AHOTAIIISA

Kich-Kopkimenko JI. B. O0rpyHTyBaHHSI KOHCTPYKTHBHO-KIHEMAaTHYHUX
napaMeTpiB 3aBaHTAXCHHSI KOBIIIIB 36pHOBUX HOPIM.

Jluceprariiss Ha 3100yTTS HAyKOBOIO CTYNHEHS JOKTopa (iocodii 3a
cnemianbHicTIO 133 T"amy3eBe mammHoOyyBaHHs. — JlepkaBHUI 010TEXHOIOTTYHUN
yHiBepcuTeT MiHiCTepCcTBa OCBITH 1 HaykH Ykpainu — XapkiB — 2021.

VY 3B’43Ky 3 OIMUPEHHSM 00CST1B BAHTQ)KHO-PO3BAHTAKYBAIBHUX POOIT MIPH
BUKOHAHHI PI3HHUX TEXHOJIOTIUHUX OMepaliii ¢ 3epHOBUMHU MaTepiajaMu
30UTBIIY€THCA TOMUT Ha BUCOKOE(EKTUBHI HOP1i p13HOI MPOTYKTUBHOCTI Ta BUCOTH.
B mporieci iX ymockoHaneHHs, IO 10 CTaOUIBHOCTI poOOTH Ta HaaiMHOCTI Oyiu
JOCSITHYTH 3HA4H1 pe3yJbTaTH 3a PaXyHOK BUKOPHCTAHHS HOBUX MaTepiaiiB Ta
pe3yJbTaTiB  HAYKOBO-AOCHIAHUX pobiT. OcobivBe 3HAYEHHS HaJaBajIoCs
JOCTIPKEHHIO TIPOIECIB PO3BAaHTAXKEHHS, TOMY IO BBa)Xkajocs, IO BTpaTu
MPOJYKTUBHOCTI OyJIM MOB'SI3aH1 3 YTBOPEHHSM, TaK 3BAHOT0, 3BOPOTHOI'O CHUITY SIK
B po0OO4y TakK 1 XOJIOCTY TPYyOH.

Onnak 10 TeNepilmHbLOrO dYacy MpPOOJIEMHUM 3aJIMINAETHCS 3aBJIaHHS
JIOCITIJIYKEHHS MPOIIECY 3aBAaHTAKEHHS KOBIIIB, B1JI SIKOTO 3aJICKUTh MPOAYKTHUBHICTh
HOpIi 1 cTanmicTh ii podoTu. L1 mpobaemi mpUCBAYEHO HE3HAYHY KUIbKICTh poOIT, a
OTpUMaHI pe3ylbTaTH HE BiAOOpaXaroTh (I3UYHY CYTHICTH TIpolecy 1 He
BI/IMOBIAIOTh TAHUM, OTPUMaHUM B MPOIIEC] eKCILTyaTallii.

He3Baxarouu Ha IpOCTOTY, MPOLIEC MAE CKIAHUNA JUHAMIYHHUI XapaKTep, 110
3aJIeKUTh HE TUIBKH BiJ] KOHCTPYKTUBHO-KIHEMATUYHUX MTapaMeTPiB 3aBaHTAXKECHHS,
ajie 1 Bl MaJOBUBYEHHX, CHEUUPIUHUX (PI3UKO-MEXAHIUHUX XapaKTEPUCTHUK
3epHOBUX MaTepialliB TAKUX SK: MPYKHICTh MIAPY, ONIPHICTh 3pYIICHHIO BCEPEAMHI
MaTepianxy, TOPUCTICTh TPHU Pi3HIN HIUTHBHOCTI YIAKOBKH, KOS(IIIEHTIB TEPTS MPH
pycl MO OMOPHUX MOBEPXHSAX 1 MPHU JIABUHOMOAIOHOMY BUTIKAHHIO MO CIyCKax.
Bu3HaueHHsT LMX BJIACTUBOCTEH € aKTyaJlbHUM 3aBAAaHHAM MEXaHIKU CHUITy4YHX

MaTepiais.
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JluceprariiiiHe JOCTIIKEHHSI TMPUCBSIUEHO BUPILMICHHIO MHUTaHb, MOB'A3aHUX 3
BU3HAYCHHSM (PI3MKO-MEXaHIYHUX BJIACTHBOCTEH CHITYYOT0 3€pPHOBOTO MaTepiany i 3
NpoIecaMy 3allOBHEHHS KOBIIIB 3E€PHOBUX HOPIM TpHM pI3HUX crocodax iX
3aBaHTAKEHHSA. TakMM YMHOM TeMa JUCEpTaIlifiHOi pOOOTH € aKTyaJbHOI B
HAYKOBOMY 1 MPUKJIAJHOMY BIJHOIICHHI, a PE3yJIbTaTH POOOTH CIPSIIOTh PO3BUTKY
3€pPHOBOI T'ally3l CUIbCHKOI'O TOCIOIAPCTBA Ta MIIBUILEHHS €KCIIOPTHOTO MOTEHIIATY
VYkpainu.

MeToro JMOCHIKEHHS € TMIIBUIICHHS MPOAYKTHBHOCTI 3€pPHOBHUX HOpIH 13
3a0e3Me4YeHHsIM ~ CTaOUIBbHOCTI  3allOBHEHHS  3aBAaHTAKEHHS  KOBUIIB  uepes
OOIPYHTYBaHHsI KOHCTPYKTUBHO-KIHEMAaTUYHHUX MApPaMETPIB 13 ypaxyBaHHAM (13HKO-
MEXaHIYHHUX BJIACTUBOCTEH 3€pHOBUX MaTepiaiB.

BianoBigHoO 10 ITOCTaBJIEHOI METH BUKOHAHO TaKll 3aBJIaHHT:

— BUKOHATH aHAJITUYHE JOCTIKEHHS MPY>KHOCTI 3€pHOBOTO Iapy Ta HOro
OIIOpPY BHYTPIIIIHBOMY 3CYBY;

— MPOBECTH aHATITUYHE JIOCIIHKCHHSI TPOLIECIB 3allOBHEHHS KOBIIIB TIPU
3a4epIyBaHH1 3 HACUITY, 3aBaHTaKEH1 MPOTHU X0y Ta MO X0y TATOBOTO €JIEMEHTA,;

— TEOPETHUYHO JOCTIIUTH OMIp 3a4epITyBAHHIO MPHU PI3HUX PEKUMaxX poOOTH
HOPIT;

— €KCTIEPUMEHTAILHO BU3HAYUTH KOE(IIIIEHT OMOPY 3CYBY JBOMA CHOCOOaMMU:
3a MapaMeTpaMH OCECUMETPUYHOTO YKOCY Ta MPSIMHUM 3CYBOM;

— €KCTIEPUMEHTAILHO BHU3HAYUTH KOE(IIIEHT TEepPTS 3EpHOBOIO Marepiary
TUTACTUKOBMIMH Ta CTAJICBUMH TIOBEPXHSIMHU;

— BU3HAYUTH YMOBH Ta MapaMeTpH JIABUHOMOIIOHOTO pyXy Iapy 3€pHOBOTO
MaTepiary 1o HaXWieHI MOBEPXHI PO3POOICHUM EKCTIEPUMEHTATBHUM TPUCTPOEM.

OO0’€KTOM JOCTIIPKEHHSI € 3aBaHTAXEHHS HOPIMHUX KOBILIIB 3 YpPaxXyBaHHSAM
(b13MKO-MEXaHIYHUX BJIACTUBOCTEH MIapy 3€pHOBOTO MaTepiaiy.

BimmoBimHo, TmpeaMeTOM — JOCHIHKEHHS €  3aKOHOMIPHOCTI  BIUIUBY
KOHCTPYKTUBHO-KIHEMAaTUYHUX TapaMeTpiB HOpi Ha 3aBaHTAXEHHS KOBIIIB

3€pPHOBHUMU MaTepiaaMH.
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Meronu AOCHiKEHHS, IO 3acCTOCYBaBaJIUCh y poOOTI € aHaIITUYHI
JOCHI/DKEHHSI 3 BUKOPUCTAHHSIM METOJIB Teopii MPY)KHOCTI, 3aKOHIB (i3UKH Ta
TEOPETUYHOI MEXaHIKH, IJIAHYBaHHS EKCHEPUMEHTY IO 0 BU3HAYEHHS KUIbKOCTI
MOBTOPEHb ICMHUTIB 3aJICKHO BiJ] BITHOCHOI MOXUOKU BUMIPIOBaHb Ta HEOOX1THOTO
MIPOLICHTY HaJIIMHOCTI, METOAMKHU TpadiyHOi OOPOOKM JTaHWX ICIHTIB, 3aCTOCYBaHHS
PO3pOOICHUX MPUCTPOIB Ta CYYACHUX BUMIPIOBAILHUX MTPUIIA/IIB.

HaykoBa HOBHM3HAa OTpUMAaHUX pE3yJbTAaTIB MOJATAE B TOMY, IO BIEpIIE
BCTAHOBJICHO 3aJIeKHOCTI JOTUYHHUX HANpy>KeHb, KyTOBUX JedopMalliii 3epHOBOTO
nrapy Ta Koe(ilieHTy Onopy 3CyBY Bijl TapaMeTPiB YKOCY, 1110 BPaXOBYIOTh TapaMeTpu
BHYTPIIIHBOTO 3CYBY; BIEpIIE aHANITUYHUMU METOJAMH BHU3HAYEHO KOEQIIIEHT
3allOBHEHHS KOBIIIB Ta KOE(DIII€EHTH OIMOpy TMpH 3adyeplyBaHHI 3 HaCUIy Ta
3aBaHTAKEHI1 110 XO/1y 1 IPOTH X0/ TATOBOT'O €JIEMEHTA.

OTtpumaB noJabIINi PO3BUTOK METO BU3HAUEHHS [TApaMETPIB BHYTPIILIHBOTO
3CYBY Ta IPaHUYHUX 3HAYE€Hb (PYHKIIIT TEKY4YOCT1 36pHOBHX MaTEPIaiB 1 palllOHATBHUX
KOHCTPYKIIMHO-KIHEMAaTUYHUX [MapaMeTpiB 3allOBHEHHS KOBIIIB, 10 Ha BIJIMIHY BiJl
BIJIOMHX BpPaxOBY€ TOTUYHI HAIPYKEHHSA, KyTOBI Jedopmailii 3epHOBOTO IIapy Ta
Koe(ILIEHT OTopY;

Y 10cKoHaNIEHO METO/T PO3PaxXyHKY 36pHOBUX HOPIH, 1110 HA BIMIHY BiJl BITOMUX
BpaxoBye KOe(IIIEHT 3a1IOBHEHHSI KOBIIIIB MPH 3a4epITyBaHHI 3 HACUITY Ta 3aBaHTaKEH1
0 XOAY 1 MPOTH XO/Il TATOBOT'O €JIEMEHTA.

[IpakTuuHe 3HaYEHHS O/Iep>KaHUX PE3YJIbTATIB MOJIArae B TOMY, 1110 3aJI€KHOCTI
OTpPHUMaHI B MPOLEC] aHANITUYHUX Ta EKCIIEPUMEHTAIbHUX JOCHIHKEHb, TO3BOJISIOThH
BU3HAYMUTHU palliOHAIbHI KOHCTPYKTHBHI 1 KIHEMaTU4HI MapaMeTpy poOOYHMX OpPTaHiB,
K1 3a0€31euyI0Th 3ajaHy MPOAYKTHBHICTh Ta CTAOUIBHICTh POOOTH HOPII.

PesynbTaTu po60TH Ta po3po0JieH] pEKOMEH Iallii MOKHA BUKOPUCTATH, K HA
CTa/il MPOEKTYBaHHS HOBUX MAIMH, TaK 1 IPH MOJIEPHI3AIlil ICHYIOUYUX 3 METOI0
MIBUIIEHHS X MPOMYyKTUBHOCTI. OmepxkaHi pe3yabTaTd poOOTH BIIPOBAKEHO Y
BUpPOOHMUINA TIpolec: Mpu po3poOui Hopikd mnpoxyktuBHicTioO 100-350 1/rog 1

Bucotoro 30-60 m Ha KapniBcbkoMy MalminHOOYAIBHOMY 3aBOA1 Ta XapKiBCbKOMY
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3aBOJIl €JIeBaTOPHOTO OOJIaJHAHHS, [JIsl HaJallTyBaHHS HOpii Ha poboTy B
ontumaibHOMy pexumi Ha OOO CII «binmit xomoassey. PesympraTét poboTH
BUMPOBA/PKEHO Yy HaBualbHUU mponec JlepkaBHOro O10T€XHOJIOTTYHOTO
YHIBEPCUTETY Y HACTYMHHUX JUCHUILTIHAX: «OpraHizaiis TEXHOJIOTIYHOTO MPOIIECy
€JIeBaTOPHOI MMPOMUCIOBOCTI», «EKcIuTyaTalist Ta o0cayroByBanHs MamuH [1XBy,
«IIpoexTyBaHHS TIANPUEMCTB 30epiraHHss 1 TmepepoOku 3epHa», «OCHOBH
30epiranHs 1 mepepoOKU 3epHay.

B nuceprariii HaBeAeHO TEOpETUYHE Y3arajbHEHHS 1 HOBE BUPIIICHHS
HAyKOBO-TIPUKJIATHOT 3a/1a4i, 10 BUSABISETHCS B OOTPYHTYBaHHI KOHCTPYKTUBHO-
KIHEMaTUYHHUX [apaMeTpPiB 3aBAHTAKCHHS KOBIINIB 3€PHOBUX HOpIA uepe3 13
ypaxyBaHHAM (PI3MKO-MEXaHIYHUX BJIACTUBOCTEH 3epHOBUX MatepianiB. Lle
JIO3BOJIUJIO MIJIBUIIUTH MPOJYKTUBHICTh 3EPHOBUX HOpPiH Ta 3a0e3meunTu
CTaOUIbHICTh 3aITOBHEHHS 3aBaHTAKEHHS KOBIIIIB.

OcCHOBHI HAyKOBl pe3yJbTaTd BHUKOHAHUX JOCIIKEHb TMOJSATalOTh B
HACTYITHOMY:

[IpoBeneHuM  y3arajibHEHHSIM  pE3YyJbTaTiB  BIJOMHX  JIOCHIIKEHb
BCTAHOBJICHO, 1[0 3aJIUIIAETHCS HE BUPIIICHUM 3aBAAHHS  I1JBUIICHHS
MPOJYKTUBHOCTI 3€PHOBUX HOpIH 13 3a0e3meueHHsIM CTaOUIBHOCTI 3allOBHEHHS
3aBaHTAXKCHHS KOBIIB 13 YypaxXyBaHHSIM (PI3MKO-MEXaHIYHUX BJIACTUBOCTEH
3epHOBUX MartepiaiiB. CTaTUCTUYHI METOAM BHU3HAYECHHS €()EKTUBHUX KYTIB
BHYTPIIIHHOTO TEPTS HE B1IOOPAKAIOTH MOBHICTIO MPOIEC B3a€EMOJIT YaCTOK IMPHU
3cyBi. [Iporiec 3auepyBaHHs pO3TIIAAaBCs, IK CXeMa YepIIaHHS OJTHUM KOBIIEM, Y
TOM Yac siK Mpu pPoOOTI HOPIT 1€ peali3yeThCsl MOCIIAOBHO IPYMNOI0 KOBIIIB 3 30BCIM
THIIIOFO CXEMOIO 1X 3alIOBHEHHSI.

Bupimeno HaykoBO-TIpUKIAAHY 3aady, CHOPSIMOBaHY Ha ITiIBUIICHHS
MPOJYKTUBHOCTI 3€PHOBUX HOPIM Ta 3a0e3MeueHHSM CTaOUTbHOCTI 3allOBHEHHS
3aBAHTAXEHHS KOBILIIB HUIIXOM OOIPYHTYBaHHS KOHCTPYKTHBHO-KIHEMAaTHUYHHUX
napamMeTpiB. BCTaHOBIIGHO 3al€KHOCTI JOTHYHHMX  HAmNpyXeHb, KYTOBUX

nedopmariiii 3epHOBOTO IIapy Ta KoeiIieHTy Omopy 3CYBY BijJ mapaMmeTpiB YKOCY,
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II0 Ha BIAMIHY BiJ BIJOMHX BpPaxOBYIOTb MapaMETPU BHYTPIIIHHOTO 3CYBY.
AHaMITHYHUMU METOJaMU BH3HAYEHO KOE(IIIEHT 3alOBHEHHS KOBIIIB Ta
Koe(]iIliEHTIB OMOPY MPH 3a4epIlyBaHHI 3 HACUIY Ta 3aBaHTaXEHI MO X0y 1 MPOTH
X0/l TATOBOTO €JIeMEHTa, 10 BPaXOBYIOTh 11O HA BiAMIHY BiJ BiJOMHX BPaxOBY€
JOTUYHI HAIIPYKEHHs, KyTOBI Jieopmarlii 3epHOBOTO I1apy Ta KOe]illieHT OIopy.

BcranoBneHo, 110 MPYKHICTh 1 OMIp 3CYBY BH3HAYAETHCA HEOOXIJIHICTIO
MIOJIOJIAHHS CUJI BiJ /i1 OPTOTOHAJIBHUX JOTUYHHUX HAIPYKEHb, BHACIIIOK KyTOBOT
nedopmarlii CTpYKTYpH YKJIaJaHHS 3€pHUH 1 JOTUYHUX HAMNPYKEHb TEPTS KOYCHHS
IIpU BUXO/I1 3€PHUH 13 3a4EeIUICHHA. 3HaYeHHs BIIHOCHOI KyTOBOI Aeopmariii 3cyBy
Y mist menumi Y = 0,520; npoca — 0,492; ropoxy — 0,487; coi — 0,477; suMeHto —
0,563; BiBcy — 0,446; xuta— 0,590; rpeuku — 0,523 ; kykypyazu — 0,580; COHAIITHUKY
—0,450.

[Ipu 3amycky HOpii Miciisi 3aBaHTAKEHHS OYHKEpa 1 YTBOPEHHS HACHILY
BIIOYBAa€ThCSl 3allOBHEHHS KOBIIIB, 3aHYpPEHHUX B Hacuil. BcTaHOBIEHO, 110
Koe(dilieHT 3auepnyBaHHs ckiaaae Ksyy = 2,416, a 3aranbHUil onip 3a4eprnyBaHHs
— Fgs =279,6 H. 3amyck HOpii npu MOPOKHBOMY OYHKEpi MPU3BOAUTH IO MO0
TPHUBAJIOTO 3alIOBHEHHS 1 IO TPUBAJIOI pOOOTH HOPIi 31 3HUKEHOO MPOAYKTHBHICTIO.
KoedimienT 3auepmyBaHHS NpU CTAIOMYy peXuMI poOOTH HOpIi ckilamae —
Kzy=1,748; omip 3auepmyBaHHsi Fgp=202,2H. 30uIbLIeHHS KOE]ILIEHTIB
3auepnyBaHHs NpU 301IbIIEHH] IBUIKOCTEH pyXy HOCUTh HENHIMHUN 3pOCTatOunil
xapaktep. [lpu mBHIKOCTSIX TOHAA 5 M/C PI3KO 3pOCTAa€ MUTOMA MOTYXKHICTbH
PUBO/TY.

Bci 3epnoBi Marepianu 3 BosioricTio W < 12,5% HeoOX1HO 3aBaHTaKyBaTu B
KoBIIl Mo xoxay. [lmenuns 3 onrtumaneHOIO BosoricTio 14,5% 1 Buile Moxe
3aBaHTAXKYBATHCA TMPOTU XOAY. 3€pHO KYKYpYA3H Ma€ OUIbLI NPYXKHY 1 KPUXKY
00OJIOHKY 1 M’SIKUH €HIOCHEpPM, TOMY 11 CXHJIBHICTh IO TPAaBMYBAHHS y’e BEJIHKA.
Hagite mpu ontumainbHii BOJOrocTi Kykypyasu 14% 3aBaHTaKeHHS HEOOX1THO
MPOBOAUTH 110 X01y. KpiM Toro podoTa HOpii MOBUHHA BiIOYBATHUCS MPH IIBUIKOCTSIX

0,7-1,2 m/c anst cyxoro 3epHa (W < 12%) Ta 1,2-2 m/c Ta juis 3epHa 3 BoJoricTio 14%



Ta BUIIIE.

[Tpu nmpsiMmoMy maziar0uoMy MOTOII1, Yepe3 PO3MIMPEHHS KUBUIBHOTO MOTOKY,
0COOJIMBO JJIs KyJIenoai0HUX 3epHUH (TOPOX, COs), IPH JAaBUHOIIOI0HOMY PycCi 3a
paxyHOK BIJICKOKY, 3Ha4Ha YaCTHHA 3epHa MOXke He moTpanuTH B koIl Koedimient
PO3IIUPEHHs MOTOKY Jocsrae 3HadyeHb Ky = 1,89-2.9 nns pizHUX MaTepiamiB, IpH
kocoMy majiHHl Ky = 1,15-1,2, B 3B’s3Ky 3 [IUM TIPsIMY TT0J1a4y HE peKOMEHI0BaHO
Uit cupoBHHH 3 BoJoricTio W < 12% Ta nnst KynenoiiOHUX 3epHUH.

ExcrniepyuMeHTanbHUMU ~ JTOCHIDKEHHSAMH  JIABUHOMOJIOHOTO  TMOTOKY
BCTAQHOBJICHO, IO HE PEKOMEHAYETHCS 3aCTOCOBYBATH MpSIMY TMOJady: st
KyJenoII0HUX KPYIHHUX 3€peH (ropoxy, cOoi Ta 1H.); Il CUIKHUX MaTepiajiB 3
BojioricTio 70 12 %. Kocy momady 3acTocoByBaTH OOOB’SI3KOBO JJII TATOBUX
OpraHiB 3 KUIBKICTIO KOBIIIB Ha | M, 10 HAOJMXKAETHCA 1O MaKCUMAIBHO
JOTTYCTHUMOTO.

Pesynbratn  nmocmipkenHs — BopoBamkeHo Ha [IpAT  «KapmiBcekuii
MamHOOyAiBHMM 3aBoj» (M. KapniBka) 3 exkoHOMIYHUM e(eKToM Bij
BIIPOBAKCHHS y cepiitHe BupoOHuNTBO 105 THC. TpH. Ta OO0 CII «binwmii
KOJIOJA3b» 3 €KOHOMIYHMM edekroM 120 Tuc. rpH. Pe3ynbratu poOoTH
BIIPOBA/PKEHO Y  HaBYaJIbHMM  mipouiec  JlepkaBHOTO  O10TEXHOJOTIYHOTO
yaiBepcutety (XHTYCT im. I1. Bacunenka).

KarwuoBi cjoBa: Hopis, KOBII, KOEQIIIEHT OMOpPY 3CYBY, JIOTUYHE
HaIpPY>KEHHS, TOPUCTICTh, KOCPIIIEHT TEPTS, KOSPIIIEHT 3aTIOBHEHHS, KOS(IIIEHT

3auepIlyBaHHs, 3aBaHTAKyBAJIbHUH JIOTOK, MApaMeTPHU BUTIKaAHHS.

IEPEJIIK OITYBJIIKOBAHUX POBIT 3A TEMOIO JTMCEPTAILIII

Crucok myOumikaiiii, B SKUX OMyOJIIKOBAaHO OCHOBHI HAayKOB1 pe3yJbTaTH
JUCEePTAIIii:
1. Kics JI. B. EHepretuuHi BTpaTu B CTPIYKOBO-OapabaHHUX MeXaHi3Max

HOpiii-eneBaTopiB. Mawunobyoysanus. 36ipuux naykosux npays YII1A,2017. Bum.



20. C. 6-10.

2. JlykpsanoB U. M., Kucs JI. B., Bypaa H. B., Ocuxa A. H. K onpenenenunro
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nepepoonux i xapuosux eupobruymey. Bicnux XHTYCI Xapkis: XHTVYCI, 2018.
Bun. 194. C. 78-809.

3. Oscillations with positional friction under mechanicals hock / [Vasyl
Olshansky, Oleksii Bogomolov, Viktor Irklienko, Lilia Kys-Korkyshenko]. — Teka.
Quarterly Journal of Agri-food Industry, 2019. Vol. 19. Ne 1. P. 49-58.

4.V. 1. Irklienko, O.V. Bogomolov, I.M. Lukivanov, L.V. Kis-
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nicoeoeo ma mparncnopmuozo komniexciey, 2021. No 23. 2021 p. C. 65-69.

6. boromonor O. B., JIyk'suos I. M., Kick-Kopkimenxko JI. B. Jlo Bu3HaueHHs
KOHCTPYKTHBHO-KIHEMAaTUYHUX TMapaMeTpiB 3aBaHTAXKCHHs KOBIINIB HOPIA MPOTHU
xony pobouoro enementa. Mamepianu XII Misxcnapoonoi naykogo-npaxmuyroi
KoHgepenyii «llpobnemu KOHCMPYIOBAHHA, BUPOOHUYMEA MA eKCNAYamayii
cinbcvkoeocnooapcvkoi mexwikuy. Kpomusaunpkuid: [IITHTY. 2019. C. 66—68.

7. Ilat. 13397 Ykpaina, MIIK B65G 23/04 (2006.01), B65G 17/36 (2006.01).
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MixcnapooHnoi  Haykoso-npakmuuHoi KoHghepenyii «Pecypcozbepedicenus ma
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nepcnekmusu, egpexkmuenicmo (M. Xapkis). Xapkis: XJYXT, 2018. C. 309-310.

11. boromonioB  O. B., Kice-Kopkimenko JI. B. BmiuB  mpykHux
BJIACTUBOCTEN Ta OMOPY 3CYBY LIAPiB 36pHOBHX MaTrepiaiiB Ha 3auepnyBaHHs. 1e3u
oonogioeti ~ XV-eo  midcHapoonoco  ¢gopymy  monodi  «Monoob i
cinbebkococnooapcoka mexuixa y XXI cmopiuuiy (4-5 keimus 2019 p., m. Xapkis).
XapkiB: XHTYCT im. I1. Bacunenka, 2019. C. 42.

12. boromomnos O. B., JIyk’saos 1. M., Kice-Kopkimenko JI. B. 3anoBHeHHs
HOPIMHUX KOBIIIB MPU 3auepIlyBaHHI 3€pHOBOr0 Marepiany. Teszu donosioeti 111
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ABSTRACT

Kis-Korkishchenko L. V. Substantiation of structural and kinematic
parameters of loading buckets of grain elevators.

Dissertation for the scientific degree of Doctor of Philosophy in the specialty
133 Industrial Engineering. — State Biotechnological University of the Ministry of
Education and Science of Ukraine — Kharkiv — 2021.

Due to the expansion of the volume of loading and unloading operations in
the performance of various technological operations with grain materials, the
demand for highly efficient bucket elevator of different productivity and height is
increasing. In the process of their improvement, to the stability of work and
reliability were achieved significant results through the use of new materials and
research results. Particular importance was attached to the study of unloading
processes, because it was believed that the loss of productivity was associated with
the formation of the so-called backfill in both the working and idle pipes.

However, to date, the problem remains the study of the process of loading
buckets, which depends on the productivity of the bucket elevator and the
sustainability of its work. A small amount of work is devoted to this problem, and
the results obtained do not reflect the physical nature of the process and do not
correspond to the data obtained during operation.

Despite the simplicity, the process has a complex dynamic nature, which
depends not only on the structural and kinematic parameters of the load, but also on
poorly studied, specific physical and mechanical characteristics of grain materials
such as layer elasticity, resistance to shear inside the material, porosity at different
packing densities. Coefficients of friction during movement on bearing surfaces and
at avalanche-like flow on descents. Determining these properties is an urgent task in
the mechanics of bulk materials.

The dissertation research is devoted to the decision of the questions connected

with definition of physical and mechanical properties of loose grain material and
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with processes of filling of ladles of grain burrows at various ways of their loading.
Thus, the topic of the dissertation is relevant in scientific and applied terms, and the
results of the work will help the development of the grain sector of agriculture and
increase the export potential of Ukraine.

The purpose of the study is to increase the productivity of grain burrows with
ensuring the stability of the filling of the buckets through the justification of
structural and kinematic parameters, taking into account the physical and mechanical
properties of grain materials.

In accordance with the goal the following tasks were performed:

— perform an analytical study of the elasticity of the grain layer and its
resistance to internal shear;

—to conduct an analytical study of the processes of filling buckets when
scooping from the embankment, loaded against the course and along the traction
element;

— theoretically investigate the resistance to scooping in different modes of
operation of the bucket elevator;

— experimentally determine the coefficient of shear resistance in two ways: by
the parameters of the axisymmetric slope and direct shear;

— experimentally determine the coefficient of friction of grain material with
plastic and steel surfaces;

— to determine the conditions and parameters of avalanche-like movement of
the layer of grain material on the inclined surface by the developed experimental
device.

The object of the study is the loading of bucket elevator buckets, taking into
account the physical and mechanical properties of the layer of grain material.

Accordingly, the subject of the study is the patterns of influence of structural
and kinematic parameters of bucket elevator on the loading of buckets with grain
materials.

The research methods used in the work are analytical studies using the
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methods of elasticity theory, laws of physics and theoretical mechanics, experiment
planning to determine the number of test repetitions depending on the relative
measurement error and the required percentage of reliability, methods of graphical
processing of exam data, application of developed devices and modern measuring
instruments.

The scientific novelty of the obtained results is that for the first time the
dependences of the tangential stresses, angular deformations of the grain layer and
the shear resistance coefficient on the slope parameters, which take into account the
parameters of the internal shear; for the first time the coefficient of filling of buckets
and coefficients of resistance at scooping from an embankment and loaded on the
course and against a course of a traction element are defined by analytical methods.

The method of determining the parameters of internal shear and limit values
of the yield strength of grain materials and rational structural and kinematic
parameters of bucket filling, which, in contrast to the known ones, takes into account
tangential stresses, angular deformations of the grain layer and coefficient of
resistance; the method of calculating grain burrows has been improved, which, in
contrast to the known ones, takes into account the coefficient of bucket filling when
scooping from the embankment and loaded along and against the traction element.

The main scientific results of the research are as follows:

The generalization of the results of known studies shows that the problem of
increasing the productivity of grain burrows with ensuring the stability of the loading
of buckets, taking into account the physical and mechanical properties of grain
materials. Statistical methods for determining the effective angles of internal friction
do not fully reflect the process of interaction of particles during shear. The scooping
process was considered as a scheme of scooping by one bucket, while in the work
of the bucket elevator it is implemented sequentially by a group of buckets with a
completely different scheme of their filling.

The scientific and applied problem aimed at increasing the productivity of

grain burrows and ensuring the stability of filling the bucket loading by
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substantiating the structural and kinematic parameters. The dependences of the
tangential stresses, angular deformations of the grain layer and the shear resistance
coefficient on the slope parameters are established, which, in contrast to the known
ones, take into account the internal shear parameters. Analytical methods determine
the fill factor of buckets and coefficients of resistance when scooping from the
embankment and loaded along and against the traction element, taking into account
that in contrast to the known tangential stresses, angular deformations of the grain
layer and the coefficient of resistance.

It is established that the elasticity and shear resistance are determined by the
need to overcome forces from the action of orthogonal tangential stresses due to
angular deformation of the grain stacking structure and tangential rolling friction
stresses at the exit of grains from gearing. The value of the relative angular
deformation of the shear Y for wheat Y = 0.520; millet — 0.492; peas — 0.487;
soybeans —0.477; barley — 0.563; oats — 0.446; rye — 0.590; buckwheat — 0.523; corn
— 0.580; sunflower — 0.450.

When starting the bucket elevator after loading the hopper and the formation
of the embankment is filling the buckets, immersed in the embankment. It is
established that the scooping factor is Kzacu = 2,416, and the total scooping
resistance is Fqs = 279.6 N. Starting the noria with an empty hopper leads to its long-
term filling and long-term operation of the bucket elevator with reduced
productivity. The coefficient of scooping at a constant mode of operation of the
bucket elevator is — Kzach = 1,748; scooping resistance Fq, = 202.2 N. The increase
in scooping coefficients with increasing speeds is nonlinear increasing. At speeds
above 5 m/ s, the specific power of the drive increases sharply.

All grain materials with a moisture content of W < 12.5% must be loaded into
the bucket along the way. Wheat with an optimum humidity of 14.5% and above can
be loaded against the stroke. Corn grain has a more elastic and fragile shell and soft
endosperm, so its susceptibility to injury is very high. Even at optimum humidity of

corn of 14% of loading it is necessary to spend on the move. In addition, noria
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operation should occur at speeds of 0.7-1.2 m/s for dry grain (W < 12%) and 1.2—
2 m/s and for grain with a moisture content of 14% and above.

With direct falling flow, due to the expansion of the nutrient flow, especially
for spherical grains (peas, soybeans), with avalanche-like movement due to rebound,
a significant part of the grain may not get into the bucket. The flow expansion
coefficient reaches the values of Ky =1.89-2.9 for different materials, with an
oblique drop of Ky =1.15-1.2, in this regard, direct feed is not recommended for
raw materials with a humidity of W < 12% and for spherical grains.

Experimental studies of avalanche-like flow have shown that it is not
recommended to use direct feed: for large spherical grains (peas, soybeans, etc.); for
bulk materials with humidity up to 12%. The oblique feed must be used for traction
bodies with the number of buckets per 1 m, which is close to the maximum
allowable.

The results of the study were implemented at PJSC "Karliv Machine-Building
Plant" (Karlivka) with the economic effect of the introduction into serial production
of 105 thousand UAH. and LLC JV "White Well" with an economic effect of 120
thousand UAH. The results of the work were introduced into the educational process
of the State Biotechnological University (KhNTUSG named after P. Vasylenko).

Key words: bucket elevator, ladles, shear resistance coefficient, shear
stresses, porosity, friction coefficient, filling factor, scooping coefficient, loading

chute, outflow parameters.



