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Summary. Analysis of the modern development of technologies for restoration of
machine parts has shown high operational efficiency and prospects of laser surfacing for
repair of mold parts at the enterprise of ODO "NOMAKON".

2. Study and development of parameters of the technological process of laser surfac-
ing with optimization of modes of restoration of quickly wearing parts of molds for ob-
taining the body of flow heaters allowed:

- to increase the operational service life of molds by 40-50%, (to increase the num-
ber of operating cycles before major repairs from 400,000 to 800,000, to reduce the cost
of products and make them competitive);

- to improve the surface quality of the deposited layers;

- to reduce the time spent in repair by 20% due to the exclusion of a number of tech-
nological operations.

YK 621.432/004.932

Kopneesa B.K., kanauiaT TeEXHUYECKUX HayK, JOLEHT;
KanmeBuu B.M., TOKTOp TeXHUYECKUX HayK, Ipodeccop;
OcTtpukos B.B., MarucTpast
Vupeoicoenue obpazosanus «benopycckuil 2ocyoapcmeenivlil azpaphbiil
mexuuyeckull ynusepcumemy, 2. Munck, Pecny6nuxa Benapyce

ONPEJAEJIEHUE IIBETA MOTOPHOTI'O MACJIA
C UCNTOJIb3OBAHUEM IIBETOBOM MOJIEJIA HSB

AnHotanus. [IpennoxxeH HOBBI METOANYECKHI ITOAXON OLEHKH I[BETAa MOTOPHOTO
macia 1o OamipHOM mkamre ASTM D 1500, ocHOBaHHBIN Ha KCIIOIL30BAaHUU ILIATHHA
Color Inspector 3D mporpamMmHoro komiuiekca Imagel. IlpoBemeHo cpaBHEHHE
3Ha4eHWH IBETOBBIX KoopamHaT Mmomenn HSB nudpoBbix n3obpaxeHHil MOTOPHBIX
MaceJs ¢ COOTBETCTBYIOIIMMH KoopanHataMu Imkaisl ASTM D 1500.

Annotation. A new methodical approach to assessing the color of motor oil accord-
ing to the ASTM D 1500 point scale is proposed, based on the use of the Color Inspector
3D plugin of the ImageJ software package. A comparison of the values of the color co-
ordinates of the HSB model of digital images of motor oils with the corresponding coor-
dinates of the ASTM D 1500 scale is carried out.

KioueBble cioBa: MoTopHOE Macio; Ber; moxenb HSB; mkama ASTM D 1500;
Imagel.

Keywords: motor oil; color; HSB model; ASTM D 1500 scale; Image].

MOTOpHOG Macjiao ABJIIACTCA OIHHUM U3 BOXXHEUIINX HCTOYHHKOB

nH(OpPMALNH, aHATU3UPYIO KOTOPYI0 MOKHO CYIWTh Kak 00 M3MEHEHHH €ro
COCTOSIHUS, TAaK M O TIpolieccax, HENmocpencTBeHHo nporexaromux B JABC mpu
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ero skciuryaranu [1]. OgHOM U3 KOHTPOIUPYEMBIX XapaKTEPUCTUK MOTOPHOTO
Macjia SBISIETCS €ero IBeT [2], MO M3MEHEHHIO KOTOPOr0 MOXHO CYIUTH O
MoNaJaHuy B Maclo TaKuX 3arpsi3HEHHH, KakK TOIUIMBO, BOAA, aOpa3uBHBIC
YaCTHIIBI, CaXka U NMPOLYKTHI H3HOCca Tpudboconpspkenuit JIBC.

OneHKy 1BeTa MOTOPHOIO Maciia MOKHO OCYILIECTBIISATE C IIOMOIIBIO IPHOOPOB
— xomopumerpoB ITHT (P®), Ler-IIXII (P®), Koehler Instrument K13290
(CIIA), Huazheng Electric HZSD-29 (KHP) u np. Ilpuxnum nedictBust 3THX
IpHOOPOB OCHOBAH HA BU3YAJIILHOM CPaBHEHHH LIBETA MOTOPHOTO Macla C IIBETOM
CTAHIAPTHBIX CBETO(MIBTPOB C 3aJaHHBIMU 3HAYECHMSMU KOOpPIHMHAT IIBETHOCTH,
comacio ASTM D 1500 [3]. Crnemyer OTMETUTBh, KOTOPUMETPHI SBISIOTCA
JIOPOTOCTOSIIIAM ~ OOOPYAOBAaHMEM, TPEAHA3HAYCHBI JUIST TPOBEICHHS TOIBKO
71a00paTOPHBIX HCCIIENOBAHUN ¥, CaMOe IIIaBHOE, HE MOTYT OBITh HCIIONB30BAHBI
TIPH MCIBITAHUSX MOTOPHOT'O MAcIa HEMOCPEACTBEHHO B ITOJICBIX YCIIOBHSX.

Jnst mpoBenenus ucnbITaHuW B moneBblx  ycnoBusix  AIIK  Hamm
IpeyIaraeTesi MPOBOANTH CPaBHEHHE IBeTa HU(POBOIO M300paKCHHS IPOObI
MOTOPHOT'O MacJa ¢ NBETOBBIMHU 3neMeHTaMu mKkansl ASTM D 1500 (pucynox
1), oneHnBaeMbIMH B Oamtax B auama3zone or 0 mo 8 c¢ mrarom 0,5. OmHako,
Takasi OpraHoJICITHIECKast OLICHKA IIBETa SIBJSIETCS, BO-IIEPBBIX, TPYIOEMKOH, a,
BO-BTOPBIX, MOXXET OKa3aThCs OMIMOOYHON HM3-3a CYOBEKTHBHOTO BOCIIPHATHS
n3o0pakeHust ucmbiTareneM. IlosTomMy Ui NpOBEAEHHS CpaBHEHHUS IIBETa
MotopHoro Macina co mkanod ASTM D 1500 mamm mnpemioxeHo [4]
HCTONB30BaTh  MpOrpaMMHBIM  KoMmIulekc  Image). Otor  KoMILIEKC,
MepBOHAYANBHO pa3paboranHelii  BeftHom Pacbammom B 1997 . mis
OMOMEIWMIMHBI, B HAcTOSNIee BpEeMs HamleJd [IMPOKOe IIPUMEHEHHE IS
pelIeHusl TEXHMYECKHX 3a/Jad B pa3NIWYHBIX oOnmacTsix. [mageJ 1mo3BoisieT
MPOBOAUTE 00paboTKy M300pa)keHUil TFOOBIX (POpPMATOB, OCYIIECTBIATH HUX
KOJIOPHMETPHUECKUH aHaIN3, ONPENENIATh pa3Mepbl OOBEKTOB, IPOU3BOANUTH
pa3IHYHBIC TCOMETPUIECKIE Ipeodpa3oBaHus u 1p. [5, 6].
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Demonstrative ASTM D1500 color scale
Pucynok 1 — Ilkama ASTM D 1500
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Ilpn mpoBemeHMM KOJOPHMETPHYECKOTO aHalW3a mporpamma I[mage)
TIO3BONSIET TIPENCTaBUTh LU(PPOBBIC H300PKCHUS, HCIONB3YS pPa3INIHbIC
UQpOBBIC TPOCTPAHCTBA.

404



Henbro HacTosmieidl pabOTBI SBISAECTCA TPEACTABICHHE HU300paKCHUH
6amrpHON mKanel ASTM D 1500 1 MOTOpHBIX Maceln B I[BETOBOH mozaenu HSB
U UX CPaBHEHHE C UCIIONB30BAHHUEM IPOrPAMMHOTO KoMILIekca Imagel.

[[BeroBass Momens HSB — mepuenumoHHas (MHTYUTUBHAs) MOZICIH
MPEICTABICHUA IBETa C IOMOINBI0 KOMOHWHAIMM TpexX Oa30BBIX IapaMeTpOB:
usertoBoro ToHa H (Hue), Haceiuennocty S (Saturation) u sipkoctu B (Brightness).
DTy MOAENTs MOXHO TpPEACTaBUTh B BHUIC INUIMHAPA (PHCYHOK 2), B KOTOPOM
TMr00OH IBET 3a/1aeTCS TOYKOW C KOOPOMHATAMH 0a30BBIX MApaMETPOB: IBETOBOM
ToH H — 3HaucHHEM yriia Ha nepudepur ocHOBaHMs IHHIpa oT 0° (KpacHBI)
gyepe3 BCe IBETa BHAMMOro crekrpa go 360° (kpacHbIi); HACHIIIEHHOCTh S —
pamraneHas koopmuHata oT 0 % (ueHTp ocHOoBaHus wwmHApa) mo 100 % (Ha
nepudeprn); APKOCTh B — KoopauHata 1o BbIcoTe IwmmHIpa ot 0 % (HmwkHee
ocHoarme) 100 % (BepxuHee ocHoBanme). Kom mBera mBeroBoit momenu HSB
3aIMCHIBACTCS B BHIC MIEPEUMCIICHIS IIBETOBBIX KoopmuHaT (H, S, B), pa3neneHHbIX
3aIsITOM, Harpumep, 1yt 3eneHoro usera — 120°, 100 %, 100 %.

100% s 0% i, 0° (360)

Pucynok 2 — L{BeToBast monens HSB

Hnst npeacraBnenust wkansl ASTM D 1500 B uBeroBoit Monenu HSB
Bocrionezyemcst miaruHoM Color Inspector 3D TporpaMMHOTO KOMILIEKCa
ImageJ, TO3BOJSIIONIMM TIPEACTABIATH LU(PPOBOE M300pa’keHHUE B BHIOpaHHOM
I[BETOBOH MOJIEITN C Pa3iIMYHBIM BHJIOM OTOOPa)KEHUS, ONPEACISTh €€ [[BETOBBIC
KOOpAMHATHI, PAaCCMaTPUBATh N300pa’keHNE C PA3INYHBIX CTOPOH H JIp.

[TpumeHnsieMblil TIArMH aKTUBHPYETCSI B CTPOKE MEHIO IporpaMmsl /mage)
myTeM BbIOOpa ciemyromel IrmocienoBaTenbHocTH KomaHn Plugins — Color
Inspector 3D B Bune otnenbHOro okHa (pucyHok 3). Jlamee orkpbeiBaeM 3D-
n3obpakenne mkansl ASTM D 1500 (File — Open — Qaiin) 1 BEIOHpaeM BHJ
uBeroBoit moaenu (Color Space — HSB) (pucyHOK 4).

[narun  Color Inspector 3D mo3BonsieT BHIOMpATh IISITh  BHIOB
otobpaxenus 3D-uzobpaxenuit (Display Mode):

— «All Colors» — oToOpakaroTcs Bce IIBeTa HE 3aBUCHMO OT MX YacTOTHI B BHIC
OT/IETIbHBIX TOUEK;

— «Frequency Weighted» — oToOpakaloTcs I[BeTa B BUJIC OT/CIBHBIX TOYEK,
KOJIMYECTBO KOTOPBIX B 3aBUCHMOCTH OT YacTOTBI MOXKHO pETYJIHpOBaTh
HACTPOMKOH ¢ TOMOIIBIO MON3YHKA « Weighty;
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Pucynok 3 — Murepdetic marnna Pucynox 4 — IlpencraBineHue IIKajbl
Color Inspector 3D ASTM D 15008 mnarune Color Inspector 3D

— «Histogram» — oroOpaxaroTcss ONM3KHE IBeTa, OOBCIMHEHHBIE B
cdepuyeckne SUCHKH ¢ pa3MepoM, IPOIOPIMOHATIBHEIM YacTOTE I[BETOB, MPU
3TOM KOJIMYECTBO SYEEK MOXHO PEryJupoBaTh HACTPOHKOH C ITOMOIIBIO
nomynka «Number of Color Cellsy;

— «Median Cut» — oTOoOpakaeTcsi yMEHBIICHHOE C ITOMOIIBI0 METOAa
MEIMaHHOTO CEYCHHS KOIMYECTBO IIBETOB, OOBEIMHEHHBIX B CEPHUUECCKIE TICHKN
C pa3MepoM, MPOIOPIHOHAIBHBIM YacTOTE I[BETOB, NIPH 3TOM KOJIMYECTBO I[BETOB
MOXKHO PETyJIMPOBaTh HACTPOHKOH ¢ MOMOIIIBIO TToN3yHKa «Colorsy;

— «Wu Quant» — orobpakaeTcs yMEHBLICHHOE C IOMOIIBIO ajJropuTMa
Xiaolin Wu  («KBanToBaHMe  IBETa  METOIOM  JHMHAMHYECKOI'O
IIPOrpaMMHUPOBAHNS W NPUHOWNHAIGHOIO aHANIN3a») KOJIMYECTBO I[BETOB,
00BEIMHEHHBIX B CdepHyeckue SUCHKH ¢ pa3MepoM, HpONOPLIHOHAIBHBIM
YacTOTE€ I[BETOB, MPH O3TOM KOJMYECTBO IBETOB MOXKHO PETryJIHPOBaTh
HAacTPOHKOH ¢ moMonipio nonsyHka «Number of Colors».

Ha pucynke 5 mpencrasnensl 3D-uzo0paxenus mkansl ASTM D 1500 B
Mozenu HSB npr paccMOTPEHHBIX BBIIIE BUAAX OTOOPasKeHNSI.

«Frequency
Weightedy

«Histogram» «Median Cut» «Wu Quant»

Pucynok 5 — 3D-m306paxenus mxanst ASTM D 1500 B monern HSB
TIPH PA3IIMIHBIX OTOOPayKEHUSIX

Jnst  ompeneneHus LBETOBBIX KOOPAMHAT LBETOBOM Monenu HSB
HEO0XOIUMO BBIOpATh BHJ OTOOpaskeHUs « Wu Quant» ¥ HaBeCTH KypCOpP MBIIIH
Ha WCCIEAYEeMBIH 3neMeHT u3o0paxkeHus mkansl ASTM D 1500, nmpu stom B
CTPOKE COCTOSIHUS TIOSIBSATCS 3HAYCHHSI [IBETOBBIX KOOPIUHAT (PUCYHOK 6).
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wxve) lseae) 8(x10) argpnass (40 Conrant (x10) Satwaen (x10) ol Rotaen (0°)

Pucynok 6 — Onpenenenne 3HaYeHMI [BETOBBIX KoopauHat mkaisl ASTM D 1500
1BeTOBOH Monenu HSB

[lonyueHnHble 3Ha4yeHHs] LBETOBBIX KOOpAMHAT Moaenu HSB kaxnoro
aneMenTa 1BeToBo# mkaimsl ASTM D 1500 npencraBiieHsI B TaOHIIE.

Tabmuna — LiBeroBere koopauHats! HSB mkamst ASTM D 1500

bann LJgemogvie Koopouramoi ban Hsemoseie
ASTM D 1500 ASTM D KOOpOUHamol

H N B 1500 H S B

0,5 61 27 100 4,5 0 100 60
1 51 64 99 5 0 94 42
1,5 42 80 99 5,5 359 91 35
2 33 83 99 6 355 91 25
2,5 23 88 93 6,5 353 83 16
3 17 90 87 7 353 78 13
3,5 9 93 75 7,5 347 76 10
4 7 93 63 8 280 30 4

B kadecTBe mpuMepa OImpeaenuM LBETOBbIE KOOPAUHATHI [1SB MOTOPHBIX
Macen ¢ ompeAeNeHHBIMH Oammamu cormacHo ASTM D 1500, mudpooe
n300pa’keHne KOTOPBIX MPECTaBIeHO Ha pucyHke 7 [7].

Pucynok 7 — ludposoe n300paxkeHre MOTOPHBIX Macel
¢ 6amutamu o mkane ASTM D 1500
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Ha pucynke 8 mpencraBieHo m3obpaxenue monenu HSB aHalmu3upyeMbIX
MOTOPHBIX Macel ¢ oToOpakeHneM «Wu Quant» (IBOMHON MIETYOK MBIIIBIO 110
TIOYYCHHOMY HM300pa)KEHHIO I[BETOBOM MOJIEIM MO3BOJSIET IMPEACTaBUTH €ro
BUJI CBEPXY), @ Ha PUCYHKE 9 NMpHBEIEHO CPAaBHEHNE MX IBETOBBIX KOOpAWMHAT
H, Su B ¢ cooTBeTcTBYIOIMMU KoopAauHaTtamu mkansl ASTM D 1500.

6

Pucynok 8 — Mzo6paxenue moznenu HSB MOTOPHBIX Macel:
a — aKCOHOMETPUST; O — BUJ CBEPXY
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Pucynok 9 — CpaBHeHHE IIBETOBBIX KOOPIUHAT Moaenu HSB MOTOPHBEIX Macel
¢ koopauHaTaMu 1wkainsl ASTM D 1500:

a — xoopnuHara H; 6 — koopauHaTta S; 6 — KoopIuHaTa B

Ba ASTM D 1500

CpaBHeHHEe 3Ha4eHMH NMQPOBBIX KOOPIMHAT MOTOPHBIX Macen cC
koopauHatamu 1mkansl ASTM D 1500 (pucyHok 9) mokasplBaeT Xopouiee
COBIIaJICHUE TI0 I[BETOBOMY TOHY H I/l BCEX Maced, a JuIs Macia ¢ Oauiom 3 —
OTKJIOHEHHE MO HACBIMIEHHOCTH S U spkocTh B. Takoe OTKIOHEHHE MOXKET
OBITH CBSI3aHO, WJIM C HETOYHOH OIICHKOH 0a/uloB MpH BH3YyaJbHOM CPaBHEHUH
CO IOKaJOH, WIM C HENpPaBWJIBHONH KaIMOPOBKOH LBETOPHUIBTPOB MpPH

HCIOJIb30BAHUH KOJIOPpUMETPA.
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Summary. Comparison of the values of the digital coordinates of motor oils with
the coordinates of the ASTM D 1500 scale (Figure 9) shows good agreement in color
tone H for all oils, and for oil with a score of 3, a deviation in saturation S and bright-
ness B. Such a deviation may be associated either with an inaccurate assessment of
points during visual comparison with the scale, or with incorrect calibration of color
filters when using a colorimeter.
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ECONOMIC ANALYSIS OF HYBRID DC BATTERY-SOLAR
POWERED RECHARGEABLE IRRIGATION WATER PUMPING DEVICE

SKOHOMMYECKUI AHAJIN3 THBPUIHOI' O YCTPQFICTBA
IS OPOIUEHUSI IMTAHUEM OT AKKYMYJISITOPHOM BATAPEU
M COJIHEYHOM DHEPTUHU

Abstract. In agriculture both mechanical and electrical power is essential input for
agriculture in order to produce crops. It runs many pieces of agricultural machines and
equipment using electricity or fossil fuels. These days, a variety of agricultural
technologies are available to increase crop yield at a lower cost and energy consumption.
The key component of any crop-raising technique is water pumping for irrigation, and
farmers must rely on grid power or fossil fuels to operate their pumps. This research
proposes the use of hybrid DC battery-solar powered rechargeable irrigation pumping
device and its practical adoption to boost crop production. It was discovered that the
financial and environmental advantages of using hybrid pumping device compared to
diesel pumps. It was discovered that a 7 HP diesel irrigation pump would have used 660
liters of diesel, releasing 1,716 kg of CO, into the environment, to irrigate a piece land
of onion. Additionally, it is of financial benefit if the entire amount of carbon dioxide
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