINYIOTH HECYYy 3[aTHICTh MACTHJI Ta 3017bLICHHS 4acy
X i

" CHOPHUSIOTh PO3CIFOBAHHIO HAUIMIKOBOT'O TeIlIa, 3HIDKYIOUH pPoOodUi
TeMIlepaTypy Ta TepMiuHe HaBaHTa)KEHHS Ha Cy/IHOBI JleTali;

" MOJOBXKYIOTh TEPMiH CIY>KOU CYJHOBHUX JBUTYHIB 1 MEXaHI3MIB;

" JIABHIIYIOTh IOKa3HHKH €HEProe()eKTUBHOCTI Ta EKOHOMIYHOCTI
CJlIB3;

" CHPHAIOTH MOKPAIIEHHIO ITOKAa3HUKIB €KOHOMII MayMBa i MacTwia Ta

3HIDKEHHIO BUKHIIB IIKiINTMBUX PEUOBHUH Y aTMOCHEDY.

CamMe TOMy PO3TIISIHYTI HaHOMaTepiaiW, SK MHCATKA A0 MAacTHII Ta
NAJINB, € Cy4acHOIO MEPCIEKTHUBOIO Ta II€BOI0 AIBTEPHATHBOIO 10 BXKE
icHyrounX. A 1X MexaHi3M il MOKHA MTOSICHUTH y paMKax caMoopraHizarii
Ta KBAaHTOBOMEXAHIYHOI [TOBEAIHKA HAHOYACTUHOK.
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10.31653/smf48.2024.46-53
Komneraes M.O., Bpaxsik [ 1.

Harmionansauii yHiBepcutet “Ojiecbka MOpChbKa akajieMis”

3ABE3NEYEHHSA ITPOIIECY THEPTHU3AIIII BAHTAKHHUX
INPUMIIIEHb HA®TOBUX TAHKEPIB 3A JTOIIOMOI'OIO
CUCTEMMU IHEPTHUX IUMOBHUX I"'A3IB

IHocTanoBka mpo6Jemu. Excrutyarariisi TaHKepa 3aBXIH Nependoadae
BHKOPHCTaHHS MPOIIECy iHepTU3allii HOro BaHTAXHHUX MpHUMimieHs. Peai-
3allisl LBOTO Mpolecy 3a0e3nedye roJ0BHI BUMOTH A0 CTBOPEHHS Ta MiAT-
pUMaHHs O6e3MeYHOT 3 MOy BUHUKHEHHS TOXKEXK Ta BUOYXiB aTMOcde-
pH y BaHT@XHHX TaHKaxXx. Ha TaHkepax, IeIBEHT SKHX IEpEeBHIILYE
8000 ToHH, me# mpolec € momnepenHiM Mepes Onepaliclo OTPUMaHHS HO-
BOro BaHTaxy. Bukopucranus cucremu ineptHux rasis (II') € o6oB's3k0-
BuM i 3 1978 p. pernmamentyerbest Bumoramu IMO [1]. Bei TexHomoriumi
eTanu BUPOOHMIITBA, 00pOOKH Ta moxadi II' 10 BaHTa)XHHUX TaHKIB, € YHi-
BepcaJibHUMU. BOHU MiCTATh OJHOTUIIHE 00JagHaHHs Ta Marictpaii. To-
My TeXHiYHI Mpo0JIeMH, 110 BUHUKAIOTH Mif] Yac iX eKcIuTyararlii, € i1eH-
TrnaanMA. 1 iXHBOTO omcy Oyna po3pobiieHa yHiBepcaibHa Kiacudi-
Kailis. Bona mokaszana Ha puc. 1 1 ckJaia€Thes i3 TPhOX HANPSIMKIB.

OcHOBHI PoOIEMH T1iJ1 Yac eKcIuTyaTamii
CHCTEMHM iHepPTHUX ra3iB Ha TaHKepax,
110 TIEPEeBO3sThH CHpPY HadTy

l l l

Texuiuni TexHonoriuui Mertpornoriuni

I A S vy

le—]

HesikicHe criaioBaHHs nanusa
B I'€HEPATOpi IHEPTHHX ra3iB
rasiB B BAHT&XKHI TAHKH
3a MIMOUHOIO BAHTAXKHMX TAHKIB
arMoc(epH BAHTKHHX TaHKIB

rasiB B BAHT@XKHI TAHKH Bil iX KOHCTPYKILii
HeoOxiaHicTh KOHTPOIIO PIBHIO KHCHIO

HesikicHa miiroToBKa najamMsa Juis
CIIAJIIOBAHHS B TEHEPATOpi IHEPTHUX rasis
HesikicHe BUaNeHHS HE3ropijioro najanea

PernamenToBanmii yac mojavi iHepTHHX
3anexHiCTh TEXHONOTi Mojiayi iHepTHIX
Heo0xiaHiCTh MOCTIHOTO MOHITOPHHTY

B BAHT&KHI TAHKH Bi/l XapaKTEPUCTHK BAHTAKY

3aexHiCTh TEXHOJOTT M0/1aui iHepTHUX rasiB

Puc. 1. Kiacuoikauis npo0Giiem, 110 BUHUKAIOTH IiJl Yac eKCIUTyaTalii cucre-
mu II" Ha TaHKepax
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Ileprmuit HanpsIMOK — TeXHIYHUM. BiH BH3HAYAa€ThCS HETOCKOHATICTIO
KOHCTPYKIIIH TEXHIYHUX MPHUCTPOiB, IO BHKOPHCTOBYIOThCA. pyruit
HaTpPSIMOK — TEXHOJIOT1UHUM, SKUH BU3HAYAETHCS HEJOCKOHAIUM IPOEK-
TYBaHHSIM, a TAKOX HASBHICTIO OKPEMHX HEJIOJIKIB y TEXHOJIOTIAX Moaadi
II", mo BWUKOPHCTOBYIOTHCS, BCEpEeOUHY POO0YOro 00'€éMy BaHTaXKHOTO
TaHka. TpeTiii HampsSMOK — METPOJIOTIYHHH. BiH BH3HAYAETHCS SKICTIO
BUKOPUCTOBYBaHHX 3aC00iB BUMipIOBaHHS Ta KOHTPOJIO. JJo HROro Takox
BXOJIITh aBapii, 10 TOB'S3aHi 3 JIOACEKUM (PAKTOPOM 3 OOKYy eKimaxy
TaHKepa.

[Tix yac BUBYEHHS MPUYMH aBapiii, 10 BUHUKaNU y cucremax I[" Ha
TaHKepax, OyJ0 BHKOHAHO aHaji3 aBapiiiHMX 3BITiB. Sk pe3ympTaT BCTa-
HOBJICHO, III0 HAWOUTBII YacTO MpOOJIEeMH, 10 BUHUKAIOTH HAa TaHKepax,
MOB's13aHi 3 TEXHIYHUMHU Hemomikamu cuctemu II'. Jlo 1uX HeIOJIKIB Bij-
HOCSTBCSI:

e HesAKICHA cemaparis MmajuBa Ta, SIK HACHIJOK, cabka ¢iurbTpariis
BaXKHX (hpaKifiii manmpa, Mo CHATIOETHCSA — HA 3aBEPIIAIFHOMY €Tarli 11e
BUSIBIISIETHCSI B 3MEHIICHHI BUPOOJeHOI KimbkocTi I i 3puBy mporiecy
TOpiHHSA B poOouiii kamepi reHeparopa I[7;

e HEsKICHE CHaMOBaHHA nanusa B rexeparopi I, mo BusBiseTscs
y MiJBUIICHOMY I'€HEpYBaHHI CaXki Ta 3aHIKEHOI KUTBKOCTI OAepKyBaHO-
r'0 OCHOBHOTO MPOAYKTY TOPiHHS Y BUIIsAI Byriekucioro razy CO; [2].

YCyHeHHS WX HEIOJIKIB TO, MOKJIMBO 32 JIOTIOMOTOK BIOCKOHAJICH-
HS TIepeTiueHNX TEXHOIOTIYHUX BY3JiB. MOXKIIMBA TaKOX MOJAEpHi3aIlis
CHCTEMH TiJIrOTOBKM IAJMBA 33 PaxyHOK BCTAHOBJICHHS 10JIaTKOBOTO
o0J1aIHAHHS B JIHIT TIONIEPEIHBOT M0J1a4i MajI1Ba.

AHai3 TeXHOJIOTIYHUX HEAOMIKIB y poboti cuctem II' Ha TaHKepax
MOKa3aB, 110 MPOLIEC CTBOPEHHS MOXEXK0- Ta BUOyxo0e3neuHoi armocde-
pH BCEepeAMHI BAHTKHOTO IMPHUMINIEHHS MPOBOJUTHCS 3 E€KOHOMIYHOT
TOYKM 30py HeedekTrBHO. HaWroJOBHIIIMM HEIOIIKOM € IIiBUIICHA
TPUBAJICTh Ipouecy iHepTH3auii. ['0JI0BHOIO NPUYMHOIO BEJIMKOI TPHUBa-
JIOCTI mpolecy iHepTH3alii BaHTRKHUX NMPHUMILIEHb TaHKEPA € HEZOCKO-
HAJIICTh BUKOPUCTOBYBaHUX TEXHOJIOTIH [3].

Po3B’s13aHHs UX MpoOIeM MOXKe OYTH JIOCATHYTO HUISXOM JIOCHi-
JDKEHHSI TIpoLiecy iHepTH3allii BAHTaKHOTO NPUMIILLICHHS TaHKepa 3a paxy-
HOK BHKOPHCTAHHS yJIOCKOHAJCHHMX MEXaHI3MIB 301IbIICHHS MIBUIKOCTI
MacooOminy mogitps ta T

3 ypaxyBaHHSIM BHIE3a3HAYCHOTO MO>KHA KOHCTATyBaTH HAasBHICTbH
Iy’Ke akTyalbHOI npobiemu. BoHa nomsrae y po3po0Oui HOBUX NMPUHLUIIIB
(YHKIIOHYBaHHSI CUCTEMH T'eHepyBaHHs Ta nojadi [T y BaHTaKHI ipuMi-
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meHHs HadToBUX TaHKepiB. CaMe I1i ra3u 3a0€3MeUyIoTh CYTTEBE MiABHU-
IIeHHS AKOCTI eKCIUTyarTallii TaHKepa 32 pPaXyHOK 3MiHM TeXHOJIIOTii iHep-
TH3allii Ta 3HIDKEHHS aBapiii, MOB'SI3aHUX 3 AKICTIO Ta TPUBAIIICTIO pOOOTH
TaKHUX CHUCTEM.

AHaJji3 ocTaHHix gocaikeHs Ta myosikaniii. OCHOBHI IpUHIUIH
pobotu cuctemu II' Ha TaHKepax 0a3ylOThCS HA CMIANIOBaHHI JU3EIBHOTO
nanuBa B renepatopi II'. Bin € okpeMHM NpUCTPOEM, SIKUI HE TIOB'I3aHUI
13 CyTHOBHM KOHTYPOM MiATOTOBKH NaymBa. Bupobmneni mig yac QpyHKIIi-
OHyBaHHS reHeparopa I’ mpoayKTH 3ropsiHHS Micisl IPOBEICHHS HU3KH
orepauiil 3 IXHbOI OYMIIECHHS Ta 3HIDKEHHS TEMIEpPaTypu MPSMYIOTH JI0
BaHTKHUX TaHKIB HAa(QTOBOTO TaHKEpa.

Biamosigao mo Bumor SOLAS cuctema moBHHHA 3a0€3MeTyBaTH:

e KoHIeHTpaIlito kucHio B II" — meHie 3a 5 %;

® KOHICHTPALil0 KUCHIO B BAaHTAXHOMY NPHUMIIICHHI — MEHIIE 3a
8 %);

e Ttemnepatypy I mig yac momavi y BaHTa)KHI MPUMIIIEHHS — MEHII
3a 65 °C.

Buxigauii BUMyIIeHHH pPyX TOBITPS B BaHTAXHOMY TaHKY 3aBXKIH
00yMOBJICHHI JII€I0 CHJIM, IO BUINTOBXYE, Bia mogaHux B TproM I, 1ls
cHJIa TaKOXK 3IBISIETBCS Yepe3 3MiHy TYCTHHH BHACIIIOK B3a€EMOIIOB'sI3a-
HUX MK COOOIO TMPOIECIB TEIUIONEPEHECeHHsI Ta Tepeaadi Machu depes
pizHi koHneHTpamii II" i moBiTps. TemnepatypHa cTpaTudikaiis MOTOKY
IT" y cyminri 3 mOBITPSIM 32 BUCOTOIO BAHTKHOT'O TAHKA TAKOX € OJTHUM 13
(hakTOpiB, IO BIUIMBAIOTH HA MIBUJKICTh BUTICHEHHS IMOBITPS 3 BaHTaXK-
HOTO TNPHUMILIEHHS cy/iHA. BOHa TakoXx € CKIazoBoI0, 10 peanizye Mexa-
Hi3M niepenaui eneprii Big II' 10 nositps [4].

VY pobotax [5-8] mokazaHo, 10 y pa3i BUMYIICHOI KOHBEKIII MOJIe
Tedil B 3aMKHYTOMY 00CS3i TlepecTae 3ajeKaTH BiJl MeXaHi3MiB TEIUIoNe-
penavi Ta MOTOYHOTO TOJIsI Temmeparyp. Lleil BUCHOBOK CBIIYHMTH PO
JOLIJIBHICTh BUKOPUCTaHHS IPUMYCOBOI 1ojaayi I 10 BaHTa)XXHOTO TaHKa
cyaHa. Y OUIbIIOCTI HAYKOBHX Ipalb 3 Teopii KOHBEKLii 3a3BHYail po3r-
JIS,1AI0THCSI IPOLIECH TEIIOMACOIIEpEHECEHHs B HeoOMekeHil obnacTi 6e3
MPUCYTHOCTI KOPCTKUX oOMexkeHb [0, 9]. Tinbku HeBenuka KilbKiCTh
poOIT omHcye Tpoliec 3MIlaHoT KOHBEKIIIT a00 Tudy3ii ra3iB y 3aMKHYTHX
o0csrax, KOJH CTiHKH, 110 OOMEXYITh TOTIK, ICTOTHO HECTaI[iOHApPHO
BIJIMBAIOTh HA MEXaHi3M IPOLIECy MepeHeCceHHs Teria abo Macu [7]. s
PO3B’si3aHHS TPOOJIEMH 1HEPTH3allil BAaHTAXHHUX NPHUMINICHb TaHKepa 3i
CKJIaHOI0 (OpMOIO TOMEPEUHOro mepepizy 1i pe3yabTaTd MigXOIsTh
JIMILIE TIEepPLUIOMY HaONMMKEeHHI.
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YV 3acTocyBaHHI 70 iHEpTH3aIlil BaHTAXKHOTO TaHKa II" HalOmmKImMu
€ pe3ynbraTe poooTH [8]. YV Hill pO3TISIHYTO TEIUIOBY KOHBEKIIIIO y TPHU-
BUMIpDHOMY NPSIMOKYTHOMY 00Cs31 3 BIIKPUTUM BEpXOM Y Jliala3oHi 4u-
cen Pemes Ra=100...10°. ExcrepiMeHTAaNBHAM IUISIXOM BCTAHOBJICHO,
10:

1) 3a uncnax Penes Ra<10® y mpsiMOKyTHOMY 00CsI3i BUHHKA€E OJMH
OcCepelioK 31 cI1a0KOI0 CTalliOHAPHOI LUPKYJsLieto. Piquna, Harpita Oins
CTIHKH, MigHIMayacs, Ta MICIs omyckanacs Oinsg xomomHoi crinku. Ilo
IIUPUHI BCHOTO 00CsTy Tewis Oylia cpsMOBaHa JIWIIE BEPTHKAIBHO (BH-
KITIOYal04YH TOBOPOTH MOOJIHM3Y BEPXHBOI Ta HUKHBOT MEXK);

2) 3a ancnax Penest 10°<Ra<10° rpajieHT TemiepaTypy mo6IH3y CTiH
3pOCTaB, a y BHYTPIIIHIN MIJSHIN Tedii 3aJMIIaBcs MOCTiHHUM. Posmomin
mBraKocTi st ancen Penest i 3-10* no 3,6-10° xapaxTtepusyersest Bep-
TUKAIBbHOIO CUMETPHUHICTIO. 3pocTaHHs uncia Penest cBiqunuTh nmpo mpoc-
TOpOBE 301JIbIICHHSI IIUPUHOIO 30HU SIAPa MOTOKY.

VY pobotax [7, 10] sk HMKHS MeKa BUHUKHEHHS BTOPUHHHX TEYild B
3aMKHYTOMY TPSMOKYTHOMY 00Cs31 HaBOAAThCS pisHI umcna Pemes. Mia-
Na30H PO3KHAY OTPHUMAHHX 3HAYeHb craHoBuTh Ra=2,1-10°...3,9-10°.
BiNbIn CKIafHi CTPYKTYpH MOTOKY BUHHKAIOTH 3a unciax Pene Ra>10°. B
BOMY BHIIQJIKy BHHHUKAIOTh 0araToocepelKkoBi CTPYKTYpH 31 claOKHMHU
3CYBHUMH TEUisIMH Ha IXHIX MeXKaX.

VY 3acTocyBaHHI A0 NPOLECY KOHBEKTUBHO-IM(Y31HHOTO NepeHeceH-
Hs II" y cyTHOBHX BaHT)KHUX TaHKaX BaXXIIMBUMH € PE3yJbTaTH POOOTH
[8]. V wiii moka3aHo, 1110 i1 Yac TepMOrpaBiTaIiiiHOT KOHBEKI1 BCi KOe-
¢binieHTH IEpeHeceHHs € OCTIHHUMH 1 He 3aJIe)KaTh BiJl TEMIIepaTypH.

AHai3 HaBeJCHHMX POOIT TOKa3aB, 110 TPUBAIICTH MPOIIECY BHUTIC-
HEHHS TIOBITPS 3 BAaHTAXHUX TaHKIB CyJHa 0e3rmocepelHh0 BU3HAYAETHCS
TaKUMH TapaMeTpamMH, SK MIBHAKICTh mojgadi ctpymeHiB II' ta umcio
[Ipanaras Pr. YUuMm Bumie iX 3Ha4eHHS, TUM CHIIBHIIINM OyJle KOHBEKTHB-
HE TIEPEHECEeHHs, 3POCTaHHs apXiMeJI0BOI CHIIM Ta BEJIMYMHA SKEKIIIi 10-
BITpsI B37I0BXK oci il ctpymens II.

Meta po0oTH nonArae y migBUILIECHHI eKCIUTyaTaliliHuX XapaKkTepuc-
THK TAaHKEPIiB MUITXOM YIOCKOHAJEHHS CHCTEMH I'€HEPYBaHHS Ta TEXHO-
JIOT'11 1Mo/1avi THEPTHHX Ta3iB y BAHTAXKHI PUMIIICHHS TAHKEPA.

Bukiaan ocHoBHOro marepiaiy. Y XoJi TEOPETHYHHX JOCIHIKCHb
MpoIlecy BHUTICHEHHS TIOBITPS 3 BaHTKHOTO NPUMIIIEHHS TaHKepa 3a
paxyHok nojadi II" BctaHOBIIEHO, MO MMiJ] Yac BUKOPUCTAHHS MPUMYCOBOT
iHepTU3alii MOXKJIMBO OTPHUMATH CHJIBHUH BHCXIIHUH mepelir moBiTps.
Leit pe3ynpTaT € aBTOMOJIEIEHUM TaKOX NpH 3MiHiI 00'eMHOi BuTpatu 1T,
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0 TOMAIOTHC, abo PO3MIpiB CYAHOBOTO BAaHTAKHOTO IPUMIIICHHS 3
ypaxyBaHHSAM 30€peKeHHs HOro TeéOMETPUYHOI MOJ00M 3aIMIIaTUMEThCS
3aBxkAn He3MiHHMM. OTpuMaHi KOHQIrypamii Mmojs MBUAKOCTI Ta MO
TUCKY TaKOX 3aJIMILATUMYTHCS 1ICHTUYHUMH.

[Momaua IT' MmoxemoBazacss KOHIYHEM CTPyMEHEM. i JKepeno po3ra-
LIOBYBAJOCS y LEHTPi THHINA BaHTAXXHOTO TaHKa, IO y PO3paxyHKax
BiJNIOBIZIaJIO CepeArHI HUKHBOI MEXi po3paxyHKoBOi obOisacti. [loBxkuHa
(hakemy cTpyMeHs 3a paXyHOK TPaHHYHUX YMOB 3a/1aBajacs piBHOIO I'SITH
BiJICOTKaM BiJl BUCOTH BaHTaKHOTO mpumMimmenss [11].

[TpumycoBa mogada II" B TaHK TaHKepa 3 METOIO HOTO iHEpTH3alii Mmo-
BUHHA I'PYHTYBATUCS HA CTPYKTYpPl MOTOKY MOBITPS, 110 PYXa€ThCS 3 He-
BHUCOKHMMH ILIBHIKOCTSAMH, BCEPEAMHI BaHTAKHOI'O MPUMIIIEHHS, IO 00-
MEXKEHUH HOro )KOPCTKUMH CTiHKaMu. OCKiJIbKM OCHOBHA 3MiHa B €IMIOpax
HIBHIKOCTI, 3aBUXPEHHOCTI 1 TEMIEpaTypH CIIOCTEPIraeThes TUTBKU B K-
TOBHX 30HAX BAaHTAXHOT'O TaHKA, TOMY IiJ 4ac IMPOBEICHHS €KCIICPUMEH-
TiB mojada ctpyMeniB II' mpoBomuiacs B sSApO BUCXITHOTO MOBITPSHOTO
MOTOKY. Y I[bOMY BUIaJKy TypOymizanis criiikoi Tedii B cepenHiil yacTuHi
BaHTAKHOTO TaHKA IPU3BOJMIIA 10 CKOPOUEHHS 4acy Ipolecy iHepTu3a-
mii [12].

[Tix yac BUKOHaHHS EKCIIEPUMEHTIB, MPOBEACHUX B YMOBax poboTu
TaHKepa, 3a YMOBOIO MpuMycoBoi mozadi II' BUMIprOBaIMCh 3HAYEHHS
BEJIMYMHU KOHLIEHTpalii KUCHIO Ha BUXO/I 3 BAHTa)KHOT'O TaHKa. Bumipro-
BaHHsI MPOBOJMIIMCS OJJHOYACHO y IIECTH BAaHTAXXHHX TaHkax. Ha pwuc. 2
HaBEJICHO rpadiku, sIKi BIAMOBIIAIOTh OCEPETHCHHIO [IUX JTaHUX.
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Sk BUIIIMBAE 3 puc. 2, HAWKpaIl pe3yabTaTH Oy OTpHMaHi 3a Ky-
toM posnuy I piBaum 30°. ¥V npoMy BUNAAKY 3HAUYEHHS KOHIEHTpaIil
KHCHIO BCEepenrHI TaHKa Oynu HaliMeHIHMU. Lle mosICHIOeThCST OUTBIIO0
nanpHicTIO Aii ctpymens II', mo mOTpamisiioTh 10 BaHTaKHOTO MpPUMI-
IIEHHA, 1 BIAMOBIAHO 301IbLIEHHAM 30HUM KOHBEKTHUBHOI B3aemoxii 1" 3
moBITPsM. Takok pwuc. 2 CBITUUTH, IO XapaKTep 3MIiHH KOHIIEHTpAIii
KHCHIO BCEPEIMHI TaHKa y BCIX YOTHPHOX BHUIAAKAX 3aJMILIABCS 1AEHTHY-
HuM. Leit pesynpTar 103BOIISIE€ 3pOOUTH BUCHOBOK, II0 BIUIUB KYTiB PO3K-
puttst ctpymeHiB II' Ha xapakTep BUTICHEHHS MOBITPS 3 BAHTAXHOTO
IPUMIIIEHHS HE € OCHOBHUM, a IPOLEC 3aJICKUTh B OCHOBHOMY BiJ CTY-
nenst ctpatudikauii ryctuau I Bcepenuni po6o4oro mpocTopy Tpromy.

VY xoni ekciepuMeHTIB Oynia OTpUMaHa 3aJIeKHICTh, IO BimoOpaxae
XapakTep 3MEHIICHHS Yacy KOHLEHTpalii KUCHIO B BaHTAXXHOMY HpUMi-
IeHHi TaHKepa Mijl Jyac yAocKoHaneHow nonadi IT. Ii mopiusnns 3i cTa-
HAAPTHOIO 1HEPTHU3AII€I0 BAHTAKHOTO TaHKA Ta Pe3yJbTaTaMH PO3paxyH-
KiB Ha OCHOBI MaTeMaTHYHOI MOJEJIi MMoKa3zaHo Ha puc. 3. ExcriepumenTa-
TBHI AaHi Ha 1bOMY Tpadiky Oynn OTpuMaHi OJHOYACHO, KOJIM JBa BaH-
TaXHUX MPUMINICHHS 3anoBHIOBayMcs 17 3a CTaHIapTHOK TEXHOJIOTIY-
HOIO CXEMOIO Ta 3 BUKOPUCTAaHHIM yIocKoHaneHoi moxayi 1T

AHani3 pe3ynbTaTiB MOKa3ye, 110 BUKOPUCTAHHS yJOCKOHAJIECHOI I0-
nadi I[[' mpu3BOAMTE 0 KIIBKICHOTO, aji¢ HE SKICHOTO PO3XOPKCHHS B
3MiHaX KOHIIEHTpAIlil KMCHIO BCEPEANHI BAHTAKHOTO MPUMIIIICHHS TaHKE-
pa. Buxopucranns npouecy yznockoHaseHoi nmomaui II' mpuzBommiio mo
OTPUMaHHS HaWTrOJOBHIIIOTO Ta OCHOBHOI'O PE3YJIbTaTy — CKOPOYEHHS
qacy, 110 BUTPAYAETHCS HA 1HEPTHU3AIliI0 BAaHTAKHUX MPUMIIIEHb TaHKEpa
repeJl OTPUMaHHSAM HOBOTO BaHTaXy. Ha rpadiky BumHO, 10 po30iKHICTD
MK KPUBHMH TIOYMHAETHCS depe3 80 XBUIIMH IICIs MOYaTKy iHepTH3alii
BaHTa)XHOT'O TaHKa. BuXxiJ Ha cTalioHapHE 3HAYCHHS KOHIIEHTPAIlil KHC-
HIO MeHIIe Hix 8 % cmocrepiraeTses depe3 740 XBUIMH Tics MOYaTKy
YIOCKOHAJIEHOTO MPOIIECY 1HepTU3aLil BAaHTAXKHOTO NPUMILICHHS. AHaJIO-
riuHa BeJIMYMHA KOHIIEHTpAIi B X0/l CTaHAAPTHOTO MPOIECY iHEpTU3aIii
3a neit mepiox yacy 6yna Gimbmoro i cranouna 9,25 %. i Buxin nHa cra-
LiOHApHE 3HAYeHHS CrocTepiraBcs npuoin3Ho 4yepe3 1700 XBUIMH micis
MOYaTKy MpOoLECy iHepTH3allil BAHTAXKHOTO TaHKA.

VY BiJICOTKOBOMY CHIBBiJIHOIIEHHI MOKPAIEHHS NPOIIECY iHepTH3aIlii
BaHTAKHUX MPHUMILIEHb 32 YMOBOIO IEPEXOy BiJ CTaHAAPTHOIO A0 YAO-
CKOHAJIGHOTO TpOoIlecy iHepTH3auii BaHTaKHUX TaHKiB ckiano 13,5 %.
CKopoueHHsST BUTPAYEHOr0 4Yacy 3a IHIIMX pPIBHUX YMOB CTaHOBHUIIO

56,47 %.
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BucHOBKH Ta nepceKTHBH NOAAJIbIINX AOCTiIZKeHb.

1. OMHOTHITHICTH TEXHOJOTIYHUX KOHTYPiB Ta 0oOJamHaHHS, IO BU-
KOPUCTOBY€EThCS IJIs1 BUpOOHUITBA, 00poOku Ta moxaui II' Ha TaHkepax
BUSIBIIAETHCA B 1ICHTUYHOCTI TEXHIYHUX MPOOJIEM, [0 BHHUKAIOTh Mif] 4ac
iXHBOI eKcIITyaTaIllii.

2. Ha Tankepax IOLITBHO BUKOPUCTOBYBAaTH yIOCKOHAJIEHY MOAAdy
II' 1o BaHTa)XHOTO MPHUMIIIEHHS TaHKepa 3 KyTOM PO3IWIY B COIUIOBIi
Hacaami piBEuM 30°. Uepes 30inbIICHHS 30HU KOHBEKTUBHOI B3aemoii 17
3 TIOBITPSAM 3HAYCHHS KOHIICHTPAIIi KUCHIO BCEPEINHI BAaHTA)KHOTO TaHKa
B IIbOMY BUNAJKy OyAyTh HAHMEHIINMHU.

3. Bukopucranus npouecy yrockoHaneHoi nofgadi II' mpusBoauts 10
CKOPOYCHHSl Yacy iHepTH3allii BaHTQXHUX IMPUMIIIEHb TaHKepa Ha
56,47 %.

4. OcHOBHA CIIPSIMOBAaHICTh MOJAIBIINX JOCIIIKEHb Ma€ OyTH TOB's-
3aHa 3 YIOCKOHAJICHHSM CHCTEMH IiJIOTOBKU ITaJHBa, 1[0 BUKOPHUCTOBY-
€ThCS Yy CYIOHOBOMY TeHeparopi iHepTHuHX rasziB. llimBuineHHs cTymeHs
IHCIIEPTyBaHHS MOXKE OyTH OCATHYTO 3@ PaxyHOK BUKOPHUCTAaHHS MPOIe-
Cy KaBiTaliiiHOi 00po0OKY NaJiMBa Nepe;] CIaTFOBaHHIM.
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Harmionansauii yHiBepcutet “Ojiecbka MOpChbKa akajieMis”

BJIACTUBOCTI TA 3ACTOCYBAHHA BYIVIEHHEBUX
HAHOTPYBOK VI 3BUIBIHEHHA PECYPCY CYJHA TA
HNOI'0O OBJIAJTHAHHSA

IlocTanoBka mpodjeMu B 3arajbHOMY BHIJIAAi. MoOpchKa ramysb
3aBau Oylia B IIEHTPi 1HHOBAIIIM Ta TEXHOJOTIYHUX BIOCKOHANEHb. On-
HUM 13 KIIIOYOBMX HANpSMKIiB, SIKI B OCTaHHI POKH 3HaXOJSITh LIUPOKE
3aCTOCYBaHHS, € BUKOPUCTaHHs HaHOTeXHOJIOriH. HanoTexHonorii BHO-
CSTh PEBOINIOUIMHI 3MiHH Yy Ppi3HI aclmeKTH MOPCHKOTO TOCIHOJapCTBa,
BKJIIOUAIOYM CYJHOOYAYBaHHS, €KCILTyaTaIlil0 MEXaHW3MIB Ta NPUJIAJiB,
OXOPOHY JOBKIULIS Ta HOCHTIDKeHHS okeaHy. OHI€I0 3 KIIOYOBUX Taiy-
3eii, SKi BHTPAIOTh BiJi HAHOTEXHOJIOTIH, € CyaHOOyIyBaHHA. Bukopu-
CTaHHA HaHOMAaTepiamiB, TaKWX SK BYTJICNEBI HAHOTPYOKH, IMOITIMEpHi
HAHOKOMITO3UTH Ta HAHOKEpaMiKa, JI03BOJISIE CTBOPIOBATH JIETKi, ajie TyxKe
MinHI KoHCTpyKmii. lle cnpuse mokpameHHIO e()eKTHBHOCTI IIaBaHHA,
3MEHIIIEHHIO Bard Cy/CH Ta 301IbIIEHHIO IXHBOI MOPCHKOI cTikikocTi [1].

BripoBakeHHsI HAHOTEXHOJIOTIH Y MpUIaaXx Ta MEXaHi3Max MallliuH-
HOTO BIJUIUICHHS MOPCBKOTO CyJHa Ma€ BEJIMYE3HUM MOTEHIaT JUIS T10-
JMIIEHHS WOTO TPOAYKTUBHOCTI, HAJIHHOCTI Ta 30UIBIIEHHS pecypcy
MallMH 1 MeXaHi3MiB. BUKOPUCTaHHS HAHOTEXHOJIOTIH y Cy4acHHUX 3aco-
0ax 00JiaJIHaHHSA MOPCHKHX CYJIB BiKPUBAE€ HOBI MOMJIMBOCTI IS ITijI-
BUIIEHHS e(EKTUBHOCTI omepariii, 3ade3nedeHHss KoM(popTy eKinaxy Ta
3MEHILEHHSI BIUIMBY HA HABKOJIMIIHE CEPEIOBUIIIE.

AHaJni3 ocTaHHIX JocailzkeHb Ta myOJikamiii. Y cBITOBOMY HayKo-
BOMY CEPEJIOBHII 3apa3 MPOBOJATHCSA IHTCHCUBHI JIOCII/PKEHHS B HAIpS-
MKaxX YAOCKOHAJIECHHS ICHYIOUMX W CTBOPEHHS HOBITHIX «IIPOPHBHHUX»
HAHOTEXHOJIOTIH.

AHali3 HayKOBHX MyOJiKallii 3apyOi’KHUX BUYEHUX CBIJUUTH, 30Kpe-
Ma, Ipo Te, 10 caMe HaHOTEXHOJIOTi] MalOTh BEIMKY MEPCHEKTHBY BUKO-
PHUCTaHHS MPH BUTOTOBJICHHI Pi3HOMAaHITHUX BHCOKOMIITHHX Ta KOPO3iii-
HOCTIKHX KOPIYCHHX i KOHCTPYKTHBHHX €JIEMEHTIB Ha OCHOBI BYyTJIEIle-
BUX HaHOTPYOOK, IO BUKJIMKAE MiIBUIICHUH 1HTEpeC cepes MpencTaB-
HUKIB CyZAHOOYIIBHOT'O HAIIPSAMKY.

IMocranoBka 3aBaanns. [Ipu excruryaramii CyJJHOBUX MeXaHI3MiB
BUHUKAIOTH JIESIKi MPOOJIEeMH, SIKi BUMAraroTh €(peKTHBHOTO BUPIIICHHS.
3aBIaHHAM JaHOi CTATTi € aHaji3 HAyKOBMX 3acaj] Ta MEepeayMOB IIO /0
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OTPHUMaHHS Ta 3aCTOCYBAHHS BYIJICLIEBHX HAHOTPYOOK Ul 301JIbIICHHS
pecypcy cyaHa Ta Horo o0satHaHHSL.

Bukaan ocHoBHoro marepiany. OnHiero 3 HaBaXIIUBININX MOMAINH B
icTOpii PO3BUTKY HAHOTEXHOJOTII cTano BigkpuTTs y 1991 p. HOBOI dhop-
MH HaHOBYTJICHI0O — HAHOTPYOOK. 3aralbHOBiIOMUM € (pakT crocrepe-
KEHHS CTPYKTYpH OaratomapoBux HaHOTpyOoK limkimoit B 1991 p..

Byrnenesi manorpyoku (BHT) — me mpotsikHi 3ropHyTi rpaditoBi
IUTOLIMHY, MAlOTh NWIIHAPHYHY (opMy. SIK MpaBHIIO, TOBIIMHA X OCS-
ra€e JIeKITbKOX JECATKIB HAHOMETPIB, 3 JOBKHHOIO B KiJIbKa CAHTHMETPIB.
Ha kiHIi HaHOTPYOOK YTBOPIOETHCS CepUYHA TOJIOBKA, KA € OJHIEI0 3
yactu (ynepeny [1]. IcHy:OTh Taki THIM BYIJIELIEBUX HAHOTPYOOK: Me-
TaJieBi Ta HAIIBIPOBITHUKOBI. I'0JJOBHHM iX BIIMIHHICTIO € IPOBITHICTH
ctpymy. [lepmuii Bua MOKe MPOBOJUTU CTPYM MPU TeMIIEpaTypi piBHIN
0°C, a apyruii — TiJIBbKH [P MiIBUIIEHUX TEMIepaTypax.

CmpykmypHni enacmugeocmi gyzneyeeux Hanompyook. Oonowaposi
syeneyesi nanompyoxu (OBHT) — me Oe3moBHI mwiiHApH TpadeHy, o
3aKiHUYIOThCS  (yJiepeHonoAiOHo0 miBcheporo. BimMiHHUMH pHcaMu
OBHT € npocrota ix Oyn0BH, MEHIIA KUIBKICTh Ae(EKTIB 1, SIK HACTIAOK,
BUCOKI MexXaHiuHi 1 (i3uKo-TeXHI4HI XapakTepucTuku [2]. Pazom i3 Tum
HEOOXiZTHO 3a3HAYMTH, 110 MPAKTHYHE 3aCTOCYBAHHS WX HAHOCTPYKTYP
00MEeXY€eThCS €NEKTPOHIKOI0 1 MpriIago0y TyBaHHAM, A€ MOTpiOHA MOpiB-
HSTHO HEBEJIMKa KUIBKICTh BYTJIELEBUX HAHOTPYOOK BHCOKOI skocTi. Ot-
pUMaHi HAHOTPYOKH MaibKe 3aBXK/JH € KPHBUMHU 1 MEepPeruTlyTaHUMH OJHa 3
0JIHOI0, (POPMYIOUH TIPH LILOMY MO-Pi3HOMY 3aruTyTaHi Kiryoku (puc.1).

Puc.1. Enexrpono — mikpockoriune 300paxensst BHT (a)
Ta iX «1ic HaHATPyOOoK» (0, B) [2]

Ineanpra BHT siBiisie co00r0 3ropHyTYy B HUIIHAP rpadiToOBy TUIOMIH-
Hy 3 miBcepamu 1o kpasx (puc. 2 a). 'paditoBa ciTka CKIama€eThes i3
reKcaroHajJbHUX KOMIpPOK (Ha Ol4HIN MOBEpXHI HUJIIHIpa 1 Horo miBcde-
pax) i HNEHTaroHaJbHUX KOMIPOK, IO 3HAXOIAThCA IO KpasM y HamiB
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chep. Hiamerp i momxuna BHT komuparoThest B Mexkax 0,3 — 5 HM Ta
1-500 mxMm BigmosigHo [2].

VY 3anexHOCTi BijJ XipaJIbHOCTI B HUX MOXYTb HPOSIBIISITHCS METaleBi
a00 HamiBIPOBIIHUKOBI BIACTUBOCTI. TepMiH XipanvHicms O3HAYaE, IO
IIBa TIPEIMETH 3HAXOJATHCS Y BIAMOBIAHOCTI OJWH IO OJHOTO SIK JiBa 1
npaBa pyKd, TOOTO SIBISIIOTH COOOIO0 J3epKajbHE 300paXKeHHs, SIKi He
30iratoThCs Mpu cnpodi iX cyMillleHHs! Yy mpocTopi. XipanbHUMH MOXKYTh
OyTH KPUCTaJi4HI CTPYKTYpH (ABOOKWC KPEMHII0O — TPUPOIHHUHA KBapIl

e

a 0

Puc. 2. Cxematnune popMyBaHHS 3aKpUTOI HAHOTPYOKH (a)
Ta 300payKeHHS IIPABOTO Ta JIIBOTO KpHcTary kBapiry (0) [6]

bacamowaposi eyeneyesi nanompyoxu (BBHT) BimpizHstoTbcs Bifg
OJTHOIIAPOBUX OUTBII HIMPOKOKO Pi3HOMaHITHICTIO PopM i KoHDIrypari,
SIK1 TIPOSIBIISIIOTHCA SIK Y TO37I0BXKHBOMY, TaK 1 B ITONIEPEYHOMY HAMPSMKY.
BBHT, six mpaBuio, CKIIaaarThes 3 OJHOIIAPOBHX HAHOTPYOOK JliaMeT-
POM, IO IMOCTYIOBO 3pOCTAE, PO3MIMIEHUX Y BUIVISAI KOHLEHTPHUYHHUX
HWTHIPIB, Ta MICTITh y €00i Bil JEKUIBKOX JIO JECSTKIB
OBHT, ycraBneHHx KoakciaabHO OJHAa B 0JHY [6]. 3a CBOEIO CTPYKTYpOIO
ix momiysirorh Ha BBHT THmy «maTphomika», MeECTHKYTHA TpHU3Ma, CY-
KYIHICTh BKJIAJEHHX OJHH B OJHOTO KOAKCiaJbHHUX MPH3M Ta THITY
«3roptok» (puc. 3) [2].
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»

Puc. 3. Ilonepeunnii nepepiz BBHT: a — maTprolka,
6 — MECTUKYTHA TIPHU3Ma, B — 3TOPTOK [1]

Ompumanna gyzieuesux Hanompyboxk. Ha croromHimmHii AeHb ic-
HYIOTh HACTYITHI METOIU OAEP)KAaHHS BYIJIELEBUX HAHOTPYOOK: €IEKTPO-
IYTOBUM PO3PSZOM, JIa3epHE BUIIAPOBYBAHHS, METOJl OCA/PKECHHS TapiB
[1].

Enexmpooyzosuii po3pso. OTpuMaHHS BYTJICIEBUX HAHOTPYOOK Y
TIa3Mi  €IeKTPUYHOTO 3apsiay, SKHH TOPHUTH 13 3aCTOCYBAaHHSM TeJIilo.
Taxwuii mporec Mo>ke BUKOHYBATHCS 3a JIOTIOMOTOO CIIEI[ialIbHOTO TEXHi4-
HOTO OONIaJHAHHA U1 OTpUMaHHA (ynepeHiB. Ane mpu naHoMy crocoOi
BUKOPHCTOBYIOTHCS 1HIIN PEXXUMHU TOPiHHS ayrd. Hampukiaz, minpHICTH
CTPYMY 3HMIKYETBCS, @ TAKOK BUKOPUCTOBYIOTH KaTOJHM BEIMYE3HUX TOB-
muH. s ctBopeHHs aTMochepu 3 Temit0 HEOOXiTHO IiJIBUIIUTHA THUCK
IHOTO XIMIYHOTO elleMeHTa. ByrieneBi HAaHOTPYOKH OTPUMYIOTHCSI METO-
noM posnuieHHs. 11106 iX KiNbKICTh 301ibINKIACS, HEOOXIIHO BBECTH B
rpadiToBuil CTpKeHb Katamizarop. HalvacTime nie cyMmim pi3HHX Tpyn
Metaiy. [lami, BinOyBaeTbcsa 3MiHA THUCKY 1 croco0y po3muiieHHs. Takum
YHHOM, BUXOJIUTH KAaTOJHHW OCaJ, Jie¢ 1 YTBOPIOIOTBCS BYTJIEIICBI HAHO-
TpyOku. ['0TOBI BUpPOOM POCTYTH MEPIEHAUKYISIPHO Bij Katona i 30mupa-
IOThCS B My4KU. BoHU MatoTh qoBxuHY 40 MKM.

Jlazepue eunapogysanns. Takuii croci6 OyB BuHaiineHuit Pidapmom
Cwmati. CyTh Horo moisirae B TOMY, OO0 BHITAPOBYBATH Pi3HI rpadiToBi
MOBEPXHI B PEaKTOpi, L0 NpaIloe IPU BUCOKUX TeMIepaTypax. Byrienesi
HAaHOTPYOKH YTBOPIOIOTBbCSA B pe3yJbTaTi BHUIApPOBYBaHHS rpadiTy Ha
HWKHIA YacTUHH peakTopa. bepyTh JOBTy KBapuoBy TpyOKy, B SsKiif
MOMINIAl0Th rpadiTOBY MIllIEHb, a 32 TPA(ITOBOI MIIICHHIO PO3MIIIYIOThH
MailaH4uK, IO OXOJOKYeThCs. TpyOKy po3MIiLIyloTh y TpyOLi, Ky
HarpiBaroThb J1o 1000 rpagycis. ['padiToBy MeTy ONMpPOMIHIOIOTH JIa3epPHUM
MPOMEHEM J[iaMeTpoM OJU3bKO MiBTOpa MM. [IpH ONpoMiHEHHI YaCTUHKH
rpagiTy BiAHOCATHCS 3 MOBEPXHi MilleHi Ha Mainanuuk. Cepen HaHOYa-
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CTHUHOK TpadiTy, 10 ONUHIIIACI Ha MaWIaHIUKy, BUSABIIOTECS (yepe-
HU Ta HAHOTPYOKH.

Ocaoorcenns 3 2a3060i ¢azu. Meton ocaKeHHs NapiB Byriemio OyB
BUHaHACHU! B KiHI 50-X poKiB. AJie HIXTO HaBiTh i HE IPUITYCKaB, IO 3a
JOTIOMOTOI0 HROTO MOJKHA OTPHUMYBAaTH BYTJIENeBI HaHOTPYOku. OTxke,
JUI TIOYaTKy HEOOXiJHO MiArOoTyBaTHM MOBEPXHIO 3 KaTajizaTopom. B
SIKOCT1 HBOTO MOXYTh CIIY>KUTH JIpiOHI YaCTHHKH Pi3HUX METaJIiB, HampH-
KJIaj, KoOambTy, Hikemo 1 Oaratpox iHmmWX. HaHOTpyOKHM MOYMHAIOTH
3'SBIATHCA 3 APy KaTali3aTopa. IX TOBIIMHA GE3MOCEpPeHbO 3ANEKHUTH
BiJ po3Mipy Kartanizy metany. [loBepxHs HarpiBa€Tbcsi 10 BHCOKHX TEM-
meparyp, a MOTIM BiIOyBa€ThCS IMiIBEICHHS Ta3y, IO MICTHTH BYTJIEIb.
Cepen HUX - METaH, alleTUIEH, €TaHOI 1 T. 1., B IKOCTi OJAaTKOBOIO TEX-
HIYHOTO Ta3y CIYKUTh amiak. JlaHui Coci0 OTpUMaHHsS HaHOTPYOOK €
HalimommpeHimuM. Cam mporec BigOyBaeThCsl HA PI3HUX MPOMHUCIOBHX
HiANPHEMCTBAX, 3aBASKH YOMY BUTPAYa€TbCS MEHIIE KOILUTIB AJISI BUIO-
TOBJICHHS BEJMKOI KiJIbKOCTI TpyOok. [lle onHi€r0 mepeBaror Takoro Me-
TOJIly € Te, 110 BEPTHKAIbHI €IEMEHTH MOXKYTh BHHUTH 3 OY/b-SIKHX 4aCTH-
HOK MeTaJuly.

Bracmueocmi gyzneyesux Hanompyoox.

3aBasKK 0COOIMBOCTAM CBO€T OYZ0BHU (BHCOKIM MIIIHOCTI 3B'SI3KY, BH-
COKIill IIITBPHOCTI YIaKOBKH aTOMiB, BiICYTHOCTI YW Malliii IIiITBHOCTI Jie-
(heKTiB CTPYKTYpH) HAHOTPYOKH MAarOTh yHiKallbHI (i3WKO-XiMidHi, MeXa-
HiYHI BJIAaCTHUBOCTI. 301NbIIEHHS PI3HOMAaHITHOCTI HE3BMYAHHHMX BIACTHU-
BOCTEH HAHOTPYOOK i NIMPOKI NMEPCIEKTHBU YTBOPEHHS Ha X OCHOBI (QyH-
KIIIOHATBHUX 1 KOHCTPYKIIHHUX MaTepialliB BifKkpuBae Moau(iKyBaHHS
BYTJIETICBMX HAaHOTPYOOK. Taki He3BWYaliHI BJIACTHUBOCTI TependavyaroTh
HMIMPOKE TPAKTHYHE 3aCTOCYBaHHS HAHOTPYOOK — SIK CaMOCTIHHOTO Mate-
piany (MiKpoeleKTpoHika, 0i0JOTisS Ta MEIUIMHA), 1 IK eIeMEeHTapHOTro
00'€KTy HAaHOTEXHOJIOTIH MPH YTBOPEHHI IMOKPHUTTIB, KOMIIO3HIIIHHAX Ma-
TepialiB TpaHUYHOI MIITHOCTI (CYyJHOOYMyBaHHS, OyIiBHUIITBO, MAIINHO-
Oy/myBaHHS).

3acmocyeanua gyz2neyeeux HAHOMPYOOK 0A 30i1buieHHA pecypcy
cyoHa ma o020 061a0HanHA. 3aCTOCYBAHHS KOMIIO3UTHUX MarepialiB €
MEPCTIEKTUBHAM HAmNpsAMOM y CyTHOOYIyBaHHI — OCOOIMBO i dYac
CTBOPEHHSI BHCOKOIIBHJIKICHUX, HMACaXKUPCHKUX Ta PUOAIBCHKUX CYIEH.
['0710BHI SIKOCTI KOMITO3UTIB: 3HOCOCTIHKICTh Ta CTIWKICTh JIO Mii arpecHB-
HUX cepeloBUIll. Maja HIUIBHICTh JO3BOJISIE BUTOTOBJSATH JIETKI KOH-
cTpykuii. lle minBumye 6e3meky Ta eKOHOMIYHICTB CyJliB. 3aMiHa craie-
BOTO KOPIYCY CyJHa Ha HOBI BHAM IMOKPUTTIB 3 BUKOPUCTAHHIM KOH-
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CTPYKIIHHUX MaTtepiaiiB, Mpu3BeIe 0 IMABHIICHHS PECypcy KOpPIyCy
CyaHa, 3MEHIIeHHS eKCIUTyaTalliiHuX BHUTpaT. Taki Marepiaaul MaioTh
MEHIY Bary Ta OUIbIIy MilHICTb, IO BIUIMHE Ha 301TBLICHHS MOPCHKHX
skocreii [3].

Ille omHe mikaBe MpaKTHYHE 3aCTOCYBaHHA HAHOTPYOOK — BOTHE3a-
XHMCHI TOKPHUTTS Ha Mopchkux cyaax. BHT moxyTts OyTu BuUKOpHCTaHi
3aMiCTh 3BHYAHHUX TaJOr€HOBMICHHX AHTHIHPEHIB (B iCTOTHO MEHIIHX
KUTBKOCTSX) JUISI TIABUIICHHS TEPMOCTIHKOCTI IONIMEpIB 1 TEIUIOBHX
Oap’epHUX IIapiB HA iXHIH OCHOBI.

MopchbKi OKPUTTSI KOpITyCy, Taki sK ¢apOu mpoTH 00pOCTaHHS, MO-
3UTHBHO BIUIMHYJIHM Ha 30UIBIICHHS pecypcy CyAHa, ajie MPUBOIHMIH JI0
3a0pyAHEHHS TOBKIJUIA, OCKIJIBKH JI0 1X CKIIQAy BXOJWIHM OTPYHHI XiMiuHI
conyky. [IpoTsIromM ocTaHHBOTO AECATHIITTS HAHOTEXHOJIOTIT BUKIHKAIIH
3HAYHUM IHTEPEC A0 3aCTOCYBAaHHS, Y TOMY YHCII Y MOPCHKIi# ramysi.

B nmanmit yac mokputtsa Ha ocHOBI BHT akTHBHO BUKOPHUCTOBYIOTHCS
B SIKOCTI HEOOPOCTalOYHMX 1 AHTUKOPO3IMHMX CYIHOBHX MOKpUTTIB. Ha
ocHOBi ByrueneBoi HaHotpyOku (BHT) Oymu crBOpeni Oararomaposi
cwrikoHOBI mokputTs. BHT 3a3Buuail 3aBaHTaXYIOTh Y MONIMEPHY Mat-
pHIIO, a OTPUMAaHHUN MaTepiajd BUKOPHCTOBYIOTH JJISi HAaHECCHHS Ha 3a-
x¥ucHI TokpuTTs. BHT MaroTh BHCOKY MIITHICTh Ha PO3pUB i Moayab FHOH-
ra, B MOPIBHAHHI 31 cTayuto. 3MminHenHs Matpuili ¢papou BHT moxpamnrye
MEXaHiuHI BIACTHBOCTI MOKPHTTIB, 3HAYHE MOKPAIIEHHS yIapOCTIHKOCTI
[4].

Hopgesbka komnanisi Advanced Marine Coatings, 1110 crieniani3yeTb-
csl Ha po3poOIli TOKPUTTIB JJII MOPCHKHX CY/iB, MPEACTAaBHUIa HOBE T10-
KpUTTS, Y CKJaJi SIKOTO BIEpIIe BUKOPUCTAHI BYTIIENEBI HAaHOTPYOKH
Baytubes®. Y pe3yibTaTi migBUIIUBCS OMip aOpasBHOMY 3HOIYBAaHHIO,
3MEHIINBCS TiAPaBIiYHAN OIip MK KOPITyCOM CYAHA W BOJIOFO, IO TIPH-
BEJIO /IO ICTOTHOTO 3HIDKCHHs BHTpaTH manuBa. HoBe mokputrs «Green
Ocean Coating Heavy Duty», OCHOBY SIKOTO CTaHOBUTH JBOKOMIIOHCHTHA
SIOKCHJIHA CMOJIa, Ma€ BHCOKY BOJOHEIPOHUKHICTh W OCOOJIMBO MiaX0-
IUTH AJIS 3aXUCTy KOpITyca Cy/AHA HIXK4Ye MOBepxHi Boau. [lokputrsa mo-
KYTh 3aCTOCOBYBATHCS SIK JIJISl HOBHX CYJIIB, TaK i JIISl BiTHOBJICHHS CTa-
pux abo nmotouyHoro pemoHTy. llle onHa mepeBara — 3aBJsSKH TIIAKOCTI 1
TBEPIOCTI HOBOT'O MOKPUTTS MOXKHA HE 3aCTOCOBYBATH CIICLiaJIbHI 3aC0-
0w, 110 OXOPOHSIOTH Cy/IHA BiJl O10JOTIYHOTO 00pOCTaHHS. TakuM YHHOM,
HAaHOTPYOKH J0O3BOJIMJIM PO3POOJIIOBaYaM 3HANTH HANOIIbIIT EKOHOMIYHE 1
HaHO1IIbIIIE EKOJIOTIYHE PIllICHHS.
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IIpoTHKOPO3iifHI TOKPHUTTS CYIEH JHOIOBOTO IIJIaBAHHS ITOBUHHI ITPO-
TUCTOATH abpasuBHIN Aii THOTY, IO 3AIEKUTH BiJl MIOPCTKOCTI KOPITYCY,
XapaKTePUCTHUK JbOAY, IIBUIKOCTI PyXy, TUCKY, TEMIIEPATypH, BOJIOTOCTI,
HasBHOCTI cHiry. [{lum BuMoram 3agoBosibHsie mokputts "lHepra 160".
[Tpn BUKOpUCTAaHHI OKPHUTTS BUTPATA MAJIHUBA i 9ac JILOAY 3HIKYETCS
1o 18 %, Ha yucTiii BoAi - 10 6%. MIIHICTh MOKPUTTS 3 TaKOi CTaJli 3pOC-
Tae B 3 - 4 pa3u, TBEPIICTh — Ha MOPSAJOK, KPiM TOTO 0araTopa3oBo 30i1b-
IIYETHCSI KOPO3iifHA CTIHKICTB.

HanotpyOku Takok BUKOPHUCTOBYIOTH IIPH PO3POOIIl HOBUX MAaCTHII 1
OXOJIOKYIOUMX CyMilllel U MiIBUIIEHHS Pecypcy MeXaHIYHUX BY3IiB
TepTs. MOPCHKUX TPAHCIOPTHHX cucTeM [5]. Ilpucaagku 10 MacTHIBHUX
MaTepiajiB 3HANIILTN MUPOKE 3aCTOCYBAaHHS MPH €KCILTyaTallii CyTHOBOTO
oOnagHaHHs 3 MeTOK 30iIblIeHHs iX pecypcy. llepexim Bia mpucanok
MIKpOHHHX PO3MIpiB /10 HAHOPO3MIPHUX ITUPOKO MOYMHAE BIIPOBAIKYBa-
THCS y TEXHIII.

BukopucranHs HaHOA00aBOK B MACTHJIBHHUX Marepiajax po3riisi-
JA€ThCS SIK OJUH 3 HaWOUIbII e()eKTUBHUX METOJIB MOJIMIICHHS TPUOO-
JOTIYHUX XapaKTEePHCTUK, IO 3HWXKYIOTh TepTs 1 3Hoc. Take Tpubo-
JIOTiYHE BIOCKOHAJIEHHS 3HAYHO MOCHIIIOE €Hepro30epeKeHHs, CKOPOYCH-
HSl BUKHUJIIB, THM CAMHM 3HIDKYIOUH BIUIMB Ha HaBKOJHIIHE CEPEIOBHIIC
[6]. Oxcunni nHanouacturky, Taki sk Al,03;, CuO abo ZnO, mupoKo BH-
KOPHUCTOBYIOTHCS K HAHOYACTWHKH, IO TOJIMIIYIOTh TPHOOJOTIYHI TO-
Ka3HUKA MacTUIBHUX MarepianiB. [HII g00aBKM BKIIOYAIOTH 0€330JbHI
no0aBKH, 10HHI pianHu, edipu OopaTiB, HEOPraHiYHI HAHOMATEpialH, Ha-
HOCTPYKTYPHU BYTJICLIEBOTO TOXOJ/DKEHHS, TaKi SK BYTJICLEBI HAHOTPYOKH
(CNTSs), rpadit i rpaden. Cneuudivni 100aBKH BHKOPHUCTOBYIOTHCS 3
METOO MOJIMIICHHS CIICHU(IYHIX BIACTHUBOCTEH MaCTHIIbHUX Maced [7].

B pesynbrari camoopranizamii mpu B3aeMojii HAHOTPUCAIOK 3 TIO-
BEPXHSAMH JeTajell BiOYyBAa€ThCS YTBOPEHHS ITaKyBaJIbHOI IUTIBKH, IO
Ma€ BHUCOKY KOHTAKTHY MIIHICTh 1 IUIACTHYHICTh, TapHy TeIUIO-
MPOBIIHICTD, TPH HU3bKUX MIBUIKOCTAX 30UIbIIYE (PaKTHUHY TUIONLY KOH-
TaKTy, 3HWKY€E KOe(ILieHT TepTs W 3HOLIYBaHHSA, 3aXHMIIA€ TOBEPXHI BiJ
CXOIUTIOBaHHs., HalBakIMBIIIMM TOKA3HUKOM [ii HAHONPUCAIOK €
3/IaTHICTh CTBOPIOBATH HA TMOBEPXHI KOHTAKTy JETalell TOHKY 3aXHCHY
TUTIBKY, 10 3a1100irae pyiHyBaHHIO poOOYHX MOBEPXOHB [8].

Kpim 30inbiieHHst pecypcy nap TepTs OIpu BUKOPUCTAHHI MPHUCATIOK,
CIIOCTEPIra€ThCsl HAaJ[3BUYAHHO BaXKIMBHHA e(EKT BiJIHOBICHHS MOIIKO/I-
xeHb. [Ipucanka GpopMye 3aXxucHe MOKPUTTS HA METAJICBUX JIETAISIX TEPTS
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MeXaHi3MiB 0Oe3mocepeHbo B Ipolleci iX ekcruryaramii. OcoOnuBicTh
IpoLEeCy — 3MIITHEHHSI HOKPUTTS 3 OAHOYACHUM HOTO 3pOCTaHHSM.

BHT 3acTocoByroTh y BUPOOHHUITBI Pi3HUX CYTHOBUX EJEKTPOTEX-
HIYHUX MpHCTposX [9]. 3aBAsKH BIACTUBOCTSAM HAaHOTPYOOK Ta 3a paxy-
HOK CBO€T JIETKOCTi 1 TiABUIIICHOI MPOBIMHOCTI KaOeNlb, BUTOTOBICHUH 3
BUKOPUCTAHHSIM BYIJICIIEBUX HAHOTPYOOK, iCTOTHO IepeBEepIIyBaTHME
CBOI'O MIiJHOTO TMOIEpPeAHNKa, MO0 POOUTH HOro MPOMHCIOBE BHPOO-
HULTBO OLIBII BHUT1THUM.

BupoBamkenHs HaHOMartepianiB y OyaiBelbHI MaTepiand CyneH H03-
BOJISIE 3MEHILUTH Bary CylHa Ta MOKPAIIUTH MOTO TigpOJWHAMIYHI Bia-
CTHMBOCTI, 1110 BIUIMBA€ HA €KOHOMIIO TTaJIMBa Ta 3HWKCHHS BUKHIIB.

BucHOBKH i mepcneKTHUBH MOAAJIBIINX AOCTII:KeHb. 32 pe3yabTa-
TaMH JJOCHIPKEHb BU3HAYMMO HACTYIIHE.

1. JocnimkeHHs BYTJICHEBUX HAHOTPYOOK CTaHOBIIATH 3HAYHUN (PyH-
JaMEeHTaJbHUNA Ta MPUKIAIHUN 1HTEepeC ISl MOPChKOi iHaycTpii. ®yHma-
MEHTAJILHUH 1HTEpeC 10 IOro 00’ekTa 00yMOBJICHHM, HacaMIiepe, Horo
HE3BUYAHHOI0 CTPYKTYPOIO Ta INUPOKUM Jiara3oHOM 3MiHHM (i3HKO-
XIMIYHAX BIIACTHBOCTEH 3aJIe)KHO BiJ XipaslbHOCTI. bararo 3 mux BiacTu-
BOCTEH IIle ¥ CHOTO/IHI € MPEIMETOM IHTEHCUBHUX JTOCIiIKEHb, CIIPSMO-
BaHUX Ha BUSBJICHHS HOBHX I[IKABUX OCOOJMBOCTEH MOBEIIHKHA HAHOTPY-
0OK y Til UM iHIIIH CHUTYyaIIii.

2. ByrneneBi HaHOTPYOKH TpalOTh BaXKIWBY POJb B iHHOBAIIHHUX
TexHoJorisix. barato ¢axiBIiB NPOrHO3yIOTH 3pOCTaHHS JAHOI Tajy3i B
HaiiOmmk4i poku. Byne cnocrepiraTuics 3HauHE 3pOCTaHHS BHPOOHHYHMX
MOJKIIUBOCTEH, 110 3a0€3MeUnTh ICTOTHI 3MiHHU B MOPCHKUX Taly3sx, Ma-
IMMHOOYyBaHH1, ONTOEIEKTPOHIIIl, MiKpPOEIIEKTPOHIIT, a TAKOXK MEAHUIINHI
Ta exoJiorii. Lle mpusBene no 3umxenns Baprocti Ha BHT ta Oyzae Brutu-
BaTH Ha BEJIWYE3HUI MONHUT KOPHCTYBaHHsS. Byrienesi HaHOTpYOKH cra-
HYTb HE3aMIHHMM MaTepiajioM jisi 0araThOX MPHUCTPOIB 1 OOJIa HAHHS.
BaxmBo mpo/I0BKYBaTH JOCHI/PKEHHST Ta PO3pOOKH B il 00nacTi s
JOCSTHEHHSI MAKCUMAJIBHUX TIePeBar 1uX i1HHOBAIIIH.
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Harmionaneauit yHiBepcuteT «Oecbka MOpChKa akajaeMis»

HEPCIHEKTUBHU 3ACTOCYBAHHSI HAHOMATEJIIAJIIB
TA HAHOTEXHOJIOT'T B MOPCHKHUM I'AJTY3I

IMocTaHoBka mpo0siemMu B 3araibHOMY BMIJIsiAi. B octaHHe necs-
TWJIITTS HAaHOTEXHOJIOTISIM MPHUIIJICHO BENWKY yBary. BusHaueHHs mmpo-
KHX TIOTpeO MOPCHKOi TPOMHUCIOBOCTI Ta NIISXH iX BHPIMICHHS 3 BUKOPH-
CTaHHSIM HAHOTEXHOJIOTiH, JacTh 3MOTY 3a[JOBOJIHUTH YaCTHHY LHMX I10-
TpeO, a TaKoXK MOKE BUBECTU HAa HOBUH SKICHUH pPiBEHb BUPILICHHS TEX-
HIYHHUX TpoOIeM.

AHani3z mocainkenb Ta myouaikaniii. Mopcbka ramys3s 3a3Hana Kap-
JTUHAILHUX 3MiH 1 B Hel BKJIAQNAIOThCSA BEJIMYE3HI 1HBeCTHUIlii. Mopchka
MTPOMUCIIOBICTh BKIIIOYAE€ IMAPOKHHA CIEKTP JOMOMIKHUX BHUPOOHHIITB,
KOXHE 3 AKX MOXKe OyTH OCHOBOIO JIJIsl PO3BUTKY HAYKH 1 TEXHIKH.

HanoTtexHonorii Bike 3aCTOCOBYIOTHCS B OYAIBHHUIITBI CYJICH:

1) CrtBOpeHHS BIiAMOBIAHUX TOKPHUTTIB, SKi 3aXHUIIAIOTh BiJ BIUIUBY
MOPCBHKOT'O CEPEOBUIIIA.

2) BupoOHHIITBO HOBHX MarepiajiB IJisi KOHCTPYKII1 KOPIYCiB CyTHa
Ta HOro KOMIIOHEHTIB 3 METOO MiABHIIECHHS MII[HOCTI Ta 3MEHIICHHS IITY-
My Ta BiOpaitii.

3) BupoOHHUIITBO HOBHUX MaTepiayiB Jjs MiABUINEHHS MPOIAYKTHB-
HOCTI, TaKHX sIK: HOBE MAJIMBO Ta MAJWBHI €JIeMEHTH, eIeKTpUYHi OaTapel
3 JIy’Ke BHCOKMM 3allacoM EHeprii,3MEHIIEHHS TepTs Ta 3HOCY B Me-
XaHi3Max.

3aBasSKM BHKOPHCTAHHIO HAHOTEXHOJIOTIH MOXKHAa BHUPOOJSATH HOBI
MaTepiaiii, iIHCTPYMEHTH Ta CHCTEMH, 3MiHIOIOYH BIIACTUBOCTI MaTepiainy.

[loBeniHka HaHOMAaTEpialliB 3aJ€KUTh BiJ KIJTBKOCTI HAHOYACTHHOK,
JOJaHUX JI0 CHCTEMH, BiJI BIACTHBOCTE HAHOYACTHHOK, a TaKOX Bij
opieHTallii Ta po3TallyBaHHs HAHOYACTUHOK .

[losiBa HAHOTEXHOJIOT1H — 1€ IPOTrpec, AKUi ABJsE cO00I0 PyHIaAMEH-
TaNbHy 3MiHY, SIKa TPU3BEAE A0 PO3BUTKY MarTepialiB Ta 1HCTPYMEHTIB
BXKE 3apa3 Ta y MallOyTHboMY. MOXIIMBICTh BUKOPHCTOBYBATH HaHOMa-
Tepiajy MEBHOTO PO3Mipy 1 pO3TAlIOBYBaTH iX B MOTPIOHOMY MOPSAKY
pPOOUTH PEBONIOIIID B MaTepiano3HaBCTBI. HaHOTEXHONOTII T03BOJISAIOTH
CTBOPIOBATH CTPYKTYpH 3 MaTepialiiB, SIKMX HE iCHye B MPHPOJI, a 3BU-
yaifHa XiMis He 3Morna ix ctBoputd. [lesiki 3 mepeBar HaHOCTPYKTYP
BKJIFOYAIOTH JICTIIN, MIIHIII Ta OiBII aJanToBaHi Marepiaiv, 3HWKEHHS
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BapTOCTI 3a PaXYHOK 3MEHIICHHS Ae()EKTiB, MOKIUBICTh PO3POOJIATH HOBI
IHCTPYMEHTH.

CrorozHi Hayka 1 TeXHika B 0araThoX cgepax HaOJMKAITHCA JI0
CBOIX pEaThbHUX TEXHIYHUX MEXK 1,MOXKIIMBO, OUIbIIE HE 3MOXYTh
BIAMIOBIIaTH TEXHIYHUM IMOTpeOaM. BUKOpHCTaHHS HAHOTEXHOJIOTIH BiKe
3apa3 J03BOJUTH BHWTH Ha SIKICHO HOBHH PIBEHb BHUPIILICHHS TEXHIYHUX
npobaeM. BUkoprcTaHHS HAHOTEXHOJIOTIH B MaTepiano3HaBcTBi, 000pOH-
Hiif TIPOMHCJIOBOCTI, €IEKTPOHIIl, KBAHTOBHX KOMII IOTepax, MEIUITHHI,
XiMii, TOLIO BHUABHWIIOCH IUTIIAHMM. HaHouacTHMHKHM, mojaHl g0 crami ado
MOBHICTIO 3p00JIeHI 3 HAHOYACTHHOK, MIPU3BOAATE 10 OTPUMAaHHS JIETKOTO,
aye Jry>ke MIIHOTO MaTepiairy 31 CIiBBiTHOIIIEHHSIM MIITHOCTI 0 BarH, siKe
Habararo mepeBepuIye 3BUYHY CTalb. Y MEIWIUHI HAaHOKAICYIH MO-
KyTh iIeHTH(]IKYBaTH ypakeHy TKaHUHY Ta JETIOHYBaTH TEpareBTHYHI
3aco0m Oe3mocepeHbo B IbOBI Miciid. [1]. Y TpaHCmopTi HOBI Ma-
Tepiagy, BUTOTOBJIEHI 3 HAHOYACTHHOK, 3HAYHO 3MEHIIMIM Bary TpaHC-
MOPTHHUX 3aCO0IB, 110 MPHU3BENIO 0 30UIBIICHHS IIBHIKOCTI. JlonaBaHHs
HAHOYACTHMHOK B MACTHJIO 3HAYHO 3MEHIIYE TEPTS Ta 3HOLIYBAaHHS B Me-
XaHIYHUX Tapax. Y BUPOOHUITBI COHSYHHX EIIEMEHTIB HAHOYACTHHKU
BUKOPHCTOBYIOTBCS ISl CTBOPEHHSI BOIHIO SIK YHCTOTO MAJMBa, PO3POOKH
CTIMKHX MaTepiaiB i HTOBEPXOHB, PO3POOKH HOBOTO TMOKOJIHHS aKyMyJIsi-
TOpHUX OaTapeit .

B Oararpox KpaiHax yCBIZOMIIIOIOTH II€ Ba)KJIMBE MHUTAHHS Ta IMOTEH-
HifHY pOJIb HAHOTEXHOJIOTIH 1 MPUIUISAIOTE HoMy ocoOnuBYy yBary. Y XXI
CTOJIITTI HAHOTEXHOJIOTIT BBAXKAIOTHCS OJHUM 3 HaWBaXKJIMBILIIMX HATPSM-
KiB JIOCITIJDKEHB y 0araTh0X TEXHIYHUX 00JaCTIX.

ITocTanoBka 3amavi. 3acTocyBaHHA HAHOTEXHOJIOTIH B MOPCHKIM
rajysi

MopceKa TPOMHCIIOBICTh BKJIFOYA€ MIMPOKHH CIEKTP JTOMOMDKHHUX
ramy3eil, Takux SK: OyIIBHUIITBO Ta €KCIUTyaTailis HaJIBOJHUX CYJIeH i
MiZIBOAHMAX YOBHIB, MOPCHKI MJIaTopMH Ta BCe, IO MOB’S3aHE 3 MOPCh-
KOIO Tamy3310. Jleski 3 MOXJIMBOCTEH 3acTOCYBaHHS HAHOTEXHOJOTIH y
MOPCBKiil MPOMHUCIOBOCTI BKJIIOYAIOTh HACTYNHE: HHU3bKOTEMIIEPATypHi
3BapIOBAIbHI €TIEKTPOJIH, Cy4YacHe MaIWBO, HAHOKOMITO3UTH T4 HAHOKOM-
MO3WTHI TIOKPHUTTS, HAHOBOJIOKHO, aMOPTH3aTOpH BiOparii, aKycTHYHI
MOTJIMHAYl, MOPCBKi (apOu, BUKOPHUCTaHHS €HEPrii MOps Ta COHSYHOTO
cBiTNIa, HaHO(DIIBTpaLis, HAHOMOPQOIIOTis, EBOIOLIS TEXHOJOTI] HaTuB-
HUX EJIEMEHTIB, KOMIT'IOTEpH, VYIbTPa3ByK, CICKTPOHIKA, TEIEeKO-
MyHiKallii, BUCOKOCHEPIeTHYHI aKyMyJIATOpPHI OaTapei, HaHOYaCTUHKH
JUIs1 3MEHILEHHS TEPTS B MEXaHIYHUX Mapax.
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Bukiaaa ocHOBHOro MaTtepiadry.

1. HU3bKOTEMIIEPATYPHI 3BAPKOBAJIbHI EJIEKTPOA

VYnockoHalleHI HaHOTEXHOJIOTIEI0 €NEKTPOAM MAaloTh AyKe HHU3BKY
pobovy TemrepaTypy MOPIBHSIHO 3 iCHYIOUMMH 3BapIOBATLHUMH €JICKTPO-
namu. MaTepian mUX eNeKTPOJiB TaKWH, IO MPU MOMIPHOMY HarpiBaHHI
BOHH YTBOPIOIOTH MilIHUM MOJIKYJISIPHUH 3B’S30K MK JIBOMa IIMaTO4YKa-
MU MeTally, iKW QyHKIioHye sK TepmiuHuMi kiei. Lli emextpomu Bxke
BHKOPHCTOBYIOTHCS B TEXHOJIOTI1 3BapIOBaHHS, OCOOJIMBO YCHIIIHO B 3Ba-
proBaHHI anroMiHito. MoxHa Oe3rmeyHo 3BaproBaTH AYrolo 0e3 rapadmx
TPILIUH, BBOASYN (a30BUH KOHTPOJb 32 JONOMOTOI0 HAaHOYACTHHOK MiJ
gac 3BaproBaHHs [2]. 3'emmanus, 3BapeHi emekrpomoM AA7075, 1mo
MIiCTHTh HaHOYACTHHKM Kapbix TuTaHy (TiC), He TiNbKM IEMOHCTPYIOTH
NpiOHi KyJsicTi 3epHa Ta MoAu(]iKoBaHy BTOpHHHY (asy, 110 1O CYTi ycy-
Ba€ CIPUMHATIMBICTh MaTepiajiB A0 TapsSuux TPIMIUH, aje TaKOX JIEMOH-
CTPY€ BUHATKOBY MIIHICTh Ha PO3PUB SIK IiJ] 9ac 3BapIOBaHHS, TaK 1 MicIs
3BaproBaHHs. Llg mocuth mpocra Moau@ikailisi IPUCaJOYHOTO MaTepiaty
3BapHOTO IBA MOXE OYTH 3aCTOCOBaHA /O IIMPOKOTO J[iana3oHy Ma-
TepialiB, CXHJIBHUX /IO TapsST9uX TPIIIUH.

2. [TAJIMBO.

Kopabumi Ta miiBO/IHI YOBHM 4YacTO MEPEBO3ATh TUCSIYi TOHH IaJiUBa,
nepe0yBaro4y B MOPi, 3MYIIICHI T03aNPaBISATHCS ITi]T Yac CBOTO IIJIaBAHHS.
HanortexHornoris 3a0e3nedye BHCOKOCHEPTeTUYHE MAINBO, TaKe SK BO-
JICHb, 1 HAHOI00ABKH JI0 NajiuBa. Take MaJMBO € BUCOKOCHEPTCTUYHUMU
MOJICKYJISIDHUMH TaKeTaMH, SKi BUIAUIAIOTH OaraTo eHeprii. HanorexHo-
JIOTisE po3pobsie METOAM UIsi BUPOOHMIITBA JYXKE BEIHKHX KUTBKOCTEH
BOJHIO 0€3 BUPOOHMIITBA BYTJIEKUCIIOTO Ta3y, a TAKOXX TEXHOJOTil AJis
30epiranHsi BojHIO. lle mMUTaHHS € ONHUM 13 HaWBAKIIMBIIIMX MHTAHB,
OB’ SI3aHUX 13 BUKOPHCTAHHIM BOJHEBOTO mayusa [3].

OCKiIbKM HAaHOMETPOBI YaCTHUHKU 301IbLIYIOTh IIBUIKICTH TOPIHHA Ta
HOr0 OIHOPINHICTB, TX MOXKHA BUKOPHCTOBYBATH B HOBHX BHJaX MalliBa
JUIS 301IBIICHHSI €HEPrOBU/IICHHS majuBa. [Ipucaaku Juiss HaHOTAINUBA,
KpIM 3HW)KEHHS CIIOKWBAaHHS ITajlMBa, TAKOXK 3MEHINYIOTh 3a0pyJAHEHHS.
[ManwBHI npUcagKu TOJAOTHCS IO MAIWBA, 0O 3MEHIIUTH BUKUIH BUX-
JIOITHUX YaCTUHOK 3a0pyJIHIOIYNX PEYOBHH 1 3MEHIIUTH YTBOPEHHS OK-
cunis azoty (NOx), moHookcrais Bymieiio (CO) ta Byrnesoanis (HC).
BuxopucranHs neskux 3 1ux 100aBOK 3MEHIIWIO KUTBKICTh 3a0pyTHIOO-
yux 4acTUHOK Ha 15-20%. JlocmimkeHHS IMOKa3ald, II0 KOJH ITalnBO
BUKOPHCTOBYEThCS B TOEAHAHHI 3 Katamizaropom DPF, Bukuam MoxHa
3MeHImUTH Maibke Ha 99% [4]. Hdesxi qob6aBku B OaratosiepHUX apoma-
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TUYHHUX BYTJIIEBOJHIX 3MEHITYIOTh 3a0pynHernas Ha 80%. [Ipucagkn mo-
XKyTh BapiroBaTucs Bl 10 ppm mo 100 ppm y manmsi. [JoGaBku criprdu-
HSIIOTh 3HAYHE 3HIKCHHS TEMIIepaTypH TOPiHHS AUMY. 32 PaXyHOK HasB-
HOCTI MAJIMBHUX MPHCATOK CIOCTEPIraeThes 3HIDKEHHS BUTPAT MalrBa Ha
5%-7%. Ilpucanku, sSKi AOJAIOTH IO TU3EIHHOTO IMaaMBa IS 3HIKCHHS
TEeMIIepaTypy 3aiiMaHHs Ha BUXOA1 B KINTSABU. [HIIMM  3aCTOCYBaHHSM
HAHOTEXHOJIOTIH € HAHOMOPOIIKK METalliB. MeTasieBi HAaHOMIOPOIIKH JTyKe
XIMIYHO aKTUBHI, @ TAKOX MOXYTb MPOABIISATH OCOOIMBI KaTaTiTHYHI BiIa-
CTHBOCTI. MeTaneBi HaHOIOPOIIKH TaKOXX MOXYTb 3MEHIIUTH 3a0pya-
HeHHA. Hampukiaza, THII HAHOMOPOILIKY, IIO MICTUTh aJIOMiHINA, MOXKHA
ONAaTH JO TBEPIOTO TajluBa pPaKeTH, MO0 30UIBIIATH ii €Heprito Ta
NIBUJKICTh. Take BUKOPUCTAHHS HAHOTIOPOIIKIB MPU3BOAUTH IO MEHIIIOTO
CIIO’KUBAHHSI MAJIMBA Ta MEHILIOTO 3a0pyaHeHHs [5].

ExcrniepiMeHTanbHI AOCIIIKEHHS BIUIMBY KaTalli3aTopa TOMOTEHHOTO
3TOpSIHHS Ha OCHOBI Fe nanu 3Mory oTpuMartd XapakTepUCTHKHA BUKHUJIIB
YOTUPUTAKTHOTO OIHOIWIIHIAPOBOTO MU3EIBHOrO JBuryHa [6]. Karamiza-
TOp MICTHB MIKpaT 3alli3a K aKTUBHHUH IHIPEAi€HT Yy CKJIa[i CyMimn op-
TaHIYHUX PO3YMHHHKIB, SKy MOXHa OYyJO OJHOPIAHO PO3YMHHUTH B Tpa-
TUIITHOMY JU3€IbHOMY TAJIMBI TP HAJHU3BKUX CITiBBITHOIIEHHSX JTI03.

CHmcok aesKuX HaHOA00aBOK, AOJAHUX 0 AU3eJIbHOrO nanuBa [7]:

CNT (Byrmenesi uanotpyoku ),Nano CeO,(miokcua 1iepiro),Nano
ZnO (oxcun mHKY),Nano CuO (oKuCch Mean) , MKpaT 3ali3a.

Crucok HaHO00aBOK, JOJAHUX 10 010JHU3eabHOr0 maauBa [7]:

Nano CeO;, (mioxcun uepiro),Nano FeCls(xmopue 3amizo), Nano
Co304(okcuna kobansTy), Nano AIN (aitpua amominiio), CNT (Byrieresi
Hanotpyoku ),Nano Al,O; (okcu amominito), Nano ZnO (OKCHI IIAHKY ).

Bukopucranus 0i0JM3eNbHOTO MaNKWBa B IMOPIBHSIHHI 3 JWU3EIBHUM
MAJIMBOM CIIPUSIIO 3MEHIICHHIO BUKHIIB. Takux 3a0py/aHIOBAYiB, K MO-
Hookcuy Byrnemio (CO), mesropimmii ByrieBogenp (UHC) i caxa, mio
YTBOPIOIOTBCSL B PE3YNbTaTi 3TOpPsSHHs OiOMU3ENLHOTO TallMBa, 3HAYHO
MEHIIIE B TIOPiBHSHHI 3 AW3ETbHUM NaTUBOM. HU3bKHI KPYTHHII MOMEHT 1
MOTYKHICTh, & TaKOXX BHCOKHH piBEHb Aa30THO-KHCHEBUX CIOIYK €
HEJIOJIIKaMU BHKOPUCTAHHS 010JIM3EIIbHOTO TalINBa K ANbTEPHATHBU JIH-
3eJbHOMY MAaJHMBY, X0o4a OiomannBO MOXE HAQJaTH 1HII TiepeBard. 3a-
CTOCYBaHHS HaHOJIO0ABOK J0 TaKOrO IMajiBa € OJHUM i3 COoCcO0iB 3MEH-
IIICHHS BUKHJIIB Ta ITiJBUIICHHS MPOAYKTUBHOCTI ABUTYHA. [lanmBHi ene-
MEHTH MAalOTh IIMPOKHUHA CIEKTp 3acTocyBaHHs 3a Bucokuid KKJ[ Ta
MiHIMYM BHKHiB.
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3. HAHOKOMIIO3UTU TA HAHOIIOKPUTTA

Kopo3sis € ocHOBHOIO Tpo0IeMOI0 B MOPCBKiK mpommucioBocTi. Ko-
PO3ist 3aBa€ BEINKOI €KOHOMIUHOI Ta €KOJIOTIYHOI IIKOH. 3a JOTOMOT0I0
HAHOTEXHOJIOTIH MOXKHA JOCSTTH MOKPHUTTIB, SIKi 3aXHUILAIOTH MOBEPXHIO
MeTaJIiB Habararo Kparie, HiX TpaauIliiHi METOIH.

Kommosur - e koMOiHalis KiBKOX Pi3HUX MaTepialliB, 3aBISKHA YOMY
HOro KOMIIOHEHTH MOYKHA JIETKO BiAPI3HUTH OJMH BiJ onHoro. HaHo-
KOMITO3UT TaKWi cCaMUil KOMIIO3WT, TIJIbKA Y HAaHOMETPOBOMY MacmiTali
(10”° m). HarOKOMIIO3HTH thopmyroTecs B aBi asu. Ha mepmromy erarmi
OyayeThCsl KpUCTaNiYHA CTPYKTypa HaHOPO3MIpPY, SIKA CIYXHUTb KOMIIO-
3uTHOIO Matpunero. el GpoH Moke OyTH BUTOTOBIICHHH 3 MONIMEPY, Me-
Taxy abo kepamiku. Ha apyriit ¢asi 1o MaTpuiii 101al0Th HAHOYACTUHKA
JUISL TiACHICHHS! MIITHOCTI, OTOpPY, €JIEKTPOIPOBIAHOCTI, TOIIO. 3aJIe)KHO
BiJ MaTepialy HAHOKOMIIO3UTHOT MiAKJIAAKH i MOAUIAIOTH Ha MOJIMEpHY,
MeTaJIeBy Ta KepamiuHy Trpymu. [lomiMepHi KOMITO3UTH BUKOPHCTOBYIOTh-
csl B JIITaKax MPOTATOM OaraTboX POKiB 3aBISIKM CBOIM MIITHOCTI, YKOpPCT-
KOCTi, TEpMi4Hi{ 1 po3MipHiil cTabinpHOCTI. HaHOKOMIIO3UTH BKIIOYAIOThH
MOJIIMEpH, apMOBaHI YaCTHUHKAMHU HAaHOMETPOBOTO po3Mipy. KommosuTu 3
PI3HEM MOJIEKYJSIPHAM PO3TAIIyBaHHSIM MOXYTh OYTH 3aCTOCOBaHi 0
OUIBII IMPOKOTO KIIACy 1HKEeHEpHHUX 3anad. OIHI€I0 3 BaXKJIMBHUX BIACTH-
BOCTEH KOMIIO3HTIB € iX BHCOKa MIIHICTh 1 Maia Bara, BUCOKa KOpO3iiiHa
CTIMKICTh, @ TaKOX BJIACTUBICTH paAiONOKalidHOTO TOTrIHHAHHA. L5
(YHKIliST BUKOPUCTOBYETHCS JIJIsl CTBOPEHHS JIITAKiB 1 MiJIBOJHUX YOBHIB,
SIK1 B&XKKO BUSIBUTH PaZiapoM Ta COHAPOM.

HaHOKOMITO3UTHI TMOKPHUTTS - [Ie HAHOCTPYKTYPHI MOKPUTTS, SKi Ma-
I0TH Kpallli BIACTHBOCTI, HIXK 3BUYAiHI MMOKPHUTTS. 3aBISKH UM TTOKPHT-
TSM MOKHA OTPUMATH YyJIOBY aJI'e€3it0 Ta 0COOIHBI BIACTUBOCTI MOBEPX-
Hi. HaHONOKpUTTS mpwinmae Ha Taki MOBEPXHi, SK METalH, CKIO, Ke-
pamika Ta IlacCTMacH TOBIIMHOIO Kilbka MIiKpoH. BoHu cTiiiki 10 Me-
XaHIYHOTO 3HOCY, XIMIYHO CTiHKi , TEPMIYHO CTiliKi, MatOTh OJIUCK i caMo-
OYHIICHHS. YCi Il (haKTOPH MTPU3BOAATH JIO 3MEHIICHHS CIIOKHUBAaHHS
CHUPOBHMHH, HEOOXiAHOI Uil 3aMiHU €JIEMEHTIB KOHCTPYKLii, 3MEHIICHHS
CTHIOKMBaHHSI €Heprii, HeOOX1IHOT 1yl BUPOOHHUIITBA, Ta 3MEHIIEHHS I10-
TpeOH B OUHINICHHI.

HaHoTexHOJ0TiS CTBOPIOE AYyK€ MillHi, JIETKI HAHOBOJIOKHA, SIKI Ma-
I0Th APiOHO3EPHUCTY TEKCTYpy MK MOJIEKYJIaMH, 1II0 HabaraTto nepesep-
IIy€e Cy4acHe CKIIOBOJIOKHO.

OckiTbKH KOpallli pyXarThCs B BOI, BOJOPOCTI Ta 3BAXKECHI YaCTHUH-
KA y BOJI NPHUKPIIUTIOIOTECS 10 KOpIyca 1 3MYIIYIOTH iX pyXaTHcs IO-
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BUTbHIIE. Kopo3iss B MOPCHKOMY CEpeIOBHII, OCOOINBO B COJOHYBAaTHUX
MOPSIX, @ TAKOXK MPUKPITUIEHHS MOXY 1 BOAOPOCTEH 10 KOPITYCiB € OCHOB-
HUMH TIpobeMamMu Ipu 00CIIyTrOBYBaHHI KOpaOIiB 1 MOPCHKUX TUIATPOPM.
Oco6nmBi YMOBH MOPCBKOTO CEpEIOBHILA BUMAraroTh, 1100 KOPIMYCH KO-
pabmiB i MopcekuxX maTgopMm QapOyBavcs B cepenHbOMY pa3 Ha TPH
poku. OOHMM i3 MOMUPEHNX METOAIB OUYHIICHHS KOPIYCY € MepeBeAeHHs
cyaHa B cyxuid ok. Llelf MeToa Mae BHCOKI BUTpaTH, TPUBaAIl MPOCTOI Ta
1HII TOAaTKOBI BUTpaTH. BHUPIIEHHS IbOTO NMUTAHHA 32 PaXyHOK 3MEH-
IIEHHS OTIOPY TEePTS BOIW 00 KOPITyC CyIHA MPU3BOAUTH 10 30UTBIICHHS
mBHAKOCTI Kopabist. Takok Oyae 3MEHIIEHO KiNbKiCTh BUTPAYeHOTO Ia-
JBa .

HanotexHonorii cTBOproloTh HOBI (hapOu, SKi MalOTh BHUCOKY
CTIMKICTh JI0 KOpPO3ii Ta IHIIMX IIKIJJUBUX BILIUBIB HABKOJHMIIHLOI'O CE-
penoBuma. KpiM Toro, BUKOpHCTaHHST HaHOTEXHOJIOTiH B JakohapOoBii
MTPOMHCIIOBOCTI 3amo0IiraoTh MPWIMIIAHHIO BOJOPOCTEH 10 Kopmycy i
MOJIOBXKYIOTh TEPMiH CITy>KOM KopaOiiB.Marepian nmpotu  0OpOCTaHHS
3arobirae HeOaXKaHOMY CKYITYCHHIO MOXY Ha 3BOJIOJKEHIH MOBEPXHI KOP-
myciB cyneH. [IoKpHTTS TakoX €KOJOTIYHO YWCTe, HE BUIIAE YKOTHUX
XiMiKaTiB y MoOpe Ta 3MeHIye BUKOpHUCTaHHS OiommaiB. Kpim kopmycis
KOpaOJIiB, HAHOTIOKPUTTSI MOXKHA OYJIO HAHOCHUTH Ha OeperoBi copynu Ta
MipCcH, a TAaKOXX Ha BIMCHKOBI miBOAHI YoBHH. [IpoTnoOpocTaroumii map
Ilie IOHAWMEHIIe 1T ATh POKiB. Sk 3a3Havanocs padimie, mpodieMa IMpu-
JUIaHHSI MOXY JI0 KOPITyCy CyJHa 301IbIIy€e OMip Ta BUTpATy MajuBa Ta
3MEHINye  IIBUJAKICTh  cynHa. HaHoTexHomorii  BigirpaBaTUMYTb
BUPIIIATBHY POJIb y MaHOYTHROMY Y O0OPOTHO1 3 KOPO3i€r0 Ta O10JIOTTYHUM
00pOCTaHHSIM CYJIEH.

4. BIBPALIIHI TA AKYCTUYHI AMOPTHU3ATOPU

CyuacHi BiOpauiiiHi amMOpTH3aTOpU € TPOMIZIKHUMH 1 BaKKUMH Me-
xaHi3Mamu. HaHoTexHomorii BHOCATh TNIMOOKY TpaHchopmamiro B Iid
rajy3i, HpeJCTaBHBIINA HOBI IOBEPXHI, 110 MHOMIMHAIOTH BiOparito. Lli
HaHOMaTepiajy MOTJIMHAIOTh AY)Ke BEJIMKY KUIbKICTh KOJIMBaJIbHOT €HEepril
B MeXax CBO€I MOJIEKYJSpHOi pemniTkd. Takum 4yuMHOM BiOpauis goOpe
KOHTpomoeThes. Lli MaTepiaay mmpoKko BUKOPHUCTOBYIOTHCS Ha KPYi3HHX
CyIHaX, BIHCHKOBMX CyJax 1 MiJBOJHUX YOBHAX 1 IX 4aCTO BCTAHOBIIIO-
I0THCS MiJ] JBUTYHU Ta MeXaHi3MaMHu, sIKi MaloTh BiOparlito.

AKYCTHYHI aMOpPTHU3aTOPH, 5K 1 aMOPTH3aTOPH BiOpallii, HOTJTMHAIOTh
3ByKOBY eHeprito. CydacHi MaTepialii MaloTh pi3Hy e(hEeKTUBHICT 3 TOY-
KA 30pY 4YacTOTH Ta HANpsMKY YAAapHOTO 3BYKY, 1 BOHH, SIK NPaBHJIO,
BaXKi Ta rpomi3aki. HaHorexHomnorii HpomoHyIOTh pi3HOMAHITHI aKy-
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CTHUYHI MaTepiaia, MOJCKYJIApHA CTPYKTypa SAKUX IiTXOIUThH 0 TIEBHOTO
niama3oHHA 3BYKOBUX 4acTOT. BOHM MOXyTh morianHaTH Habarato OibIine
3BYKOBOI €HEprii, HiX paHille AOCTYIHI Marepiajy, He3Ba)Karouu Ha iX
JIeTKicTh 1 TOHKicTh. Lli MaTepiamy MokHa 3aCTOCOBYBaTH Ha KpYi3HHX
cylmax, BIHCHKOBMX KOpaONsiX Ha MiIBOAHWX YOBHAX, BHYTPIIIHS abo
30BHIILIHS YaCTHHA KOPITyCy MOKe OyTH MOKPUTA LIMMH MaTepiajlamMH.

5. HAHO®UIbTPALIIA

OpHiero 3 0coOIMBOCTEH i€l TEXHONOTIT € amcopOist Qy*)e ApiOHNX
YaCTHHOK 13 HaBKOJHUIIIHFOMY CEpPEOBHIIl, TAKUX SK a/copOIii YagHoro
rasy Ta BYTJIEKUCIIOTO Ta3y.

Metomom HaHO(INBTpamii BKE€ KOPHCTYIOTHCS TPOTSITOM OCTaHHIX
pokiB. 3acrocyBaHHS HaHO(DIIBTpalii - 1€ BUIAIEHHS MIKiJTUBUX
XIMIYHUX PEYOBUH Y BOJi, BUJAJICHHS BaXKHX METAIIB, BHIAICHHS Op-
raHiYHUX KOMITOHEHTIB, 3HMIICHHS IIKIJJIMBUX OpPraHi3MiB, OUYHUIICHHS
CTIYHMX BOJ, 3HEOApBIEHHS Ta BUAAJICHHS 3a0pyqHEHb, a TAaKOXK BUAA-
neHHs HiTpariB. HanodineTpariiss Moke OYMCTHUTH HPAKTHYHO OyAb-sKe
JDKEpeJIo BOIM Ta BUAamuTH Oaktepii y Bomi. KpiMm Toro, 1ie mo3Bosise
JIETKO BHKOPHCTOBYBAaTH METOJH OYMIIEHHS Ta BUKOHYE OUYHMILICHHS Oe3
ximiunoi mii. 1li HaHOINETPH MOXHA BUKOPUCTOBYBATH ISl OTPHMAaHHS
MPICHOT BOJIU 3 COJIOHOT MOpChkoi Boau. Uepe3 HaHODIIBTPH IMiJT THCKOM
MPOITyCKAaI0Th MOPCHKY Boay. HaHo(inmbTpu Kpaie (QyHKIIOHYIOTH, HiXK
yineTpadineTpu. 3 orBopamu Bix 1 1o 10 HM i THckKoM Bin 5 mo 15 Gap wi
(GiNbTpH 37aTHI OYUIATH MOPCHKY COJIOHY Boay Ha 90% 3 MEHIIUM CIO-
KUBaHHSM €HEprii, HiXK MEeTOJl 3BOPOTHOTO ocMocy. KpiMm Toro, BiH 31aT-
HUM e(heKTHBHO 3HMIYBAaTH OaKTepii, BipyCH, NECTUIIUAN, OPTaHIvHI 3a0-
PYIHIOBaYi Ta COJIi KaJBIIiIO i MarHik0.

6. HAHOMATEPIAJIU OJI1 AKYMVYJIATOPIB

Enextpoau

Byno nmocmimkeHo KinbKka THITIB HAaHOMAaTEpialliB, SKi 3a0€3MedyIOTh
OLTBII BUCOKY IIUIBHICTH 30€piraHHs JIiTil0, HiX cTaHIapTHI MeTalieBi abo
rpadiToBl €JICKTPOIH, 11€: KPEMHIEBI HAHOJPOTH 3 BYIJICLICBUM TOKPHUT-
TSM; BYTIJIELIEBI HAHOTPYOKH; LIapyBaTHH, HAHOCTPYKTYPOBAaHUH OKCHI
BaHAJIiI0 Ta OKCHJ] MapraHIio; HaHouacTuHKU LiMn,Oy (JriTiii-MapraHens)
a00 LiCo,04(miTiii-ko06aibT); crutaB Li(mitiii)/rpadeHosa donbra; Gocdo-
pen-rpadenoBuit riopunauid Marepian. (Cynbohin monioneny) MoS Buko-
PHUCTOBYETHCS SIK €(EKTUBHMUI 3aXUCHUM map As Li-MeTaneBux aHOAIB y
BHCOKOIpOayKTHBHUX (JTiTieBux) Li 6arapesx [8] [9].
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Enexrpomitu

Hanouactuaku (oxcup amoMinio) AlyOs, (mioxcun kpemHio) SiO,
a6o (miokcun mupkoHito) ZrO, , monaHi J0 MONIMEPHOTO T'ellto, MOXYTh
3HAYHO MiABUILUTH IPOBITHICTG 1 31aTHICTE 10 30epiraHHs eJIeKTPOJIITY.

CyudacHi miTtieBi 6atapei 3a3BU4ail BUKOPHCTOBYIOTH PIIKHIA €IEKTPO-
JIT UIsL yTPUMAaHHS 10HIB MK JJBOMa €NEKTPOJaMH, IPOTE PO3IIISAAaI0Th
iHIi BapianTu. OTHUM 3 HEIOJIKIB €JEKTPOJITIB, SIKI BAKOPHCTOBYIOTHCS
B JITIEBHX Oarapesx € Te, MO BOHU MICTATH HEOE3NMeUuHi PiaWHH, SKi
HECYTh 3arpo3y MOXKEeXi, SKIIO B CHCTEMI TPAIUTHCS KOPOTKE 3aMUKAHHS.
TBepai eneKkTpoNiTH MOKHA BUTOTOBIISATH 3 HETOPIOYMX MartepiajiB, IIO
poOuTh iX HabaraTo MEHIN CIPUHHATINBUMIE 10 YTBOPEHHS JCHIPUTIB.

Taki eIeKTpoNiTH Jar0Th MOXJIMBICTH IS CTBOPEHHS OaTapei, sKi
MPaIIoTh 3 aHOAOM, BHUTOTOBIECHHM 3 4HcTOro JjiTito. Lle mo3Bonuth
SJIEKTPOMOOIJISIM 1 JTiTaKaM MOJIOpOXKyBaTH Habarato aaii 6e3 mia3apsaKy,
3BUYAHO, BIATOBIIHI IepeBaru OyayTh peaii3oBaHi i B MOPCHKIN Taiy3i.

BbaraTo enekTpoiTiB, po3pobiaeHUX JoTernep, OyJu BUTOTOBJICHI 3 Ke-
pamiky, sika HaJI3BUYaliHO e(eKTHBHA AJISl TIPOBECHHS 10HIB, a TAaKOXK il
CTIMKICTh IO BHCOKHX TEMIIEPATyp IiJXOAWTH JJIS 3aCTOCYBaHb NMPU BH-
COKMX HaBaHTAKEHHSX, TaKWX SK BEJIMKI TPAHCHOPTHI 3acodm abo
BiJTHOBJTIOBaJIbHI eJeKTpocTaHii. OfHaK KepaMika KpUXKa 3a CBOEIO MPHU-
POII0T0, IO 0OMEXKYE MOXKIIMBOCTI 1 BUKOpUCTaHHA. Ha 3amiHy Kepamitti
BUKOPHCTOBYBAJIM IENIONIO3HI TOJIIMEPHI TPYOKH, B AKi JOHAOTH Mijb,
JUISL CTBOPEHHS CTaOIJIbHOr0 10HHOTO MPOBIJIHKKA 3 MPOBIIHICTIO, TOJI0-
HOW J10 Kepamiky, 1 B 10-100 paziB BHIIOIO, HIXXK y MONIMEPHUX 10HHUX
MTPOBITHUKIB.

ExcriepuMeHTH 3 BKITIOYEHHSIM MiJli 3 OJHOBUMipHUMH HaHO(iOpwmia-
MU IIEJIIOJIO3M TI0Ka3alik, IO IIEJII0JI03a, siKa 130JII0€ 10HH, 3a0e3reuye
OB IIBUAKE TIEPEMIIICHHS 1OHIB JITiI0 BCEPEIUHI IOJIIMEPHUX
naHirorie [10]. BusBunm, mo 1ei i0HHUH TPOBIAHUK JOCST PEKOPIHO
BHCOKOT 10HHOT MPOBIJHOCTI Cepesl YCiX TBEpAMX IMOJTIMEPHHUX €JIeKTPO-
JiTiB. B pe3ynabTari TKAaHWHA BUXOJIUTh TOHKA, SIK AP, Ta YHIBEpCcalbHa,
BOHA OUNBII MiAXOJUTH 0 HANpyT, II0 BUHUKAIOTH MiJl 4ac pyXy TpaHc-
MOPTHUX 3aCcO0IB, TaK SIK HEMa KPUXKOCTI, sIK y kKepamini. Kpim Toro, BiH
Ma€ eJCKTPOXIMIUHY CTaOLIBHICTh U PO3MIIICHHS JIITIEBO-METAJICBOIO
aHOJIa Ta KaTOJIiB i3 HAJAMIPHOO HAIPYTOIO.

BukopucTanHs HAHOTEXHOJIOTIH AJIS MiABUIIEHHS IPOIYKTUBHOCTI 32
paxyHOK 301JIbIIIEHHS IIIBHOCTI HAKOTIMYCHHSI €HEPril TaKoXK JI03BOJIHIIO
BUTOTOBJISITH aKyMYJISATOpHI OaTtapei HabaraTo MEHIIOTO PO3Mipy, JErkKi i
rHydki. [leski TOHKOIUTIBKOBI Oarapei BKe JOCTYIHI, ajié BOHH MAaloTh
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00MeXeHy TPOAYKTHBHICTH 1 BCE M€ BITHOCHO IOPOTi. 3aCTOCYBaHHS
HAaHOTEXHOJIOTIH MOKPALIIIO €TEeKTPOEMHICTD Ta iX MOTYXHICTh, MOKIIH-
BOCTI 301JIbIICHHS LMKIIB 3apsIIKA Ta O3MeKH Cy4acHUX HaKOMUYyBadiB
eJIEKTPOCHEPrii.

7. BUKOPUCTAHHS HAHOMATEPIAJIIB JIJIS1 3MEHIIEHHS
TEPTS B MEXAHIYHUX I[TAPAX

Cuna TepTs — cuiia, 10 YHHUTH OMip BiJHOCHOMY NEPEMIILICHHIO O/1-
HOTO TijIa IO TIOBEPXHI 1HITIOTO I/ Ti€I0 30BHIIIHBOI CHIIM, SKa CIPSIMO-
BaHa TaHTEHITIAJBHO JO CIIILHOI TPaHMIll MK IIAMH TiJIaMH.

TepTs BUKIUKae BUAAICHHS MaTepiany 3 oHiel a00 000X KOHTAaKTHHX
MOBEPXOHB; I1€ SBUINE HA3UBAIOThH «3HOCOM a00 3HOLIYBaHHAM». TepTs Ta
3HONIYBaHHS 3HAYHO 3HIKYIOTh NMPOIYKTHBHICTH Ta TEPMiH €KCILTyaTarii
MeXaHI4HOro O0JaJHaHHS 1 TAKUM YMHOM CHPUYMHSIOTH BEJTHYE3HI eKO-
HOMIYHI BTpaTv B MPOMUCIOBIH HisuibHOCTI. DakTUUHO, TEpTS Ta 3HO-
IIeHHS MOXYTh OyTH 3BeleHI 10 MIHIMyMy MUISXOM pPETeIhbHOI MO-
nudikamii BIaCTHBOCTEH MOBEPXOHB, IO KOHTAKTYIOTh, 200 BUKOPUCTAH-
HSl MACTHJIBHHX TTIBOK MK KOHTAKTYIOUMMU TIOBEPXHSIMHU.

KnacudHi 3akoHU TepTS MPOJOBXKYIOTH BiirpaBaTH BaXKJIHBY POJIb Y
Cy4aCHOMY MAaIlIMHOOYIyBaHHI Ta BUPOOHHMITBI. OmHaK IOCIiIKEHHS
TEpTs. Ha MaKpOCKOIIYHOMY pO3Mipi HE MOXYTb Oe3locepeHbO Bpaxo-
BYBaTH BIUIUB MIKPOCKOIIIYHUX CTPYKTYp Ta BIACTHBOCTEH, TOMY BHHU-
KalOTh BEJIMKI OOMEXEHHs, KOJIM KJIaCHYHI 3aKOHU TEPTS 3aCTOCOBYIOTHCS
0e3nocepeIHbO 10 TEpTs MIKpo a00 HaHOpPiBHA. PO3BUTOK HaHOHAYKH Ta
HAHOTEXHOJIOTIN JIaB MOXKJIMBICTh JJOCHI/DKYBATH TEPTS HA HAHOMETPOBIH
mKam. TepTs Ta 3HOC CHIIBHO 3aJIeKaTh BijJ MOBEPXOHBb TBEPAMX Til, SKi
KOHTAaKTYIOTh. TepTs TakoK MOXe 3MIHIOBATH MIKPOCTPYKTYpY IIOBEp-
XOHb, IO KOHTaKTYHOTh, 30KpEeMa, IIiJl BUCOKUM HaBaHTKEHHSIM a0o
TiCIIs TPUBAIIOl pOOOTH.

Marepianu, mo 0epyTh y4acTb B TE€PTi, OCOOIHMBO B 3MallyBaHHI, BH-
KOPUCTOBYIOTHCS JUTS MiHIMI3allil TepTS MK KOHTaKTYIOUUMH MTOBEPXH;I-
MHU. 3BHYAiHI MacTHJIbHI MaTepiajii BKJIYAIOTh MAciio, BOJY, JKHPH, a
TaKOX IapyBaTi Marepiaiu, Taki sk rpadit, Aucynbdia MonidaeHy, rex-
caroHasbHUE HiTpHa 60py (N-BN) Ta auxankoreHiau mepexigHoro Mera-
ny. 3 pO3BUTKOM HAHOTEXHOJIOTiH OYJI0 BUSBIEHO, IO PI3HOMAHITHI HOBI
HAaHOYACTHHKH MArOTh HaJ[3BUYaiiHI MaCTHJIbHI BJIaCTUBOCTI.

KynbkoBi HiIMIMITHUKY € Ba>KIMBUM CIIOCOOOM 3MEHIIUTH TEPTS KO-
YeHHSsI, ajle KOJIM KyJli MaroTh HAHOPO3MIp, 1X POJIb 3HAYHO 3MIHIOETHCS.
HynwoBi Hanouwactuku (0D) - me dactuHku miamerpom Big 1 mo 100
HaHomeTpiB [11]. 3aBnsky BUHATKOBO BEJIMKIN IUIONII MOBEPXHI Ta Majo-
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My pO3Mipy, HAHOYACTUHKH BWSBJISIOTH 30BCIM 1HII (i3uyHi Ta Me-
XaHIYHI BJIACTUBOCTI TOPIBHSHO 3 O0'€eMHMMH Ta MIiKpOMACIITAOHUMH
aHaymoramu. Ili BrmacTHBOCTI poONATH iX iJeadbHUMHU JJI TOJIMIICHHS
TPUOOJIOTIYHUX BIACTHBOCTEH MACTUJIBHUX MaTepialiiB Ta eKcIuTyaramii
KOMITO3HIIIHHUX TTOKPHUTTIB. PyX KOUeHHS Ta KOB3aHHS HAHOYACTHHOK IIPH
3Ma3yBaHHI MOXe 3a0e3MeunTH HU3bKE TepTs Ta Maiuil 3Hoc. Tpu oc-
HOBHI MEXaHi3MHU TEePTsI HAHOYACTHUHOK, - 1I¢ KOUEHH:, KOB3aHHS Ta BiJ-
[IapOBYBaHHS, a HU3bKE TEPTS Ta MaJie 3HOIICHHS MOXYTh OyTH HOCST-
HyTi (QyJepeHonoaiOHUMI HAHOYACTUHKAMH IMUISXOM MOJIMIIeHHS iX
cepuvHOCTi,  JUCHEPCHOCTI  Ta  TJIaAKOCTI  MOBEPXOHb, IO
B3a€MOIIFOTH[ 12].

BracTuBoCTI TEpTS Ta 3HONITYBaHHS MOBEPXHEBO-MOAM(IKOBAHUX Ha-
HOYaCTHHOK (OoKcH ThTana) Ti0,, HAHOYACTHHOK ATIOMIHII0, HATOBHEHHX
noniterpadpropernnenom (IITDE), mopoxaucTHMU HeopraHiyHUMHU (Y-
JIEPEHONOAIOHNMY HaHOYAaCTHHKaMH (IuCyibdix MmomibmeHa) MoS, Ta
TOHKUX IUTIBOK HAHOYACTHHOK (aucyibginy momiomeHa) MoS, 3acroco-
BYIOTH Y HAHOBUPOOHHMIITBI Ta 3MalllyBaHHi.

BrnactuBocti Tepts nBoBuMipHHX (2D) mmapyBatmx MarepiaiiB
BUKIIMKAIOb BEJIMKHWI HAYKOBHI 1HTEPEC, OCKLITHKH HATHU3BKE TEPTS iXHIX
OCHOBHHUX aHaJIOTiB (TOOTO MIapyBaTHX MartepiamiB, TaKuX sK: rpadiT,
TUCcynbdia MomiOaeHy Ta HiTpua 60py) poOUTH iX ieallbHUMHU MaCTHIIb-
HUMU MaTepiajlaMd B MEXaHIYHMX CHUCTEMaX, TaKUX SK aepOKOCMIYHI CH-
CTEMH, CUCTEMH BHUCOKOTO BaKyyMy Ta CUCTEMH, IIIO MPAIIOIOTh y HIAPO-
KOMY TeMIlepaTypHOMY crieKTpi. Lle HajqHu3bKe TepTs MOsSICHIOEThCS ciab-
KM MDKIIapoBUM 3’enHaHHSAM (cwim Bas-nep-Baanbca) mopiBHAHO 3
CHJIBHUM XIMIYHHMM 3’€JJHaHHSM BHYTPIIIHBOTO IIapy HallapoOBaHUX Ma-
TepiaiB, 10 J03BOJISE M JITKO PyXaTUCh. BijibIl TOr0, OCKIJIBKU MiXKIIa-
poBa B3aemomnis cunl BaH-nep-Baanbca 3MeHIIyeTbes 3i 301NTBIICHHIM
TEeMIlepaTypH, TepTs IIapyBaTUX MaTepialiB Moxe OyTH J0JaTKOBO
3MEHIIIEHO TpH MiIBUIICHIN Temmeparypi. TBepai MacTwiIbHI MaTepianu
no0pe MpaIfoTh MIPH BUCOKUX TEMIIepaTrypax i THCKax, a TAaKOX B pajio-
AKTHUBHUX CUTYaIlisIX.

Hanomarepiaiii Ta HAaHOTEXHOJIOTI JalOTh HAM MOXIJIMBICTH Kpallle
3pO3YMITH SIBUIIIA TEPTS Ta 3HAYHO 3MEHIIUTH TEPTS Ta 3HOUTYBAHHS, HiXK
TpaauLiiHi MaTepianu Ta TexHonorii. HynpoBi Hanoyactunku (0D) Mox-
Ha 3aCTOCOBYBATH B MacTWJIaX Ui 3MEHIIEHHs TepTs Ta 3Hocy. Oco0nuBo
BR)KIIMBMMH € ABOBHMIpHI HaHOMAaTepiaiu, Taki sk rpadeH, HiTpua 0opy 3
rekcaroHanbHO penriTkoro (N-BN) Ta 1uxaikoreHigy mepexiHoro me-
Taly Ta TOMOJIOTiYHI i30oysiTopu. Ha BiAMiHY BiJ BIINOBITHHX CHUITYYHX
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MarepianiB, SKi CIy)XaTh TPAAUIIHHAMH CYXHMH MAaCTHILHUMU Ma-
Tepianamu, I1i BUCOKOSKICHI OJHOIIAPOBI MaTepiaii, BUPOIIECHI y BEIH-
KHX PO3Mipax, MOXKYTh CIYXXHUTH MOKPHUTTAMH 3 TOBLUIMHHOIO, SIKA JTOPiB-
HIOE OIHOMY aTOMY, JJIsl SMEHIICHHS TEPTS Ta 3HOLICHHS.

BHUCHOBKU

[osiBa HAHOTEXHOJIOTIN — I MPOTPeEC, IO SABJISIE COO0K0 (PyHIAMEH-
TaNbHy 3MiHY, sIKa MIPHU3BEJE IO PO3BUTKY MarepiaiiB Ta iHCTPYMEHTIB y
MaiOyTHROMY. MOXIIHBICTS BUKOPHUCTAHHA HAHOOYIIBENBHUX OJIOKIB 3a
PO3MIpOM 1 CKJIaZIOM pOOWTH PEBOJIIOIII0 B MaTepialo3HAaBCTBI. B manmii
Yac MPOBOATHCS YHCIICHH] TOCIiIKEHHSI HAHOTEXHOJIOT1H, SIK IX 3aCTOCY-
BaTH, sIKIi BOHM MAIOTh TIEpEBaru Ta MaOyTHI NMEPCIEKTUBU. ¥ MOPCBHKIN
MIPOMHUCIIOBOCTI, SIKa BKJIIOYA€E B ceOe IUPOKUI CIEKTP rayry3eil, TAKuXx sK:
CyAHOOYIyBaHHS, MiABOAHI YOBHH Ta MOPCBHKi TaT(opMu, HAHOTEXHO-
Jorii 3HaxoAATh OaraTo 3acTocyBaHb. HaHOTexHOJOTIi Bke MalTh 3a-
CTOCYBaHHS B PI3HHUX CEKTOpaX MOPCBHKOi NMPOMHCIOBOCTI, A€ BOHHM Ha
OLTBIII BUCOKOMY PiBHI JOMOMAraloTh BUPIITyBaTH TEXHIYHI TPOOIEMH.

JocnipkeHHs mMoKa3alid, U0 HAHOYACTUHKH, JOJaHi B MaJMBO, MO-
XKYTb 3HHU3UTH BUTpPATy MajuBa B AW3EIbHUX IBUTYHAX 1 MOXYTb 3MEH-
Uty 3a0pyaHeHHs. JlonaBaHHS LMX HAHOYACTHMHOK [0 NAlKBa IIPHU3BO-
JUTh J10 PO3KJIaJaHHS CIIAJICHUX BYTJICBOHIB 1 Caxi, IO MiABUIIYE eheK-
THUBHICTh. BinmoBimHo 3MeHmyeThes KinmbKicTs caxi, HC i CO. Pesynbpra-
Td Gi3nYHUX BUMPOOYBaHb MiATBEPIMIA POJIb HAHOYACTHHOK IS TTiABH-
nieHHs1 e()eKTUBHOCTI Ta 3MEHINeHHs 3a0pyaHeHHs. Hampuknan, Matpui
HAHOYACTHHOK B €JIEKTPOJax aKyMyJsTOpa MOXYTb Pi3KO 30UIBIIMTH iX
3IATHICTH 30epiratv i0HH JiTir0, 30UIBIIYIOYN INITBHICTE 30epiranHs Oa-
tapei. 'padeH MoKHa BHKOPHCTOBYBAaTH SIK CaMO3MalllyBajbHY TBEpPAY
pedoBuHy a0 sk 100aBKy JO MAacCTHJIBHHUX Macel. 3acTOCYBaHHS HaHO-
TEXHOJIOTIHM Ui BUTOTOBJICHHS MTOPUCTOI KEPaMiKH MOXE TOKPAIUTH ii
TEPMOCTAOUIbHICT, TAa MEXaHI4Hy MIHICTh. 3arajoM, HaHOTEXHOJIOTI]
MaloTh BEJIMYE3HUH MOTEHIAJl Y TaKUX PI3HOMAHITHUX cdepax, sSK po-
3po0Ka JIiKiB, OYHUILIEHHS BOJM, iHQoOpMaIiitHa Ta KOMyHiKaliiiHa iHppa-
CTPYKTypa Ta BUPOOHMLITBO MIiLlHIIINX, JETIINX 1 JOCKOHATIIINX HAHOMa-
TepianiB. 3acTOCYBaHHS HAHOTEXHOIOTIH JUIT MOPCBKOI Tamy3i BXke Jae
pe3ysbTaT Ta Ma€ OJIMCKYYi IEPCIIEKTUBHU I 3pOCTAHHS 1 PO3BUTKY.
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Harmionaneauit yHiBepcuteT «Oiechka MOPChKa aKkaeMis»

OIITUMIBALIA TIPOLUECY IHEPTU3AILII BAHTAYKHHUX
TAHKIB CYJAEH-I'A30BO3IB

IlocTanoBka mpodJjeMn B 3aralbHOMY BHIJIAAi. MOpChKUii Ta BHY-
TPIIIHIA BOJHUI TpaHCIIOPT 3a0e3Mevye MepeBe3eHH BaHTaXy MK Kpai-
HaMH Ta KOHTHHEHTaMH, IO MOEIHAHI piukamu abo po3’e€qHaHI MOPSMH
Ta okeaHamu. [Ipy mpoMy cynHa MOPCBHKOTO TPAHCIOPTY € €IWHUM 3aC0-
0OM TpaHCIOPTY, SKUH 3a0e3Ieuy€e TPaHCOKEAaHChKE MEePEBE3CHHS BaHTa-
xkiB [1-3]. MopchKi cyHa TIepeBO3SITh MPAKTUYHO BCI BUIU BAaHTAXKIB:

* HacumHi (Y TOMY YHCJIi 3€pHOBI Ta 10OpUBa) — 33 TOTIOMOTOI0 BHKOPH-

cTaHHA cyJeH kinacy Bulk Carrier;

" TreHepasbHi (Y TOMY YHCI TEXHIKY Ta 00JaJHaHHS) — Ha CyJHAX KJIacy

General Cargo;

* HakaTHi (Y TOMY 9HCcIi aBTOMOO1LT1) — Ha cyaHax tuy Ro-Ro;

" BEJIMKOTOHHAXKHI — 32 JOIIOMOTOI0 Cy/eH kiacy Heavy Lift;

" KOHTEHWHEpHI — 3a JOIOMOrOK BHKOPUCTAaHHA cyleH kiacy Container

Ship;

» manusHi — Ha cyanax Oil Product/Crude Oil/Chemical Tanker.

Takox icHyroTh cyaHa kiaciB Liquefied Petroleum Gas Ship (LPG-
ship) Ta Liquefied Natural Gas Ship (LNG-ship), siki 3a6e3meuytoTh mepe-
BE3CHHS BiAMOBITHUX THUIIB ra3y [4, 5]. HeoOxiaHicTh y cynax-ra3oBo3ax
HacaMIlepes1 MOoB's3aHa 3 TUM, L0 NPUPOJHI poaoBHIIA ra3zy (KOHTUHEH-
TajgbHI a00 1Ieab(hOBi) PO3TAlIOBaHI HAa BEJIMKIA BIiJCTAHI BiJ| BEJIMKHX
CIOXKMBAYIB Tra3y. Y 3B'S3Ky 3 UM, JIOCTaBKa ra3y 3BHYAHIUMH Ta30TPy-
OonpoBogaMu ctae abo HepeHTabeNbHO, a00 B3arali HEMOXIJIUBOKW. Y
TAaKWX YMOBAaxX ra30Bi MPOJYKTH CIOYATKY MiJJAIOTHCS CKPAIUICHHIO, TTic-
JsI 9Or0 TPAHCHOPTYIOThCSA Cyaamu-razoBo3amu [6-8]. Tlpu 1pomy
pPO3B’S3y€ThCS MpoOIeMa TPAHCTIOPTYBAaHHS BEJHKUX OOCSTIB Ta3y Ha
BeuKi (y JIeSKUX BHIAJKaX TPaHCATIaHTHYHI) BifcTtani [9-12].

AHaJii3 ocTaHHIX AocaigxkeHb i myOJikaniii. TpancnopryBaHHs Ba-
HTaXiB CyTHAMU-TA30BO3aMH 3aBEPUIYETHCS 000B’I3KOBOIO 1HEPTHU3ALIEO
BaHTXXHUX TAHKIB, METa KO0 — 3HW)KEHHS B HHX KOHIEHTPAIlil KUCHIO
JI0 PIBHIO, 32 SIKUM HEMOXXJIMBO BHHUKHEHHS camo3aiiMaHHs abo BUOYXY
3auIIKiB BaHTaxy [13-16].
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OpnHuM 3 HaHOIIBII TOIIMPEHUX CIIOCOOIB 1IHEPTH3ALlli € BUKOPHUCTAH-
HS a30Ty, OTPUMAaHHS SKOTO 3a0e3MedyroTh CIIeIialbHI TeHepaTopH, SKi
4epe3 ByIJICIEeBY acopOIlito BUALUIAIOTH a30T 3 oBiTpst [17-20].

IHepTH3alis BAHTaXXHUX TaHKIB CyJCH-Ta30BO31B BUKOHYETHCS 32 Kac-
KaJHOIO, HAIIMBKACKaIHOIO Ta HapaielbHoro cxemamu [12, 21-23]. Tloxa-
Ya iHepTHOTO a3y J0 BAaHTAXXHHUX TaHKiB, HOT'O MPOXOHKEHHS CKpPi3b BaH-
Ta)KHI TaHKH (CaMe TiJl 4ac sIKOro 3a0e3MevyeThcsl BATUCHEHHS Ta BUAA-
JICHHS 3aJIUIIKIB BaHTaXy) Ta BHUXiJ 3 BaHTAXHUX TaHKIB 3PO3YMUTHHA 3
puc. 1 Ta He BUMarae JIOJaTKOBUX TOSICHEHb.

Bxin | Buxin
azoty, N, rasis
v
Bxiz % Buxin
I 1
asory, N, C W4 rasis
V I'pynall /
C w1
\
- v y -
Bxin ( 1s / Buxipn
asoty, N, rasis

Puc. 1. IIpuHnmnoBa cxema iHepTH3alii BAHTR)KHUX TAHKIB CyJICH-Ta30BO3iB!
a — Kacka/iHa; 6 — HalMBKAacKaJ(Ha; ¢ — MapaJelibHa;

1S, 2S, 3S — Tanku npasoro 6oprty (Startboard ); 1P, 2P, 3P — Tanku JiBoro 60p-
Ty (Port Side); V — pyx mapu (Vapor line); L — pyx piauau (Liquid line)
Ha cyuyacHuX cymHax-ra3oBo3ax MOJKJIMBO BUKOPHCTaHHS KOXKHOI 3
HABEJCHHUX CXEM, 1110 3a0€3MeUy€eThCs Yepe3 BiANOBIIHE MiAKIIOUSHHS Ta
HaJIAIITyBaHHs BIAMOBITHOT apmarypu [24-26].
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IlocTaHoBKa 3aBAaHHsI. 3aBIaHHIM JOCIIKEHHS OyII0 BU3HAUCHHS
ONTUMANIBHOI CXEMH IHepTTH3alii BaHTAXHUX TAHKIB CYAEH-Ta30BO3IB 3
Pi3HOIO BaHTAKOMICTKICTIO.

Bukian ocHOBHOro martepiajiy aociaigmeHHs. JlocmimKeHHs MI0A0
BH3HAYCHHS HANOUTBIT ONTHMAIBHOI CXEMH 1HEpTH3alii BaHTAKHUX TaH-
KiB BUKOHYBAJICh Ha OCHOBI CTAaTHCTHYHHX JAaHUX MIOJ0 3a0e3MeueHHs
JaHol omepalii Ha CyAHaX-Ta30BO3ax Pi3HOI BaHTaxkoMicTkocTi. OOpoOka
Ta a”aii3 iHdopMarii 3 iHepTU3aIlii BAaHTAKHUX TaHKiB BUKOHYBaBCS IS
CyIeH-Ta30BO31B, 00CSTH BaHTAKHUX TAHKIB SKAX CTAaHOBHIHN 38646 M3,
42427 v°, 42563 M°, 72312 M°, 88248 M, 88274 M, 88302 M°, 145673 M°,
146817 M, 162233 M. Tlizx 9ac mpoBeICHHS JOCIIUKEHb JaHi Cy/IHa Oyin
CKOMITIOHOBAHi B TpH rpymu: Menme HiK 50000 m°, 50000...100000 v,
6inbme 3a 100000 M°. Vci cyaHa BUKOHYBATH HEPEBE3CHHS OIHOTO i TOTO
K BaHTaXy MK nopramu bimsekoro Cxomy ta Kutaro. Ha Bcix cymHax
OyJI0 MOXXITMBE BHUKOHAHHS KacKaJHOi, HAIIBKACKagHOI Ta IMapalenbHOl
cxeM iHepTm3awii. Ilicis KOXHOTO TPaHCIOPTYBaHHS Ta BHUBAHTAKEHHS
3pIPKEHOTO ra3y B MOPTY BUKOHYBABCS IMPOLICC 1HEPTH3AIlil BaHTAXKHUX
TaHKIiB. [HepTH3aIlisi BAHTAXKHUX TaHKIB BUKOHYBAJIACS 3 JOMOMOTOIO a30-
Ty. st BUpOOHHMITBA a30Ty BHKOPHCTOBYBAJacs CyJOoBa CHCTEMa I'eHe-
pamii. [ KOXHOTO cylnHA Micisl MEPUIOro TPAHCHOPTYBAaHHS MPOILIEC
iHepTH3alii BUKOHYBABCS 32 KaCKaJHOIO cxeMor. /Ipyre TpaHcropTyBaH-
HS 3aBEPLIYBAJIOCS 1HEPTH3ALIEO 32 HAIIBKACKaTHOI CXEMOI0, TPETE — 3a
napaieibHO0. 3a mepio] MPOBEACHHS JOCIiKEHb KOXKHE i3 CyJieH 3iiic-
HUWJIO TIOHAJ| JIECSATh IepeBe3eHb 3pijpkeHoro rasy. lle 3abesmeuysano
HEOOXiTHHI MacuB €KCIEPUMEHTAIBHUX JTaHHX, @ TAaKOX JI03BOJISIIO 3pO-
OUTH BHCHOBKH 010 KOPEKTHOCTI MpoBeIeHHs ekcriepumenTis [27-30].

IlopiBHSHHS KacKaJHOI, HAIIBKACKAHOI Ta Mapaie]ibHOT CXeM iHep-
TH3alii BAHTAKHUX TAHKIB ITiJ] YaC BUKOPUCTAHHS a30Ty JOLIJIBHO BUKO-
HYBaTH 3a IBOMA MOKAa3HUKAMHU:

1) BuTpara a30Ty, HeOOXiAHOTO IS 3a0€3MEYCHHSI [[LOTO MPOLIECY;

2) TpUBAIIICTH IPOBEJICHHS NPOIIECY iHEpTH3ALlii.

1i moka3HHMKM 3aIeKaTh BiJl BAHTAKOMICTKOCTI CyJIeH-Ta30B03iB. Jliis
OLIIHKK e(EeKTUBHOCTI CHCTEM IHEpTH3allii BaHTXXHUX TaHKIB OyJI0 BBe-
JIEHO TaKi TTO3HAYECHHS:

G., G, Gp — BuTpara a3oty, sika HeoOXiaHa Juls 3a0€31eUEeHHs IHEPTH-
3alii 3a KacKaJHOIO, HANIBKACKAJIHOIO Ta MapajiesbHOI0 CXEeMaMH, BiJIO-
BiHO;

tc, ts, t, — TpUBaNiCTh NPOBEIECHHS IPOLECY IHEPTU3ALIIT 32 KACKAIHOLO,
HamiBKacKaJHOIO Ta NapaJIeIbHOI0 CXeMaMH, BiAMOBIIHO.
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Pe3y1bTaTH 10CTiIZKeHb HA CYIHAX 3 BAHTAKOMICTKICTIO MeHII
mizk 50000 m°. Jlo miei rpynu Oy BigHEeCeHi CyIHA-TA30BO3M 3 BaHTa-
JKOMICTKiCTIO 38646 M°, 42427 M°, 42563 M.

Burpara azory, sixka Oyna HeoOXigHa U1 3a0e3MeUeHHs IpoLecy iHe-
pTU3aIii BaHTAKHUX TaHKIB, BU3HAYaaCh 3a JOMOMOTOIO0 BHUTPAaTOMIpy,
mo OyB BCTAHOBJICHO TicHsl TeHEpaTopy iHepTHHX rasiB (moxo puc. 1 —
micisa enemeHTy «Bxing azoty, Np»). TexHomoris mpoBegeHHS MpoLECy
iHepTH3alii BUKJIIOYaja BUTOKH a30Ty depe3 YIIUIbHEHHS, TpyOonpoBoan
abo apmatypy B cuctemi. Tomy Oyio MpuitHATO, IO MPOLEC iHepTU3aIl
BUKOHYEThLCS 0€3 BTpaT a3oTy.

3aBepIeHHs MPOIlecy iHepTH3allii BU3HAYAIOCHh 32 3HAYEHHSIM KOH-
[EHTpallii a30Ty B ra30BOMY CEpPEIOBHINE HAa BHXOJI 3 OCTAHHBOI I'PYIH
BaHTAKHUX TaHKIB (om0 puc. 1 — mepen enementoM «Buxin rasis). Ana-
J1i3 Ta30BOT0 CEepeIOBHUIIIA BUKOHYBABCS 32 JIOIIOMOTOI0 T'a30BOTO aHalli3a-
TOPY.

SAxuio npuitaaTy BUTpaty azory G, Ta TpuBaiicTh {, mpouecy iHepTu-
3arfii 3a KacKaJHOI0 CXEMOIO 3a 0a30BI 3HAYEHHS, TO BiAHOCHI 3HAYCHHS
JaHWX BEJIMYUH TSI BCIX CXEM iHepTH3allil BU3HAYATHCS 33 BUPA3aMHU:

— 11 KackanHoi cxemu G, =G_/G, =1, t, =t /t, =1;
— JUIS HapaJIebHOi CXeMU GT =G, /G,, g =t,/t.;
— Jurst HaniBKackaaHoi cxemn G, =G, /G, , t, =t /t, .

BigHOoCcHY edeKkTHBHICTB Mpollecy iHepTH3allii MOXKIUBO OIIIHHUTH 32
HACTYITHUM KPUTEPieEM

K, =G /i:
ne G ,t — BifHOCHI 3HAYEHHS BUTPATH a30Ty Ta TPUBAIOCTi iHEepTH3aILii,

BIIIIOBIAHO.
3 ypaxyBaHHSM IIMX BUPA3iB, OTPUMAEMO 3HAYCHHS, 1[0 HABEJCHI B
Tabu. 1-3.

Tabmuns 1. BitHocHa BUTpaTa a30Ty, 0 HEOOXiAHMIA [T 3a0e3meueHHs mpoIie-
cy iHepTH3amii

BantaxxomicTKicTb Cxema iHepTH3allil

Cy[HA-Ta30BO3y, M° KacKajJHa napajienpHa HalMBKacKaHa
38646 1 2,53 1,98
42427 1 2,58 2,06
42563 1 2,73 2,04
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Tabnuusg 2. BinHoCHa TpUBAJiCTh MPOBECHHS MPOLIECY iHEpTH3ALIT

BaHTa)XOMICTKICTh Cxema iHepTHU3alii

CY[HA-Ta30BO3Y, M KackaJiHa napasesibHa HaIMBKAaCcKaJIHA
38646 1 0,55 0,75
42427 1 0,52 0,69
42563 1 0,48 0,71

Tabnms 3. BigHocHa e eKTHBHICT TPOIIECy iHepTH3AIIi]

BanraxxoMmicTKiCTh Cxema iHepTHU3aIii

CY[HA-TA30BO3Y, M KackaJiHa napaseibHa HaIMBKAaCcKaIHA
38646 1 1,392 1,485
42427 1 1,342 1,421
42563 1 1,310 1,448

3 MeTor0 Kpaioi Bizyaizallii, 3a pe3yiabTaTamu Tadi1. 1-3 moOymoBaHi
Jiarpamu, 1o 1mojaHi Ha puc. 2.

G 7
3 1,0
2 0,8
1 1 1
1 3 3 3— 06— — 1 —
3 - 3
1 1 1
0 0,4
1 11 111 1 1 111
a) 0)

K,

M — — |

12 -

3 3 3
1,0 —1
1 1 1
0,8
1 11 111
6)

Puc. 2. [Toka3HHKH, IO XapaKTEPHU3YIOTh MPOLIEC 1HePTH3ALLIi:
a — BIJTHOCHA BUTpaTa a30Ty; O — BIJIHOCHA TPUBAJIICTh; 6 — BiJIHOCHA €(EeKTH-
BHIiCTh; | — KackamgHa, 2 — mapalieibHa, 3 — HamMBKaCKaHa CXEMHU;
BaHTaxoMicTKicTh: | — 38646 M%; 11 — 42427 m3; 111 — 42563 m®
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Pe3y1bTaTH  fAOCHiIKEeHb Ha CyIHAX 3 BaHTAXKOMiCTKicTIO
50000...100000 m°. 3 MeTOIO 3GiMBIICHHS MACHBY EKCIIEPHMEHTAIBHAX
JaHMX Ta NOMIMPEHHS! BUCHOBKIB Ha Cy/HA 1HIIOI BaHTaXKOMICTKOCTI, JOC-
JKeHHST TPOBOAMINCH TaKOXK Ha iHmMX cyAaHax. Jlo wiel rpymmu Oymn
BiJTHECEHI CyIHA-Ta30BO3M 3 BaHTAXKOMICTKICTIO 72312 M, 88248 °,
88274 m° 88302 v’.

PesynbTaty 3 BU3HAYCHHS BiAHOCHWUX 3HAUYE€HHb BUTPATH a30Ty IS

kackanHoi G, , mapanensroi G, Ta HamiBkackamHoi cxem G, BifHOCHOT

TPUBAJIOCT1 MPOLCCY IHCPTU3Allll 3a HUMHU CXEMaMU tC , tp Ta ts , a

TaKOX BIHOCHAa e(EeKTUBHICTH mporecy iHeptu3awii K. HaBenmeHi B
Tabm. 4-6.

Tabnuns 4. BigHocHa BUTpaTa a30Ty, 0 HEOOXIAHUMN sl 3a0e3MeueHHS
MpoIecy iHepTU3aIii

BanTaxxomicTKicTh Cxema iHepTH3allil

CY/IHa-Ta30BO3Y, M° KacKagHa napaseibHa HalMBKacKaHa
72312 1 2,03 1,68
88248 1 2,08 1,78
88274 1 2,11 1,82
88302 1 2,19 1,76

Tabnwms 5. BigHOCHA TpUBANiCTh MPOBEICHHS NPOIIECY iHepTU3AIIil

BanTaxxomicTKicTh Cxema iHepTH3allil

CYIHA-Ta30BO3y, M KacKaJiHa napajienpHa HalMBKacKaHa
72312 1 0,61 0,82
88248 1 0,58 0,79
88274 1 0,6 0,76
88302 1 0,55 0,8

Tabnuus 6. BinHocHa eekTHBHICTB Mpoliecy iHepTh3alii

BaHTa)xoMicTKiCTh Cxema iHepTH3alil

CYJHA-Ta30BO3y, M KackaJiHa TrapaJiesibHa HalMBKacKaHa
72312 1 1,238 1,378
88248 1 1,206 1,406
88274 1 1,266 1,383
88302 1 1,205 1,408

3 MeTol0 Kpaioi Bizyasizauii, 3a pe3yiapratamu Tadi. 4-6 noOyaoBaHi
Jiarpamu, 1110 ojaHi Ha puc. 3.
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Puc. 3. TToka3HuKH, 1110 XapaKTEPU3YIOTh MPOIEC IHEPTU3AILIT:
a — BIJTHOCHA BUTpATa a30Ty; O — BIJIHOCHA TPUBAJIICTh; 6 — BIIHOCHA €(EeKTHU-
BHICTh; | — KackajHa, 2 — mapalenbHa, 3 — HAMMBKACKAJIHA CXEMU;
BanTaxoMicTkicTb: | — 72312 m>; 11 — 88248 m°; 111 — 88274 m*; IV — 88302 m°

Pe3yabTaTu AocCTigKeHb HAa CyAHAX 3 BAHTAMKOMICTKICTIO OLIbII
3a 100000 m°. TTozi6HI BUNPOGYBaHHS TaKOXK OY/IH BHKOHAHI Ha Cy/IHAX-
ra3oBo3ax 3 BaHTaxoMicTkicTio 145673 m°, 146817 m°, 162233 v°. ixni

pe3ynbTaTH HaBe/eHi B Tabu. 7-9.

Tabnwuis 7. BigHOCHA BUTpaTa a30Ty, 0 HEOOXIAHUMN It 3a0e3eueHHS
MpoIecy iHepTU3arii

BaHTa)xoMicTKiCTh Cxema iHepTH3alii
CYAHA-TA30BO3Y, M KacKaJHa rapaJiesibHa HalMBKacKaHa
145673 1 1,44 1,38
146817 1 1,46 1,37
162233 1 1,51 1,41
Tabnuus 8. BigHOCHA TpHBaNicTh MPOBEICHHS NPOIECY iHepTH3ALIil

BaHTa)xOMiCTKICTh Cxema iHepTH3anii
CyJHA-Ta30BO3Y, M° KacKkaJHa rapaJielibHa HalMBKacKaHa
145673 1 0,59 0,82
146817 1 0,61 0,86
162233 1 0,57 0,79
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Tabnuns 9. BinHocHa eeKTUBHICTB Mpollecy iHepTU3aii

BaHTa)XOMICTKICTh Cxema iHepTH3aIlii
CY[HA-Ta30BO3Y, M KacKaJiHa rapaJiesibHa HaIMBKAacKaJlHa
145673 1 0,850 1,132
146817 1 0,891 1,178
162233 1 0,861 1,114

3 MeTOor0 Kparoi Bizyasizailii, 3a pe3yabTaTamu Tadi1. 7-9 moOymoBaHi
Jiarpamu, o nojaHi Ha puc. 4.

7
1,0
G
2 0,8
1 06 3 3 3 —
3 3 3
0 0,4
1 11 111 1 11 11
r r I T I I
a) 6)
K,
1,2
1,0 w
3 3
0,8

11 111

Puc. 4. TToxa3HuKH, 110 XapaKTEPU3yIOTh ITPOIIEC IHEPTH3ALLii:
a — BITHOCHA BUTpATa a30Ty; O — BiIHOCHA TPUBAJIICTh; 6 — BIIHOCHA €(PEKTH-
BHICTB; | — KackagHa, 2 — mapaJiesibHa, 3 — HANMBKACKAIHA CXEMU;
BaHTaXoMicTKicTs: | — 145673 v*; 11 — 146817 M, 111 — 162233 m°

AHaJi3 pe3yJbTaTiB 3 BUSHAYEHHSI BUTPATH a30Ty Ta TPUBAJIOCTI
npouecy iHeprusamii. Y3arajabHeHI 3HAUCHHS BIJIHOCHOI BUTpAaTH a30Ty
Ta BIZIHOCHOI TPUBAJIOCTI iHEpTH3aLii U Pi3HUX TPyN CYIEH-Ta30BO3iB
HaBeJsieHO B Tabi. 10.
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Tabmuus 10. ITopiBHSHHS cXeM iHepTH3alii BAaHTQXKHUX TaHKIB CyJIeH-Ta30BO31IB

. . 3
BanrtaxxoMicTKiCTh, M

BinHocHa BuTpara a3oty

KacKagHa napajienpHa HaIUBKACKaHA
| — menm 3a 50000 1,0 2,53...2,73 1,98...2,06
11 -50000...100000 1,0 2,03...2,19 1,68...1,82
111 — 6inpm 32 100000 1,0 1,44...1,51 1,37...1,41

BinHOCHa TpUBAJICTh MPOBEACHHS 1HEPTHU3ALII|

| — menm 3a 50000 1,0 0,48...0,55 0,69...0,75

11 -50000...100000 1,0 0,55...0,61 0,76...0,82

111 — 6inpm 32 100000 1,0 0,57...0,61 0,79...0,86
BigHocHa e eKTHBHICTB TIpolecy iHepTH3alil

| — menm 3a 50000 1,0 1,310...1,392 1,421...1,485

11 -50000...100000 1,0 1,205...1,238 1,378...1,408

111 — 6inpm 32 100000 1,0 0,850...0,891 1,114...1,132

3a manumu tabsa. 10 moOymoBaHi aiarpamu, 1o moaHi Ha puc. 5.

()
1,0

0,8

0,6

0.4

Puc. 5. TToka3HuKH, 1110 XapaKTEPU3YIOTh MIPOIIEC 1HEPTH3ALLII:

a — BIJTHOCHA BUTpATa a30Ty; O — BIJIHOCHA TPUBAJIICTh; 6 — BiJIHOCHA €(EeKTHU-
BHICTB; | — KackaaHa, 2 — mapajeiibHa, 3 — HaAlTMBKACKaIHA CXEMH;
BaHTAXOMICTKiCTB: I — Merm 3a 50000 M*; 1T — 50000...100000 M>;

11 — Gibrm 32 100000 M
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Bci mocmimkeHHsT BUKOHYBAIKMCH 3 BUKOHAHHSIM BHUMOT TaKHX MiXKHa-
pPOIHUX MOPCBKUX AOKyMeHTiB: International Maritime Dangerous Goods
Code, Equipment of Ships Carrying Liquefied Gases in Bulk,
International Safety Management Code. Yci mocmimpkeHHs 3 iHepTH3aLil
BaHTa)XHHUX TaHKIB BUKOHYBAIIM a0o0 M 9ac OalacTHUX MepexodiB CyaHa,
abo B mopTy po3BaHTaxkeHHs. [Ipu IbOMY KOHTPOJIOBAIHCS Ta MiATPUMY-
BaJMCsl y HEOOXiAHOMY Jiama3oHi BCi OCHOBHI mapameTpu poOOTH TOJIOB-
HOTO Ta JAOMOMDKHHUX JIBUTYHIB, TapaMeTpH B CHUCTEMax, SKi 3abe3medy-
I0Th iXHE (PYHKIIOHYBaHHS, a TaKOX yCi OCHOBHI IapaMeTpH B CHCTEMI
reHepauii iHepTHUX raziB. KpiM Toro, mocTiiHO KOHTpOJIOBAaBCS KpeH i
mudepeHT CyaHa, a TaKoXK Horo criikicTe. [IpoBenerns mocmimkeHs Oyno
MOTO/KEHO 3 TEXHIYHUM JeTapTaMEeHTOM CYJHOIUIABHOI KOMITaHii, SKii
HaJIe)KaIM CyJIHA, a TAKOX 13 PppaxTyBambHuKOM [24, 31, 32].

BucHoBKH i mepcneKTHBH MOAAJBIINX J0CHiTKeHb. [loTpeda B ra-
30BOMY MaJHBI Ta HEMOXIIMBICTh JESKUX KpaiH OTpUMaHHS MOMiOHOTO
MaJIMBa KOHTHHEHTAJIHLHUMH Ta30MPOBOJIAMH CHPHUSIOTh TPaHCIOPTYBaH-
HIO 3pIDKEHHX Ta3iB MOPCHKUMH Ta OKEAHCHKUMH MUIIXaMU CyTHAMU-
ra3oBo3amu. HapirarmiiiHi mepexou ux CyieH (K i3 BAaHTaXeM, a TaKOK
y Oamacti) HeMOXJHBI Oe3 iHepTH3allii BaHTXXHUX TaHKIB. OCHOBHUM
3aBJIaHHSAM IIPOLIECY 1HEPTHU3allii € 3MEHIICHHS KOHIICHTpAIlil KHCHIO B
atMoc(epi TaHKa 0 piBHS, HA SKOMY HEMOXKIIMBE 3aiiMaHHS MapiB Tasis,
1110 3HAXOJATHCS B HUX.

IHepTH3allis BaHTQKHUX TaHKIB MOXKe OyTH 3a0e3ledyeHa MUISIXOM X
3allOBHEHHS 1HEPTHUM ra3oM. [Ipy 1mbOMYy OJHUM 13 HalWOE3MEeYHIlIHX
CHoco0iB € BUKOPHUCTaHHS a30Ty. BUPOOHHIITBO a30Ty MOXKIIMBE Y CIICIIi-
abHUX TeHepaTopax, II0 BCTAHOBIIOIOTHCS HA CyIHAX, KpiM TOTO, a30T
MOJKe OYTH OTpUMaHHi 3 OEPEroBUX CTAHIIIN OCTaYaHHS.

[HepTH3alLlis BaHT@)XKHUX TaHKIB a30TOM BUKOHYETHCS 32 TAKUMH CXe-
MaMH: KacKaJlHOI0, HaIliBKacKaJHOK, MapayesbHor. [IopiBHSIHHS cXem
iHepTH3allii MPU BUKOPUCTAHHI a30Ty JOIUJILHO BUKOHYBATH 3a Koedilie-
HTOM BiJIHOCHOI €(DEeKTUBHOCTI, SIKHH BpaxoBY€ BUTpATy a30Ty, HEOOXij-
HOTO JUIs 3a0e3meveHHsl iHepTH3alii, Ta TPUBAIICTh MPOBEIECHHS MPOLECY
iHepTh3amii. 3HAYeHHS IOro KoedilieHTy (TakoX, BIAIOBIIHO, CXEM
iHepTH3aIlii BAHTAXXHUX TaHKIB) pi3HE JUIS Pi3HOI BaHTaXKOMICTKOCTI Cy-
JIeH-Ta30B03iB. EKCIIepuMEeHTaIbHO BCTAaHOBJICHO, I110:

JUTSL CY/IeH BaHTakoMicTKicTio 0 100000 M° HaliGLIbII ONTHUMATBHOKO
CXEMOI0 1HepTH3allil € KacKaJiHa, Jali CIiIyIoTh IapajelibHa Ta HalluBKa-
CKaJ/Ha;



2024 — N 48 Cyonosi enepeemuyti yCmanosxu 85

JUISL CyIeH BaHTXOMICTKicTIo Gimbim 3a 100000 m® Haii6inbmr omru-
MaJBHOIO CXEMOIO 1HepTH3aIlil € mmapajenbHa, Jalli CIiAyIoTh KackaaHa Ta
HaITMBKACKaJ(HA.

Bubip cxemu iHepTH3allii 3aI€KUTH BiJ PEHCOBOTO 3aBAaHHS, BUMOT
OeperoBoi amMmiHIiCTpaIii Ta MOMJIHBOCTEH MOPTY-BHBAHTAXECHHS MIOZO
3a0e3MeUYeHHs Cy/IHA a30TOM, a TaKOX XapaKTEPHCTHUK CyTHOBOI CUCTEMHU
reHepalii iHepTHUX Ta3iB.

Y Bcix BUMaAKax MpoIiec iHepTH3allii MOBHHEH BUKOHYBATHCH BiJIITO-
BITHO [0 BUMOT MDKHApOIHHX KiacH(iKaIiifHUX TOBapHCTB i3 3aXHUCTy
JOBKIJIJIS, @ TAKOXK MIKHAPOIHHUX Ta HAIIOHAJILHUX MPABIII MO0 MEpeBe-
3€HHS HEOE3eYHNX BaHTAXIB.
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[Tonosunka E.M., Tabynincekuii .M.
Hamionansnuii yniBepcuteT «Omecbka MOPChKa aKaaeMis»

HIBUAKICHA XAPAKTEPUCTUKA CUCTEMU
IHAJINBOIIOAAYI COMMON RAIL ABUI'YHIB RT-FLLEX

3aranpHONPUHHITAMHE JUISI TATy31 TaTUBHOI anapaTypy CyAHOBHX JH-
3€JIiB € MPEACTaBICHHS POOOYHX MPOIECIB y GOpMi HaBaHTaXyBaJIbHOI Ta
HIBUIKICHOI XapaKTEPUCTHK.

VY wmiii poOoTi mpexacTaBieHi pe3yibTaTH JOCTIHKEHHS MapaMeTpiB
MaJMBOIO a4l aKkyMyJsiaTopHoi cucremu Common Rail npu 3miHi wactotu
o0epTaHHS Ta HE3MIHHUM KEPYBaHHIM TPHBAJIOCTI BIOPCKYBaHHS II0
KyTy MOBOPOTY KOJIIHYAaCTOTO Bajly, IO BiJNOBiJae MBHIKICHIN XapakTe-
pHUCTHIII.

Oco0nuBe 3HA4YeHHS MPH JOCHTIHKSHHI MPOIECIB MMATHBOIONAYI Mae
BIIACTHBICTh CHUCTEMH - aKyMyJsTopHa TexHojoriss Common Rail 3 Buko-
puctanusimM goaatkosoro npuctporo ICU (Injection Control Unit).

ImiTamiitne MmomemroBaHHs B cepenosuili GT-Power 3a6e3neuno ne-
TajJbHE YABIEHHS MPO TiAPOIWHAMIYHI TIPOIECH B MIPUCTPOSX CUCTEMH Ta
MepeMilieHHs i1 MeXaHIYHUX EJIEMEHTIB.

Kmouosi crnosa: cucrema nanmupononadi Common Rail, rigpoauHami-
Ka, IIBUIKICHA XapaKTepUCTHKA.

Ymoeni nosnauenmsi:

Xy — koopauHara JIIT;

h, — mepe6ir JIT;

Qrmax - KYT MakcumanbsHoro nepemimenss /11;

¢y — KyT niogayi 111

Vv, — mBuakicts JI1;

Qg - KYT BIAKPUTTS KEPYIOUOTO KJIAIaHa;

(p-KyT NIOBOPOTY KOJIHYACTOT'O BaILy; IIp.-

°[1KB — rpajycu IOBOPOTY KOJIHYACTOTO BAIY;

Z.— XiJ TOJKU (POpCYHKH;

Pp. n - TUCK y pobouiil nopoxuuHi BYB;

Pe.n. - THCK y OydepHiii nopoxxuuni BYB;

0¢ - IHTEHCHBHICTb yIIOPCKYBaHHS;

0, — IUKJIOBA T0J1244;

CR (CRS) — akymynsTopHa cucteMa BIOPCKyBaHHS nanuBa Common
Rail System;

BI - BigmpaiboBaHi rasu;
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BYB - Onok ynpaminas BrmopckyBaHHsAM (Injection Control Unit-
ICU);

JIT - nosyrounii mopiiens BYB (QP-Quantity Piston);

PI1 BYB - po6oua nopoxuuna bYB;

BII BYB - 6ydepna nopoxunnaa bYB;

TA - nanuBnuii akymynsarop (Fuel Rail);

1.Beryn

VY ockoHaNEeHHS eKCIUTyaTaIlifHIX XapaKTepUCTHK CYTHOBHUX JN3EIIB
3a0e3MevdyeThCsl HacaMmIiepel PO3BUTKOM IIPOIIECIB MaTMBOIIOAAYl — TeX-
HOJIOTiH Ta 3aco0iB ix peamizauii. BusHauanbHumMu (pakTopamu € BHCOKI
BHMOTH JI0 €KOHOMIYHOCTI 1 €KOJIOTiYHI HOPMATHBH, IO TTOCTIHHO TOCH-
JOIOTHCA. 3a3Ha4ueHi YNHHUKH € CYNIEPEeWINBHMH, IO MOTpedye peaisa-
1ii ONTUMAaNTbHUX KOMIIPOMICHUX PILlICHb.

VY cydyacHuX ymoBax 3aco0aMM BIOCKOHAJICHHS MPOIECIB MalHBOIO-
Jadi cTaay KOMI'FOTEpHE YMPaBIIHHA Ta MepeXil M0 TiIpoMeXaHIdHHX
CXE€M YIOPCKYyBaHHS NalnBa.

XapakTepHUM MPHUKJIAJOM TaKOI'0 POy pillieHb CTajla po3poOka ma-
JIMBHOI amapaTypH [uist 1BUryHis tumy RT-flex.

OO0'emqHane KepyBaHHS CHCTEMaMH JBHTYHa 3a0e3NedeHe amapaTHO-
nporpaMHuM komruiekcoM WECS, migcucreMoro SKOro € Moyl pery-
JFOBaHHS CUCTEMH BIOPCKyBaHHA nanuBa Common rail.

HoBa TexHomoris Ta KOHCTPYKI[Sl €JIEMEHTIB NaJMBHOI amaparypu
st e(heKTUBHOT eKCIuTyaTallii moTpedye NeTaabHOTO YSBICHHS MPO Tij-
POJIMHAMIYHI MPOIIECH B €JIEMEHTaX CHCTEMHU. BUpIIICHHIO 1[LOTO 3aBJaH-
HS IPUCBSTYCHA JTaHa pOOOTA.

2.00'eKT nOCTiHKEHHS Ta HOTO TEXHOJIOTIYHUMA ayIuT

O06'ekTOM JOCIIDKEHHS € cucTeMa TmanuBonozayi asuryris RT-flex,
K1 HaOyJIM IIMPOKOTO MOLIMPEHHS Ha CyIHaX MOpCchKoro ¢ioty. Obnaz-
HaHHS JBUTYHIB KOMITIOTEPHHM YIIPABIIHHSAM 320€3MeUmIo SKICHO HOBI
MOJKJIMBOCTI MIiJIBUIICHHS EKCIUTyaTalliliHUX XapaKTePUCTUK JU3CIIiB. Y
BOMY X peaiizailis 3axajana PO3BUTKY TiJIPOMEXaHIYHUX C€JICMEHTIB
cucreM nanusomnonadi. [Ipu po3poOui IBUTYHIB CTBOPEHO aKyMYJISTOPHY
cucremy Common Rail Ha npyHIMTIOBO HOBIl TEXHOJIOTII Ta KOHCTPYK-
TUBHIN peanizamii. s epexTuBHOI excruryaTanii 3a3Ha4eHUX JIBUTYHIB
HEOOXiAHO TNIMOOKE PO3yMiHHS MPOLECIB y cHCTeMi HajnuBomnojayi. Bu-
pilIeHHIO JaHO1 3a/1a4i IPUCBSIUYEHO POBEACHE TOCIIIKESHHSI.

3.MeTa Ta 3aBAaHHA AOCTiIKEeHHSA

MeToro AoCHiAKEHHS € PO3BUTOK TEOPii IiIpoAXHAMIYHUX HPOLECiB
y PI3HUX TEXHOJOTIYHUX CXeMax MaJUBOIOJAdl B AU3eIX. Y TOH camuit
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gac pe3yJbTaTH CTAHOBIATH MPaKTUYHUHN iHTepec y cdepi opraHizarii
eKCIUTyaTarlii Tu3eliB Kiiacy.

4. locaigaeHHs iCHYI0OUHMX PO3B's3aHb NPo0dJIeMHu

CkopoueHHs BUKUIB okcuiB azory (NOX) Ta caxi CyAHOBHX AU3E-
7B MOKe OyTH JOCSATHYTO 3a PaXyHOK BHKOPHCTAHHS CTpaTeriii bararo-
Pa30BOTrO YNMOPCKYBaHHS. Y po3paxyHKOBOMY JOCIipKeHHi [1] po3risia-
€THCS MOXKJIMBICTH TOJINIIEHHS pOoOOTH Majlo00epTOBOTO ABOTAKTHOTO
CYIHOBOTO JIM3€Js MPH MOBHOMY HABAHTAXEHHI MUITXOM peaizamii mo-
NEPEeAHbOr0 BIOPCKYBaHHA. BHUKOpHCTaHO HporpaMy OOUYMCIIIOBaTBHOL
rigponuHamiky Ha ocHOBI makeTy KIVA-3.

i mocmimkeHHS BKIIOYAOTH OaraTopa3oBe BIOPCKYBaHHS TalMBa,
0 3a0e3meuyeThesl cucTeMor BriopckyBaHHS Common Rail, mist mokpa-
LICHHS 3MIITyBaHHS MajuBa Ta MOBITPS Ta JOCATHEHHS 3rOPSHHS B YMO-
Bax, 110 3HWXKYIOTh KUIBKICTh MIKIJIMBUX BUKUIIB [2-5]. OcHOBHA MeTa
0araToCTyIIeHEeBOTO BIOPCKYBAHHA - iHTEHCHQIKaIlisl PO3MHIIOBAHHS Ta
BUTMIAPOBYBAaHHS TalWBa [UIi CTBOPEHHS OUIBII OJHOPINHOI MaJUBHO-
MOBITPSIHOT CyMilll 31 3MEHIICHHAM oOnacTeid, 0araTux NaluBOM, e
YTBOPIOETHCS caka. KpiM Toro, miaTpruMaHHs TOPiHHS TpH TeMIepaTypax
Hx4ge npruomu3zHo 2300 K BaxkmuBO [T 3HW)KEHHS IBHIKOCTI YTBOPEH-
Hs NOx.

Yoon et al. [6], BUKOpHUCTOBYrOUH 3aCO0M OOYHCITIOBAILHOI i IPOIH-
Hamiku (CFD) Ta excniepuMeHT, TOCTIKYBalld BIUTHB JIEKUTFKOX Iapame-
TpIiB JIBUTYHA, Y TOMY YHCIi IIBUAKOCTI BIOPCKYBAaHHS MajlBa MPH 3T0-
psuHi. [Ipu npomy orpumano 3HwkeHHS BUKUIIB NOX Ha 20% npu Tii
e BUTpATI MaNuBa.

Hacninyroun inmmii niaxin, Struckmeier et al. [7] mpoBenu ekcrepu-
MEHTH 3 BUKOPUCTAHHSM MajHBa 3 HWKYAM IIETAHOBHM YHUCIIOM, II00
3a0e3MeYNTH paHHE YIOPCKYBAaHHS 1 30UIBIINTH 3aTPUMKY 3aiiMaHHS Ta
Yac 3MilIyBaHHS NaJIMBa 3 IMOBITPSAM, TUM CaMUM JIOCSTHYBILIH 3TOPSHHS
YaCTKOBO TOMOI'CHHOTO 3aiiMaHHs BijJ CTUCHEHHs. Takuil miaxia nmpusBiB
10 10-BiICOTKOBOTO 3HWXKEHHS BHKUAIB NOX i3 HOMITHOH (OJU3bKO
1,5%) exkoHOMI€rO ManuBa.

5. MeToau aociigxeHHst

[IpoBeneHO neTalbHUIN aHaJIi3 KOMIUIEKTAIl CHCTEMH HalMBOMOaul
Common Rail, mo 3acrocoByerscsi Ha aBuryHax RT-flex. OcHoBHOMWO
KOHCTPYKTHUBHOIO OCOOJIUBICTIO CUCTEMH € BUKOPUCTAHHS aKyMyJsTOpa
BEJIMKOT EMHOCTI, 1110 3a0e31euye BUIbHE KEPYBaHHS THCKOM YIIOPCKYBaH-
HSl Ha BCiX pekuMax poboTH ABUryHa. g ocoOnmuBicTh CyTTEBO po3mIU-
PIOE MOKIIMBOCTI TOCIIIKEHHS MPOLIECY MaTUBONOAAYI.
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[amre HeTpaawIiiiHe pimeHHS B METOOJIOTIT TMAMBOIIOAAYI MpEACTa-
BJIEHE BUKOPUCTAHHSAM IPHCTPOIO VIS JO3yBAHHS 3 TiAPABIIYHIM MPUBO-
JIOM 1 BUIBHUM TiIpOJMHAMIYHUM yrpaBiiHHAM. lleii Momynp -0yok
yhnpaBiiHHS BHOpckyBaHHsM mnamuBa -bYB (Injection Control Unit)-
MIPEACTABISIE OCOOJNWMBHIA 1HTEpeC IS AOCTIIKEHHS OPHTIHAIBHICTIO
KOHCTPYKLUIi Ta IPUHIKUIIOM poOOTH.

3 ypaxyBaHHSM 3a3HauE€HUX OCOOJIMBOCTEH CKIIAJICHI Ta peali3oBaHi B
cepenoBuii GT-Power maremMaTdHa MOJENb Ta Mporpama po3paxyHKY
IpoLECY BIIOPCKYBAHHS ITaJHBA, IO 3a0€3MeUrIN BUKOHAHHS IPEJICTaB-
JIEHOT'O JOCIIIIKEHHS.

6.Buxiiax 0CHOBHOro MaTepiany

[epexomsun 10 opranizarii JOCTIHKEHHAS 1715 TOOYIOBH IIBH/IKICHOT
XapaKTepUCTUKH, 3yTMHIUMOCS Ha po3paxyHKoBiit cxemi. Ilpu ii po3po0ui
CTaBUJIOCS 3aBAaHHS CTBOPEHHS MOJIEINI, IO JOCHTh MOBHO ONKCY€e QyHK-
11ii OKPEeMHUX €JIEeMEHTIB CHCTEMH 3 ypaXyBaHHIM X peaJbHUX HapaMeTpiB.
Cxema po3paxyHKOBOI MOJIeNIi MpeicTaBiacHa Ha puc.l.

OCHOBHMMHU POOOYMMH E€IEMEHTaMH PO3PaxXyHKOBOI MOJENi aKyMy-
nsatopHoi cuctemu CR momaui manusa (puc. 1) e mpuctpoi, 6e3nocepen-
HBO IO 3iHCHIOIOTH ynopckyBaHHs manuBa. Lle BYB 2 i ¢opcynku 4.
Kepye npouiecom knaman 3, mo 3'€HYy€, 3TiAHO 3 AITOPUTMOM PEaTbLHOTO
IpoLeCy, B 3aJaHIIH MOMEHT I10 KyTy ITOBOPOTY KOJIIHYACTOTO Baly poOo-
gy nopoxkHuHy bYB 3 ¢popcynkamu.

CTpiJIKM 3 MOJUIIMU Ha CXEMi BIJHOCATHCS JI0 MO3UIIH crierudika-
uii. Homepu y kpy»Kax BKa3yrOTh TOYKH BUBEICHHS IMapaMeTPiB OKPEMHX
eneMeHTiB. IX 3aranpHa KijbKicTh cTaHOBHIA 13.

ImiTamiitHe MomemOBaHHS TPOIIECIB MATMBOMOAAYI MPOBEACHO MPH
HE3MIiHHIH TPMBAJIOCTI BIAKpUTTs Kiamana ynpasiinas B 12 ° [IKB na
€CTH peKMMaxX 3a YacTOTOK OOepTaHHS JBUTYHA B Jiama3oHi n=68-149
00/xB. 00/XB. Pe3ynmpTatu mpoBeneHOro IOCIHiKEHHS MpPEJCTaBICHI Y
TaOJIHNIL.

ImiTariiiHe MoJe/IIOBaHHS TPOIECIB MAIMBOIOAAYl MPOBEACHO MpPHU
HE3MIHHIM TPUBAJIOCTI BiAKPUTTS KianaHa ympasiminasa B 12 ° [IKB wna
IIECTH PEeKUMax 3a YaCTOTOH OOEPTaHHs JBWTyHa B Jiana3oHi N=68-149
00/xB. Pe3ybTaT MpoBeIeHOTo TOCIIIKEHHS TPEJICTABIICH] Y TaOHIIL.
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Tabmuus 1. IlIBuakicHa XapaKTEpUCTHKA aKyMYJIITOPHOI CHCTEMH TN~
Borosadi Common Rail

n, 0(1{11['1{{’!;13)(, Xn, hn, (O Vn maxs gd)a ppna p6.n,

00/xB MM | mm |TIKB| w™/c | kr/c | 6ap | 6ap Ou- T

68 |134.77| 287 |135] 30 | 0.49 |o0507| 633 | 763 | 30.9

87 | 135.5|289.9/10.6] 299 | 0.49 |0.507| 633 | 769 |23.86

105 | 135.5]291.7|8.85| 29.9 | 0.49 |0.507| 633 | 767 |19.54

124 | 136.2 |292.9]17.56| 30.6 | 0.49 |0.507| 633 | 767 |16.36

136 | 136.9 |293.6]6.92| 32.1 | 0.49 |o507]| 633 | 767 | 14.8

149 | 136.9 |294.2|6.36] 33.5 | 0.49 |0.507| 633 | 764 |13.39

VY3arajgpHeHe MOJAHHA TAONMYHUX AAHUX, L0 NPEACTABIS€ IIBUA-
KiCHY XapaKTepPHCTHKY CHCTEMH ojadi, 0pOpMIICHO Ha pHC. 2.

TpuBaNicTh BIAKPUTTS KEPYIOUOro KiamaHa 30epiraeTbcsi HE3MiHHOO
yCiM pexrMax 1 CTaHOBHTH, SIK 3a3HadeHo Buile, 120 [IKB B miamazoni
120-1320 IIKB. Cnig ouikyBatu, mo (a3oBi (KyTOBi) XapaKTepHUCTHKH
PI3HUX peKUMax BHUABIATHCS OMM3bKUMH. [IpH 1[bOMY, THMYACOBI Xapak-
TEPUCTUKH MAIOTh BIAPI3HITHCS CYTTEBO.

s aHaizy y3araJbHEHHMX 3aJI€KHOCTEH PO3IIITHEMO PO3BUTOK MPO-
LECIB Y OKPEMHOMY MPUCTPOI CUCTEMH.

Ha puc. 3 nano 3anuc rigpoauHamiunux ssuil B BYB, 1o BusHavae

nepedir BmOpckyBaHHS. Sk mapamerpu, 1m0 (QOpMYIOTh (YHKIIIO
OJIOKY - IepeMILLEHHS 103YI0Y0T0 HOPIIHS - IPEACTAaBICH]I THCKY HajluBa
B JIBOX MOPOXKHHUHAX: po00u0i Ta Oy(dhepHOi - pp.1, po.II.

Cran kiHueBoi (a3u 3al0BHEHHS POO0UYOi MOPOKHHUHH MATHBOM, IO
xapaktepu3yeThes piBHicTIO THCKIB ¥ PII Ta BII, ctanoButs 800 6ap. Lle
BignoBigae moBepHenHto /Il y BuXigHuWid cTaH mpu 3'€qHaHHI 000X TO-
POXHHH 3 TAJIMBHUM aKyMYJISITOPOM.

daza BopcKyBaHHs MOUMHAETHCA NpH 3'ennanHi PII i3 dopcynkamu
yepes knananu 3 (puc.l). Ha ginsami o= 120 -127 olIKB JIT po3rausers-
cs 10 MaKCHMaIbHOI mBHAKOCTI viimax = 0,49 m/c. Pemrra mogaygi maansa
3MIACHIOETHCS MPU He3HAUHiH 3MiHi mBuakocti JI1.

3HIKEHHS MBHAKOCTI nounHaeTbest npu ¢= 136 o IIKB, a 3BopoT-
HUI pyXx nopiHs - 3 o= 136,9 o [1KB, Binpa3y micns 3ynuHku. Kinemaru-
ka 3BopoTHOro xony Il cumerpuuna poOouiii dasi 3 Ti€w ke MBHI-
KICTIO.
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HaBeneni XapakTepuCTHKN BH3HAYAIOThCS KOHCTPYKTHBHHMH Iapa-
MEeTpaMH{ CUCTEMH, 110 33/1al0Th 3MiHY THCKY B TopokHHHaX bYB. Tuck y
po0oUiil MOpoXHHMHI MpU MiAKIIOYeHHI dopcyHok manae 3 800 mo 633
Oap, 30epirarounch y aianazoni 633 - 640 Oap nMpoOTAroM OCHOBHOTO Hepi-

OJly yIIOPCKYBaHHSI NTAJIHBA.

3akirouHa (haza MATMBOMOJAYl CYNMPOBOKYEThCS MinBuiieHuM a0 700
Oap tuckom. Ha ninsuui 38opotHoro xoay JIII i 3anosuenns PII p,,, 3Mmi-
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Puc.2. llIBunkicHa XapaKTepUCTHKA
aKyMyJIITOPHOI CHCTEMH BIIOPCKY-

BanHs nmaianBa Common Rail

HIOETBbCS HE3HAYHO, 3aIHUILIAIO-
guch Ha piBHI 680 Gap.
3a KOpPOTKHUil MPOMIKOK B 2,5 °
[IKB mmBuakicte Il 3HIKY-
€TBCSI 10 HYJIA, @ Pp , HABIAKH,
migBuILy€eThes 10 750 Oap.
Ha gingHiii 3BOPOTHOTO X0y
JAII 1 3anosHenns PII p,, 3mi-
HIOETBCSI HE3HAYHO, 3aJUILIAIO-
yrch Ha piBHI 680 Oap.
3aKTFOYHUN TIepiof] PO3BH-
TKY T1ApOJMHAMIYHUX TIPOIIECIB
y PII mocny 3ynunku 11 sBise
co0OI0 3aracarodi KOJIMBaHHSA
THUCKY 3 NOYaTKOBUM [iarazo-
HoM 750-850 Gap. TpuBamicTb
konuBank: 150-185 ° ITKB.
[HmIMM icTOTHUM Tapamer-
poMm anst BYB € tuck y oydep-
Hill mopoxHuHi. BuxigHe 3Ha-
4yeHHs Ps,; = 800 Oap. Ilomans-
ma 3MiHa P, € PE3yNbTaTOM
B33a€EMOJIi1 €NIEMEHTIB CKIIAJHOT
riApoIMHAMIYHOT CHUCTEMU:
¢opcynku — PII — JIT — BII —
TA 3 KepylouuMH MPHUCTPOSIMHU
Ta CIIOJyYHUMH JUISTHKAMH
KaHaliB Ta TpyOOIpOBOIiB.
Pozrin Il cynpoBomxy-
€TBCSI TIAJIIHHSIM TUCKY B Oy(de-
pHiit nopoxxuuHi BYB 3 800 no
764 6ap. IlpoTsirom 0CHOBHOTO
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YIIOPCKYBaHHS Pg  TOBTOPIOE (GOpMY P, , 3ATHIIAIOYUCE Y Jiana3oHi 764-
775 6ap. Ilpu pesepci JI1 ciocrepiraerbes migitoMm Ps, 10 848 6ap. 3Bo-
porawmii xig Al ine 3 ps, piBHOMY 848-830 Oap. Ilpu 3ynunui JI1 rene-
PYIOThCS 3aracarodi KOJIMBaHHS Pg,; 3 IEPBICHUM po3MaxoM 735 -855 Oap,
tpusanictio 150-170 °TIKB i3 cimoma konuBanusamu. L{ikaBo, mo mepiox
KOJIUBAHb P, , YUETBEPO OiNbIIIE - yCHOTO MIBTOPA KOJIMBAHHA 3 TE K Uac.

Po.m
P6.0s - Vg, M/C

Oap

850 0.4

800

750

700

650

600 0.6

120 140 160 180, °[TKB

Puc. 3. Ocmnorpamu nporeciB y BYB npu n=149 06/xs:
Pp.n— TUCK Y poOOUil TOPOKHUHI, Pg — THCK y OyepHii mopox-
HUHI, V- TIBUIKICTh MOPIIHS

He mMoxHa He Big3HA4YMTH Ie oJHA oOcTaBuHA- moBomKkeHHs JI1 mi-
CJIsl HOT0 3yNMHKH, TOYHIIIE, 3HIKSHHS IBUKOCTI 10 HYJIA.

KonmBaHHs THCKY TMajvBa B CyMDKHUX MOPOXKHHHAX MPHUBOAATH JIO
3aracarounx KonmBaHb MBHIKOCTI J[I1 i3 KidbKOCTI NEB'STH TEpiomiB Y
mianasoni 0,1 - () 0,08 m/c. 1i KoMMBaHHSI CHHXPOHHI 31 3MiHOIO Pg,, . Ha
kpuBiit nepemimennst 11 y macmrradi rpadika puc. 4 11i KOJMBaHHS IOMi-
THI B paifoHi Nepexo/1y KpUBUX Ha TOPU3OHTAIBHY JUISHKY.

Kpusi puc. 4 orpumani, K 3a3Hau€HO BHUIIE, IPU HE3MIHHOMY KYTi
BIJIKPHUTTS KJIallaHA KepyBaHHS YIOPCKYBaHHSM. Y pe3yJbTaTi YacoBHA
BIJIPI30K JUIsI YMOPCKYBaHHS 3MIHIOEThCS Ha3aj MPOIOPIIIHO YacTOTi
obeprannsa. Ha rpadikax ue npexncrasieHo ckopoueHHsm xony IT i3
pocToM HIBHAKOCTI obepTanHs. Sk Tpeba 3 Aani Tabmwui, h, = 13,5 - 6,36
MM 1ipu N = 68 - 149 06/xB.
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Puc.4 . Tlonoxxenns JII1 3anexHo Big KyTa mo-
BOPOTY KOJIIHBaJIa 3a Pi3HOT 4acTOTH 00epTaH-
Hi: 1 -n =68 00/xB; ; 2 — 87; 3-105; 4 — 124; 5 —
136; 6 — 149

3MiHIOIOTECS ¥ iHIN mapameTtpu pyxy HII. [Mo-mepire, 3mimaerscs
MOMEHT MOTO MPHUXOAy B KpalHE TOJIOXKEHHS yOik oOepTaHHS 3 POCTOM
guciia 000poTiB. UKCENBHO 1€ BUMIIAAE K 3MIHA QO max Y Mexax 134,77-
136,9 “TIKB.

[To-npyre, yepe3 NMpUCKOpEHE MPOTIKaHHS IPOIECY YIMOPCKYBAaHHS
BiOyBa€eThCs 3aranbHuil 3cyB xoay I, 1m0 BUIHO 3 MOPIBHSHHS TPaEK-
Topiit 1, 6 Ha puc.4. [Ipu mboMy KyT moJiadi @, PO3TATYETHCS, 3pOCTAIOUN
330 go 33,.5 °TIKB.

BucHoBkn

1. B pe3ynbTari aHaTITHYHOTO OTJISAY JOCTI/DKEHb y Tamy3i 3aco0iB
Ta MPOLECIB MaJUBOIOAAYl JU3EIIB IM0Ka3aHa aKTyaJbHICTh JaHOI TeMa-
TUKH. [lepcrieKTHBHIM € PO3BUTOK aKyMYJIATOPHUX CHCTEM 3 €JIEKTPOH-
HUM KEepPYBaHHSIM.

2. JleranbHO pO3MISIHYTO (YHKIIOHANBHI Ta KOHCTPYKTHBHI JaHi,
CKJIaJICHO MOJIEITb JUIsl PO3PaxXyHKOBOTO JIOCHIDKEHHS MAIMBOIIOAdil aKy-
MyJsiTopHoto cuctemoro Common Rail cynHoBoro Manoo6epToBoro ABuU-
ryna tuny RT-Flex.

3. Po3pobiieHo cucTeMy OKa3HUKIB, 1110 3a0€3M€Uy0Th JOCUTh TIOBHE
YSIBJIEHHSI TPO MpOLiecH BHOPCcKyBaHHA cucteMoro Common Rail.
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4. TlpoBeneHo iMiTariitHe MOJCITIOBAHHS TMAJIMBOIIOAAYl HA 6 pEXU-
Max IIBHIKICHOI XapaKTEePUCTHKH B Aiaria3oHi YaCTOTH 00epTaHHI h= 68-
149 00/xB, nocTaTHIX Ui MOOYIOBY BiAMOBITHUX 3aJICKHOCTEH.

5. llIBunkicHa XapaKTEPUCTUKA MPEICTABICHA y (OPMi y3araibHEHUX
3aJISKHOCTEH Ta JETATLHOTO OIUCY MPOIECIB B EIIEMEHTAX CUCTEMHU.

6. [Ipouecu B BYB, 1m0 Hagae BU3HAYAILHUI BILUTUB Ha XapaKTepUC-
THKH TAJIUBOIIO/Iayi, ONMCaHl 3MiHOK THUCKY ITajuBa B poOouili Ta Oydep-
Hill TOPOXXHIHAX, a TAKOK JHHAMIKOIO TIEPEMIIIIeHHS TIOPIIIHSA, IO JTO3YE.

7. Tuck y poOouili TOPOXHHHI MPH iIKITIOYeHHI (HOPCYHOK TMajae 3
800 mo 633 Gap, 30epirarounch y mianazoni 633 - 640 Gap mpoTaroM oc-
HOBHOTO TEPioly YIIOPCKYBaHHS ITaJINBA.

8 3axmouHMi TIepiol PO3BUTKY TigpoanHaMidHuX mporieciB y PII mo-
ciy 3ynunaku JII1 siBiisse coOoro 3aracarodi KOJMBAHHS THCKY 3 TOYaTKO-
BUM fiama3onom 750-850 Oap.
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Carin C.B., Kypomsarauk O.A.

Harmionaneauit yHiBepcuteT «Oiechka MOPChKa aKkaeMis»

BU3HAYEHHSA ONITUMAJIbHAX PEJKUMIB EKCILTY ATAIIII
CYJHOBHUX JBUI'YHIB BHYTPIIIHBOTI'O 3I'OPSIHHSA ITLJ
YAC BUKOPUCTAHHASA BIOAU3EJBHOI'O ITAJIMBA

IlocTanoBka npo6iaemMu B 3arajbHoMYy BUIJIsAi. CynHa MOPCHKOTO
TPaHCTIOPTY 3a0€3MeUyI0Th EPEBE3CHH BAaHTAXIB MK KpaiHaMH Ta KOH-
TUHEHTaMH, SIKi PO3iIeH] MOpsIMH Ta OkeaHamH. [IpakTH4YHO Ha BCiX Cy-
JTHAX, HE3aJIe)KHO BiJ 1X XapaKTEpUCTHUK Ta MpPU3HAYEHHS, SIK TOJOBHUUI
JBUTYH BHKOPHCTOBYIOTHCSI JBUTYHHM BHYTpilmiHbOro 3ropsias (IB3).
Kpim Toro, /IB3 Ha cyHax MOPCHKOTO Ta BHYTPIIIHEOT'O BOJHOTO TPaHC-
MOPTY BHUKOHYIOTh (DYHKIIO AONOMDKHHX JABHTYHIB — 3a0e3ledyroun
HEOOXiTHOIO MOTYXKHICTIO CYIHOBY elleKTpocTaHiiito [1-3].

OyHKIiOHYBaHHS cyqHOBHX /B3 HeMokmuBe 0e3 BUKOpPHCTaHHS IMa-
JIMBa, OCHOBHHM BUOM SIKOT'O € PiJiKe MaJHMBO HAQTOBOrO MOXOKEHHSI.
I'asoBi gu3eni, a Takox aBoxmnanuBHI [IB3 B maHuii yac BCTaHOBIIIOIOTHCS
TITBKY Ha JESIKUX THTIAX CIICIiaTi30BaHUX CYJIEeH, TOMY 33 CBOEIO KiJIbKiC-
TIO Ta 3arajbHOI0 TOTYXXHICTIO HE MOXKYTh KOHKYpyBaTH 3 JIB3, siki mpa-
IIOIOTh Ha pifkoMy nanuBi [4-6].

OpHoYacHO 3 UM BCi TPOBiAHI nu3eneOymiBHI QipMU 3aMarOTHCS
MUTAHHSIMHA BUKOPUCTAHHS B IW3ENAX albTEpPHATHBHUX BUJIB TaMBa, JI0
OJIHOTO 3 IKUX BIJHOCUTHCS MAJIUBO O10JIOTTYHOI'O ITOXOKEHHS.

AHani3 ocTtaHHIX AocaixkeHb i myOsikauiii. OCHOBHHUMM CKJIalo-
BHMH, 1110 BUKOPHUCTOBYIOTHCS 1] 9aCc BUPOOHHIITBI MaiuBa 0i0JIOTIYHOTO
MOXOJKEHHS, € POCIMHHI Ta TBapHHHI XHUPH, XIMIYHUHA CKJIAJ] SIKUX He-
3HAYHO BIJIPI3HAETHCS OJUH BiJ OJHOTO. POCIUHHI 0J1iT IK MOTOPHI Maju-
Ba MOXXHa BUKOPHCTOBYBATH K y YHCTOMY BUIJISII, TaK i B CyMili 3 AU-
3eJbHAM Ta IHIIMMHU HAQTOBHUMH MaJMBAMH, & TAKOXK 13 Ta30BUMH KOH-
JIeHCcaTaMu, CUpTaMu, edipaMu Ta IHIIMMH adbTEPHATHBHUMH MaJINBa-
Mu. />xepenoM poCIMHHUX OJIiHl ciyXaTh OJIiiiHI KyJIBTYpH, B HaciHHI a00
IUI0/1aX SKUX MICTATBCSA POCIMHHI XHpH. o omiiHUX BiAHOCHUTBCS Oiib-
e 150 BHIIB pOCIHH, 3 SKUX BHPOOISIOTH POCIHMHHI ONii. 3aJeKHO Bij
KJIIMaTUYHUX YMOB Ta JIOCTYITHOCTI BHUPOILIYBAaHHS, CAPOBHHOIO AJIsl BU-
poOHMLITBa 0i101U3€II0 MOXKYTh OyTH Pi3HI POCIMHHI 0JIii — Bil OTMBKOBOT
oJ1ii 710 TBapUHHOTO XKHPY [7-9].

biusbko 87,4 % cBITOBOr0 BUPOOHUIITBA POCIMHHMX OJIIH MpuUIanae
Ha MaJbMOBY, CO€BY, PAliCOBY Ta COHSLIHUKOBY odii, pemry 12,6 % — Ha
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apaxicoBy, OaBOBHSHY, OJIMBKOBY, KOKOCOBY Ta HaJbMOsIpoBy. besymos-
HO, OlJIBIIIa YaCTHHA IIHOTO 00CATY BUKOPHCTOBYETHCS y XapUOBiil IpOMHU-
cioBocTi. OfHAK, YacTHHA OJii BUKOPHCTOBYETHCS K CHUPOBHHA Ui BU-
poOHuuTBa OiomanuBa. PimakoBa omist 3aiimMae TpeTe Micie 3a 00cAroM
BHPOOHUIITBA Y CBITI MICIISI TATbMOBOI Ta co€Boi. [Ipu 1ipoMy, 17151 BUpPOO-
HUITBa 0i0AM3ENBHOTO MalWBa, HAAKTUBHIIIE BHKOPHCTOBYETHCS caMe
pinakoBa omisi. Y Ppi3HMX POCIMHHHUX OJiSIX MICTHUTBCS Pi3HA KiNBbKiCTh
KUPHUX KUCJIOT, IO MTPHU3BOIUTE IO TIEBHOI BIAMIHHOCTI B IX XapaKTepH-
CTHKAaX. YCi pOCITHHHI MTaJiBa MAlOTh CXO0X1 OJWMH 3 OJHUM OCHOBHI Xapa-
KTEPUCTHKH — T'YCTHHY, TEMIIEpaTypy crajiaxy, HUKJy TEIIOTBOPHY 3/1a-
THicTh. [lpn 3ropsHHI BOHU BUAULAIOTH mpubau3Ho Ha 10...12 % mentie
TeIIa, HiXK JW3eTbHe MaJruBO Ha Ha(TOBiM ocHOBI. CTaHAAPTIB A Tel-
JIOTH 3TOPSIHHS MaJIKMBa 3 OJIii He iCHY€, MPOoTe OLIBII BHCOKA TEIUIOTBOPHA
3aTHICTh TaJHBa € BAXKJIMBOIO BJIACTHBICTIO, [0 BUKOPUCTOBYETHCS ITif
yac BU3HAYECHHI iX skocti [10-12].

American society of testing and materials (ASTM) sik ocHOBHY Xapa-
KTEPUCTHKY SKOCTI MajiBa Ha OCHOBI POCIMHHHX OJIiii BU3HAYA€E [IETaHO-
Be yncino. Creruikaris ASTM D6751 Bka3ye Ha MiHIManbHE LIETAHOBE
grcno 47 nmns POCIWHHOTO TajnBa. YCi MajnBa Ha OCHOBI POCITHHHHX
OJIi{i, MPUrOTOBaHI 3 CUPOBUHH, IO HaiyacTille BUKOPUCTOBYETHCS, IIe-
PEBHUIIYIOTH 1€ 3HAYCHHS.

BiaMiHHOIO 0COONMBICTIO TTANKB 3 OJIii € MiHIMAIBHUAN PiBEHb BMICTY
cipku. Lle 103BONIsSIE BUKOPUCTOBYBAaTH iX Y CHELiaIbHUX EKOJOTiYHUX
paiionax — SECAS).

ExosoriuHa ehekTUBHICT, BUKOPUCTAHHS 0i0TIAJIMBA TAKOXK XapaKTe-
PH3YEThCS MEHIIOI KiJIbKICTIO BYTJIEKHCIIOTO Trasy, IO YTBOPIOETHCS 3a
fioro 3ropsiHHs. [lpu cnanroBaHHI TpajWIliiHE MaTUBO BHPOOJISE BEIUKY
KIJIBKICTh BYIJIEKHCIIOTO Ta3y, SKWH BBAaXKAETHCS MApHUKOBUM Ta30M Ta
NPUYUHOIO YTPUMaHHS COHSYHOTO TeIrla Ha rutaHeTi. CriamtoBaHHS BYT1JI-
7Sl Ta HAQTH TIBUIIYE TEMIIEPATypy Ta BHKIUKAE INI00ANbHE MOTETUTiH-
Hsi. BukopucranHs GiomanyBa 3MEHINYE BIUIMB MApPHUKOBHX Tra3iB Ha J0-
Bkis [13-15].

V pi3HUX HAYKOBUX JMOCIKEHHSIX MICTATHCS CYNEpPEeUIMBI aHi 1I10-
JI0 KIJIBKOCT1 BUKH/IIB OKCHIIB a30Ty NOyx IpyU BUKOPUCTaHHI 0i01U3€/b-
Horo manuBa. L{g HeBiAMOBiNHICTH MOB'SI3aHa 3 BapiaTHUBHICTIO €KCIIEpHU-
MEHTY, TUIIOM Ha()TOBOTO MaJlMBa, a TAKOXK YMOBaMH NPOBEJICHHS €KCIIe-
pUMEHTY (KOHIIEHTpalli€ro OiomanyuBa B MAIMBHIN cyMilli 3 TaquBOM Had-
TOBOT'O TIOXO/KEHHS, PSKUMaMU poOOTH An3essl, 0OCOOIMBOCTAMHU Ta Xa-
PaKTepUCTUKAMH HOrO CHCTEM OXOJIOKEHHS Ta BUITYCKY Ta3iB).
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biogusenbhe nanuso (a6o FAME — Fatty Acid Methyl Ester, meTuio-
Bi edipu )KUPHUX KUCIIOT) Ha BIAMIHY BiJl JU3EIBHOTO MaNnBa Ha HaTO-
Bilf OCHOBI, BUPOOJISIETHCS 3 BIAHOBIIIOBAHUX OpPTaHIYHUX Kepen. OCHOB-
Hi eKcruTyaTamiiiHi xapakrepuctuku FAME (ryctuna, B'I3KiCTb, TemIiepa-
Typa clanaxy, TeIUIOTBOPHA 3AAaTHICTH) 30IraloThCs 3 aHAJOTIYHUMU T10-
Ka3HUKaMH TU3EJILHOTO MajJuBa — 1€ JJO3BOJISIE BUKOPUCTOBYBATH HOTO Y
oinpiocti cyvacaux JAB3. Sk mpaBuio, y yrctoMy BUTIISIAL Oiogu3eNbHE
nammBo FAME He BukopucroByeThcs. Haitbimpmn AomimpHEN BapiaHT
HOT0 BUKOPUCTAHHSA — MAJMBHI CyMIimI i3 MamTuBOM Ha(TOBOTO MOXO-
JDKEHHsI. Y Takux cymilax Had)TOBE MaTUBO € OCHOBHUM KOMITIOHEHTOM
Ta WOro KinmbKicTh cTaHoBUTH 70...95 % 3a macoro. biognsensHe mamuBo
BUKOPHUCTOBYETbCA K J100aBKa, MOT0 KiIbKicTh cTaHoBUTH 5...30 % 3a
macoro. Taki manusa kinacudikyrorscs sk BS, B10...B25, B30 [16-18].

[MTanuBa Gi0JOTIYHOTO TOXOKCHHS XapaKTEPU3Y€ETHCS MEHILOIO Tell-
JIOTBOPHOIO 3/IaTHICTIO TIOPIBHSHO 3 MaJWBaM{ HA()TOBOTO ITOXOMKEHHS.
[lpr tpOMy 3MEHHIYETHCS KIUIBKICTh €HEpTii, M0 BHIUIAETbCA Wi dac
HOro 3ropsHHS B IMWIIHIAPI Auzens. Lle € mpuYnHOI0 3HWKEHHSI KPYTHOTO
MOMEHTY Ta TOTYXHOCTI TU3eis MiJ WOoro poOOTi TUTPKHA Ha OiOmMaimBi.
Came ToMy B unctomy BUIIII (Tinbku manuBo FAME) GioamsensHe ma-
JIUBO HE 3aCTOCOBYETHCS, KPIM TOTO, CKJIaJ 0i0IM3EIBHOIO MaIkBa B HOTO
cyMmimi 3 manuBoM HadroBoro nmoxomkeHHs He mepesuurye 30 % (1o
BinmoBimae GiomusenpHoMy manuBy B30). [Ipu mpomy 3abe3neueHHs He-
00XiJJTHOrO KpyTHOI'O MOMEHTY (1 BiJIIOBIZIHO MOTY>KHOCTI JTU3elis) 3a0e3-
MEYy€EThCSI MUITXOM MiATPUMKH HEOOXiJHOT 4acTOTH 00epTaHHS KoJliHYac-
Toro Basy au3end. Lle 3Mymrye 30UIbIIyBaTH IUKIIOBY IMOJady MajkBa y
pa3i BUKOpHCTaHHS 0101M3eTFHOTO MAINBA.

Bukopucranus 6ionanusa 3MiHIOE iepebir poOoYoro MUKy B IUTiH-
api ausesns, Hacammepes npoiec 3ropsiaus [19, 20]. Tle npusBoauTh 110
3MIHM EKCIUTyaTalliifHAX TMOKa3HWKIB AW3EINiB, NP IIbOMY BUHHKAE 3a-
BJIaHHS BU3HAUeHHA (Da3 maruBoIoadi (Hacamrepe | KyTa BUIEpeKEHHS
Mmojiayi majiviea), 3a SKMMH 3MiHA I[MX IMOKA3HUKIB MiJABHIIYE €()EKTHB-
HICTB pOOOTH JH3eiIsl Ta MOKpAIy€e HOro eKOJIOTiYHI MmokasHuku [21, 22].
BupitiieHHs 11i€l 3a1a4i MOXKJIMBE LUIIXOM IIPOBEACHHS €KCIIEPUMEHTIB Ha
OCHOBHHUX €KCIUTyaTalliiHUX peXUMax poOOTH JAHU3EIIs.

IlocTtaHoBka 3aBaaHHsl. B 3B’3Ky 3 BHIIEBHKIAJACHUM 3aBJaHHSIM
JOCHIPKEHb OyJI0 BU3HAUYEHHS ONTHMAIBHUX PEXHUMIB eKcIuTyaTauii cy -
HoBuX JIB3 mij yac BUKOPUCTAHHS 010M3EJILHOTO MajIkBa.

Bukian ocHOBHOro martepiany aociif:keHHsl. JoCiiUKeHHST BUKO-
HyBaJIMCh Ha cyaHoBoMy nm3eni SS60ME-C8 MAN-B&W Diesel Group
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Ta TproX cymHoBux amsemsx 6DL-16 Daihatsu Diesel, sxi BuxonyBamm
(hyHKIIIT TOJIOBHOTO Ta JOMMOMIXKHOTO JIBUTYHIB B CKJIaZli CYZTHOBOI €Hepre-
TUYHOI yCTAaHOBKHU OajKepa BOJAOTOHHaXHICTIO 68340 TOHH.

Excrutyarartist au3eniB 3iCHIOBANIACS 3 BUKOPUCTAHHSM MaIuB Hag-
ToBOro noxomkeHHs DMA ta RMG380, a Takoxk 01011U3€IbHOT0 I1aJIMBa
B10. ITamuso B10 Bkmouae 90 % au3enbHOro maanBa, a Takox 10 % ma-
nuBa Giosoriynoro nmoxomkenHs FAME [23, 24].

HocmimkeHHsT BUKOHYBAJINCh IS PEKOMEHIOBAHOTO (ipMaMu BHPO-
OHMKaMU Jiana3oHy KyTiB BUIIEpEKEHHS Mojavi nanusa 0, siki BUMipIo-
BaJIMCs y Tpajaycax moBopoTry komiagactoro Baimy — grad ARC Tta ckiaga-
T

it ausenst SS6OME-C8 MAN-B&W — -1...-7 grad ARC;

it nusenis 6DL-16 Daihatsu Diesel —-20...-8 grad ARC.

[Ipu mpomy sk HaWOUTBIN parioHanpHHMNA I au3enss SS60ME-C8
MAN-B&W pexomenmoannii kyT -4°grad ARC, mns guzemis 6DL-16
Daihatsu Diesel -14 grad ARC. Came 3 TakMMHU KyTaMH BHUIICPEDKCHHS
YIIOPCKYBaHHS €KCIUTyaTyBaJlCs AW3ENI MiJl Yac BUKOPHCTAHHS TU3ENb-
Horo manuBa. Came mi KyTu Oynu oOpaHi sIK «0a30Bi» Mpu BHMPOOYBaH-
HSIX 3 BUKOpUCTaHHsIM Oionanuea B10.

SIK KOHTPOJIBHI MapaMeTpH, 3a SKUMH OI[IHIOBAJIMCS EKCIUTyaTaliiifi
MOKa3HUKH CYIHOBHUX JM3€TiB, BHOMPAIHCS MaKCUMAaJIbHUI THCK 3TOPSH-
HS P,, TEMIIEpaTypa BHITyCKHHX ra3iB ty, muroma edexTuBHa BUTpaTa ma-
nuBa b, Ta KOHIEHTpalish OKCHAIB a30Ty y BUITYCKHHX raszax NOx. Ixne
BU3HAYECHHSI BUKOHYBAJIOCS 32 JOTIOMOTOI0 CYIHOBOi CHCTEMH MOHITOpPH-
HTy Ta niarHocTHKu ProPower. Bu0ip nux moka3HukiB Oyiio oOrpyHTOBa-
HO 3 ypaxyBaHHSIM HacTyMHOTO. MakCHUMalbHUH THCK 3TOpsSHHS XapakTe-
pu3ye eHepreTndyHy e(EeKTHBHICTh pOOOYOro LUKy au3ens, 3 Horo 30i-
JBIICHHSM TiABUILYIOTHCS BC1 OCHOBHI IOKa3HWKH POOOTH AM3EIs, Ha-
caMmmepe]] CepeiiHiil IHAMKATOPHUN THUCK Ta iHIMKAaTOpHA / eeKTHBHA
NOTYXHicTh. TemmepaTypa BUITyCKHHX Ta3iB XapaKTepu3ye eeKTHBHICTb
3TOPSIHHSA NanyBa. 30UIBLICHHS TEMIIEPaTypH BHITYCKHUX ra3iB CBiJUUThH
PO 3MILICHHS MPOLECY 3TOPSHHS HA JIHII0 PO3MIMPEHHS Ta AOTOPSHHS
MaJINBa Y BUITYCKHOMY pecuBepi. MaKkCUMaJIbHUN THUCK 3TOPSTHHS Ta TeM-
nepaTypa BUIMYCKHUX Ta3iB € 000B'SI3KOBHMH TOKa3HUKaMH, IO KOHTPO-
JIOIOThCA MiA yac ekciuryaranii ausend. [lpu npomy iX 3Ha4YeHHS BU3HA-
YarTh JJIS KOKHOTO OKPEMOrO IWIIHApPA, CEPEAHE JIsA BCIX MMJIIHAPIB
T3S, & TAKOXK PO3PAXOBYETHCS BiIXWICHHS 3HAYEHB JUIS OKPEMUX ITH-
JiHApPiB Bix cepeanporo. [lntoma eekTHBHA BUTpaTa MANIMBA XapaKTEPH-
3y€ NAJIMBHY €KOHOMIYHICTh pOOOTH IU3ENs Ta XapaKTepU3ye eKOHOMIUHY
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TOTUTBHICTh BHOOPY THX YW IHINIHUX IMapaMeTpiB MaauBomomadi. Takox
MMATOMa BUTpATa MaJlMBa IMPSAMO IPOIOPIIHO TOB'I3aHA i3 3arajabHOI0
BUTPATOIO NajuBa (TOAMHHOIO ab0 J0OOBOIO) Ta BITUBA€E Ha CYJHOBI 3a-
MacH NMaJInBa — MOKa3HUK, SIKUH € aKTyaJbHUM came IJIsl CYIeH MOPCHKOTO
TPAHCIIOPTY, 5K 3MIHCHIOIOTH TPUBATI MOPCHKI UM OKEaHCHKI MEepexoan
0e3 MoxIMBOCTI OyHKepyBaHHs. KoHIEHTpallisl OKCHIIB a30Ty y BUITYCK-
HUX Tra3ax € OCHOBHUM ITOKa3HUKOM, IO XapaKTepH3y€e €KOJIOT1uHI MOKa3-
HUKH POOOTH CYJHOBHX JH3ENiB. Ii 3HAYEHHS PEriaMeHTyeThCs BiAOBi-
HO 10 BuMor Annex VI MARPOL i 3anexutp Biff MIBHAKICHOTO PEXUMY
poboTu mu3ens Ta poky OyniBHHITBA cyaHa [25-27].
PesynbTatn excriepuMeHTIB HaBeleHi y Tabm. 1, 2.

Ta6muipst 1. Pesyapratu exciepumentis (ausens SS6OME-C8 MAN-B&W)

Kyt Bunepemkenns nojaui nanusa, 0, grad ARC

IToxa3Huk = 5 5 2 3 ) X] DF
p;, MIla 14,6 15,3 15,3 15,1 14,9 14,5 14,2 15,3
ty, °C 291 284 284 288 291 293 298 284
be, 183 176 177 179 184 188 193 176
r/(kBT-rox)

NOx, 11,88 | 13,42 | 10,55 | 10,75 | 11,05 | 11,35 | 12,42 | 13,42
r/(kBT-rox)

DF — excnayamayis na ouszenvromy nanusi

Tabnuus 2. Pesynbratu ekcriepuMenTiB (u3ens quseins 6DL-16 Daihatsu Diesel)
Kyt Buniepemkenns nmoaayi naimsa, 6, grad ARC DE
-20 -18 -16 -14 -12 -10 -8
p,, MIla 15,8 | 16,45 | 16,7 | 16,45 | 16,25 | 15,95 | 15,7 | 16,7
ty, °C 334 326 324 328 330 332 339 324

TToka3Huk

be, 198 195 195 194 199 203 207 191
r/(kBT-rox)
NOx, 6,68 | 6,21 | 6,08 | 6,16 | 6,37 | 6,72 | 7,04 | 7,84
r/(kBt-ron)

DF — excnayamayin na ouszenvromy nanusi

Jns xpamoi Bisyamizauii pe3yiabTaTd JOCTIDKEHb, IIO HaBEACHI B
tabn. 1, 2, noxawui sik miarpamu (puc. 1, 2).
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Puc. 1. 3minHa excruTyaTamiifHux moka3sHuKiB podotu auzens SS60ME-C8
MAN-B&W 3a pi3HEX KyTiB BUIIEpeIKCHHS Toadi Oioan3enpHoro nanmmea B10:
a — MakCUMAaJIbHUI TUCK 3TOPSIHHS; 6 — TEMIIEPATypa BUIYCKHUX Ta3iB; ¢ —
muToMa e(peKTHBHA BUTpPATA MAJMBa; 2 — KOHIICHTPALlisS OKCHIIB a30Ty y BUITYCK-
HUX ra3ax; DF — au3enapHe maauBo
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6) 2)
Puc. 2. 3mina excruryataniiHUX MOKa3HUKIB podoTu auzens 6DL-16
Daihatsu Diesel 3a pizHux KyTiB BUIepeKEHHS 1101241 010 IU3EILHOTO MaTHBA
B10: @ — MmakcuManbHUIT THCK 3TOPSIHHS; 6 — TeMIlepaTypa BUIIYCKHHX I'a3iB; 6 —
nuToMa epeKTHBHA BUTpATa MaJMBa; 2 — KOHIEHTPALlis OKCHJIIB a30TY Y BHITYCK-
Hux razax; DF — nusenbHe maauBo
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BigHocHa 3MiHa eKCINTyaTaifHNX TMapaMeTpiB AU3EIIB 3a Pi3HUX KY-
TiB BHIIEpeKEHHS mofadi OiogusenpHOoro nanmnea B10 BukoHyBamace 3a
dopmynamu:

BiJTHOCHE 3HW)KEHHsI KOHIIGHTpAIlil OKCH/IIB a30Ty Y BUIIYCKHHX ra3zax

DF _ B10()
NOy —NOy

DF
X

ANO, = -100%; 1)

BiJTHOCHE 301IBIIICHHSI MUTOMOT €PEKTUBHOI BUTPATH TaTUBa
B10() _ | DF
PO _p

Ab e .100%; B

e DF
b,

BiI[HOCHe SHWKXCHHSA MAaKCUMAJIBHOT'O TUCKY 3TrOPAHHA

> — B10()
Ap, = —+—5"+—-100%; (3)
z
BiJTHOCHE 301JIbIIICHHS TEMIIEPATypH BUITYCKHUX Ta3iB:
{B1OO _ ¢DF

9
NOPF pPF pDF tOoF . .
ne x 1+ 0, P, Ty’ — KOHIEHTpaIlsi OKCUIIB a30Ty y BHIIyCKHHX

rasax, nuTOMa e(eKTHBHA BUTpATa MaIuBa, MAaKCUMAILHUMA TUCK 3rOpSH-
Hsl, TEeMIEpaTypa BUITYCKHMX Ia3iB IIPU BUKOPHCTaHHI JM3EIbHOTO Mast-
Ba;
B10 B10(i B10(i B10(i : .
NOy 0 b, o P, 0 ot O _ KoHuEHTpaIist OKCHIIB a30Ty y BH-

MyCKHUX T'a3ax, TUTOMa e)eKTUBHA BUTPATa MajkBa, MAaKCUMAaIbHUNA THCK
3TOPSIHHS, TEMIIEpaTypa BHUIyCKHHX Ta3iB MPH PI3HUX KyTaxX BHIIEpe-
JDKEeHHS monadi 0ioausenpHoro naausa B10.

3HaveHHs, Mo oTpuMaHi 3a ¢opmynamu (1)-(4), mpencrasieHi y
Taoi. 3, 4.

Tabnuns 3. BigHocHa 3MiHa eKCILTyaTamiiHuX napamerpis ausesnst SS6OME-C8
MAN-B&W 3a pi3HuX KyTiB BUIIEpEKCHHS Noa4i 0ioan3enpHOro nanuea B10

Kyt Bunepemkenns nogadi nanusa, 0, grad ARC
TTokasauk = YT & p = " 5 g 5 ~
p;, MIla 4,58 1,96 0 1,31 2,61 5,23 7,19
ty, °C 2,46 0,70 0 1,41 2,46 3,17 4,93
be, r/(kB1-TON) 3,98 1,14 0,57 1,70 1,55 6,82 9,66
NOy, r/(kBr-rox) | 11,48 | 16,39 | 21,39 | 19,90 | 17,66 | 1543 | 7,45
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Tabmuus 4. BinHocHa 3MiHa ekciutyatauiiHux napamerpis ausens 6DL-16

Daihatsu 3a pisHux KyTiB BUITepeKeHHs ojadi GioausenpHoro maauea B10

Kyt Bunepemkenns nogaui nanusa, 0, grad ARC
Horastiik 0] a8 | 16 | 14 | 12 g-10 8
p,, MIla 5,39 1,50 0 150 | 2,70 | 4,49 | 5,99
ty, °C 3,09 | 0,62 0 1,23 1,85 | 2,47 | 4,63
be, r/(kB1-TON) 3,66 | 2,09 | 2,09 157 | 419 | 6,29 | 8,38
NOy, r/(xBr-ron) | 14,80 | 20,79 | 22,45 | 21,43 | 18,75 | 14,29 | 10,20

JIysi KOMIUIEKCHOT OIIHKY BiJIHOCHOI 3MiHM €KCIUTyaTalliiHUX TOKa3-
HUKIB pOOOTH IW3ENiB 32 Pi3HUX KYyTiB BHIIEPEIKEHHA MOAavi 0i101U3eb-

Horo nanuBa B10 noOymoBaHo miarpamu, siki moka3zaHi Ha puc. 3.
Ar,, Ab,

ANO,,

Ap,,
%

Puc. 3. BizHocHa 3MiHa eKcIuTyaTaliiHIX MOKa3HUKIB pOOOTH CYZAHOBHX JTU3EIIB
5S60ME-C8 MAN-B&W () Ta 6DL-16 Daihatsu Diesel () 3a pisuux kyris
BHIIEPEKEHHS o1adi 6ioausensHoro manuea B10: 1 — Temneparypa BUITyCKHUX
rasis; 2 — nuroMa e()eKTHBHA BUTpaTa NaJINBa; 3 — MAKCUMAJIBHUH THCK 3rOpsH-

HSl; 4 — KOHIEHTpALisl OKCHIIB a30Ty y BUITYCKHHX Ta3ax
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Exosoriuna eeKkTHBHICTh BUKOpHCTaHHs OiomanuBa B10 oriHioBa-
Jlacs 3a 3HAYEHHSAM EKOJIOTIYHOI CTIHKOCTI Cy[HOBHX IU3ETIB 3a PI3HUX
KYTiB BUIEpE/DKEHHS mmojavi OioausenpHoro naivea B10. 3HaueHHs eko-

noriunoi criiikocti ANOY, Busnauanocs 3a Gpopmysior
max B10(i)
NOY™ — NOy

ANO;, = NO™
X

:100%; (5)

ne NOY™ — makcuManbHO MOXIMBA KOHIEHTPAIlis OKCUIIB a30Ty y BH-
MMyCKHUX Ta3ax BiAmoBigHO 10 BuMor Annex VI MARPOL.

Jns nuzens 5SS60OME-C8 MAN-B&W NOTX:14,4 r/(kBt-rox), mis
musenst 6DL-16 Daihatsu Diesel Bu3HauaeThcs 3a popmyInoro

NOT™* = 44n°%, (6)

Jie N — 9acToTa OBEPTAHHS, XB .
C ypaxyBaHHsM XapakTepucTuk au3ens 6DL-16 Daihatsu Diesel

NOT™ = 44-1200°* =8,61r/(xBr-rox).

3nauennst exonoriunoi  criiikocti ANOj  cymHoBux  mmseniB
5S60ME-C8 MAN-B&W ta 6DL-16 Daihatsu Diesel 3a pi3aux kyTiB
BUIIEPEKSHHS 1o1a4i Oiou3enbHoro nanusa B10 HaBeneni y taba. 5, 6.

Tabmums 5. Exonoriuna crifikicts quzens SS60ME-C8 MAN-B&W 3a pizanx
KYTiB BHIIEpeDKEHHS rmo1avi 0iom3ensHoro naniusa B10

Kyt Buniepemkenns nmogayi naiamsa, 6, grad ARC
ITokazHuk = 5 5 ] 3 ) X)
p,, MIla 17,5 | 22,08 | 26,74 | 25,35 | 23,26 | 21,18 | 13,75

Tabnuus 6. Exonoriuna criiikicts ausens 6DL-16 Daihatsu Diesel 3a pizanx
KYTiB BHIIEpeDKEHHS rmo1avi 0iom3ensHoro naniusa B10

Kyt Buniepemkenns nmogayi nanamsa, 6, grad ARC
-20 -18 -16 -14 -12 -10 -8
Pz, MIla 22,46 | 27,91 | 29,42 | 28,49 | 26,06 | 21,99 | 18,28

IToka3Huk

Yum Gisbliie 3Ha4€HHs EKOJIOTTYHOI CTIHKOCTI ANOY, — THM Jaji Bij
pernamentoBanoro Annex VI MARPOL NOP™ 3Ha4eHHs KOHIIEHTpAIIi1

OKCHJIB a30Ty Y BUITyCKHHX ra3ax.
Juns xpamioi Bi3yanmizaiii 3a 3HaYCHHSMH, HaBEJICHUMHU B TaoI. 3, 4,
noOyoBani aiarpamu (puc. 4).
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Puc. 4. Exonoriuna crifikicts cynnoBux ausenis 5SS60ME-C8 MAN-B&W (a) Ta
6DL-16 Daihatsu Diesel (6) 3a pi3uux KyTax BUIIEpEIKEHHS MOAaui 6i0an3eIb-
Horo naiauBa B10

[Tix "ac mpoBeneHHS IOCIiIKEHb KOHTPOJIOBAIUCH Ta MiITPUMYBa-
JUcs y HeoOXiTHOMY Jiama3oHi BCi OCHOBHI IMapaMeTpr poOOTH TOJIOBHO-
ro Ta JOMOMDKHUX JHU3ENiB, a TAKOX MMapaMeTpH y cHUcTeMax, mo 3abe3-
MeYyroTh iXHe QyHKIiOHyBaHH:. Jlo HUX OyiM BiJJHECEHi:

TUCK Y IHJIIHAPI B KiHII CTUCHEHHS, TEMIIEpaTypa BHITyCKHUX Tas3iB,
CcepenHii iHANKATOPHUN TUCK, a TAaKOX BIIXHWJICHHS IUX MOKAa3HUKIB Bill
CepEeHOTO 3HAUYEHHSI M0 BCiX UIIHAPAX;

4yacToTa 0OepTaHHS Bay AU3ENS;

¢da3u razopo3noainy (KyTH BIIKPUTTS Ta 3aKpUTTS NPOLYBHUX Ta
BUITYCKHUX KJIaIlaHiB);

TUCK 1 TeMIIepaTypa OXOJIOKYBAIbHOI BOJM Ta ITUPKYJISIIMHOTO Ma-
CTHJIA Ha BXOJI1 Ta BUXO/ 3 JU3€EIB;

TeMIiepaTypa Ta B'SI3KICTh NaJMBa, a TAKOX TEXHIYHHH CTaH IaJIuBHOT
amaparypy BHCOKOTO THCKY.

VY 3B'I3Ky 3 OJHOCTIPSIMOBAaHHMM Iepe0iroM MpOIECciB Ta MPOMOPIiii-
HUMHM 3HaYEHHSMH pe3yJbTaTiB, y Tabin. 1-6 1 Ha puc. 1-4 HaBexeHo nuie
JaHi, sIKi BIAMOBITAIOTh MaKCHMMaJbHOMY HABaHTa)XKCHHIO Ha Iu3eNi, a
came 0,95Nenom st musenst SS6OME-C8 MAN-B&W 1 0,8Nenom st
amsenst 6DL-16 Daihatsu Diesel.

BucHOBKH i mepcneKTHBU MOJANBIINX AOCTIIKeHb. [linqBUIIeHHS
e(eKTUBHOCTI BHKOPHCTAHHS OiomajuBa IMOJSIra€e HEe TUIBKH Yy BHOOPI
HOTr0 ONTUMAIBHOTO CKJIAy, ajle TAaKOX y BU3HAYCHHI ONTHMAIBHHUX KY-
TiB BUIIEPE/DKCHHS Tojadvi OionanuBa B IWIIHADP AWU3ENsA. 3MiHA KYTiB
BUIIEPEKCHHS o1a4i OionanuBa (HMOPIBHSIHO 3 BapiaHTOM POOOTH JH3e-
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JIS Ha TU3EJTbHOMY TTAJIMBi) HEOOXiTHA Y 3B'SI3KY 31 3MIHOIO CKIIAJy ITajliB-
HOI CyMIillIi, IO 3ropsi€ B IMITIHAPI TU3EISL.

3aeKHOCTI OCHOBHUX EKCILTyaTaliiHUX MMOKa3HHUKIB POOOTH SIK JBO-
TaKTHHUX, TaK 1 YOTUPUTAKTHUX AW3EIIB BiJ KyTa BUIEpEIDKEHHS Moaadyi
MaJMBa MAalOTh CHHYCOITAIBHUN BUIIISA Ta XapaKTePHU3yIOTHCS HasIBHICTIO
ONTUMYMY — MiHIMaJbHHUX 3HAUYEeHb TeMIepaTypy BUILyCKHHX Tra3iB, KOH-
LeHTpamii OKCHUAIB a30Ty y BUIYCKHHX ra3ax, MUTOMOi €(eKTHBHOI BHU-
TpaTH MaJHBa, a TAKOXK MAaKCHMAJIbHOTO 3HAYECHHS THUCKY 3TOPSHHSL.

3 MeTOoI0 MiABUIICHHS e()eKTHBHOCTI BUKOPHUCTaHHS OlomaimBa HE00-
XiIHO 3CyBaTH MpOLEC MoJadi Ha JIiHII0 CTUCHEHHS — 30UIbIIYBAaTH KYT
BHIIEPEKEHHS M0/1avi MMainBa, Py IIbOMY iana30H i€l 3MiHN Mae Bif-
MOBiAaTH pPEKOMEHMAIliIM 3aBOJIB BHUPOOHHKIB IIOAO MOXIIUBHAX KYTiB
nojayi nasuBa.

OnTtuManeHU KyT BHUIIEPEDKEHHS IMojadi OiomnanriBa BU3HAYAETHCS
eKCTIEPUMEHTAIBHUM IIUIIXOM Ta 3aJICKUTh BiJl XapaKTEPHCTHK AHU3EIIS.

Bukopucranus OiomanuBa (MOPIBHSIHO 3 €KCIUTyaTalli€lo JTU3ess Ha
JM3eFHOMY TIajiiBi) 30UIBIIY€E €KOJNOTIYHY CTiHKicTh auzens. [Ipuaomy
11e BiIOyBa€ThCSA Y BChOMY Jiala30Hi eKCIUTyaTalifHAX PEXKUMIB AHU3EIIs.
Lle 30impmIy€e 3amac eKOJIOTrigHOI CTIMKOCTI — Wi SIKUM MOXHA PO3yMIiTH
BiJTHOCHY Pi3HHIII0 M’ MaKCHUMaJILHO JOITyCTUMOIO Ta IOTOYHOIO KOHIIE-
HTpAILi€I0 OKCHUIIB a30Ty Y BUITyCKHHX Ta3ax.

CaMe mifBHUINEHHS €KOJOTIYHOI CTIHKOCTI CyJTHOBUX AM3EINIB y pasi
BUKOPHUCTaHHs OiomajuBa € HalOUIbII MO3UTUBHUM KPUTEPIEM Ta CIPHUSE
IHTCHCHMBHOCTI BHKOPHCTaHHs OlONajMBa B EHEPreTHMYHUX YCTaHOBKAX
MOPCBKHUX CY/JICH.
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10.31653/smf48.2024.114-125
Cariu A.C., 3a6noupkuii 10.B.
Harrionansuuit yHiBepeuteT «Omechka MOPChKa aKaaeMis

AHAJII3 EGEKTUBHOCTI MOPCBKHX
INEPEBAHTAXKYBAJIbHUX TEPMIHAJIIB II1JJ YAC
TPAHCIIOPTYBAHHSA 3PI/IZKEHOI'O ITIPUPOJHOI'O I'A3Y
CYJHAMMU-TA30BO3AMU

IlocTanoBka mpo6JjeMu B 3arajibHOMY BHUIIsiAi. OCTaHHIMH pOKa-
MU TIONUT Ha TMepeBe3eHHs 3pimkeHoro npupoanoro razy (31N 3nauno
3pic, 0 3yMOBJICHO TTIO0ATFHIUMY 3MiHAMH B €HepreTHuHiil ramysi. Kpai-
HU TI0 BCHOMY CBITY MpParHyTh 3MEHIIUTH 3aJIe)KHICTD BiJl BYTJIEBOIHIB 1
MepeT Ha OLIbII €KOJOriuHO uucTi Buau nanusa. 3I1I° craB ogHuM i3
KITIOYOBUX KOMITOHEHTIB IIbOTO TEPEXOY, OCKUIBKH ITif] 4ac HOTo 3ropsiH-
HSl YTBOPIOETHCS MEHINE BUKHU/IIB BYTJIEKHUCIIOTO ra3y IMOPIBHIHO 3 BYT1JI-
7siM 1 HadToBHM manuBom [ 1-3].

3pocranns cnoxuBanHs 3I1I7 ocobnmuBo momitHe B €Bpomi Ta A3ii, e
JIep)KaBU aKTUBHO MUBEPCU(DIKYIOTH CBOI pKepena eHeprii. byaiBHUIITBO
HOBHX TE€PMIHAJIB /I perasudikariii Ta 301IbIIeHHS TTOMUTY HA TAaHKEPH,
mo tpaucnoptytots 31T (abo liquefied natural gas — LNG) mpussesu 10
po3mupeHHs QIIOTY cylieH, MpU3HAYeHUX /s oro nepeBe3eHHs. CydacHi
LNG-tankepn (CyaHa-ra30BO3HM) OCHAIEHI MEPEJOBUMU TEXHOJIOTISMU
Uit 3a0e3neueHHs Oe3leKd Ta eQEeKTHBHOCTI IEpeBe3eHb, 10 TaKOXK
CIIPHSIE 3POCTAHHIO OBIPH JI0 IILOTO BHIY MOPCHKOTO TpaHcmopty [4-6].

B ymoBax eHepreTMYHOI KpH3H Ta 3MiH Ha CBITOBOMY PHHKY €HEpril
MEepeBEe3CHHS 3PIIKEHOr0 Tra3y OKEaHCBKHMH IIUIIXaMH  CyJHaMH-
ra30BO3aMHM CTa€ BCe OUIbII 3aTpeOyBaHUM, a TEHACHIIT B IIbOMY CEKTOPi
BKa3yIOTh Ha MOJANIbIIE 3POCTAHHS Ta PO3BUTOK [7-9)].

AHaJi3 ocTaHHiX gocaigxens i myOaikauniii. Yepes kpusy B Uepso-
HOMY MOpi Ta 3arpo3u JUlsi CyJJHOIUIABCTBA 0arato KOMIIaHiH, 1o 3aiiMa-
1oThecsi TpaHcnoptyBanHsM 3[II" B kpainu A3ii, npuaiIsSioTe yBary Jo
JIBTEPHATHBHUX MapIIPYTiB HABKOJIO A(PHUKaHCHKOTO KOHTUHEHTY. 11106
MiHIMI3yBaTH BUTPATH Ta MiJBUILUTH €(QEKTHBHICTh y OULIBII TPHUBAIHUX
MEPEeBE3eHHSX, 3POCTAE IHTEpEeC JI0 BHKOPUCTAHHS TepeBaIOYHHX 0a3.
Taxi 6a3u KO3BOJSAIOTH TUMYACOBO 30epiratu abo nepeBanTaxkysatu 311
Ha iHIL CyJHA-Ta30BO3H, LI0 Aa€ 3MOTY ONTHUMI3yBaTH JIOTICTHYHI IpolLie-
CH Ta CKOPOTHTH Yac NepeOyBaHHs CYIACH y MODI.
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IlepeBanmouni 6a3m, poO3TAIIOBaHI y CTPATETIYHUX TOYKAaX, TAKHX SK
y36epexokst 3axigHoi Ta lliBnenHoi AQpukH, CIPUSIOTH PO3BaHTAXKEHHIO
CYACH-TAa30BO3iB, 110 MPSIMYIOTh Ha BEJHKi BiacTani. BoHn takox 3abe3-
MeYyroTh OB THYYKE YIPaBIiHHS JaHIIO)KKOM MOCTavyaHb 1 3HUKYIOTb
PH3HK 3aTPUMOK Yepe3 IEePeIOBHEHICTh MOPCHKHX MOPTIB a00 HECTa01Ib-
HIiCTh perioHiB. Kpim Toro, BUKOpHCTaHHA TakuxX 0a3 JOMoMarae yHUKaTH
MiABUIICHUX BUTPAT HA MAIMBO Ta 3a0e3meuye cTablIbHICTh TPAHCIIOPTY-
BauHs 3I1I" y dokyci 3pocTarounx BUMOT A0 Oe3reKku Ta HaiiHOCTI ToC-
tauans [10, 11].

00xix AppHUKaHCHKOTO KOHTHHEHTY, X04a i 301IbIIy€E Yac TPaHCIIOP-
TyBaHHS Ta BHTPATH HA MAJHWBO, CTaB OLJBII MPIOPUTETHHUM BapiaHTOM
U 3a0e3rnedeHHs] Oe3MeKH BaHTaXiB 1 eKimaxiB Mopchbkux cyzaeH. Lle
TaKOX BIUIMBAE Ha II0OAJbHI JIOTICTUYHI JAHIIOKKH Ta MIiABHUILYE Bap-
TicTh TpancnoptyBanus 3I1I, mo B miacymMKy BimoOpa)kaeThcsi Ha ILiHAX
Ut criokuBadiB. [IpoTe komMmaHii IpOMOBXKYIOTh aganTyBaTHCS 10 3MiH
YMOB, TIPUALISIOUN 0cOOIHMBY yBary Oesmeli Ta HaAiiHOCTI mocTadaHb. B
JaHWH 4Yac PO3rIIsAacThCsl MOXKIUBICTD OyIyBaHHS MEpeBaIOYHUX 0a3 Ha
IUIAXY BiJ{ MICT 3100W4i B iBHIYHUX MOpsX moOnu3y OeperiB Hopgerii Ta
Ha IUIIXY A0 €BPONEWCHKHUX KpaiH Ta KpaiH A3ii. XapaKTepUCTHKH Jie-
SKHUX ME€PEeBaHTAXYBAIBHUX TEPMIHATIB, 110 PO3TAIIOBaHI HA IIUIIXY Tpa-
HcnoptyBanHs 3I1I" 3 [TuBHruHOT €Bporm 10 A3ii HaBeneHi B Tabwmi 1.

Tabmuus 1. TexaiuHi XapaKTEPUCTHKH NIEPEBAHTAKYBAJIBHUX TEPMiHATIB

PerioH po3TainiyBaHHs TepMiHATY
ITapameTpu . [TiBneHHO-AppuKaHchKa
Hopseris PecniyOnika (ITAP)

Micne3naxo- V36epexoxs e Hopaerii B V36epexoxs [TAP no6mmzy
JDKEHHS MiCIIIX 3000141 Kefinrayny
HpOHyCKH? 20 miH. ToHH / piKk 25 mutH. TOHH / pik
CIPOMOXKHICTb
O0'eM cxoBu- | 2 miaBy4i cxoBuma 31T 2 mraBy4i cxosuma 31T
ma 06'emom 360 Tuc. M° o6'emom 415 Tuc. m°

3HayHe CKOPOYCHHS BIJICTaHI Ta 4acy TPAHCIOPTYBaHHS 3a0e3leuye
3MeHIIeHHs oocsriB yrBopenns napis 3I1I" (Boil-off gas — BOG). IMapu
3I1I" yTBOPIOIOTHCS uepe3 pisHMIo Temreparyp Mk 3I1IT Ta JOBKIUIAM
BHACJIIOK HAIXOJKCHHS TEIUIA 3 JIOBKUUIS Yepe3 130110 CTIHOK CyHa-
razoBo3a. Sk npaswiio, HagmuimkoBi napu 3I1IT 30uparoThest 3a JgomomMo-
TOI0 CUCTEMH peKyIiepallii mapH, MOBTOPHO 3PIKYIOTHCS Ta TOBEPTAIOTh-
csl B PIIKOMY CTaHi [0 BaHT@XHHUX TaHKIiB. 3a yMOBOIO BiZICyTHOCTI Ha
CYAHAa-Ta30B0O31 CUCTEMH MOBTOPHOTO 3piKEHHS MPUPOAHOrO rasy, Hal-
numikosi napu 31T cnianroroTsh Ha (akenbHii ycranosii [12, 13].
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IlocTaHoBKAa 3aBAaHHsA. 3aBIaHHIM JTOCIHIHKEHHS OYB aHalli3 MOX-
JUBOCTI BUKOPHUCTAHHS MOPCHKHX TEPEBAHTAXYBAIBHUX TEPMIHATIB ITiJT
yac TpaHcrnoptyBaHHs 31" cynmHamu-ra3oBO3aMu, a TakOX BH3HAYECHHS
OCHOBHHUX €HEPreTHYHHX MOTOKIB, 10 HEOOXiAHI Ajst 3a0€3MeYeHHs Mpo-
IIeciB 3aBaHTaxeHH: /po3BaHTakeHHs 311" Ha UX TepMiHamax

Bukiaa ocHOBHOro MaTepiaay AocaiIzKeHHsI. 3alIe)KHO Bij eHepre-
TUYHOI YCTaHOBKHM CyIHAa-Ta30B03a, Hamnumkosi nmapu 31 MoxyTh BH-
KOPHCTOBYBATUCS SIK MMAJMBO JJISI TEIUIOBUX IBUTYHIB. OCKUIBKH Tapu
3II" € miHHIM TOOIYHIM TPOAYKTOM, y CBITOBiH MpaKTHI Jenaji JacTi-
1II€ 3aCTOCOBYIOTh JBOXIAJIMBHI AM3EJbHI YCTAHOBKH, 3/1aTHI MPaLlOBaTH
Ha rasi, Ipu [bOMY Ba)kKKe Ma3yTHE a00 CyIHOBE IU3EJIbHE IaJUBO BUKO-
PHUCTOBYETBCS SIK pe3epBHE MaiuBo. IIIBUAKICTH MapOyTBOPEHHS I CY-
NeH-Ta30Bo3iB ctaHoBUTh 0,125 ...0,13 % Ha 100y Bix obcsry 3I1I" y BaH-
TaXHOMY TaHKy. Hampuknan, Al cynHa-ra30Bo3y 3 MICTKICTIO BaHTaX-
HEX TaHKiB 170000 M° yrBOprOETBCS Gmm3bko 170...255 M® mapi 31T
moaeHHo. ['a3, mo BUnapoByeThcs, CTaHOBUTH npuoOau3Ho 80...90 %
eHeprii, HeoOXiHOT CYAHY-Ta30BO3y Ha IOBHIHA MOTY)XKHOCTI B 3aBaHTa-
XKeHoMy pelici, 1 6mu3pko 40...50 % B GanmactHOoMy peiici. [yis nmponos-
KEHHsI POOOTH CyIHY-Ta30BO3y MOTPiOHO AoAaTKoBe maiamBo abo mapa
3III". Y takoMy BUIIAJIKy MOXYTh BUKOPHCTOBYBaTHCS (popcoBaHi BHIIAp-
HUKH, AKi JO3BOJISIOTH BUIAPOBYBAaTH MoMaTKOBY KimbkicTh 3III'. Comin
3a3HAYMTH, 10 MiJl YaC MOPCHKUX MEPEBE3EHb Yepe3 MOCTiiHE BUIIApOBY-
BanHs 3I1I" 3pocTae i Terora 3ropsiHHS Horo mapiB. 3 4acom e ¢axT
MOJKE 3MEHIIUTHA MOTpedy B MPHUMYCOBOMY BHITAPOBYBAHHI JI0JIaTKOBOT
kizgpkocti 31T [14, 15].

OCKiNbKM MOCTAaBKY Ta BiABAHTaKEHHS MPOAYKTY MOXYTb OyTH Hepi-
BHOMIDHMMH, 3 METOI0 3MEHIICHHS Yacy IMPOCTOI CYACH-Ta30BO3iB B
OuiKyBaHHI po3BaHTaXeHHS abo 3aBaHTaxkeHHs 3III' mepenbauaeTncs
MOKIHUBICTh niepeBanTakeHHA 311" 3 cyiHa Ha cyIHO 3a cXeMOoro «OopT y
60pT» 6€3 MPOMIXKHOTO 30epiraHHs Ha IJIaBYYHUX CXOBHIIAX Ta3y.

I[Tix yac BaHTaXXHO-PO3BAHTAXYBAILHUX OlEpalliil iHTEHCUBHICTH T1a-
POYTBOpPEHHSI MOKE KOPOTKOYacHO 30inburyBarucs B 1,5...2 pasu. OcHo-
BHI MPUYMHHU MAPOYTBOPCHHS B MPOIIECI 3aBaHTAXEHHS / pO3BAHTAKECHHS
CyJIHa-Ta30BO3y mpejncTapieHi B Tadbmumi 2. Hapnumkosi napu 31T Bin-
BOJSTHCS B CIIELiaJIbHUN PyKaB Ha TepMiHali Ta aji B OeperoBy cuctemy
MOBTOPHOTO 3PiKEHHSI MPUPOAHOTO Tazy abo MOXKYThb CIAJIIOBATHCS Ha
(akenpHil ycTaHOBII. B ocTanHROMY BHIIQJIKY (Y 3B’S3KY 3 THM, IO CIia-
moBanHg napiB 31" moB’s3aHO 3 BUKOPHCTaHHSAM MajvBa HaQTOBOTO
MOXO/PKEHHS) HEOOXiAHO MiATPUMYBAaTH BUMOTH €KOJIOTTYHUX CTaHIAPTIB
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II0JI0 BUKHIIIB B JOBKULISA TOKCHIHUX KOMIIOHEHTIB Ta 3a0pyIHIOIOYHX

peuouH [16-18].

Tabmnuns 2. OcHOBHI NPUYKHY [TAPOYTBOPEHHS B MPOIIECi
3aBaHTa)XCHHs / pO3BAHTAKCHHS CyAHA-TA30B03a

IIpuunna
TApOYTBOPECHHS

Omnuc

TemmeparypHa pi3-
aumg Mixk 31T Ta
TaHKOM

[ig gac xonrtakty 3II" 3 TaHKOM CyaHa-ra3oBo3a
BUHUKA€ PI3HHIL TEeMIeEpaTyp, IO CIpPHUsSE BHIAPO-
ByBanHO 31"

ITomaua Tenmnotn
yepes 130JAIi10

Hesennke, ane mocrtiiHe IPOHUKHEHHS TeIlia depe3
130JIAIIIHHI MaTepiay TaHKa MPU3BOAUTH 0 BHIIAPO-
BYBaHHS

TypOyneHTHICTB i
yac OyHKepyBaHHS

[lin yac 6ynkepoBku 3I1I" y TaHK CTBOPIOETHCS TYp-
OyJeHTHICTh, ska 30uIbinye koHTakT mapiB 3IIIT Ta
PIZMHY, 11O MiABUIIYE TEIUIOOOMIiH

30BHILIHI TEMIIEpa-
TYpHi yMOBHU

BruiuB HaBKOJMIIHBOTO CEPEAOBHUINA, OCOONUBO 3a
YMOBOIO BUCOKHX TEMIIEpaTyp, MiIBUILYE MIBUAKICTH
BUIIAPOBYBAHHS

Yac KOHTAKTY 3 BifIK-
PUTHMU MOBEPXHIMU

Yum foBIIe pisnHa niepedyBae Ha BIIKPHTHUX MOBEp-
XHsIX, TUM Oibiia KitekicTs 311" BUnapoByeThCs

Temnora TepTs mia
4ac nepeKkavyku

[Min vac mepekauyBanus 3III" BinOyBaeTbcs TepTs,
sIKe TIPU3BOJUTH 10 YTBOPEHHS J0JaTKOBOI KIIBKOCTI

napiB

Perasudikauiiini Tepminanu npusHadeHi 1 npuiiomy 31T 3 cyneH-
ra3oBO3iB 1 MIATOTOBKK MPUPOAHOro rasy 10 BUKopuctaHHs. Ha perasu-
¢ikaniitnux repminanax 31" 30epiracTbest B i30TepMiuHHUX pe3epByapax i
3a MOTpeOu TMepeBOAMTHCA B razomnofionmii craH. [lepeenenns 317 B
ra3omnofiOHUH CTaH BiOYBAa€ThCSl B CHCTEMi BUTIAPOBYBAHHS 32 JIOTIOMO-
rOl0 HarpiBaHHs. SIK MpsSMUI TEMJIOHOCIH 3a3BHYail BHKOPHCTOBYETHCS
MOpPCHKa BOJIa, SIK MMPOMIXKHUM TETIOHOCIH — nporad. OCKiNBKH MPUPOJI-
HUM ra3 He Mae€ 3amaxy, nepel Horo mojavero CIoKMBadyaM HeoOXiTHa
oJlopu3allis pera3uikoBaHOrO MPUPOJHOro rasy. s omopu3ailii 3acTo-
COBYIOTh €THJIMEpKanTaH abo terparigporioden [19-21].

B tenepimniil yac sk perazudikaniiiHi TepMiHaTd BUKOPUCTOBYIOTHCS
IUIaBy4i yCTAaHOBKH, 3aTHI CaMOCTIHHO MepecyBaTHCs Ha BiACTaHb 10 2
MOPCBHKHX MWIIb BiJi OeperoBoi JiHii. [IopiBHSAHO 3 HA3eMHUMH TEpMiHa-
namu 3I1I" m1aBy4i ycTaHOBKH MalOTh HU3KY TlepeBar: HWKUYY BapTiCTh;
MeHIIUH TepMiH OyaiBHUUTBa (O61M3bKO 1..1,5 pOKIB — B MOpIBHSHHI 3
HA3eMHHUM TepMiHaJIoM 3...5 POKiB); MEHIIA IUIOMIA Ta MOPCHKE PO3TaIly-
BaHHs MIiHIMI3y€e BILIMB Ha JOBKULIA [22, 23].
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IIpuninmoBa cxema perasudikariifHoro TepMiHaga HajaHa Ha puc. 1.

Komnpecop
MOBEPHEHHS

BaunTaxui Maricrpaii

.

>
»
>

napu 3I1T" Ha Taukep
T Tennoo6MiHHIK
Y
Pesepsyap a ]
6e i
s 30epexenns [ W ]

. 30T I} H Kowmmpecop

Tankep 3I1T" s e e e CTHCHCHHS

s Marictpams  3aHyproBankHHiIT HACOC mapu 31T

3IT (piwria) peumpkyssuii 3I1I  HU3bKOTO THCKY d)aken
laz
—— 3aG0pTHA BOSA = -
TManusuuii Perazudpixarop 3 3pomcHnsm
Ta3s 3a00PTHOIO BOOIO
ik
Perasudikarop i3 Konpneucarop
Onopusartis | 33HYPIOBAILHUM napu 31T
NaJIbHUKOM
i <
¥ T < <
<
Jlo MaricTpajibHOro * Hacoc 31T
Ta30TPOBOTY Hacoc 3a6opTHoi Boan BHCOKOI'O THCKY

Puc. 1. Ilpunuunosa cxema perazudikaniifHoro repMinana

TpaauuiiiHO IHTEHCUBHICTH MApOYTBOPEHHS Bs BHpaskaeThes y Bifco-
TKax Bix 3arampHOro 0o0csry 30epiranns 311" y pesepsyapi. llIBumkicts
BUIIAPOBYBAHHS PO3PAXOBYETHCS SIK:

_p VipL.
P=B

ne Bs — 6a3oBa mIBWAKICT, BUTIAPOBYBAHHS, IO NPUIMAETHCS B Me-
xax 0,05...0,1 % Ha n00Yy;

V| — o6csir 31T y pesepsyapi, M°;

pL—rycruna 3I1I".

B ocranHi poku HaOynoO MOIIMPEHHS CKOPUTOBAHE EMITIPUYHE PiB-
HSTHHS

_ CrBVipL ;
KiK;Ks

ne Cr — mapameTp, 1110 BPaxoBY€ €PEeKT «POJUIOBEPY, BUKIMKAHUHN BH-
tparoto CIII', mo mupkymroe (3a3BU4aii puitMaeThes piBHUM 1,2);

K1, K;, K3 mompaBovHi koedilieHTH, 10 BPaxOBYIOTb 3MiHY THCKY
3[I" B pe3epByapi 3anexxHo Bix THcky mapis 31T, Temneparypu 3I1T i
TeMIIepaTypy IOBKULIS BiANOBiAHO [24, 25].

3araneHuid o0csr yrBopeHHs napiB 3I1I 3 ypaxyBaHHSIM 3MiH IIBUA-
KOCTI MapOyTBOPEHHS Iijl 4ac BaHTXHUX / PO3BAaHTAKYBAIbLHHUX OIEpa-
Lill MO>KHA BUPa3UTHU:
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f= Bl(P -Py )"' BoTL +BsTo +Bs;

ne (P—Py) — pi3HUII MiXX THCKOM ra30Boi (a3u B pe3epByapi, MIla;

T\, To — Temmepatypu 311" Ta noBKiIA BiamoBiaHo, K;

B1, B2, B3 — monpaBoyuHi KoedillieHTH;

(34 — MIBHIKICTH MapOyTBOPEHHS 3a MEBHUX YMOB [26, 27].

Hanwmipna kinbkicte napie 31" Bupansgerscs 3 pe3epByapa 3a AOIMO-
MOTOI0 KOMITPECOPIB 1 CIIPSIMOBYETHCSA A0 CHCTeMH yTwmizarii. Tak miaT-
pumyetses noctiitamit Trck 311 y pesepByapi. ns BumaneHHs HaaMip-
HO{ KUJIBKOCTI MapiB BUKOPUCTOBYIOTH KOMIIPECOPH KiTBKOX THIIIB: OPIL-
HEBi, POTOPHI, OCBOBI Ta BiAIEHTPOBI [28, 29].

o6 miarpumyBatu Butpatu mnapiB 311" y HeoOXimHOMY HmiamasoHi,
Ha perasuQikamiiHUX TEepMiHANaX 3a3BUYall BUKOPHCTOBYETHCS KiTbKa
0araToCTyMmiHYaCTUX KOMIIPECOPIB MapalieibHO. 3arajibHe CIOKWBaHHS
eHeprii kommpecopamu it ctucHeHHs napiB 3117 MoxkHa po3paxyBaTi 3a

BUpPa3aMu:
n

W BOG — ZWI BOG ,
i=1
|
Wi BOG — Z N ztiz;
7=0
ne W, BOC _ oTyKHICTB, SIKY CIIOKHMBA€E KOMIIPECOP i
N’ — MOTYXHICTb, Ky CIIOKHBAc KOMIPECOP Ha PiBHI 3aBaHTAKEHHS
z;
Z — KiJIbKICTh KOMIIPECOPiB HA PiBHI 3aBaHTAXKCHHS;
t — gac po6oTu KoMTIpecopa i Ha PiBHI 3aBaHTAKEHHS Z.

Butpatu eneprii Ha poGoTy KoMIipecopiB it ctucHeHHs napis 31T
CITiJI BPaxOBYBaTH, OCKUIBKM BEJIMYMHA IIMX CHEPrOBHTPAT BIUIMBAE Ha
co0iBapTicTh yTHITi3alil MapiB 3piPKEHOTO MPUPOAHOTO Tazy.

JJis miATPUMKH KPIOTeHHOI TeMIIEpaTypy Y BaHTQKHUX MaricTpasx
BUKOPHUCTOBYEThCS JiHis peunpkymsuii 3I1I (peunpkynsuiiiai Tpy6orpo-
Boau). [limBeneHHS TEMJIOTH 1O PEUUPKYJIAIIIHOrO TPyOOIpPOBOAY BH-
3HaYa€e BUPa3:

Q= fcyc,ecpAT;
e feyce — MacoBa Butpata 3I1IT, 110 OBEpTAETHCS HA PELMPKYJISLIIO;
Cp — muroma TemtoeMHicts 31T
AT — pi3HUL TeMIepaTyp Ha BXOJi Ta Ha BUXOZl peLUPKYJISLIHHOTO



2024 — N 48 Cyonosi enepeemuyti yCmanosxu 120

TpyOOTIPOBOY.
[MinBenenns Teriotd Q 10 pEHHUPKYISIIIHHOTO TPYOOIPOBOILY TAKOXK
MO>KHA PO3paxyBaTH 3a BUpa3aMu:

Q = KAAT,,
T =T,
ATm — _laut n_-
In Taut _TO
Tin _TO

ne K — 3aranbamii Koe(imieHT Terionepeaayi;

A — mioma TernoooMiny;

Tt — Temmeparypa 31T Ha Buxoi;

Tin — Temnepatypa CIII" Ha BxOIi;

ATy — cepenabonorapuMivyHa pi3HUIS TEMIIEPATyp.

Ha perazudikanifinomy Tepminam ans nepekagysannas 3111 i3 pesep-
Byapy B KonjaeHcatop mapiB 3I1I" Ta ans momaui oxomnomkenoro 31T y
TPYOONPOBIJl PEUUPKYIIALIT BHKOPHUCTOBYIOTHCS HACOCH HU3BKOTO THUCKY.
[loTyXHICTh HACOCIB HU3BKOTO THUCKY 3ajexuTh Bin Butpatu 31" B pe-
KUMax HarHiTaHHA 1 perupkysmii. KoedimieHT kopucHOI mii piquHHIX
BIJIIEHTPOBUX HACOCIB 3a3BMuaii ctaHOBHUTH Bix 70...75 %, BiAMOBITHO
25...30 % eneprii, BUTpa4eHOi B €IEKTPOJBUTYHAX HACOCIB, BUALISIETHCS
SIK TEeTUIoTa Oe3rmocepeHbo B pe3epByap st 30epiranss 3111, 3aranpae

CIIOYKUBAHHS CHEPrii HacCOCaMHU MOXKHA PO3paxyBaTH 3a BUPA30OM:
m

WY =>WE, j=1..m
=

e j — IHAeKC HacoCy;

WJ-LP — MOTYXKHICTb, SIKY CIIOXKHMBAE HACOC HU3bKOTO TUCKY [24, 27].

IToTyXHiCTb, SIKYy CIIOKMBAIOTh HACOCH HHU3BKOI'O THCKY, MOXE OyTH
3HIKEHA 3a paXyHOK 3MeHIIeHHs MacoBoi Butpatu 3I1I', skuil BUKOpHC-
TOBYETHCS IS PELMPKYJIALIT, 10, OJHAK, IPU3BEC 10 301IbIICHHS CHEp-
rOCIIOKMBaHHS KoMIpecopamu Jutst ctucHerns mapis CIIT™ [30, 31].

TexHONOTiYHI acreKTH pealizalii moJiOHMX MPOEKTIB BUBUEHI €i1ado,
y 3B'SI3Ky 3 IIMM BHHHKA€ HAYKOBO-TEXHIYHA MPOOJieMa pallioHAILHOI Op-
raHizamii mporeciB 3aBaHTaKeHHs / po3BaHTaKeHHS Ta 30epiramus 3I1T°
Ha TaKuX TepMiHajIax.

Crenudixa podotu nepeBanounoro 31" TepmiHamy 3BOAUTECS 0 TO-
ro, 110 BiH HE MOB'SI3aHUI 13 MaricTpajibHUM TpyOomnporooM. Ha nepepa-
JIOYHUX TEpPMiHANAX TUIOBA CHCTEMa 3aBaHTAKEHHS / PO3BAHTAKCHHS
3II" cknanaeTbes 3 3aBaHTaXKyBaJIbHO-PO3BAHTAKYBAJILHUX MaricTpaiet,
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HUPKYJIAIHHIX TpyOOIpPOBOIiB, 110 nepekauyioTh 3I1I i3 cyneH y pesep-
Byapu Ui 30epiraHHs Ta HaBIAK{, 3aHYPIOBAIFHUX HACOCIB HHU3BKOTO
THCKY, KOMITpecopiB Ta koHzaeHcaropi mapi 3[II". IlpuHnumnosa cxema
nepesajo4Horo Tepminany 3I1I" nasenena Ha puc. 2.

Maricrpani
3aBAHTAXKCHHS

Kommpecop
[OBEPHEHHS
napu 31T
Ha TaHKep

Maricrpans peunpkyssii 31T

Y

Marictpani
PO3BAHTAKCHHS

TennooOMiHHHK

A éfv
= 6 Konpencarop
st |9 napu 311
PesepByap juist = H | Kowupecop
| 30epexeHHsT I} o
pre I} CTHCHEHHS!
Tankep 31" Tanxep 30T e mapu 31T
. 3aHyproBaTbHUH HacoC
3MIT" (piauna) HM3BKOTO THCKY axen
Ta3 <

Puc.2. [IpuHnunoBa cxema nepesanoyHoro tepminary 31T

Ha nepeBanoynomMy TepMmiHaai HeMae pera3udikaiiHoro By3jia, TOMY
HAJUIMIIKOBI TTapy MPUPOJHOTO a3y, IO YTBOPIOIOTECS B pe3epByapi s
30epiraHHs, MEepEeKOHACHCYIOTh 1 TOBEPTAIOTh HA3al 0 CXOBHINA abo
CHAJIOITh (PaKeIbHOI0 YCTaHOBKOI. KOHTpONb THUCKY MapiB y BaHTaxk-
HUX TaHKaxX IIiJI 4Yac 3aBaHTA)XEHHS /PO3BAaHTAXEHHS Cy/IHA-Ta30BO3Y
3IIMCHIOETBCS 32 PaXyHOK ITOBEPHEHHS YaCTUHM TapiB i3 pe3epByapiB uis
30epiraHHsi He3allOBHEHOTO MPOCTOPY TaHKiB. TakuM YUHOM, BUKWJ HaJl-
mumkoBux mapiB I B armocdepy He 3aiiicHIOEThes. Ha BiaMiHy Bifj
perasudikaniiiHux TepMiHaliB, Ha mepeBajoyHux komruiekcax 311N 30e-
piraeTbest y pesepByapax KOpoTKMMH Iukiamu. Llei dakt moxe BrmBa-
TH Ha IIBUAKICTH MAapOYTBOPEHHS y pe3epByapi. Ha mouarkoBux eramax
BUINIAPOBYBAaHHS IIBUAKICTh NAPOYTBOPEHHS € MOCTIHHOIO BEIHYHHOKI. Y
Mmipy BunapoByBanHs 3[1I", pinuHa, mo 3anummiacs, 30aradyeTbes OiIbLI
BRKKMMH BYTJICBOJIHSAMH, 1 11 Ma€ J[Ba TEPMOJAUHAMIYHUX Haciiaka. Tem-
nepaTypa KUIiHHA Ta 3MiHA BEJUYMHHU MPHUXOBAHOI TEIUIOTH MapoOyTBO-
PEHHS 3pOCTalOTh. 3 4acoM y pe3epByapi CIOCTEpIraeTbcs 3HWKEHHS 1H-
TEHCHBHOCTI TTapOyTBOpeHHS. J[JIs1 aHaIi3y TEXHOJOTIYHHUX IPOILECIB, IO
nepebiraroTh Ha nepeBanodHoMy tepminan 3117, MoxyTh OyTH BHKOpHC-
TaHi piBHAHHSA 3 IPEAICTABICHOTO BUIIE MAaTEMaTHYHOTO anapary.

BucHOBKH i mepcneKTHBH MOAANBIINX AOCTiTKeHb. TpaHCOPTY-
BanHs 3[1[" 3 pogoBHIll BUMarae HasBHOCTI Cy4acHOTo (UIOTY, IO BiJIO-
BiJIa€ BCIM BUMOTaM TPAHCIIOPTHOI Ta €KOJOTI4HOI Oe3meku. by 1iBHUIITBO
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Ta BBEJICHHS B €KCIUIyaTallif0 CyIeH-Ta30BO31B, a TAKOXK CTBOPEHHS Iepe-
BaHTa)XXYBAIbHUX TEepMiHANIB 3a0e3medars Oe3nmepepBHE IepEeBE3CHHS
BaHTAXIB HE TUBJITYNCH HA 3MiHY YMOB HEOE3MEYHOr0 TPAHCIIOPTYBAHHS
BaHTaXIB esTKUMH palioHamMu CBITOBOTO OKEaHy.

[lepeBanTa)KyBasIbHI TEPMIHAIN MOXXYTh TaKOK BUKOPHUCTOBYBATHUCS
SIK PO3MOJIiIbHI Ta30Bi xabu abo it OyHkepyBanus cyneH 3I1I. Tlepera-
JIOYHI TEPMiHANN € BaYKJIUBOIO JIAHKOIO TEXHOJIOTTYHOTO JIAHIFOKKA TPaH-
cnoptyBanHs 311I°, mpy HbOMY € YHIKQIbHUMHU TEXHIYHHMHU CITOPYIIaMH,
ToMy 110 3aBnaHHs OyHkepyBaHHs 311" 3 TaHKEpiB BENUKOi BAHTAXKOMICT-
KOCTI Ha 3BHYAi{Hi CyJHa-Ta30BO3U 3HAXOJUTHCS HA CTaZil BUBYCHHSI.

Crennika pobotu nepeBanognoro tepminany 3I1I" momsrae B Tomy,
0 BiH HE TOB'A3aHHUNA 3 MariCTpallbHUM TPYOOIPOBOIOM, a 30epiraHHs
3I1I" y pe3epByapax 3IiHCHIOETbCS KOPOTKUMH Lukiamu. IlomepenHs
ouinka BunapoByBanHs 31" Ha Takux TepMiHamax J03BOJISIE OOTPYHTYBa-
TH TEXHOJIOTIYHI PIMIeHHS MIOJ0 iX MPOMYCKHOI CIIPOMOYKHOCTI, a TaKOX
kinbkocti 3[1I°, sKkii Moke Ha HHMX 30epiraTHCS 3 METOK TMOAAJBIIOrO
NepeBaHTaXCHHS Ha 1HIII CyTHA-Ta30BO3H.
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'Onechkuit HaLiOHANBHMIA MOPCBHKHUI YHIBEPCHTET
HarjonanbHuit yHiBepcuteT «Omecbka MOpChKa aKajaeMis»

BUKOPUCTAHHS YJIbTPA3BYKOBOI OBPOBKH ITAJIUBA ¥
MHAJIMBHUX CUCTEMAX CYJIHOBUX
CEPEJIHBOOBEPTOBUX JU3EJIIB

IlocTanoBka npobiiemu B 3arajbHomy Buriasaai. CymHoOBi cepen-
HB00OepTOoBi nu3eni (CO/l) BUKOPUCTOBYIOTBCS Ha BCiX 06€3 BUHATKY CY/I-
HaX MOPCBHKOTO Ta BHYTPIIIHHOTO BOJHOTO TPAHCIOPTY, 3a0€3MeUylouH
HEOOXiTHOIO TIOTYXHICTIO SIK MPOIMYICUBHUN KOMIUIEKC (Y pasi ix pobo-
TH Ha TBHHT), TaKOX 1 CYJHOBY €JIEKTPOCTaHIiI0 (y pa3i, KOJU BOHHU BH-
KOPHUCTOBYIOTBCSI SIK TIPHBOIY [CHEPATOPIB €IEKTPUIHOTo cTpymy) [1-3].

Ilig wac ekcruryaramii CyTHOBHX ABHUTYHIB BHYTPIITHBOTO 3TOPSIHHS
(IB3) He piako BUHHUKAIOTH Pi3HI AWIEMH, IO OJHIET 3 SKUX BiTHOCHTHCS
BukopuctanHs B cynHoBuX CO/] BHCOKOB'S3KHX MajMB 3 BUCOKHUM BMicC-
TOM cipku. JlaHi manuBa MarOTh 3HWKEHY BapTiCTh, TOMY iX BUKOPHCTaH-
HS B CyIHOBI €HEPreTHIIi, 110 MOYaIOCs 3 MAPOBUX KOTIIIB Ta y MOANTb-
oMy OyJIo MoIIMpeHe Ha KpeHIKon(Hi MOJieli AU3eTiB, B JaHUK Yac BCe
mmmpine BinoyBaerses i anst COJ. binbme Toro, cydacHi mogeni COJl ta
iXHs manuMBHA amnaparypa NPOEKTYIOTHCS O€3MOCepenHBbO ISl BUKOPHC-
TaHHs MajauB 3 B'sa3KicTiO 10 380 cCT Ta BMICTOM CIpYMCTHUX JOMIIIOK JIO
0,5 %. IIpu upoMy Ha cyTHAX MOPCHKOTO Ta BHYTPIIIHHOTO BOJHOTO Tpa-
HCIIOPTY €KCIUTYaTYEThCS IOCTATHS KUTBKICTh TU3ENiB paHHIX Momudika-
Iild, CTIIPOEKTOBaHUX JJIsi POOOTH BUKIIOYHO HA TAJIMBI, BMICTY CIpKH B
skomy He nepesuirye 0,03 %. Konsepranis nux [AB3 mist podoTu Ha BU-
COKOB'SI3KOMY CIpYHCTOMY MaJHBI 3BOJAUTHCS J0 MEepeodsaHaHHS TXHBOT
NaJIMBHOI anapatypu. Lle npu3BoAMTE 10 TMOKPALIEHHS PO3IWIIOBAHHS Ta
MOJIANIBIIOTO 3TOPSHHS MAllMBa, alie HisK He 3aro0irae TakoMy SIBUIILY, SK
cipuncra Kopo3ist Aeranei mutinaponopiixesoi rpymnu (LTI [4-6].

AHaJi3 ocTaHHIX nociaigkenb i myoaikauniii. Po3p's3annsa 3aBganHs
3HW)KEHHS CIpYMCTOro 3HOLIyBaHHS Aetajiei JIB3 B maHuii yac MOBHICTIO
BUKOHAHE JUISI MaJIOOOEPTOBHX JTU3EIIB, 110 MAIOTh OKPEMY CHCTEMY Ma-
meHHs TiHApiB [7-9]. [Ipu upoMy 3aBIaHHS 3aIMIIAETHCS JIHIIE 3HAUTH
ONTUMaJbHE CIiBBIJHOIIEHHS MK BMICTOM CIpKM B TNalMBI 1 BMICTOM
JY»XHHX TPUCATOK B MacTwiIi. Hanpukiay, 1uis najus 3 BMICTOM CipKH 710
0,1 % pexoMEeHIY€eThCS BUKOPUCTAHHS LWJIIHAPOBUX MACTHII, IO BKIIIO-
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4yaroTh 10 cBoro ckiamy 20...30 MrKOH/r mactuna (me KOH — Bwict
JYTy B MAacTWII); TSI TIAJTUB, 10 MicTATh 10 0,5 % cipku, MacThia 3 Kiidb-
kictio nyry 30...40 MrKOH/r, ans BucokoB's3kux nanus 3HadenHs: KOH
moxe craHoButd 50 MrKOH/r [10-12].

CynmnoBi COJ/l maroTh 3araipHy HHUPKYJAMIHHY CHCTEMY MAIICHHS,
sika 3a0e3rnedye mojady MacTuia B IWIHIP IU3esS Ta JO MiAIUITHUKIB
KOJIIHYaTOro Baiy. BUKOpHUCTaHHS MacTHII 3 MiIBUIIIEHUM BMiCTOM JIYTY B
JAaHOMY BHITQJKy HEAOIIBHO SIK 3 eKOHOMIYHHX MPHUYWH (Y 3B'SI3KY 3 1X-
HBOIO OUTBIII BUCOKOIO BapTICTIO B MOPIBHSHHI 3 MacTHJIAMH 3 MEHIITIM
3HaueHHsIM KOH), Tako i 3Bakaroud Ha iX TipIii eKcIiTyaTaliifHi mapa-
MeTpu (30KpeMa MEHINy 3/aTHICTh YHHHUTH OIip HOpPMaJlbHMM HaBaHTa-
xeHasM). Tomy ans COJl ennaMM crioco6oM GOpPOTHOM 3 HACIHITKOM BH-
KOPUCTaHHS CIpUMCTOTO MajuBa € HOTo J0AaTKoBa 00poOKa mepen mojaa-
YeH0 B IIWIIHAP, IO 3rOJOM CIPHUSIE 3HWKCHHIO CIpUUCTOro 3Hocy. Ilpu
IbOMY HEOOXiTHO BPaxOBYBAaTH, IO PO3B’S3aHHS MPOOIEMH BHIAICHHS
CIpYMCTUX TOMINIOK 3 MajvBa Ma€ OyTH KOMILIEKCHUM, TOMY IO OyIb-
ska (izuyHa i Ha TaTMBO MPU3BOIUTH IO 3MiHU MPAKTHYHO BCiX HOTO
KOMIIOHEHTIB [13-15].

Buxonsun 3 TOro, 1Mo B MalWBi 3HAXOAATHCS PI3HOMAHITHI Cip4YHCTI
CTIOJIYKH (eleMeHTapHa Cipka, CIpKOBOJCHb, MEPKaNTaHH, CyIb(inu, Iu-
cynbdiny, TiopeHu, Teodann, CyTb(HOKUCIOTH Ta 1HIII), 0 B3a€MOIIIOThH
3 peransmu LI, KpuIIKowo IMIiHApa, BUIYYCKHUMU Ta TPOLYBHUMH
KJIalTaHaMH, MOKHA BU3HAYUTH TaKi OCHOBHI IUISIXU 3aXUCTY LIUX BY3IIiB:

* BUTOTOBJICHHS JIeTaJIeH JU3elisd 3 MaTepiaiiB, CTIMKKUX 10 Jii cipuuc-
TOT KOpO3ii;

* 3MiHM y KOHCTPYKIIil JU3eMiB, IPU3HAYCHHUX JUII POOOTH HA cipumc-
THX TIAJTUBAX;

* 3aCTOCYBaHHS aHTUCIPYUCTHUX MPHUCAJIOK;

* BUKJIFOUEHHSI PEXXHUMIB POOOTH IH3EINA, M0 BUKIUKAIOTh HAHOUIBII
IHTEHCUBHY €JIEKTPOXIMIYHY KOPO3il0 Ta MiJIBUIIEHHI 3HOUIYBaHHS (TOO-
TO PEXHMIB 3 HU3bKOIO TEMIIEPATYPOIO BOJH, SIKA OXOJIO/KYE CTIHKH IIH-
JiHApa Ta UWIIHAPOBY KPHUILKY);

* CTBOPEHHS CHCTEM IaJIMBOIMIATOTOBKH, 10 3HWKYIOTh KUJIBKICTh Ci-
PUMCTHX CIIONYK, 110 HAAXOASTH JIO IMTIHPA TU3EIIS;

* BUOip pesxuMy poOOTH CHCTEMH MATUBOIIATOTOBKH, 110 3a0e3medye
HaKWO1IBII SIKiCHY 00poOKy manusa [16-18].

3HMKEHHIO cipuuctoro 3Hocy aetaneit LI Ta BUMYCKHOTO TpakTy
IU3eNsl TaKOXK CIIPHs€E palioOHaNbHA EKCIUTyaTalis CUCTeM MalleHHs Ta
oxonokeHHs. Hampukman, mig yac excruryaramii JIB3 HeoOximHO minT-
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pPUMYBaTH TEMIEpaTypy OXOJIOKYBAIFHOI BOAM Ta MacTHia HA BEPXHIX
MeXaX, PEeKOMEHIOBAaHMX IHCTPYKIiSAMH (00 YHUKHYTH KOHAEHCAIll
MPOAYKTIB 3rOPSHHS CIpKH Ta YTBOPEHHS MILTHMX MiHEpaJIbHUX CipKOBMi-
CHHX KHCIOT, Hacammepen cipurctoi H,SO3, Ta cipuanoi HySOy). i vac
eKCIUTyaTalii AW3eTiB Ha PEeXUMi YaCTKOBMX HAaBaHTa)KEHb PEKOMEHIY-
€THCS MiABHUIIYBAaTH TEMIEpaTypy MOBITPS Ha BXOZl B LWJIIHAP HUIIXOM
BUMKHEHHS 0X0JI0/KyBaua nositps [19, 20].

Ilim gac 3ropsHHS ManWBa B MUJIIHAPI AW3ENS BCi CIPYMCTI CHOIYKH,
0 MICTATBCS B HHOMY, YTBOPIOIOTH ABOOKUC SO, 1 Tprokuc SO3 CipKw.
OnHoyacHO B LWIIIHAPI YTBOPIOETHCS BEJMKA KiNBbKICTh BOASHOI MapH i,
TaKUM YMHOM, y MPOXYKTaX 3TOPSHHS 3'SBISETHCS CUCTEMA 3 JIBOX KOM-
MMOHEHTIB, Mo KoHAeHcyoThe H,O — HySO,, mo 3yMoBIItOe MOXKIHBICTE
IHTEHCHBHOI CIpUMCTOT KOPO3ii.

YMOBOIO BUMaJaHHs KOHJICHCATY Ha CTiHKaX IMJIIHIPA € TIePEBUIICH-
HSI TOYKH POCH 3a3HadeHOi TBO(a3HOI CyMIII HaJl TEMIEPaTypOr CTiHOK.
Crin 3a3HaYMTH, IO TOYKA POCH CyMIlll HaBiTh 3a Jy)KE MaJOMy BMICTi
H,SO, 3Ha4HO NIepeBHUIIyE TOYKY POCH BOASHOI Mapu. Y Mipy MOAAJIbIIO-
TO 3HIKEHHS TEMIIEPaTypH MOBEPXOHb JETAICH O TOYKH POCH BOASHOI
Hapy 3 MPOIYKTIiB 3rOPSHHS MOYNHAE BUITAIATH PO3UMH CIPYaHOI KUCIIOTH
Ta BOJa, TUM CaMUM 3HAa4YHO 3HWXKYETBHCS KOHILIEHTpAIlisl KOHJIEHCATy Ha
criakax. OctaHHS 00CTaBHHA MPU3BOIUTH IO Pi3KOTO 3POCTAHHS arpecH-
BHOCTI KOHJIEHCATy, OCKUIBKH BiJIOMO, IIO CipyaHa KHCIIOTa HaOinbIie
pearye 3 MeTajgamu 3a KoHieHTpaii€eo 3...20 %. TakuM 4MHOM, 33 TeM-
nepaTypaMu CTIHOK LWJIIHAPA, IO MEePEBUIIYIOTh TOYKY POCH MPOAYKTIB
3TOPSIHHSA, CipyaHa KOpo3isd MpoTikae ci1adko. Y pasi, KOJM TeMieparypa
CTIHOK BHSBJISIETHCS HWKYE TOYKH POCH BOJSHOI HapH, iIHTCHCHBHICTBH
KOpO3ii pizko 3poctae [21].

Touka pocu BoIsHOI mapu Moke OyTH miJpaxoBaHa 3a (HOPMYJIOIO,

3arporioHoBaHow b.b. 'enbomom
0,25

H(y, P, .
t, =1004| 0,0016daL, +—| ~“ 4y, ||——2~—" ; (1)
2 uo uq;(l—i—’Yr)ML

ne d — MacoBe BMICT BOJIOTHM BMICT, I'/KT;

oL — Koe(iliEHT HaJUTUILIKY MTOBITPS;

L, — TeopeTHYHO HEOOXiIHA KITBKICTh TIOBITPS JUIsl 3TOPSIHHS | KT ma-
JINBAa, KMOJIB/KT;

H — BMICT BOJHIO B IAJIUBI;

Yr — KOe(ILIEHT 3aIUIITKOBUX T'a3iB;
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o — KOEIIIEHT MOJIEKYIISIPHOT 3MiHH;

¥i— 9acTKa TeTUIOTH, IO BUAIISIETHCS Y TIPOLIEC] 3TOPSIHHS;

P,— 1noTo4YHe 3HaYEHHs THCKY B LIMIIHAPI, I(FC/CMZ;

M, — KoeIiEHT MOJEKYJIAPHOI 3MiHH, IO BIANOBIIAE KYTy IIOBOPOTY
KOJITHYAaToro Bally;

M\ — KinbKicTh MOJIEH CBIXKOTO 3apsay, kKMoub [22, 23].

st BU3HAYEHHS BIUIMBY BMICTY CIPYMCTHX JOMIIIOK Y MaJHBi Ha TO-
YKy POCH JOUIIHFHO BUKOPHUCTOBYBATH EMIIIPUYHY 3aJICKHICTD, OJepKaHY

B.C. CemenoBum
1,29

t =t +170) L0 | @)
o

ne ts — 3HaUEeHHS TOYKHU pocH BoJsHOI napy, °C;

S, — BMicCT cipku y manusi, % [24].

Touka pocu mapiB CipyaHOi KUCIOTH 3pOCTAE 31 30UTBIICHAAM 11 KOH-
LEHTpaIlii Ta TUCKY Ta3iB y IIIHAPI. Y IU3ETIX TOYKAa POCH MPHU TOJIO-
YKCHHI MOPIIHS y BepXHili MepTBiil Touli nocsrae seanmuna 150...180 °C i
3HWKYEThCS puban3Ho 10 60 °C 10 KiHI X0ay po3mmpeHHs [25].

Ou4eBHIHO, IO TOPSJ i3 CIPYUCTOIO0 KOPO3i€0 HE MOXHA 3arepedyBa-
TU HasIBHICTh a0pa3MBHOTO 3HOIIYBaHHS JeTajiel ImiJ yac poOOTH Ha Cip-
yrctoMy maiuBi. OJHAK, MATPUMKA TEMIIEPaTypHU OXOJIOHKYIOUOi BOIU
Ta MacTWIa B PEKOMEHIOBAHUX MEXKax J03BOJISIE 3MEHIIMTH IIKiUIUBE
3JMTTS CIPKHU Ha Ju3eb [26.

Jnis ycHimrHOTO 3acTOCYBaHHS B'SI3KMX, BHCOKOCIPUUCTUX TAIUB Y
cyaHoBux COJl HeoOXiHO BHpINIEHHS KOMIUIEKCY OpraHizaiiiiHo-
TEXHIYHMX 3aBJaHb B NpuiloMy majuBa Ha OOPT Cy/AHA 10 CHAJIIOBaHHS
B IIIiHAPI au3esns. CucTeMa MajuBOIITOTOBKY MOBHHHA 3a0€31euyBaTh
3aXHCT JIU3EIIsl MPH POOOTi CIPUMCTHX IMANWB HAa BChOMY Jliala3oHi eKc-
TUTyaTaIlifHAX PEXKUMIB.

IlocTaHoBKa 3aBaaHHs. 3aBIaHHSAM JIOCITIJDKEHHS OYyJI0 BU3HAYEHHS
JI0JIATKOBOT'O CIIOCOOY MAaJHBOMIATOTOBKH, IO 3a0e3rnedye HeoOXigHy
SKICTh MaJMBa Ta OJHOYACHO CIPHUSE 3MEHLICHHIO CIpYMCTOI KOpO3ii jae-
Tajgeu qu3ens.

Bukaaa ocHoBHOro marepiaiy mociimxeHHsi. OmHUM 13 METOIIB
MAJIMBOIIITOTOBKY, IO CHPHUSE 3MEHIIEHHIO HIKIJJTMBOTO BIUIUBY CipKH
Ha netani [IB3, € o0pobOka nmanuBa yneTpazBykoM. Lleit croci6 Hacamme-
pell Crpusie TMOMIMIICHHIO JUCIIEPCHUX SIKOCTEH NalluBa, a SBUIIE KaBiTa-
11ii, 10 CYMPOBOKYE IIEH NPOIEC, IPU3BOIAMTD J0 T0JATKOBOI aKTHUBAIT
HOT0 BYTJIEBOAHEBHUX CKJIAMOBUX Ta posileruieHHIo C-S 3B's3kiB. OnHUM
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13 BapiaHTIB 3aCTOCYBaHHS YJIbTPa3BYKOBOI OOpPOOKHU IajivBa € 1000Jai-
HaHHS IITaTHUX CHCTEM IMAJHBOIITOTOBKH JOAATKOBUMH MOJYIISIMH, SIKi
3IIACHIOIOTH 1iei mporiec [3].

Takum Mozaynem Oyia HJOYKOMILIEKTOBaHA CHCTEMa MaJHBOIIiATOTOB-
ku am3eniB 6NSD-M Nigita Power Systems, siki MarOTh HOMiHaJIbHY MTOTYX-
Hicth 480 kBT 3a wactrororo obepranns Baimy 1450 06/xB, Ta BXoAWIH Y
KUTBKOCTI TPhOX INTYK IO CKJIaAy CYAHOBOI JOMNOMDKHOI €HEpreTHYHOI
yCTaHOBKH. [lM3emi Maiy KO>KeH CBOIO aBTOHOMHY CHCTEMY MaJBOIIO/1a-
9i, 0 1aBaj0 MOKJIMBICTH MPOBOAUTH JOCIKEHHS TSI OKPEMOTO JIH3e-
7Sl 3 TTaJIMBOM, IO MPOMIIOB Pi3Hi eTanu miArotoBku. [lanuBHa cucrema
OJTHOTO 3 IBUTYHIB HE MiaBanacs MepeKOMIUIEKTAIli] Ta eKCILTyaTyBaia-
Csl Yy «IITaTHOMY» CTaHi, IpH IbOMY JaHUH TU3eIb IPUIMaBCs 32 «KOHT-
posbHUiy. [1amuBo 10 IBOX HIIKUX IU3EIIB MOJABAIOCS MiCHs JT0OAaTKOBOT
00pOOKH 32 JOTIOMOTOI0 YJIbTPa3BYKOBHX XBWIIb. DparMeHT NiISIHKH J0-

oOJaHaHHS MaTUBHOI CUCTEMH JM3EIiB IMOKa3aHui Ha puc. 1.
U 4 5 6 7 8

Puc. 1. Cxema noo01agHaHHS CHCTEMH ITO1avi TAMBA 10 JBUTYHA (PparMeHT):
1 — 3mimTyBad JOMaTKOBOTO TUMY; 2, 8 — MaNMBHI IIHUCTEPHHY;
3 — ynbTpa3ByKOBa yCTaHOBKA; 4, 7 — MaJMBHI HACOCH; 5, 6 — NIBUTYHH

JBUryH 6 OyB «KOHTPOJBHHM)» i €KCILTyaTyBaBCsl B «IITATHOMY» pe-
KHMi, TIPH [IbOMY MAJMBO, MIPONIIOBIIH CTaHAAPTHY MPOLEAYPY i Ar0TO-
BKH, TOJIAaBAIIOCS 10 HHOTO HAacocoM 7 3 muctepHu 8. JlBuryHu 5 Oynm
«EKCIIepUMEeHTANEHUMY. [1aniBO 0 HUX TI0/1aBaocsi HacocoM 4 3 IucTe-
pHH 2, B SIKili MMAJHBO IiJJIaBAIM BILIMB YJIbTPa3BYKOBUX XBWJIb 32 JIOTIO-
Moroto rereparopa Y3I-5-M 3 (a30BOI0 KOPEKLI€ Ta MarHiTOCTPUK-
UiHHUM BHIIPOMiHIOBadeM. ['eHepaTop CKIANA€TbCs 3 KUIBKOX CHIIOBHX
OCEepe/IKiB Ta 3araibHOi crcTeMH ynpaBiiHHsA. CucTema JI03BOIISIE Pery-
JIIOBATH Pi3HULIO (a3 BUXIIHOI HANPYTW OCEPEKiB, JOMAaraloduch He0O-
X1IHOTO PO3MOAiTY KapTUHH yIbTpa3BykoBoro nojs. Ilig yac cuHdasnoi
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poboTH TeHepaTop A03BOJIsIE HAOpATH MOIYIBHO OYIb-SIKY IMOTYXHICTH Y
niamazoHi Ny3r=20...5000 Bt, a Takoxx 3a0e3MeYUTH BUXITHY YacTOTYy
VIILTPa3BYKOBOTO CHTHANY B Jiama3oHi Vysr=/...35 k[l 3 To4YHICcTIO 3a-
BAaHHs yacToTu Ao 1 ['m.

[Tpu bOMy eKcIUTyaTallisi OJJHOTO 3 AW3EIIiB MPOBOIUIIACS HA MiHIMa-
JHHO MOXKIIMBIN TEMITEpaTypi OXOJIOKYBAIBHOI BOAN Ta MACTHIIA 3 TOUKH
30py 3a0e3MeYeHHs YMOB eKCIUTyaTallii Ta 3armo0irants JOCATHEHHIO TeM-
nepaTypyu TOYKW POCH. 3HAYCHHS TeMIIEpaTypH OXOJIODKYIOUUX cepeno-
BUII, a TAKOXX TEMIIEPAaTypH TOYKH POCH PO3PAXOBYBAIUCS 3a BHPa3aMH
(1) Ta (2).

YnpTpa3ByKkoBa  YCTaHOBKa 3  eKCIUlyaTyBajaci B  peXuMi
Ny3r=3200 BT c 3acTocyBaHHSM MarHiTOCTPHUKLIHHOTO BHUIPOMiHIOBaYa
Vy3r=22 x['u. [lani BennuuHu Oy BU3HAYEHi Y TONEpeAHiX Jadoparop-
HUX JTOCHIPKEHHSAX Ta 3a0e3ledyBaiy HaWKpall IUCTepCHI MOKa3HUKH
nanuBa [3]. YV manuBHiN mmcTepHi 2, B sKii BigOyBamacs ynpTpa3ByKOBa
00poOKka manuBa, JOAATKOBO BCTAaHOBIIOBABCS JIOMATKOBUH 3MimryBad 1,
110 3a0e3MmevyBao OJHOPIIHICTh NaJiBa y BChOMY 00Cs3i.

st 3a06e3nedeHHs iIeHTHYHOCTI eKCIIEPUMEHTY BCIM JHU3ENiB POBO-
Juiiacst iX MOMepeaHs MiAroToBKa /10 BUpoOyBaHb. YMOBH eKcILTyartarii
JIO3BOJISLJIH TTOCHiTIOBHO MPOTIroM 40 TOTMH BUKOHATH TIOBHY MOTOYHCTKY
BKa3aHUX au3eniB. [Ipu poMy Ha BCIX AM3ENIX 3aMiHIOBajacs MOPIITHEBA
rpyna (MOPIIHI Ta MOPIITHEBI KUIBI) Ta OCHOBHI €JI€MEHTH MAIMBHOI CHC-
TEMH BHUCOKOTO THCKY (MIpElU3iiHI Mapu MaluBHOIO HACOCa BHCOKOTO
THUCKY ILTYH)Kep — BTYJIKA Ta TOJIKa — po3nuinoBad ¢popcyHku). Kpim toro,
nepeJ MOYaTKOM €KCIIEPUMEHTIB [UIsi 000X JBHUTYHIB 3/IIHCHIOBaBCS KOHT-
POJIb Ta PEryJIOBaHHS MAIMBHOI anapatypd. [Ipu 1boMy ManuBHI HACOCH
BHCOKOTO THCKY PETYJIOBAIMCS HA OJTHAKOBUH KYT BUIIEpPEHKECHHS M0oAadi
nanuBa, a (OPCYHKH IBUTYHIB HaJaIITOBYBAJIHMCS HA OJHAKOBHH THCK
MiHOMY TOJIKH.

[MpoTaroM ychoro yacy NpOBEJCHHS EKCIEPHUMEHTY 3/1HCHIOBABCS
KOHTPOJIb 4acy poOOTH Ta eKCIUTyaTallifHOTO HAaBaHTAXKCHHS Ha JTU3EIIi.
Jnist JOCSTHEHHS PiBHOMIPHOTO PO3MOALTY 4acy poOOTH AW3ETIB ABUTYHH
MOCJIIZIOBHO TiepeBoamiucs B pekuM stand-by. Pisuuig B yaci poGotu
JIBUTYHIB, a2 TAKOX B EKCIUIyaTalliiHUX HABAaHTa)KCHHSIX HA JIBUTYHH HeE
nepesuiyBaia 4 %, 1110, BpaxOBYIOUH €HEPrOEMHICTh 00'€KTIB, JO3BOJIS-
JIO BBa)XaTH YMOBH POOOTH IU3ENTIB iIeHTUYHUMHU. EKcIutyaraiiis aBury-
HIiB MPOBOJIMJIACS HA TOMY camMoMy copTi nanmsa. [Ipu npomy 3aco0u aB-
TOMaTUYHOI'O KOHTPOJIO MiATPUMYBAIU BSI3KICTH IMajMBa HE3MiHHOIO
HOPOTATOM YCHOT'O EKCHEPHUMEHTY. TakoX 1AeHTHYHUMHU MiATPUMYBaBCS
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COPT IMPKYJALIHHOIO MacTHia, o 3a0e3Mnedye peXMMH MalleHHS, Ta
Horo ekcrryaTarliitai xapakrepuctukd. Lli 3axoau MO3BOMMIM BBaXKAaTH,
10 BUKOHAHHSI €KCIIEPUMEHTY BiJOYBAa€ThCSI B OJJHAKOBUX YMOBaxX. YMoO-
BU MAaIICHHS Ta OXOJOKEHHS BiJIPi3HSUIMCA JIMIIE B OAHOTO «EKCIepu-
MEHTAJIBHOTO» N3eIIsl, IKUH JOIIJIBHO NEPEBOIUBCS HA PEKUM EKCILTya-
Tamii, M0 CcOpuse MiABHIIEHOMY KOPO3iHHOMY 3HOLIYBAaHHIO JeTanei
LII1T.

3aBmaHHSAM IOCIiKEHHS Oyll0 BU3HAYEHHS 3HOCY IIUTIHAPOBUX BTY-
JIOK 1 BEPXHBOTO MOPITHEBOTO KIJBITI I «CTAaHIAPTHOTOY» TaJIMBa, 1 ITa-
JMBa, M0 MiAaIOCh NOJAATKOBOI OOpOOKHM 3a JOMOMOTOI0 YIIBTPa3BYyKO-
BUX XBHUIIb.

BuwmiproBaHHs 3HOCY TPOBOMIIOCS IS TBOX KpalHIX HWITIHAPIB, 5K,
K BiIOMO, OUIBII HDK iHIII (HEHTpaIbHI WIJIIHAPW) CXHJIBHI JI0 IBOTO
seuia. OTpUMaHi B TaKui Crocio 3HaueHHs ycepeaHoBamcs. Kpim toro,
BUMIPIOBAaHHS JIMIIE HA JBOX LMJIIHAPAX CYTTEBO CKOPOUYYBAJIO Yac MOH-
TaXXHUX POOIT, 110 0OMEXKYBAJIOCS YMOBaMH €KCIUTyaTallii. 3 1UX MPUYUH
nochipkeHHs BukonyBanu micis 170, 360, 580, 780 1 990 rogun pobGotu
IBUTYHIB — 32 SKUMH OyJIO MOIJIMBE THMYAacOBE BUBEACHHS IU3EITIB 3
eKcIuTyaTamii. Pe3ynbTaTi BUMiprOBaHHS 3HOCY IMIIIHAPOBUX BTYJIOK Ta

MOPIIHEBHX KiJiellb HABEACHO Ha puc. 2 Ta 3.
Ih’
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Puc. 2. KopogiitHuit 3H0C HMITIHAPOBUX BTYJIOK CyaHOBOTO nu3esis 6NSD-M
Nigita Power Systems 3a pi3HUX yMOB eKCILTyaTallii:

1 — manuBo 6e3 KonaTKOBOI 0OPOOKH (TIPH EKCILTyaTallii CHCTEMH 0XO0JI0-
JDKCHHSI Ta 3MAIyBaHHS JIU3EIs Y IITATHOMY» PEKHMI); 2 — MAIUBO, IO
NPOMILIO TOJAATKOBY YJIBTPAa3BYKOBY 00pOOKY (IIpH eKCIUTyaTallii CHCTEMH
OXOJIO/KCHHS Ta 3MAI[yBaHHs AU3eNs y «IITATHOMY» PEeXUMi); 3 — manuso,
10 MIPOMUTILIO TOATKOBY YIBTPa3BYKOBY 00OpOOKY (IIpH €KCIUTyaTaIlii CUcTe-
MU OXOJIO/I)KEHHS Ta 3MAIyBaHHs AA3eIsI HA MiHIMAIBHO JOTTYCTUMHUX TEM-
MepaTypHUX PEKUMax)
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0 100 200 300 400 500 600 700 800 900 1000 1100 ¢, rox
Puc. 3. KopoziitHuii 3H0C TOPIITHEBUX Kinenb cyaHoBoro am3ens 6NSD-M
Nigita Power Systems 3a pi3Hux yMOB €KCILTyaTaIlii:
1 — maynuBo 6€3 M0IATKOBOT 0OPOOKH (MPH EKCILTYaTaIlil CHCTEMH 0XOJI0-

JUKCHHS Ta 3MAIllyBaHHS JU3EJs Y «IITATHOMY» PEXKUMI); 2 — HaTUBO, 110
MPOMIILIO TOATKOBY YJIBTPa3BYKOBY 00pOOKY (MPpH eKCILIyaTallii CHCTeMHU
OXOJIOJKEHHS Ta 3MAI[yBaHHS AU3EIIS Y «IITATHOMY» PEXKKMI); 3 — MAIUBO,
110 MIPOMIILIO I0ATKOBY YJIBTPa3ByKOBY 00pOOKY (IIpH eKCIUTyaTallii CHCTe-
MU OXOJIOJIKEHHSI T 3MAll[yBaHHS ANU3EJIs Ha MiHIMAIBHO JOMYCTUMHUX TEM-

fepaTypHUX PexKUMaXx)

BucHOBKH i mepcneKTUBHM NMOJAJBIINX JAOCHIKeHb. AHali3 Ha-
BEJIEHUX PE3yNbTaTiB CBITYUTH MPO Te, M0 yIbTPa3ByKoBa 0OpoOKa ma-
JMBa TPHU3BOJUTH JI0 3HIKEHHs cipuucroro 3Hocy neraneid LI, npu
1bOMY HaiOIJIbIlIe 3HUKECHHS I[LOTO MapaMeTpa CIIOCTEPIraeThCst IS 10-
PIIHEBHX KiJlellb, IO OCOOJMBO aKTyaJIbHO, BPAaXOBYIOYH BaXJIUBIiCTh
JIAHOTO By3Jia y 3a0e3NeveHHi K sIKICHUX TMPOLIECiB CTUCHEHHS, 3TOPSIHHS
Ta PO3MIMPEHHS, 1 HaJiHOCTI POOOTH CIIONYYECHHS MOPIIEHb — BTYJIKa
murieapa. Takox HEOOXiJHO 3a3HAYMTH, M0 HABITH B YMOBAaX, IO CITPH-
SIFOTH TJBUIIIEHOMY KOPO3iifHOMY 3HOCY (p0o0O0Ta CHCTEMH OXOJOKEHHS
Ta 3MallyBaHHS AM3eNs Ha MIHIMAJIBHO JOMYCTUMHX TEMIIepaTypHUX
pexXMMax), 3Ha4eHHS JIIHIHHOTO 3HOCY IHJIIHJIPOBUX BTYJIOK, TaK 1 Maco-
BOTO 3HOCY IMOPITHEBUX Kilelb Ha 63...65 % MeHIe aHaIOTIYHUX BEJTH-
YHMH, OTPUMAHHX JIJIS TM3eJIs, IO TPAIfoe€ HA TalbHOMY 0e3 J10JIaTKOBOT
MATOTOBKH.

TakuM 4MHOM, OTPUMaHI pPe3yJabTaTH MiATBEPAXYIOTh NOLIIbHICTH
3aCTOCYBaHHS yJIbTPa3ByKOBOI OOPOOKH CipUMCTUX HaJHB K JOAATKOBO-
T'0 METOJy MAaJHBOIIIITOTOBKH, IO CHPUSIE 3HIKECHHIO CIPYUCTOrO 3HOMTY-
BanHs neraneit LI cynnoBoro CO/I.
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UYepewmicin B.1., Irnarenko O.A.

IncrutyT BilicbkoBo-Mopcrkux Cun
Hamionansauit YaiBepcutetr «Onecbka Mopcbka Akanemisny

JU3EJbHA ®OPCYHKA 3 KEPOBAHUM YIIPUCKYBAHHSIM
MAJIUBA B LIUJIIH/IP

AxTyanbHICTh TeMH. ['0JIOBHUM IPOOIEMHHMM 3aBAAaHHSAM Cy4acHOTO
nu3ene0yTyBaHHA 1 eKCIUTyaTallil AW3elliB € MiABHUINEHHS iX IMaauBHOI
E€KOHOMIYHOCT] Ha YaCTKOBUX HAaBaHTKEHHAX, [I0 TAKOX CIPHIE MiIBU-
HICHHIO HAJIIHOCTI 1 MOTOpECypCy IU3elliB.

Bimomi OGaraToumcensHi CIpoOW CTBOPEHHS CIIEHIANBHOI MATHBHOT
anapaTypH Ui OTPUMAaHHS Pi3HUX 3aKOHIB MOJAaHHS MajluBa B LMTIHIP
JBUTYHA BHYTPIIIHBOTO 3ropsiHHA [1, 2]. He3Bakaroun Ha 3HaYHY KiJlb-
KiCTh TIPOMO3MUIIiif, BHHAXO/IB 1 MATEHTIB, OUTBIIICTh 3 HUX 3BAXKAIOYH Ha
CBOIO CKJIAMHICTH 200 HEMOCTAaTHIO HAAIMHICTE B POOOTI HE 3HAWIILIH
MPaKTUYHOTO 3aCTOCYBaHHS. bBinbln [ominbHa 3MiHA XapaKTEPHCTHKH
YIPHUCKYBaHHs O€3MOCepeHhO Mepel  PO3MIUIIOIOYMMHU  OTBOpPAMH,
OCKUTBKH B I[bOMY BHUIAQJKy YCYBA€TbCS MOMJIIMBICTH CIIOTBOPEHHS iM-
MyJIbCY TUCKY B HAarHITAJILHOMY TPYOOINpoBO/i i 00'eMax y Hacoca (00'emi
xamepu Haraitauus V, i 06'emi mryrepa VH' ).

Mertoto 1i€i poOOTH € OTPUMAHHS Pi3HUX 3aKOHIB TOIaHHSI MMajlnBa Ha
JOCTI/THIN TiapokepoBaHii (GopcyHIl 3 peryab0BaHUM 3aKOHOM ITO/IaHHS
TaJmBa.

Buknan ocHoBHOro mMarepiany. OfHH 3 TOCHTITHUX BapiaHTIB GOPCyH-
Kk 300paxkenuit Ha puc.l. [JocmigHa opcyHka Mae TipoKepyrouy Io-
POXKHUHY, IO CKJIAAAETHCSA 3 00'€My HaJl BEPXHIM TOPLEM TOJIKH PO3IIH-
JoBaya 1 KaHary 3 JUisl TiJBEICHHS Kepylodol pinHu, 3a0e3rnedeHa 3B0-
poTHUM 9 1 mepenyckHUM 5 Kinamanamu. st 3MeHIeHHs: 00'eMy TiIpoke-

PYIOHOi TOPOKHUHH, B KOPILYC IITATHOT ()OPCYHKH BCTABISIIOTHCS BTYJKU
4.
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Puc. 1. 'izpokepoBaHa (OpCyHKa 3 peryJibOBAHHUM 3aKOHOM ITOJa4YH
najuBa: 1 - ronka GOpCyHKH; 2 - MAroI4acTa MOPOXKHUHA; 3 - KaHaJ MiBeJCHHS
Kepy4oi PIIWHHM JI0 TOJIKH; 4 - BTYJIKH; 5 - MepenyCKHHI KiamnaH; 6 - Mpy»KHHa;

7 - XaHaJ MepeIryCcKaHHs KepYvoi piliHA y 0a40K; 8 - KaHaJ ITiIBEACHHS
KepYIJO0i pilHA 10 POPCYHKH; 9 - 3BOPOTHIN KIIaraH

Kanan 3 mig vac nporiecy yrnpHCKyBaHHs, TIPU MiHOMI Tonku 1 1
JIIEI0 BUCOKOI'O THCKY MajvBa B 00'eMi 2, BIIOKPEMJIIOETHCS 3 IHIIMM
00'eMoM 8 3a TOTMIOMOTOI0 3BOPOTHOTO KIalaHa 9, HABAaHTAXKEHOTO TPY-
JKUHOIO Mastoi skopcTkocti. Lleli knanan mepexkpuBae KaHai 8, sK TUTbKA
THUCK B 00'€Mi TiIPOKEPYOUOi MOPOKHUHH, BHACTIIOK MMiAHOMY Tojiku 1,
MEPEBUIIUTH MOYATKOBUN TUCK KEePYIOUOl PiAMHU. AJIe MiJBUIICHHS THC-
Ky OyJie 10 THX Iip, TOKH THCK, IO BiJIITOBiJa€ MOYaTKOBOMY 3aTsTyBaH-
HIO TIPY>KUHHU 6 TIEperyCKHOIo KilalaHa 5 He CTaHe MEHIIE THCKY Kepylo-
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40{ piIUHA, BHACTIIOK IIHOTO TOJIKA 5 ITOYHE ITiTHIMATHCS, TIEPEIyCKAI0IH
YacTHHY PiAMHM Ha3aa y 0adok. 3MiHa 3aKOHY IOJaHHS MajluBa BimOy-
BAa€THbCS TAaKUM UYMHOM: JIOKM KJamaH 5 3aKpUTUH, TojKa pO3MHIIIOBayda
MiAHIMAETHCS. TIOBUIBHO 1 Ha TOPIBHSHO HEBEIHMKY BHCOTY, BHACIHIJOK
[FOTO TPOXigHA IUIOIA IMiJ KOHYCOM TOJIKM TakoX Oyne mama. OTxe,
Oy/e He3HAUYHHUM 1 KUIBKICTh MMajiBa, 0 YIOPCKYETHCS B LIMIIIHAD ABHUTY-
Ha.

3MIHIOIOYH TTOYATKOBUI THUCK KEPYIOUOi PiAWHW, MOXKHA 3MIHIOBATH
MOYaTKOBY BHCOTY IiAHOMY TOJKH i, THM CaMHM BEJIMYMHY HOYATKOBOI
nopuii manusa. Ilicns migiiomy ronku KiamaHa 5 THCK B TiAPOKepyOYii
MTOPOXKHUHI, PI3KO 3MEHIIUTHCS, 110 BUKIWYC MIBUAKANA IIAHOM TOJKH 1
Take X IIBHIKE 301IbIICHHAS MPOXiMHOI IUIoml i il KOHycoM, a OTXKe, i
KUTBKICTh TajMBa, IO YIOPCKYEThCA B LMJIIHAP IBUTYHA. Takuii crocio
3MiHU 3aKOHY TMOJaHHS HajiBa Ja€ MOXKIIUBICTh OpPTaHi3yBaTH CTyIiHYa-
CTy XapaKTepHCTHKY YIPHCKYyBaHHS IajJHMBa, MapaMeTpPH SKOi MOYKHA
3MIHIOBaTH B IIMPOKUX MEKax.

XapaKkTEepUCTHKH YIPUCKYBAHHS MAIKMBa iHIIOTO THUIY MOXYTb OyTH
OTPHUMaHi, SKIIO MEPEKPUTH MEPEIyCKHUI KiamaH 5. B mipoMy BUMAIKY,
3MIHIOIOYH TTOYaTKOBUH THCK KEPYIOUoi pifuHH i ii 00'eM, MOXHa OTpH-
MaTH Pi3HI 3aKOHU MiJHOMY T'OJKH i THM CaMHUM Pi3HI XapaKTEePUCTHKH
YIIPUCKYBaHHSI.

Jlns BU3HAYEHHS TUCKY PO3MOYATKY BIIKPHUTTS NEPEIYCKHOTo Kiama-
Ha MO’KHA HAIMCATH HACTYITHE PiBHSHHS:

a .(Vi;an - fu ' y) o

p(mcp =

ne P, - MOYaTKOBHI TUCK KEPYIOUOi PiANHH;

V... - 06'eM TigpoKepyI040i MOPOIKHIHIL

f - moma monepeuroro nepepisy romxn popeyHk;
Y - mia'iiom rosku GopCyHKH;

o - KoeilieHT CTHCKYBaHHS Kepyrodoi piluHu, B 00'eMi TipoKepy-
0401 IOPOKHUHM.

OG'em rigpokepyiouoi mopoxuuHE V,,, MigOHpaeThCA K MOXKHA

MEHIIUM (B 1aHOMY BUIAJKY V3aln =0,4 ).

ExcrniepuMeHTanbHe TOCTIHKEHHS A0CHiAHOT (OPCYHKH MPOBOAMIOCS
Ha 0€3MOTOPHOMY CTEHJII 3 IPUBOJIOM TMAIMBHOTO HACOCA BUCOKOTO THCKY
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nuzenss YH25/34 Bin enekTpoABUIyHA MOCTIHHOTO CTpyMy. [IpuHIMmoBa
cXeMa CHUCTEMH Ti[paBIiYHOTO YIIPaBIiHHS MpUBEIeHa Ha pUC. 2.

Piguna (B 7aHoMy BUNAAKy IW3eNbHE MATUBO) BiJ MaJHMBHOTO HACOCA
BHCOKOTO TUCKY | mojaeThcs yepes riipoakymynstop 3 mo GOpcyHKH 5.
J1 miATpUMKH TIOCTIHHOTO THCKY KePYIOUOl PIIWHY 1 TSI CIIOCTEpEeKeH-
HS 32 OrO 3MiHOIO, A0 TiAPOAaKyMyJIATOpa MPUEIHYIOTHCS MEPEyCKHUMA
knamad 4 1 maHoMeTp 2. ['iIpoakyMymnsTop pO3TAlIOBYETHCS ONMKYE 10
(dopcyHKku. XapaKTepUCTHKH YIPHUCKYBAHHS BU3HAYAINCS IUIIXOM OC-
munIorpadipoBaHHs TUCKY TMEpe] PO3MILTIOIOYMMH OTBOPAMH PO3IHITIO-
Baya.

e [10/124 A [1AJIMBA

pas
L s~

~ ZA

A

Puc. 2. [IpuHIIMIIOBA CXeMa CUCTEMH TiAPaBIIYHOTO YIPaBIIHHS POOOTOIO
(opcyHKH : 1 - ManuBHUIA HACOC BUCOKOTO THCKY 2 - MAHOMETP; 3 - TiipoaKyMy-
NATOD; 4 - MepeIyCKHIUH KiamaH; 5 - popcyHka

Ha puc. 3 HaBeneni mudepeHIianbHi 1 iHTerpalbHI XapaKTePUCTUKA
MOJIaHHs HayiMBa 4Yepe3 GOPCYHKY, 3HATI MUIIXOM OCIHILIOrpadipoBaHHs
TUCKY Hepe]l PO3MIIIIOI0YHMH OTBOPAaMH PO3NIIIIOBaYa Ha KyTi TIOBOPOTY
KOJIIHYacTOr0 BaJly (BII, B Ipaj. HOBOPOTY KoJliHuacToro Baiy (o [IKB).

[IpoBenena poboTa Jae€ MOXKIHMBICTH 3pOOUTH HACTYITHI BUCHOBKH.

1. Crioci® pobotu mociiaHoi (OPCYHKH 03BOJISE YIOBUIBHUTH Xif
TOJIKM PO3MWIIOBaYa B MOYATKOBiM (a3l ympUCKyBaHHsS MaiuBa 3 IIO-
JanbIiuM 11 MIBUIKAM MiAHOMOM, 10 3a0e3rnedye MOJaHHA B LMJIIHID
MEHIIIOT KUIbKOCTI MajiiBa 3a Mepioj] 3aTpUMKH caMoO3aiiMaHHs, a I¢ I0-
BUHHO CIIPHSTH 3HIKEHHIO )KOPCTKOCTI poboTH Au3ens. Takuil pyx roiku
JOCSITAEThCS BHACIHIZOK Malol BEIMYMHU 00'€MY TiIpOKEPYIOUOi MOPOXK-
HUHH HaJ] BEPXHIM TOPIIEM TOJIKH PO3MIIIOBAYaA i HASIBHICTIO MEPENyCK-
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HOTO KJlamaHa, sKud 3a0e3rnedye MepenycKaHHs PiIMHA B 3aJaHUd MO-
MEHT YIPUCKYBaHHS IaJIMBa.

2. 31 30UIBIICHHAM 4YacTOTH OOEpPTaHHS KYJIAYKOBOrO Baiy (Hop-
MYBaHHS CXOJUHKH BiI0YBA€THCS P OLIBIIOMY XOJIi TOJIKH PO3MUIIIOBA-
ga (ToOTO TOJIOKCHHS CXOMWHKH BHUIIE, HIK TIPH MEHIIN 9acToTi 06ep-
TaHHS Baly) i3-3a 3aMMi3HIOBAHHS 3aKPUTTS 3BOPOTHOTO KJlamaHa.

3. IlpocroTa croco0y OTpUMaHHS Pi3HWUX 3aKOHIB TOJAHHS ITaJuBa
yepe3 GOPCYHKY JTO3BOJISIE BAKOPUCTOBYBATH HOTO Yy OY/Ib-SIKUX YMOBax 3
BUKOPUCTAHHSM JieTael MTaTHOI (POPCYHKH.
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Puc. 3. XapakTepucTHKH yIIPUCKYBaHHS MaJMBa 1 X iHTErpaJibHI KPHBI,
OTpHMMaHi Ha IITATHIH i Jocmimniit popeynkax (n = 225 xB™; q,=1,0r)
O-— dopcyHka TU3eIBHOTO ABHUTYHA, Py = 25 MITa;
A-— nocnigna GopeyHKa, py,, = 18,5 MIIa; pyoy, = 28 MIla;
X— nocnigHa GOPCYHKA, Psay = 24,5 MIIa; pyigq, = 36,5 MIla
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[Hecronanos K. O.
Harionansauii yHiBepcuteT “Ojiecbka MOpPChbKa akajeMis”

EKCHEPUMEHTAJIBHE TOC/IIZKEHHSI E@EKTUBHOCTI
EXKEKTOPA TA XOJIOAWJIBHOI MAIIMHHU Y CKJIAAIL
CYJIHOBOI CUCTEMM KOHJIUIIIFOBAHHSI ITOBITPSI

1 Beryn

BuxopucTtanHs BTOPUHHHX €HEPreTHYHWN PECypcCiB y BUTIIAI TETI-
JIOTU CTa€ Jenami OifbIl aKkTyalbHUM Yy 3B'3KY 3 TOCWICHHSIM €KO-
JIOT1YHUX BUMOT Ta BUCHa)KEHHSM KOPHUCHHX KomaiuH. Ha cynHax Onn3b-
ko 50% TermIoTH, M0 OTPUMYETHCA B JBHTYHi, BTPAdaeThCs B HABKO-
TUIHE cepenoBuiie (0nu3pko 25% 3 nuMoBUME Tazamu, no 7-9% Ha
HarpiBaHHS Macja Ta OXOJIOJKYBAJILHOI BOIM B COPOUYI JBUTYHA TOIIO)
[1]. 3 iamoro 60Ky Ha BCiX CyqHAX € XOJIOAWIbHI MAIIUHH Y CKJIAJi CH-
CTeMH KOHIUITIFOBAaHHS MOBITPS, 110 MPAIIOIOTH BiJl €JIEKTPUKH, 110 BUPO-
ONsETBCS HA CyIHI 3a PaXxyHOK CHAalIOBaHHS ManvdBa Ta, YacTKOBO, 3a
paxyHOK peKyrepariii TeIUIOTH TUMOBHX Ta3iB.

Bumoru IMO 1o piBHS eHeproeeKTHBHOCTI CyJIeH TOBOJI KOPCTKi:
CynHa, 110 noOymoBasi B nepion mixk 2020 i 2024 pokamu, IOBUHHI MaTH
eneproedektuBHicTh Ha 20% Bu1IE, a Ti, 10 MoOy0BaHi B 2025 pomi abo
mizHime - Ha 30% BwIIe, HiX CyIHa, 10, mooyaoBaHi B 2013 pomi [2].

Ha choromHi OCHOBHI 3yCHJUIS CHPSMOBAaHI Ha 3HWKCHHS BUKHUJIIB
napaukoBux rasie (I1I") Big ekcruryarariii CyTHOBUX AM3EJIbHUX JIBUTYHIB.
KpimM ronmoBHOro nBUTyHa, BeMuKy KuTbKicTh BUKHAIB [II" 3abe3nedytoTh
IU3eNb-TeHEePaTOpPi, TOMY IO KUTBKICTh €NEKTPOSHEPTii, 0 CIIOKUBAETH-
csl Ha OOPTY, € IOCHTh 3HAYHOI0, OCOOJIMBO I KPYI3HUX CyleH, pedpu-
JKEPaTOPHUX Ta PUOAIbChKUX cyaeH [3]. XoJoAWIbHI CHCTEMHU € iHTe-
IpajJbHOI0 YaCTHHOK €HEPreTUYHOTO KOMILIEKCY BOJHHX 3ac00iB TpaHC-
MOPTY Ta CHOXHUBAIOTh BEJIUKY YaCTKy BHPOOJICHOI Ha OOpTY elIeKTpoe-
Heprii. [ligBuieHHs X eHepreTHdHol e()eKTUBHOCTI Ta 3HIKEHHS BIUIUBY
Ha HaBKOJHILIHE CEPEIOBHIIE € OJAHUM 3 CIIOCOOIB MiJIBUIIECHHS €HEpre-
TUYHOI e(EKTHBHOCTI YCHOI'O CYAHOBOTO €HEPreTUYHOTO0 KOMILUIEKCY
[4, 5].

OnHuM 13 NepCIEeKTUBHUX LUISXIB MiJBUIIEHHS €(EeKTHUBHOCTI Mapo-
KOMIIPECIMHUX CYAHOBHX XOJOJMJIBHHX MAIIMH € iX NOeAHaHHA abo
3aMiHa Ha XOJIOAMJIbHI MAIlIMHU, SIKI CIIOKUBAIOTh BTOPUHHE TeIuio. Brpa-
Ta TEIUIOTH Ha OOPTY 3aco0iB BOJAHOI'O TPAHCIIOPTY B OCHOBHOMY BinOy-
Ba€ThCs 3 BUXIOMHUMU razamu (250...500) °C, mpu 0X0I0KEeHi CTHUCHE-
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Horo HaayBHOTO TOoBiTps (130...150) °C Ta 3 BomOIO 3 pyOaIIKH OXOJI01-
xeHnst neuryHiB (70...120) °C.

Crin BiA3HAYMTH, IO MUTAHHS YTHIi3alil BTOPUHHOI TEIUIOTH JUISA
BUPOOJICHHS X0JIOAY Ha CylHAaX po3risgaeThest AaBHO [6]. [cHytoTh pobo-
TH, 5Ki omyOikoBasi 40...50 pokiB OTOMY, A€ PO3TISAAIOTH EPCIIEKTH-
BU BIPOBAUKEHHS CaMe€ CYIHOBHX EXEKTOPHHUX XOJIOIWIBHUX MAaIlUH
(EXM) [7]. Ane, sx BimoMo, TUNOBUX pimenb cyaHoBux EXM moci He
iCHye, TIMTaHHA MOXIWBOCTEeH 3actocyBaHHi EXM Ha OOpTy BOAHHX
BUJIIB TPAHCIIOPTY MPOJOBKYE AaKTUBHO BHBYATHCS U choroiHi [8, 9]. Lle
MOB’S3aHO 3 HASIBHICTIO II€ HEBUPINICHUX NHTaHb ONTUMAJIBHOI KOH-
CTPYKIii Ta pexumiB poboTtr cymHoBux EXM, a Takox 3 BIPOBaKEHHIM
HOBHX POOOYHX TiJT XOJOAUIHHIX MAIIWH.

VY uiii poboTi pPO3TISIHYTO MOMKIMBICTH BHUKOPHCTAHHS BiIKHUIHOI
TEIUIOTH B TeMrepaTypHoMy miana3oni 90...120 °C st TemioBUKOPUCTO-
Bytounx cynHoBux EXM. BukopucraHHS BiIKHIHOI TEIUIOTH Ha CyIHAaX
JUIsL BAPOOHUIITBA XOJIONY JO3BOJIUTH HAcaMIIepe] 3HU3UTH CIIOKHBaHHS
MajnuBa Ta, SIK Pe3yJbTaT, MOKPALIUTH EKOJIOTiYHI MMOKa3HWKH CYACH B
YMOBax €KCILTyaTallii.

2 E:KeKTOpHi X0J10AWJIbHI MAIIMHU: YCTPiiil, TepMOANHAMIYHI 0OC-
HOBHM e()eKTUBHOI po00oTH

OcHoBHi enementn EXM BKIIIOYAIOTH €XKEKTOpP, TEHEPATOp, BUMIAP-
HUK, KOHJIEHCATOp, IPOCENbHUN BEHTWUJIb (TEPMOPETyITIOBAIbHUN BEH-
TWJIB) 1 KUBHJIBHHN Hacoc. Ha puc. 1 mokazaHo po3TanryBaHHS IIHX eJie-
menTiB EXM. [lpornecu, mo pearnizytoteest y EXM OesnepepsHoi i xa-
paKTepu3yeThes TouKamMu 1-9 Ha puc. 2, SKUH € TEpMOJTUHAMIYHUM XOJIO-
mTbHEM 1rkiIoM EXM Ha p-h miarpami. XomomoareHT HarpiBa€Thes Ta
BUIIAPOBYETHCSI B T€HEPATOPl 3a JOMOMOIOK TEIoBOi eHeprii Qg mpu
BIZITHOCHO BHCOKOMY THCKy reHepauii pg. Llg mapa mae HazBy po6o4oro

IOTOKY (NEPBUHHA), BOHA 3 MAaCOBOK) BUTPATOKO M, MPOXOAHMTH Yepes

HA/I3BYKOBE COIUIO €XKEKTOpY, BTATYIOUM (IiJICMOKTYIOUH) B EKEKTOP
TOTIK, 1[0 €XEKTYEThCs, (BTOPHHHY Tapy) HU3BKOTO TUCKY 3 BUIIAPHHKA 3
MacoBOI BUTPATO M, . JIBa MOTOKM 3MILIyIOTHCS B 3MilIyBajbHIN Ka-

Mepi eXKEKTopa 1 MiC/isi BCTAHOBJICHHS MEBHOTO THCKY B IU(Y30pi eKEK-
TOpa 3aIMIIATh Moro. O0’eAHaHNH 3MINIAHUM TOTIK HAIXOAUTh 10 KOH-
JIeHCaTopa, JIe KOHJICHCYEThCS TIPH MPOMIKHOMY THCKY p,.. Temnora KoH-
neHcaiii Q. BIIBOJNUTHCS B HABKOJIHUIIHE CEPEIOBUIIIE.

3 KOHJEHCATOpa YacTHHA PiJUHU TOBEPTAETHCS B TEHEpATOp Uepes
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KUBWJIBHUH HAcOC 3 €JIEKTPUYHUM IPHBOIOM, CHOKHUBAIOYM MEXaHIYHY
poboTy, a pemTa MOJAETHCS y BHIIAPHHUK YEpe3 TEPMOPETYIIOBAIbHUI
(IpocenbHMIA) BEHTWIIb, [IE PiJHA BUIIAPOBYETHCS MIPH HU3bKIM Temmepa-
Typi to 1 THCKY p, C OTPUMaHHSAM HEOOXiAHOTO XOJOIMIBHOTO e(eKTy
(xomogonpomykruBHOCTI Q). [lapa 3 BHIIapHUKA BCMOKTYETHCS €XKEKTO-
POM Ta IIUKJI 3aBEPLIYETHCSI.

Exextop

I'ereparop Konnencarop
Qg
KusineHuii 4 D——<—5
Hpocenbuuii
Hacoc
> BEHTILTb

N <
\Wmech
Puc. 1. CxemaTuune 306pa)}(€HHﬂ KOHTYpY C)KCKTOPHO'I. XOJ'IOI[I/UIBHO.I. MalllkiHH, 3a
KOO IIpanroe CyﬂHOBHP‘I KOH,HI/IHiOHCp HOBiTpH

P
1

quhl-h(y

(@) ]

Puc. 2. Cxematnune 300pa>KeHHS TEPMOTUHAMITHOTO IUKILY, 32 SKHM IPAIioe
€KEKTOPHA XOJIOIUIIbHA MalkHa B P-h giarpami po6odoro Tina

3 BUILECKA3aHOT0 BUIUIMBAE, IO HAI3BYKOBHI €XKEKTOP € KIIFOYOBUM
KOMIIOHEHTOM Yy Xoj0AnIbHOMY IHKIi EXM i 3a0e3nedye BCMOKTYBaHHS,
CTHCHEHHs Ta HarHiTaHHS BTOPHHHOI MapH (Tapu 3 BUIAPHUKA) 3a JIOIO-
MOTOI0 TIEPBUHHOT MapH (1apy BUCOKOTO THCKY 3 TeHEpaTopa).

Ha pucynky 3 300paskeHa KOHCTPYKLisl HaA3BYKOBOTO €XEKTOpa 3
KOHIYHO-TIMJIIHIPUYHOIO KaMepolo 3MilllyBaHHs. B cnpoieHoMy nu3aiiHi
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©KEKTOpa KOHIYHA CEKIlS KaMepu 3MIIlyBaHHS MOXKEe OyTH BIACYTHS,
TOOTO 3aMiHEHA MIUTIHAPHIHOIO KaMepOro.

Kamepa Kamepa amilyBaHHs HOudpysop

BCMOKTYBaHHA

KoHiyHa LuningpivHa
YacTuHa YacTuHa

Conno 2 3
At
Q n.‘lp+l’hs
Doy + -4 -2 — ———e1

[AV)
W

("

s
Puc. 3. KoHcTpyKiisi HAA3BYKOBHX €KEKTOPIB 3 KOHIYHO-LMIIIHIPUYHOIO
KaMepoIo 3MilIyBaHHs: Ay - IUTOIA KPUTHYHOTO TIepepi3y coruia, A - Tioma
nepepizy HWIHAPUYHOT YaCTHHH KaMepH 3MIlllyBaHHsI, A; - IJIOIIA BUX1THOTO
nepepisy coma, r‘hp Ta M - BUTpaTa poOOYOro (EPBHHHOTIO) Ta EXKEKTYEMOTO

(BTOpUHHOTO) MTOTOKIB

OCHOBHHMH T'€OMETPHYHIMH MApaMETPaMHU €KEKTOpa € PO3Mip Kpu-
TAYHOTO Tepepisy coria A, a TaKOX TUIOIIWHY 1HIINX MOTIEPEYHUX Iepe-
pi3iB, e HAWBAXIIMBIIIOK € BenndHa Az — puc. 3.

YMoBH poOOTH €KeKTOpa BU3HAYAIOTECS (pHC. 2) pOOOYMMHU THCKA-
MM KUITIHHS e, KOHJIEHCALT p¢ 1 TeHepallii pgy, CTYIIEHEM 3HMKEHHS TUCKY
E = pg Ipe 1 crynenem ninsuineHHs TUCKY C = pc/pe.

EdexTruBHICTD €KEKTOPa OLIHIOETHCS HOT0 KOSPILIIEHTOM EXKEKIIT

w=% (1)

KoncTpykiis mpodinto MOTOKY €XKEeKTOpa BU3HAYAETHCS BiJIHOIICH-

HAM IUIOLIUH &
_A
a= A . 2

HaiiBa)xnuBIIMM ~ T€OMETPUYHUM  TIapaMeTpoOM  €XKeKTopa €
criBBigHomenHs wionuH Asz/A. Konu 3HaueHHs As/A; € HU3BKUM, €XKEK-
TOp 3a0e3neuye BUCOKY CTYIeHb CTHCHEHHs C, ane koeilieHT exeKii @
Husbkuil. Konu 3HaueHHst Ag/A; 301TbIIYETHCS, CTYMiHb MiIBUIIECHHS THC-
Ky C 3MeHnIyeThes, ane KoeilieHT exXeKIil @ 301IbIIyeThCs.

Koncrpykuisi, reomeTpuyHi apamMeTpy Ta CTaH MOBEPXHi €JIEMEHTIB
Ha/I3BYKOBOT'O €KEKTOpa MOBUHHI CHPUATH (OpMyBaHHIO MPOdislto MOTO-
Ky, 1110 3a0e3rnedye HaOUIbII eeKTUBHE BUKOPUCTAHHS €HEpTii IepBHH-
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HOTO MOTOKY JUII BCMOKTYBAHHSI, CTUCHEHHS Ta HarHiTaHHS MMOTOKY HapH
[10].

Hnst miatpumku onTuManbHoi edekTuBHOCTI podotn EXM y mmpo-
KOMY iHTepBasi poOoYHMX napameTpiB (Pe, pc 1 pg), AKI I CyJHOBUX XO-
JOMMIBPHAX MAIIMH MOXKYTh 3MIHIOBATHCS, HEOOXiTHO MaTH MOKJIHBICTH
3MIHIOBATH T€OMETPit0 MpodiIro MOTOKY exekTopa. Lls 3mina reomeTpuy-
HUX [apaMeTpiB Ma€ CIoYaTKy BiAOyTHCS B 30HI A; KpUTHYHOTO TIepepizy
coria Ta B 30H1 Az 3MIITyBalbHOT KaMepH.

Husa peamizanii xomomunpHOTO 1wKIYy EXM moTpiOHI &1Ba BHIU
eHeprii: Teriosa eHepris Qg, 10 HAAXOAUTH JI0 T'€HepaTopa, i MexXaHiuHa
(emekTpUYHA) SHEPTis IS JKUBJICHHS KUBHIBLHOTO Hacoca Pprech. OCKiIb-
KU [ €Hepris OAepKYEThCS 3 MBOX PI3HOPIMHUX JDKEPENl Ta Mae pi3Hy
MUTOMY €HEepPreTHYHY I[IHHICTh Ta TPOIIOBY BapTiCTh, epeKTHBHICTE EXM
JIOLIJILHO OIIHIOBATH 3 BUKOpuUCTaHHAM JBoX pizHux COP, a cawme:
COPiherm 1 COPpecn [11]. 3nauennss COPypery e BimuomeHHS Q, 10 Qq.
Benmuunna COP e, 11€ cHiBBiAHOIICHHAM Mi Q. Ta MEXaHIYHOIO MOTYX-
HICTIO XKUBHJIBHOTO HACOCY Pech. BOHM MOKYTBH OyTH BHpakeHi y BHIIISI
piBHsHB (3) 1 (4)

CORherm = & = & = a)& ' (3)
QQ mpqg qg
Q.
COP_, = o 4

mech

Bignoriauo o piBHsHHSA (4), 1100 301abHATH COPyperm, HEOOX1THO
MiBUIIATH KOe(DIMi€HT eXKEKIil @ Ta IMUTOMY XOJIOIOTIPOTYKTHBHICTD (e,
a TaKOX 3MEHIIUTU MUTOMY TEILIOTY, IO MiABOJUTHCS 10 TeHepaTopa (g.
[pu 3anmaniii TemrepaTypi KUMHHS XOJIOJ0AreHTy i, 1le BUMarae 30111b-
IICHHS TeMIepaTypH reHepaii ty i 3HIKEHHS TeMmIepaTypy KOHJCHCaIil
t.. Must 36inpmenast COP e, HEOOXiHO, TIEpIT 32 BCE, 3MEHIIUTH Pi3HU-
II0 TUCKY HA HACcOCI (pg — pe).

KpiM edekTuBHOCTI eKeKkTopa (sKa XapaKTEePU3YEThCI M) Ta eeK-
tuBHOCTI EXM, sika xapaktepu3yeTbcst COPyerm Ta COP pecn, 1715 €KEKTO-
pa crocTepiraeTbes MEBHUI IHTEPBA HOTO POOOTH MO TeMIepaTypi KOH-
nexcarii. Konu posrisinaersest epeKTUBHICTD POOOTH €KEKTOPA, BUILIS-
I0Th KpUmuyHuti 1Ta OOKpUmuuHuti pexxumMu podotu exexrtopa [9], sxi
HarJsIHO JIEMOHCTPYE puc. 4.
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(single—choking)

critical mode subcrmca-]‘_ back—flow

(double-choking) mode mode
w=constant (malfunction)
w<0

critical point

Entrainment ratio w

- P,

P Peo

Puc. 4. 3anexxHiCTh KOeillieHTY eXeKIii Biff MPOTHTUCKY (THCKY Y KOHICHCATOP1

EXM) p. [12]: entrainment ratio ® — koedirieHT exexitii; critical mode (double-
choking) — kputuuHuMit pexxumM, critical point - KpuTHYHA TouKa, subcritical

(single-choking) — mokpurnunuit pexxum, back-flow mode (malfunction) — pesxum

3BOPOTHOT'O MOTOKY (HEPOOOUHii pexum)

Bimomo [13], mo s 3amanoi Temmepatypu KoedillieHT exXeKIii 3a-
JUIIAETHCS Maike MOCTIHHUM 31 301IbIIEHHSM TeMIIepaTypu KOHeHcaIlii
10 TOCSATHEHHs TIEBHOrO 3HAYEHHS TEMIIEpaTypd KOHIEHCALil, BiIOMOro
K «KpUTHYHA TeMIepaTypa KoHaeHcamii». [licast JocsIrHeHHs KpUTHYHOT
TeMIiepaTypy KoedillieHT exXeKIii © MBUAKO maaae. Pobodi ymoBH, Tipn
SIKUX €XKEKTOP MPAIlo€ 3 MAKCHMAIbHOI e()eKTUBHICTIO (MaKCHMaTbHUM
®), HA3UBAIOTHCS KPUTUYHUMU — puC. 4. JI7Is bOTO pexuMy MpH 3aJaHNX
napamerpax poootu EXM (Ttemmeparypa KWIiHHS Ta TeHepallii) HasBHI
TEeBHI KPUTHYHI 3HAYEHHs TEMIEPAaTypH Ta THCKy KOHJeHcamii t; Ta p. ,
SK1 IPUAMAIOTBCS SIK PO3PAaXyHKOBI AJIST JTAaHOTO exekropy. TobOrto, mns
KOXKHOTO €XKEKTOpY 33J]aH0T TeOMeTpii iCHy€e CBOSI KpUTHYHA TEMITepaTypa
KOHJICHCAIlii, IPY TIePEBUIICHHI K01 e()eKTUBHICTh exekTopa Ta EXM
pi3ko majae (HepoGoumii pesxum). HasBHiCTh Takoi t, 0OMeXye mHpPOKe
BukopuctanHs EXM B pexxuMax ekcruryaraiiii 31 3MiHHOIO TeMIepaTyporo
KOHJICHCAIIii. AJle € TeXHIYHI MOXJIMBOCTI BUPIIIEHHS i€l MpodieMu.

3 KoHcTpyKIIisi eKCTIEPUMEHTALHOTO €5KEKTOPY

MeTtoro JTaHOTO JIOCTIJDKEHHS Oylo eKCIepUMEHTAIBHHUN aHami3
BIUIMBY HACTYIHHUX MApaMETPiB TeOMETpii eXEeKTopa Ha MmapaMeTpu HOro
edexTuBHOCTI Ta mapaMeTpu edextuBHocTi EXM mpu i1 poboTi y kpu-
TUIHOMY (PO3PaxyHKOBOMY) PEKUMI:

1. ¢popmu 3minryBanbHOi Kamepu exekropa: umminapuyuHa (LIK3) ta
koHnuHO-nmniHApraHa (KIK3),
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2. CIBBITHOMICHHS TUIONIUH TEepepi3y MUIIIHIPUIHOT YJaCTHHU KaMe-
pH 3MillTyBaHHS 10 KPUTHYHOTO Tiepepidy corta Ag/A:.

Byno BurotoBieHo ta BUMpoOyBaHO €XKEKTOp 31 3MIHHUMH COTUIAMH
(Tpu po3Mipu) Ta Kamepamu 3MilryBaHHs (Tpu po3mipu 1 LIK3 ta tpu
po3mipu mrs KIIK3).

Bimomo, mo 3actocyBanHs y exekropi KLK3 3amicts 3BHuaitHOl
K3 mo3Bomnsie cyrreBo, m0 20...25% 30UIbIIMTH K KOSPIIEHT XKEKITT
®, TaK # COPyerm mpu ofHakoBHX pexkumax podorn EXM [11, 14]. Ane
CTYHiHb L[bOTO BIUIMBY BUBYECHUI HEJOCTATHHO Ta 3aJ€KUTH K BiJl TEM-
NepaTypHUX PEXHUMIB EKCIUTyaTalii eXeKTopa, TaKk ¥ Bifl BIACTUBOCTEH
po6ouoro Tina. Tak, y po6oti [11] Oyino TeopeTHYHO MOKa3aHo, IO IS
PI3HHX XOJIOJJOareHTiB HU3bKOTO THCKY II€ MOKpAIleHHS e()eKTHBHOCTI
3HaxoauThcs B pAiamazoni Big 0,7% mo 23,6%, a mias XO0J0I0areHTY
R245fa Teopernune 301bIIEHHS KOSQIIIEHTY €XKEKIii ® A eKEKTOPIB
KUK3 cranoButs 19,6% y mopiBHsHHI 3 exekropoM 3 LIK3 mma po-
3paxyHKoBUX yMoB t;= 95 °C, t.=32 °Cit= 12 °C.

Ha puc. 5A cxeMaTHYHO IMOKa3aHa KOHCTPYKIIS BIOCKOHAJICHOIO
Ha/I3BYKOBOT'O €KEKTOpa 3 JBOMAa CUMETPUYHUMH BCMOKTYIOUUMH MPUH-
MaJbHAMH KaHaJaMH, HAXWJICHUMHU JI0 Bici exxekropa mix kyrom 30°. Take
pilleHHst I MigBoLy poOodoi mapu 3abe3nedye piBHOMIpHUI pO3MOALT
napu, 10 €XEKTyeThcs, B MpuiiManbHil kamepi. Kpim toro, Taka koH-
CTPYKLIA €XKeKTopa 1 Takui NUIAX MiJBEACHHS MapH, IO KEKTYEThCH,
CHpUsi€ 3MEHIICHHIO BTPAT HA yJIap B €KEKTOPi, CKOPOUYE JOBXKUHY Killb-
1I€BO1 MPUHUMAJIBHOI KaMepH, a TAaKOK MOBEPXHIO COILIA, IO OMUBAETHCS
XOJIOAHOI maporo. [lis A0AaTKOBOrO 3MEHIICHHS! BTpAT NPH B3aeMOJIl
AKTUBHOTO Ta ITACHBHOTO IMOTOKIB, COILIO i3 30BHIITHBOTO OOKY OYyJI0 BH-
KOHAHO OOTIYHOI ()OPMH 3 T'OCTPOIO KPOMKOI y BHXIJIHOIO Iepepisy.
Micue po3sramryBaHHs comia Oyo BiIperylboBaHO Y PaMKax MPOBEACHHS
MOTIEPETHIX EKCTIEPUMEHTIB.

dotorpadisi eKCIEpUMEHTANBHOTO €KEKTOpa 3 JBOMA CUMETPUYHU-
MU BCMOKTYBaJbHHUMH KaHaJlaMH, PO3TAlIOBAaHUMHU IIiJi KyTOM JIO BiCi
€XEKTOpa, Ta BCMOKTYBaJIbHUM KOJIEKTOPOM HaBejieHa Ha puc. 5b. Byson
€XKEKTOpa CKIAJIAEThCSl 3 HACTYMHHX OCHOBHUX KOMITOHEHTIB: KOPITyCY,
Ha/I3BYKOBOT'O COIUIA, K€ Ma€ MOJIMBICTh TIEPEMILIlyBaTHCS B3JIOBXK BIiCi,
KaMepHy 3MillyBaHHs, BUTOTOBJIEHIM CHIBHO 3 AM(QY30pOM, paMu, i Me-
XaHI3My HEepEeMILEHHS COIIa B ONTUMAaJbHE TOJIOKEHHS II0J0 BXOIY B
KaMepy 3MilnyBaHHs. ExxekTop mae noBxuHy 510 MM, BucoTy 60 MM i
mupuHy 130 MM.



2024 — No 48 CyOHosi enepeemuyti ycmaHo8Ku 150

Kamepa
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Puc. 5. CxnaanbHe KpecleHH BIOCKOHAJICHOTO Ha/[3BYKOBOT'O €KCIIEpPUMEH-
TaJILHOTO eXeKkTopa (A) Ta Horo dotorpadis (b)

Jis mpoBelleHHS EKCIEPUMEHTAIBHUX JIOCH/KEHb y IIHPOKOMY
niana3oHi pobounx pexxumis t;= 80...105 °C, t;= 24...42 °C, t.=4...20 °C
OyJI0 CKOHCTPYHOBAaHO Ta BUTOTOBJIEHO TPHM HAA3BYKOBI COIUIA, SIKi MPO-
HYMEPOBAHO sl MO3HAYECHHS Y TIPE/ICTABJICHHI pe3ynbTaTiB sk 1, 2 # 3,
pu 11K3, sixi mo3naueni sk A, B, C ta Tpu KIIK3, siki no3naueHi sik 1, 3,
4. Yci xamepu 3MilllyBaHHS BUTOTOBJIEHI cribHO 3 mudysopamu. KIK3
OyJIM BUTOTOBJICHI 3 IMJIIHIPHYHHUX 3MINIYBaJbHUX KaMep HUISXOM pPO3-
TOYYBaHHs IMEPEIHLOI YaCTMHHU CeKIii MocTidHOl Tuiomn mnepepisy. Bci
po3mipu HoBux KIIK3 1, 2 1 3 Oynu Takumu X, sk 1 y LUK3. OcHoBHI po3-
MipH exekTopi Oynm po3paxoBani 3a momomoror 1-D mogpeni [13] mns
pobotu y cknagi EXM (xomogonpoxykruBHicteio 11,4 kBT, ty= 100 °C,
t= 30,8 °C, t= 16 °C) na xonomoarenti R245fa.

dotorpadii ogHO1 3 KOMOIHALIM cOmIo-Kamepa 3MilllyBaHHS HaBeJle-
HO Ha puc. 6. TexHIYHI XapaKTEPUCTUKHU JOCITIKYBAHMX HaJ3BYKOBUX
conen ta LIK3 1 KIIK3 naBeneni B Tabauisax 11 2, BIAIOBIAHO.
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Puc. 6. ®ororpadis eKCIIEPUMEHTAILHOTO COIUIA 1 KAMEPH 3MIllTyBaHHS

Takum 4nMHOM, 32 paxyHOK KomOiHamii 3 comen ta Tprox LIK3 abo
tppox KIK3 Gyino orpumano 18 THIOpo3MipiB €XeKTOpi, SKi # BUKOPH-
CTOBYBAJIHCS JUIS TIOJAIBIIOTO €KCIEPHMEHTAIBHOTO JOCTIKEHHS Tapa-
METpiB eEeKTUBHOCTI SIK €XKEeKTopa, Tak it EXM.

4 IlopiBHAIbHUI eKcllepMMeHTANBHMI aHai3 exexkTopis 3 IIK3
ta KIIK3

Cxema eKcCreprMEeHTaIbHOI YCTAHOBKH Ta 1i JeTaJbHHI OMUC HaBe-
neHo y [15]. ExcriepumeHTanbpHa ycTaHOBKA TpejcTaBisiia coboro EXM,
B SIKMIi HaBaHTAXXCHHS HA TEHEPATOp Ta BHUIIAPHUK CTBOPIOBAIIUCS €IIEK-
TpOHArpiBadyaMu, a KOHJICHCATOp OXOJIOJDKYBAaBCS BOAOKO. YCTaHOBKA
nepeadaydana aBTOMaTHYHE BHUMIPIOBaHHS HACTYIHHX NapaMeTpiB: TeM-
nepaTypy, THCKH, BHTPAaTH XOJOJOAreHTY, IOTY)KHOCTI €JEeKTPO-
HarpiBauiB, MOTYKHOCTI €IEKTPOMOTOPY KHBHWJIBHOTO HACOCY, PiBHS XO-
JI0I0areHTy y pecuBepi. Bona Oyia cTBopeHa y pamkax npoekty «Solar
Building Technologies», No.KUK-C1-014-12, ne aBtop wui€i pobotu OyB
OCHOBHMM BHKOHaBIeM miamtany A-1 «Ejector cooling technologiesy.

Ha xoXXHOMy pexuMmi Juli BCTaHOBJIEHOro exekTopy (to Ta g
BIJNOBIHO HaBeleHHX y Taln. 1) ekcrnepuMeHTalbHE AOCIHIIKEHHS IMa-
pameTpiB eeKTUBHOCTI MPOBOAMIIOCS MPU 3MIHHIN TeMIlepaTypi KOHJCH-
carii. Takum yuHOM OyNM BH3HAYCHI KPUTHYHI TeMIeparypa KOHIeHCcaIil
tc*, KOe(iIi€HT eXKEKIIil w*, TEII0BUN Koe(ilieHT (aHaJIoT XOJIO0MIEHOTO
koedinienty) COP perm Ta xomomompoxykruphicts Q.. Lli Bu3HAueHi
HapaMeTpy BBAXKAIOTHCS ONTUMAIBHUMHU JJISI JOCIIKYBAHOTO €KEKTOPY
pu 3amanux {e Ta i
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Tabmmrs 1. ['eoMeTprdHi XapakTepHUCTHUKA JOCIiHKYBAaHUX COTIEI

Howmep comnna 1 2 3
. t=8°C, | t=12°C, | t=16°C,
Pobori pexcmn £,=90°C | t,=95°C | t,=100°C
iaMeTp KPpUTHYHOTO TIepepi3y coruia
Ié o pepisy 4,515 4,212 3,902
to
iaMeTp BHXIJHOTO Iepepi3y coIlia
ZO[I o pepisy 7.8 7,11 6,412
19
Biguomenns momma Aqy/A 2,985 2,85 2,70
KyT po3xomkenns conna vy, ° 6,0
KyT cxomkeHHs BUXOy 3 COIUIa Yy, © 30
JIOB)KMHA KOHIYHOI YaCTHHH COILIa, 31,48 2833 2471
1110 po3xoauThes lgiy, MM

Tabmuit 2. 'eoMeTpUYHI XapaKTepUCTUKA AOCTIDKYBaHUX [ITIHAPHIHUX Ta
KOHUYHO-IIIJIIHAPIYHUX KaMep 3MIITyBaHHS

Howmep numiHapuIHOT KaMepH 3MilTyBaHHS A B C
JliameTp nepepisy uuminapuyHoi cexkuii dg, mm | 12,155 | 13,020 | 14,010
JloBxuHa nmmsapuaHoi cexuii d ., , MM 90,62 98,64 106,65
Jloxuna nudysopa d, , Mm 142,9 135,75 | 128,65
Kyt po3xomxenns nudysopa, ° 8,0
Hiametp BuxigHoro nepepisy audysopa d,, Mm 32,0

JlonaTkoBi reOMeTpUYHI XapakTepucTrka s exxexropa 3 KIIK3
Homep KOHIYHO-IMITIHAPUYHOT KaMepH 3Millly- 1 5 3
BaHHs
Bxinunii niameTp koHiuHoi cekuii d, , MM 13,848 | 14,835 | 15,954
CriBBigHONIEHHS TIOMMH Ay/Az 1,3
KyT cX0opkeHHs1 KOHIYHOT CeKIll 3, © 2

Hopxuna koHiuHoi cexuii g, Mm

4885 | 52,14 | 5586

Otpumani i koxHoro exxekropa 3 1IK3 ta KIIK3 kputuuHi Temie-
ee * . .
parypu KoHzeHcamii t. mpu BianoBigHuX 3HaYeHHsX Ag/A; Ta HaBEJIEHO Ha

puc. 7.

3arajnbHMH BUCHOBOK, SIKMI MOXHA OTPHUMATH 3 PHUC. 7 — ONWH W TOH
CaMHi €XEKTOp 3 OULIBII POCTOI0 Y BUTOTOBIICHHI IIMIIHIPUIHOO Kame-
poro 3MilTyBaHHS 3a0e3mneuye Oiblle 3HAaYeHHS t., HIX exekrop 3 KIIK3,
1o € HOro nepesaroxo, 0co0MBO mpH poOoTi y ckiani cyanosux EXM.

Xoua 115 pisug t. He Benuka, nmopsaky 1 °C.
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Kpuriuna remneparypa konjencauii t_, °C
Puc. 7. 3anexuicts Ag/A; Bifl KpUTHUHOT TeMIIEpaTypH KOHACHCALT o JuTs
ne’sitn nap exxekropis 3 LIK3 Ta KIIK3

AHaOTIYHO MPOBEeIEHO MOPiBHAHHS edekTuBHOCTI exxexTopiB 3 LIK3
ta KIIK3 Ta mapamerpiB edexruBrOocTi EXM 3 mtumm exxektopamu. Pe-
3yJBTATH IHOTO TIOPIBHSAHHS IMOKa3aHi Ha puc. 8.

TTOpiBHAHHS eKCIIEPMMCHTATBHHX IOKA3HHKIB e(eKTHBHOCTI
COP jrerm 1 Qe* JUISL JICB’SITH TIAp €XKEKTOPIB, SKi XapaKTepU3YHOThCs
pisHoro BenmmunHOWO Ag/A; Ta Maroth I[K3 abo KIIK3, mpu mpoekTHHX
peKUMax poOOTH IS KOXKHOTO 3 ©XKEKTOpiB (puc. 8) Mmokasye, o 3a-
crocyBanas KIIK3 y BcboMy pO3IIISIHYTOMY Jiania3oHi KPUTHYHUX TEM-
neparyp KOHAEHcallil tc*= 29,0...37,5 °C no3BoJsie MiABUINATH MapamMeT-
pH epeKTUBHOCTI sIK exkekTopa, Tak 1 EXM Ha Benunuuny Bin 17 mo 32 %.
OjHaK, KPUTHYHA TEMIIepaTypa KOHAeHcamii t, s exexropis 3 KIIK3
MeHIIIe Hix st exektopiB 3 IIK3 mpu ognakosux Ag/A; Ha 0,8...1,7 °C.

Exxexropu 3 KIIK3 xapakrepusyroTbcs BUIIUM KOe(]iLi€HTOM exe-
Kiii © y nopiBasHHI 3 exxekropamu 3 LIK3: Ha 32,1 % ans exexropa 1-1
mpotr 1-A (Ax/A=7,25) ta Ha 16,6 % mia exekropa 3-3 mporu 3-C
(As/A=12,89). AHaoriuHO 301TBIIYETHCS COP”erm EXM 3 €XKEeKTOpaMHu
3 KIIK3 y nopiBusiHHI 3 exxekropamu 3 1IK3: Ha 31,1 % s exexropa 1-1
mpotr 1-A (Ax/A=7,25) ta Ha 17.2 % mna exekropa 3-3 mporu 3-C
(As/A=12,89). Ane mepomikom exekropiB 3 KIK3 e Te, mo kputnyna
TeMIIepaTypa KOHJEHCALi t, 3HIKYEThCS, OCKIIBKH JUISl HOPiBHIOBAIIb-
HHX €XKEKTOPiB OCHOBHA IreOMETpUYHA XapakTepucThuka As/A; onHaKOBa
npu 30uTbIneHH] edekTuBHOCTI exexTopy 3 KIK3 mpotu exektopy 3
HK3. Onnak, npu nprOIM3HO OJHAKOBUX KOE(IIIEHTAX SKEKIIIT M, TAKOK
K i1 COP perm 1 Qe*, KpUTHYHA TEMIIEpaTypa KOHJICHCAIIT IS €KEKTOPIB
3 KIIK3 6inbine, Hix st exektopiB 3 1IK3 — puc. 8. Takum 4yuHOM, 3a-
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crocyBanHs KI[K3 € Ginbpl JOMIIBHUM IIPH BUCOKHUX TEMIIEpaTypax KOH-
neHcamnii xonomoareary y EXM Tta cnpuse migBUIIEHHIO e(peKTUBHOCTI
EXM.
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Puc. 9. 3aiexxHICTh KPUTHYHOTO 3HAYCHHS COP*therm Bi Ag/A¢ LTS €KEKTOPIB 3
K3 ta KIIK3 mpu poboti EXM B npoekTHOMY poO0odoMy pesknmi
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[TosicanTy kpamii pe3yibTaTi 3 edekTuBHOCTI exxekropa 3 KIK3 y
nopiBHsAHHI 3 exekropoM 3 1IK3 mpu piBHEX Ag/A; MOKHA HACTYITHHUM.
Exexrop 3 KIIK3 Mae Ha BXOAl KOHIYHY YacTHHY KaMepH 3MilIyBaHHSI.
HasBHiCTh KOHIYHOI YacTHHU crpHs€e 301TbIICHHIO IUIOUII MOMEPEYHOrO
mepepizy MOTOKY MapiB XOJOJOAreHTy, IO €XKeKTYeTbesa (TOO0TO, 3011b-
LICHHIO KoedimieHTa exekuii). Aye AiaMeTp UWIIHAPUYHOI YacTUHH
3MIilTYBaJIbHOI KaMepu OyB OJJHAKOBUM IS TOPiBHIOBAJIbHUX €KEKTOPIB 3
KIOK3 Ta IIK3 mpu piBaux As/A;. TakuMm 4YHHOM, €Heprii MEepBHHHOTO
pobouoro motoky nmapu y exekropi 3 KIIK3 He BucTauano 1 CTHCHEHHS
OUTBIIO] KiIBKOCTI BTOPUHHOI Mapu (MOPIBHSHO 3 KiIBKICTIO BTOPHHHOI
napu y exxekropi 3 [IK3) mo Tucky, mo BigNnOBia€ KPUTHIHOMY THCKY
KOHZeHcallii, orpuManomy B exekropi 3 LIK3. Tomy kputnuna temmepa-
Typa koHzeHcauii s exxekropiB 3 KLIK3 Oymna Hukuoro. Jliist oTpumanHs
GinbLI BHCOKOI t; urst exextopiB 3 KIIK3 HeoOXiZHO 3pOGHTH MEHIINM
JTiaMeTp IIITIHAPUIHOT YaCTHHH 3MINTyBaJIbHOI KaMepu. AJie 1ie He Oyio
3aJIa4CH0 MPEJICTABJICHOrO JIOCHIDKEHHS, X04Ya BIUIUB Ha t. 3minn Ag/A;
(me Az - TuIOIA MOMEPEYHOTo Mepepizy HIIHAPUYHOI YaCTUHH KaMepH
3MINTyBaHHA) MOXKHA OIIIHUTH 3 pHUC. 8, A€ BUIHO, IO 3MEHIICHHS Aia-
MeTpa IITIHAPHYHOT YaCTHHU KaMepH 3MilryBaHHs O3 TArHE 3a CO0O0FO
TiBUINCHHS t, NpH {HIINX PIBHEX reOMeTpHYHMX mapamerpax (Ag/A,) ta
(hopMi KaMepH 3MINTyBaHHS.

Ha ocHOBiI BMKOHaHMX €KCIIEPUMEHTAIBHUX IOCHIHKEHb 3pOOJICHO
3arajibHUil BHCHOBOK, IO mpu BUOOpi exekTopa mis EXM 3apxau mo-
TpiOHO HIyKaTH KOMIPOMIC Mi 30UIbIIEHHSIM eHeproedekTuBHocTi EXM
Ta 3HWKEHHSIM MOXJIMBOCTI 11 poOOTH IpU BUCOKHX TeMIEpaTypax HaB-
KOJIMIIHBOTO CepeIoBHILA (KPUTHUHUX TeMIIepaTypax KOHAEHcallii), aje 3
TOYKW 30py MiJBHIIEHHS mapaMeTpiB edektuBHOcTi EXM nmominbHO 3a-
crocoByBatu exxektopu 3 KLIK3 3amicts exekropi 3 LIK3, crpoexToBa-
HUX IIiJ] TeBHUN pexuM podotu EXM.

BucHoeku

1. ExcriepumenTanbhi pesynbTatu pobotn EXM 3 18 exexTopamu
pizHoi reometpii (9 exexropis 3 LIK3 Ta 9 exxexropis 3 KLIK3 3i 3MiHHUM
As/A; Bin 7,25 no 12,89) npu ty= 80...105 °C, t.= 24...42 °C, t.= 4...20 °C
JIEMOHCTPYIOTh, IO BTOPWHHA HHU3BKOIIOTEHINIHA TEIMJIoTa CYJIHOBHX
€HEpreTUYHUX YCTAaHOBOK 3 TemmepaTyporo 85...120 °C Moxe BHUKOpH-
cToBYBaTHCs Ui edeKTUBHOI Ta cTabinbHoi podotn EXM Ha 030H00E3-
MEYHOMY Ta HEroprouoMmy xojomoareHTi R245fa mis KOHIMIIIOBaHHS
MOBITPsI Ta OTpUMaHHs xoJnoxy npu t>8 °C.

2. 3a pe3ynbpTaTaMy €KCIIEPUMEHTAIBHOTO BUMIPIOBAHHS TapaMeTpiB
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edpexTuBHOCTI EXM 3 exxexropamu 3 ITK3 ta KIIK3 3 As/A=7,25...12,89
Ha xonmojoarenti R245fa mokasano, mio t, CyTTE€BO 36iMbIIyEThCA TPH
301blIeHH] SK tg, Tak i t.. ToOTO MpH dikcoBaHii t; MOKIMBOCTI pOOOTH
EXM mnpu BHCOKMX TeMIlepaTypax HaBKOJIHMIIHBOIO CEPEIOBHINA (BHCOKI
t.) POSIIMPIOIOTBCS 3 POCTOM TEMIIEPaTypH JpKepesa TerIoTH (30inmb-
meHHs tg). Ane npu 1boMy eHeproe()eKTUBHICTB, a caMe KOe(iLieHT exe-
KUii @ Ta COPiperm, 3HMAKYIOTBCA 31 301nbIeHHAM ty. Tak, npu te= 12 °C
niasuieHHs ty 3 110 go 120 °C npusBeno 10 MiABUILEHHS tc* OLIBII HIXK
Ha 5° C i mo 3amwkeHHsT ® Ta COPyerm Ha 25 Ta 18%, BimmosigHo, st
EXM 3 exekropom 3 1IK3. 36inbmenns te Bix 4 no 18°C npu tg= 95 °C
mpu3Beno a0 3poctands o Big 0,23 10 0,53, COPyerm Bix 0,17 m0 0,42, Q.
Bix 2,9 10 6,8 kBT it, Bin 32,3 mo 37,7 °C, ane t, 3a3Buuaii € (hikcoBaHUM
napaMeTpoM POOOTH CYJHOBOTO XOJIOAMJIBLHOrO 00namHaHHsA. ToOTo npu
¢ikcoBaHill t, MOTPiIOHO WIYKATH KOMIIPOMIC MK MOKJIHMBICTIO POOOTH
EXM npH HeBHMX NapaMeTpax HaBKOJHIIHBOro cepexoBuma (t,) Ta
eneproedextuBHicTIo EXM (COPyery), @ Takox ii MacoraGapuTHUMH
napaMeTpamH, 0 BaKJIMBO caMe JUIS CYJAHOBOTO XOJIOJAMIBHOTO 00Jiaj-
HaHHS.

3. llopiBHSHHS €KCIIEPUMEHTAIHHO BU3HAYCHUX ONTHMAIHHUX (KpH-
TUYHMX) MOKA3HUKIB €(PEKTUBHOCTI ', COP perm 1 Qe* migs EXM 3 18
exxexTopamu (9 exexropiB 3 LIK3 ta 9 exekropis 3 KIUK3 3i 3MiHHUM
As/A¢ Bix 7,25 no 12,89), npu npoekTHUX pexumax podotH (te, ;) moka-
3ye, mo 3actocyBanHs KI[K3 y BChOMY BH3HAYCHOMY IiamasoHi to =
29,0...37,5 °C no3Bousie miaBumuTd @ , COP therm 1 Qe Ha BEJIMUUHY BiJI
17 1o 32 % mnopisrsHO 3 3acTocyBanHsam LIK3. Ane npu upomy t. s
exxekropis 3 KLIK3 Ha 0,8...1,7 °C menme Hix 11 exekropis 3 LIK3 npu
onHakoBux As/A. OjHak, tc* s exexkropiB 3 KIIK3 Oinbmie Hik ajs
exekTopiB 3 LIK3, nmpu ogHakoBmx @', COP perm 1 Qe*. Takum YHUHOM,
eKCIIEPUMEHTAIBHO JT0Ka3aHo, 1o 3actocyBaHHs KIIK3 € Ginpmr gorins-
HUM TIPU BUCOKHX TeMIIepaTypax KOH/ICHCAIIii.
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THE TECHNOLOGY OF INCREASING THE DURABILITY OF
RESOURCE-DETERMINING PARTS OF THE INTERNAL
COMBUSTION ENGINE

Formulation of the problem. It is possible to optimize the process of
operation by substantiating the dependence of the change in the technical
condition of the engines since the start of operation and the criterion of the
boundary state of the engine units, which will allow determining the opti-
mal service life of the engine before theist overhaul. The main reasons for
changes in the technical condition of the engine units are wear, fatigue,
thermal and corrosion damage, which depend on the intensity of changes
in dimensions, the geometric shape of parts and their relative location [1-
4]. Wear occurs under the influence of three groups of factors: construc-
tive - depend on the design of the engine, technological and operational -
the quality of fuels and oils used, and operating conditions. Realizing the
share of wear caused by various conditions of engine operation in the
general wear, it is possible to determine the factors that have the main
influence on the wear of units. This makes it possible to identify the most
effective ways to increase the durability of engines with a small expendi-
ture of time and money, as well as to predict the resource of engines be-
fore overhaul [2-5].

Analysis of current research.

Research on increasing wear resistance can give the maximum tech-
nical and economic effect if the design developments are primarily aimed
at eliminating the factors that cause maximum wear. Various operational
factors that affect the wear of engine units and its efficiency during opera-
tion are usually divided into three groups [4-8]:

1. Load and speed modes of engine operation, which mainly deter-
mine the amount of molecular mechanical (adhesive) wear.

2. The thermal mode of engine operation, including start-up and
warm-up periods, which determine the amount of corrosion-mechanical
and molecular-mechanical wear.
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3. Air dust and protection of the engine and its separate parts from
mechanical pollution particles, which determine the amount of abrasive-
mechanical wear.

The aim of the work is to increase the durability of resource-
determining parts by applying external friction, it is necessary to take into
consideration that the shear strength of the surface layer is less than the
strength of the main material.

Research material and methods.

With an increase of engine speed mode, the friction path is shortened,
and at a constant temperature regime, the intensity of wear should de-
crease. The intensity of wear of engine parts is also greater at unstable
speed modes. Moreover, with increasing acceleration, the growth rate of
wear intensity decreases [5-9]. The water, that has penetrated into the oil
and condensed there at low heat mode, causes intensive coagulation of
impurities and hydrolysis of additives with the formation of precipitates -
sludge. This leads to the destruction of oil filters, contamination of the
grid of oil receivers of pumps and oil channels, which can sharply reduce
smooth operation of the engine and cause increased wear of parts to the
point of emergency. At high thermal modes of engine operation, oil oxida-
tion processes intensify, leading to deterioration of its properties, activa-
tion of additives, especially alkaline ones. Basically, engine reliability
indicators are determined by the technical condition of such resource-
generating elements as crankshaft bearings, cylinder-piston group (CPG),
engine block, which account for 37% of failures and 62% of repair costs
[7-11]. The resource of these parts, even if new or restored parts were
installed during the repair, to the original size of the parts, will always be
less than of a new engine (unit), due to an increase in the rate of their
wear, due to distortion of dimensional and kinematic relationships of pre-
viously used units and aggregates with worn or distorted parts (within
permissible limits). This refers to such resource-generating parts of the
power unit as: - the engine cylinder block - the bed of the block, the sur-
faces under the liners of the root necks of the crankshaft, which during
repair of the unit must be checked for the alignment of the beds of the
block; - connecting rod - the connecting surface of the lower connecting
rod head with the liner, as well as the connection of the upper connecting
rod head with the liner, the parallelism of the lower and upper connecting
rod holes, deformation of the connecting rod body; - crankshaft - dimen-
sions and shape of necks, presence of cracks on them, shaft deflection; In
addition, the inter-repair resource is also determined by the quality of the
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completed repair. The secondary resource is about 58% of the primary
resource, and this is due to fatigue stress in engine elements, the formation
of cracks and their development, a change in the alignment of the support
surfaces of the cylinder block, which leads to crankshaft breakage, the
formation of cracks in the block, etc. [8-13]

To increase the durability of engines, it is necessary to monitor
changes in the technical condition of their resource-generating elements
during repair work, to improve the technology and quality of repair. The
analysis of operational defects of engine elements that have failed indi-
cates a fundamental possibility of improving the operational characteris-
tics of power units due to the use of modern restoration and strengthening
technologies.

When the crankshaft deflection is more than 0.9 mm, it is impractical
to restore it due to the formation of fatigue cracks in it, while up to 90% of
shafts with such a deflection are subject to rejection. Analysis of these
data shows that the deflection of the removed crankshafts is 8.6 times
greater than that of the crankshafts to be restored. The work of frictional
forces causes wear of the cylinder liner and the working surface of the
ring. The work of friction forces is influenced by the ratio of physical and
mechanical properties of the materials of the ring and the cylinder liner
condition of the lubricant and the presence of abrasive in it; the tempera-
ture of the parts to be joined. The work of the frictional forces of the se-
cond and the third rings is lower than the first one, which is explained by
better lubrication conditions, and on the other hand by lower gas pressure
in the labyrinth seal. During the compression and working stroke, inten-
sive wear of the cylinder liner occurs, aggravated by the effect of high gas
temperature, which leads to burning of the lubricant on the surface of the
cylinder. As the piston moves down the work of the frictional forces of the
rings in the joint decreases. The conditions in the engine combustion
chamber determine: a) the strength of the walls under the action of gas
pressure forces on them; b) wear resistance of the cylinder mirror during
long-term operation of the engine; c) small frictional losses when moving
the piston with rings in the cylinder liner; d) anti-corrosion resistance of
the inner and outer surfaces of the liner; e) reliability of sealing in places
of gas joints and water cooling joints; f) free expansion in the axial direc-
tion for wet cylinder liners. Cylinder lineres are exposed to corrosive sub-
stances, abrasive particles, high temperatures and pressure [9-13].
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Fig. 1. Main defects of cylinder liners
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The surface layer formed on the friction surface localizes adhesive,
abrasive damage, embitterment and loosening processes in minimal sur-
face volumes. This layer should have pliable volumes of metal with min-

imal shear resistance and deconcentrate stresses on the friction contact.
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2024 — N 48 Cyonosi enepeemuymi yCmanosKu 163

The lower bearing layer must have a high resistance to plastic defor-
mation, seizure, fatigue processes and abrasive damage. Active layers
during the operation of engines must retain the ability to be regenerated
and be constantly renewed [12]. High pressure and temperature lead to
burning and thinning of the oil film with the fuel-air mixture and increases
the friction conditions.

Presenting main material.

Let's consider the most widely used ways of increasing wear re-
sistance (Fig. 3).

Methods for increasing the wear resistance of the
working surface of rubbing cylinder liners

Surface plastic
defarmation

Selective transfer + »

Finishing anti-friction,

non-abrasive production * > Hardening
Use of additives - Laser hardening
Anodic-mechanical honing | - Rimetallization

Fig. 3. Ways to increase the wear resistance of the friction working surface
of cylinder liners

Such methods include finishing anti-friction non-abrasive treatment
(FANAT). The essence of FANAT consists in coating a layer of brass,
bronze or copper using the phenomenon of metal transfer during friction.
The advantage of FANAT over other finishing operations lies in the sim-
plicity of the equipment. FANAT gives the steel or cast iron surface high
antifriction properties. The experience of using FANAT for cylinders
allows you to reduce the time of additional work and increase the wear
resistance of cylinder liners by 1.6 ... 1.75 times, and the piston rings
working with them - by 1.35 ... 1.4 times. Special additives, which are
used both at the engine break-in stage and during its operation, have be-
come widespread. Additives form a strong adhesive film that reduces fric-
tion and prevents increased wear when working with heavy loads. The
disadvantage of the composition is the difficulty of preparation in a facto-
ry environment. The additive is characterized by a general toxic effect
[12-17]. It is possible to increase the wear resistance of cylinder liners by
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the method of anodic mechanical honing (AMH) with the use of metal
honing bars made of copper, brass, steel or cast iron, which will allow the
use of not only electrochemical, but also electroerosive components of the
process, as well as the application of an anti-friction layer. With AMH,
metal consumption occurs due to electroerosion and electrochemical phe-
nomena. In any mode, appropriate electrochemical processes take place in
the interelectrode gap, since the working fluid is an electrolyte. Electric
discharges that occur between electrodes and cause electroerosion can be
considered as separate heat sources of rapid movement on the surface of
the electrode work piece. At the same time, heat spreads deep into the
metal according to the laws of heat conduction. The depth of penetration
is determined by the power of the electric discharge, the speed of move-
ment of the electrodes, the properties of the environment, etc.

Temperature zones of spherical shape are quickly formed around the
objects. In the zone where the heating reaches the melting temperature and
higher, the metal melts, partially evaporates and, moving away with the
flow of the working fluid and the electrode tool, forms holes. In the fol-
lowing lower zones, a change in structure occurs. A so-called "white"
layer appears in the zone where the temperature reaches the tempering
temperature and higher one. Using these properties of the "white" layer,
you can increase the resource of the cylinder liners. However, the "white"
layer has an uneven thickness and continuity, and is also full of pores and
cracks. Therefore, obtaining a "white" layer by the anodic-mechanical
method turned out to be an impractical one. Processing of cylinder liners
should be carried out in modes that allow the appearance of a "white"
layer of small thickness. Laboratory and operational studies have shown
that the wear resistance of processed AMH is 20 ... 22% higher than the
wear resistance of the surface after diamond honing. The surface finishing
time also decreased [13-17]. Rolling with balls or rollers is usually used,
both in the form of an independent operation and combined with opera-
tions of boring, honing, and proofing [8]. During the laser strengthening
of the cylinder liner, separate equally spaced strips are applied with a laser
on its inner surface at an angle of 45° to the forming liner so that the strips
form a grid on the surface. The depth of the hardening zone is 0.6 ... 1.12
mm, the track thickness is up to 0.5 mm, allowance for final machining is
0.13...0.24 mm. As a result of processing, there is a decrease in wear in-
tensity by 1.35...1.58 times [15].

The use of laser processing is advisable in flow and mass production
in the case when other strengthening methods do not give the desired re-
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sult [17]. A method of bimetallization of the friction surface by creating
ordered or disordered inserts, inclusions, layers, etc. in the body of the
main material from a material that has physical and mechanical properties
different from the main one is proposed [17]. During wear and tear, the
main material (cast iron liner) and more ductile non-ferrous metal (copper,
brass) are destroyed. Copper and its alloys are characterized by plastic
deformation due to the interaction of micro-uniformities. Plastic non-
ferrous metal and particles of its wear, being directly in the friction zone,
interact with the shaking micro-irregularities, "smear" on the contact areas
of the micro-irregularities. The film formed between them has low shear
resistance and is held on the friction surfaces due to molecular forces.
Micro-uniformities present on the friction surface, falling into the zone of
plastic deformations (copper, brass), deepen by a value greater than what
happens in the zone of elastic deformations. When leaving the zone of
plastic deformations in the zone of elastic deformations. The micro-
irregularities fall on the cutting edge of the elastic layer and are cut, and
the wedge of plastic material located in front of the micro-irregularities
separates the connected surfaces and is captured by the moving micro-
irregularities to the nearest depression, filling it.

At the same time, chemical processes of formation of spinel occur,
which, falling into the depressions of the surface, rise increases its re-
sistance to normal loads [15-18]. The advantage of this method is that
there is no need for constant replenishment, as in the case of micropow-
ders, of copper reserves, which participate in the friction process. In addi-
tion to being formed as a result of chemical reactions, ZnFe204 spinel is a
high-temperature neutralizer of the exhaust gases of the combustion
chamber. The thickness of the layer of non-ferrous metal that is formed on
the surface of the liner, has 2-3 microns, and the presence of some non-
ferrous metals, for example, copper or brass, directly in the combustion
chamber leads to a decrease in the toxicity of engine exhaust gases. The
technical and economic advantage of the liner with the use of fusible in-
serts is to increase the durability of the cylinder-piston group by reducing
the coefficient of friction of its connected parts without adding, for exam-
ple, expensive anti-friction additives to the lubricant, which must be ap-
plied at each oil change. The simplicity of the design of the modernized
liner allows it to be produced at any repair plant, even in conditions of
non-specialized production. Implementation of the method of bimetalliza-
tion of the liner surface is currently a rather difficult task. It would be
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most appropriate not to cover the entire surface with non-ferrous metal,
but to use metal inserts.

However, in this case, the question arises as to how the inserts should
be located in the surface of the cylinder liners. For this, it is necessary to
justify the geometric parameters of the liner with inserts. It should be not-
ed that the angle of inclination of the insert will be limited by the geomet-
ric parameters of the liner and the stroke length of the piston. Therefore, it
is necessary to take into account these parameters. Knowing the angle of
inclination of the insert, we will calculate the geometric parameters of the
groove and the volume of the necessary metal to ensure wear reduction

(Fig. 4).
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Fig. 4. Scheme of the geometric parameters of the insert.

Based on the condition of covering the entire rubbing surface of the
cylinder liner with metal, and observing the requirements of a positive
mechanical gradient, we will determine the amount of metal in the inserts.
This can be done only if the depth of insertion of the piston rings does not
exceed the thickness of the coating of the surface of the liner with the
metal of the insert. Based on this and knowing the height of the surface
irregularities of the cylinder liner, we will determine the amount of metal
required to cover the rubbing surface of the liner.

V, =7z(r*-i?)L (1)
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where r is the liner radius, mm, ry is the radius of the liner covering with
metal, mm; L - stroke of the piston, mm. At the same time, it is necessary
to comply with the terms:
r’—r’>h_, )

where hpax 1S the maximum height of the surface irregularities of the cyl-
inder liner, mm.

To calculate the number of inserts in the cylinder liner and specify
their geometric parameters, it is necessary to calculate the amount of met-
al removed from one insert by piston rings. Volume of removed metal:

V, =hs, @)

where h - the depth of the introduction of the piston ring into the metal
insert, mm.

In the real operating conditions of the CPG, the depth of the introduc-
tion of the piston rings into the metal insert will decrease with each recip-
rocating cycle, and will reach zero when the friction surface is leveled
(uniform coverage of the surface of the cylinder liner with a layer of non-
ferrous metal). When the layer of non-ferrous metal (wear of the metal
film) on the friction surface of the liner is reduced, there will be a differ-
ence in the height of the metal layer in the zone of the insert and the fric-
tion surface of the liner, which will cause an increase in the depth of inser-
tion and the removal of the next layer of the insert metal with its further
"smearing" on the friction surface liners The cycle is repeated, which is
the key to the bimetallization of the friction surfaces.

The proposed technological process of manufacturing bimetallized
cylinder liners includes the operations of cleaning the cylinder liners, their
defecting, eliminating cavitation damage, building up the landing strips
and their processing, trimming the support edge, cutting annular grooves
and their surfacing, cleaning the inner surface after surfacing, grinding the
inner surface, honing it , control, conservation and packaging.

In contrast to the existing technological process, the proposed one
contains operations of bimetallization of the friction working surface:
cutting annular grooves, surfacing them, cleaning the inner surface after
surfacing.

Instead of the boring operation, the rough and fine grindings of the in-
ner surface of the liner were applied on center-grinding or internal grind-
ing machines due to the risk of breaking of the boring head cutter and
metal chips on the border of the annular grooves.
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Ring grooves are cut on a centering lathe (Fig. 5). The cylinder liner is
fixed in a three-jaw chuck during processing.

Fig. 5. Cutting ring grooves:
a) type of centering lathe; b) three-ball cartridge; c) VVC 8 sharps; d) liner
with annular grooves.

Liners are installed by checking their position in the horizontal and
vertical planes on 0.032...0.054 mm. Processing is carried out with a WNr
cutter (German) or SS cutter (Sweden), which is chosen taking into ac-
count the processed material, the type of allowance and the recommended
cutting depth. When processing, Universal cutting emulsion (UCE) is
used. A vertical milling machining center, such as the M-450 model,
equipped with a universal rotary table, can be used for cutting annular
grooves. While processing, the cylinder liner is fixed in a three-jaw chuck
installed on a universal rotary table, which in time is installed and fixed on
the machine table with an angle of 170. The liner is installed by checking
its position and beating with an accuracy of 0.032. ..0.054 mm. The pro-
cessing is carried out with disk shaped cutters with a small tooth. The
trapezoidal cross-section of the ring grooves is ensured by appropriate
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sharpening of the cutter teeth. The necessary step and direction of the ring
arrays is ensured by the vertical feed of the machine and the rotation of
the liner on the rotary table. The cutting depth and feed are determined
taking into account the hardness of the processed material, the type of
operation, the tool material, the type of cutter, and the method of its at-
tachment. Ring grooves are filled by manual argon arc surfacing (Fig. 3.3
a). A wire with a diameter of 0.82 ... 1.12 mm is used for surfacing ring
grooves; the material is copper C 1100. Taking into account the dimen-
sions of the cylinder liners, surfacing is performed with an argon arc torch
APT'-250 with a tungsten electrode, with filler metal supplied in the form
of a wire directly into the zone.

c) d)

Fig. 6. Bimetalized cylinder liner processing technology:
a) surfacing of grooves with M1 copper; b) cleaning of the inner surface;
c) opkration grinding; d) bimetallized cylinder liner with profiled insert.

As shielding gases, argon of the highest grade according to DSTU
(National Standards of Ukraine) 10157-99, helium of the highest quality
category of grades A and B according to TU 51-940-90, as well as their
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mixtures in the ratio of 50 ... 75% argon by volume, have been used. The
power of the burner has ensured surfacing of annular grooves and a small
zone of thermal influence. First, the inner surface of the cylinder liner was
cleaned and degreased. Then the cylinder liner was placed in a thermal
furnace and heated to 300 ... 400 ° C. After installation in the frame, cop-
per melting began, to prevent the cylinder liner from warping diagonally,
tacks were made at the beginning and end of all annular grooves. The
cylinder liner was reheated to 300 ... 400 ° C and welded from the center
opposite the grippers. The electrode was located strictly in the plane of the
joint; the electrode tilt was 60 ... 80 © "at a backward angle". Welding
modes: arc voltage - 60 V, current - 90 A, gas pressure - 0.05 MPa. To
remove slag and metal inflows, after surfacing the screw grooves, the
inner surface was cleaned on a lathe and screw-cutting machine, for ex-
ample, 16K20. Grinding could be performed on honing machines ZG833,
ZA83S - 33, and ZU142VM. Rough honing was done with EHU 525 bars
or with M27 100% concentration diamond bars with a diamond content of
3.5 carats. Clean honing was carried out with KZM20SM1K bars or
ASM20M1 diamond bars of 100% concentration. The material and hard-
ness of the circle, the type of connection, were chosen taking into account
the simultaneous processing of cast iron and copper alloys of high hard-
ness. Honing was carried out in the following modes: peripheral speed -
60 ... 80 m/ min; - 15 ... 25 m/ min; pressure on bars - 0.53 ... 1.13 MPa
(rough honing) and 0.43 ... 0.64 MPa (clean); UCE - kerosene; allowance
for rough honing - 0.051 ... 0.073 mm, and for finishing - 0.011 ... 0.032
mm. Processing modes were selected taking into account the required
accuracy and surface roughness, the hardness of the processed material,
the material of the abrasive wheel, the method of fastening the workpiece,
the use of lubricating and cooling fluid.

Conclusions

1. Linear wear of the bimetallized cylinder liner is 3.1 times lower
than that of a typical liner. The thickness of the anti-friction film on the
friction surface of the liner of 2 ... 3 um is achieved by annular grooves,
which corresponds to at least 8.3% of the area of the grooves filled with
copper to the area of the working surface of the friction of the cylinder
liner.

2. When used copper with angles of inclination in the range of 15° ...
20°, wear is reduced on average by 2.7 times, wear intensity by 48 ... 83%,
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friction moment by 14.7% compared to a solid sample. There is a 12.5%
decrease in roughness in bimetallized samples compared to solid ones.

4. The technological process of manufacturing a bimetallized copper
cylinder liner, on the working surface of which grooves are made in the
form of three rows of closed rings separate from each other, with eleva-
tion angles of 17° to the diametrical plane of the liner and a step of 13
mm, is substantiated.
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ANALYSIS OF THE THERMOMECHANICAL CONDITION OF
THE WORKING SURFACE OF "SHAFT-SLIDING BEARING"
JOINTS’ PARTS IN SHIP REPAIR

Statement of the problem and its connection with important scien-
tific or practical tasks.

Increasing the durability of ship technical equipment (STE) parts is
directly related to the wear resistance of machine parts. That is, this is an
actual direction of research. The durability of many machines is
determined by the wear resistance of parts that have internal cylindrical
surfaces that work in conditions of sliding friction.

The given analysis of literature data [1] about the quality of the
surface layer of "shaft-sliding bearing" joints’ parts and its relationship
with the operational properties of these products shows that the absence of
defects such as burns and cracks significantly increases their performance
and durability.

The properties of the composite material are considered in two
directions. The first are those that depend exclusively on the geometric
arrangement of the phases and their respective volume fractions, but do
not depend on the sizes of the components at all. The second are those that
depend on structural factors, such as the periodicity of the arrangement or
particle sizes of two or more constituent phases.

It is indicated that frictional properties, such as wear resistance, can,
for example, be significantly improved with the help of reinforcing
inclusions: the tribological behavior is largely determined only by the
surface material, it is less important if the reinforcing structure is fibrous
or not.

Nanoparticles of SiC prevent the shift of grain boundaries and
contribute to a significant improvement in creep resistance.

Improvements in creep resistance in other matrices for particle or tube
composites are also observed, but generally low. However, increased
creep resistance is obtained for mulito-zirconium composites and Si3N4
composites, to improved strength and viscosity relative to monolithic
Al203, Al203-SiC nanocomposites also have increased wear resistance.
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Grains in AI203—SiC nanocomposites wear out slowly, in contrast to
monolithic AI203, where wear, as a rule, involves the removal of whole
grains due to a relatively weak surface between the grains.

In addition, the absence of grain removal in the nanocomposite allows
you to prepare a higher quality surface (and preserve it during wear) than
is possible for monolithic AI203.

The excellent strength and viscosity of the nanocomposite is
maintained at room temperature up to 1000°C. In addition, studies have
shown that at higher temperatures, the creep resistance of AlI203 is
significantly increased due to the presence of SiC particles, which have
higher strength and viscosity, increased wear resistance, a decrease in the
Creep rate at elevated temperatures, and excellent microstructural stability,
which makes nanocomposites are an attractive alternative to monolithic
ceramics for many structural applications.

According to this scheme, it is possible to calculate the heating and
cooling rates both in the zone of contact of the circle with the part and
outside it, it is possible to take into account the influence of heat exchange
on the nature of the friction temperature distribution. In particular, it is
possible to analytically study the non-stationary temperature field in the
surface layer formed during intense friction [5].

The performed analysis of the physical and mechanical properties, as
well as the coating thickness, made it possible to determine the stress state
from the operating temperatures at the "coating-matrix™ boundary and to
develop the limit defect-free cycles of operational parts with a wear-
resistant coating.

A large number of technological parameters are involved, which
significantly affect the stress-strain state of coated parts. Obtained
relations on the stress state of the "coating-matrix" system as a function of
the physical and mechanical properties of the coating and matrix material,
the main technological characteristics, especially prone to cracking of
products with a wear-resistant coating.

The mechanical interpretation of crack formation does not take into
account the influence of thermal processes, which are the dominant factor
in the friction process.

Structural transformations cannot be the “independent” cause of the
appearance of cracks. They can contribute to the growth of cracks that
were formed under the action of thermal shock. Moreover, the process of
transformation of temporary thermomechanical stresses takes place during
a time sufficient for significant structural and phase changes in the surface
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layer, which in turn generates stresses that contribute to the further growth
of cracks in contacting parts.

Analysis of recent research and publications.

Analysis of research on tribology showed that for the full life cycle of
ship parts, operating costs are several times higher than the costs of
manufacturing new equipment. Losses of funds from friction and wear in
developed countries reach 4-5% of national income [2].

It is known that the task of increasing the wear resistance of a specific
product often does not involve qualitative modification of the structural
composition of the used material in its entire volume, but is transferred to
the modification of the surface layer of the material, since the protection
of parts from wear in some cases is solved by surface strengthening. In the
general case, surface strengthening means increasing the hardness of the
working surface of the part, which allows to increase the wear resistance
[8].

A large number of works, in which various methods of strengthening
are proposed, are devoted to increasing the mechanical characteristics that
rub. Prospective directions for the development of surface-strengthening
technologies involve the use of new methods of obtaining wear-resistant
coatings, mainly using wear-resistant materials, that is, coatings based on
compounds such as oxides, nitrides, and carbides. The use of reinforcing
coatings made of heterogenecous materials leads not only to the
modification of the surface layer, but also to the formation, in some cases,
of a fundamentally new composite material of the surface layer, which has
both high strength and sufficient plasticity, as well as increased wear
resistance [1].

The study of the causes of the appearance of cracks is presented in
works [7] from the standpoint of structural and phase transformations that
generate the corresponding structural stresses and also have a private
character and do not allow us to trace the true picture of the formation of
defects such as cracks on the surface.

Setting the task.

The purpose of this study is to ensure the required quality of
cylindrical surfaces of parts of STE with wear-resistant coatings, which
are prone to crack formation by analyzing thermomechanical phenomena,
which will allow to significantly reduce the formation of defects on their
working surfaces.
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The main research material

The conducted review of literature, domestic and foreign authors’
inventions made it possible to systematize a number of works on in-
creasing the level of reliability and features of the use of mating parts of
the STE in combination with their maintenance bases.

The listed problems require a systemic solution based on resolving the
contradictions between the aging of existing STE parts, for the renewal of
which the state allocates insufficient funding, and maintenance bases that
can potentially change their capabilities from degradation to a high level
of development.

Here it can be emphasized that the current operating conditions of the
aging STE fleet and the possible conditions for the development of
maintenance and repair make it possible to structurally consider them as
complex technical systems and propose new effective ways to increase the
durability of existing STE. The latter circumstance opens up Serious
prospects for national manufacturers of STE parts.

Based on statistical patterns of loss of operability of the STE, analysis
of the probabilities of the states of individual subsystems and elements, it
becomes possible to build reliability models that adequately describe the
behavior of systems with sufficient accuracy. Based on this, directions for
increasing reliability are formed by increasing the probability of failure-
free operation of individual elements, optimizing the structures of
subsystems according to reliability criteria, as well as studying the
probabilities of the state of subsystems in order to introduce elements of
active and passive redundancy. The ultimate goal of such studies is the
development of equipment with equal-resource subsystems that would
reduce the costs of maintenance and repair to a minimum.

Using mathematical modeling [3], it is possible to assess the
reliability of equipment at the stage of its creation when choosing options
for structural construction and organizing future maintenance and repair
operations.

A reliability model of such systems [4] is an analytical, statistical or
physical way of displaying reality (machines, systems), which replaces
them in the properties of formation and implementation of reliability, i.e.
provides sufficient information about the reliability of the object being
studied.
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The more accurately the model describes the real object, the better it
displays its reliability properties. However, increasing the accuracy of
modeling is associated with the complication of the model itself.
Therefore, it is rational to achieve a compromise between sufficient
accuracy of modeling and the creation of models that are accessible for
implementation.

Active factors supporting the required level of system reliability are
operational and technical factors associated with the frequency of routine
maintenance and repair of equipment if necessary.

Another group of operational factors is determined by the action of
loads, the influence of the environment and operating conditions and is
aimed at the formation of failures of elements and systems as a whole.

In general, a model that describes the reliability of systems can be
presented implicitly as follows:

H =®[F(r,7,N)U(r,7,6,T.T,,N)],
where H is the reliability indicator of the system being studied;

F — (r1, r2, N)1 — is the functional representation of the structure of
the system of interrelations of elements over a period of time r;;

r; is the reliability indicator of the i-th element;

N is the number of elements in the system;

U is the operator that takes into account the degree of influence of
controlled operational factors on the reliability level of systems;

0 s the volume of work on technical maintenance of systems;

T, is the period of technical maintenance of systems;

T, is the time of decrease in system availability during maintenance.

Modern marine diesel engines require an increase in their fuel
economy along with an increase in the efficiency of the turbocharging
system and an optimization of the combustion chamber shape.

At the same time, cooling of diesel oil with water from the "hot" cir-
cuit of the diesel cooling system was introduced instead of air cooling in
radiators, which led to an increase in the temperature of the diesel oil sup-
plied to the crankshaft bearings. The conditions of their loading with the
new dynamics of the combustion process and increased oil temperature
were not studied by manufacturers with due completeness. Changes that
increased the mechanical and thermal loading of the crankshaft bearings
were not compensated for by measures that would increase the bearing
capacity of the bearings.

Therefore, many marine diesel engines were found to have increased
defects in the liners of the connecting rod and main bearings of the
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crankshafts. After several months of operation, the lead content in diesel
oil was observed to increase above the limits established by current
standards. Bearing clearances increased beyond the permissible values. It
was necessary to unscheduledly replace the set of liners, causing sig-
nificant economic damage. The defects of the working surface of the
liners were in the form of squeezing out or wear of the babbitt layer with
its frictional damage and were equally distributed to both main and
connecting rod bearings. Then a one-time replacement of the complete set
of main and connecting rod liners was required. This type of damage to
the antifriction layer of the liners is typical for extreme pressures in
bearings under conditions of oil starvation or low oil viscosity, when the
thickness of the supporting oil layer decreases, boundary friction,
progressive overheating, wear or squeezing out of the babbitt occur.

As a result, a connection was found between bearing defects and the
parameters of the diesel engine and cooling system, as well as with the
surface engineering indicators.

An increase in the fuel injection intensity by using high-pressure fuel
pump (HPFP) washers caused an increase in the specific pressures in the
connecting rod and main bearings. The criterion for the mechanical
loading of the crankshaft connecting rod bearings is the value of the
maximum load on the bearing, related to the area of the bearing projection
on the plane normal to the direction of force [6]:

P=p*xF,/DxL,

where: p, is the maximum combustion pressure in the diesel cylinder;
F is the piston area;

D, L are the diameter and width of the working surface of the bearing
shell, respectively.

At the maximum combustion pressure pz equal to 8.2 MPa, the value
of the average specific pressure P in the connecting rod bearings reached
19.4 MPa instead of 15.6 MPa at pz = 7.0 MPa. An increase in the bearing
load by 18% could not but affect their performance, since the
recommended values of the average specific pressure for liners filled with
BK2 babbitt do not exceed 14.0 - 15.0 MPa [1].

One of the criteria for the need to repair mating parts is their ultimate
wear, at which further normal operation of these mating parts is
impossible.

A large number of damage sites are possible in the STE. The
probability of their failure-free operation can be estimated statistically as a
result of a series of experiments (Fig. 1) linking fault tolerance with the
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number of damages that have occurred [2], where p is a statistical estimate
of the probability of system failure; n is the number of failed elements
and/or connections between them; nl is the maximum number of failed
elements and/or connections at which the probability of failure is zero; n2
is the minimum number of failed elements and/or connections at which
the probability of failure is one.

The resulting family of experimental points is conditionally divided
into three zones:

zone I: 0 < n < nl, p=0— no more damage than nl; the system is
absolutely operational;

zone Il: n1 < n<n2, 0 <p <1— more damage than nl, but less than
n2; the system remains operational only with a certain set of these
damages;

zone II: n2< n; p = 1 — more damage than n2 - 1; the system is
inoperable with any set of them.
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Fig. 1. Results of experimental statistical assessment of the probability of
failure of the shaft-plain bearing coupling

It is obvious that the fault tolerance of the system depends on the
values of n1 and n2 and is higher the longer the zero probability of failure
is maintained (i.e., the greater nl, and the more the straight line
approximating the experimental points in zone Il is inclined to the
abscissa axis (i.e., the greater the ratio n2 - nl).
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One of the criteria for the need to repair mating parts is their ultimate
wear, at which further normal operation of these matings is impossible.

The most important role is played by the conditions of contact of the
surfaces. Friction is affected by the time of stationary contact, specific
pressure on the contact, deformations, and the dimensions of the contact
areas. As a result of the interaction of friction surfaces and the presence of
surface energy, mechanical frictional bonds (elastic deformations and the
introduction of microroughnesses) arise and stable atomic-molecular
bonds (adhesion) are formed. In this case, a volumetric complex stress
state arises in the contacting bodies and the formation of added masses of
the boundary layer occurs [5].

External secondary conditions that have a significant effect on friction
are characterized by a combination of factors. Firstly, these are the
kinematics of motion (types of friction according to the kinematics of
motion), the actual kinematic parameters of motion. These include the law
(equations) of motion of a body (mechanism), the presence (absence) of
reversibility of body motion; it is also necessary to take into account the
trajectory of motion, the friction path, the speed and acceleration of the
body. Secondly, these are the characteristics, conditions and parameters of
dynamic effects. The mechanical behaviour of the system is influenced by
dynamic factors: the laws of change of driving forces as a function of
time, the presence and nature of oscillations, vibrations, impact, the
number of loading cycles, the Kinetic energy of a body or system of
bodies, the work (power) of friction, the resistance to motion (friction
force). The time factor of the process (the time of continuous operation,
the duration of the process in the running-in mode of the friction unit and
in the operating mode) is also taken into account.

The internal primary conditions of friction include those new
phenomena and factors that arise on the friction contact and in the bodies
themselves under the influence of the process of vision itself and the
impact of the environment. The main thing here is the heating of the
bodies, the growth of the friction temperature and the occurrence of a
temperature gradient both in the bodies themselves and in the thin surface
layer, leading to a change in the physical and mechanical properties of the
materials.

Other scientific approaches are also used to assess the wear intensity
of the friction pair "shaft journal - bearing shell". A joint solution of the
basic equations of the energy theory of friction and wear of G. Fleischer
and the molecular-mechanical theory of wear of I. V. Kragelsky can be
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used. According to [8], the best deterministic basis for wear intensity is a
multiplicative dependence on dimensionless generalized criteria of the
system. As applied to plain bearings, the lubricating fluids of which may
also contain a certain amount of mechanical impurities, such a
dependence has the form

a a b,
4 a, E 3 2 b,
l=a,| — (i) 52 | (14 qK )| 14 s (1+78—d°)
HB, | \h) Lo, HB,, Y;

where p/HB1,2 is a dimensionless complex characterizing the stress state
in contact (p is the specific load, MPa; HB1,2 is the hardness of the
working surfaces of the shaft and bearing, MPa); A/h is a complex
determining the contact mechanism (in the absence of mechanical
impurities in the lubricating fluid)

A=(RE+RE

Here Ral,2 is the standard deviation of surface roughness, um; do is
the reduced particle diameter; h is the thickness of the lubricating film;
E1,2 /60 is a complex that takes into account the plasticity and fatigue
strength of materials (E1,2 is the modulus of elasticity of the first kind, 60
is the fatigue limit of materials, MPa); 1+aK is the concentration criterion
of mechanical impurities (o is the coefficient taking into account the
degree of influence of particle concentration on wear; K is the
concentration, kg of abrasive/kg of liquid); HBa is the hardness of

mechanical impurities, MPa; 1+7/STd° - particle shape criterion (y is a

coefficient that takes into account the degree of influence of particle
geometry on mating wear; S, dO, V are, respectively, the surface, reduced
diameter and volume of particles); al, a2, a3, bl, b2, b3 - exponents
determined on the basis of available information on the wear of materials
or when testing similar samples.

Analysis of the deposits shows that due to the increased shortness of
the working zone of the cylinder, the area of the spherical coating of the
fiber increases due to the friction at this stage on the surface.

And this means that the destruction of the coating will occur even in
the case when the technological stresses do not exceed the bond strength
Tadh-

With the existing operating stresses in the “cylinder-coating™ system,
the initial delamination in the area (-o, o) will remain.
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From the above, it can be determined that in order to ensure the
necessary reliability and durability of the cylindrical group with a coating,
it is necessary to ensure a roughness of 0.8 < Ra < 1.2 when applying
coatings on their working surfaces (Fig. 2). Such roughness can be
achieved as a result of finishing grinding operations and subsequent
finishing polishing. At the same time, the mathematical expectation of the
delamination area M(a) will be within the capabilities of the technological
process of applying the coating, in which the equilibrium state of the
delamination area will be preserved under the action of technological
stresses. In the case when, due to the roughness of the working surface of
the cylinder, there is a system of delamination areas of the coating from
the cylinder matrix (Fig. 2), a change in the stress intensity factor (SIF):
SIF is possible due to their mutual influence. The dependence of the SIF
on the relative distance between the areas of exfoliation is shown in Fig.
1.

As the distance d increases, the 2a/d coefficient decreases and the
stress intensity can reach large values without disturbing the equilibrium
state of the delamination areas.

Ky
T

0.3 = >

0.3 0.6 2a
d

Fig. 2. Dependence of SIF Ki/tl/zha during longitudinal shear
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Fig. 3. Dependence of SIF on the peeling angle o and the roughness of the
working zone of the cylindrical surface Ra.

In the case when, due to the roughness of the working surface of the
cylinder, there is a system of delamination areas of the coating from the
cylinder matrix, it is possible to change the SIF KI due to their mutual
influence and operating conditions [1].

Conclusions and prospects for further research.

1. The mechanism of the formation of defects in the surface layer of
ship parts of "shaft-sliding bearing” connections with wear-resistant
coatings prone to the formation of cracks is determined.

2. The criteria for the formation of cracks were determined and their
relationship with the investigated technological factors of the process of
friction of the working surfaces of cylinders with wear-resistant coatings
was established.

3. A mathematical model was developed that describes
thermomechanical processes in the surface layer during friction of
cylindrical surfaces with wear-resistant coatings, taking into account their
partial delamination with the base material.

References
1. D. N. Harkunov, P. I. Kornyk. Types of friction and wear.
Operational damage of machine parts: monograph.—Lviv: LSHA. 2023.-



2024 — N 48 Cyonosi enepeemuyti yCmanosxu 184

S. 343.

2. Measurement of Grinding Temperature of Active Grains Using
Infrared Radiation Pyrometer with Optical Fiber / T. Ueda. H. Tanaka, A.
Torii. T. Matsuo // CIRP Annals - Manufacturing Technology. — 1993.
— Vol. 42. no. 1. — P. 405-408.

3. Usov A. V., Batyren A. A. Mathematical modeling of the control
processes of covered structural elements based on singular integral
equations. // Problems of machine building. — 2010. — Vol. 13. No. 1.
— P. 65-75.

4. Modeling of systems: monograph G, A, Oborsky. A, F,
Dashchenko, A. V. Usov, D. V. Dmytryship.—Odessa: Astroprint, 2013.
—FP. 664.

5. Balokhonov R.R. Surface layers and internal interface boundaries
in heterogeneous materials: monograph Edited by V, E, Panin. — Kyiv:
Publishing House of SB RAS, 2006, —S. 520.

6. Popoi G, Ya, Concentration of elastic tension near the cutting dies.
thin included and reinforced. — Kyiv: Nauka, 1982, — P. 344, —

7. Storozhen V, P., Causes and patterns of gradual failures of the main
tribotechnical objects of the ship’s power system and increasing their
resource, — Odessa: Storozhen-VP, 2001. — P. 341,

8. Hotz A.N. The method of calculation of the crankshaft according to
the data of fatigue teSTE // Transport, ecology - sustainable development:
Reports of the 12th scientific and technical conference with international
participation. - Varna: TU Publishing House, 2006. - T. 13. - C. 223-227.



2024 — N 48 Cyonosi enepeemuyti yCmanosxu 185

PE®EPATH

bozau B.M., Ilapmenosa /I.I., Obepmiop K.J1. MaTeMaTH4Ha MO/ieJIb PyXy
MacTHIIa 0 J3epKajly HHIiHIpa

[TyOmikamis TpUCBSIYEHA BUPIMICHHIO aKTyalbHOI TpOOJIeMH ITiIBU-IICHHS
e(pEeKTHUBHOCTI POOOTH CYZHOBHX AW3ENIB MUITXOM BHBUYCHHS IPOIECIB MAIICHHS
AT HAPIB.

PosrnsHyTO OHOYACHHMH PYX PigKOi IUTIBKM MOTOKY MAacTHiA i Ta3y B TOMY
BUIAJKY, KOJIM OCTaHHii € TypOyneHTHIM. [lokazaHa mepcreKkTuBa MpakTHIHOTO
3aCTOCYBaHHS JBO(A3HOTO Ta30pIAMHHOIO PyXy IUIIBKH, OCOOIMBO B TOMY K
HAarpsIMKY, KOJIM NIPOSIBISIETHCS CTA0ITI3YI0Uni e(eKT.

KinpkicHMI ONMMC TAaKOro pyXy BBa)XKAEThCS BHYEPITHUM, SIKIIO BH3HAYEHI
KOMITOHEHTH BEKTOpa LIBHIKOCTI, THCK MacJa i TOBIIMHA ILTiBKU. L1i XapakTepu-
CTHK{ OTPUMYIOTh IIUIIXOM BHPILIEHHSI OCHOBHHX PIBHSHb MEXaHIKH CYLITBHUX
CEpEIOBHIN, BKIIFOYAIOUH PIBHSIHHS Tepefadi iMITyabCcy, HENEpepBHOCTI Ta Mak-
pOCKomiuHOTO OaanHcy.

BcraHoBneHO, IO BHMTpaTa MacTWia B IDTBII, IO CTIKa€ MO JA3EpKaIy
WTIHApA M JI€F0 CHIIM TsOKIHHA BU3HAYAETHCS CITIBBIIHOIICHHSM HOTO Barw,
B'SI3KOCTI ¥ CHUI, IO JIFOTH Ha MOBEPXHI PO3ILTY ra3-piaiHa.

AHAIITHYHI 3aJIE)KHOCTI BKa3YIOTh Ha TOH (PakT, IO BUMYIICHUH PyX Tazy
ICTOTHO BIUIMBA€ Ha PyX IUTIBKHU, IIPU IbOMY OJHAKOBHH HANpSMOK PyXy razy u
Mactuia (mepiofg pyxy HOpLIHA [0 H.M.T.) poOMTh Ha JBoGdasHHU pyx
cTablmi3aiiH1A BIUTUB.

VY BUNaAKy X 3yCTPIYHOrO pyXy raszy i Mactuia (pyX MOpPIIHS B HANpPSIMKY
B.M.T.) pi3Ke 3pOCTaHHs Iepernany TUCKY NPHBOJIUTH Yy PE3YJIbTATi 10 sBHUILA
«3axJIMHAHHS», TIPU SIKOMY BIJIHOCHO TOHKHH IIap MAacTHJIA 3aXOILTIOETHCS Tra3oM,
110 PYXA€EThCSl HOMY Ha3ycCTpid.

KuirouoBi cjioBa: cygHOBUI M3€ib, CUCTEMa MAalEHHs, 3MallyBaJlbHUI Ka-
HaJl, IPOLIEC MaIeHHSI, MJIHJID, IOPIIEHb, TIOPIIHEBE KiIbIIE.

Bogach V.M., Parmenova D.G., Obertyur K.L Mathematical model of lub-
ricant movement on the cylinder mirror

The publication is devoted to solving the current problem of increasing the ef-
ficiency of marine diesel engines by studying cylinder lubrication processes.

The simultaneous movement of the liquid film of the flow of lubricant and gas
in the case when the latter is turbulent is considered. The prospect of practical
application of the twophase gasliquid movement of the film is shown, especially
in the same direction when the stabilizing effect is manifested.

A quantitative description of such movement is considered comprehensive if
the components of the velocity vector, oil pressure, and film thickness are deter-
mined. These characteristics are obtained by solving the basic equations of solid
mechanics, including the equations of momentum transfer, continuity, and macro-
scopic balance.
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It was established that the consumption of lubricant in the film flowing down
the mirror of the cylinder under the influence of gravity is determined by the ratio
of its weight, viscosity and forces acting on the gas-liquid interface.

Analytical dependences indicate the fact that the forced movement of gas sig-
nificantly affects the movement of the film, while the same direction of move-
ment of gas and lubricant (piston movement period to n.m.t.) has a stabilizing
effect on the twophase movement.

In the case of counter movement of gas and lubricant (movement of the piston
in the direction of the v.m.t.), a sharp increase in the pressure difference results in
the phenomenon of "choking"”, in which a relatively thin layer of lubricant is
captured by the gas moving towards it .

Key words: marine diesel, lubrication system, lubrication channel, lubrication
process, cylinder, piston, piston ring.

byoawko B.B., 3abnoyvkuit 10.B. Ananiz TepMoaMHaAMiYHUX HUKJIIB 0XO0-
JIOMUKEHHSI MPHPOIHOIrO ra3y MiJ Yac ioro TPaHCHOPTYBAHHS MOPCHKUMH
CYAHAMHU-Ta30BO3aMH

Po3risHyTI MUTaHHS MOAO BU3HAYEHHS HAMOUIBII ONTHMAIBHUX TEPMOJU-
HAMIYHUX [UKIIB OXOJIO/HKCHHS MPUPOIHOTO a3y Iij 4ac HOro TPaHCIOPTYBaH-
HS MOPCBKHUMHU CyAHAMH-Ta30BO3aMH. Bu3Ha4yeHO, 110 B OCTaHHE JECATHPIYYs
MPUPOJTHUIN a3 PO3IIISAAETHCS SIK OCHOBHE JDKEPEIO eHeprii Ui 6araTboX THIIB
€HEPreTUYHHUX YCTaHOBOK. CKPHUTHH «HEIOJIK» NPUPOJHOTO ra3y — HEOOXiqHICTh
Horo TpaHCHOPTYBaHHS BiJ MicTa BUAOOYTKY 1O crokuBadiB. Haiibimpmr edek-
THUBHOI TEXHOJIOTIEI0, KA JO3BOJISIE TPAHCTIOPTYBATH BEIUKI 00’ €My TPUPOITHOTO
ra3y — € Horo 3pipkeHHs. 3piHKeHUH IPUPOIHUH ra3 — KpHOTEeHHA piaka 6araTo-
KOMIIOHEHTHA CYMIII JISTKMX BYTJICBOIHIB, OCHOBY SIKOi CTAHOBHTH MeTaH. TpaH-
CIIOPTYBaHHS 3PiIHKEHOTO MPHUPOJHOTO ra3y MOXKe 3IIHCHIOBATUCS a00 KOHTHHE-
HTAIPHUMH [UIIXaMH — TPYOONPOBIZHUM  crocoOoM, ab0 OKEaHCHKH-
M / MOPCBKHMH — CYJIHAMH-Ta30B0O3aMH. 3a3HAYEHO, 1[0 TPAHCIIOPTYBAHHS TIPH-
POHOTO Ta3y B 3PiPKEHOMY CTaHi € 3HAYHO €KOHOMIYHUM, HIXK TPYOOIIPOBIIHUH,
MMOYUHAIOYH 3 BijcTaHel 10 crokuBadi raszy Ouibiie 2000...3000 kM, ane mot-
pebye OLIbII BUCOKUX MMOYATKOBHX BKJIAZCHb B 1HOPACTPYKTYpPY, HIXK TpyOOmpo-
BigHuii. OCHOBHY BapTiCTh B IIbOMY BHUIIIKY CKJIaJa€ HE TPAHCIIOPTYBaHHS, a
BaHTaXXHO-PO3BAHTAXYBaJIbHI poO0OTH. [[0 TiepeBar 1bOro MeTOay BiTHOCHUTHCS
TaKOX TOU (hakT, MO 3piLMKEHHUNA ra3 OUTBII Oe3MeYHUH ImiJl 9ac TMepeBe3CHHS Ta
30epiranss, HiX cruciauid. Kpim Toro, 1ie emHa TeXHOJIOTIS JUIsl TPAaHCOKEaHCh-
KX TIepeBe3eHb, SIKY 3/1IHCHIOIOTh CyJHA-Ta30BO3U. PO3MIHYTI Ta BU3HAYeHi
OCHOBHI TIepeBarn Ta HEIOJIKM OCHOBHHUX LUKJIIB OXOJIOJUKEHHS 3pi/KEHOTrO
MIPUPOJTHOTO T'a3y: OJHOCTYIIEHEBOTO Ta OararocTyneHeBoro. Po3risHyTo kacka-
JIHUH TIPOLIEC OTPUMAaHHSI 3piJKEHOro pupoaHoro razy. HaBeneHi kpuBi oxouo-
JOKEHHSI TIPUPOJIHOTO T'a3y Ta YHCTHX XOJIOMOAreHTIB Iijl 4aC BUKOPUCTAHHS OJI-
HOCTYICHEBHUX Ta TPUCTYIEHEBHX LUKIIIB OXOJIO/PKEHHS. PO3IIISHYTO MK 0XO-
JIOJDKEHHS TIPUPOJTHOTO rasy 3i 3MillIaHUM XO0JIOJ0areHToM BuzHadeHo, mio mif
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gac nepeBesenHs 3I1IT cynHaMu-razoBo3amMu HaOiIbII €(hEKTHBHOIO TEXHOJIOTI-
€10 H0T0 3piHKEHHS 3 €KOHOMIYHOI, CHEPTEeTHIHOI Ta €KOJIOTIYHOI TOUOK 30py €
BHKOPHCTAHHS IUKJIIB OXOJOKEHH 31 3MimaHuM xojomoareHToM. KoHcratoBa-
HO, IO 3piIKESHUH MPUPOJHUHN ra3 € HAOUTBII MepCIeKTUBHIM MAMBOM, IO B
HaOmmKanit yac OyJae BHKOPHUCTOBYBATHCS Y BCiX BHIAX €HEPIeTHKH, B TOMY
YHCIIi CYIHOBOI.

KarouoBsi ciioBa: GaratocTyneHeBUi UK OXOJIOJDKEHHS, €DEKTUBHICTD Tpa-
HCIIOPTYBaHHS, 3p1PKEHNI IPUPOAHUI ra3, MOPCHKHH TPAHCIIOPT, OJJHOCTYIICHE-
BUIl IIMKJ OXOJIOJDKEHHSI, MEPEBE3CHHS 3PI/KEHOr0 MPUPOIHOIO Trasy, CyIHO-
ra30B03, TEPMOJIMHAMIYHI KM OXOJIOKESHHS.

Budashko V.V., Zablotskyi Y.V. Analysis of thermodynamic cycles of nat-
ural gas cooling during its transportation by marine gas carriers

Issues regarding the determination of the most optimal thermodynamic cycles
of natural gas cooling during its transportation by marine gas carriers are consid-
ered. It is clear that in the last decade, natural gas is considered as the main source
of energy for many types of power plants. The hidden "disadvantage” of natural
gas is the need to transport it from the production city to consumers. The most
effective technology that allows transporting large volumes of natural gas is its
liquefaction. Liquefied natural gas is a cryogenic liquid multicomponent mixture
of light hydrocarbons, the basis of which is methane. Transportation of liquefied
natural gas can be carried out either by continental routes - pipeline method, or by
ocean / sea - gas carriers. It is noted that liquefied natural gas transportation is
significantly more economical than pipeline transportation, starting from distanc-
es to gas consumers of more than 2,000...3,000 km, but requires higher initial
infrastructure investments than pipeline transportation. The main cost in this case
is not transportation, but loading and unloading operations. Another advantage of
this method is the fact that liquefied gas is safer to transport and store than com-
pressed gas. In addition, it is the only technology for transoceanic transportation
carried out by gas carriers. The main advantages and disadvantages of the main
cooling cycles of liquefied natural gas: single-stage and multi-stage are consid-
ered and determined. The cascade process of obtaining liquefied natural gas is
considered. The cooling curves of natural gas and pure refrigerants when using
single-stage and three-stage cooling cycles are given. The cooling cycle of natural
gas with a mixed refrigerant was considered. It was determined that during the
transportation of LNG by gas carriers, the most effective technology for its lique-
faction from the economic, energy and environmental points of view is the use of
cooling cycles with a mixed refrigerant. It was established that liquefied natural
gas is the most promising fuel that will be used in all types of energy, including
shipping, in the near future.

Key words: gas carrier, liquefied natural gas, multi-stage cooling cycle, sea
transport, single-stage cooling cycle, thermodynamic cooling cycles, transporta-
tion efficiency, transportation of liquefied natural gas.
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Kosuyskuir C. B. 3acrocyBaHHsi HaHOMeTepiamiB s 30iJblIeHHS
HaJilHOCTIi Ta pecypcy CyAHOBHX YCTAHOBOK

Hanomatepian XAZIO (YkpaiHa) yTBOBEpHHCYMINTIOHAHOPO3MIPHUXOKCHIIB
A|203, SiOQ, FezogTa ix FinaTiB, abo Aleg, MgO 1 F6203 U A1203, CaO Ta
Fe,Os3 i ix rimpartiB. BBeneHHs peBiTanizaHTa 10 MACTHIHHHUX MaTepialliB IPUBO-
JUTh 70 (OpPMYyBaHHIMETAIOKEPaMIYHOTOTPadi€HTHETOKPUTTSIHA METalIeBUX
JIeTansax MexaHi3MiB. Bukopucranns pepitanizanta XAJIO ycyBae 0BalnbHOCTI Ta
KOHYCHOCTI Ha po0Oouiii moBepxHI LWIHAPIB ABuryHa 10 0,15 MM; MOBHICTIO
yCyBa€e NOAPSIMUH 1 MiKpo3aJupiB Ha poOOUiil MOBEPXHI LMIIHIPIB TIIMOMHOIO 1O
0,03 mMm; migBuiIye pecypc map Tepts B 1,5 ~ 2,5 pa3su;eKOHOMUTH HaluBa 10
18%;y Bukuaaux rasax 3umxkye BMict CO i HC Big 2 mo 10 pas3is.

Hanomatepian Nano Vit Motor Renovator (NVMR) € cymimmmo HaHoguc-
nepcHux nopowkis SiO, - 80%, Al,O3 - 10% Ta iHTepkaiapoBaHHOTO Tpadirty -
10%.Y 30HI TepTs, ¢ BUHHUKAIOTh BUCOKI HAIPY>KCHb, BiOYBAa€THCS PO3PUB
3B'SI3KIB ANIOMIHIH-KUCCHb y TPHOKCHI ATIOMIiHIIO, IO BHUKIMKAE 3aMiIICHHS
aTOMIB 3aJli3a aTOMH aJIOMiHIF0 Ha TOBEpXHI. YTBOpEHa IUIAKyBaJlbHA IUTiBKa
MpeaCTaBIsie COOOI0 TBEpAMH PO3YHH 31 3HAYHOIO IUIACTHYHICTIO Ta MIIHICTIO, a
YaCTHHKU rpadiTy Ha IOBEPXHIX TEPTs OEPYTh y4acTh B yTBOPEHHI 3HOCOCTIHKO-
ro miapy, sSIKHi yTpUMYye€ MacTWJIbHUH Marepiain. BunpoOyBaHHS Ha peanbHOMY
JIBUTYHI TIPY BHCOKHMX HaBaHTa)XEHHSX IOKa3ajH, o oopodka NVMR mpuszso-
JIUThH JI0 3HIDKCHHS IBUIAKOCTI 3HOCY MOPIIHEBHUX Kb B 3 pasu, a BKIAIMIIIB
MIIMIAITHAKIB KOJIIHYACTOTO Baly B 5 1 Olnbllie pa3iB, MPHPICT MaKCHMAallbHOT
MOTYXXHOCTI IBUTYHIB Ha 2-3% Ta BiAMOBIZHOTO 3MEHIICHHS BHUTpPAT MajJnBa HA
5-8% Ta 3HIKEHH piBHA MIyMy B Jiamna3oHi Bix 1,5 1o 2 pasis.

His Hanomarepiaxy Nanol nonsrae y ¢opMyBaHHI Ha TIOBEPXHSIX TEPTS OKHC-
JIOBAJIBHO-BITHOBHOI peakilii, M0 3MEHIIye KiIbKICTh 10HIB MilIi B m00aBIi 3
MOJATBIIMM BIAKJIAJECHHAM YaCTHHOK Mili Ha IOBEpXHI MeTainy. YTBOpEHHH
3axXMCHUH HaHOIIAp aTOMIB MiJi HE Ja€ BOIHIO PYHHYBAaTH KOHTAKTHI MOBEPXHI.
3aXMILAE MiIIUITHAKA KOYSHHS BiJl YTBOPEHHS OLIMX MOBEPXHEBUX TPILMH y 14
pa3 y MOpIiBHSAHHI 3 TPAAULIHHUMH NpHCAAKaMHU. Y CyJHOBHX HaTYpHHX BHIIPO-
OyBaHHSX CHOCTEpIrajocsi 3HW)KEHHS BTpaT Ha TepTs Ha 4%, 3HWKEHHS BUTPATH
nauBa 10 3% 1 301bIICHHSI KPYTHOTO MOMEHTY Ha 1% ,

EdexruBHa 1ist HaHOMaTepialliB IPU YTBOPEHHI MIIHOT Ta IUIACTUYHOI TUIAKY-
BaJIBHOI IUIIBKM MOXe OyTH MOSICHEHa IpoliecaMK caMoopraHizauii y HepiBHO-
Ba)XKHUX CHCTEMax Ta IIEPEHOCOM EJIEKTPOHIB 3 HAHOYACTHMHOK Ha METATIYHY
TIOBEPXHIO.

Karouosi ciioBa: Hanomatepiany, TpUOONOKPUTTS, €(hEeKTHBHICTD, 301JIbIIICH-

Hsl pecypcey

Kozytskyi S.V. Application of nanomaterials to increase reliability and re-
source of ship mechanisms

Khado nanomaterial (Ukraine) is formed by a mixture of nanosized oxides
Al,O3, SiO,, Fe,05 and their hydrates, or Al,O3;, MgO and Fe,03 , or Al,O3;, CaO
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and Fe,03 and their hydrates. The introduction of revitalizant to lubricants leads
to the formation of a metal-ceramic gradient coating on the metal parts of the
mechanisms. The use of Khado revitalizant eliminates ovality and conicity on the
working surface of engine cylinders up to 0.15 mm; completely eliminates
scratches and microburrs on the working surface of cylinders with a depth of up
to 0.03 mm; increasing the resource of friction pairs by 1.5 ~ 2.5 times; saving
fuel by up to 18%; reduction of CO and HC in exhaust gases from 2 to 10 times

Nano Vit Motor Renovator nanomaterial is a mixture of nanodispersed pow-
ders SiO; - 80%, Al,O; - 10% and thermally split intercalated graphite - 10%. In
the friction zone, where high stresses occur, aluminum-oxygen bonds in alumi-
num trioxide are broken and cause replacement of iron atoms by aluminum atoms
on the surface. The formed coating film is a solid solution with significant plastic-
ity and strength, and graphite particles on the friction surfaces participate in the
formation of a wear-resistant layer that holds the lubricant. Tests on a real engine
at high loads showed that NVMR processing leads to a reduction in the rate of
wear of piston rings by 3 times, and the wear of crankshaft bearing liners by 5 or
more times, an increase in the maximum power of engines by 2-3%, a decrease in
fuel consumption engine loads is 5 - 8%, noise level reduction in the range from
1.5t0 2 times.

The action of the Nanol nanomaterial consists in the formation of a redox re-
action on friction surfaces, which reduces the amount of copper ions in the addi-
tive with subsequent deposition of copper particles on the metal surface. The
formed protective nanolayer of copper atoms prevents hydrogen from destroying
the contact surfaces. In ship full-scale tests, a 4% reduction of friction losses, a
3% reduction in fuel consumption and a 1% increase in torque was observed, the
appearance of white surface cracks in the bearings is observed 14 times later.

The effective effect of nanomaterials in the formation of a strong and plastic
protecting layer can be explained by self-organization processes in non-
equilibrium systems and the transfer of electrons from nanoparticles to the metal
surface.

Keywords: nanomaterials, tribocoating, efficiency, resource increase

Konezaes M.O., bpaxcnik 1./]. 3a6e3neyeHHst npouecy iHepTusauii BaHTa-
JKHUX NpUMilleHb HAQTOBHX TaHKEPiB 3a /I0NOMOIOI0 CUCTEMH iHEPTHHX
JTUMOBHX Ta3iB

Po3rsHyTi nuTaHHS mOA0 3a0e3nedYeHHs Mpolecy iHepTH3alii BaHTa)XKHUX
TPIOMIB TaHKEpiB 3a JOIIOMOTOI0 CHCTEMHU iHEpPTHHX Tra3iB. BusnaueHo, mo exc-
IUTyaTaliss TaHKepa 3aBXIM Ma€ Ha yBa3l BHUKOPUCTAHHS IPOLECY iHepTH3auii
Horo BaHTa)XHHMX TaHKIB. Pearizanis iporo nporecy Ha cynHi 3abe3nedye rojaoB-
HI BUMOTH /IO CTBOPEHHS Ta MiATPUMAHHS Oe3MeyHOl 3 MOIJIsily BHHUKHEHHS
MOKEeXX Ta BHOYXiB aTMoc(epn y BaHTaKHUX NMpHUMIIIEHHAX. Ha Bcix TaHkepax
el TPOIIEC € TIOTIEPETHIM Mepe T ONepalli€lo OTPUMAaHHS HOBOTO BaHTaxy. Buko-
PHUCTaHHS CHCTEMU IHEPTHHUX Ta3iB € 000B'I3KOBUM 1 3 1978 p. pernaMeHTyeThCs
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Bumoramu SOLAS. OxHoYacHO 3 IuM, i 9ac MPOBEACHHS IHEPTU3aIlil BAHTAXK-
HUX [IPUMBIIICHh BUHUKAIOTh TEXHIYHI, TEXHOJOTIUHI Ta METPOJIOTIYHI TPYTHOIII
ii 3a0e3neueHHs. Sk po3B’s3aHHA IIi€l MPoOIEeMH 3aIPOTIOHOBAHO BUKOPUCTAHHS
IpoIiecy MPUMYCOBOi iHEpTH3aIlii TPIOMY 3a PaxyHOK HOBOI TEXHOJIOTII mojmadi
IHEepTHHX Ta3iB y TPIOM CyqHa. AHaIi3 TaKOTO MPOIECY iHePTH3allil BAHTAXKHOTO
TaHKY TaHKepa OyJIOo MPOBEICHO Ha Mi/JCTaBi Pe3yNbTaTiB TCOPETHYHUX Ta EKCIIe-
PUMEHTANBHUX JOCIIKEHb, sKi Oyar BUKOHAHI MiJ 4ac eKCILTyartalii cy/iHa, 1o
MIPU3HAYEHO IS IEPEeBE3eHHs CUpOT Ha(TH.

BcranoBieHo, 110 cTBOpeHHs Oe3meyHoi aTtMocdepH 3 MOKEKHOI Ta BHOY-
XOBOi TOYKHM 30py BCEPEIMHI BaHTa)XXHOTO TaHKY TaHKEpa IiJ 4ac IPOBEICHHS
BaHT)XHUX OMepaliii Mo)Ke JocsiraTucs 3a OiIblI KOPOTKU nepiof ii BUKOHAaH-
H. BHUKOpHCTaHHS TPUMYCOBHX MeEXaHi3MIB 301TbIIEHHS MIBHIKOCTI IPOILECY
MacooOMiHy TOBITpS Ta IHEPTHHX Ta3iB 0a3yeThCs Ha BIPOBAKCHHI TEXHOIOTIl
MOJJTaHHA IHEPTHUX Ta3iB y BUTIAAL cTpyMeHiB. [loka3aHo, o 3a yMOBOIO iHEPTH-
3alii BaHTa)XHOTO NPHMILNICHHS NPUMYCOBa IOAaYa IHEPTHUX ras3iB MMOBHUHHA
IPYHTYBATHCS Ha PO3IOAUII ITOJIsl TEMIEPATYP 1 CTPYKTYpi MOTOKY, IO PYXa€ThCS
3 HEBHCOKMMH IIBHIKOCTSIMH BCEPEAMHI KOPCTKUX CTIHOK TAaHKY, IO OOMEXY-
10Th #oro. [lonaua cTpymMeHiB iHEpTHUX ra3iB B SO MOTOKY, IO BUTIKA€E, MPU3-
BOIUTH 10 TypOymi3auii cranoi Tedil B cepeaHiil YacTHHI BaHTAXHOTO IPHMi-
LIEHHS TaHKepa 1 CKOpouye 4ac mpolecy Horo iHepTu3auii. BusHaueHo, mo Ha
TaHKepax JOLIJIILHO BUKOPHCTOBYBAaTH NPUMYCOBY I0/lauy IHEpTHHUX rasiB J0
BaHTa)XKHOI'O MPUMILICHHS Cy/lHa 3 KyTOM PO3NMJIYy B COIUIOBIH Hacajlli piBHUM
30°. B npoMy BHMAAKY 4epe3 301IbIICHHS 30HH KOHBEKTHBHOI B3a€MOJIi iHEPT-
HUX Ta3iB 3 MOBITPSIM 3HAYCHHS KOHIICHTPAIll KUCHIO BCEPEIHHI TPIOMY B I[bOMY
BUIIAJIKY OyayTh HaiMeHIIMMH. J[OBEAEHO, IO BUKOPUCTAHHS Li€i TEXHOJIOTII
MPU3BOANTE IO CKOPOYCHHS Yacy iHepTH3alii oOpOOKM TpPIOMIB TaHKepa Ha
56,47 %.

Kiio4oBi ciioBa: BaHTaXHHUI TPIOM, TeHEPaTOp IHEPTHOTO rasy, eKCIuTyaTa-
Iisl TAHKEPIB, iHEPTH3AIlisi BAHTA)KHUX TaHKIB, IHEPTHHUHA Ta3, KOHIEHTPAIIisSI KHC-
HIO, MOPCBKHIA TPaHCIIOPT, TAHKEP, Yac iHepTU3aLil.

Kolegaev M.O., Brazhnik I.D. Ensuring the process of inertization of
cargo spaces of oil tankers using a system of inert flue gases

Considered issues related to ensuring the process of inerting cargo holds of
tankers using the inert gas system. It was determined that the operation of a tank-
er always implies the use of the process of inerting its cargo tanks. The imple-
mentation of this process on the ship provides the main requirements for creating
and maintaining a safe atmosphere in cargo spaces from the point of view of the
occurrence of fires and explosions. On all tankers, this process is preliminary
before the operation of receiving a new cargo. The use of an inert gas system is
mandatory and has been regulated by SOLAS since 1978. At the same time, tech-
nical, technological and metrological difficulties arise during the inertization of
cargo attachments. As a solution to this problem, the use of the process of forced
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inertization of the hold due to the new technology of supplying inert gases to the
ship's hold is proposed. The analysis of this process of inertization of the cargo
tank of the tanker was carried out on the basis of the results of theoretical and
experimental studies that were carried out during the operation of the vessel in-
tended for the transportation of crude oil. It was established that the creation of a
safe atmosphere from the point of view of fire and explosion inside the cargo tank
of a tanker during cargo operations can be achieved in a shorter period of its exe-
cution. The use of forced mechanisms to increase the speed of the mass exchange
process of air and inert gases is based on the introduction of the technology of
supplying inert gases in the form of jets. It is shown that under the condition of
inertization of the cargo space, the forced supply of inert gases should be based
on the distribution of the temperature field and the structure of the flow moving at
low speeds inside the rigid walls of the tank, which limit it. Supplying jets of inert
gases into the core of the outflowing flow leads to turbulence of the steady flow
in the middle part of the cargo space of the tanker and shortens the time of its
inertization process. It was determined that on tankers it is expedient to use a
forced supply of inert gases to the cargo space of the vessel with a spray angle in
the nozzle nozzle equal to 30°. In this case, due to the increase in the zone of
convective interaction of inert gases with air, the oxygen concentration inside the
hold will be the lowest in this case. It has been proven that the use of this tech-
nology leads to a reduction in the time of inertization of tanker holds by 56.47 %.

Key words: cargo hold, inert gas generator, inert gas, inertization of cargo
tanks, inertization time, operation of tankers, oxygen concentration, sea transport,
tanker

Kopx M.B. BaacTuBOCTi Ta 3aCTOCYBAHHA BYIJVIeleBUX HAHOTPYOOK Ajs
30l/Ib1IEHHS pecypcy CYAHA Ta HOro 00J1agHAHHA

VY naniif pobOTI JOCHIIKEHO NEPCHEKTHBU 3aCTOCYBAaHHs BYTJIELIEBHX HaHO-
TpyOOK Ut 30UIBIIEHHS pecypcy CyaHa Ta Horo oOmamnaHHs. IlpencrtaBieHo
(dyHnaMeHTanbHUH 1HTepec 10 IbOro 00’ekTa 00yMOBIEHUH, HacaMmIepes, Horo
HE3BUYAWHOI CTPYKTYPOK Ta IIMPOKHAM Jialla30HOM 3MIHH (Pi3HKO-XIMIYHHX
BJIACTHBOCTEH 3aJIe)KHO BiJ| XipaJIbHOCTI. BCTaHOBINIGHI BaXIIMBI HE3BUYAKHI Bia-
CTHBOCTI BYIJICLIEBHX HAHOTPYOOK Ta iX MoauGikaiii: miJBUILEHHS MIIHOCTI Ta
JIETKOCT] MaTepiaiB; NOKPaIIeHHs TeIUIONPOBIIHOCTI.

VY poboti onmcaHi METOOM OJIEpXKAaHHSA BYTJICIIEBHX HAHOTPYOOK 3 Pi3HOIO
CTPYKTYPOIO Ta BIACTHBOCTSIMH JUIS PI3HOMAHITHHUX 3aCTOCYBaHb. METOJ XiMid-
HOT'O OC@XXEHHSI; METO/I J[yTOBOTO PO3Psi/ly; METO/I JIa3€PHOTO BUITAPOBYBAHHSI.

[IpoBeneHo aHami3 3aCTOCYBaHHS BYTJIELIEBUX HAHOTPYOOK sl 301IbIICHHS
pecypcy cynHa Ta Horo obnaaHaHHS. BcTaHOBIEHO MIMPOKE CydacHE 3acTOCy-
BaHHS KOMIIO3UTHUX MaTepiajliB y HaNpsSMKy CyAHOOYAyBaHHS — OCOOJIMBO Mix
Yac CTBOPEHHS BHCOKOIIBH/KICHHX, MACAXXUPCHKHUX Ta pHOAILCHKHUX cyneH. I o-
JIOBHUMH SIKOCTOCTSIMU SIKHUX €: 3HOCOCTIHKICTh Ta CTIWKICTh JO [ii arpeCHBHUX
CepeOBHIIL.
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Bynu mpencraBiieHi ekcniepuMEHTallbHI ocikeHHs HopBe3bkoi kommanii
Advanced Marine Coatings, mo cnemiaii3yeTbCsi Ha pO3poOIi TMOKPHUTTIB I
MOPCBKHX CYAIB, Ka NPEACTaBUJIa HOBE MOKPHUTTS, Y CKIaAi SIKOTO BIEpIIE BU-
KOPHCTaHi ByTileneBi HaHOTPyOku Baytubes®.

VY po0oTi BUCBITIICHO BIUTUB HAaHOTPYOOK Ha €()eKTUBHICTH iX BUKOPUCTAHHS
B MOTOPHHMX MacTHJIaX 1 OXOJIOJDKYIOUMX CyMilIax JJisi HiIBUILEHHS pecypcy
MEXaHIYHUX BY3JIB TEPTs MOPCHKUX TpaHCHOPTHHUX cucTeM. [lepexin Bin nmpuca-
JIOK MIKDOHHHX PO3MIpiB JI0 HAHOPO3MIPHUX LIMPOKO MOYUHAIOTH BIIPOBAKYBa-
TUCS y TEXHIL.

CTaTrTsl OKpECIIoE MEePCHEeKTUBY MOJANBIINX JOCIIKEeHb (axiBIiB, SKi Ipo-
THO3YIOTh 3pPOCTaHHSA JaHOi Tamy3l B HalOmmwkui poku. Byzme cmocrepirarucs
3HAaYHE 3POCTAHHS BHPOOHHYMX MOXKIIMBOCTEH, 10 3a0€3MEeYNTh iCTOTHI 3MiHH B
MOPCBHKHUX TaITy3sX, MAITHHOOYIyBaHHI, ONTOCIEKTPOHII, MiKpoeIeKTpoHimi. Lls
TEXHOJIOTiSl BIIKPHBAa€ HOBI MOMIIMBOCTI U IH)XKGHEpPIiB Ta MOCHITHHKIB, SKi
NPaLIOIOTh Hall PO3BUTKOM OUIBII e()eKTUBHUX Ta CTIHKMX MOPCHKHX TpaHC-
MIOPTHHX 3aC00IB.

Kuro4doBi ci1oBa: HaHOMaTepianu, BYTIIHIEBI HAHOTPYOKH, BIACTHBOCTI, IO-
KPHTTSL.

Korkh M.V. Properties and Application of Carbon Nanotubes for Increas-
ing the Lifespan of Ships and Equipment

This study explores the prospects of using carbon nanotubes (CNTSs) to en-
hance the lifespan of ships and their equipment. The fundamental interest in this
material is primarily due to its unique structure and a wide range of physicochem-
ical properties depending on chirality. Important and unusual properties of carbon
nanotubes and their modifications have been identified, including: increased
strength and lightweight materials; improved thermal conductivity.

The paper describes methods for obtaining CNTs with different structures
and properties for various applications, including chemical vapor deposition, arc
discharge, laser ablation, and chemical etching.

An analysis of the application of CNTs for increasing the lifespan of ships and
equipment is provided. The modern use of composite materials in shipbuilding,
especially for high-speed, passenger, and fishing vessels, is highlighted. The
qualities of wear resistance and resistance to aggressive environments make com-
posite materials attractive for ship construction, enhancing safety and cost-
effectiveness.

Experimental research from the Norwegian company Advanced Marine Coat-
ings is discussed, presenting a new coating incorporating carbon nanotubes Bay-
tubes®.

The impact of nanotubes on the efficiency of their use in motor oils and cool-
ing mixtures to enhance the lifespan of frictional mechanical components in mari-
time transport systems is highlighted. The transition from micron-sized additives
to nanosized ones is being increasingly implemented in technology.
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The paper outlines perspectives for further research in this field, anticipating
substantial growth in production capabilities, leading to significant changes in
maritime industries, shipbuilding, optoelectronics, and microelectronics. This
technology opens new possibilities for engineers and researchers working on the
development of more efficient and durable maritime transportation means.

Keywords: nanomaterials, carbon nanotubes, properties, coatings.

Latysh O.M. Prospects for the application of nanomaterials and nano-
technologies in the marine industry

The use of nanotechnology allows to reach a qualitatively new level of solv-
ing technical problems. Nanotechnology is already used in various sectors of the
marine industry. It;

1. Low-temperature welding electrodes, which contain nanoparticles of titani-
um carbide (TiC), have a very low operating temperature. Such low-temperature
welding electrodes eliminate cracks in the material during welding, demonstrate
tensile strength both during welding and after welding, and form a strong molecu-
lar bond between two metals.

2. The use of nanofuel additives is one of the ways to reduce emissions, re-
duce fuel consumption and increase engine performance. Metal nanopowders are
added to both diesel fuel and biodiesel fuel.

3. Thanks to nanotechnology, new paints are created that are highly resistant
to corrosion and other harmful effects of the environment. In addition, the use of
nanotechnology in the paint industry prevents algae from sticking to the hull and
extends the life of ships.

4. Nanotechnology creates nanomaterials that absorb very large amounts of
vibrational energy, so the vibration is well controlled. Acoustic shock absorbers,
like vibration shock absorbers, absorb sound energy, despite their lightness and
thinness.

5. Application of nanofiltration to remove harmful chemicals in water, to de-
stroy harmful organisms, remove heavy metals, purify wastewater, decolorize and
remove impurities. Nanofilters can be used to obtain fresh water from salty sea-
water.

6. Nanotechnologies make it possible to improve the electrical capacity and
capacity of batteries, provide an opportunity to increase charging cycles and the
safety of modern electricity storage devices.

7. Nanomaterials and nanotechnology enable us to significantly reduce fric-
tion and wear in mechanisms compared to traditional materials and technologies.

Key words: nanomaterials, nanotechnologies, fuel, nanofilters, accumulators,
friction.

Jamuw O.M. TlepcieKTUBHU 3aCTOCYBAHHSI HAHOMATeJIiaJIiB Ta HAHOTEX-
HOJIOTiif B MOpCchKMii raysi
BuxopucTaHHS HAHOTEXHOJIOTIH [TO3BOJISIE BHITH Ha SIKICHO HOBHI DPiBEHB
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BHpIIICHHS TEeXHIYHUX MpoOseM. HaHoTexHoJOTIi BkKe MAarOTh 3aCTOCYBaHHS B
PI3HHX CEKTOpax MOPCHKOI mpoMucioBocTi. Lle:

1. HuspkoTeMmnepaTypHi 3BapIOBajIbHI €NEKTPOIH, SKi MiCTATh HAHOYACTHHKH
kapGiny tutany (TiC),Mar0Th ayke HU3bKY pobouy Temmeparypy. Taki HH3bKO-
TEeMIepaTypHi 3BapIOBajbHI CIEKTPOIN YCYBAIOTh TPIIIMHH B MaTepiami Npu
3BapIOBaHHi, JEMOHCTPYIOTh MIIHICTh Ha PO3PHB fK IIil Yac 3BaplOBaHHS, TakK i
ITicIIsl 3BapIOBaHHS, YTBOPIOIOTH MIIHUHA MOJIEKYJSIPHUNA 3B’SI30K MK JIBOMa Me-
TaJIaMH.

2. 3acTocyBaHHsS HaHOOOABOK JIO MAJMBA € OJHUM 13 CIIOCOOIB 3MCHIIICHHS
BUKUJIIB, 3HIKEHHsI BUTpAT MajJUBa Ta MiJBHUIIEHHS MPOXYKTUBHOCTI JBHUIYHA.
Hanomnopomiku MeTasiB T0at0Th K JI0 TU3EJIBHOrO MalnBa, TaK i 10 6loau3ens-
HOTO MaJINBa.

3. 3aBIAKM HAHOTEXHOJIOTII CTBOPIOIOTH HOBI (papOW , sSKi MarOTh BUCOKY
CTIMKICTh 10 KOPO3ii Ta IHMWX MIKiJJIMBUX BIDIMBIB HABKOJHITHHOTO CEPEIOBU-
ma. KpiM Toro, BUKOpHCTaHHS HAaHOTEXHOJOTII B JakodapOoBiii MPOMHUCIOBOCTI
3aro0irae MPUIUIAHHIO BOJOPOCTEH JO KOPIIYCY 1 MPOAOBXKYE TEPMIH CITYKOU
KOpaOIIiB .

4. HanoTexHoJOTi{ CTBOPIOIOTH HAHOMATEPialH, SIKI OTJIMHAIOTH JIyXKe BEJH-
Ky KiJIbKICTh KOJIMBAJILHOT €Heprii, TaKMM YMHOM BiOparisi 100pe KOHTPOJIIOETb-
csi. AKYCTHYHI aMOPTHU3aTOpH , SIK 1 aMOPTU3aTOpH BiOpallil, OTIIMHAIOTH 3BYKO-
BY €HEprilo, HE3Ba)KarouM Ha iX JIerKiCThb 1 TOHKICTB.

5. 3actocyBaHHS HaHO(UIBTpAIl A BHIAICHHS MIKIJUIMBAX XIMIYHHX pe-
YOBUH Yy BOZI, JUIA 3HHUIICHHS LIKi/UIMBUX OPraHi3MiB, BUAAICHHS Ba)KKUX Me-
TaJIiB, OYMIIECHHS CTIYHHUX BOJ, 3HEOApBIICHHS Ta BUAAJECHHs 3a0pyaHeHs. Hano-
(GUIBTPH MOXHa BHKOPHUCTOBYBAaTH Ui OTPUMAaHHS NPICHOI BOAM 3 COJIOHOL
MOPCBKOI BOJIH.

6. HanoTexHOIOTI1 103BONSAIOTH MOKPAIIUTH EJIEKTPOEMHICTD Ta IOTYKHICTh
aKyMYJIATOPIB, JAalOTh MOXIIUBICTh 30UIBIICHHS IHKIIB 3apsSAKH Ta Oe3leKy Cy-
YacHUX HAKOMUYYBayiB eJIEKTPOEHEeprii.

7. Hanomarepiain Ta HAHOTEXHOJIOTI] Jal0Th HAM MOJJIMBICTh 3HAYHO 3MCH-
LUIMTH TEPTS Ta 3HOLIYBAHHS B MEXaHI3Max MOPIBHSAHO 3 TPaAMIIHHUMU Ma-
TepiajJaMu Ta TEXHOJOTISIMH.

KirouoBi cioBa: HaHoMaTepiaqd, HAHOTEXHOJIOTII, MAJIUBO, HAHOQMIIBTPH,
aKyMYJISITOPH, TE€PTSI.

Mameiiko O.B. Onrumizanisi npounecy iHepTH3ani BAHTA)KHUX TAHKIB Cy-
JAeH-Ta30B03iB

Po3rssHyTH NHMTaHHSA IOJO ONTHUMI3alis MPOIECy iHepTH3allili BaHTaKHUX
TaHKIB Cy/€H-Ta30B03iB. Bu3Ha4yeHo, 1110 TpaHCIOPTYBAaHHS BaHTaXIB CyIHAMHU-
ra3oBO3aMU 3aBEPIIYETHCS 000B’I3KOBOIO IHEPTHU3AIIEI0 BAHTAKHUX TAHKIB, METa
SIKOI0 — 3HIDKEHHS! B HUX KOHIGHTpallii KHCHIO IO PIBHIO, 33 SKUM HEMOXIIHBO
BUHUKHEHHS camo3aiiMaHHA a00 BHOyXy 3aJMIIKIB BaHTaXy. TakoX 3a3HAYEHO,
10 OJTHUM 3 HaHOUTBII MOMIMPEHNX CIOCO0IB iHEpTH3AaIlii € BUKOPHUCTAHHS a30Ty,
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OTpUMaHHS SKOTO 3a0€3MeUyIOTh CIemialibHI TeHepaToOpH, SKi Yepe3 BYTICICBY
azcopOIlif0 BUAUIAIOTH a30T 3 MOBITps. [HepTH3amis BaHTa)XHUX TaHKIB CyJIEH-
ra30BO3iB BUKOHYETBHCS 3a KaCKaJHOIO, HAIIMBKACKAJHOIO Ta MapajelbHOI0 CXe-
MaMH. 3aBJaHHAM JOCITIDKCHHS 0yJI0 BH3HAYCHHS ONTHUMAJIHHOI CXeMHU iHEPTTH-
3amii BaHT@XXHUX TAHKIB CYJEH-Ta30BO3iB 3 Pi3HOIO BaHTaXOMicTKicTio. Jlocmi-
JOKEHHS I10J10 BU3HAUCHHS! HaWOUIbII ONTHMAJIBHOT CXeMHU iHepTH3alliil BaHTaX-
HHUX TaHKIB BUKOHYBAJIHCh Ha OCHOBI CTaTHCTHMYHUX AAHUX IOJO 3a0e3NeueHHs
naHoi omepauii Ha CynHax-ra3oBo3ax pi3HOi BaHTaxoMmicTkocti. OOpoOka Ta
aHaii3 iHdopmanii 3 iHepTH3alil BaHTQ)XHUX TAHKIB BUKOHYBaBCS U CyJEH-
ra3oBo3iB, OOCSAI'M BaHTaXXHUX TaHKIB SKUX CTaHOBUIM 38646 M3, 42427 M3,
42563 Mm%, 72312 m°, 88248 m°, 88274 m°, 88302 M°, 145673 M®, 146817 M,
162233 m°, [Tig gac mpoBeseHHS MOCTiKEHP NaHi cynHa Oyl CKOMIIOHOBaHI B
Tpr rpymu: Merme Hix 50000 M, 50000...100000 M, Gimpme 3a 100000 m°. Vi
Cy/ZHa BUKOHYBAaJIM IIEPEBE3CHHS OJHOTO i TOTO K BaHTaXXy MiXk moptaMu biuse-
koro Cxony Ta Kuraro. Ha Bcix cymHax Oyjo MOXXIMBE BUKOHAHHS KacKaIHOI,
HaIliBKackaJHoI Ta mapajeibHol cxeM iHepTu3auil. ExcriepuMeHTanbsHO BCTaHOB-
JICHO, TIO: JUIA CyIeH BaHTakoMicTkicTio 10 100000 M° HaGLIBII ONTUMAIBHOKO
CXEMOI0 IHepTH3allil € KacKaaHa, Aaji CIiIYIOTh MapajieibHa Ta HAMBKAaCcKaIHa,
JUIS CYJICH BaHTAXOMICTKICTIO Oinbmr 3a 100000 M> HANGLIBII ONTUMANBHOK
CXEMOIO 1HepTH3alii € mapaienbHa, Jaii CIiyloTh KacKajJHa Ta HalMBKacKaHa.
Bubip cxemu iHepTu3alii 3aJeKUTh BiJl peiicOBOro 3aBJaHHs, BUMOT OeperoBoi
aZMiHICTpalii Ta MOXKJIMBOCTEH TOPTY-BUBAHTAXKECHHSI LII0/I0 3a0€3MeUeHHS CyHA
A30TOM, a TAKOXK XapaKTEPUCTHK CYIHOBOI CHCTEMH IeHepalil iHepTHHX Ta3iB.
KuarouoBi cioBa: BuTpaTa a3ory, T€HEpaTop IHEPTHHX Ta3iB, e()EeKTUBHICTH
iHepTH3alii, iHepTH3alis BaHTAXHHX TaHKiB, MOPCHKHH TPaHCHOPT, CYIHO-
ra30B03, TPAHCIIOPTYBAHHS BAaHTaXIB CYJHAMHU-Ta30BO3aMH, Yac iHEpTH3AL].

Matieiko O. Optimization of the process of inertization of cargo tanks of
gas carriers

Consider the issue of optimization of the process of inertization of cargo tanks
of gas carriers. It was determined that the transportation of cargo by gas tankers
ends with mandatory inertization of cargo tanks, the purpose of which is to reduce
the concentration of oxygen in them to a level at which spontaneous ignition or
explosion of cargo residues is impossible. It is also stated that one of the most
common methods of inertization is the use of nitrogen, which is obtained by spe-
cial generators that release nitrogen from the air through carbon adsorption. Iner-
tization of cargo tanks of gas carriers is carried out according to cascade, semi-
cascade and parallel schemes. The task of the study was to determine the optimal
scheme of inerting cargo tanks of gas carriers with different cargo capacities.
Research on determining the most optimal scheme of inertization of cargo tanks
was carried out on the basis of statistical data on the provision of this operation
on gas carriers of different cargo capacities. Processing and analysis of infor-
mation on inertization of cargo tanks was carried out for gas carriers, the volumes
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of which were 38646 m°, 42427 m®, 42563 m®, 72312 m°, 88248 m®, 88274 m’,
88302 m®, 145673 m®, 146817 m?, 162233 m®. During the research, these vessels
were divided into three groups: less than 50,000 m®, 50,000...100,000 m®, more
than 100,000 m®. All vessels carried the same cargo between ports in the Middle
East and China. On all ships, it was possible to implement cascade, semi-cascade
and parallel inerting schemes. It was experimentally established that: for ships
with a cargo capacity of up to 100,000 m®, the most optimal inerting scheme is
cascade, followed by parallel and full-cascade; for vessels with a cargo capacity
of more than 100,000 m®, the most optimal inertization scheme is parallel, fol-
lowed by cascade and half-cascade. The choice of the inertization scheme de-
pends on the voyage task, the requirements of the coastal administration and the
capabilities of the unloading port to supply the ship with nitrogen, as well as the
characteristics of the ship's inert gas generation system.

Key words: cargo transportation by gas carrier ships, gas carrier ship, inert
gas generator, inerting time, inertization efficiency, inertization of cargo tanks,
nitrogen consumption, sea transport.

Ilonosunka E.M., Tabynincokun I.M. IIBuaKicHA XapaKTepHCTHKA CH-
cremMu najauponoxayi common rail nurynis rt-fllex

HageneHo ormsin JOCTIMKEHb y Taly3i MAJWBOMOAAYI TU3ENiB. BHABICHO
TEHJICHLIIIO MTePeX0ly Ha aKyMYJISITOPHI CUCTEMH 3 €IIEKTPOHHUM KEPyBaHHSIM.

[IpoBeneHo neTanbHUiA aHalli3 KOHCTPYKTUBHHUX Ta (DyHKIIOHAIBHUX OCOOIH-
BOCTEH akyMyIsSTOpHHUX cucTeM nanuBonogadi Common Rail geurynis RT-Flex.
CKJ1aJIeHO PO3paxyHKOBY CXeMY CHCTEMH ISl IMITALlIfHOTO MOZIETIOBaHHS.

BukoHaHO po3paxyHKOBE JOCIHIIKEHHS MPOIECY BIOPCKYBAaHHS Ha PEXXUMAaxX
IIBUAKICHOI XapaKTepUCTUKH. SIK YMOBHM NpPUIHATO NOCTiIHHE 3HAYeHHS KyTa
BIIKPHUTTS KepyrOdoro kiamaHa, mo ckimano 12 olIKB, i 3MiHHa yactoTa 00ep-
TaHHI N = 68 - 149 00/xB mia 6 pexxuMmis. llIBHKICHA XapaKTepUCTHUKA IMPE-
craBieHa (opMi y3araJbHEHUX 3aJISKHOCTEH Ta JETaJbHOTO OIHUCY MPOLECIB B
eJIEMEHTaX CHCTEMHU.

IIpouecu B bYB, 1m0 Hajae BU3HaYaJIbHUN BIUIMB HA XaPAaKTEPUCTUKU MAJIH-
BOIIOJ1aui, OMKCaHi 3MiHOIO TUCKY TaJKBa B poOouiil Ta OydepHiii mopoXHUHAX, a
TaKOXX JMHAMIKOO MTEPEMIIICHHS TTOPIIHS, 1[0 T03YE.

BcraHoBINIEHO, 1110 32 YMOB IOCTIHHOTO KyTa BiIKPHUTTS KEPYIOUOro KiaraHa
31 3pOCTaHHsIM 4YacTOoTH o0epTaHHs ckopouyeThest nepebir AIT: hm = 13,5 - 6,36
MM npu n = 68 — 149 06/xB. Lle, cBo€0 yeproro, MPU3BOANUTH A0 3MEHIICHHS
UKJIOBOT IoJ1avi: Aiana3oH 3MiHu qu ctaHoBuB 30,9 — 13,39 1.

BusiBnieHo ymMoBH, 110 BH3HauaroTh xapakrep nepemimenns [I1. Ockinbku
JIl He Mae KiHEMaTHYHOTO 3B'I3Ky 3 €JIEMEHTaMM ABHIYHA, HOTO pyX BH3Ha-
YaeThCS PIBHOMIIOYMM THCKOM MaiuBa B pobodiil Ta OydepHidH MOpOXKHMHAX
BYB. Posria Il cynpoBomKyeTbca MamiHHAM THCKY B Oy(depHi MOpOKHUHI
BYB 3 800 mo 764 6ap. IIpoTsirom 0CHOBHOTO BIIOPCKYBaHHS PO.IT 3aIUIITAETHCS B
niamasoni 764-775 Gap. Ilpu pesepci JII coctepiraerses migiiom p6.m qo 848
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6ap. 3Boporuuii xin I fixe 3 p6.m 848-830 Gap.

Tuck y pobouiit mopo>xHUHI HpH TiAKIoOYeHH] hopcyHok nanae 3 800 mo 633
6ap, 30epiratounce y miamazoHi 633 — 640 Gap MPOTATOM OCHOBHOTO MEpioxy
BITOPCKYBAHHS ITaJIFBa. 3aKiIf0UHA (pa3a mammBOIIOadi CYIPOBOKYETHCS IMiIBH-
meHHsM pp.i 1o 700 6ap. Ha minsami 3BopotHOTo Xoxy JIT ta 3anoBrHeHHs PIT
PPp-TI 3MiHIOEThCSI HE3HAYHO, 3aJIMIIAI0YKCh Ha piBHI 680 Oap.

Busnaueno nokasnuku pyxy /Il B 3anexHOCTI Bif KyTa oOepTaHHs KOJiHYa-
CTOTO BaJia MPH Pi3HUX YacToTax Horo oOepTaHHs.

KuarouoBi ciaoBa: cuctema manmmBonogadi Common Rail, rizpomunamika,
LIBHUIKICHA XapaKTEePUCTHKA.

Polovynka E.M., Tabulinskyi I.M. Speed characteristics of the fuel supply
system of the common rail rt-fllex engines

An overview of research in the field of diesel fuel delivery is presented. The
trend of switching to accumulate systems with electronic control has been re-
vealed.

A detailed analysis of the structural and functional features of Common Rail
accumulate fuel supply systems of RT-flex engines was carried out. Compiled
calculation scheme of the system for simulation modeling.

A computational study of the injection process at the speed characteristic
modes was performed. As conditions, a constant value of the opening angle of the
control valve, which was 120CA, and a variable rotation frequency n = 68 - 149
rpm for 6 modes were adopted. The speed characteristic is presented in the form
of generalized dependencies and a detailed description of the processes in the
system elements.

Processes in the fuel pump, which has a decisive influence on the characteris-
tics of the fuel delivery , are described by the change in fuel pressure in the work-
ing and buffer cavities, as well as the dynamics dosing piston (QP Quantity Piston
) movement.

It was established that under conditions of constant opening angle of the con-
trol valve, with increasing rotation frequency, the stroke of the QP decreases: hp
= 13.5 - 6.36 mm at n = 68 - 149 rpm. This, in turn, leads to a decrease in the
cyclic delivery: the range of qc change was 30.9 - 13.39 g.

The conditions that determine the nature of the motion of QP have been iden-
tified. Since the QP has no kinematic connection with the engine elements, its
movement is determined by the pressure forces of the fuel in the working (WC)
and buffer (BC) cavities of the Injection Control Unit-ICU. Acceleration of the
DP is accompanied by a drop in the pressure in the buffer cavity of the ICU pb.c
from 800 to 764 bar. During the main injection, pressure remains in the range of
764-775 bar. When the DP is reversed, a rise in pressure to 848 bar is observed.
The return stroke of the DP goes from pb.c equal to 848-830 bar.

The pressure in the working cavity pw.c when the injectors are connected
drops from 800 to 633 bar, remaining in the range of 633 - 640 bar during the
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main period of fuel injection. The final phase of fuel supply is accompanied by an
increase in pressure pw.c to 700 bar. In the section of the return stroke of the DP
and filling of the WP, the pressure changes slightly, remaining at the level of 680
bar.

The parameters of DP movement depending of crankshaft rotation angle at
different frequencies of its rotation are determined.

Keywords: Common Rail fuel delivery system, hydrodynamics, speed char-
acteristics.

Cazin C.B., Kyponamnuk O.A. BusHaueHHs1 ONTUMAJLHUX PEXKUMIB eKc-
njyaranii CylHOBHMX JBHUIYHIB BHYTPIllIHbOI0 3rOpPsiHHA MiJ 4ac BHKOpPHC-
TaHHS 0i0M3eJILHOIO NATHBA

Po3raHyTI NUTaHHS 1010 BU3HAYEHHS ONTUMAJIbHUX PEKHMIB €KCIUTyaTamil
CYyTHOBHX JIBUTYHIB BHYTPIIIHEOTO 3TOPSHHS i Yac BUKOPHUCTaHHS 0i0AM3eIb-
HOTO TTaJMBa. 3a3HAa4eHO, 0 (PyHKIIOHYBaHHS CyJHOBHX JBUTYHIB BHYTPIIIHbO-
IO 3TOPSIHHSA (K HAaHOUTBII PO3MOBCIOHKEHOTO THUITY TETUIOBHX JIBUTYHIB) HEMO-
XirBe 0e3 BUKOPHUCTAHHS MajliBa, OCHOBHUM BHIIOM SIKOTO € PiJKe MaauBO Had-
TOBOTO MOXO/pKEHHS. OMHOYACHO 3 IIMM BCi MPOBIigHI aAu3eneOyaiBHI dipMu 3a-
HMalOThCs NMUTaHHIMU BUKOPHCTAHHS B JU3EISIX AJIbTCPHATHBHUX BHIB T1aJIHBa,
JI0 OJHOTO 3 SIKAX BITHOCHUTHCS MAJHUBO OI0JOTIYHOIO MOXOKEHHS. 3a3HAYEHO,
[0 BUKOPUCTAHHS OiomaiMBa 3MiHIOE TIepeOir poO0YOro MUKIY B HMMTIHIPI TU3E-
JIs1, HacaMmIiepe mporec 3ropsHHs. lle mpu3BoauTh A0 3MiHM EKCIUTyaTalidHIX
MOKa3HUKIB JHU3€IiB, IPH [[bOMY BHHHUKA€E 3aBJaHHSA BH3HAYCHHS (a3 MaINBOIIO-
nmadi (HacamIiepe]] KyTa BHIIEpPEDKEHHS TOJadi MainBa), 3a SKAMH 3MiHAa IHX
MTOKA3HUKIB MiABHINYE €PEKTHBHICTH POOOTH IU3ENIA Ta MOKPAIIye HOTO eKOJIOTi-
YHI TTOKa3HWKW. BupimeHHs miel 3amadi MOXIMBE HUIIXOM IIPOBEJICHHS EKCIIe-
PHMEHTIB Ha OCHOBHHX EKCIUIyaTalliHHUX peXnMmax poOoTH nusens. 3aBJaHHIM
JIOCIHIPKeHb Oy/l0 BHU3HAYEHHS ONTHUMAIBHUX PEKMMIB EKCIUTyaTalil CyIHOBHX
JIBUTYHIB BHYTPIIIHBOTO 3rOPSIHHS IiJI 4aC BUKOPUCTaHHs 0i0JIM3EJIbHOTO Masu-
Ba. JlociiKeHHST MPOBOAMIKMCH Ha cynHoBOMY nu3eni 5SS60ME-C8 MAN-B&W
Diesel Group ta tprox cyanoBux ausensix 6DL-16 Daihatsu Diesel, siki Bukomy-
Baju (DYHKIIT FOJIOBHOTO Ta JOMOMDKHOTO IBUTYHIB B CKJIaJi CYTHOBOI eHEpre-
THUYHOI YCTaHOBKHM Oalikepa BOJOTOHHaXHICTIO 68340 TonH. Excrutyarauis aun3e-
JIB 31MCHIOBAJ]Acsl 3 BUKOPUCTAHHSAM NajiuB HapTOBOro moxokeHHs DMA Ta
RMG380, a Takox OiogusenpHoro nanusa B10, ske Bkaodae 90 % Au3eIbHOTO
najuea, a Takox 10 % manuBa Oionoriunoro noxomkenass FAME. JloseneHo, mo
ITi/IBUILIEHHS €()EKTUBHOCTI BUKOPHCTaHHS OioNainBa IoJIsrae He TUIbKH Y BHOO-
pi Horo onTHMaNbHOTO CKIaay, aje TAaKoX Y BHU3HAYCHHI ONTHMAalbHHUX KYTiB
BUIIEpPEPKEHHS NoAadi OionmayiMBa B HWIIIHAP Iu3eins. BcraHoBieHO, 1o 3amex-
HOCTI OCHOBHHX EKCIUTyaTaI[ifHMX TTOKa3HUKiB poOOTH SK ABOTAKTHHX, TaK i
YOTHUPUTAKTHUX JM3ETIB BiJ KyTa BUIEPEKCHHS [10/1a4i TaJIBa MAlOTh CHHYCO-
inanbHUN BUIJISL Ta XapaKTEPU3YIOTHCSI HASBHICTIO ONTUMYMY — MiHIMAJIbHHMX
3HAa4YeHb TEMIIEPaTypH BUILYCKHUX ra3iB, KOHIICHTPAIii OKCHIIB a30Ty Y BHITyCK-
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HHX Ta3ax, MUTOMOI e()eKTUBHOI BUTPATH IaJIMBa, a TAKOXXK MaKCHMAJIBLHOTO 3Ha-
YeHHS THCKY 3ropsHHiA. ONTHManbHUI KyT BHIEpeIKeHHs Mmojadi OiomaimBa
BU3HAYAETHCS EKCIICPUMEHTAIILHUM IUIAXOM Ta 3aJIeKUTh BiJl XapaKTEPUCTHK
JIH3EIIs.

KarouoBi cioBa: Olomm3enbHE MAaMBO, €KOJOTIYHA CTIHKICTH, €KOJOTIYHI
MOKa3HUKH, eKCIUTyaTallis CyJHOBHX HM3€JiB, CHEPreTH4Hi IMOKa3HUKH, MOPCh-
KUH TPaHCIIOPT, TTaJIMBO IJIsl CyTHOBHX JIN3€JIiB, MAIIMBO HA(QTOBOrO TOXOKEHHS,
CYJIHOBHH JIBUTYH BHYTPIIIHHOTO 3TOPSIHHSL.

Sagin S.V., Kuropyatnyk O.A. Determining the optimal operating modes
of marine internal combustion engines when using biodiesel fuel

Considered issues related to determining the optimal operating modes of ma-
rine internal combustion engines when using biodiesel fuel. It is noted that the
functioning of ship's internal combustion engines (as the most widespread type of
heat engines) is impossible without the use of fuel, the main type of which is
liquid fuel of petroleum origin. At the same time, all leading diesel manufacturing
companies are dealing with the use of alternative types of fuel in diesel engines,
one of which includes fuel of biological origin. It is noted that the use of biofuel
changes the course of the operating cycle in the diesel cylinder, primarily the
combustion process. This leads to a change in the operational indicators of diesel
engines, while the task of determining the fuel supply phases (primarily the ad-
vance angle of the fuel supply), according to which the change of these indicators
increases the efficiency of the diesel engine and improves its environmental indi-
cators, arises. Solving this problem is possible by conducting experiments on the
main operating modes of diesel engines. The task of the research was to deter-
mine the optimal modes of operation of marine internal combustion engines when
using biodiesel fuel. The research was conducted on the 5S60ME-C8 MAN-
B&W Diesel Group marine diesel engine and three 6DL-16 Daihatsu Diesel ma-
rine diesel engines, which served as the main and auxiliary engines in the ship
power plant of a bulker with a displacement of 68,340 tons. Diesel engines were
operated using DMA and RMG380 petroleum-based fuels, as well as B10 bio-
diesel, which includes 90% diesel fuel and 10% FAME biological fuel. It has
been proven that increasing the efficiency of biofuel use consists not only in
choosing its optimal composition, but also in determining the optimal angles of
advancement of biofuel supply into the diesel cylinder. It was established that the
dependences of the main operating indicators of both two-stroke and four-stroke
diesel engines on the fuel advance angle have a sinusoidal form and are character-
ized by the presence of an optimum - the minimum values of the exhaust gas
temperature, the concentration of nitrogen oxides in the exhaust gases, the specif-
ic effective fuel consumption, as well as the maximum value combustion pres-
sure. The optimal advance angle of biofuel supply is determined experimentally
and depends on the characteristics of the diesel engine.

Key words: biodiesel fuel, energy indicators, environmental indicators, envi-
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ronmental sustainability, fuel for marine diesels, fuel of petroleum origin, marine
internal combustion engine, marine transport, operation of marine diesels.

Cazin A.C., 3abnoysvkuii FO.B. Anani3 eQ)eKTUBHOCTI MOPCHKHX MepeBaH-
TAaKYBaJIbHUX TepMiHAMIB MiJg 4Yac TPaHCNOPTYBAHHS 3PiIKeHOr0 MPUPO/I-
HOT0 ra3y cyHaMHU-Ta30B03aMHU

Po3risHyTi nuTaHHS MOAO e(PEKTUBHOCTI MOPCHKHX IE€PEBaHTaKYBAIbHHX
TEpMIiHATIB MiJl Yac TPAHCIIOPTYBAHHS 3PIPKEHOTO NMPHPOIHOTO ra3y CyaHaMu-
razoBo3amMy. Bu3HaueHo, 1110 OCTaHHIMH POKaMH IIONUT Ha TEePEeBE3CHHs 3piKe-
HOTO TPHPOIHOTO Ta3y 3HAYHO 3PIC, IO 3YMOBJEHO INIOOAIBHUMHU 3MIHAMH B
eHepreTUuHii ramysi. Kpainu no BcboMy CBITY NparHyTbh 3MEHIIUTH 3aJI€XKHICTh
BiJ BYTJIEBOJIHIB i MEpeHTH Ha OUIBII €KOJIOTIYHO YMCTi BUIU MAJMBA. 3PiIKEeHIH
MIPUPOTHHN T'a3 CTaB OAHUM i3 KJIFOYOBHX KOMIOHEHTIB IIbOTO MEPEXO.LY, OCKLIb-
KM I 49ac HOro 3ropsHHSA YTBOPIOETHCS MEHIIE BHUKHAIB BYTJIEKHCIIOTO Tasy
MOPIBHAHO 3 BYTiUIAM 1 HaToro. 3a3HaueHo, Mo Yyepe3 Kpu3y B UepBoHOMY MODi
Ta 3arpo3u AJs CyJHOIIABCTBA OaraTro KOMIIaHIH, IO 3aiMArOTHCS TPAHCIIOPTY-
BaHHSAM 3Pi/UKEHOTO MPUPOJHOTO Ta3zy B KpaiHu A3ii, IPUIAUIIIOTH yBary 10 ajb-
TEPHATUBHHUX MapLIPYTiB HABKOJIO AQPHKaHCHKOTO KOHTHHEHTY. 1106 MiHiMi3y-
BaTH BUTPATH Ta MiJBUIIUTH €()EKTHBHICTh y OUIBII TPUBAJIHMX IMEPEBE3CHHSIX,
3pOCTaE IHTEPEC 0 BUKOPHCTAHHS IMepeBalovYHUX 0a3. Taki 0a3u MO3BOJSIOTH
TUMYAcOBO 30epiraTu abo NnepeBaHTaKyBaTH 3piPKEHUH MPUPOIHUIN ra3 Ha 1HII
CyJIHa-ra30BO3H, 110 JIa€ 3MOTY ONTHUMIi3yBaTH JIOTICTUYHI IIPOLIECH Ta CKOPOTHTH
yac nepeOyBaHHS CyAEH Y MOpi. 3a3HauCHO, IO OAHIEIO 31 CKIAOBUX IPOLECY
TPAHCMOPTYBAHHSI 3P1HKCHOTO MPUPOJHOTO Ta3zy € perasuQikaliifHi TepMiHAH,
SIKi TIPU3HAYCHI IS IPHHOMY 3PiHPKEHOTO IPUPOJTHOTO Ta3y 3 CYACH-Ta30BO3iB i
MiATOTOBKU MPUPOJHOTO Ta3y J0 BUKOPUCTAHH:. B TemepimHiil yac sk perasudi-
KalliiiHI TepMiHaJIi BUKOPUCTOBYIOTHCS IIaBYYi YCTAHOBKH, 3[aTHI CaMOCTIHHO
MepecyBaTUCs Ha BiACTaHb IO 2 MOPCHKUX MHIb BiJ Oeperoroi JiHil. [TlopiBHIHO
3 Ha3eMHUMH TepMiHalaMH 3PiPKEHOr0 IMPUPOIHOIO ra3y IUIaBy4i YCTaHOBKU
MaroTh HU3KY II€peBar: HWK4y BapTiCTh; MEHIINH TepMiH OyaiBHUITBA (OJIM3bKO
1..1,5 pokiB — B MOPIBHSIHHI 3 HA3EMHUM TE€PMiHaJIOM 3...5 pOKiB); MEHIIa ILJI0IIa
Ta MOPCHKE PO3TalllyBaHHS MIiHIMI3ye BIUIMB Ha JOBKUUIA. HamaHa mpuHIMIIOBI
cxemu perazudikaiifHOro TepMiHaia, a TakoX MepeBalOYHOr0 TEPMiHaly, HaBe-
JIeHI BUpa3u 3 BU3HAUEHHS TEIUIOBHX IIOTOKIB Ta BTpPAT €HEprii, 0 BUHUKAIOTh
IIi/1 Yac 3aBaHTXXEHHs / PO3BAaHTA)XKEHHS Ta 30epiraHHs 3piIPKEHOT0 NMPHPOIHOTO
ra3y Ha TakMX TepMiHanax. 3a3HayeHo, Mo cnenudika poOOTH MepeBaIOUHOTO
TEpMiHATY 3piJUKEHOTO NMPUPOJHOTO ra3y IONSATAE B TOMY, 1110 BiH HE MOB'I3aHUM
3 MaricTpaJlb-HUM TPyOOIPOBOIOM, a 30epiraHHs 3piKEHOT0 MIPUPOIHOTO Ta3y y
pe3epByapax 3[iHCHIOETBCS KOPOTKMMH LUKJIaMH. llonepenHs omiHKa BHUIApO-
BYBaHHsI 3pIJPKEHOr0 TPUPOIHOTO ra3y Ha TaKUX TepMiHANaxX J03BOJIsIE OOTPYH-
TyBaTH TEXHOJIOTIYHI DIIIEHHSA WIOAO0 IX MPOITyCKHOI CIPOMOYKHOCTi, a TaKOX
KUTBKOCTI 3p1/IPKEHOTO TIPUPOIHOTO Ta3y, SKi MOXe Ha HUX 30epiraTtucs 3 MeTOro
MTOJTAVTBIIIOTO TTEPEBAHTAKEHHS Ha 1HIII CyZAHA-Ta30BO3M.
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Ku1104oBi cjioBa: BUIapoBYBaHHS 3PiHKEHOTO TIPUPOIHOTO Ta3y, eKOJOTidyHa
Oe3reka, 3axXUCT MOBKULIA, 3pIHKEHUH NPUPOAHUH Ta3, MOPCHKHHA TPaHCIIOPT,
perazidikamis 3piHKEeHOT0 TPHUPOIHOTO Ta3y, CyTHO-Ta30BO3, TPAHCIIOPTYBAHHS
3piIKEHOTO IPUPOTHOTO Ta3y.

Sagin A.S., Zablotskyi Y.V. Analysis of the efficiency of marine trans-
shipment terminals during the transportation of liquefied natural gas by gas
carriers

Considered questions regarding the efficiency of marine transshipment termi-
nals during the transportation of liquefied natural gas by gas carriers. It was de-
termined that in recent years the demand for the transportation of liquefied natural
gas has increased significantly, which is due to global changes in the energy in-
dustry. Countries around the world are striving to reduce dependence on hydro-
carbons and switch to more environmentally friendly fuels. Liquefied natural gas
has become one of the key components of this transition, as its combustion pro-
duces fewer carbon dioxide emissions compared to coal and oil. It is noted that
due to the crisis in the Red Sea and threats to shipping, many companies involved
in the transportation of liquefied natural gas to Asian countries are paying atten-
tion to alternative routes around the African continent. In order to minimize costs
and increase efficiency in longer transportation, there is a growing interest in the
use of transshipment bases. Such bases make it possible to temporarily store or
transship liquefied natural gas to other gas-carrying ships, which makes it possi-
ble to optimize logistics processes and reduce the time the ships stay at sea. It is
noted that one of the components of the liquefied natural gas transportation pro-
cess are regasification terminals, which are designed to receive liquefied natural
gas from gas carriers and prepare natural gas for use. Currently, floating installa-
tions capable of moving independently up to 2 nautical miles from the coastline
are used as regasification terminals. Compared to land-based liquefied natural gas
terminals, floating installations have a number of advantages: lower cost; shorter
construction period (about 1-1.5 years — compared to 3-5 years for the ground
terminal); smaller area and maritime location minimizes environmental impact. A
schematic diagram of a regasification terminal and a transshipment terminal is
given, expressions for determining heat flows and energy losses occurring during
loading / unloading and storage of liquefied natural gas at such terminals are
given. It is noted that the specificity of the liquefied natural gas transshipment
terminal is that it is not connected to the main pipeline, and liquefied natural gas
is stored in tanks in short cycles. A preliminary assessment of the evaporation of
liquefied natural gas at such terminals allows to substantiate technological deci-
sions regarding their throughput capacity, as well as the amount of liquefied natu-
ral gas that can be stored in them for the purpose of further transshipment to other
gas carriers.

Key words: ecological safety, environmental protection, evaporation of lique-
fied natural gas, gas carrier, liquefied natural gas, regasification of liquefied natu-
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ral gas, sea transport, transportation of liquefied natural gas.

Conoooenixoé B.I'., Pycnak /I.FO. BukopucTaHHA yJIbTPa3ByKOBOi 00po0-
KH NAJIMBA Y NAJIMBHUX CHCTEMAaX CYTHOBUX cepeHb000epPTOBHX AM3elliB

HageneHi pe3ynpTaTu IOCTIIKEHB, MO0 BUKOPHCTAHHS yIBTPa3BYKOBOI 00-
pOOKM MayMBa y NaJMBHUX CHUCTEMax CYAHOBHUX CEPEAHBOOOEPTOBUX JH3EIIIB.
BuzHaueHo, 10 cyIHOBI cepeHLOOOEPTOBI AM3ENi BUKOPUCTOBYIOTHCS Ha BCIiX
0e3 BUHATKY CyJHAaX MOPCHKOTO Ta BHYTPIIIHHOTO BOJHOTO TPAaHCIIOPTY, 3a0e3-
MeYylYr HEeOoOXiTHOI MOTYXKHICTIO SIK NMPOMYJIBCHUBHUHM KOMIUIeKC (y pasi ix
po0OTH Ha TBUHT), TAKOX i CYZHOBY €JIEKTPOCTaHIIIO (y pa3i, KO BOHU BHKO-
PHCTOBYIOTBCS SIK IIPUBOJM T€HEPATOPIB EIEKTPUYHOTO CTPYMY). 3a3Ha4YEHO 1110,
i 9ac eKcIuTyaralii CyqHOBUX CepeIHbOOOCPTOBUX IH3EIiB BUHUKAE HEOOXi-
HICTh BUKOPHCTAaHHS BUCOKOB'SI3KHX IAJIMB 3 BUCOKMM BMICTOM CIpKH HACJIiAKOM
YOTO CTAa€ MiABHUINECHUH CIPYMCTHH 3HOC LIUIIHAPOIIOPIIHEBOI IPYIH — LIMIIIHIPO-
BUX BTYJIOK Ta HOPIIHEBHX KiJelb. SIK OWH 31 COCO0iB, IO MOKpAIIye MpoLec
MATOTOBKY CY[IHOBUX Ba)XXKKHX ITAJIMB 3 BUCOKUM BMICTOM CipKH, 3aIIpOIIOHOBAHO
BUKOPHCTAHHS JOJATKOBOI YJIBTPa3ByKoBOi 00poOKku. 3a3Ha4deHo 110, el crocid
HacaMIiepe]] CIpHUsE TOMIMIICHHIO TUCIICPCHUX SIKOCTCH MaiBa, a SBUIIC KaBi-
Tallii, 0 CyNpOBOJIKYE Lieil mpolec, NPU3BOJUTH A0 AOJATKOBOI akTUBaLii HOro
BYTJICBOJHEBUX CKIIQJOBUX Ta posmiemicHHi0 C-S 3B's3kiB. OMHUM i3 BapiaHTIB
3aCTOCYBaHHS YJIbTPa3BYKOBOI OOPOOKH MajivBa € A000agHAHHS INTATHUX CHC-
TEM MaJUBOIIATOTOBKU TOJATKOBUMH MOJYJISIMH, SIKI 31IHCHIOIOTH LI Tporec.
ITix yac mpoBeneHHS TOCTIHKEHb caMe TAKMM MOAyJIeM Oyla TOyKOMIUIEKTOBaHa
cucreMa nanuBomiarorosku ausenie 6NSD-M Nigita Power Systems, siki MaroTh
HOMiHANBHY TOTYXHicTh 480 kBT 3a wacrororo obepranns Bamy 1450 06/xB, Ta
BXOJIMJIN Y KUIBKOCTI TPhOX IUTYK JO CKIIaqy CYAHOBOI JOIIOMDKHOI €HepreTnd-
HOi ycTaHOBKH. HaBesieHi pe3ysibTaTi eKCIIEpUMEHTIB TI0 BU3HAYECHHIO JIIHIIHOTO
Ta MacOBOT'O 3HOCY J€Talleil HMIIIHAPOIOPIIHEBOT TPYNH il Yac BUKOPHUCTAHHS
NajuBa, 0 IiJIAJI0Cs PI3HUM BapiaHTaM NaJIMBOMIATOTOBKU. ExcriepuMeHTalb-
HO BCTAHOBJICHO, IO IiJl Yac J0JATKOBOI yJIbTpa3ByKoBOI 0OpOOKM mHajuBa 3a-
Oe3rneuyeThesl 3HMKEHHST Ha 63...65 % JiHIIHOrO 3HOCY LWJIIHAPOBHUX BTYJIOK, a
TaKOX MacOBOT'0 3HOCY TIOPIIHEBHUX KiJIellb B OPIBHSIHHI 3 aHAJOTTYHUMH BEJIU-
YHHAMH, [0 OTPUMAaHI JJIs AU3eNs, SIKii MpaIfoe Ha BaYKKOMY MajuBi 0e3 pomat-
KOBOI MiArOTOBKK. TakuM 4YMHOM, OTpHMaHi pe3yJbTaTh IMiATBEPAKYIOTh JOIli-
JIHICTD 3aCTOCYBaHHS YJIbTPa3BYKOBOi 00pPOOKHM CIpUMCTHX MajHB K JJ0JaTKOBO-
IO METOJly MaJIMBOMIATOTOBKH, IO CHPHS€E 3HM)KEHHIO CIPYMCTOrO 3HOIIYBaHHS
JieTasieil UIITHIPOBOT IPYINHU CYTHOBUX CEPEIHRO00EPTOBUX JN3EIIIB.

Karouosi cioBa: MacTuio aiist CyJTHOBHX JIU3€IIiB, TAINBO [UISl CYAHOBUX JH-
3€JiB, CHCTeMa MallleHHs, CUCTeMa MaJIMBOIIATOTOBKH, CIpUUCTHI 3HOC, CYIHO-
BHIA CEpPEeTHLO00EPTOBUH NH3elb, YIbTPa3ByKoBa 00poOKa maauBa, IUIiHAPOIIO-
pILIHEBa TpyIa.

Solodovnikov V.G., Rusnak D.Y. The use of ultrasonic fuel treatment in
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the fuel systems of marine medium-speed diesel engines

The results of research on the use of ultrasonic fuel treatment in the fuel sys-
tems of marine medium-speed diesel engines are given. It was determined that
marine medium-speed diesel engines are used on all marine and inland water
transport vessels without exception, providing the necessary power as a propul-
sive complex (in the case of their operation on a propeller), as well as the ship's
power plant (in the case when they are used as drives of electric current genera-
tors) . It is noted that, during the operation of marine medium-speed diesel en-
gines, there is a need to use high-viscosity fuels with a high sulfur content, as a
result of which there is increased sulfur wear of the cylinder-piston group - cylin-
der sleeves and piston rings. As one of the methods that improves the process of
preparing marine heavy fuels with a high sulfur content, the use of additional
ultrasonic treatment is proposed. It is noted that this method primarily improves
the dispersion qualities of the fuel, and the cavitation phenomenon accompanying
this process leads to additional activation of its hydrocarbon components and
splitting of C-S bonds. One of the options for the application of ultrasonic fuel
treatment is the retrofitting of standard fuel preparation systems with additional
modules that perform this process. During the research, the fuel preparation sys-
tem of 6NSD-M Nigita Power Systems diesel engines, which have a nominal
power of 480 kW at a shaft rotation frequency of 1450 rpm, was retrofitted with
such a module, and were part of the ship's auxiliary power plant in the amount of
three. The results of experiments to determine the linear and mass wear of parts
of the cylinder-piston group during the use of fuel subjected to various options for
fuel preparation are given. Experimentally, it was established that during addi-
tional ultrasonic fuel treatment, linear wear of cylinder liners, as well as mass
wear of piston rings, is reduced by 63-65 % in comparison with similar values
obtained for a diesel engine running on heavy fuel without additional preparation
Thus, the obtained results confirm the feasibility of using ultrasonic treatment of
sulfur fuels as an additional method of fuel preparation, which contributes to the
reduction of sulfur wear of parts of the cylinder group of marine medium-speed
diesel engines.

Key words: cylinder-piston group, fuel for marine diesels, fuel preparation
system, lubricant for marine diesels, lubrication system, marine medium-speed
diesel, sulfur wear, ultrasonic fuel treatment.

Yepemicin B.1., Iznamenxo O.A. In3enbHa GOPCYHKA 3 KEPOBAHNM YIIPH-
CKYBaHHSIM NaJIMBa B HUJIiHAD

Hasenen ommc nocnigHoi rigpokepoBaHoi (OPCYHKH 3 PEeryjbOBaHUM 3aKO-
HOM IOJIaHHs NajuBa. BcTaHoBIEHO, 10 3MIHOIO THCKY KEPOBAHOI PiAMHU MOX-
Ha 3MIHWTH 3aKOH NOJAaHHS IaJNBa y OWIH/p ABUTYHA MiJ 9ac Horo poboTu

KurouoBi cnoBa: amseni, ¢popcyHka, TigpaBiidHe yrnpaBiiHHs, 3aKOH MOJIaH-
HA 11aJIiBa.
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Cheremisin V.1., Ignatenko O.A. Diesel injector with the regulated law of
fuel in cylinder

In the article describes an experimental hydraulic-driven fuel injector with ad-
justable law of fuel supply(injection). It has been established that by changing
pressure of the control(driving) liquid, it is possible to change the law of fuel
supply(injection) to the engine cylinder during its operation (while it is working)

There are numerous attempts to create a special fuel equipment for obtaining
various laws of fuel supply to the cylinder of the internal combustion engine.

It is more expedient to change the injection characteristic just before the
spraying holes.

The purpose of this work is to obtain various laws of fuel supply on an experi-
enced hydraulic injector with a regulated fuel supply law.

The method of changing the law of fuel supply in the experimental injector
gave the ability to organise a step-by-step characteristic of fuel injection, the
parameters of which can be changed widely.

An experimental study of the experienced fuel injector was carried out on the
non-motorised stand.

The simplicity of the method of obtaining different laws of fuel supply allows
this method to be used in any conditions using the parts of the common(standard)
injector.

Keywords: engines, the injector, hydro-controlled equipment, law of fuel
supply

Llecmonanos K. O. ExcnepumeHTan bHe I0CTigxeHHs1 edeKTUBHOCTI
€KeKTOPa Ta X0J0AMJIbHOI MALUMHH Y CKJIAAI CYAHOBOI CHCTEMH KOHIMIiIO-
BaHHS NOBITPA.

AKTyanbpHICTE pOOOTH TIOB’s13aHA 3 HEOOXITHICTIO IMiABUINECHHAS ¢(EKTUBHOCTI
CYIHOBOI XOJIOAMIBHOI TEXHIKM 3 METOI0 3HMKEHHS EJIEKTPOCIOXHMBAHHS Ta
emicii mapHUKOBHX Ta3iB. [loka3zaHo, 1[0 BTOPHMHHA HU3bKOMOTEHIIHA TEIUIOoTa
CYIHOBUX €HEPreTMYHUX YCTaHOBOK 3 TemmepaTyporo 85...120 °C Moxe BUKO-
pucTOBYBaTHCs JUIS epEeKTUBHOI Ta CTaOUIbHOI POOOTH CYIHOBOI €XKEKTOPHOI
xonoaunbHoi MamuHu (CEXM) Ha 030HO0€3MeYHOMY Ta HETOPIOYOMY XOJIOI0-
arenti R245fa myis KOHIUIIFOBAaHHS MOBITPS Ta OTpUMAaHHsS XoJjoxy npu t>8 °C.
Ham3BykoBuii exexTop € kmodoBuM komrnoHeHToM y CEXM i 3a6e3neuye BCM-
OKTYBaHHS, CTUCHEHHSI Ta HarHiTaHHS BTOPMHHOI mapu (Iapu 3 BHIApHHKA) 3a
JIOTIOMOTOI0 TIEPBHHHOI mapu (I1apyd BHCOKOTO THCKY 3 reHepatopa). Excrepu-
MEHTaJILHO BHUIIPOOYBaHO BJIOCKOHAJIEHUH HAI3BYKOBHH €KEKTOpP 3 TPbOMa COII-
JaMU Ta IIiCThOMAa KamMepaMu 3MillyBaHHs. Pe3ynbraT mokasaiu, 110 HpH po-
00Ti cHCcTeMU B Cy[HOBUX YMOBAaxX IIpH MapaMeTpax HaBKOJHIIHBOTO CEpellOBH-
1114, 110 TOCTIHHO 3MIHIOIOTHCA, HOTPIOHO BUKOPHUCTOBYBATH €XKEKTOP 31 3MiIHHOIO
reoMeTpiero s 3a0e3redeHHs] HeO0OXiTHO XOJIOJOMPOAYKTHBHOCTI C 3aJaHOI0
TemnepaTyporo kumiHHS t. [loka3aHo, 10 KpUTHYHA TeMIepaTypa KOHICHCAI]
t. CYTTEBO 36IMBIIYEThCS MPH 30LIBIICHH K TEMIEPATyPH TeHeparlii tg, Tak #
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TeMrieparypu kumiaHs te. ToO0TO, pu dikcoBaniit t, MoxmuBocTi podbotn CEXM
NPU BUCOKHX TEMIepaTypax HaBKOJHMIIHBOTO CEPEIOBHINA PO3LIMPIOIOTHCS 3
POCTOM TEMIIepaTypu JKepelia TeIUIOTH. AJie TPU [[bOMY €HEProe)eKTUBHICTb, a
came koedimieHT exekmii Ta TermoBuid Koe@iieHT COPyem 3HIKYIOTBCA 31
30inbmenHaM ty. IlokaszaHo, 1m0 3aCTOCYBaHHA KOHUYHO-LMIIHAPHUYHOI KaMepu
3MIllIyBaHHS Y BChOMY BU3HAYCHOMY Jiara30Hi KPUTUYHUX TEMIIEPATyp KOHICH-
cauii t; = 29,0...37,5 °C no3sousie migBumut COPyperm CEXM Ha BEJIMYUHY Bij
17 no 32 %.

KurouoBi cjioBa: cynHOBa XOJOMWIbHA TEXHIKA, TCIIOBUKOPHCTOBYIOYA
CyHOBa €)KEKTOpPHA XOJIOAMWIbHA MAaIllMHA, CHEProe(eKTUBHICTh, BTOPHHHA TEII-
JI0Ta, KOS(ILi€HT eXEKIIIT, eXKEKTOP.

Shestopalov K. 0. Experimental study of the ejector efficiency and the re-
frigeration machine as part of the ship air conditioning system

The relevance of the work is related to the need to increase the efficiency of
ship refrigeration equipment in order to reduce electricity consumption and
greenhouse gas emission. It is shown that the secondary low-grade heat of ship
power plants with a temperature of 85...120 °C can be used for efficient and
stable operation of the ship ejector refrigeration machine (SERM) operating with
the ozone-safe and non-flammable refrigerant R245fa for air conditioning and
refrigeration production at t>8 °C. The supersonic ejector is a key component in
the SERM and provides suction, compression and injection of secondary vapor
(vapor from the evaporator) by means of primary vapor (high-pressure vapor
from the generator). An improved supersonic ejector with three nozzles and six
mixing chambers was experimentally tested. The results showed that during the
operation of the system in ship conditions with constantly changing environmen-
tal parameters, it is necessary to use an ejector with a variable geometry to ensure
the necessary cooling capacity with a given boiling temperature t.. It is shown
that the critical condensing temperature t. increases significantly with an increase
in both the generating temperature t, and the boiling temperature t.. Thus, with a
fixed t. the possibility of SERM operation at high ambient temperatures are ex-
panded with increasing of the heat source temperature. But at the same time, the
energy efficiency, namely the entrainment ratio and the thermal coefficient
COPyerm decrease with increasing in tg. It is shown that the use of a conical-
cylindrical mixing chamber in the entire defined range of critical condensing
temperatures t, =29.0...37.5 °C results in increase of the SERM by 17...32%.

Keywords: ship refrigerating equipment, heat-driven ship ejector refrigera-
tion machine, energy efficiency, waste heat, entrainment ratio, ejector.

Jebeoece b., Ymincokuii C., Koponvkoea M., Jlebeocsa JI. TexHonoris
NiABMIIEHHS OBrOBIiYHOCTI pecypcoonpeaejsilONINX JeTajeldl IBUIyHa
BHYTPIillIHBOT0 3rOPSIHHS

PO3riisiHyTO MOXIJIMBOCTI BiTHOBIIEHHS OIMETAUTI3AIli€I0 T1Ib3 MHIIIHAPIB , 00-
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TPYHTOBaHHSA (OPMHU, TEOMETPUIHUX PO3MipiB, HEOOXITHOT KIIBKICTI KaHaBOK Ha
poOouiii moBepxHi TEpTS TiNb3 IMIIIHAPIB, 3aOBHEHUX MiUII0, OOTPYHTOBaHO
TEXHOJIOTIYHAH TIPOIleC BHUTOTOBJICHHS OIMETalizoBaHOM MIQai0  TiTb3U
AT HAPIB.

MixxHapomHUH ITOCBiN BKa3ye IO YacTKa BiHOBIIOBAaHUX AETalel B 3araib-
HOMY 00CsI31 CIIO’)KMBaHHS 3allaCHUX YaCTUH J0CSTa€ B PO3BUHEHUX 3apyOiKHHX
kpainax 30-35%. BigHoBieHHs neTalniel, K MpaBHJIO, BKIOYAE B ceOe omepariii
HAHECCHHS IIapy Marepially Ha 3HOUIEHI MOBEPXHI 3 METOI0 OTPHUMaHHs
HOMIHaJIBHUX po3MipiB . Lle cTBOprOE mepeayMOBH ISl 10JAaTKOBOTO 3MillHEHHS
JieTayiedl IpH BiJHOBJICHHI IUIIXOM HAaHECEHHs Ha IIBHAKO3HOUIYBaHI AUISHKA
JieTasieil MaTepianiB 3 3HOCOCTIMKICTh y Oarato pasiB BHIIE, HIX Marepial camoi
netani. EdexTuBHICTD TeXHIKM BH3HAYA€THCA ii 3MATHICTIO BUKOHYBATH 3alaHi
¢yHKIII 1, 0 HE MEHII BaXKJIMBO, PIBHEM HANIHHOCTI, SKWHA XapaKTepU3ye Bia-
CTHBICTHh TEXHIKH JOBro 30epiratd i, mpu HEOOXIAHOCTi, BiIHOBIIOBATH CBOIO
Mpare3JaTHICTh MPH MiHIMaIbHUX BHTpaTax 4acy. ToMy OCHOBHA 1 HalBax-
JMBIIIA 3a/1a4a MPU EKCIUTyaTalil BOJHOTO TPAHCHOPTY - MOBHE BHKOPHUCTAHHS
HAJIHHOCTI, a MIPH PEMOHTI - SKiCHE 1 HEIOpOre BiIHOBICHHS JOBTOBIYHOCTI IO
ONTHMAJILHOTO PiBHS, 10 3a0e3euye HalMEHIIy IIMTOMY BapTiCTh HaINpaItoBaH-
HSI MDXK PEMOHTaMH.

Tomy mpobiema BIOCKOHAJEHHS €KCIUTyaTalliiHO PEMOHTHHX IMKIIB CHJIO-
BUX arperariB (JBUTYHIB) I TEXHOJIOTIYHUX IPOLECIB BiIHOBICHHS X OCHOBHHX
JieTajieil € aKkTyalbHOIO 1 Bij 11 pillleHHs 3aJeXaTh JTOBIOBIYHICTH arperaris i
piBeHb BUTpAT HA MATPUMAaHHA X Mpamne3mqaTHOCTI.

[Ipu 3acrocyBaHi, cepelHiil 3HOC OiMeTalli30BaHUX MIJII0 TiTB3 HIIIHAPIB
MeHIIE B 3,4 pa3d B TMOPIBHAHHI 3 THIIOBHMH. 3aCTOCYBaHHS OiMeTali30BaHUX
T3 TWIIHAPIB JO3BOJUTH IMiIBUIIATH e()EKTUBHY MOTYXHICTH Ha 4,8%, 3MeH-
IIMTH YacoBY i MATOMY BUTpaTH NajuBa BixnosimHo Ha 4,8% 1 9,1%, a Takox
3HU3UTHU BMICT Y BIANIPAIlbOBAaHHUX Ta3zax OKcHAy Byryemro Ha 10% i ByriaeBonHiIB
Ha 8% B NOPIBHSHHI 3 ABUT'YHOM 31 IITATHUMH Tib3amu. [lopiBHSIIbHI eKcIuTya-
TaliHi BUNPOOYBaHHS, YKOMIUIEKTOBAHUX JABUI'YHOM 3 OIMETali30BaHUMH T'iJib-
3aMH WIIHAPIB MOKa3yloTh, 10 3HWXKYETHCS JIHIHHUKE 3HOC poO040i NOBEpXHi
TEPTs TiIb3 HMWIHAPIB B 2,7 pa3u; po3xon Ha 4% i 301IbIIYETHCS THCK ra3iB B
Kamepi 3ropsiHHsI B KiHI[l TaKTy CTHCHEHHs Ha 6,5% B MOpIBHSHHI 3 JIBUTYHOM,
YKOMILJIEKTOBAHUM IITATHUMH T1LIb3aMH LHIIH/IPIB.

KurodoBi cioBa: 3HOC, TEXHOJOTIS , SKCIUTyaTallis, TiIb3a, BiHOBICHHS.
3HOCOCTIHKICTB.

Lebediev B., Uminsky S., Korolkova M., Lebedieva L The technology of in-
creasing the durability of resource-determining parts of the internal combus-
tion engine

The possibility of restoration of cylinder liners by bimetallization, giving rea-
sons of the shape, geometric dimensions, the necessary number of grooves on the
working surface of the friction of the cylinder liners filled with copper is consid-
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ered, the technological process of manufacturing the cylinder liner bimetallized
with copper is substantiated.

International experience states that the share of renewable parts in the total
consumption of spare parts reaches 30-35% in developed foreign countries. Res-
toration of parts, as a rule, includes operations of applying a layer of material to
worn surfaces in order to obtain nominal dimensions. This creates background for
additional strengthening of the parts during restoration by applying materials with
a wear resistance many times higher than the material of the part itself to the fast-
wearing areas of the parts. The efficiency of the equipment is determined by its
ability to perform the specified functions and, no less important, the level of reli-
ability, which characterizes the ability of the equipment to be stored for a long
time and, if necessary, to restore its efficiency in minimal time. Therefore, the
main and most important task in the operation of water transport is the full use of
reliability, and in the case of repairs - high-quality and inexpensive restoration of
durability to the optimal level, which ensures the lowest specific operating cost
between repairs.

Therefore, the problem of improving the operational repair cycles of power
units (engines) and the technological processes of restoring their main parts is
urgent, and the durability of the units and the level of costs for maintaining their
efficiency depend on its choice.

When used, the average wear of bimetallized copper cylinder liners is 3.4
times less compared to typical ones. The use of bimetallized cylinder liners will
make it possible to increase the effective power by 4.8%, reduce the time and
specific fuel consumption by 4.8% and 9.1%, respectively, as well as reduce the
content of carbon monoxide in the exhaust gases by 10% and hydrocarbons by
8% in compared to an engine with standard bushings. Comparative operational
tests of the engine equipped with bimetallized cylinder liners show that the linear
wear of the friction working surface of the cylinder liners is reduced by 2.7 times;
consumption by 4% and the gas pressure in the combustion chamber at the end of
the compression stroke is increased by 6.5% compared to an engine equipped
with regular cylinder liners.

Key words: wear, technology, operation, liner, recovery, durability.

ZhuravlovYu.l., DovidenkoYu.N., Latych O.M. Auaxi3z TepmomexaHiuHoro
cTaHy po6040i NOBePXHi JeTajlell COTy4YeHb «BAJ-NIINIUNHAK KOB3aHHSA» B
CYAHOPEMOHTI

B crarTi npuBeseHuii aHai3 TEPMOMEXaHIYHOTO CTaHy poO0YO0i MOBEPXHI Jie-
TaJIell CrIoy4eHb «BaJI-IIIIIIUITHUK KOB3aHHM» B cyHOpeMoHTi. byio mokasaHo,
IO 3a MOBHHUH >KUTTEBMH IMKJI CyJHOBHX JleTajed eKCIuTyaTaliiiHi BUTpaTu B
KiJIbKa pa3iB MEPEeBUIIYIOTh BUTPATH HA BUTOTOBJIECHHS HOBOI TEXHIKH.

[Tizkpecieno, Mo 3aBAaHHS MiJBUIICHHS 3HOCOCTIHKOCTI KOHKPETHOTO BUPO-
Oy yacTo He mepeadadae sikicHOT MoaudiKaIlii CTPYKTYpPHOTO CKJIaay BUKOPUCTO-
BYBaHOTO Martepiaay B ycboMy HOro o0’eMi, a IEPEHOCHTHCS Ha BHIO3MIiHY I10-
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BEPXHEBOI'0 IIapy MaTepiany, OCKIIbKY 3aXUCT JIeTaleH BiJl 3HOCY B PsIi BHITAIl-
KiB BHUPIIIYETHCA TOBEPXHEBUM 3MIIlHEHHSIM. Y 3aralbHOMY BUIAAKY MiA TIO-
BEPXHEBUM 3MIIIHEHHIM PO3YMIETHCS MIABHIICHHS TBEPIOCTI poO0OTO0I TOBEpXHi
neTati, 10 03BOJIsIE 301IBIINTH 3HOCOCTIHKICTD.

[lepcriekTHBHI HANPSAMKHA PO3BUTKY ITOBEPXHEBO-3MIITHIOIOUNX TEXHOJOTIH
MPUITYCKAalOTh BUKOPUCTAHHS HOBHX METOMIB OTPUMAaHHS 3HOCOCTIHKHMX TOKPHUT-
TiB, B OCHOBHOMY 3 BUKOPHCTAHHSM 3HOCOCTIHKMX MaTepiajiB, TOOTO MOKPUTTIB
Ha OCHOBI CHOJIYK THUITy OKCHIB, HITpUAIB 1 KapOiniB. BukopucranHs 3MilHIO0-
YHUX MOKPHTTIB 13 PI3HOPIHUX MaTepiaiiB NPU3BOAUTH HE TiJIBKH 10 MOIUpiKaiii
MOBEPXHEBOI'0 MIapy, ajie i A0 yTBOPEHH:, Y PsAl BUIAJKIB MPUHIIUIIOBO HOBOTO
KOMITO3HMLIITHOrO Marepiany IOBEPXHEBOTO INapy, IO BOJIOJIE SIK BHCOKOIO
MIIHICTIO W JOCTaTHLOIO INIACTUYHICTIO, TAK 1 IMIABUIIEHOIO 3HOCOCTIMKICTIO.

JocmimkeHHs TPUYWH BUHUKHEHHS TPIMIMH BUKJIAaAeHI B poboTax [76-82] i3
MO3UMINA CTPYKTYPHHX 1 (pa30BHX IEPETBOPEHB, IO MOPOKYIOTH BIAOBIAHI iM
CTPYKTYpHi HaIIPY»KEHHS Ta TAKOX MAlOTh NPUBATHUH XapakTep i He JT03BOJSIOTH
y LIJIOMY TIPOCTEKHUTH CIPABIKHIO KAPTUHY YTBOPCHHS AC(EKTIB TUITY TPIiILMH Ha
MTOBEPXHI.

TakuM YHMHOM, aKkTyaJlbHUM € 3a0e3ledeHHsT HEeOoOXIIHOi sSKOCTi 00poOKH
LWIHIPUYHUX TOBEPXOHb 31 3HOCOCTIMKUMH TOKPUTTSMHM, SIKI CXWIBHI JI0
TPILIMHOYTBOPEHHS, HA OCHOBI JIOCIIJPKEHHSI TEXHOJOTIYHUX MOKIIMBOCTEH MpoO-
Lecy eKcIulyaranii NUIIXOM aHali3y TePMOMEXaHIUHHMX SIBHII Ta PO3POOKH TeX-
HOJIOTIYHUX KPHUTEpiiB BUOOpY, peamizalis sIKMX J03BOJUTH TEXHOJOTTYHHUM Ma-
paMeTpaM CyTTEBO 3HH3HUTH Ie()EKTOYTBOPCHHS Ha X pOOOYHX HOBEPXHSX.

Takox BU3HaUCHMA MeXaHi3M (opMyBaHHS Je(EeKTIB Y TOBEPXHEBOMY IHapi
CYIHOBHX JeTaJleil CHOJIy4eHb «BaJ-IiJIIUITHUK KOB3aHHS» 31 3HOCOCTIHKHUMH
MNOKPUTTSIMH, CXHJIBHHUX JI0 YTBOPEHHS TPILUH.

BusnaveHi kpuTepil YTBOPSHHS TPILVH i MPHUIIIKIB 1 BCTAHOBJICHUH IX 3B 30K
3 DOCHIIKYBAaHAMHU TEXHOJIOTIYHUMHU (PaKTOpPaMH IPOLECY TePTS POOOUHX IO-
BEPXOHb IMIIHAPIB 31 3HOCOCTIHKUMH MOKPUTTSIMH.

3 ypaxyBaHHSIM IbOTO Oyla po3poOseHa MaTeMaTHudHa MOJAEIb, IO OMHUCYE
TEPMOMEXaHIYHi MPOIECH B MOBEPXHEBOMY Iapi MPU TEPTi UMITIHAPHUYHUX I10-
BEPXOHb 31 3HOCOCTIHKMMH MOKPHUTTSMHU 3 ypaxyBaHHSAM iX YacTKOBOIO Bijlia-
PYBaHHS 3 OCHOBHUM MaTepiajoM.

KirouoBi cjioBa: cyHOBI TeXHI4HI 3ac00u, ne(heKTi CyTHOBUX JIeTaleil, cro-
JY4EHHSI «BaJI-IIIIINITHAK KOB3aHH», 3HOUTYBaHHS IOBEPXOHb.

ZhuravlovYu.l., DovidenkoYu.N., Latych O.M. Analysis of the
thermomechanical condition of the working surface of 'shaft-sliding
bearing™ joints’ parts in ship repair

The article presents an analysis of the thermomechanical state of the working
surface of the "shaft-sliding bearing" connection parts in ship repair. It was
shown that for the full life cycle of ship parts, operating costs are several times
higher than the costs of manufacturing new equipment.
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It is emphasized that the task of increasing the wear resistance of a specific
product often does not involve a qualitative modification of the structural
composition of the used material in its entire volume, but is transferred to the
modification of the surface layer of the material, since the protection of parts
from wear in some cases is solved by surface strengthening. In the general case,
surface strengthening means an increase in the hardness of the working surface of
the part, which allows for increased wear resistance.

Prospective directions for the development of surface-strengthening
technologies involve the use of new methods of obtaining wear-resistant coatings,
mainly using wear-resistant materials, that is, coatings based on compounds such
as oxides, nitrides, and carbides. The use of reinforcing coatings made of
heterogeneous materials leads not only to the modification of the surface layer,
but also to the formation, in some cases, of a fundamentally new composite
material of the surface layer, which has both high strength and sufficient
plasticity, as well as increased wear resistance.

Research on the causes of the appearance of cracks is presented in works [76-
82] from the standpoint of structural and phase transformations, which generate
the corresponding structural stresses and also have a private character and do not
allow us to trace the true picture of the formation of defects such as cracks on the
surface in general.

Thus, it is important to ensure the necessary quality of processing of
cylindrical surfaces with wear-resistant coatings that are prone to cracking, based
on the study of the technological possibilities of the operation process by
analyzing thermomechanical phenomena and developing technological selection
criteria, the implementation of which will allow the technological parameters to
significantly reduce the formation of defects on their working surfaces.

Also, the mechanism of formation of defects in the surface layer of ship parts
of "shaft-sliding bearing" joints with wear-resistant coatings, prone to the
formation of cracks, is determined.

The criteria for the formation of cracks and burns were determined and their
relationship with the investigated technological factors of the process of friction
of the working surfaces of cylinders with wear-resistant coatings was established.

Taking this into account, a mathematical model was developed that describes
thermomechanical processes in the surface layer during friction of cylindrical
surfaces with wear-resistant coatings, taking into account their partial
delamination with the base material.

Key words: ship technical equipment, defects of ship parts, "shaft-sliding
bearing" connection, wear of surfaces.
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ITPABUJIA O®OPMJIEHHS I IIOJJAHHA PYKOIIUCIB JJ1 3BIPHU-
KA «CYJHOBI EHEPTETUYHI YCTAHOBKN»

HaykoBo-TexHiuHMii 30ipHUK HaA[iOHATBHOTO YyHiBepcuTeTy «Onech-
Ka Mopchka akanemis» «CyIHOBI €HEpreTH4Hi YCTaHOBKH» € HAYKOBUM
BHJAHHIM, B SIKOMY MOXYTh IyOJIKyBaTHCh OCHOBHI pe3yNbTaTH JHUCEP-
TaliiHUX PoOIT 31 creniagpHOCTEeH 271 «MOPChKUI Ta BHYTPIIIHIA BOJ-
HUH TpaHcopT» Ta 275 «TpaHCHIOPTHI TEXHOJOTT (32 BHIAMH).

CraTTs MOBHHHA BIAIMOBIAATH MIpaBIiiaM O(QOPMIIEHHSI HAYKOBUX CTa-
Tel 1 MICTUTH TIOCTAHOBKY MPOOJIEMH B 3araIbHOMY BHUTJISIL Ta 1i 3B'SI30K
3 BXXJIUBUMH HAYKOBHMH 200 MPAaKTUUYHUMH 3aBIAaHHSIMH, aHaJi3 OCTaH-
HIX JOCHIKCHb 1 MyOJIiKaiii 3a TEMOK CTaTTi, (OPMYJIFOBAHHS I[iICH
cTarTi (TIOCTAaHOBKY 3aBIaHHS), BHKJIAJ OCHOBHOTO Marepialy 3 He00-
X1IHUMH OOTPYHTYBaHHSIMH, BUCHOBKH Ta TMEPCIEKTHBH MOAATBIINX JO-
CJTiJKEHb.

Pykomnmc momaeTscst Ha enekTpoHHOMY HOCIi y dopmati *.doc 3 marme-
POBOIO KOITi€I0 1 pedepaTtamMu Ha YKpaiHCBhKiH Ta aHTMIMCHKIM MOBax,
MIJMUCAHOI0 BCIMa aBTOpaMH, 3 KOHTAKTHOK iH(OpMAIIE€r: aapecH, Te-
nedorn. O6csar crarti — 10 0,5 aBTOPCHKOTO apKyIia 3 ypaxyBaHHSIM
UTFOCTpartiil, miaprUCyHKOBUX ITIIMTUCIB 1 pedepary.

Pedepar nBoma MoBaMu — YKpaiHCHKOIO Ta aHIIIHCHKOK — HABO-
JUTHCSl HAPUKIHIN pyKonucy Ta moBiHeH Mictutu: ®IO aBTOpiB, Ha3BY
CTaTTi, CKOPOUYEHHUH 3MicT Ta KJr04oBi cioBa. O0car pedepaTy KOXKHOIO
MOBO O TIOBHHEH ckJjanatu He MeHie 1800 3HakiB (3 mpobenamu), BKITFO-
Yarouu KIIFOYOBi CIIOBA.

®opmar nanepy A5 (148x210) Yci monst — 16 mm. Tekcr - yepes 1
intepBan, Times New Roman, 11 nit; Tabmuiii, 3aroyioBKH TaOJIUIb, M-
pucyHkoBi mianucu — 10 mT.

Ha nepuriii cropiHmi pykonucy MOBUHHI OyTH BKa3aHI HACTYIHI eJie-
meHtu: PIO aBTOpiB; HaliMEHYBaHHS 3aKJIady, B SIKOMY BHUKOHYBaJacs
poboTa; Ha3Ba cTaTTi. 3aroJIOBOK CTATTI OPOPMIIATH 3a CTHJIEM 3aroJjio-
BOK 1, kernb 11 niT, Ge3 mepeHocy ciiB, yci IPOIHUCHI.

[Ipn HEoOXigHOCTI POOUTBHCA MEPEHOC TEKCTy, ajie HE B 3arOJIOBKY
CTarTTi.

VYeci ¢popmynu noBuHHI OyTH Habpani B Mathtype. 3minHI, QyHKIIT,
BEKTOPH, MATPULI 1 T.N. OQOPMIIAIOTECS JTATUHCHKUM LIpUPTOM. 3MiHHI
BUKOHYIOTBbCS TOXWJIMM IIPU(TOM, BEKTOPH — HAIiBKUPHUM, Oe3 HaXu-
JIy; TpelibKi CHMBOJIM — Y BCIX BHIaJKax 0€3 HaXWy; IHACKCH: JaTHHCHKI
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— 3 HaxWJIOM, KUpWiIn4Hi — Oe3 Haxuiy. Po3mipu B Mathtype: ocHOB-
Huit — 11 nr, 36inpmennit — 16,5 nr, ingexc — 7 0T, cybingeke — 6 1T.
HywmepyroTbest Tinbku Ti popMyiH, Ha sIKi € MOCHIaHHS B TeKCTi. Dopmy-
JIY BIIUISFOTBCS BiJl TEKCTY PSAKaMy BUCOTOXO 2 nt. OnuHUI (Di3UdIHUX
BennuuH moBuHHI Bignosigatn JCTY 3651.0-97, JCTY 3651.1-97,
JACTY 3651.2-97 "Mertposnoris. Oauanni Qi3sMyHUX BETHYUH" 1 MaTH
3arajbHONPUHHSTI TO3HAYCHHS.

Tabmuti cmix po3TamoByBaTH Ha OJHIN CTOPIHII KpiM BHITaIKiB, KO-
nu Tabsuis 3aiimae Oinpiie 1 cropinku. 3aronoBok — 10 nT, 6€3 mepeHo-
Cy, IHTEpBaJI mepex — 8 0T, micyis — 2 1T, OCHOBHUY MPUQT TabIuI —
10 mT.

PucyHKM BiOUISIFOTBCA BiJ TEKCTy 3BEpXy IHTEPBAIOM 8§ MT, BiA
Ha3Bu — 2 nit. Haspa pucynky — kernp 10 nt, 6e3 nepeHocy, iHTepBai
micins — 8 nr. Ha Bei Tabnuiii i pucyHKM TOBUHHI OYTH TIOCHJIaHHS B
TEKCTi CTaTTi y CKOPOUCHOMY BUTIISIAL (pHC., Ta0:.).

ImocTparii, ski miAroToBieHi B rpadiyHUX pelaKkTopax, T0JAt0ThCs B
SKOCT1 okpemux (aiiniB y BuximHoMy ¢opmari. Po3mip HanuciB TOBUHEH
3abe3nedyBaTy ixHio gntaHicTh (8-10 mT).

[locunanus Ha miTepaTypHi DKepena y TEKCTI O(QOPMIIIOIOTHCS Y
KBaJpaTHHUX TYyXKKaX 3 BKa3aHHAM HOMepa JhKepea.

bibmiorpadiuanii onrc ohopMITIOETECS 3 ypaxyBaHHAM HarioHaias-
Horo crannapry Ykpainu JACTVY 8302:2015 «ladopmarrist Ta JOKyMeHTa-
uisi. bidmiorpadiune nocunanHs. 3aranbHi MMOJOXKEHHS Ta MPaBUIIa CKJIa-
TAHHSD).

[Tpuknan ohopmIleHHS CHUCKY JIITepaTypy HABEACHO HIDKYE:

Knuru ognoro, 1Box a00 Tpb0OX aBTOpiB

3absoupkuii FO.B., Carin C.B. PoOouwmii Uk CyJAHOBUX JBUTYHIB
BHYTPILIHBOTO 3rOpsiHHA. Teopis Ta po3paxyHOK OCHOBHHMX HapaMeTpiB:
HaByajgbHUM nmocionuk. Onmeca: HY «OMAy, 2018. 108 c.

Knuru yotupsox i 6inbuie aBTopis

Koneraes M.O., [lapmenora [I.I'., Mamkiuer M.A., Hikonaesa I'.B.,
Poznyupkuiit O.M., Poman I''.T'., Capuuesceka A.Il., Ocamuyk .. bes-
MeKa Ta OXOpOoHa Ha MOpIi: HaB4ajbHHUI mociOHuk. Oxeca: denike, 2020.
832 c.

abo

Bbesneka ta oxopoHna Ha Mopi: HaBuanbHUM nocionuk / M.O. Kone-
raes Ta iH. Onpeca: Penikc, 2020. 832 c.

CraTTs y nepioiM4HOMY BHIAHHI, PO3/iJ KHUTH

Carin C.B., Cronspuk T.O. AHani3 ekclulyaTalilHUX XapakTepHUCTUK
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MOTOPHUX MACTHJI CyJTHOBUX aH3eliB. CYOHO8I eHepeemuuni YCmMAaHosK.
2021. Bum. 43. C. 69-80. https://doi.org/10.31653/smf343.2021.69-80.

Shestopalov K., Khliyeva O., lerin V., Konstantinov O., Khliiev N.,
Neng G., Kozminykh M. Novel marine ejector-compression waste heat-
driven refrigeration system: technical possibilities and environmental
advantages. International Journal of Refrigeration. 2024. Vol. 158. P.
202-215. https://doi.org/10.1016/j.ijrefrig.2023.11.015

Ipaui koudepenuii

T'omiko B.A., aninoB K.C., Cinrora K.O. Excruryaraiist i peMOHT
TPAHCIOPTHUX 3ac00iB MOPCBKOTO Ta PiukoBOro (Gioty. Haykogo-mexh.
Kon@. «Mopcokutli ma piukosutl ¢hrom. excnayamayis i pemonmy, Oneca,
22-23 6epesnst 2023 p. Oneca: HY "OMA". C. 10-13.

JMucepramii

Bynamko B. B. [ligBumienns: epeKkTHBHOCTI (PyHKIIIOHYBaHHS CYIHO-
BUX EHEPreTHYHUX YCTAaHOBOK KOMOIHOBAaHHMX IMPOMYJECUBHUX KOM-
IUICKCIB: JHMC. .... A-pa TexH. Hayk: 05.22.20. Oneca, 2017. 422 c.

3akoHOIaBYAa TA HOPMATUBHA JOKYMEHTALifl, CTAHIAPTH

MixHapomHa KOHBEHIIIS PO MiATOTOBKY 1 TUILUIOMYBaHHS MOPSKiB
Ta HeceHHs BaxTU 1978 poky (KOHCONIIOBaHWA TEKCT 3 MaHIIbCKHUMU
nonpaekamu). K.: BIIK «Exkcnpec-ITomirpady, 2012. 568 c.

JACTY 7152:2010 (ISO 8:2019, NEQ; ISO 18:1981, NEQ; ISO
215:1986, NEQ). Bunanns. Odopmiienns myOuikaniii y s)xypHanax i 36ip-
nukax. Kuis: AI1 «YkpHAHIl», 2020. 11 c. (Indopmaiist Ta qJoKyMeHTa-
11isT)

Enextponni pecypcu

Marine Environment Protection Committee progress on GHG
Strategy and next set of GHG reduction measures, adopts SOx control
area. International Maritame  Organisation:  website.  URL.:
https://www.imo.org/en/MediaCentre/PressBriefings/pages/MEPC-
79.aspx (date: 01.12.2023)
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