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The proposed static model describes the system work of "drying agent — seeds" by optimizing the
drying process due to the mathematical modeling of more complete use of heat and energy savings.

Factors which are subject to control and regulation, constitute a system, which includes the coolant
temperature and seeds and their moisture content, size of the seed layer, the flow rate of the coolant and seeds. The
main factors that influence the system are the environmental factors and input parameters of the coolant and seeds.

In the drying process parameters influencing the process require optimal operation of the dryer (control
parameters). For example, the drying process can be regulated by changing the temperature of the coolant at the
inlet to the dryer, the change of the area of contact of seeds with coolant, coolant supply or the seeds. At the
same time on the drying parameters will be affected by uncontrolled parameters, such as initial seed moisture
content and open air temperature.

You need to find the option that within specified conditions would ensure the achievement of the
extremal (minimum) values of the heat losses.

On the basis of the operational model and the objective function, the efficiency of the process of drying
is measured at a specific energy consumption of the process, the speed of drying of seeds and final moisture
content. For study parameters of the dryer it is necessary to have data on changes in temperature, moisture
content of the drying agent and seed during the drying process.

A mathematical model of the drying process allows to determine the dependence of air temperature and
seed at the outlet of the dryer when you change the amount of seed and determine the dependence of the air
temperature and seed at the exit of the dryer when you change the coolant flow. If the proposed model will be
solved for the temperature at the outlet of the dryer and the final drying temperature, changing the temperature of
the air entering the dryer, you can choose the drying mode, focusing on the maximum allowable heating
temperature of the seeds.

Studies conducted using the static simulation of the mathematical model of the heat balance, show that
the change of consumption of the seeds and the coolant affect the temperature of the seed to a much lesser extent
than changing the temperature of the coolant at the inlet to the dryer. The use of these models allows by
calculation select the modes of operation of the dryer with the known input parameters of the system.
drier, grain drier, thermal balance, seeds, heat carrier
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BromB moranHarO4YMX MOKPUTTIB HA TIMOWHY J1a3epHOI
00poOKM AeTalieil CiIbChKOTOCIIOAAPChKOI TEXHIKH 31
ctam 45

JlocnipkeHO BIUTMB IMOTJIMHAIOYMX TOKPHUTTIB Ha MIMOWHY Jla3epHOi 0OpOOKM 3 METOIO IiIBHICHHS
MIITHOCTI Ta 3HOCOCTIMKOCTI JieTaJIel CLIbCHKOTOCIOAAPChKOi TeXHiKK 3i cram 45. BusHnaueHo, mo Halkparii
pe3yJbTaTi MaloTh MICIE y BUIAJIKy 3aCTOCYBaHHS IOKPHUTTIB, IO MICTSATh OKCHUAM AIIOMIHIIO Ta LHHKY, a
TaKOX Ca)<y Y BUIJISI aepO30JIF0, IO MPU3BOAUTD [0 3HAYHOTO 30UIBIICHHS TITMOMHU 30HH JIA3€PHOTO BIUIUBY.
[paBwabHUIA MAOIp MOTIIMHAIOYAX MOKPHUTTIB 3a0€3MEUYHTh CYTTEBE 3POCTaHHA Koe(illieHTa KOPHCHOI il
Jazepa.

MeTO] TOBEPXHEBOI Ja3epHOi 00poOKH, JazepHe 3MillHEHHsI, TapTyBaHHs, cTajdb 45, 3HococTiiiKicTh,
JAeTati CllIbCbKOr0CnoJapCchKoi TeXHIKH
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Bunsinue morsiomaumux NOKPHITHI Ha riIyOMHY Ja3epHoi 00padoTKu AeTaliell ceJbCKOX035iicTBEeHHOI
TeXHUKHU u3 craiau 45

HccnenoBaHo BIMSIHUE IOTJIOHIAIONIMX MOKPBHITHH Ha TIIyOMHY Ja3epHOl 00paboOTKM C LeNbIo
TIOBBIMICHUSI TPOYHOCTH U M3HOCOCTOWKOCTH JeTalel CeIbCKOXO3SMCTBEHHON TeXHWKH U3 cramm 45,
YCcTaHOBNEHO, YTO HAWIyYIIHE pPE3ylbTaThl MMEIOT MECTO B ClIydae MPUMEHEHHUs MOKPBITHH, COAepXKallux
OKCHUJbI aJIIOMUHHA W IIUHKA, a TAKXKE CaXy B BHJC adp030Jid, YTO MPUBOJUT K 3HAYUTCIbHOMY YBCIUYCHUIO
rIIyOMHBI 30HBI JIa3epHOTO Bo3AeHCTBUS. [IpaBUIIbHBIA 1MOJOOp TOMIIOIIAIONIMX ITOKPHITHH o0OecrednT
CYIIECTBEHHBIH POCT KO QPHUIIMEHTA OJIE3HOTO JICHCTBYS JIazepa.
MeTOJ TOBEPXHOCTHON JiazepHOii 00padoTKH, Ja3epHoe YNpPOYHEHHe, 3aKajJMBaHHe, cTalb 45,
H3HOCOCTOMKOCTD, 1€TAIHN CeJIbCKOX03AHCTBEHHON TEXHUKH

IloctanoBka mpodJjemu. 30UIBIICHHS pecypcy BHUPOOITKY PpI3HHX JAeTallel
CLUIBCHKOTOCIIOIAPCHKOI TEXHIKM HUHI HE BTPAva€e CBOET aKTyaJbHOCTI. 3a0e3MeueHHs BUIIOT
MIIHOCTI JeTajei, sKi HaWOUIbIIe MANAI0ThCS 3HOCY Ta BUXOJATH 3 JIady, € OJHIEI0 13
MEPIIOYEProBUX 331, IO CTOATH Mepe]l BUPOOHUKAMU CLITbCHKOTOCTIOAAPCHKUX MAIIIKH.

bararo neraneii TpakTopiB, KOMOaliHiB, 3aCO0IB MeXaHi3allli TBAPUHHUIITBA Ta THIINX
CLTBCHKOTOCTIOAPCHKIX MAIIMH, TaKl SK KOJIHYATI, pO3MOAUIRYI Ta IUIILEB] Balik, CKJIa0B1
KPUBOILUITHO-IIATYHHOTO MEXaHI3My, IIeCTepHi, 3y0uari Kojeca, 31pOUKH, ILUTyHKEPH TOIIO,
[0 MOBHHHI 3aJ0BUILHATH BIAMOBIAHI BHUMOTH IIOJAO MIIHOCTI Ta 3HOCOCTIMKOCTI,
BUTOTOBIITIOTHCS 31 cTaii 45. JIns X 3MIIHEHHSI MOYXe 3aCTOCOBYBATHUCSI METOJI TIOBEPXHEBOI
na3zepHoi 0OpoOku. MIIHICTP Ta 3HOCOCTIMKICTH METaJeBUX JeTalied Yy BHIAJIKY
3aCTOCYBaHHS JaHOTO METO/IY 3aJIe)KaTh TAKOXK 1 BiJl IIMOMHU 30HH Ja3epHOro BumBy (3J1B),
Ha SIKy CYTTE€BHM BILTUB CIPABISAIOTH Pi3HI MOTIMHAIOYI TOKPHUTTS.

Tomy aHami3 BIUIMBY pI3HOMAHITHUX MOTJIMHAIOYMX TIOKPUTTIB HA TIIMOMHY
MOBEepxXHEBOi JazepHoi 0OpoOKu crtami 45, mo B CBOIO uepry BIUIMBAaTHUME Ha PECypc
BUPOOITKY BIANOBIAHUX JETaliel CLIbCHKOTOCHOAAPChKOI TEXHIKHM, Ha TaHW MOMEHT €
AKTyaJIbHUM Ta Ba)KJIUBUM.

AHani3 ocTaHHiX AociifkeHb Ta nmyOJikaniii. /lo myOmikamiii ocTaHHIX POKIB Ha
TEMy BIUIMBY METOAY IOBEPXHEBOI Ja3epHOi OOpOoOKM Ha BIACTHBOCTI MarepialiB MOXKHA
BITHECTH TMpalll TaKuX HayKoBHiB Ta BYeHHX, sk B.Il. Beiiko, O.I'. I'purop’suu, B.C.
Yepuenko, [.M. Illuranos, M.B. Kinapauyk, O.I. Jlynka, B.C. KoBanenko Ta iHmuUX, sKi
JNETAIbHO 3aiiMaluCsl TMUTAHHSAMHU BIUIMBY JIQ3€PHOTO BUIPOMIHIOBAHHS HAa TMOBEPXHIO
CTaJICBUX 3pa3KiB y Pi3HMX BUIAJAKax Ta s pisHux marepiaiis [1-4]. OcranHi qoCiKeHHS
II0JI0 JTA3€PHOTO 3MIIHEHHS Pi3HUX JeTaleil CUThbChKOTOCIOIaPChKOT TEXHIKA HABOJIUIINCH B
HaykoBux npansx B.I1. Biprokosa, [.d. byxanosoi, B.M. booGpurskoro, O.JM. Maxeiika, T.C.
Cko0uto Ta iHmux [5-10].

IlocTanoBka 3aBaaHHsA. MeTo0 poOOTH € NOCTIAWTH BIUIMB Pi3HUX IMOTIMHAIOYUX
MOKPHUTTIB HAa TTOUOMHY J1a3epHOi 0OpoOKku crami 45 3 METOI MOKpamleHHs ii MeXaHIYHHX
BJIACTUBOCTEH Ta 30UIBIICHHS PECypCy BHPOOITKY BIAMOBIIHUX JETaleil CLILCHKOTOCTIOIAp-
CBKOT TEXHIKH.

Buxaan ocHoBHoro marepianay. Bigomo, 1o mig gac J1a3epHOTO 3MIITHEHHS JeTaien
CUTBCHKOTOCTIONAPCHKOI TEXHIKM BaXKJIMBUM (PAaKTOPOM BIUIMBY Ha iX pecypc BUPOOITKY €
rIMOMHA 3MILIHEHOTO HIapy, sIKa 3aJIeKUTh BiJl MapaMeTpiB MOBEPXHEBOI Jla3epHOi 00poOKH, B
TOMY YHCIIi 1 BiJf HAHECEHUX Ha 3MIIHIOBaHY MOBEPXHIO MOTJIMHAIOYUX MTOKPUTTIB.

[lornuHaroui MOKPUTTS JO3BOJSIOTH 00pOOJIIOBAaHOMY 3pa3Ky 31 CTalll OTPUMYBATH
3HAYHO OUTBIy YaCTHHY €Heprii Ja3epHOro BUIIPOMIHIOBAHHS, CYyTTE€BO 3MEHIIYIOYH TPHU
IIbOMY BiJIOMTTS IPOMEHS BiJl MOBEPXHI 3MIITHIOBAHOI JAETaI.

3anexnicts rubuan 3JIB Ha momipoBaHOMY 3pa3Ky 31 craii 45 mpu BUKOpPHCTaHHI
pI3HHX TIOTJIMHAIOYMX MOKPHUTTIB 300paxkena ©Ha puc. 1 [1]. Cmig 3a3HauwTH, 010
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e(eKTUBHICTh 3aCTOCYBaHHS MOIJMHAIOUUX MOKPUTTIB Ta B LIOMY JIa3€PHOTO 3MII[HEHHS
3aJIe)KUTh TaKOXk 1 Bl MBUAKOCTI OOpOOKM, IO BH3HAYAE 4Yac BIUIMBY JIa3epHOTO
BUIIPOMIHIOBaHHSA Ta TEMIepaTypy BIAMOBIAHOI MoBepxHi. I[Ipu 30i7bIIEHHI IIBUIKOCTI
na3epHoi 00poOku (v > 6 MM/C) OmIaBIEHHS MOBEPXHI JOCIIHOTO 3pa3ka He BilOYBa€THCA.
Haiikpami pe3ynpTaTd MaioTh MiICIlE€ y BUIAJAKY 3aCTOCYBaHHS IOKPUTTIB, L0 MICTATh
OKCH/IM aJFOMIHIIO Ta IMHKY, a TaKOX Caxy y BUDIAA aepo3onto (kpusi 1-4). Ilpu upomy
BiZI0yBa€eThCs 3HaUHE 30UIbIeHHs rubouau 3J1B.

h, v

J

0 T : - D, MM/C
0 10 15

n

1 — aeposzonbha caxa; 2 — Al,03 3 opraniuHuM CroayIHUKOM; 3 — BOAsiHUI po3unn ZNn0O;
4 — ZnO 3 opra”ivHUM CIIOIYYHUKOM; 5 — BOISHUIN PO3YUH caxi; 6 — po3unH rpadiTy B alleTOHI

Pucynox 1 — 3mina rmubuan 3JIB Ha momipoBawiii ctanmi 45 mpu qocmimkeHH]
pisHuX mormHHA4HX TOKPUTTIB (E = 20 MBmiu?)

Takoxx 7nazepHe rapTyBaHHA cTaidl 45 1pu BUKOPUCTAHHI PIZHOMaHITHHUX
HOTVIMHAIOYMX TMOKPUTTIB MOKE YCHIIIHO BHUKOPUCTOBYBATHUCH 1 MpPHM BUIIMX HIBHIKOCTSIX
00poOKH, ae mpH LbOMY BIOYBA€ThCS 3HAYHE 3MEHIICHHS 3MIIHEHOTO IIUM METOIOM
00poOku rmbuHu 1mapy (puc. 2) [1].

h, MM
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B

3 OINNTABJICHHAM 0e3 OIIaBIICHHS
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B

0.4
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0 , : 0, MM/C
40 60 80

Pucynoxk 2 — 3anexnicts rimbunu 3JIB crani 45 Bijx mBuakocti 00podku
(P=3,1 xBr, nornuHaroue MOKPUTTS — a€pO30JIbHA CAXKa)
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3acTocyBaHHA Ta MPAaBWIbHUH MiAOIP MOTTMHAIOYMX TOKPUTTIB JJO3BOJIUTH 00POOISATH
METaJICB1 3pa3Ky Ha MOTPIOHY TJIMOMHY TaKOX 1 JJA3€PHOI0 YCTAHOBKOK MEHIIOT TOTY>KHOCTI,
TaK SK 3HAYHO 30UIBIIMTHCA TOTJMHAHHS €HEprii JIa3epHOTrO MPOMEHs, 3pOcTe KOe]illieHT
KOPHCHOI Aii 1a3epa.

be3yMOBHO, pO3rIsSHYTI MPUKIIaIN Ja3epHOTO rapTyBaHHA cTaii 45 mpu BUKOPUCTaHHI
PI3HUX NOTJIMHAIOYHUX MMOKPUTTIB HE OXOILUTIOIOTH BCIX MOKJIMBUX BUINAJKIB. [IutaHHsS po3poOku
HOBUX, OUIbII €()EeKTUBHUX, JEIIEBUX Ta TEXHOJOTTYHUX MOKPUTTIB AJIS JIa3ePHOI MOBEPXHEBOI
0o0poOKM cTajli HE MOXHA BBaKaTW BHUPILIEHUM, HEOOXIIHO ¥ Hajaidl MpPOJIOBXKYBATU
JIOCITIKEHHS B JAHOMY HalpsIMKY.

BukopucranHs ja3epHOro rapTyBaHHsI JO3BOJISIE TaKOX IMIJBUILIUTH 3HOCOCTIMKICTD
nap TepTs CUIbCHKOTOCIOIaPChKOT TEXHIKH, 110 MPAILIOIOTh SIK B YMOBaX CyXOro TepTs, Tak 1 B
a0pa3sMBHO-MACIITHOMY CEPEIOBUINI. 3MCHIICHHS 3HOUIYBAHHS JETallel IICIs JIa3epHOTO
rapTyBaHHs OOYMOBJIGHE pSA0M (aKTOpIB. BEIUKOK TBEPIICTIO TMOBEPXHI, BHUCOKOIO
JTUCTIEPCHICTIO CTPYKTYpH, 301IBIIIEHUMH HECYYMMHU BIACTUBOCTSMHU MOBEPXHI, 3MEHILIEHUM
KOe(ILIEHTOM TEPTS TOILO.

ITopsiza 13 UM Ha 3HOCOCTIHKICTh BIUIMBA€E HEPIBHOMIPHICTh BIACTHUBOCTEH JIOKATBHUX
JTUISTHOK 00poO0JeHOl MoBepXHi. 3MILHEHHS 3 MEPEKPUTTSAM, a TAKOXK HAHECEHHS OKPEMUX
WwissM a0 JOPKOK J1a3€pHOTO 3MILHEHHS NPHU3BOIUTH O YTBOPEHHS 3HEMIIHEHMX Ta
HE3MILIHEHUX JIJISHOK Y MICIISIX, 1€ MeTajl OPOMiHIOBaBCs JBa Ta Olyiblle pa3iB abo 30BCIM
He omnpoMiHooBaBcd. LI JOUIAHKM MOXYyTh OyTH MICISIMM  pesakcalii  3aJMIIKOBHX
CTPYKTYPHHX Ta TEPMIYHHX Hampyx)eHb. KpiM Toro, yacTkoBe BUNIAPOBYBaHHS MaTepiary
B 3JIB BUKIMKae yTBOPEHHS MIKpO3ariunOieHb, B SKUX YTPUMY€ETbcs MacTuio. Lle Takox
CIpusi€ 301IbIIEHHIO 3HOCOCTIMKOCTI IPH pOOOTI Map TepT.

B ymoBax TepTs KoB3aHHsA cTaimi 45, 3arapToBaHOi Jla3epHUM Oe3MepepBHUM
BUIIPOMIHIOBaHHSM O€3 OIUIaBJIICHHS, MO 3arapToBaHii 1 HU3bKOBigmymeHid cram LIX15
3HONIYBaHHA ¥ KOE(IIIEHT TEepTS CYTTEBO 3HIDKYIOTHCS B TOPIBHSHHI 31 3BUYAWHUM
raptyBaHHsM ctam 45. Takoxx Ticis 3aCTOCYBaHHS METOJy MOBEPXHEBOI Ja3epHOI 0OpOOKH
Pi3KO 3MEHIIYEThCS Yac mpuIpamtoBants map reprs (puc. 3) [1].
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Pucyrok 3 — [opiBHSHHS BiHOCHOTO 3HOCY (@), KoedimieHTy TepTs (6) Ta Yncia IMKIIB 10 PUTIPAITIOBAHHS T1ap
TepTs (6) A7 3BUYARHOTO Ta Ja3epHoro rapryBanus crani 45 (P=1 kBm, v=25 mwmlc)

Ha mnoBepxni neraneif, 3okpema, 3i cram 45, 3minHeHux Oe3nepepBHUM abo
IMITyJTbCHUM ~ JJa3€pPHUM  BHIIPOMIHIOBAHHSM, BHHHUKAIOTh HEOJHOPIAHO  PO3IMOALICHI
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3aJIMIIKOBI Hanpy>keHHsA. Po3mipu 001acTi 31 3MIHEHUMU HaNpY>KEHHAMHU 3HAYHO OLIbINI, HIK
30HA JIA3€PHOTO BIUIMBY, MPUYOMY MA€ MICII€ TIEBHA CUMETPIs BIAHOCHO IIEHTPY 3MIIHEHO1
CMYr'H 4M IUIIMU. BenuuumHa Ta 3HAK 3aJUIIKOBUX HANpyXXeHb 3ajJekaTh BiJl PEKUMIB
na3epHoi 00poOKH, XIMIYHOIO CKJIAAy CTall Ta JeAKHX IHIMX (pakTopiB. BoHN BHM3Ha4yaoTh
Taki BJIACTUBOCTI JeTalledl CUIbCHKOTOCMOMAPChKUX MAIIHH, SIK 3HOCOCTIMKICTh, BTOMHI
XapaKTePUCTHUKH, 3JIUIIKOBI AepopMariii ToLio.

[TopiBHSHO 31 3BMYAlHUM TapTyBaHHSAM Ta 3 TapTyBaHHSAM 13 BIJIIyCKOM Ja3epHe
rapTyBaHHs JieTajleil ClIbChbKOTOCIOAAPChKOi TEXHIKU 3a0e3Meuye B JIeKUIbKa pa3iB MEHILY
IHTEHCUBHICTh 3HOCY BHACHIZIOK OCOOJIMBOCTEN 3aIMIIIKOBHUX HANpPY>KE€Hb y MIOBEPXHEBOMY IIapi
crani [1] (puc. 4).

= 17
6
4
2
0
SUMIKOEL | 6, 60 MTTa | 574655 MITa |-380+80 MTTa
HATIPYKeHHS
Bun 3BHuaiite T Jazephe
00podKH rapTyBaHHT s rapTyBaHHA
+ BLOIYCK

PucyHok 4 — [HTeHCHBHICTB 3HOCY cTali 45 mpu cyXoMy TepTi B 3aJIS)KHOCTI BiJl MAKCHMAIIBHUX 3AJTHIITKOBHX
HAaIpy>KeHb y TOBEPXHEBOMY IIapi TEPMO3MIIIHEHOTO 3pa3Ka

BucnoBku. OTxe, 10CIIPKEHO BIUIMB MOTMTMHAIOYMX MOKPUTTIB HA MIIMOUHY JIa3epHOI
00poOku ctam 45 3 METOI MiABHILIEHHS MIIHOCTI Ta 3HOCOCTIMKOCTI BIAMOBIAHHUX JeTanei
CLITBCHKOTOCTIONIAPCHKOI TeXHIKK. Bu3HaueHo, M0 HailKkpaml pe3yiabTaTH MarTh MICIE Yy
BUIMAJKY 3aCTOCYBaHHS MOKPHUTTIB, 1[0 MICTSITh OKCHIU aTIOMIHIIO Ta IIMHKY, & TAKOXK Caxy y
BUTJISAII A€PO30JIF0, IO MPU3BOAWTH 10 3HAYHOTO 30UTBIICHHS TIUOWHH 30HU JIA3EPHOTO
BIUIMBY. [IpaBunpHUIl miadip MOTNIMHAIOYMX TOKPUTTIB 3a0€3Me4YUTh 3HAYHE 3POCTAaHHS
KoeilieHTa KOPUCHOI i1 Jla3epa Ta T03BOJIMTH 3aCTOCOBYBATH JIa3ep MEHIIOI MOTY>KHOCTI, 110
B CBOI0 4Yepry CHOpUATUME 3MEHIIEHHIO CcoOIBapTOCTI omepaiii 3MIlIHEHHsS JaeTaiei
CUTBCHKOTOCTIONIAPCHKUX MAIIMH. 3aCTOCYBaHHS Ji1a3epHOi OOpOOKM  JIO3BOJISIE 3HAYHO
1 BUIIMTHA 3HOCOCTIWKICTD JieTallel CLIbCHKOTOCTIOAAPCHKUX MAIIIHH.
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Effect of absorbing coatings on the depth of laser processing of agricultural machinery parts from steel 45

The aim of this work is to study the effect of various absorbing coatings on the depth of laser processing
of steel 45.

The increase in strength and wear resistance of agricultural machinery parts as a result of laser treatment
is established. It has been established that the best results are obtained when coatings containing alumina and
zinc oxides and also carbon black in the form of an aerosol are used, which leads to a significant increase in the
depth of the laser exposure zone. Correct selection of absorbing coatings will provide a significant increase in
the coefficient of efficiency of the laser and will allow the use of a lower power laser.

Choosing the right laser power will help reduce the costs of hardening of agricultural machines parts.
method of surface laser treatment, laser hardening, tempering, steel 45, wear resistance, details of
agricultural machinery
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