ISSN 2663-1334 (print)
ISSN 2663-1342 (online)

DOI: 10.31548/machenergy.2020.01.204

Machinery & Energetics

Journal of Rural Production Research

since 2010 till 2018
[Scientific Herald of National University of Life and Environmental Science
of Ukraine. Series: Technique and Energy of APK.
ISSN 2222-8594 (print). ISSN 2415-7694 (online)]

Vol. 11

No 1

(January — March)

Kyiv — 2020



Editor-in-Chief
Prof. Vyatseslav Loveykin, National University of Life and Environmental Science of Ukraine in Kyiv, Ukraine

Vice-Editor
PhD Ivan Rogovskii, National University of Life and Environmental Science of Ukraine in Kyiv, Ukraine
PhD Oleksandr Synyavskiy, National University of Life and Environmental Science of Ukraine in Kyiv, Ukraine

Assistants Editor
PhD Viktoria Kyrylyuk, National University of Life and Environmental Science of Ukraine in Kyiv, Ukraine

Editorial Board

Prof. Andrey Tevyashev, Kharkov National University of Radio Electronics, Ukraine

Prof. Andriy Boyko, National University of Life and Environmental Science of Ukraine in Kyiv, Ukraine

Prof. Valeriy Voytiuk, National University of Life and Environmental Science of Ukraine in Kyiv, Ukraine

Prof. Volodymyr Kozyrskii, National University of Life and Environmental Science of Ukraine in Kyiv, Ukraine

Prof. Andrzej Marczuk, University of Life Sciences in Lublin, Poland

Prof. Dainis Viesturs, Latvia University of Agriculture, Latvia

Prof. Dmytro Voytiuk, National University of Life and Environmental Science of Ukraine in Kyiv, Ukraine

Prof. Gennadiy Golub, National University of Life and Environmental Science of Ukraine in Kyiv, Ukraine

Prof. Georgiy Tayanowski, University of Agriculture in Minsk, Bielarus

Prof. Henryk Sobczuk, Polish Academy of Sciences, Poland

Prof. Janusz Wojdalski, Warsaw University of Life, Poland

Prof. Leonid Aniskevych, National University of Life and Environmental Science of Ukraine in Kyiv, Ukraine

Prof. Yevgen Aftandilyants, National University of Life and Environmental Science of Ukraine in Kyiv, Ukraine

Prof. Larysa Bal-Prylypko, National University of Life and Environmental Science of Ukraine in Kyiv, Ukraine

Prof. Ludvikas Spokas, Agrarian University in Kaunas, Lithuania

Prof. Petro Yevych, Czech University of Life Sciences Prague, Czech Republic

Prof. Ondrej Savec, Czech University of Life Sciences Prague, Czech Republic

Prof. Vjacheslav Shebanin, Mykolayiv National Agrarian University, Ukraine

Prof. Povilas A. Sirvydas, Agrarian University in Kaunas, Lithuania

Prof. Stanisfaw Sosnowski, University of Engineering and Economics in Rzeszéw, Poland

Prof. Tadeusz Zioto, Czgstochowa University of Technology, Poland

Prof. Valery Adamchuk, National Scientific Centre «Institute of Mechanization and Electrification of Agriculture» in Kyiv, Ukraine

Prof. Vitaliy Lysenko, National University of Life and Environmental Science of Ukraine in Kyiv, Ukraine

Prof. Volodymyr Boyko, National University of Life and Environmental Science of Ukraine in Kyiv, Ukraine

Prof. Volodymyr Bulgakov, National University of Life and Environmental Science of Ukraine in Kyiv, Ukraine

Prof. Volodymyr Gorobets, National University of Life and Environmental Science of Ukraine in Kyiv, Ukraine

Prof. Volodymyr Gorobetz, National Agrarian University of Moldova, Moldova Republic

Prof. Volodymyr Kravchuk, State Scientific Organization ,,Leonid Pogorilyy Ukrainian Scientific Research Institute of Forecasting and Testing of
Machinery and Technologies for Agricultural Production”, Ukraine

Prof. Vyatcheslav Adamchuk, University McGill, Canada

Prof. Waclaw Romaniuk, Institute of Technology and Life Sciences Branch in Warsaw, Poland

Prof. Wojciech Tanas, University of Life Sciences in Lublin, Poland

Al the articles are available on the webpage: www.journals.nubip.edu.ua/index.php/Tekhnica
All the scientific articles received positive evaluations by independent reviewers
Linguistic consultant: lvan Rogovskii
Typeset: lvan Rogovskii
Cover design: Lyudmila Titova
Photo on the cover: lvan Rogovskii

© Copyright by National University of Life and Environmental Science of Ukraine, 2020

Editorial Office address
National University of Life and Environmental Science of Ukraine
Str. Heroiv Oborony, 15, Kyiv, Ukraine, 03041
e-mail: rogovskii@nubip.edu.ua

Printing
AgroMediaGroup, Novokonstantinovska Str. 4a, 04-080 Kyiv, Ukraine

Publishing Office address
AgroMediaGroup, Novokonstantinovska Str. 4a, 04-080 Kyiv, Ukraine

ISSN 2663-1334 (print)
ISSN 2663-1342 (online)
Edition 100+16 vol.


mailto:rogovskii@nubip.edu.ua

ISSN 2663-1334 (print)
ISSN 2663-1342 (online)

DOI: 10.31548/machenergy.2020.01.204

TexHika Ta eHEpreTUKa

Kyphan Haykosux 00Cnioxicens
CITbCbKO20CNO0APCLKO20 BUPOOHUYMEBA

32010 poky no 2018 poky
[HayxoBwuii BicHUK HallioHalIbHOTO YHIBEPCUTETY 010pECYPCIB 1
npupoIoKOpucTyBaHHs YKpainu. Cepis: TexHika Ta eHepretrka AIIK
ISSN 2222-8594 (print). ISSN 2415-7694 (online)]

Bunyck 11
Ne 1

(ciueHb — Oepe3eHb)

Knis — 2020



HanionanbHuii yHiBepcuTeT 0iopecypciB i NPUPOIOKOPUCTYBAHHA YKpaiHH

Machinery & Energetics. Journal of Rural Production Research. Kyiv. Ukraine. Peakou. :
B. C. Jloseiikin (ronoB. pex.) Ta in. Kuis. 2020. Bum. 11. Ne 1. 204 c.

BucsitneHo  pe3yinbTaTd  HAYKOBUX  JOCHIIKEHb, MPOBEACHUX  MpalliBHUKaMU
HamionaneHoro yHiBepcureTy 0iopecypciB 1 MPHpPOIOKOPHCTYBaHHS YKpaiHU 1 B cHiBIpal i3
3aKOPJIOHHUMHU HAYKOBIISIMH, MpalliBHUKAaMH HaBUAJbHUX 3akjaaAiB MiHicTepCTBa OCBITH 1 HAYKH
VYkpainu Ta HaykoBo-mociuigaux iHctuTyTiB HAH VYkpainm, HAAH VYkpainu i MinicrepcTBa
PO3BHUTKY €KOHOMIKH, TOPTiBJIi Ta CUIBCHKOTO TOCIIOapCTBa Y KpaiHHu.

Penakuiiina xouserisi: B. C. JloBeiikin, A-p TexH. Hayk, npod. (TOJIOBHHI pPEIaKTop);
O. 10. CunsiBcbkuii, KaH/. T€XH. HayK, aoil.; [. JI. PoroBchkuii, kaHa. TEXH. HayK, CTapIIMil HayK.
cmiBp. (3aCTYIHHKH TOJIOBHOrO penakropa); B. Il Kupuirok, kaHa. c.-T. Hayk, JIOI.
(BimnoBimanpHU# cekpetap); B. I. Anamuyk, a-p TexH. Hayk, npod.; B. B. Axamuyk, a-p TexH.
HayK, mpod.; JI. B. AnickeBud, 1-p TexH. HayK, pod.; €. I'. AdTanaiiasHi, 1-p TeXH. HAyK, TPod.;
JI. B. bane-Ilpwmmnko, n-p TexH. Hayk, npod.; B. M. bymrakoB, n-p TexH. Hayk, mnpod.;
B. JI. Boiitiok, n-p TexH. Hayk, npod.; I. B.[onoBau, n-p TexH. mayk, npod.; I'. A. Tomy0,
I-p TeXH. HayK, npod.; M. B. I'peduenko, 1-p TexH. HayK, npod.; A. B. XKunbuos, 1-p TexH. HayK,
npod.; M. M. 3abioacekuii, n-p TexH. Hayk, npod.; H. A.3aemp, kKaHI. TEXH. HaAyK, MIOIL.;
B. B. Kamnyn, n-p texs. Hayk, npod.; B. B. KoBans, a-p Texn. nayk, npod.; B. B. Ko3upcekuii,
I-p TexH. HayK, npod.; B. I1. Jlucenko, a-p TexH. Hayk, npod.; K. I'. JlomaTeko, A-p TeXH. HAYK,
mou.; [ 1. Hazapenko, n-p TexH. Hayk, mpod.; B. M. HecBimomin, n-p TexH. HaykK, mpod.;
C. @. [lununaka, 1-p TeXH. HayK, mpod.; B. M. Pemeriok, kaHa. TexH. HayK, joil.; B. PomaHrok,
I-p TexH. HayK, pod.; I'. Cobuyk, n-p TexH. HaykK, pod.; O. b. Tammupes, a-p TexH. HAyK, Tpod.;
C. Il. llurankoB, I-p TeXH. HAayK, cTapmuii HayK. cmiBp.; M. I'. HaycoB, n-p TexH. HayK, mpod.;
C. A. llIBopoB, I-p T€XH. HAYK, MPO.

PekomennoBano no npyky Buenow pamoro HVYBill Vkpainu, mpotokon Ne 6 Bif
16 ciuns 2020 p.

Haykosuii xypran «Machinery & Energetics» € mpaBOHACTYITHUKOM HayKOBOTO BHJIQHHSI
«HaykoBuii BicHuk HartioHanbHOTO yHiBepcUTETY GiopecypciB 1 MpUPOAOKOPUCTYBaHHS Y KpaiHH.
Cepis: TexHika Ta eHepretuka AIIK», skuii 3rimHO 3 Hakazamu MiHicTepcTBa OCBITH 1 HAyKH
Vkpainu Big 13 nunasa 2015 p. Ne 747 ta Bin 07 tpaBHsa 2019 p. Ne 612 BHeceHu#t 10 nepeniky
HAayKOBHX JpYKOBaHUX (paXxOBUX BHJAHb YKpaiHH, B SIKUX MOXYTb OyTH OIyOJiKOBaH1
pe3yibTaTH JAUCEpTAllifHUX poOIT Ha 37400YyTTS HAYKOBUX CTYNEHEH JOKTOpa 1 KaHAMuJaTa
TEXHIYHUX HayK.

HaykoBuii xxypraan «Machinery & Energetics» BaeceHo a0 0ibmiorpadiunoi 6a3u qaHux
HAYKOBUX MyOJIiKalliii BHECeHO /10 Oibmiorpadiunux 0a3 maHux HaykoBux myoOumikaiiiii CrossRef,
PIHLI, Ulrich’s Periodocals Directory, USJ, BASE, SIS, AGRIS, innekcyerscst Google Scholar,
RePEc, ResearchBib, MIAR.

Bianoimaneuuii 3a Bunyck . JI. PoroBcekmii.

Anpeca penxonerii: 03041, Kuis-41, Byn. ['epoiB o6oponwu, 15,
HarmionaneHuii yHiBepcuteT OiopecypciB
1 IPUPOTOKOPUCTYBAaHHS Y KpaiHu, Ten. 527-82-41

© HarionansHuil yHIBEpCUTET O10peCypCiB 1
IPUPOAOKOPUCTYBaHHS YKpainu, 2020


https://www.kmu.gov.ua/catalog/ministerstvo-ekonomiky-ukraini
https://www.kmu.gov.ua/catalog/ministerstvo-ekonomiky-ukraini
https://www.researchbib.com/view/issn/2222-8594

Machinery & Energetics. Journal of Rural Production Research. Kyiv. Ukraine. 2020, Vol. 11, No 1, 5-11
ISSN 2663-1334 (print), ISSN 2663-1342 (online), www.journals.nubip.edu.ua/index.php/Tekhnica

VK 693.546

DOI: 10.31548/machenergy.2020.01.005-011

JAHAMIYHUI AHAJII3 PYXY MEXAHI3MIB 3MIHUA BUWILOTY TA IOBOPOTY BAIITOBOI'O
KPAHA 3 BAJIOYHOIO CTPIJIOIO

B. C. JloBeiikin, 0. O. PomaceBuy, A. B. Jloseiikin, /I. I. MymTun
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bion. 19, puc. 6, maoban. 1.

AnoTtauis. Pobota npucBsueHa TOCITiIHKESHHIM TIPO-
IeCiB, SKi BUHUKAIOTh MPHU CYMICHOMY pyCi MeXaHi3MiB
3MIHHM BIJIBOTY BaHTaXYy Ta OBOPOTY OAIITOBOrO KpaHa 3
TOPU30HTAJBHOIO OaNOYHOIO CTpinoro. B crarti HaBeneHa
JMHaMIYHa MOJENb PyXy MEXaHi3MiB 3MIHHM BHJIBOTY Ta
MOBOPOTY OAaIITOBOTO KpaHa, Ha OCHOBI SIKOi 3a JIOTIOMO-
rolo piBHsHHS JlarpaHxa Apyroro poxay ckiiajeHa CHCTe-
Ma 3BUYAMHMUX HENIHIMHUX AU(PEpPeHIIHNX PIBHAHB IpY-
roro mnopsjaky. Po3B’s30k oTpuMaHHX JudepeHIiHHIX
PIBHAHB 3IiHICHCHO YHMCENBHUM METOIOM 3 BHKOPHCTaH-
HSAM CTaHAAPTHUX MpPOrpaM, pPe3yabTaToOM SKHX CTaJId
rpadivdHi 3aNEKHOCTI KiHEMaTHYHHX XapaKTEPUCTHK 1
JMHAMIYHUX XapaKTEPHUCTHK JIAHOK INPHBOAHUX MEXaHi3-
MIB 3MiHM BWJIBOTY T4 HMOBOPOTY KpaHa, a TaKOX BaHTa-
KY.

AmnHani3z orpuMmaHux rpadiyHHX 3aJeKHOCTel MoKa-
3aB, 110 B IPOLECI MyCKy MEXaHi3MiB 3MIHH BHIILOTY Ta
MOBOPOTY KpaHa BUHHMKAIOTh KOJIMBAHHS SIK B €IEMEHTaxX
NPUBOJY TaK i B HECY4i KOHCTPYKIII, SIKi MepeiatoThes
Ha BaHTaX Ta MPU3BOAATH A0 WOro po3roiimyBanHs. Po3-
TOilyBaHHsS BaHTaXy YCKIAJHIOE POOOTY KpaHIBHHKA,
3MEHIIYE MPOAYKTHBHICTh Ta TOYHICTH MO3WIIOHYBaHHS
BaHTaXy MpH poOOTi KpaHa, a TAKOXK 3HIKYE HOTO HaTiii-
HICTb, IO 30UTBITYE HMOBIPHICTh BUHHKHEHHS aBapiiHUX
cuTyauiil. BupimeHHs1 mocraBleHNX 3a1ad AUHAMIYHOTO
aHaJi3y CYMICHOTO pyXy MEXaHi3MiB 3MiHH BHJIBOTY Ta
TIOBOPOTY KpaHa B IPOLEC ITyCKy JI03BOJISIE BCTAHOBHTH
YMHHHKH, SKi BIUIMBAIOTh HAa KOJIMBAHHS €JIEMEHTIB MpH-
BOJIB, KOHCTPYKIIH Ta BaHTaxy. B pe3ymbraTi mpoene-
HOTO aHaJi3y PEXHUMIB ITyCKy MEXaHi3MiB 3MiHH BHJIBOTY
Ta MOBOPOTY KpaHa BCTAHOBJICHO, 1[0 BIUIUB Ha KOJIMBaH-
HS €JIEMEHTIB KpaHa Ma€ XapaxTep 3MiHHM PYIIHHUX MO-
MEHTIB NPHUBOJHHUX MEXaHI3MiB, a TaKOXX T'€OMETPHYHI,
KiHeMaTH4HI Ta IHEpUiliHI XapaKTepHUCTHKH JaHoK. Jlis
CYTTEBOTO 3MEHIICHHS JUHAMIYHMX JIAHOK B €JIEeMEHTax
NIPUBOJIHUX MEXaHi3MiB, KOHCTPYKIIif KpaHa Ta BaHTaXy,
3alpOIIOHOBAHO TPOBECTH ONTHMI3allil0 MepexiJHUX
PEKUMIB IYCKy Ta TaJIbMyBaHHS IPH CYyMICHOMY pyci
MEXaHi3MiB 3MiHHM BHJILOTY Ta MOBOPOTi KpaHa.

Taka onTumizariis 103BOJIUTH 30UIBIINTH MPOTYKTH-
BHICTh BaHTQXHHUX OINEpamid Ta MiABHIINTH TOYHICTH
MTO3MIIOHYBAaHHS BaHTaXy B IPOIECi HOTO MepeMilleHHs,
a TakoX MiABUIIUTH NMPOIYKTUBHICTH POoOOTH KpaHa Ta

3MEHIIUTH MOJIIUBICTh BHHUKHEHHS aBapiiHUX CHTya-
i,

KurouoBi cioBa: GamToBmii KpaH, AMHAMIYHA MO-
JIellb, MEXaHi3M 3MiHH BWJIBOTY, MEXaHi3M IIOBOPOTY,
CYMICHUH PyX, AMHAMIYHI HABaHTAXKCHHS, aHAJi3, MaTe-
MaTH4Ha MOJIETIb.

ITocTanoBKka npo0aemMu

B ymoBax cepiifHOTO pO3BHUTKY KHUTIOBOTO OyIiBHU-
[TBa 3HAYHOTO NOIIMPCHHS Ha0ynm OamToBi KpaHH 3
TOPU30HTAJIBHOIO OalOYHOI0 CTPLIOI0, AKi BUKOHYIOTh
pi3HOMaHITHI TPaHCIOPTHI Ta MOHTaXHi omeparii. [lepe-
MIIIEHHS BaHTAXIB [IMIMU KpaHAMH 3IHCHIOIOTh 32 paxy-
HOK poOOTH MeXaHi3MiB MiJiioMy Ta 3MiHH BHJILOTY BaH-
TaXxy, a TAKOXX MOBOPOTY CTPLIH.

Jlist 3011bIICHHST TPOYKTUBHOCTI pOOOTH OAITOBUX
KpaHiB, KpaHIBHUKU BUKOPUCTOBYIOTh MOEAHAHHS POOOTH
JIBOX MEXaHI3MiB B pi3HHX KoMOiHarisx: 1. migiiom abo
OINyCKaHHs BaHTaXy Ta 3MiHA HOTO BWIIBOTY; 2. mifioM
a00 OIyCKaHHS BaHTaXy Ta IOBOPOT CTpimW; 3. 3MiHA
BWJILOTY BaHTa)Xy Ta IIOBOPOT CTPLIIH.

3abe3mnedeHHs. BHCOKOI MPOAYKTUBHOCTI OamToBHX
KpaHiB IPH MMOE€JHAHI POOOTH PI3HUX MEXaHi3MIiB IPUBO-
JUTh J10 TIABWINEHHA KOJIMBAaHb €JIEMEHTIB HPHUBOIB,
KOHCTPYKIIH Ta BaHTaXy 3aKpilNICHOMY Ha THYYKOMY
MiJBICI, IO CYMPOBOKYETHCS 3HAYHUMH JHHAMIYHUMU
HaBaHTaXXCHHSIMH, OCOOJIMBO IIiJl Yac MPOXOKEHHS Iie-
pexigHuX mporeciB (ycKy/ramsMyBaHHS). HaniOumem
HeOe3neuHi NWHAMIYHI HaBaHTAXXCHHS BUHUKAIOTH IIPH
CyMIIIEHI omepariiif 3MiHI BUJIbOTY BaHTaXy Ta IIOBOPOTI
ctpinn. [Ipu pbOMy AMHAMIYHI HABaHTAKCHHSI, 1[0 BUHU-
KaloTh, CYTTEBO 3MEHINYIOTh HaJiHHICTh KOHCTPYKLII Ta
NPOJYKTUBHICTD KpaHa, Pecypcy MexaHi3mi 3MiHU BHIIBO-
Ty Ta MOBOPOTY CTPIJIH, & TAKOX IMiIaI0Th PUIUKH POOOTI
CTPONIAJILHUKIB Ta KPaHIBHHUKA 32 PaxyHOK PO3TrOWayBaH-
HS BaHTaXy Ta BHUMararmo4d BiJl KpaHIBHUKa IOCTIHHO
NpAIOBATH B HANPYKEHOMY CTaHi.

OTxe 3amga4ya IOCTiKEHHS TUHAMIKH PyXy MeXaHi-
3MiB 3MiHU BHJIBOTY BaHTaXy Ta MOBOPOTY CTPiK Oari-
TOBOTO KpaHa INPH IXHBOMY CYMICHOMY pyCi € JOCHTB
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aKTyaJIbHOIO, OCKUTbKM MaKCHMaJbHO HaOJIMKEeHa [0
peaTbHUX YMOB pOOOTH KpaHa.

AHAaJIi3 0CTAHHIX JOCTITKEeHb

[MuraHHAMYU 3MEHILICHHS PO3TOWAYyBaHHS BaHTaXy Ha
THYYKOMY Mi/IBICI Ta 3HIKCHHSAM AMHAMIYHUX HaBaHTa-
KEHb Y MeXaHi3Max BaHTa)XOMiJHOMHUX MalIMH 3aiiMa-
suck 6arato mocmigaukis[1-19].

B po6otax [1-6, 11, 13, 16] mocmimxyBanach AHHA-
MiKa pyXy MeXaHi3MiB 3MiHU BWJIBOTY Ta IiAHOMY BaHTa-
Ky UL PI3HUX TUMIB KpaHiB. [Ipy 1IbOMy BHKOPHCTOBY-
BAJIMCh Pi3HI METOXW BH3HAYCHHS NPUYMH BUHUKHCHHS
KOJIMBaHb BaHTaXy HA THYYKOMY IIiJBICi.

JocmimkyBaBcsl TaKOK 1 MEXaHi3M ITOBOPOTY KpaHa,
sSK Horo mmHamika [1-5, 13, 16], Tak i KOHCTpYKIiiiHi
ocobmuBocTi [4, 5, 7-9, 17]. KokHUM TOCITiIHUKOM IICB-
HOTO MeXaHi3My OyJIo 3amponOHOBaHO CBOi METOJH MOK-
paieHHs ¥oro podotu. [IpoTe, ciaix 3a3HaYUTH, IO JCTa-
JILHOTO aHaJi3y JAWHAMIKHM MEXaHi3MIB 3MIHU BHJIBOTY Ta
MOBOPOTY OAIITOBOrO KpaHa NpH iX CYMICHOMY pyci,
30KpeMa y MEePeXiHUX PexHMax poOOTH, J0 IBOI0 Yacy
HE 3po0JIeHO.

ToMy 1e MUTaHHS € aKTyaJlbHUM Ta MOTpeOye OLIbII
TTIHOOKOTO BUBUCHHL.

Merta gocJaigkeHb

Mera naHoi poOOTH MosArae y BU3HAYEHHI AUHAMI-
YHUX XapaKTEPUCTHK MEXaHi3MIiB 3MiHH BHIILOTY Ta IIO-
BOpPOTY 0amIToBOr0 KpaHa 3 0ajJOYHOIO CTPUIOK TpH iX-
HBOMY CYMICHOMY PYCi 3 ypaxyBaHHSIM MEXaHIUHUX Xa-
PaKTEPUCTHK HPUBOJHUX €IEKTPOABUTYHIB.

Pe3yabTaTn nociigxesb

CrpinoBy cucteMy 0amToBOTO KpaHa 3 OaJOYHOIO
CTPUIOIO TIPEACTABISIEMO SK MEXaHIYHYy CHCTEMy, IIO
CKJIaJa€ThCsl 3 a0COIIOTHO TBEPAUX TiMl, OKPIM THYYKOTO
MiZBICY BaHTaXYy, SIKUi 3MIHCHIOE KOJMBAHHS B IJIONIMHI
3MIHM BHJBOTY 1 IIpU MOBOPOTI CTPLIOBOI cucremu. 3a
y3arajbHeHI KOOpAWHATH HPHUHHATOT ANHAMIYHOI MOJeNi
oOpaHi JiHIHHI KOOPIUHATH LIEHTPIB Mac Bi3Ka Z Ta BaH-
TaXy X B IUIONIMHI 3MiHU BHIIBOTY, & TAKOX KyTOBI KOOp-
JMHATH TIOBOPOTY CTPIJM ¢ Ta BaHTaXy 1 B TOPU3OHTa-
TbHI IommHI. [Ipy oMy BBa)kaeMo, 10 JIOBXKHHA THY-
YKOTro MiJBicy L € HEe3MIHHOIO BEJIMYMHOIO B IIpOIEci
PYXy MexaHi3miB, To0TO L=const.

B myomuHi 3MiHE BIJIBOTY IIEHTPH Mac BaHTaXy Ta
Bi3Ka BIOXMIISIETHECS HA BIACTAHb

AB = z — xQ, Q)

a TIpH TIOBOPOTI KpaHa IIe MepPeMillyIOThCS B TOPH30HTA-
JIBHIM IUIOIIMHI Ha BiICTaHb.

BC = x(¢ — ¥)0; (2)

Tob6To cymapHe nepeminieHHs] BAHTaXy BiJIHOCHO Bi-
3Ka Ipu poOOTI MEXaHi3MiB 3MIHH BHJIBOTY Ta HOBOPOTY
KpaHa B TOPU3OHTAJIbHIN IUIOIIMHI BU3HAYAETHCS 3AJICK-
HICTIO!

AC =u = [AB? + BC? — 2AB - BC - cos(2ABC)]'/?;(3)

Puc.1. lunamiuyHa MOIENs pyXy MeXaHi3MiB 3MiHH
BUJIBOTY Ta IIOBOPOTY KpaHa.

Fig. 1. Dynamic model of movement of mechanisms
of change of departure and rotation of the crane.

Busnaunmo xyt £ABC

£0BC = 20CB = w m_ -,
ZABC =1 — 20BC =7 — [7; ("’ d’)]
-9
=2+ (4)

[icnsa mincranoku Bupasis (1), (2) 1 (4) B 3anexHO-
cti (3) 6ymemo matu:
AC=u=[(z—x)*+x%(p — ) — 2(z —
(¢ -¥)
Xx - (¢ = P)=cosG+EA =[(z - 1) +
x*(p — llf) - —Zx(Z —x) (¢ =) -
Sln(((p ll’))]l/Z (5)
Tenmep MOXHA BHU3HAYUTH KyTOBy KOOPJHHATY BiJI-
XHUIJICHHS THYYKOTO TTiIBICY BaHTaXXy BiJ] BEpTHKAJI:

v==20. (6)

Jis cknamaHHS PiBHSAHD PyXy MEXaHi3MiB 3MiHU BH-

JbOTY 1 IOBOPOTY KpaHa BUKOPHUCTOBYEMO piBHsHHs Jlar-
pamxa Apyroro pouay:

d oT oT

iz e az

d 0T oT

TR il axQ
a.,or_or_ 5 _on, @)
|dt ap dp <P a9

d 0T oT oIl

a3 " op = @~ 5y ¢

ne t—uyac; T, [T — BiANOBIAHO KIHETUYHA Ta ITOTEHIIAILHA
€HEeprisi CUCTeMH ITpU poOOTI MEXaHI3MIB 3MIHH BHJILOTY
Ta TOBOPOTY KpaHa; ¢, Qy, @y, @y — MOTEHIiaNbHI CKIa-
JIOBI y3araJbHEHHX CHJI, IO BiANOBIJAIOTh y3arajJbHEHHM
KOOpJAWHATaM BIATIOBITHO Z, X, @, .

3HaiiieMo BHUpa3W KiHETHYHOI Ta MOTEHLIAIbHOT
eHeprii CUCTeMH IIpH MO€IHaHHI poOOTI MEXaHi3MIB 3Mi-
HH BUJIBOTY Ta IOBOPOTY KpaHa Q :

0y . 2
T= PR am] @ 422 9D+ [
8y U+ 1] @ +—-m- (52 +x%-2); (8)
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O=m-g-L-(1-cosv)=m-g-L-
(1- cos %)Q: (9)
e m;,m — BigIOBiJHO MacH Bi3ka Ta BaHTaxy; I, [, —
BiNIOBITHO MOMEHT iHEpIii pPOTOPIB ENEKTPOABHUTYHIB
MeXaHi3MiB 3MiHU BHJIBOTY Ta IIOBOPOTY Kpana; I, — Mo-
MEHT iHepIil TOBOPOTHOI YaCTHHHU KpaHa BiJHOCHO BJac-
HOi oci oOepraHHs; 8;,0, — KoedilieHT, IO BpaxoBye
IHEepIIHHICTh €JEeMEHTIB NMPUBOJIB BIANOBIJHO MeXaHi3-
MiB 3MiHHM BHJIBOTY Ta HOBOpOTY kpaHa; U, U, — nepena-
TOYHI 9YHCIa TPUBOIIB BIAMOBITHO MEXaHI3MIB 3MiHH
BHJIBOTY Ta MOBOPOTY; D — miameTp OapabaHa mMOBOPOT-
HOTO MeXaHi3My IepeMIIIeHHs Bi3Ka; g — IPUIIBAAMICHHS
BIJIBHOTO TTAXIHHS.

HenoreHmianpHi CKITaqoBi y3araTbHEHHX CHJI BH3HA-
YalOThCA SIK PI3HMI PYIIIHHHUX CHJI I CHJI ONOPY B MeXa-
Hi3Max. PymiiiiHi cuimu (MOMEHTH) JUIS aCHHXPOHHHX
JIBUT'YHIB 3MIHHOTO CTpyMy BH3Ha4aloThcs Ha 0a3i ¢op-
myiu Kiocca. B pe3ynbrari 4oro HemoTeHIialbHI CKJa-

JIOBI y3arajJbHIOIOYHX CHJ MAtOTh BUTJIL :
—F = 4Myp1-U1m1-(1+a1-Skp1) —w:
Q= = 2207 ’
Skp1
2zUq
1- Dwo1
2Myp2 Uz M2 (1+az Skp2)
@-Uz
1- w2 SKpZ
+
Skp2 1_‘P
wOZ
— BIANOBIIHO MaKCHUMaJIbHI (KPUTHYHI)

(10)

D- (4)01
Skp1

Di(———— +2a;Skp1)

Q(p =M = _MOQ! (11)

+2a2 "Skp2

ne MKpl’Msz
3HAYEHHS MOMCHTIB Ha BajaX €JIEKTPOJBHUTYHIB IPUBOI-
HUX MEXaHi3MIB IEepEeMIllIeHHs Bi3Ka Ta MMOBOPOTY KpaHa;
11,7, — BIANOBITHO KOeilieHT KOPHCHOI Aii IPUBOTHUX
MeXaHi3MIB TepEeMIIlIeHHs Bi3ka Ta MMOBOPOTY KpaHa; dq,

— 0e3po3MipHI MapaMeTpu JBUTYHIB MPUBOJHHUX MeXa-
HI3MIB BiJIIIOBITHO MEPEMIIIICHHS Bi3Ka 1 MOBOPOTY KpaHa;
Sup1s Skpz — BiNIOBITHO KPHUTHYHI KOB3aHHS JBHTYHIB
MeXaHi3MiB NepeMillleHHs Bi3Ka Ta MoBopoTy kpaHa;, W —
CUlla CTaTUYHOTO ONOpY IepeMilleHHs Bi3ka; My — Mo-
MEHT CTaTHYHOI'O OMOpY IOBOPOTY KpaHa. be3po3MipHi
napaMeTpH IBUTYHIB MPUBOIHUX MEXaHI3MIB BiIIOBITHO
IepeMilIeHHs Bi3Ka i MOBOPOTY KpaHa:

_ Ra1,

a; = RI%Z, (12)
— Ra1

a, = Ry (13)

ne Riq, R{, — BiIMOBiTHO omip 0OMOTKH cTaTtopa i 0OMo-
TKHA pOTOpa 3BEACHOI JI0 CTAaTOpa eNIEKTPOABHUIYHA IPH-
BOJly HepeMillleHHs Bi3ka; R,q, R,, — BiAmoBimHO omip
00MOTKH CTaToOpa i 0OMOTKH POTOpa 3BEICHOI 10 CTaTOpAa,
€JIEKTPOJBUI'YHA IPUBOY MOBOPOTY KpaHa.

KpuTuuHi KOB3aHHS BU3HAYAIOTHCSI HACTYITHHMH 3a-
JISKHOCTSIMHU:

Slcpl =Sn1 (A + 1’7\12 -1 (14)
SKpZ =Sp2(Az + 1’7\22 -1 )0, (15)

ne Sp1,Sp, — HOMIHAIBHI KOB3aHHS BiIMOBITHO JIBUTYHIB
MEXaHi3MiB TEpEeMIllleHHs Bi3ka Ta TMOBOPOTY KpaHa;
A1, A, — KpaTHOCTI KPUTHYHOTO MOMEHTY BIZMOBITHO
JIBUTYHIB MEXaHi3MIiB NEepeMillleHHs Bi3Ka Ta IOBOPOTY
KpaHa.

HowmiHanpHi KOB3aHHSI JBUTYHIB MAlOTh BUTJISL;

_ @ni ,
Snl _ 1_ )
wo1
Wn1
S . =1-—-1t
nil
wo1 ’

(16)
17

IIe Wy1, Wy — HOMIHATBHI KYTOBI MIBUIKOCTI BAJIiB JIBH-
T'YHIB MEXaHi3MiB BiJITOBITHO MEpPEMIIIEHHs Bi3Ka i TIOBO-
pPOTy KpaHa; wgq, Wo, — BIANOBITHO CHHXPOHHI KyTOBI
IIBUJIKOCTI BaJIiB IBUTYHIB MEXaHI3MiB 3MiHH BIJIBOTY Ta
MOBOPOTY KpaHa.
3HaiinemMo HeoOXiJHI MOXiAHI BiJ BHpa3iB KiHETHY-

HOi (8) Ta nmoTeHwianbpHOT (9) eHeprii, 110 BXOIUTDH B CHC-
Temy (7):
oT 4-1, -8, U,*

— )
—=(m+ 7 ¢%

0z D? v
a_T 2, 0T _ oT .
ox x P a0 oy (18)
__( 1+7‘”151U1 )Z;Z—izm-X;
d T 41,-8,U
Eaz[(’)’nl-l-#)z +10+12 52 UZ]
aT 2
oGy TmX ,
d oT _ 4-1-6,-U,° d oT _
at oz \'™ D? dt 9%
=m-Xx; (19)
) 2 e ] o
2( 1+41151”1>z-z'-<p; (20)
:t s—;_m-x P4+ 2m- x X (21)
DmgL-Dosivv=m-g-L-v-2; (22
Z_zzm-g-L-Z—:-sinv=m-g'L'V'Z—;; (23)
Z_sz-g-L-Z—;-sinv=m-g'L'V':—;; (24)
oIl v . ov
ﬁ_m-g-L-a—-smv—m-g-L'V'ﬁ- (25)

VY Bupazax (22) - (25) 3pobiieHo 3aMiHy, IO SinV =
V, OCKIJIbKM BiJIXMJICHHSI BAaHTa)XXHOT'O KaHATa BiJ| BEPTH-
Kaji € HesHauHnME (£12°).

Tenep 3HalgeMo moxifAHy Bix Bupasy (6) 3 ypaxy-
BaHHSM piBHSHHSA (5).

Yol - xa-22Y), (26)
2olx-za-2 @
o=rxtz (g — P (28)
S=—toxez (9 — W) (29)

[icns migcranoBky Bupasis (5), (26) — (29) B 3anex-
HocTi (22) — (25) orpumaemo:

9 _ 2
az:TTZg.[Z _ x_(l_((l’ 211’) )]’ (30)
a1 —-)?
a:%.[x_z.(l_%)]; (31)
d
bp =Xz (@~ W
ol _ m, (32)
g —
MM x 20 (p — ).

MMincrasusium Bupasu (10), (11), (18) — (21), (30) —
(32) B cucremy (7) otpumaemMo nudepeHLiaabpHe piBHSH-
HS CYMICHOTO pyXy MeEXaHi3MiB NepeMilleHHs Bi3Ka 3
BaHTa)XKEM Ta ITOBOPOTY KpaHa.
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411-81U; 2 .. .
(m1+—1D; 1')'(Z—Z'<P2)=F—

-5 (e (1- )

m'(""_x'lj’z)z‘%'(x‘z(l‘%))‘(ss)

s 2
|:<m1+4112—;l]1)22+10+12' 52'U22](]5+ZZ'

A

. . . 2 .
(g + ) 7 g = M= Mk 2 - ),

m-x2-P+2m-x-x-y =%-x-z(<p—¢).
Po3B’s130K cucTeMu HENHIMHUX IU(EpeHIiaTbHIX

e ss 2
X,z mlc”

0.4}

MepemileHHs Biska

PIBHSHB JPYTOTO MOPSIKY 3MIHCHEHO YHUCEITBHUM METO-
noMm B mporpami “Mathematica” anst 6amtoBoro kpana

liebherr 140 hc 3 napamerpamu (ta6:.1):

Taéauus 1. Po3B’s130k cuctemMu HeniHiHHUX nudepeH-

Puc. 3. I'padiku mpuCKOpPEeHHSI BaHTaXy X Ta Bi3ka

Z TIpH 3MiHi BIJIBOTY B3/IOBXK CTPLJIH.

Fig. 3. Cargo acceleration schedules ¥ and trolley 2\

when changing boom.

iaJIbHUX PIBHSHB [y OamToBoro kpana liebherr 140 he. .
Table 1. Solution of the nonlinear differential ¢.y.pap/c
equation system for liebherr 140 hc tower crane. 042t
m,; = 300kr; a,=02; |I,=5,5"10°kr-m% T
m = 5000xkr; a, =0,2; I; = 0.3 kr- M?; 010¢F MoBopoTy KpaHa
W =5500H; |6 =11; |I,=0.056kr-M> O .
Se1 =037, |8, =11 | M, =50100H"m; 0.08} N \‘ AN
Sepz = 0,37; D=03m | Mg, = 120H m; o o6l L . e b
n = 0,71; L=10m; | Mg, =120H"m; ' A St
7, = 0,8; Uy =17; | wy, = 104,72 pan/c; 0.04L N
g=98wm/c% | U, woy, = 104,72pan/c; ’/ MloBopoTy BaHTaky
= 1429; 0.02p /fr
OCKUIBKH BBa)Xa€Mo, 110 JUHAMIYHA CUCTEMA Yy IIO- 5 10 15 20 25 SD t C

YaTKOBUHA MOMEHT PYXY 3HAXOIUTBCS Y CTaHi CIIOKOK TO
MOYaTKOBI YMOBU pyXy Juisi cuctemu piBHsHB (33) Oy-

IyTh TaKi:
{X(O) = xo; X(0) = 0; 2(0) = zy; 2(0) = 0;

9(0) = 0; ¢(0) = 0; ¥(0) = 0; ¥(0) = 0.

(34)

Posp’s3aBmm cucteMy HENMHIMHUX AudepeHIianb-
HUX DiBHSAHD (33) YKCENLHUM METOJOM, /IS MapameTpiB
kpaHa (tabi.1) i moyatkoBux yMoB pyxy (34), orpumaemo
3aKOHH PYXY JIAHOK Ta CHJIOBI 1 €HEPreTHYHI XapaKTepH-
CTMKM TPHUBOJAHMUX MEXaHI3MiB, SKI TIpeJCTaBleHI Ha

Puc.2 — Puc.6.

X,Z, M/C
1.4F R
1.2F

1.0

08t
06t
0.4f
02t

LA TR MR R SR

5 10 15 20 25

30

tc

Puc.2. I'padpixy 3MiHM IIBUIKOCTI BaHTaXxy X Ta Bi3-

Ka Z TIpH 3MiHI BWIBOTY B3J0BX CTPiJIH.

Fig. 2. Changes in load velocity x and trolley z when

changing takeoff along the boom.

Puc.4. I'padiku 3MiHH KyTOBOI MIBHIKOCTI IPH TIO-
BOPOTI OallTH KpaHa ¢ Ta BaHTaXYy 1P BITHOCHO FOPH30H-

TaJILHOI IIJIOLIMHI.
Fig. 4. Graphs of the change in angular velocity

when turning the crane tower ¢ and load i relative to the
horizontal plane.

6, . pap/c?

110BOPOTY KpaHa

-0.01¢
-0.02¢

-0.03¢ M

Puc.S. I'padikn 3MiHE KyTOBOTO HPUCKOPEHHS TPH
MOBOPOTi OamTH KpaHa ¢) Ta BaHTaXy 1P BIIHOCHO I'OpH-

30HTAJIBLHOT IIJIOIIWHUA.
Fig. 5. Graphs of change in angular acceleration

when turning the crane tower ¢ and load v relative to the
horizontal plane.

MoBopoTy BaHTaKy
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5 10 15 20 25 30
Puc. 6. I'padiku 3MiHH MOTYXHOCTI €JIEKTPOJBHULY-
HIB Bi3Ka Ta [I0OBOPOTY KpaHa.
Fig. 6. Graphs of change of capacity of electric
motors of the trolley and rotation of the crane.

Amnanizytoun otpumani 3aiexHocrti (puc. 2 - puc. 5.)
MOKHa 0a4uTH, IO MEepeXigHMIl mpolec pO3roHy Cympo-
BOJDKYETBCS KOJIMBAaHHSMH LIBHAKOCTEH Ta IMPHCKOPEHB,
OJIHAaK MpH JIOCSATHEHI YCTaJeHOI MIBUAKOCTI MEXaHI3MOM
NepeMillieHHsI Bi3Ka Ta MOBOPOTY KpaHa KOJIMBAHHS I1JIaB-
HO 3aTyXaloTh.

3 rpadikiB MIBUIKOCTEH Ta MPUCKOPEHB Bi3Ka Ta Ba-
HTaxy (puc. 2 Ta puc. 3) B IUIOMIMHI 3MiHH BUIIBOTY
B3JIOBXK CTPLJIM BHSBIICHO, IO IMITYJIbC, KU BUHUKAE Bil
PI3KOTO TPUCKOPCHHSA Bi3Ka Ha JAPYTid CEKYHII PyXy
NPU3BOIUTE IO PO3TOMIYBaHHSA BAHTAXy sIKe CTAOLTI3y-
€eThes TUTBKH Ha 20 c. pyxy.

[IpoanamnizyBaBmu rpadiki 3MiHH KyTOBOI IIBHIKO-
cTi (puc. 4.) Ta KyTOBOro mpuCKOpeHHs (puc. 5.) Gamru
KpaHy Ta BaHTaXY BiJHOCHO T'OPU30HTAIBHOI IJIOIIUHH,
BHUJIHO, 1110 OaIlTa KpaHa MepexouTh Ha YCTaJeHy LIBH]I-
kicte uepe3 10 c. lpu mpoMy pO3roiayBaHHS BaHTaXy
CTablIi3y€eThCs TUIBKK Ha 25 ¢ IOBOPOTY KpaHa.

3 rpa¢ikiB 3MiHM MOTY>XHOCTI NPHBOJIB, INepeMi-
LIEHHS Bi3Ka Ta MMOBOPOTY CTPLIM BUJIHO, 10 MaKCUMAJb-
Ha MOTY)XHICTh JBUTYHA JUISl TIEPEMIillleHHs Bi3Ka CTaHO-
BUTD Prgnep. = 6250 Br. 1 3adikcoBana Ha npyriil ceKyHi
PyXy, MakCUMajbHa MOTY)XXHICTh IBUI'YHA JJIS 3IiHCHEH-
HS IOBOPOTY KpaHa 3a¢ikcoBaHa Ha IT' ST CeKyHII pooo-
TH Ta CTAHOBUTD P 5 nos.= 7000 BT.

BucnoBku

1.Po3pobneHo nTuHAMIiYHY MOAETh Ta aAeKBaTHY ii
MaTeMaTHYHy MOJENb CyMiCHOTO pyXy MeXaHi3MiB 3MiHM
BWJIBOTY Ta IOBOPOTY OAaIITOBOrO KpaHa 3 OaloYHOIO
CTpLIOIO, sIKA SIBIISIE COOOI0 CHCTEMY JIIHIHHNX audepeH-
LiaJIbHUX PIBHSHB JAPYroro TMOPSZAKY, Ky PpO3B’s3aHO
YHUCENILHIMHU METO/IAMH.

2.Po3B’s3aBIM HelniHiMHI TudepeHiaabpHi piBHSH-
HS, IO ONHUCYIOTHh PYX KOKHOI 13 JJAHOK YOTHPH MacoBoOl
JUHAMIYHOT MOJelNi, OTpHMaHO Tpadiku MepexiTHuX
nporieciB mycky (puc. 2-6). Cuia BimzHaYWMTH, MO MCIA
JIOCSITHEHHSI BIi3KOM YCTaJeHOI MIBHKOCTI, KOJMBaHHS
LIBHUJIKOCTI Ta TPUCKOPEHHS! BaHTaXy B IUIOLIMHH 3MIHU
BHJIBOTY Bi3Ka MAlOTh IUIABHO 3racarouuii xapakrep. [Ipu
LOMY KYTOBa IIBH/IKICTh Ta TIPUCKOPEHHS MPU MOBOPOTI
KpaHa Ta BaHTa)Xy B FOPU3OHTAIbHIN IUIONIIUHI 3 IEpexo-
JIOM Ha yCTaJICHY IIBHJKICTh TaKOX CTallli3yI0ThCs.

3.YCyHyTH KOJNMBAaHHA, BaHTAXy Ta IHIIHX €JIEMEH-
TiB KpaHa B TIpOIleCi IMyCKy/ TaJbMyBaHHS 3a KOPOTKHU
MPOMDKOK Yacy MOJKJIMBO IIISIXOM ONTHUMI3aIlil mepexin-
Horo Tporecy. OnTuMizamist HepexigHoOTo MPOIecy JacTh
3MOTy 3MEHIINTH AWHAMIYHI HaBaHTa)XCHHsS Ha MeTalo-
KOHCTPYKIif0 OalToBOro KpaHa, MOJETIIUTH pPOOOTY
KPaHIBHHUKY Ta MiJBHIIUTH NMPOAYKTUBHICTH 1 HaAiHHICTh
poboTH KpaHa.
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I[I/IHAMI/I‘-IECKI/Iﬁ AHAJIN3 POJIUKOBOU ®OP-
MOBOYHOW YCTAHOBKHU C YUETOM JANCCU-
IMMATUBHBIX CBOVCTB YPABHOBEIIEHHOT O
IMPUBOAHOI'O MEXAHU3MA
B. C. Jloseiikun, FO. A. Pomacesuu,
10. B. Jloseuxun, /[. U. Mywmuin

AnHoranus. Pabora mocBsleHa HCCIIEI0OBaHHUIO
MPOIIECCOB, KOTOPHIC BO3HUKAIOT MPH COBMECTHOM JIBH-
KCHUHU MCXAHHU3MOB U3MCHCHHUS BBIJICTA rpy3a u HOBOpO-
Ta OaleHHOro KpaHa ¢ TOPU3OHTAIBHON 0aloyHON CTpe-
JIOM.

B crarbe mpuBeneHa qUHAMUYECKas MOICTH TBIKE-
HUS MEXaHH3MOB M3MCHEHUS BBUICTA H IIOBOPOTA OallicH-
HOTO KpaHa, Ha OCHOBE KOTOPOHW C ITOMOINBI0 YPaBHEHUS
Jlarparxa BTOPOTO pojia COCTaBJICHA CHUCTEMa OOBIYHBIX
HENMHEHHBIX U (HepeHIUaTBHBIX YPAaBHCHHH BTOPOTO
nopsiaka. Pemenne momyueHHBIX U depeHITHaIbHBIX
ypaBHeHI/II\/’I OCyH_[eCTBJ'[eHO YUCJIICHHBIM MCETOAOM C HC-
MOJB30BAHUEM CTAHAAPTHBIX IIPOTPaMM, pPeE3YyJIbTaTOM
KOTOpI:.IX cTalin Fpa(i)I/I‘ICCKI/Ie 3aBUCUMOCTHU KMHCMATHU4YC-
CKHUX XapaKTepI/ICTI/IK U JUHAMHYCCKHX XapaKTepI/ICTI/IK
3BCHLCB l'IpI/IBO}IHI)IX MCXAaHHU3MOB U3MCHCHMHS BBIJIICTA U
MMOBOPOTA KpaHa, a TaKXkKe rpysa.

AHaIM3 TIONYYEHHBIX Tpa@UUecKUX 3aBHCHMOCTEH
MoKa3all, YTO B IPOIECCE MyCcKa MEXaHU3MOB W3MCHCHUS
BBUIETa M TIOBOPOTA KpaHa BO3HUKAIOT KOJCOAHHS KaK B
JJIEMEHTaX IOBOJY TaK U B HECYIIel KOHCTPYKIIUH, Iepe-
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JAI0TCSI Ha TPYy3 U MPUBOMST K €r0 packaunBaHue. Packa-
YUBaHWUE IPy3a YCIOXKHAET pabOTy KPaHOBIIWKA, YMEHb-
II1aeT MPOU3BOAUTENBHOCTh U TOYHOCTH MO3UIIMOHNPOBA-
HUSI Tpy3a HpH paboTe KpaHa, a TAKXKE CHIDKAET €ro
HaJIe)KHOCTh, YTO YBEIMYMBAET BEPOATHOCTH BO3HHKHO-
BEHMs aBapUMHBIX CUTyaluid. PelieHue MOCTaBIEHHBIX
3aJa4 JUHAMHUYECKOTO aHaJM3a COBMECTHOIO ABMXKECHUS
MEXaHU3MOB H3MEHEHHUS BbUIETA U IMOBOPOTa KpaHa B
npolecce MycKa IMO3BOJSIET YCTaHOBUTH (paKkTOPBI, BIIHSA-
IolIMe Ha KojeOaHus 3JIEMEHTOB ITPUBOJOB, KOHCTPYKIMN
U rpy3a. B pe3ynbraTe npoBeNeHHOr0 aHaln3a PEeKUMOB
ITyCKa MEXaHU3MOB U3MEHEHHMsI BbUIETAa U IIOBOPOTA KpaHa
YCTAQHOBJICHO, YTO BJIMSHHE Ha KOJECOAHUS 3JIEMECHTOB
KpaHa UMEET XapakTep W3MEHEHHS IBIDKYIIHNX MOMEHTOB
MPUBOJHBIX MEXaHM3MOB, a TaKKE T'€OMETPUYECKHE,
KHHEMAaTHIECKUE W MHEPLUUOHHBIE XapaKTCPUCTHUKH 3Be-
HbEB. [ CyIIECTBEHHOTO yMEHBIICHHUS AMHAMUYECKHX
3BEHBEB B DJIEMEHTAX IPHBOJHBIX MEXaHH3MOB, KOH-
CTPYKIMH KpaHa U Ipy3a, NPeIoKeHO MPOBECTU OINTH-
MHU3AlUI0 TICPEXOJHBIX PEKUMOB IYCKa U TOPMOKCHUA
npu COBMCCTHOM JAOBHIXCHHUH MCXAaHU3MOB H3MCHCHUSA
BBUIETA U TIOBOPOTE KPaHa.

Taxkas ONTUMU3alMA MMO3BOJUT YBCJINYUTH MMPOU3BO-
JUTENBHOCTh TPY30BBIX OMEPALMH U MOBBICUTH TOYHOCTh
TIO3UIIMOHUPOBAHNUS TPy3a B IPOLECCE €TO MePEMEIICHHS,
a TaKXKe MOBBICUTD MTPOU3BOANUTEIHHOCTh paOOTHI KpaHa U
YMEHBIIUTH BO3MOXXHOCTh BO3ZHHKHOBEHHS aBapHHHBIX
CUTYaLUH.

KaroueBble ciioBa: OaeHHBINH KpaH, JHHAMAYIECKast
MOACTIb, MCXaHU3M H3MCHCHUS BbLICTA, MCXAaHU3M IIOBO-
poTa, COBMCCTUM JABMKCHUEC, NUHAMHUYCCKUC HaAIrpy3KH,
aHaJIN3, MaTeMaTH4eCKasi MOICIb.

DYNAMIC ANALYSIS OF ROLLER MOLDING
INSTALLATION TAKING INTO ACCOUNT
DISSIPATIVE PROPERTIES BALANCED DRIVE
MECHANISM
V. S. Lovejkin, Yu. O. Romasevich, A. V. Loveikin,

D. I. Mushtyn

Abstract. The work is devoted to the research of the
processes that arise in the joint movement of mechanisms
of change of departure departure and rotation of the tower
crane with horizontal beam boom. The article presents a
dynamic model of motion of mechanisms of change of
departure and rotation of a tower crane, on the basis of
which, by means of the Lagrange equation of the second
kind, a system of ordinary nonlinear differential equations
of the second order is made. The differential equations
obtained were solved numerically using standard pro-
grams, which resulted in graphical dependences of the
kinematic characteristics and dynamic characteristics of
the links of the drive mechanisms of change of departure
and rotation of the crane, as well as the load.

The analysis of the obtained graphical dependencies
showed that during the start of the mechanisms of change
of departure and rotation of the crane oscillations occur
both in the elements of the drive and in the supporting
structure, which are transmitted to the load and lead to its
swing. The swinging of the load complicates the opera-
tion of the crane, reduces the productivity and accuracy of
the positioning of the load during the operation of the
crane, and also reduces its reliability, which increases the

likelihood of accidents. The solution of the tasks of dy-
namic analysis of the joint motion of mechanisms of
change of departure and rotation of the crane during the
start-up process allows to establish the factors that influ-
ence the oscillations of elements of drives, structures and
cargo. As a result of the analysis of modes of start-up of
mechanisms of change of departure and rotation of the
crane it is established that influence on oscillations of
elements of the crane has the character of change of driv-
ing moments of driving mechanisms, and also geomet-
rical, kinematic and inertial characteristics of links. To
significantly reduce the dynamic links in the elements of
the drive mechanisms, crane structures and cargo, it is
proposed to optimize the transient modes of start-up and
braking with the combined movement of the mechanisms
of departure and rotation of the crane.

Such optimization will increase the productivity of
cargo operations and increase the accuracy of the posi-
tioning of the cargo in the process of moving it, as well as
increase the productivity of the crane and reduce the pos-
sibility of emergencies.

Key words: tower crane, dynamic model, departure
mechanism, rotation mechanism, compatible motion,
dynamic loads, analysis, mathematical model.
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KOYEHHSA PO3IrOPTHOI'O T'EJIKOIJA IO CBOEMY 3r HHAHHIO

T. A. Kpecan, C. ®@. [Tunnnaka, 1. 0. I'pumenko, 5. C. Kpemeun

HamionaneHuii yHiBepcuTeT 6iopecypciB i MpUPOIOKOPUCTYBAaHH YKpaiHu, YKpaiHa.

Cmamma 3 cneyianvnocmi. 131 — npuknaona mexanixa.
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Icmopia cmammi: ompumano — xcoemensv 2019, akyenmosano — ciuensv 2020.

bi6n. 4, puc. 10, ma6a. 0.

AnoTtanis. Tema KOYCHHS TIOBEPXOHB OJHA IO OJHIN
B HAYKOBili  miTeparypi He HaOyla IITHPOKOTO
BUCBITIIEHH. /leTallbHO BUBYEHNM € KOYEHHS IIOBEPXOHb
oOepTaHHs, SKi BHUKOPHUCTOBYIOTBCS [UIA Tepenadi
00epTaIbHOTO PYyXy Mi’K MUMOODKHUMHE OCSMH Ta OCSIMH,
0 TNepeTHHalThes. [IpM  mpoekTyBaHHI  3yO4aTux
3a4yeruieHb  JUIA  [epejadyi  KPYTHOTO — MOMEHTY
PO3MIISIAIOTBCS  SIK  PO3TOPTHI, TaK 1 HEPO3TOPTHI
MOBEPXHI y  pOJNi  akKcoOimiB.  3arajgbHOBIIOMUMH
MOBEPXHSAMHM MJIsl Iepeiadi  KPYTHOTO MOMEHTY MiX
OCAMH, IO MEPETUHAIOTHCA, € KOHYCH 13 CyMIIIEHHUMHU
BEepIIMHAMHU. SIKIIO BepIIMHM KOHYCIB BiIHajieHI Yy
HECKIiHYEHHICTh, TOAI TBIpHI TOBEPXOHb CTAIOThH
napajeqbHUMH, TOOTO KOHYCH IIEPETBOPIOIOTHCS Y
WTIHAPH 13 MapalelbHUMH OCSIMH. SIK y KOHYCIB, TaK 1 y
OWTIHAPIB CIUTBHOIO JIHIEIO MOTHKY € TpAMOIiHIITHA
TBipHa 000X TOBepXoHb. Ilpu mepemaui KPyTHOTO
MOMEHTY MK MHMOODKHHMH OCSAMH aKcoiiaMu €
OJTHOIIOPOKHHUHHI TinepOosioiy o0epTaHHs i3 CIIIBHOIO
MIPSIMOJTIHITHOIO TBIPHOIO JIOTHKY. Bonu €
HEPO3rOPTHUMH  JIIHIHYATHMH  MOBEPXHAMU.  Mix
MEPEKOYYBAHHSIM PO3TOPTHHX 1 HEPO3TOPTHUX ITOBEPXOHB
OJIHA TIO OJHIN € CyTTEBa BIAMIHHICTG. J[JIs map KOHYCIB i
ITIHAPIB TIePeKOYyBaHHS BiOyBaeThCs Oe3 KOB3aHHS, a
JUIL HEPO3TOPTHUX TOBEPXOHb TiMepOoNoimiB — i3
KOB3aHHSAM B3JI0BXK CIIUTBHOI JiHI1 moTrky. OnHaK Iie He
03Hauae, 10 HEPO3TOPTHI JIiHIYATI TOBEPXHI HE MOXYTh
MIepeKOTyBATHUCS OJTHA TI0 O/HII O€3 KOB3aHHSI.

I3 Teopii MOBEPXOHP BiAOMO, IO ITOBEPXHS MOXKE
nepexouyBaTucs 0€3 KOB3aHHS 1O CBOEMY 3THHAHHI.
Skmo  3rMHAHHA ~ BUXIOHOI  JIHIMYATOI  MOBEPXHI
BiIOyBa€eThCA 13 30€peKEHHAM MPSIMONIHIHHUX TBIPHHUX,
TO TIEePEeKOYyBaHHA BHUXITHOI 1 3iTHYTOI ITOBEPXOHb
BiIOyBa€eThCsl Oe3 KOB3aHHA 13 JIIHIEKD KOHTAKTY B3JIOBXK
CHUTbHOT TBIPHOI TOBEPXOHb HE3aJEKHO BiJl TOTO,
PO3rOpTHI BOHHM, 4M Hepo3ropTHi. KepyBatu 3ruHaHHAM
PO3TOpTHOI TOBEPXHI MOXHA HUIIXOM Jjedopmarii ii
pebpa 3Bopotry. Taka medopmariis BitOyBaeTbcs 3MiHOIO
Horo CckpyTy i3 30epeXeHHSIM KpHBHHHM Yy (QyHKIIl
JMOBXHHU Iyru. JIis posropTHoOro refiikoima (Topca-
TelliKoizia) pedpoM 3BOPOTY € TBUHTOBA JIiHiA. 3MIiHOKO ii
CKpPYTy MOXKHA OTPHMATH iHITy TBUHTOBY JIHIIO i3 1HIINM
KyroM 11 migidomy. IluM JABOM TBUHTOBHM JIiHIsIM
BiIMTOBIAAIOTH JIBA PO3TOPTHUX T'€IIIKOiH, KOKEH 13 SKHX

MOXHA OTPHMATH 3TMHAHHAM iHIoro. O0KaBa remikoinu
MaroTh CIIJIbHY PO3rOpTKY. [yl KOUeHHS renikoiaiB oanH
0 OJTHOMY HEOOXiTHO iX CYMICTHTH Tak, mI00 JiHI€0 X
KOHTakTy OyJna CIiUTbHA TIPsAMOJIiHIMHA TBipHA 000X
oBepxoHb. Lle 03Havae, 110 y BiMOBIAHNX TOYKaX pedep
3BOPOTY 3 PIBHUMH 3HAYCHHSMH JIOBKHH JyT CYIPOBIIHI
TPUIPaHHUKH 000X KpHBHMX MOBHMHHI 30iratucs. J[lms
3a0e3neueHHsT KOHTAaKTy 000X IOBEPXOHb  B3JIOBXK
CHUIbHOI MPSMOJIHIHHOT TBIpHOI B CTAaTTI 3IiHiCHEHO
MOBOPOT OJHi€T i3 HHMX 3a IOMOMOrow KytiB Eflnepa i
napaineinbHe MEpeHECeHHs. 3a OTPUMaHMMH PIBHAHHIMHU
o0y IOBaHO MOBEPXHI i3 CIIUTBFHOIO JTiHI€I0 KOHTAKTY.

Kuo4oBi cjoBa: po3ropTHHE TeNmikoin, 3THHAHHA,
KOUCHHS  TIOBEPXOHb, peOpo  3BOPOTY,  IOBOPOT,
napanenbHe TIepeHECEeHHs.

IocranoBKa npodieMu

[Ipu npoexTyBaHHI 3y04acTHX 3a4eIUIEHb BAXIIHBY
pOJIb BIIIrpalOTh aKCOIAM — MOBEPXHI, 5IKi 00KOUYIOThCS
OllHa TO OJHIA 1 sIKi € OCHOBOK JJIsi PO3PaxyHKY 1
Hapi3aHHs 3y0iB. BuBUeHMMH akcoimaMH € HaCTyIHI
MOBEPXHI O0EpPTaHHS: LWIIHAPA — JUI TPOEKTYBaHHS
neperad MDK TapalieIbHUMH OCSIMH; KOHYCH — JUIsl
MPOEKTYBaHHS Hepesad MK OCSIMH, IO TEePEeTHHAIOTHCS;
rimepOomoimu — IS TPOEKTYBaHHSA TMepemad Mix
MUMOODKHUME ocsMH. [loTpeOye BHBYCHHS TIpoIec
00KOYyBaHHsS TBHHTOBHX TIOBEPXOHb OJHA IO OJHIH,
30KpemMa, pO3rOpTHHUX.

AHAaJi3 oCTaHHIX J0CTiTKeHb

B mpami [1] ckazaHo, mio JiiHiHYaTi TOBEpxXHIi
MOXYTh KOTHTHUCS OJIHA 1O OJHIN 0e3 KOB3aHHS, SKIIO
BOHHM 3THMHAIOTHCS OJHA Ha OAHYy. Taki JBi MOBEpXHIi
HA3MBAlOTHCS HAKIIAJaHHUMH, TOOTO MHOKHHI TOYOK
ONHI€T TOBEpXHI OJHO3HAYHO MOXHA TIOCTABHTH Y
BINOBITHICT MHOXHHY TOYOK Ha JAPYTid MOBEpPXHi
TakK¥M YHMHOM, IO BIACTaHI MIXK BIAIIOBIIHHMH TOYKAMU
Ui 000X IMOBEPXOHb OYAyTh OJXHAKOBHMMH. JaCTKOBHUM
BHITaJIKOM 3THHAHHS PO3TOPTHOI MOBEPXHI € 11 pO3ropTKa.
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B Ttakomy BuMagky MaTUMEMO YacCTKOBUN BHUIAA0K
KOYEHHSI TIOBEPXHI MO0 CBOil PO3TOPTIIL.

B mparii [2] cka3aHo, 1m0 TIPH KOYEHHI PO3TOPTHHX
MMOBEPXOHb OJHA IO OAHIA CYIPOBiAHI TPUTPAHHUKH
pebep 3BOpPOTY B KOXKEH MOMEHT Yacy MMOBHHHI 30iraTHCS.
Toni OymyTs 30iraTics JOTHYHI 10 pedep 3BOPOTY, sKi €
NPSMOJIHIHHAMY TBIPHUMH TIOBEPXOHb 1 € CITUIBHOIO
JIHI€I0 KOHTAKTY TTOBEPXOHb.

B mpaui [3] 3xificHeHO po3paxyHOK i rpadiuHUMU
MeTo/aMH 100y JOBAaHO MPOEKIii ABOX TOPCIB-TEIIKOiiB,
OJIH 13 SKHMX € 3THHAHHSIM IHIIOTO, 1 SKi MAaIOTh CIUIBHY
NpsSMOJNiHIAHY  TBipHY KoHTakty. Oci TOpCiB €
MHUMOODKHUMHE 1 CKJIaJaroTh MDK CO000I0 TpPAMHUH KYT.
[Mokazano, moO I 3a0e3MEeUeHHS KOHTAKTy MiX
MMOBEPXHAMH MiJ Yac iXHbOTO 00epTaHHS HABKOJO CBOIX
ocell BOHHM IIOBMHHI 3IIMCHIOBATH B3HOBXK HHX IIE 1
NOCTYHaNbHUNA PYX.

Meta gociigKeHL

Po3pobuti aHaNiTHYHMHA ONMUC TNpOLECY KOYECHHS
TOpCa-TelliKoifa MO0 CBOEMY 3TMHAHHIO 13 3a0€3MCUYCHHSIM
ChmimpHOI  JiHII ~ KOHTAaKTy  B3[OBX  BIATIOBITHUX
MIPSIMOJTIHIHUX TBIPHUX B KOXKCH MOMEHT 4acy.

Pe3yabTaTn nociaigxeHb
Pebpom 3BOpOTY TOpca-renikoina € TBHHTOBA JIiHIS.

Ii mapamerpuuni piBHAHHA y (YHKIIi JOBKMHH Iyrd S
MaroTh BUrsn [4, ctop. 78]:

s
X = aC0S ———;
va?+b?
) s 1)
y =asin ——;
va? +h?
bs
1=——
va? +b?
Ie a — pagiyc IWIHApPa, Ha SIKOMY pO3TalloBaHa

TBHHTOBA JIHIS;

b — rBuHTOBHMIT MapaMeTp, Yepes KU MOXKHA 3HANTH
Kpok H rBunTOBOI NiHIT: H=27b.

Mix nuMu mapaMmeTrpaMd 1 KyroMm f migidomy
TBHHTOBOI JTiHIT iCHY€ B3a€MO3B’SI30K:

b=atgs. (2)

[incranoBkoto (2) y (1) orpumaemo mapameTpuyHi
PIBHSIHHS TBUHTOBOI JIiHIT 32 3aIaHUM PaJIiycOM a i KyTOM
migiomy S

cos
x=acos—ﬁs;
a
. COS
y=asin ﬂs; ®)
a
z=ssin .

Bimomo, mo mpu 3ruHaHHI TOpca KpHBHMHAa HOTO
pebpa 3BopoTy Y QyHKIIi JOBKXHUHM AYTH S 3aJHIIA€THCS
HE3MIHHOIO, 3MIHIOETbCS TUIBKH HOro ckpyT [4, cTOD.
285]. KpuBuHa Kk rTBUHTOBOI MiHII € cramow i
obuuncmoeTbes 3a popmysioro [4, ctop. 117]:

a
k=——. (4)
a’+b?
I3 BpaxyBaHHsM (2) Bupa3 (4) 3alMIIEThCA:
2
CoS
=8 )
a

I'BuHTOBY JiHIIO MOXHa JedopMyBaTu TakuM
YHHOM, 00 BOHA 3ajMIIAjacs T'BUHTOBOIO, 1 100 Ti
KpHUBHMHA 3aJIHIIaacs cTanoro. [e MoxHa poOHUTH 3MiHOIO
paxiyca a i kyra migitfomy . Hexait micns nedopmanii mi
ctasi HabepyTh HOBHX 3HAUYCHbB: ds 1 f:.. Toml Ha OCHOBI
PIBHOCTI KpUBUHM (5) MOXHA 3aIIICATH:

2 cos?
cos ﬂ — ﬂxz (6)
a a

32

HdedopmyBatu TBUHTOBY JiHifO OyaeMO 3MiHOIO KyTa
il migitomy S. BBegemo craiy p i 3ammmemo: f,.=p-f. 13
BpaxyBaHHSIM IIFOTO HA OCHOBI PiBHOCTI (6) 3HAXOIMMO:
_acos® pp ™
* cos?p
[MizcTaBuMo B napaMeTpuyHi piBHAHHS (3) 3aMicTh a
HOBE 3HAYCHHA d;. 13 (7) 1 3aMmicTh f HOBE 3HAYCHHSA
Ps=p-f 1o0TpUMaEMo:

2 2
acos CoS
X= Pp COos s S,

cos® j acos pg
2 2
_acos ps sin 08 i . (8)
cos® acos pg
z=ssin pg.

[pu p=/ mnapamerpuuHi piBHIHHA (8) ONHIIYTH
BUXITHY TBHHTOBY JiHif0 (3), mpu p=0 — BUNAIOK, KOJIH
TBUHTOBA JiHIS TEPETBOPIOETHhC B Kouo. [Ipu 3ruHanHi
TOopca-Telikoiga Iie o3Hadatume, MmO npu p=0 BiH
MIEPETBOPIOETHCSI B PO3TOPTKY.

Ha puc. 1 3a piBHaHHAMH (8) moOymoBaHO B
MPOEKLISAX TBUHTOBI JIiHIi OJHAKOBOI TOBXHHU NpU p=]
(BuxinHa kpuBa) i p=2 (neopMoBaHa KpHBA).

OOunei  miHil  po3TamioBaHi Ha  CHIBBICHUX
BEPTHKAJIbHUX LWIIHAPAX, PaIiycH I' SKHX BU3HAYAIOTHCS
i3 3anexHoCTi r = acos® pf/cos® B 3riaHo piBHAHb (8).

[pu p=/ MaemM0O BUXiOHY TBHHTOBY IIiHIIO, SKiit
BIJNIOBiZla€ KOJO OIMBIIOTO pajiyca Ha TOPU3OHTAIBHIN
npoekuii (puc. 1), a mpu p=2 — KOJIO MEHIIOTO paiiyca.
SIKmo 3agaTM KOHKPETHE 3HAUEHHS JIOBXHMHHU OYTH S,
HATIPUKIAL, So, TO 3TITHO PIBHIHB (§) Ha 000X MPOEKIIisIX
KpUBUX (TOOTO KOJIaX) OTPUMAEMO TOYKH A 1 As.
300paxeni Ha puc. 1 rBuHTOBI JiHil noOyxoBaHi npu $=0.
I3 MOYaTKOBUX TOUOK KPUBHX MPOBEJCHI OJMHUYHI OPTH
CYNPOBIHUX TPUTPAHHMKIB: JOTHYHI 7T 1 T3 Ta OiHOpMaITi
bib,.

lonoBHi HOpMani 30iratoTbcst 1 Ha (POHTAJIBHIN
MPOEKIIiT MPOEKIIFOIOTHCS B TOUKY.

Jnst cyMilueHHS CYNpPOBITHUX TPHUTPaHHHUKIB 000X
KPHMBHX MOTPIOHO 3HATH KYTH MIX IX OpTamu.

Kyt 6 mix opTramMu JOTHYHUX T 1 T; JUII TBUHTOBHX
JMiHIK € cramuM 1 JOpIBHIOE KYyTOBI MK OpTamu
6inopmareii b i bs..

Bupasz anst fioro 3HaXo/KEHHsI 3aITHIIETHCS:

0=p,-B=p(p-1). 9)
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Puc. 1. Buxigma (p=1) i medopmosana (p=2)
IBHHTOBI JIiHii, T0Oyn0BaHi 3a piBHsAHHAMH (8) npu a=2,
p=n/10.

Fig. 1. The original (p = 1) and deformed (p = 2)
screw lines constructed by equations (8) at a = 2, f=n/10.

Jus toro, moO OpTH CYNPOBITHUX TPUTPAHHHKIB
000x kpuBHX npu S=0 cTany mapanenbHUMH, JOCTaTHHO
MOBEPHYTH CHUCTEMY KOOpAMHAT, B SKii ommcaHa
neopMoBaHa TBHHTOBA JIiHisl, HA KYT & HABKOJIO CIILIBHOT
TOJIOBHOI HOpMali, sika 30iraeThcs i3 OAHIEIO 13 oceil
HEpyXoMoi cucTeMH KoopaumHar. OpHaK BHMOTY
napajesbHoCTi  OpTiB 000X TPHUIPaHHUKIB IMOTPIOHO
3a0e3neunTH TpHU JOBUIBHOMY 3Ha4yeHHI S=S,. Hexai
LIOMY 3HAUEHHI JyTH Ha KPUBUX BIANIOBIJAIOTH TOUKHU A i
As.. JIns noBopoty nedopMOBaHOi TBUHTOBOT JIiHIT TaKMM
YHHOM, 11100 OPTH CYIPOBIIHOTO TPUTPAHHUK B TOUI As.
i B TOuIi 4 Oymu mapanesHIMH, HEOOXITHO BpaXOBYBaTH
Kyt ¢ 1 y (puc. 1). 3amaua monsrae B MEpETBOPCHHI
KOOpAWHAT TaKUM YHHOM, 00 Touku A i A, 000X
KpuBHX 30irammcs, a Takox 30iramucst ix cymnpoBinHi
TpurpaHHukd. s po3B’s3aHHsS  miel  3ajmadi
CKOPHCTaEMOCS] TIOBOPOTOM CHUCTEMH KOODJHMHAT, B SIKiH
ommcaHa ae(opMoBaHa TBHHTOBA JIiHiS, 32 JOIOMOTOIO
TppoX KyTiB Eitmepa 3 nHacTtymauM ii mapaienbHUM
nepereceHHsaM. Kyrom Hyraunii € kyr 6 (9). 3Haiinemo
BHpa3M U KyTiB Ipemnecii i i BIacHOTO oOepTaHHS .
BoHM mOKa3ylOTh BiAXWIEHHS TOYKHM Ha KO —
TOPM3OHTANBHIM Mpoekmii TBHHTOBOI JiHII — Big
MOYAaTKOBOTO 3HAYEHHsI [0 IOTOYHOTO Y KyTOBOMY
BuMmipi. Lli KyTH 3aKiazieHi y piBHAHHSIX I'BUHTOBHUX JiHIN
®) i)

_cos’ B . _cosp q

- : (10)
acos pg ¢ a

Crnig matu Ha yBasi, mo kyTtu (10) BuU3HAYAOTHCS
JUISl KOHKPETHUX TOYOK I'BHHTOBHX JIHIH IPH 3aJaHOMY
3Ha4YeHHI mapamerpa S=S,. KpiM Toro, KyT ¢ moTpiOHO
OpaTi i3 3HAKOM «MIiHYC», OCKUIBKH IUIL CyMiIICHHS
TOuoK A 1 A, TOBOPOT MOTPiOHO 3HIMCHIOBATH Ha
PI3HUITIO KYTiB ¥ i ¢ (puc. |, TOpH30HTANbHA TIPOCKIIif).

3amumeMo PpiBHSAHHS TOpca-relikoiga, Uit SIKOTO
rBUHTOBa JiHiA (8) € pedpom 3BOpoTy. 3a JONOMOrOIO
kyTiB Elinepa Mu Oynemo moBepTaTH OTpUMaHuUi TOpC 10
MOTPIOHOTO TIOJIOXKEHHS. 3HalIeMo BUpa3d HampsMHOTO
OJIMHUYHOTO BEKTOpa MPSIMOJIIHIKHOT TBIpHOT TOpca, sKa €
JIOTUYHOIO 70 TBUHTOBOI JiHil (8). J[ns mboro 3Haxomaumo
TOX1/THI piBHAHB (8), 5Ki 1 € HAIPSIMHUMHA KOCHHYCaMHU:

2
X" =-cos pﬂsinMs,
acos pg
2
y’=cos pﬂcosMs; (11)
acos pg
Z'=sin pgs.

I3 BpaxyBanusm (11) 3amumemo napaMeTpuyHi
PIBHSIHHSI TOpCa-TeJiKoifa, [Uis sIKOro rBUHTOBA JiHis (8)
€ peOpoM 3BOPOTY:

2 2
acos CoS

pﬂ CoSs s S—

X =
cos’ B acos pg
2
—ucos pgsin Lﬂs;
acos ppg
acos? . 2 (12)
Y = zpﬂsm cos ﬂs+
cos” g acos pg
2
+U coS pg cos 05" S

acos pg

Z =ssin pg+usin pg,
Jie U — IOB)KMHA MPSIMOJIIHIMHOI TBIpHOT TOpca-resikoina
— Jpyra He3aJie)KHa 3MiHHA TOBEPXHI.

[Ilo6 mepekoHatwncs, mo piBHAHHEA (12) ONMHCYIOTH
OJTHOTIApAMETPUYHY MHOXKHHY TOPCIB-TENIKOIMIB, SIKa €
3TUHAHHSMH BUXITHOI IIOBEPXHi, TOTPiOHO 3HAUTH IIepITy
KBagpaTHuHy (opmy moBepxHi (12). YacTuHHI MOXimHI
piBHAHB (12) 3amuuryTees:

2
%Z—COS pﬂsinLﬂs_
ds acos pgs
2 2
U cos ﬁcos cos‘ g s
a acos pg
2
ﬁzcos pﬂcosMs_
ds acos pgs
2 2
—u cos ﬂsin cos” g s
a acos pg
oz .
— =sin pg,
& ps
2
%:_Cos pﬂsinMs;
du acos pg
2
g:cos pﬂcosﬂs;
du acos pgs

oz =sin pg.

du (13)
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3HaxoauMO KOEQIIiEHTH TepIIoi

hopmu:
2 2 2
(2] (2] (57
0s s s

2

u .
:1+Q(3+4coszﬂ+cos4ﬂ), (14)

KBaJpaTHUIHOT

OX oX oY oY o0Z o7
F=-" - 4+- .- 4+ =-..~-1
0s ou 0sS ou 0s ou

2 2 2
E= X + o + %Z =1
ou ou ou
[epma kBagparmuna ¢opma Topca-renikoina (12)
3aIHIIETHCS:

’

2
ds’ =(1+8u2(3+40052ﬂ+cos4ﬂ)jdsz + (15)
a

+2ds-du+du’.

Jo Bupazy mepmoi kBaapatudaoi ¢opmu (15) He
BXOAWTh TIOCTiIHA p, fKa BIUIMBAa€ HA KyT Migiomy
TBHHTOBOI JiHIi — peOpa 3BOpOTY Topca-Temikoiga. Bim ii
3HAUEHHS 3IE€XHUTH (POpMa MOBEPXHI, alle HE 3aJIEeKHUThH 11
nepma kBajgpatudHa ¢opma. Lle o3Hauae, mo piBHIHHA
(12) € mapameTpuyHHMH pIBHSAHHSAMH HEMEPEPBHOTO
3rUHaHHs Topca-renikoina. Ilpu p=I piBHsHHEA (12)
ONUINYTh BHXIMHY IOBEPXHIO i3 3aJaHUM KyToM J3
miiioMy TBHHTOBOI JIiHIT — pebpa 3Boporty, a mpu p=0 —
Horo posroprtky. Ilpum iHmmx 3HaueHHAx p=0...] mu
OTpUMAaEMO MPOMDKHI TOBEPXHI TOpca-rellikoina IMpu
Horo 3TUHAHHI BiI PO3rOPTKH 10 BUXiTHOT IIOBEPXHI.

Jus moBopoTy Topca-renikoiga (12) moTpiOHO MaTh
BUpPA3H HANpSIMHUX KOCHHYCIB IIOBEPHYTOI CHCTEMH
KOOpJMHAT 10 BiJHOIIEHHIO J0 BHXigHOI. Bonn
BU3HAYAIOTHCS 32 BIIOMHMH (opMylaMH dYepe3 KyTH
Eiinepa:

|, =cosy cos@—cosdsiny sin g;

|, =—cosy sin ¢ —cosdsiny cos ¢;

I, =sindsiny;
m, =sSiny coS ¢ +C0S @ CoS i Sin ¢; (16)
m, = —sin y sin ¢ +C0s & COS i COS ¢;
m, =—sin @ cosy;
n, =sindsin ¢;
n, = sin 8 cos ¢;
n, =cosé.
[lapamerpuyHi  piBHSHHS  HOBEpHYTOrO  TOpCa-
TreJlKo11a 3arIyThC:
X, =Xl,+Ym, +2Zn,;
Y, =XI, +Ym, +Zn; (17)

Z, =Xl,+Ym, +Zn,,
e X=X(s, u), Y=Y(s, u), Z=Z(s, u) — mapameTpu4Hi
piBHSHHSA Topca-Tenikoina (12) 1o moBopoTy.

Sxmo y piBaaHEAX (12) npumitaata p=I, TO
OTPUMAEMO BUXiJHY IOBEpXHIO. BiAmoBimHO piBHSIHHA
(17) Texx pmamyTe BHUXIOHY IOBEPXHIO, OCKIJIBKH 3a
OoTpUMaHUMHU KyTamu Elinepa mpu p=I/ NOBOpOTYy He
BinOynerscst. [Tpu U=0 piBusHH: (17) onuIIyTh TBUHTOBY
miHilo — pebpo 3BopoTy Topca-renikoima. Ilpwm
KOHKPETHOMY 3Ha4€HHI S=S, Ha TBUHTOBIW JiHII Oyxe

BuaiIeHO Touky A. Ilpm p=I Touka Hanmexxatume pedpy
3BOPOTY BUXITHOI TOBEpXHi, a TpH p#l TOoUKa As.
HaJIe)KaTUMe TIOBEPHYTOMY peOpy 3BOpOTY 3irHYTOTrO
topca. Lli Toukn He 30irarotbes. s Toro, mob Topcu
TOPKAJIHCS B3JOBX CIIJIBHOI TPSAMONIHIKHOI TBipHOT,
HEOOXiTHO 3pOOUTH IapajiesibHe NMepeHEeCeHHs 3irHyTOro
TOpCa Ha IeBHI BIAPI3KU Xo, Yo, Zo B3AOBXK OCEH BUXiAHOTO
Topca. BkazaHi BiApI3KM 3HaXOAMMO, SK PI3HHIIO
BiJINOBITHUX KoopAuHAT 3a ¢opmynamu (17) mpu u=0 i
S=S,, NPUUOMY JJIsl BUXiZHOI TBUHTOBOI JIiHii pu p=1, a
Uit neopMoBaHoi i MOBEpHYTOI TBUHTOBOI JIiHII — MpH
npuitHATOMY 3Ha4eHHi p#/. Ilicnsa uporo mapamerpuyHi
piBHsAHHES (17) OCTATOYHO 3aNAIIYTHCA:
X, =Xl +Ym, +2Zn, +X,;
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Y, =XI, +Ym, +2Zn, +y,; (18)
Z =X, +Ym, +2Zn, +z,.

3a [OMOMOTOK0 TMapaMeTpuYHHX piBHAHE (18)

ONUCYETHCS K BUXIMHMH TOpc (npu p=I[), Tak i Horo
3ruHaHHs (IpU TPUHHATOMY 3HadeHHIO p#/). OOunsa
TOpCH OYIyTh TOPKATHUCS OJWH OJHOTO IO CHUIbHIMN
NPSMOJIHIHINA TBIpHIH, SIKa BUXOIUTH 13 CILIBHOT TOYKU
JIOTUKY 000X I'BUHTOBHX JIiHIN. [Is1 Touka 3HAXOAUTHCS Ha
BUXIMHIN TBUHTOBIH JiHII TpH 3aJaHOMYy 3HAYCHHI
KOOpAMHATH S=S,. Ilpu iHIIOMY 3HAYeHHI S, TOPKAHHS
TOpCIB BiAOYIOEThCS B3OOBXK IHIIOI TBIpHOI BUXITHOTO
Topca. TakuM YHHOM, PpO3POOICHHII aIrOPUTM MOXE
CIy)KUTH JJI1 CTBOPCHHA  aHIMamiifHOrO  poJjuKa
00KOYyBaHHS MOBEPHYTOrO  TOpca-Tenmikoiza Mo
HEPYXOMOMY BUXiTHOMY.

[IponemoHcTpyeMO Ppo3pobieHuii TOPUTM
noetanHo. KOHCTpYyIOBaHHsS BHXIIHOI TBHUHTOBOI JIiHIT
Oynemo  3midicHioBat npu  a=2, f=n/6. Jlas
nedopmoBanoi iHIT mpuiimemo p=0,5, ToOTO T KyT
nigiiomy piBauil f,.=n/12. Touku A 1 A;. Bi3bMEMO Ha
ninHisx npu S,=10. Ha puc. 2 rBuHTOBI NiHIT moOyI0BaHi i3
CHUTEHOKO Bicclo, siKOI0 € Bick OZ, a Ha puc. 3 — micis
HOBOPOTY Je(OPMOBaHOI 'BUHTOBOI JIiHII 32 JOIIOMOTO0
kyTiB Eftnepa.

125 A7
10 <
?
8 4
6 1 L“'\ A
4 A 7.,
32
24 v /X
< ] 5
0 v 0
5 0 5 -5

Puc. 2. Buxigna i medopMoBaHa TBHHTOBI JiHIi i3
CIIUIHHOIO BICCIO.

Fig. 2. The original and deformed screw lines with
common axis.
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12 S A7

10

5 0 5 -5
Puc. 3. BuxigHa i nmedopmoBaHa TBHHTOBI IiHil
TCJIT TOBOPOTY IpyToi Ha KyTH Eiinepa.
Fig. 3. The original and deformed screw lines after
turning the second on the angles of Euler.

Ha puc. 4 nokazaHo HacTymHHMI eTall — mapajesibHe
nepeHeceHHss JeopMoBaHOT KpPHBOI B3IOBX  OcCei
KOOPAMHAT JIO0 CYMIIIIEHHS TOUOK A 1 A;..

Bice medopmoBanoi TBHHTOBOI IiHII 300pakeHa
IITPUX-TTYHKTHPHOIO JiHI€TO0. Optr JOTHYHHX
CYNPOBITHUX TPUTPAHHUKIB B CIUIBHIA TOYIl KpPUBUX
A=A4;. 30iraroTcs.

12 5 Y 4
10 | T=T,,
8_ il
6 \t
A=A,
4_ .\
2 y i/).’
- @00 | 5

S :

0 5 -5

Puc. 4. Buxigna 1 nedopmoBaHa T'BHHTOBI JIiHIT
MiCHS CyMIIIeHHS TOUOK A 1 4.

Fig. 4. The original and deformed helical lines after
the superimposing of points A and Ag.

bynemo 1o
T'BHHTOBY JIHIIO.

3amamo p=0.

Ile o3mauae, mo KyT migiiomy aedopmMoBaHOi
BHHTOBOI JTiHiT £,,=0.

B oMy BHIaIKy TBUHTOBA JIiHisl IEPETBOPIOETHCS B
koo (puc. 5).

Jnst moBepxHi Topca-renikoima Ie Koio Oyne
peOpoM 3BOpOTY Ha PO3TOPTIL.

Omxe mnpum p=0 mno BHUXiZHOMY TOpcy Oyne
00KOUYYBaTHCS HOTO PO3TOPTKA.

iHIoMy  neOpMyBaTH  BUXIJHY

12 Nz
101 T=T,
8 4
6 -
A=A,
4
24 /X
< 0 | 5
0 v 0
5 0 5 -5

Puc. 5. Bumanok, komu aedhopMoBaHA T'BHHTOBA
JIHIsI TIEPETBOPIOETHCS B KOJIO.

Fig. 5. The case where a deformed screw line is
converted into a circle.

Ak yxe 3a3Havamocs, npu p=/ BHXigHA i
nedopMoOBaHa KpWBI TOBHICTIO 30iraroThesa. SKmo x
3agati p=—1, To 1e)OpPMOBAHOIO KPUBOIO Oy/ic TBUHTOBA
JMHIA i3 TOPOTWICKHAM  3HAKOM  CKpyTy. BonHa
po3TamioBaHa Ha LWIHAPI TaKOro K pajiyca, 5K i
BuXinHa kpuBa (puc. 6). Ilicas moBopoty medopmoBaHOi
TBHHTOBOI  JIHIIT MDK OCSIMH TBHHTOBHUX  JIiHI{
YTBOpIOEThCS TNeBHUH KyT. Jlo moBopory oci JiHil
30iratoThCsl, a Mi>k OpTaMH JOTHYHUX 1 OiHOpMaieil icHye
KyT 6 (puc. 1), axuii € pizHUNEo KyTiB f 1 fi.. [licnsa
CYMIILIEHHSI OpTIB 1eH KyT YTBOPHUTBCS MIXK OCSIMHU
IBUHTOBUX JiHiH. KyT MK OCSMM TBUHTOBHX JIiHIH,
300pakeHuX Ha puc. 4, Oyae piBHuM /6—n/12= n/12.

124 A7

104

0

5 0

Puc. 6. Buximna i medhopmMoBaHa TBHHTOBI IiHil
pO3TamoBaHi Ha LWIIHAPAaX PIBHUX pajiyciB 1 MaroTh
MPOTHIIC)KHUH CKPYT.

Fig. 6. The original and deformed screw lines are
located on cylinders of equal radii and have opposite
torsion.

-—1—_5

[Ipn Bix’eMHHX 3HAYEHHSIX MapaMerpa P, SKOMY
BiJIIOBiza€e nedopMoBaHa TBUHTOBA THIS 3
MPOTHIISKHUM 3HAUEHHSIM CKpPYTy IO BiJHOIIEHHIO IO
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BuXimHOT kpuBoi, kyT € (9) Mix ocsamu IJiHii Oyzme
BU3HAYaTUCS HE DI3HHUIEIO, a CYMOIO KyTiB f 1 fs. 1
MaTHMe BiJ €MHE 3HaueHHS. Hampukianm, KyT MiX OCSIMH
TBHHTOBHX JiHIH, 300paXeHHX Ha puc. 6, Oyae piBHIM
6=—1,5-f=n/4. 3naueHHs napamerpa p=0 € TpaHUYHHM
IIPH TIepEXO0/i Bil JOJATHOTO 1O BiJ’€MHOTO CKPYTY.

Ha pmc. 7 moOymoBaHO [Ba TOPCH-TETIKOImM, sKi
BiNOBINaOTh pedpaM 3BOPOTY, 300pakeHHX Ha puc. 4.
BoHN TOpKaOTBCS OOWH OJHOTO B3IOBXK CHUTBHOL
NpsSMOJiHIHHOT TBipHOI. Take KOYEHHS Ha3MBAETHCS
BHYTPIIIHIM 32 aHAJOTI€I0 i3 KOYEHHSM KOHYCIB i3
CyMIIICHUMH  BEpIIMHAMH, KOJIM  OAWH  KOHYC
3HAXOJUTHCS BCEPEOMHI IHIIOrO 1 o00WABa BOHHU
3HAXOJATHCS TI0 OJIHY CTOPOHY BiJ AOTHYHOI IUIONIMHU
B3JI0BX CHUIbHOI JiHIi KOHTaKTy. [Ipu p=0 BinOyBaeThCs
KOYEHHSI PO3TOPTKH IO TOpCy-Temikoiny. Po3ramryBanus
pebep 3BOpPOTY IS IBOTO BUMAIKY ITOKa3aHO Ha pHC. 5.
Komm mapamerp p HaOyBae Big’€éMHOro 3HAa4eHHS,
NOYMHAETBCS ~ 3OBHINIHE  IEPEKOYYBAaHHA  TOPCIB-
TeNiKoiNiB OfAWH TO oxHOMY. [IUNAHKH TOPCIB B OKOII
CIUTBHOI JiHII KOHTAaKTy 3HAaXOISTHCSA 1O Pi3HI CTOPOHH
BiJl TOTUYHOT IUIOIIMHH, 110 MPOXOAUTH Yepe3 IO JIHIF0.
PosramyBanHst pebGep 3BOpOTY Ul LBOTO BUMNAAKY
oKa3aHo Ha puc. 6.

I3 puc. 7 BUIHO, 11O TOBEpXHI MAalOTh JIHIIO
B3a€EMHOTO nepeTrHy. OTke KoueHHs (Qi3HYHUX Mozesen
TOPCIB-TENIKOIIB B JAHOMY BHUIAIKy MOXE BiIOyBaTHCS
YacTKOBO 3a oOMexeHHS ixX BiacikiB. lle crocyetbes
KOYCHHS 32 Y4acTi pO3rOPTKH, a TAKOX IPH 30BHIIIHEOMY
KOYCHH.

14

12

Puc. 7. Buytpiniae o0kouyBaHHs TOPCIB-TENIKOINIB.
Fig. 7. Internal rolling of developable helicoids.

€ 111e 0JJMH BUITA/IOK NEPEXO0.1y BiJl BHYTPIIIHBOTO JI0
30BHIIIHBOTO TepekodyBaHHA. Ockimeku f.=p-f, TO
MOJKHA 3a/IaTH TaKe 3HAYCHHS Mapamerpa p, A SKOTO
ps=m/2, TOOTO NPAMONiHINHI TBipHI 3IrHYTOro TOpCa
CTalOTh BEPTHKAIBHUMHM, a pajiyc IWIIHIpA, HA SKOMY
po3ramioBane Horo pedpo 3BopoTy 3rigHO dopmymu (7)
a;=0. Lle o3Hauae, MO TOPC BUPOKYETHCA Yy TPSIMY
minito. OTXe, BHPOIKEHHS TOpca y NpsAMY JIHIIO
BinOyBaeTbcsi mnpu  p=n/(2f). 3rigHO  HaBEJEHUX

BUKJIAJOK, NPAMHH KyT MDK OCAMH MOXe OyTH i
30BHIIIHLOTO OOKOWyBaHHs. Hampwkianm, oci TopciB
TeNikoifiB OymyTh B3a€EMHO TEPICHIANKYISAPHIMH IIPH
p=n/6 1 p=—2, 110 TIOKa3aHO B MPOCKIiAX Ha puC. 8.

-10 -5 0 5 10 15
Puc. 8. 3oBHintHe 00KOTYBaHHS TOPCIiB-TEIIKOINIB i3

B3a€EMHO MCPHECHAUKYJIAPHUMHU OCSAMMU..
Fig. 8. Exterior rolling of developable helicoids with
mutually perpendicular axes.

[lpu 3apaHiii OOBXHMHI TPSAMONIHIHHUX TBIPHUX
(u=0...4) y TOpciB BifICyTHS JiHis B3aEMHOTO MEPETHHY,
TOOTO BOHHM OOKOYYIOTBCSI OOWH IO OJHOMY 0e3
nepermkoa. Ha puc. 9 BoHH 300paskeHi B aKCOHOMETPIi,
NPUYOMY CIIJIBHA JIiHIS JOTHUKY ITOKa3aHa IOTOBIICHOKO
JHI€.

15

-10
Puc. 9.
MEPIEHAUKYIAPHUMHU OCSIMHU B aKCOHOMETPIT.

Topcu-renikoign i3 B3a€EMHO
Fig. 9. Developable helicoids with mutually
perpendicular axes in axonometric projection.

VY 300pakeHHUX TOpPCIB-TEIIKOifiB pedpa 3BOPOTY
pO3TamoBaHi Ha IMJIIHApaX PI3HOTO JiaMeTpy, TOMy ix
oci € mMumoOibkuumu. [lpu f=n/4 i p=—I oci Topcis-
relikoiniB Tex OymyTh NEepHeHAMKYIAPHUMHU 1 OyIyTh
MEPEeTHHATUCS, OCKUIBKM JiaMeTpH IWIIHAPIB, HA SKUX
BOHHM PO3TAIIOBaHi, OyAyTh PIBHAMHU.
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Ha puc. 10 300pakeHO TOpCH, y SKHX JIOBXKHHA
MPAMOJIiHIAHOT TBipHOiI 3MIHIOEThCS B Mexax u=3...0,
TOOTO pedpo 3BOPOTY, AKEe HE MOKa3aHe, 3HAXOAMUTHCS 3a
MeXaMH BIJICIKiB TMOBEPXOHb. IIOTOBIICHHMH IiHISIMH
MOKa3aHi  JHII KOHTaKTy IIOBEpXOHb: OJHA B
MMOYaTKOBOMY TMOJIOXKEHHI mpu So=0 1 apyra — micis
MMOBOPOTY 3ITHYTOr0 TEiKoima HABKOJIO  BUXIiJTHOI
TIOBEPXHI 13 BEPTUKAIBHOIO BiCCIO Ha MiBTOpa 00epTy.

Puc.
TOPU30HTAJIBHOIO BICCIO, KU OOKOYYEThCS MO TOPCY-
TeJiKOiny i3 BEpTHKAIBHOIO BICCIO.

Fig. 10. Two positions of developable helicoid with

10. /lBa moyioKeHHsI TOpca-Telikoiga i3

horizontal axis which
helicoid with vertical axis.

is rolling along developable

I[Ipn oOkouyBaHHI OIHOTO TOpcCa-TeliKoina IO
IHIIOMY KyT 1 BiJICTAaHP MK iX MHMOOIXKHHMH OCSIMHU
3IMIIAIOTECS cTaMMHK. Lle o3Hawae, mo oOKOYyBaHHS
MOXKHa 3aMIHUTH OOEpTaJbHUM pYXOM 000X TOpCiB-
TeJKOIIB HaBKOJIO CBOIX HepyxoMmux oceil. J{ns Toro,
o0 JIiHiIS KOHTAaKTy MK HHMH 30epiranacsi, MOTpiOHO
OJIHOYACHO 3[IMCHIOBATH MOCTYNAJbHUII pPyX TOPCIB-
remikoigiB B3JOBXK CBOIX OCEH 13 IIBHIAKICTIO, sKa
BIINIOBiJa€ KPOKY peOpa 3BOPOTY KOXKHOI ITOBEPXHI.
TakuM 4yumHOM, /I 3a0e3ledeHHs KOHTakTy o0uaBa
TOPCHU-TEINIKOIAN TOBWHHI 3IiHCHIOBATH TBUHTOBI PYXH
B3JIOBXK CBOiX HEPYXOMHX OCEH.

BucHoBku

1. Topcu-renikoinm MOXYTh OOKOUYBATHUCS OIWH
10 OJHOMY, SKIIO BOHU € 3TMHAaHHSAMHU OAHi€l 1 Tiel kK

MOBEPXHI BKIIOYHO 13 posropTkor. Jms dizuuamnx
MojeJiel BiJICIKM TOBEPXOHb MTOBHHHI OyTH 0OMEKEHUMHU
IS YHUKHEHHS B3a€EMHOI'O MEePELKOIKAHHS
[IEPEKOYYBaHHIO.

2. TlepexouyBaHHS MOKe OyTH SIK BHYTpIILIHE, TaK i
30BHIMHE. KyT 1 BiICTaHP MiXX MHMOODKHHMHU OCSIMH
TOPCIB-TEIKOI/IB M Yac MEepeKOYyBaHHS 3aJIMIIAIOTHCS
cranumi. lle 103BOMSE 3aMiHUTH NEPEKOUYyBaHHS OJHi€i

MOBEPXHI IO iHNIH TBHUHTOBUMH pyXaMH TOPCIiB-
TeIIKOi/TiB B3IOBXK CBOIX OCEH.
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KAYEHUE PA3BEPTBIBAIOIIETI'OCA 'EJIMKON A
1O CBOEMY U3I'MBAHUIO
T. A. Kpecan, C. @. [lununaxa, Y. IO. I puwenxo,
A. C. Kpemey

AHHOTanus. Tema KaueHHs MOBEPXHOCTEH OJHa 110
JIpyroid B Hay4YHOH JIUTEpaType HE MOJy4Msia LIUPOKOIo
OCBellIeHUs. JleTanbHO M3YYEHHBIM SBISIETCS Kau€HUs
MOBEPXHOCTEH BpallleHHUs, KOTOPBIE HCIOIB3YIOTCA IS
nepeayn BpaIIaTeIbHOTO JIBIDKEHUS MEXIY
CKPEIMBAIOIUMICS U IepeceKaroImumMucs ocsiMu. Ilpu
MIPOEKTUPOBAHUH 3y0UaTHIX 3alleIUIeHUil I mepenadu
KPYTSAIIEro MOMEHTa paccMaTpUBaIOTCs KaK
pa3BepThIBAIOIIMECA, TaK W  HEpa3BepThIBAIOIIMECS
MOBEPXHOCTH B pONH akcowaoB. OOMEH3BECTHRIMH
MOBEPXHOCTAMHU JJIsl Tepelayd KpYTSIIEro MOMEHTa
MEXJy TEepPECEKAIUMHCI OCAIMH €CTb KOHYCBI C
COBMEIICHHBIM BepIIMHaMU. Eciu BepIIMHBI KOHYCOB
ylaleHbl B OECKOHEYHOCTh, TOTrAa  OOpasyromue
MTOBEPXHOCTEH CTAaHOBATCS MapaJUIEIbHBIMH, TO €CTh
KOHYCBI TPEBPAIIAIOTCA B IWJIMHAPHI C TapauIeIbHBIMA
ocsiMu. Kak B KOHYCOB, Tak W B IIWJIMHAPOB oOIIeH
JUHWEH CONPHKOCHOBEHUS SABISAETCA INPSMOIMHEHHAS
obOpasyromasi obewx moBepxHocTed. I[lpm mepemaue
KPYTSAIIEr0 MOMEHTa MEXAY CKPEIIMBAIOMINMUCS OCSIMH
AKCOMJIAaMH SIBJISTIOTCS  OJIHOIIOJIOCTHBIE THIIEPOOIIONIBI
BpalleHUss C OOIed NpsSIMOJMHEHHOI o0Opa3syromei

KaCaHHs. Onu SABIAKOTCA HEPA3BCPTHIBAIOIIUMUC
JIMHEHYaTEIMK TOBEPXHOCTAMMU. Mexmy KauyCHUEM
Pa3BEPTHIBAOIIUXCA nu HEPA3BEPTHIBAIOIINXCSA
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MOBEPXHOCTEH OJHA MO JPYrol €CTh CYIIECTBEHHOE
otmaue. i map KOHyCOB M IIMJIMHIPOB TIEpEKaTHIBAHHE
TIPOUCXOUT 6e3 CKOJIBXKCHUS, a JUTS
HEpPa3BEePTHIBAIOIINUXCA MOBEPXHOCTEH THIIEPOOTIONIOB -
CO CKOJIBKEHHMEM BIOJb OOIIeH JHHNM Kacauus. OqHako
9TO HE O03HAYAET, YTO HEpPa3BEPTHIBAIOINECS JTMHEHIAThHIC
MTOBEPXHOCTH HE MOTYT MEPEKATHIBATHCS OJHA TI0 JPYroi
0€3 CKOJbKEHHUS.

W3  Teopum  MOBEpPXHOCTEHl  M3BECTHO,  4YTO
TIOBEPXHOCTh MOJKET IIEPEKATHIBATHCS 0€3 CKOJIBKEHHS 10
ceoeMy wu3rubanmto. Ecnmm  wnsrubaHume  McXomHOU
JIMHEHYaTOH TOBEPXHOCTH MPOUCXOIMUT C COXpaHEHUEM
MPSIMOJIMHEWHBIX ~ OOpa3yloImuX, TO TIepeKaTHIBaHHE
HCXOIHOW W W30THYTOH MOBEPXHOCTEH mpomcxomuT 0e3
CKOJNIBKEHUS C JIMHAEH KOHTAaKTa BIOJH  OOIIEH
oOpa3yromed TOBEPXHOCTH HE3aBUCHMO OT  TOTO,
pa3BepTHIBAIONINECS OHU WM HEPa3BEPTHIBAIOIINECS.
Ynpaiste n3rudaHmueM pa3BepTHIBAOIICHCS
MMOBEPXHOCTH MOXKHO myTeM jaedopMaimu ee pedpa
Bo3BpaTa. Takas aedopManus NPOUCXOAUT W3MEHEHHEM
€ro KpydYeHHs1 C COXpPaHEHHEM KpHBHM3HBI B (DyHKINU
JUIMHBL Iyrd. Jlns  pa3BepTHIBAIOLIETOCS TIEIMKOMJA
(Topca-renukona) peOPoM BO3BpaTa SBISCTCS BUHTOBAs
muHAA. V3MeHeHHWeM ee KpYy4eHUs MOYKHO TIIOyYUTh
JIPYTYI0 BHHTOBYIO JIMHHUIO C JAPYTHM YIJIOM €€ MOAbeMa.
OTUM JABYM BHHTOBBIM JIMHUSIM COOTBETCTBYIOT [Ba
Pa3BEPTHIBAIONINXCS TEMUKOUIA, KaXKIBIH W3 KOTOPBIX
MOJKHO TIOJIyYUTh M3rubanmeM npyroro. Oba renukouaa
HMEIOT O00IIyro pas3BepTKy. s KadeHHs TeINKOUIOB
ONMH IO JAPYrOMy HUX HEO0OXOAMMO COBMECTHUTH Tak,
4TOOBI JIMHUCH KOHTaKTa ObLaa OOIas MPsSMOIHMHEHHAS
oOpasyrolas 00eux MOBEPXHOCTEH. ITO 03HAYACT, UTO B
COOTBETCTBYIOIIMX TOYKax pedep Bo3Bpara C paBHBIMU
SHAYCHUAMU JJIMH OYT COIIPOBOXIAOIIUEC TPEXTPAaHHUKH
00enx KpUBBIX JIOJDKHBI COBMangaTh. s obecrmeueHUs
KOHTaKTa O0EWX  IOBEPXHOCTEH  BIONL  OOmICH
MPSIMOJIMHEWHOW 00pa3yromeil B CTaThe OCYIICCTBICH
MIOBOPOT OJHOM M3 HUX C IMOMOILBIO YIJIOB Jiiepa U
mapajuiebHBIA 1epeHoc. [10 MoydeHHBIM ypaBHEHHIM
ITOCTPOCHBI IIOBEPXHOCTH C OOIIEH JTHHUEH KOHTAKTA.

KawueBble cioBa: pa3BepTHIBAIOMINNACS TEIUKOW],
n3rubanue, KadeHUWe IOBEpXHOCTEH, pebpo BO3Bpara,
MIOBOPOT, MapauIeNbHbII MEPEHOC.

ROLLING OF A DEVELOPABLE HELICOID ALONG
ITS BENDING
T. A. Kresan, S. F. Pylypaka, 1. Yu. Gricschenko,
Ya. S. Kremets
Abstract. The topic of rolling surfaces one by one in
the scientific literature has not received wide coverage.
The rolling surfaces of rotation, which are used to
transmit rotational motion between skew and crossed
axes, are studied in detail. When designing gears for
torque  transmission, both developable and
nondevelopable surface surfaces are considered as axoids.
Well-known surfaces for transmitting torque between
crossed axes are cones with combined vertices. If the
vertices of the cones are removed to infinity, then the
surface generators become parallel, that is, the cones turn
into cylinders with parallel axes. Both in the cones and in
the cylinders, the common line of contact is the rectilinear
generatrix of both surfaces. When transmitting torque

between the crossed axes, the axoids are single-cavity
hyperboloids of rotation with a common rectilinear
tangent generatrix. They are nondevelopable ruled
surfaces. There is a significant difference between the
rolling of developable and nondevelopable surfaces one
after the other. For pairs of cones and cylinders, rolling
occurs without sliding, and for nondevelopable surfaces
of hyperboloids, sliding occurs along a common line of
contact. However, this does not mean that nondevelopable
ruled surfaces cannot roll one over another without
sliding.

It is known from surface theory that a surface can
roll without sliding along its bend. If the bending of the
initial ruled surface occurs with the preservation of
rectilinear generators, then the rolling of the initial and
bended surfaces occurs without sliding with the contact
line along the common generatrix surface, regardless of
whether they a developable or nondevelopable. You can
control the bending of a developable surface by
deforming its edge of regression. Such a deformation
occurs by changing its torsion while maintaining
curvature as a function of the length of the arc. For a
developable helicoid, the edge of regression is a screw
line. By changing its torsion, you can get another screw
line with a different angle of its rise. These two screw
lines correspond to two developable helicoids, each of
which can be obtained by bending the other. Both
helicoids have a common involute. To roll the helicoids
one by one, they must be combined so that the contact
line is the common rectilinear generatrix of both surfaces.
This means that at the corresponding points of the edges
of regression with equal values of the lengths of the arcs,
the accompanying trihedral of both curves must coincide.
To ensure contact of both surfaces along a common
rectilinear generatrix, one of them was rotated using Euler
angles and parallel transfer. Surfaces with a common
contact line are constructed using the obtained equations.

Key words: developable helicoid, bending, rolling
of surfaces, edge of regression, rotation, parallel transfer.
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BIIVIMB KOHCTPYKTUBHO-PEXXKUMHUX [TAPAMETPIB HA ®OPMYBAHHS ITIOBITPAHOI'O
MOTOKY OBYICYBAJIbHI JKHUBAPKHU
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Amnoraunis. [Ipu po3poOui *HUBapOK Uit 30MpaHHs
CUIBCHKOTOCTIOIAPCHKHUX KYJIBTYP METOJIOM OOUiCyBaHHS
POCIMH Ha KOPEHI BaKJIMBHM 3aBJaHHAM € BHOIp Ta
OOIPYHTYBaHHS KOHCTPYKTHBHO-DE)KUMHHX MHapaMeTpiB,
IO 3YMOBJIOE  IJBHIUCHHS  SIKOCTI  BHKOHAHHS
TEXHOJIOTTYHOTO MPOILecy 30MpaHHs BPOXKAK Y CYJaCHUX
TEXHOJIOTIsIX BUPOOHUIITBA. [poBeneHnmu
TEOPETUYHHMH JOCTI/DKCHHSIMH BCTaHOBJICHO, IO Ha
MPOTIKaHHS TEXHOJIOTIYHOTO TIporecy aBoOapabaHHOL
JKHUBapKW OOYICYBAJILHOTO THUIYy CYTTEBUH BIUIMB Mae
MOBITPSIHUN TOTIK, SIKMH YTBOPIOETBCS NpU poOoTi B ii
obmacti  OiTepoMm-BigOuMBaueM Ta  OOUICYBaJIbHUM
Oapabanom. JlocmijpkeHHss Tedii MOBiTps B 00JacTi
nBobOapabaHHOTO MIPUCTPOIO TIPOBOMIIOCS 3
BUKOpHCTaHHSIM TporpamHoro makery STAR-CCM+,
SKHA  peayi30oBaHO HAa OCHOBI METOAY  KIiHIIEBHX
eneMeHTiB. IIpH LBOMY BHKOPHCTOBYBAIUCS aJanTHBHI
pETYIspHI PO3PAaXYHKOBI CITKH i3 3MIHHHM pO3MipOM
koMmipku. bazoBuit po3mip komipku npuitasTaii 0,001 M.
B sxocti Momem citkm Oyino o0paHO TeHepaTop
OPU3MATHYHOTO — [Iapy, TeHepaTtop  OaraTorpaHHUX
KOMIPOK Ta TeHepaTop IOBepXHEBOI CITKH. UmnceabHUM
MO/ICIIFOBaHHIM aepOJUHAMIUYHUX TPOLECIB B JKHUBAPII

004icyBabHOTO THUITY BCTaHOBJICHO po3noain
LIBUKOCTEH IOTOKY MOBITps B 1 00NacTi, BU3HAYEHO
3aJI©KHOCTI MaKCHMAJIbHOI IIBHJKOCTI IOBITPSIHOTO

IMOTOKY BiJl YacTOTH oOepTaHHs OiTepa-BimOmBava i
oOuicyBanpHOTO OapabaHy, IMOJIOKEHHS MOBITPSIHOT CITKA
Ta alnpoKCHMMOBaHa (opMa KOXKyXa, sl SIKOI OTpHUMaHi
panioHanbHI KOHCTPYKTUBHO-PEKUMHI napameTpu
KHUBapK{, 10 3YMOBIIOIOTH IiJBUIIEHHS  SIKOCTI
NIPOTIKaHHS TEXHOJIOTIYHOTO IPOILECy. 3a pe3yiabTaTaMu
BUKOHAaHMX TEOPETHYHHMX JIOCITIPKEHb BCTaHOBIICHA
MOJJIMBICTh CIIPSIMOBAHOTO PETYIIOBAaHHS IPOIECIB B
obmacti JKHHBApOK OOYiCYBaJIFHOTO THITy IIJISIXOM
OOTpyHTYBaHHA iX pamioHaJBPHUX IapaMeTpiB MO0
CTBOPEHHS €(heKTHBHUX TEXHIYHUX 3aCO0iB 111 30UpaHHs
CLTBCBKOTOCIIOIAPCHKUX KYJIBTYP METOJIOM 004iCyBaHHS
POCIIMH Ha KOPEHi.

KoarouoBi cinoBa: >xHMBapka o04iCyBaJIbHOTO THILY,
Oitep-BinOMBay, oOuicyBanbHHN OapabaH, NOBITPSHUI
TIOTIK, KOCTPYKTHBHO-PEXXUMHI TTapaMeTpH.

ITocTranoBKa MpodaeMu

CyuacHi TEXHOJIOTI1 30upaHHs BPOKaIo
CIIBCBKOTOCHOIAPCHKUX KYJBTYp IependadaroTh Hepexin
BiJl KJIACHYHOTO KOMOalHOBOTO 30MpaHHS 3€pPHOBUX Ta
IHIIUX KyJBTYp OO HAHOIIBII MEPCIIEKTUBHOI TEXHOJIOTI,
mo mnependadae oOOYiCYBaHHA pOCIMH Ha KOpEHi i3
3aCTOCYBaHHSIM OJHO- Ta JABOOAapa0aHHUX IKHUBAPOK
obuicyBampHOTO THUNY. EQeKTHBHICTH peami3allii Takoro
migxomy 10 30MpaHHS BPOXKAIO MOJSTaE y 3MEHINCHHI
€HEeProEMHOCTI Tpoliecy 30MpaHHsI 32 PaXyHOK 3HHKEHHS
HaBaHTAXXCHHS Ha MOJIOTHUJIBHO-CENapyBalbHI CHCTEMH
3epHO30HpANbHUX KOMOAQiHIB, IIABUIICHHS SKICHUX
NOKa3HUKIB  30UpaHHs, MNPOAYKTHBHOCTI  TEXHIYHHX
3aco6iB Tormo [1-3].

CydacHuii cTaH PO3BUTKY TEXHIYHHX 3ac00iB LIS
30MpaHHs CiIbCBKOTOCHOAAPCHKHX KYIbTYp METOIOM
oOuicyBaHHS pOCITHH Ha KOpPEHi, 3 ypaxyBaHHSIM
HAyKOBOTO  CYNPOBOJDKCHHS  O3HAYCHOTO  HAPSMKY
rajxy3eBoro MaliMHOOYIyBaHHs, BKa3ye Ha eeKTHBHICTH
3aCTOCYBaHHS TPONYKIii MPOBIAHUX (ipM-BUPOOHUKIB

oqHO Ta JBOoOapabaHHMX KOHCTPYKIIH IKHHBapOK
obuicyBansHorO THITY [4—6].

CyTTeBHi  BIUIMB ~ Ha  SIKICTh  TIPOTIKaHHS
TEXHOJIOTIYHOTO MpOLIECY Mae€ YTBOPEHHs OiTepoMm-

BijOMBayeM Ta OOYiCyBaJbHUM 0apabaHOM IKHUBApPKU
TIOBITPSIHOTO TOTOKY, SIKMH € 3MIHHUM 32 HampsiMOM Ta

BeNMYMHOI0 B ii oOmacti. [lpaBunbHe QopMmyBaHHS
TIOBITPSTHOTO MOTOKY B obunacri JKHUBapKU
O0YiCYBaILHOTO THUILy MOXe OyTH MepeayMOBOIO

MiABUIICHHS ii e()eKTUBHOCTI Y 3aCTOCOBaHINA TEXHOJIOTIl
30MpaHHs CiJIbCHKOTOCIIOIAPCHKUX KYIIBTYP.
BpaxoByroun  CyTTeBUH  BINIMB  Ha  IIPOLEC
o0JicyBaHHS POCITIHH Ha KOPEHI MOBITPSIHOTO MOTOKY, II0
YTBOPIOETBCS B OOJIACTI JKHUBAPKH, AKTYAIBHUMH CIiJ
BBAXATH MJOCIHIDKEHHS, SKi CHOPSIMOBAaHI Ha IOJAJIBIIE

YIOCKOHAJIEHHS 1 CTBOPEHHS HOBHX €(EKTHBHHUX
TEXHIYHUX 3ac00iB JUIS 30mpaHHsa
CUIBCBKOTOCIIOIAPCHKHUX KYJIBTYp 3 BHUCOKHMU

MOKa3HUKaMH e(QEKTUBHOCTI LUISIXOM OOIPYHTYBaHHS
paumioOHAUIBHUX KOHCTPYKTHBHO-DEXKHMHHX IapaMeTpiB
004iCyBaJIbHUX MIPUCTPOIB.
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AHaJti3 ocTaHHIX J0CTiIKEeHb

JocmimKkeHHAMHI TIporiecy 30MpaHHS 3epHOBHX Ta
IHIIMX KyJBTYp 3a O3HAYCHHM METOJOM BCTaHOBIICHO
CYTTEBHUH BIUIMB Ha SKICHI MMOKa3HUKH POOOTH TEXHITHUX
3ac00iB  KOHCTPYKTHBHO-PSKHMHHX TapaMeTpiB  Ta
rapaMeTpiB CYIyTHIX MPOIECIB, 10 SKUX, B IIEPILY Yepry,
CJIiJl BITHECTH YTBOPEHHS MOBITPSHOTO MIOTOKY POOOYMMU
opranamu kHUBapok [7-10]. [Hocmimxenusmu [7]
BCTaHOBJICHO, IO Ha BEJIMYMHY BTpaT 3€pHa MpU
30MpaHHI BIUIMBAIOTH IOJIOXKEHHS 1 4acToTa OOepTaHHs
obuicyBanpHOro OapabaHy, NOCTymnanbHa IIBHAKICTH
MaIlliHU 1 HIBHIKICTH TOBITPSHOTO MOTOKY, 3HAYCHHS
SIKOTO Ha BXOJi TOBHHHO OyTH HE MeEHIEe 5 Mm/c Ta
IOCTYIIOBO ~ 3MCHIIYBaTHCA HAa BHXOAI B  30HI
IHTETpaIBHOTO IIHEKa JKHUBApPKU. ABTOpamu
BCTaHOBJICHO, IO 3a30p MK OapabaHOM 1 KOXyXOM
MPUCTPOIO TOBHHEH Oyth B Mexax Bix 0,09 mo 0,11 m.
I[pu 1pOMY CHi BIAMITUTH, IO PEKOMEHAOBaHI
ABTOPAaMU 3HAYCHHS IHOT0O MMOKA3HHKA BiPI3HIIOTHCS Bil
pe3ynbTartiB, oTpuMaHux B pobori [8], ne pexomeHnmnoBaHa
BiZICTaHb MiX 0apabaHOM i KOXKYXOM B IEpeAHild YacTHHI
IpU 3HAa4YeHHI paniycy obuicyBanbHOro 6apadany 0,35 M
ckmagae 0,14 ™. Ilpu 1npoMy, 3a pe3yapTaTaMu
JOCITIDKEHHST 3pO0JIeHO BHCHOBOK TIPO JIOULUIBHICTH
3aCTOCYBaHHS BCMOKTYIOYOTO HOBITPSIHOTO MOTOKY, IO
YTBOPIOETHCS 00UICYyBaNbHUM OapabaHOM >KHUBApKH, i
MIO3UTHBHO BIUINBAa€E  HAa  SIKICTh MIPOTIKAHHS
TEXHOJIOTIYHOTO Mpouecy. [lOmibHICTh ypaxyBaHHS Ta
(dbopMyBaHHS ~ MOBITPAHOTO  TMOTOKY B  0OjacTi
00YiCyBaJIbHOT JKHUBApKH, IO 3YMOBJIOE MOXKIHBICTBH
KepyBaHHS MPOIIECOM JI0BeAEHO aociimkernsamu [9, 10].

Ha ngymky aBrtopiB [9], it miJBHIIEHHS
e(eKTUBHOCTI poboTu JKHUBapKU HEOOXITHO
3a0e3rnedyBaTd CTBOPEHHS PEXKHMY PYXy KOMIIOHEHTIB
BOpOXY 3 YypaxyBaHHAM ix mapycHocTi. B pobori
CTBEPJUKYETHCS, 10 JAOUITBHUM € PEKUM, KOJIM 3HAYCHHS
CepeHbOl MIBHIKOCTI KOMIIOHEHTIB 00YiCaHOTO BOPOXY
Oyze OiBPIINM MIBHIKOCTI BUTAHHSA 3epHA. [Ipu 1poMy, B
po3pobneHiit B [9] MaTemaTH4UHIH Mozexi mpolecy
o0OuicyBaHHS  3€pPHOBHX  KYJbTYp IMOKa3aHO, IIO
IIBUJKICTh TIOBITPSHOTO IIOTOKY, SIKUH YTBOPIOETHCSA
O0apabaHOM, BXOIMTb Y DIBHSHHS pyXy 3€pHa IO
o0uicyBanpHOMY 3yOIt0 OapabaHa Ta TPaHCHOPTYIOUOMY
KaHally >KHMBapku. [yl BpaxyBaHHS BIUIMBY IBUJKOCTI
MOBITPSTHOTO ITOTOKY Ha PyX 3€pHa HEOOXiJAHO 3HATH HOTO
YrcelbHE 3HAYCHHS 1 HampsM, mo BuBdYaiocs B [10].
ABTOpamMM BCTaHOBJIEHO, III0 B MPOLIEC] TPAHCTIOPTYBAHHS
004iCaHOTO BOPOXY BiIOYBa€TbCA HOrO  YacTKOBA
cerperanis. OnHi€I0 3 TIPUYUH LBOTO SBHUIA MOXeE OyTH
NPOLIEC  PO3MIAPYBaHHS  IOBITPSHOTO  IOTOKY, MIO
BUsBIJIEHO B [11].

IlimBumeHHst e(eKTUBHOCTI poOOTH >KHHBAPOK
004iCyBaJIEHOTO THITy MOXKJIMBO 32 PaxXyHOK BBEICHHS B
KOHCTPYKIIiIO TOaTKOBOTO OiTepa-BimomBadya [12]. Takuii
MiIXi JO3BOJMB 3MEHIINTH BTpaTd 3epHa g0 1,0 %.
ABTOpaMH BCTaHOBJIEHO, IO (opMa IMEpeaHbOi CTIHKU
KOXyXa 3aJIeKUTh BiJl pamiyca OapabaHa, MOJOXKeHHS Il
HIDKHBOT KPOMKH 1 KyTa MaJiHHS 3epHa Ha L0 MOBEPXHIO.
[Tpu upoMy, pyx 3epHa 10 BHYTPILIHIH MOBEPXHI KOXKYXa,
JUIsL sIKOi oTpuMaHa 11 KpuBHMHa 1 sKa 3abe3neuye
3MEHIIEHHS  BEJIMYMHH  BTpAT, pO3MISHYTO  0e3
BpaxyBaHHS BIUIMBY MOBITPSHOTO ITOTOKY YTBOPIOBAHOTO

B 00JIacTi KHUBapKH. B po3BUTOK BHpIMICHHS MpoOIeMuU
M ABUIIIEHHS SIKICHUX MOKAa3HUKIB pobotH
nBoOapabanHOro oOwicyBampHOrOo mpucTpolo B [13]
OTPHMaHO ONTHUMAaNlbHI 3HadYeHHA MJiamerpa Oirepa-
BimomBaua d = 0,38 ™M i wacrora #Horo oGepTaHHS
o = 86,9 ¢!, 1m0 3yMOBUIIO 3MEHIIEHHS BTPAT 3e€pHA 3

33% mo 1,6%. Ilpu 1pOoMy, aBTOPOM TaKOX HeE
BpaxOBaHO IIpM  MOJENIOBAaHHI  NpoOLECY  BIUIMB
YTBOPIOBAHOTO B 00yacTi 00YiCyBaJbHOI JKHMBapKH

TIOBITPSIHOTO MOTOKY.

Tomy € miacTaBn BBaXkaTH, LIO HEJNOCTAaTHS
BUBYCHICTh BIUIMBY IOBITPSIHOTO TIOTOKY B 0OJIacTi
JKHUBApPKM OO0UICYyBalbHOTO THIY Ha SKICTh IPOILECY
30MpaHHSA POCIMH METOIOM iX 0o0JiCyBaHHS Ha KOpEHI,

00yMOBIIIOE  HEOOXINHICTH MPOBEACHHS  ITOAAIBIINX
JOCIIKEHB Y IIbOMY HATIPSAMKY.
Merta nocaiaKeHb
Metoro  poGOTH € 4YHCENbHE  MOJCIIOBAHHS

AEPOMMHAMIYHHMX TIPOIECiB B 00yacTi aBoOapabaHHOT
JKHUBapKu o0dicyBanpHOro THIy. Lle macte MOXIUBICTH
CTBOpPCHHS OUTBII e(pEeKTUBHUX TEXHIYHHX 3ac00iB
30MpaHHsI METOJJOM 00YiCyBaHHS POCITHH Ha KOPEHI.

Pe3yabTaTn nociigxeHb

Jlnst MOCSATHEHHS MOCTaBJICHOI METH BUPIIIYBaIHCS
HACTYIIHI 33/1a4i:

- BHU3HAYUTH UIBHJAKICHUH pPEXHUM MEPEMIIICHHS
HOBITPs B 00JIACTI )KHUBAPKK 004iCyBaIbHOTO THUILY;

- OOIpyHTyBaTH TeOMETpHUYHY (opMy KOXKyxa,
PO3MIp 1 PO3MIIIIEHHS MOBITPSIHOT CITKH B 3aJICXKHOCTI Bif
PEKUMHHUX mapameTpiB Oitepa-BigdiBaua i
obuicyBassHOTO OapabaHy;

Jlns BU3Ha4yeHHS BEKTOPHOTO TIOJISI IIBHAKOCTEH B
o0JiacTi )KHUBAPKH PO3IIITHEMO MPOLEC PYXy MOBITPS AJIS
IUIOCKOT ~ 3aJa4i  YHCENBHOTO  MOJICTIOBAHHS B
koopamHaTax XOY. Po3paxyHkoBa cxema >KHHUBapKH
004iCyBaJILHOTO THITY MPE/ICTABJICHA HA PUCYHKY 1.

PozpaxyHnkoBa
009iCyBaJIFHOTO THITY.

Fig. 1. Calculation scheme of the combing type
reaper

cxema

KHUBapKU

Po3paxyHok pexuMiB Tewil NOBITpS B 00JacTi
KHUBapKu 004YiCyBaJbHOI'O THUILy BHKOHYBAJHCS IIpU
HaCTYITHUX IPAaHUYHUAX YMOBaX:
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- TpaHHIll NPEICTABISAIOTh COOOI0 JKOPCTKI CTIHKH,
SIKI HE TIPOHWKHI JUIsI TIOTOKY TMOBiTps. [lpu mpomy
IIBUIKICTH TTOBITPS Ha iX MOBepXHi gopiBHIOE 0 M/C.

- 30Ha rpaHHIi | € mpo3oporo i3 3amaHUM
MTOCTIHHIM aTMOC(HEPHUM THCKOM.

- 3onU rpaHunp [I-IV MoxyTs OyTH pO30pPHMH i3
3aJaHUM  IOCTIHHUM  aTMOCepHUM  THCKOM  abo
JKOPCTKUMU CTIHKAMH B 3aJICKHOCTI BiJl TOCIIIKYBaHOTO
BapiaHTy YHCEIIBHOTO JOCIiay.

Birep-BinOuBau obepraeTbcss MPOTH T'OAMHHUKOBOI
CTPIJIKM 3 YacTOTOK Ni, a oOuicyroumii Oapaban — i3
94acToOTO 00epTaHHs Ny (puc. 1).

JocmimkeHHss Tedii TMOBITPS TPOBOTMIIOCT 3
BHKOpUCTaHHAM mporpamHoro makery STAR-CCM+,
SIKHH peajli3oBaHO Ha OCHOBI METOIY KiHIIEBUX €JIEMCHTIB
[14]. TIpm 1BOMYy BHUKOPHUCTOBYBAIMCS AIalTHBHI
peTyIspHI PO3PaXyHKOBI CITKH i3 3MIHHHM pO3MipoM
koMmipku. bazoBuit po3mip xomipku npuitastuii 0,001 M.
B skocti Momeni citku Oyino 00paHO TeHepaTop
MIPU3MATUYHOTO  Iapy, TeHepaTtop  OaraTorpaHHUX
KOMIpOK Ta reHepaTop IoBepxXHeBoi ciTku. Uepes Te, mio

pe3yJbTaTH YHCENbHOIO MOJENIOBAHHA Tedil peabHOro
razy Ban-nep-Baannca (TIOBIiTpsI) iCTOTHO 3aiexaTh Bil
BHKOPHCTOBYBaHOI MOJeNi TypOYJIEHTHOCTi, BHOOpY
PO3paxyHKOBOI CITKH, 9uCla ii By3JIiB, TPAHHYHUX YMOB i
O0YHCITIOBAIFHOTO AITOPHTMY, TOMY OYIIO TPOBEICHO
Bepudikamiro, sxa 3ade3nednsa 301KHICTD pe3yabTaTiB. B
SKOCTI  (I3UYHMX  Mojenaed Uil YHCEIBHOTrO
MOJIeNIIOBaHHsL Oynu oOpaHi HacTymHi: k-& Moxenb
TypOyYJICHTHOCTI CIIOJYYCHOT TedYil, MOJIC CHIIU TSKIHHS,
MOZEIb peanbHoro rasy Ban-mep-Baanbca, ocepenHeHe
o Peiinonpacy piBusaHs Hos’e-Crokca [15,16].

Jns YHCEIILHOTO MO/JICTIFOBaHHS nporecy
MepeMilieHHs  TOBiTpA B o0JacTi  JKHUBapKH
009icyBaJIFHOTO THIY OYJIHM NPHUHHATI KOHCTPYKTUBHO-
pPeXUMHI mapameTpu IBoOapabaHHOI >kHHUBapku [4]. 3a
(akTOpM YHCENBPHOTO MOJENIOBaHHS OynH TMPUHHATI
HACTYIHI KOHCTPYKTHBHO-PEKHMHI HapaMeTpH: 4acToTa
obepranHs OiTepa-BimOmBada N1, dYacToTa OOCpPTaHHS
obuicyBanpHOT0 Oapabana Ny i MOJOXKEHHS IPO30POi 30HU
rpanup L. Mexi BapitoBaHHS JOCTIKyBaHUX (akTOpiB
npejcTaBieHi B Tabnui 1.

Ta6mums 1. PiBHi Bapialiiii pakTopaMu YUCETHHOIO MOJICITIOBAHHS.
Table 1. Levels of variation by numerical modeling factors.

®dakTopu

o N . . UYacrora obepTaHHS Ionoxxenus

PiBHi Bapiamiii hakTopiB YactoTta obepranns Oitepa- . N
. obuicyBassHOTO OapabaHa IPO30pOi 30HU

BigOuBaua N1, 00/XB .

N2, 06/xB rpannmi L, M
BepxHiit piBeHs (+) 800 800 0,35
OcuoBHM piBessb (0) 600 600 0,60
HuxHiii piBeHs (—) 400 400 0,85
IaTepran Bapiariii pakropis 200 200 0,25

YucenbHe MOJENOBaHHS OyJ0 MPOBEJCHO 3a
MMOBHUM (DaKTOPHUM JOCIIZIOM i3 3araJbHOI KiTBKICTIO
nocigis — 3% =27. 3a pe3yabTaTaMH MOJICTIOBAHHS 0YJI0
OTPUMAHO Bi3yali3allif0 PO3MOALTY MIBUAKOCTSH MOTOKY
MOBITPs B 00J1aCTI )KHUBAPKH (pHC. 2).
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Puc. 2. Bizyaunizanist po3nozisy IBUIKOCTEH MOTOKY
TIOBITPs B 00J1aCTi )KHUBAPKH OYiCYBAJILHOTO THITLY.

Fig. 2. Visualization of the distribution of air flow
velocities in the harvesting area of the combing type.

JIis KOXXHOTO BapiaHTy YHCENBFHOTO NOCTiAy Oyio
pPO3paxoBaHO MAaKCHUMAJIbHY IIBUIKICTh MOBITPS Ta 3
BUKOPUCTaHHSIM  mOporpamHoro  makery  Wolfram
Mathematica mpoBemeHO amMPOKCHMAIID OTPHMAHHX
JAHWUX, B PE3yJIbTaTi SIKO1 BCTAHOBJICHO 3aJICIKHICTH Bij
(axTopiB OCHIPKEHDb Y 3aKOJJOBAHOMY BUTJISI:

Vinax = 211293 + 00677778 x, — 00177778 X7 +

1)
+1,72333x%, + 0,1375%; X, +1,21222 x% +
+6,42111X3 —0,2125x: X3 — —18025X, X3 +
+ 0845556 x3.
IMpoBenena cratucTHYHa OOpPOOKA OTPUMAHOTO
piBasHES (1) mnpexcraBnmeHa B Tabmmmi 2, aHami3
pe3yabTaTiB  SIKOT  JO3BOJISIE CKOPOTHUTH  HE3HAYYII

koedimientn B piBHAHHI (1) 1 mpexncraButm ioro y
BUTJIISAIL:

Viax = 211293 +1,72333x, +1,21222 x% +
+6,42111x5 —0,2125%1 X3 —1,8025X5 X3 +
+0,845556 X3.

[Ticnsa meperBopeHHs PiBHAHHA (2) y PO3KOJOBAaHUH
BHTJISIZ OCTATOYHO MAEMO:
Vimax = —2,53657 +2,55L —0,0007125n, +

+0,0000303056 n? +0,0363264n, —0,00425Ln, —
—0,0000450625 n;n, +0,0000211389 n3.

O]

®)
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Taoauusa 2. Craructuuna o6podka pisasuus (1).
Table 2. Statistical processing of equation (1).

.. . VIMOBipHICTh TOMUIIKH
Koedimient CrannmapTHa MoXuoKa t—Kpurepiit CTpioneHTa HpH B TCHH]

aoo 0,636742 33,1834 6,75942-107Y

aio 0,294754 0,229947 0,820877

a 0,294754 5,84668 0,0000194275

aso 0,294754 21,7846 7,37049-107%

a2 0,360999 0,380888 0,708004

a3 0,360999 —0,588645 0,56384

axs 0,360999 —4,99309 0,000111173

an 0,510529 —0,0348223 0,972627

a» 0,510529 2,37444 0,0296162

as3 0,510529 1,65623 0,116015

@DiKCyr0ul TOYeproBo (aKTOpH JOCHIIKEHb Ha Haxuramaroun ollepXKaHi 3a pe3ynpTaTaMu

3amaHoMy piBHI MoOynoBaHI Ha PHCYHKY 3 TpadidHi
iHTepHIpeTanii 3a1exHoCTi (3).

7800

201

400 7000, 06/x8
500 e
_ 600 T 7300
1y. 00/XB 200 < *»‘im
800
a
V. m/fc
3u__f n, = 800 ob/xe, n, = 800 ob/xs
25
n, = 600 ob/xe, n, = 600 od/xe
20
I5] n, = 400 o6/xe, n, = 400 o6/xs
——— T T = — L. M
.5 (b6 0.7 5
§)
Puc. 3. 3ajexHiCTh MakCUMaJIbHOI IMIBUIKOCTI

MIOBITPS B ()aKTOPIB TOCTI/IKEHb.
Fig. 3. Dependence of maximum air velocity on
research factors.

Sk BUAHO 3 PHUCYHKY 3, i3 301IBIICHHSIM YacTOTH
obepTaHHs poTOopa-BigOMBaya N; 1 00YiCyBaJIBHOTO
OapabaHy N, 30iTBIIYETHCS 1 MaKCHMalbHa HIBHIKICTh
NOBITPsT B 00JNacTi >KHUBApKH Vmax 3a mNapaOoiiyHUM
3aKOHOM. B CBOI0 4epry mOnOXKeHHS Mpo30poi 30HU

rpaHunpb L mpakTHYHO HE BIUIMBAaE HA 3HAYCHHS
MaKCHMaJIbHOT IUBUAKOCTI TOBITPS Vmax, @ 3TiTHO
pucyHKy 30, MOXHa KOHCTaTyBaTH, IO BOHa

XapaKTePU3ye TITbKA HOTO HAMPSIMOK.

MOZEIOBAHHS PUCYHKH PO3IOALTY IIBHIKOCTEH IOTOKY
MOBITPS. B 00JaCTi XHUBAapKH OOYiCYBalbHOI'O THUILY B
niamasoHi Big 0 M/c 70 2 M/C YiTKO BUHO TPaHUYHY 30HY
Jie CIOCTepiraeTbcsl IIBUAKICTh, sKa JopiBHIOE 0 wm/c

(puc. 4).

Ax, = 0,12 M »

;
IlBuakicts nositps V, M/c

0.00000 0.40000 0.80000 1.2000 1.6000 2.0000

Puc. 4. I'pannuyHa 30Ha HYJIHOBOI MIBHJIKOCTI
TIOBITPsl B 00J1aCTi )KHUBAPKU 004iCyBaJbHOTO THITY.

Fig. 4. Boundary zone of zero air velocity in the area
of the combing type reaper.

ATpPOKCHMYIOUH  TIpaHW4YHy  30Ha  HYJIbOBOI
OIBUIKOCTI TOBITPS B OOJIACTI JKHUBApKHA Yy BHTIIAMI
miBKkona i3 pamiycoM Rn = 0,53 M 1 meHTpoM Yh = Y =
= 0,28 M1 Xh = Xc + AXh = 0,64 M MaeMo T pamioHaTBHY

(bopMmy KOXKyXa.
3 BHKOpUCTaHHAM mporpamHoro makery STAR-
CCM+ Oyno moOyaoBaHO PO3MOJIN  IIBHIKOCTEH

YTBOPIOBAHOTO TOBITPSTHOTO TIOTOKY B 00JIaCTi >KHUBAPKH
i3 oTpuMaHOIO0 (OPMOIO KOXyXa, Bi3yalizaiis SIKOTO
TPEJCTABICHO HA PUCYHKY 5.

TakuM YHHOM, 3a pe3yJbTaTaMH YHCEIBHOTO
MOJICIIIOBAHHS  a€pOJIMHAMIYHUX TIPOLECIB KHUBApKH
004iCyBaJIbHOTO TUILY BCTaHOBJICHO posmoin
LIBHKOCTEH IOTOKY MOBITpsi B 11 00nacTi, BU3HaueHO
3aJICKHICTh MAKCUMAJBHOI IIBHIAKOCTI TOBITPS Vmax Bif
4acTOTU obepTaHHs Gitrepa-BiOnBaua n i
oOuicyBasipHOTO OapabaHa np, Ta MOJOXEHHS HPO30POi
30HM TpaHmii L. AmnpoxcuMoBana Qopma KoOXKyxa
JKHUBApKH y BHTJIAAL MiBKOJa i3 paaiycoM Rp = 0,53 M i
meHTPOM Yh = Y = 0,28 M 1 Xp = Xc + AXh = 0,64 M.
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Puc. 5. Bizyamizamist po3moainay MBHIKOCTEH MTOTOKY
MOBITPSA B 00NAacTi JXKHUBAPKM OOUICYIOUOTO THIY i3
KPHUBOJIIHIHHOIO (HOPMOTO KOXKyXa JKATKU.

Fig. 5. Visualization of the distribution of air flow
velocities in the area of the combiner-type harvester with

a curvilinear header shape.

AHani3 pucyHka 5 BKaszye Ha Te, 10 MakCHMajbHa
LIBHUJKICTh MOBITPSIHOTO TIOTOKY CIIOCTEPIratoThes B 30HI
o0uicyBaHHS pPOCIMH MiXK OiTepoM-BigOWBadeM Ta
oOuicyBanpHUM Oapa0aHOM 1 3MEHIIYETHCS B HAMPIMKY
pO3TalllyBaHHS IHTErpaJIbHOIO IIHEKa KHUBapku. lLle
3YMOBIIOE  e()eKTHBHE IIePEMIIICHHS KOMIIOHCHTIB
o0gicaHOr0 BOpOXy Ta Cemapamilo Mo IIHPHHI
MOBITPSHOTO KaHAIy >KHHUBApPKH B 3aJ€KHOCTI Bim IX
(GI3UKO-MEXaHIYHUX  BJIACTUBOCTEH  Ta  JIO3BOJISE
OOrpYHTOBaHO OOHpAaTH IOJIOKCHHS TMPO30pOi 30HU
rpanwui L.

BucHoBku

1. TlpoBeneHMMH AOCIIJUKEHHSMH BCTaHOBJICHO
BIUIMB KOHCTPYKTHBHO-PEKMMHHUX MapaMeTpiB XHUBApKU
004iCcyBaIbHOTO THITYy Ha YTBOPEHHS HOBITPSTHOTO ITOTOKY
Ta MaKCHMaJbHY MIBHIKICTh PYXy TOBITps B ii oOxacTi,
IO 3aJIeKHUTh BiJl 4acTOoTH oOepTaHHs Oirepa-BinOuBaua
Ta 004icyBaJIbHOTO O6apabaHy JKHUBapPKH.

2. Bwusnauena pauioHanbHa —¢dopMa  KOXKyXxa
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BJIMAHUE KOHCTPYKTUBHO-PEXXUMHBIX
ITAPAMETPOB HA ®OPMHUPOBAHUE
BO3YIIIHOI'O [TOTOKA OYECBIBAIOILE
KATKAU
A. B. Kosauenxo, A. M. Haxyuuii, A. H. [lIxpezano

AnHoranus. Ilpun paspabotke kaTok i yOopKu
CEJIbCKOXO3SUCTBEHHBIX KYJIbTYP METOIAOM OYECHIBAHUS
pacTeHHii Ha KOPHIO BAaXXHOUW 3a/ladeil sBIIsETCS BHIOOp U
000CHOBaHHE KOHCTPYKTHBHO-PEKUMHBIX MapaMETPOB.
[IpoBeneHHBIMH  TEOPETHUECKUMH  HCCIEI0BAaHUSIMU
YCTAHOBJIEHO BJIMSHHE KOHCTPYKTUBHO-TEXHOJIOTHUYECKUX
[apamMeTpoB aTKU OYECHIBAIOUIEr0 TUIIA HAa KauyecTBO
MPOTEKAHUs TIpollecca B ee 00JacTH mpu yOopke JbHA

MAacIMYHOTO TPSMBIM KoMOaliHupoBaHueMm. JlokaszaHo,
YTO HA IPOTEKAHME MPOIECCa CYIICCTBEHHOE BIMSHHE
AMeeT BO3AYIIHBINA IOTOK, oOpasyrommiics mpu padote
OouTepoM-oTpakaTelleM H OdYechiBaromiero OapabaHa
XKaTku. VccrenoBanue Te4eHHs BO3AyXa IMPOBOIWIOCH C
ncnonbp3oBanueM nporpamMmHoro makera STAR-CCM +,
KOTOpPBIH pealn30BaH Ha OCHOBE METOAa KOHEYHBIX
aneMeHToB. [Ipm 3TOM HCHOJNB30BAIHMCH aJaNTHBHBIC
peryJspHble pacueTHbIE CETKH C MEPEMEHHBIM pa3MepoM
sueiiku. ba3oBbli pasmep sueiiku npunar 0,001 m. B
KayecTBe MOJENM CETKHM Obul u30paH TreHepaTop
MIPU3MATHYECKOTO CJIOS, TEHEPaTOp MHOTOTPAHHBIX SYEeK
U TEHEepaTop IOBEPXHOCTHOW CeTKU. YHCIEHHBIM
MOJIETIMPOBAaHHEM  a3POJUHAMHUYECKHX IPOIECCOB B
KATKE OYECHIBAIOIIETO THUIIA YCTaHOBIICHO
pacnpenieneHre CKOPOCTEH MOTOKA BO3lyXa B €€ 001acTH,
OTIPEAETICHBl 33aBUCHMOCTH MaKCHMAaJIBHOH CKOPOCTH
BO3/YIIHOTO MOTOKAa OT 4YacTOTHl BpaIleHHWs Outepa-
OTpakaTelsl W OdechlBamollero OapabaHa, IIOJIOKEHHUE
BO3JYIIHOW CETKH W allpOKCUMHUpPOBaHa (opMa KOXKyxa,
JUIs KOTOPOM MOJIy4€Hbl palliOHaIbHbIE KOHCTPYKTHUBHO-
TEXHOJIOTHYECKHE TTapaMeTphl KATKH, 00YCIOBINBAOLIHE
IMOBBIIICHUE KaucCTBa IMPOTCKAaHUA TCXHOJIOTMYECKOIO
Tporecca. o pe3ysbTaTtam BBITTOJTHEHHBIX
TEOPETHIECKUX HCCcIe0BaHUN yCTaHOBIICHA
BO3MO)KHOCTH HAIIPaBIEHHOTO PETYINPOBAHUS IIPOLECCOB
B 00NacTH KAaTOK OYECHIBAIOLNIETO THMA IIyTEM
00OCHOBaHMS WX palWOHAIBHBIX IIApaMETPOB  IIO
co3MaHuI0 3((EKTHBHBIX TEXHHYECKHX CPEICTB IS
yOOpKH CeTbCKOXO3SIMCTBEHHBIX KYJIBTYP.

KaroueBble cioBa: >xaTka OYECHIBAIOIETrO THIIA,
OYEeChIBAIOIIMIT OapabaH, OuTep-oTpaXkarens,
0YECHIBAIOITUM Oapaban, BO3IYLIHBIHN TOTOK,
KOHCTPYKTUBHO-PEKUMHBIE IIAPAMETPBI.

INFLUENCE OF CONSTRUCTIVE-MODE
PARAMETERS ON FORMATION OF AIR FLOW
OF HARVESTER HEADER
0. V. Kozachenko, A. M. Pakhuchiy, O. M. Shkregal

Abstract. When developing reapers for harvesting
crops by combing plants on the vine, an important task is
the selection and justification of structural-operational
parameters.  Conducted theoretical studies have
established the influence of the structural and
technological parameters of the stripping type header on
the quality of the process in its area when harvesting oil
flax by direct combining. It is proved that the air flow
generated during the operation of the reflector beater and
the combing drum of the header has a significant effect on
the process. The air flow was studied using the STAR-
CCM + software package, which is implemented on the
basis of the finite element method. In this case, adaptive
regular computational grids with a variable cell size were
used. The base cell size was taken to be 0.001 m. A
prismatic layer generator, a polyhedral cell generator, and
a surface mesh generator were chosen as the mesh model.
By numerical modeling of aerodynamic processes in a
stripping type header, the distribution of air flow rates in
its area is established, the dependences of the maximum
air flow rate on the rotational speed of the beater-reflector
and stripping drum, the position of the air mesh and the
shape of the casing are approximated, for which rational
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structural and technological parameters of the header are
obtained causing an improvement in the quality of the
process. Based on the results of theoretical studies, the
possibility of directional regulation of processes in the
field of harvesting type reapers by substantiating their
rational parameters for creating effective technical means
for harvesting crops was established.

Key words: comb-type header, stripper, beater-
reflector, stripper, airflow, structural and operational
parameters.
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Abstract. Reasonable preconditions and assumptions
in the study of the working process of sorting construction
material are selected model of the system "vibration
damping roller - sorting material”, which adequately
reflects the actual sorting process. The influence factors
of the process of material sorting are studied:
granulometric composition and grain shape of the
fraction, density and moisture content of the raw material,
thickness of the material layer on the screen, the speed of
the grains on the screen. As for the sieve, the following
factors were: the sorting mode and its parameters - the
amplitude and frequency of oscillations, the angle of
inclination of the box, the shape and size of the holes of
the sieve, the size of the surface of the sorting and the
mode of operation of the sieve, which implements these
parameters. It has been found that increasing the length
increases the probability of passing particles through the
screen, increasing the efficiency of the sorting. The
working process of material sorting with successive
movement of material particles in the field of harmonic
and subsequently and shock-vibrational action is
investigated. The evaluation of the sorting process and the
parameters of this process are determined. It is proved
that the use of common harmonic and shock modes of
motion is effective. It is this hypothesis that is the basis of
this study. The reliability of the direction is due to the fact
that, when implementing the vibration damping mode of
sorting, the force effect on the material particles is
significantly increased. As a result, the possibility of self-
cleaning of those openings in which material particles are
stuck and the increase of efficiency and productivity of
the sieve is realized. The design scheme is developed and
the equations of the joint motion of the studied system are
obtained. The solution of the equations is determined by
dimensionless parameters, which serve as criteria for
evaluation of the vibration shock mode of sorting. The
determinated of changes in boundaries of dimensionless
parameters that reflect the steady-state operation of a
shock-vibration sieve, implementing an efficient sorting
process in a mode that is close to resonant. A map of
stability was provided and the vibration shock mode was
provided at the main resonance. Experimental researches
of efficiency of realization of joint vibration and shock
mode of sorting on the newly created installation are

carried out. Comparison of the parameters obtained by
theoretical and experimental paths confirmed the
reliability of the assumptions and assumptions adopted in
the study. The algorithm of calculation of the
"sieve - material” system is developed, the construction of
a vibration damping crane is proposed, the novelty of
which is confirmed by a patent for a utility model.

Key words: research, working, process, sorting,
material, parameter, vibration screen.

Introduction

The sieves are widely used in construction, mining,
chemical and other industries [1, 3-10]. A typical
constructive scheme of the sieve is a mobile box, with a
flat working surface installed in it as a screen or a bolter
with openings [2, 3].

Generator of the motion of a box, as a rule, can be a
mechanical [2] or an electromagnetic drive [6], generating
external forces, which are the source of the sieve
fluctuations. Most vibrating sieve operate in regression
mode. Resonance modes are energetically most effective,
however, practically not realized due to their low stability
in linear resonance.

This is due to narrow amplitude-frequency
characteristic in the resonance zone, since even small
changes in the load on the sieve result in it from the
resonance mode and, as a result, to a sharp change in the
working process parameters set by the technology. In
addition to well-known studies on the direction of
oscillation with the circular [1] or directed [2] movement
of the working body of the sieve, the use of common
harmonic and shock modes of motion deserves attention.
It is this hypothesis that is the basis of this study of the
mechanics of the process of sorting the construction
materials on sieves.

Such choice of direction is conditioned by the fact
that, when implementing the vibration shock mode of the
sorting, the force effect on the material particles is
significantly increased As a result, the possibility of self-
cleaning of those openings in which material particles are
stuck and, as a consequence, increases the efficiency and
productivity of the sieve.
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Formulation of problem

Thus, the problem is the development of a
mathematical model of "sieve-material” which adequately
reflects the real process of sorting and movement of the
system as a whole, as well as the development of
constructive  solutions of the sieve with the
implementation of the joint vibration and shock mode of
sorting.

Analysis of recent research results

In the mathematical description of the motion of the
sieve, different approaches are used [1, 3, 12], which is
the result of the huge number of constructive solutions of
the sieves and their parameters [1-3, 7-10]. This is
explained by the obvious fact of the emerging complexity
of the process of taking into account the mass of the
material in calculating the parameters of the sieve [3], the
presence of such a phenomenon as the "debris" of screen
sieve openings [2], determination of true productivity
[16]. This approach forced researchers and designers to
use empirical dependencies for a long time to determine
the parameters of the sieve [2], derived from the
processing the results of experimental studies. The
reliability of such dependencies is valid only in the
framework of the parameters and design characteristics of
the working process used in the experiments to sorting,
use of one or another material, with one or another
granulometric composition. With the development of the
theory of separation processes in the mining and
processing industry [1], the development and creation of
new designs of sieve in the construction industry [3, 16,
17, 18], there has been a tendency in the development of
new calculation models. These models describe the
process of sorting on the basis of deterministic and
predictive representations and to a certain extent reflect
the real picture of the motion of sieve mechanics. One of
the directions of the search for a model of adequate
representation of the real sorting process is the methods of
computer modeling of physical and technological
processes based on the concept of discrete representation
of a material - the method of particle dynamics (molecular
dynamics) and the method of discrete elements [1, 2].
The method of discrete elements is considered as a
justification of the method of finite elements. In the
simulation of the sorting process, this method defines the
initial positions and velocities of the particles, and then
calculates the forces acting on each particle. The
resulting force value is the source information for the next
calculation. Such calculations are carried out throughout
the whole process of the sorting process. An example of
such a simulation is the graph (Fig. 1) obtained in [19].

In work [19] a package of simulation of the dynamics
of motion and mechanical interaction of a large number of
particles of the friable medium is proposed, taking into
account the interaction with the moving elements of the
Bulk Flow Analyst TM classification equipment.

However, a large variety of physical properties,
granulometric ~ composition, humidity and  other
characteristics of the material to be sorted is not taken into
account in the quoted works [19] and does not solve the

problem of creating a generally accepted mathematical
model of "rumbling material”.

Mw

#

'] . (]
0, ? 0 " 0
o0 o0 4
mEbn g " do { R Y
i e _._“!_.J::,‘-,{‘.::.{- D gk S ‘-}»-.M A

Fig. 1. The simulation painting of a steady sorting
mode.

This conclusion is also confirmed by the fact that,
besides the above-mentioned characteristics, the size of
the screen cell affects the course of the process.

Even the shape of a hole with a round or square gives
a significant difference in obtaining the desired product
with a given fraction composition.

It is also possible to change the amplitude and
frequency of oscillations, which leads to an increase or
decrease in the number of contact grains with the surface
of the screen.

This can lead to a change in the conditions of self-
cleaning the screen from grains that are stuck in the
openings, resulting in a change in the efficiency and
effectiveness of sifting.

Also, the geometric sizes of the screen significantly
affect such indicators as performance, efficiency of
sorting, allocation of fine fractions from the source
material.

For example, in [20] (Fig. 2), it is noted that
increasing the length of the screen increases the
probability of passage of material particles through its
openings, increasing, mainly, efficiency and only slightly
increasing productivity.

According to the author of the work, during the sort
there are three characteristic areas of material passing, the
formation of which depends on the velocity of particles
passing: "In the first region (Fig. 3, 1), the smallest the
passage rate of the material due to the significant amount
of material on the screen and insufficient segregation
observed.

In the second region (Fig. 3, Il) there is a monolayer
of particles and the speed of their passage is maximal.

However, the close placement of particles does not
allow them to bounce of the screen. In the third region
(Fig. 3, II), the sorting process is characterized by the
absence of a monoshale, which leads to a small velocity
of the flow of particles through a screen, since they have a
disordered motion and the surface of the screen is not
used completely "- the end of the quote.
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It is worth noting that such a division into zones is
arbitrary, since the process of formation of so-called
"areas" is largely determined not only by the parameters
of the crash, but also by the parameters of the feeder and
does not fully disclose the essence of the process.
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Fig. 2. The dependence of the efficiency of sifting E
on the feed material on the sieve m,, at a different length
and constant width of the screen: 1, 2, 3 — the length of
the screen, respectively, 800, 1600 and 2400 mm. the
complexity of the sorting process on the sieve, attention is
drawn to the work [21] (Fig. 3).
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Fig. 3. Areas sorting: 1 — material, 2 — the direction
of its movement, 3 — screen, 4 — ready product, 5 — the
tray.

Purpose of research

The order of study the working process of material
sorting, we shall consider the progressive movement of
the material particle in the field of harmonic and
subsequently and shock-vibration for the purpose of
evaluation of the process and for the analysis of the
working process of the material sorting.

Results of research

Without taking into account the influence of the
neighboring grains and the inequalities of the screen, the

motion of the grains with the diameter d (Fig. 4) in a
screen with the size of the hole D under the action of the
velocity v and gravitational forces can be expressed by the
equations:

(A p
J

L [

i

Fig. 4. Scheme of grains of the material on a screen.

2
y=%;x=ut. 1)

d d
Since y=E,X= D_E’ then, solving the
equation (1), we determine the relative velocity of the

grains movement by screen:

d, /9
_o-4 /9. 2
v=( 2)CI )

In order for the grain to move along the screen, it
needs to provide an acceleration that develops the force of
inertia that exceeds the forces of resistance. In vibrating
sieve with directional oscillations, the working surface

carries out harmonic oscillations with the amplitude X,
and the frequency @ by law

X=X, sin at. (3)
The direction of oscillation forms the angle (Fig. 5):
b
/—.
2 2
Y
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ar_k
- o A
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Fig. 5. Pattern of motion a material particle on
horizontal surface.
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To determine the motion of the vibrating mass m
acting on the plane to mass forces (gravity G, friction F,
and normal reaction N) should be added inertia F; equal to
the product of mass m to accelerate the plane

X=—X,0’sinwt and directed by Angle £ to the
horizontal.

Then the equation of the relative motion of the mass
m of projections on the axes XQOY , related to the
vibrating surface will look like this:

mx =mX,w’ cos Asinet +F,;
i (4)
my =mX, @’ sin Bsinwt —mg + N,
where: F. — friction, associated with movement of
particles in the plane (y =0) of the normal reaction N
ratio:

F =—fN,x>0; F=+fN,x<0, (5

where: f — coefficient of friction sliding..
In this case, the normal reaction can be determined
from the second equation (2.4):

N = N(t) =mg —mX, o’ sin Bsinat.. (6)
Moving the material forward in the plane (x> 0) is
provided on condition:
mX,@’ cos Bsinat > F,. @)
Taking into account frictional forces F, and normal
reaction we have:

mX @ cos Asin wt >
: : . ®)
mgf —mX @’ sin Bsin wtsin A1,
where we determine the angular velocity necessary to
move the material forward in a screen:

w= g SO
X, Cos gsinwt(l+ f)

It is likely that the minimum values of the angular
velocity correspond to the position of the vibrational

/4
debalance, in which wt = E Then the angular velocity:

gf
Oy= |—— . (10)
X, cos f(1+ f)

To clean the screen from stuck grains and to better
separate the material, it is necessary to throw the material
over the screen. The flight conditions of particles over a
plane follow from equations (4) with

F. =N=0: mx=mX,’cos Asin at;
myzmxowzsinﬂsina)t—mg. (11)

Hence the conditions for pouring particles over the
screen:

X,0° sin gsin ot
g

Minimum angular velocity required to allow particles
to pass over the screen.

1. 12)

= L (13)

\/ X, SIn B

In inertial sieve with circular oscillations, the
direction of inertia is determined by the angle of rotation
1 = wt unbalances, and the total value of the inertia force
per revolution of the unbalance is zero. Therefore, the
surface of the sieve should be sloping so that the
additional force Q = Gsina (Fig. 6).

Fig. 6. Scheme of motion of particles on a sloping
vibrating surface.

The equation of relative motion of particles in this
case will look

mX = mX ,e° cos Bsin et +Q = fmg;

my = mX @’ sin Bsin ot —G cosa + N. (14)

For the right part of the first equation (14) the
expression for slip friction is already substitute: the upper

sign corresponds to sliding forward (X > 0), and the

lower one — to slip backward (X < Q) .

The material down the screen will move if the sum of
the force Q and the inertia force p exceeds the resistance
forces. In this case, the force Q promotes the movement
of particles down the screen and prevents their movement
in the opposite direction.

The minimum angular velocity required to move the
material over the screen and which corresponds to

@p=owt=0, are determined from the condition of

equation (15):
. /g(f —sin a).
XO

The maximum thrusting force will be provided with

(15)

s -
p=o0t= E Consequently, the minimum angular
velocity required for particles to pass,

p=o0t= f, (16)
2

Now consider the working process of the shock-

vibration sieve, which can be represented by the resulted

calculation scheme (Fig. 7a), in which the bottom frame

of the sieve, based on the condition of its vibration

isolation (the amplitude of its oscillations is 10 times
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smaller than the amplitude of the sieve), is still, and the
box, carrying out oscillations, interacts with the particle
material. Such an assumption will allow us to evaluate the
parameters of the vibro-impact interaction process of the
screen and the material particles, and proceed to the
compilation and solution of the equation of motion of the
general dynamic system "vibration damping — sorting
material™.
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Fig. 7. Scheme of the process of interaction of a
material particle with a screen box « and their change of
motion b.

Under the action of the external action of the
excitator, for each period of the fluctuations T (curve 1,
Fig. 7, b), the mass of the box M and the mass of the
particle m are collided, leaving the particle, having
received the initial velocity, directed upwards, rises to a
certain height h (see Fig. Fig. 7, a), and then by law in the
form of a parabola (curve 2, Fig. 7, b) falls on a screen.
Since it is assumed that work mode of the system under
study is nonlinear (shock - vibration), then to estimate the
movement of a material particle in conditions of

interaction with the screen of the box, use the known ratio
of velocities before and after impact [10]:

R=(v,-u,)/(v,—u), 17)
where R is the rate recovery rate, which represents the
ratio of the relative velocity of the box and the sieve after

impact, v, —U, to their relative speed before impact. In
(1) v;,v, — the speed of the box before and after the

impact, U,,U, — the velocity of the particle before and

after the impact, respectively. As follows from Fig. 2, b,
on the boundary between the collisions of the sieve box
and the particle of the material is a fair condition:

by t=0;X, =X. =X, !X, =V,;X. =U,, (18)

by T =271w;X, =X.=X,; % =v,X. =U, (19)
On the interval between the singers, the particle
moves according to the law:

X. =X, +U,t—gt®/2 (20)

To determine the particle velocity before and after

the collision with the screen box we use the above

boundary conditions (19) and (20) Substituting them into

the equation of motion of the particle (21) we obtain the
particle velocity to the impact

u =-79/o. (21)
The velocity of the screen movement before and after
collision with the particle is determined on the basis of the
pulse theorem [10]:
v, =[1-R+2K_,R/(1+R)]u,

v, =[1-R-2K,R/(1+R)]u,
where K, =m, /m, - coefficient of payload which

determines the ratio of mass of material, which is on the
screen in the process of sorting it to the mass of the box.

The calculation scheme of the vibration damping
sieve, taking into account all masses, is a system
consisting of two masses (Fig. 8):

(22)

m,(m,)
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Fig. 8. Scheme of vibration damping system "sieve —
material”, Co— coefficient of elasticity of the lower mass,
C1 — the coefficient of elasticity between the lower and
upper masses, Cs — limiter of fluctuations of the upper
mass (box).
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Consider the equation of motion of such a system, we
find the parameters that make it possible to provide a
stable vibration shock mode. To simplify the scheme in
the first stage, we assume that the movement of the box

and the material is common. Then X, = X;, the material

mass ms is counted as attached to the mass m,. The
dissipative component will be taken into account at the
final stage of the calculation.

Then the Kinetic energy of the system:

T =%(m1 X2+ m, X7). (23)

Potential energy consists of energy of weight //; and
energy of elastic forces /7, .

II, =m; X, g +m,X,g. (24)

We make an expression for the potential energy of

elastic forces. We denote f,~and f, ~ the

compression of the springs in the position of equilibrium
due to the action of weight:

1
frw =— (M +m,)g;

Co

1
2em — ang

We find the compression f, and f, of the springs
and with oscillations:

lem

f (25)

fi=f x5 fo=1fn—(X,—Xx). (26
Then
1
11, = E(cO +f2+cff). @
After simple transformations, we obtain the

expression of potential energy:
H=I,+1,= %(c0 +e)xf —cx,x, +%clx22 . (28)
oT , d or .
Because —— =m; Xi, a —-——=M; X , then,
0X, t O Xi
taking into account expressions (23) — (28) we have the
equation:

m, X1+ (C, +C,)X, —C,X, =0,
1 ) 0 Cl Xl 172 (29)
m, X2+ C,X, —C,X, = F, cos at
Equations (29) reflect the movement of the system
when the contact between the masses is violated. In the
same way we obtain the equations for the joint motion of

masses M, i M,:

X1+ (C, +C, +C)x, —CX, =0,

rnl“ 0 1 Xi 172 (30)

mXz2+(C, +C,)X, —(c, +C)X, = F,cosat

The difference between equations (29) i (30) lies in
the presence of (30) the boundary Cs which is a key
parameter that affects the stability of the system
fluctuations in the material needed for sorting the material
mode by the corresponding fractions.

The resulting system of equations (29), (30) can be
somewhat simplified, given that ( C, <<C ) and the

obvious connection X = X, + X,. Taking these conditions

and subtracting from the second equation first, we obtain
the form of the equation (29), (30), for x <0 (no contact):

. (1 1] F,
X+C| —+— [Xx=—-c0Swt (31)

ml m2 ml
For x>0 (motion in contact):

ml m2 1

The number of variables in the resulting equations
(31), (32) can be reduced by applying new dimensionless
parameters (time 7 and coordinate 77 ):

: F
X+ (c, + c)(i + i}x =—2cosat. (32)

t=ot, n=n,-1,; a=m/m,;

— m,x,®” (33)

2
_ M X,
i F, v 11, F, .

Taking into account that (Xi), =@’ (Xi), by
substituting (33) into (31) and (32) and simple
transformations, we obtain a new system of equations:

an, —n, =—o0COST;

}72+§1772 =—f —acosr; (34)

7"72+é‘2772 =—f -ocost;
In the new system of equations the following
relations are taken:

£ = (m, +m,)c,
' m,m,o*

m +m C,+C
éZZZ\/(rlnmz)(lwzz). (35)
172
f :M(—ml - mZJ. (36)
I:0 mZ

Assign o of the equations (34) takes into account the
phase of coercive force.

Parameter & 1 determines the ratio of the Eigen
frequency of the fluctuations of the "sieve-material”

system in that part of the period when there is no bundle
of mass between them to the frequency of forced

oscillations @ .
Parameter & , defines the ratio of the Eigen

frequency of the fluctuations of the "sieve-material”
system in that part of the period when the blow occurred
and the masses move together with the frequency of

forced oscillations @® The parameter f defines the ratio
between the given weight and the external force of the
oscillator vibrator. Consequently, at given values of the
masses of the sieve m; and mp, which are to be
determined, there is the stiffness of the elastic elements
c1, ¢ and i is the static moment of the mass of the
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disturbances M,r, , since the frequency of forced

oscillations @ is usually given by the material sorting
technology. In doing so, one must take into account the

fact that in addition to finding parameters &1, £ and f

it is needed to know the time of contact mass 7 .
Obviously, it represents a certain part of the entire period
of fluctuations.

Thus, the parameters & f and 7 determine the

mode of operation, which is realized under the conditions
(31) and (32).

When these conditions are realized, the movement of
the masses will be carried out with a separation between
them with variable blows between them through the
buffer. In this case, the following modes are possible:
one-strike, that is, during one period of mass movement,
carry one free flight, respectively, one hit on the spring,
super harmonious, when during a single period N of
change of the forced frequency. There are several strokes,
subharmonic when the number of strokes is less than the
period of change of the forced frequency. In any case, the
sequence of determining the parameters included in (35)
and (36) consists of the following operations: the
equations of motion of the system are in the segregated
and unbroken modes, Then, to reduce the number of
parameters, the equations are reduced to dimensionless
form and the initial conditions for moving, velocities and
time are determined, The given initial conditions are
taken into account in the equations of motion and at the
final stage the obtained equations of motion of the system
in the contact and without contact are equated, which is
caused by equal velocity values mass and spring at a time
that corresponds to the transition from contact to
contactless mass motion. The next step is to determine the
change in the limits of parameters that reflect the steady-
state operation of the shock-vibration sieve, implementing
an efficient sorting process. Since shock-vibration
machines operate in a mode that is close to resonance, it is

likely that the prediction is that £ >1. Based on the

expression for its own oscillation frequency, we can
determine the contact time of the masses with the
oscillation limiter:

t = 2z _ 27 /m/c
Wy

In (37) under the weight m is the reduced mass of the
system mm, /(M +m,) , and the coefficient of

@37)

elasticity with the sum c of the coefficients C, +C,.
1
Its average values can be takenas, 7 =—T

where T — is the period of fluctuations of the "sieve -
material" system.

On the basis of the performed research, a map of
stability of the vibration damping mode of the sieve was
constructed, which makes it possible to determine the

parameters & and T for the implementation of specific

conditions and sorting mode (Fig. 9).
For the purpose of conducting experimental
experiments, an installation (Fig. 10) was developed and

made, which was a vibrating sieve with the ability to
change the screen, adjust amplitude and frequency of
oscillations in wide bands [17, 18].

Q
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Fig. 9. Map of the stability of the vibration damping
sieve for the implementation of the first stage of the
stability of its work.
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Fig. 10. Experimental vibration damping unit for
sorting crushed stone: a — scheme, B — general
appearance, 1 — bunker, 2 — box, 3 — drive, 4 — screen,
5 — bearings, 6 — frame, 7 — buffers.

Variable parameters in conducting experiments, in
addition to the amplitude and frequency of oscillations,
were the angle of inclination of the screen, the speed of
the material on the sieve screen, the thickness of the
material.
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The screen was picked up depending on the fractional
composition of the gravel with the appropriate size of the
apertures. In accordance with the research methodology, a
series of experiments was conducted, the parameters of
the sorting process were recorded by special sensors.
Their values were fixed on the computer display and
entered in the table.

The next stage of research was based on graphs and
compared the results of performed experiments with the
estimated values of the results of theoretical studies.

The process of sorting with two screen for
distribution into small and large fractions is shown in
Fig. 11.

Fig. 11. The process of sdlri'ing ruble on two

vibrogram vibrating screen.

Comparison among themselves the results of the
experiments with the calculated values of theoretical
studies have shown satisfactory in the trials, the
difference in the values of the unknown parameters. For
example, the difference between the amplitude of
oscillations sieve, obtained in the experiments and the
calculations amounted to 14% and power — 17%. Fig. 12
shows an example of vibrogram vibrating amplitude
changes that obtained in experiments and theoretical
calculations performed.

AWAWAS
W Wb

LA NN
VAAVAR

b

Fig. 12. Change in the amplitude of the oscillation of
the screen, obtained in experiments a and performed in
the calculations b.

X

The proposed algorithm for calculating the dynamic
"sieve - material" system involves the following
implementation procedure.

The first block involves making decisions on the
values of output parameters: the required performance,
fractional composition of the material and its density,
necessary for this sorting process amplitude and
frequency of oscillations.

The second block includes the calculation: the
fractional composition of the grinding products for the
upper and lower screen of a two-sided sieve.

The size of the holes for the corresponding screen,
screen area and its size (length and width), sorting
efficiency.

Angle of inclination, structural and technical
characteristics of the sieve (the mass of the sieve and the
material to be sorted, the elasticity of the supports and the
buffer, the static moment of mass unbalance and the
engine power), criteria of stability of the vibration
damping mode of operation.

The third block represents the verification of the
obtained results: the numerical values of the amplitude
and frequency of oscillation stability of the resonant
vibration shock mode.

On the basis of the algorithm the method of
engineering calculation of the parameters of the “sieve -
material™ system is developed, the construction of the
vibration damping crane is proposed, the novelty of which
is confirmed by the patent for the utility model.

Conclusions

1. The performed review and analysis showed that
improvement of the model of the system "vibration
damping roller - sorting material™ that adequately reflects
the actual process of sorting is needed.

2. The working process of material sorting with the
consistent movement of material particles in the field of
harmonic and shock-vibrational action is investigated.

3. A calculation scheme is developed and the
equations of the joint motion of the investigated system
are obtained, the solutions of which are dimensionless
parameters that serve as criteria for assessing the
vibration-shock mode of sorting.

4. Determination of changes in boundaries of
dimensionless parameters that reflect the steady-state
operation of a shock-vibration sieve, implementing an
efficient sorting process in a mode that is close to
resonant. A map of stability was provided and the
vibration shock mode was provided at the main
resonance.

5. Experimental researches have been carried out to
determine the influence of the amplitude and frequency of
oscillations with different angles of the crater box
inclination on the course of the crushing process.
Comparison among the results of the performed
experiments with the estimated values of the results of
theoretical studies showed satisfactory, in the framework
of the conducted research, the discrepancy in the values of
the desired parameters.

6. The algorithm is proposed and the method of
calculating the parameters of the "sieve-material” system
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is developed, the construction of the vibration damping
crane is proposed, the novelty of which is confirmed by
the patent for the utility model.
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JOCJIIKEHHA POBOYUX ITPOLIECIB
COPTYBAHHS MATEPIAJIIB TA AMHAMIYHUX
[TAPAMETPIB BIBPALIIHOT'O EKPAHY
b. B. Mamcrox, C. B. Opuwenxo

AHoTanisgs. OOrpyHTOBaHMMH IEpeIyMOBaMHU Ta
NPUIYIIEHHSAMH TPU BHUBYEHHI POOOYOro mporecy
copTyBaHHs OyJiBEJIbHOrO0 MaTepiany € oOpaHa MOJeNb
CHUCTEMH «BIOpPOTaCWJIBHHI PpONMK - COPTYBaJbHUH
MaTepialr», IO aIeKBaTHO BimoOpaxkae (aKTHIHUHA
npouec copTyBaHHs. JlOCHIDKYIOTBCS (DaKTOPH BIUIMBY
Ha MpOLEC COPTYBAaHHS Marepiany: I'paHyJIOMETPHUYHHI
cximan ta ¢opma 3epHa Qpakiii, IIIBHICTE Ta BOJIOTICTh
CHUpPOBMHM, TOBIIMHA INapy Marepialy Ha eKpadi,
LIBHAKICTH 3epeH Ha expaHi. l1lo crocyeThes cura, TO Taki
(axkTopu: aMIUITya Ta 4acTOTa KOJHMBaHb, KYT HaXWIy
KopoOkw, ¢(opmMa Ta po3MipH OTBOPIB CHTa, PO3MIp
MOBEPXHi, COPTYBaHHA Ta PEKAM POOOTH CHUTA, KWK
peamizye 1i mapamMeTpu. bBymo BCTaHOBIEHO, IO
301 IIICHHS JIOBXHHH 301TBITyE HMOBIpHICTB
MIPOXO/DKCHHS YAaCTHHOK dYepe3 eKpaH, 301IbIIyroun
eeKTUBHICTh copTyBaHHs. [lociimKkeHo pobouuii mpouec
COPTYBaHHsS Matepially 3 IOCIiJIOBHUM IEpeMilleHHIM
YaCTMHOK MaTepialy B o0jacTi rapMOHIiHOI, a MOTIM i
ylapHO-KomBaJibHOT aii. BusHaueno ominky npouecy
COPTYBaHHs Ta IapaMeTpiB Iboro mnpouecy. JloBeneHo,

10 BUKOPUCTAaHHS 3arajJbHUX TAPMOHIYHHMX Ta yJapHUX
pexuMiB pyxy € edekrmBHuM. Came g rimore3a €
OCHOBOIO IIFOTO JOCHi[KeHHS. HaniiiHicTe HampsMky
o0OyMOBIIeHa THM, [0 TpH 3OIHCHEHHI PEXKUMY
COpTYyBaHHA BiOpariifHOTro AeMr)yBaHHS CHIHHUN BILTHUB
HA YaCTHHKM MaTepialy 3HA4HO 30imbIryeTscs. Sk
pe3ysbTaT - MOXJIMBICTH CAMOOYHILEHHS! THX OTBODIB, B
SIKMX 3aCTPSIJIM MarepialbHi YacTHHKH, TA JOCATaeThCs
MiABUIIEHHS e(QEKTUBHOCTI Ta NPOAYKTHBHOCTI CHUTA.
Po3pobiiena cxema NMpoeKTyBaHHS Ta OTPUMaHi PiBHSIHHS
CIIJIBHOTO PYXy JOCHIPKYBaHOI cucTeMHu. Po3B’s3aHHS
PIBHSHB BU3HAYa€ThCs OE3PO3MIPHUMH MTapaMeTpaMH, sIKi
CIYTYIOTh KPHUTEPISIMH OLIHKA PEXHMY COpPTYBaHHS
BiOpamiiiHoro  moky.  Bu3HaueHO  3MiHH — MeEX
0e3po3MipHIX mapaMeTpiB, SKi BiToOpaXkaloTh CTaOUTBHY
poboTy  ymapHO-BiOpamiifHOTO  CHTa,  peami3ylouH
e(eKTHBHUN TPOIEC COPTYBAHHA B PEXKUMi, OIM3BKOMY
IO pe3oHaHCHOro. Byma HanmaHa kapra CTilKocTi Ta
3a0e3neueHo pexuM BiOpalifHOTO yAapy Ha TOJOBHOMY
pe3oHaHCl. [TpoBoannuch EKCIIepUMEHTAIIbHI
JIOCHI[KCHHST e(peKTHUBHOCTI peastizallii CIiIbHOro BiOpo-

yIApPHOTO pEXHMY COPTYBaHHS Ha HOBOCTBOPEHIH
ycraHoBui.  [lopiBHSHHS  mapameTpiB,  OTPUMAaHUX
TCOPETUYHUM  Ta  CKCIICPUMCHTAJBHUM  IUIIXOM,

MATBEPAWIO HANIHHICTD TPUITYIICHh Ta IPUITYIICHB,
NPUHHATAX Yy JOCHiIKeHHi. Po3pobieHo anroputm
PO3paxyHKy CHCTEMH «CHTO — MaTepiai», 3alpolIOHOBaHa
KOHCTPYKIi KpaHa BIiOporaciHHS, HOBH3HA SKOTO
HiATBEpKEHA MATCHTOM Ha KOPUCHY MOJIEIIb.

Kiarwuosi cioBa: nocmimkeHHs, pobora, MpoIliec,
COpTYBaHHs, MaTepiall, napaMmeTp, BiOpauiiHuii ekpaH.

NCCIIEJJOBAHUE PABOYUX ITPOLIECCOB
COPTHUPOBKU MATEPHNAJIOB U
JMHAMUNYECKHUX ITAPAMETPOB BUBPAIIMA
OKPAHA
b. B. Mamcwok, C. B. Opuwenko

AnHotanusi. OGOCHOBAaHHBIMH TIPEANOCHIIKAMH 1
JONYIIEHUSAMH TIpH M3y4eHHHM pabodero mnporecca
COPTHUPOBKHM  CTPOWTEIBHOI'O  Marepuaja  sIBISIETCS
BBIOpaHHAast MOJIENIb CUCTEMBI «BUOPOTACHUTEIBHBIN POJIUK
COPTHPOBOYHBIH MaTepuam», 4YTO aJeKBAaTHO OTpa)xaeT
(daxkTHYecKuil  mpolecc COpTHPOBKU. Mccnemyrorcs
(axkTophl BIMSHHS Ha MPOLIECC COPTUPOBKH Marepuasa:
TpaHyJIOMEeTpUYecKuil coctaB u (popma 3epHa (pakuuwy,
IUIOTHOCTh W BJI@XHOCTb CBHIPbS, TOJNIIMHA  CJIOS
MaTeprasa Ha 3KpaHe, CKOpOCTh 3€peH Ha dKpaHe. Uto
KacaeTcsl CHTa, TO Takue (hakTOpbl: aMIUTUTYJla ¥ 9acToTa
KoJieOaHWH, yroj HakiIOHa KOpoOkH, popma M pasmepsl
OTBEPCTUH CHUTA, pa3Mep MOBEPXHOCTH, COPTHPOBKH U
pexuM  paboThl  CHTA, KOTOPBIM  pealnusyer dTH
rmapaMeTpsl. BBIIO yCTaHOBIIEHO, YTO YBEIWYCHUE JTHHBI
YBEJIMYHMBAET BEPOSTHOCTh IMPOXOXKACHUS YAaCTHI[ depes
9KpaH, yBennumBasg 3((HEKTUBHOCTE  COPTHPOBKH.
Hccnenosan pabouuii mporecc COPTUPOBKH MaTepHalia ¢
MOCTIeIOBATEIbHBIM TIEPEMEIICHHEM JacTHI] MaTepHraja B
o0macTh  TapMOHWYHOH, a 3aTeM ¥  yJapHO-
KosebaTenpHOrO  neiictBusa.  OnpeneneHa  OIEHKa
mpolecca COPTHUPOBKM M TNAapaMeTpoB ATOTO IpoLecca.
JlokazaHo, 4TO MCIIOJIb30BAaHHE OOLIMX TaPMOHUYECKUX U
yIapHBIX PEXHMOB IBIDKEHUS SIBIsETCS 3(P(EKTHBHBIM.
HNmenHo »dTa rumore3a SBISIETCS OCHOBOM JaHHOTO
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uccienoBanns. HamexHocTh HampaBieHHs OOYCIIOBIIEHA
TE€M, YTO MpPU OCYHIECTBICHHH pPEXHMa COPTHPOBKH
BHOPALMOHHOTO JEeMI(UPOBAaHNUA CHIBHOE BIHMSHHE Ha
JaCTHIBl MaTepHaia 3HAYUTENbHO yBenumdmBaercs. Kak
pe3yNbTaT BO3MOXHOCTh CaMOOYHCTKH T€X IIPOEMOB, B
KOTOPBIX ~ 3aCTpS/Id  MaTepualbHbIE  YacTHUOBL, U
JOCTUTAETCS MOBBILIIEHUE 3¢ PeKTUBHOCTH "
NIPOM3BOJIUTENBHOCTH  cuTa.  PazpaboTana  cxema
MIPOEKTUPOBAHUS U IOJyYCHHBIE YPAaBHEHHsI COBMECTHOTO
JIBIDKCHUS UCCIIEIyeMOi cucTeMsbl. Pemienne ypaBHeHHI
ompezensiercst Oe3pasMepHBIMH MapaMeTpaMH, KOTOpbIE
CIIy’)KaT ~KPUTCPUSIMH OLEHKH pPEXHMa COPTUPOBKU
BHOpaIrioHHOro moka. OmnpenerieHsl H3MEHEHHUS TPaHHII
0e3pa3MEpHBIX  MapaMeTpPoOB, KOTOPHIE  OTPAXKAIOT
cTabminbHyI0 paboTy  ymapHO-BHOPAIIOHHOTO — CHUTAa,
peanmu3yst 3 peKTUBHBIN MpoIecC COPTUPOBKH B PEKUME,
ONMM3KOM K pE30HaHCHOMY. bputa mpenmocraBieHa kapra
YCTOWYMBOCTH M OOECIEYCH pPEXHUM BHOPAIIOHHOTO
ylapa Ha  TJaBHOM  pe3oHaHce.  [IpoBoauiuchk
9KCIIEPUMEHTANIbHbIE  MCCleA0BaHus  A(PPEKTUBHOCTH
peaiM3alii  COBMECTHOI'O BHMOPO-YJapHOTO pEeXUMa
COPTUPOBKM Ha CO3JaHHOW ycraHOBKe. CpaBHeHHE
napaMeTpoB, TOJIYUYCHHBIX TCOPCTUYCCKUM nu
9KCTIEPUMEHTAIBHBIM ITyTEM, TOATBEPIMIO HAAEKHOCTh
JONyIIEHWH M  TPEANONOXEHWH,  NPHUHATBIX B
uccienoBaHuu. Pa3paboTaH anropuTM pacyeTa CHCTEMBI
«CUTO-MaTeprall», IPEAJOKEHHAs KOHCTPYKIHUS KpaHa
BUOpOTAIIeHNs, HOBW3HA KOTOPOTO  ITOATBEP)KACHA
MIATEHTOM Ha MOJIE3HYI0 MOJEIb.

KiamoueBble  ciaoBa:  uccienoBanue,  pabora,
nporecc, COPTUPOBKA, Marepuall, napamerp,
BHOpAIOHHBIHN 3KpaH.

B. B. Marcioxk ORCID 0000-0003-0636-4748.
C. B. Opumenxo ORCID 0000-0001-7556-7763.


https://orcid.org/0000-0001-7556-7763

40

B. V. Matsiuk, S. V. Orischenko




Machinery & Energetics. Journal of Rural Production Research. Kyiv. Ukraine. 2020, Vol. 11, No 1, 41-50
ISSN 2663-1334 (print), ISSN 2663-1342 (online), www.journals.nubip.edu.ua/index.php/Tekhnica

VK 693.546

DOI: 10.31548/machenergy.2020.01.041-050

RESEARCH PARAMETERS OF ULTRASOUND PROCESSING EQUIPMENT DISPERSED
IN TECHNOLOGICAL ENVIRONMENT

I. N. Bernyk

National Technical University of Ukraine "Kyiv Polytechnic Institute”. Ukraine.

Speciality of article: 133 — industry engineering.

Corresponding authors: iryna_bernyk@i.ua.

Article history: Received — October 2019, Accepted — January 2020.

Bibl. 13, fig. 15, tabl. 0.

Abstract. Effective use of ultrasound in specific
manufacturing processes due to the effects of fluctuations
in the environment, manifested in the physical and
chemical effects and their interaction. The most
successful is the use of ultrasound cavitation processing
of liquid and liquid-dispersed environments, because they
have effectively implemented the mechanism of sound
wave energy concentration in low-density high energy
density, which is caused by the formation, development
and slamming cavitation bubbles. The research on the
influence of cavitation on chemical processes in the
liquid, the erosion effect of acoustic cavitation, acoustic
cavitation the action on biological objects in nature and
intensity acoustic noise accompanying cavitation, showed
that methods for measuring parameters of acoustic field
can be divided into direct and indirect. Direct methods
directly measure the cavitation process parameters, such
as measurement of pressure that occurs when slamming
cavitation bubbles. For indirect methods determined by
technological or physical effect of ultrasound cavitation. .
The analysis of existing research found that the most
promising method of measurement configuration and
cavitation field intensity acoustic cavitation process is
being implemented using hydrophones. Measurement of
sound pressure values were made using measuring
hydrophones based on piezoceramic, resulting in the
covers piezoelement appear hydrophone potential
difference, whose value is proportional to the sound
pressure. Measuring the magnitude of the voltage
proportional to the sound pressure, was made rms
voltmeter values resulting measured voltage is
proportional to the pressure not only sound, but also the
intensity of ultrasound vibrations. The basic analytical
dependences for determination of sound pressure,
intensity ultrasound vibrations, radiation impedance made
it possible to build a graph showing the cavitation
processing technology environments. . Experimentally
verified the identity of law ultrasound field distribution in
the water and in the technological mix considering its
extinction. Research resonant actuators installed emitters
that provide quality cavitation treatment mixture is
possible only at a specific distance from the radiation.
Consideration of the conditions for the creation of
technological equipment makes it possible to improve the

parameters of cavitation processing of liquid-dispersed
environments by minimizing energy costs.

Key words: research, parameter,
technological environment.

equipment,

Introduction

Modern treatment processes of technological
environments of chemical, food, pharmaceutical and other
processing industries are inextricably linked with energy
use of different intensity ultrasound fields [1-3].

Ultrasound technology can intensify processes,
increase the degree of utilization of raw materials, change
the source material properties, and create new substances
and environment, to ensure environmental safety and
production [4-6].

Effective use of ultrasound technology in
manufacturing processes due to specific effects of
fluctuations in the environment, manifested in the
physical and chemical effects and their interaction.

The most successful treatment is the use of liquid
and liquid-disperse mediums because in them the
phenomenon - Ultrasound cavitation is an effective
mechanism for concentration of energy of sound waves in
the low-density high energy density, which is caused by
pulsations and cavitation bubbles slamming [8-11].

Formulation of problem

The emergence and development of ultrasound
accoustic cavitation causes changes in the acoustic
parameters of the liquid, which when echoed in turn
influences the parameters of the process [12].

If cavitation is changing acoustic properties and
there is distortion sound field.

Thus, the study of sound field configuration to
optimize key indicators processes associated with the
processing of liquid and liquid-disperse mediums that
take place under the influence of acoustic cavitation.
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Analysis of recent research results

The measurement of the cavitation region can be
made several ways: by the action of cavitation on
chemical processes in the liquid [13]; erosive action of
acoustic cavitation [14]; the action of acoustic cavitation
on biological objects [15]; the nature and intensity of
acoustic noise that accompanies Cavitation [16] and
several others. With this method, measuring the
parameters of the acoustic field conditionally divided into
direct and indirect. Direct methods include methods in
which directly measure the parameters of cavitation
bubbles, such pressure that occurs when slamming
cavitation bubbles. Indirect methods include those for
which examines technological or physical effect of
ultrasound cavitation. Consider in more detail the basic
methods of measuring the parameters of cavitation field.

Ultrasound cavitation in liquids accompanied by
sonoluminescence [17]. This intensity of light depends on
the intensity of the cavitation process. Today there is no
single theory that explains the phenomenon
sonoluminescence but based on measuring the intensity of
the generated light flux can assess configuration
cavitation field intensity and the cavitation process in it.
Measuring luminous flux is carried out using
photoelectric multiplier as the light output is very weak.

The disadvantage of this method is the fact that
measurements can only be made in a completely dark
room, denying access external illumination. This actually
may get only two-dimensional picture of the cavitation
field. Due to the fact that the photoelectron multiplier has
dimensions that are equal wavelength in the liquid,
measuring the depth of the process leading to the volume
of material misstatement of the acoustic field
configurations, respectively, and cavitation field. It should
also be noted that the measure may only be made in
optically transparent liquids. In view of the above
shortcomings, named method of measuring the intensity
of the cavitation process and measurement of cavitation
region has not received distribution.

In [18] the significant influence of ultrasound
cavitation on biological objects. Under the influence of
cavitation bubbles slamming in phase is complete or
partial destruction of microorganisms and bacteria. The
number of inactivated organisms depends on processing
time and intensity ultrasound vibrations. Given that, you
can evaluate a field of cavitation effect, but given method
does not assess the configuration of the cavitation field.

Chemical methods of measuring the intensity of the
cavitation process parameters and cavitation region [19]
based on the fact that under the influence of ultrasound
cavitation is number of specific chemical reactions that
are impossible or occur too slowly in normal conditions.
As an example, the chemical decomposition reaction of
potassium iodide with the release of free iodine and starch
solution color. The degree of coloration of iodine can be
estimated by optical methods. The disadvantages of
chemical methods should include the fact that they can
not be used in those cases where technological
environment are objects that are able to enter into
chemical reaction with reagents indicators. Also, in
general, difficult to visualize chemical methods of
hardware and their use does not allow use of automation

in manufacturing processes, as chemical methods have
not acquired a significant spread.

It is known that under the influence of powerful
ultrasound vibrations and acoustic cavitation degassing is
irradiated fluid [20]. By the degree of decontamination or
volume of gas released, you can judge the intensity of
cavitation processes. However, these methods are
complicated by difficulties with compliance with the
initial conditions and the technical difficulties associated
with the need to measure the volume of gas released.

The above methods give an integrated assessment of
cavitation action and not to judge the configuration
cavitation field.

There is a change of ultrasound cavitation process
fluid volume due to the formation of cavitation bubbles
[21]. Thus the change in volume can judge the amount of
bubbles, but it does not provide configuration information
in the cavitation field.

A perfect method is based on the use sonocapillary
effect [14]. Sonocapillary effect - is an abnormal
elevation of the capillary liquid under acoustic cavitation.
By raising the height of the liquid the intensity of
cavitation can be judged at the point of measurement.
These methods can estimate not only the intensity of the
cavitation process at the point of measurement, but also to
get configuration information in the cavitation field. The
disadvantages of this method include the complexity and
ambiguity of measurement difficulties associated with
measuring complex hardware implementation.

Look for methods that are based on cavitation
erosion activity area. These include the method of sample
contamination [22] and the method of erosion tests [23,
24].

The method of sample contamination places a small
sample of drawing on a coating which has a low adhesion
to the surface, in the cavitation zone. The decrease in
mass of the sample, results in the destruction of a layer of
pollution which can judge the intensity of cavitation
processes and build configuration cavitation field in the
processing volume. The disadvantage of the method
includes its bulkiness and metrological complexity
associated with the need to measure small changes in
mass of the sample.

Erosion test method is the destruction of the samples
with cavitation unstable material under acoustic cavitation
for a fixed period of time. Assessment cavitation intensity
exercise or weight reduction of the sample, or the
reduction of its area. The most widespread use to achieve
that goal became to use aluminum foil. This decrease in
the area of the foil is easily measured by optical methods.
Despite its simplicity, the method has a major drawback —
damaged areas foil is not involved in the demolition,
which makes a significant difference metrology. Also
ideal method is not suitable for process volumes with low
cavitation processes through a small degree of destruction
of the test sample. Also, if a sample of large area
significantly disrupted the interference pattern in the
technological scope, leading to a gradual change in form
cavitation field in the measurement.

The most promising methods of measurement
configuration and cavitation field intensity accoustic
cavitation process applies (using hydrophones) [25]. The
output value of the hydrophone generated voltage
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(charge), which is proportional to the sound pressure.
Mutual correspondence between electrical voltage and
sound pressure can be determined by standard methods of
reciprocity.

During the measurement of small sound pressure,
cavitation mode underdeveloped or precavitational mode,
you can configure cavitation field, when moving
hydrophone technology in volume. Measure the value of
the voltage, proportional to the sound pressure by using ac
voltmeter. By analyzing the spectral composition of the
signal hydrophones can indirectly judge the intensity of
cavitation processes.

The physical dimensions of hydrophones can be
minimized, which allows to reduce the degree of
distortion of the sound field when you use it. The method
allows us to investigate how the shape of the sound field,
and to assess the intensity of cavitation processes.

From the analysis of research methods configuration
cavitation field intensity and the cavitation process
implies that measurements using hydrophones are the
most promising.

Purpose of research

Setting ultrasound liquid processing equipment
disperse technological environment.

Results of research

Measuring the value of sound pressure can be
achieved by means of measuring hydrophones based on
piezoceramic. During the reception mode on the covers of
hydrophones piezoelement there is a potential difference,
whose value is proportional to the sound pressure.
Calibration of hydrophones can be done by various
methods, such as reciprocity standard method [25]. In
particular, hydrophones used in measurements (Fig. 1)
was sensitivity M =7,9.10°°

BlIla-

Fig. 1. based on

piezoceramic.

Measuring  hydrophone

Note that measure the voltage proportional to the
sound pressure can be achieved in various ways,
including: a peak voltmeter, voltmeter average value and
rms voltmeter. This measurement different ways lead to
different results. This is due to the fact that the
appearance of cavitation phenomena form the voltage on
the hydrophone will differ significantly from the
harmonic (Fig. 2).
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Fig. 2. Form voltage at the hydrophones in the event
of cavitation.

Based on the fact that the shape of the measured
voltage differs significantly from the harmonious formula,
and it is advisable to measure the rms voltmeter V3-57
values. This measured voltage is proportional to the
pressure not only sound, but also the intensity of
ultrasound vibrations.

The spread of ultrasound in liquid accompanied by
the absorption of energy in the technological volume,
which reduces the peak value of sound pressure with
distance from the source of ultrasound vibrations. Most
[26] assessed not reduce the amplitude of sound pressure
and intensity ultrasound vibrations change:

I(x)=1(0)-e***, (1)
where:  [(x) — intensity ultrasound vibrations at
coordinates X ; 1(0) — intensity ultrasound vibrations at

the origin; & — ultrasound attenuation coefficient.
Therefore, ultrasound attenuation coefficient can be
calculated by measuring according to the formula:

a:;-ln(l—lj, 2
2'(X2_X1) I2

where: X, and X; — coordinates measurements; |1 and

|2 — intensity ultrasound vibrations in the respective

measurement points.
The intensity ultrasound vibrations associated with
the amplitude of the sound pressure ratio:
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P2
“2.p-c’
where: P — amplitude sound pressure; © — density; ¢—

speed of sound.

Assuming that the change in density and speed of
sound was dependent on the value of sound pressure
(which is true for precavitational mode and mode poorly
developed cavitation), dependence (2) can be written as:

2
az14{HJ, (4)
2‘(X2 _Xl) Pz

G
a=—-—-In 2|
(XZ_X:L) Pz

Turning on the values of sound pressure to voltage at
the terminals of hydrophones, we get the relationship:

a:ilw{uq (5)
(Xz _Xl) Uz

where: y, and U, — the voltage at the terminals at points

hydrophone measurements.

In experiments with liquid-handling technology
dispersed mixture (water-plant material) found that
ultrasound attenuation value is 2.3 cm™. This attenuation
does not depend on the content of the dispersed phase
(plant material) in the mixture and the operating
frequency ultrasound equipment.

Based on the peak value depends on the axis sound
pressure ultrasound transducer:

P(x)=P(0)-e™**,

You can build a dimensionless change of coordinates
of pressure measurements (Fig. 3):

| ©)

where:

E(X) _ P(X) —g X,

P(O)

09 - ¥

06}

Of normalized sound pressu
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Fig. 3. Dependence of normalized sound pressure on

distance from the source of ultrasound.

From the resulting dependence can be noted that the
most significant change in sound pressure observed at a
distance of 10 mm from the radiating surface, which is of
the order of 20 dB. Then change the shape of the sound

field of distance is no longer significant. Thus, the
measurement results in the technological mix and the
water will vary by the amount of the same order.

Distribution of sound pressure and front acoustic
wave in space can be described using the diagram of [27].
This ultrasound transducer can be viewed as a piston
mounted in an infinite baffle.

Diagram of the piston in an infinite baffle in polar
coordinates can be calculated for the potential velocity of
the formula:

2-J,(k-a-sin(9))
k-a-sin(@)
where J, — bessel function; k — wave number; @ — the

¥(0) =

(6)

radius of the piston; 0 —the polar angle.
Due to the fact that the potential speed and amplitude
of the sound pressure related by:

oY
P=p-—+const, (7)
"

where: o — density of the liquid.

For radiation pattern can be seen on the front of the
form of acoustic waves.

Analysis of the radiation pattern of high-cavitator
(radius stroke of 10 mm, the operating frequency of
22 kHz) experimental setup (Fig. 4), the resulting
estimated equation (6) shows that the shape of almost
spherical, hence, can be considered that of high-cavitator
barely has designed properties.

0.8-
0B~
04-.

0.2-

05

Fig. 4. Diagram of high amplitude cavitator (plane
radiation lies in XOY).

It should be noted that, in general, are the
considerations are valid only for the remote zone, which
lies at a distance of more than the wavelength of the
radiating surface-drive converter. In the near field pattern
of distribution of sound field is more complicated because
of interference phenomena.

The effectiveness of the ultrasound drive
technological installations, in terms of converting
mechanical energy into acoustic, can be measured by the
impedance of radiation [26] as follows:

/= E , (8)
\Y
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where: F - reaction force environment, V - the
amplitude of vibrational velocity cavitator working
surface.

In general, the radiation impedance complex value is
represented as:

Z:p.c.ﬂ-.az.

1_2-\]1(2-k-a)+_ 2.5,2-k-a)} O
2-k-a 2-k-a
where: S (2-k-a) — struve function, J,(2-k-a) — Bessel

function.

This represents the active part of the impedance of
the energy transmitted in the far zone converter, a reactive
component reflects the energy spent on weight
fluctuations attached liquid.

For cavitator of high-operating frequency of 22 kHz
(Fig. 5) reactive component of impedance of radiation can
be comparable in magnitude with the active component.

71 R SR SR SRR W N—.

e w— T )

B

Trom the normalized impedance values
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% g0z Gos 066 008 01 ©i O %8 is 62
Cavitator radius, m
Fig. 5. From the normalized value components of
radiation impedance high amplitude cavitator

It can be assumed that at the radiating surface of
high-intensity acoustic cavitator arise due to the current
value of the associated mass of liquid.

Experimental verification showed that the power
consumption of 130 watts, the acoustic field of high-
cavitator a liquid-medium dispersed quickly fades in the
distance from the radiating surface and at a distance of 10
mm at the level of noise that is consistent with the data of
Fig. 3.

Therefore, the processing of such environments may
be only a small volume and close proximity to the
radiating surface cavitator.

Similar drives with a transformer speed and low
emitting area impractical to use in manufacturing
processes associated with the processing of liquid-
dispersed environments, including extraction, dispersion
and so on.

The ultrasound small-amplitude cavitator mounted
on the wall or bottom of technological capacity. The
operating frequency of about 44 kHz, 50 mm diameter
radiator. Diagram of this over-converter (Fig. 6) is
calculated by equation (6).
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Fig. 6. Diagram of small amplitude cavitator.

Compared with of high-cavitator (Fig. 4) pattern has
become more elongated in the direction toward the light.

Thus, a drive-converter has a designed properties
that allow intensive process manufacturing environment
in the direction of the axis of radiation.

The value of radiation resistance for small-amplitude
cavitator has a significant active component of the
reactive impedance (Fig. 7).
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Y o ®

From the normalized impedance values

o
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Cavitator radius, m
Fig. 7. The

impedance drive
smallamplitude converter.

radiation

Thus, the cost of energy ultrasound cavitation field
on the formation of much larger compared to of high-
cavitator.

Experimental study of distribution to small-
amplitude sound pressure cavitator (Fig. 8 and Fig. 9)
confirming theoretical conclusions [18].

Thus, in order to improve the ultrasound processing
of liquid-dispersed environments should be used in the
design of small-amplitude cavitator.

Experimental study of distribution of ultrasound
cavitation field in a cylindrical chamber was performed at
a frequency of 33 kHz, power 140 watts. However, note
was taken analytically calculated distribution of sound
pressure [28, 29], which indicates that the excitation of
radial bending vibrations corresponding fashion in the
center of the cross section of the chamber should expect a
reduction in sound pressure and, therefore, minimal
cavitation (Fig. 10).
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Fig. 8. Distribution of relative sound pressure to
open the cavitation chamber driven radiator at bottom
surface (length).
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Fig. 9. Distribution of relative sound pressure to
open the cavitation chamber driven radiator bottom
surface to the depth in the direction opposite the radiating
surface.

However, this level due to the effect of concentration
of power in the chamber with a cylindrical inner surface
of the profile will be higher than in the case of cavitation
chamber with flat surfaces.

If the excitement in cross-section tubes cavitation
chamber purely radial oscillations of ultrasound energy
concentrated along the central axis of the camera that
achieves high values of intensity ultrasound energy
(Fig. 11).

The results of the pilot study changes in sound
pressure between axis actuators, radiators confirm
analytical, when excited radial bending vibrations
cylindrical surface cavitation chamber pressure drop
occurs in the central part (Fig. 12).

When processing dispersed technology environment
(water and plant material), there is almost 10 fold drop in
pressure in the central chamber, indicating that power the
essential properties of the medium. And found that the
rate of absorption of ultrasound energy is substantially
dependent on the concentration of plant material within its
industrial feasibility (15 ... 30%).

The inner surface cavitation chamber observed
maximum sound pressure level and therefore maximum
cavitation activity that could adversely affect the erosion
resistance of the surface of the camera, but in this area
will ensure maximum effectiveness cavitation effects on
the organic structure.
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Fig. 10. Form ultrasound field in a cylindrical
chamber at excitation radial bending vibrations of surface.
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Fig. 11. Form ultrasound field in cylindrical chamber
with excitation of radial oscillations of different modes.
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Fig. 12. Distribution of sound pressure in the
cylindrical cavitation chamber in axle drives emitters.

Thus, the use of technological equipment for
processing of liquid-dispersion process fluids cylindrical
cavitation chamber with radial bending vibrations need to
be constructive means to separate the ineffective with
cavitation point of view, the central part of the chamber
and ensure passage of the mixture through a zone of
maximum cavitation activity, ie near the inner the surface
of the cylindrical chamber.

When calculating cylindrical chamber at high-profile
radial surface fluctuations can not protect against
cavitation erosion of the inner surface of the chamber and
get maximum cavitation activity in the area of the central
axis of the camera. This focus cylindrical surface
properties ensure the achievement of considerable
intensity ultrasound energy. When using this option in
camera production equipment needed will only flow of
process fluid along the central cylindrical cavitation
chamber.

Experimentally, the law of distribution of ultrasound
field in clean water and liquid-dispersed environment
remains almost unchanged (Fig. 13).
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Fig. 13. Distribution of relative sound pressure
cavitation in a cylindrical chamber with prepositions-
emitters for creating surface.

The results of the measurement of sound pressure
depth model standards cylindrical cavitation chamber
(Fig. 14) indicate that the maximum value observed front-
drive transmitter and gradually fades with distance from
it. This dependence indicates the presence of bending
vibrations along the length of the cylindrical surface of
the chamber.
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Fig. 14. The law changes the relative depth of sound
pressure cylinder cavitation chamber of pretexts-emitters
for creating surface.

Thus, in the case of cavitation in the technological
equipment of several sections drives emitters to ensure a
minimum mutual influence emitters, they must be set on
creating a surface of the chamber should be at a distance
of wavelength of elastic waves and connected to a
generator of ultrasound vibrations parallel and in phase.

In the case of structural separation zone of high
cavitation activity in the volume of the cylindrical
chamber, investigates, and installs additional camera
alignments in the cylindrical tube. For the case of
excitation radial bending vibrations surface of the
chamber, the pipe should have a diameter equal to the
diameter of the line that passes through the wave
antinodes strain, established in the technological mix.

For the case of surface excitation radial oscillations
Camera — separate the central part of the chamber and
have a diameter equal to the line that passes through the
nodal points of the wave deformation, established.

The use of the auxiliary pipe of an accidental size
will lead to the destruction of the sound field in the cell
and, therefore, changes the distribution of sound pressure
(Fig. 15).
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Fig. 15. Distribution of relative sound pressure
cavitation in a cylindrical chamber with an auxiliary pipe
(the axis drives emitters).

Conclusions

1. The analysis of existing research methods

cavitation ultrasound field area.
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2. The use of acoustic measurement method using
hydrophones cavitation configuration allows to explore
the area and assess the intensity of the cavitation process
in liquid-dispersed technology environment.

3. Experimental studies suggest significant
opportunities absorbing liquid mixture of plant material
provided their concentrations within 15...30%.

4. Researched types of high-profile occasions
emitters allow for quality cavitation processing the
mixture only at a distance of 30 mm from the surface of
radiation that must be considered when creating
technological equipment for processing of liquid-
dispersed environments.

5. Experimentally verified the identity of law
ultrasound field distribution in the water and in the
technological mix the light fading, and thus for designing
appropriate technological equipment known to be used in
the field of ultrasound cavitation technique.
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JOCJIIKEHHS ITAPAMETPIB
YJIbTPA3BYKOBOI'O OBPOBJIFOBAJIBHOI'O
YCTATKYBAHHS, ITOIIMPEHOI'O B
TEXHOJIOTTYHHOMY CEPEJJOBUIIIIL
1. H. Bepnux

Anoranis. EQekTuBHe BUKOPHUCTaHHS YJIbTPa3BYKY
B KOHKPETHHX BUPOOHUYNX MPOLIECAX 338 PaXyHOK BILUTUBY
KOJIIBaHb HaBKOJIMIIHBOTO cepeoBuIIa, 10
MIPOSIBIISIIOTECSA ¥ (DI3MYHOMY Ta XiMIYHOMY BIUTHBI Ta iX
B3aemonii. HaiOinmpmm ycmimHUM € BHKOPHCTaHHA
YIBTPa3BYKOBOi KaBiTamiiHOI OOpoOKHM piaKuxX Ta
PIAKOIVCIIEPCHUX CePeIOBUIL, OCKUIBKI BOHU €()eKTHBHO
peaizyBaJii MEXaHi3M KOHIICHTpAlii 3BYKOBOI XBHIII B
YMOBaxX BHCOKOi IIUJTBHOCTI HH3BKOI IMTBHOCTI, IO
BUKJIMKAHO YTBOPEHHSM, DPO3BUTKOM Ta 3aJISIKyBaHHIM
KaBiTaliiuux  OympOamiok.  JIOCHi[DKEHHS — BIUIUBY
KaBiTallii Ha XIMiYHI MPOIECH B PiIUHI, €pPO3iHHOro
edekTy aKycTH4YHOI KaBiTallii, akyCTH4HOI KaBiTawii, Iii
Ha OiosioriuHi 00’€KTM B MOpPUPOII Ta IHTEHCHUBHOCTI
aKyCTHYHOrO INyMy, MO CYIPOBOKYE KaBiTamilo,
NOKa3ajH, IO METOOM BHMIPIOBAaHHS IapaMeTpiB
aKyCTHYHOrO IOJS MOJXKHA pPO3AUIMTH Ha NpsMi Ta
Henpsimi. [lpsaMi Meromm Oe3mocepeHEO BUMIPIOIOTH
mapaMeTpy MpoIlecy KaBiTallii, Taki SK BHMipIOBaHHS
THCKy, IO BHUHUKaE Tpu 3a0WBaHHI KaBiTAI[iHUX
OynpOamiok. JIns HempsiMUX METOMAIB  BH3HAYAETHCS
TEXHOJOTIYHUI 4K (i3uyHuld edekT ynbTpa3ByKOBOi
KaBiTawii. AHa3 ICHYIOUMX JOCIIPKEHb BCTAHOBUB, IO
HAWOIIBII ~ NEpCHeKTHBHMA  Meroj  KoHpirypauii
BUMIpIOBaHb Ta HANpPYXEHOCTI aKyCTHYHOI KaBiTauil B
NoJIi KaBiTalil peanizyeTbes 3a JOMOMOTol0 TiapodoHiB.
BuMiproBaHHS 3Ha4YeHb 3BYKOBOTO THCKY MPOBOIMIM 32
JOTIOMOTOI0  BIMIipPIOBANBHUX TipO(OHIB HA OCHOBI
I’€30KepaMiki, B pe3ysbTaTi 4YOro Ha KpPHUIIKax
II’€30€JIeMeHTa  3’SBIIETBCS ~ PI3HUI  IMMOTEHIlIAlliB
rizpodoHa, 3HAYCHHS SKOTO MPOMOPIIHHO 3BYKOBOMY
THUCKY. BUMIpIOIOYH BEeNMYMHY HANpyrd, NPOHOPLiHHY
3BYKOBOMY THCKY, MPOBOJIMJIM 3HAYECHHS BOJBTMETPIB PM
B pe3yjbTaTi BHMIPIOBAHOTO HANpPYTH, MPOMOPIIHHOrO

TUCKY HE TUIBKM 3BYKY, aje 1 IHTeHCUBHOCTI
yIbTPa3BYKOBUX  KojuBaHb. (OCHOBHI  aHaIITHYHI
3aJI@KHOCTI Uil  BH3HA4YEHHS  3BYKOBOI'O  THCKY,

YIBTPa3BYKOBUX KOJHMBAaHb iHTCHCHBHOCTI, PajialliifHOTO
iMIeaHCcy Jajdd 3MOTY CKIACTH Tpadik, IO IOKa3ye
TexHoJNorii 00poOkm  kaBitamii. ExcnepumeHTanIbHO
I ATBEPAKEHO TOTOXHICTb 3aKOHY posmnojiny
yIBTPa3BYKOBOTO MOJISL y BOJII Ta B TEXHOJIOTTUHIN cymimIi
3 ypaxyBaHHAM Horo BUMHpaHHA. JlocmimHHUIBKI
pEe30HAHCHI IMyCKayi BCTAHOBWJIM BUIPOMIHIOBAUi, SKi
3a0e3medyroTh  SAKICHYy KaBiTalllifHy OYHCHY CyMiIl
MO>KJTMBA JIMIIIE Ha MEeBHIM BiJICTaHi BiJ] BATIPOMiHIOBAaHHSI.
BpaxyBaHHsST ~ yMOB  CTBOPEHHS  TEXHOJIOTIYHOTO
oOnajHaHHA  Jae 3MOry IOKpAaIlUTH  Mapamerpu
KaBiTaliiHOI O0OpOOKHM PIAKOIWCIIEPCHUX CEPEIOBHUII
LIUIIXOM MiHiIMi3amii BUTpAT Ha EHEeprilo.
Karouosi cjaoBa: JIOCITiIKEHHS,
00J1aTHaHHS, TEXHOJIOTIYHE CePeIOBHIIIE.

napamerp,

HNCCIIEJJOBAHUE ITAPAMETPOB
VIJIbTPA3BYKOBOI'O OBPABATBIBAIOIIEI'O
OBOPYJIOBAHUS, PACITPOCTPAHEHHOI'O
B TEXHOJIOTMYECKOI CPEJIE

U. H. bepnux
AHHOTALHS. D¢ dexruBHOE HCTIOJIb30BaHUE
yIbTpa3Byka B  KOHKPETHBIX  HPOM3BOJCTBEHHBIX
nporueccax 3a cuer BO3/IEUCTBUSA KoJIeOaHn

OKpYXKaIoUIeH Cpeibl, MPOSIBISIIONIMXCS B (PU3NYECKOM U
XUMHYECKOM BO3JCHCTBMM W UX B3aUMOJCUCTBHS.
Haubomnee  ycmemHbsIM  SBISiETCS  MCIIOJBb30BaHHE
YIBTPa3BYKOBOI KaBUTAI[MOHHOW OOPaOOTKH JKUIKUX U
PIAKOOMCIIEpCHUX Cpel, MOCKONbKY OHHU 3(deKTuBHO
peann30BaIl MEXaHW3M KOHIICHTPAIlMW 3BYKOBOH BOJIHBI
B YCIIOBHUSIX BBICOKOH IUIOTHOCTH HU3KOW IIOTHOCTH, YTO
BBI3BAHO OOpa30BaHMEM, pPa3BUTHEM M 3allyrHBaHHUEM
KaBUTAI[OHHBIX ITy3bIpbKOB. VccienoBaHWe BIMSHHSA
KaBUTAIlMM Ha XHMHYECKHE TIPOIECCHl B IKHUAKOCTH,
9PO3UOHHOTO  A(PPEeKTa aKyCTUYECKOH  KaBHTAIlHH,
aKyCTHYECKOU KaBUTaLlUH, BO3JICHCTBUSA Ha
Ouonoruyeckue OOBEKTHl B NPHPOJEC M MHTCHCUBHOCTH
aKyCTHYECKOT0 IIyMa, YTO CONPOBOXKAAET KaBHUTAIMIO,
MOKa3ald, YTO METOJIbl W3MEPEHUs  I1apaMeTpoB
aKyCTHYECKOTO IIOJISI MOXKHO pPa3leNUTh Ha TpsIMbIE U
KOCBEeHHbIe.  [IpsiMbIe ~ MeTOABl  HEMOCPEICTBEHHO
M3MEPSIOT IMTapaMeTphl MPOoIecca KaBUTALMH, TaKHe Kak
N3MEpEHNE JaBJICHUS, BO3HMKAIOIIETO IIpH 3a0uBKe
KaBUTAI[OHHBIX ITy3bIPBKOB. [l KOCBEHHBIX METOZOB
ONpEETsIeTCST  TEXHOJNOTHYECKUH WIM  (U3HUYECKUH
ad ekt yIBTPa3BYKOBOU KaBUTAI[HH. Amnanus
CYIIECTBYIOIIMX  HWCCICNOBAaHMH  YCTAHOBWJI,  YTO
HauOoynee  INEPCHEeKTUBHBI  MeTox  KoHurypauuu
U3MEPEHUHN U HANpPSHKEHHOCTH aKyCTUYECKOW KaBUTALIMU
B I10JI€ KaBUTAI[MH PEATU3YeTCsl C MMOMOIIBIO TipodoHiB.
W3mepeHus 3Ha4€HUIN 3BYKOBOTO JIaBJIECHMSI IIPOBOAMIIU C
MOMOIIBI0 HM3MEPHUTENBHBIX TiAPpO(QOHIB Ha OCHOBE
IIbE30KEPAaMHMKH, B pe3ylbTaTe dYero Ha KpBIIIKax
IIE303JIEMEHTA  TOSBJISICTCS  PA3HOCTh  MOTEHIMAJIOB
ruapooHa, 3HAUYCHHWE KOTOPOTO MPOIOPIUOHAILHO
3BYKOBOMY JIaBJICHHIO. V3Mepsisi BEMUUMHY HAIPSDKEHMS,
MPOTIOPIIMOHAIFHOE 3BYKOBOMY JaBJICHUIO, MPOBOJIMIN
3HAUEHMs] BOJILTMETPOB PM B pe3yJbTaTe H3MEPSIEeMOro
HAaIpsDKEHUs], TPOIIOPIMOHAIBHOTO JaBJCHUSI HE TOJBKO
3ByKa, HO ¥ MHTEHCHBHOCTH YJIbTPa3ByKOBBIX KOJICOAHHH.
OcHoBHBIE aHAJMTUYECKHE 3aBUCHMOCTH JUIst
OIpeJIeJIeHUs] 3BYKOBOTO JaBIICHHUS, YJIbTPa3BYKOBBIX
KosieOaHWH MHTEHCHBHOCTH PaJUallMOHHOTO HMIIe/IaHCca

IIO3BOJIMIIN COCTaBUTH rpa(bm(, HOKaBLIBaIOH.[I/Iﬁ
TCXHOJIOTHHU 06pa6OTKI/I KaBUTallUH. 3KCH€pI/IM€HTaJ'H)HO
MOATBEPIKACHO TOXICCTBO 3aKOHa pacrpeaciicHus

YJIBTPa3ByKOBOIO NOJsl B BOJE U B TEXHOJIOTHYECKOU
CMECH C yY€TOM €ro BeIMupaHus. MccienoBarenbckue
PE30OHAHCHBIE IIyCKaTeNId  yCTAHOBMIM  M3JIydaTellu,
KOTOPbIC 00eCIeuYnBarT KaQ4Y€CTBCHHYIO KaBUTAIIMOHHAsA
OYHUCTUTEIIBHY0O ~ CMEChb  BO3MOXHAa  TOJIBKO  Ha
OIPEJEIIEHHOM PAaCCTOSHUU OT U3JIy4EeHHUs. YUET yCIOBUM
CO3JJaHUSI ~ TEXHOJOTHYECKOTO  00OpyHOBaHUS  JaeT
BO3MOXHOCTh YyIYYHIUTH IMapaMETPhI KaBHTaHHOHHOﬁ
00paboTKM PIAKOANCIIEPCHUX CPeJl IyTeM MUHHMHU3AINU
3aTpaT Ha SHEPIHUIO.

KualoueBble ciaoBa: uccinenoBaHue,
o0opyioBaHue, TEXHOJIOTUIECKYIO CpeLy.

napamerp,
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Abstract. Analytical description of an one-parameter
set of an associated minimal surfaces formed under their
continuous bending, using complex variable was made.
To find the equation of isotropic lines, parametric
equations of logarithmic spiral and evolvent of circle
defined by functions of natural parameter with complex
curvature were used. Isotropic lines parametric equations
are obtained from the condition of differential arc of
spatial curve equality to zero. Analytical description of
minimal surfaces and connected minimal surfaces were
made in complex space with isotropic lines of grid
transfer.

Expressions of the first and second quadratic forms
of generated minimal surfaces coefficients were found. It
is shown that the mean curvature of formed minimal
surfaces equals zero at all points.

We investigated that minimum surface and
connected minimal surface, which are formed on the base
of isotropic line with the help of a logarithmic spiral with
curvature of complex value share common properties with
appropriate curvature surfaces built using logarithmic
spiral curvature of actual value. Using various methods of
analytical description of isotropic lines with evolvent of
circle with curvature of complex value, minimal surfaces
that with the replacement of variable have common
properties with a curvature, but different metric
characteristics were constructed.

Analytical description of one-parameter set of
associated minimal surfaces allows to control their shape
for solving various applications. Parametric equations of
minimal surfaces were found in the form of elementary
functions, allowing to explore their geometric properties
and differential characteristics to optimize engineering
methods of technical forms and architectural
constructions design.

Key words: one-parameter set of associated minimal
surfaces, isotropic line, logarithmic spiral, evolvent of the
circle, function of a complex variable, complex curvature,
mean curvature of a surface.

Introduction

An important problem of modeling of continuous
frame of engineering forms and architectural
constructions is taking into consideration their geometric
and differential characteristics.

That’s why the most essential are the design methods
of curves and surfaces under specified conditions [1-3],
research of trajectory of material points motion on the
surface of the technical forms [4, 5], means of applying
images to curved surfaces [6].

Formulation of problem

The average curvature at all points of a minimal
surface equals zero, which is a prerequisite for solving the
problem of finding the smallest surface area, which passes
through a given plane or spatial curve. The geometrical
shape of minimal surface provides even distribution of
efforts in the shell of surface and extra rigidity. [7]

The first researches of minimal surfaces are known
from J. Lagrange’s publications, he considered a practical
problem [8]: "To find the smallest surface area that
stretched to the specified contour"  (1786).
J. Lagrange concluded that the smallest surface area,
given by the function must satisfy Euler-Lagrange
equation [8]:

0%z 0%z 0%z
1+0%)— -2 1+ p?)=— =0, 1
)2 pqaxay+(+p )ayz &)

where: p=— q—@
oo oy

G. Monge in 1776 found that the equality of mean
curvature to zero is a prerequisite of minimal surface area.

Euler-Lagrange’s differential equation (1) generally
is not integrated so one of the modern research directions
of minimal surfaces analytical description is to improve
methods of numerical integration [9, 10].

In works [7, 11-13] for designing surfaces of
technical forms and architectural constructions, grapho-
analytical methods of surfaces construction close to
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minimal were developed. Geometric modeling of
deformed sheet of parabolic reflector that takes a shape
close to the minimum surface was made in the
research [14].

A special area of research related to finding
analytical description of minimal surfaces using the
elementary functions is development of methods that use
complex variable properties.

Analysis of recent research results

To find analytical description of minimal surfaces by
means of complex variable it is necessary to find
parametric equations of zero length isotropic lines [15].

The authors of the research [16, 17] found
parametric equations for isotropic lines according to
Weierstrass and Schwarz formulas only in some cases.
Modeling of isotropic lines with the help of fundamental
splines was considered in work [18]. The method of
analytical description of minimal surfaces using isotropic
curves that lie on the surfaces of rotation assigned to
isometric grid lines was realized in works [19-21]. In
work [22] for analytical description of isotropic lines
parametric equations of logarithmic spiral defined by
functions of natural parameter with real curvature were
used.

The opportunity to study analytical description of
isotropic lines and corresponding minimal surfaces using
planar curves with complex curvature value is required.

Purpose of research

To find analytical description of isotropic lines using
parametric equations of logarithmic spiral and evolvent of
circle, defined by functions of natural parameter with the
complex curvature. Using isotropic lines to find analytical
description of one-parameter set of associated minimal
surfaces formed at their continuous bending.

Results of research

Consider a plane curve, given by the complex
curvature value:

k(s)= ——

i-a-s’
where: a — parameter curve,
the arc length of the curve.

If a=-—1, then expression (2) define curvature of
logarithmic spiral.

Curvature of a plane curve K(S) is determined from
the formula [23]:

d(D
k(s) = —— 3
(s)= i )

where: @ — angle between tangent curve and X -axis.

)

| —imaginary unit, S—

Calling the condition ¢(0)=0, we get plane
curvature equation [23] from natural parameter S :

1(9)=(0)+feos (s |,
y(s) = y(0)+ isin[i k(s)ds} ds.

Substituting the expression of complex curvature
values (2) y (4), then under the conditions X(0)=0 i

y(0) =0, get:
ool o]
-1 a a

(4)

X(s) = ai‘

i-za-s'{_ch(lnsj . h(lnsﬂ
a -1 a a
From condition [15] (x’)2+(y’)2+ +(Z')2 =0

define the expression z(S)=1-S and write parametric
equations of isotropic spatial lines:

X(5) = a: s {a-ch(lnsj— h(lnsﬂ
a’-1 a a
y(s) =2
a

a-s ~[— ch(ln—sj + ash(ln—sﬂ, (6)
-1 a a

z(s)=i-s.

To find the equations of minimal and associated
minimal surface, it is necessary to introduce replacement
in isotropic curve parametric equations (6) [22]:
S=uU-+1i-Vv. Then we get parametric equations of

minimal surface X (u,Vv), Y (u,v),Z(u,v):
X (u,v)=Re{x(u+i-v)}
Y (u,v)=Re{y(u+i-v)}, )
Z(u,v)=Re{i-(u+i-v)},
and associated minimal surface X (u,v), Y (u,v),
Z"(u,v):
X" (u

(5)

y(s) =

V)= Im{x(u+i-v)},
Y (u,v)=Im{y(u+i-v)}, (8)

Z"(u,v)=Im{i-(u+i-v)}

Separating real and imaginary parts for each function
(6), according to (7), (8), get the equation of minimal
surface:

X(u,v)= za_l'[u -cos(48)- (achy —shy)-
—v-sin(g)-(ashy —chy)],
Y(u,V):aZa—l'[V-COS(ﬁ)'(aSh7‘Ch7)+
+u-sin(B)-(achy —sh )],
Z(u,v)=-

(©)
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where: [ = ﬂ(u;v): iarctg(%j,

In(u2 +v2)
y=y(u;v) o
and associated minimal surface:
X"(u,v)= aza 1-[v-cos(,3)-(ach;/—sh 7)+

+u-sin(p)-(ashy —chy )],

Y*(u,v)zaza_l-[u -cos(f)-(~ashy +chy)+ (10)
+v-sin(B)-(achy —shy]],
Z (u,v) =u,
T | v . _In(u2+v2)
where: ﬂ(u,v)_garctg(aj, y(upv)= —

Fig. 1. Minimal surface built on equations (9).

In Fig. 1 minimal surface is shown, in Fig. 2
associated minimal surface is shown, which were built

according to equations (9), (10) accordingly at a=0,9,
ue(0; 4] vel-3..3].

Fig. 2. Associated minimal surface built on

equations (10).

We find coefficients of the first quadratic form of
surface X (u,V), Y (u,Vv),Z(u,V), which define metric
properties of the surface according to the formulas [23]:

2 2 2
E=(X,) + (Vo) +(2h),
F=X-Xy+Yy-Yy+2)-2Zy,
G = (X, ) +(vyf +(zyf.

The coefficients of the first quadratic form of
minimal surface (9) and the associated surface (10) equal

(11)

to:
2
In(u? +v?
E=G= —( ) , F=0. (12)
2a
We find expressions of a second quadratic form of
surface X (u,Vv), Y(u,v),Z(u,Vv), that define the

surface curvature properties of according to the formulas
[23]:

X Yu Zu
L=ﬁ~ X' vz,
X, Y, Z
Loz
M X Y 7
X, Y, Z
X Yo Zy
N =ﬁ- X' Yz
X, Yy Z,

The coefficients of the second quadratic form of
minimal surface (9) equal to:

L=—N=-Y  M=—""
alu? +v?)’ alu? +v?)

The coefficients of the second quadratic form of
associated minimal surface (10) equal to:

* * u * V
L=-N =- iz 2)’ M=~ (2 2)'
a\u® +v a\u® +v
The coefficients of the first and second quadratic
forms of the constructed minimal surfaces (9) and (10),
turn the expression of mean curvature

E-N-2-F-M+G-L
2[E-G-F?)
surfaces to zero.

Comparing expressions of coefficients of quadratic
forms, it should be noted that for isotropic line (2) with
complex curvature constructed minimal surfaces (9) and
(10) that have common properties curvature but different
metric properties of minimal surfaces formed by the study
[22] with isotropic curve found based on parametric
equations logarithmic spiral.

Minimal surfaces built on equations (9) and (10)
have the same expression (12) of coefficients of the first
quadratic form, that’s why they allow continuous bending
one above the other. Equations of one-parameter set of

for each of the specified
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associated minimal surfaces formed with continuous
bending are of the form [22]:

X, (u,v)=X(u,v)cosp+ X" (u,v)sin ¢,

Y,(u,v)=Y(u,v)cosp+Y (u,v)sing,  (14)

Z,(u,v)=2Z(u,v)cosp+Z"(u,v)sin ¢,
where: X(u,v),Y (u,v),Z(u,v) - parametric
equations of minimal surface (9),

X"(u,v),Y " (u,v),Z"(u,v) — parametric equations of
associated minimal surface (10), ¢ — bending parameter

2
It is obviously that @ =0 equations (14) define the

of surfaces, @ € [O; Z}.

T
minimal surface (9), at @ = E equations (14) define the

associated minimal surface (10), for other values

T . . . -
(DE(O' Ej equations (14) define associated minimal Fig. 4. Associated minimal surface built on

3r
surfaces [19]. equations (14) in accordance with ¢ = 5

All associated minimal surfaces have equal
corresponding expressios (12) of the first quadratic form
coefficients.

Consider a plane curve, given by complex value of
the curvature:

k() = ——— (15)
J2a-i-s
where: a— the parameter curve, |— imaginary unit,
S — arc length of a curve.
If a=-—i, then expression (15) specifies the

curvature of evolvent of a circle. Substitute the value of
complex curvature (15) in (4), then under meeting the

conditions X(0) =0 and y(0) =0, obtain:

. 2is 2is . 2is
X(s)=i-alcos,/[—-— +,[——sin, . [-— |,
a a a
. 2is 2is . 2is
y(s)=—i-a| ,|—-—co0s,/[—— —sin . [-— |.
a a a

From condition (X')2 + (y’)2 + (Z')2 =0 [15]
define the expression z(S)=1i-S and write the
parametric equations of a spatial isotropic line:

Fig. 3. Associated minimal surface built on X(S):i‘a{cos\/_Z_ier\/_Z_issin\/_Z_iS]
d

. . . T a a
equations (14) in accordance with ¢ = Z .

. 2is 2is . 2is
_ o _ y(s)=-i-a| ,[-—co0s,[-— -sin . [-— |, (17)
In Fig. 3 we show a minimal associated surface a a a

constructed on equations (14) in accordance with ¢ = — 2(s)=i-s
4 To find the equations of minimal and associated
,a=09, ue(0; 4], vel-3..3]. minimal surface it is necessary to change parametric
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equations of isotropic curve (17) [22]: S=U+i-V.
Then, we will obtain a parametric equations of minimal
surfaces X, (u,v), Y, (u,v),Z,(u,v):

X, =-a-m-ch(m-sina)-sin a-sin(m-cosa )+
+ash(msin a)x
x[sin(m-cosa’)—m-cos & -cos(mcos )],

Y, =—a-m-ch(m-sina)-sin & -cos(m-cos e )+
+ash(msin a)x
x [cos(mcosa )+ mcos asin(mcos )]

Z,(u,v)=-v

(18)

I

2 2
where: m:m(u;v)zﬁ (u Y j ,

2
a=a(uv)= —%arctg(%)

a
and associated minimal
Y, (u,v),Z, (u,v):
X, =-a-m-sh(m-sin &)sin o -cos(m-cos &) +
+a-ch(msin a)x
x [cos(m-cos &)+ m-cos a -sin(m- cos )}

surface Xl* (u,v),

Y," =a-m-sh(m-sin &)-sin & -sin(m-cos )+ (19)

+ach(msin a)x
x[~sin(m-cos &)+ m-cos & - cos(m cos )}
Z, =u.

L

Fig. 5. Minimal surface built on equations (18)

In Fig. 5 a minimal surface is shown, Fig. 6 shows an
associated minimal surface, that are built on equations

(18), (19) in accordance with a =0,5,
v e (0; 16]

uel-3..3],

Fig. 6. Associated minimal surface built on

equations (19).

The coefficients of the first quadratic form of
minimal surface (18) and the associated surface (19)
found by formula (11) equal to:

1
2,2 \2
E=G=ch’ ﬁ[#j sin(larcthJ ;
a 2 v

F=0.
The coefficients of the second quadratic form of
minimal surface (18) found by formula (13) equal to:

1

2 7

LN = 2v - 2+2u u? +v2 y
2(u +v) a’

{(vz—uz)sin@arctg ) 2uvc03( arctg ﬂ
e

x (v2 —u? )cos(§ arctg EJ + 2uvsin[§ arctg Ej :
2 Vv 2 Vv

The coefficients of the second quadratic form of
associated  minimal  surface  (19) equal to:

L'=—-N"=-M, M =—L,

where: M and L - the coefficients of the second
quadratic form of minimal surface (18).

The coefficients of the first and second quadratic
forms of the constructed minimal surfaces (18) and (19),
turn the expression of mean curvature

E-N-2-F-M+G-L
2[E-G-F?)

surfaces to zero.

(20)

PN le

for each of the specified
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Minimal surfaces built on equations (18) and (19)
have equal expressions (20) of the first quadratic form,
that’s why they allow continuous bending one upon the
other. Equation of a one-parameter set of associated
minimal surfaces formed under continuous bending are of
the form [22]:

X, (u,v)= X, (u,v)cosp+ X, (u,v)sin g;
Y, (u,v)=Y,(u,v)cosp+Y, (u,v)sin g; (21)
Z,(u,v)=Z,(u,v)cosp+Z, (u,v)sing,
where: X, (u,v);Y;(u,v);Z,(u,v)— parametric
equations of minimal surface (18),

X, V)Y, (U V) Z, (u,v) -
equations of associated minimal surface (19),

parametric

T
@ — bending parameter of surfaces, @ € {0; E}

. . -, . T
Fig. 7. Associated minimal surface built at ¢ = g .

V4
Fig. 8. Associated minimal surface built at ¢ = Z .

At @ =0 equations (21) define minimal surface

T
(18), at @ = E equations (21) define associated minimal

T
surface (19),at other values @ € (O; E) equations (21)

define associated minimal surfaces [19].
In Fig. 7, Fig. 8, Fig. 9, Fig. 10 images associated
minimal surfaces built on equations (21) in accordance

for a=0,9, uel-3..3], ve(0;10] atq):%,

V4 Vs 3
=—, @=—, @=— respectively are built. These

@ 6 @ 4 ® 8
minimal surfaces are formed under continuous bending of

a minimal surface (18) to attached minimal surface (19).

V4
Fig. 9. Associated minimal surface built at ¢ = § .

AFig. 10. Associated minimal surface built at
3

(P8-
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All built associated minimal surfaces have equal
corresponding expressions (20) of the first quadratic form
coefficients.

Consider a plane curve, given by complex value of
the curvature:

|
k(S) = —,
) vJ2a-i-s
where: a — the parameter curve,

S — arc length of a curve.
Substitute the value of complex curvature (22) in (4),
then under meeting the conditions X(0)=0 and

y(0) =0, obtain:

X(S):a[_ChE+E‘S“E}
() =i- a[\/7 E‘hf}

From condition ') )2+( =0 [15, p.
14] define the expression Z(S)—I S and write the
parametric equations of a spatial isotropic line:

X(s) = a[—ch \/g+\/§-sh \/g}
a a a
y(s) :i-a{\/g-ch\/g—sh \/g} (24)
a a a

z(s)=i-s
To find the equations of minimal and associated
minimal surface it is necessary to change parametric
equations of isotropic curve (24) [22]: S=U-+i-V.
Then, we will obtain a parametric equations of minimal
surfaces X, (U,V), Y, (u,v),Z,(u,v):
X, = a-m-sh(m-cose)-cose - cos(m-sin &) —
—a-ch(m-cosa )x
x[cos(m-sin @)+ m-sina -sin(msina )},

(22)

| — imaginary unit,

(23)

Y, =—a-m-sh(m-cosa)-cose -sin(m-sin )+ (25)
+a-ch(msina)x
x[sin(mcos @)~ msin a cos(msin &)},

Z,(u,v)=-v,

u2+v2%
where: m = m(u;v):\/E . ,
a
1 v
= a(u;v)=——arctg| —
aluv)=—3 g(uj
and  associated  minimal  surface X, (U,V),

Y, (u,v),Z, (u,v):

X, =a-m-ch(m-cosa)cosa -sin(m-sina)+
+a-sh(m-cosa)x
x[~sin(m-sina)+m-sina - cos(m-sin )},
Y, =a-m-ch(m-cosa)-cosa - cos(m-sina) - (26)
—a-sh(m-cosa)x
x[cos(m-sine)+m-sina -sin(m-sina)]
Z, =u.
The coefficients of the first quadratic form of
minimal surface (25) and the associated surface (26)

found by formula (11) equal to:
1

2 ,.,2\7
E=G=ch? ﬁ[u A ] cos(larctgvj ,
a 2 u

(27)

F=0.

The coefficients (27) of the first quadratic form of
minimal surface are different from coefficients (20). For a
plane curve given by complex value curvature

i
k(s)= ——
®) V2a-i-s’

the first quadratic form of corresponding minimal
surfaces.

The coefficients of the second quadratic form of
minimal surfaces (25), (26) coincide with the coefficients
of the minimal surfaces (18), (19), using the change of
variables U to V.

The minimal surfaces (25), (26) have different metric
properties with minimal surfaces (18), (19) respectively,
but they have common properties of surface curvature.

it is possible to find coefficients of

Conclusions

1. The proposed method of finding isotropic curves
parametric equations based on the logarithmic spiral and
evolvent of circle with complex curvature allows to
determine analytical description of one-parameter set of
associated minimal surfaces formed under their
continuous bending.

2. It is investigated that minimal surface and
associated minimal surface, which are formed on the basis
of a isotropic line using logarithmic spiral with curvature
of the complex value share common properties of
curvature with appropriate surfaces built using
logarithmic spiral curvature of the real value. Using
various methods of analytical description of isotropic
lines with the help of evolvent of circle with curvature of
complex value, minimal surfaces that with the
replacement of variables have common properties of a
curvature, but different metric characteristics were
constructed.

3. Parametric equations of minimal surfaces were
found in the form of elementary functions, which allows
to explore their geometric properties and differential
characteristics to optimize engineering methods to design
technical forms and architectural constructions.
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BE3INEPEPBHE BUI'OTOBJIEHHA MIHIMAJIBHUX
IMTOBEPXOHb, COOPMOBAHNX 3ACOBAMU
[IJIAHOBUX KPMBUX KOMITJIEKCHOI1

KPIBATYPU
C. @. Ilununaka, M. M. Myxeuu
AHoTauis. 3pobieHo AHATI THYHIH ormmc

OJTHOIIAPaMETPUYHOT0 HAOOpy MOB’S3aHUX MiHIMAJIbHUX
TIOBEPXOHb, YTBOPEHHX TPH iX Oe3nepepBHOMY 3THHaHHI,
BUKOPDHCTOBYIOUHM CKJIQAHY 3MiHHY. Jlng momryky
PIBHSHHS  130TPONIHMX  JHIH OyiaM  BHUKOpHCTaHi
rapaMeTpuuHi piBHSHHA JorapudmivyHoi cmipanmi Ta
€BOJIIONI] KOJa, BHM3HAueHI (QYHKUIAMH HPUPOIHOTO
mapameTpa 31 CKJIAQIHOI KpWBH3HOWO. [lapamerpudHi
PIBHSHHS 130TPONMHHUX JIHIA BHXOIATH 13 yMOBH
nudepenniadbHOl AYTH PIBHOCTI MPOCTOPOBOI KPUBOI 110
HyJs. AHANITHYHUA OMUC MiHIMAaJbHUX MOBEPXOHb Ta
3’€lHAaHNX MiHIMAIBHUX TIOBEPXOHb OYyB 3pOOIIEHUHA Yy
CKJIaTHOMY TPOCTOpi 3 i30TPOIHWUMH JNiHIAMH TIepeadi
CITKH.

3HaiiIeH0 BUpa3M MepiIoi Ta APYroi KBaAPaTHUIHHUX
(GhopM YyTBOpPEHUX MiHIMATBHUX KOC(II[IEHTIB TOBEPXOHb.
IlokazaHo, 1m0 cepemHss  KpPHBHU3HA  YTBOPEHHUX
MiHIMaJbHHUX TOBEPXOHb JOPIBHIOE HYJIIO Y BCIX TOYKaX.

Mu pocmimxyBany, mO MiHIMadbHa TOBEpPXHS Ta
OB ’s13aHA MiHIMallbHA TIOBEPXHS, AKI (OPMYIOTHCS Ha
OCHOBI 130TpOIHO{ IiHIT 32 JOIOMOTO0 JIOTapUPMITHOL
cripaini 13 KPpHBH3HOIO CKJIQJHOTO 3HAYECHHS, MOAIISIIOTH
3arajbHi BJIACTUBOCTI 3 BIJNOBIIHUMH TIOBEPXHIMHU
KPHUBH3HH, TTOOYIOBAaHNMH 3a JJOIIOMOT'OF0 JOTapu(pMidHOT
cripanbHOl KPUBU3HI (axTr4HOT BETMYMHHU.
BukopucToBytoYM pi3HI METOJM aHANITHYHOTO OIHUCY
I30TPONHUX JIiHIH 3 PO3BUTKOM KOJa 3 KPUBU3HOIO
CKJIaJIHOTO 3Ha4yeHHs, Oynu mNoOymoBaHI MiHIMalbHI
MOBEPXHi, SKI HpU 3aMiHi 3MIHHOI MalOTh CIILIBHI
BJIACTHBOCTI 3 KPHBH3HOIK, ajue pi3HI METpHUYHI
XapaKTEePUCTHKH.

AHanTHYHUI OmHuC OJHONapaMeTpUYHOro Habopy
NOB’SI3aHNX  MIHIMAJIbHUX  TIOBEPXOHb  JO3BOJISIE
KOHTPOJIOBAaTH iX QopMy I BHPINICHHS PI3HAX
3acTocyBaHb. llapameTpwyHi pIBHSHHSI MiHIMAJIBHUX
MMOBEPXOHb OyiHM 3HAWICHI y BHILIII eJIeMEHTapHUX
GyHKIINA, 00 JO3BOJSIOTH IOCHITUTH IX T€OMETPHYHI
BJIACTHBOCTI Ta JAU(EpeHLialbHI XapaKTepPUCTHKU IS
onTuMizalil  IHKEHEpHHX  METOMIB  IPOEKTYBaHHS
TEXHIYHUX (OpM Ta apXiTEeKTYPHUX KOHCTPYKIIiii.

KoarouoBi cimoBa: onHomapameTrpuuHuii  Habip
acoIifloBaHUX MiHIMAJIIEHUX TIOBEPXOHB, 130TPOITHA JiHis,
morapupMivyHa CHipanb, €BONIOLiA Koia, (QyHKIISA
CKJIaAHOI 3MIHHOI, KOMIUICKCHAa KpHBH3HA, CEpPEIHS
KpPHUBH3HA ITOBEPXHI.

HEITPEPBIBHOE U3I'OTOBJIEHUE
MUHUMAJIBHBIX TTOBEPXHOCTEW,
COOPMHUPOBAHHBIX CPEACTBAMMU ITJTAHOBBIX
KPUBBIX KOMIUIEKCHOU KPUBATYPHI
C. @. Ilununaxa, H. H. Myxeuy

AHHoOTauMA. BRIIOTHEHO aHAIMTUYECKOE OIMMCAHHE
OJHOIIAPaMETPUYECKOTO Habopa CBSI3aHHBIX
MUHHMAJIBHBIX TIOBEPXHOCTEH, COOPMUPOBAHHBIX MPH UX
HETPEPBIBHOM H3rHOE, C HCIOJIB30BAHUEM CIIOKHOU
nepeMeHHo. {1 HaxOoXXAeHUs] ypaBHEHHS HW30TPOIMHBIX
JIMHUT ObLIN HCIOJIb30BaHbI rnapamMeTpuiecKue

yYpaBHEHHS JIOTApU()MUUECKON CHHUPATH M 3BOJIHBEHTHI
OKPYKHOCTH, OompenessieMble (QyHKIUSIMH HAaTypalbHOTO
rnapameTpa Co CIOXHOW KpUBU3HOM. M30TponHbIE IMHUN
MapaMeTPUYECKUX YPAaBHEHHUH IOJydyeHBl W3 YCIOBHSA
muddepeHnInanbHON TyTH MPOCTPAHCTBEHHOW KPHBOIA,
paBHOH HyII0. AHaIUTHYECKOE ONMHCAaHUE MUHUMAIbHBIX
MOBEpPXHOCTEH u CBSA3aHHBIX MUHHMAaJIbHBIX
MIOBEPXHOCTEIl BBINOJIHEHO B CJIOKHOM IIPOCTPAHCTBE C
HM30TPOTIHBIMU JINHUSIMU IIEpEHOCA CETKU.

Halinensl  BbIpa)keHHMs  IEpBOM U BTOPOH
KBaZIpaTU4HBIX (OPM CreHepHPOBAHHBIX KOAI(P(HUIIMEHTOB
MUHHUMAJBbHBIX MoBepxHocTel. IlokazaHo, 4TO cpenHas
KpUBHU3HA cOpMUPOBAHHBIX MUHHMMaJIbHBIX
MIOBEPXHOCTEHN paBHA HYJIIO BO BCEX TOYKAX.

MBI Hccae10Bany, 9T0 MUHUMAaJIbHAs TOBEPXHOCTH U
CBA3aHHAas  MHHHMMajbHas  IOBEPXHOCTb,  KOTOPBIE
cOopMHUpOBaHBl Ha OCHOBE W30TPOIHOW JMHUH C
TIOMOIIBIO JIOTApU(PMUUECKON CHOHpamd C KPUBHU3HOH
CIIO)KHOTO 3HA4eHHUs, MMEIOT o0Iue CcBoiicTBa C
COOTBETCTBYIOLTUMHU KpUBH3HAMU MIOBEPXHOCTEH],
NOCTPOCHHBIX C HCIOJb30BaHHEM JIOTapH(MHUYECKOI
CIIUPAJbHOU KPHUBU3HBl JICHCTBUTEIBHOIO 3HAYCHUS.
Hcnonp3ys  pasnuuHble  METOABl  AHATUTHYECKOIO
OMHCaHMsA  M30TPONHBIX JIMHHA €  BBLACICHHUEM
OKPY)KHOCTH C KPHUBU3HOM KOMILIEKCHOTO 3HAUYECHHS,
ObUTH CO3/1aHBl MHHHMMAJbHBIC TMOBEPXHOCTH, KOTOpBIE
IIpU 3aMEHE MEPEeMEHHOM MMEIOT oOIue CBOHCTBa ¢
KPUBH3HOW, HO  OBUIM  TIOCTPOEHBI  pa3/INYHBIC
METPUYECKUE XapaKTEPUCTUKU.

AHaJIUTHYECKOE ONHCAaHHE OJHONAPAMETPUYECKOTO

HaOopa  CBS3aHHBIX  MHMHUMAQJIBHBIX  IOBEPXHOCTEH
NO3BOJISIET KOHTPOJIMPOBaTh HMX (GOpMY JUIS pELICHUs
pasnuuHbIX  3azad.  Ilapamerpuueckue — ypaBHEHUs

MHUHMMAJIbHBIX TOBEPXHOCTEH OBIIM HaHIEHBI B BHJE
3JIEMEHTAPHBIX (QYHKITHH, MO3BOJIIOMNX HCCIIE0BATh UX
reoMeTpUYecKne CBOHCTBA U auddepeHnuansHbe
XapaKTEepUCTHKH, ONTHMU3UPOBATh WHXKEHEPHBIE METOJIbI
MIPOCKTUPOBAHMS TEXHUYECKUX (POPM U apXUTEKTYPHBIX

COOPYXKEHHH.
KaioueBbie cioBa: OJTHOTIApaMETPHIECKOE
MHOKECTBO aCCOLMUPOBAHHBIX MHHHUMAaJIbHBIX

MOBEPXHOCTEH, HW30TPONHAs JIMHUSA, JIorapupMHUUEcKas
CIMpalib, ABOJBBEHTHBIA KPYT, (QYHKIUS KOMIUICKCHOMN
NIEPEMEHHOM, KOMIUIEKCHAsA KPUBU3HA, CPEHSS KPUBU3HA
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Abstract. The article summarizes the existing
domestic, European and North American methodological
requirements to test set of machines for poultry.

Characterized that the method of comparing the
values of indicators in the subject of complex regulatory
requirements and with relevant indicators for complex
analog.

It is also established that the results of mathematical
processing of measurement data used for comparison with
the required values of technical specifications with the
state acceptance tests (technical terms, if state periodic
testing) for a decision on the conformity of the test
complex  technical  requirements to  technical
specifications). There are two possible cases.

Also, for comparison of parameters obtained in the
prototype testing of complex equipment and complex
analog calculate the significance of differences in means.

Recommendations from the results of testing
complex take on the basis of results of comparison of
values of indicators of the test of complex equipment
technical  requirements for supply, zootechnical
requirements and values for complex analog.

Key words: methodology, requirement,
complex, machine for poultry.

test,

Introduction

Poultry is a company specialized intensive poultry
meat or egg directly.

Poultry feed derived from feed mills, while products
produced evenly and rhythmically throughout the year.

Consider the following methods of cultivation and
poultry, sexual, cellular and combined. In the floor
keeping chickens kept pas poultry house floor with
possible walking or not. In keeping chickens are outdoors
and find their own food, herbs, insects, mineral
supplements and more.

Formulation of problem

With this increased maintenance labor costs and
limited concentration of livestock. Floor cultivation and

breeding chickens is to use deep litter on the floor plan or
mesh, good ventilation, optimal light conditions.

Analysis of recent research results

This increases the level of mechanization and
automation of manufacturing processes, improves
productivity, increases economic efficiency [1-5].

In keeping Cage chickens are placed in the cellular
batteries consisting of several layers of cells [6, 7]. In
each cell to accommodate 3-10 10-60 chickens or chicks
[8-12]. Location chickens in small groups reduces stress
in the formation of groups easier to observe them [13-15].
The relatively limited movement of chickens in cages
leads to reduction of feed costs by 10-25% compared to
the floor while keeping the same performance [16].

In keeping Cage increase the cost of the metal, but
there is no need to litter in livestock increases 3-4 times
per unit area [17-19].

Combined cultivation is that chickens to 1.5-2
months of age are kept in cages with heated and then
transferred them to the floor in keeping light areas that are
not heated. This method is used in small poultry farms
[20].

Purpose of research

Purpose of research — to reveal the main
methodological requirements to test a set of machines for
poultry farming.

Results of research

The process of egg production can consider poultry
pas example of a complete cycle, from hatching eggs and
meat to the diet of laying (Fig. 1).

The process of production of dietary egg starts in 1
shop breeder chickens, which provides full economy
hatching eggs. Breeder located in housings 10 thousand
heads, divided into 4-5 sections.

The shop incubation grade 3 eggs, disinfects and lay
in bulk incubators for chickens according to a given rate
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of production. Streams 4 day-old chicks and 14 come
from the workshops of incubation to 5 workshops

cultivation and breeding heifer replacement deha breeder
17.
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Fig. 1. Scheme of egg production process: 1 - shop of a parent herd, 2 - flow of incubation eggs, 3 - the shop of
incubation, 4, 14 - streams of day-old chicks of industrial and pedigree herds, 5 - Growing shop, 6 - flow of young
animals, 7 - industrial plant herd, 8, 10 - eggs flows, 9 - the shop for processing eggs, 11 - a stream of dietary eggs,
12 - the stream of repair young animals, 13, 16, 19, 20 - streams of discarded chickens in processing shops,
17 - Growing shop of young pigs of the parent flock, 15 - the flow of cockroaches, 18 - shop for fattening cocks,

21 - shop for processing chickens, 22 - sales of meat.

In plant breeding 5 day-old chicks are placed in a
prepared disinfected the room and hold up to 140 days of
age, depending on the method of keeping the floor, in
cages or in combination. Then the stream top 12 cockerels
and chickens parental forms sent to the breeder, and 6
stream of young plant growing - for the acquisition of
industrial herd of 7 to 180 days of age, they are at heifer
replacement. Rooster separated from the chickens in the
daily or 30-day age and sent to the plant feeding 18 which
are raised for meat subject to special diets. Stream 20
cockerels egg breeds rent for slaughter at the age of 60-90
days, when they reach mass 700-1200 g. Shop 7 industrial
flock of chickens is the main element that gives dietary
eggs. Chickens are kept in cages without cockerels.
Stream 8 eggs collected from the hens of industrial herd
and unsuitable for incubation breeder 10 goes to the
processing plant Egg 9, where they are sorted, cleaned,
packed and sent for implementation. Main production
sector towards the egg - an egg diet (stream 11), and
support - from chicken rejected (13, 19, 20, 16) chickens,
roosters and nourished cockerels. The shop processing
chickens spend 21 slaughter, processing carcasses,
sorting, cooling and packaging for sale. Industrial aviary
egg direction control is a complex subject with many
uncertain ties.

Analysis of facility management is complicated by
the fact that the processes in the poultry house, providing
reception planned number of eggs do not occur during
continuous operation, due to the presence of a large
number of random disturbances. It should also be noted
that the facility management total number of parameters
to take into account when calculating the value

management rather large. The composition of the flow of
information can be found by expert assessments at three
levels: engineer operator, foreman, chief specialist. To
ensure the validity of the results of examination
recommended rank correlation method which allows to
determine the relationship between the findings of the
panel. For poultry egg direction, the flow of information
can be presented three types of parameters: technical,
technology, technical and economic.

Prospects of automation in poultry. We were
designed microprocessor control and process control in
the poultry house. Fragments of the system implemented
on the farm “Kyiv” and achieved high economic
performance. The principle of operation of the system
shown in the block diagram (Fig. 2). Process control by
means of microcontrollers UYS2721. To improve the
reliability of the control of the controller duplicated.
When leaving one microcontroller system is blocked and
process control equipment and takes over another
controller. This signal is formed in damage to unit
coordination and implementation of parallel processors.
When a mismatch control signal signal appears the
damage coming on both processors. The result is an
automatic test both processors in which determine the one
that failed. Allowing management of non-working CPU
will then be available.

Management in this case, go to the processor, and
display information through the block will be presented to
the operator. Control signals from the processor enters the
processor, and then depending on the type of control
equipment enters the decryption unit, or digital-to-analog
converter.
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Fig. 2. Block diagram of the microprocessor system of monitoring and control of technological parameters in the
poultry house.
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Fig. 3. Exterior of water

Fig. 4. Appearance feed flow type ECHO

To control the ventilation control signal in the
form of eight parallel code enters the digital-to-analog
converter where converted to an analog signal into a
voltage and hits the boards ventilation. Managing other
technological equipment decryption unit carried out by
forming a control signal on it.

To control the process control unit used
kormorozdachi longitudinal conveyor kormorozdachi
LP ... L'22 control unit kormorozdachi cross conveyor,
screw conveyor control unit kormorozdachi.

To control the process of removing litter from the
block decryption signal supplied to the control unit
longitudinal conveyor cleaning litter N1 ... N6, and the
control unit transverse conveyor cleaning litter. Forced
ventilation to control signal from the decryption unit
enters the control unit ventilators. At malfunction in the
control circuit electrical equipment, the failure of
electric motors, with output operating modes beyond
the nominal power in the formation of a priority signal
which generates an interrupt signal entering the
microprocessor.

Information about the rejection and the current
values (on request) process parameters is formed and
displayed in the block display.

Request current values of microclimate
organization formed in the block query. Converting
analog signals and input them into the microprocessor
is in unit conversion and switching of analog signals.

In this system, such converters used (Fig. 3-5):
temperature measuring — sensor type TSM, for
humidity — sensor type DV-1K, to measure the cost of
feed — flow type ECHO, for measuring water
consumption — flow type IP.

IT farm designed and put into operation the first
stage of the automatic control system integrated poultry
farms (Fig. 6). Hierarchical it has two levels: the
automated production management system, it includes
automated dispatch control system and two automated
process control systems — automated process control
systems and automated power management process
poultry. Through an automated system supervisory
control is centralized temperature control in poultry
houses — the system “Chestnut-T” — and centralized
control and management regime in light housings —
“Chestnut-C”.

SM 1600
Dispatcher Chestnut 7
ASDC | ~| Chestnut
—
C.
APCS
enerhopos
ta-Channa
LAN
)
B ss | [ss |:|
OPS OPS
Poultry Poultry
Shop Shop
Foreman Foreman
shop shop
Nel No2
LAN LAN
Ms2 || Ms2 | | ms2 Ms2 || ms2 | | Ms2
701 727 727 727 727 727
Ptash || Ptash Ptash Ptash || Ptash Ptash
nick || nick | | nick nick || nick | [ nick

Fig. 6. Physical structure of the automated control
system of technological processes at the poultry farm:
ADCS - automated dispatch control system,
DC - device of conjugation, OpD - operator's desk
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Fig. 7. Cell battery CBN for keeping chickens: 1 — drinking equipment, 2 — frame, 3 — cage, 4 — feeder, 5 — fodder

breeder.

Table 1. Technical support this level is made on the basis of microcomputer CM 1810.

Settings

technical

technological

feasibility

Failure: fan motor, Engine cellular
batteries. Control operability of
electrical ~ equipment  (motors
protection). Diagnosis and
forecasting of electric motors.
Diagnosis and management circles
of power networks (primary
measuring  transducers).  Self
control  systems. Work tidal
ventilation and exhaust systems.
Work ventilators and  water
heaters.

Temperature: inner, external. The
concentration of CO,. Illumination
during daylight hours. The growth
of mass poultry. The velocity of the
air. The temperature of the coolant,
which is fed to the poultry house
heating system. Number of coolant
that passes through the circle
opposite the shop and each poultry
house (room) apart. The presence
and quantity of fodder in the
bunker. The concentration of NH3.

Egg production, egg / h. Gross
production of eggs. Livestock
poultry. The cost of feed: g / head,
kg / 1000 pcs. eggs. Water
consumption: g / head, kg / 1000
pcs. eggs. Culling chickens% of
total stock, for slaughter, mortality.
Figure culling in relation to cross
biological characteristics.
Dynamics of egg  weight.
Electricity consumption. Prediction.
Cost: USD. / 1000 pcs. eggs, UAH.
/1 kg of feed.

Table 2. Technological support this level is made on the basis of microcomputer CM 1810.

Parameters

technical

technological

technical and economic

Fault: fan motors, cell battery
motors. Control of the electrical
capacity of electrical equipment
(protection of electric motors).
Diagnostics and forecasting of
electric motors. Diagnostics of
control ~ circuits and  power
networks  (primary  measuring
transducers). Self-diagnostics of
the control system. Work of the
tidal and exhaust ventilation
systems.  Work of inflow
ventilation and water heaters.

Temperature: internal, exterior CO;
concentration. Lighting during light
day. Bird mass increase. Speed of
air movement. Temperature of the
coolant, which is supplied to the
heating system of the poultry house.
The amount of coolant that passes
in the back of the shop and in each
poultry house (hall) separately.
Presence and quantity of mixed
fodders in the bunker.
Concentration NHs.

Egg yolks, eggs per hour. Gross egg
production. The bird's head. Feed
expenditures: g / head, kg / 1000
pcs eggs Water consumption: g /
head, kg / 1000 pcs eggs Chicken
excrement, %, total number: for
slaughter, mortality. Chart plot in
relation to  the  biological
characteristics of the cross. The
evolution of the mass of eggs.
Electricity costs. Prediction of egg
production. Costs: UAH / 1000 pcs.
eggs, UAH / 1 kg of feed.
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Conclusions

1. Automated process control system implemented at
the poultry plant poultry, comprising 5 to 10 chicken
houses. Technical support this level is made on the basis
of microcomputer CM 1810. Composition of this
information is presented in Table 1 and Table 2.

2. Directly in poultry houses are microcontrollers
type MS2721 (MS2701) performing process control in the
poultry house on a given program.
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TEXHOJIOI'TYHI OCHOBMU VIIPABJIIHHA
[TPOLIECOM BUPOBHMIITBA ITPOYKIIIT
NTAXIBHULITBA
B. I. Pebenko

AHoTanigs. VY crarti  y3aragbHEHO  ICHYIOWI
BITYM3HSHI, €BPONEHCHKI Ta MiBHIYHOAMEPHUKAHCHKI
METOJMYHI BUMOTH IO BHIIPOOYBaHb KOMIUIEKCY MAIIUH
JUIsl yTpuMaHHs ntani. OXapakTepu3oBaHo, 10 METOANKA
MOPIBHAHHSA 3HAueHb MOKA3HHUKIB 110 BHUIPOOYBaHOMY
KOMIUIEKCY /0 BHUMOI' HOPMaTWUBHOI JOKyMEHTamii i 3
BIZINOBITHUMH [TOKa3HUKaMH 110 KOMILJIEKCY-aHaJIoTy.

Tako BCTaHOBIIEHO, 110 PE3YJIbTATH MAaTEMaTHYHO1
00pOOKHM [aHWX BUMIPIOBaHbP BUKOPHUCTOBYIOTH MpHU
MOPIBHAHHI iX 3 HEOOXITHUMH BEIWYMHAMH TEXHIYHOTO
3aBIAaHHS NIPH JEPKaBHUX MPUHMaIBHUX BHIPOOYBaHHIX
(TeXHIYHUX yMOB TIpU JEpPKaBHUX  HEPIOTUIHUX
BUNPOOYBaHHAX) JUIA  NPUHHATTS  pILIEHHS PO
BiJIMIOBIJIHICTh BUIPOOOBYETHCSI KOMIUIEKCY BHUMOTaM
TEXHIYHOTO 3aBAaHHS TEXHIYHUX YMOB). Ilpu 1BOMY
MOXIIMBI JIBa BHIAJKH. Takox Ui TIOpIBHSHHS
MOKa3HUKIB, OTPUMaHUX IIPH BUIPOOYBAHHSIX JAOCIIIHOTO
3pa3Ka KOMIUIEKCY OONajHaHHS Ta KOMIUIEKCY-aHajora
MiAPaxOBYIOTh 3HAYUMICTD Pi3HHIII CEPEAHIX MTOKa3HUKIB.

Pexomenmamii 3 pe3ynpTaTiB  BHIIPOOYBaHBb
KOMIUIEKCY OepyTh Ha IiJICTaBl pe3yNbTaTiB HMOPIBHSIHHSA
3HaYCHb  IMOKA3HHUKIB  BHIPOOYBAHOTO  KOMILIEKCY
oOnasHaHHA BUMOTaM TEXHIYHMX YMOB Ha IIOCTaBKy,
300TEXHUYECKUM BHMOT'aM 1 3HaYECHHSIMHU MOKA3HHKIB I10
KOMILIEKCY-aHaJIora.

Karouosi cJioBa: METOIMKA, BUMOTA,
BUIIPOOYBaHHA, KOMIUIEKC, MAaIllMHa I YTpUMaHHA
IITHLL.

TEXHOJIOTUYECKUE OCHOBBEI YITPABJIEHUA
[MPOLLECCOM ITPOU3BOACTBA IMTPOAYKINN
NTUOEBOJACTBA
B. U. Pebenxo

AnHoTanus. B cratbe 0000mIEHBI CyIIECTBYIOIINE
OTEYECTBEHHbIE, E€BpPOMNECHCKHE U CEBEPOAMEPHUKAHCKHUE
MEeTOJIMYEeCKUEe TPeOOBaHUs K HCIBITAHUAM KOMILIEKCa
MaIliH IJ151 coiepkanus NTUllbl. OXapakTepru30BaHO, UYTO
METOJMKa CpaBHEHHUS 3HAYEHMM Mokazarejied 1o
HCIIBITYEMOMY KOMILIEKCY c TpeOOBaHUSIMHU
HOPMAaTUBHOW JOKYMEHTAallMd M C COOTBETCTBYIOLIUMHU
[IOKa3aTeJsIMU 110 KOMIUIEKCY-aHaJIOTy.

Taxxe YCTaHOBJIEHO, YTO
MaTeMaTHYeCKoW  OOpa0OTKHM  NaHHBIX  H3MEpEHHH
WCTIONB3YIOT TpPU CPaBHEHHH WX C TpeOyeMbIMH
BEJMYUHAMU TEXHUYECKOTO 3aJ1aHUs npu
rOCyAapCTBEHHBIX MIPUEMOYHBIX HCIIBITAHUAX
(TeXHUYECKUX yCJIOBUHI npu TOCYJapCTBEHHBIX
MEPUOINUECKUX UCTIBITAHUAX) JUISl TIPUHSATHUSL PEIICHUsI O
COOTBETCTBUU UCIBITHIBAEMOTO KOMILIEKCA TPEOOBaAHUIM
TEXHHYECKOTO 3aJaHud TEeXHHUYeCKuX ycnoBui). Ilpu
3TOM BO3MOXHBI JBa ciiydass. Takxke JUisi CpaBHEHHS
MoKa3aresei, MOJYyYEHHBIX MPH HCHBITAHUSAX OIBITHOIO
oOpa3ma KoMIDieKca OOOpyIOBaHUS H  KOMILICKCa-
aHajora, MOJICYMTHIBAIOT 3HAYMMOCTh Pa3HULbI CPEIHUX
MOKa3aTesen.

Pexomenpanmun U3 pe3yJbTaTOB  HCHBITAHUN
KOMIUIEKCAa MPUHUMAIOT Ha OCHOBAaHUM PpeE3yJIbTAaTOB
CpaBHEHMsS  3HAUYEHH  [OKas3aTeleil  HCIBITyeMOro
KOMIUIEKCa O0OpyIOBaHUS TPEOOBAHHUAM TEXHHUECKUX
YCJIOBUH Ha TIOCTaBKY, 300TEXHUYECKUM TPEOOBAHMIM U
3HAYEHUSIMHU NOKa3aTeseil 0 KOMIUIEKCY-aHalora.

KiiloueBble  c¢jioBa:  MeToAWKa, TpeOoBaHWMeE,
WCTIIBITAHNE, KOMIUIEKC, MAIlIMHA JJIs1 COIePIKaHUS TITHIIBI.
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Abstract. The article identifies and classifies subject-
agrometeorological events in the technological processes
of cultivating grain crops. The analysis of these events
made it possible to classify them according to the
periodicity of their appearance, as well as to indicate the
content of the influence of each of them on the course of
these processes, which made it possible to develop
appropriate algorithms for modeling the time of
occurrence of these events.

The distribution of the time of occurrence of subject-
agrometeorological events in technological processes of
growing of grain crops, in particular: the time of
restoration of spring vegetation, the completion of the
autumn vegetation period of winter grain crops, the time
of reaching their characteristic predecessors, and the
patterns of change in the duration of soil warming have
been established. The obtained regularities allow to
predict (generate) the onset of phases of development of
plants and time constraints for the implementation of
mechanized operations in the technological processes of
cultivating grain crops for different natural and production
conditions.

The developed scientific and methodical principles of
modeling of subject-agrometeorological events in the
technological processes of cultivating grain crops underlie
the creation of their computer models. The practical use of
these models will allow you to predict the time constraints
for performing mechanized operations and the
characteristics of the flow of orders for their execution.

The methods of analysis and synthesis, system-factor
and system-event approaches to the study of technological
processes of cultivating grain crops were used in the work.
To develop algorithms for modeling these technological
processes, a discrete-event approach was used.

Key words: cultivation, grain crops,
agrometeorological events, technological
mechanized operations, modeling.

subject-
processes,

Introduction

The high level of technology of agricultural
production, technical complexity and high technology
costs require a high level of management of the technical

base of agricultural producers, the search for ways to
reduce material and energy costs.

Formulation of problem

The search for rational solutions during the
acquisition and use of machine-tractor fleet of agricultural
producers is one of the most difficult tasks of
mechanization of agricultural production. To solve it, it is
necessary to consider a large number of factors, some of
which are unmanaged and probabilistic. At present, there
is no general system approach to the modeling of subject-
agrometeorological events in the technological processes
of cultivating grain crops, which underlies the creation of
simulation models of these processes and prediction of
time constraints for the implementation of technological
operations in them.

Analysis of recent research results

Many research and methodological works [1 - 19] are
devoted to the study of the tendencies of occurrence and
influence of subject-agrometeorological events on the
flows of requirements for the implementation of
mechanized operations in the technological processes of
cultivating grain crops. In particular, the causative and
consequential ~ connections  between events and
mechanized operations of partial soil cultivation processes
[1, 2], integrated soil cultivation and winter crop sowing
[3, 4], protection of plants by spraying [5], collection and
after-harvest treatment of crop crops [6-19].

Purpose of research

The purpose of this study is to reveal the
methodological principles of modeling the time of
occurrence of subject-agrometeorological events in the
technological processes of cultivating grain crops, which
will enable to increase the efficiency of planning these
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processes by taking into account the stochastic influence
of these events.

Results of research

Analysis of agrotechnological requirements for the
cultivation of grain crops made it possible to indicate two
main periods of operations and works in the technological
processes of cultivating grain crops — spring-summer and
summer-autumn [12]. In the spring-summer period
technological processes are considered: soil cultivation,
sowing of spring crops, care of crops (chemical protection
of plants). In the summer-autumn period — harvesting of
predecessor, pre-planting of soil, winter wheat seed
production.

The peculiarity of the technological processes of
cultivating grain crops is that the probabilistic nature of
the occurrence of subject-agrometeorological events
during their course of time determines the possibility and
feasibility of their implementation. Without a thorough
analysis of these events it is not possible to ensure the
harmonization of technological processes and their
effective implementation. Creation and use of computer
models of occurrence of subject-agrometeorological
events in technological processes will allow to predict the
time constraints of the characteristics of flow of orders for
their execution.

Subject-agrometeorological events that affect the
flow of technological processes of growing crops can be
divided into two groups: the first - events that determine
the timing of their implementation, the second is the
events that cause the suspension and restoration of their
execution. Under the influence of these events, funds are
formed for the implementation of these processes. The

probabilistic  nature  of the  occurrence  of
agrometeorological events determines the variability in
the duration of mechanized operations of the
technological processes of growing these crops, both
within one year for different regions and within the same
region in different years.

The analysis of subject-agrometeorological events in
the technological processes of cultivating grain crops
(Table 1) shows the following. For the spring-summer
period of the implementation of technological processes
of cultivating grain crops, there are eight main events, and
for the summer-autumn six. Each of the subject-
agrometeorological events reflects the action of a limited
set of factors that influence the performance of these
technological processes. In addition, the content of the
effect on the course of technological processes of growing
crops of each of the indicated events is different. It should
be noted that the frequency of the occurrence of events in
these processes, they can be divided into seasonal, which
are characterized by a single appearance in a separate
season and daily — arise (may arise) every day of the
season.

In order to take into account the probabilistic nature
of the subject-agrometeorological events of the spring-
summer and summer-autumn periods, as well as their
influence on the course of technological processes of
growing of grain crops, it is expedient to use a statistical
simulation modeling of these processes. In particular, in
this case, a discrete-event approach to modeling can be
used [11].

For this purpose, generalized algorithms for the
modeling of subject-agrometeorological events in the
process of functioning of arable technological processes in
the spring-summer (Figure 1) and summer-autumn
(Figure 4) periods have been developed.

Table 1. Analysis of subject-agrometeorological events in the technological processes

Period of A
implementation of ) _ Class_lflc_at_lon the
. Displays the | Content of influence on periodicity of
mechanized i
Ne . Event name effect of the course of occurrence in the
operations of * : -
; factors technological processes technological
technological
processes
processes
1 2 3 5 6
Determines the
1 The onset of phyS|ca_1I Am, Pp, T begmr_ung of_ Seasonal
maturation of the soil mechanized soil
cultivation operations
Determines the
Heat the soil to the beginning of the
2 temperature of the Am, Pp, Tl implementation of Seasonal
Spring-summer sowing sowing of spring cereal
period crops
The onset of Identify the beginnings
3 phenological phases | Am, Pp, Tl of works on chemical Seasonal
of plant development protection of plants
Determines the
4 Precipitation fall Am, Pp, Tn possibility of Daily
mechanized operations
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Continuation of Table 1

1 2 3 5 6
The onset and
5 completion of the Am, Tn Daily
light period of the day Determines the
. - ossibility of
Spring-summer Excess air pos . .
6 period temperature 25°C Am, Pp, Tl perform_lng mechamzed Daily
chemical protection
7 The dew disappear Am, Pp, Tl plant operations Daily
8 Excess wind speed 5 Am, Pp, Tl Daily
m/s
Ripening of the Specifies the start of
9 pening Am, Pp collecting a predecessor Seasonal
predecessor . .
on a given field
Completion of Determines the
10 harvesting Pp, Tn possibility of pre- Seasonal
predecessor planting soil cultivation
Determine the
11 Precipitation fall Am, Pp, Tn pos_S|b|I|t_y of . Daily
performing soil-sowing
operations
Completion of pre- Determine the
12 planting soil Pp, Tn possibility of seeding Seasonal
Summer-autumn cultivation winter crops
period
Completion
(predicted) set of Determine the time
cultures of the ; .
13 . Am, Pp, Tl when sowing winter Seasonal
required amount of crons needs
active daily average P
temperatures
Determine the
deadlines for the
Completion of time sowing of winter crops,
14 fund tilling winter Am, Pp in which the Seasonal
crops continuation of works is
economically
inexpedient

*- Am, Pr, Tl, Tn — respectively agrometeorological, subject,, technological and technical groups of factors [13].

In the first stage (Figure 1) the simulation of the time
of occurrence of subject-agrometeorological events
substantiates the number of implementations of the
computer model to ensure its required accuracy and
specifies the characteristics of the natural-production
conditions (geographical location and characteristics of
the production plan) of agricultural producers (AP).

At the second stage (Figure 1), the time of
occurrence of physical soil maturity (PMS) (zpms) iS
generated. In particular, for the conditions of the L’viv
region of Ukraine, the time distribution of the physical
soil maturity is consistent with the normal distribution law
by an adjusted polynomial, the main statistical

characteristics of which are: M[rpms]:85,6 days,
G[7,ms 1 =134 days [1]. At the third stage (Fig. 1), the

time for the restoration of spring vegetation (zrsy) of winter
cereal crops is generated.

Based on the statistical processing of the
retrospective data on the time of restoration of spring
vegetation (zrsy) Of winter crops in Ukraine, we have
established that their distributions are consistent with the
normal law and are described by different equations of
distribution density (Figure 2). At stage 6 (Figure 1), the
duration of the weathered and subtropical intervals of time
in the interval from the moment of physical soil maturity
to the time of the end of the sowing of heat-loving grain
crops is generated.

At the seventh step (Figure 1), the actual timeframe
is determined for pre-sowing tillage and sowing of spring
cereal crops. For example, the estimation of the
mathematical expectation of the time of restoration of
spring vegetation of winter grain crops for the conditions

of the Lviv region of Ukraine M[z. ]=90,32days,
and the mean square deviation o[z, ]=14,23days

rsv

rsv
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(Fig. 2, a). For the conditions of the Kherson region (Fig. 2, b).
Ukraine:  M([r,,]1=91,37days, &lr,,]=6,99 days

C Start >
v

Specifying the number of implementations and characteristics of
the subject-production conditions
v

Generation of the onset time of PMS, zpms
v
Generating the recovery time of spring vegetation, zrsy

rsv

In the production plan are spring
crops?

Determination the time of sowing spring cereal crops, zsm, s, Tst

v
Generating the duration of sunshine and cloudy periods of time at
intervals of zpms 10 7o+ ATy
v

Definition of the actual time fund for operations of pre-sowing
tillage and sowing of spring cereal crops

v
Choosing the first culture of a production plan (k=1) -
v
Generation of the onset of the characteristic phases of development
of k-th culture for carrying out operations of care for crops
(chemical protection of plants)

' @

OIOJONICNONOMONOIONO

Go to the
Ha\_/e all the crops of t_he next culture,
production plan been considered? k=k+1

Generation of sunny and cloudy periods during cropping operations
(chemical protection)
v
Definition of the actual time fund to perform operations care for crops
(chemical protection of plants)
v

& ® ®

Output the simulation results

e D

Fig. 1. Generalized algorithm for modeling the occurrence of subject-agrometeorological events in mechanized
processes of arable farming in the spring-summer period.
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Fig. 2. Distribution of the time of restoration of
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Fig. 3. Change in the duration of soil warming at a
depth of 10 cm from the time of its physical maturity and
the time of transition of the average daily temperature of
air above 0°C in the spring to the temperature.

In the fourth stage (Figure 1), the presence of spring
cereal crops in the production plan of the AP is checked.
If spring crops are available, then proceed to stage 5, if
not — go to step 8.

The fifth stage (Figure 1) provides for the calculation
of the time of sowing of spring crops, which depends on
the time of soil warming at a depth of 10 cm to the
required temperature of crop sowing.

For its forecasting, regularities of the change in the
duration of soil warming at 10 cm depth from the time of

Kep Dot JO
srmeradwo) € 0)
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its physical maturity and the time of transition of the
average daily temperature of air above 0 °C in the spring
period to temperatures of 4 °C (possibility of sowing
frost-resistant crops) were established, 6°C (possibility of
sowing cold-resistant crops) and 8°C (possibility of
sowing thermophilic cultures) for different regions of the
state. In particular, for the agro-meteorological conditions

of the L’viv region of Ukraine, the indicated dependencies
presented in Figure 3. Next (stage 8) the first grain crop is
selected from the given production plan of agricultural
commodity producers, for which the time onset of
phenological phases of development of plants is generated
(step 9).

C D

Start

v
@ Appointment of the number of implementations and characteristics of

@
O
o :
©

the subject-production conditions

y

Generation of the completion time of the autumn vegetation period of
plants, zext

y

Selection the first crop of winter crop from their plural in the
production plan of AP (k=1)

Generation of the precursor reaching time for the k-th winter grain crop

(Tdn k)
v ~—~~
Determination of the sowing time of k-th winter grain crop :'
Tco k =Text — ATob k -~

Have all the crops of the production plan
been considered?

Generation of light and cloudy periods of time in the interval from
Tan k=MIN 10 Text

of the production plan

Choose the next culture (k

) 2
@' Definition of the actual time fund for the implementation of mechanized
operations of the summer-autumn period

y
Output the simulation results |

y

End

C

D

Fig. 4. A generalized algorithm for modeling the occurrence of subject-agrometeorological events in the
technological processes of cultivation grain crops the summer-autumn period.

The dependence of the onset of the phenological
phases of the development of spring and winter grains on,
respectively, the time of their sowing and the restoration
of spring vegetation (for the conditions the L’viv region of
Ukraine) is disclosed in the paper [5]. At the tenth stage
(Fig. 1) the condition is checked whether all crops of the
production plan are considered. If not for all cultures, the
time of the onset of the phenological phases of the
development of plants is generated, the transition to the
next culture (step 11) and the return to the stage 9 are
carried out. If for all — we pass to the stage 12, on which
(Figure 1) the appearance and duration of the algae and
low season periods based on statistical regularities of their
appearance and duration in the process of performing
cropping operations (chemical protection of plants) for

agrometeorological conditions of a given region of
agricultural commodity producers [2, 10, 12].

The final stages of modeling the occurrence of
subject-agrometeorological events in the technological
processes of cultivation grain crops in the spring-summer
period (Figure 1) is the definition of the actual time fund
for the implementation of cropping operations (chemical
protection of plants) (stage 13) and the output of the
simulation results (stage 14).

The analysis of the technological processes of
cultivation grain crops of summer-autumn period makes it
possible to assert that the time constraints on their
implementation  depend on the timeliness of
implementation of mechanized processes in the spring and
summer period. In particular, the probabilistic nature of
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the timing of reaching winter crop precursors and the
timeliness of harvesting their crops (spring-summer
period) determine the need for pre-planting of the soil
(summer-autumn period). The time for the pre-sowing
cultivation of the soil is due to the need to sow winter
crops. In turn, the need to sow winter cereals is
determined by the conditions of their autumn vegetation.
Winter cereals are recommended to sow so that,
before the beginning of winter, provide a set of plants
with the required amount of effective daily average
temperatures. Under such conditions, the crop manages to
develop into the phase of planting and undergo quenching
by the action of low temperatures, which is an important
prerequisite for its wintering and productive development
in the next spring vegetation [1, 4, 13]. The time interval
between the completion of harvesting of the predecessor
and the time of emergence of winter crop sowing needs is

0,887 1,887
f(r,)=0,075 =285 o) [ Tex — 285
e 25131 25131

0.351

0.307
0.251

0.201

0.15 /

/ \
0.101 \
0.051
0050 o 300 319 3%
Time to end autumn vegetation, day
a)

characterized by the timeframe for pre-sowing tillage in
the summer-autumn period.

The influence of subject-agrometeorological events
in the technological processes of cultivation grain crops
the summer-autumn period cultivation on the formation of
time-based funds for the implementation of individual
operations of these processes has been taken into account
and reflected in the algorithm for simulating the
occurrence of these events in a separate day and during
the season (Figure 4). In the first stage (Figure 4), the
simulation of occurrence subject-agrometeorological
events in the technological processes of the summer-
autumn period justifies the number of implementations of
the computer model to provide the necessary accuracy of
the output data, as well as the characteristics of the natural
and production conditions (geographical location and
characteristics of the production plan of AP).
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Fig. 5. Distribution of the time of completion of the autumn vegetation of winter grains in the agro-meteorological
conditions of the Lviv (a) and Kherson (b) regions of Ukraine.

The next step (stage 2 of figure 4) is the generation of
the end time of the autumn winter growth of winter crops.
For this purpose, the distributions of the time of
completion of the autumn winter vegetation period of
winter crops in the agro-meteorological conditions of all
regions of Ukraine were constructed and their statistical
characteristics were determined. It was established that the
distribution of the time of completion of the autumn
vegetation period of winter grain crops is consistent with
the theoretical law of the distribution of Weibull
(Figure 5).

For example, an estimation of the mathematical
expectation of the completion time of the autumn
vegetation duration for the conditions of the Lviv region

of Ukraine M[z,,]=307,3days, and the mean square
deviation &[7,,]=12,2days (Figure 5, a).
conditions of the Kherson region of Ukraine
M[z,.]=315,6days, o[z, ]=14,1days (figure
5, b).

For

The third stage (Figure 4) assumes the choice of the
first winter crop (k = 1) from the given production plan of
the agricultural producer, and the next (stage 4) generates
the time of reaching the predecessor (z..«) for the k winter
crop. For this purpose, the statistical characteristics of the
time distribution of the achievement of characteristic
predecessors of winter grain crops in agrometeorological
conditions of all regions of Ukraine were determined. For
comparison, the statistical characteristics of the time
distribution of the characteristic predecessors of winter
cereal crops in the agro-meteorological conditions of the
L’viv and Kherson regions of Ukraine shown in Table. 2

At stage 5 (Figure 4), the time of sowing of the k-th
winter grain crop (z..«) is determined, taking into account
the condition of its recruitment of the required amount of
active temperatures until the end of autumn vegetation:

Teok = Text _ATobk ! @)
where: Az, — the term for which the winter culture will

collect the required amount of active temperatures.
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At stage 6 (Figure 4), an examination is made of
whether all winter crops of the farmer’s production plan
are considered. If so, go to the next stage 8, if not - select
the next culture (stage 7) and return to stage 4.

The eighth stage (Figure 4) provides for the
generation of weathered and cloudy periods of time during
a period of time from reaching predecessor of a given
winter crop until the end of the autumn vegetation period
of the given winter crop.

These intervals are generated on the basis of
statistical regularities of their appearance and duration in
the specified period for the conditions of a given region
[2, 10, 12].

At stage 9 (figure 4), based on the information
received earlier, the actual time frame for performing
mechanized operations for each crop is determined, as
well as the tense periods of their implementation. Finally,
the output of the obtained simulation results is performed
(stage 10, figure 4).

Table 2. Statistical characteristics of the time distribution of the achievement of characteristic predecessors of

winter cereal crops.

Indexes Distribution density function '\g[t]’ oftl,
ay day
L’viv region

Date of the set of 1200°C of active (0 180, 7)2 1807 [74

temperatures (roughly, reaching the winter f (t,0) = 0,05xexp| —

barley, winter rye) 109,52

Date of the set of 1500°C of active t 197 2\ 1972 |71
. 1500 !

temperatures (roughly, reaching the f (tlsoo) =0,01xexp| —

potatoes) 100,6

Date of the set of 1700°C of active 208.2): 2082 |76
. t1700 !

temperatures (roughly, reaching the oats) f (t,700) =0,05xexp| — 55

Date of the set of 2200°C of active (t0 — 235, 2)2 2353 |90

temperatures (roughly, reaching the corn for | f (t,)=0,01xexp| ——————

silage) 182

Kherson region

Date of the set of 1200°C of active 1677V 167,7 |53
. " t.I.ZOO ’

temperatures (roughly, reaching the winter f (t,00) =0,08xexp| —

barley, winter rye) 56,18

Date of the set of 1500°C of active _182.3Y 1823 |52
: tisoo —182,3)

temperatures (roughly, reaching the f (500 ) = 0,08xexp| ————"—

potatoes) 54,8

Date of the set of 1700°C of active t. 191 2Y 1912 |54
. 1700 4

temperatures (roughly, reaching the oats) f (t700) =0,07 xexp| — c832

Date of the set of 2200°C of active (o — 212, 2)2 2126 |65

temperatures (roughly, reaching the corn for | f (t,,0,) =0,06xexp| ——==——

silage) 83,1

Thus, the developed scientific and methodological
principles of modeling of subject-agrometeorological
events in the technological processes cultivation grain
crops fully take into account the peculiarities of the course
of these processes in the spring-summer and summer-
autumn periods, the regularities of the appearance of
subject-agrometeorological events and their influence on
the formation of funds for the time of mechanized
operations.

Conclusions
1. The analysis of subject-agrometeorological events

in the technological processes cultivation grain crops
made it possible to classify them in terms periodicity of

appearance, as well as to indicate the content of the
influence of each of them on the course of these
processes, which made possible the development of
algorithms for simulating the occurrence of these events in
these processes.

2. The statistical characteristics of the distribution of
the time of the restoration of spring vegetation, the
completion of the autumn winter vegetation period of
winter crops, the time to reach their characteristic
predecessors, as well as the regularities of the change in
the  duration of soil warming in  different
agrometeorological conditions of the regions of Ukraine,
make it possible to predict (generate) the onset of phases
of plant development and time Restrictions on the
implementation of mechanized operations in the
technological processes cultivation grain crops in the
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specified natural and production conditions of individual
agricultural of the commodity producers.

3. The developed scientific and methodological
principles of modeling of subject-agrometeorological
events in the technological processes cultivation grain
crops are the basis for the creation of their computer
models, the practical use of which will enable to predict
time limits for the implementation of technological
processes and the characteristics of orders flows for their
implementation.
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Dnes, V. I. Skibchyk

MozemoBaHHA. [lix 9ac mocmipkeHb OynM BHUKOPHCTaHI
METONM aHali3y 1 CHHTE3y, CHUCTEeMHO-(PaKTOPHUX i
CHUCTEMHO-TIOJIMHUX MAXOIIB bi (o) OCIIKEHHS
TEXHOJIOTIYHAX TIPOILIECIiB MPH BHUPOUIYBAaHHI 3EPHOBHX
KynbTyp. g po3poOKH anropUTMIB MOJETIOBAHHS IIHX
TEXHOJIOTIYHHX TIPOIIECiB OyiIM BHKOPUCTaHI JUCKPETHO-
momifiamii  miaxig. [lpoBemeHuit aHami3 TpeAMETHO-
arpoMeTeopoJIOTIYHHX MOJI B TEXHOJOTIYHUX Ipolecax
IpU  BUPOUIYBaHHI  3€pHOBUX  KYyJIbTYp  JO3BOJIHB
knacuikyBaTH iX 3a 4acoM 1 MEPIOAMYHICTIO MOSBH, a
TaKOX BHU3HAYUTH 3MICT BIUIMBY KOXHOI 3 HUX Ha XiJ| X
NpOLECiB, 10  JIO3BOJMJIO  PO3POOKH  AIrOPUTMIB
MOJETIOBAHHS  BHHUKHCHHS 3a3HAYEHHX MOMIH Y
BHIIIEBKA3aHUX TEXHOJIOTIYHHUX IIporecax. BcraHoBieHi
CTaTUCTHYHI XapaKTepUCTHKH  PO3MOJILIIB qacy
BiTHOBJICHHS BECHSIHOI BereTallii, 3aBepIIeHAS TPUBAJIOCTI
OCIHHBOI Bereramii O3MMHUX 3EPHOBHX KYJNbTYp, 4acy
J03piBaHHS iX XapakTepHUX IIONEPEIHHKIB, a TAKOX
3aKOHOMIPHOCTI 3MiHU TpPUBAJIOCTI MPOrpPiBy TPYHTY B
PI3HHX arpoMeTeOpOJIOTIYHMX YMOBax peETioHIB YKpaiHu
JI03BOJISIFOTH MPOTHO3YBaTh (reHepyBaTH) HacTaHHs (a3
PO3BUTKY POCJIMH 1 THMYACOBI OOME)KEHHS Ha BUKOHAHHS
MEXaHi30BaHUX OIepaliil y TEeXHOJIOTIYHUX Mpolecax
PUIBHMIITBA TPW 3aJ@HUX IPHUPOJHO-BHPOOHWYMX YMOB
OKPEeMHX CUIBCHKOTOCHONAPCHKAX  TOBApOBHUPOOHHKIB.
Po3po0OiieHi HayKOBO-METOIUYHI OCHOBH MOJIENIOBAHHS
MIPEAMETHO-arPOMETEOPOJIOTTIHIX TOZIH B
TEXHOJIOTIYHUX MPOLECcax PUIbHHUITBA JIE)KATh B OCHOBI iX
CTBOPEHHS KOMIT IOTEPHHX MOAENeil B TEXHOJIOTIYHUX
mponecax piJ'H)HI/II_ITBa, MMPaKTUYHC BUKOPUCTAHHSA SAKUX
JIO3BOJIUTH MPOTHO3YBATH YaCOBI OOMEKEHHSI BUKOHAHHS
MEXaHi30BaHUX OIepaliil Ta XapaKTepUCTHKU MOTOKIB
3aMOBJIEHb Ha 1X BUKOHAHHS.

KoarodoBi cioBa: npenMeTHO-arpoMeTeoposIoTivHi
moii, TEXHOJIOT1YHI1 MPOIIECH 3eMIIepOOCTBa,
MeXaHi30BaHi omeparii, MOJCITIOBaHHS.

METOAMYECKHWE OCHOBBI MOJAEJIMPOBAHUWA
IMPEAMETHO-ATPOMETEOPOJIOT' MUECKUX
COBBITUU B TEXHOJIOTUYECKUX IMPOILIECCAX
HA BBIPAILIMBAHNWUN 3EPHOBBIX KYJIBTYP
P. B. Kyopuneyxuui, B. . []neco, B. U. Cxubuyx

AHHOTALMA. B craThe OTMEUYEHO u
KJIACCU(UITUPOBAHbI IPEIMETHO-arPOMETEOPOTIOTHIECKIE
COOBITHS B TEXHOJIOTHYECKUX mporeccax Ha
BBIPALMBAHUU  3€PHOBBIX  KYJIbTYp,  YCTaHOBJIEHO
CTATHUCTUYECKHE XapaKTePUCTUKU pacnpeneneHuii
BpEMEHU BO3HUKHOBEHHUS U MPOJOJDKUTEIBHOCTU 3THX
COOBITHH,  PACKPBITO  METOIUYECKHE  OCHOBBI U
pa3paboTaHbl alTOPUTMBI UX MOJCIHPOBaHUs. Bo Bpems
HCCIIEAOBAaHMM OBLIM HCIIOIB30BaHBl METOIBI aHajdu3a W
CHHTE3a, CHCTEMHO-(DAKTOPHBIX U CUCTEMHO-COOBITHEBBIX
TIOJIXOJIOB K HUCCIIEIOBAHUIO TEXHOJOTHIECKUX TPOIIECCOB
TIpU BBIpAITUBAaHUHU 3€PHOBBIX KYIbTYp. JJisi pazpaboTku
QITOPUTMOB MOJETUPOBAHUS 3TUX TEXHOJOTHUECKHX
MPOIIECCOB OBUTN MCTIOIB30BAHBI JUCKPETHO-COOBITUEBBII
TOJIXO/I. IIpoBenennbIit aHaIu3 TIPEIMETHO-
arpoMETEOPOIOTHICCKAX COOBITUH B TEXHOJIOTHYCCKUX
mpoueccax TMpu BBIPAIIMBAHUM 3€PHOBBIX  KYJIBTYP
MO3BOJIJI  KJIACCU(UIMPOBATH UX MO BPEMCHH U
MEPUOIUYHOCTRIO TIOSBJICHUS, a TaKkKe O0003HAYUTH
coliepKaHUE BIUSHUS KaXJOH M3 HUX Ha XOJA JTUX

MPOLIECCOB, HYTO IO3BOJIMIIO Pa3pabOTKH aIrOPHUTMOB
MOJICTIMPOBaHNS BO3HMKHOBEHHS YKa3aHHBIX COOBITHH B
BBIIIEyKa3aHHBIX TEXHOJIOTHIECKUX Tporeccax.
YcTaHOBIEHBI CTaTUCTUYECKHE XapaKTEePUCTUKU
pacmpeneneHuii BpeMEHH BO300OHOBICHHS BECCHHEH
BETETALlN, 3aBEPIICHHE IPOMODKUTEIBHOCTH OCEHHEH
BEreTalil  O3UMBIX 3€PHOBBIX KYJbTYp, BpEMEHHU
CO3pEBaHMsI UX XapaKTepPHBIX NPEAIIECTBEHHUKOB, a
TaKXKe 3aKOHOMEPHOCTH M3MEHEHUS MPOJOJIKUTEIIEHOCTH
IIPOTpeBa MOYBBI B PA3IMYHBIX arpoOMETEOPOTIOTHYECKUX
YCIOBHAX pPETHOHOB YkpauHsl MO3BOJISIIOT
NPOTHO3UpPOBaTh  (TeHEpUpOBaTh) HAcTymiaeHus a3z
pasBUTHsI pacTCHHH ¥ BPEMEHHBIC OTPAaHMUYCHUS Ha
BBITIOJTHEHHS MEXaHM3UPOBAHHBIX ornepanui B
TEXHOJIOTHUECKHX ITPOIIECCaX MOJIEBOICTBA IPH 3aJaHHBIX
MPUPOTHO-TIPOM3BOACTBEHHBIX ~ YCIOBHH  OTJEIBHBIX
CenbX03TOBaponpou3BoauTeNeil. PazpaboTaHHbIe Hay4HO-
METOIMYECKHE OCHOBBI MOJEIUPOBAHUS IPEIMETHO-
arpoMeTeOpOJIOTHYECKUX COOBITUH B TEXHOJOTHYECKUX
mpoleccax IOJIEBOJCTBA JIEKAT B OCHOBE CO3JaHHA HX
KOMIBIOTCPHBIX MOILCHCﬁ B TCXHOJIOTMYECKHUX ITpoHeccax
MOJIEBOJICTBA, TPAKTUYECKOE HCIIOIB30BAHNE KOTOPBIX
TMO3BOJIMT TMPOTHO3UPOBATL BPEMEHHBLIC OTPaHUYCHUA

BBITNTIOJITHCHUA MCXaHU3UPOBAHHBIX Onepaunﬁ n

XapaKTCPUCTHUKHU ITOTOKOB 3dKa30B HAa UX BBIIIOJHCHUC.
KiaroueBbie cJioBa: npeaAMETHO-

arpoMeTeopoOJIOrn4eCKuc CO6BITI/I$[, TCXHOJIOTHYCCKHEC

IponecChl 3eMIICACINs, MCXAaHU3UPOBAHHBIC OICpalNU,
MOACINPOBAHUC.
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Abstract. The solution of the problems of the agro-
industrial complex depends to a large extent on the
provision of highly efficient mobile energy facilities, the
availability of which is provided by a standard size series.
The construction of the size range is based on the main
parameters that should most fully characterize the
technical, operational and technological capabilities of the
product and have greater stability than the auxiliary
parameters. It has been established that there are at least
three approaches to the justification of the standard size
series of power tools: according to the nominal tractive
effort. On power of the installed engine, by annual load.
In accordance with this, we can distinguish three main
parameters for which there have been attempts to justify
the size series, namely: nominal tractive effort, Installed
engine power and annual load. The named parameters are
disjointed because their rationale was taken in
consideration of the various problems that need to be
solved. The foregoing circumstances make it difficult to
apply economically viable approaches to designing,
manufacturing and ensuring the effective use of energy
resources, which has led to the search for other, or
additional, main parameters for constructing a standard
size range of mobile power tools. The studies were carried
out by analyzing the influence of the investigated
parameters on the characteristics of energy facilities and
their stability within the limits of the possible classes of
the standard size series. As a result of the studies carried
out to justify and improve the size of a number of mobile
agricultural energy products, it has been established that,
in order to provide the most informative information
about mobile energy facilities, which is laid down in the
main parameters of their size range, the latter can be
represented as a multiparametric one, the main parameters
of which are appropriate to take the nominal traction
Power, engine power and level of versatility. These
parameters will give an idea of the traction capabilities of
the energy source, its energy potential and the availability
of technical means for implementing traction capabilities
and installed capacity.

Key words: mobile power facility, size range, main
parameter, nominal tractive effort, installed engine power,
level of versatility.

Introduction

The introduction of technological progress in agro-
industrial production stimulated the tractor-building
enterprises to significantly expand the standard-size series
of products, the adequate elements of which very often
differ in the values of similar estimated parameters. So,
for example, according to the data of the catalog [1, 2, 3,
4], energy sources of the structural mass of 5000-5500 kg
of firms Renault, Deutz-Fahr, Fendt are equipped with
engines with a capacity of 63-88 kW, and energy facilities
of Massey Ferguson, Case IH, John Deere, MTZ, New
Holland in The same class of structural mass can be
equipped with engines up to 119 kW. In the later catalogs,
this increase in capacity is already observed in the energy
resources of the previously named firms.

Formulation of problem

The foregoing is evidence of the existence of certain
difficulties with the method of justifying the standard
series of mobile power means (MPM) based on the main
parameters that should most fully characterize the
technical, operational and technological capabilities of the
product and have greater stability than auxiliary
parameters [5, 6].

Analysis of recent research results

The rationale for the standard size row of tractors
was previously carried out according to different main
parameters. So in 1940, D. A. Chudakov suggested taking
traction for a parameter to determine the class of the
tractor. In the perspective type of tractors of 1946 in the
Soviet Union, the main parameter was the engine power
[7]. The increase in engine power required to provide
higher operating speeds had little effect on the tractor's
traction parameters, Therefore, at that time, the nominal
traction force was accepted as the main parameter for
justifying a standard row of tractors for a long time. The
basis for the determination is the traction force, in which
the coefficient of utilization of the clutch, and
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accordingly, the trailing of the tractor, does not exceed the
preset values [7]:

Pgpn = @gp X Gy, 1)
where: Pyp y — is the nominal pulling force,

@kp — coefficient of use of the coupling weight,

G, — coupling weight of the tractor.

This indicator was more stable when modernizing
machines, including increasing their capacity.

With the development of the construction of tractors
and agricultural machinery, their recoil systems and
energy intake, crop cultivation technologies, etc., the
tractor is also seen as a mobile energy device capable of
delivering energy through power take-off systems. First of
all, this applies to harvesting machines. For harvesting
self-propelled chassis (their feature is the ability to be
released from the structure of an assembly), in which the
bulk of the power is used through the power take-off shaft
(PTO), the engine power rating can be retained [7].

Attempts to develop a standard size series of MPM
for the installed engine power are described in [8, 9, 10,
11, 12]. The criteria for justifying the power levels in
these works were the possibilities of providing economic
performance indicators, mainly traction and traction drive
units, under various conditions while ensuring the
optimum level of engine loading. It should be noted that
the above-mentioned papers show different power levels
of power-driven engines. This fact indicates the absence
of unified scientifically grounded approaches to the
graduation of energy resources by installed engine power.

In [12], a classification of energy resources by
annual load is proposed, which allows to predict the
possible economic efficiency of the energy source. The
drawbacks of this work are both the lack of a
scientifically grounded methodology for classifying
power resources to groups by the installed engine power
and annual load, and the focus on cleaning machines
specialized and created based on the released self-
propelled chassis, which, in our opinion, complicates the
forecast calculations of farm parks.

In [13, 14] the approximate power levels of MPM
engines for agricultural purposes are presented both in the
general case and within each of the existing traction
classes, but nothing is said about using the established
graduation as a standard range for energy resources.

Thus, as a result of the analysis, it has been
established that there are at least three approaches to the
justification of the MPM standard series: according to the
nominal traction force, On power of the installed engine,
By annual load. According to this, we can distinguish
three main parameters for which there were attempts to
justify the size series, namely: nominal tractive effort,
Installed engine power and annual load. In addition, in
later works (not shown here), the necessity of using
several parameters or their derivatives for the
characterization of the MPM size series (tractive effort
and engine power, energy saturation, etc.) is
substantiated. The foregoing circumstances make it
difficult to apply economically viable approaches to
designing, manufacturing and ensuring the effective use
of energy resources, which encourages the search for
other, or additional, main parameters for constructing a
one- or multi-parametric MPM-type series.

Purpose of research

In connection with the foregoing, the purpose of this
paper is to justify a list of the main parameters for
characterizing a range of mobile agricultural energy
products.

Results of research

The studies were carried out by analyzing the
influence of individual parameters on the characteristics
of energy facilities and their stability within the limits of
the possible classes of the standard size series. In this
connection, it became necessary to conduct an analysis of
the activities of the world's leading tractor-building
enterprises on the characteristics of the energy facilities
they create on the plane of the parameters, the mass of the
structural energy, mass of the total energy, the installed
engine power and the price.

The existing technological processes of growing
crops [15] envisage the implementation of predominantly
traction operations, which indicates an indisputable
relevance for the characterization of the standard size
range of the parameter "nominal tractive effort”, which is
determined by the mass characteristics of the machine.
The analysis of the design parameters and the total mass
of energy means that the vast majority of machines due to
ballasting can significantly change the traction
performance up to the possibility of transition to other
traction classes determined by the standard GOST 27021-
86 [16]. Thus, for example, the Fendt Favorit-822 energy
product, which has a structural mass of 8100 kg, belongs
to the traction class 3 with a nominal pulling force of
30 kN, according to the graduation standard [16], and
under the condition of its ballasting, according to the
catalog data [1] to class 6 with a nominal pulling force of
60 kN.

And in this connection, it may be interesting that
each hauling class of a standard range of energy facilities,
built according to the nominal tractive effort, is
characterized by the limits of the operational mass of the
energy resources entering into it.

To establish this fact, the research was carried out by
analyzing the procedure for the formation of the standard
MPM series of standard size series and analyzing the
characteristics of energy resources of the world's leading
tractor-building enterprises on the parameters plane, the
operating mass of the energy source and the nominal
tractive effort.

In addition, despite the fact that mobile power means
must provide for the implementation of traction, traction
and drive and drive operations, the study of the
boundaries of the change in the operational mass within
each traction class was carried out with the following
considerations.

According to the technique of the standard [16], the
operating mass is determined using the dependence:

PFK.H =AX meP[‘K_Hl (2)
where: Prxy — is the nominal pulling force of the energy
facility, kN,

A — is a coefficient that is set depending on the type
of energy source (the coefficient A is to be taken as: —
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3.24 x 10-3 — for energy resources with an operating
weight of up to 2,600 kg — 3,73 x 10-3 - for four and
three-wheeled energy facilities with two driving wheels
(4K2 and 3K2) with an operating weight of more than
2,600 kg — 3,92 x 10-3 — for energy facilities with a wheel

formula 4K4 and an operating weight of more than
2,600 kg — 4.9 x 10-3 - for caterpillar power facilities),

Mep, ., — the operating mass of the energy medium,
at which the nominal traction force of the level under
study is reached, kg.

Table 1. Limits of variation of operational masses of wheeled power facilities of the current standard size range.

Traction class Limits of v_ariation of nominal Operational mass of energy Change in operating weight
tractive effort, KN means *, kg
of energy the lower the upper
resources from to limi L in ... times by ...%
imit limit

0,2 1,8 5,4 >555,6 < 1666,7 3,00 200,0
0,6 54 8,1 >1666,7 < 2500,0 1,50 50,0
0,9 8,1 12,6 >2500,0 <3214,3 1,29 28,6
1,4 12,6 18,0 >3214,3 < 4591,8 1,43 42,8
2 18,0 27,0 >4591,8 < 6887,7 1,50 50,0
3 27,0 36,0 > 6887,7 <9183,7 1,33 33,3
4 36,0 45,0 >9183,7 <11479,6 1,25 25,0
5 45,0 54,0 >11479,6 <13775,5 1,20 20,0
6 54,0 72,0 >13775,5 < 18367,3 1,33 33,3
8 72,0 108,0 > 18367,3 < 27551,0 1,50 50,0

*) The change in the value of the coefficient A provided in the explanations for the dependence (2) in accordance with
the received level of the operational mass was carried out in the calculations at the first achievement of the above
indicator value of 2600 kg and was subsequently assumed equal to 3.92 x 103, The bulk of wheeled energy is produced

in an all-wheel drive version, or one that can easily be transformed into a four-wheel drive.

The above dependence (2) is a consequence of the
above dependence (1).

Proceeding from the above, in order to provide the
traction efforts of wheeled energy facilities of various
classes regulated by the standard size range [16], their
operating masses can vary within the following limits —
Table 1.

In Table 1 shows the limits of variation of the
operating masses of energy resources for each traction
class ensuring the implementation of the corresponding
tractive effort. The data of Table. 1 indicate that even in
the middle of the traction classes provided by the
standard, the operating masses of energy resources can
vary significantly. So, for class 0.2, the operating masses
of energy resources can differ by three times, or by 200%
compared to the lower limit of the operational mass,
typical for the energy resources of this traction class. A
similar picture is observed for energy resources of other
traction classes, but with quantitative indicators, which
are characterized by somewhat smaller values. Thus, the
increase in the operational masses of energy classes 0.6,
0.9.14, 2, 3, 4, 5, 6 and 8 inside the traction classes is
envisaged in 1.2...1.5 times, or 20...50%. The size range is
organized in such a way that its points cover energy
means of various designs, different manufacturers, and
hence different masses. And only due to the boundaries of
the variation of the operational mass of energy resources
(see Table 1, columns 4 and 5) provided by the standard,
it is possible to classify such energy assets and assign
them to the appropriate traction class.

It should be noted that the actual operating mass of
energy resources operating in farms is significantly higher
than its lower limit is indicated in Table. 1. So the class
1.4 tractor "Belarus-1005" has an operational weight of
4025 kg with a minimum for this class of 3214.3 kg, a
tractor of the same class "Belarus - 82" has an operating

weight of 3900 kg, and UMZ- 6AKM - 3895 kg. The
tractor of class 3 KhTZ -121 has an operational weight of
8,200 kg with the lower limit for this class equal to
6887.7 kg. A similar situation is typical for cars that
represent the vast majority of traction classes. In this case,
if we also take into account the possibility of ballasting of
such energy resources, at least within the limits named in,
then the maximum operational mass of tractors of classes
0.6, 0.9, 1.4, 3, 4, 5 Will exceed the level of the upper
limits of the operational masses for the energy resources
of the named classes and such machines will be
transferred to higher traction classes. For example, a
tractor of class 3 KhTZ-121, as already mentioned above,
has an operating weight of 8,200 kg. The ballasting of this
tractor at a rate of 23% will lead to an increase in its total
operating weight to the level of 10086 kg, which is typical
already for traction class 4 vehicles (see Table 1).
Tractors class 0.2, with ballasting within 23%, do not go
to higher traction classes because the standard provides
for them a wide range of variation in the operational
mass, and class 2 tractors, such as LTZ-155, "Belarus-
1221" Have an initial operating weight, which, with
ballasting by 23%, does not lead to a change in the
traction class of the machines. Another situation with the
class 5 energy equipment. So according to the catalog, the
tractors K-744-1 and K-701M belong to the traction class
5, their operational masses have the value 15830 kg and
14570 kg respectively, which according to Table. 1 allows
them to be attributed to the traction class 6 even without
ballasting. The foregoing allows us to draw certain
conclusions, namely: a) theoretically - about certain
inaccuracies in the dependence (2), b) in practical terms -
the lack of effective ways to implement the available
operating mass of energy.

Based on the foregoing, it can be argued that, in
practice, the range of variation of the operating mass of
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the energy source, conditioned by the standard, is, for the
most part, of a reference nature. In such a case, it is
important that the energy asset, in its characteristics,
clearly correspond to the traction class to which it is
assigned, and its operating mass achieved in any way,
including ballasting, can vary both within the limits of the
energy standard specified in the standard for this class,
not excluding the transition to higher traction classes.

Thus, the limits of variation of the operating masses
of power-supply devices of the type-size series, which are
described by the values 555.6 - 27551.0 kg. When
determining the position of the energy facility in a
standard size, it should be ensured that its characteristics
meet the requirements for machines of a specific traction
class, and the operational weight, taking into account
ballasting, could vary both within the limits of the energy
facilities stipulated by regulatory documents for this class,
Not excluding the transition to higher traction classes.

This fact suggests that the "nominal tractive effort"
index can not be used as the main parameter for a one-
parameter type series because the principle of parameter
stability is violated.

Used by foreign experts, as the main parameter, the
"installed engine power" parameter is an indicator of the
efficiency of the energy medium and is also indispensable
for the consumer. The data in the catalog [1] indicate that
the power of the engines installed on the energy sources

(the analysis was carried out for standard tractors with a
capacity of over 24 kW, such as those that are basic for
carrying out the main set of works in diversified
agricultural enterprises) varies widely. So MTZ represents
power facilities with engine power from 24 to 96 kW,
Case IH - from 38 to 280 kW, Fendt - from 37 to 199 kW,
John Deere - from 39 to 342 kW, etc. About the
possibility of using the installed engine power The
following should be noted as the main parameter of the
MPM standard size series. The overwhelming majority of
tractor-building firms in a standardized series declared for
the production of energy resources has machines with the
same power of the installed engine. Thus, Fendt produces
three brands of energy products with an engine power of
63 kW with a structural mass of 3850, 4190 and 5070 kg,
which, according to the procedure of [16], allows them to
be assigned to traction classes of 1.4, 1.4 and 2
respectively, and taking into account the possible
ballasting - to classes 2, 3 and 3 respectively. The
analyzed characteristics belong, respectively, to the
energy facilities of Fendt Farmer 308C, Fendt Farmer
308CA and Fendt Farmer 409 Vario [1]. In addition, we
should also give an example of the KhTZ-120 tractors,
which had an engine with a discretely adjustable power of
88 and 107 kW, where a higher power level is
recommended for operation in the unit with machines that
have a drive from the tractor PTO.

Table 2. Brief specifications of John Deere and Fendt energy tools with engine power up to 60 KW.

Brand of equipment
. Units of John Deere Fendt
Indicator measure 5510 6110A 6120A Farmer F370 GT
SE 307C
1 Engine power kw 59 59 59 55 55
2 Engine displacement cm® 4530 4530 4530 3190 4086
3 Rated engine speed min 2400 2300 2300 2300 2400
4 Engine torque Hxm | 301 327 328 296 263
3 Torque reserve % 28 34 335 30 16
6 Number of gears:
Forward motion pcs. 24 16 24 21 21
Reverse gear pcs. 24 16 24 6 6
7 Travel speed:
The maximum Km/hr 40 40 42 40 40
Minimal Km/hr 0,5 0,8 1,0 0,7 0,4
8 Number of PTO pcs. 2 2 2 2 2
9 Number of speeds PTO pcs. 2 3 3 3 3
10 Payload of attached devices: K
Posterior Kg W 3990 4520 4980 3210
Front g 2000 3500 2945 2250
11 Hydraulic system pump capacity I/min 43,1+18.2 54 60/96 70 41+36
12 Hydraulic system pump type - Gear Gear Axial Gear Gear
13 Presence of a mounting platform - - - - - +
14 Weight of payload ballast Kg 2075 3066 2650 2200 2410
15 Construction weight Kg 2725 3934 4350 3800 3590
16 Price DM 29700 37000 41800 36100 38900

*) There is no data on the indicator

Based on the foregoing, it can be concluded that the
two named parameters "nominal tractive effort" and
"installed engine power" are inadequate characteristics of
a standard range of mobile power facilities.

Taking into account that "... the optimization of
parametric (standardized) series has an important ...
value." Optimum selected parametric series satisfy the
requirements ... in products of different species at the
lowest total costs "[17], it is necessary to justify at least



SUBSTANTIATION OF MAIN PARAMETERS OF SIZE-SIZED SERIES OF AGRICULTURAL ... 81

one Or several main parameters that would allow itself, or
together with others (for example, the two above) to
obtain the most complete information about the energy
source.

The characteristics given in the catalog [1] show that
the price of energy for leading manufacturers in the world
varies widely, even if they have engines of the same
power. To establish the reasons for this fact, we examined
more detailed characteristics of energy facilities that have
engines of the same power. The studies were carried out
using the characteristics of John Deere and Fendt energy
facilities with engines up to 60 kW (Table 2).

The data of Table 2 show that the John Deere energy
used almost the same engine with a capacity of 4530 cm?,
which could not significantly change the manufacturer's
pricing policy. The main differences in the technical
characteristics were such indicators as the number of
gears, the number of PTO speeds, the load capacity of
mounted devices, the characteristics of the hydraulic
system, the mass of the ballast and the structural mass.
Each of these indicators is designed to ensure more
efficient use of energy in various operations with a large
number of machines and tools. So the number of gears
determines the ability to ensure efficient use with
machines and tools that are characterized by different
levels of engine energy consumption, i.e. Allows you to
more efficiently load the engine. The number of speeds of
the power take-off shaft also provides more efficient
loading of the engine, the lifting capacity of the attached
devices limits the weight of the attached machines. The

characteristics of the hydraulic system determine the
possibility and efficiency of the energy output of the
engine through the hydraulic system. In particular, the
installation of an axial-type pump allows adapting the
hydrosystem of the energy source to the hydraulic
systems of machines with different characteristics of the
flow of working fluid. Mass characteristics also determine
the traction of energy.

So, for example, if we compare the energy of the
John Deere 5510 and John Deere 6120, we can say that
the latter significantly benefits in terms of the lifting
capacity of the mounted devices, the characteristics of the
hydraulic system and the tractive characteristics provided
by the structural mass and ballast, which significantly
influenced the increase in value within 12100 DM.

A similar picture is observed for Fendt's energy facilities.
However, it should be noted that their cost is significantly
higher than the energy facilities of John Deere, which is
explained by the significantly better indicators of the lifting
capacity of the mounted devices and the availability of a cargo
platform for the Fendt F 370 GT. The foregoing is
confirmed in the higher classes of capacity of energy
resources.

The increase in the cost of Fendt's 74 and 154 kW
power equipment is primarily due to the use of a
hydrostatic transmission, which allows for any speed in
the 0-50 km / h range and, therefore, to load the engine
more efficiently, even when compared to the Fendt
Favorit 822, Which is completely reversible and has 44
transmissions (Table 3).

Table 3. Brief technical characteristics of Fendt energy facilities with engine power of 74 and 154 kW.

Energy brand
Indicator Unit of Fendt Fendt Fend; Fend@
measure Farmer Farmer Favorit Favorit
309 410 Vario 822 920 Vario
1 Engine power kw 74 74 154 154
2 Engine displacement cm® 3190 3800 6870 6870
3 Rated engine speed min?t 2300 2100 2200 2150
4 Engine torque N xm 390 437 896 960
5 Engine torque reserve % 30 35 34 40
6 Number of gears:
Forward motion pcs. 21 Hydrostat 44 Hydrostat
Reverse gear pcs. 6 Hydrostat 44 Hydrostat
7 Travel speed:
The maximum Km/h 40 50 50 50
Minimal Km/h 0,7 0,0” 0,2 0,0
8 Number of PTO pcs 2 2 2 2
9 Number of speeds PTO pcs 3 3 2 2
10 Hoisting capacity of attachments:
Posterior Kg 4980 6440 9000 9000
Front Kg 2945 2920 5000 5000
11 Hydraulic system pump performance I/min. 70 75 102 112
12 Hydraulic system pump type - Gear Axial Axial Axial
13 Presence of an installed site - - - - -
14 Weight of payload ballast Kg 3280 3790 5900 5250
15 Constructional weight Kg 4220 5210 8100 8750
16 Price DM 46500 63200 99200 110000

*) 0,0 - the phenomenon exists, but in values less than those that can be expressed by the digital digits used in the table
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Table 4. The value of the coefficient of universality of the construction of tractors involved in the performance of
various technological processes of growing and harvesting crops according to the technological maps of 2004

Brand tractor
Culture KhTZ- T- T- KhTZ- T- UMZ- | UMZ- | MTZ- T-25 T-
170 150K | 150 120 70S | 6AKL 80 80/82 16MG

1. Perennial Herbs - - 0,14 - 0,13 - 0,20 | 0,14 -
2. Potatoes - 0,17 0,15 - - - 0,17 - -
3. Corn for grain 0,15 0,15 0,15 - 0,10 - 0,15 - -
4. Corn for silage - 0,15 | 0,15 - 0,09 - 0,15 - 0,09
5. Winter Wheat 0,15 0,15 | 0,15 - 0,09 - 0,13 | 0,06 -
6. Winter Rye - 0,15 | 0,15 - 0,10 - - 0,06 0,09
7. Wheat Jara 0,15 0,14 | 0,15 - - 0,09 - 0,11 - -
8. Sunflower - 0,17 | 0,15 0,14 - 0,10 0,20 - 0,06 0,09
9. Sugar Beet - 0,15 | 0,15 0,17 0,10 - 0,14 - -
10. Barley - 0,15 | 0,15 - 0,12 - - 0,06 0,09

If we analyze the indicators of Tables 2 and 3,
especially from number 6 to 15, then taking into account
the results of the studies described in [18, 19, 20], it can
be asserted that these indicators determine the level of
universality of the energy facility and, ultimately,
influence its cost. In this case, it can be argued that the
level of universality of energy resources can perform the
function of the main parameter of a standard size series.

In addition, depending on the availability of
machines for the creation of machine and tractor units
based on this or that energy facility of the size range,
which will be determined by the financial condition of the
state as a whole and of the individual agricultural
producer in particular, this parameter will allow to
optimize the size range for economic indicators.

This suggests that the parameter "level of
universality of energy resources" will allow the process of
optimization of the standard MPM series from the plane
of solving static problems to the plane of solving dynamic
problems, which is more reliable and promising.

In this case, it is worth paying more attention to the
method of obtaining such an indicator as «the level of
universality of Ky, energy resources». In particular,
studies on the dynamics of the variation in the design
universality coefficient [21] carried out in the
technological processes of growing and harvesting
cereals, in particular winter wheat, winter rye, spring
wheat, spring and winter barley, carried out according to
the technological maps of 1984-2001 made it possible to
establish that the estimated The values of the coefficient
of universality of the design of certain brands of tractors
involved in the performance of technological processes
differ little both in the context of years (only 6-7%) and in
p The number of cultivated crops (no more than 14-18%),
which can be explained by the use of technologies from
the times of the collective farm and state farm system and
the  machine  complexes designed for their
implementation. Several other values of the universality
coefficient obtained during the research of technologies of
recent years [15] - Table 4.

However, it should be borne in mind that a size
range of products is created for its consumer. This means
that the consumer should get the maximum information
about the elements of the size series already from the very
row, so the use of the parameter "level of universality of
the energy facility" alone is not sufficient. In such

conditions, it is advisable to use three parameters at the
current stage when justifying a standard MES series: the
nominal tractive effort, Engine power, level of versatility.
These parameters will give an idea of the traction
capabilities of the energy source, its energy potential and
the availability of technical means for their
implementation.

The results of the studies are presented in Table. 4
indicate that in recent years there have been some changes
in the technology of growing crops and in the technical
means for their implementation. So, in particular the
technology of growing sunflower provides for the use of
tractors of grade 1.4 of the UMZ brand, while the UMZ-
6AKL tractors should provide a level of versatility of
0.10, and tractors of the UMZ-80 type should provide a
level of versatility of 0.20, that is, two Times higher,
which can be explained by certain progress in the design
of tractors UMZ and the presence of more sophisticated
machine complexes that allow this progress to be more
fully realized. In confirmation of the above, it should be
noted that in the previous crop rotation [21], sunflower is
also present, and it was intended to use UMZ-6AKL
tractors for its cultivation, but their planned level of
universality should not exceed 0.13. Some analogies of
such a plan could be made for tractors MTZ-80 and MTZ-
82 in the technological process of growing perennial
grasses, but for them the information presented in the
tables is less complete than in tractors UMZ.

Taking into account the foregoing, the output
parameters for constructing a geometric series of levels of
universality of MPM should be taken in terms of
indicators characteristic for tractors UMZ, since class 1.4
in which these tractors are included is the most
widespread and most provided with machine complexes,
and hence the most researched that for others Classes and
brands of tractors for today is only desirable. Under such
conditions, this allows us to take the value 0.10 as
Kyicmin 1- And 0.20 for Kygmax 1, While according to the
condition of [18] Ky should not exceed unity.

After the calculations carried out by the method
described in [13], it is established that the geometric
series of levels of universality of the MPM is
characterized by the denominator gy,=1.778 and includes
5 levels, namely: 0.10, 0.18, 0.32, 0.56 and 1.00. The
received level of versatility is a requirement for the
overall design and layout of the machine.
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So, for example, if it is necessary to provide a
machine with a level of universality of 0.56 and lower,
then it is possible to implement it with the help of all three
construction and layout schemes, and if it is a level of
universality of 1.00, then this can be realized only by the
construction of a self-propelled chassis (cm See [18]).

It is logical to assume that the level of development
of technological modules for aggregation with MPM and

the most energy facilities will not be so rapid to realize all
the declared level of universality. Therefore, it is
advisable to assume that the increase in the level of
universality of energy facilities will be carried out
together with the development of technological modules
to them at a slower pace due to a change in the equipment
of a certain level of universality.

Table 5. Interaction of basic and intermediate levels of Universal Mobile power means (MPM)

The level of universality

The value of the level of universality

Basic 0,10 | 0,18 0,32

0,56 1,00

Intermediate - 0,10

0,20 | 0,30

0,40 | 0,50 | 0,60 | 0,70 | 0,80 | 0,90

An additional analysis of [21] and Table 2 showed
that this can be achieved if we introduce a number of
intermediate levels of universality, while it is expedient to
use an arithmetic progression with a difference d = 0.10
as an intermediate series. Then a number of intermediate
levels of universality will be 9 orienting levels, namely:
0.10, 0.20, 0.30, 0.40, 0.50, 0.60, 0.70, 0.80, 0.90.

Given that the base level is the maximum possible
for a particular machine design, the interaction of the
basic and intermediate levels of universality can be
represented as follows (Table 5).

As shown by the data placed in Table. 5, the greatest
number of intermediate levels is characteristic of the
highest index among the basic levels of universality,
which is understandable, since this level can be provided
only by the constructive-layout scheme of the self-
propelled chassis, which is intended for use as a
multipurpose power facility. The practice of tractor
construction shows that the classical and integral design
and layout schemes of MPM may have slightly different
universality [18], however, in our opinion, in order to
avoid excessive costs, consumers of such equipment
would be sufficient to make energy means of classical and
integral assemblies With a basic level of universality not
higher than 0.56, ensuring its full implementation of the
corresponding machine complexes.

The results of additional studies have made it
possible to establish that in the technological processes a
maximum of 24..46% of the potential built into the
design of domestic power facilities is realized. In this
way, the UMZ-8240 type energy-generating equipment
with the construction design value of the design
universality coefficient at the level of 0.43 in the
operating technological processes can maximally realize
the level of 0.20, KhTZ -16131, with the available
coefficient equal to 0.57, and T-16MG, respectively 0.38
and 0.09.

This situation can be explained by many reasons.
First of all, these are stagnant phenomena in the
development of technological processes, the lack of
modern technical solutions in the creation of machine and
tractor units, machines and tools designed to maximize
the use of potential capabilities of energy resources,
which negatively affects the production costs of
agricultural enterprises and underscores the need to
clarify the current technological processes in crop
production and Complexes of machines for their
implementation, including MPM.

The justification of the basic levels of universality in
the development of MPM will allow solving the question
of justifying the design of the machine at the design stage,
providing for the maximum possible configuration and
layout to achieve the required level of universality. And
already the bundling in deliveries to the consumer (by
installing or not installing the ordered units) to regulate
the level of universality and, accordingly, the price of
energy.

Conclusions

1. As a result of the conducted researches it is
established that in order to provide the most informative
information about mobile power means, which is placed
in the main parameters of their standard series, the latter
is expediently represented by a multiparameter, the main
parameters of which are to take the nominal tractive
effort, the installed engine power and the level of
universality.

2. The main direction of further research on this
issue is the substantiation of the multi-parametric,
standard-size range of mobile agricultural energy
products.
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OBI'PYHTYBAHHS I'OJIOBHUX ITAPAMETPIB
TUIIOPO3MIPHOI'O PAAY EHEPI'O3ACOBIB
CIIbCBKOI'OCITIOAAPCBKOI'O TTPU3HAUYEHHA
I'. B. lllxapiscovkuii

AHoTauis. Bupimrenas mpobiemM
arpoIpoOMHCIIOBOTO KOMIUIEKCY Y BEJIMKINA Mipi 3aJIe)KUTh
Bix 3a0e3medeHoCTi BHCOKOS()EKTUBHUMH MOOITEHUMH
E€HEePTeTHIHUMHU 3acobamu, HasIBHICTP SIKUX
nependavdaeTbcss THIMOpPO3Mip HUM mopyd. IloGymoa

THUIIOPO3MIPHOTO  PsAly IPYHTYETHCS HA  TOJNOBHHUX
napaMmerpax, SIK1 MTOBHHHI HaO1IBIIT MIOBHO
XapaKTepU3yBaTH TEXHIYH, eKCIUTyaTaliitti i

TEXHOJIOTIYHI MOJJIMBOCTI BUPOOH 1 BOJNIOJITH OLIBLIOID
CTablIbHICTIO, HIXK JIOTIOMDXKHI NapameTpu. BeraHoBneHo,
IO iCHY€ IIOHalMEHIIe TP MiAXOIH A0 OOIPYHTYBaHHS
THIIOPO3MIPHUH PSAAIB €HEPrOCPEACTB: MO0 HOMIHAILHOMY
TATOBOMY 3YCHJUIIO, II0 IOTY)XHOCTI BCT@HOBJIEHOTO
JBUTYHA, 33 PIYHOTO 3aBaHTaXKCHHS. BimoBimHO 3 muMm
MOXKHa BHJIUINTH TPH TOJIOBHUX IapameTpa, 3a SKHM
iCHYBa# cripoOu oOTpyHTYBaHHS THIIOPO3MIPHOTO PSiB,
a caMe: HOMIHWIBHE TATOBE 3YCHIUIS, IOTYXKHICTh
BCTaHOBJICHOTO JIBUTYHA 1 piyHa 3aBaHTakeHHs. Ha3Bawui
napaMeTpu  PO3PI3HEHI OCKIIBKH iX OOIPYHTYBaHHS
BEJIOCSI BPAaxXOBYIOUM Pi3HI HpPOOJIEeMH, sKi HEOOXiTHO
BUpIIINTH.  BuknaneHi  0oOCTaBUHM  YCKJIAJHIOIOThH
3aCTOCYBaHHS CKOHOMIYHO JOIIBHUX MIIXOMIB 0
NPOEKTYBaHHS, BUTOTOBJICHHS i 3a0e3rne4eHHs
e(peKTHBHOTO  BHUKOPHCTAaHHSI  €HEpro3acodiB,  IMIO
TIPU3BEJIO JI0 TOLIYKY iHIINX, a00 0AaTKOBHUX TOJOBHHUX
mapaMeTpiB Uil MOOYIOBH  THUIOPO3MIPHOTO  PSIITy
MOOUTBPHAX  €HEepPreTHYHUX  3aco0iB.  JlocmimkeHHS
MIPOBOAMIINCS IIISXOM aHaJi3y BIUIMBY JOCII/DKYyBaHUX
mapaMeTpiB Ha XapaKTEpUCTHKH eHeprozacoliB 1 IX
CTablIbHOCTI B Mexax MOJKJIMBHX KJIaciB
THUIIOPO3MIPHOTO  psily. B pesynbrari npoBeaeHHX
JOCII/DKEHb 10 OOrPYHTYBaHHIO Ta BJOCKOHAJICHHS
THIIOPO3MIPHOTO Psy MOOUIBHUX €HEPreTUUHUX 3ac00iB
CLIBCHKOTOCIIOIAPCHKOTO PU3HAYCHHS BCTAHOBJICHO, IO
3 MeTor 3a0e3redeHHs HaiOuLTBmIOi iH()OPMATHBHOCTI
PO MOOUTPHHX €HEPreTUYHHX 3aco0ax, sSKa 3aKiaJieHa B
TOJIOBHUX MapaMeTpax iX THIIOPO3MIpHOTO sy OCTAaHHIN
Moxke OyTH TpeJIcTaBlIeHHH SK OararoriapaMeTpUYHHH,
TOJIOBHUMH TapaMeTpaMH SIKOTO JOLIJIBHO INPUHHITH
HOMiHaJIbHE TATOBE 3YCHJLIS, IMOTY>KHICTh BCTAHOBJIEHOTO
JIBUTYHA 1 piBeHb yHiBepcaidbHOCTi. Ha3BaHi mapamerpu
JanyTh yABICHHSA IPO TATOBI MOXIIMBOCTI €HEpro3acoly,
HWOTO €HEePreTUYHOMY TOTEHITiaTi 1 HAsSBHOCTI TEXHIYHHX
3aco0iB  JuIs  peanizaiii TATOBUX MOXIHUBOCTEH i
BCTaHOBJICHO1 TIOTY>KHOCTI.

KurouoBi cjioBa: MOOiTbHMI €HEPreTHYHUI 3aciO,
THIIOPO3MIPHUI psiJ, TOJOBHHH NapaMeTp, HOMiHAJIbHE
TSATOBE 3YCHJUIS, MOTY)XXHICTH BCTAQHOBJICHOTO JBHTYHA,
PiBEHb YHIBEpPCAJIbHOCTI.
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OBOCHOBAHME I''TABHBIX ITAPAMETPOB
TUITIOPA3SMEPHOI'O PAJA SHEPT'OCPEZICTB
CEJIbCKOXO3SIMCTBEHHOI'O HABHAYEHM A

I'. B. lllkapoesckuii

AHHOTAUMA. Pemenue mpobiemM
arpoNpOMBIIIIEHHOTO KOMIUIEKCA B OOJIBINON CTETICHH
3aBUCHT OT OOECHEYEHHOCTH BBICOKOA()(EKTUBHEIMU
MOOMJIBHBIMH JHEPreTHYECKUMH CpEJCTBAaMHU, HaJIW4He
KOTOPBIX MperycMaTpUBAeTCAd TUIOPA3MEPHBIM PSIOM.
IlocTpoeHue TUIIOPa3MEPHOTO psAa OCHOBBIBAETCA Ha
TJIABHBIX IapaMeTpax, KOTOPHIE JOJDKHBI HanOosiee MoJIHO
XapaKTepU30BaTh TEXHUYECKHE, SKCIUTyaTallUOHHBIE U
TEXHOJIOTHYECKHE BO3MOXHOCTH W3AEIHMA M 00Iajgatsh
OospIeli  CTAOMIBLHOCTBIO, YEM  BCIIOMOTATENIbHBIE
napaMmeTphl. Y CTaHOBIJIEHO, YTO CYIIECTBYET 110 MEHbLIEH
Mepe Tpu Toaxoga K OOOCHOBAHHIO THIIOPA3MEPHBI
PSIIOB  €HEPTOCPEICTB: 10 HOMHHAIBHOMY TATOBOMY
YCHIJIHIO, TI0O MOIIHOCTH YCTaHOBJICHHOTO ABHTATENs, IO
roJIoBOM 3arpy3ke. B COOTBETCTBUM € 3THUM MOXHO
BBIJCIINTL TPH TJABHBIX ITapaMeTpa, I0 KOTOPBIM
CYIIECTBOBAJIN MOIMBITKA 000CHOBaHUS TUIIOPasMEPHOTO
pAAOB, a HMEHHO: HOMHUHAJIBHOE TATOBOE YCHIIHE,
MOMIIHOCTb  YCTAHOBJICHHOI'O  ABUTATECIA W ToJ0BasA
3arpy3ka.  Ha3BaHHBIE  mapameTpbl  pa3pO3HCHHBIE
MIOCKONbKY WX  OOOCHOBaHMS  BEJIOCH  yUHUTHIBAs
pasnu4Hble MPOOJIEMBI, KOTOpHIE HEOOXOAWMO DPEIINTb.
W3noxxeHHbIe 00CTOATENHCTBA 3aTPYAHSIIOT NMPUMEHEHHE
9SKOHOMHYECKH 1enecoodpasHbIX MOAXO0JI0B K
MIPOCKTUPOBAHHUIO, M3TOTOBICHHIO M  O0ECHECYCHUIO
(G (QEKTUBHOTO HUCMOJb30BAHHUSI JHEPrOCPENCTB, YTO
NPpUBCIIO K TIIOUCKY JApYrux, HWIK JONOJHHUTCIbHBIX
TJIaBHBIX TMapaMETPOB JII MOCTPOCHUSA TUIIOPA3MEPHOTO
psna MOOMIIBHBIX DHEPTETHYECKUX CpEICTB.
HCCHeZ[OBaHPIfI MNpOBOAWINCHL ITYTEM aHaliu3a BJIWAHUA
HCCIIEAyeMbIX  IapaMeTpoB  Ha  XapaKTepUCTHUKU
SHEProcpeACTB M HX CTaOMIBHOCTH B  IIpejenax
BO3MOXHBIX ~ KJIacCOB  THUIOpasMepHoro psga. B
pe3ynbTare TIPOBEJCHHBIX nCccIeJ0BaHUN o
00OCHOBaHHIO M COBEPIICHCTBOBAHHS THIIOPA3MEPHOTO
psna MOOMIIBHBIX HEPreTUIECKUX cpencTB
CEIIbCKOXO03SICTBEHHOTO Ha3HAYEHHs YCTAHOBJIEHO, YTO C
LeNnplo0 obecriedyeHus: HanOoJbineil MHPOPMATUBHOCTH O
MOOMIIbHBIX OHCPTCTUYCCKUX CpC€aCTBax, KoTOpas
3aJI0K6Ha B TJABHBIX IapaMeTpax HMX THUIIOPa3MEpHOIo
paaa HOCHGI[HI/Iﬁ MOXET OBITh MpeaACTaBJICH KakK
MHOTOIIapaMeTPUUYECKUH, TJIaBHBIMU rmapamMeTpaMu
KOTOPOTO 11e1eCO00pa3HO MPUHATH HOMHHAIBHOE TATOBOE
YCHIHS, MOIIHOCTh YCTAQHOBJICHHOTO JBUTATENsl W
YPOBEHb YHHUBEpcanbHOCTH. Ha3BaHHBIE mapamMeTpsl
JanyT TpeNCTaBlICHHE O  TSITOBbIE  BO3MOXKHOCTH
SHEPrOCPEACTBA, €ro HHEPreTHUECKOM MOTEHLUAle WU
HaJIMYUH TEXHUYECKUX CPEACTB JJISI peau3allit TSATOBBIX
BO3MOYHOCTEHN U YCTAHOBJIEHHON MOIHOCTH.

KioueBble caoBa: MOOMIBHOE 3SHEPreTHUECKOE
CpPEACTBO, THUIIOPA3MEPHBI psAl, TJaBHBIA Iapamerp,
HOMMHAJIBHOC TATOBOC ycuiue, MOIITHOCTH
YCTaAHOBJICHHOT'O JIBUTaTEClIsA, YPOBEHb YHUBEPCAJILHOCTH.
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Abstract. Storing grain quality materials in post
harvest handling and storage is largely dependent on
correctly implemented the drying process. In agricultural
production mainly use costly convection dryer. The main
share of wasteful energy consumption accounts for heat
drying agent, some heat is lost to the environment through
the working surface of the dryers and spent coolant. Ways
to reduce these energy costs is to reduce the amount of
drying agent in the process to the level necessary to
absorb and remove moisture from the dryer and the
working volume of the principles of targeted "delivery" of
energy to vysushuyemoho material. Last principles
successfully implemented using contactless energy supply
of electromagnetic fields in a material exposure by
microwave or infrared radiation. The article deals with the
theoretical background processes of drying material in
cyclic mode with infrared heating and high frequency
electromagnetic field. The equations change over time
settings grain material by heating using high frequency
electromagnetic field or infrared light and ventilation in
the grain does not allow heated air drying cycle count
process. The algorithm calculating the overall process of
drying cycle to determine rational modes of the process,
providing minimize energy costs. The article deals with
the theoretical background processes of drying material in
cyclic mode with infrared heating and high frequency
electromagnetic field. The equations change over time
settings grain material by heating using high frequency
electromagnetic field or infrared light and ventilation in
the grain does not allow heated air drying cycle count
process. The algorithm calculating the overall process of
drying cycle to determine rational modes of the process,
providing minimize energy costs. The article deals with
the theoretical background processes of drying material in
cyclic mode with infrared heating and high frequency
electromagnetic field. The equations change over time
settings grain material by heating using high frequency
electromagnetic field or infrared light and ventilation in
the grain does not allow heated air drying cycle count
process. The algorithm calculating the overall process of
drying cycle to determine rational modes of the process,
providing minimize energy costs. The equations change
over time settings grain material by heating using high
frequency electromagnetic field or infrared light and

ventilation in the grain does not allow heated air drying
cycle count process. The algorithm calculating the overall
process of drying cycle to determine rational modes of the
process, providing minimize energy costs. The equations
change over time settings grain material by heating using
high frequency electromagnetic field or infrared light and
ventilation in the grain does not allow heated air drying
cycle count process. The algorithm calculating the overall
process of drying cycle to determine rational modes of the
process, providing minimize energy costs.

Key words: infrared heating, microwave heating,
ventilation, drying grain, cyclical drying.

Introduction

The problem of maintaining the quality of grain
materials in post harvest handling and storage is largely
dependent on correctly implemented the drying process.
Currently in agricultural production mainly use costly
convection dryer. The main share of wasteful energy
consumption accounts for heat drying agent, some heat is
lost to the environment through the working surface of the
dryers and spent coolant. Ways to reduce these energy
costs is to reduce the amount of drying agent in the
process to the level necessary to absorb and remove
moisture from the dryer and the working volume of the
principles of targeted "delivery" of energy to the material.

Formulation of problem

Last principles successfully implemented using
contactless energy supply of electromagnetic fields in a
material exposure by microwave or infrared radiation.
The prospects of using high frequency electromagnetic
field (EMF SHF) and infrared (ICHV) during heat
treatment and drying grain materials such as independent
energy sources defined experimental results. But the
search combined methods of treating materials in which
energy is supplied only to the material in an amount
necessary to achieve a specific action (heating, remove
surface moisture or internal) is very relevant and timely.
The prospects of using high frequency electromagnetic
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field (EMF SHF) and infrared (ICHV) during heat
treatment and drying grain materials such as independent
energy sources defined experimental results. But the
search combined methods of treating materials in which
energy is supplied only to the material in an amount
necessary to achieve a specific action (heating, remove
surface moisture or internal) is very relevant and timely.
The prospects of using high frequency electromagnetic
field (EMF SHF) and infrared (ICHV) during heat
treatment and drying grain materials such as independent
energy sources defined experimental results. But the
search combined methods of treating materials in which
energy is supplied only to the material in an amount
necessary to achieve a specific action (heating, remove
surface moisture or internal) is very relevant and timely.

Analysis of recent research results

Viability use directional energy to obroblyuyemyy
material, namely heating and drying processes through
targeted energy supply ultra high frequency
electromagnetic radiation is described in [1-4]. The
implementation process of microwave drying grain in
specific units described in publications [5-10]. Energy
and technological feasibility of energy of ultrahigh
frequency electromagnetic field to intensify the drying
process grounded in [11-12]. Question mathematical
description and calculation drying processes discussed in
scientific studies [13-18]. Analysis of publications [10,
19, 20] proved the effectiveness and drying cycle pulsed
electromagnetic field on the material. But research in
theoretical terms no matter the mathematical description
of the combined—cycle drying grain materials.

Purpose of research

Form a simplified model of the mathematical
description of the process of cyclic heat treatment and
drying grain material to determine energy efficient modes
of infrared and microwave systems processing grain
material.

Results of research

In general, the processes of heat transfer and mass in
capillary—porous bodies terms of microwave and infrared
heating system describing two or three differential
equations. A. Lykov a partial, solution of which is
considerable difficulty in practically useful forms can be
obtained only by numerical methods. Since the solution of
difficulties associated with the process parameters at
rozpodilenistyu gradient forms of transport, using the
approximate concentration hyphenation volume can be
obtained analytical solutions for specific processing
conditions of the product. Considering loose (particulate)
material that moves or is moved in a thin (1-3 grains) for
which microwave or infrared heating can be considered
uniform in volume corns can be greatly simplified
description of the process of heating and drying taking
these simplifying assumptions:

- gradients of temperature and humidity are so
small that they can be ignored and considered medium
volume temperature value 6¢(z) and humidity U()
material,

- excess pressure in the capillaries of the material
caused by the effect of EMF is a function of the
temperature of the material and recorded via the
temperature dependence of mass transfer coefficient
(drying),

- existing patterns of distribution of the radiation
absorbed in the thickness of the material can also be
averaged by volume (thickness) assuming uniform
heating.

Under such conditions, the solution interrelated
equations of heat and mass transfer leads to the integral
equation heat transfer Alexander Lykov [11]:

du déo
qf(r):rpORv : +pORvC 5
dr dz | (

where: Ry=V/F — hydraulic radius, V — volume (particle
layer), F — surface, po — density completely dry body, C —
specific heat, r — enthalpy of vaporization, §, U —
temperature and moisture content of the material, q(z) —
average heat flux through the surface material.
Dividing all the members of (1) to obtain Ry:
do

dU
q,(c)=rp,——+pPC @
dr dr

where: qv(z) — specific volumetric thermal output.
The values of gi(z) and gv(z) — defined by the known
formulas [11, 13] for IR energy supply:

Ty Ty
op (T): A/lo'ocnp{(loloj _(1()2()) } ©))

q,(r)=0.555-10"¢fEtgs, 4)
where: cnp=(e1+e21-1)? — shows the emissivity of, &1, &
— degree heat emissivity surfaces, oo — was the Stefan—
Boltzmann, A, — absorption coefficient of the material
infrared rays, &  — dielectric  permeability,
tgo — dissipation factor, f, E — the frequency and intensity
of the electromagnetic field.

Repeat grain drying material provides for periodic
heating of grain microwave source material, followed by
blowing air layer material (with heating and without
heating). To determine the outpouring of heat exposure of
the material and the length of its forced ventilation
(blowing) without heating and hot air drying for basic
characteristics (temperature and humidity of the material
during heating and purging) and the total time periodic
review process mode setting and continuous.

For the entire volume of the material (in the chamber
drying) process of heating the internal power source P
(P=Nn, where N — power microwave sources of EMF, n —
efficiency Megatron) in the presence of heat exchange
between the material and still air in the chamber heat
balance equation look like:

AV dﬁ—porvm v L (6-1)=P. (@)
dr dr
oV, = ot (9-1). (5)
dr
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where: Vi, Vy — the volume of material and the air in the -z
chamber, cm, ¢y — specific heat of the material and air, o — 0c)=t,+(6,-t)e T, (11)

heat transfer coefficient, 6, t — the temperature of the
material and air.
For closure system (4)—(5) equations, using criteria

Rehbinder Rb=cdf/rdU, obtain the equation of
communication:
du c do
== (6)
drz rRbdr

Substituting the value of dU/dr in equation (4) and
solving (4) and (5) in the initial conditions: =0, t=ty,
=60, we get:

0(r)=6, +QT—A(Q—TOJL1—GATJ: ()
B B\ B

where: Q=P/aF, A=(mc mcp)/(aF)?, B=(mc+m.cp)laF,
¢ '=c(1+Rb), To=(P/mc)+(aF/mc)(to-6o).

The equation describes the change in temperature of
the grain material during heating in the microwave EMF.
Using the experimentally obtained dependence [6] The
moisture content of the criterion Rehbinder material:
Rb(U)=Roe?" rewrite equation (6) as:

Re™ du _cdg (62)
dr rdr

Prodifferentiative dependence #(z) and substituting
the value obtained in equation (6a) after differentiation
within U/—U, 0—t get:

eV 4
Q. (Q_
U(T)Zlm calB B )] ©
a | +— .
o (Aew
L B i

Equation (8) describes the change in moisture content
in the process of heat when exposed to EMF MVCH.

During the heated grain ventilation air temperature at
the inlet of the layer t1 heat balance equation is written as

,de
G.cn(t,—0)=c m 9)

where: n=(t1-t2)/(t1-0)=1-exp(-aF/Gycp), t1, to — the
temperature of the input and output layers of the grain

material.
Changing moisture Alexander Lykov by the formula:
du

Solution equation (9) with the initial conditions: z=0,
6=0q, will look like:

Py

Ttg 03 ‘ fl 04

where: T=c m/Gycpn.
Using linear approximation dependence of drying
temperature: k(@) =ki6 of equations (10) and (11) we get:

?TL: = kl{tl +(6, - tl)e_T}dr : (12)

Integrating the conditions: =0, U=U, after
transformations have:
U(r)=U,+

(13)

+{U,-U p)exp[kltlr -(6, —tl)reTj.

Equation (13) describes zmine moisture content of
grain heated during ventilation.

For continuous process using equation (7, 8) and (11,
13) replacing z=xV! (where V — the velocity of the
material, x — coordinate direction of the material). At the
zonal method of calculation equations replace Azi=AxV2.

The equations change over time settings grain
material when heated in the microwave EMF and with
aeration of grain not allow heated air drying cycle count
process as follows (Fig. 1).

When using moist heat radiation in the infrared
material equation (4) the value of the power source,
define internal formula (3) and rewrite it as:

de
Ach 10T -T} R, =m,c, ——
Acnp ( 1 2 ) w mmcm dT (4a)
—mmord—u+af(0—t)
dr

For analytical solution of the system (3) — (4a)
linearizes the left part of the equation (4a) using a [13]
linear coefficient of heat transfer by radiation:

a = L0 (T2 +T2)+ (T, +T,).
and therefore substitution:

A, 10T T )F, = &, F, (6, - 0).

where: T, =273+6,, T,=273+6, 6, - radiator

heating temperature in steady state (after warming up).
We write the equation of kinetics heating material
and ambient air chambers in the form of:

Tl—d'9+a19—b1:t, (14)
dr

T, —dt +a,t—-h, =6, (15)
dr

Us

U,

Fig. 1. The scheme of calculating the cyclical drying grain material.
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m_cC
where: lew, T,=-"",
oF +oF, aF
:aF+a|FW, blza'FWHW, aZ:KF°+aF,
oF oF aoF
KF,
b, =—2t,.
2 oF 0

Combining equations (14) and (15) to one that is
relatively solving system 6?(2') and t(r) will have two
equations:

2

A3§+B(;0+C0=Dl, (16)
T T
2

A(;LE+B$+Ct:D2, 17

where: A=TT,, B=Ta,+T,a, C=(aa,-1),
D, =b,+ab, D,=b +ab,.

Solving ordinary differential equations (16) and (17)
with the initial conditions: 7 =0, =6, t=t,, will
have the following changes:

CH -D L nr D
0(r)= C(ri—rzl)[rlez —r,et ]+C1 (18)
Ct,-D b ] D
t(r)= C(‘;l_r;)[rle2 —r,et ]+CZ (19)
Using  experimental  approximation  criterion

depending on humidity Rebinder Rb'(U) Equations (6a)
and derivative dH(z')/dr (18):
dH(T)

= K,fr, (e'ZT —e’l’),

drying Kinetics equation we get:

Y du r,r nr
- Roe v E = Klrlrz (e —e ) (20)
C(rl - rz)

Solution of equation (20) with the initial conditions:
7=0,U=U:

R, _
1 8
U(r):—ln% —Kn e )+ |.

+ Klrl(l—erﬂ)

aUy

(21)

Equation (21) determines the change in moisture
content material with infrared irradiation temperature

radiator @, = const in air temperature t = const .

Changes in temperature and moisture content of the
material at the heated grain aeration is determined by the
equations (11) and (13).

The algorithm for calculating the cyclical drying
process consists of sequential calculation curves heating
and drying formulas (7), (8) for microwave irradiation,
and the formulas (11), (13) calculated temperature change
material and its moisture content mode ventilation layer
material.

The initial (input) values of the parameters 61(x) and
Ui(x) for each of the following areas will be the final
parameters 6»(x) and U,(x) the previous zone.

For example, in the first zone of microwave heating
in the direction of the grain bed just formulas (7) and (8)
that are accepted in the diagram (Fig. 1) notation written

in this form (with 0<x<L, x=L,, 6,(x)=4,,
u,(x)=u,):

Q. A(Q oy
xX)=60 + =—X——| =-T, [1-e VA |,(22
H()=6+ 2 x=5| 5T (22)

Qs
Bv
1 a  Ca Q
u(x)==Inle*™ + —| +| =-T |x||.(23
)= e 8 [ 2, e e
_By
X_e Av

For the next first zone ventilation (air filtration)
kinetics equation heating and drying written in the form

(in 0<x<L,, x=L,, 8(x)=6,, uj(x)=u,):

Ay
6’1'(X)=t1+(6’2 _t1>e T
uy(x)=u, +(u, —u, )

1
x exp[kltixvl —(6, —tl)e_VTX]'

For the second zone microwave heating (with

0<x<L, x=L, 6,(x)=6,, uy(x)=u,):
0+ 9 A Y e w
Hz(x)_<93+Bvx B( @J{l e J,(26)

(24)

(25)

B
Q.
Bv
1 . Ca Q
U,(X)==In|e™ + —| +| =-6, |x 27
O Ll I N | N
_By
X_e Av

For the second aeration zone (at 0<Xx<L,,
x=L,, (x)=6,, uy(x)=u,):

.
Oy(x)=t,+(0, -t )e ' (28)
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4—up)><

_1).
><exp(kltlxvl—(¢94 ~t)e V7 J

The third area of microwave heating (with
0<x<L, x=L,, 6,(x)=6,, uy(x)=uy):
Q,_A(Q e
O.x)=6,+ = x——| =—-6, | 1-e ™ |,(30
()= + 5 x— 5| 5 =6 (30)
c'a
—X
R,

1
J(x)==1 (31)
Uy (x) ~In QH(Q_ jA B
Bv B B

For the third venting zone (at 0< x<L,, x=1L,,
9?:()() = gout ) U;(X) =Ugy ):

6;(x)=t, +(6, n)e”
us(x) =u, +(ug —u, )x

“1).
><exp(kltlxvl—(6’4 ~t)e V7 J

OuiUge — final temperature and moisture

content of the material.
Fig. 2-3 is shown graphic changes depending on
parameters of drying cycle.

ug(x)=u, +(u
(29)

e +

(32)
(33)

where:

6 °Ch
80

60

40

20

0 -
0 1 2 3 4 5 6 X, M

Fig. 2. Change the temperature grain drying under
cyclic heating in the microwave power was 400 watts
(weight 0.12 kg) and ventilation air 21 °C.

 §

0.25
UJ

kg/kgay
0.2

0.15

0.1 >
0 1 2 3 4 5 6 X, m

Fig. 3. Change the grain moisture content during the
drying cycle.

Conclusions

1. As a result of theoretical research formulated a
mathematical model of drying material in cyclic mode
and simplified formula for calculating the heating and
drying process using microwave heating and infrared
heating.

2. Algorithm for calculating the overall process of
drying cycle to determine rational modes of the process,
providing minimize energy costs.
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MOJIEIIOBAHHSA I PO3PAXYHOK
EHEPI'O3BEPII'AIOUMX PEXMMIB CYIIIHHA
3EPHA B EHEPTETUYHUX IT10JIAX
b. I. Komos

AHoTanis.  30epiraHHS  SAKICHEX  3€PHOBHX
MaTepiamiB mpu o0poOmi Ta 30epiraHHi micis 300py
BpOXKalo 0arato B 4YOMY 3aJE€KHUTh BiJ IPaBHUILHO
BUKOHAHOTO nporecy CYIIiHHSL. Y
CLUIBCHKOTOCIIOZIAPCEKOMY ~ BUPOOHHMITBI  HEPEBAXKHO
BHUKOPHCTOBYIOTh JIOPOT'i KOHBEKIiHHI cymapku. OCHOBHA
YacTKa MAapHOTPAaTHUX EHEProBUTpAaT NpHUMANaE Ha
TEIJIOBY CYyIIapKy, 4YacTHHa TeIUla BTPAyacThCs B
HaBKOJIMIIIHE CEPENIOBUINE dYepe3 poOody IOBEPXHIO
CyImIapoK 1 BIANPanbOBaHY OXOJOKYIOUY piAWHY.
Cnoco6u 3HIKEHHS [IUX €HEPTeTUYHUX BUTPAT IIOJISTAE B
3HIDKCHHI KINBKOCTI CYIIMJIBHOTO arcHTa B TIPOIECi 0
piBHS, HEOOXiTHOTO /IS TIOTIMHAHHS 1 BUJAJICHHS BOJIOTH
3 CymapKW, a TakoX pobodoro o0'eMy NPUHIHIIIB
LJIECTIPSIMOBAHOT «IOCTaBKH» €HEPTii 10 BBHICHIXAIOIEMY
Mmarepiany. OCTaHHI NPUHLIMIN YCIHILIHO peali3oBaHi 3

BUKOPDHUCTAHHSIM  OE3KOHTAaKTHOTO  €HEprornocTayaHHs
SJICKTPOMArHiTHUX TOJIB MNpH BIUIMBI  Marepiany
MIKPOXBHILOBUM abo iHppauepBOHIM

BUIPOMIHIOBAHHIM. Y CTaTTi PO3TIIANAIOTHCS TEOPETUIHI
OCHOBH TPOIIECIB CYIIHHA MaTepialy B IHKIIYHOMY
pexuMi 3 iH(ppaYepBOHUM HarpiBaHHM i
BHCOKOYACTOTHUM €JIEKTPOMArHITHUM I0JeM. PiBHSHHSA
3MIHIOIOTh 3 YacOM HaJlallITYBaHHS 3€PHOBOTO MaTepiairy
IIPU HAarpiBaHHI 3 BHKOPUCTAHHAM BHCOKOYAaCTOTHOTO
€JICKTPOMArHiTHOTrO moJjist abo iHdpavyepBOHOrO CBITIA, a
BEHTWJIALSL B 3€pPHI HE JO3BOJISIE TPOLEC IiJPaxyHKY
LUKy CYUIIHHS  HarpiTUM  MOBITPSM.  AJITOPUTM
pPO3paxyHKy 3arajiHOro MpoLeCy CYIIHHS IHKIY
JI03BOJISIE BU3HAUNUTH paIliOHaJIbHI PEKUMHU TMPOIIECY, IO
3a0e3neuyroTh MIHIMI3al[il0 eHeproBUTpar. Y CTarTi
PO3MIIAAAIOTHECS. TEOPETHYHI OCHOBM MPOLECIB CYIIiHHSA
MaTepiary B IHUKIIYHOMY pexuMi 3 iH(padepBOHHM
HarpiBaHHAM 1 BHCOKOYACTOTHMM €JIEKTPOMAarHiTHUM
rojeM. PiBHSHHS 3MIHIOIOTH 3 YacOM HAJIAIITYBaHHS
3epHOBOTO Marepially NMpH HarpiBaHHI 3 BUKOPHUCTaHHSAM
BHCOKOYACTOTHOTO  EJIEKTPOMarHiTHoro mons  abo
iHppauepBOHOrO CBITJIA, a BEHTWIALIS B 3€pHI He
JI03BOJISIE MPOLIEC MiAPaXyHKY LUKy CYIIIHHS HarpiTUM
HOBITPSIM. AJITOPUTM PO3paxyHKy 3arajbHOI0 IpoLecy

CYUIHHS [HUKIY [O3BOJSIE BH3HAYUTH palliOHAIBHI
PSKUMH  TIpoIeCy, 10 3a0e3meuyroTh  MiHIMI3aIio
€HeproBuTpar. Y CTarTi pO3IJISJaloThCsl TEOPETHUUHI

OCHOBH TIPOIIECIB CYIIIHHA MaTepialy B IHKIIYHOMY
PpeXHMI 3 iHppauepBOHUM HarpiBaHHAM i
BHCOKOYACTOTHUM €JIEKTPOMArHiTHAM I0jeM. PiBHSIHHS
3MIHIOIOTh 3 YacOM HaJlallITyBaHHS 3€PHOBOTO Marepiairy
IIPYU HarpiBaHHI 3 BHUKOPUCTAHHSIM BHCOKOYACTOTHOTO
€JIEKTPOMAarHiTHOTO ToJisi abo iH(ppadyepBOHOTO CBITIa, a
BEHTIJIAIIS B 3€pHI HE JO3BOJIIE TPOILEC MiAPaxyHKY
OUKTy CYIOIHHS  HarpiTUM  TOBITPAM.  ANTOPHTM
PO3paxyHKy 3arajlbHOro MpOLECY CYLIHHS LUKy
JI03BOJISIE BU3HAUNUTH paIliOHaJIbHI PEKUMHU TMPOIIECY, IO
3a0e3meuyroTh MiHIMI3aIlil0 eHeproBUTpaT. PiBHIHHA
3MIHIOIOTH 3 9aCOM HACTPOWKH 3€PHOBOTO MaTepiaiy Nmpu
HarpiBaHHi 3  BHKOPUCTAHHSIM  BHCOKOYacCTOTHOTO
€JISKTPOMAarHiTHOro noss abo iHdpayepBOHOTO CBiTNIA, a
BEHTWIALISL B 3€pHI HE JI03BOJISIE TPOLEC IiIPaxyHKY
LUKy CYIIiHHSA HarpiTUM IOBITPSM. AnroputM
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pPO3paxyHKy 3araJlbHOro MpoLeCcYy CYLIHHS UKy
JIO3BOJISIE BU3HAYNUTH paIliOHaJbHI PEKUMHU TPOIIECY, IO
3a0e3nedyroTh  MiHIMi3alilo eHepro3arpar. PiBHSHHA
3MIHIOIOTh 3 4YaCOM HACTPOHKH 3€pPHOBOTO MaTepiary mpu
HarpiBaHHI 3  BHKOPHCTaHHAM  BHCOKOYAaCTOTHOTO
€JIEKTPOMArHiTHOTO 1ot abo iHdpadepBOHOTO CBiTIa, a
BEHTWIALISL B 3€pHI HE JO3BOJISIE MPOLEC IiJIPaxyHKY
LUUKIy CYWIHHS  HarpiTuM  TOBITPSM.  AJTOPUTM
pPO3paxyHKy 3arajlbHOro IIpOLECY CYLIHHSA MKy
JI03BOJISIE BU3HAYUTH PalliOHAJIbHI PEXHUMH TPOLECY, L0
3a0e3neuyroTh MiHIMI3allil0 €eHepProBUTPAT.

KarouoBi  ciaoBa:  indpauyepBoHMii  00irpis,
MIKpOXBHIJILOBE ONAJICHHS, BEHTWIALIS, CYIIIHHS 3€pHA,
OUKITIYHA CYIITKA.

MOJEJIMPOBAHUE U PACYET
OHEPT'OCBEPEI'AIOIINX PEXXMMOB CYIIKN
3EPHA B DHEPTETUYECKUX TTOJIAX
b. 1. Komos

AHHoTanusi. XpaHCHHE KAyeCTBEHHBIX 3EPHOBBIX
MaTepualioB Ipu 00paboTKe W XpaHEHHH TNocie cOopa

ypokas BO  MHOTOM  3aBUCHUT OT  HPaBWIBHO
BEITIOJTHCHHOT O mporiecca CYIIKH. B
CeNbCKOXO035HCTBEHHOM TIPOU3BOJICTBE
MIPEUMYIICCTBEHHO HCTIOJB3YIOT JIOPOTOCTOSIIHE
KOHBEKIIOHHEIE CYIITHIIKH. OcHoBHas TTOTISt
pACTOYMTENBHBIX ~ DHEpPro3arpar  NPUXONUTCS  Ha
TEIJIOBYI0  CYIIWJIKY, YacThb TeIja Tepserca B

OKpYXAIOUIYI0 Cpely 4Yepe3 pabouylo IOBEPXHOCTh
CYHNIMJIOK W OTPa0OTaHHYIO OXJIAXKIAIOUIYIO JKUAKOCTB.
CnocoObl CHW)XEHHMsI JTHX DJHEpPreTHYeCKUX 3arpar
3aKJI0YaeTcsl B CHIDKEHHM KOJIMYECTBA CYIIMJIBHOTO
areHra B Ipolecce A0 YPOBHsS, HEOOXOAUMOro st
MOTJIONICHHUST M YAaJCHHUs BIIATd W3 CYNIMJIKH, a TaKXKe

paboyero oObeMa TNPHUHIMIOB  IeJICHAPABICHHON
«IOCTAaBKM» DJHEPrHM K BBICHIXAIOIIEMY MaTepHay.
[locnenHue TNPUHOMNBI  YCIEITHO  peaju30BaHbl  C

UCTIONIB30BAaHMEM  OECKOHTAKTHOTO  IHEPrOCHAOKEHHUS
JJIEKTPOMArHUTHBIX MOJIEH NP BO3ACHCTBUM MaTepHasna
MHUKPOBOJIHOBBIM MJIM HMH(pPaKpacHBIM H3IydeHueM. B
CTaTb€  pPacCMaTPHUBAIOTCA  TEOPETHUECKHE  OCHOBBHI
IIPOIIECCOB CYIIKH MaTepHaja B IUKIMYECKOM PEeKUME C
nHppakpacHBIM  HAarpeBOM U BBICOKOYACTOTHBIM
ANEKTPOMArHUTHBIM TMOJIeM. YPaBHEHHS MEHSIOT CO
BPEMEHEM HACTPOWKHM 3€pHOBOrO MaTepuana IpH
HarpeBaHWU C HCIOJIBb30BAHUEM BBICOKOYACTOTHOTO
9JIEKTPOMAarHUTHOTO TOJISl WJIM MH(PAKPAacCHOTO CBETA, a
BEHTWIALMSI B 3€pHE HE IO3BOJSIET IpoLecc MoicueTa
LUKJIa CYIIKM HarpeTbIM BO3AyXOM. AJTOPUTM pacueTa
oO1iero mporecca CyIMIKH IMKIA TTO3BOJISET ONpPENeSUTh
palnMoHaNbHBIE PEXUMBI TIpolecca, O00ecIeYHBaroIne

MUHUMU3ALHIO JHEprosarpar. B CTaTbe
PaccMaTpHBAIOTCS TEOPETHYECKHE OCHOBBI IPOILIECCOB
CYIIKM MaTepuaga B  LUKIMYECKOM  peXHUME C
HHQpaKpacHBIM  HAarpeBOM H  BBICOKOYACTOTHBIM
3JIEKTPOMAarHUTHBIM IIOJIEM.  YDPAaBHEHHS MEHSIOT CO
BPEMEHEM HACTPOWKM 3€pHOBOTO MaTepuanga MpHU
HarpEBaHUU C UCIOJb30BAHUEM  BBICOKOYACTOTHOI'O

QJICKTPOMArHUTHOI'O 1OJIA HJIHN I/IH(i)paKpaCHOFO CB€Ta, a
BCHTWJIALIUA B 3C€pHE HE MNO3BOJIICT IPOLECC IMOACUCTA
HUKJIa CYIIKHW HAarpe€TbiM BO3JYyXOM. AHFOpI/ITM pacyera

o0IIero mporecca CyIIKH ITUKIA TTO3BOJISIET ONPEIeInTh
panroHaJIbHBIE PEXUMBI TIPOLECCa, OOECTIeYHBAOIINEC

MHUHAMH3ALUIO 9HEpro3arpart. B CTaThe
paccMaTpUBAlOTCSl TEOPETHYECKHE OCHOBBI IIPOIIECCOB
CYIIKH MaTepuala B IUKIMYECKOM pEKHUME C
nHppakpacCHBIM  HarpeBOM H  BBICOKOYAaCTOTHBIM
9JIEKTPOMAarHUTHBIM TOJEM. YpaBHEHHS MEHSIOT CO
BPEMEHEM HACTPOMKHM 3€pHOBOIO MaTepHayia Ipu
HarpeBaHMM C HCIOJIB30BAHUEM  BBICOKOYACTOTHOT'O

9JIEKTPOMArHUTHOTO TOJISl WM MH(PAKPacHOTO CBETa, a
BEHTWISALMS B 3€pHE HE IMO3BOJSET IPOILECC IMOJCYETa
LUKJIa CYIIKA HarpeTbiM BO3AYyXOM. AJIFOPHTM pacueTa
o0miero mporecca CyIKH [UKJIa MO3BOJSET ONPENeIIHTh
palMOHANbHBIE PEXUMBI IIpoLecca, OOecIeYHBAIONINE
MUHHMH3ALHUIO JHEpro3arpar. YPaBHEHHS MEHSIOT CO
BPEMEHEM HACTPOMKM 3EpHOBOrO MaTepuaja IpH
HAarpeBaHHH C HCIOJIb30BAaHHEM  BBICOKOYACTOTHOTO
9JIEKTPOMATrHUTHOTO TMOJS MM MH(PPAKpacHOro CBETa, a
BEHTHJIAIMA B 3€pHE HE IO3BOJIIET IIpoLecC INoAcYeTa
IIUKJIa CYIIKA HarpeThIM BO3AYXOM. AJTOPUTM pacdera
o0miero mporecca CyIIKU IUKIa MO3BOJSET ONPENeIUTh
palOHAJIBHBIE PEXUMBI TIpoliecca, OoOecleunBaronue
MHHUMHM3AIMIO JHEprozarpar.YpaBHEHHS MEHSIOT CO
BPEMEHEM HACTPOMKHM 3EpHOBOrO MaTepuaja IpHu
HAarpeBaHHU C HCIOJIb30BAaHUEM  BBICOKOYACTOTHOTO
9JIEKTPOMArHUTHOTO IMOJS MM MH(PAKPaCHOro CBeTa, a
BEHTWLILUS B 3€pHE HE MO3BOJSIET IIPOILecC Iojacyera
LKA CYIIKA HArpeThiM BO3IYXOM. AJITOPHTM pacdeTa
o0miero mporecca CyIKd LUKJIa MO3BOJSIET ONPEICIHTh
palOHAJIBHBIE PEXUMBI TIpoliecca, OOecleunBaronue
MHHUMHM3AIHIO SHEPro3aTpar.

KaloueBble ciaoBa: wuH(pakpacHeli — 00oOrpes,
MUKPOBOJIHOBOE OTOIIJICHHUEC, BEHTUWJIALIUA, CYIIIKa 3€pHA,
LUKIIMYECKas CyIIKa.
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Abstract. Analysis and evaluation of structural and
technological parameters of forced action mixer was
carried out on the basis twin-shaft forced action mixer.
Theoretical methods of moving material into the twin-
shaft mixer chamber, using a stochastic approach were
proposed in this article. The process of moving material
was researched by the theory of Markov chains. Based on
the proposed method of improving system of quality
assessment in terms the variation coefficient of mixture.
And was predicted that the main parameter that affects the
direction of movement particles of material and quality of
mixing - is the rotation angle of the blade. It was the main
option of the research. To test the theoretical foundations
of the movement of substances and improve the quality of
the mixture, experimental stand was developed -
Laboratory twin-shaft forced action mixer with changing
angle blades. The conducted experiments have confirmed
the validity of theoretical research. The Algorithm of
design of new constructions of twins-shaft concrete
mixers was proposed, based on conducted researches. The
working hypothesis that the movement of material
between the mixing zones depends on the "transition
probabilities”, which is defined by angle blade was
confirmed as a result of mathematical modeling of
moving material and performed experimental studies. On
the basis of theoretical research the method of calculation
of basic parameters of advanced laboratory twin-shaft
concrete mixers was crated. The laboratory twin-shaft
concrete mixers with rotary blades was created.

The investigations can improve the efficiency of the
mixer by reducing cycle time and energy consumption.

Key words: mixer, twin-shaft concrete mixer, twins-
shaft forced action concrete mixer, coefficient of
variation, concrete, mixing stochastic model, Markov
chains.

Introduction
Quite often the twin-shaft forced action mixers are

used for the production of mixed concrete and for
reinforced concrete structures.

Formulation of problem

Therefore, improving the means of preparing
concrete mixes and solutions that will have simpler
design, lower energy loss and metal consumption is
relevant and promising researching task for the
development of engineering and construction industry in
Ukraine. The analysis and estimation of existing
researches of mixers were carried out, that identified the
main task of this work.

Analysis of recent research results

The scope of their optimal use is virtually unlimited,
according to modern recommendations [1, 5, 6, 12, 15].
For example, mixture prepared in such mixer has the
highest structural strength by water-cement ratio
coefficient [10, 16, 19]. These mixtures are ideal for
making hard and harder mixtures [19]. Their distinctive
feature is the lowest duration of the mixing cycle — 45-90
sec, compared to other types of mixers. However, despite
their many advantages, they have some disadvantages,
namely the high cost of mixing, and consequently — high
cost of driving mechanism, rapid wear armor mixer.
Overall, the construction of this type of mixer is not well
studied, so we should carry out research of processes and
phenomena occurring in the middle of mixing chamber.
An important trend in the development of this equipment
is the desire to generalize the theoretical foundations of
design and calculations of this type of construction
equipment [1, 5, 12].

Purpose of research

The primary goal of research is increase efficiency of
process preparation of mixture on twin-shaft forced action
mixer by optimal blade angles of rotation and
determination of mixing time, depending on the
coefficient of variation, through mathematical modeling
of moving particles mixture.
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Results of research

During the mixing process in its working volume
occurs relative movement of particles of different
components, which were “separated" or were
implemented unevenly. As a result of mixing process, the
particles location in the working volume of the mixer may
be infinitely different. Under such conditions, the ratio of
components in the mixture micro-volumes — the value is
too random, because most of the known methods for
assessing uniformity of mixture (quality) based on the
methods of statistical analysis.

For simplicity, all mixture conditionally consists of
two components: main component and secondary
component that includes other components. This method
helps to evaluate the homogeneity of mixture by using
distribution parameter of a random variable — content of
main component in the mixture samples. The component
is easy to analyze or its distribution in the mix is very
important for the technical requirements, is often choose
as main component. This criterion of mixture quality is
the coefficient of variation, %:

L, 100 | 1 Z": N .
- e o
i=

where: ¢ — arithmetic mean of concentration a main
component in all n samples mixture %, ¢ — concentration
of a key component in the i-th sample mixture, % [14].

As for the mixing of building materials, this criterion
is called the coefficient of heterogeneity, because of
coefficient the heterogeneity of the mixture is increasing.

The analysis of experimental dependence V. = f(t)
(t — mixing time), shows that the kinetic curve of mixing
process has three characteristic areas (Fig. 1), where each
of them reflects a certain period of time mixing.

‘—\\

f bt
Fig. 1. Dependence of heterogeneity mixture from
mixing time.

&~

At 1-st period in mixer volume convection
hyphenation of components is dominated. The process of
segregation has low speed, compared with the process of
moving. Therefore, in 1-st period V, decreases sharply to
some value V.. At the end of this period (t.,) in the

working volume of mixer virtually no aggregates (macro-
volumes) consisting of particles of one component.

In 2-nd period, the mixing speed became equal to the
speed of segregation, that is the value V, varies slightly
over time (compared with 1-st period). It self the mixing
process is implemented mainly through the movement of
individual particles relative to each other. Because of
resemblance to the diffusion process of molecules it's
called diffusion.

In 3-d period the mixing speed equal to the speed of
segregation, that is V. does not change with time. The
lowest value of coefficient of heterogeneity called
marginal heterogeneity V., The time t.;, at which the
mixture becomes homogeneous (estimated value V), is
optimal mixing times because of further stirring V, it
doesn’t change.

In the 1st period the physical and mechanical
properties of the mixture do not affect significantly the
kinetics of mixing process, and in the 2nd and 3rd
periods, their influence is noticeable. Therefore, different
mixes in a mixer with different physical and mechanical
properties will have different values of V... [10, 11, 14]

The physics of mixing process in a continuous mixer
differs from cyclic mixer fact that the quality of mixing
depends not only on the speed of mixing in the working
volume of the mixer, but the nature of the power
components.

Considering the mode of twin-shaft mixer to
determine its nature effectiveness within a stochastic
model in which the movement of matter is random and is
described by probabilistic methods. [3]

To do this, all volume of the mixer is divided into the
equal number of elementary volumes — mixing zones. At
first step, define the volume one shaft of mixer — the
cylinder without adjacent cylindrical segment that mixed
by blades of nearby shaft (Fig. 2, shaded area).

—

Fig. 2. The scheme of elementary volume: R — radius
of the mixing zone, H — distance between the axis of the
shafts.

Further, the cylinders are divided into mixing zones
whose number equal to the number of blade arrangements
mounted on the shaft (Fig. 3).

Based on the definition of mixing process in the
theory of dynamical systems [20, 21], as the properties of
the system "forget" about the initial condition (state) over
time, we will determine this time. To describe the
movement of heterogeneous systems we will use Markov
chains theory [7, 13, 17, 18, 22, 23] so the transition
probability p;;(t) depends on time and there is a time ¢,
which corresponds to a transition in which n matrix of
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transitional probabilities are unchanged. This state of the
system, "a state of oblivion" equal t., time that
determines the beginning of 3-d period of kinetic curve
mixing process (see. Fig. 1), in which the mixing speed
equal to the speed segregation V, that doesn’t change with
time.

Fig. 3. The three-dimensional model of 8 mixing
zones.

So, the analysis of workflow process forced action
mixer is aimed at determination of the limiting factor of
heterogeneity V,, — the lowest value of coefficient in time
t.q, at which the mixture becomes homogeneous.

This indicator characterizes mixer, it effectiveness
and mixing quality.

Based on the general theory of Markov chains, the
initial state of system can be characterized by the vector
G (0), where each component g;(0) is the probability of
finding of one of the components of the mixture in the
i-th mixing zone:

G(O) = [91(0); gZ(O): !gk(o)]! (3)
where: k — the number of mixing zones.

Then specified the value of transitions probability of
particle from i-th mixing zone in a j-th, it is the
probability matrix (connections). According to the theory
of Markov after n transitions (rotating shaft) distribution
of matter in the mixing zones can be written as matrix
multiplication:

G(n) = G(0)p", (4)
where: n — the matrix of transition probability with
dimension k xk, G(n) =[g,(n), g.(n) , ..., gr(M)] —
the state vector system after n transitions.

To assess the heterogeneity V,,%, distribution of
material after transitions determined:

¥, = 100k k—ili[gi(n)—%]z. )

The mixer, which reaches value V5 in the less number
of rotation shaft (less time mixing) is the best.

The scientifically-research idea took the position that
the mixing efficiency is determined by the speed of the
transition material from state of inhomogeneous
embedded to the state of "“forgetfulness".

The main performance indicators of twin-shaft forced
action mixer include:

— the number of shaft rotations at which mixture
becomes the homogeneity (the time of "forgetfulness"”
tep),

— the angle of blade rotation,

—  the power drive on mixing,

— the productivity.

Thus, on the basis of the above, the following
hypotheses were formulated, the implementation of which
would achieve the desired result in the creation of new or
would improve existing structures of twin-shaft forced
action mixers.

1. The moving of material between the mixing zones
in a particular direction depends on "transition
probabilities”, which physical meaning is defining as
difference of entropy before and after the transition,
which differently interprets the way of determination the
power of mixing.

2. The moving of material is made within each
transition (shaft rotating), that is a discrete model.

This approach will allow to get mathematical model
for the researched environments, more intelligently and
with fewer bugs or as necessary to improve the
methodology of research results.

To determine the probability of transition material in
one direction or another, consider the most common
scheme of movement, which is shown in Fig. 4. It is
believed that during one shaft rotation the material will be
transiting with probability p to a nearby zone, with
probability g to opposite zone and with probability r will
remain in it:

p+q+r=1 (6)
I D I D r D
T2 3= 4
1 J 1
I-1 q q I-1
\ \
Bl=AT7|=]6f=15
p p p
r I r r

Fig. 4. The transition scheme of material for twin-
shaft mixer.

The determination of probability of transition of
material will be entirely experimental by the example of
one of the mixing zones (Fig. 5).

With help of software MathCAD one transition of
material in appropriate ways, depending on the blades
angle is simulated.

The probability of transition is determined as
numerous simulations of the transition by the randomly
algorithm «white noise." The results are processed by
statistical methods, resulting in transition probability
becomes dimensional value that reflects the difference in
entropy before and after the transition.

For adequacy of the experiment the rheological
properties of the material (concrete mix) should be
created, replacing it by some number of balls with some
diameter and density of the material.

More accurate description of the mixing process can
be provided by three-dimensional probabilistic model
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(Fig. 6). In this scheme the probability of leaving the
material in the same mixing zone and description of the
movement of particles of material in it is more widely
understanding. As shown in Fig. 6, the movement of
material into the mixing zone is made in the radial and

circumferential directions, but on two-dimensional
scheme it is described as remaining the matter in the same
mixing zone, and consistent with probability.

O6ononka
MewmbOpana

JlonareBuit MexaHizm

Fig. 5. The scheme to determinate the probability of movement material.

Fig. 6. The scheme of moving material in the mixer.

Considering the three-dimensional scheme of
movement material and particles in the mixer, let’s
introduce the probability of remaining of material in the
same mixing zone as the total probability of moving
material in the radial S and circumferential C direction.

Also, the movement of material along the axis of the
mixing shaft determined as probability of axial movement
A, and the probability of movement into opposite mixing
zone E (Fig. 7).

= Radial direction — s the movement of material
within the ranks of the blade arrangements of the mixer in
the direction from the axis to the largest radius (hull
mixer) and in the opposite direction. Each of the mixing
zones, is going to be divided in the radial direction on Ng
equal rings,

= Circumferential direction — s the movement of
material within the ranks of the blade arrangements of the
mixer in a closed circulation circuit. Each of the mixing

zones, is going to be divided in the circumferential
direction on Cp sector level (a« — angle sector, hail):
360°

c= p @)
For further calculation is necessary to know the
values of the following parameters:
=  Number of cells in each of the received parts
(zones):
Nj = N¢ ' Ng, ®
= Numbering mixing zones in each of the pieces
obtained from the index growth:
Je=Mms—1)- N, €))
= Number of rings:
ns =1,N;, (10)
= The radius of the ring, provided the same amount
of cells:

2

Ri = R1:2—1 - Fz; (11)

System status at time T = k - AT, were k — number of
transition, AT — the duration of the transition, expressed
as a column vector of size (N; X N;) x 1:

T
k _ k k k k k k
sk=|st sk . Sk Sk SK oy Sk

The next state of the S*** depends on the current and
can be presented in:

i=T,Ng—1.

Skt = gk.p, (12)
where: P — matrix of transition probabilities. In turn, the
matrix of transition probabilities with regard the three
direction of movement material particles is given by:

P=P. PP, 13)
where: P, — matrix of transition probabilities when
moving particles in the circumferential direction, P; —
matrix of transition probabilities when moving particles in



RESEARCH OF SETTINGS OF FORCED ACTION MIXER WITH CHANGING ANGLE BLADES ... 99

the radial direction, P, — matrix of transition probabilities ~ when moving particles in the axial direction.

/P51.1 0 0 \ /PC1.1 0 0 \
| 0 P52.2 0 | 0 P, 0

Cz.2 |
* ]

e A N : (14)

\ o 0 PS"’I‘”J/ \ o 0 PC"’I'NJ/

PA1.1 PA1.2 0 0 0 0 0

PA2.1 PAz.z PA2.3 0 e 0 0 0
0 PA3.2 PA3.3 PA3.4 0 0 0

Py = : - :

0 0 0 0 PSN1—1—N]—2 PSN1—1—N]—1 PSN1—1—N]
0 0 0 0 0 PSNI—N]_Z PSNI—N]

where: 0 — zero matrix of size N; x N; and N, X N for matrices of transition probabilities when moving particles in the
circumferential and radial and axial direction, respectively, PCU’PSU’ PAi}' — block matrix of transition probabilities when
moving particles in the circular (matrix size N; X N;,i =1, N,), radial (size matrix N X N¢,i = 1, N,) and the axial
direction, respectively, for each i-th particle mixing chamber (formula 15).

Fig. 7. The calculated scheme to describe all movement of material in the mixer.

M, , 0 0 Jj =1, Ny, respectively. For axially moving particles the
0 Mg, - 0 block matrix of transition probabilities (i =1, N;, j =
Pey =1 P ; 1, N;), will look like:
0 0 McN] Ny pilﬂa, 1+, a 0 0
M P, = 0 D2+1g, 241, 0
M51.1 M51.2 S1Nj Aij : : : ’
a
PSU _ MSZ..l M522 MS:Z,N] (15) 0 0 " DNjtlg, Njtlg

were pf,, — probability of transition concentration of the
MSN] N material while moving particles in the axial direction | =
where: 0 — the zero matrix of size N, x N, and N X N or LN -Njym=1,N;-N;, Ip = (i = 1) - Ny, and J = (i -
matrices of transition probabilities when moving particles 1) - N, indices of gromh. . )
in the circumferential and radial and axial direction, The block matrices of transitions of material

M, , M. — block matrix of transition concentrations of ~ concentration from [ cell to m cell is the same for
W . . . transition in the circumferential and radial directions
the material from [ cell to m cell at moving particles in

MS Nj1 MSN],Z

. . e . Formula 16):
the circumferential direction of the size N, X Ng,i = ( )
1, N, , radially direction of the size No X N¢,i =1, N},

c c
pi‘*"c‘l‘*‘lc pi‘*"c‘z‘*‘lc c 0 8 0 pf+lc Nc+lc
D241, 141, Dzl 241, P2+ic3+Ic 0 0
t
M, ; \ 0 DS+1, 241, D3+ 3+1, DS+1, 4+1, 0 0 ) (16)
pzflc+lc,1+lc 0 0 0 pflcﬂc JNc+le plflc+lc,1vc+lc
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where: p; ,, — the probability of transition concentration of material while moving particles in the circumferential
direction! = 1, No, m = 1, N, I, = (i — 1) - N — indices of growth.

Pf+15 A+ 0 0
0 S
MSz,j _ : D2+1g 2+ . 0 (17)
0 0 Pfﬂs A+

where: pj ,, — the probability of transition concentration
of material particles while moving radially [ =1, N,
m = 1,Nc, I, = (i — 1) - N — indices of growth.

The system state can be represented as a column
vector, for twin-shaft mixer:

sk =1[sk s (18)

where: S¥ and S} — the state of system during rotation of
the first and second shafts, respectively (Fig. 2.).

The state of system SX** can be represented in matrix
form:

Skt =sk.p,- Py, (19)
where: P, — mixing matrix that looks like:
_ (P 0
Po=(y p) (20)

where: 0 — zero matrix size N; X N;.
P — exchanging matrix of material particles during
rotation 1-st and 2-nd shafts. Matrix elements except the

. N . —
elements p,‘f,j_iI_NCH'Nj‘h_NC” , were i = 1,76 i, =1,N,
J="C+ 1N, J; =N, +1,2-N, iszero.

The mathematical model allows us to calculate the
number of transition (shaft rotation) after which the
matrix of transition probabilities cease to vary over time,
indicating that the system achieve steady state (“forgot"
their original position), and therefore the maximum
degree of homogeneity of the mixture.

To verify the obtained data the scheme of laboratory
stand was developed and described.

It consists of a laboratory mixer, inductive sensor,
frequency converter, analog-digital signal converter, a
computer with specially developed software and photo
camera.

The lab mixer equipped with a contactless inductive
sensor and bracket on one of the shafts with which the
number of rotations of the shaft can be read. The signal
reaches the signal converter, and displayed on the monitor
of computer. Also, through the signal converter the
frequency converter is connected to the computer that
controls electric laboratory setting. It maintains
continuous operation at a given engine speed and stops it
after a given number of rotations of lab twin-shaft mixer.

The value of the "forgetting time" that an equals the
number of mixer shaft rotations at given blades angle, is
entered into the computer, after it determining. And
blades are set in the required position using a specially
designed protractor. Then all previously designing
components of the mixture in the mixer, are downloaded
and the experiment begins.

On the basis of the experimental scheme was
designed construction of the experimental setup [2, 4, 8,
9] - Laboratory twin-shaft concrete mixers (Fig. 8).

The lab mixer on the cart is situated in the correct
place for experimentation and wheels fixed by stops (16).

Then, through the open side door (12), located in the
cover (11), installing the position of blades (3) - rotation
angle with a special protractor. Further downloaded all
previously dosaging components of future mixture: scree,
cement and sand. Then the side door (12) closed and
connected to the control panel (17). By setting a mode of
drive motor (9) with frequency converter (21).

Then, the initial process of mixing the dry
components in which, depending on the selected initial
provisions blades (3) material will be distributed over the
mixing chamber (20 sec.).

Then, by CIP head system (13) uniformly sprayed
water, and mixing ingredients of mixture are already in
final form. This stage lasts 20-25 sec. and it is the most
difficult mixing period, as there is a significant increase of
dynamic and Kinetic viscosity of the mixture and increase
the resistance of the environment on the machine.

Another 20-25 sec. mixer working after stopping the
water supply. Then drive motor (9) stopped and through
the open side door (12) take the samples from different
areas of the mixing chamber.

The residue is discharged through the unloading

opening (6), driven by lever (8) which fixed with screws
(7), is discharged from the mixing chamber.
After sampling and discharge residual mixture through
unloading opening (6) the side door (12) and unloading
opening (6) is closing, and mixing chamber is washed by
water through the pipe system CIP (13) and then
unloading hole open and poured all dirt.

Also laboratory mixer equipped with an emergency
stop button, flashlight, two limit switches on the side door
and appropriate warning label (Fig. 9), making it safe for
use in the classroom.

The results of experimental researches are shown in
Fig. 10. In a graph curves "oblivion" for different blades
angles, which are obtained during the processing of data
results by "slick average method".

As you can see from the graphs, for different blades
angles a charts differ, since the probability of transition in
certain direction is dependent on this parameter.

Among the researched values of blades angle the
most efficient « = 34°.

Comparing the experimental results and theoretical
research (Fig. 10).

As follows from these graphs, the state of
"forgetting” in an experimental and theoretical way
doesn’t have big difference, and fit into the allowable
error of 15%.

The evaluation and analysis of the test samples show
that the quality of the prepared mixture meets the
calculated time (number of rotations). The quality of the
mixture was assessed visually and in terms of strength
(Fig. 11).
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17 19 20 21 18 16 1 15 6 7 8

Fig. 8. The design of the experimental setup: 1 — the case, 2 — shafts, 3 — blades, 4 — bearing assembly, 5 — shaft
seal, 6 — unloading opening, 7 — lock, 8 — the lever, 9 — drive motor, 10 — synchronizer, 11 — cover, 12 —side door, 13 -
CIP pipe system, 14 — pin sensor, 15 — cart, 16 — wheel with stops, 17 — control panel, 18 — electrical cabinet, 19 — relay,
20 — fuse, 21 frequency converter
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The data collected during the research probability of
transition material processed by statistical methods, and
based on their results define conversions (rotating shaft)
and the mixing.

These parameters are essential for experimental
studies of concrete mixture in a laboratory mixer, to
confirm or refute the prevailing theoretical positions.

Conclusions

1. The working hypothesis that the movement of
material between the mixing zones depends on the
"transition probabilities”, which is defined by angle blade
was confirmed as a result of mathematical modeling of
moving material and performed experimental studies.

2. On the basis of theoretical research the method of
calculation of basic parameters of advanced laboratory
twin-shaft concrete mixers was created.
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3. The laboratory twin-shaft concrete mixers with
rotary blades was created.

4. The investigations can improve the efficiency of
the mixer by reducing cycle time and energy
consumption.
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JOCJIIKEHHA HAJTAILITYBAHD 3MILTYBAYA
[TPUMYCOBOI JiIT 31 SMIHHUMU JIOTIATKAMMU
I I. Hazapenxo, A. B. Yiuyp

AHoTamiss. AHam3 Ta OIIHKA CTPYKTYpPHHX Ta
TEXHOJIOTIYHUX MapaMeTpiB 3MillyBaya 3 IHPHUMYCOBOIO
JIEI0 MPOBOIUBCS Ha OCHOBI 3MilllyBaua 3 IMPUMYCOBOIO
€0 3 OBOMAa MIaxTamu. Y Iiff CTaTTi 3armporoHOBaHI
TEOPETUYHI METOAU MEPEMIIICHHSI MaTepiany B Kamepy
3MillyBaya 3 JBOMa INAaXTaMHd 3 BHKOPUCTAHHIM
cToxacTMyHoro  miaxoay. IIpomec — mepemimieHHs
MaTepiary JOCHTiKYBaBCS TEOPI€I0 JIAHIIOTIB Mapkoga.
Ha ocHoOBiI 3ampornoHoBaHOro crnoco0y BIOCKOHAJICHHS
CHCTEMH OLIHKM SIKOCTI 3 TOYKM 30py KoedimieHTa
Bapianii cymimi. I Oyno nepexbayeHo, 110 OCHOBHHMH
rapamerTp, KU BIUIMBa€ Ha HAIPSMOK PyXy UYacTHHOK
MaTepiany Ta SKiCTh HEPEMIIIyBaHHS - IIe KyT IIOBOPOTY
ne3a. lle OyB ronoBHWI BapiaHT gociipkeHHs. Jlis
MEepeBIPKM  TEOPETUYHHX OCHOB pYyXy PpEYOBHH Ta
MOKpameHHs:  KOCTi  cymimi  Oymo  po3poOieHo
eKCIIEPUMEHTAIIbHUIN CTeH]T - TaOOpaTOpHHA 3MilTyBad 3
MIPUMYCOBOIO €0 3 JABOCTOPOHHIM BAaJOM i3 3MiHHUMH
KyTamu jonareif. [IpoBeneHi eKCriepuMEHTH MiATBEpANIN
OOTpPYHTOBAHICTh TEOPETHYHMX AOCii/keHb. Ha ocHOBI
MIPOBEJCHUX  JIOCHIIPKEHb  3allpOIIOHOBAHO  aJTOPHTM
NIPOCKTYBaHHSA  HOBMX  KOHCTPYKIH  JIBOIIAPOBHX
OeToHHMX 3MimryBauiB. PoOoya rimoresa mpo te, mo pyx
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Marepialy MiX 30HAMH TEpeMillyBaHHS 3aJIe)KHUTh Bif
«IIMOBIPHOCTEH IIepexoay», IO BHU3HAYAETHCS KyTOBUM
ne30M, OyJI0 MiATBEPIKCHO B Pe3yIbTaTi MAaTeMaTHIHOTO
MOZCIIOBAHHS PYXOMOTO MaTepialy Ta IPOBEICHHX
eKCIIepPUMEHTAIBHUX JIOCHIIKEHD. Ha OCHOBI
TEOPETHYHHUX JOCHIDKEHb OYJI0 pO3po0JIeHO MeTox
pO3paxyHKy  OCHOBHHX  IapaMeTpiB  HepeJoBUX
71a00paTOPHUX  JIBOIIAPOBUX OETOHHHMX 3MIIlyBadiB.
CrtBopeHo  naboparopHi  OeToHHI  3MimryBadi 3
MOBOPOTHUMH  JlomaTsiMu.  JIOCHIDKEHHS ~ MOXYTh
MIABUINUTH  ¢(EKTUBHICTE 3MilllyBaya 3a paxXyHOK
CKOPOYEHHS Yacy IMKIIY Ta CIIOKMBAaHHS €HEPTii.
KawuoBi ciaoBa: 3mimryBad, OeToHO3MIlTyBad 3
JBOMa IIaXTaMH, OETOHOMIIIANKa 3 MPUMYCOBOIO €0 3
IBOMa  ImaxTamu, KoedimieHT  Bapiamii, Oe€ToH,
CTOXaCTHYHA MOJEIIb 3MIITyBaHHS, JJAaHLIOTH MapkoBa.

HUCCJIIEJOBAHUE HACTPOEK CMEIINBATEJA
[IPUHYIUTEJILHOI'O JEMCTBUA
C USMEHSAIOINMUCSH JIOITATKAMU
U. U. Hasapenxo, A. B. Yuuyp

AHHOTAUUsA. AHATN3 U OLIEHKAa CTPYKTYPHBIX U
TEXHOJIOTHIECKUAX mapamMeTpoB CMECHTEIIS c
MIPUHYIUTETHHBIM JEHCTBUEM TPOBOAWICS Ha OCHOBE
CMECHTEeNd C NPUHYIOUTSIBHBIM JEHCTBHEM C IBYMS
mIaxTaMd. B 3ToH cTaThe TPEANIOKECHBI TEOPETHICCKHE
METOJIBI TICpEeMEIIeHISI MaTepraia B KaMepy CMECHUTEIIS C
OBYMsl [IaXTaMH C HWCIOJB30BAHHEM CTOXACTHYECKOTO
MOJIX0/1a. IIponecc HepeMeIeHus MaTepHuaa
HcclenoBaIoch Teopued uenedl Mapkosa. Ha ocHose
MPEAJI0KEHHOT0 Croco0a COBEPLICHCTBOBAHUSI CUCTEMBI
OIIGHKM KayecTBa C TOYKH 3peHus KodpduuneHra
BapHaluyu cMecH. Y Ob110 MpeaycCMOTPEHO, YTO OCHOBHON
rnapamMeTp, KOTOpbIN BIUSET HA HaIpaBJIEHUE JBUKECHMS
YaCTHUI] MaTepraja M KaueCTBO MEePEMEIINBAHUS 3TO YTOI
IMOBOPOTa  JIe3BHS. OTO OBUT  TJIABHBIH ~ BapHaHT
uccrnenoBanus. [T TPOBEPKH TEOPETHUECKUX OCHOB
JBIDKEHUSI BEUIECTB M YIIYYIICHUS KauyecTBa CMECH OBLI
pa3paboTaH 3KCIIEpUMEHTANBHBIN CTEeHA abopaTOPHEII
CMECHTeNb C  NPUHYIOWTEIBHBIM  JIEHCTBHEM  C
ABYCTOPOHHUM BaJIOM C UBMCHACMBIMU yTJIaMH JIomacTe.
HpOBEZ[eHHI)Ie OKCIICPUMEHTBI TMOATBEPANIIHN
000CHOBAaHHOCTh TEOPETUYECKHUX HccieqoBanuii. Ha
OCHOBE  IIPOBEACHHBIX  HCCIENIOBAHMH  NPEAIOKEH
QITOPUTM  IPOEKTUPOBAHMS  HOBBIX  KOHCTPYKIIMI
JIBYXCIIOWHBIX OETOHHBIX cMecuTenell. Pabodas rumoresa
0O TOM, YTO [BW)KCHHE MaTeprana MEXAy 30HaAMH
NIepeMEIINBaHNsl 3aBUCUT OT «BEPOSITHOCTH IIEPEX0/1ay,
YTO  ONpenensieTcss  YIJIOBBIM  JIe3BHEM,  OBbLIO
MOATBEPXKIEHO B pe3yJbTaTe  MaTeMaTH4ecKoro
MO/JIETIMPOBAHMS TIO/IBKHOTO MaTepuaia U IMPOBEASHHBIX
3KCIIEPUMEHTANbHBIX  uccienoBanuil. Ha  ocHose
TEOPETUIECKUX HCCIIEeNOBaHUI ObLT pa3paboTaH METOJ
pacueta OCHOBHBIX mapaMeTpoB MepeI0BbIX
Ja00paTOPHBIX JIBYXCIOWHBIX OETOHHBIX CMECHUTENCH.
Cozmanbsl  mabopaTtopHble  OETOHHBIE CMECHUTENH C
TIOBOPOTHBIMU JIOIIACTIAMU. HCCHC}IOBaHHﬂ MOTyT
NOBBICUTH 3] dexkTHBHOCT,  cMecuTenst 3a  CYeT
COKpaIIeHUs] BpeMEHH IIMKJIa U TOTPEOJICHNS SHEPTUHL.

KaioueBble ciioBa: cMmecurens, OETOHOCMECUTEND C
JBYMsI IIaXTaMH, OETOHOMeNIajKa C HPUHYIUTEIbHBIM
JICUCTBHEM C JBYMS IaXTaMHu, KOI(QQHUIMEHT BapHaliH,

0eToH, CTOXacTH4YecKass MOJENb CMEIIUBAHHA,
Mapkosa.
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Abstract. The work deals with the crushing of
recycled wood biomass for the production of pellets or
briquettes to justify structurally-technological scheme and
parameters of perspective crusher. The identified
prospects solid biofuel production in terms of economy
Analysis processes and designs devices for crushing
biomass. Your rational type Hammer crusher without
reshitnoyi for use in industrial complexes economy.

Analytical studies demonstrated the feasibility of
ram hammer crusher sieveless DMB-F (0.5-1.5) for
crushing to pressing wood biomass in fuel products. The
functional scheme of technical means, carried out
engineering calculations modes and parameters of the
crusher. The obtained results show the efficiency of the
process of crushing raw wood at that mill.

Key words: processes of grinding, wood biomass,
solid biofuels, working bodies, crusher sieveless,
calculations, parameters.

Introduction

Due to exhaustion and environmental harmfulness of
traditional fossil energy sources, including natural gas,
oil, coal, increasing significance acquires alternative
energy, including biofuels. For the production of solid
biofuels using waste wood and logging, agricultural by-
products and processing enterprises, energy Crops.
Acrtificial Fuel wood is produced by pelleting or
briquetting materials prepared in the respective pressing
machines under the pressure of 10 to 40 MPa.

Formulation of problem

Preparation of solid production processes involve
removal of moisture from wood biomass to 10-14% and
the final crushing of the state of sawdust with particle
sizes of 1-5 mm [1-3]. This degree will provide the
crushing hammer and rotary crushers and disintegrants
[4].

Features of the physical and mechanical properties of
wood raw material and process manufacturing solid
products provide depth study of fine grinding and rational
justification type crusher.

Analysis of recent research results

The process of grinding technology is the destruction
of the material under external driving forces. Depending
on the size of the final product distinguish a class
crushing hard materials, crushing-large (100-350 mm),
medium (40-100 mm) and small (5-40 mm), coarse
grinding (particle 0.1-5 mm) and thin (0.05-0.1 mm)
ultra-thin (<0.05 mm) [1, 5, 6].

The main characteristic of the process is the degree
of grinding, which is defined by the weighted average
particle size of the material before and after grinding
[7]and = do / dk. The process of chopping wood for the
production of pellets or briquettes carried out sequentially
in several stages with the transition from coarse crushing
to grinding [1, 3, 8-10].

Energy costs and the burden on the working bodies
of the crushed material and quality depend on the
strength, brittleness, hardness, elasticity, density of wood
materials.

Strength -property of wood to resist destruction in
the event of internal pressure during exercise. Strength is
measured strength os limit. Wood materials are divided
into soft (os <80 MPa), medium (os = 80-150 MPa),
strong (os = 150-250 MPa) [10, 11].

The fragility of a property collapse without
noticeable wood plastic deformation is determined on the
number of strokes copra dimensional cargo. According to
the number of blows to withstand designs, materials share
a very fragile (2), fragile (2-5), structures (5-10) [10, 11].

Choose how chopping wood depends on the physical
and mechanical properties of the material. Solid wood
species, such as yew, acacia, oak, beech advisable to
grind blow, splitting or friction. Soft, more viscous trees,
such as spruce and other conifers, poplar, willow, aspen
better way to grind cutting. Grinding of trees often
perform shocks and abrasion [1, 4, 6, 10-12].

Theory wood grinding process provides the link
between energy consumption and final particle size,
physical and mechanical properties and so on. According
to P. Rittynhera hypothesis [12, 13] work (J) during the
grinding wood biomass is proportional to the square
newly formed surface:AAF

A = K,AF, (1)
where K; - coefficient of proportionality.
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The value can be expressed in the initial and final
size of wood particles. Assuming that the particles have
the shape of a cube with edges to grinding and after
grinding, the surface of the material is given by
AFd.d.d.d, = d,/i[12, 14]:

.3 (dn 2 2 2,.
AF =F,—F, = 6i (T) —6d,2=6d,*(i—1), (2)

When grinding the material volume (ms3) with
particle sizes equal to the total number of particles, and
work in accordance with the formula (1) defined
[12]:vd,V/d,>

A= 6K V(i—1)/d,. (3)

According to other studies [15] while chopping
wood crushing weight of the total number of particles is
then determined in accordance with the work:m,, p';l—”3

4 = K (4)

P

In reality, chopping wood materials is a complex
process. Theory of the formula (1) does not include the
costs of elastic deformation. Therefore, this formula is
used to describe the process of fine crushing and grinding
of wood biomass. Calculations using formula (3) to
evaluate the deformation energy, but do not include the
cost of the formation of new surfaces. This formula is
advisable to apply at large and medium crushing when
little impact surfaces.

In fact, during the grinding of wood particles and
deformation effects the formation of new surfaces occur
simultaneously. So many publications [12, 16-19]
describe these phenomena together. Based on the analysis
offered empirical formula for the calculation of consumer
power (KW) shredders N [12, 17, 18]:

N = 0,13 E;K,,Q, (Vi — 1) /Vd,, (5)
where E;- the power indicator, depending on the physical
and mechanical properties of wood, K,,- coefficient scale
factor, Q,, capacity crusher, kg / s.

In the production of solid biofuels fine crushing and
coarse grinding to a particle size of 1-5 mm materials
often carry a percussion machine. Moving working bodies
deform and destroy the material by the great speed of
1500 rev / min., And particle collisions with stationary
surfaces chambers. By shredders include percussion and
rotary hammer mills and shredders finger [12, 14, 15].

These crushers are used for crushing trees of any
viscosity and hardness. These machines provide a high
degree of grinding: = 15-20 and even up to i = 50, which
reduces the number of stages of crushing. Crushing
material is subjected to mechanical shock. The kinetic
energy of the working rotating partially or completely
converted into deformation destruction [4, 12, 14, 15, 19].

Rotary cutters with rigid bylamy used for splitting
wood pieces. Shvydkoobertovyy rotor creates a massive
reserve of potential energy working bodies. In the
hammer crusher with hammers pivotally suspended
crushing process defines only the kinetic energy of the
hammers themselves. Sizes rotor hammer crushers and set
the length and diameter of the rotor disk [12, 14, 15].

Hammer crusher (Fig. 1) in solid industries are
widely used for fine crushing (5-40 mm) and grinding the
raw biomass to a particle size 0.1-5 mm [1, 3, 5, 6, 12,
14]. Crusher rotor shaft drives is 7, which is pivotally
mounted hammers 6. The other bodies are working deck
edge 2 and a sieve (sieve) 4. Particles of wood bioamsy

destroyed by blows of hammers 6 and reflections on deck
2 and 4. shredding sieve particles pass through a
perforated surface 4 to 5 device.

The control unit 3 is changing the gap between the
hammers 6 and 2 deck Shvydkoobertovyy rotor forming
in the exhaust device 5 excessive air pressure that
promotes the release of chopped biomass. Fractional
composition cleavage products depends on the speed of
the hammers 6, the gap between the rotor and deck 2, 4
sieve size openings [12, 18].

Fig. 1. Functional diagram of hammer crusher:
1 - receiver, 2 - deck edge, 3 - regulating device, 4 - sieve
(sieve), 5 - discharge device, 6 - hammer, 7 - disc rotor,
8 - housing.

Enough speed particles of wood biomass for efficient
crushing of about 2 deck edge is based on the theory of
shock v, [12, 16-18]

Pt =my,, (6)
where P - destructive efforts carts of wood particles,
T- interaction term (impact) of the particle surface (10-
5s), T = m-mass particles crushed, - the speed of the
material at the time of hitting the deck edge v,,.

Uy = Uy — Ugurs (7)
where v, - the speed of air, v,,,- speed particles greetings.

The process of chopping wood biomass as a hammer
mill conventionally divided into two phases. In the first
stage the material is destroyed hammer blows in the area
of their rotation. The major importance velocity hammers,
structural and mechanical properties of the material, the
angle off meeting of the working surface of the material.
Circumferential speed hammers to perform the process
varies from 40-100 m / s, depending on the physical and
mechanical properties, moisture content and status of
hammers [12, 14, 16, 18].

The second phase of biomass particles are destroyed
by repeated hammer blows and hitting the deck edge and
friction particles on work surface. At this stage the main
factors is the kinetic energy of the wood particles from the
action of the workers, the number of hammers and charts
their location, the gap between the hammers and deck,
stay in the area of grinding material [12, 14, 16, 18].
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When worn hammers distance between their ends
and the inner surface of the crushing chamber increases,
not crushed material, the cost of energy to overcome
friction increases. In addition, excessive and uneven wear
of hammers broken rotor balancing, vibration occurs,
which leads to polamok machine. Hammers crushers
vyhotovlyuyut of high-alloy steels, including 30HGS,
65G-3 110H13L etc., reinforced with structural steel
surface or carbon steel with wear-resistant welding alloys
working surface. For grinding materials of different tree
species are different forms of hammers. Design and
implementation of reversible rotor increases twice
resource crusher [6, 12, 14, 18, 19, 21].

In the process industry often used crusher with
hammers in a plate with holes at the edges. The
advantages of such bilateral hammers:

- with two holes 4 working surface used for crushing
hammers, whereby reversal operation hammers do not
carry through reverse drive,

- easy to manufacture, assembly and sharpening [6,
7,12, 14,18, 19].

Advantages of hammer mills lies in their versatility,
the ability to grind many kinds of raw materials. Hammer
mills have relatively small dimensions, high performance
[12, 14, 15, 18].

For grinding plant material domestic industry
produces a significant amount of hammer crusher sizes. It
is worth noting several serieshammer type shredder for
processing wood materials:

- Crusher size-HTDRM 0.7 / 55, produces a joint
Italian-Ukrainian Engineering Group ICK Group TM
GRANTECH (Grantekh) performance - up to 3t/ h
designed for grinding feed and solid materials [2, 3, 18],

- Crusher Model DM-4 performance - 3 t/h, designed
for the final grinding chips and small lump of waste,

- Hammer mill MM-03a-C performance - 2t/ h,
designed for shredding wood shavings on the type DS
machines,

- Hammer mill MK-10, capacity - 25 mdh
designed for shredding tree bark [6, 14, 15].

The analysis of processes and structures shredder
hammer wood materials indicates the presence of
significant drawbacks of these facilities. Despite the high
performance hammer reshitni (Screen) mills are
increasing by 12-18% specific indicators of energy
consumption compared to sieveless crusher.Hammer
Crusher without grate grates provide uniform crushing of
wood thanks to multiple percussion hammers for the
passage through the mill wood biomass [1, 12, 18].

The disadvantages of crushers sieve bottoms (grid) is
attributed to rapid wear of hammers, pneumatic panels
(rib dec) Pile arrays of holes in the grinding increased to
15% moisture content softwood trees, the complexity of
installing and balancing the rotor. In the crushing material
over 12-14% moisture pick plates are made, usually
without reefs, because the reefs pressed wood milled
material, which reduces the efficiency of crushing plate
against [1, 12, 14, 18].

Grizzly grid (sieve) is from 80 ° to 180 ° range of the
bottom of the rotor. The design must allow arrays to
change their position relative to the rotor for adjusting the
crusher for a given size of 1-5 mm crushed chips, as well
as to compensate for the wear of hammers and the rib

deck. In this regard lattice makes turning or lifting, but
some designs are made stationary crushers, which is a
significant drawback of crushers. [6, 12, 15, 18].

Disadvantages hammer crushers are also in a non-
uniform dispersion of chopped biomass. Along with
enough crushed raw material particles there are too
crushed. Getting too crushed particles accompanied by
energy. Because grinding often used a two-stage
screening process with the use of crushed material.
A large fraction returned to pre-crusher and crushed by
the weight goes further technological purpose [6, 12, 15,
18, 19].

Thus, hammer crusher reshitni for operational and
economic performance inferior sieveless ram hammer
crusher small solid business conditions in the farms [2, 3,
6, 12, 18].

So there is a need for more in-depth research and
resolution of these issues reasonably rational choice type
hammer crusher.

Purpose of research

Improved solid production in the economy through the
study process, design parameters and fundamental
perspective sieveless hammer crusher.

Results of research

To select promising type of hammer crusher for
small solid-fuel production in farms Analytical review of
processes and structures sieveless series of hammer
crushers.

DB-5 Crusher Hammer sieveless (Fig. 2) is designed
for grinding all types of dispersed materials [4, 17, 18].

Fig. 2. Structural and technological scheme sieveless
crusher DB-5, 1 - unloading conveyor, 2 - filter,
3 - directional peak crushed material, 4 - extension visor,
5 - peak airflow, 6 - reception window, 7 - drive screw,
8 - additional screw, 9 - loading conveyor, 10 - bunker,
11 - level sensors, 12 - valve supply, 13 - discharge
separator, 14 - reverse feed air supply, 15 - lotik,
16 - grinding chamber, 17 - hammer, 18 - rotor,
19 - deck, 20 - frame, 21 - horizontal auger,
22 - horizontal auger trough, 23 - back channel not
crushed material, 24 - resolution camera, 25 - air
guidance, 26 - adjusting plate, 27 - fabric sleeve.
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The rotor 18 has a shaft on which a remote plugs are
discs.

On the periphery of the discs made eight holes,
which are inserted into the axis of suspension. Axes
pivotally suspended hammers 17 arranged via spacer
sleeves.

Camera Resolution 24 is intended for separation of
shredded particle size with the direction of the second
stage of grinding coarse fraction.

Inside the chamber made two channels: the reverse
channel 23 not crushed material that returns this faction in
the grinding chamber and channel 14 for recirculation of
air.

Resolution camera is connected to the grinding
chamber pneumatic wire 25. To avoid dead zones and
avoiding  cross-section pneumatic pneumatic  wire
constantly shrinking.

Continued outer curved surface air guidance is peak
3, which moves minced raw materials.

To change a feedstock resolution camera has two
regulation: curved flap 4 as extension visor 3 and
adjusting plate 26 intended to regulate quality in grinding
particulate humidity conditioning.

Crusher is so. Filed boot belt material is stored in a
bunker and in a certain dosage amount enters the crushing
chamber. Crushed with hammers and grooved dekamy
particles discharged by pneumatic wire resolution in the
camera. Feedback channel 23 is fully open plate 26 and
the majority of the material along with part of the air
enters the re-crushing. Small particles vidsiyuyutsya air
flow through the window, fall to a horizontal auger and
removed from the resolution of the camera. Additional
peak air flow 5 is sent back to the camera shredding. It
provides very fine grinding. When shifting plate 26 of the
chamber wall right crack return channel 23 narrows the
air out of the window increases, providing a more intense
output of crushed material in the zone of the horizontal
auger. As a result, the average particle size designated
particles increases. At the far right of the plate 26
completely covers the back channel and the whole
product comes to horizontal auger without separation.

The described process and structure of the crusher
suggest a complex structure means reliability and low
maintenance.

Crusher DMB-M (Fig. 3) is designed for grinding all
kinds of bulk organic materials [1, 12, 18]. The process
takes place in grinding mode ramjet in the chamber
without the grate sieves (screens).

Crusher consists of a hopper 6, 7 metering device,
camera, crushing hammer rotor with 8 horizontal cyclone
5 and drive. Camera grinding has two windows for
loading and unloading material. At discharge box
connected to the cyclone 5. The inner surface of the
chamber are used corrugated Dec. 9, which differ between
step keys and the distance to the hammers. During the
movement of material in the cell gap decreases. Moving
the outer decks made mechanism for regulating the degree
of crushing channel 1 output of crushed material from the
cyclone is made in the form of curl, and the axis of the
cylinder and cyclone screw removed. Cyclone has two
discharge neck with fabric sleeve, and on the opposite
side of the loop connected to the grinding chamber pipe 3
for air circulation.

The analysis found that most existing sieveless
hammer crushers have a complex structure, low
operational reliability, high metal content, high cost.
Therefore we think that the most favorable means for the
crushing of wood biomass for the production of solid fuel
in terms of economy will sieveless crusher model DMB-F
(0.5-1.5) with rotary hammer mechanism [4, 20].

—

Fig. 3. Structural and technological scheme sieveless
hammer crusher DMB-M: 1 - grinding degree adjustment
mechanism, 2 - discharge hose, 3 - pipe for air
circulation, 4 - unloading auger, 5 - cyclone, 6 - bunker,
7 - dispenser, 8 - hammer rotor, 9 - deck, 10 - motor

In its further investigation sieveless mill (Fig. 4) to
break down woody biomass is subjected to mechanical
shocks and hammers counterrib deck. The kinetic energy
of moving particles of wood (chips, shavings) fully or
partially transferred to the energy of deformation and
destruction. As a result of the impact hammer wood
material particles partially destroyed and discarded on the
edge deck 3, creating a crushing chamber. Udaryayuchys
about the deck, additional material is crushed and fighting
again fall under the rotor 2. This is repeated several times
until the particles of material reaching a certain size do
not come out of the grinding zone for unloading.

To realize the impact force necessary for breaking
the wood material bulk material should be sufficient to
create a reactive force of inertia, utakes on the force of
impact. The minimum critical size of particles (m) timber
is determined by the formula [12]d,,

dy, = 23010730,/ (pv,)"?,
®)
where oy, - tensile strength of the material in tension, Pa, p
- density wood material Kg / m?, v, - circular rotor speed,
m/s.

Required for the process circular rotor speed is

defined as [12, 18]:v,

Up = 1,75-1072 3\/ [ap/(pDCB)]z' ©)]
In spivudari solid wood particles impact force
depends on their weight, relative velocity impact, the
physical and mechanical properties of wood materials and
forms contact surfaces. In practice, often the intermediate
state between elastic and inelastic visitors.
Based on the energy balance of the rotor and wood
particles before and after the impact and results of
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experiments [18, 19], taking into account the actual
conditions of the process, using the formula for
calculating the energy splitting E,,,6 [12, 18]:

Eppos = 2ky my v¢ (10)
where k;= 0,9-0,95 - coefficient taking into account the
conditions of the process, m, - the mass of wood pulp,
kg.
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According to the theory of impact at spivudari rotor
weight m, wood and particle mass m; That much less
weight rotor velocity in the direction of impact is almost
zero. Thus, shock pulse at netsentrovomu hit by the
formula S[12, 17, 18]:

§ = map(1+k)/(1+5), (11)
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Fig. 4. Constructional and technological perspective diagram sieveless crusher DMB-F (0.5-1.5): 1 - frame,
2 - case, 3 - deck edge, 4 - rotor hammer, 5 - circular protrusions (smooth side deck) crushing chamber, 6 - valve for
changing the direction of air flow and pressure, 7 - channel to closed loop air flow, 8 - discharge pipe, 9 - guide wall,
10 - bunker, 11 - control panel, 12 - unit loading and unloading, 13 - valve to change the supply of source material,
14 - magnetic trap, 15 - discharge socket, 16 - valve handle, 17 - device for attaching the container, 18 - pipe boot,

19 - channel for air leak, 20 - motor, 21 - bracket for slinging.

where k,- recovery factor equal to the ratio of the
relative velocity of the particles before and after
impact, - eccentricity striking force relative to the center
of mass particle m, - radius of inertia of particle m.er

Ate = 0,5 = m,(1+ky).

A default formula (11) made the assumption that the
body, which are mutually bump, not destroyed. In the first
phase the kinetic energy of the rotor effort goes into
potential energy of elastic deformation. At this point
wood particles acquire a speed equal to the speed of the
rotor.

In the second phase of elastic deformation energy
turns into kinetic energy of a particle. In this piece,
starting from the hammer gets speed. Shot Power is
reduced to zero. In reality, the particle is destroyed. This
shock impulse rotor (H - s) is given by k,v,5,[12, 17, 18]:

Sp = Bmu, (1 + ky), (12)
where 8 = 0.4-0.5 - factor of active material.

When the rotor angular velocity of 20-40 m / s, the
stroke is 0,001-0,008 with. The intervals between beats,
when the rotor store energy, is much larger
0,012-0,024 sec. So, to strike only applies kinetic energy
of the rotor [12, 17, 18].

To make a crushing rotor should have a dynamic
moment of inertia J (kg - m?)[12]:

] = 5,D,/(2w,6), (13)
where w,,- rated angular speed of the rotor, rad / s, 0,02-
0,03. § = (Wmax — Wmin)/wy - the degree of uneven
rotor.

Strike force (N) can be determined by the formula B,
[12, 16-18]:

B, = % ~ 400S,v°,
where t, - a blow with.

Strike force taking as a starting load to determine the
forces acting on the rotor shaft and bearings.

Structural ~ dimensions  crushers  determined
depending on the size d maximumparticles in the original
wood biomass [12, 14, 18]. The diameter of the rotor for
vertical load crushers D, = 3d + 550 length of the rotor
L,=(0,8—12)D,.

Length off the axis of suspension to the outer edge
advisable to be equal. [12, 14, 18] The shape and size of
hammers must provide the maximum possible discharge
axis of suspension upon impact (0,2 — 0,25)D,,.

(14)

20
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To ensure the efficiency and reliability of the process
sieveless ram crusher established [16, 17] that the length
of the stream woody biomass should be equal to the
length of the working surface of the crushing chamber.
The ratio of each specified length to its radius and angular
velocity and attitude at the ends of the hammers to the
average angular velocity of flow and should make the
same constant value equal to 5 at the optimum operating
condition. Due to technical difficulties and design to
create a continuous and uniform flow in the working
range of the crushing chamber, taking the average radius
of the flows of mass equal to the radius of the rotor
L LpRyR,RyR,

To provide standard conditions for the particle size
for crushing ram sieveless Hammer crusher is necessary
to determine optimal crushing chamber width based
performance. Established [16, 17] that the performance of
these mills is proportional to the width of the crushing
chamber. This optimal crushing chamber width is 50 mm
per 1 ton per hour performance that expresses the relative
width of the crushing chamber (m - s / kg) of the formula
By [16, 17]:

b, =—, (15)

where m, - the capacity of the crusher, kg / s.
From formula (15) we have

By = mby (16)
or
me =1k (17)

According to the formula (15) relative width of the
crushing chamber is = 0.18 m - s / kg. According to the
formula (16), setting the capacity crusher can determine
the width of crushing chamber and vice versa, using the
formula (17), setting the width of the crushing chamber
can determine throughput (productivity) crusher by,.

To ensure the necessary size crushing, with reference
to the hardness of the wood physical and mechanical
properties, the minimum speed at the ends of circular
hammer crushers ramjet sieveless must be at least 60 m /
s. Established [16, 17, 18] that the minimum radius of the
rotor should be 0.2 m at a frequency of rotation of at least
2800-3000 rev / min.

For any size [20] sieveless ram hammer crusher
hammer rotor with a radius within 0.2-0.3 m and the
optimal operation mode crusher average circular flow rate
of the working masses on average 5 times lower than the
rate on the circular ends hammers. This decrease in the
average angular velocity stream of woody biomass is due
to a significant slowdown flow rib deck crushing
chamber. This increases the number and intensity of
hammer blows on the wooden mass, which enables the
achievement of the required grinding size in one pass
through the crushing weight of the working chamber.

Number of hammer blows on the wooden mass
depends on the amount of braking rotor speed, the number
of hammers on the rotor and hammers travel time length
of the working surface crushing chamber. Thus for
sieveless hammer crushers derived formula [16, 18, 20]
that for determining the number of hammer blows on
wood biomass, are as follows K,

Vun
KYLL =
Vep60

ZTh- (18)

These provisions are methodological basis for
calculation of parameters and compact design ram
hammer crusher sieveless DMB-F (0.5-1.5). The purpose
of this machine is fine crushing and milling to the size of
1-5 mm of all kinds of material discrete conditioning and
high humidity (12-30%) [16-18, 20]. Crusher can be used
in farms or forests composed of complex technological
equipment for manufacturing solid types of biofuels
(pellets or briquettes) with logging, woodworking,
agricultural and processing of waste.

The base model compact modification Hammer
crusher sieveless DMB-F (0.5-1.5) consists of the main
parts are indicated in Fig. 4. The feature of the crusher is
that the frame design provides possibility to install it on
different sizes of electric capacity 4.0, 5.5 or 7.5 kW
under a given module performance: 0.8, 1.1, 1.5t/ h [16-
18, 20]. And Hammer rotor is mounted directly on the
motor shaft. Crushing chamber volume is 67 dm3
capacity of 45-50 kg wood materials soft rock and other
bulk materials.

The process crusher DMB-F (0.5-1.5) is carried out
in a manner [17, 18, 20]. After the crusher in idle mode
opens adjusting valve 13 (see. Fig. 4). Wood raw
materials (wood chips, shavings etc.) with a humidity of
10-15% under the force of its own gravity passes control
magnetic trap 14 and enters a uniform flow in the feed
pipe 18. However, bulk raw wood cutters in the crushing
chamber rapidly comes from the outside air through the
channel to leak air 19. This phenomenon is due to the
work of the hammer rotor 4 mode fan. As a result of
mixing wood biomass with air is formed on the mixture,
which promotes uniformity of input raw material crushing
chamber in concurrent flow in the direction of rotation of
the rotor 4.

Under the influence of hammer blows in the form of
wood particles obtained kinetic energy that creates
tension strain in the particles. At the same time, the
particles acquire a circumferential speed of 50 s-1 rotor.
In the next moment after receiving hammer blows most
wood particles strikes against the rib deck 3 is partially
destroyed and partially lose speed, which is reduced by
about five times the speed of the rotor. In addition, the
particles being in the state of stress from impact hammers
and soundboard 3, facing each other and break up too.
Loop statements (smooth side deck) 5 crushing chamber
restricting the flow along the sides and contribute to its
uniformity.

The process is repeated crushing to the output of
processed wood biomass crushing chamber. In the tube 8
chopped wood material continues its movement and in
addition partially stratified, namely heavier and less
grinding particles are concentrated in the lower layers of
the stream, but rather crushed material is moved to the top
of the pipe 8. After passing through the wall of the guide
9, which is regulated, biomass lower layers to enter the
channel closed-loop airflow 7 and returned to re-grinding,
while the bulk goes to the discharge device 12 and then
discharge into the socket with rocker valve 15 m, which is
distributed through the handle 16 in sack or other
container.

Areas for further research workflows and compact
design sieveless crusher DMB-F (0.5-1.5) for its
improvement are:
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- the face of the hammers perform zigzag in a speech
height of 5-7 mm length 20 mm symmetrical
arrangement. This will increase to 15% intensity splitting
wood biomass by increasing the number of strokes fibrous
wood particles much angular face of the hammer,

- the edges of the deck 3 (see. Fig. 4) of the input
half crushing chamber to perform with a slope of about 20
degrees to the direction of rotation of the rotor 4.
Alternatively, ribs initial half deck crushing chamber to
perform with an inclination of 20 degrees in the direction
of rotation of the rotor. This modification increases the
degree of fragmentation of large particles of biomass
input half of crushing chamber and ensure uniform flow
of crushed biomass in the initial half of crushing chamber,

- discharge funnel 15 (see. Fig. 4) to perform as two
nozzles instead of one to ensure continuous sequential
release of chopped wood pulp with a corresponding flow
switching valve rocker 16.

Conclusions

1. The analysis of the essence of the phenomenon
chopping wood biomass as simultaneous destruction of
the material and the formation of new surfaces. To make
pellet or briquette pressing to manufacture solid biomass
raw particle size must not exceed 4 mm. According to the
classification process is grinding rough grinding to size
0.1-5 mm. Such grinding provides rotary hammer, cone,
buccal, pins (disintegrants), roller crusher.

2. Crushing blow hammer crusher provides a greater
effect of grinding, crushing crushing than other types of
crushers, such as buccal, or roller cone. The degree of
grinding in the hammer crusher is 20-30, and the specific
energy consumption for crushing at 18-25% lower than
other crushers. Hammer mills more efficient, cost per unit
of performance 2-5 times lower than the buccal and roll
crushers, shredders and hammer of materials in 1,4-3
times less.

3. The process of chopping wood biomass by a blow
to the hammer mill conventionally divided into two
phases. In the first phase hammer blow kinetic energy of
the rotor goes into potential energy of elastic deformation.
At this moment all the wood particles gain speed rotor. In
the second phase of elastic deformation energy turns into
kinetic energy of a particle. In this piece, starting off from
the rotor receives a certain speed. Shot Power is reduced
to zero. In reality, the vast number of particles of biomass
is destroyed.

4. Comparative analysis reshitnyh hammer (Seth)
and sieveless crushers indicates that the crushing chamber
reshitnyh crushers significant portion of the stream woody
biomass tends to re-crushing. As a result, circulation is
formed in the crushing chamber, resulting in increased
energy intensity, metal, operating costs, difficult
maintenance. As a result of the circulation of wood
biomass in the crushing chamber reshitnyh crushers their
performance significantly decreased to 18% compared to
sieveless hammer crusher. Thus, the process of grinding
in the hammer crusher reshitnyh needs improvement.
Significantly increased more than 5.7% efficiency and
reliability of the process in reshithyh hammer crusher

problematic compared with the same type ram sieveless
crusher.

5. Technological advantages sieveless hammer
crusher compared to reshitnymy (sieve) is that their
design allows for the following:

- dismantle of the crushing chamber so inefficient
and technologically unreliable knot, as sieve (strainer),

- eliminate circulation circle grind wood biomass and
allow the grinding material in crusher chamber to ram
cycle (without sieves),

- direct primary raw wood at the entrance to the
crushing chamber during a collision counter it with
hammers,

- change particle size crushing of wood and take
samples without stopping the manufacturing process
crusher,

- reduce the angular velocity grind wood biomass by
approximately 5 orders of rotor rotation speed and thus
increase the degree of crushing of raw materials,

- to implement closed loop dust-air mixture by using
air flow generated by the rotor hammer.

6. The most favorable means for the crushing of
wood biomass for the production of solid fuel in terms of
economy is the smallest sieveless ram crusher brand
DMB-F (0.5-1.5) with rotary hammer mechanism and the
deck edge.

Splitting wood biomass in the mill is under the
influence of mechanical shock. Thus the kinetic energy of
the working bodies - hammers partially or completely
converted into deformation damage.

Based on the analysis of the phenomenon by the
crushing blow of wood materials shvydkoobertovymy of
1500 rpm/min working bodies determined that during
rotation at impact hammers wood particles pass kinetic
energy, which causes stress and deformation structures in
themselves particles (Phase I). In the next moment due to
the elastic properties of the particles gain speed in the
passing flow that exceeds the circumferential speed
hammer rotor (Phase 11).

The process of fragmentation can occur in two ways.
1. The internal stresses in the particles exceeds the
strength of the material instantly cracks and body
collapses. 2. The value of voltage does not exceed the
strength of wood particles and complete destruction
missing. Formed only cracks at the next steps hammers or
decks or in mutual collision of particles leading to their
fragmentation.

7. Structural size of hammer crusher is determined
based on the largest particle size wood material entering
the mill. The diameter of the rotor for vertical load of the
crushers, the length of the rotor. Length off the axis of
suspension to the outer edge is assumed to be. The shape
and size of hammers should ensure maximum possible
discharge axis of suspension when struck by wood
biomass dD,=3d+550L,=(08-12)D,(0,2—
0,25)D,,.
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JIOCJIJKEHHS IEPCIIEKTUBHOI IPOBAPKU
JEPEBHOI BIOMACH J1J11 TBEPJOITAJIMBHOI'O
BHWPOBHUILITBA
O. I. €Epemenko

Anortanis. PoOora mpucBsiueHa HOCHTIIHKEHHIO
NPOLIECIB TTOIPIOHEHHST BTOPUHHOI JIepeBHOT Giomacu st
BUpOOHHUITBa  mener abo  OpUKETIB 3  METOIo
OOIPYHTYBaHHS KOHCTPYKIIIHHO-TEXHOJOTIYHOT CXEeMH 1
napaMeTpiB MepCHeKTUBHOT IpoOapKu.

Bu3HaueHO NepCreKTHBUM BHPOOHHUITBA TBEPAOTO
OiomanuBa B ymoBax rocrojapcrsa IlpoBexeHo aHami3
MPOIECiB i KOHCTPYKIIA HPUCTPOIB s MOAPIOHEHHS
6iomacu. OOpaHO pamiOHAIFHMKA THUI MOJIOTKOBiH 0e3
pemnIiTHOi JpoOapKy /Il 3aCTOCYBAHHS B TEXHOJIOTIYHUX
KOMIDIEKCaxX TOCHOIapCTBa.

AHaniTHYHUMHA JOCITIKEHHSIMA JIOBE/ICHO
JOLUTBHICT 3aCTOCYBaHHA NPSAMOTOYHOI MOJIOTKOBIH
6e3pemritHOi apobapku IMB-® (0,5-1,5) Ha apobieHHi
JIepeBHOi OiomMacw mepen MpeCcyBaHHSAM B TAIHBHI
BHpoOH. Po3po0ieHo GpyHKIIOHATBHY CXEMy TEXHIYHOTO
3aco0y, TpOBENeHI IHKEHEpHI pPO3pPaxyHKH pEXHMIB
pobotu i mapamerpiB apobapku. OTpuMaHi pe3ynbTaTH
CBIYATh PO MiIBUIICHHS €()EKTUBHOCTI TEXHOJIOTIYHOTO
npouecy JpoOJIeHHS JIepeBHOI CHUPOBMHM Ha Iid
Ipodapiii.
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KuarouoBi cjoBa: mporuecu moapiOHEHHS, JepeBHA
Oiomaca, TBepai OiomanmuBa, pobodui opraHu, Oe3pemriTHa
Jpobapka, po3paxyHKH, mapaMeTpu.

WUCCJIEJJOBAHME IMEPCITEKTUBHOM
JIPOBUJIKU JIPEBECHOI1 BUOMACCHI 115
TBEPJOTOIUIMBHOI'O [TPOU3BOACTBA
O. U. Epemenxo

AHHoTammsi. Pabota mOCBAIIEHA HCCICIOBAHUIO
NPOLECCOB  M3MENTbUCHUSI ~ BTOPUYHOH  JIPEBECHOI
OuoMacchl Al TPOM3BOJACTBA MEJUICT WM OPHUKETOB C
LEeNbI0 000CHOBAHUSI KOHCTPYKIIMOHHO-TEXHOJIOTHIECKON
CXEMBbI M ITAPAMETPOB MEPCIEKTUBHON JPOOHIKH.

Omnpe/enenpl MepCIeKTHBBI MPOU3BOCTBA TBEPAOTO
OWoTOIUIMBA B YCIIOBHSIX Xo3sakcTBa IlpoBemeH anamm3
MPOLIECCOB M KOHCTPYKLHUI YCTPOHCTB Uil U3MEIbUYCHUS
6uomacchl. BbIOpaH panroHanbHbIN THIT MOJOTKOBOM 03
PpeIIiTHOT JPOOUIIKU JUTSt MPUMEHEHHUS B
TEXHOJIOTHYECKUX KOMIUIEKCAaX XO3SHCTRA.

AHaIUTHYECKUMH  KCCICIOBAHUSIMH  JOKa3aHa
1IeJIECO00Pa3HOCTh NPUMEHCHUS MPSIMOTOYHOT
MOJIOTKOBOH Oe3peuritHOI apoduiku IMb-® (0,5-1,5) Ha
JpOOJICHUH APEBECHOM GHOMACCHI Mepe]] IPECCOBAaHHEM B
TOIUIMBHBIE wu3nenust. PaspaboraHa (yHKUHOHAIBHAS
cXeMa TeXHUYECKOTO CPECTBA, MPOBEICHBI HHIKCHEPHBIC
pacyetsl pexXUMOB pabOThl M TAPAMETPOB JPOOHIIKH.
[MonyueHHble  pe3ynbTaThl  CBHICTENBCTBYIOT O

TOBBIIICHAH 3¢ (eKTUBHOCTH TEXHOJIOTHIECKOTO
mporiecca  IpoOJeHus PEBECHOTO ChIphS HAa  ITOi
JpOOMIIKE.

KaloueBble cjioBa: mpolecchl  H3MeENbUYCHUS,
IpeBecHas Owomacca, TBepjJbple OHOTOIIMBA, pabouue
oprassl, ApoOMIIKa Oe3pereTHast, pac4eTsl, TapaMeTpHI.
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Abstract. The discrete-continuum model for analysis
and its optimization (minimization) of dynamic loads in
elastic elements (ropes) of load-lifting machines is
substantiated.

The influence of distributed and lumped parameters
of elastic elements on the magnitude of the dynamic loads
in them on the sections of transition processes (descent,
inhibition, reversal of motion) is determined.

The proposed criterion of the quality of movement of
the lifting mechanism of the crane, which minimizes the
coefficient of dynamism in the ropes, as well as the laws
of the movement of cargo, in which these criteria of
optimization of dynamic loads and elastic elements are
implemented, are established.

For determination of dynamic loads in an elastic
element, for example, in a rope a two-mass model of a
discrete type (with lumped parameters) is used, with the
help of possible reactions in the motion of the drive
mechanism with the drum at the descent, the reaction of
motion with constant acceleration is used which
minimizes the value of the driving moment drive, linear
motion reaction acceleration, which minimizes the
dynamic component of the drive power, reaction of
motion with change of acceleration of the third order, the
reaction of motion with the change of acceleration in its
curve of the fifth order.

Key words: continuity,  model,
optimization, minimization, dynamics, loads,
elements, ropes, hoisting machines, cranes.

analysis,
elastic

Introduction

The performance and reliability of hoisting
machines, precision and performance of different types of
jobs: unloading, loading, transport and other — essentially
depends on the dynamic loads in elastic elements of
flexible working, drive and hardware. The values of these
loads depends on the area of movement of lifting
machinery or its mechanism.

Formulation of problem

The most dynamic stresses occur in areas transients
(downhill braking movement).

One way to reduce these pressures on the drive
elements are resilient cranes lifting mechanisms is
necessary choices for their movements in areas transients.

Analysis of recent research results

In [1] showed that during braking during downhill
dynamic load factor in elastic elements of crane
mechanisms reaches 2.5 or more. In [1-4] the effect of
various reactions to dynamic traffic load in elastic
elements of lifting equipment for example lifting
mechanism. To determine the dynamic loads in the elastic
element, for example, used a rope dvomasova discrete
model type (with lumped parameters) diagram is
presented below in Fig. 1.

At the same time as possible reactions in motion
with a drum drive mechanism at the site of descent used
the following 4 [3, 4]: 1) reaction motion with constant
acceleration, which minimizes the value of the driving
time of the drive, 2) reaction movement with linear
acceleration change, which  minimizes dynamic
component power drive, 3) reaction to the change of
motion acceleration third order, 4) reaction to the change
of motion acceleration curve in his fifth order. It is the last
two reactions give a smooth change of motion
acceleration curved drum mechanism that would reduce
the fluctuations of dynamic loads in the spring elements,
but does not minimize them as a dynamic factor.

In [4] The effect of movement in response to the
change and maximum values of dynamic loads in the rope
when lifting load at startup, but does not include
properties rope spread as elastic element lifting
mechanism of the crane.

The impact of distributed properties of cables,
according to the authors of this study can be defined using
the approaches set out in [5-21].
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Purpose of research

The purpose of the work is justification discrete-
continuum model of lifting mechanism of a crane, which
allows for distributed properties of the spring element
(rope) and allows the absence to the selected quality
criteria of the system to minimize the dynamic loads on
the rope, to determine optimal in this sense, the laws of
motion of the cargo and the drive mechanism of the drum
and to identify their oscillation frequency rope that define
its resonances, subject to the availability of goods
enshrined in it.

Results of research

The dynamic model of valve lift mechanism as a
system with lumped parameters and its analysis.

The diagram of the dynamic model (discrete type)
lifting mechanism (Fig. 1) made the following notation
[4]: m, m1-built lifting channel to the masses under load
and drive mechanism of the drum, x, x1 — generalized
coordinates of mass m, ml, (F2, F1 — cargo weight
(F2 = ml - g, g — acceleration due to gravity) and the
driving force of the drive construction to cargo rope,

C — tightening rope.

.

Fig. 1. The dynamic model of the crane lifting
mechanism as systems with lumped parameters (discrete
model type).

In the first approximation P = E S/e, where e —
modulus material tightrope, S-area of its cross section, | —
rope length).

The model equations of motion lifting mechanism
have the form (4):

{ml-x=F1—f-(x1—x) 1)
m-¥=(x1—x)—F2

Which easily through simple changes to reduce to a
single equation for X (E) fourth order.

Given the fact that the driving force of the drive
drum is determined: F1 = F2 + (m + ml) - a (t) = mg + (m
+ ml)-a (t), going from (1) have:

XU 4 k2. x = k2 - a(t)where k = /(% + i) .C.(2)

C - frequency natural vibrations of the discrete
dynamic model of lifting mechanism, t — time, a = a (t) -
function acceleration of a motion mode drive mechanism
with a drum, depending on the time (t).

Solution (2) depends on the type of right that is
determined by the mode of movement of the drive
mechanism. Symbols Number mode 1, 2, 3, 4 above in
the analysis of publications. For specific regime and (t)
has the following form:

a) First rezhym-

a =vy/tn = coust, 3)
b) a second rezhym-
a="2.(1-5), ¢
c) The th|rd mode-
a=1222(1-=% (5)
d) The fourth mode-
a=6020 . (1-Ly. 6)

Note that in the expressmns (3)-(6) Vy - speed
steady movement of cargo during its recovery, tn - length
start (acceleration) of cargo.

Further that the point system was in the time of
relative peace, that is:

x2=0,x1,,1=0  2=0i2=0i2 (7)
Therefore equation (2) should roz’yazuvaty under

the following initial conditions:

NG (t) e (D)
X 0—0 — = 0X —g,xgzo. (8)

Total (2) is:
X (@) =(A1 +A42 -¢t) + Bl -sin (kt) + B2 - cos (kt) +
+ x part. (T), 9)

where the constants Al,2, V1,2 define the conditions
(8) when a particular solution found (2) x part. (T). We
will further deal with the movement of goods, which
minimizes dynamic factor.
In the twisting element lifting mechanism, ie the
rope, the section of its start when tYe [0, tn]:
ifotn{k JuH. (1)} 2dt —» min (10)
From the second equation of (1) efforts to rope are
defined as follows:
F=C - (x1-x) = mi+ Mg. (11)
Quality criteria of motion (10), based on (11)
determines the performance of the following conditions
necessary for its implementation (Euler-Poisson):

X = 0. (12)
Then we have:
() 2, = k2.
{x kS x=kEalt), oy ga ). (13)
x(IV) =N

So, to find x (G) for optimal cargo movement at the
site start (in the sense of the criterion (10) should solve
(13) with zero initial conditions:

X2 =, i2=0.  (14)
According to relations (3)-(6) have.
For the first mode:
2
X (1) =2 (). (15)
For the second mode:
2 2 3
X (=22, [% - ;ﬁ} (16)
For the third mode:
_12vy (3 t* tS
XM= tn {a " et?n + 20t3n}' (17)
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For the fourth mode:
__60vy et 3 1% t®
X0 = tn '{12t2n 20" t3n | 10.t%n 42 tSn} (18)
For dynamic coefficient k din. (+) (for each of the
corners modes) are:

k din. (t) = ““) (19)
For the first mode of movement of the drum drive
mechanism are:
Kdin. (T)=1 +;—fn =coust >1.  (20)
For the second mode of motion of the drum drive
mechanism are:
Zvy t\ _ 2vy 2vy.t
Kdin. (T) =1+ (1—5) =1+22 250 1)
Maximum values of Dean K (t) becomes the starting
point, at t = 0:
Dean K (t) / max = k dyn (t) /t_, = 1 + ;—; (22)
For the third motion mode drive mechanism with a
drum ends
t2 t3
Kdyn. (T) =1 + (— -2 5+ 5. (23)
Maximum values of k dyn (t) becomes y at time
t=tn/3:
kdyn (t) / max = k dyn (t) /t =m= 1+ — (24)
For the fourth motion mode dnve mechanlsm with a
drum ends:

_ 60vy (t2\ (. t \ 3
kdyn (1) = 1+.°22. (1) (1 m) . (@5)
Maximum values of k dyn (t) becomes y at time

t::Z tn:
5

12vy

64vy

Rt @) ke (© _

max t 2

1296-vy
625-g-tn’

(26)

5tn
The following Table 1 shows the min and max
values:

®(€), and = (1.4)
OSM

,tn = 2,0c,c?

,qm—l

forg=9.8lm/v, =

Table 1. The value of min and maxk,, o(),i=
(1,4).

and kLlI/IH ® /min kzu/m ® /max
1 1,025 1,025
2 1,000 1,025
3 1,000 1,181
4 1,000 1,053

Note the following: 1) the minimum value for
i =(2,4) becomes time t = tn, ie at the end of the period of
start-up, 2) for i = (1,4) is not the case optimal cargo
movement (oscillating) character (in contrast to the results
obtained Yok (€K o (8) [4D.

Incidentally, at time t = 0 (early start):

k;u/m(t) fori= (3,4) kmm(e) =1.

Thus, the motion mode drive mechanism of the
drum, which ensure smooth movement and cargo, and
also ideal value at the beginning (t = 0) and the late start (t
=tn). This third and fourth modes (law a (t) respectively).

Given (13), we have:

x,(t) = a(t).

Since x1 (t) are also zero-point conditions:

(@7)

xl(t)

XL (@) /ity = 022 = (28)

Then the optimum law of motion xl (t) coincide with
corresponding to x (t) (15) (16) (17) (18).

The dynamic model of valve lift mechanism as a
system of separated parameters and its frequency. Rope
with no movement in the lifting mechanism.

Using the approach to work (6), determine the
natural frequencies of the rod (model flexible rope) under
the following boundary conditions:

When z = 0.

When z = I, where I-length of rope (at the time point
lifting).

dX dx

mX (z) =ES=E-S, p? R

where: z - coordinate pozdovzhenya (along the axis
of the straight rope), p - rope natural frequency (at rest), x
(z) - own modes of rope that performs longitudinal
vibrations.
Custom modes of x (z) has the following form:
X (z) = sin (+ - cos (,A; Z)A, . (29)
Where v - velocity of longitudinal waves in the rope,

v=|E
==

where: p - density material rope.
With conditions at z = 0, we have X (z) / =0, s0:z,_,
A, = 0. The condition at z = | we have:

P\ . ppe-s.2(PL
m-pz-(;)—E cos.' S V(y). (30)
Thus, the frequency equation taking into account the
expression = E / p, is v?:
1 1 -5+l
oeg (5)=5 (31)

So part of the equatlon (31) is a ratio of weight to the
rope core end load (m). The value of the first root of

equation (I/v) depending on the ratio = pS - I/m following
(see. Table 2) p;a:
Table 2. Depending on(z”1 l) a= pTl.
a 0.10 | 0.30 | 0.50 | 0.70 | 0.90
p.-l/v | 032 | 052 | 0.65 | 0.75 | 0.82
a 1.00 | 2.00 | 4.00 | 10,00
p.-l/v | 086 | 1.08 | 1.27 | 1.42

Calculate the natural frequency of oscillation system
p.for different values rope length | by the following
values: v=Sm/c,E=2-Pa,S=25-10310"10"*m?

P=8-10° % (steel rope), m kg. Table 3 presents the
value and importance of I-frequency, which corresponds
to a model system with lumped parameters and is defined,
in this case, the expression 103p, 2

1 ES
Q= ’; + - - (32)
Table 3. Value p; and depending on | y0.

L, m 5 15 25 35 45
py,c1]320.0 | 173.0 | 130.0 107.1 | 91.1
Qc! | 316.0 | 182.6 141.4 119.5 | 105.4

L, m 50 100 200 500
p,cl | 86.0 | 54.0 31.8 14.2
Qct | 1000 | 70.7 50.0 31.6
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The table shows that the value of Q significantly
exceed p, especially for large rope length.

Natural frequencies rope for this case are determined
by the following transcendental equation must solve using
PC:

2 3
{mml-p“—E2 - 52 -z—z}-sin(%l) +{ES-%-
(mml} cos (%l) = 0. (33)

The coefficient of dynamic rope lifting mechanism is
determined by the formula given above for load securing
points (z = I) In the case of optimum start system set
modes and traffic load over the drum (also the best in
terms of quality criteria of the system at the site launch).

Conclusions

1. Reasonable physical-mechanical model of lifting
mechanism of a crane at the site of its descent, dyskretno-
continual system parameters.

2. Modes of traffic load and drive mechanism with a
drum that satisfy the quality criteria of the system that
minimizes the coefficient of dynamic ropes on the site
starting mechanism.

3. Obtained in the results can subsequently be used to
analyze, refine, improve engineering methods for
calculating mechanism lifting cranes on their site start
considering discrete-continuum all the features of the
latter, as well as to determine the characteristic natural
vibration frequencies (long) ropes (with order to prevent
their unwanted resonance vibrations) as the engine design
(design of such systems and the real operation.
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Anoranis. OGIrpyHTOBaHO JMCKPETHO-KOHTHHYaJIbHA
MOJIeNb JUIS aHaj3y Ta ioro omnrumizanii (MiHimi3anii)
JUHAMIYHMX HaBaHTQXEHb Yy MPYXHUX EJIEeMEeHTax
(kaHaTax) BAaHTAXKOIIAIHMATbHUX MAIIHH.

3’5COBaHO BIUIMB DO3MOAUICHUX 1 30CEpeIKEHHX

napaMmeTpiB  NpPY)KHHX  €JIEMEHTIB Ha  BEJIUYUHY
JIMHAMIYHMX HAaBaHTOXEHb Yy HHX Ha JUISHKax
TepexiTHIX MpOIIeCiB (crycx, raJbMyBaHHS,

peBepcyBaHHs pyXy). 3alpOIIOHOBAaHWN KPHUTEPIl SKOCTI
PYXy BaHTXOIIAHOMHOTO MEXaHi3My KpaHa, IO SKiit
MIHIMI3y€ThCS KOCQIIIEHT TUHAMIYHOCTI B KaHAaTaX, a
TaKOX BCTaHOBJICHO 3aKOHHM PYXy BaHTaXy, NPHU SKUX
peaii3yeTbcsl BKazaHi KpuTepii onTumizanii JUHaMIYHUX
HaBaHTAXKEHb 1 IPY)KHHUX EIEMEHTaX.

Jnsi  BU3HAYEHHS JMHAMIYHUX HABaHTAXKECHb B
NPY>)KHOMY €JIEMEHTI, HaIlpUKJIaJl, B KaHaTi BUKOPHCTaHA
JIBOMacOBHX MOJIeIb JUCKpeTHoro  tumy (3
30CEepEePKCHIMH TIapaMeTpaMu), MpH IOMY B SKOCTI
MOXIIMBHX pEakliii pyXy NPHBOAHOIO MEXaHi3My 3
6apabaHOM Ha JIUISHIN CITyCKy BUKOPUCTaHI peakuii pyxy
3 MOCTIMHMM NPHUCKOPEHHSM, SKHH MiHIMI3y€ BEINYHHY
PYIIIHOTO MOMEHTY IIPHBOJA, PEaKLii pyXy JiHIHHOIO
3MIHOIO TPUCKOPEHHS, MIHIMI3ye IHHAMIYHY CKJIAJIOBY
MOTY)KHOCTI ~TPUBOMY, peakmii pyxw 31 3MiHOIO
MIPUCKOPEHHS TPETHOTO MOPSIIKY, PEaKIlii pyXu 3i 3MiHOIO
MIPUCKOPEHHS B HOTO KPUBOI I’ SITOTO MOPAIKY.

KirouoBi cinoBa: IHUCKpETHICTh, KOHTHHYaJIbHICTH,
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IlpennoxxeHHBIl KpUTEpUM KauecTBa JABMXKEHUS
Ipy30MOJBEMHOTO MEXaHU3Ma KpaHa, IO KOTOpPOH
MHUHAMH3HPYETCS  KOI(QQHUIMEHT IUHAMHYHOCTH B
KaHaTax, a TakXKe YCTAaHOBJICHBI 3aKOHBI IBWXKEHUS Ipy3a,
IPU  KOTOPBIX  pealu3yeTcss  yKa3aHbl  KPUTEPHUH
ONTUMH3AIMMA JWHAMHMYECKHX Harpy3ok H YIOpPYTuX
JJIEMEHTaX.

JUia  ompexeneHus JIMHAMMYECKHX HArpy3ok B
YOpYroM 3JIEMEHTEe, HalpuUMep, B KaHATe HCIONb30BaHA
JIBYXMacCOBBIX ~ MOJENb  JWUCKpeTHoro  tuma (¢
COCPEIOTOUYCHHBIMH TTapaMETPaMH), IIPH 3TOM B KaueCTBE
BO3MOXHBIX  pEakUuMil B  ABWXKECHHA  IPUBOJHOIO
MexaHM3Ma ¢ OapabaHOM Ha  ydJacTKe CITycKa
UCTIONB30BaHbl PEAKUMU JABWKEHHA C MHOCTOSHHBIM
YCKOpPEHHMEM, KOTOPbIM  MHHMMU3UPYET  BEJIUYHUHY
JIBIDKYIIETO MOMEHTa MpPHBOJA, PEAKUUH JBIDKEHUS
JIMHEMHONM W3MEHEHHEM YCKOPEHHUS, MUHUMU3UPYET
JUHAMUYECKYI0 COCTABJIIONIYI0 MOIIHOCTH TIPUBOJA,
peaKIMy JABWXECHHS C M3MEHEHHEM YCKOPEHMS TPETHEro
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Abstract. The article deals with a calculation of
economic efficiency of the use of a prototype of a
hydroseeder "Inna" which is aggregated with a
motorblock and allows to sow small sprouted seeds of
vegetable crops with simultaneous watering with small
doses of a liquid.

Also, had done a comparison of the basic economic
indicators of the experimental model of the hydroseeder
and the seeder “Vinnitsya”, which is introduction in a
serial production for a seeding dry seeds.

The calculated economic effect of using a
hydroseeder will be obtained by reducing the direct
operating costs achieved by reducing labor costs and
renovating.

The increase in productivity of the hydraulic
fertilizer is increased due to the possibility of its
aggregation with the motorblock and the installation of
the recommended parameters of the nodes of the
hydroseeding apparatus.

Key words: hydroseeder, efficiency, costs, cost,
effect.

Introduction

Traditionally dry sown crop seed drills at a given
depth and a given width of the aisle. Modern drills have a
high reliability, better performance and provide quality
planting different seeds in accordance with the
agrotechnical requirements.

The disadvantage of such planters is the failure of
the amicable shoots, especially seeds with a long
germination.

Hydroseeder “Inna” is intended for small farms. It
was created in order to save money to buy an expensive
pelleted seed allows you to get even sprouts an ordinary
vegetable seeds.

Also took the germinated seed will allow you to get
an earlier harvest, when there is mass implementation of
seasonal vegetables, so their price will be higher.

Formulation of problem

Another economic advantage of this planter is
cultivation on the same plot a few vegetable crops in the
spring and summer period by reducing the time from
sowing to technical maturity.

Therefore, the economic effect from the use of
hydroseeder obvious.

Analysis of recent research results

Issues of economic efficiency of use of domestic
seeding equipment dedicated to the works [1-24], but
their studies have not dealt with the use of small seeding
machines.

Purpose of research

The purpose of this paper is to conduct a
comparative economic evaluation of the use of the seeder
for sowing dry seed “Vinnitsa” and hydroseeder “Inna”.

Results of research

Development of small tools is one of the priority
areas in agricultural engineering.

Of the existing means of mechanization of the most
widely tillers, mini tractors with a set of tillers. Tools for
sowing and planting crops and caring for them is not
widespread, therefore there is a need for their
development and implementation.

One of the possible solutions to the problem of
ensuring household plots with means of small
mechanization is the development and production of
relatively simple and, as a consequence, cheap small
tools, which would be completed with the working bodies
and mechanisms of existing agricultural machinery.

However, it is necessary to consider manufacture of
small tools in a home workshop from available materials.

Small seeder “Vinnitsa” designed for sowing small-
seeded variety, namely vegetable crops. It has already
been implemented in series production and has wide
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application. Serial drill “Vinnitsa” for example, for the
base variant. Garoul “Inna” (Fig. 1) for sowing
germinated seeds will present as new variant [2].

Hydroseeder “Inna” is particularly effective when
applied seeding hydrated and germinated seeds on
farmlands, suburban areas, in greenhouses for growing
vegetable crops and medicinal plants, and is
multifunctional. It can be used for irrigation of the culture
directly in the line of a small dose of water or feed
solution. Developed hydroseeder also allows for pre-
sowing preparation of seeds is a process of aeration
(barbaraanne) seeds (Fig.2). It has a positive effect on the
rate of seed germination and increasing germination. Its
essence lies in the fact that seeds incubated in water at 20-
25°C, which is aerated constantly (blown) oxygen
installed on garoul compressor. This operation lasts for
several hours.

After carrying out comparative experimental studies
on the quality of sowing carrot base and upgraded the
seeder obtained the following values of the quality
indicators: coefficient of variation of depth of seeding the
basic unit amounted to 7.8% and gdream of 5.6%, the
uniformity of distribution of seeds along the length of the
row for base unit — by 53.9%, for the upgraded — 71,9%,
field germination of seeds when planting the base unit is
68,4%, a modernized version of 89.4%. It is established

that at application of hydroseeder substantially increase
the uniformity of distribution of seeds along the length of
the row. Simultaneously, it will increase seed
germination, and coefficient of variation of depth of
placement of seed in the furrow is reduced.

Economic efficiency from the introduction of the
production was carried out according to the standard
technique [1] on the basis of these plants and the results
of field studies.

The performance of the unit shift time is determined
by the formula:

Wz = 0,[ : Vd 'Br'Kte, (1)
where: Vy — actual average speed of movement of the
unit, km/h,

Br— working width, m,

Ki — the coefficient characterizing the deviation of
the technical performance of the unit from operating.

Transport of seeds in the seed bed is carried out with
simultaneous introduction of water regulation effects
0,082 I/m.

Labor costs per unit of work are determined by the
expression:

Tr = n/W,, (2)
where: n — the number of workers employed on the
operations people.

Fig. 1. Hydroseeder “Inna”.
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Fig. 2. Process barbaraanne seeds.

The specific energy is expressed by the equality:

F = Nen /W, 3)
where: Nen — Operating engine power, KW.

For tillers Nen=4,41 kW.

The specific energy consumption shows the power
consumption of the engine per unit volume of soil and is
given by:

E=0V/aU, 4)
where: O — traction resistance, kN
V — speed, m/s,
a — working depth, m,
U — width, m.

Reduction in specific energy consumption is:

D = (Ep - En/ Eb)100%, (5)

Direct operating costs per unit volume of works:
UAH/ ha

C=Z+A+Q+R, (6)
where: Z - wages of the service staff, UAH/ha, 3 = 15,45

Q — fuel and lubricants, UAH/ha

A — depreciation, UAH/ha (Am — tillers, As —
seeders),

R — repair and maintenance services, UAH /ha.

Z=241 W, 7

Hourly pay rates for staff (UAH/hour):

- when sowing Zs =16,12.

Deductions depreciation and amortization (UAH/ha)
is calculated by the formula:

A =Bja/ Wi, (8)
where: B — book value: motoblock = 24125 UAH planter
“Vinnitsa” = 655 UAH, "Inna" = 5600 UAH.

a — coefficient contributions for the renovation: tillers and
= 0,1, seeders a = 0,142.
t — seasonal load: for tillers t = 1600, seeder t = 200, h

Deductions for repairs and maintenance, UAH/ha:

R=Bir/ Wi, 9)
where: r — ratio deductions for repairs and maintenance.
For tillers r = 0,13, seeder r = 0,07.

The cost of fuel and lubricants is determined by the

formula:

Q = gnPm,
where: P, — given the unit cost of fuel and lubricants,
UAH. Pm = 32 UAH/kg.

Specific capital investment is determined by the
formula:

(10)

Kn = Bi /Wz t, (11)

Given the specific costs are calculated according to
the formula, UAH/ha:

i =B+ KnKn (12)
where: Kn — normative coefficient of efficiency,
Km =0,15.

The annual economic effect from the exploitation of
the new planter, UAH/year:

E=Co-CyT (13)
where: C,, Cn — given the costs in the baseline and
the new planter, UAH/ha,

T — the annual volume of work, ha.

T=tWw,

FE =(186,88-172,3) 200 = 2920 UAH.

Using the table we can conclude that the application
of the proposed model hydroseeder reduces the cost of
labor per unit of work, energy and power consumption for
the operation of sowing, which gives grounds to assert
that this technology is energy efficient. Of course there
are some additional maintenance costs of the planters and
tillers, but they cancel due to high prices for early
vegetables.

So field studies were conducted in the spring of
2018. To test the operation hydroseeder conducted a study
of the process of sowing germinated seeds of carrots. This
year the prices for carrot are, especially in the early
production broke all records (1 EUR/kg). Of course then
the prices are somewhat decreased, but even during the
mass harvest remain fairly high (0,5 EUR/kg). Studies
have shown that the use of hydroseeder for sowing
germinated seeds of vegetable crops gives you the ability
to crop of carrots in mid-June.

(14)
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Table 1. Indicators of comparative economic efficiency when planting carrots.

The characteristics Base variant New variant
The number of sown rows, PCs 1 2
Seeding rate kg/ha 3,5 4
Productivity per hour, ha/h operating time 0,09 0,533
Speed, km/h 2,8 5
Fuel consumption, I/ha - 0,47
Weight, kg 5.6 53
Depth, cm 1-5 1-5
Labor costs per unit of work person/ h 0,27 0,25
he specific energy 32,89 30,42
The specific energy consumption, kJ/m 68,57 56,6
Wage of workers, UAH/ha 4,39 4,06
Contributions for the renovation: walking tractor - 7,2
seeders 10,67 9,96
The annual volume of work, ha:
walking tractor - 4,5
seeders 0,738 1,79
Deductions for repairs and maintenance,
UAH/ha:walking tractor - 9,36
seeders 5,26 4,91
Fuel and lubricants, UAH/ha - 136,5
Direct operating costs per unit volume of works:
UAH/ha - 157,12
walking tractor 15,93 14,87
seeders
Specific capital investments, UAH
walking tractor 72,05
seeders 75,2 70,17
total 75,2 142,22
Given specific costs:
walking tractor 167,9
seeders 27,21 254
total 27,21 193,3

Conclusions

Conclusions and outlook: improving the economic
efficiency of production of vegetables associated with
productivity increase — the main indicator that
characterizes the production and business activities of the
enterprise.

1. One of the most important means of determining
production efficiency is profitability. This figure covers
the expenses for production and sales, net income,
productivity and production costs.

2. The annual economic effect from the use of
hydroseeder will be 2920 UAH. The economic effect will
be obtained from the reduction of direct operating costs,
achieved by reducing labor costs and renovation.
Productivity hydroseeder increases due to the possibility
of aggregation with a walk-behind tractor and a set of
recommended parameters of nodes garbisch apparatus.

3. However, there are factors which reduce
productivity hydroseeder. This is a limited capacity
vodonosnyh mixture (up to 6.3 liters).

4. When using prototype hydroseeder observed
improvement compared to the base model: decrease of
specific energy costs by 17%, reduced labor costs by
20.2%.

5. In determining economic efficiency hydroseeder
for objective reasons, were not taken into account:
reducing the technological reliability of the prototype
hydroseeder, increased crop yields due to the parallel
watering small doses of liquid.

6. The main advantage of the introduction
hydroseeder “Inna” is the ability of germinated sowing
small seeds of vegetable crops without injury to the
shoots with simultaneous mtropolitan. This gives you the
opportunity to get early crops of vegetables at minimum
cost. Enter the market before competitors allows to
receive additional profit due to the difference in the
market value of products up to 35%.

7. In our opinion, the economic indicators are
objective and can't change much, especially not affect the
potential effectiveness of using gtoal. However, it is
possible to further improve the design ggrowing
apparatus, which can positively affect the economic
efficiency of hydroseeder.
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TEXHIKO-EKOHOMIYHA OI[IHKA
E®EKTHUBHOCTI BUKOPUCTAHHA
TTIPOCIBAJIKHN
JI. B. Anickesuy, C. M. Jatinexa
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AHoTamiss. Y crTaTTi TPOBEACHHUNH PO3PaXyHOK
€KOHOMIYHO1 €(eKTHBHOCTI BHUKOPHWCTAHHS TOCIIiTHOTO
3pa3ka TigpociBadku «[HHa», MmO arperatryeTscs 3
MOTOOJIOKOM 1 J1Ta€ MOXMJIMBICTH BHCIBaTH IIPOPOIICHI
HACiHHS OBOYEBHX KYJIBTYp 3 OXHOYAaCHHM IIOJHBOM
HEBCJIMKMMH  J03aMH  pimuHH. Takoxk IpOBeieHO
MOPIBHSHHA OCHOBHHMX ITOKa3HMKIB JOCIITHOIO 3pa3ka
TiIPOCIiBaIKK 1 BIPOBAXKEHO B CepiliHE BHUPOOHHIITBO
CiBaJIKM JJs BHUCIBY CYXOro HaciHHA «BiHHHIID».
Po3paxoBanuii €KOHOMIYHHMH e(EeKT BiJl BUKOPHCTaHHS
rigpociBanku Oyjno B35ATO BiA 3HWKEHHS IPIMHUX
eKCIUTyaTalliiHuX BHUTpPaT, JOCSATHYTHX 3a PaxyHOK
3MEHIIIEHHS BUTPAT Ha MpaIfio i peHoBamito. [ligBumeHHs
MPOAYKTUBHOCTI Tpari 30UIbIIyeTbcs 3a  paxyHOK
MOXJIMBOCTI ii arperaTyBaHHS 3 MOTOOJOKOM i
YCTaHOBKOIO  PEKOMEHJOBAaHMX IIapaMeTpiB  BY3IiB
TiIPOBUCIBHOTO amapary

KawuoBi cioBa: rigpociBanka, eQeKTHBHICTB,
BUTPATH, BapTiCThb, €HEKT.

TEXHUKO-EKOHOMMWYECKA S OLIEHKA
DODOEKTUBHOCTU UCITIOJIB3OBAHU A
TNAPOCESJIKA
JI. B. Anucxesuu, C. H. [aiinexa

AHHOTauuMsi. B cratee mpousBeneH — pacuér
SKOHOMHUYECKOM 3P PEKTHBHOCTH HCITOJIb30BaHUSA
OmBITHOTO  0Opasma  ruapocesyiku  «MHHA»,  9TO
arperaTupyeTcss ¢ MOTOOJIOKOM W HaéT BO3MOJKHOCTh
BBICEBATh IPOPOILEHHBIE CEMEHa OBOIIHBIX KYJIBTYp C
OJIHOBPEMCHHBIM ~ TOJMBOM  HCOOJBINMMH  J103aMH
KUAKOCTU. Takke MPOU3BEJICHO CpaBHEHHWE OCHOBHBIX
rmokaszatejeid  OMBITHOrO o0pasiia THAPOCESIKA U
BHEJPEHHYIO B CEpUHHOE MPOU3BOJCTBO CESUIKH ISt
BbiceBa Cyxux ceMmsH «BunHuna». PaccuntaHHbIN
SKOHOMHYECKUH 3P (PEKT OT MCIONB30BaHHS THAPOCESITKH
OyZeT B3AT OT CHW)KCHHUS TPSMBIX DKCILTyaTallHOHHBIX
pacxooB, TOCTUTHYTHIX 32 CUET YMEHBIIEHUS Pacxo/0B
Ha Tpya W peHoBauuioo. [loBbllleHHE TPOAYKTHUBHOCTH
Tpylla YBEIMYMBAETCS 32 CUET BO3MOXHOCTU €€
arperaTHpoBaHUs. C  MOTOOJNOKOM W  YCTaHOBKOH
PEKOMEHIYEMBIX TTApaMeTPOB Y3JI0B THAPOBBICEBAIOIIETO
ammapara

KaroueBble ciioBa: ruapocesika, 3QQeKTHBHOCTS,
pacxojipl, CTOMMOCTb, 3P (EKT.
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Abstract. The paper presents the results of a
theoretical study of the interaction of particles of grain
material components with countercurrent flow of material
into the air flow and variable flow velocity curves along
the coordinate axes. It is established that the use of
variable speed increases the magnitude of the splitting of
the trajectories of motion and the efficiency of separation.

Analyzing the results of mathematical modeling of
the ballistics of the particles of the components of the
grain material can be determined that the increase in the
magnitude of splitting (branching) trajectories of the
particle motion when using variable air velocity at the
coordinates. The increase in the magnitude of the splitting
of the trajectories unambiguously characterizes the
increase of the efficiency of separation of components of
the grain material into fractions according to the
aerodynamic properties, which are known to tightly
correlate with the qualitative indices of the grain material.

The results of research of process of inertial
fractionation indicate real opportunities to improve the
efficiency of separating the material into fractions
according to aerodynamic properties. The effect of the
velocity plot of air in the air channel can be used to
control the processes of separating the material into
fractions.

Key words: grain material, aerodynamic properties,
air flow, trajectory of particle separation into fractions.

Introduction

Addressing division multi-grain  material into
separate fractions particular purpose has significant
importance in post-harvest handling and processing of
grain [1, 3, 5, 11]. The need to improve the efficiency of
grain separation machines due to increased requirements
for grain quality and intensity resource energetic balance
grain production farms.

Analysis of existing methods for purification and
separation of grain material shows that the process of
improving individual components and the working of the
machines, optimizing operational parameters of energy
efficiency of processes and machines in specific rates

virtually unchanged. This situation is due to the fact that
the improvement grain separation machine does not
change the basic features of their operation.

The basis of grain cleaning and separating equipment
currently account latticework and air-sieve machine. The
presence of the fast, oscillating or vibrating nodes causes
more dynamic load on structural elements of the machine,
which affects performance increases relative weight
machines working sieves tenfold themselves sieves
require complex mechanisms for their drive and balance
the inertial forces.

A promising direction is to create sieveless air
separators [8, 9, 10].

Air (pnevmo inertia) separation compared to other
methods of separation of the multi grain material is
voluminous in nature and in the absence sieve material
can handle any moisture and debris.

Formulation of problem

However, studies conducted [1] there is no
consensus about the efficiency of operation at heavy
loads.

We consider the fundamental capabilities grain
fractionation efficiency air flows of materials by
analyzing mathematical models of moving grain
component material in the air flow.

The most common vertical pneumosupply channels
provide high quality separation (separation into fractions)
with minor material feed supply by increasing the quality
of their work is reduced due to an increase in collisions
between particles. Horizontal air streams (channels) have
the advantage that the direction of gravity and
aerodynamic forces are not the same, and the number of
collisions is negligible.

Pneumo-inertion separation is done by "stuffing" the
grain mass in a moving layer of air where the resulting
difference in air resistance and components introduced
with a fairly large (3-6 m/ s) speeds are split trajectories.

The peculiarity of presenting the material in a
counter flow of air is possible to increase the speed of
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interaction of air flow without increasing the speed of the
latter and increasing the feed rate of the material.

To identify the basic laws of fractionation
mechanism pnevmo inertia the basic mathematical model
of particles with different aerodynamic properties (speed
greetings, drag coefficient, or distribution) in the air flow
depending on the speed and angle of the input airflow.

Consider moving components (trajectory) grain
material by changing the airflow in the direction of its
movement in the direction of gravity. It is shown that
when air speed distributioncoordinate value increases the
branching paths, and this is achieved by improving the
efficiency of fractionation.

In the mathematical model the influence of
fluctuations in airflow character moving components of
the grain material.

Identified laws of motion of particles in a single
approach that can be distributed to a plurality of particles
each component grain material.

Analysis of recent research results

The problem of increasing the productivity and
quality of air separation of grain cleaning machines
working on technologies fractionation by improving the
working bodies and their operation modes adequately
covered in the monograph [8] and the works of individual
authors [2-4].

Proven efficient processes pneumonitis fractionation
of grain materials [3-5].

Among a wide class of air (aerodynamic) separators
occupy a significant place machines that use horizontal air
flow [5, 6] with a bottom material discharge, but also
optimization of the operating parameters: set the angle of
the feed rate of material into the air flow and speed the
flow of other ways to intensify the split in the literary
sources not found.

However, it is known [6, 7], changes in the structure
(the velocity plot of air) flows, it is possible to achieve a
significant improvement in the separation of grain
materials into fractions according to technological
purpose.

Purpose of research

The aim of the study was to determine the
effectiveness and feasibility of the application of the
principle changes in the flow velocity of air at the
introduction of material into the working chamber
(pneumococal).

Results of research

Consider the motion of the components of the grain
material, which are different aerodynamic properties. A
comprehensive measure of the aerodynamic properties,

which can be adopted to quantify the ratio ky, [8]:
kV — C(Re)Smp __ 9 (1)

2
2m 145

where: C(Re)Re — the drag coefficient as function of
Reynolds number (),

Sy — the cross-sectional area, m?,

p — the density of the air, m?,

m — mass of the particle, kg,

g — acceleration of free fall, m/sec?,

Vg — speed, m/sec.

The aerodynamic force of resistance to air flow is
proportional to the square of the relative velocity U R:

R = Cc(Re)SypU? (2)

2

The particle motion occurs in the plane rectangular
Cartesian coordinate system OXY in the channel of
variable cross section. The air flow is directed
horizontally, the supply of material (introduction of
particles of the components of the grain material) in the
channel is at an angle (to the axis OX) with an initial
speed relative to the schema in Fig. 1.a,V,

o QJ\/J\}/N

Vo
™~ R
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Rr d Valy/
|
a2l
-r 0 +V X

Fig. 1. The scheme of movement of the particles in
the air duct.

The insertion of particles of the components of the
grain material in the counter air flow and the speed of the
initial motion of the particles and determine their
trajectory in the working space of the separator chamber.

After the introduction of the components in the
horizontal flow, they begin to interact with the air flow
moving in the horizontal direction against the axis OX.

To describe the movement of single particles in the
air stream defined generally accepted simplifying
assumptions idealizing the research process:

- Particle move "in isolation" without interacting
with the walls of the chamber (channel) and other
particles

- Particle oriented in the air in a stationary position
its rotation is not considered,

- The air flow in the cross section perpendicular to
the direction of the uniform,

- The air velocity in the directions OX and OU set a
variable with the coordinate method of implementation of
the velocity distribution is not considered.
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For the adopted scheme of interaction of a particle
with a mass airflow variable speed and taking into
account the accepted assumptions the resulting system of
differential equations that describes the movement of

material in a moving air environment mV, V, :

= o (02 () (4 )
(4)

The initial conditions are determined by the ratios
T=0,x=y=0,

dx dy
dzy _ dy dy () 2 dx(z) 2 = = Kn = —— = g, = —
= g () (222) + (520, ) ) 300k = xoko = =Wy cosn o =

3) =V, sinay.
0
0.2
y(®)
yio
2(t
y2() o6 :
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Fig. 2. The trajectory of the components of the grain material at a constant in the directions of the coordinate

velocity of theair. 1 -2 -3-V,;, = 7,3 —,V,i, = 9—, Vi, = 11 —.
sec sec sec
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Fig. 3. The trajectory of particle motion with increasing speed of the air flow in the direction of its motion

The results are presented in the form of trajectories
of particles with different coefficient (different velocity
components of the grain material) k,,.

In Fig. 2 given the trajectory of the components at a
constant in the directions of the coordinate velocity of the
air. In Fig. 3 shows the trajectory of particle motion with

according to a linear law. 1 -2 -3 -V,;, = 7,3 Sm; Vi =9 sz

=11>=

Viin sec’
increasing speed of the air flow in the direction of its
motion according to a linear law V = a — bx.

In Fig. 4 shows the trajectories of the particles while
increasing air velocity in the direction perpendicular to
the movement of air according to a linear law
V =a— by.
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0.2

0.8

-04 -0.2

0 0.2 0.4

X(t) ,x1(1), x2(t)
Fig. 4. The trajectory of the particles while increasing air velocity in the direction perpendicular to the movement

of air according to a linear law. 1 -2 -3 -V,;, = 7,3 —, V., = 9—
sec sec

Analyzing the results of mathematical modeling of
the ballistics of the particles of the components of the
grain material can be determined that the increase in the
magnitude of splitting (branching) trajectories of the
particle motion when using variable air velocity at the
coordinates. The increase in the magnitude of the splitting
of the trajectories unambiguously characterizes the
increase of the efficiency of separation of components of
the grain material into fractions according to the
aerodynamic properties, which are known to tightly
correlate with the qualitative indices of the grain material.

Conclusions

1. The results of research of process of inertial
fractionation indicate real opportunities to improve the
efficiency of separating the material into fractions
according to aerodynamic properties.

2. The effect of the velocity plot of air in the air
channel can be used to control the processes of separating
the material into fractions.
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[THEBMOIHEPLIIMHE ®PAKLIIOHYBAHHS
3EPHOBUX MATEPIAJIIB B IIOBITPSHUX
[IOTOKAX 3MIHHOI CTPYKTYPU
C. II. Cmenanenxo, b. I. Komoes

AHoTamis. VY po0OoTi HaBe#eHI pe3yIbTAaTH
TEOPETHYHOTO JOCHI/DKCHHSI ~ B3a€EMOXII  YacTOK
KOMITOHEHTIB 36pPHOBOTO Marepiaity Npu MPOTHIOTOKOBOT
nojia4yi Marepiany B TOBITPSHUN MOTIK 1 NpPU 3MIHHHX
emiopax MIBHIKOCTI IMOTOKY B3/JOBXK OCEl KOOpAMHAT.
BceraHoBIeHO, 1[I0 BHKOPUCTAHHS 3MIHHOI IIBHIKOCTI
30UIbIIye BEJIMYMHY PO3LICIJICHHS TPAeKTopii pyxy i
e(eKTUBHICTH PO3/IINICHHSI.

AHani3yloun OTpHUMaHi pe3yJbTaTd MaTeMaTH4IHOTO
MOJICITIOBaHHST ~ OalliCTHKM ~ YaCTHHOK  KOMIIOHCHTIB
3€pHOBOTO MaTepialy MOXKHAa BU3HAYUTH, IO 301IbIICHHS
BEJIMYMHA PO3IICIUICHHS (PO3TalXyXeHHS) TPAEKTOPIi
PYXy YacTHHOK NpPH BHKOPHUCTAaHHI 3MIHHOi IIBHAKOCTI
MOBITPSHOTO TIOTOKY 3a KOOpIWHATAMH. 3O0UIBIICHHS
BEJIMYMHHM  PO3IICIUICHHS  TPAEKTOPIH  OJHO3HAYHO
XapakTtepusye  30UIblIeHHS ~ e(EeKTUBHOCTI  TOALTY
KOMIIOHCHTIB 3€PHOBOrO Marepiaqy Ha ¢pakmii 1o
aepOJMHAMIYHIM BJIACTUBOCTSM, SIKi SIK BIZIOMO IIUIBHO

KOpENIOIOTh 3  SKICHUMH  IOKa3HHKaMH  3€pHOBOTO
MaTtepiaiy.

OrpumaHi  pe3ynbTaTH  JOCTIDKEHb  IPOLECY
iHepLiHHOTO (pakIiOHyBaHHS CBIYaTh IPO pPEATbHY
MOJKIJIUBICTH I IBUIIEHHS e(heKTUBHOCTI O JTLTY
Mmarepiasry ~ Ha  Qpakumii 1o aepoJMHaMIYHUX

BIacTHBOCTSIX. EQekr emopu MBHIKOCTI MOBITPS B
MOBITPSIHOMY KaHaJ i MoOXe OyTH BHKOPHCTaHO IJIst
YIpaBITiHHSA IPOLEcaMHt MOILTYy MaTepiany Ha Gpakiii.

Kuiouosi cjoBa: 3epHOBHIA Marepial,
aepoJMHAMIYHI  BJACTHBOCTI,  MOBITPSHUA  TOTIK,
TPAEKTOPIis MOy YaCTHHOK Ha (pakirii.
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MMHEBMOUWHEPILIMOHHOE ®PAKIITMOHNPOBAHUE
3EPHOBBIX MATEPHUAJIOB B BO3IYIIIHBIX
[IOTOKAX ITEPEMEHHOI CTPYKTYPhI
C. I1. Cmenanenxo, b. . Komoeg

AHHoTauusi. B paboTe mnpuBenCHBI pPE3yNbTaTHI
TEOPETHYECKOTO UCCIICAOBAHUS B3aUMOICHCTBUS YaCTHII
KOMITOHEHTOB 3€PHOBOI'0 MaTepHaja Py NPOTHBOTOYHOMN
mojavye MaTepuajia B BO3AYIIHBIA TOTOK W MpH
MEepEeMEHHBIX JIIOpax CKOPOCTH MOTOKa BJOJNb OCeH
KOOpJIMHAT.  YCTaHOBJEHO,  4YTO  HCIIOJb30BaHHE
NEPEMEHHOM  CKOPOCTH  YBEJIIMYMBAET  BEJIUYUHY
pacIIericHusT TPAeKTOPUi TBIKEHUS U 3(H(HEKTHBHOCTD
paszeneHus.

AuHanmupys MOJTyYCHHbIC pe3yNbTaThl
MaTEeMaTHYECKOr0 MOJACIUPOBAHUS OANIMCTHKHA YaCTHIL
KOMITOHEHTOB 36pHOBOI'0 MaTepualia MOXHO ONPEIe/IUTh,
YTO YBEIHUYCHHUE BEIMYMHBI pACUICIUICHHs (BETBIICHHS)
TPAEKTOPUN IBHIKCHUSI YACTUI[ MPU HCIOJIH30BAHHU
MEPEeMEHHOM  CKOPOCTHM  BO3AYLIHOTO  IOTOKa IO
KOOpJMHATaM. YBEJIMYCHUE BEJIUYMHBI PACIICIUICHUS
TPAaeKTOpUH OJHO3HAYHO XapaKTepU3yeT yBEIWYCHHE
3¢ (GEKTHBHOCTH pa3fCiCHUs KOMIIOHCHTOB 3EPHOBOIO
Marepualia Ha (Qpakiud 10  adpPOJAMHAMHYECKUM
CBOUCTBaM, KOTOpPbIE KaK U3BECTHO IIOTHO KOPPEIUPYIOT
C KaQYeCTBEHHBIMH MMOKa3aTEeISIMU 36PHOBOIO MaTepHaa.

IMony4deHHbIe pe3yibTaThl HCCICAOBAHMI mpoliecca
HMHEPLUUOHHOTO (PaKIMOHUPOBAHUS CBUACTEIBCTBYIOT O
peajbHON BO3MOXKHOCTH TOBBIICHHUST 3(PPEKTUBHOCTH
pasneneHus Marepuana Ha bpakiun o
a’pOAMHAMHUYECKMM  CBOMcTBaM.  OQQeKT  3mopbl
CKOPOCTH BO3JlyXa B BO3JYLIHOM KaHaje MOXET OBITh
UCIIONIb30BAHO JUIS YIPABJICHUs MPOLECCaMK pa3ielieHUs
MaTepuasia Ha (ppaKiuu.

KaioueBbie cjoBa: 3epHOBOM Mmarepuall,
a’poJIMHAMUYECKHE  CBOMCTBA, BO3AYIIHBIM  MOTOK,
TPAEKTOPUS pa3/ie/IeHHs YaCTUIl Ha (DPAKIUH.
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Abstract. We analyzed the levels of consumption of
fruit and vegetable products and its losses. It proposed to
use information from a storage facility on its condition to
determine the effect of storage conditions on the
condition. Analyzed ways of obtaining information from
crop production on her condition. The necessity of
providing information on the status of the storage facility,
depending on the condition of the storage conditions, as
well as the impact on the duration of storage modes in an
analytical form. The necessity for the use of storage
efficiency as the optimization and simulation
mathematical modeling of the impact of external
influences on the stored product. The analytical
description of the production condition depending on the
storage conditions allowing to determine one of modes of
storage, depending on the planned storage efficiency
remaining under fixed conditions. In the example
according to the redox potential of plant raw material with
succulent tissues of storage time the technique its
exponential approximation. The dependence of the
efficiency of its storage mode, which can serve as an
objective function in the optimization of these regimes.

The prerequisites for simulation of the effect of
external influences on the storage efficiency and optimize
storage by the criterion of minimum loss mode if the
controlled variables are the length of storage, and the
temperature and humidity in the warehouse.

Mathematical models of processes of storage make it
possible to adjust the modes during storage and predict
the state of the stored object.

Key words: agricultural production,
efficiency, modes, mathematical modeling.

storage,

Introduction

Ensure an adequate level of food consumption
remains relevant. His may be improved by reducing the
loss during storage, which is more advantageous as
compared to the expansion of production. The same
applies to animal feed.

Further work on improving the loss reduction require
analytical description of the storage process.

Formulation of problem

Investigation of product storage process and the
development of new ways it requires an analytical
description of the state of the product, depending on the
storage conditions and storage process modeling.

Asked to assess and optimize the quality of
agricultural products depending on the conditions of its
cultivation [9-11].

Some growing conditions influence possible. This
dose and timing of fertilizer application [12], agricultural
practices, and the like. Basically the same growing
conditions — it’s climate and weather indicators that
influence is not possible, but they are most dependent on
timing of field work. Of these, the quality of the crops
most significantly affected by harvesting time. Therefore,
to study the effect on product quality growing conditions
appropriate to use simulation techniques.

Analysis of recent research results

In 1980 he founded the annual rate of consumption
per person in the Soviet Union was considered 146 kg
vegetables and 120 kg fruit [1]. In 1989 this, but
recommended, is the norm in Ukrainel6l kg vegetables
[2]. In fact, in the Soviet Union in 1982 the consumption
of vegetables was 101, and the fruit 42 kg human [3].
According to [2] in 1985, every resident of Ukraine
consumes133 kg vegetables.

At the same time state leaders recognized that the
storage is lost at least one third of production. [4] Gross
harvest of fruits and vegetables while approaching the
standards of consumption, but the actual consumption of
the losses was not enough. In 2000, losses of fruits and
vegetables and other plant products with rich fabrics in
storage was estimated at 30-50% [5].

However, according to [6] in Ukraine produced
6.195 million tons of vegetables and melons, and their
losses in 2000 amounted to 177,000 tons, or only 2.857%.
In 2016 it produced 9.998 million tons of vegetables and
melons, and their losses amounted to 1.195 million tons,
or 11.95%.

In such sustainment  level

negligible losses
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vegetables and foodstuffs in melons 2016 the declared at
the level of 101.6%, and fruits, berries and grapes -84.9%.

With cording to other publications modern volume
of consumption of fresh vegetables, potatoes and fruits in
Ukraine is 50-60% of the physiological norm. [7]

Potero in storage potatoes, vegetables and fruit make
up 20-30% annually. [8]

Investing in storage products is 2-3 times more
efficient than in the expansion of its production.

In contrast to the growing conditions in the storage
modes can be influenced to optimize these regimes. This
raises the question of the choice of optimization criteria:
the minimization of losses (from disease, weight,
nutrition), or minimizing the cost of production at the end
of the retention period.

In any case, the optimization of the process is
necessary to have quality products depending on the
storage conditions in the analytical form. However, the
results of studying the effect of storage conditions (as,
indeed, and growing conditions) in the analytic form are
practically absent, e.g. [13-15].

The [16, 17] background laid analytical description
of the state of the plant product with succulent tissues,
depending on its processing and storage conditions. Such
a description requires information from the storage
facility. For plant products with rich fabrics receive the
information requested by measuring the redox potential
(ORP) [18-20].

Research change ORP plant products with rich
fabrics during storage give reason to use it as an indicator
of the quality of products. An exponential dependence on
the duration of storage of AFP with a correlation
coefficient of 0.997 [21]. Simultaneously experimentally
proved matching ORP changes real loss [22]. For plant
material, having a lower humidity, an indicator to be
determined.

Compliance dynamics ORP plant products with rich
fabrics exponential dependence, as well as its compliance
with the magnitude of losses [22] provides a basis to use
the dynamics of ORP for predicting plant products with
rich fabrics.

AFP is not the only indicator of the properties of
plant products. Only plant products with succulent tissues
resistance measurement can be used [23], the dielectric
properties [24] technique [25-27].

Assessment of the status and quality of food products
is carried out by drawing the regression equations. The
dependences of the potential on growing conditions.
Developed corresponding monogram [28-30].

Purpose of research

When storing any product it is important to be aware
of its ability to store and the deadline within which it will
have a sufficient level of consumer qualities, to know
which of the batches of products under the identity of all
the indicators ability to store longer and what to send to
the implementation or processing Firstly. Modern
methods of predicting the state of the stored products do
not provide the ability to track the dynamics of indicators
of the quality of stored products.

The object of research is an analytical description of

the effect of storage conditions on its efficiency, enabling
the use of mathematical modeling to improve product
preservation. Mathematical modeling, in turn, will make
it possible to evaluate the effect of storage conditions on
the state of the storage facility, as far as possible in a
timely manner to change these regimes, or to predict the
potential products, and therefore have information about
whether to continue storing it.

Results of research

Theoretical analysis of the impact of external
influences on biological objects may be based on the
physical nature of the processes occurring in the object
and the parameters of these effects. An example of such
an analysis is given in [31]. Establish a connection of
biological indicators of vegetable raw state with the
physical storage performance modes are not yet
represented analytically possible.

It is therefore proposed to consider the storage
process as a black box on which input information on
storage conditions, and the output - the indicators
characterizing the state of the storage facility.

According to this principle serves to change the ORP
example vegetable raw materials with rich fabrics during
storage to give an analytical description of the product
according to the state of storage modes, and to be able to
determine the storage efficiency depending on the factors
that affect this efficiency.

At the subsequent discussion we will proceed from
the fact that ORP stored object corresponds to the energy
of the object.

dP = k,dQ, (1)
where: P — measure the energy state stored object;

ki — proportionality factor;

Q - current value of ORP stored object.

The time variation of the energy state during storage
is proportional to the difference between the current value
of AFP and its steady value, which is the object after its
storage for an indefinite time.

dP=k,(Q-Q, )dt, (2)
where: k; — coefficient of proportionality;

Qo — steady ORP value of the object,

t — duration of storage.

From (1) and (2) we have:

kdQ =k, (Q-Q, )dt 3)
designating
K,
K T (4)

where: t — permanent storage duration.

After separation of variables we obtain the
differential equation:
d dt
_4aQ __dt (5)
Q-Q. z
After its integration we have:
t
INQ-Q,)=——+InC. (6)
T

or
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t
(Q-Q.)=Ce -. (7)
Before the start of the storage, namely, when t = 0,
the coefficient of the constant of integration is equal to
one, since any number to the zero power is equal to unity,
the integration constant will correspond to the expression:

N=Q,-Q,. ®)
where: Qo — ORP value prior to storage.

In view of the above, we obtain the relationship AFP
storage facility on the duration of storage, a constant
storage time, as well as on the initial and steady ORP
values [32].

Q=Q, (l— efj + Qoef; . 9)

Ptinuous duration of storage corresponds to the rate
of change of production condition during storage, and
thus is a measure of its ability to storage. It is important to
note that it is obtained as the ratio of the coefficients of
proportionality, which gives the relationship between
ORP stored object and its energy state.

Comes the ORP value can provide information about
the status of the storage facility at equality of his other
indicators. The potential ability to be stored in those
products, set a higher ORP.

Storage efficiency is defined as the ratio of the
difference between the steady-state current value and
ORP of the stored object to a difference between the
steady-state and its initial value.

Yt — Qoo - Q
Q. — Qo
where: Yt — storage efficiency for time changes
ORP from its initial value to steady.
From (9) and (10) have storage efficiency

dependence on its duration and potential production
capacity for storage, expressed by a constant storage time:

t
t=e . (11)
For calculation of the duration of storage of products
having potential lost, defines a constant storage time,
when a predetermined storage efficiency have
t=—zInY". (12)
Equation (9) has two unknowns that must be
determined.
Steady function value (in this case the AFP) can be
determined from the measured values of its four

(10)

Qao — Q2Q3 _Q1Q4 . (13)
Qz + Qs - Q1 - Q4
or of three values
Qm _ sz _Q1Q3 ) (14)
2Q2 - Ql - Q3

When three dimensions get exhibitors who exactly
runs through all three of these points. For interpolation is
enough. When calculations wusing four exhibitor
measurements accurately pass through only one data
point, but more will be fully taken into account the
measurement error, the whole process will be described
more precisely as required for extrapolation, and one of

the goals of this work has predict the state of the stored
products.

Steady function value should also be constant for the
calculation of the length exponent storage having a
certain initial value.

This technique requires that the interval between
observations. If, during the experiment, this condition was
not met, to determine the desired point, you can use an
interpolation method.

The next step will be to determine the difference
between the established and the current value of the

function
AQ=Q,-Q. (15)

The exponential dependence of the difference in
duration from the process or from any other argument:

AQ = et
where: X p- and approximating rates.
Subsequently we define a constant duration of
storage, or any other process [33].
1

r=——

y7;

Coefficients and correlation coefficient for the

exponential dependence of AFP on the storage duration
correspond to the formulas

Zt InQ——Zt ZInQ

i=1 i=1

ﬂ ]

Bo-a(z)

(16)

(17)

(18)

A= exp{ (ZInQ th H (19)
 [Bnoigegne]

[ee- s TTgvor-Here]]

(20)

Experimental verification of the relationship (9)
showed that the observation for 19 days ORP changes
apples gave the following results: Q0 = 264,3 mV, Qoo =
371,4 mV, t = days. According to these data promoted
calculation AFP after 54 days of storage, the result —
346.5 mV. Result respective measuring - 354.0 mV. The
difference between the estimated value and the actual
ORP was 2.88%, which is quite satisfactory considering
three-fold excess of storage time over the measurement
duration period [21].

Permanent storage time and is an indirect measure of
the ability of products to storage.

The expression (9) takes into account the effect on
the storage efficiency only its duration. To investigate the
influence of other factors on storage process is necessary
to determine the influence of these factors in a fixed
storage time. All of them were taken into account is
impossible, and for each type of product they are different
and well-known, but the shelf life is always crucial.

Typically, products with high moisture content
greatest influence temperature and low - humidity
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environment.

On products is influenced by other factors, such as
the gas composition of the medium, aeration regimes and
m. P.

In general, the storage efficiency is described by the
dependence

V=71(x,%,x..x,). (21)

where: X;, X,, X5...X, — indicators of factors affecting on

storage efficiency.

The dependence of the efficiency of the storage of its
duration, defined based on ORP measurements, gives
reason to use this method to obtain analytical relations
storage efficiency of other factors.

This entails the need for the approximation of the
existing table data corresponding dependencies. The next
assumption is that it should be an exhibitor, as the
dependence of the most relevant processes occurring in
biological objects.

Then for storage efficiency depending on the
duration, temperature and ambient humidity

YU = £t 0,W).

where: @ — ambient temperature;
W — ambient humidity,
we have

(22)

w LS w8
oW _ w T w
Y —l—e —eg—e +e e‘9+_ (23)
t 0 t W 0 t

w
+E e 4B -E Ve -

where: @ — constant temperature change influence
environment;
w — constant humidity changes influence

environment.

Similar dependencies can be obtained from a larger
number of factors influencing the efficiency of storage.

The dependence (23) allows specifying the desired
storage efficiency and temperature and humidity in
storage to determine the allowable storage time provided
that based on the condition of your products from
temperature and humidity correspond to the exponent.

yt,g,W

[ W W [

1-e‘-evieve’
Similarly obtained the valid values of humidity and
temperature.

t =—7 In|1- - (24)

1,0,w
o=—9m[1-—— Y | (@)
1-e"-e"+eve-
t,0,w
W =-wln| 1- t v |- (28)

1-e"-e*+e°e”’

According to (23-26) can be used for simulation of
the influence of external factors on efficiency of storage.

Using exponents to approximate the results of a
study of the influence of designer factors on the efficiency
of storage is not the only possible one. The main
argument in favor of using one or another form of
addiction has its highest correlation ratio.

The dependence of storage efficiency on the
temperature and humidity are more consistent with the
parabolas, since they most often have an optimum
(extremum). However, the principle of using three or
more exponential dependencies suitable for determining
the effectiveness of the storage and modelling of the
process, with other factors influencing this effectiveness.

A parabolic dependence of storage efficiency on
temperature

Y =2a,0% +a,0+a,, 27)
where: a1, a; and az — experimental factors, gives the
possibility by equating its first derivative to zero to
determine the optimal storage temperature

opt — (28)

In this case, the storage efficiency may be

determined by any known method, including the
measurement of ORP.

A similar dependence of storage efficiency from
humidity
W 2
YY" =mW*+mW +m,.
where: my, mz and ms — experimental coefficients.

Accordingly, the optimum moisture content in the
repository

(29)

m2
2m,

In the study of the influence of one factor on
efficiency of storage the other factors should remain
unchanged.

To determine the dependence of storage efficiency
from two factors, for example, the temperature and
humidity in the vault, you need to determine according to
the experimental factors included in the expression (27)
from moisture, namely:

(30)

opt —

a, =bW? +bW +h,, (31)
a, =CW?+Cc W +¢,, (32)
a,=dWwW?+d,W +d, (33)

where: b-b3, c1-c3 and d1-d3 — experimental coefficients.
The dependence of storage efficiency on temperature
and humidity

Y =bW? +b,W +bO* +cW? +

+C,W +C,0+dW?+d,W +d,

This dependence is also easy to be differentiation
with the aim of determining an optimum one of the
parameters of the environment.

According to (27-34) give the relationship between
efficiency of storage, temperature and humidity in the
vault, either separately or together.

Thus, the preconditions for storage optimization
process, under controlled temperature and humidity
storage.

To do this optimization criterion defined with
(minimum losses during storage or minimum cost storage
process), and to determine the maximum permissible
boundary values of adjustable parameters and to develop
an algorithm corresponding calculations.

(34)
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However, along with the parameters of the medium
must also be considered and duration of storage.

Permanent storage duration carries information about
the potential ability of an object to storage. The first is
biological properties of the object. However, because the
duration of storage is largely dependent on the
temperature and humidity, these factors should affect the
permanent storage duration.

Effect of temperature on a permanent storage
duration will correspond expression

2
r=0,0"+0,0+0;.
where: g1, g2 and gz — the experimental factors.
Then the dependence of the efficiency of its storage

duration and storage temperature will be
t

(35)

—
Y _g 91974020403 (3
where we have the dependence of the duration of storage
of the temperature in the storage and storage efficiency
t=—(glc92+gzq9+gS)InY*ﬂ- (20)
Effect of humidity on the permanent storage duration
will correspond expression
7=qW* +qW +0,
where: 1, g2 and gz — experimental factors.
Similarly, the dependence of the efficiency of

storage of its duration and the humidity in storage will
t

@7

—
YW _g @MW = +apW +d3 (38)

where we have the dependence of the duration of storage
of the temperature in the storage and storage efficiency,
namely:
t=—(q1W2+q2W +q3)InY‘~W- (39)

Based on (27, 29, 31-33, 35 and 37) obtained on the
basis of direct measurements of losses during storage. The
corresponding dependence of the storage efficiency
obtained by measuring the ORP or other indicators of the
object state storage will be the following:

the dependence of storage efficiency that is ego
duration and temperature in the vault

t t

Q,-0Q,/1-¢e 010+920+03 +Qq8 010+920+03

o _  (40)
Qoo_QO

and the dependence of storage efficiency that is ego
duration and humidity in the vault

t t
Q _Q [1_e Q1W+Q2W+Q3]+Q0e QW +gW +q;

ro _Qo

The expression (35-41) can be used to simulate the
storage process vegetable raw materials with rich fabrics.
They give the relationship between the three parameters
of the four: effectiveness and duration of storage, as well
as humidity and temperature in storage, which is
sufficient for simulation.

The foregoing is valid at any combination of factors
affecting the process and storage can be used to study the
process of storing any product.

YW= - (41)

The abundance of experimental factors explained by
the fact that modeling is required to be based on the
results of previous studies.

The object is to obtain further analytical work
efficiency dependence storage on three factors, namely its
duration, as well as temperature and humidity, or any
other gaseous medium in the storage.

Experience studies the impact of external influences
on the state of the storage object shows that it is these
factors have the most significant impact. However, not
excluded the need to study the simultaneous effect on the
storage facility is four or more factors.

Conclusions

1. Consumption of vegetables and fruits in Ukraine
lags behind the rational norms.

2. Most cheap way to increase consumption of this
product — reducing its losses, primarily due to the
optimization of storage modes.

3. Despite the abundance of descriptions of the
impact of various factors on the effectiveness of the
storage process, the analytical expressions, which should
be an integral part of mathematical models of this process
are unknown.

4. To predict the state of the storage facility and
adjustment modes of storage in the course of his proposed
analytical relationships that let you create optimization
and simulation models of the storage process.

5. The analytical curves were obtained thanks to the
state information storage object obtained during the
storage process itself.
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BU3HAYEHHS BITJIMBY PEXXUMIB 35EPITAHHSA

IJIOJJOOBOYEBOI IMPOAVKIIIT HA ff CTAH

B. A. My3uuenxo

AHoTaunis. IIpoaHamizoBaHO piBHI CIIO)KMBaHHS
IJI0JJO0OBOYEBOI MPOAYKIii Ta ii BTpaT. 3amporoHOBaHO
BHKOPHUCTOBYBaTH iH(opMaliito Bl 00’ekTa 30epiraHHs
PO HOT0 CcTaH JyIsl BU3HAYCHHS BIUIUBY YMOB 30epiraHHs
Ha nei crad. [IpoananizoBaHo crocoOM OTpPUMAaHHS
iHpopmanii Bif NPOAYKUil POCIMHHUITBA IPO ii CTaH.
OOrpyHTOBaHO HEOOXiJHICTH HamaHHS iH(OpMalii Hpo
cran 00’ekTa 30epiraHHs, 3aJEKHO LBOTO CTaHY BiJ

pekuMiB  30epiraHHs, a TakKoX BIUIMBY PEXKHMIB
30epiraHHs Ha OTO TPUBATICTh B aHATITHIHOMY BHTJISII.
OOrpyHTOBaHO  HEOOXINHICTP  BHKOPHCTaHHSA IS
M ABUIIIEHHS e(peKTUBHOCTI 30epiranHs SIK
OITUMi3alliiHe, TakK 1 IMITallliiHE  MaTeMaTHYHE
MOJICITIOBAHHS BIUIMBY 30BHIIIHIX BIUIMBIB 30epira€Tbcs
Ha npoaykuito. OTpUMaHO aHAJITUYHUHA OIUC 3aJI€KHOCTI
CTaHy TpOAYKIIl BiI pexumiB 30epiraHs, 1o
JIO3BOJISIFOTH BH3HAYaTH OJMH 3 PEXHUMIB 30epiraHHs B
3aJIXKHOCTI Bijl MIaHOBOI epeKTUBHOCTI 30epiraHHs Npu
(ikcoBaHMX IHIIMX pexumax. Ha mpukmazai 3anexHOCTI
OKHCJIIOBAIFHO-BITHOBHOTO ~ TOTEHLIaNy  POCIWHHOI
CHPOBHHH 3 COKOBHTHMH TKaHWHAMH BiJ] TPHBAJIOCTI
30epiraHHs BUKJIAaIeHa METOAMKA 1i  ampoKCHUMaii
ekcroHeHTor0. OTpHMaHa 3aleXHICTh e()eKTUBHOCTI
30epiradHs Bif ii peKUMIB, Ka MOXKE CIY)KUTH IIJTEOBOIO
¢yHKOier0 Tpu onTEMizamii mux pexumiB. CTBOpeHi
NEepPeIyMOBH IS IMITAlliiHOrO MOJCIIOBAHHS BIUTHBY
30BHILIHIX BIUIMBIB Ha e(eKTHBHICTh 30epiraHHs Ta
onTHMIi3alii peKMUMiB 30epiraHHs 3a KpUTEPIEM MIHIMyMy
BTpaT, SKIIO PEryJbOBaHMMHU 3MIHHHMH € TPHBAIICTh
30epiraHHs, a TaKOK TEMIIEpaTypa i BOJIOTICTh MOBITPS B
CXOBHMILI. MaTemMaTH4Hi Mojeni mpoueciB 30epiraHHs
JAal0Th MOJIIMBICTE KOpPETryBaTH pPEXHUMH B IIpoleci
30epiraHHs i MPOTHO3YBAaTH CTaH 30epiraloThcs 00’ €KTIB.

KurouoBi ciioBa: cinbcpkorocrnonapcbka npoayKIis,
30epiranfs, e(eKTUBHICTb, PEKUMH, MaTeMaTHIHE
MOJICITIOBAaHHSL.

OIIPEJIEJIEHME BJIMSHW S PEXKUMOB XPAHEHM A
[IJIOJOOBOIIHOM ITPOAYKIIUU HA EE
COCTOSHMUE
B. A. Mysviuenxo

AHHOTALMA. IIpoananu3upoBaHsbl YPOBHH
MOTPeOIeHUs TIOAOOBOIIHOW NMPOAYKINU M €€ IOTeph.
[IpeanoxeHo wucnonb30BaTh MHGOPMAIMIO OT OOBEKTA
XpaHEHHUsS O €ro COCTOSIHWH JUIS ONpENeNICHUS BIMSHUSA
YCIOBHUH XpaHeHHA Ha 3TO COCTOSTHHE.
[Ipoananu3upoBaHbl CIIOCOOBI TONYYEHUS] WHPOPMAIUU
OT TPOAYKIMH pPACTCHUEBOACTBA O €€ COCTOSHHU.
ObocHoBaHa HE0OXOIMMOCTh MPEOCTaBICHHS
uHGOpMaLMK O  COCTOSHMM  OOBEKTa  XpaHEHUs,
3aBHCHUMOCTH 3TOT'O COCTOSHHUS OT PEKHMOB XPaHEHHUS, a
TaKkXKe  BIMSHUA  PEKUMOB  XpaHEHHS Ha  €ro
HPOIOJIKUTENBHOCTh B AHATTUTUYIECKOM BUJIE.
OOocHOBaHa  HEOOXOIMMOCTb  HCHOJB30BaHUS IS
TIOBBIIICHUS 3¢ peKTUBHOCTH XpaHeHUs Kak
ONTUMU3ALMOHHOE, TaK u MMUTALUOHHOE
MaTeMaTUYECKOE MOJEIUPOBAHUE BIHUSHHUSA BHEIIHUX
BO3JEHCTBUIl Ha XpaHslmyrocs npoxykuuto. IlomydeHo
AQHATUTHYECKOE OMNMCAHUE 3aBUCUMOCTH  COCTOSHUS
MPOAYKIIMK OT PEXHUMOB XpaHEHHUS, IO3BOJISIONINE
OTIPENIeNIATh OJWH M3 PEKUMOB XPAaHEHHUS B 3aBHCHMOCTH
OT  TIUIaHOBOH 3G (EKTUBHOCTH  XpaHEHHS  IIpHU
(PUKCHUPOBAHHBIX OCTAJBHBIX pexuMax. Ha mpumepe
3aBHCUMOCTH OKHCITUTEIHHO-BOCCTAHOBUTEIHHOTO
MTOTEHIMAaja PACTUTEIBHOTO CBHIPhS C COYHBIMH TKAHAMU
OT TNPOAOJKUTEABHOCTH XPaHEHMs H3JI0KEHA METOJUKa
eé annpoKCUMaIuu 9KCIOHEHTOMH. Ionyuena
3aBUCHMOCTH 3(Q(PEKTUBHOCTH XpAaHEHUs OT €€ PEeXNMOB,
KOTOpasi MOJKET CIYXHTh [eJeBoH (QyHKuueH npu
ONTUMM3ALNHU ITUX PEXKUMOB.
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Co3faHbl  NPENNOCBUIKH  JUIL  MMHTallMOHHOTO
MOJECIUPOBAHUS BIWSHUS BHEIIHHX BO3ACHCTBHH Ha
3¢ (PEeKTHBHOCTh XpaHEHHS M ONTHMH3ALUU PEKUMOB
XpaHEHUS MO0 KPUTEPHI0O MHHHMYyMa MOTEpb, €CIH
PeryIUpyeMbIMH HepeMeHHBIMU SIBIIAIOTCS
NPOJOJDKUTEIIBHOCTh XPAHEHUs, a TAKKe TeMIleparypa H
BJIQXHOCTh BO3JyXa B XpaHWiaume. MareMmaTHieckue
MOJIENI  TIPOLIECCOB  XpPAHEHHsl JIAl0T BO3MOXHOCTh
KOPPEKTHPOBaTh PEXUMBI B IPOLECCE XpaHEHUS U
MIPOTHO3UPOBATH COCTOSTHUE XPAHSIINXCS 00BEKTOB.

KaioueBbie cioBa: CeNIbCKOXO3SHCTBEHHAS
NPOXYKUUs, XpaHeHHe, S(O(PEKTHBHOCTb, PEKUMBI,
MaTeMaTHIeCKOe MOJISITHPOBAHHE.
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Abstract. The discrete-continual model of the rod of
variable section for the analysis of oscillations of
telescopic rotor systems of cranes is substantiated.

As methods for solving the basic equations (for
bending type oscillations), the methods of Ritz and
Budnov-Galerkin using the Relay formula are used to
calculate the proper frequency of oscillations of the
considered system using a model with lumped parameters
(discrete models) and taking into account the distributed
properties of the systems being studied.

The approaches used for the thorough analysis of the
continual (distributed) properties of telescopic boom
systems of mobile cranes and the analysis of variations of
oscillations (longitudinal, twisting and bent) of telescopic
boom systems of autocranes taking into account the
circumstances of mass distribution along the arrow (rod)
with a variable section of the rod along its length.

Approximate methods of analysis and improvement
of methods for calculating various types of oscillations
that arise in the rods of a variable section are presented,
within the framework of consideration of telescopic boom
systems of cranes as having discrete - continual
properties.

Equations are constructed using the Bubnov-
Galerkin method in the problems of longitudinal or steep
oscillations of telescopic rotor systems of cranes.

Key words: model, rod, variable section, analysis,
oscillations, telescopic boom system, truck cranes.

Introduction

To analyze the kinds of oscillations (longitudinal,
twisting and bending) telescopic boom cranes systems
should take into account the fact that the weight is
distributed along the arrows (core) and core section is
variable along its length.

In this case, instead of, for example, the classical
equation of longitudinal vibrations (when constant-section
rod) must come from one of the following equations:

2
2.0 S.a_” —g. Ou |,
0x 0x 0F

where: ¢ — velocity of longitudinal vibrations propagating
in the core, S — area of its cross section §=S(x)

u=u(x,t) — Longitudinal movement of arbitrary cross-
section of the rod, x — longitudinal coordinate (along the
core axis), t — time.

Equation core twisting oscillations should be
considered as:

2
c2.0 (00 \_, 00 2)
' ax 0x or

where: ¢1 — speed twisting waves propagating in the core,
I — polar moment of inertia of the rod,
I=1(x),@=0q@(x,t) — angle cross-section of the
rod relative to its axis (x in any section of the rod).

Equation transverse (bending) oscillations of the rod
should be seen in the following form:

2 2 2
o (Elﬁ—y ] :_ma_y , ©)
07 9% ot
where: EI — bending stiffness of the rod, EI = EI (x), m -
weight rod, y (X, t) — arbitrary displacement rod section
(x) in the direction perpendicular to its axis.

It should be noted that the equations (1)-(3) using
similar substitutions could lead to ordinary differential
equations for the function X (x):

2
($-X) '+ B8 x=0; (I-x') '+ L5 1 x=0;
c C

(E-I-X")"-mp”-X=0,

(4)
bar near where function means differentiation with
respect to spatial coordinates x, and the other equation for
the function T (t).

Formulation of problem

Basic models of telescopic boom cranes investigated
in [1-21]. However, the authors of these works use
models with lumped parameters (ie discrete model) and
do not include distributed properties of the systems. The
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authors of this study, it is advisable to use approaches
developed in [8] for a comprehensive analysis is continual
(distributed) properties telescopic jib cranes systems.

Analysis of recent research results

Issued above equation (1) — (4) are variable factors
dependent on x. Solution in closed form is available only
in certain cases where the variable S (x), I (x), J (X) by
special dependency and, in general, is the transition to
approximate methods (where J (x) — point inertia in the
core section x, and E — in the above (3) is elastic modulus
(Young's) core material). Some of these approximate
methods are set forth below in connection with the need
to analyze and improve methods for calculating the
different types of vibrations that occur in the core variable
section within review telescopic jib cranes as such
systems with discrete — continuum properties.

Purpose of research

The purpose of the work is the justification of
approximate methods for the analysis of different kinds of
vibrations arising in telescopic boom cranes systems that
take into account their discrete - continuum properties.

To achieve these objectives in this study will be part
on the work [8].

Results of research

Below are justified and some methods of
approximate solutions of bending vibration rods constant
and variable section that allow variables to investigate
fluctuations telescopic jib cranes systems.

1. Vereshchagin method (for permanent core
section). Composition and solve the differential equation
of free oscillations console (model telescopic boom
cranes system that is in operation (the unfolded
throughout dovzhnynu state). We use the approach of [9].
We believe that the ends (free) console is a load, which
has finite moment of inertia (Fig. 1 a), in addition, neglect
beam weight compared to the weight of cargo. Fig. 1
introduced the following notation: | — the length of the
console, El — its bending stiffness, m — weight cargo, ¢ —
its radius of inertia.

The proposed system has two degrees of freedom of
movement, and generalized coordinates for convenient
and appropriate to choose a console deflection and
rotation angle ¢ end console (Figure 1b).

For the purposes of differential equations of motion
and use the reverse method, consider bending lagless
skeleton, which is shown in Fig. 1.

External forces are inertia load — m - ¢2-. then: ¢

y=-011-mg2 - ¢ =-m-012-mg2 . —1mi -y -
812V, ©)

This point was over a function of mean
differentiation over time t.

me

L
|~

-7 J:,"

b

Fig. 1. Diagram console by Vereshchagin

Factors influence o611, 612, 621, 622 available
methods of strength of materials, for example, using the
formula Vereshchagin. In this case, they are expressed as

follows:
611 = E_: 012 :_ 5'522_: T _ (6)
Thus the differential equations of motion take the
form:

13 12 1

e s B
m:-y 3E1+mg (p251+y_0' @)

U .1
m-j-—+me® -p-—+¢=0;
Partial solution (7) provided (stability criterion)
Sylvester equilibrium for the considered system (consider
this criterion is met) can be written as:
q]-=~sin (kt+a),j=(], Z)AJ (8)
These  expressions  described  monoharmonic
oscillatory mode with frequency Kk, the total for all
coordinates (ie y and @). (Note that when the Sylvester
criterion system which is derived from the equilibrium,
provides free oscillations) q;.
Substituting (8) in the differential equation (7), we
obtain a homogeneous system:

me 2 o2 24— .
(351 k 1) me™ " ou k™4, =0; ©)

m? o me*l o .\, _
el A1+(T K 1) A, =0.
Equating to zero the determinant of the system (9),

we obtain the following frequency equation:

2 Zl4 Zl l3
Tk - (B ) k2 41=0. (10)
12-(EI) EI 3EI
Its roots have the following form:
mgzl mi3 mgzl mi3 2
k2 _1_(51+ﬁ) l_(EI ﬁ)_
12 7 5 m29214] T2 2214 ]2
12-(EI)? [12.(51)2]
1
L 2
m29214]_
[12-(51)2 (11)

Q << 1 have from (11):
2 3EL (1 _ a8, 2 o 9L, ul?
K~ 2 (1 )i k3~ (14 qu). (12)

mi3 412
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To find their own forms of oscillations of the system
will create relationship (Al / A2) from the first equation
of (9):

™ (1—m—l3' k%)

2= — 3B - 13
Ay (mgz. ZI—EZ'I k2) ( )
Substituting here each of the found values and higher
(by formulas (11) or (12) k?k3 have:

Ay 21
X1 == ==X = Py

119 202" (14)
A12 3¢

These value (14) characterizing their two farms
(Fig. 2, b).

As shown in Figure 2, the first own farm has a
relatively low load angle and the second form — relatively
small deflection end of the console.

Find the data traffic law system if its equilibrium is
disturbed is applied to the center of gravity of the cargo
instant momentum 3.

Fig. 2. Proper form fluctuations Console

In this case, the initial conditions must be formulated
as follows:

Y(O0)=0,(0)=¢(0)=0=03¢.
General solution now looks like:
{y = Ay -sin(ky -t + a;) + Apy - sin(kyt + aZ)}(lG)
@ = Ay -sin(kyt+ ap) + A,y - sin(k,t + ay)
Substituting here from (16) found the ratio of
amplitudes (14), we find:
( v= Ay sin(lit+ a;) +
+A4,,  sin(k, t + ay),
= % © Aqq s sin(kit + a) —
21

ve A, rsin(k,t+ ay).

To determine the four unknowns use the above initial
conditions (15) Ay, A5, @4, a5:
Aqq - sinay + Aqy -

(15)

o (17)

3 .
a, =0; vl Aqq cSinay —
sin 5 .
37 Ajp ssina, = 0;
All : kl 'COSCZl + A12 " kz 'COSO.’Z =
5.3
m’ 21
21
302

« Ay, v kyrcosa, =0.

. (18)

“ Ay kyrcosa; —

39
Hence we find:

512 qs- 92

A11 ZW’AU = m,al =0; a, = 0. (19)
Accordingly, the motion is described by the
equations:
512 1, 9 3 .
y(t) = \/jnﬁ [\/—E-smklt + g 7—3 -sznkzt];
S V3. 3 9 . (20)
o) = N [7-smk1t— i -sznkzt].

2. Ritz method.

Wonder several functions, (x), ..., (X), each of which
meets the geometric boundary conditions of the problem
and form function f (x) f; (x) f> f,, as the sum of:

S =+t fit & fotCfa (21)

Substituting the function (21) in Rayleigh formula:

2 _ B s 22)
[fomfzdx]
then the result will depend on the particular choice of
ratios ¢, ¢, ..., Cy,.

Ritz method allows the use of a simple idea:
coefficients ¢, ¢3, ..., C,.

Must be chosen so that the calculation formula (22)
would give the least importance to. Theorem Rayleigh
follows that such a choice would be the best (if this
system function) p? f;.

Minimum conditions have the form p2:

Lo o
2 [M] =0G=12.,0, (29

G f; mf2dx

[a%fol EI (f")?2 dx] - [folmf2 dx] - [a%folmfzdx] .

|13 EL- (F)2dx| (24)

Divide equation (24) integral to and including the
formula (22)  mf? dx have:

aic_lf;[EI C(f2 = p?- mfPdx =0,i=1,2,...,n.(25)

Equation (25) is relatively homogeneous and linear,
..., and their number is equal to the number of members of
the expression (21). Equating to zero the determinant
composed of coefficients at, ..., will have a frequency
equation. This equation not only gives a good
approximation for naymenschoyi frequency, but also
identifies (but less accurate) value higher frequencies. It
can be found as much frequency as components made in
expression (21) ¢;6,¢; 6.

Ritz method as Rayleigh method allows to solve the
problem in the case of discontinuous functions and EI m,
when these functions are different analytical expressions
for different parts of the beam length / console.

Define by Ritz lowest natural frequency of
transverse vibrations console variable section, which has a
thickness equal to the conventional one.

Height varies linearly (Fig. 3):

3
hy=x;1=2h3 Zim=gh %,

For the approach of looking for solution of using:

X

2 _x)?
f0=5-(1-1%) +c—2-x-@. 7)
Each member of this example satisfies the boundary
conditions of the problem:
fi=0f,=0,f=0f,=0,x=0.(28)
If limited to one member, then get Rayleigh method
(error of about 3%):

X

(26)
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E
p =1, 582h I—J; (29)

{

- T

Fig. 3. Diagram console (26)

To get a better approximation, we take two terms of
the expansion. Substituting them into expression (25),
then we will have integral values:

(G_ZG)Z"'Z‘L' G'@*‘ﬁ' C_%
pe L TORE Iy ghtz+
2 oeie; . C3
0 (Tlo ;3(1);2_'_?20) (30)

' E
Differentiating the expression (30) on the first then
on, we will have: ¢, ¢,
LSS < INP R 0. ol I
[(12914) 30] ¢+ (2091%) 105] ¢ =0,
Eh* _p*] -, [Eh® _P*] o _
[(12914) 105] 1 (2091%) 280] ¢ =0.
Equating to zero the determinant composed of
coefficients of these equations (31), we obtain the
equation frequency. Its roots:

(31)

[ £
p1=1,536h 75 pp = 4,994h - -
Find the exact value differs by only 0,1% p;.

3. Bubnov - Galerkin.

In the simplest version of the method according to
equation (3) should be in place X (x) approximately
expose selected expression f (x), which has one uncertain
parameter and then form the equation:

ICE -1 - f) —mp? - f] fdx = 0. (33)

This equation expresses the vanishing of a possible
work being done by force of elasticity and inertia of
moving f (X).

If we take f (x) as (21) and examine each of the
components (x), as a possible move then instead of (33)
will have a ratio that expresses the vanishing of the
possible:f;

LIEL- " = mp®-f1- fi ~dx=0,i=1,2...(34)
Such equations can be written as many constituents
have adopted the expression (21). Each of equations (34)
and has a uniform uncertain size, ... in the first degree
C1Ca.

Equating to zero the determinant of the system (34),
will have a frequency equation.

Bubnov-Galerkin has one feature, which refers to the
boundary conditions. If the function (x) satisfy only
geometric boundary conditions (as stated above, the
following functions can be used in solving the problem
Ritz method), then it can lead to significant errors in

(32)

applying the Bubnov-Galerkin. If the selection of features
not consider power boundary conditions (for example, to
ignore the conditions and at the free end beams / console
or on the rocker bearing condition), then it will implicitly
acknowledged the existence of the ends of the beam
boundary conditions, which in reality is not. This occurs
f‘lf‘L (x)f‘l!l — Of‘il!l — Of‘il! — O

Error because the expression (34) will come
nonexistent work effort. To compensate for the errors
should subtract the left side of the expression (34) "extra"
work of boundary conditions (collectively Bubnov-
Galerkin). Usually do another take over functions
previously not only geometric, but also force boundary
conditions. With this feature by selecting Ritz and
Galerkin give the same results.

Define Bubnov-Galerkin lowest incidence of
transverse vibrations console discussed above in the
preceding paragraph.

Accepted forms as fluctuations Console expression:

2 _x
f(x):c-l-(1—§) +c—2-x-Q, (35)

Satisfies a geometric conditions at the right end, and
so force conditions on the left.

Differentiating f (x) twice, multiply by EI = E -

3

differentiating twice and again, we will have h3

(1213)°
. 5 [(ci—zc*z)-x%@?]

(EL-f")' =E-B° ——F——

Substituting this formula in (34), we find:

1(ER3 _ _ 6 Cyx? hp? _
fo{l_s'[(c1—zcz)'x+ +]_ gl '[C1'x'

X 2 — X X X 2

(1— 7))+ CZ.T.(l_T)Z]}.(l_T) dx==0, (37)

3 —— .2 2 2
fol{ﬂ [(C_1—2C_z)-x+ 6Czlx]_ ghp? | [c_l-x'(l—%) +

5 2-a-l)- fa-Hax=o. (38)

Hence, too, will have the same equations as in the
previous example using Ritz method.

Similarly consist equation method Bubnov-Galerkin

in problems of torque fluctuations or longitudinal
telescopic jib cranes systems.

(36)

l

Conclusions

1. A model of the core variable section to analyze
different types:

- fluctuations (longitudinal bending, twisting)
telescopic jib cranes of analytical methods (Rayleigh
Vereshchagin, Ritz, Bubnov - Galerkin) that can
determine the natural frequencies of said oscillation,

- and their spatial form (vibrations) that implement
such own free fluctuation system.

2. Obtained in the results can be used to further
refine and improve existing engineering calculation
methods:

- different types of vibrations telescopic jib cranes
analytical methods both at the stage of their design /
construction,

- and in the mode of real operation using discrete-
continuum model core variable section.
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BUKOPUCTAHHS MOJEJII CTEPXXHS 3MIHHOI'O
ITEPEPI3Y B AHAJII31 KOJIMUBAHb
TEJIECKOIIIYHUX CTPUUIOBUX CUCTEM
ABTOKPAHIB
1. M. Cisax, IO. B. Yosniok

AHoTAaNif. OOrpyHTOBaHO JUCKPETHO-
KOHTHHYaJIbHA MOJIENIb CTEPKHS 3MIHHOTO Tepepidy Ui
aHali3y KOJIMBaHb TEJIECKOIIYHUX CTPUIOBUX CHCTEM
aBTOKpAHIiB.

B sxocti MeTonmiB po3B'S3aHHS OCHOBHHMX PiBHSHB
(m1s 3TMHANBPHUX THITY KOJHMBAaHB) BHKOPHCTaHI METOIU
Pirma i BynnoBa-T"anbopkina 3 3acTocyBaHHIM (GopMyIH
Penest s OOYMCHEHHS BJIACHOI YacTOTH KOJHMBaHb
PO3MIITHYTOT CHCTEMH 3 BUKOPHCTaHHSIM MOJeNi 3
30CepePKCHIMHE NapamMeTpamMu (ToOTO TUCKPETHI MOAei)
3 ypaxyBaHHSIM PO3IOIiIeHNX BJIACTHBOCTEH
JOCITIKYBaHAX CHCTEM.

Buxopucrani migxoau, s BCEOIYHOTO aHANI3y
KOHTHHYaJbHbIX (po3moineHnx) BIIACTUBOCTEH

TEJECKOMYHUX  CTPUIOBUX  CHCTEM  aBTOKpaHiB i
3MIHCHEHO aHaNi3 pPI3HOBUIIB KOJWBaHb (ITO3OBXKHIX,
KPYTIJIBHUX 1 3TWHANBHUX) TEJNECKOMYHUX CTPLIOBHX
CHCTEM aBTOKPAHiB 3 YpaxyBaHHSIM O0OCTaBUHH PO3IIOALTY

Macu B3IOBXK CTpumH (CTPIKHS) 3 TEpeMiHHEM
MEPETHHOM CTPHIKHSI [0 HOTO JTOBKHUHI.
Buknageni  HaOmwkeHi  cmocobu  aHamizy i

BIOCKOHAJICHHSI METOJIB PO3pPaxyHKY pI3HHX BHIIB
KOJIMBaHb, SIKI BHHHUKAIOTh Y CTPWXKHSAX 3MIHHOTO
nepepizy, B paMKax pO3INISAY TEJIECKOMIYHHUX CTPITIOBHX
CHCTEM aBTOKpAHIB SIK MalOTh JUCKPETHO-KOHTHHYAaJbHI
BJIACTHBOCTI.

CkmameHi piBHAHHI 3a MeTogoM  byOHOBa-
lanpopkina B 3amauyi mpo MO3MOBXKHI ab0 KPYTHIBHI
KOJIMBAHHS TENECKOMIYHIX CTPLIOBHX CHCTEM
aBTOKpAaHiB.

KuaiouoBi cjgoBa: Monenb, CTPWXKEHb, 3MiHHE
NEePeTHH, aHali3, KOJWBAHHSI, TEJECKONYHA CTpiioBa
cHcTeMa, aBTOKPaHHU.

HCIIOJIB3OBAHUE MOJIEJIM CTEPKHA
INEPEMEHHOI'O CEYEHN B AHAJIM3E
KOJIEBAHUWI TEJIECKOITMYECKMX CTPEJIOBBIX
CUCTEM ABTOKPAHOB
U. H. Cusak, IO. B. Yosniox

AHHOTaLUA. O6ocHOBaHa JUCKPETHO-
KOHTHHYaJbHas MOZEIb CTEPXKHSA IEPEMEHHOIO CEYEHHUS
JUI aHalmM3a KoJeOaHMil TEeNECKONMMYECKUX CTPEJIOBBIX
CHCTEM aBTOKPAHOB.

B  kadecTBe  METOJOB  pELICHHS  OCHOBHBIX
ypaBHeHMH (U1  M3rMOHBIX  THUHa  KojeOaHuil)
HCIO0Jb30BaHbl MeToAbl Putna u byanoa-I'anepkuna c
npuMeHeHneM  QGopmynsl  Pames s BRIYHMCICHHSA
COOCTBEHHOW dYacTOTHI KoJe0aHMH paccMaTpuBaeMon
CHUCTEMBI c HCTIOIb30BaHUEM MOJIeNnn c
COCPEIOTOUYCHHBIMHU TapaMeTpaMH (TOECTh IUCKPETHBIC
MOJEIM) M Y4eTOM  paclpeleNieHHBIX  CBOMCTB
HCCIIEAYEMBIX CHCTEM.

Hcnonp3oBaHel MOAXOABI, AN  BCECTOPOHHETO
aHaJIM3a KOHTHHYAIbHBIX (paclpelesieHHbIX) CBOWCTB
TENEeCKONMMYECKHX CTPEIOBBIX CHUCTEM aBTOKPAaHOB H
OCYLIECTBJIEH aHalIW3 Ppa3sHOBUIHOCTEH  KoJieOaHHUH
(TIpOIONTBHBIX, KPYTHJIBHBIX u U3rHOHBIX)
TENEeCKONMMYECKHX CTPEJIOBBIX CHCTEM aBTOKPAaHOB C
y4eToM OOCTOSTENBCTBA pacIpesieNeHus] MacChl BJOJb
CTpenbl (CTEP)KHS) C IEPEMEHHBIM CEYEHHEM CTEPIKHSI O
€ro JJIMHE.

W3znoxxeHHple NMPHUOIIMKEHHBIE CIIOCOOB! aHamW3a U
COBEpPILIEHCTBOBAHMSI METOJI0OB PacyeTa pa3IMuHbIX BUAOB
KoneOaHWH, KOTOpble  BO3HHMKAIOT B  CTEPXKHIX
HNEPEMEHHOT0  CEYeHHUs, B paMKaXx pacCMOTpPEHHs
TENEeCKONMMYECKHX CTPEJIOBBIX CHUCTEM aBTOKPAaHOB Kak
HMMEIOIINX AUCKPETHO-KOHTHHYAJIFHBIE CBOICTRA.

CocTtaBieHHBIE ypaBHEHHsS IO MeTony byOHOBa-
lanepkrHa B 3ama9ax O TPOIONBHBIE WIH KPYTSAIIHE
KoIe0aHNs  TEJECKONMMYECKUX  CTPEJIOBBIX  CHCTEM
ABTOKPAHOB.

KiroueBble c10Ba: MOIETb, CTEPKEHb, IEPEMEHHOE
CeUeHHe,  aHaluW3,  KoyeOaHWs,  TeJIECKOIMYecKas
CTpENoBasi CUCTEMA, aBTOKPAHBL.

I. M. Sivak ORCID 0000-0002-6297-587X.
Yu. V. Chovnyuk ORCID 0000-0003-1889-0876.
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AHoranig. Jng  migATpUMKM  MamiMH @ Ui
JICOTEXHIYHUX POOIT B Mpale3aaTHOMY CTaHi HEOOXiIHO
MPOBOJUTH IUIAHOBE TexHiyHe obcimyroByBanHs (TO),
MEPIOUYHICTh SKOTO BCTAHOBIIOE 3aBOJI-BUTOTIBHHK.
PexomenmoBana BupOOHHKOM mepiogmyHicTe TO, ska
BUMIPIOETBCSA B KiTOMETpax mpodiry abo MOTOTOIUH
poOoTH, BigNOBiZa€e ycepeOHCHHM YMOB eKCIUTyaTarlil
MAaIlliH U JICOTeXHIYHUX pobiT. B peampHHX ymoBax
eKCIUTyaTallii MaIllWH JUIS JIICOTeXHIYHUX pOoOIT MOXKe
CYNPOBOIKYBATHCS OLTBII BaKKMMU HaBaHTAXCHHIMH,
TPUBAJIOKD POOOTOI0 Ha XOJOCTOMY XOXy, poOOTOI0 B
CKJIaJIHUX YMOBax eKcIuryararii. BpaxoByiouu Bik MaliuH
JUIsL JTICOTEXHIYHMX POOIT 1 Taki yMOBM eKCIUTyaTauii,
HeoOXxigHo 6inpmn gacto mpoBogutu TO. HaBmaxw, mpu
poOoTi B OUIBII JIETKMX YMOBaX eKCIUIyaTamii Moxe
3’SIBUTUCSI MOXKJIMBICTH 30UbInUTH iHTEpBan Mix TO. Ilpu
LLOMY HOPMAaTHBHO-TEXHIYHOIO JIOKyMEHTAITI€l0
nependavdeHo 30imbpieHHs nepiogmaHocTi TO 1 mmpoke
3aCTOCYBaHHS 3aC00iB iarHOCTYBaHHS TEXHIYHOTO CTaHY
MAIlIFH [T JTICOTEXHIYHUX POOIT, 32 Pe3yIbTaTaMHt SIKUX
MIPOTHO3YIOTHCS TeXHITHUN CTaH MOOLTEHUX
eHepreTnuHuX 3aco0iB (ME3) i fioro 3anumkoBuii pecypc.
OnHuM 3 HafO1IBII HABAHTAXKEHUX EJIEMEHTIB MaIIWH IS
JICOTEXHIYHUX POOIT € JBUTYH BHYTPILIHBOTO 3rOPSHHS
(AB3). CmpaBuuii cran [IB3 3amexuTh Bif 0Oaratbox
(akTOpiB 1 OAHUM 3 OCHOBHHUX € CIPABHHI CTaH CUCTEMHU
smamenust JIB3 Sk mpaBwio, OJXHMM 3 OCHOBHHX
¢dakTopiB, 1[0  BIUIMBAIOTh  HA  MEPIOAMYHICTH
oOciyroByBaHHs He Tinbku JIB3, ame i mammba st
JMICOTEXHIYHUX poOIT B [UIOMY, BHUCTyNIAa€ 3aMiHa
MacTHJILHOTO Matepiany B /IB3. MacTuiapHAM MaTtepiaioMm
B /IB3 BuCTynae MoTopHa onuBa. TakuM UMHOM, CIIpaBHUH
cran JIB3 HemoxBo 6e3 cBO€4acHOI 3aMiHM MOTOPHOI
OJIMBH, K € OJHIEIO 3 TPYAOMICTKHX 1 JOPOTHX POOIT Ipn
TO mamwuH 115 JTICOTEXHIYHUX POOIT.

Kiro4oBi cjioBa: Mammna 115 JTiCOTEXHIYHUX POOiT,
JIBUTYH BHYTpimHBOTO 3ropanHs ([IB3), MoTopHa oJmBa,
JiarHOCTHKA, TexHiuHe 06cmyroByBanus (TO).

IHocTanoBka mpodaemu

Crae akTyalbHOIO 3aJada JTiarHOCTHKH TEXHIYHOTO
CTaHy MOTOPHHUX OJIUB. ICHyIOTB MCTOIM, sIKI BUMararoThb

nabopaTopHUX yMOB 1 oOmagHaHHA, abo0 yYMOBH
NPOBEJCHHS JIOCHIKEHHS Ta Pe3yJbTaTH JiarHOCTHKH
TEXHIYHOTO CTaHy 3ajJeXaTh Bil HedopMani3oBaHUX 1
Cy0’eKTHBHUX pilleHb (paxiBII, KU, B 3aJICKHOCTI Bif
CBOTO JOCBiAy, (i3i0JIOTIYHUX MOXKJIMBOCTEH, MOXKE
NPUHHATH HEOO €KTHBHE pIIIEHHS 3a pe3yJbTaTaMu
niarHoctukd. ToMmy MOTpiOHI METOIM, IO JO3BOJISIOTH
npuiiMaTi  00’€KTHMBHI  pINIEHHS OpPO  HOAANIBIILY
eKCIUTyaTallilo ~ MOTOPHOi ~ OJNMBH 1  KOpUTYBaTu
nepioanuricts TO JIB3 MammH u1st TiCOTEXHIYHUX POOIT.

AHaJi3 0CTAHHIX JOCIIIKEeHD

VYnockoHaneHHs mporeciB i opranizamii TO [IB3
MAIIHH JJIs JTICOTEXHIYHMX POOIT MONsrae B KOPUTyBaHHI
nepioguunocti TO JIB3 MariumH [yis JTiCOTEXHIYHUX POOIT,
IO JIOCATAETBCS 33 PaxyHOK YIOCKOHAIEHHS METOMY
OIIIHKMA JUCTICPTYIOYUX BJIACTUBOCTEH MOTOPHOI OJIMBU
JIB3, sikuii J03BOJUTH OIIHIOBATH 3aJMIIKOBHU pecypc
MOTOpPHOI OJMBM 1 MPOBOAUTH HWOro 3aMiHy IO
(akTUYHOMY CTaHy, IO MiJABAIINTH €()EeKTUBHICTH i
CKOPOTUTHh BHUTPATH NPH TEXHIuHIN ekcruryatamii [IB3 i
MaIIFH IS JTICOTEXHIYHUX POOIT B IiTOMY.

B poGoti [7] aBTOpM TPOMOHYIOTH B SKOCTI
MOKa3HUKIB  TEXHIYHOTO CTaHy MOTOpPHOI  OJIMBH
BUKOPHUCTOBYBaTH  IYXKHICTh, 3MiHa  B’S3KOCTI 1

mucneproanicte. C. II. TopOyHOB cTBepIXye, MO Ha
TEMII 3HOCY OCHOBHUX JICTaJICi IBUTYHA 1 yTBOPEHHS JIAaKy
1 BiOKIaJ€Hb B HHOMY HAWOIIBIIUNA BIIUB POOUTH
KOHIICHTpAIliS HEPO3YMHHHUX JOMIIIOK, CIPAIbOBYBAHHS
MHUAHO-TUCIIEPTYIOUUX MPHUCAIOK, HAKOTIMYCHHS
npoayktiB okucieHHs [4]. FO. A. Bmaco mporHo3ye
3aJIMIIKOBUIA TEPMIiH CIy)KOM OJIUBH, 4epe3 MOKa3HUKU
3a0pyaHEeHOCTI npamntorodoi onusH [9, 12, 17].

J.A. [prounH poOWUTh BHUCHOBOK IMpO Te, IO
BHpIMIANEHUN BIUIMB Ha JIOBTOBIYHICTH IiAIIMITHUKIB
KOJIIHYacTOTO Bajla HAJal0Th B’ A3KICHO-TEMIIEPaTypHI
BiactuBocTi [11].

IMuTaHHAM BH3HAYCHHS I[TOKA3HWKIB T'PAHUYHOTO
CTaHy MOTOPHOT OJIMBY 3aliMaJTUCs 1 0araTo iHIIMX BUCHUX
[3, 8, 14 Ta in.]. BinbmiicTs KOCTITHUKIB TSI TIarHOCTUKH
TEXHIYHOTO CTaHy MOTOPHOI OJINBH BUKOPHUCTOBYIOTH
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MMOKa3HUKH:  JHUCIEPryove-cTadll3youy  37aTHICTh,
B’SI3KICTh,  Jy’)KHE  YHCIO, ONTHYHY  HIUIbHICTb,
3a0pyIHEHICTh ONHMBH, B TOMY YHCII OXOJOIKYIOUOi
piauHY i manuBa. Pigme B sIKOCTI MOKAa3HUKIB TEXHITHOTO

CTaHy BHKOPHCTOBYIOTHCSI KOKCOBAHICTh, CyNb(aTHA
30JIBHICTS 1 1HI [2, 19].
Meta gociigkeHn
Meta naHOi po0OOTHM TmoONATaE B  MiJBUINCHHI
e(pCKTHBHOCTI TEXHIYHOI eKCIUTyaTalii MaliiH JJist

JCOTEXHIYHUX POOIT.

Pe3yabsTaTn gociaigxeHb

3acTocyBaHHA METOJIB i 3ac00iB MIarHOCTHKH TIPH
TeXHIYHI# excrutyartaiiii i TO MaluH A JTICOTEXHIYHUX
poOIT 103BONISE 3MEHIIUTH TPYAOMICTKICTh TEXHIYHHX
BIUIMBIB, TPUBAJIICTh MPOCTOIB MAIIMH /IS JTICOTEXHIYHUX
poOIT, BUTpaTH Ha EKCIUTyaTamio. MeToau IiarHOCTHKH
TEXHIYHOTO CTaHy CIIPSIMOBaHI Ha OTpUMaHHs iHdopmarii
po (GakTHYHUNA CTaH MAIIUH U JTICOTEXHIYHUX POOIT i
OKpeMHX Horo eneMmeHTiB. TakuMm 4YMHOM, KiHIIEBAa MeTa
JIarHOCTUKM TEXHIYHOTO CTaHy — I€ OOCIyroBYBaHHS
MAIIFH JUIA JIICOTEXHIYHUX POOIT MO (paKTHIHOMY CTaHY.
Hdnsa  mporo  morpiOHE  KOpPHUTYBaHHS  ICHYIOUOL
nepioanarocti TO MammH ams micotexHITHUX pooiT. [IB3
Cy4JacHOT MAIIMHU JJIs JICOTEXHIYHUX POOIT € OMHUM i3
CcaMMX OCHOBHHX 1 IOPOTHX arperariB, SKOMY HeoOXiaHa
JiarHocTuka i oOcimyroByBaHHs. HaiiOunein BaxiuBomo i
BHUTpaTHOIO omnepanieio npu TO € 3aMiHa MOTOPHOT OJIMBU
JAB3 MammH i JICOTeXHiYHUX — pobit.  Tomy
nepioanunicts TO JIB3 MamivH 1151 TiCOTEXHIYHUX POOIT
BU3HAYAETHCS 3AIMIIKOBIM PECYpCOM MOTOPHOI OJIMBH.
TakuM 4YWHOM, JUI BH3HA4YECHHS 3aJMIIKOBOTO PECypCy
MOTOPHOI OJIMBH HEOOXiZHO BCTAHOBUTH 3HAYCHHS
KpHTEpilo, 0 XapaKTepu3ye TEXHIYHWH CTaH MOTOPHOI
omuBu.  IlommpeHMM  METOZOM  €KCIUTyaTamiiHOl
JIarHOCTUKH TEXHIYHOTO CTaHy MOTOPHOI OJIMBU € METO]
KparnesnpHoi 1pobu. BiH /103BoJisie BU3HAUMTH HapaMmeTp
TEXHIYHOTO CTaHy MOTOPHOI OJMBH — JUCHEPryIOUi
BrnactuBocTi ([IB), skuif € omHUM 13 BIACTUBOCTEH
MOTOPHOI OJIMBH, L0 3aCTOCOBY€ETHCS Ul BU3HAUYCHHS Il
TPaHUYHOTO  TEXHIYHOTO  cTaHy.  EKcmpec-MeTon
KpamesipHOi TpoOM BOJOJIE IepeBaraMm: IpoOCTOTa
TIPOBEJICHHS, MaJIa €KOHOMIYHa CKJI/I0BA BITPOBA/DKEHHS,
MOXKJIMBICT NPOBEJICHHS IarHOCTHKU TEXHIYHOTO CTaHy
Ha MiCIli eKCIUTyaTallii MallkH JJIs JIICOTEXHIYHUX POOiT,
KOMIUIEKCHA JIIarHOCTHKA TEXHIYHOI'O CTaHy OJIMBH.
[HTeHCHBHICTH PO3TiIKaHHS MOTOPHOI OJIMBH, YTBOPEHHS
30H 1 KOJIp OJNIMBHOI TUISIMH 3alie)aTh Bii OCHOBHHX
MOKa3HUKIB 1 TEXHIYHOTO cTaHy: B’si3kocTi, [IB,
3a0pyIHEHOCTI, MPHUCYTHOCTI OXOJODKYIOYOi PiTuHM i
nanuBa. OpHak CyO0’€KTHBHA OIIHKA 1 HEJOCTaTHS
TOYHICTh BHM3HAYCHHS KIUJIBKICHOTO TOKa3HuKa JIB He
JI03BOJISIFOTh BUKOHYBATH JJOCTOBIPHY JIIarHOCTHKY, TaK SIK
3IIMCHIOETBCS CYO €KTHBHA Bi3yajbHa OIIHKA OJIMBHOI
TUISIMH.

Po3pobiieHo  KOMIUIEKCHI ~ KpHTepil
TEXHIYHOTO CTaHy MOTOPHOI OJIMBH:

JIarHOCTUKH

U h - XapaKTepH3YEeThCs BUMIpOM BHCOTH h

OITEHOCTI PO3MOALTY Tpajialii Ciporo KOIbopy MiKCeiB
OJIMBHOI IUISIMH.
hy

Uhi =——

hmin
e hi- BUMIpsiHA BHCOTAa MIUTBHOCTI PO3MOIITY, MM;

)

hmin - BICOTA IIUTFHOCTI PO3MOALTY B TOYATKOBIN CTaIil

HAaIpaloBaHHs MOTOPHOI OJINBH, MM;
U ;- XapaKTepH3yeThCs BUMIPIOBaHHSM IUIOILI S P

Mg KPUBOIO IMIIBHOCTI pO3MOMUTY Tpamamii ciporo
KOJIBOPY TMIKCETiB 3 JBOCTOPOHHIM OOMEXKEHHAM 3a
TMHIHHAME pO3MipaMH sApa OJUBHOT IJISIMH.

S

_ Al 2
Uy =g @)
Amin
ne Sm. - BUMIpsiHA IUIOINA IMiJ KPHUBOIO INIBHOCTI

PO3HOiNY, 10 XapaKTepU3ye AAPO ONMBHOI IISAMH, MM
S}z min - TUoma IiJ] KPUBOIO HIUTEHOCTI PO3IOILTY, IO
XapaKTepu3ye SAPO OJMBHOI IUIIMH B MMOYATKOBIH crasil
HAIPAIIOBAHHA MOTOPHOIO Macla, MM;

Uoi - XapaKTEePHU3YEThCSI BUMIPIOBAHHIM 3arajbHOI
TUTOII] Soi MiJi KPUBOIO MIUIBHOCTI PO3MOALIY Trpajarii

CIpOT0 KOJIBbOPY MiKCEiB.

S

_ ol 3
U, = S (3)
omin
e Sm. - BHUMIpsHA 3arajbHa IUTONIA IIiJ] KPHBOIO

IiILHOCTI po3noiny, MM?; S - 3arajibHa IUIoIIa i

omin
KPHBOI MIUIHOCTI PO3MOJUTY B MOYATKOBIH CTasil
HaNpaIoBaHHA MOTOPHOT OJIUBH, MMZ,

Ha BigMiHy Bij BiIoMOro MeTOXy, Ji¢ METOJHUKA
OLIIHKH OJIMBHOT IUISIMHU 3BOJJUTHCSI IO OPTraHOJENITHYHOTO
METOy, po3pobiieHa MeTOIMKa IU(POBOI OIIHKK OJIUBHOT
IUSIMA, SKa JO3BOJIIE TPOBOIUTH (popManizoBaHy i
00’€KTUBHY OLIHKY, IPUHMATH PIlIEHHS MPO TEXHITHUN
cTaH MoTopHOi onmBU JIB3 i KopuUTyBaTH MEPiOAUIHICTH
TO [IB3 MamuH Ut JTiCOTeXHIYHUX POOIT.

3  BHUKODHCTaHHAM  CKaHYIOUYOrO  HPHUCTPOIO
OTPUMYIOTh MO3UTHBHE uudpose 300pakeHHs
(bUIBTPYBANBHOTO Marepy 3 OJMBHOMW IUIsiMOto. Lludpose
300paKeHHS IEPETBOPIOETHCS B HETATUBHUMN, 00Pi3a€ThCs
KBaJ[paTOM 3 IIEHTPOM B CEPEIHHI OJMBHOI INIIMH 1 3 pasu
nosepraeThes Ha 90° 33 rOAMHHUKOBOIO CTPiNKoro. Takum
YHHOM, BUXOJNUTH 4 300pa)KeHHs OZJHOTO OJIMBHOI IJISIMH,
0 Ja€  MOMJIMBICTh  3MEHIIMTH  BIUIMB  HOTO
HepiBHOMIpHOTO po3rikaHHA. LludpoBe 300parkeHHs
JIO3BOJISIE MATEeMAaTHYHO OI[IHUTH 3MIHH Tpajalii ciporo
KOJILOPY KOXKHOTO ITiKCesl 300pakKeHHs OJIMBHOI TUISIMU.

OTpuMaHi HeraTHBHI 300pa’KE€HHS TIEPETBOPIOIOTHCS
B MAacHB IIKCEIiB, YHCIO €JIEMEHTIB SKOTO JIOPiBHIOE
3arajpHIfl KUTPKOCTI MHKCENiB 3 PI3HOI0 SCKPABICTIO 1
KoHTpacTHicTIo. Ilikcem yTBOpiolOoT MaTpuiro. Ilpm
IFOMY KO)KEH IiKCeJIb Ma€ CBO€ 3HAYCHHS IITMOMHH CipOro
kombopy (Big 0 10 256 rpanattiii ciporo KoJbopy).

ITotiMm 37ailicHIOETBCS MIACYMOBYBaHHS 3HA4YCHb
€JIEMEHTIB MaTpHlb B KOXXHOMY CTOBIYHMKY 1 1moOynoBa
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KpUBOI 3alIe)KHOCTI IHTEHCHUBHOCTI Tpajamii ciporo
KOJbOPY TIKCETiB Bif iX KOOpIWHAT, fKa € IIIIBHICTIO

~ Matrix1 + Matrix2 + Matrix3 + Matrix4

SM : :

3
1X10°

SM =|

o oo o o o)
o o o oo o
o o o oo o

o oo o o

vl b W - O

CepefHe 3Ha4YeHHs rpagalii ciporo konbopy
nikcenis cepefgHboOro m'atHa onuneun, NN;j

PO3MOIiTY Tpaaalii Ciporo KoiIbopy MiKCeiB IMUPPOBOTO
HETaTHBHOT'O BiIOUTKY MAacCJITHOTO IisMu (puc. 1).

NN; := Z SM;
i

100 200 300 400 500
KinbkicTb nikcenis, j

Puc. 1. OTpuMaHHS MITFHOCTI PO3MOALUTY MIKCEIIB MO CEpeAHFOMY 3HAUYCHHIO 4 MaTpPHUIIh.
Fig. 1. Obtaining the density of distribution of pixels on the average value of 4 matrices.

Orpumana  miinmbHicTe  posmoxiny  NNj  Binx
KOOPAMHATH | 1 HeraTHBHE 300paKeHHs ONUBHOI TUISIMH
CHIBBIIHOCSTBCS 1  BHM3HAYAIOTBCS  XapaKTEPUCTHUKU
HIUTEHOCTI PO3MOILTY TKCeIiB (puc. 2):

- h - Bucora rpadika. Busnayae nokasHuku BCi€l
OJIMBHOI IUISIMM 1 € OPIEHTOBHO CepelHi 3HaueHHs, 01
SIKOT TPYNYIOTHCSI BCI 3HAYEHHS, MM;

- So
posmominy  mikcediB.  XapakTepu3ye — y3arajJbHeHi
MTOKa3HUKH BJIACTUBOCTEH KPAIUTMHHOI MPOOHM MOTOPHOL

OJIMBH, MMZ;

- Sﬂ
IHTEpBai pO3TaIlyBaHHS Spa OJMBHOI IUISIMU. BinbIoro
MIpOI0 XapakTepu3ye SKICHUA 1 KUTBKICHUA CKIIaad
MEXaHIYHHAX JOMIMIOK B MOTOPHIH OJTUBI, MM2.

Hnst xopuryBanns nepioguuHocti TO JIB3 mamimH
JUTSL TICOTEXHIYHUX poOiT HeoOXiTHO BU3HAYNTH IPaHUYHI
3HAYCHHS PO3POOJIEHMX KOMIUICKCHUX KpHUTEpiiB MpH
BIANOBITHUX OpakyBaJbHUX IOKa3HHUKaX TEXHIYHOTO
CTaHy MOTOPHOI OJIUBH.

OnHNM 3 TAaKHX TIOKA3HUKIB MOXKE CITY)KUTH MOKa3HUK
B, rpaHrYHE 3HAYCHHS SIKOi cTaHOBUTH 0,3. 3icTaBIsI0UH
pesynmpTatt  JIB  3a  NpU3HAYCHHAM ~ PAHUYHOIO
HarpaloBaHHs MOTOPHOI OJIMBH 32 11 paKTHYHUM CTaHOM

3 KOMIUIEKCHUMH KPHUTEPisMH Uh’ Uﬂ, Uo’ MOXYTb

- 3araJipHa IUIOIA MiJ KPHBOIO IIUIBHOCTI

- IJIOIIA TTiJ] KPUBOKO IIITBHOCTI PO3IOALTY B

OyTu npU3HAYEHI iX 'PaHUYHO JAOIYCTUMI 3HAYCHHSI.

S S

0 A

CepepHe 3HaveHHs rpagauii ciporo konbopy
nikcenis cepeiHbOro n'stHa onmen, NNj

Kinbkictb nikcenis, j

d

A

Puc. 2. OcHOBHI XapakTEpUCTHUKH IIIJIBHOCTI
pO3MOAiNy TiKCeNniB B MacwBax HH(POBUX BiJOWUTKIB
KpaneIbHUX P00 MOTOPHOT OJIHBH.

Fig. 2. The main characteristics of the density of the
distribution of pixels in arrays of digital prints of drip
samples of engine oil.
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B pesynprari JgocmipkeHHS BH3HAYEHO, MO Maca
Kparut, [0 HaHOCHUThCS Ha (IIBTpyBadbHUE marip,

signosinae MK = 0,028693+ 0,00108 r npu nosipuiii

iimoBipHocTi P =0,95 P. PexomennoBanuid posmip

300pakeHHs OJMBHOI IUIIMHU cTaHOBHUTE 490x490 mikcemiB.
Po3mip 300pakeHb BU3HaYa€eThCs MpH iX 3MiHi Big 270 no
600 mikcemiB (puc. 3) 1 3HaXO/KeHHI KoedilieHTa
PO3ALIBHOT 3MaTHOCTI K 7 U KOMIUIEKCHUX KpHUTEPIiB

Uh, Uy, U, . 3 ypaxyBaunsam Takux Macusis mikcesnis

npu  OyAb-SIKOMY CTaHi MOTOPHOTO Macja IOBHICTIO
MOMIIAOTECA ~ MACIiHI  IUISIMA~ Ha  IUQPOBOMY
300pakeHHI, MiABHUIIYEThCS TOYHICTb BUMIPIOBAaHb
PpO3poOIEHOT METOVKH.

05 BenuunHa pekomeH0BaHOTO Po3Mipy M'ATHa OnMBK
Ly 4

1

045 + = s
A * R2=0,5791
wy W\
035 {4 :
\Z/

= (03 4 \
* 25
02 .
. R = (0.9059
0.15 + + }
=
“II | / .\
\\_-, "R? = 0.8429 —t

0,05 + Y
3

270 320 360 430 490 520 GO0
Mikceni (n)

Puc. 3. 3anexuicth koedinieHTa pO3ALTBHOT
30aTHOCTI K ] KOMILTEKCHHX KpHUTEpiiB Ups Uy, Uy, BiX

PO3Mipy ITUISIMH OJIMBH B TTIKCEISX.
Fig. 3. The resolution of the coefficient of resolution
K7 of complex criteria Uy, U, U, on the size of the

oil spot in pixels.

ExcriepuMeHTanbHe JOCIIKEHHSI TPOBEIEHO Ha

Bin6ip 34 mpo06 3 kaptepiB JIB3 mammH 114 T1icCOTEXHITHUX
poOirT.

UuM Oinbpie 9acy pO3TIKAETHCA Kparsl MOTOPHOT
OJIMBH, THUM IUISIMA CTa€ OiNbIIe, a MexXi ii - pO3SMHTHMI.
[1siMy ONMMBU JOLITBHO BWUBYATH ICIA BUCYIIYBaHHS
npotsiroM 3-4 roauH mipu Temmepatypi 18-20 °C (puc. 4).

BusHauuTH TIpaHUYHUM CTaH MOTOPHOI OJIUBU
PO3pOOICHOI0 METOIUKO MOKHA IICIS MiJKOHTPOIBHOT
EKCIUTyaTallil MalluHy T JIICOTEXHIYHUX POOIT, BiIOOPY
po0 3 JIB3 i 3HaX0/KeHHs! TPAaHUYHOTO CTaHy MOTOPHOT
OJIUBH OJTHUM 3 BiIOMHX METOJIIB.

Hapmani  xonTponp Oyle MPOBOAMTHCS — TUIBKH
Po3p0o0IIeHOr0 MEeTOTUKOF0. [T TpU3HAYeHHS TPaHUIHOTO
crany motoproi onusu G-profi MSI Plus SAE 15w40 API
Cl-4 / SL, simiopanoro 3 xaprepie /JIB3 [1-260.9
Xapsectep AMKOJOP 2551, npobu JoCTiHKYIOThCS
1a00OpaTOPHUMH METOJaMH Il OIIHKH B SI3KOCTI i
JTyXHOTO yucia (Tabmws 1).

Ta6mums 1. OCHOBHI pe3ynbTaTH AOCIIIKEHb MPOO
moTtoproi osmu G-profi MSI Plus SAE 15w40 API Cl-4 /
SL, Bimiopanoro 3 kaptepis JIB3 [1-260.9 Xapsectep
AMKO/IOP 2551 nabopaTOpHUMHU METOJaMH.

Table 1. Key engine oil test results -profi MSI Plus
SAE 15w40 API CI-4 / SL, selected from the combustion
chambers DZ-260.9 Harvester AMKODOR 2551 by
laboratory methods.

InTepBan
. Jlyxxne
UYucio | HamparoBaHHs |B’s3kicTe mpu
mpo6 | moTopHoi onuBy, | 100 °C, cCr HHCTIO, MI
MOTOTOJIMH KOH/r
34 42-512 13,36-12,28 | 9,62-8,25
MoTopHa onuBa 6e3 14.26 10,32
HaInpaIfoBaHHs
I'paHnyHe 3HAYCHHS 12,5-16,3 5,16

npuknagi  Xapsecrep  AMKOJOP  2551.  Jlax OnuBOIO HE JOCATHYTO TPaHWUYHUX 3HA4YEHb 10
EKCIIEPUMEHTAILHOTO TOCTI/DKCHHST MPOBOAUTHCS 3a0ip  p’askocTi i Ay)KHOMY  49HCIy. PeKOMEHIOBAaHO
npo6 motoproi onusw 3 JIB3 1-260.9, ne o6car MOTOPHOT  kepiBHMITBOM TI0 ekcmyaTanii Ta TO geurysis J-260.9
OJIMBH, HEOOXIIHOTO JUIS 3aMiHHM, CTAHOBUTH 217,6 1. IlpM  Tepmin  3amiHM  MOTOpHOT oOnMBM  CTaHOBHTH 250
piBHI gmoBipyoi iiMoBipHOCTI P=0,75 11 HOpPOBEAEHHS  MOTOTOMIMH.
eKCTIEPUMEHTAIBHAX JOCIIKEHb HEOOXiHO IPOBECTH
Tabéauus 2. Mexi 3MiHH KpUTEPiiB TEXHIYHOTO CTaHY MOTOPHOT OJIUBH.
Table 2. Limits of change of criteria of technical condition of engine oil.
IHTepBan Mesxi 3MiHU KpUTEPIiB
Yuco mpob Miii%?o?ziﬁi, Mexi 3minu /1B Up, u, U,
MOTOTOMH
MS-IM (TpaHCHOPTHO-TEXHOJIOTiYHI MAIIWHH)
4 | 5700-10500kmM |  0,7-0,22 1-1,14 | 1-1,24 | 1-1,21
M10-/IM (TpaHCTIOPTHO-TEXHOJIOT19HI MaIINHN)
8 | 1000-20000kM |  0,47-0,33 1-1,38 | 1-1,89 | 1-1,62
MS-IM (TpaHCHOPTHO-TEXHOJIOTiYHI MAIIWHH)
9 70-845 0,77-0,22 1-1,28 1-1,87 1-1,43
MOTOTOMH
M10-/IM (TpaHCIOPTHO-TEXHOJIOT1YHI MAaIlTMHHU HiAMPUEMCTBA)
6 54-360 0,6-0,31 11,25 1-2 1-1,62
MOTOTOIMH
G-profi MSI Plus SAE 15w40 API CI-4/SL
34 42-512 0,54-0,27 1-1.13 1-1,38 1-1,18
MOTOTOJIMH
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bpakyBambHUM  MOKa3HHKOM  MOXE  CIYXHTH
KOHTpOJbHUM napametp 1B, rpaHuuYHE 3HAYEHHS SIKOTO
cranoBuTh 0,3. V Tabmuii 2 mpencTaBieHi MeXi 3MiHH
KOHTpOJbHOTO  mapamerpa JB 1 po3pobmenux
KOMIUIEKCHUX KPHUTEPiiB U hUg Uy

Hanpuknan, 3icraBmstoun pesynsTatn B 3a
TpPaHUYHUM  HaNpaIlOBaHHSAM MOTOPHOI  ONMBU 3
KOMIUIEKCHUM KputepieM Uy, (puc. 4), npusHadeno Horo

rpaHny4He 3Ha4eHHs, piBHe 1,135 nast MotopHoi onusu G-
profi MSI Plus SAE 15w40 APl CI-4 / SL 3 kaptepa
nusensHoro gasuryHa J1-260.9 Xapsecrep AMKOJOP
2551, 1m0 BHUKOHYIOTH TEXHOJOTi4HI poboTH B
Kuromupcekiii obmacri.

0.6
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Hal'lpaLllOBaHHﬂ, MoTOoroavH
Puc. 4. 3alexHICTh 3MIHU PO3p0o0IICHOTO

KOMIIJICKCHOTI'O I(pI/ITepiIO U h Bi,I[ HanpamnroBaHHs, @ TAKOK

HOro B3a€MO3B’S30K 3 KOHTpOJBHUM HapamerpoM JIB
moropuoi onuBu G-profi MSI Plus SAE 15w40 API Cl-4 /

SL:1-Up;2-1B.
Fig. 4. Dependence of change of developed complex
criterion Up on time, as well as its relationship with the

control parameter DP of engine oil G-profi MSI Plus SAE
15w40 API CI-4/SL: 1 - Up; 2-DP.

BiamoBimHO 1O OTPUMAHOTO TPAHUYHUM 3HAYCHHSIM
MOJKHA OIIHUTH 3aJMIIKOBHIA pecypc MOTOPHOI onmBH. Ha
OCHOBI JIaHUX TIPO 3IUIIKOBUH pecypc MOTOPHOI OJIMBU
CTa€ MOXIIUBUM TPOBEACHHS POOIT MO 3aMiHI MOTOPHOL
OJIMBU JBUTYHIB MAIlWMH JJIS JTICOTEXHIYHUX pOOIT TO
(akTUYHOMY CTaHy Ta KOpUTYBaHHS mepiogmdHocTi TO
JIB3 mamuH Ui JIiCOTeXHIYHHX poOIiT. B 3B’s3ky i3
3aMiHOI0O  MOTOPHOI  ONWMBM B  3QJI@KHOCTI  Bif
HalpamoBaHHSA BiIOMO SIK 3MIHIOIOTBCS KOHTPOJIbHI

napamerpu, aje Macjo IpH IIbOMY HE BHYEpIye CBIif
MOTeHIiHMI pecypc (puc. 5). Buxomsum 3 wuporo,
MPONIOHYETRCST  cKoperyBaTu mnepiogmuaicte TO JIB3
MaIIrH I JICOTeXHIYHUX poOiT. [Ipudomy mpoBeneHHS
ITOBHOTO JTADOPAaTOPHOTO aHalli3y TPUBAIMHN dac i TOporo.
BukopucranHsi po3poOsieHOI METONUKH —mependadae
OTPUMaHHS pe3yibTary MNpoTSroM 3-4 TOAWH IiCIs
HaHECEHHs Kparuii oJiii Ha GiabTpyBaIbHUHN Mamip.
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Puc. 5. Iimoctparist nepioin4HOCTI 3aMiHH MOTOPHOT
omuBu G-Profi SAE 15W-40 APl Cl-4 B naBurynax
Xapsectep AMKOJIOP 2551 mpu: 1 - muaHoOBoO-
nonepemkyBaigbHoro cucremi TO; 2 - no QakTuuHOMY
CTaHy.

Fig. 5. Hlustration of the frequency of replacement of
G-Profi SAE 15W-40 API CI-4 engine oil in Harvester
AMKODOR 2551 engines at: 1 - planned maintenance and
maintenance system; 2 - the actual state.

[Tpu niarHOCTHI TEXHIYHOTO CTaHy MOTOPHOT OJIMBH
3 TPbOX KOMIUIEKCHHX KpHUTepiiB NOTpiOHO BHOpaTh
HaWOUIbII ~ 3HAYMMHMHA.  3HAYMMICTh  BH3HAYAETHCS
HaIpalloBaHHsIM 13 3aMiHM MOTOPHOI ONMBH 1 ii cTaHOM,
SIKE XapaKTePH3YEThCsI KOMIUIEKCHUMH KPUTEPIIMH —

Up, U, U,.
KpHUTEpiiB BUKOPHCTOBYEThCS €BKJiOBa BijacraHb. Ha
MACTaBl OTPUMAHMUX MJAaHUX MPUAMAETBCA HAHOUTBII

B sxocri 3amoOiKHOTO OJIM3LKOCTI

Baromuii kommiekcuuii kputepiit Up , y skoro cepenms

€BKJIIIOBA BiJICTaHb 1 HAOLIbIIA BETHIIHA TOCTOBIPHOCTI
anpokcumariii. [y OLiHKK JOCTOBIPHOCTI KOMIUIEKCHHX
kputepiis Up i JIB BusHaueni moxubku i mina moxinku

(tabu. 3).

Tabauus 3. TlopiBHsIbHA OLiHKA K0CTOBipHOCTI Bu3HAaueHHs kputepiiB B i Up npu ominui npo6 moropHOi
onmusu G-profi MSI Plus SAE 15w40 APl Cl-4 / SL 3 kaprepa ausenbHoro asuryHa J[-260.9 Xapesectep AMKOJIOP

2551.

Table 3. Comparative evaluation of the reliability of the definition of the criteria of the DP and in the evaluation of
samples of engine oil G-profi MSI Plus SAE 15w40 API CI-4 / SL from the crankcase of the D-260.9 diesel engine

Harvester AMKODOR 2551.
Kontponbuuii | Bumagkoa | CuctematuuHa Cymapna Bignocna Hina VO, BUMIPIOBAHOTO
s o o o KPHUTEPIIo IPH IPUHHATOT
KpHUTepiit MOMMIIKa, % moMmIika, % moMmika, % MTOMMJIKA oo . . _
HagiHocTi BHOIpKH, 0=0,9
Uh 1,9 1,2 31 2,8 0,0138
B 2,7 9,8 12,5 30,5 0,0177
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OcTaTOYHHH pe3yIIbTaT:
Uh= 1,092 + 0,031 npu nosipuiii iimMoBipHOCTI

P=0,9; E=2,8%.

IB = 041 + 0,12 mpm noBipuiii HMOBiIpHOCTI
P=0,9; E=30,5%.

Takum uuHOM, KOMIUIEKCHMH Kkputepit U h
puiiMaeThesl 00’ €KTUBHUM [UISL 1IaTHOCTHKH TEXHIYHOTO
CTaHy MOTOPHO{ OJIMBH 1 KOpUryBaHHs nepioanuanocti TO

JAB3 mammH 115t JTIiCOTeXHIYHUX POOiT.

BucHoBkm

1. TIlpoBemeHO [MiaTHOCTHKY TEXHIYHOTO CTaHY
MOTOPHOI OJIUBU YIOCKOHAJIEHUM METOIOM KpamnesbHOl
mpobu Ui KOPWUTYBAaHHS IIEPIOJMYHOCTI TEXHIYHOTO
00CIyroByBaHHs JBUTYHIB MAIUH JUIS JIICOTEXHIUHUX
poOiT. MeToa KpameabHOi MpoOU J03BOJISE BU3HAUUTH
KOMIUIEKCHUM IOKa3HUK JUCIIEPrYIOUUX BIACTHBOCTEH
MOTOPHOT OJIMBH, 10 IKOMY MOHA 3pOOUTH BUCHOBOK IIPO
3QJIMILIKOBUN pecypc MOTOpHOI osuBH. J[laHuii Merton
YIOCKOHAJICHHH Y YaCTHHI MPOIECY KUIBKICHOTO aHami3y
OJIMBHO{ IUTAMM 1 IPUHHATTS PILLICHHS PO CTaH MOTOPHOI
OJIMIBH.

2. PozpobmeHo Meroamky —nH(pOBOI  OLIHKH
OJIMBHOI IUISIMH 3 METOI0 00’ €KTHBHOI i (popmanizoBaHOl
OILIHKH TEXHIYHOTO CTaHy MOTOPHOT OJIMBY AJIS IPHHHSATTS
pilIeHHs PO HEOOXiMHICTh KOPUTYBAHHS MEPiOAMIHOCTI
TEXHIYHOTO OOCIYroBYBaHHS JIBUTYHIB MAIIMH JUIs
JIICOTEXHIYHUX POOIT.

3. OOrpyHTOBaHO HOBHH KOMIUIEKCHHH KpUTEpiid
KOHTPOJIIO TEXHIYHOTO CTaHy MOTOPHOI OJIMBU JBHUTYHIB
MalldH Ui JICOTEXHIYHUX pOOIT, SKUH O3BOJISIE
MIPOBOAANTH KOPUTYBAaHHS TIEPIOANYHOCTI TEXHIYHOTO
00CITyrOByBaHHS.
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COBEPIIEHCTBOBAHUE OBCIIY > XMBAHUE
MAIIWH AJI JECOTEXHUYECKUX PABOT
3A CHET JUATHOCTUKU TEXHUYECKOI'O
COCTOSAHUA DKCITY ATAIITMOHHBIX
MATEPHAJIOB
JI. JI. Tumosa
AHHOTauMA. [ng mnoamepxXku — MamuH A7
JIECOTEXHUUYECKUX PaboT B pabOTOCIIOCOOHOM COCTOSTHHH
HEOOXOIMMO  TMPOBOIUTH  IUIAHOBOE  TEXHUYECKOE
obcnyxuBanue  (TO), TepHOAMYHOCTH  KOTOPOTO
YCTaHABJIMBAE€T 3aBOJ-M3TOTOBUTENL. PekoMeHmayemas
TIPOU3BOIUTEIIEM MIEPUONIHOCTD TO, KOTOpast
U3MepsIeTCsT B KHJIIOMETpax Mpo0era MM MOTOYACOB
paboOThl,  COOTBETCTBYET  YCPECOHEHHBIM  YCIOBHUSIM
SKCIUTyaTallii MAIlUH JUIS JIECOTeXHWYeCKHX paboT. B
peabHBIX ~ YCJIOBUSAX  OKCIUIyaTalds  MAIllWH  JUIsS
JIECOTEXHIYECKUX PabOT MOXKET CONMPOBOXKIATHCS Oojee
TSOKETBIMU ~ Harpy3kamu, JUIMTENbHOW paboToil  Ha
XO0JOCTOM XOXIy, paboTOi B CIOXHBIX YCIOBHUSIX
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JKCITyaTallMd.  Y4YWTBIBas  BO3pacT MallMH Ui
JIECOTEXHUUYECKHUX PabOT U TaKHE yCIOBHUS IKCILTyaTaIUH,
Heobxonumo Ooee wacto mpoBoauts TO. HaoGopoT, mpu
pabote B Ooiee JETKHUX YCIOBUAX SKCIUTyaTalldd MOXKET
MOSBUTBCS BO3MOXHOCTh YBEIMUYUTh HHTEPBAT MEXIY
TO. IIpu 3TOM HOPMAaTUBHO-TEXHUYECKON
JOKyMEHTaIeH PEAyCMOTPEHO yBEJIMYCHUE
nepuoanyHocTH TO ¥ MIMPOKOE NPHUMEHEHHE CPEACTB
JMarHOCTHPOBAHMSI TEXHUYECKOTO COCTOSHMS MAIMH IS
JIECOTEXHUUYECKHX pPadOT, MO pe3yiabTaTaM KOTOPBIX
MIPOTHO3UPYIOTCSI TEXHUYECKOE COCTOSIHUE MOOMIIBHBIX
sHepreruueckux cpeacts (M33) u ero ocTaTOYHBIH
pecypc. OmanM n3 HamOollee HArpy)KCHHBIX DJICMEHTOB
MaIlH IS JIECOTEXHUIECKUX padoT ABIACTCS ABUIATEIh
BHyTpenHero cropanus ([BC). HcmpaBHoe cocrosiHme
JBC 3aBHCHT OT MHOTHX ()aKTOPOB M OJTHAM M3 OCHOBHBIX
SIBIISICTCA MCIPaBHOE COCTOsSIHHE cucTeMbl cMmasku JIBC,
Kaxk npaBuiio, 0HIM U3 OCHOBHBIX ()aKTOPOB, BIMSIOIIIX
Ha MEePUOUIHOCTH 00cTykuBanus He Toibko IBC, HO u
MamrHa 411 JJICCOTCXHUYCCKUX pa60T B II€JIOM, BBICTYIIACT
3amMeHa cMazoyHoro Marepuana B JIBC. CmazouHbiM
marepuanom B J[BC BeicTynaer MoTopHOe Macio. Takum
oOpa3zoM, ucnpaBHoe coctosaue JIBC HeBo3MoxHO 0e3
CBOEBPEMECHHON 3aMeHbl MOTOPHOTO Macia, KOTopas
SIBISIETCSI OTHOM M3 TPYAOEMKHUX U IOPOTOCTOSIINX padoT
npu TO MaIuH A7 TeCOTEXHMYECKUX PadoT.
KaroueBble cjioBa: MammHa U JIECOTEXHUYECKUX
paboT, ABWTaTedb BHYTPEHHETO CrOpaHMsA, MOTOPHOE
MacJyo, TUarHOCTHKA, TEXHUIECKOe 00CITyKUBaHHUE.

IMPROVEMENT OF MAINTENANCE
OF MACHINES FOR FORESTRY WORKS DURING
THE DIAGNOSTICS OF TECHNICAL STATE
OF OPERATING MATERIALS
L. L. Titova

Abstract. To support machines for forestry work in a
healthy state it is necessary to conduct routine
maintenance, the frequency set by the manufacturer.
Manufacturer's recommended frequency, which is
measured in kilometers or hours of operation, corresponds
to the average operating conditions of machines for
forestry work. In real conditions of operation of machines
for forestry work may be accompanied by more heavy
loads, prolonged idle, work in difficult conditions. Given
the age of machines for forestry work and such conditions,
should meet more frequently. On the contrary, when you
work in milder conditions, it may be possible to increase
the interval between. While regulatory and technical
documentation provided to increase the frequency and
wide use of means of diagnosing the technical condition of
machines for forestry work, the results of which are
projected technical condition of mobile power means
(MPM) and its residual life. One of the most loaded parts
of machines for forestry work is the internal combustion
engine (ICE). An operating condition of the internal
combustion engine depends on many factors and one of
which is an operating condition of the lubrication system
of the internal combustion engine, As a rule, one of the
main factors influencing the frequency of service not only,
but also a machine for forestry work in General is changing
the lubricant in internal combustion engines. Lubricant in
the engine stands engine oil. Thus, an operating condition

of the internal combustion engine is impossible without
timely replacement of engine oil, which is a time-
consuming and expensive work at ICE machinery for
forestry work.

Key words: machine for forestry work, the internal
combustion engine, motor oil, diagnostics, technical
maintenance.
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AHoTanis. B crarTi npoBeAeHO aHANI3 MiATPUMAaHHS
ICHYIOUHX CLITBCHKOTOCTIONaPCHKIX MAaIuH B
Mpane3JaTHOMY CTaHi, 3a SKAM CIiJ BiJIpaIfoBaTH
CHCTEMYy TEXHIYHOTO OOCIYyTOBYBaHHS 3 YpaxyBaHHIM
YMOB pedOopMyBaHHS arpapHOro cexropa. [lig TeXHITHuM
00CIyrOBYBaHHSIM PO3YMIEThCS KOMIUIEKC pOOIT IO
MiITPUMaHHIO POOOTO3AaTHOCTI a00 CIPaBHOCTI BUPOOIB
NpU  BHUKOPUCTaHHI 32  NPU3HAYCHHSIM  IIISIXOM
pEryJIIOBaIbHUX, 3HAIOYUX, 3alpaBHUX 1 KPIMMIBHUX
poOiT. J[7Ist OIiHKK aNbTEpPHATHBHHUX BapiaHTIB JOIIEHO
MPOBOIUTH MOPQOJOTIYHUIA aHaJi3 BCi€i CYKYITHOCTI
MOJKJIMBHX PIlIeHb JOCITIKYBAaHOI MIPOOIEMH, TOJAaHUX Y
BHTIISAAI MOP(OJIOTIYHOI MaTpHIIi, B Kl TIOAaHI OCHOBHI
¢yHKOii MamwHA 1 BapiaHTH mOpeaMeTHHX (opM ix
BHKOHAHHS.

TeopeTHIHUMH TOCTIKCHHSIMHA HAaAIHd BiJIOBIIh
Ha /IBa TOJIOBHI NIMTaHHS — SIK Ma€ 3MIHIOBATUCS CHCTEMa
TEXHIYHOTO 00CITYrOBYBaHHS 3aJIEKHO BiJl PIBHSI PO3BUTKY
arpapHoro BHPOOHHIITBA, a TAaKOX — SKI Hapamerpu
[MOBMHHA MaTU CHCTEMa OOCIyrOBYIOYOI'O CEpBICY, 1100
BUKOHYBaTH BIJNOBIIHI BTPyY4aHHS 3 MiHIMaIbHUMHU
TEXHOJIOTIYHO IOTPIOHMMH BHUTpaTaMH pecypciB Ta
KamitTanmoBKiIageHHssMu.  OIIHKY  piBHA ~ TEXHIYHOTO
00cITyroByBaHHS CLITBCHKOTOCTIOTAPCHKIX MaIIiH
nepe0aveHo BUKOHYBATH 33 CYKYITHICTIO OpraHi3aliifHo-
TeXHIYHHX (pakTopiB, popMamizoBaHMX UYepe3 YacTHHI i
KOMIUIEKCHI TIOKa3HUKH, B JiBa eTamd. [lepmmii — oIiHKa
Yyepe3 YacTHHI MOKa3HUKH 10 KOXKHOMY (haKTOPy OKPEMO.
Hpyruii — oriHKa KOMIUIEKCHOTO MOKa3HHWKa (3a BCiMa
(akTOpaMH B IIJIOMY).

KawuoBi  caoBa:  meromosoris,  KoedimieHT
TOTOBHOCTI, e(heKTUBHICTb, CIITbCHKOTOCTIOAPChKA
MalllfHa.

ITocTanoBka mpodaemu

OnHi€r0 3 IepeIyMOB 3a0e3MCUeHHS MPaIe3IaTHOCTI
1 €KOJIOTIYHOCTI CUTBCHKOT'OCITOIAPCHKUX MAIITHH B yMOBaX
icHylounx oOMeXeHb (DIHAHCOBHUX PEeCypciB 1 HH3BKHX
MTOKAa3HUKIB O€3BiIMOBHOCTI NHWX MAIIMH € MOUIYK
pamioHambHUX pimieHb 3  e()EeKTHBHOCTI  TEXHIYHOL
eKCIlTyaTarlii, ki O JO3BOJWIM BHKOHATH HEOOXiHi
00’emMu  poOIT 3 TEXHIYHOTO OOCITYyroBYBaHHA 3a

MiHIMaTBPHUX 3aTpaTax (pIHAHCOBHX 1 TPYHOBUX pecypciB
[1].

IIpobnema  migBuieHHS  HafgifiHOCTI  [2] #
e(peKTUBHOTO BHKOPUCTAHHS CLIBCHKOTOCIIONAPCHKUX
MaImyH mepedyBac B TICHOMY 3BSI3KYy 13 IpoOIeMOro
OpraHizamii ¥ TEXHOJIOTI€I0 3IIHCHEHHS BCiX MPOIECiB
nepe0a4eHNX CHCTEMOI0 TEXHIYHOrO 0OCIyrOBYBaHHS B
arpapHoMy BHpoOHHITBI [3]. PamioHanbHa oprasizaiis
eKCIUTyaTalii MamliH HEMOXJIMBA TP BIJCYTHOCTI
HEOOXiTHUX BiZIOMOCTEH MO NEePiOAWYHICTD 1 TEXHONIOTIT
BUKOHAHHS NPO(MUIAKTUYHHX PpoOOIT. Y LBOMY 3B'S3KY
CTBOPEHHSI METOAMKHA OOIPYHTYBaHHS NEPIOAMYHOCTI
TEXHIYHOTO OOCIYrOBYBaHHsS € aKTyaJbHUM HayKOBO-
NPaKTUYHHUM 3aBIAHHAM [4].

BuBueHHs (akTopiB, 110 BHABISIIOTH BIUIMB Ha
TPUBAIICTh POOOTH JaHOTO BY3Ja JO MOMEHTY, KOJH
JIOLJIBHO MPOBOAUTH NPOLIAKTHYHI pOOOTH ITOKA3YE, 110
B I[OMY TIMTaHHI ICHYE CBOEPITHANA  TPUHIIMII
HEBM3HAUEHOCTI: YMM IOBHIIlIE i TOYHIIIE BPaXOBYIOTHCS
3a3HaueHi (pakTOpH, THM MEHII € IOCTOBIPHUM OTPHUMaHHUH
pe3yJIbTar. Binbm JOCTOBIpHOT BUSIBJISIETHCS
nepioguunicTs TO, ycTaHOBNICHA 3 ypaxXyBaHHSM BHMOT,
chopMmyboBaHa 3 OUTBII 3arajabHUX Mo3uMii. Hampukian,
YCTAHOBJICHHS TEPIOJUYHOCTI 3MIACHEHHS OIeparlii
TEXHIYHOTO OOCIYrOBYBaHHS 3 YypaxyBaHHSM BHUMOT
palioHaJbHOI OpraHizailii BHKOPUCTAHHS MAIIHH B
YMOBax, IO CKJIAQJIUCA arpapHUX MiANPUEMCTBaX. Y
3B'A3Ky 13 LUM Yy JOCIDKeHHI po3mnodarta crpoba
BpaxyBaTH BeCb OCHOBHMH KOMIUIEKC (DaKTOpiB, MIO
BU3HAYAIOTh IIEPIOMYHICTh TEXHIYHOTO 00CIyroBYBaHHS
3a IaHO0 MaIuHow [5].

3rigHo HaI[lOHAJbLHUX CTaHJapTIB 010
CUIBCBKOTOCIIOJAPCHKHUX MallInH nepenoayeHo
MPOBEJICHHS MEBHUX BH[IB TEXHIYHOTO OOCIYrOBYBaHHS,
AKi KJIACH(IKYIOTBCS 32 €TalloM ICHYBaHHS MAallWHHU 1

XapaKTepPU3YIOThCS YiTKO periaMeHTOBaHOIO
nepioguuHicTIO TpoBeAcHHA. OmHAaK I BEJIWMYUHHU
MepiOANIHOCTI chopmoBaHi 3TiTHO IJIAHOBO-

MOTePeKYBaIbHOI CUCTEMU JUIS BUPOOHUUYUX yMOB [6].
CrporozieHHs TOTpedye HOBUX pillleHb MO0 HAYKOBOTO
OOTpYHTYBaHHS BEJMYUH TEPIOAUIHOCTI TPOBEIACHHSI
TEXHIYHOTO OOCIYrOBYBaHHS CiJIbCHKOTOCTIOAAPCHKHX
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MAalllMH 1 Ha JYMKY aBTOpa BHUXIJIHUM €TarnoM MOBHHHA
crati opmaizallis BIUIMBY TOKa3HUKIB HAIHHOCTI.

AHAaJIi3 0CTAHHIX JOCTITKEeHb

JocsrayTuii cBiTOBHUII piBeHb HaJIHHOCTI CEepiHHHX
Cy4acHHUX CLIBCBKOTOCTIOIAPCHKHUX MallH,
XapaKTepU3yIThCs HapoOiTKOM Ha BigMoBy  140-
180 moro-romun i MiHiManeHUM 110 3% YacoM NpOCTOiB
Yyepe3 MOJIOMKH B HEpioj arpoCTPOKY MPOBENEHHS POOiIT
[7]. HapobiTok Ha BiAMOBY BiTYM3HSHHX 3pa3kiB — 11-
40 moro-roauH, mpoctoi — 15-35% [8].

[lepiognunicTh 00CTyroByBaHHS tTO [9]:

t _ tpmin
TN
ne t pmin ~ MiHIMaIIBHUHA pecypc 00’€KTa; N —xinbxicts

TO 3a pecypc 00’ekra.
CepemHiii pecypc 00’ekra mpu i-y nepiogunaaocti TO

tpi BU3HAYaeThes Gopmyoro npodecopa A.M. lleitnina

[10]:
| Pty )+1
pi = “pmin - Le\lroi + !
tpmin
me pmax it o min — MaKCUMAaITbHUH 1 MiHIMAITBHIH pecypc

00’€eKTa, BIIIOBIIHO; Pc (tTOi) — cepenHsl WUMOBIPHICTB

HEHACTYIUICHWS TPAHUYHOTO CTaHy MEepiOJUYIHOCTI
BiTHOBJIFOBaHOI JOMTOMDKHOT CHCTEMH IPH HaIpaIfoBaHHI

tT (O

Kputepiem onTtmMizamii  TEepMiHIB  IIPOBEACHHS
IUIAHOBUX TEXHIYHHX OOCIYyroByBaHb € BEJIMYMHA
CepelHIX NMUTOMHUX 3aTpar, IO NPHUXOIATh Ha OAMHHIO
Bi/INpaIbOBaHOI YaCTHHH CepeaHpOro pecypey [11]:

CTO-T+(CP+Cn)- 1-R % +

T
+C,-R T
T
Cy() - = ]
T T
T y| —
T
e CTO T MOTOYHI 3aTpaTd Ha TEXHIYHE

00CITyroByBaHHS, 3aMiHH; Cn BapTiCTh BTpaT, IO

OB’ SI32HO 3 MPOCTOSIMH 200 1HITUMU HACiKaMH Bi]MOB B

eKCIUTyaTarlii; C » BAPTICTh PEMOHTY TEXHIKH; R x

T
— WMOBIpHICTh 0€3BiIMOBHOI POOOTH 3a PECYpPCHUMH

BiIMOBaMH Ha MOMEHT IIPOBEACHHS IJIAHOBOTO PEMOHTY.
Haiibinpin  pamioHaJbHMM  BapiaHTOM  IUTaHOBOI
3aMiHH € TIepioj] KOJH JeTalli MaloTh HapoOiTok Bix 50 no
90% cepenHbOTO pecypcy; AiHCHUN Yac 3aMiHl HEOOXiTHO
BU3HAYaTH, y3roJUKEHO 3 Horo rpadikoM BHKOPHCTaHHS
CUIBCHKOTOCTIONApCHhKOT TexHiku [12]. B TakoMy Bumajxy,

BH3HAUYAIOUU TIEPiOAM BHKOPUCTaHHS MamuH i gac TO
(3aMiHM) MO>KHA TIepe TOYaTKOM a00 B KiHIlI BUKOHAHHS
CLTBCHKOTOCIIOIaPCHKHUX  OTEpaliii; OCHOBHOIO METOIO
JTaHO1 cTpaTerii € 3amoOiraHHs aBapifHUX PEMOHTIB B
Mepio BIAMOBINANBHUX CUIBCBKOTOCIIONAPCHKAX POOIT
(mociB, 30mpaHHS BpOXAar), NOTPEOYIOUHX YITKOTO
BUKOHAHHS omepalliii B ctucii tepminu [13].

Jdnst  oOTpyHTYBaHHS TEPIOJUYHOCTI TEXHIYHOTO
00CITyrOBYBaHHSI CLIBCHKOTOCIIONAPCHKUX MAIIWH ICHY€
KiTbKka MeTomiB [14]: MeTox OpraHOJCNTUYHUM, IO
IPYHTYETBCSL Ha 3MiHI 30BHIIIHBOTO BHUIIIAAY (KOJIBOPY,
MPO30POCTi TOIIO) i XapakTepy 3a0pyJHEHHs MOBEPXOHb
MeXaHi3MiB, BY3JiB, arperariB, OJHBH, MAacCTHIA,
OXOJIOJDKYIOUOI Ta TalbMIBHOI PiIMH — pPEKOMEHIYETHCS
UL OOTPYHTYBaHHS OIepariii 3 MHUTTA, OYHWINEHHS,
3MalllyBaHHA, 3alpaBJICHHs, J03aNpPaBICHHS 1 3alpaBHO-
37IMBaHHA.

3anpornoHoBaHa ONTHUMaNbHa
MMPOBEACHHA KOHTPOJIBHO-OTJISIIOBUX
TEXHIYHOTO 0OCIyrOByBaHHS
MariuH [7]:

-o_T'(\/T(;25+4'T05'(T+Tg)_T06)
- 2-(T+T)

me T — cepenniift HapoOITOK Ha BIAMOBY MamuHu, T, —
cepenHs TPUBATICTh YCYHCHHS BIIMOBH, fKa 00yMOBIICHA
BJIACTHBOCTSIMH PEMOHTONPHIATHOCTI KombaitHa; Tos —
TPHUBAJIICTh TEXHIYHOTO OOCITyTOBYBaHHS.

Bupaz (1) pocuth CynepewiMBHHA OCKUTBKH 32
HapoOITKOM Ha BiMOBY enekTpooOuanHanHs J{on-1500
315 MOTO-TOIMH 1 BUTpaTaMH yacy Ha obciyropyBanus 0,3
roji ONTHMalbHA IMepioandHicTe 10 MOTO-rOgWH, a
rizpocucrema 76 MOTO-TOJUH 1 BHUTpaTaMH dYacy Ha
obciyroByBanHs (0,7 Tox onTHMaibHA TEPIOAMYHICTE 7
MOTO-TOJIH.

OOrpyHTYBaHHS  TEPIOOMYHOCTI  PEryIIOBaJIbHO-
KPINIIBHUX ONepalliif TeXHIYHOTO 00CITyTOBYBaHHS:

Pk :—%-In(Pﬂ),

MePiOANIHICTH
ormepariii
CLIBCHKOTOCIIOJAPCHKHUX

tk

e Po — JIONYCTHMHUI piBEHb HMOBIPHOCTI 3HAXOKEHHS

MAIllMHA B TEXHIYHO CIIPaBHOMY CTaHi, {J — mapamerp
BUHUKHEHHS BiJIMOB.

OOrpyHTYBaHHS MePiOANIHOCTI BUKOHAHHS
MaCTHIbHO-3aIIpaBHIX orepariin TEXHIYHOTO
00CITyroByBaHHS:

exp(w t)— o t"" -w-T, -1=0
[epiognunicte TO 3a mpod. O.C. I'purueHKOM
MIPOTIOHYETHCSI BU3HAYATH Yepe3 MOKa3HUK JTOBIOBIYHOCTI !

Tmo:Tp"*Umo‘
U

P

e T’ mo — HApOOITOK, 3a sKOi NPOBOAMTBHCS TEXHIYHE

00cITyrOBYBaHHS, T »o~

eKcIUTyaTallii 10 HacTaHHs TPAaHUYHOTO CTaHy AeTaii abo

HapoOITOK BiJ MOYATKY

pecype; U, — Benmumua rpaHmdHOi 3HOCY KOHKPETHOI

p

nerani; U mo — BEIMUYMHA 3HOCY KOHKPETHOI Jeraii B
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MOMEHT TPOBEJCHHS TEXHIYHOTO OOCIyroByBaHHS, O/ —
KoedilieHT cryneHeBoi (YHKIII 3aJeXHOCTI 3HOCY BilX
HapoOOITKH.

B pobGorax mpod. Mixmina B.M. [9] xpim
3a0e3neueHHsT MaKCUMAaIbHOT WMOBIPHOCTI O€3BiIMOBHOL
pobOTH,  ONTHUMaNbHUX  JONYCTHMMHX  BIIXWJICHb
rapaMeTpiB CKJIaJOBUX 4YacTHH, KijgbkocTi BuaiB TO,
HOMEHKJIATypH oOmepaiii npu koxHomy Bumi TO
(opmyIroe BUMOTY KpaTHOCTI Mixk Bumamu TO, 110 3HAYHO
3MEHIIyE  MEeXI  IIOJ0  MOMYKY  ONTHMAalbHOI
nepiognaHOCTi. OTHAK 32 eKCIIEPUMEHTATHHUMU TaHIMH
[10] moka3HHMKHM O€3BIAMOBHOCTI CKJIaJ0OBHX YaCTHX
CIIOCTEpIrafoTh MpH MiIBUIIEHUX 3HadeHHAX TO i
3MEHIIeHHI KoeQilieHTy Bapiamii, mmM0 HE0OXiTHO
Y3rOOWTH 3 NEpPIOOUYHICTIO  1X  TPOBEICHHS:
periaMeHTOBaHi; 3  MEpiOJUYHMM  KOHTpOJIEM; 3
Oe3mepepBHUM KOHTPOJIEM; “3a TOTPeOOI0”.

[TnanoBo-3ano0ixHa cucrema
oOCITyrOByBaHHS 1 PEMOHTY MallMH. 3TigHO i3
[lonoxkeHHAM  MPO  IJIAHOBO-3aMOODKHY  CHUCTEMY
TEXHIYHOT'O OOCIYrOBYBaHHS 1 PEMOHTY IICJISA CYBOPO
BCTaHOBJICHOTO Yacy poOOTH MaIMHM a00 BUKOHAHHS
MEBHOTO 00cATy poOIT 3a 3a37anerigp po3poOieHHM
rpadikoM BHUKOHYIOTP ii TEXHIYHOTO 0OCIyroByBaHHS. Y
OBOMY 1 TIONSATA€ IUIAHOBICTH CHUCTEMH TEXHIYHOTO
oOciryroByBaHHA. BpaxoByiouw, IIO NpH BCTaHOBICHIH
periaMeHTOBaHil NepioANYHOCTI nepeabdadeHo
BUKOHAHHS OOOB’S3KOBOTO IEpENiKy TEXHOJIOTIYHUX
omepailiif, CHpPsAMOBaHUX Ha 3amo0iraHHS BigKazaM Yy
po0oTi, TO I CHCTEMa € TaKOXK 1 3amoOibkHOM. PasoMm 3
TUM, i3 BBEJCHHSM Yy MPAKTHKY OOCIYroBYBaHHS MallMH
JIarHOCTUKH, TOOTO BH3HAYCHHS HECIPABHOCTI 3a
JIOTIOMOTOI0 PI3HUX TEXHIYHUX 3ac00iB, JEsKi oreparii
BHKOHYIOTH TiJIBKH IPH MOTPEOI.

PernamenroBane TO BUKOHYETHCS 3 IEPIOJUYHICTIO 1
B 00’eMi, $Ki YCTaHOBICHO HOPMAaTHBHO-TEXHIYHOIO
JOKYMCHTAIIIEI0 HE3AJIC)KHO BiJl TEXHIYHOTO CTaHY BHPOOY
B MomeHT moudatky TO. PernamentoBane TO
NpU3HAaYa€eThCs 3BUYAWHO JIsl BY3JIB 1 arperaTiB, siKi He
MaloTh YITKMX O3HaK HecrpaBHOCTI. /Iyl Takux arperariB
XapakTepHi BiqMOBH “3a mapamerpom”. I1ix BiaMoBoro “3a
mapameTpom”  BOAYaeThCs  BiMOBa, SIKa  BHHHKAE
BHACJIJIOK CIIPALIOBaHHS POOOYMX IOBEPXOHB JETallei,
PO3peryIoBaHHA By3Ja 4d arperary. HasBHICTh BiaMOBH
“3a mapaMeTpoM” He IPUBOAUTD A0 3yNUHKHU MAIIUHHU, aJie
3HWXKYe e(QeKTHBHICTh By3na uu arperary. Jlo
pErJIaMEeHTOBaHMX POOIT MOXHA BIJHECTH: OYMINEHHS
¢ubTpiB Ta UEHTPU(DYTr, MOBITPOOUYNCHHUKIB; 3aMiHa
MOTOPHHX, TPAHCMICIHHMX ONHMB Ta KOHCHUCTEHTHHUX
MacTHJ, MAIIeHHS dYepe3 Ipec-ONMBKH; IiarHOCTUYHI
poboTw.

TO 3 nmepiogWYHEM KOHTpPOJIEM Tiepeadadae
periIaMeHTHY TepeBipKy TEXHIYHOIO CTaHy 1 TIpH
HeoOXigHoCTi BUKOHaHHA pobiTt TO. Ob6cayroByBaHHS 3
MIEPiOANIHNM KOHTPOJIEM JOOpe BIUCYETHCS B BUPOOHUIY
CXeMy BHMKOPHCTaHHS MallMH 1 B 0araTbOX BHIIaJIKax
3a0e3rnedye HaiMEHIII BUTpPaTH TPOLIOBHX KOIITIB,
MatepianiB 1 mpami Ha TO. Lle 3yMoBIIOE MIHPOKE
BUKOPHCTaHHS IIbOTO peXuMy Ha mnpaktuui. TO 3
Oe3rnepepBHIM KOHTPOJIEM BUKOHYETHCS 32 PE3yJIbTaTaMU
6e3repepBHOr0 KOHTPOJIIO TEXHIYHOTO CTaHy BUPOOYy.

TO “3a motpebor0” mepeadadae BUKOPUCTAHHS BHIY
00cnyroByBaHHS 00’€KTy JIAIIE TOAI KOJIW BUHUKAE

TEXHIYHOTO

BimMoBa. “3a moTpebor” 0OCIYroBYIOTHCS 00 €KTH, Y
SIKHX BWHHKAIOTH 1 TPOSBISAIOTECS BiAMOBH  “3a
mapameTpoM” 4m panrtoBi BiamoBH. [Ipm mpomy pobota
00’exta 00CITyTOBYBaHHS /O BiAMOBH ‘3a mapameTpom’”
CYIIPOBOIKYETHCS IOSIBOIO YiTKOT O3HAKH HECTIPABHOCTI Ta
BEIMYNHY HOro iH(GOpPMAiHHOTO MapaMeTpy MOXKHA
BUSIBUTH BI3yaJJbHO YW 3 JOIOMOTOI0  TpHJIaiB
IHIMKaTOPHOTO THITY. 3 LI€I0 METOIO MalIMHy 001 AHYIOTh
CHeliaibHUMH  TNpWiIaJaMd  —  CUTHajli3aTopamu
(3BYKOBHMMHU, CBITOBHMH) 41 NPHJIaJaMH Ta IHIUKATOPAMHU
BiJIMOB.

OO6cayroByBatu “3a moTpeOO” 0€3 KOHTPOIIO
iHpOopMaLifHOTO mapaMeTpy O3HaKW HECIPaBHOCTI
IOIIIBHO O0’€KTH 3 MaJIOK0 IHTEHCHBHICTIO BIAMOB Ta
BHCOKOIO BapTICTIO KOHTPONIO (paMa MAaIluHH, KOPIYC
3aIHFOTO MOCTa 1 T.I.). Lle 103BOJsE B ACSIKUX BHUITAIKAX
MPaKTUYHO TOBHICTIO BHUKOPUCTATH pecypc 00’eKTy i
3a0€3NeYUTH MIiHIMANBHI ISl JaHUX YMOB BHTpPaTH Ha
Horo oOCIYroByBaHHS. Pa3oM 3 THM LEH PEXKUM Mae
ICTOTHI HEMOJIKU: OOCIyroByBaHHS ‘3a TOTpeOOI0”
MOTaHO TOB’SI3yeThCs 3 (opMamu opraHizamii mpari
POOITHHKIB, sIKi OOCIYrOBYIOTH MAallMHH, TOMY L0 Mae

MicIe 0e30c00TFOBaHHS poOiT. Taxwuii BUJ
o0ciyroByBaHHS MOXe OyTH €(peKTHUBHUM IPH CTBOPCHHI
CHCTEM 1 MeXaHi3MiB, fAKi CcaMOOOCITYTOBYIOTHCS

(obnagHaHHS NAHIIOTOBHX Iepead, TYCeHHYHUX PYIIiiB
MPUCTPOSIMH, SIKi aBBTOMaTHYHO BCTAHOBJIIOIOTh HEOOXiTHY
BEJINYMHY HATATY IX THYYKOTO EJIEMEHTY).

Meta gociiaKeHL

Mera moCmiDKEHb — ONUCAaTH  OCOOJIMBOCTI
AQHAJITUYHUX MiJIXOJIB JO AJTOPUTMIYHOCTI BH3HAUECHHS
NepioANYHOCTI BiJTHOBJICHHS nparne3 aTHoCTi
CITbCBKOTOCTIOAAPCHKHX MAIIWH 32 CTYIIEHEM BHTpAT iX

pecypcey.

Pe3yabTaTh nocaigxeHb
BciM mporecaM 3MiHHU CTaHy, SKi BiIOyBalOTHCS TpU

pobOTI  MamMHM  BiJNOBIAIOTH  CBOI  XapakTepHi
3aKOHOMIPHOCTi, SIKi BHM3HAYaIOTHCA  KOHCTPYKIIEIO
CKJIaJ0BOI YAaCTMHH, YyMOBaMH pPOOOTH 1 IHIIMMHU
¢akxTopamu.

[lepmioro 1 OCHOBHOK  YacTHHOK  POOIT 3
BCTaHOBIEHHS pexumiB TO € BUSBICHHS OCHOBHHX
3aKOHOMIPHOCTEH 1 TPUYHMH 3MIHH TEXHIYHOTO CTaHYy.
JIpyroo 4acTHHOIO € BCTAHOBJICHHS JIOITYCTUMHUX 3HAYCHb
napaMeTpiB CTaHy JeTainei, CHpsDKeHb, 3’€aHaHb. Ha
pexxumu TO BmmBae 6araTo pi3sHOMAaHITHHX (DAaKTOPIB.
IMoennanns mux QakropiB € BUnagkoBuM. ToMmy pexuMu
TO mOBMHHI BCTAaHOBJIOBATUCH ILIAXOM O0OpOOKH 3
BUKOPHCTaHHSIM METOJIB MAaTeMaTHYHOI CTATUCTUKH I
Teopii IMOBIPHOCTI pe3yNbTaTiB MAaCOBHX CIIOCTEPEKEHb.

[Ipomec 0OcnyroByBaHHS TEXHIYHHMX 3ac00iB Mae
IUKTYHAA ~ XapakTep. CepemHs TPHUBAIICTh LUKIY
00CITyTOBYBaHHS KOXHOTO 3aC00Yy CHCTEMH BHPAKAETHCS
HACTYITHUM CITiBBIJTHOLIEHHSIM:

’cu:1:+1:K+1:HP(1:)+1:B[1—P(1:)], (1)

Jie T - mepior 00CIyroByBaHHS;
Ty - CEPE/IHS TPUBAJIICTH KOHTPOJIIO CTaHY;
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Ty - CEPETHS TPUBATICTD 3aTI001KHOTO PO 1TAKTHKHY;

Ty - CEpEIHS TPUBAIICTD aBapiiHO-BITHOBIIOBATBHIX
pooiT;

P(7) - iimoBipHicTH 0€3BiTMOBHOI POOOTH MAIIMHHU HA
mepioni T.

BBaxkaemo, 1m0 (aKTHYHUI CTaH  MAaIIWHA
BUSIBJISIETHCS B TNIAHOBI CEaHCH KOHTPOJTIO. Y 3B'SI3KY 3 [IUM
Ma€ MiCIle HACTYITHE CITIBBIIHOIICHHS:

T =1, + 1, (2)

JIe T - CepeHil yac mpares3JaTHOro CTaHy;

T, - CepeHI Yac 3HAXOKCHHS MAIIMHH Y BiZIMOBI Ha
nepiofi t.

Yac mnpane3maTHOro CTaHy MalldHA Ha mOepioi

00CITyrOByBaHHS BU3HAYAETHCS TaK:
T

T, = jP(’r)d’r (3)

o
[Ipr eKCIOHEHIaTbHOMY 3aKOHI PO3MOALIY dYacy
BUHHUKHCHHS BIJIMOB CIIpaBeJIUBO HaCTyITHEe
CITIBBITHOIICHHS:
P (v) = exp {-At},
Ji¢ A - IHTCHCHBHICTD BiJIMOB MAIIIFHU.
Opranizamis — eKcIUTyaTalii MamuH mepeadadae

BU3HAYCHHS PALliOHAIBHHUX 200 ONTHMAJIbHUX B ACSIKOMY
CeHCl TEpMiHIB TEXHIYHOTO OOCIyrOBYBaHHSA, SKi
3a0e3MeuyroTh HEOOXITHY SKICTh (YHKIIOHYBaHHSA IIHX
MallyH.

BaxMBuUM MOKa3HUKOM SIKOCTI (DYHKI[IOHYBaHHS €
koedirienT mpoctoro. Moro 3HadueHHs Moxke OyTH
00YHCIICHO 32 IOMOMOTOI0 CIIiBBIJHOLICHHS:

K, = 1, + 1, + 1 _P(1) +

II o

+ - r)]/ v+ o, +

+ 1. P(1) + 1.1 — 2(x)] (4)
Amnaniz ¢pynkuii Kn(t) (4) nokasye, mo icHye repiof
TEXHIYHOTO OO0CJIYyroBYBaHHsS, IpHU SIKOMY KOe]illieHT
[IPOCTOXO JIOCSTAE MIHIMAIBLHOTO 3HAUCHHSI
Km *. 3aBnanns BU3HAYEHHs ONTUMAJIBHOTO MEpioay
oOcimyroByBaHHS 3aco0iB 3alHIIEMO B HACTYITHOMY
BUTJISAI:
T* = argmin Ku(’t) (5)
Po3rmsiHyTHi  MiAXix JIOMUIBHO BHKOPHCTOBYBATH
CTOCOBHO OKpeMHuX, (YHKIIOHAIBHO BIIOKPEMIICHUX
MamH. OfiHaK Mopsii 3 TakuM, IIHUPOKE 3aCTOCYBaHHS
OTpUMaJI TEXHIYHI KOMIUIEKCH, II0 BKJIIOYAIOTh B cebe
0e31i4 pi3HMUX 3a CTPYKTYPOIO, CKJIQJHOCTI Ta HaIllHOCTI
3ac00iB. Ko’kHOMY 3 IMX KOWITIB OyJe BIiAMOBIIATH CBild
ONITUMaJIbHUH nepion
T * 1 TexHi4YHOro oOciyroByBaHHs. besniu oOumciaeHnx
3HAUeHb T * 1, BiAMOBiAHE Oe3Jivi 3ac00iB KOMILIEKCY
i=1, n, MOXXyTh YTBOPHUTH B YacCi TaKy CYKyIHICTh IIUKIIB
00CITyroByBaHHS, 1110 MPAKTUYHA 1i peamizallisi BUSBUTHCS
HEpaIioHaTbHOI0 a00 HEMOXINWBOIO. ToMy BHHHKAE
HEOOXIHICTh MPUBECTH 0 JIAAY IF0 CYKYITHICTh IUIIXOM
3HAXOJKEHHS KOMITPOMICHUX, OJM3BEKUX o
ONTHMAJIGHUX, 3HAYCHb IEPiojiB O0OCIyroByBaHHS IS
BCiX 3aco0iB  kommekcy. Takmit KoMmmpomic €
BiZIOOpaXEHHSIM BHPIMIAIBLHOTO TPaBMIIA, K€ BBOJIUTHCS
HeOpMaIILHO 1 BU3HAYAE COOOIO JIOIYCTHME BiJXUIICHHS
3HAUeHb  NepiofiB  OOCIyroByBaHHsS  3aco0iB  BiX

ONTUMAJBHUX T * 1 3HaueHb. KOHCTPYKTHBHHM 3 TOUYKH
30py  BIOPSAKYBaHHS  TEPMIHIB  OOCIyTOBYBaHHSI
Pi3HOHAMIHIX 3aC00iB KOMIUIEKCY € KPaTHICTh MEpPiojIiB
ix obciyroByBaHHs. Pi3HI 3aco0m KoMImIeKkCy (abo rpymu
3aco0iB)  OymyTp  oOciayroByBaTuCs 3 Di3HOIO
MIePiOINIHICTIO:
{Tp, 21p, ... m1p},

Jie Tp - pO3paxyHKOBHI yac mepiogy OOCIyroBYBaHHs
HalMEHII HaaiHOTO 3ac00y; M - KUIBKICTh Pi3HOHAIHHUX
3aco0iB (TpyI 3ac00iB) KOMILIEKCY.

[TouaTok koxkHOTO iHTEpBaNy yacy ktp, k=1, m, Oyae
BIZMOBIIATH ITOYATKY LUKITY 0OCIyrOBYyBaHHS OJJHOTO a00
KUTPKOX ONM3BKHUX M0 HATIHHOCTI 3acO0iB KOMILIEKCY.
Oxpemmnii 3aci6 komrmiekcy Si Oyme oOCITyroByBaTHCS 3
niepiofom Kitp 1oCTaTHRO OMM3BKUM J0 T * 1.

BupimaneHe mpaBWIIo TONSATaE B TOMY, MO0
3a0e3neyyBanacs KpaTHICTh TIEPiOIiB OOCIYrOBYBaHHS
3ac00iB KoMITIeKcy Ti = kitp 1 BUKOHYBajacs yMoBa:

* .
k.t p — Ty — min (6)

1
CriBigHomeHHS (6) BimoOpaxkae 3aralbHUHN MiAXix
0 BUpIMICHHS MaHoi 3amavi. OmHaK Mae MPaKTHIHY
3HAYNMICTh Horo OKpeMuil BUIAJIOK, SIKAHN
BHUKOPUCTOBYETHCS B 3aIBICHOMY BUHAXO[I, a CaMe

* . ,
kt ., — T, — min (7)

*

e Tnin - ONTHMAaJbHHH  Tepiof  TEXHIYHOTO
00CITyroByBaHHS HalMCHII HAJIITHOTO 3ac00y CHCTEMHU.

s ymoBa TpaHchOpMyeTbCS B BHOIp JIESIKOTO
JIOITyCTUMOTO 3HaUYeHHs KoedirienTa mpocToo Kmi 1 sxe
3a0e3neuye BUKOHAHHS BUMOTH MiHimi3atii (7) i Bu3Ha4Yae
MEXi  JIOMyCTHMOTO  3HAa4eHHI TI 1  Tepioxy
00CITyrOByBaHHS KOINTH. 3HAYEHHS T i BU3HAYAETHCS
BUXOASYU 3 TOTO, MO KOE(Dili€HT MPOCTOI KOXKHOTO
3ac00y OyJie TOPIBHIOE ESIKOMY JOITYCTUMOMY 3HAUCHHIO,
to6To Kmii = Ki 1.

Hesike Bigxunenus Kmi Big wmiximampHoro Kimi *
JIO3BOJISIE PO3UIMPHUTU 00JIACTh AOMYCTHMUX 3HAYCHD T1 1
nepiogy oOcinyroByBaHHs. 3HaueHHs Kmi 1 MoxHa
BU3HAYUTH SIK JiesiKy 4acTHy 0 <u<l Bix MiHIMaJbHOTO
3HavyeHHs, To0to Kmi n = pKm *. Ipu npomy T 1 He
0OMEXYETBCSI TUTBKH T * 1 ONTUMAalbHUM 3HAYCHHSM, a
Oyze 3HAXOAUTHUCS B IHTEPBAI TI Hi <TI 1 <T/ KOH.1, [Ie T]1
HI = T * i-Atli, ©1 koH.1 = T * 1 + At2i. Ile mo3Boiisie
BU3HAYHTH KOHKPETHI  (OOYHCITIOBAaNIbHI)  3HAYCHHS
NepioiB 0OCIYTOBYBAHHS Tyuul = Ti 3aCO0IB KOMILIEKCY,
mo 3a0e3nedyroTh (YHKIIOHYBaHHS IIMX 3aco0iB 3

MIHIMATBPHO  MOXIUBHUMH  Koe(ili€eHTaMH  MPOCTOIO
Kii Bnu<Kmi .
BimnaunMo, 10  Kpamow  JUISI  BUPIMIEHHS

MOCTABJIEHOTO 3aBJaHHA € 00JacTh 3HAYEHb MEPiody Ti,
00OMe)KeHa ONTHMAaIbHAM 3HAYCHHSIM T * 1 1 MAKCUMAaIJIbHO
JIOITYCTUMUM T/ KOH.1, TOOTO T * 1 <ti<t1 KOH.i. OCKIIbKH
MepioIn 00CIYTOBYBaHHS OKPEMHX 3aCO0IB 3HAXOIATHCS 3
YMOBH 1X KPaTHOCTI, TO IIUM 3a0€31eUy€eThCs pallioHaIbHE
B OpraizauniiHOMy IUIaHI OOCITyrOBYBaHHS KOMIUIEKCY
3aco0iB B IIIJIOMY.

PesynbraTi BHpILIEHHS [OCTABJICHOTO 3aBJAaHHS
CTOCOBHO  PO3MVISTHYTOTO — NPHUKIAAy  BHIHO,  LIO
MEepiOANYHICTh 0OCIYTOBYBaHHS PI3HHUX 3aC00IB CHCTEMHU
pi3Ha, IpH IIbOMY

BRI

T = 21
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w
IToBTOpUMO, 1110 Ty ONTUMAIILHUI TIePio]] HAHMEHII
HAJIIHOTO 3ac00y CUCTEMHU.
3ampormoHoBaHA MOJETh MOXe OyTH peari3oBaHa
armapaTHO 3a JOTIOMOTOI0 MTPOMOHOBAHOT aITOPUTMIYHOCTI
MIPUCTPOTO, CXeMa KO IoKa3aHa Ha puc. 1.

2 1
s M
3 I—‘[u
: 21
2
1 2 e —
; (I
NN
= 4 | 11 15 |
R 15
Is 16
E—
Puc. 1. Cxema anropuTMiqHOCTI.
Fig. 1. Scheme algoritmos.

[pucTpiii MicTUTh 010K TaM'sATi 1, B AKUH HATXOIATH
BUXIiIHI HaHi, mepmmid 2 i apyruit 17 OJ0KH MHOKCHHS,
nepmwii 3, npyruii 4 1 Tperii 6 cymaTtopu, OJOK
HEJIIHIAHOCTI 5, sikuil peanizye QyHkiio P (t), 1atunk yacy
7, mo BupoOise 3HaueHHs uacy At. [lpuctpiii Takox
MictuTh nepumii 18, apyruit 12 i tpetiii 11 enementn
3aTpPUMKH, OJIOK MOpIiBHSHHS 8, nepiuit 9 i apyruit 16
OJI0KM TIONiNTy, SIKWiT 4yekae MynbTHBHOparop 13, cxemy
ABO 20, enement mam'siti 14, inrerpatop 10, xiurou 15,
3cyBHUI pericTp 19, mo 3a0e3nedye 3unTyBaHHS BUXITHUX
JaHUX JUIS  KOKHOI migcucremMu, 1 BuuiTateasr 21.
BimzHaunMo, mo B CKJIafi 3asBICHOTO IPUCTPOIO OJIOK
mam'sati 1, gatymk gacy 7, OJOK TOpIBHSAHHA 8, Yekae
MynbTHBIOpaTop 13.

Ilepen mouaTkoM poOOTH PUCTPOIO B OIOK maM'sTi 1
3aHOCATHCS 3HAYCHHS BUXigHUX BenmmuwH: Kmi a, Al, Tmi-
TBI, TKi + TBI, T * 1, T * min, ge T * min - oNTUMAaILHUI
nepioJ; 0OCIyroByBaHHs HaliMeHII HaJiifHOro 3aco0y
KOMIUIEKCY, a T * 1 - aHaJIOTIYHI BEJTMUMHU 1HIINX 3aC001B
BOTO KOMIUIEKCY. BimzHaummo, mo Om0k mam'ari |
PO3MIICHUN Ha N 30H 110 MOXJIUBIH KUTBKOCTI IiJCHCTEM
KOILTIB CKJIAJHOI CHCTEMH KOMIUIEKCY.

[Ipuctpiii nparroe HACTYIMHUM YHHOM. 32 CHTHAJIOM
«ITyck», 1m0 HAIXOAWTH 3 IEPHIOT0 BXOJYy IPUCTPOIO,
3cyBHHI perictp 19 oOHymserbes. Lleit ke curham,
3aTpUMaHUil  MEpIIUM  €JIEeMEHTOM  3aTpuUMKH 18,
npoitmosmu yepe3 cxemy ABO 20, BCTaHOBITIOE OTHHHIIIO
B TEpIIOMY pO3psiAi 3CyBHOTO perictpy 19, a Takox
3aryckae gaTdauk gacy 7. Ilo curHamy 3CyBHOTO pericTpy
19 34uuTyIOThCS 3HAYEHHS BXIAHAX BEIHYHH 3 OJIOKY
mam'siTi 1 Ha QyHKIIOHATBHI €IEMEHTH MPHUCTPOIO. JlaTank
yacy 7 BHpoOJIfie 3Ha4eHHS Yacy AT i mepemae Horo Ha
JpYTHi BX1J1 TPETHOTO cyMaTopa 6, Ha IEepIINi BXiJ1 IKOTO

3 I'SITOTO BUXOTy OJIOKY Mam'siTi 1 HaIXOIUTh ONTHMAITbHE
3HAUeHHS TIepioay oOciyroByBaHHS T * 1 mepmior 3
JIOCTIDKYBaHUX TiacucTeM. Pesymbrar ckmamanusa T * 1 +
AT 3 BUXOIly TPETHOTO cymaropa 6 ImepeqaeTbes Ha IpyTi
BXOIH JApyroro cymaropa 4 i OIOKy HemiHIHHOCTI 5, a
TaKOX Uepe3 eJIeMEeHT 3aTpuMKH 11 B ememeHT mam'sti 14.
Ha nepmmmii BXig apyroro cymartopa 4 3 4eTBEpTOro
BUXOy O0Kku mam'sati 1 mepenaeTbes BenuyuHa K1 + TB1,
a 3 TPEThOro BUXOAY OJIoKy mam'sti 1 Ha mepummi BXin
OJIOKY HENIHIHHOCTI 5 HaAXOuTh 3HA4eHHs Al. Y Omori
HemniHiiHOCTI 5 opmyeThes curnan P (t * 1 + At), saxuit
nepesiaeThCs Ha nepuunii Bxix inrerpatopa 10 i Ha qpyruit
BXif mepmoro OMOKy MHOXeHHS 2. Ha mepmmii BXin
MepIIoro 00Ky MHOXKEHHS 2 3 IPYyroro BHXOIY OJIOKY
mam'sti 1 Hagxomuths 3HadeHHs til-TB1. Curnan, sxkuit
BignoBigae BemmuuHi P (T * i + A1) (tmi-tBl), 3 BUXOIY
MepIIoro OJOKYy MHOKEHHS 2 TepefaeThCsl Ha MepIIui
BXiJl TIepmoro cymaropa 3. 3HaueHHs KU TepenaeThes
Ha repumui BXij inrerpatopa 10 i Ha qpyruii BXija nepuoro
Osoky MHOKeHHst 2. Ha mepmmmii BXijx mneprioro OJoky
MHOXKEHHsST 2 3 Jpyroro BHXOAy Oioky mnam'siti 1
HaaxoauTh 3HaueHHs trnl-Tsl. Curnan, sSKuil Bignosigae
BeimuuHi P (T * 1+ At) (tni-tB1), 3 BUXO1y IEepuIoro OJI0Ky
MHOXKEHHSI 2 TIEpPEIaeThCs Ha TEPIIMH BXiJ MEpIIoro
cymatopa 3. 3HaueHHsI KA ITepelacThes Ha TIePIITUi BXijT
inTerpatopa 10 i Ha Apyrud BXig MEpIIOTO OIOKY
MHOKCHHS 2. Ha mepimii BXif mepuioro 070Ky MHOKCHHS
2 3 Apyroro BUXOAy OJIOKY mam'aTi | HaJXOINTh 3HAYCHHS
tnl-TB1. Curnain, skuii Biamosigae BeawmauHi P (T * 1+ A1)
(tmi-tBl), 3 BUXOHY TEPIIOTO OJOKY MHOXCHHS 2
MepeaaeThCsl Ha MEPIINH BXiJ TMEPIIOro cymaropa 3.
3nauenss (T * i + A1) + (tkl + tB1) 3 BUXOMY Apyroro
cymatopa 4 HAIXOAWTh HA JPYTHM BXiJ MEPIIOrO
cyMatopa 3, B pe3yibTari Ha HOro BUXOII (OPMYETHCS
curHaji, BigmoBinHui 3rimHo (1) TpHBamocTi 1MKIY
obciyroByBanHs i = P (1 * 1+ +At) (tnl-tBl) + (T * 1 +
At) + (1l + 1B1), 1 MepegaeThCs HA IPYTHN BXiJ] IEPIIOTO
Omoky moainy 9 i Ha mepInuii BXix BudiTarens 21. y Toi ke

gac B iHTerpatopi 10 o09YHCITIOETHCS 3HAUCHHS Yacy:
T* +AT

T = | B(0)(t)

1 BIZUTAETHCS HA APYTHUil BXia Bugitatess 21.

VY Buuitarens 21 GpopMyeTbCcsi CUrHAIN, BiANOBITHUN
4acy npocToro 3aco0u. Moro 3HaueHHs 3 ypaxyBaHHsIM (2)
BUPaXKAETHCS TAK:
=T

+ T, +

T npocT. 1 ol nl

+ ’EHP(‘El + At) +

+ Tsl[l - Pl(Tl* + ‘AT)] (11)

Curman tmpoct.l 3 BHUITaTens TeEpeNacTbes B
nepmuid 0JIOK JieHHS 9, 1e OOYHMCIIOETHCS 3HAYSHHS
koedimienta mpoctoro Knls BigmoBimHO 10 (4) i
nepesiaeThCs Ha APYrUid BXiJ KOMIIaparopa 8, Ha Mepunit
BXi/JI IKOTO 3 IIEPIIOro BUXOAY OJIOKY mam'siti | HaJX0quTh
snauenHs KII1 n. Y kommapaTope 8 MOpIBHIOIOTHCS MiXK
00010 BXI/{HI BEJTUYHHHM. SIKIIIO BUSBUTHCS, 110 OOUUCIICHE
snauenss KII1 (t * 1 + At) <Knl 1, To kepyrouunii curxan
BUPOOJISIETBCSL HA TIEPIIOMY BHUXOJl Kommapartopa 8 i
MePeAAETHCS B AATYHK Yacy 7, B Pe3yIbTaTi YOTO BUXITHUN
CUTHAJl JaTyuka 4acy 7 30imbmuThcsi Ha AT, TOOTO BiH
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cra"e piBHUM 2AT, i nporec obuncieHns 3HadeHHs Kl
TOBTOPUTHCS, ajle MPUH HOBOMY 3HAUYEHHI TIepioay
oOciyroByBanHs, To0TO Tl = T * 1 + 2At. Hukn
obuncienns KI11 Oyne moBTOoproBaTHCS 3 KOKHUM M-HAM
301LTBIIeHHAM 3Ha4eHHA repiony tl = tl * + mAt go Tux
mip, moku Oyxme 30epiratucs HepiBHicTs Kml<Kml n. Sk
TUIBKM B KOMIIapaTtope 8 BHSBHUTBHCS, IO OOYMCIICHE
3nauenns KI11> KII1 x, Ha npyromy BUX0/i KoMIlaparopa
8 3'SIBUTbCSI KEPYIOUMH CHIHAN, SIKMH 3allyCTUTh YEKae
MmyiabtuBiOpatop 13. Kepyrounii curnan, 3 BHUXOIY
MyJbTUBIOpaTopa 13, HaxxomuTh Ha JpYrHd  BXiX
inrerparopa 10 i ckuae Horo 3HauYeHHS B HYJIb , BIIKPHBAE
K09 15 1 HAIXOAWTH Ha NMPYTHUH BXiN eIeMEHTa maMm'aTi
14. 3a muMm curHamoOM OOYNCICHE 3HAYCHHS IEpioay
00CIIyroByBaHHs, 3aTpUMaHe eleMeHTOM 11 Ha oMH UK
obumcnenns i = 1l * + (M-1) At, 3 BUXOIy eleMeHTa
mam'sTi 14 gepes xirrod 15 HaAXOIUTh HA IPYTHH BXiT BTOP
oro 6moky moxiny 16. Ha mepmri BXxomam apyroro OJIOKY
nojiny 16 1 npyroro OJoOKy MHOXeEHHsI 17 3 mIoctoro
BUXO/y OJIOKY mam'siTi 1 HaIXOUTh CUTHAI, BiIOBITHUN
3HaUeHHsAM T * min. Y gapyromy Ojomi nineHHs 16
(bopMyeTbCs CUTHAN SIK  PE3yJIbTaT IIJIOYHCEIIBHOTO
nitenndst N =11 /T * min i mepeaeThest 10 IPyroro OJIOKY
MHOXXEHHS 17, 71e 00YHMCITIOEThCS IIyKaHa BEINYNHA TBUY
1 =Nt * min i mepenaeTbcs Ha BUXII IPUCTPOTO. Y TOMU jKe
yac KepyHUYHid CHUTHAlI 3 BUXOAY MYJIbTHBiOpaTopa 13
yepe3 Jpyruil ejaeMeHT 3aTpuMKu 12 HaaxoauTh
OesrocepenHbO Ha JPYTHM BXig JardWka dacy 7,
BCTaHOBJIIOIOUM HOro B HymboBHH craH. Kpim Toro,
BUXIZIHUI CHUTHAIl Ipyroro ejieMeHTa 3aTpuMKH 12 yepe3
cxemy ABO 20 3amyckae paTuuk dacy 7 i NepeBOJHTH
BUXITHUI CHTHAJI 3CYBHOTO perictpy 19 Ha 0JiH KPOK, 110
3a0e3meuye 3UMTyBaHHS BUXIAHUX JaHUX 3 OJIOKY Tam'siTi
1 nmns  gpyroi  migcucteMu, 1 podoTa MPHUCTPOIO
MOBTOPIOETHCS, aJle BXKE 3 HOBMMHU 3HAUEHHSAMH BXITHHUX
BEJIMYMH. Y TOM XK€ yac Kepylouud CUTHajd 3 BHUXONY
MynbTHBIOpaTopa 13 uepes npyruii exeMeHT 3aTpuMKH 12
HaJIXOUThH Oe3M0CepeHbO HA JAPYTH BXiJ] aTUHKa Yacy
7, BCTaHOBIIOIOYH HOro B HymsoBHU craH. Kpim ToroO,
BUXIZIHUI CHTHAI Ipyroro eJieMeHTa 3aTpuMKH 12 gepe3
cxemy ABO 20 3amyckae maTduk 4acy 7 i IEpeBOAUTH
BUXI1JIHUN CUTHAJ 3CYBHOTO pericTpy 19 Ha 0JiuH KpOK, 110
3a0e3neuye 3UMTyBaHHS BUXIAHUX JaHUX 3 OJIOKY Tam'siTi
1 nmns  gpyroi  migcucteMu, 1 podoTa MPHUCTPOIO
MOBTOPIOETHCSA, aJle BXKE 3 HOBMMHU 3HAUEHHSAMH BXITHHX
BEJIMYUH. Y TOW K€ 4Yac KEPYHUMil CUTHal 3 BHUXOLY
MynbTHBIOpaTopa 13 depes npyruii exeMeHT 3aTpuMKH 12
HaJIXOIUThH Oe3M0CepeHbO HA JAPYTHi BXiJ] IaTUHKa Yacy
7, BCTaHOBIIIOIOYM HOro B HyJIbOBHH craH. Kpim Toro,
BUXIZIHUI CHUTHAIl Ipyroro eJieMeHTa 3aTpuMKH 12 gepe3
cxemy ABO 20 3amyckae paTuuk uyacy 7 i HepeBOANTDH
BUXIZIHUI CUTHAJ 3CYBHOTO perictpy 19 Ha 0JjH KpOK, 110
3a0e3meuye 3UnTyBaHHS BUXIAHUX JaHUX 3 OJIOKY Tam'sITi
1 nmna  gpyroi  migcucreMu, 1 podoTa MPHUCTPOIO
MTOBTOPIOETHCS, aje B)KE 3 HOBHUMH 3HAYCHHSMH BXIiJTHUX
BETTMYHH.

ITicist oOumciIeHHsT TBUY 1, BIAIMOBIAHOTO OCTAaHHBOI
MiJICUCTeMI JIOCIIKYBAHOI CHCTEMH, POOOTa MPHUCTPOIO
3aKIHYY€EThCH.

[TosntuBHUI  edexT, sKUH Jae MPOIOHOBAHE
TEXHIYHE PpINICHHS, WOJIra€ B TOMY, IO TIPHUCTPIH
JIO3BOJISIE HA OCHOBI INPUHIMITY KPAaTHOCTI BH3HAYUTH

nepiogu  TEXHIYHOTO MICUCTEM
CKJIaJ{HOI CUCTEMH.

[IpaxkTrynHa peanmizamis 3aIPOIIOHOBAHOTO PIIIEHHS €
OiMpII  palliOHATBHOIO 3 TOYKH 30pY BHTpadaHHSA
MaTepiallbHOTO 1 THMYacOBOTO PECypciB, OpraHizaii
TEXHIYHOTO OOCITyTOBYBaHHS CHCTEMH 1 BHKOPHCTaHHS
HaJIIHICHUX PEeCypCiB MiICHCTEM.

Komo0aiiH MaloTh TPYIOMICTKICTh YCYHEHHS BIIMOB
6,6-8,6 rommH, wHaioineme 17,8 romun. Ilpuknan

T

MiIBMILEHHS TOTOBHOCTI KoMbOaikiHa. ' = ¢ |

T +T
8 V.H.

00CITyroByBaHHS

T,-(1-K.)
K

2
piBeHb HapoOITKM Ha BIAMOBY Il 3€pHO30MpATBHUX
KoMmOaitHiB 42 romwHH, NpH (HAKTUIHOMY KOeQiIlieHTi

3BIIKM T = , TO. 3BayKaroud Ha Te, IO
Y.

roroBaocti 0,82 oTpuMymeEMoO, MmO Ha YCYHCHHS
HECIPaHOCTeH BiABOAUTHCS

=w=9’2 rogun. IligBumienns x
Y.H. 0,82

KoeilieHTa TOTOBHOCTI 3a paxyHoK 3axoaiB TO mo 0,92
JO3BOJIMTH IIpU TUX XKE 3arparax 4YaCy Ha YCYHCHHSA
HECTPaBHOCTEW 3a0e3MeunuTH HApoOITOK Ha BIIMOBY IO

T, -K, 92.092

° 1-K, 1-092
MIJABUIIUTHA HA HOTO 2,5 pa3u, 10 PiBHA KpallliX CBITOBUX
KOMOaitHiB.

[pu HOPMaTHBHOMY HaBaHTa)KCHHI1 Ha
3epoH030upaIbHUi KoMOaitH B 260 Ta Ha CE30H.

Moskemo Big3HaumTH, mo migsumenHs g0 0,92
Koe(]illieHTa TOTOBHOCTI OTPUMAEMO, MO JIAIIC MIBa
nepiona mpocros mp HapoOitky 105,8 romun ta 211,6
roJuH, TOOTO 3aTpaTH 4acy Ha yCYHEHHS HeCIpaHOCTei
OyayTh cknanaty aume 18,4 rogus.

Toni sik npu koedinieHti roropuocri B 0,82 Maemo 6
nepioniB BigMoB 42 roaunu, 84 rox, 126 rox, 168 romuH,
210 roaus i 252 roauH HapoOITKy KoMOaitHa.

Omxke, cyMapHHH OUIKyBaHUH Yac MpPOCTOIB 3

CYHEHHsI HECIIpaHOCTel Oyze:

roauH, TOOTO

=1058

2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018
3K [105,18 |85,93 [62,24 |47,15 |44,25 (41,03 |39,09
K3 |[1529 |12,04 | 7,87 |4,75 |418 |3,64 |3,17
BM [19,84 |18,33 (12,98 | 8,48 | 7,70 |6,58 |5,77

3K — 3epHO30mapnpHi KoMmbaitan, K3 — xopmo30upanbHi
koMmOaitau, BM — caMoXifHi Oypsko30upaIbHi MaIInHU.

BucHoBku

1. YV cknagHUX TEXHIYHMX CHUCTEMax, SKHMH €
CLTBCHKOTOCTIONaPChKI MAIIMHH, A€ (Hi3MIHO HEMOXKIIHBO
CTeXXUTH 32 1HIUBIAYaIbHUMH HapoOiTKOM BCiX OKpEMEX
BY31TiB, JeTaseli  (KOMIIOHEHTIB),  3aCTOCOBYETHCS
KaJleH/JapHe TEeXHiYHe OOCIyroByBaHHS — O3Ha4ae
MIPOBEICHHS TeX00CIyTOBYIOUOI CHCTEMH Yepe3 (iKCOoBaHi
iHTepBain yacy. O4eBHIHO, 1aHi iIHTEPBAJIN TOBUHHI OyTH
ONTHMAIBHUMHU JJIsl BCi€i CYKYIHOCTI KOMIIOHEHTIB,
3a0e3neuyrour NpH IbOMY MaKCHMallbHI HaJiHHICTH Ta
e(eKTHBHICTH cucTeMu. Lle mpuBOIUTE 10 HEOOXiITHOCTI
CTBOPEHHS ~ CTOXaCTHYHUX  MOJENEH  TEXHIYHOTro
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00CITyroByBaHHS, 1[0 BPaxOBYIOTh BCi BUIM B3aEMOJIiH
Mi’K KOMIIOHEHTaMH 1 JJO3BOJISIIOTh BU3HAYATH ONTHMAabHI
TEePMiHH TIPOBECHHS TEXHITYHOTO 00CITYTOBYBaHHS.

2. Po3po0ireHo METOOMKY ONTHMI3aIlil TepioANIHOCTI

TEXHIYHOTO OOCIYrOBYBaHHS MAaIllMH 32 TEXHIKO-
€KOHOMIUYHHUM  KpHUTEpieM 1  METOOWKAa  IOUIyKY
pauioHaIBHOI MEepiOJUYHOCTI IX O0OCIyroByBaHHS 3

ypaxyBaHHSM OOMEXeHb, 1 METOJJaMH TUIaHyBaHHs poOiT 3
TEXHIYHOTO OOCIYrOBYBaHHS CIUJIbCHKOTOCHOAAPCHKUX
MallMH 3 YpaxyBaHHSIM INBUJIKOCTI BHTpauaHHsI IX
TEXHIYHOTO peCcypcy.
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AJITOPUTMUYHOCTD OITPEAEJIEHUA
MNEPMOJUYHOCTHU BOCCTAHOBJIEHU A
PABOTOCIIOCOBHOCTH
CEJIbCKOXO3SIMCTBEHHBIX MAILIMH
I10 CTEINIEHU 3ATPAT PECYPCA
U. JI. Pocosckuii

AnHoTtamusi. B cratee  mpoBemeH — aHanmm3
MOJIJIep)KaHNe CYIIECTBYIOIIUX CEJIbCKOXO3IHCTBEHHBIX
MalliH B PabOTOCIIOCOOHOM COCTOSIHUH, 33 KOTOPBIM
ciexyer oTpaboTaTh cucreMy TEXHUYECKOTO
oOCITy)KMBaHH C YYeTOM YCJIOBHH pehopMHpOBaHUS
arpapaoro cekrtopa. [log TeXHHYECKUM OOCITyKHBaHHEM
MOHMMAeTCs  KOMIUIEKC paboT 1Mo  MOJACPIKAHHUIO
paboTOCTIOCOOHOCTH WJIM HCIPABHOCTH W3IENUN TIPH
HCIIOJIb30BAHNH 110 HA3HAYEHUIO ITyTEM PETYIMPOBOYHBIX,
3HAIOUINX, 3alpaBOYHBIX M KpPEMeXHBIX pabot. s
OIIGHKM aJbTePHATUBHBIX BapHaHTOB IEIeCO00pa3HO
MIPOBOANTH MOp(OITOTHUECKUI aHau3 BCeH
COBOKYITHOCTH BO3MOXKHBIX  pEIICHHH  HCCIIeIyeMon
MPOOJIEMEBI, MPEICTABICHHBIX B BUAEC MOP(HOIOTHUSCKON
MAaTpHIIBI, B KOTOPOH MPeACTaBICHBI OCHOBHBIC (DYHKIHH
MAIIWHBI H BADUAHTHI TIPEJAMETHBIX (JOPM MX BHITIOJTHECHHUS.

TeopeTndecknMn HMCCIEAOBAHUSAMH MPEAOCTABHIH
OTBET Ha JjBa TMIABHBIX BOMPOCA — KAaK JOJKHA MEHSITHCS
CHCTEMa TEXHUIECKOTO 0OCTYyKNBaHMS B 3aBUCUMOCTH OT
YPOBHS Pa3BHUTHA arpapHOTO MPOM3BOJCTBA, a TAKKE —
Kakue apaMeTpsl JOJDKHA UMETh cucreMa
00CITy)XMBAaIOIIETO0  CepBHUCa,  YTOOBI  BBINOJHATH
COOTBETCTBYIOIIME BMELIATENILCTBA C MHUHHUMAaJbHBIMU
TEXHOJIOTUYECKH HEOOXOIMMBIMH 3aTpaTaMu PEecypcoB U
KalUTaIOBIOKEHUAMU. OLEHKY YPOBHS TEXHHUYECKOTO
o0cmyKUBaHUs CEJIbCKOX O3S HCTBEHHBIX MalliH
MPEeyCMOTPEHO BBIIIOJIHATH 1O COBOKYITHOCTH
OpraHU3aOHHO-TEXHUYECKUX (axTopoB,
dbopMann3oBaHHBIX dYepe3 YacTH ¢  KOMIUICKCHBIE
[OKa3aTeiy, B Ba 3Tana. IlepBblil — OLiEHKa Yyepe3 4acTu
MOKa3aTeln Mo KaxaoMmy (QakTopy oTmenbHO. Bropoit —
OIIeHKa KOMIUIEKCHOTO TIOKa3arens (1o BceM (akropam B
IEJIOM).

KnroueBble cioBa: Meromonorus, Ko3¢GQHUINUEHT
TOTOBHOCTH, 3()()EeKTUBHOCTh, CEIBCKOXO3SIUCTBCHHAS
MaliyHa.

ALGORITHMICLY DETERMINE THE FREQUENCY

OF RECOVERY OF AGRICULTURAL MACHINERY

ACCORDING TO DEGREE OF RESOURCE'S COSTS
I. L. Rogovskii

Abstract. In the article the analysis of existing
agricultural machines in a healthy state, followed by work
on the maintenance system subject to the conditions of
reforming of the agrarian sector. Under maintenance refers
to the complex of works on maintenance of working
capacity or serviceability of the products during use by
adjusting, knowledgeable, filling and retaining work. For
the assessment of the alternatives it is advisable to conduct
morphological analysis of the entire set of possible
solutions to the research problem presented in a
morphological matrix, which presents the basic functions
of the machine and options the subject of the forms of their
implementation.

Theoretical research has provided the answer to two
fundamental questions — how to change maintenance
system depending on the level of development of
agricultural production, and what parameters must have the
system maintenance service to perform the appropriate
intervention with the minimum technologically necessary
costs of resources and investment. Assessment of the level
of maintenance of agricultural machinery is provided to
carry on the totality of organizational and technical factors,
formalized through parts and complex indicators, in two
phases. The first evaluation of using of the indicators for
each factor separately. Second — assessment of a complex
indicator (for all factors).

Key words: methodology, availability, efficiency,
agricultural machine.
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AHoTaniss. MeToro IOCIiPKEHD € MOKPAIEHHAS SKOCTi
HACIHHA  [UIIXOM  3HIKCHHI  WOro  Makpo- i
MIKpOTpaBMyBaHHS M dYac 30upaHHsi, OOpOOIeHHS
3epHOBOTO BOPOXY, IIITOTOBJICHHS HACIHHA Ta IHIINX
TEXHOJIOTIYHUX TpoleciB. TeopeTHdHi JOCHiKeHHS 1
PO3paxyHKH BHMKOHYBAJIHCS IUIIXOM MaTeMaTHYHOTO

MOJICIIIOBaHHS ~ poOOTH  TEXHIYHMX  3aco0iB  Ta
TEXHOJIOTIYHUX TIPOLECIB, BUKOPUCTAHHS OCHOBHUX
3aKOHIB MEXaHIKM 1 Cy4acHHX METOMIB KOMII IOTEPHUX
PO3paxyHKiB. ExcnepumenTansHi JTOCTKCHHS

BHKOHYBaIHCSA B JIaOOpaTOPHO-BUPOOHHYMX yMOBaxX i3
BHKOPHCTAHHSAM HATypHHX 3pa3KiB Ta TEXHIYHUX 3ac00iB
32  pPO3pOOJICHMMH 1 CTAaHIAapTHAMH  METOIUKaMU.
PesynpraT  TeOpeTMUHHMX Ta  €KCHEPHUMEHTAIBHHUX
JOCIIJDKeHb CBiAYaTh, IO ITiJ Yac TPAHCIOPTYBaHHS i
KOHTaKTYBaHHSl 3€pHIBOK 3 pOOOYMMH TOBEPXHIMHU
KOBILIIB, 3BOPOTHBOTO 3CHIAHHS, IIBUJIKOCTI pYXY,
3aTHCHEHHS 1  3ITKHEHHS  BiOyBaeTbCs  CyTTEBE
30UIBIIEHHST MaKpO- Ta MIKPOTPaBMYyBaHHsI HACIHHS, 110 B
KIHI[EBOMY pe3yJIbTaTi HeraTUBHO BIUIMBAE HA HOTO SKiCHI
moka3sHUKH. OcoONMBO IIe  CTOCYETbCA  3HMKCHHS
TIOJIbOBOI CXOXKOCTI HACIHHS, IO 3MEHIIY€E YpO>KalHICTh
Oynp-sKO1  3€pHOBOi  KYJIBTYpH, a BiJIIOBiTHO
3MEHIINTHLCS BaJOBE BUPOOHHMITBO 3epHA. JlocCimimKeHHs
CBiJUaTh, IO PYHHYBAaHHS MaTepially BifOYBaE€ThCS, IKIIO
MeXaHiva Jis v OLIbINa 3a MIITHICTh MaTepiany, Ha sSKHid
i CHITK JifOTh, TOMY PO3PaXyHKOBHM IIISIXOM HEOOXiTHO
BU3HAYATH BEJIMYMHY KOHTAKTYIOHOI CHJIHM B 3aJI€)KHOCTI
BiJl MacH, MIBUAKOCTI, MPY>KHOCTI TiJI, @ TAKOX 30BHINIHIX
(akTopiB miJg Yac KOHTAaKTyBaHHA. HampyxeHHs, M0
BHHHUKA€E BiJl MEXaHI4HOI il Ta THUCK Ha 3EpHIBKY IpH
3ITKHEHHI 3 pOOOYNMH TIOBEPXHIMH 1 B3aEMOYJApSHHSIX
CHpUSIIOTH MiKpoTpaBMyBaHHIO. IIIBHIKICTE pyXy cMyTH,
3allOBHEHHS! KOBIIIB HACIHHSIM, 3BOPOTHE BHCHIIAHHS,
IUTOLI TOBEPXOHb pOOOYMX OpraHiB, 3aTUCHEHHS
3€pHIBOK B 3a30pax MDK KOBIIEM i CMyrow Ta iHII
(aKTOpu y CYKYIHOCTI i B3a€MO3B’SI3KY 3 Oi0JOTIYHUMHU
Ta MEXaHIKO-TEXHOJIOTIYHUMH BIIACTUBOCTSAMH HACiHHS
3€pPHOBHX KYJIBTYpP BILUIMBAIOTh Ha TPaBMYBaHHs 3epHIBOK
1 iX sIKicHI TOKa3HUKH. JloBeIeHO, M0 MiKPOTPaBMyBaHHS
3epHIBOK y pI3HHX AarpokIiMaTHYHMX 30HaX 10
3aBaHTaKEHHS KOBILIOBUMH TpaHCIopTepamMu
3Haxoguiaocs B Mexax  22,9-23,5%, a  micas

TPACHOPTYBaHHS KOBIIOBHMH TPAHCIOPTEPAMH JIOCATIIO
45,3-46,4%,1700T0  30UMBIIMIIOCS 'y [nOBa pa3d, a
MiKpoTpaBMyBaHHA 3pocimo Ha  21,8-23,5%. bes
MOMIKO/KEHb  ICIS  PO3BaHTAXKEHHS i3  KOBIIIB
sanummiocs: 54,7% HaciHHsg o3uMoi mieHuni. OTpumani
JlaHI MOXKYTh BBa)KaTUCS 3a JI0OKa30BYy 0a3y HEOOXiJHOCTI
MPAaKTUIHOTO BUKOPUCTAHHS e(heKTUBHUX Ta
BUCOKONPOAYKTHUBHUX 1,  OJHOYACHO,  OE3MeUHUX
TEXHIYHUX 3aC00iB MMiJ Yac MiArOTOBIEHHS HACIHHS s
3a0€3MeUYCHHs  BHCOKHMX  SKICHMX  IIOKa3HHKIB 1
Hacamrepes, HOro CXOXOCTi, L0 CYTTEBO BILUIUBAE Ha
YPOXKAUHICTH OY/Ib - SIKOT 36pPHOBOI KYJIbTYPH.

Kuro4oBi c1oBa: HaciHHS, 3epHIBKA, TEXHOJIOTIYHAN
MPOLIEC, SKICTh, MIKPOTPABMYBaHHS, MAaKPOTPABMYBaHHS,
TEXHIYHI 3aC00H, IBUAKICTH PYXY.

IocranoBKa npodieMu

BupiieHHst MIPOJIOBOIBUOTO 3a0e3meyeHHs
HaceJleHHd €  OJHMM 3  TOJIOBHUX  3aB/IaHb
arporpoMHUCIIOBOTO  KOMIUIEKCY Kpainu. J[us  i#ioro

BUKOHAHHS HEOOXIAHO 30UIBIINTH BajJOBE BUPOOHHUIITBO
3epHa 10 100 MIIH. TOHH, Y TOMY YHUCJ O3UMHX 3€pPHOBHX
KynbTyp. s mociBy mpoTHO30BaHUX Ta 3aIIAHOBaHUX
IUTOII i OTPUMAaHHS 30UTBIICHHS YPOXKAWHOCTI O3UMHUX
3epHOBHMX Ta iX BaJIOBOTO BHPOOHMIITBA, HEOOXiTHO
OIOPOKY  MIATOTOBIATH  Oimbme 2  MJIH.  TOHH
BHUCOKOSIKICHOTO HAaciHHA. AJpKe BIJIOMO, IMIO0 O3HMa
MIISHUI, )KUTO Ta IHII JyXe BaXJIUBI IIHHI 3epHOBI
KyJIbTYpH, SKi 3aliMalOTh BEJNMKI IUIONI TOCIBY i
BiZIIrparoTh 3HAYHY POJb, HACAMIIEPE], Y TPOIOBOIHIOMY
3a0e3neueHHi. B 3B’A3Ky 3 1WMM, BHHUKAa€ HarajibHa
motpeba y 3abe3meueHHI HACIHHAM 3 BHCOKUMH
MMOKa3HUKAMH SIKOCTi. BigoMO, 110 TIIbKH BHCOKOSIKICHE
HACiHHA 3a BCIX IHIIMX OJHAKOBHX MOXJIHBOCTEU
3abe3neuye GpopMyBaHHS OiIBIIOI YaCTUHH MalOyTHBOTO
Bpoxato. [Topsig 3 UM BaXIMBUM € TOW (aKT, 0 iCHYE
JI0O TEBHOI MipW BiJCTaBaHHS 13 YJIOCKOHAJICHHSM,
BUPOOHHUIITBOM 1 3alpPOBaDKCHHSIM HOBITHIX TEXHIYHUX
3aco0iB Ta TexHoJorid 30upanHsa. Tomy mnpoBeneHHs
KOMIUIEKCHHUX JIOCIIPKeHb IPOILECIB 3HWKEHHS BIUTHUBY
poOounx oOpraHiB Ha TpaBMyBaHHS HACiHHSI Ha BCiX
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CTafisIX HOTo MiITOTOBJICHHS 1 CiBOM Ta MOKpAIeHHS
SIKOCTI € aKTYaJdbHOIO HAYKOBO-TIPUKIIAIHOIO MPOOIEMOTO.
A TaKoX € OJHUM i3 TOJOBHUX HEBUKOPHCTAHNX PE3EPBiB
MiABUINEHHS YPOXXaWHOCTI Ta BaJOBOTO BHPOOHHUIITBA
3epHa.

AHAaJIi3 oCTaHHIX JOCTiIKEeHb

Hocmimkernns [1, 2] moka3yroTh, IO 3MCHIICHHS
BIUIUBY pOOOYMX €JIEMEHTIB TEeXHIUYHHMX 3aco0iB Mij 4ac
BUKOHAHHS TEXHOJOTIYHUX NPOLECIB Ha TpPaBMYBaHHS
3€pHIBOK CIIPHSIE CYTTEBOMY MOKpAIIEHHIO SIKiCHUX
MMOKAa3HUKIB HACIHHA Ta 3POCTAHHIO YPOXKAMHOCTI
3epHOBUX KyJibTyp. OmHaK [OCHIMKCHHA Y IbOMY
HaTpsAMKY 10 OBOTO 4Yacy y BITYM3HAHINA arpoimkeHepii
Oymn  1OOCHTh OOMEXeHi. A  eKCIIepUMEHTaJbHI,
BHPOOHMYI Ta JTa0OpaTOpHi KOMIUIEKCHI TOCTIIKCHHS
Makpo- i MIKpOTpaBMYBaHHS Cy4aCHHX COPTIB 3€pHOBHX
KynbTyp y arpozonax Jlicoctemy ta Ilomices 30BciM
BIZICYTHI.

VY cTBOpeHHI (QyHIAMEHTy HAyKOBHX OCHOB TeOpii
B33a€EMOBILIMBY pOOOYNX TIOBEPXOHb MEXaHI3MIB Ta Pi3HUX
MaTepiaiiB, B TOMY YHCII 3EpPHOBOi MacH, 3HAYHHA
BHECOK 3poOwim Taki Bigomi Bueni [3, 4, 5]
Hocmimxennst [1, 2, 6] cBigyath, 1m0 TpaBMyBaHHS
3€pHIBOK I1iJ] yac oOMonodyBaHHs csrae 20 % i Oinbie, a
Ipu OOPOOJCHHI 3EpPHOBOIO BOPOXY 1 IiATOTOBJICHHI
HACiHHA Ta CiBOM X KUIBKICTh 3HAYHO 3pPOCTAa€, 1HKOJIH
csirae 60-80 %.

3a pmanuMu [7] TpaBMyBaHHS 3€pHIBOK MiJ uac
obmonouyBanHs iHkomm csrae  30-35%, a 3a
MiArOTOBKM HAaCiHHS HaBiTh Oinbine 50 %, 3a1€XHO Bif
BOJIOTOCTI ~ 3€PHOBOIO  BOPOXYy Ta  MEXaHIYHHX
HaBaHTaxeHb. [locmimkenns [7, 8] ceiguaTh, o mnpu
KOHTaKTyBaHHI 36pHIBOK 3 p0OOOUYOI0 TIOBEPXHEIO TBUHTA
B 3aJIEKHOCTI BiJ KyTa MiTHATTS BUTKA HaliMEHIIA
IHTEHCHBHICTh MIPUTHUCHEHHS, a 3HAYHUTh
MIKpOTpaBMyBaHHS HaciHHs, TmepeOyBae B [iama3oHi
3MiHM KyTa MigHATTS BUTKa 0=5—10°. IIpm 30inpmeHHi
KyTa TMIHATTI 10 15° 1 Oimblme, I1HTEHCUBHICTB
MIPUTHCHEHHS 3POCTaHHE MPOTOPLIHHO 301IBIICHHIO KyTa
IIHATTS BUTKA TBUHTA.

3a ganumu [9] mpu migcymyBaHHI Pi3HHX BHIIB
HaCiHHS HEOOXiZHO OOWpaTH ONTUMAaJbHI PEXKUMH 3
MiHIMaIbHUMH  BUTpaTaMHM  €HEprii, MeXaHIYHHUMH
HABaHTAXKCHHSIMU JUIi OTPUMAaHHS SIKICHOTO HAaCiHHS.
Pesymnsratu qocmimkens [10] cBimuaTh mpo BILIMB HaBIiTH
CTPECOBHX YyMOB Ha SKICTb HaciHHS, TOOTO CBiTIa,
TEMIIEpaTypH, OKHCICHHs. A B ITO€AHAHHI 3 MEXaHIYHUMHU
HaBaHTAKCHHSIMH, TpaBMaMM 1 JaedopMalisMu SIKICTh
HaciHHs 3HWKYyeTbes. Jocmimkenns [11] cBimvath, 1o
CXEeMH CIBO3MIH Ta pi3HI EKCTPakTH OJHOYacHO i3
MEXaHIYHAMH BIUIMBaMH 1 JedopMalisiMu 3HIKYIOTh
SKICTh HACIHHSI OBOUYEBUX Ta 36PHOBHUX KYJIBTYD.

ExcriepumenTanbHi qociimkenHs [12], ciguars, o
pu 3ITKHEHHI 3epHIBKH i3 MOBEPXHIMU
TPaHCIIOPTYBAJIbHUX TEeXHIYHIX 3aco0iB, AKi
obepraloThcs i3 KyToBOIO WBUAKicTIO 8—-10 pam-c? i
Oinplie,  CTBOPIOBAaTHUMYThCS ~ YMOBH  3POCTaHHS
nedopmartii, MIKpOTpaBMyBaHHSI Ta 3HMXKEHHS SKOCTI
HaCiHHSL.

Takpum 4yuHoM, T1/IMOOKE 1 BCeOlyHE BHBYECHHS
¢Gi3uKO-MeXaHIYHUX Ta  OIOJOTIYHHX  0COOJIMBOCTEH
HaciHHA 1 pO3poOJNeHHS HOBUX TEXHOJOTIH Ta
MoOJIepHi3alis pobouux opraHiB 3abe3medars MiHIMATbHY
KUIBKICTP ~ MIKPOTpPaBMYBaHHS  3€pHIBOK,  TPIIIWH,
nepopmaniid. Crmim  3a3HaYNTH, IO KOMIDICKCHHUX
TEOPETHYHHUX Ta eKCIIePHMEHTAIIbHO-BUPOOHIUMX
JIOCHI/KEHb  BIUIMBY pPOOOYMX OpraHiB Ha MIIHICTb,
pyiiHyBaHH:, nedopMalito 1 TpaBMyBaHHS 3€pHIBOK ITiJl
yac 30MpaHHs 1 BCIX HACTYIHHUX TEXHOJOTIYHUX ITPOLIECIB
MiATOTOBJICHHSI HACIHHA 1 CiBOM He mpoBoguiocs. Tomy
pe3ysnbTaTd  JOCHIJPKEHHS NOBWUHHI  BUIIPABUTH 1
MOKPAIIUTH BHPIMICHHS 1IIi€l HAA3BUYAaHO Ba)XJIUBOL
mpobaeMu.

Merta aociaiaKeHn

TokpartieHHst AKOCTI HACIHHS IIUIIXOM 3HIDKCHHS HOTo
MaKpo- 1 MIKPOTPaBMYBaHHS IiJ] 4ac 30HpaHHs, 0OpOOICHHST

3¢pHOBOTO BOPOXY, IIATOTOBJACHHS HACIHHA Ta IHIIKX
TEXHOJIOTIYHHX TIPOIICCIB.
Marepiajiu Ta MeToau
Teopernuni JOCITIJKCHHS i PO3paxyHKH

BUKOHYBAJIUCS IUIAXOM MATEMAaTHYHOTO MOETIOBaHHS
pOOOTH TEeXHIYHHX 3acO0IB Ta TEXHOJOTIYHHUX IPOIECIB,
BUKOPHCTaHHS OCHOBHMX 3aKOHIB MEXaHIKH 1 Cy4acHHX
METO/IiB KOMII IOTEPHUX PO3paxyHKiB. EkcnieprMeHTanbHi
JIOCITIJPKEHHS] BUKOHYBAJIUCS B JJAOOPATOPHO-BUPOOHUUUX
yMOBax i3 BHMKOPHCTaHHSIM HATypHHX 3pa3KiB Ta
TEXHIYHMX 3ac00iB 3a PO3POOJEHUMH 1 CTaHAAPTHUMU
METOJTUKAMH.

Pe3yabTaTh nocaigxeHb

AHaiiz po0iT 10 BHUSIBICHHIO MPHYIMH Ta (aKTOPiB,
SIKi BIUTMBAJIA HAa TPaBMYBAHHS 1 SIKICTh HACIHHSA IIPH HOTO
30upaHHi, 00pPOOJICHHI TPAaHCHIOPTYBAaHHI, 3aBaHTAXKCHHI
Ta CiBOi, TEXHIYHMMM 3aco0aMM 1 TEXHOJIOIIYHHUMU
JIHISIMM TOKa3aB, LIO ICHYIOTh Di3HI NOIVISJAM 1 HaBiTh
NPOTUPIYYSI 1O 3HIKEHHIO TX HEraTUBHOTO BILJIMBY.

BinpmncTe  JOCHIAHHMKIB  BigMiYarOTh, 10 A
00’€KTHBHOTO Ta TJIMOOKOTO HAYKOBOTO OOIPYHTYBaHHS
3aXOIiB 3HIDKCHHS TPaBMYBaHHS HACIHHS pOOOYMMH
OpraHaMd  HEOOXiTHO IPOBOJMTH TEOPETHYHI Ta
EKCIIepUMEHTANIbHI  JTOCHI/DKEHHS IIPOLECiB  Makpo- i
MIKpPOTpaBMyBaHHS, 3HAXOIUTH 1 JOCIIPKyBaTH TOJIOBHI
(haxTopH, 110 BIUIMBAIOTH HA HHOTO, & TAKOXX 000B’SI3KOBO
BpPaxoBYBaTH CTaH 3€pHOBOTO BOPOXy, Oiomoridmi Ta
¢hi3ioNOTiYHI  BIACTHBOCTI 3€PHIBKH Ta MaTepiaiu
BUTOTOBJICHHS pPO0O0OYMX oOpradiB, abo iX WOKPHUTTA
TFYMOI0, IJIACTMACOI0 YU HEUIIOHOM.

Ilim dvac 0OpoONEHHS  3€pHOBOTO  BOPOXY,
MiArOTOBIEHHS HaciHHA 1 ciBOi, pobodui opraHu
BIUIMBAIOTH Ha 30UIBIIEHHS Ta YTBOPEHHS HOBUX MaKpo- i
MiKpoTpaBM. BoHM BIUIMBarOTH Ha MIIHICTH 3€pHIBOK,
aJDKe 3yCHJUIS PYHHYBaHHS 1 MaKCUMaJbHE HaIpy>KeHHS
3pOCTalOTh OiuNbIle HDX y JBa pa3d, a aedopmaris
30LTBITYEThCS ite} 0,22 MM, 10 crpusie



OBI'PYHTYBAHHA BITVIMBY KOBIIOBOI'O TPAHCIIOPTEPA HA TPABMYBAHHA ... 165

MiKpOTpPaBMYBaHHIO.

JlocmipkeHHs ~ BIDIMBY ~ po0OYHMX  TIOBEPXOHB
TPAHCIOPTYBAIBHAX TEXHIYHUX 3aco0iB, 1 30Kpema
KOBIIIOBUX TPAHCIIOPTEPIiB CBiI4AaTh, IO TOJOBHI TUISHKA
TpaBMYBaHHS 1 pYWHYBaHHS 3€PHIBOK 3HAXOIATHCS IMif
gac 3ITKHEHHA i3 30BHIIIHIMH 1 BHYTPIOIHIMH
MOBEPXHSMH KOBIA, 3BOPOTHOI'O 3CHIIAHHS, IIBUAKOCTI
PYXy CMYyrH, 3aTHCHEHHS MDK poOOYMMH OpraHamH,
3allOBHEHHSI 1 KPOKY PpO3MIlIEHHS KOBIIIB Ha CMY3i,
BiJ|J1aJli TPAHCIIOPTYBaHH, TOLIO.

VYTBOpEeHHs TPIIIMHHU, MaKpo- i MIKPOTpaBMYBaHHS
OpraHiyHOI peYOBHHH 3€PHIBKH HEOOXITHO PO3IIISIATH SIK
TIpoIiec, M0 IPOXOIUTh IBi CTaii: 3apOKESHHS YMOB JUIS
YTBOpPEHHS MaiOyTHBOi TpimmHH, TOOTO  (i3WdHi
OCOOJMBOCTI pYyHHYBaHHA, Ta BIUIUB POOOYMX EIIEMEHTIB
pi3HHX TexHIYHMX 3aco0iB, mo OepyTb yd9acTte Yy
TEXHOJIOTIYHUX TpoIIecax.

JocmimKkeHHsT CBiqUaTh, 0 PYWHYBaHHSI MaTepiary
BiIOyBaeThCs, SIKIIO MeXaHiuHa Jis cuin  Oinbina 3a
MIIHICTh MaTepially, Ha SKHH [i CHIM Mil0Th, TOMY
PO3paxyHKOBMM  IIIIXOM  HEOOXiTHO  BHU3HAYATH
BEJIMYMHY KOHTAKTYIOUYOi CHJIM B 3aJI©KHOCTI BiJ Macw,
LIBUKOCTI, NPY>KHOCTI TiJI, @ TAKOXK 30BHILIHIX (haKTOpiB
iJ yac KOHTaKTyBaHHS.

Ilpy 10BOMY HampyKeHHS, IIO BHHHKAE Bif
MEXaHIYHOI Jii CHJIM Ha 3epHIBKY, MO’KHA OOYHCIHTH 32
HACTYITHHM BHPa30M:

2mgFkede

mab(Ine; + ke, )’

0 =3 (1)
Je M — maca 3epHiBKH; F — cuia 3iTKHEHHS 3epHIBKH 3
pobounM opraHoMm; € — MOAYNi MpPYXHOCTI pPoOodoi
MOBEPXHi Ta 3epHiBKU; K — KOQIIIEHT 110 3aJIeKUTh BiJl
paniyca 3iTKHEHHS; ¢ — IIUPHHA 3epHIBKH; D — TOBIIMHA
3epHIBKH.

I3 Bupasy ( 1) BUIHO, IO HaNpYXKEHHS, K€ BUHUKAE
BiJl MEXaHIYHOTrO BIUIMBY Ha 3€pHIBKY IMiJ 4ac
TEXHOJIOTIYHOTO HPOLIECY TPAHCIIOPTYBAHHS 1 3ITKHEHHS 3
po0OYMMH MOBEPXHSMH KOBIIA Ta CMYTH 3aJI€XKUTh Bill

Macy 3€pHIBKH, CHJIM 3ITKHEHHsI 1 MOJIYJS TPY>KHOCTI
po6010i TOBEPXHI TEXHIYHOTO 3aC00Y 1 3epHIBKH.

Ji1 BU3HAYCHHS THUCKY TPH 3ITKHEHHI 3€pHIBKH 3
poOoUYNMH OpraHaMH a TaKOX MPH B3aEMHOMY 3iTKHEHHI
3epHIBOK MOKHa BUKOPUCTATH TaKuil BUpa3:

o)

ne ks — xoedimieHT, 1m0 3aJIeXnuTh Bil paaiyca 3iTKHEHHS;
€1 1 € — MOOyd MPYXHOCTI poOOYOi TOBEpPXHI Ta
3epHiBKH; F — cuia 3iTkHEHHS; b — TOBIIMHA 3epHIBKH.

I3 po3rmsiHyTHX BHpasiB (1) i (2) BUAHO, 10 3HU3UTH
TpaBMYBaHHSI 3€PHIBKH MOJKJIMBO 33 PaXyHOK 3HWKCHHS
CHJIH 31TKHEHHSI, MOJIYJISl IPY>KHOCTI poO0Y0T IMOBEpXHi Ta
MacH 3epHIBKH.

HeoOximHO 3a3HauWTH, 10 B OCHOBY HAyKOBHX
peKOMeHAaliil 3HWKEHHS TPaBMYBaHHS 3€pHIBOK IEsKi
JOCTITHUKA Opaid TEOpif0 KOHTAKTYHOUHX aedopMariii
JUTA OMHOPIAHUX MaTepiaiiB, aje 3epHiBKa, a TUM OiTbIIe,
3€pHOBHI BOPOX HE BIJHOCATHCS 1O OJHOPIAHUX Hi IO
CTPYKTYpi, HI TO Oi0NOTIYHOMY 1 XIMiYHOMY CKIany.
OO00B’SI3KOBO HEOOXIAHO B JOCITIDKCHHSIX BPaXOBYBATH
KOHCTPYKTHBHI ITapaMeTpH, MaTepiayi, PeXXUMH poOOTH
Ta IHIII TEXHIYHI OCOOIMBOCTI MAIIHH.

[lpu TpaHCOpPTYBaHHI Ta 3aBaHTaKCHHI HACIHHS
KOBILOBUMH TPAHCIIOPTEPaMU BiJOyBa€TbCS B3a€EMOJIIs
3€pPHIBOK 3 pOOOYMMH IOBEPXHSIMH TPH 3aBaHTAXKEHHI
KOBIIIB,  3BOPOTHOTO  BHCHIIAHHS,  CIIBYJapsHHS,
pO3BaHT)XEHHA Ta yAapiB 3 KOXYXOM TOJIOBKH
eJeBaTopa, o B CYKYIHOCTI BIUIMBAa€ Ha TPAaBMYBaHH,
nedopmarito i 0co0IMBO MiKpOTPaBMYBaHHS 3€PHiBOK.

besymMoBHO, nye BaKIMBUH BIUIMB HAa Makpo- 1
MIKPOTPaBMYBaHHS 3EpHIBOK Biirpa€e KiIbKiCTh HACIHHS,
IO  pO3MIIIyeThCS B  KOBIN Mg 4ac  HOro
TPaHCIIOPTYBaHHSI.

Hanana cxema 3amoBHEHHsT HaCiHHSIM KoBima (puc. 1)
MOKa3ye, 10 BEPXHs 30HA PO3MIILICHHS HACIHHS Mae
dbopmy sorapudMiq4HOro BUTKA IiJ KyTOM 3pi3y 25-30°.

Puc. 1. Cxema 3amoBHEHHsI KOBIIA HAciHHAM: 1 — mepemHs YacTuHA; 2 — 3aJHA YacTUHA; 3 — OOKOBI YaCTHHH;

4 — nHO KOBIIA; 5 - BEpXHS 30HA PO3MIIIEHHS HACIHHA

Fig. 1. Scheme of filling the bucket with seeds: 1 — the front part; 2 — rear; 3 — the side parts; 4 — the bottom of

bucket; 5 — the upper zone of seed placement
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BigmoBimHo 70  IBOTO  PUCYHKA,  IUIONLY
KOHTaKTyBaHHS HACiHHS 3 BHYTPIIIHHOIO IIOBEPXHEIO
KOBILIAa MOYKHA BHU3HAYHUTH, PO3MISHYBIIH TPUKYTHHKU
EMD i DPK 3 ypaxyBaHHAM JOBXHHH  IEpPEeIHBOL

YaCTMHH KOBINA, WOTO IIMPWHH, IUIOIII [THA Ta IDIOIII
KOHTaKTYBaHHS 13 MOBEPXHEIO 3aIHHOT YACTHHHU KOBIIIA.
IoKasaHa

Ha  puc.2 CXeMa  KOBIIOBOTO

A

=3

TpaHCIIOpTEpa, 1€ MOXKHa OauuTH, IO TPaBMYyBaHHS
HaciHHS 3aJIe)KHTh Bill BEIMYMHU paniyca OapabaHa,
pamiyca OKpYIJIeHHS [JHA KOBINA, KyTa 3axOIUICHHA
HaCiHHS, 3230py MK KOBIIIEM i CMYyTOIO.

Ha puc. 3 mokazaHa 3aJeXHICTh HEepeMilleHHS Ta
3aTUCHEHHS 3€pHIBOK BiJl BETUYHNHH 33a30PY MK KOBIIOM
1 CMYTOIO.

A-A
T 5
pri
1 L~
—\ l
b
¥ |
| L: 7
: N P
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Puc. 2. KoBuioBuii Tpancnoprep: 1 — KOXyx; 2 — JIOTOK 3aBaHTa)XEHHs; 3 — BepxHil OapabaH; 4 — HIKHIN
0apaban; 5 — cMmyra; 6 — KiBIII; 7 — PO3NOAUILHUK; 8 — HAMPSIMHUK; 9 — 3axucHa 30Ha; 10 — KaHaJ 30HU

Fig. 2. Bucket conveyor: 1 — casing; 2 — download tray; 3 — the top drum; 4 — the lower drum; 5 — strip; 6 — ladle;
7 — spreader; 8 — guide; 9 — protection zone; 10 — channel zone
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Puc. 3. 3anexxHicTh epeMileHHs Ta 3aTUCHEHHS 36pHIBOK BiJl BEMYMHH 3a30pY MiXK KOBILIEM 1 CMYTOIO:

—————— HCpeMiIHGHHH 3aTHCHEHOT'0 HACIHHS

Fig. 3. The dependence of the movement and clamping of grains on the size of the gap between the bucket and the

strip: total movement of seeds;

moving cluttered seeds
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JlaHi eKxcrepuMeHTaIbHUX IOCHiIKeHb (Tadi. 1)
CBi4aTh, MO0 MaKpOTPaBMyBaHHS HACIHHSI O3MMOI
MIICHUI]l PI3HUX COPTIB /O 3aBaHTAXEHHS KOBIIOBHM
TpaHcropTepoM  craHoBwio  3,95-4,25%, a micna
TEXHOJIOTIYHOTO IIPOLECY 3aBaHTAXKEHHS TPaBMYyBaHHS
KOBIIOBUMH TpaHCTIopTepamMu 3pocio go 7,1-7,85%,
TOOTO Maiike y /1Ba pa3u, a MIKpOTpaBMYBaHHS 3pOCyI0O Ha
21,8-23,5%.

OTxe, pe3ynbTaTl eKCIePUMEHTAIBHHUX J0CHIKEHb
(Tabn.1) cBigyath, MmO Wi Yac TPAHCHOPTYBAaHHA 1
KOHTaKTYBaHHSl 3€pHIBOK 3 pOOOYHMMH IOBEPXHIMHU
KOBILIB, 3BOPOTHBOTO 3CHIIAHHS, IIBUJIKOCTI pYXY,
3aTUCHEHHS 1 3ITKHEHHAI  BiAOyBaeTBCS  CYTTEBE

30iJBIICHHS MaKpO- Ta MiKpOTpaBMYBaHHsI HACIHHS, 10 B
KIHIIEBOMY paxyHKy HETaTHBHO BIUIMBAa€ Ha HOTO SKiCHI
mokasHUKH. OcoONMMBO 1€ CTOCYETBCA  3HIDKCHHS
MOJFOBOT  CXOXKOCTI  HACIHHS, IO NPHU3BOAWUTH IO
3MEHIICHHS ypOKalHOCTI Oyab-AKO1 3€pPHOBOI KYJIBTYpPH,
a BiATIOBITHO 3MEHIIUTHCS BaJIOBE BUPOOHHUIITBO 3EpHA.

Ilicns  3aBepUICHHS  TEXHOJIOTIYHOTO  MPOIECY
TPaHCIOPTYBaHHS KOBILIOBUMH TpaHCIOpTEepaMu
HETpaBMOBaHOTO HaciHHA 3anummiocs 54,7%. ToGto
Maike IIOJOBMHA BijJ 3arajlbHOl KIUJIBKOCTI HACIHHS
TPaBMyBJIOCS BiJi 3aBaHTaXCHHS JIO 3aBEPIICHHS
TPaHCIOPTYBAHHS, 1[0 CYTTEBO BIUTMHE HA WOTO SKICTh, &
BiJIIOBIZTHO HA yPOXKANHICTb.

Ta6auus 1. TpaBMyBaHHS HACIHHS 03UMO{ IIIIEHHUIII ITiJ] YaC TPAHCIOPTYBAaHHSA KOBIIOBUMH TPAaHCIIOPTEPaMH.
Table 1. Injury of winter wheat seeds during transport by ladle conveyors.

T'ocnogapcTso, MikpoTpaBMu
Oneparrii MaxpoTpaBmMu
copt 3apojika | OOOJOHKH |BCHOTO TpaBM | 0Oe3 TpaBM
CBK «Masik» Jlo 3aBaHTa)XKCHHS B 4,35 3,15 4,15 23,5 76,5
Binanmnekoi KOBIII
obmnacri, [Ticns po3BaHTaKEHHS 7,10 5,65 7,25 45,3 54,7
Onecobka 237 3 KOBIIIA
IIT «Komoc» Jlo 3aBaHTa)XCHHS B 3,95 3,25 4,05 22,9 77,1
UYepkacbkoi KOBLI
obuacri, ITicist po3BaHTaKEHHS 7,85 5,85 7,75 46,4 43,6
Onecobka 237 3 KOBIIA

TakuMm 4MHOM, OTpUMaHI AaHI MOXKYTh BBKATUCS 32
JIOKa30BYy 6asy HEOOXiTHOCTI MPAKTUYHOTO
BUKOPHCTaHHS e(EKTHBHUX Ta BHCOKONPOAYKTHBHUX 1,
OJHOYACHO, Oe3NmeYHHX TEeXHIYHUX 3aco0iB mijg dYac
MMArOTOBJIEHHSA HACIHHA Ui 3a0€3leUYeHHs BUCOKUX
SIKICHUX TIOKAa3HMKIB 1 Hacammepea HOro CX0XOCTi, IO
CYTTE€BO BIUIMBAE HA YPOXKAHHICTH OYAb-AKOI 3€pHOBOT
KYJIBTYpH.

BucnoBku

1. JocmimkeHHs CBim4aTh, IO pPYHHYBaHHS
MaTepiary BigOyBaeThCs, SKIIO MEXaHIYHA [l CHII
Oipla 3a MIIHICTh MaTepially, Ha SIKAH 11i CHJIN JilOTh,
TOMY PO3paxyHKOBUM IIIISIXOM HEOOXiHO BHU3HAYATH
BEJIMYMHY KOHTAKTYIOUOi CHJIM B 3aJI©KHOCTI BiJ Macw,
LIBHUKOCTI, NPY>KHOCTI TiJI, @ TAKOX 30BHILIHIX (haKToOpiB
ITi/1 4aC KOHTaKTyBaHHSI.

2. Hampy>xeHHs1, 10 BUHUKA€E Biji MexaHi4HOI Jii Ta
THCK Ha 3CpHIBKY NpH 3iTKHEHHI 3 poOodnMu
TIOBEPXHAMHU i B32EMOYAAPSIHHSIX CIIPHSIIOTH
MIKpPOTPaBMYyBaHHIO.

3. llIBuakicTh pyxy CMYIH, 3allOBHEHHS KOBIIIB
HaciHHSM, 3BOPOTHE BHUCHIIAHHS, IUIONI IOBEpXOHb
pobounx opraHiB, 3aTHCHEHHS 3€pHIBOK B 3a30pax MiX
KOBIIEM 1 CMyrowoo Ta iHII ()aKTOPH y CYKYHHOCTI i
B3a€EMO3B’SI3KYy 3 OIOJIOTIYHUMH  Ta  MEXaHiKo-
TEXHOJIOTIYHUMH  BJIACTHBOCTSMH HACIHHS 3€PHOBHX
KyJNbTyp BIUIMBAIOTh HAa TPAaBMYBAHHS 3€PHIBOK 1 IX SKiCHI
MOKa3HUKH.

4. JloBeneHO, 10 MIKpOTpPaBMYBaHHS 3€pHIBOK Y
pI3HMX arpoKJiMaTMYHUX 30HaX [0 3aBaHTAKCHHS
KOBIIOBUMH TPAHCIIOPTEPAMHU 3HAXOIMJIOCS B MeXKax
22,9-23,5%, a micns TpaHCIOPTYBaHHS KOBIIOBHMH
TpaHCIOpTEpaMu JOCATII0 45,3-46,4%,100TO

30UIBILUIIOCS Y JABa Pa3u, a MIKpPOTPaBMyBaHHsI 3pOCIIO Ha
21,8-23,5%. be3 mONIKOKEHD MICs PO3BAHTAXKEHHS 13
KOBIIIB 3amuimuiaocs 54,7% HaciHHS 03UMOT IMIICHHUII.

5. OrpumaHi J1aHi MOXXYTh BBaXKaTHCS 32 JIOKa30BY
0a3sy  HeOOXiZHOCTI ~ NPaKTHYHOTO  BUKOPHCTAHHS
e(eKTHBHUX Ta BHCOKONPOMYKTHBHUX 1, OIHOYACHO,
Oe3leyHnX TEXHIYHUX 3ac00iB IIiJI 4Yac MiATOTOBJIECHHS
HACIHHS Ui 3a0€3IeYeHHs] BUCOKUX SKICHUX IOKA3HHKIB
i HacamIepe]| HOro CXOXOCTi, M0 CYTTEBO BIUIMBAE Ha
YPOXKAUHICTH OY/Ib - SIKOT 36pPHOBOI KYJIbTYPH.
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OBOCHOBAHUE BJINAHU A KOBIIOBBIX
TPAHCIIOPTEPOB HA TPABMHWPOBAHUE
1 KAYECTBO CEMJSH 3EPHOBBIX KVJIBTYP
. A. Jlepesanxo, B. H. [lonuwyxk, C. b. Quuuniok,
A. . Hepesanko
AnHoranms. llenapio uccimemoBaHUN — SBIIIETCS
VIIydIIeHHe KadecTBa CeMSH MyTeM CHIDKCHHS MX MaKpo-
U MHKPOTPaBMHPOBAaHUS BO Bpems cOopa, 00paboTKu

3C€pHOBOIO BOpOX4, IMOATOTOBKAa CEMAH W JpYIrux
TCXHOJIOTHYCCKHUX IIpOLECCOB. TeopeTquCKHe
HCCIICA0BaHUA n pacyeThl BBITIOJIHAJIIUCH IyTeEM

MAaTEeMaTUICCKOIr0 MOACINPOBAHUA pa6OTI>I TCXHUYCCKHUX
CpCACTB U TCXHOJIOTUYECCKUX IMPOLECCOB, MCIIOJIB30BaHUSA
OCHOBHbBIX 3aKOHOB MCXaHUKHW U COBPEMCHHBLIX METOIOB

KOMIBIOTEPHBIX pacyeToB. 3KCHepHMeHTaHLHHe
HUCCIIEA0OBAHUA MIPOU3BOANIINCH B na60paT0pH0-
MMPOU3BOACTBEHHBIX YCIOBUAX C HCIIOJIB30BAHUEM

HAaTypHBIX OOpa3loOB W TEXHWYECKHX CPEJACTB II0
pa3pabOTaHHBIM M CTaHAAPTHBHIM METOIMKaM. Pe3yibTars
TEOPETHYECKUX W 3KCHEPUMEHTAIbHBIX HCCIIEJOBAaHUN
CBUJICTEIBCTBYIOT, YTO BO BpEMs TPAHCIIOPTHPOBKH M
KOHTAaKTa 3€PHOBOK C pabo4yMMH  TOBEPXHOCTSIMU
KOBIIIEH, OOPaTHOTO CCHIMAaHMS, CKOPOCTH JBHIKEHUS,
32)KaTOCTH M CTOJKHOBEHUS NMPOUCXOIUT CYIIECTBEHHOE
YBEJIMYEHHE MaKpO- M MUKPOTPAaBMUPOBAHMSA CEMSH, YTO
B KOHEYHOM HTOI'€ HETaTUBHO BIMAET HA €ro
KavyecTBEHHbIe TMoka3arend. OCOOEHHO 3TO KacaeTcs
CHIWDKEHUSI TIOJICBOH BCXOXECTH CEMSH, YyMEHbBIIAaeT
YpOXXaHOCTb ~ KakoW-mMOO 3epHOBOM  KyJbTYpHI, a
COOTBETCTBEHHO YMEHBIIUTCA BajlOBOE MPOH3BOJICTBO
3epHa. MccnenoBaHus MOKa3bIBAaIOT, YTO pa3pylLIEHHE
MaTepuanga MPOUCXOAUT, €CIM MEXaHH4YeCKoe AEUCTBUE
cw1 OoJpIlle TIPOYHOCTH MaTepHuaja, Ha KOTOPBIA ATH
CHWIIBI  JCWCTBYIOT, II03TOMY  pAacdeTHBIM  IIyTEM
HEOOXOIMMO ONPEICNATh BEIWYHNHY KOHTAKTHPYIOIIEeH
CHJIBI B 3aBHCHMOCTH OT MAacChl, CKOPOCTH, YIPYTrOCTH
TeN, a TaKkke BHEHNIHWX (HaKTOPOB BO BpeMs KOHTAaKTa.
HanpsokeHne,  BO3HMKaromiee OT  MEXaHHYECKOTO
BO3JCUCTBUSL M  JaBI€HUWE HAa  3€pHOBKY  MpHU
CTOJIKHOBEHHH C PabOYMMH TOBEPXHOCTSMH M B3aUMBbIX

yIapeHHAX CIOCOOCTBYIOT MHUKPOTPaBMHPOBAHHSI.
CKOpOCTb  JIBIDKEHHUSI TIOJIOCHI, 3aIlOJIHEHUS] KOBHIEH
ceMeHaMH, obpaTHOE BBICBITIAHUE, TUIOIIA


https://doi.org/10.1080/07373937.2018.1494186
https://doi.org/10.1093/jxb/ers335
https://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&SID=C2pW5xOlVuHwkkkudDR&field=AU&value=Zhou%20Xianrong&ut=&pos=1&excludeEventConfig=ExcludeIfFromFullRecPage
https://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&SID=C2pW5xOlVuHwkkkudDR&field=AU&value=Xing%20Chunyu&ut=&pos=1&excludeEventConfig=ExcludeIfFromFullRecPage&cacheurlFromRightClick=no
https://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&SID=C2pW5xOlVuHwkkkudDR&field=AU&value=Jiang%20Bo&ut=&pos=1&excludeEventConfig=ExcludeIfFromFullRecPage
https://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&SID=C2pW5xOlVuHwkkkudDR&field=AU&value=Li%20Changman&ut=&pos=1&excludeEventConfig=ExcludeIfFromFullRecPage
https://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&SID=C2pW5xOlVuHwkkkudDR&field=AU&value=Liu%20Xiuling&ut=&pos=1&excludeEventConfig=ExcludeIfFromFullRecPage
https://doi.org/10.1080/07373937.2018.1494186
https://doi.org/10.1093/jxb/ers335
https://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&SID=C2pW5xOlVuHwkkkudDR&field=AU&value=Zhou%20Xianrong&ut=&pos=1&excludeEventConfig=ExcludeIfFromFullRecPage
https://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&SID=C2pW5xOlVuHwkkkudDR&field=AU&value=Xing%20Chunyu&ut=&pos=1&excludeEventConfig=ExcludeIfFromFullRecPage&cacheurlFromRightClick=no
https://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&SID=C2pW5xOlVuHwkkkudDR&field=AU&value=Jiang%20Bo&ut=&pos=1&excludeEventConfig=ExcludeIfFromFullRecPage
https://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&SID=C2pW5xOlVuHwkkkudDR&field=AU&value=Li%20Changman&ut=&pos=1&excludeEventConfig=ExcludeIfFromFullRecPage
https://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&SID=C2pW5xOlVuHwkkkudDR&field=AU&value=Liu%20Xiuling&ut=&pos=1&excludeEventConfig=ExcludeIfFromFullRecPage

OBI'PYHTYBAHHA BITVIMBY KOBIIOBOI'O TPAHCIIOPTEPA HA TPABMYBAHHA ...

169

MIOBEPXHOCTEH Pabovnx OPTaHOB, YIIEMIICHUE 36PHOBOK B
3a30pax MEeXIy KOBIIOM U MOJIOCOH M IpyrHe (pakTopsl B
COBOKYHNHOCTH M B3aHMOCBS3M C OHOJIOTHYECKUMH U
MEXaHHKO-TEXHOJIOTHIECKUMHU CBOMCTBaMH CeMsIH
3€pPHOBBIX KYJBTYP BIHAIOT HAa TPAaBMHUPOBAHNE 36PHOBOK
U WX KayeCcTBCHHBbIC MOKaszaTenw. JlokazaHO, dYTO
MHUKPOTPaBMHPOBAaHHE  3€PHOBOK B Pa3iIM4YHbIX
arpoKJIMMaTHYECKUX 30HAaX JI0 3arpy3Kd KOBLIOBBIMH
TpaHCIOpTepaMH HaxOoAMJIOCh B mpezaenax 22,9-23,5%, a
nocie TPaHCIIOPTHPOBAHUS KOBILOBBIMHU
TpaHcnopTepamu  gocturio  45,3-46,4%, To ecTb
YBEJIMYMJIOCH B JiBa pa3a, a MHKPOTPaBMHPOBaHHE
Belpociio Ha 21,8-23,5%. be3 mnoBpexneHuit mocie
pasTpy3kd ¢ KOBIIEH ocTanock 54,7% ceMsH o3uMOH
mmeHnnsl.  [lodydeHHbIE [JaHHBIE MOTYT CUYHTAaThCS
JOKa3aTeNbHOW 0a30if HEOOXOMUMOCTH MPaKTHIECKOTO
HCTIONB30BaHUS 3¢ eKTUBHBIX u
BBICOKOTIPON3BOJUTEIILHBIX u OTHOBPEMEHHO
6C3OH3CHLIX TEXHUYCCKUX CPEACTB BO BPEM MOATOTOBKHN
CeMsH sl  O0O0eCHe4YeHHUs] BBICOKMX KaueCTBEHHBIX
IokaszaTele M TIpekAe BCEro €ero BCXOXKECTH, YTO
CYLIECTBEHHO BIMJIET Ha YpOXaWHOCTh Kakoi-mnbo
36pHOBOU KYJBTYPBI.

KaioueBbie cjioBa: ceMeHa, 3EpHOBKa,
TEXHOJIOTUUECKUH Tporecc, Ka4ecTBO,
MHUKpPOTPaBMHUPOBAHHE, MaKpOTpPaBMHPOBAHHE,

TEXHUYCCKUEC CPEACTBA, CKOPOCThb ABUKCHUA.

SUBSTANTIATION OF EFFECT OF LADLE
CONVEYORS ON INJURY AND QUALITY
OF SEEDS OF CEREALS
D. A. Derevyanko, V. M. Polishchuk, S. B. Chichilyuk,
A. D. Derevyanko

Abstract. The purpose of the research is to improve
the quality of the seeds by reducing their macro- and
micro-injuries during harvesting, cultivation of cereals,
seed preparation and other technological processes.
Theoretical research and calculations were performed by
mathematical modeling of the work of technical means and
technological processes, application of the basic laws of
mechanics and modern methods of computer calculations.
Experimental studies were performed under laboratory and
production conditions using natural samples and technical
means by developed and standard methods. The results of
theoretical and experimental studies show that during the
transportation and contacting of the grains with the
working surfaces of the ladles, backfilling, speed of
movement, clamping and collision, there is a significant
increase in macro- and micro-injury of seeds, which in the
end negatively affect it. This is especially true for the
reduction of field germination of seeds, which reduces the
yield of any grain, and consequently reduces the gross
production of grain. Studies show that the destruction of a
material occurs if the mechanical action of forces is greater
than the strength of the material to which these forces exert,
S0 it is necessary to determine by calculation the amount of
contact force depending on the mass, velocity, elasticity of
bodies, as well as external factors during contacting arising
from mechanical action and pressure on the grain when
colliding with the working surfaces and strikes contribute
to microtrauma. Bandwidth, filling of ladles with seeds,
back rash, surface areas of working organs, wedging of

grains in the gaps between the ladle and stripe and other
factors in the aggregate and correlation with biological and
mechanical and technological properties of seeds of cereal
crops Indicators. It has been proved that microtraumming
of grains in different agroclimatic zones before loading
with bucket conveyors was in the range of 22,9-23,5%, and
after transportation by bucket conveyors reached 45,3-
46,4%, ie increased twice, and microtrauma increased by
21,8-23,5%. 54,7% of winter wheat seeds remained
unloaded from the ladles without being damaged. The data
obtained can be considered as a proof of the need for
practical use of efficient and highly productive and, at the
same time, safe technical means during seed preparation in
order to provide high quality indicators and above all its
similarity, which significantly affects the yield of any grain.

Key words: seeds, grain, technological process,
quality, microtrauma, macrotrauma, technical means,
speed of movement.
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AnoTtanisg. Po6oTa nmpucBsdeHa IOCTIKCHHIO TeETI-
J0BOTO OamaHcy iHCTpyMEHTa-/IeTali IPH €JIeKTPOKOHTAK-
THOMY OOpOOJICHHI JIEMENIiB IUIYTiB Ta OOIPYHTYBAaHHIO
palioOHAIPHUX TIapaMeTpPiB JIOKATBHOTO 3MIIHEHHS, IO
JIO3BOJIUTH MiABHUIUTH 3HOCOCTIMKICTD IMMOBEPXOHH po0O-
YHUX OpPraHiB OIUIABIICHHSM iX i3 BUKOPHCTaHHSIM EJIEKTPO-
KOHTaKTHOTo 00po0JieHHs. B ctaTTi HaBejeHi eHepreTH4Hi
MOKa3HUKH TPOIECY EJIEKTPOKOHTAKTHOTO OOpOOIeHHS
JIEMEIlliB IJIYTiB.

3a aHaai30M OCTaHHIX JOCHIIKEHb BCTAHOBJIEHO, 1[0
JUISL OTHOYACHOTO 3arOCTPEHHS 1 3MIIIHEHHSI JIEMEIITIB ILTY-
TiB palioHaJbHO BUKOPHCTAHHS JYTOBOTO PO3PSIy ITOC-
TIHHOTO CTPYMY 3 OXOJIOKCHHSM PIIMHOIO i 3 YTBOpPEH-
HSIM 3arapTOBAaHUX CTPYKTYP.

3a pe3ynbpTaTaMy TEOPETHYHHUX JOCIHIIKEHb BH3HA-
YEHO TEIUIOBHH OaslaHC MPOoLieCy eNeKTPOKOHTAKTHOTO 00-
pOOJIeHHSI, SIKHii JI03BOJISIE BCTAHOBUTH HAMOIIbII Baromi
(baxTopw, 1110 BIUIMBAIOTh HA €HEPIeTUYHI MOKa3HUKH TPO-
Iecy, a came: MBHAKICTh EIeKTPOKOHTAKTHOTO 00po0-
nenns V, Hanpyra U Ta rycTuHa CTpyMmy j AyroBOTO MpO-
1IeCy €NeKTPOKOHTAKTHOTO 00pOOIEHHS.

3a pesysbTaTaMy €KCIEPUMEHTAIBHHUX JIOCIIHKEHb
BCTaHOBJICHO, 31 30impmenHsM Hanpyru U Bin 40 no 55 B
Ta IyCTHHHU CTpyMY j Biz 3,0 10 3,5 3,5 A/MM?, IBUAKICTH
€JIEKTPOKOHTAKTHOTO 00poOiIeHHs V 30UIbIIy€EThCS B Me-
xax Big 7,7 no 12,5 MM, oo Hamano 3Mory BCTAHOBUTH 3a
patioHansHy — cepenHio mBUAKicTs B 10,1 MM/c st aBTO-
MaTHYHOTO TEPEMIIICHHS! MOBEPXHI PEMOHTHHX BCTaBOK
JUI JIEMEIIiB IUTYTiB BiTHOCHO ENEKTPOAa-iHCTpyMEHTa
YCTaHOBKH JUIA €IEKTPOKOHTAKTHOTO 0OPOOICHHS.

Kiro4uoBi cioBa: eneKkTpoKOHTaKTHE 0OpoOIeHHS,
3aroCTpeHHs, 3HOCOCTIMKICTh, 3MIIIHEHHS, JEMelli, Ha-
npyra, pexXuMH, CTpyM

ITocTanoBka mpodaemu

Po6oui opranu rpyHTO00pOOHNX MAIINH BiTHOCSTHCS
JI0 HAOLIBII MIBUIKO3HOIIYBAHUX JETalIel CLTBChKOTOC-
MOIaPChKOT TEXHIKH. Y pa3i 3HOIIYBaHHS JIE30BUX YaCTHH
po6ourx OpraHiB 10 IPaHUIHKUX 3HAYEHb JIETaTi BUOpAKO-
BYIOTH Ta 3aMiHIOIOTh HOBUMH 200 BiTHOBIIOIOTH Yy CIIOCIO
BiJpi3yBaHHS 3HOIICHUX YACTHH Ta NPHBAPIOBAHHS 3a-
MiCTh HUX PEMOHTHHUX €JIEMCHTIB.

EnexrpokoHTaKkTHUII c110CiO 00pOOICeHHS AeTanei 3a-
Oe3reuye oTHOYACHE 3aTOCTPEHHS 1 3MIITHEHHS BiTHOBJIC-
HUX pOOOYHMX OPraHiB IPYHTOOOPOOHHWX MAIIWH Ta IXHIX
PEMOHTHHX eJeMeHTIB. J[0laTKOBE TOYKOBE 3MIIIHEHHS
a0pa3uBHOCTIMKAMH €IEKTPOJAaMH B JIOKAIBHHUX MiCIISIX
HAMOIIBIIOr0 3HOIICHHS POOOYHMX OpraHiB IPYHTOOOPOO-
HUX MaIllFH 3a0€3MEeYHUTh ITiABUIIICHHS TXHbOI JJOBTOBIYHO-
CTi 3aJIE)KHO BiJI THITY IPYHTY, I¢ BOHU €KCILTyaTYIOThCS.

ToMy 0OIpyHTYBaHHS HapaMeTPiB i PESKUMIB CIICKT-
POKOHTAKTHOTO 00pOOJICHHS poOOYUX OpraHiB IPyHTOOO-
POOHUX MAIIIMH € aKTyalbHUM.

AHaJIi3 0CTAHHIX J0CJTiIKEeHb

[MuTaHHIO MiOBUICHHS TOBTOBIYHOCTI IPYHTOOOPOO-
HUX po0OYMX OpraHiB NPHCBSYE€HA 3HAYHA KIJBbKICTh
OCTaHHIX MyOJiKalii, B SIKMX JOCHII/PKEHO XapakTep iX-
HBbOT'O 3HOIIYBaHHS, 0XapaKTePU30BAHO HOBI 3MIiLIHIOHOU]
Marepianu ta TexHoJjorii [1-6].

Jnst 3MiLHEHHST po0OOYMX OpraHiB I'PYHTOOOPOOHUX
MAIMH O/IHUM 13 IIEPCIIEKTUBHUX METO/IIB eJIEKTPOepO3iii-
HOTO OOpOOJICHHSI € €EKTPOKOHTaKTHE OOpOOIJICHHS, M0
Mae OiIbIIy MPOAYKTUBHICTh 1 MEHIIE 3HOMICHHS €JICKT-
poIa-iHCTpyMEHTa, TMOPIBHIOIOYH 3 IHIIUMH METOJaMHU
€JIeKTPOEePO3iiHOTO 00pOOICHHS (ETEKTPOICKPOBOTO Ta
eNeKTpoiMIyIbCHOTO) [7-11].

[1ig 9ac ereKTpOKOHTAKTHOTO 0OPOOICHHS 3HIMAHHS
MeTally 3iHCHIOETHCS HECTAIllOHAPHIUMH EIEeKTPHIHIMH
po3psimamu. Li po3psiiu BUHUKAIOTH IMiJT Yac 30JIMKEHHS
IHCTpYMEHTA, 10 00ePTAETHCS, 3 00POOIIOBaHUM BHPOOOM
JI0 BiJIMOBIZTHOTO Mi)KEIIEKTPOIHOTO 3a30py [7—11].

EnexktpokoHTakTHE OOpOOIEHHS 3aleXKHO Big Ha-
NPYTH NPUHHATO PO3AUIITH Ha TPH BHJIY, IO BiAPi3HA-
I0ThCSI MEXaHI3MOM pYyHHYBaHHS: KoHTakTHE (10 10-12 B),
KOHTaKkTHO-ayrose (1o 20—22 B) i Oe3koHTaKkTHE (MIOHAX
22 B) [7-11].

KonrakTHa epo3ist — 11e pyiHyBaHHS €JIeKTpPOAIB yHa-
CJIIZIOK BUCOKOT I'YCTHHH €IEKTPUYHOTO CTPYMY.

J1o 6€3KOHTAKTHUX €pO3iHHUX SBUI MOKHA BiTHECTH
Bci Ti popMH epo3ii, AKi CIIOCTEPIraloThCsl B €NEKTPUIHUX
po3psanax.
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KoHTaKkTHO-IyTOBI 3’SBHJINCS BHACTIIOK ITOETHAHHS
JIBOX TIPOIIECIB: TEPTS ENEKTPOIiB 3 OJHOYACHUM EIICKTPH-
YHUM PO3PSIOM.

3a HU3bKO1 HATIPYTH EJIEKTPUIHOTO CTPYMY Ma€ MicCIIe
KOHTaKTHA 00poOKa. [{is mporo Bumy 00poOKu XapakTepHi
BEJIMKHMIA THCK IHCTPYMEHTa Ha JIeTallb, HarpiB 00po0IIro-
BaHOI MOBEPXHI Ta MiJBHINEHA BUTpaTa eHepril [7-11].
VYHaciZ0OK TaKuX NOKa3HHUKIB e BUA 0OpOOKH HE 3Haii-
LIIOB MIMPOKOTO 3aCTOCYBaHHS IJIsl OOPOOKH BiJIHOBJIEHUX
JeTajen.

3a Hanpyru 10-22 B Mae Miciie KOHTaKTHO-AYroBa
00pobka. OOpoOKa CyNPOBOIKYETHCS K OE3MOCEePETHBO
HarpiBaHHAM KOHTAKTHUX [IEPEMUYOK, TaK 1 JyTOBUMH PO-
3psgaMd. 3a BOTO BUAY OOpOOIEHHS 3HIMaHHSI METary
3MIACHIOETHCS 3 MaJIOI0 MPOTYKTHBHICTIO, 3HAYHUM THC-
KOM IHCTPYMEHTa B 30HI KOHTAaKTy 3 0OpOOIIIOBAHOIO ITO-
BEPXHEIO i 3 TIIMOOKOI0 30HOI0 edexTHOoro mapy [7-11].

Jlo TpeThoro pi3HOBHIY BiXHOCATHCS TEXHOJOTiIUHI
MpOIeCH 3 MiJBHUIIECHOI HAMPYrow cTpymy monaz 22 B.
YHaciI0K IbOTO BCTAHOBIIIOETHCS AyTroBuii nporec. O0-
poOKa MPOBOJIUTHLCS Maie 3a MOBHOI BIJICYTHOCTI TUCKY
Ha 00poburoBany noBepxHio [ 7—11].

Epo3is B myroBoMy po3psilii XapakTepU3yeThCsl Ma-
JIMM TIaAiHHAM HalpyTy Ha KaToi, TeMIIepaTypa B 30Hi po-
3psany mocsrae 8000 °C i 6impmre [7-11]. 3a Takux ymoB
CIiTU epo3ii Ha elIeKTpoJax BiTHOCHO HErNMHOOKi W po3-
MHUTI 10 TTIOBEPXHI.

3a cBOIMH XapaKTepUCTHKAMH JyTOBHI PO3PI 3HAY-
HOIO MipOIO BiJIPi3HSETHCS Bi iCKPOBOTO SK MOTYXKHICTIO,
TaK 1 mwiomer odpodoBaHoi ainaHkM [7—11]. Tomy min
yac peaitizaliii Belnukoi MoTyXHOCTI (necsaTku KBT) enexr-
PHYHOT YT OCHOBHA YacTKa €Heprii BUTPauaeThCs Ha BU-
JIaJICHHS! TIPUITYCKY, 1110 3HIMA€EThCs, JIe MeperpiB MeTamy
Oyze MiHIMaTbHHUM.

3a poJIOM TEXHOJIOTIYHOTO CTPYMY EJIEKTPOKOHTaK-
THe 00pOoOJIeHHS MOYKHA PO3IUTUTH Ha IBi Tpymu. [lo mep-
101 TPYNH HAJIEKHUTh 0OPOOIICHHS Ha 3MIHHOMY CTPYMi;
JI0 Ipyroi — Ha noctiliHomy [7-11].

3MiHHHH CTPYM 3aCTOCOBYETHCS Ha YCTAHOBKaX VIS
YOPHOBOTO 0OPOOIICHHS B IOBITPSIHOMY CEpEAOBHIII, OCKi-
JBKU el BUI 00pOOIIeHHS € OUTBII MPOIYKTUBHUM, ITOPi-
BHIOIOUH 3 IHIIMMHU eJIEKTPUYHHMH CIIOCOOaMH, ajie 3acTo-
CyBaHHSI TPUBAJIHMX IMIYJIBCIB MPHU3BOAUTH J0 TIIUOOKOTO
porpiBy 00po0IIIOBaHOT MOBEPXHI, IO CIIPHSIE MOSBI TJIH-
00Koi 30HM JedeKTHOro mapy, sikuii gocsirae 1,6 mm i 0i-
npmre [7-11].

Jl71st 0AHOYACHOTO 3arOCTPEHHS 1 3MiHEHHS pOoOOYHX
OpraHiB IpYHTOOOPOOHUX MAITMH PalioHAJIFHO BUKOPHC-
TaHHS JYTOBOTO PO3PsiAy IMOCTIHHOTO CTPyMy 3 OXOJIO-
JDKEHHSIM PIIMHOIO 1 3 YTBOPEHHSM 3arapTOBaHUX CTPYK-
Typ. Lle 06poOIieHHs Booti€ OB IIMPOKUM TEXHOJIOT -
YHUM J1ialla30HOM 3a SIKICTI0 00p0o0IIeH0T MoBEpXHi i 3a IH-
TOMOIO BUTPATOIO €HEPTii.

Merta gociigKeHn

Merta naHoi poOOTH HOJsTae B OOTPYyHTYBaHHI pai-
OHAJIBHOI IIBUJIKOCTI €JIEKTPOKOHTaKTHOTO OOpOOJICHHS
pobounx opraHiB IpyHTOOOPOOHMX MAIIWH TPH X 3Mill-
HEHHI.

Pe3yabTaTi A0CHiTKEHDb

EnexrpokoHTakTHE OOpOOJICHHS — TEPMIUHHUH IIPO-
IeC, 1[0 BUKOPHCTOBYE CHEPrifo0 QyroBuUX po3psniB. Ox-
HUM i3 BOXJIMBHUX MapaMeTpiB 0OpOOIeHHS € HOTO IIBUA-
KiCTh, Ky MOKHA BH3HAUHWTH Ha OCHOBI aHAII3y TEIUIO-
BOro OamaHcy IIpoLECY eJIeKTPOKOHTAKTHOro 00po0-
nens [6].

TennoBuii 6anaHc IHCTpYMeHTa-JeTalli MOXHA Tpe-
CTaBHTH 5K [6]:

Qz = Qx + U, @
ne Qs — 3aranbHa KinbKicTh BUTpadeHoi eHeprii, JIx; Qx —
KOpHCHa BHUTpaTa €Heprii, AKa ife Ha HarpiBaHHS i IIIaB-
neHHs oOpoOmoBanoi geram, Jx; Qp — BTpatn eHeprii,
JIxk.

Toni BuTpaTa eHeprii [ po3IIIaBICHHS METay Jie-
Taui g gac 3aroctpeHHs ckiane [6]:

QK =m,-C- (Trm - TO)! (2)
Jie My — Maca po3ILJIaBICHOr0 MeTaly JeTalll, Kr; ¢ — MH-
TOMa TEIUIOEMHICTh Matepiany aerani, Jx/kr-°C; Ty, — Te-
MIIepaTypa IIaBiIeHHs MeTary aetani, °C; To — moJaTkosa
TeMmepatypa Merainy geraii, °C.

Macy po3IUIaBICHOT0 METaTy 3HAXOAMMO 3a PiBHSIH-

Hsm [6]:

m,=L-F-p, 3)
ne L — nomxuna o06pobneHHs netani, MM; F — mromia koH-
TaKTy €JIEKTPOJia 3 JAETAUIIO MiJl 4ac 3arOCTPEHHs, MMZ; p
— I'yCTHHA MaTepiaiy jgeraii, Kr/Mm®,

BumipsiBium BenmuuuHy cTpyMy 1 Hanpyry 3a gac t, Mmo-
’KHA BU3HAYUTHU 3arajbHy KiNbKICTh €HEeprii i3 CIiBBiJHO-
menns [6]:

Q;=U"1"t, (@)
ne U — Hanpyra, 3a sIKOi 3AiiCHIOEThCA Iporiec, B; | — cuna
CTpyMy, A.

Koedimient kopucHoi il # nopisHioe [6]:
n=gn (5)
z

MiacraBnsiroun 3HaueHHs Qx 3a popmyoro (2), My 3a
dopmynoro (3) Ta Qx 3a bopmynoro (4), orpumyemo [6]:

n= L-F-p ;(;rl;ﬂ To) (6)

BinHomenHs 1oBXUHE 00poOIeHHs neTani L no gacy

il 00poOIeHHs t MOYKHA MTPECTABUTH SIK IIBUAKICTE 00pO-

omennst meraini V, toxi gopmyna (6) HabOyBae TaKOTO BH-

TIsAY:
V-F-p-c(Tun—To)
g = LEeeluT) 7)
3 Teopii 3BaprOBabHHUX IMPOIECIB BiIOMO BHpa3 It
PO3paxyHKy MaKCUMaJbHUX TEMIIEPATyp AJIsl BULIAJKy PO-
3IUTABJICHHS METaJIy JAETall, LI0 SBJIsE COOO0 IUIACTHHY,
i1 9ac eJIeKTPOKOHTAKTHOTO 00OPOOICHHS IHCTPYMEHTOM-
€IEeKTPOAOM SIK TOTY)XHUM IIBUAKOIIIOYMM JIiHIHHIM
JDKEpeTIoM TeIlia, HeXTYIOUH TerutoBiaaauero [12]:

_ [z _a
(Trm - TO) - &V.C.p.p’ (8)

1€ ( — TeIJIOBA MIOTYXKHICTh IYTH.
[eperBoproroun Bupas (8), omepxumo [12]:

V'C'p'F'(Tnn_TO)z\/%'q' €)
JliBa yacTuHa 1i€l piBHOCTI ABJIsIE COOOIO TIOTYKHICTh
MPOTUIABICHHS (|, [12]:
Vec-p-F- Ty —To) = qun (10)
KoedimieHT KoprCHOT i1 MOXHA MPEICTABUTH TAKOXK
sk [12]:
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n= qT (11)
Toni #, BpaxoByroun Bupasu (9) i (10), mopiHIOBa-

tume [12]:
— 2 —
n= /—n_e = 0,484. (12)

IlincraBnsroun 3HaueHHs 77 y Bupa3 (7) Ta meperBo-
PIOIOYH HOTO, OTPUMAEMO:

VecopF(Tyy—Ty) =0484-U-1. (13)

BinnomenHs cwimy ctpymy | 10 mIiomnmi KOHTaKTy eje-
KTpOJa 3 JETAJLTIO ITiJ] 9ac 3arocTpeHHs F MokHa npezcra-
BHUTH SIK TYCTHHY CTpyMY |, Toai hpopmyina (13) HaGysae Ta-
KOT'O BHTJIAIY:

Vecp Ty —Ty) =0,484-U-j. (14)
3a pe3ynbpTaTaMU TEOPETHYHHMX JOCIIKCHb BH3Ha-
YEHO TETUIOBHH OaslaHC MpOoLeCy eNeKTPOKOHTAaKTHOTO 00-
pOOJIeHHS, SIKHii JJO3BOJISIE BCTAHOBUTH HAHOINBII Baromi
(baxTopw, 1110 BIUIMBAIOTh HA CHEPIeTUYHI MOKA3HUKH IIPO-
Iecy, a came. IIBUAKICTH eJIeKTPOKOHTAKTHOTO 00po0-
nenus V, Hanpyru U Ta rycTuHy cTpyMy j yroBOTO IpO-
LeCy eIeKTPOKOHTAKTHOTO 0OPOOIICHHS.

Jnst mpoBeNeHHS EKCHEePUMEHTANIBHHUX IOCIiIKEHb
OyJHM BUTOTOBJICHHI 3pasKH 3 JIMCTOBOTO METally TOBLIH-
HoMo Big 8 MM 10 12 mMMm. ['eomeTpuuHi po3mipu 3pa3KiB
OyJi HaOJIMDKEHI JI0 PO3MIpiB pealbHUX POOOYUX OpTaHiB
TaKUX SIK JIEMeIll TUTyTiB Ta HOCKHU JIEMENIB Ta MaJld 3Ha-
yenns Bix 90 mm 10 120 mum 3a mupunoro Ta Bix 230 MM
70 500 MM 3a noBXuHOI0. ENeKTpoKOHTaKTHE 00pO0IeHHS
3pasKiB NPOBOAMIACK NPH TYCTHHI cTpyMy Bij 3,0 A/mMm?
10 3,5 A/MM%, Hanpyry Ha Jysi Opu 1bOMY 3MiHIOBAIU B
mexax Bix 40 B o 55 B.

3a pe3ynpTaTaMi EKCIEPUMEHTAIBHUX JOCIIKCHb
BCTAHOBJICHO, IO IIBHIKICTh €JIEKTPOKOHTAKTHOIO 00po-
onenns V 301IbIyeThCs 31 301MbpeHAIM HanpyTu U Ta ry-
cTuHU CTpy™my | Big 7,7 mo 12,5 mm (puc. 1), uo Hamamso
3MOTY BCTAHOBHUTH 32 palliOHAIbHY — CEPEIHIO IIBHKICTh
B 10,1 MM/c aJ1si aBTOMaTHYHOTO MEPEMILIIEHHs TOBEPXHI
PEMOHTHHX BCTABOK JIJIsl JIEMEILIB IUTYTiB BITHOCHO €JIEKT-
poJa-iHCTpyMEeHTa YCTAaHOBKH JJISI €JIEKTPOKOHTaKTHOTO
00pOOIICHHS.

=
\
\
|
|

LIsnakicrs ejexrporconrakrinore odopodiaennsn V, mm/c

Puc.1. 3anexHicTh MIBUAKOCTI €IEKTPOKOHTAKTHOTO
06pobnenns V Big Hanpyru U Ta TyCTHHH CTPYMY j.

Fig. 1. Dependence of the speed of electrical contact
processing V on voltage U and current density j.

BucHoBku

1. 3a pesympTaTaMu TEOPETUYHHX HOCHTIIKEHb BH-
3HAYCHO TEIUIOBHIT OajlaHC MpoLecy eIeKTPOKOHTAKTHOTO
00pOONIeHHS, KU JT03BOJISIE BCTAHOBUTH HAWOLIBII Ba-
roMi (aKTOpPH, IO BIUIMBAIOTh Ha CHEPTEeTHYHI MMOKa3HUKH
NpoLIECy, a caMe: IBUJIKICTh eIEKTPOKOHTAaKTHOTO 00p00-
nenns V, Hanpyra U Ta rycTHHA CTPpyMY j AyrOBOTO MpPO-
LIeCy eJIEKTPOKOHTAKTHOTO 00pOOICHHSI.

2. 3a pe3yilpTaTaMH EKCHEPHUMEHTAIBHUX JOCIi-
JUKEHb BCTAHOBJICHO, IO 3i 30iibLIeHHsM Hanpyru U Bin
40 10 55 B Ta ryctunu ctpymy j Bin 3,0 1o 3,5 3,5 A/mm?,
IIBUJIKICTH €JIEKTPOKOHTAKTHOTO 00pobneHHs V 301bry-
€ThcsA B MeXax Bif 7,7 mo 12,5 mm, 10 Hagajio 3MOry BCTa-
HOBHWTH 32 palliOHAJbHY — cepeHo BHIKICTE B 10,1 Mmm/c
JUISL aBTOMAaTHYHOTO IEPEMIILleHHs MOBEPXHI PEMOHTHUX
BCTaBOK JIJIS JIEMEIIIiB IUTYTiB BiTHOCHO €JIeKTPOIa-1HCTPY-
MEHTa YCTaHOBKH JUIS €IIEKTPOKOHTAKTHOTO 0OPOOIICHHS.
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OHEPTETMYECKMUE ITOKA3ATEJIN 3JIEKTPOKOH-
TAKTHOM OBPABOTKU JIEMEXOB IIIYTOB I10Y-
BOOBPAFATLIBAIOIIMX MAIIIH
A. E. Kanunun, M. A. Bacunenko

AnHoTanus. Paborta 1mocBfAmEHa HCCIIETOBAHUIO
TEIUIOBOTO OaraHca HHCTPYMEHTa-IeTaIH IPHU SJIEKTPOKO-
HTaKTHOH 00paboTKe JIEMEXOB ILTYTrOB 1 000CHOBAHHMIO pa-
LMOHAJBHBIX MapaMeTpPOB JIOKAJbHOTO YIPOYHEHUs, Y4TO
MO3BOJIMUT NMOBBICUTH U3HOCOCTOMKOCTh TIOBEPXHOCTEH pa-
004nX OPraHOB MX OIJIABIEHUEM C HCIIOIb30BAaHUEM DJICK-
TPOKOHTAKTHOH 00paboTKH. B cTaThe mpuBeneHb! SHepre-
THYECKHE TIOKa3aTeNIH Ipolecca dJIEKTPOKOHTAKTHON 00-
paboTKH JTEeMEXOB ILTYTOB.

Ilo aHanu3y NocieAHUX UCCIEN0BAHUIN YCTAHOBIIEHO,
YTO JUII OJHOBPEMEHHOTO 3a0CTPEHHS U YIPOYHCHHUS Jie-
MEXOB IUIYTOB PAalMOHAIBHO HCIIONB30BAaHHE JTYyTOBOTO
paspsizia MOCTOSTHHOTO TOKAa C OXJIAKACHHUEM KHUIKOCTHIO U
¢ 00pa3oBaHMEM 3aKaJICHHBIX CTPYKTYP.

[lo pe3ynbraTaM TEOPETHUECKUX HCCIEIOBAHUI
oTpe/IeNiEH TEIUIOBOM OanaHC Mpollecc IEKTPOKOHTAKT-
HOH 00pabOTKH, KOTOPBIH MO3BOJISIET YCTAHOBUTH Hau0o-
Jiee BecoOMble (DaKTOPBI, YTO BIMSIOT Ha DHEPreTUUECKHE
IoKa3aTey MpoIecca, a UMEHHO: CKOPOCTh 3JIEKTPOKOH-
TakTHOM 00paboTku V, Hanpshkenue U 1 MIOTHOCTH TOKA |
JTyTOBOTO TIpOIIecca EKTPOKOHTAKTHON 00paboTKH.

[To pesympTaTamM SKCIEpUMEHTANBHBIX UCCIIEIOBAHAN
YCTaHOBIICHO, UTO C yBenmdeHrneM HanpspkeHus U ot 40 1o
55 B ummotHOCTH TOKa j 0T 3,0 710 3,5 3,5 A/MM?, CKOPOCTh
ANEKTPOKOHTAKTHON 00paboTKH V yBeIHMYUBaeTCs B IIpe-
nenax ot 7,7 no 12,5 MM, 4TO MPEIOCTABUIIO BO3MOXHOCTh
YCTaHOBUTH 3a PAIOHAIBHYIO — CPEIHIOI0 CKOPOCTH B
10,1 Mm/c Uit aBTOMAaTHYECKOTO HEpEMEIEeHHsT TOBEPX-
HOCTH PEMOHTHBIX BCTaBOK I JIEMEXOB IUTyTOB OTHOCH-
TENBHO 3JEKTPOJa-HHCTPYMEHTA YCTAaHOBKH JUIS AJIEKTPO-
KOHTaKTHOW 00paboTKH.

KuaroueBble cjioBa: 3a0CTpPEHHE, H3HOCOCTOHKOCTS,
neMexa, HalpsDKeHHe, PEKUMBI, TOK, YIPOYHCHHE, DIICKT-
POKOHTaKTHast 00paboTka

ENERGY INDICATORS OF ELECTROARC PRO-
CESSING OF PLOWERS OF TILLAGE MACHINES
O. Ye. Kalinin, M. O. Vasylenko

Abstract. The work is devoted to the study of the heat
balance of the tool part during the electroarc processing of
plowshares and the rationale for the rational parameters of
local hardening, which will increase the wear resistance of
the surfaces of the parts of tillage machines by their reflow
using electroarc processing. The article presents the energy
indicators of the electroarc processing of plowshares.

According to the analysis of recent studies, it was
found that for the simultaneous sharpening and hardening
of plowshares, it is rational to use a DC arc discharge with
liquid cooling and with the formation of hardened struc-
tures.

Based on the results of theoretical studies, the heat
balance is determined by the electroarc processing, which
allows you to establish the most significant factors that af-
fect the energy performance of the process, namely: the
speed of electroarc processing V, voltage U and current
density j of the electroarc processing.

According to the results of experimental studies, it
was found that with an increase in voltage U from 40 to 55
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V and current density j from 3.0 to 3.5 3.5 A/mm?, the
speed of electrical contact processing V increases from 7.7
up to 12.5 mm, which made it possible to set for a rational
— average speed of 10.1 mm/s for automatic movement of
the surface of repair inserts for plowshares relative to the
electrode-tool of the installation for electrical contact pro-
cessing.

Key words: current, electroarc processing, hardfac-
ing, plowshares, regimes, sharpening, voltage, wear re-
sistance.

O. €. Kaainin ORCID 0000-0002-8627-8593.
M. O. Bacusnenxo ORCID 0000-0002-5240-7000.



176 0. €. Kaninig, M. O. Bacunenko




Machinery & Energetics. Journal of Rural Production Research. Kyiv. Ukraine. 2020, Vol. 11, No 1, 177-182
ISSN 2663-1334 (print), ISSN 2663-1342 (online), www.journals.nubip.edu.ua/index.php/Tekhnica

VJIK 631.316.022.4: 621.791.927.5

DOI: 10.31548/machenergy.2020.01.177-182

TATOBUI ONIP KYJIbTUBATOPHHUX JIAII 3 HIOBEPXHEBHUM 3MIIITHEHHSAM IIPU EKCILTYATAIIIT
ITPYHTOOBPOBHUX MAIIINH

. O. Bycaaes, M. O. Bacusienko

Hamionansuuit HaykoBuii meHTp «[HCTUTYT MexaHi3amii Ta eneKTpudiKaIii CiTbChKOT0 TOCTIOAapCTBaY», YKpaiHa.

Cmamms 3 cneyianvnocmi. 133 — eanyseee mauurnoOy0y8anHs.

Kopecnonoenyis asmopis.: buslaev_@ukr.net

Icmopis cmammi: ompumarno — aucmonad 2019, akyenmosano — ciuenv 2020.

bi6n. 20, puc. 6, maba. 0.

AnoTtaunis. PoboTta mpucBsdeHa TOCITIIHKSHHSM TIPO-
1IeCiB 3HOIICHHS JIe3 KyJIbTUBATOPHHUX JIAIl IIPU Pi3HHUX BH-
Jlax 3MIITHEHHS Ta BIUIUB iX Ha 3MiHY TATOBOTO OIIOPY IPY-
HTOOOpOOHOTO arperaty. B craTi HaBemeHO 3alie)KHOCTI
JUTSl IPOTHO3YBAHHS 3MiHH TOBIMHU PIXXYYHUX KPOMOK 3Mi-
LHEHUX PI3HMMHU BapiaHTaMHU BiJ JIHIHHOTO 3HOILECHHS
Jie3a 3a IHPHHOIO Ta KyTOM HOTo 3aroCTpEeHHS.

Po3mpeHo BiOMY 3alI€XKHICTh POTHO3YBaHHS
3MIHH TATOBOT'O OIOpY arperaTty B Ipoleci eKcIuryaTaiii,
LIJISIXOM BBEJICHHS 3aJIEXKHOCTI, 10 J03BOJISIE BPaxyBaTh
OTTip CTUCHEHHS 1 CKOJIIOBAHHS IIapy I'PYHTY, & TAKOX OMIp
IPYHTY B/ABIIOBAaHHIO TOBIIMHOIO PKYYI0T KPOMKH.

TeopeTnyHO OOTPYHTOBAHO BIUIMB TOBIIMHH PiIXYd01
KPOMKH KyJIFTHBATOPHOI JIALIK Ha 3MiHY TSTOBOTO OMOPY
arperaty. AHami3 OTpUMaHHX TpadidHUX 3alleKHOCTEH
3MIHH TSTOBOTO ONOPY KyJbTHBATOPHUX Jar 3 00’ €MHUM
Ta TOBEPXHEBHM 3MII[HCHHSIM BiJ BEIUYMHHU JIHIHHOTO
3HOLICHHS 10Ka3aB, L0 TSATOBUH OMIp KyJIbTHBATOPHHUX
JIan 3 TIOBEPXHEBHUM 3arapTyBaHHAM Ha 27-30 % meHtie
HIX TP eKCIUTyaTallii jarn 3 00’€MHUM 3MIlIHEHHSIM.

[ToBepxHeBe 3MIlIHEHHS J1€3 KYJIbTHBATOPHUX JIall J10-
3BOJIUTH 3MEHIIUTH BUTPATH HAa BUKOHAHHS TEXHOJIOTIY-
HUX oIlepariii 3 00poOiTKy IPYHTY 3aBISKH 3MCHIICHHIO
TATOBOTO OIOPY IPYHTOOOPOOHHUX MAaIIuH BHACIIIOK ITij-
BHIIICHHS TPOIECY caM03aroCTPEeHHs Ta cTadimi3arii ToB-
[IMHU PIXKY9I0i KPOMKH B MPOIEC] eKCITyaTarii.

Knrou4osi cjioBa: 3MIIHEHHS, JI€30, 3HOCOCTIMKICTD,
pecypc, TOBTOBIYHICTh, CAMO3arOCTPEHHS, OITip.

ITocTaHoBKa MpodIeMu

AKTyaJbHOIO TTPOOJIEMOI0 Y BUPOOHHUITBI CiJIBCHKO-
TOCIIO/IapCHhKOi MpoAYyKLii YKpaiHu € 3Ha4YHI BUTPATH MHa-
JILHOTO I1iJ] YaC BUKOHAHHS TEXHOJIOTTYHHX onepanii 3 00-
POOITKY IPYHTY 32 paXyHOK ITiIBUILIEHOTO TSTOBOTO OIOPY
I'PYHTOOOPOOHMX MaIIMH BHACIHIJOK 30UIBIICHHS TOB-
LIMHY PIXKy40i KPOMKH Jie3 poOOYHX OpraHiB IPyHTOOOPO-
OHUMX MaIlIMH ITPH IX eKCIuTyaTarii.

SIxicHnii 0O6pOOGITOK IPYHTY Ma€ 3HAYHWH BIUTUB Ha
YPOXKalHICTh CiTbCHKOTOCIIONAPCHKUX KYJIBTYp. B cBOIO
4epry SIKiCTh 00pOOITKY 3aJ7IeKHUTh BiJl CTaHy POOOUHX Op-
TaHiB IPyHTOOOPOOHOI TEXHIKH, SIKi MPAIIOIOTh B TSKKUX

YMOBaX KOHTAKTHHX HAaBaHTa)XEHb Ta aOpa3sUBHOI'O 3HO-
meHHsA. B mporeci pobotn pobodi opraHu 3HOIIYIOTHCA,
10 3yMOBITIOE 301TBIICHHS TATOBOTO OIOpPY, iX BUIIHO-
JICHHS1, HEesKICHE TiJpi3aHHA KOpeHEeBHIN Oyp’sSHIB, HAKO-
MMYCHHS POCIMHHHUX PEIITOK.

AHaJi3 0CTaHHIX JOCTiIKEeHb

Bizomo [1-17], mo 3MiHa TOBHIMHH Pi3ajbHOI KpO-
MKH BIUTMBA€ HA 3MiHY TSATOBOTO OIOPY arperaty npH BH-
KOHaHHI TEXHOJIOTIYHUX Omeparliif 3 00pobiTky rpyHTy. I3
30LTBIICHAAM HApOOITKY TSATOBHIA OIIip arperaTy 30UIbIIy-
€ThCS, IO PU3BOAUTH JI0 MIEPEBUTPAT MAIBHOTO.

Hocnimkenns: agropis [1-8, 14-17] moka3yroTh, 1o
HA pi3HI YaCTUHM JIe3a i€ Pi3HUH TUCK TPAHTY B MpoOIleci
ekcrutyaTarii (puc. 1).

Puc. 1. Cxema ne3a pobouoro opraty Ta cHi, o Ji-
I0Tb Ha HBOI'O B npoueci BUKOHAHHS TEXHOJOTIYHUX OIle-
pauiii 3 00poOITKY IPYHTY.

Fig. 1. Scheme of the blade of the working body and
the forces acting on it in the course of performing techno-
logical operations for cultivation.

Pa pesynpratamu gocimimkens [14-17, 19-20] Tuck
TPYHTY SIKUH Jli€ Ha TOBIIMHY PIKy40i KPOMKH Jie3a KyJIb-
TUBAaTOPHUX JIall CTAHOBUTE P3=3,8P>,=8,2P1.

TakyuM YMHOM L€ O3HAYae€, IO BH3HAYAIBHUM IS
3MEHIIEHHS OMopy poOO0YOro OpraHy € CTaH pi3aJIbHOT
KpOMKH, SIKUi B 4—8 pa3iB € OUIBII 3HAYUMHUM, HiXK CTaH
IHIIMX pOoOOYNX TOBEPXOHB.
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Astopamu [1-2] mposeneHo aGopaTopHi IOCIi-
JOKCHHS BIUTHBY TOCTPOTH Jie3a pOOOYNX OpraHiB IPYHTO-
00pOOHMX MAaIIUH Ha OIIip IPYHTY pi3aHHIO. 3a pe3yabTa-
TaMH J1a00paTOPHUX AOCIIIKEHb IMTOMOTO OTIOpPY IPYHTY
pi3aHHIO TIPU PI3HUX 3HAYCHHSAX TOBIIMHHU Pi3aJIbHOI KPO-

MKH JIe3a HUIMH [TO0YI0BaHo rpadidny 3anexHicTh (puc. 1)
[1-2].

2
e 18 —
%i 16 —

&% 14 /f -

SE 12 ]

5 5 ,/

22 1177

E 08 L

=

0 1 2 3 4 5 6 7
ToBmuHa pi3aIbHOT KPOMKH Jie3a, t, MM
Puc. 2. 3anexHICTh MATOMOTO OMOPY IPYHTY Pi3aHHIO
BiJl TOBIIMHU Pi3aIbHOI KDOMKH JIe3a.
Fig. 2. Dependence of the specific resistance of the
soil to cutting on the thickness of the cutting edge of the
blade.

3a eKCrepUMEeHTATbHUMHE JAHUMH [[UX aBTOPIB TArO-

BUl omip po0OOYOro opraHy 3ajJeKHUTh BiJl TOBIIUHHU Jie3a

po0OYOro OpraHy Ta OMHUCYETHCS JOrapHU(PMIUYHOIO 3aIeK-
mictio [1-2]:

R =0.38In(t) +1.06, 1)

ae R — nmuromMuit omip IpyHTY pizaHHIO, KH/M;

t — TOBIIMHA PiXky4oi KPOMKH Jie3a, MM.

3poOuBIIHK aHAJI3 PE3YJIbTATIB MPEACTABICHUX [TUMH
aBTOpPaMHU MOXHA 3pOOUTH BUCHOBOK, IIO i3 30LIBIIIEHHSIM
TOBIIMHY Pi3aJibHOI KpoMKH Jnie3a Bix 0,7 mo 1,5 MM omip
IPYHTY pizaHHIO 3pocTae Ha 50%, a 301IbIICHHS pi3aJIbHOT
KPOMKH Jie3a 10 4 MM MPU3BOIUTE O 30UTBIICHHS OMOpY
IPYHTY pi3anHIO B 2 pa3u. CiiJ 3a3HAYHUTH, IO aBTOPAMHU
HE PO3TIITHYTO B3a€MO3B’SI30K 3MiHH IIUTOMOTO OTMIOPY Pi-
3aHHIO IPYHTY BiJl IJTHOWHHU 0OPOOITKY IPYHTY Ta KyTa 3a-
TOCTPEHHS Jie3a.

B pesynbraTi AOCHIHKEHB TATOBOTO OMOPY MPU Pyci
wiyra, akageMik B. I1. I'opsukid npuilioB 10 BHCHOBKY,
IO NPpH CTaOUIbHIN MIBUAKOCTI PyXy IUTyra TSTOBHH OIip
MOKHA BH3HAYHUTH 3a Bupasom [18]:

P = fG +kabn + gabnV 2, (2)

ne P — cuna tsiru, H; f — 3aransauii koedinienr, skuit Bpa-
XOBYE CHIJIy TE€PTsl OTIOPHHX ITOBEPXOHb POOOYMX OpPraHiB,
a TaKOX OIIp OMOPHHUX KOJIiC 00 KOTKIB (3aITpOIIOHOBAHO
NPU TEOPETUYHHX PO3pPaxyHKax BHKOPHUCTOBYBATH 3Ha-
yenns f B mexxax 0,5 — 0,9); G — Bara ruryra abo KyJpTHBa-
topa, H; kK — mutomwuii omip rpyHTy pi3aHHIO, SIKHii 3aie-
JKUTH BiJl Pi3UKO-MEeXaHIYHUX BJIIACTUBOCTEH IPYHTY, T'€0-
MeTpu4HOi (opMH poOOUMX OpraHiB, PO3TANIyBaHHS PO-
004YNX TIOBEPXOHB, 1X CTaHy a TAKOXX TOCTPOTH Jieza poOo-
YUX OpraHiB (3a excriepuMeHTanbHuMu aanuMu B.I1. To-
pstiukiHa, koedilieHT K Ha JErKMX IPYHTaX CTaHOBHUTh
20000, wmwa cepemnix — 30000, Ha BaXKHX —
40000 — 50000 H/m?), H/M?; a — rnubuna oGpobiTKy Tpy-
HTYy, M; b — mmprHa 3axBaTy OZHOTO Kopmyca Iyra ado
KyJbTHUBATOPHOI JIaliK, M; N — KUIBKICTh KOPITYCiB TUTyTa

a00 KyJTbTUBATOPHUX JIAI, IIT.; € — KO(DIilli€HT MPOTOPITiH-
HOCTI, 32 JaHUMH aBTOpa KOePIIlieHT & MOKHA TIPUUHATH
pieauM 1500 H-c?/m*; V — po6oua MBUAKICTH, M/C.

Pamionansra ¢opmyna (2) B.IL. Topsakina ans Bu-
3HAYCHHS TSATOBOTO OMOPY IPYHTOOOPOOHMX MAIITHH CKJIa-
JIa€ThCs 13 TPHOX CKIAJOBHUX, a CaMe, OIIOpY TEPTS IPYHTY
OIIOPHUX HOBEPXOHb POOOYMX OpraHiB, ONOPY SIKMH Bpa-
XOBYE Bipi3aHHs 1 Aedopmallito macra IpyHTY, 1 oropy,
10 BPaXxOBY€E MPHUCKOPEHHS YaCTUHM Macu MIapy IPYHTY
npu doro mepemimenHi [18]. JlocToBipHicTh BHKOpHC-
TaHHS (OPMYJIM HiITBEPIKYEThCS OaraTOKpaTHUMH JI0C-
JJDKEHHSAMU JJMHAMOMETPYBaHHSI @ TAKOX eKCIIepUMEHTa-
JbHUMM JVHHUMH B pEaJbHUX IOJHOBHX yMmMoBax. Ha
JKaJlb, aBTOPOM HE OOTPYHTOBAHO BILTUB TOBIIMHU Pi3ailb-
HOI KPOMKH Ha 3MiHYy TATOBOTO OIOpPY IPYHTOOOPOOHHX
MaIIvH IIPH BUKOHAHHI TEXHOJIOTIYHUX Omepariiii 3 oopo-
OITKY IpYHTY.

A. H. 3eneHiH y CBOIX HOCIIIKEHHSIX BCTAHOBUB, IO
3arajibHUi OMip Pi3aHHIO Oy/Ie CKIIAAAaTUCh 13 IBOX KOMIIO-
HEHTIB, a caMe, OTIOPY CTUCHEHHSI 1 CKOJIIOBAHHS Iapy Ipy-
HTY, 110 CTAHOBUTH 16,5 — 36% Bix 3arajJbHOTO OMOPY Pi-
3aHHs, a OlIbIIa YacTHHA 3arajbHOT0 OMIOPY BUTPAYAEThCS
Ha ONip IPYHTY BAABJIIOBaHHIO TOBIIMHOK PIKY4Oi KpoO-
MKH. TakuM 4MHOM, aBTOpP IPOIIOHYE BH3HAYATH 3araib-
HHUIA orip pizaHH!O 3a Bupazom [19-20]:

P — 7ab cowsm(ai 2¢i) ’
cos ¢’ cos’ (WJ

ne P — omip pizaHHI0, H; 7 — rpaHnYHe Hanpy>KeHHS IPYHTY
Ha 3cyB, H/M% a — rmbuna oGpoGiTKy IpyHTY, M;
b — mmmpuna 3axBary 0mHOTO KOpITyca Iuiyra abo KyJabTH-
BaTOPHOI JIalk, M; ¢ — KyT BHYTPILIHBOTO TEPTS IPYHTY I10
IPYHTI, Tpaj.; ¢' — KyT TepTsd IPYHTY 1O Marepiairy pobo-
4YOro oprady, Ipaj.; a — KyT pi3aHHS IPYHTY, TIpaji.;
t — TOBIIMHA PiIXKYy4Oi KPOMKH, M; Gy — TUTOMHUIL OIIIp IPY-
HTY IIPH BJIaBJIIOBAHHI Pixky40r0 Kpomkoro, H/m?,

3a pe3ynbTaTaMi BHBYCHHS Ta aHAI3y pe3yJbTaTiB
JOCTIDKeHb 3raJlaHiX aBTOPiB HAMH MPOJOBKEHa poboTa
B HaIpsMi BCTAaHOBJICHHS BIUTUBY 3MIHH TOBILMHH PiXKY4OT
KPOMKH Ha 3arajibHUii Omip arperaTy Ta JOCIiIKESHHS B3a-
€MO3B'S3KIB MK TOBIIMHOI PiXKy4oi KPOMKH, JIHIHHUM
3HOIICHHSM Ta KYTOM 3arOCTPEHHS Jie3a 1 BIUIMBY iX Ha
3MiHY TATOBOTO OIOPY arperary.

+ tbo—er) ! (3)

Merta nociaigkeHn

3MEHIIIeHHS] BUTPAT Ha BUKOHAHHS TEXHOJIOTTYHHX
orepaniii 3 00poOITKy IPyHTY 3aBISIKH 3MEHILIEHHIO TATO-
BOTO OIIOPY IPYHTOOOPOOHHUX MAIIIHH.

Pe3yabTaTn 10ociigxeHb

JIe30 HOBOI KyJIbTUBAaTOPHOI JIAIIM XapaKTEPU3YETHCS
MIEBHOIO TI0YAaTKOBOIO TOBIIMHOIO PIXKy40i KpOMKH {pTa Ky-
TOM 3arOCTPEHHS JIe3a ).

3HOIIEHHS JAeTalli CYNPOBOIKYETHCS 3MIHOIO TOB-
HA {j piXkydoi KpoMKH, Bix to 110 t.,, e ti — Oyab sike mpo-
MDKHE 3HA4CHHS. [3 30UIBIICHHSM BEJIWYHMHHU JIHIHHOTO
3HOILICHHS JIe3a 33 IIMPHHOIO A; 301nbIyeThed ti. 3a ymoBH
JIOCATHEHHS TPAaHWYHOTO 3HAYCHHS BEIUYMHU 3HOIICHHS
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Jie3a 3a MHUPHUHOIO A, TOBIIMHA PKYTI0i KDOMKH HE 3Mi-
HIOETHCS 1 IOPIBHIOE BEITMUHNHI L.

BpaxoByroun reoMeTpudHiI TapaMeTpH Jie3a poOoInx
OpraiB 3 00’€MHUM 3arapTyBaHHAM CEPIHOTO BUPOOHU-
[TBa, 3MiHa TOBIIMHH PiXXY40i KPOMKH lj B mporieci exc-
IUTyaTalii ONUCYEThCS BUPA3OM:

t=t+A-19y. (4)

Lleii Bupa3 npugaTHUN Ui IPOrHO3YBAHHS TOBLIMHU

PKY40i KPOMKH B 3aJIe)KHOCTI Bil BEJIMYMHH 3HOIICHHS
J7ie3a 3a IMUPHHOKO 1 OMHCYEThCst TpadivHo (puc. 3).

IR
LA IS
AO:?O:.::%A :

e} o«
1 /

TosmrHa pi3aabHOT
KPOMKH, t, MM.
FS
/

Puc. 3. 3anexxHICTh 3MiHU TOBIIMHHU PIXKYI0T KPOMKH
t Bi BINIMBY BEJIMYMHH 3HOIIEHHS 4 1 KyTa 3aTOCTPEHHS
Jesa y.

Fig. 3. The dependence of the change in the thickness
of the cutting edge t on the influence of the amount of wear
A and the angle of sharpening of the blade .

3MeHIIeHHS ti, a B 1lealIbHOMY BHIIQJIKy JTOBEACHHS
HOro JI0 Mmo4aTkoBOro 3Ha4yeHHs to 1 3abe3neueHHs: HOro
NOCTI{HOI BEJIMYMHM B IpOLECi eKCIUIyaTtamii, MOXIINBE
[UITXOM 3MIIIHEHHSI TOBEPXHI poO0YOTo OpraHy CiIbChKO-
TOCIOAAPCHKHUX MAIIMH METOIOM HaHECCHHS 3MILIHIOFOUHX
TIOKPHUTTIB, 200 MOBEPXHEBOI0O 3arapTyBaHHsA po0O0OYOi Mo-
BepxHi Jie3a Ha TouHy 1,5 — 3 MM.

I'eomeTpuuHi mapaMeTpu piKyuoi KPOMKH POOOUUX
OpraHiB 3 IOBEPXHEBUM 3MIIHCHHSIM Ha BIAMIHY BiJ
00’€MHOr0 3arapTyBaHHS, 3aJIe)KaTh BiJl TOBIIUHM 3Mill-
HeHHs1 poOouoi moBepxHi Jie3a {; mpu BOMY 3MiHa TOB-
LIMHH PIXKY40T KPOMKH tj; OHCYETHCST BUPA3OM:

' t,+4 -tany, axmo 4 <A4; (5)
' (t,+ 4 -tany)—(4 —(t,—1,)-coty)-tany, sxmwo 4, > A,.

BpaxoByroun Te, M0 3MIIHEHHH IIap 3HOIIYETHCS
MEHII iHTeHCHBHO, Hi’)K OCHOBHUH MeTaJI, TPOTHO3YEThCH,
10 B MPOIIECi eKCIuTyaTalii BeJINdrnHa TOBIIUHA PIKYIOi
KpoMKH Oyme mocTiiHO 1 cranoButume 2,0 — 2,3 MM
(puc. 4).

J11st MpOTHO3yBaHHSI 3MIHH TSATOBOTO OMOPY arperaTy
B TIPOIIECi eKCIuTyaTarlii, HaMH 3alpOMOHOBAHO PO3IIIH-
PUTH BiZIOMY 3aJIeXKHICTb (2), a came, po3paXxoByBaTH CKJla-
noBy kabn, o BusHauae omip migpizanus i gedopmariito
miacta IpyHTy 3a Bimomoro ¢opmysomw (3). BpaxoByroun
JIOIIOBHEHHSI 3aJIeXKHICTD (2) HaOyBae BUTILY:

cosgsin(a +2¢")

P=1{G+| rab .
a+p+o
2 )

+tho,,, [n+eabnV’. (6)
' 2
Cos ' COS

ToBmmHa piKyT0i
KPOMKH, t, MM.

Puc. 4. 3anexHICTh 3MiHH TOBIIMHU PIXKY9I0i KPOMKH
t 3 MOBEepXHEBUM 3MIITHEHHSM BiJ] BIUINBY BEIUYHHHU 3HO-
mIeHHA A 1 KyTa 3aTOCTpeHHS Jie3a ).

Fig. 4. The dependence of the change in the thickness
of the cutting edge t with surface hardening from the influ-
ence of the amount of wear A and the angle of sharpening
of the blade y.

Otpumanuii Bupa3 (6) mI00 BU3HAYECHHS TATOBOTO
OMopy IPYHTOOOPOOHOIO arperary, M03BOJISIE PO3IIUPUTH
BifjoMy dopmyry (2) muUIIXOM BpaxyBaHHS OMOPY CTHC-
HEHHS 1 CKOJIIOBAHHS 1Iapy IPYHTY, a TAKOXK OIIOPY IPYHTY
BIABIIIOBAHHIO TOBIIMHOIO pixydoi kpoMku. Lle namo mo-
KIMBICTh BU3HAYHUTH BIUIMB TOBIIMHH Pi3aJIbHOI KPOMKH
Ha 3MiHY TATOBOTO OMopy arperary (puc. 5).

30

3miHa TAroBOIO OI0pYy arperara, %

0 1 2 3 4

ToBmuHa pi3ajbHOI KDOMKH, t, MM.

Puc. 5. 3ayiexHICTh 3MIHU TATOBOTO OMOPY arperary
BiJI TOBIIMHH PIXKYy40i KPOMKH.

Fig. 5. Dependence of change of traction resistance of
the unit on the thickness of the cutting edge.

Amnani3 rpagivHoi 3ayeXHOCTI (pUc. 5) Mokasye, 1o
30UIBIICHHS TOBIIMHH PiXKY40i KPOMKH KYJIbTHBATOPHOL
sanu 3 0,5 MM 110 4 MM NPU3BOAUTH O 3POCTAHHS TATO-
BOT0 onopy arperary Ha 29,6 %.

J11s1 TIOpiBHSHHS 3MIHM TSATOBUX OIIOPIB IPH €KCILTY-
aTanii KyJbTUBATOPHUX JIall 3 00’ €MHHUM 3arapTyBaHHSM i
TOBEPXHEBUM 3MIIIHEHHSM Jie3, y Bupa3 (6) MiJCTaBIIEMO
3aJIe)KHOCTI 3MiHH TOBIIUHU PIKYUUX KPOMOK (4) Ta (5).

B pe3ynbTaTi TEOpETUUHUX JOCTiIKEHb 3MIHUTH TS-
TOBOTO OTNIOPY KYJIBTHBATOPHHUX JIall B TIPOIIEC] eKCIITyaTa-
11ii, BUTOTOBJIEHUX 3 BUKOPHUCTAaHHSIM 00 €MHOTO 3Mill-
HEHHS Ta 3 BHKOPHCTAaHHAM IIOBEPXHEBOTO 3MillHCHHS



180 I. O. Bycmaes, M. O. BacuiieHko

HaMM OTPUMAHO MOKA3HUKHK [JIsl TIOPIBHSHHS IBOX BapiaH-
TiB 3MinHeHHs (pHC. 6).

100
90

o / _____________
) / .\

60

Taroswii omip, P, kH.

o
=]

0 5 10 15
BesmunHa JIiHIHHOTO 3HOLIECHHSA, A, MM.

1 — 00’eMHe 3arapTyBaHHS JIe3a; 2 — IIOBEPXHEBE 3a-

rapTyBaHHs Jie3a.

Puc. 6. 3ane:KHOCTI 3MiHH TATOBOTO ONOPY KYJIbTHBA-
TOPHUX JIal 3 00 €MHUAM Ta IOBEPXHEBUM 3MIIHCHHIM Bif
BEJIMYUHH JTIHIHHOTO 3HOIICHHS.

Fig. 6. Dependence of change of traction resistance of
cultivator paws with volumetric hardening and surface
hardening on the value of linear wear.

Amnaii3 rpadiyHux KpuBHX (pHC. 6) 3MiHH TATOBOTO
OTOpPY KYJIBTHBATOPHHX JIANl 3 00’ €MHIM Ta IIOBEPXHEBUM
3MIIHEHHAM Bij BEJIMYMHH JIHIMHOIO 3HOIIEHHS [T0Ka3aB,
10 32 JHIHHOTO 3HOMICHHS BiJ MOYAaTKy EKCILTyaTaIli 10
4 MM TSTOBHI OIIip ABOX BapiaHTIB 3MIITHCHHS MOCTYIIOBO
3poctae Ha 13,2 %, Bix 68 kH no 77 xH, mo aprymenry-
€TbCsl 30UIBIIEHHSM TOBLIMHU pi3ajibHOi kpoMku. [Toga-
JIBIlIA eKCIUIyaTallis KyJbTHBATOPHHUX JIAIl, IO CYIPOBO-
JOKYETHCS JIIHIHHUM 3HOIICHHSM Jie3a Bif 4 MM 10 15 MM,
[IPH [IbOMY TATOBHIA OMIpP KYJIBTHBATOPHUX JIAIl 3 TOBEPX-
HEBUM 3MIITHCHHAM CTabimi3yeThes B Mexkax 76—78 kH 3a
PaxyHOK BHHHKHEHHIO e(EeKTy CcaMO3aroCTpeHHs Je3a.
[Mopsia 3 TUM TATOBUI OIip KyJTHBATOPHUX JIAT 3 00’ €M-
HUM 3arapTyBaHHSAM IHTEHCHBHO 3pocTae Bimg 77 kH mo
99 xH, mo #a 27-30 % OinplIe HiX MPH eKCIDTyaTallii JIam
3 IMMOBEPXHEBUM 3MiIIHCHHSIM.

BucnoBku

1. Anani3 mporieciB abpa3uBHOTO 3HOIIEHHS JIe3 Ky-
JBTUBATOPHUX JIall 3 JIBOMA BapiaHTaMH 3MIIHEHHS JaB
3MOTY BCTAHOBHUTH B3a€MO3B’ 30K M) JIIHIHHUM 3HOIIECH-
HSIM JIe3a Ta 3MiHOIO HOTr0 TOBIIMHHU pi3abHOI KPOMKH B
MIPOLIEC] eKCIUTyaTallii, 10 Aaj0 3MOTy IPOrHO3YBaTH TOB-
LIMHY pi3ajbHOI KPOMKH B 3aJIEXKHOCTI Bifl HApoOITKy Ta
BIUIMBATH Ha 3MiHY TSATOBOTO OINOPY arperatry HUISXoM ii
3MEHIIECHHS B POLEC] eKCIUTyaTallii.

2. TeopeTndHO OOTPYHTOBAHO BIUTUB TOBIIWHHU PLKY-
40i KPOMKH KYJIBTHBAaTOPHOI JIalii Ha 3MiHY TSTOBOTO
OTIOpYy arperaty Ta BCTAHOBJIEHO, IO 30iJIBIIEHHS TOB-
IIMHHU PIXKYKOi KPOMKH KyJIbTHBaTOpHOI Jamu 3 0,5 MM 1o
4 MM TpU3BOIUTH JI0 3POCTAHHS TATOBOTO OIIOPY arperaTty
Ha 29,6 %.

3. TeopeTHYHO BCTAHOBJIEHO MO3UTHBHHI e(EeKT BiJ
TIOBEPXHEBOI'O 3MIIHEHHS, a caMe, IIpU JIIHIHHOMY 3HO-
LIEeHH] je3a Ha 15 MM TSroBuii omip arperary CTaHOBHUTh

77 xH, mo Ha 28% MeHIIA HiXK MPH eKCIUTyaTallii jam 3
BUKOPUCTAHHSIM 00’ €MHOTO 3arapTyBaHHS.
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TSAT'OBOE COITPOTUBJIEHUME KYJIBTUBATOPHBIX
JIAIT C ITIOBEPXHOCTHBIM YITPOUHEHUWEM
ITPU SKCITUTY ATALIMU ITOYBOOBPABATBIBAIO-
11X MAILLH
. A. Bycaaes, M. A. Bacunenko

AnHoranus. Pabora mocBslieHa HCCIIEI0BAHHIO
MIPOIIECCOB M3HOCA JIE3BUN KYJIHTUBATOPHBIX JIAIl TIPU pa3-
JIMYHBIX BUJAX YIPOYHEHHS W BIUSHUE UX HA U3MEHEHUE
TATOBOTO CONPOTHBIICHUS TOYBOOOPaOATHIBAIOIIETO arpe-
rata. B crarbe npuBeaeHbl 3aBUCUMOCTH JJIs1 IPOTHO3UPO-
BaHMS U3MEHEHUS TOJIUHBI PEXYIINX KPOMOK YIIPOUHEH-
HBIX Pa3JIMYHBIMU BapUaHTaMHU OT JMHEHHOI0 U3HOCA JIe3-
BUS 10 IIMPHUHE U yTJIa €ro 3a0CTPEHUSI.

PacuimpeHno u3BecTHYI0 3aBUCUMOCTb IPOTHO3UPOBA-
HUSI U3MEHEHUS TATOBOTO COTMPOTHUBIICHUS arperaTa B Mpo-
[ecce KCIUTyaTalny, MyTeM BBEICHHUS 3aBUCHMOCTH, KO-
TOpast HO3BOJISIET YUECTh COMPOTHBIICHUE CKATHS U CKAJIBI-
BaHMUS CJIOS MTOYBHI, @ TAKXKE COMPOTUBIICHHUE ITOYBHI BJIaB-
JIMBAHUIO TOJIIIMHOMN PEXYIIEH KPOMKH.

TeopeTndeckn 0OOCHOBAHO BIIMSIHUE TOJIIUHBI pe-
JKYIIEH KPOMKH KYJIbTUBATOPHBIX Jall Ha CMEHY TSATOBOTO
COTIPOTHUBIICHUS arperara. AHAJIN3 MOJYYCHHBIX rpadude-
CKHX 3aBHUCHMOCTEH U3MEHEHHUS TATOBOI'O CONPOTUBICHUS
KYJIbTUBAaTOPHBIX JIall ¢ OOBEMHBIM ¥ ITOBEPXHOCTHBIM
YIPOUYHEHUEM OT BEJIMUYMHBI JUHEMHOIr0 M3HOCA MOKa3al,

YTO TSTOBOE CONPOTHBIICHHE KYJIbTUBATOPHBIX JIAll C I10-
BEPXHOCTHBIM ynpo4yHeHneM Ha 27-30% MeHbIIe, 4eM MpH
9KCIITyaTaI|H JIal ¢ 0OBEMHBIM YIPOIHEHHEM.

[loBepXHOCTHOE YNPOYHEHHE JIE3BUM KYyJIbTUBATOP-
HBIX JIall TTO3BOJINT YMEHBIIUTh 3aTPAThl Ha BBIOIHEHHE
TEXHOJIOTHYECKUX OTIepannii mo 00paboTke MOYBHI OJIaro-
Jiapsi yMEHbBILICHUIO TATOBOTO COIIPOTUBIICHHS TI0YBOOOpa-
0aThIBAIOIIMX MAIIWH BCJEICTBUE IMOBBIMICHUS Tpolecca
caMo03aTaunBaHusl U CTAOWIM3AIMU TOJLIMHBI PEXyIIeH
KPOMKH B TIpOLIECCE IKCILTyaTaluy.

KaioueBble ciioBa: ynpouHeHHe, Je3BHE, W3HOCO-
CTOMKOCTB, PEcypc, IOJTOBEYHOCTb, CaMO3aTadMBaHHE,
COIPOTHUBIICHHE.

TRACTION RESISTANCE OF CULTIVATOR PAWS
WITH SURFACE HARDENING DURING OPERA-
TION OF TILLAGE MACHINES
D. O. Buslaiev, M. O. Vasylenko

Abstract. The work is devoted to the study of the pro-
cesses of wear of the blades of cultivator paws for various
types of hardening and their influence on the change in
traction resistance of a tillage unit. The article presents the
dependencies for predicting changes in the thickness of the
cutting edges hardened by various options on the linear
wear of the blade along the width and angle of its sharpen-
ing.

Extended known dependency predicting changes in
the traction resistance of the unit during operation, by in-
troducing a relationship that allows you to take into ac-
count the compression and cleavage resistance of the soil
layer, as well as the resistance of the soil to indentation by
the thickness of the cutting edge.

The effect of the thickness of the cutting edge of the
cultivator paws on the change in the traction resistance of
the aggregate is theoretically substantiated. An analysis of
the obtained graphical dependences of the change in the
traction resistance of cultivator paws with volumetric and
surface hardening on the value of linear wear showed that
the traction resistance of cultivator paws with surface hard-
ening is 27-30% less than during operation of paws with
volumetric hardening.

Surface hardening of the blades of cultivator paws
will reduce the cost of performing technological operations
on tillage due to a decrease in the traction resistance of till-
age machines due to an increase in the process of self-
sharpening and stabilization of the thickness of the cutting
edge in the process exploitation.

Key words: hardening, blade, wear resistance, re-
source, durability, self-sharpening, resistance.
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AHoTauis. B craTTi moka3aHi JOIIBHICTS 1 HepeBaru
BUKOPHUCTAaHHS CLTECBKOTOCIIONAPCHKOI0 TEXHIKOIO (TaKOI0
SIK TIOTYXKHI JIM3€JIbHI KOJNICHI Ta TYCEHHYHI TPAKTOPH)
ra30BHX MOTOPHHUX MallkB, 30KpeMa, 3pimkeHoro Hadro-
Boro rasy (mami — 3HI', Ha anrI. MoBi ckopoueHo — LPQ),
MOPIBHSHO 3 TPaIULIWHUMHU PIIKUMHU MOTOPHUMH TajH-
Bamu. OOIpyHTOBaHa JOIIJIBHICTh KOHBEPTYBaHHS TpaK-
TOpPHUX AM3eNiB y ra3oBi JIB3 3 ickpoBUM 3anaitoBaHHSIM.

Po3po0iieHo eNneKTpOHHY CUCTEMY YIpaBJIiHHS ra3o-
BumH JIB3 3 iCKpOBUM 3aIialllOBaHHAM, L0 CKJIAAAETHCS 3
JIBOX TOJIOBHHX CHCTEM Ta EJIEKTPOHHOTO OJIOKY ympaB-
minns (nani — EBY) Avenir Gaz 37 piBHs «A».

OmnycaHo NpUHIUI POOOTH CHCTEM YNPaBIiHHS ra3o-
BumH JIB3 3 cuctemoro sxxuBieHHsM 1 mogadi 3HI mo Biry-
CKHOTO TPYOONpPOBOIY Yepe3 ra30HOBITPSHHUN 3MilyBad,
OE3KOHTaKTHOIO €JIEKTPOHHOIO CHCTEMOIO 3aIallOBaHHS 3
PYXOMHM PO3IOAIIBHUKOM HANPYTd, CHUCTEMOIO HAIlOB-
HEHHS WIHIPIB 3apsiioM pobouoi cyminri Ta EBY Avenir
Gaz 37 piBHS «A».

Po3po6iieHo Ta CTBOpEHO ra30BHii ABUI'YH BHYTpIII-
Hboro 3ropanus (gani — JIB3) moxeri JI-240-LPG-«A» mis
po6otu Ha 3HI. 'azoBuii /IB3 koHBepTOBaHO Ha 6a3i Tpa-
kropHoro musenst J1-240 (atmocdepHUil, 9OTHPHOXTAKT-
HUH, PiTUHHOTO OXOJOKEHHS, 4-X IIIIHAPOBUI JBUTYH
3 nmiamerpoM mopmHsS 110 MM Ta Xomom 125 mm), sSKuit
BCTaHOBJIIOETHCS Ha YHiIBEpCAIBLHO-TIPOCAITHI KOiCHI Tpa-
kropu MT3-80 Ta MT3-82.

B po6oTi HaBeneHi pe3ynbpTaTH BUIPOOYBAaHHS ra3o-
Boro JIB3 mopaeni /1-240-LPG-«A» Ha eJeKTpu4HOMY Ha-
BaHTaXyBaJIbHOMY CTeH i ZOllner i3 MOepHI30BaHOIO Mi-
KPOIPOLIECOPHOIO CUCTEMOIO BUMIPIOBAHHS Ta KEPYBaHHS.

3HATI HaBaHTaXyBaJbHI XapaKTEPUCTUKH T'a30BOTO
JBUTYHA, Ha IMiJICTaBl SIKWX BU3HAY€HI OCHOBHI TEXHIYHi
xapaktepucTuky razosoro /[-240-LPG-«A», a Takox ioro
eeKkTUBHI mapaMeTpu. TexXHIUHI XapaKTepUCTHUKH MOKa-
3aJIH, 110 HOMIHAJIbHA TOTYXHicTh TazoBoro B3 J[-240-
LPG-«A» cknana 97 % BiJ, HOMiHAJIBHOI MOTY>KHOCTI JTU-
3ens J1-240.

B crarti noBeneHo, MO OTpHMaHi B pe3yiabTaTi BH-
poOyBaHb €HEPreTHYHI Ta €KOHOMIYHI IMapaMeTpH ra3o-
Boro JIB3 JI-240-LPG-«A» miaTBepAwan AOIIBHICTD
KOHBEpPTAaIlii TpaKTOPHUX au3emiB y ra3oi JIB3 3 ickpoBum
3amamoBaHHAM. J[o TOro X, OTpHMaHi y BUIPOOYBaHHAX
TEXHIYHI MapaMeTpy IOKa3alH, 10 Taka KOHBEPTAIlis €

e(heKTUBHUM CIIOCOOOM 3MEHIIICHHS eKCIUTyaTalliifHuX BH-
TPaT CUIBCHKOTOCITIONIAPCHKOI0 TEXHIKOIO 32 paxyHOK 3a-
MIHH OUTBII TOPOTOTO MU3ENBHOTO TaiauBa OUTBII Aerie-
BUM 3Pi[HKCHUM Ha()hTOBHM Ta30M.

Kuro4oBi cjioBa: Ta30oBUil IBUTYH BHYTPILIIHHOTO
3ropaHHs, CHCTeMa YIPaBJIiHHS T'a30BHM JBUI'YHOM BHYT-
pIIIHBOTO 3rOpaHHs, EJEKTPOHHUI OJIOK YyHpaBiiHHA
Avenir Gaz 37 piBHs «A», HABAHTAXKYBaJIbHI XapaKTepUC-
THKHU razoBoro JIB3, 3pimkenuit HadTOBHMIA Tas3.

HocranoBka npodaeMu

VY 3B’s3KYy 13 MOCTIHHUM Ta CYTTE€BUM 301TBIICHHAM
3a0pyAHEHHS OTOYYIOUOTO CEPEAOBHINA TPAHCHOPTHUMH
3acobamu (mami — T3), mo mpaIroTs Ha TPATUIIHHUX Pi-
JIKUX MOTOPHHX MaJIMBAX, 32 OCTaHHI YaCH BUHHKIIA HEOO-
X1IHICTh 3aCTOCYBaHHS OLbII CKOJOTIYHO YHCTHX Ta Ha-
camIiepe/i ICIIeBUX allbTePHATUBHHUX BUIB MOTOPHHUX T1a-
JIUB, 10 sSKuX y Hanexuts 3HI.

Binomo, o crioskusanns 3HI" komicaumu T3 y ¢BiTi
3a OCTaHHI POKH CYTTEBO 30UIBIIMIOCH, a B YKpaiHi 1mIe i
MepeBUIINIO crioxuBaHHs OensuuiB [1, 2]. Le, y nepury
4gepry, 3ymoBieHo TiM, 1m0 3HI ocTaHHIM 9acoMm € Haii-
011 ETIEeBUM aTbTEPHATUBHUM I'a30BUM MOTOPHHUM Ta-
JUBOM B YKpaiHi.

OTxe, cTa€ OYEBHIHUM JOILUIBHICTH PO3POOJICHHS B
VYkpaiHi 6araTroQyHKIIOHATEHOT CHHTE3-TEXHOJIOTI] 3 KOH-
BepTallii TpaHCIOPTHUX qu3eNiB y ra3osi JIB3 3 ickpoBum
3arnallOBaHHM.

Taka CHHTE3-TE€XHOJIOTIsl y MEPILY Yepry Mae CTOCY-
BaTuCh T3, IO OCHAIIEH] MOTYXHUMH JU3EISIMH, SIKi BijI-
MOBiHO MAalOTh JOCTAaTHHO BEIWKI €KCIUTyaTalliiHi BHU-
TpaTH Au3enbHOoro nanusa (nami— JIT).

Y Il «IepxxaBrorpancH/[InpoexT» mnpoBoaaTscs
po6OTH 3 pO3pOOIIEHHS Cy4acHOI YKpaiHChKOT CHHTE3-TeX-
HoJtorii Avenir Gaz (pi3HUX PiBHIB CKJIaHOCTI) JUIsl TIepe-
o0JaiHaHHS TPAHCTIOPTHUX Ju3eliB y ra3oBi JIB3 3 ickpo-
BUM 3amalioBaHHsIM 111 pobotr Ha 3HT'.

BiamoBigHo 10 CHHTE3-TeXHOJOTIi mepeobaHaHHS
JIU3EINTIB 3MIIACHIOETHCS Ha 0a3i CTBOPEHHX ENeKTPOHHHX
CHCTEM ympaBiiHHA Ta3oBUMH /B3, oCHOBOIO SIKOi € po-
3po0JeHi eJIeKTPOHHI MIKpOHpomecopHi OJOKHM ympas-
neHHs [3].
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[MuTaHEAMYN KOHBEPTAIii TPAaHCIOPTHUX (Y T.9. TPaK-
TOPHUX) AW3eTiB y Ta30oBi [I1B3 i3 ickpoBHUM 3amartoBaHHIM
3aiiMajmch 6arato JociigHukiB [4-11].

B po6orax [4-10] posrisimanichk MMTaHHS KOHBEPTa-
uii atMoc(epHUX Ta HAALYBHUX TPaHCIIOPTHHUX 1 CTallio-
HapHHX Ju3eiiB y ra3oBi [IB3 3 ickpoBUM 3anairoBaHHSIM.
AuJte B IKOCTI Ta30BOT0 MOTOPHOTO NajuBa OyJIo 3acTOCo-
BaHO IPUPOJHUIA ras.

[Ipu upomy, B podotax [4, 6, 7] 3MEHIIIEHHS CTYNEHs
CTHCHEHHS JU3€Jsl O BEJIMYMHU HEOOX1AHOI A1t poboTn
Ha Ta30BOMY IaJIHBi, HOCATAJIOCHh HUISIXOM BCTAHOBJICHHS
JOJATKOBUX TPOKJIATOK TOJOBKH OJIOKY IMUIIHAPIB. AJe
et crmocid IPUBOIUTH SIK IO CYTTEBOTO MOTIPIICHHS KO-
JIOTIYHUX TTapaMeTpiB KOHBepTOBaHOTO Ta3oBoro JIB3, Tak
1 3HAYHO 3MEHIITy€ HalifHICTh HOro poboTH.

VY crarsax [10, 11] 3MmeHIIeHHST CTYNECHS CTUCHEHHS
JIM3€JIs1 IOCSTaNOCh HISIXOM 3aCTOCYBAaHHS TEPMOIHAMI-
YHOTO LUKy Misepa, sike 3a0e3neuye 3HKEHHS He T'eo-
METPUYHOTO, & (PaKTUYHOTO CTYIEHS CTUCHEHHS.

[IpoTe, cmix 3a3HAYUTH, MO MEPEBAYKHA OUIBIIICTH
poOiT 3 KoHBepTarii Au3eniB y ra3osi JIB3 sik B YkpaiHi,
TakK iy CBiTi, CTOCYBAJINCh BUKOPHCTAaHHS B SIKOCTi MOTOP-
HOT'O MaluBa CTUCHEHOTO MpupoaHoro rasy (mami — CIIT).
Axne Buxkopuctanss CIII" Bumarae BcranoBieHHs Ha T3 Be-
JIMKOT KITBKOCTI JOCTaTHBO Ba’KKUX aBTOMOOITBHUX Ta30-
BHUX OaJOHIB, IO Yy CBOIO Yepry 3MEHINYE BaHTAKHICThH
YH/Ta MacaKUPOBMICHICTE. A 0oCh 30epekeHHS Ha OopTy
T3 3HI, Ha BiaMiny Bix 30epexenns CIII', He BrumBae i
HE 3MIHIOE BAaHTa)XXHICTh YH/Ta MTaCaKUPOBMICHICTH T3.

OTmxe 3 ypaxyBanHaM Baprocti 3HI™ mutaHHs KOHBE-
pTauii TpaHCHOPTHHX (Y T.4. TPAKTOPHUX) AU3EIIIB y ra30Bi
B3 mns pobotu Ha 3HI € akTyansHuM Ta moTpedye mpo-
BE€/ICHHS NOAAIBIINX JOCIIIKEHb.

Mera gocJigkeHnb

MeTtoro gaHOi poOOTH € PO3pOOIICHHS Ta IOCIHi-
JoxeHHs razoBoro J1B3-240-LPG-«A» 3 mogaueto 3HI™ 1o
BITYCKHOT'O KOJIEKTOPY, €JICKTPOHHOI CHCTEMOIO 3aIalo-
BaHHs Ta cneniaabauM EBY Avenir Gaz 37 «A»x.

Pe3yabTaTH 10CTiTKeHb

B ocranni poxn y AI1 «/lepxxaBrorpancH/{Impoekt»
MIPOBOASATBCS POOOTH 3 PO3POOIIEHHS Cy4acHO! yKpaiHCh-
Kol cuHTe3-TexHouorii Avenir Gaz (pi3HHUX piBHIB CKJIaJ-
HOCTI) JU1sl IepeoOI1aJHaHHS TPAHCTIOPTHUX JU3ETIB Y ra-
3081 /IB3 3 ickpoBuM 3anamoBaHHsAM it podoTr Ha 3HI.
BiamoBigHO 10 cCHHTE3-TEXHOJIOTIT IepeoOIaHaAHHS TU3e-
JIiB 31HCHIOETHCS Ha 0a3i CTBOPEHMX EIEKTPOHHUX CHCTEM
yHOpaBiIiHHA Ta30BUMH JIB3, 0CHOBOIO SKOi € eNeKTPOHHI
MikpomnporecopHi 6;10ku ynpasinenns (pani — EBY) [3].

Ha et gac B iHCTUTYTI 3aBepIiieHi poOOTH 3 ajanTa-
ii cuaTe3-TexHoorii Avenir Gaz (Tiepuioro piBHS CKIa-
HOCTI — pIiBHI «A») mnsd mepeoOnagHaHHS TU3eIs
49 11/12,5 (momem [1-240) y razosuii /IB3 [1-240-LPG-
«A».

3rifiHO 3 MepIIUM €TaroM CHHTE3-TeXHOJIOTiT Avenir
Gaz y nuzens [I-240 Oyno mpoBeIeHO NOBHUH JEMOHTaX

CHCTEM JKMBJICHHS Ta BIOPCKYBAaHHS JU3EIbHOTO TaINBa.

Ha npyromy erarri CHHTE3-TeXHOJIOTi1 y KOHCTPYKITIIO
JIIBUTYHA BHECEHI 3MIiHH MO JOOIPALIOBAHHIO TOJIOBKH
OJIOKY IIFUTIHAPIB IW3eNs UII MOHTaXy CBIYOK 3aIlaro-
BaHHSA Ta BCTAHOBJEHHS HOBOI MOpPIUHEBOI rpynu. s
3MEHIICHHS CTYNEHs CTUCHEHHS HaMiB3aKpHUTa IW3EIbHA
kamepa 3ropsiaas taiy LIHIJII meperBopena y Binkputy
Kamepy 3ropsiHHS y (OpMi OCECUMMETPHYHOTO «ycide-
HOTO KOHyCy» i3 € =9,5 [12].

Ha tpeThoMy eTami cuHTE3-TeXHOJIOTIT razoBuii J[B3
Oy10 1000JaTHAHO CHCTEMOIO YNPABIiHHS HallOBHEHHSM
LIJTIHPIB 3apsiI0M POO0YOi CyMillli, CHCTEMOIO JKUBIICHHS
ta mogadi 3HI" no BmyckHOTO TpyOOIIPOBOY, @ TAKOXK Oe3-
KOHTAKTHOIO €JIEKTPOHHOIO CHCTEMOIO 3allaIOBaHHSA 3 Py-
XOMHUM PO3NOAUIFHUKOM Hanpyru. [Ipu mpomy, cuix 3a-
YBa)KUTH, [0 TIEPIIOMY PiBHIO CKIIAIHOCTI CHHTE3-TEXHO-
yorii Avenir Gaz (kmacuikoBaHOMY SK — PiBeHBb «A») Bi-
NIIIOBiIa€ KOMILIEKTallisg razoBoro JIB3 cumcremMoro KuB-
nenns i nomadi 3HI (uepe3 ra3omoBiTpsHU# 3MilTyBad) 10
BIIyCKHOTO TpyOompoBoay. Kpim toro x, Oynu BHeceHi
3MiHH y cucTeMy XuBJIeHH: [IB3 MOBITPsIM LLIIXOM BCTa-
HOBJICHHSI APOCENHLHOT 3aCIiHKU 3 MEXaHIYHUM ITPUBOJIOM.
3a BiacyTHOCTI y razoBoMy JIB3 MexaHiuHOTO perynstopa
Y4acTOTH 00€pTaHHS, IEMOHTOBAHOTO Y CKJIa/i 3 TAJTMBHIM
HACOCOM BHCOKOTO THUCKY Mogeni YTH-5, 3 meToro yHHK-
HEHHS MEPEBHUIICHHS MaKCHMaJIbHOI 9acTOTH OOepTaHHS
(BCTaHOBIICHOI 3aBOJIOM-BHPOOHHKOM JJISI BiAITOBiIHOL
Mozeni Ju3enisi) Oyno po3poOIIeHO i BUTOTOBICHO MIKpOTI-
pouecopruiit EBY Avenir Gaz 37 «A», akuii mo0ynoBaHO
Ha twiathopmi 8-pospsiaHoro mikpokontposiepa PIC16F
(Microchip Technology Inc.).

Ha puc. 1 npezncraBneHa NpHHLIMIIOBA CXeMa CHC-
Temu yrpasiinas razosuMm [IB3 3 EBY Avenir Gaz 37 pi-
BHS «Ay, sika 3a0e3neuye nogayy 3HI uepes razonositpsi-
HUI 3MilTyBady 10 BIycKHOTO Tpy6onposoy [13]. Bei erne-
MEHTH CHELiaJIbHOTO OONaaHaHHA, IO BXOJSTH JI0 CHC-
TeMu xuBNeHHS 1 mogadi 3HI™ (depe3 ra3omoBiTpsHMIA 3Mi-
IIyBad) JI0 BIIyCKHOTO TPYOOIIPOBOAY, BiIIOBIJaIOTh BH-
morawm [14, 15].

Ha puc. 1 mokazano: 1 — ra3osuit JIBC; 2 — kamepa
3rOpsiHHS; 3 — BIIyCKHUH KjanaH; 4 — BUILYCKHUH KJlalaH;
5 — cBiu-Ka 3anantoBaHHs; 6 — MaTpyOOK BITyCKHOTO KOJIe-
KTOpY; 7 — 00’€JJHaHA YaCTHHA BITyCKHOTO KOJEKTOPY; 8 —
JIATYHMK TEMIIEPaTypH OXOJIOJPKYIOUOT PiJIUHU; 9 — MOKax-
YUK TeMIeparypu oxojoaHoi pimuuu; 10 —mpocenbHui
NPUCTPIK 3 MeXaHIYHUM TpuBOAOM; 11 — MexaHiuHa me-
Jlanb akcenepaTtopa (mepans rasy); 12 — BUITyCKHHI KoJie-
KTop; 13 — roymHuK; 14 — aBTOMOOLIBHAN Ta30BUi OaJlOH
s 3HI; 15 — mynbpTHKIIaaH ra3oBoro 0anoHa; 16 — mo-
kaxxyuk piBHs 3HI" B rasoBomy 6anoni; 17 — nuctaHuiiiHo
KEpOBaHUH 3aMipHUil eIeKTPOMarHiTHUH KilarnaH MYyJIbTH-
Kianana; 18 — 3anpaBHuid By301; 19 — maricTpanbHuii ra-
30mpoBia Bucokoro Tucky a1yt 3HI; 20 — ra3oBuit GineTp
3 IHTETPOBAaHUM 3aIliPHUM €JIEKTPOMArHITHUM KJIAIlaHOM;
21 — OIHOCTYMIHYACTHI Ta30BHH pEAYKTOP-BUIAPHUK
3HT'; 22 — 3amipHuUii eneKTpoMarHiTHUN KJIallaH Ta30BOTO
penykTopa-BUIapHUKa, 23 — ra3oBui (igsTp mapoBoi
¢a3u 3HI; 24 — mipirpiBad ra30BOro peayKTOpa-BHIIAP-
HHKa (32 HasIBHOCTI); 25 — ra3oBa MaricTpaib HU3bKOTO TH-
CKYy; 26 — MeXaHI4HUIA 103aTop rasy; 27 — ra3onoBiTpsSHUN
3MinryBay; 28 — akymyssaropHa 6arapest (AKB); 29 —3amok
3anamoBanHs; 30 — KOTymKa 3anamoBaHHs; 31 — enek-
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Puc. 1. [IpuHiunoBa cxema cucteMu yrpasiinas razosuM JIB3 3 EBY Avenir Gaz 37 piBast «A», sika 3a0e3nedye

noxady 3HI depes ra3omoBiTpsiHUI 3MilryBad [0 BILyCKHOTO TPYOOIIPOBOY.
Fig. 1. Schematic diagram of a gas engine control system with Avenir Gaz 37 ECU level “A”, which provides the

supply of LPG through an air-gas mixer in the inlet pipe.

TPOHHUIA KOMYTaTop; 32 — pyXOMHM PO3MOIITBHIK 3aIia-
moBaHHA (Tpambiep); 33 — narunk Xoia; 34 — cremians-
HUI TIPUBIJ] PyXOMOT'O PO3IOAIIbHUKA 3aNatoBaHHs (Tpa-
MOnepa); 35 — BUCOKOBONBTHUI(-1) npiT(-u); 36 — enexT-
puuHuii 38’130k (npit); 37 — EBY Avenir Gaz; 38 — enek-
TpomarHitHe pene; 39...42 — enekTpudHuii 38’ 130K (IpiT).

CucreMa ynpaBJIiHHS TPAIfoe HACTYITHUM YMHOM. Ha
MOYaTKy poOOTH (B MOMEHT MiATOTOBKH JI0 3aIYCKY) ABH-
ryHa 1 Bozili moBepTae K04 y 3aMKy 3amantoBaHHA 29 i
Harpyra Bii akymyJjsitopa 28 depes eNeKTpHYHNHN 3B’ 130K
36 nomaerbest 10 OE3KOHTAKTHOT €JIEKTPOHHOI CHCTEMHU 3a-
MAJIIOBAHHS [KOTYIIKH 3anamoBanHs 30, komyTaropa 31 Ta
PYXOMOTO PO3NOAIIbHIKA 3aratoBaHHs (Tpamobiepa) 32],
a takox 1o kiemu 3 EBY Avenir Gaz 37 ta 10 KOHTaKkTy
30 enexrpomarsiTHoro pene 38. Kpim Toro, nHampyra Bif
akymyJssitopa 28 mogaethes 1o craptepy (Ha Puc. 1 He mo-
kazaHuil). BogHodac ra3oBwmii ABUTYH | moumHae obepra-
THCS 1 CUTHAJI 3reHepOBaHUH JaT4nKoM XoJjuia 33 1o ere-

KTPUYHOMY 3B’S13KY 39 moJaeThest Ha KieMy HoMep 6 KO-
MyTaTopa 31 Ta 4epe3 eleKTpUUHHIA 3B 530K 40 1yOiro-
eThed 1 nmogaeThest 10 kiemu 1 EBY Avenir Gaz 37.

EBY Avenir Gaz 37 o0pobiisie oTpuMaHuii 3 AaT4anka
Xosua 33 cursai i nojae Ha kiemy Homep 4 Hanpyry +12
V, sika yepe3 eIeKTpUUHU 3B’ 30K 41 mocTymae Ha KOH-
TakT 85 enekrpoMarHiTHOro pene 38 i manmi Ha KOTYHIKY
pene. B pesynbrati yoro, koHTakTH 30 — 87 eeKTpoMarHi-
THOTO penie 38 3aMuKaroThCs i Hanpyra +12 V yepes enek-
TPUYHUN 3B 30K 42 MOAAETHCA JO HOPMAIBHO 3aKPUTUX
3alipHUX eJIEeKTPOMarHiTHUX Kianasis 17, 20 ta 22.

3amipHi enekTpomartiTHi kinananu 17, 20 ta 22 Bink-
PHBaIOTHCS, IPOITYCKAIOUN I'a30Be MAJIUBO (30KpeMa 3pil-
JKeHUH HadTOBMH ra3 y piIkoMy CTaHi) Bia razoBoro 6a-
soHa 14 wepe3 MmynpTaknamnad 15, Ta30By maricTpais BU-
cokoro THUCKy 19 Ta razoswuii GpineTp20 10 OAHOCTYMIHYA-
TOTO Ta30BOTO PEAYKTOpa-BUIapHUKa 21.

VY penykropi-BunmapauKy 21 3pimkeHuil HapTOBHI
ra3 3a paxyHOK IiJBeICHH: 0XO0JIOKYI0Uoi piAnHu (3 cH-
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CTEMU OXOJIO/KEHHS IBUTYHA) Ta/abo MmigirpiBaya pemyk-
Topa 24 — BUMApPOBYETHLCS J0 Ta30BOI0 CTaHy i Uepes ra-
30BY MaricTpaib HU3bKOTO TUCKY 25 TIOCTYIIa€ IO MeXaHi-
YHOTO J03aTOPYy a3y 26 Ta Jaii 10 Ta30IOBITPSHOTO 3Mi-
mryBada 27. lpocenpHa 3aciinka 10 y mei yac 3Haxo-
IUTHCS y TIPOYMHEHOMY TIOJIOKEHHI, SIKe BiATIOBinae MiHi-
MaJIbHIH 4acTOTi 00epTaHHs KOJIHYaCTOTO Bajly ra30BOTO
nBuryHa 1.

BonHouac razoBwuii aBuryH 1 moumHae odepraTucs i
KomyTaTop 31 GE3KOHTAKTHOI €NEeKTPOHHOI CUCTEMH 3ara-
JIFOBaHHS 110JIa€ CUTHAJI JI0 KOTYIIKHY 3anairoBanHs 30, xe
TeHEPYEThCSl BUCOKA HAIpyra, sika 10 BHCOKOBOJILTHOMY
JpOTy TIOCTYIMA€ OO PYXOMOTO PO3MOALTBHHKA 3allaiio-
BaHHS (Tpambiepa) 32, a 3BiATH IO BHCOKOBOJBETHOMY
IpoTy 35 10 CBIYKM 3allalIFOBaHHSA 5, sIKa YTBOPIOE iCKPY
3aMantoBaHHA Y Kamepi 3ropsiHHS 2. Pa3zom 3 TiM, ra3oro-
BITpsIHA CYMIMI, IO YTBOPIOETBCA y Ta30MOBITPSHOMY
3MinryBadi 27 depe3 IPOYHMHEHY IpOCeNbHY 3acimiHky 10
MOTpAIUIsie 0 Ka-MEepU 3rOpsiHHA 2, Je 3alalllOEThCs Bl
CBIYKHM 3anajiroBaHHs 5. B pesynbrari razoBuid ABHTyH 1
MOYHMHAE TPALIOBATH HAa PEXKHUMI XOJIOCTOI'O XOY.

Curnan naryrka Xojuia 33, 4acToTa iMIyJIbCiB SIKOTO
MPOTIOpIIiiiHA TTOTOYHIH YacToTi 0OepTaHHsS KOJIIHYaCTOro
BaJly Ta30BOrO ABHTYHa | moctiiiHO 00poOisieTbes EBY
Avenir Gaz 37 i mOpIBHIOETECSA 3 HaIlepe]] 3aIpOorpaMoBa-
Horo B EBY Avenir Gaz 37 BelMYMHOI MaKCHMAaIbHOT
YacTOTH 0OepTaHHS KOJIIHYAcTOro Baly. Y pasi, KOJH Be-
JIMYMHA TOTOYHOI YaCTOTH 00epTaHHS KOJTIHYACTOTO BalLy
ra30BOT0 ABUTYHA | MEHIIa HiX Harlepe| 3a1aHa BEJIMIHA
MaKCHMaJIbHOT 4acTOTH OOEepTaHH:, eNEKTPOHHHH OJoK
yrpasiiaHs 37 miagTpuMye Hanpyry +12 V Ha kieMi Homep
4 1, 1K HACTIIIOK, HA KOHTAKTI 85 eJIeKTPOMAarHiTHOTO pee
38.I'azoBe manuBo (30kpema 3HI') mpomoBxye moctynatu
JI0 Ta30MOBITPSHOrO 3MilryBava 27 i Jani y kamepy 3ro-
psHHES 2. ['a30Buit 1BUTYH 1 pooBKye obepTaTucs i3 3a-
JaHoto nenamno 11 gactororo obepraHHs.

[Ipu 30inpIICHAI HABaHTAXCHHS HA Ta30BUH IBUTYH
JUIsL 301IBIIEHHS] YaCTOTH 00EpPTAaHHsI KOJIIHYACTOTO Baly
ra3oBOro IBUTYHa | BOJii HaTHCKae Ha menanb 11 kepy-
BaHHS IIBHJKICHUM PEXHMOM, BIJKPHUBAIOYH APOCEIbHY
3acmiaKy 10 i 30UTBIIYI0-91 KUTBKICTh Ta30TIOBITPSHOTL CY-
MilIli, sIKa HaJAXOIUTh 10 KaMepH 3ropsHHs 2. B pesyiib-
TaTi, 4acToTa OOEepTaHHs Ira30BOro JBUryHa | 30LibIIy-
€TBCSI.

VY pasi JoCsATHEHHS 3HAYCHHS IOTOYHOT YaCTOTH 00e-
pTaHHsI KOJIIHYaCcTOrO BaJly BHILE Halepe 3aporpamMmoBa-
HOI BETMYMHH MaKCHMAIbHOI YacToTH oOepTaHHs, EBY
Avenir Gaz 37 3uimae Hanpyry +12 V 3 kiemu HOMeDp 4 1,
OJIHOYACHO, 4epe3 eNeKTPUUHUM 3B’ 530K 41 3 KOHTaKTy 85
eJIeKTpoMarHiTHoro pene 38 Ta KoTymku peine. B pe3yins-
taTi, KoHTakTH 30 — 87 po3MuKaroTecs i Hampyra +12 V
3HIMA€eThCS 3 3alliPHNX €IEKTPOMAarHiTHUX KianaHis 17, 20
Ta 22. SIk HACHINOK, 3amipHi eTeKTPOMArHiT-Hi KJarmaHu
17,20 ta 22 3akpUBaIOThCS 1 MOAaYa Ta30BOTO MaluBa (30-
KpeMa 3pi/pKeHoro HaTOBOTO ra3y) Bij ra3oBoro 0asoHa
14 10 ra30moBITPAHOTO 3MilryBada 27 NPUIUHAETHCS.

JIBUryH 1o iHepIii mpoIoBXKy€e obepTaTHcs, ane dac-
TOTa 00EpPTaHHS KONIHYACTOTO Bally (3a BiACYTHOCTI TIO-
Jladi ra30BOro MajnBa) 3MEHIIyeThes. [licis 3MeHIIeHHs
4acToTH oOepTaHHs (Ha BenMuuHy rictepesucy) EBY
Avenir Gaz 37 3HOBY 10/1a€ Ha KJeMy HOMep 4 Hampyry
+12 V, sxa uepe3 enexTpuuHuil 38’130k 41 mocrymae Ha

KOHTAKT 85 eNeKTpOMarHiTHOTo pese 38 i gaii Ha KOTYIIKY
pene. Konraktn 30 — 87 3ammkaroThcs 1 Hampyra +12 V
gepes eNeKTPUIHUI 3B 130K 42 IOJa€THCS 10 3aKPUTHX 3a-
MiPHAX eNeKTPOMAarHiTHUX Kiana#iB 17, 20 ta 22, sKi 3HOB
BigkpuBaroThcs. [lomava razoBoro mammBa (30KkpeMa 3pif-
JKEHOTO Ha(TOBOTO ra3y) Bix razoBoro 6aioHa 14 1o ra3o-
MOBITPSTHOTO 3MillTyBaya 27 Bix razoBoro 6anona 14 1o ra-
30TIOBITPSIHOTO 3MillyBaya 27 ITOHOBIIOEThCS. [ 'a3oBuit
JIBUTYH 3aIlyCKa€ThCsl, ajie MPAIloe BXKe HAa MEHINiH yac-
TOTi 00EpTaHHs KOJIHYaCTOTO Baly.

Cnipg nopatu, WO HAmepen 3alporpamMoBaHa BeNH-
YHMHA YaCTUTH 00EpTaHHS KOJIIHYaCTOTO BaJly MOKE Bi/IIO-
BiJaTH SK HOMiHANBHIN yacToTi 0OepTaHHs IH3els, Tak i
MaKCHMAaJIbHOI 9aCTOTi 00EPTaHHS XOJIOCTOTO XOAY.

B pesymbrari, pobota EBY Avenir Gaz 37 obMmexye
MaKCHUMaJIbHY 4acToTy obepTaHHs razosoro /IB3 i Tum ca-
MHUM YHEMOXIIUBITIOE 301IbIICHAS 9aCTOTH 00epTaHHs Oi-
JBIIIE HaNepes 3aporpaMoOBaHOl BETUIUHH.

Kpim TOro, Taka cucrema ympaBiiHHS YHEMOXKJIHB-
JIFOE TI0/1a4y ra30BOTO MaiBa (30KpeMa 3pipKEHOro Had-
TOBOTO Ta3y) JO ra3oNOBITPSHOTO 3MilllyBaya Ta BITYCK-
HOTO TpyOOIIPOBOAY 0 MOMEHTY MOYATKy 3aIyCKy ra3o-
BOTO JIBUTYHA, L0 MiZBUIIYE Oe3IeKy HOro eKcruTyaTartii.

Bu3HaueHHS €HEPreTHYHNX Ta EKOHOMIYHMX ITOKa3-
HUKIB KOHBepTOBaHOTO TrazoBoro JIB3 momemi JI-240-
LPG-«A» 3 po3pobieHoro cucteMoro ynpasiinas Ta EBY
Avenir Gaz 37 piBHsl «A» IPOBOANIOCH HA HABAHTAXKYBa-
mpHOMY cteHAi Zollner (Himewanna) tumy B-350AC 3 Mo-
JICpHI30BaHOIO MIKpOIIPOLIECOPHOIO CHCTEMOIO BHMIpIO-
BaHHs Ta KepyBaHHs. [[ns BumiproBanus Butpar 3HI Ta
MOBITPSl BAKOPHUCTOBYBAJIUCH TaKi 3aCO0M BUMIpPIOBAJILHOT
TEXHIKH SK MaCOBUIH BHUTpPATOMIp IMaJliBa KOPiONiCOBOTO
tuny FlexCOR CMF-BEQOB1AWCJ2100A, a takox
macoBuid  ButparoMip mositps  GF-90-A1A00AD-
AA00060DAS5SA4 (obunBa BupoOHunTBa CIIIA, FCI).
JlificHA#l KyT BUIEPEIDKCHHS 3allalfOBaHHS (g ; BU3HAYA-
Bcst MoTopTecTepoM FSA 560 miarHOCTHYHOTO KOMILIEKCY
Bosch, a koedimieHT HaAMipy TOBITPSI A PO3PaXOBYETHCS
IITaTHOIO MPOTPaMOI0 BHMIPIOBAIEHOTO MOAYJIS - ra3oa-
Hamizatopa BEA 060 mo6imsHOro kKomrmiekcy BOSCH
BEA 550. Bci 3azigHi B eKCIIepUMEHTaIbHUAX TOCIIIKCH-
HSX 3aCO0M BUMIPIOBAJIBHOI TEXHIKH OyJin MOBipeHi abo
aTeCTOBAHI, a TOYHICTh BCIX BUMIPIOBAHb BIJIOBIAaIa BH-
moram 'OCT 18509 [16].

[Ipu npoBeneHHI BUIPOOYBaHb BHUKOPHCTOBYBABCS
3HI" mapku IIBT 3a TOCT P 52087 [17] BuroroBneHuin
000 «I"a3sneprocets bpsack» Kimmanosckoit THC (Pec-
my6mika bimopycs), skuii 3rigHo Ilacmopty sikocti Ne 53
Big 21.04.2019 mictuth (1m0 Maci) 56,47 % mnpomaHy Ta
40,79 % Oyrany (i-Oyrany — 18,67 % Tta n-Oyrany —
22,12 %). Wlinpaicts mporo 3HI mpu remmnepatypi 10°C
cknagae 0,5347 xr/m.

HaBanTaxyBanpHi XapakTepucTHKH rasosoro /B3
J-240-LPG-«A» 3 EBY Avenir Gaz 37 piBHA «A» 3HIMa-
JMCh TIPH 9acToTax obepraHHs KomiHgactoro Baxy 1000,
1300, 1600, 1900 ta 2200 xB*. Y nmawiii cTaTTi HaBeneHi
HABaHTAXXYBAJIbHI XapaKTePUCTHKH JIMIIE MPH YacTOTaxX
obepranns 1600 ta 2200 xB™ (HoMmiHanbHA YacTOTa 06Ep-
taHHs1). [loOynoBaHi Ha MiCTaBi eKCIIEPUMEHTAIbHAX JIa-
HUX HABaHTa)XyBaJbHI XapaKTEPUCTHKH IIOKa3aHI Ha
puc. 2 Ta puc. 3.
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Puc. 2. HapantaxxyBanbHa xapakrepuctrka razosoro /B3 J1-240-LPG-«A» 3 EBY Avenir Gaz 37 piBHs «A» mpu
yacToTi 06epTanns Ny = 1600 xB1: @ — enepreTHuni napamMeTpu; 6 — e)eKTHBHI NapaMETPH.

Fig. 2. The load characteristic of a gas ICE D-240-LPG-«A» with Avenir Gaz 37 ECU of level “A” at a speed of nq
= 1600 min™: a - energy parameters; b - effective parameters.
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Puc. 3. HaBantaxyBanbHa xapakrepuctuka razosoro B3 [1-240-LPG-«A» 3 EBY Avenir Gaz 37 piBHS «A» npu
yacToTi 06epTanns n, = 2200 xB1: a — eHepreTuuHi napamerpy; 6 — eeKTUBHI MapaMeTpH.

Fig. 3. The load characteristic of a gas ICE D-240-LPG-«A» with Avenir Gaz 37 ECU of level “A” at a speed of
ng = 1600 min: a - energy parameters; b - effective parameters.
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Ha xapakTeprucTrkax HaBeJeHi 3JIEKHOCTI TeMIIepa-
TYpH tr BiITIPaIlbOBaHUX ra3iB, KOSQIIiEHTY A HAAMIpY ITO-
BITPSI, KYTa Qpp sacn. IOBOPOTY APOCETHHOT 3aCIIiHKH, Maco-
BUX TOAWHHUX BHTPAT Gpop HMOBITPS, MACOBUX T'OJUHHUX
Butpat G, 3HT, Big edpexrrBHOI OTYKHOCTI Ne.

Kpim Toro, Ha miicTaBi eKCIEPUMEHTATBHUX 3aJICK-
HOCTEH HaBeJEHNX Ha HABaHTa)XYBAILHUX XapaKTEPHUCTH-
Kax, MoOy/loBaHI PO3PaxyHKOBI 3aJIS)KHOCTI CEPEAHBOTO
eeKTUBHOrO THCKY Pe y mumiHgpax, koedimieHTy 1y Ha-
MOBHEHHS! MITiHPIB, epexTrBHOTO KK/ 1, 1IMKIOBOT 10-
nadi qur 3HT, muromux edexruBunx Burpatu 3HI" ge Bin
eekTUBHOT MOTY»)HOCTI Ne.

Ha puc. 3 ta puc. 4, BunHO, 1m0 301IbIICHAS €EKTH-
BHOI motykHOCTI Ne TazoBoro /B3 BinOyBaeTbcs 3a paxy-
HOK 301TBIIEHHS KiBKOCTI Ta30MOBITPSIHOT cyMimTi (Kiib-
kocti 3HI'), mo HaaXoauTh B IIUIIHAPH, TOOTO 3MIiHOIO
KYTa @p.saca. IOBOPOTY APOCETBHOI 3aCIIIHKH.

IIpu po6oTi razoBoro /IB3 Ha pexuMax XOJIOCTOTO
X0/ly 1 pe)KMMax MaJliX HaBaHTAXXCHb, JIBUTYH IPALIOE B
obnacrti 30igHeHux cymimeii. Ile oOymoBieHo noripueH-
HSIM CYMILLIOYTBOPEHHS y BIlyCKHOMY TpyOOIPOBOIi 1 3HH-
KEHHSIM TypOyIti3awii ra30mnoBiTPSHOI CyMillli B UTIHAPI.
[Tpu upomy, ApocenbHA 3aciIiHKa 3HAXOUTHCS y TPUYHHE-
HOMY TOJIOKEHHI, IO TOTIpIIye YMOBH 3aiiMaHHS i 3r0-
PSTHHSI Ta30TIOBITPSHOI CyMIlTi B IFJIIHIPI, 8 TAKOXK 301J7Tb-
mrye ii po3BeACHHS 3apsIoM 3AIUIIKOBUX Ta3iB.

ITpu nepexoxni Bizl pexXUMy X0IOCTOTO X0y JI0 PEKH-
MIB MaJMX Ta CEpPEeHIX HAaBAaHTA)XEHb 30LIBIIYIOTHCS T'O-
nuHHI BUTPATH Gros TIOBITPs Ta ToauHHI BUTpaT G 3HI,
a Ta i BelMYMHA ITUKJIOBOI momaui qur 3HI'. B Hacmigok
LILOT0, TEMIIEpaTypa tr BiIpanbOBaHUX ra3iB MJIABHO 3pPO-
CTae 1 NpU HOMIHAJIBHIN MOTYXHOCTI JOCSTae OJIM3BKO
700°C.

OHOYACHO 3 IUM, ITiBUIIYETHCS HATOBHEHHS IIHJTi-
HapiB v Ta epektuBHuid KKJI 1, 301mblIyeTHCS YacTka
CBIXKOTO 3apsAy B poOOUiil Ta30TOBITPSHIN CyMiIIIi, MOJIN-
LIYIOTBCS. YMOBH CYMINIOYTBOPEHHS, 3allajieHHs 1 3T0-
PSHHSI TOPIOYOT CyMiITi.

Cepenniit epexTuBHUN TUCK Pe MiHINHHO 3pOcTae mo-
YHHAIOYH BiJI HYIIS (Ha PEKUAMI XOJIOCTOTO XO.Y), HO Ne nom-
3pocTaHHs cepeqHbOro e(PEeKTUBHOTO THCKY Pe, 3ymMOB-
JICHO THM, 1110 OiNbllIa YaCTHHA IHAMKATOPHOT poOOTH Iie-
PETBOPIOETHCS B €(DEKTHBHY.

Ha pexxumax cepenHix HaBaHTaxeHb razoBuii J[B3
NpaIfoe Ha EKOHOMIYHOMY CKJIaJli Ta30MOBITPSIHOT CyMillli
(A = 1,05...1,2). Ilpu nmigBuIeH] HaBaHTaXEHHs, Koediwi-
€HT A HaIMIpy TOBITPSI MPOJOBKYE 3MEHIIYBATHCS 1 IIPH
HOMIHANBHIN MOTYKHOCTI HOTO 3Ha4eHHs cTaHOBHUTH 0,9
[To6To razomoBiTpsiHa cyMimr i3 30iaHEHOT (€KOHOMIYHHHA
CKJIaJ cyMiini) crae 30aradeHor0 (TIOTYXHIA CKIaJ Cy-
Mimmi)]. [Ipu TakoMy 3HaueHHI Koe(illieHTy A HaaAMIpy Io-
BITpsl, INBU/IKICTH 3TOPSIHHS, BUJIUJICHHS TETUIOTH Ta epe-
TBOpPEHHS ii B IHAMKATOPHY poOOTY JOCATAIOTH MaKCHMa-
JBHUX 3HA4eHb 1 razosuii JIB3 Mae MakcMMaIpHY MOTYX-
HICTb.

IMuromi edextusHi BuTpatn 3HI' ge 0OepHEHO TIpO-
mopiiHi ne. Ha XomoctoMy X0y BOHH JOPIBHIOIOTH He-
CKiHYEHHOCTI, III0 BKa3ye Ha Te, 1[0 BCS TEMJIOTa BUTpaya-
€THCSl Ha MOJIOJIAHHS MEXaHIYHUX BTpaT razosoro /IB3, a
He Ha KOpHcHy po0Ooty. [Ipu 30inblIeHHI HaBaHTa>KCHHS
nuroMi epexTnBHi BuTpatn 3HI' cyTTeBO 3MEHIIYIOTHCS 1
nocsiratrots csoro MiHiMymy mipu 90...93% Ne sow.

EdexruBai Butpatn 3HI” ipu po6oTi ABUTYHA 110 30-
BHIITHIH MBHIIKICHIH XapaKTePUCTHII KOJUBAIOTHCS B Me-
*kax Big 4,0 mo 11,3 kr/rox (abo 7,5 ... 21,1 w/rox) mpu
gactoTax obepranus Bix 900 mo 2200 xB"! BiAmoBigHO.

Ho pedi, HOMiHaNBHI edexTuBHI BuTpatn Il mmse-
neMm J1-240 cknamarots 14 kr/rog ado 17 n/roxa.

HowminanpHa notyxHicTh razoBoro [[-240-LPG-«A»
TOPiBHIOE Nemax = 57,5 kBT (78 k.c.) mpu yactoTi 0bep-
TaHHs KOJIHYACTOTO BANY Nyuow = 2200 xBL. Takum uu-
HOM, HOMIiHaJbHa TOTYXHICTh razoBoro JIB3 [1-240-
LPG-«A» cknana 97 % Bii HOMIHAIBHOI MOTYXXHOCTI JIH-
semst [1-240.

OCHOBHI TexXHIYHI XapakTepuUCTHKH rasosoro [IB3
J-240-LPG-«Av, sxi HaBeneni y Tabm. 1.

Tabmuus 1. OCHOBHI TeXHIYHI XapaKTEPUCTUKH Ta30-
Boro /IB3 J1-240-LPG-«Ax.

Table 1. The main technical characteristics of the gas
engine D-240-LPG-«Av.

3HayeHHs
napamerpa
J-240-LPG
4-X TaKTHUH
razosuii /IB3 3
ICKPOBHM
3aIIaJIFOBAHHAM
30BHILIHE
(nogaua 3HI" no
BITYCKHOTO TPY-

Hasga nmapamerpa

Mapka JIB3

Tun

Croci6 cyMmineyTBOprOBaHHS

0ompoBoY)
Jiamerp mmmiHgpa, MM 110
Xij moprHs, MM 125

KinmpkicTh NMTiHAPIB 4

PoGounii 06’eMm, 1 4,75
[Topsiiok poOOTH MITIHIPIB 1-3-4-2
HowmiHanpHa OTYXHIiCTh, KBT 57,5
Yacrora o0epTaHHS TIpH 2350
HOMiHaJIBHil MOTYXHOCTI, XB™
MaKCI/IMaJ'Ib.HI/II/I KPYTHUI MOMCH_’{ / 304/1300
pH 9acToTi obepranHs, H-m /xB
HowminaneHuit koedimieHT 29
3amacy KpyTHOTO MOMEHTY,%
MakcumasbHa yactota 00epTaHHs

1 2250
JB3 Ha xos0cTOMy X0y, XB
CreniHp CTUCHEHHS 9,5
[Tanuso 3HI"

Ha BCiX MIBUAKICHUX Ta HaBaHTa)XyBaJIbHUX PEXH-
Max pobotu koHBepToBaHUil razoBuil J[-240-LPG-«A» 3
cucTeMoro xuBiieHHs Ta moaadi 3HI™ 1o BmyckHOTO TPpy0©O-
MPOBOJIY Ta EJIIEKTPOHHOIO CHCTEMOIO 3allallOBaHHs 3 Py-
XOMHMM po3noaitbHuKoM Harpyru i EBY Avenir Gaz 37 pi-
BHS «A)» MpAIIOBaB CTIHKO 1 0e3 AeToHAaIll.

BucHoBku

1.TToxa3aHi mepeBaru i IOMIJIBHICTE BUKOPHUCTAHHS
TPaHCHOPTHUMH 3aco0amu (y TOMY YHCIi CLTBCHKOTOCIIO-
JAPCBKAMH TPAaKTOPaMH) Ta30BHX MOTOPHHUX ITajHB, 30-
KpeMa 3piJUKeHOro Ha(TOBOTO Ta3zy MOPIBHSIHO 3 TPau-
iHIM IU3EeTbHIM AJIUBOM.
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2.00rpyHTOBaHa JOIIIBHICTh KOHBEPTYBAaHHS JU3e-
JIiB TPAHCTIOPTHHX 3aco0iB y ra3osi JIB3 i3 ickpoBuM 3ama-
JOBaHHAM 111 po6oTt Ha 3HI Ha migcTaBi BUKOPUCTaHHS
po3pobieHoi cydacHOi YKpaiHCBKOI CHHTE3-TeXHOJIOTil
Avenir Gaz piBHS «A».

3.Po3pobnerno Ta crBopeno rasoBuit JIB3 momemi
J-240-LPG-«A» 3 cuctemoro xuBneHHs Ta moaavi 3HI™ o
BITYCKHOT'O TpyOOITPOBOAY Ta €IEKTPOHHOIO CHCTEMOIO 3a-
TIAJIIOBAHHS 3 PYXOMHUM PO3NOJUILHUKOM Hanpyru i EBY
Avenir Gaz 37 piBHs «A» ast poOOTH Ha 3piHKCHOMY
HadTOBOMY rasi, IKuil KOHBEPTOBAHO Ha 0a3i TPAaKTOPHOTO
musenst J1-240.

4.Bu3HaueHi OCHOBHI TEXHIYHI XapaKTEPHUCTHKH I'a-
30Boro /IB3 /1-240-LPG-«Av, sxi noemnu, mo epeKTHBHA
HOMiHaNbHA TMOTYXHICTH TazoBoro JIB3 craHoBHUTH
Nemax = 57,5 kBT mpu n, = 2200 xBl, a MakCUMabHUI
e(peKTUBHAN KpyTHUI MOMEHT JOPIiBHIOE
Me.max = 304 H-m, mpu n; = 1300 x872.

5.O0TpuMaHi eHepreTu4Hi Ta EKOHOMIYHI MapaMeTpH
moKasaiiy, o KOHBepTallis Au3eiiB y ra3osi JIB3 Ha mij-
CTaBl BHUKOPHUCTAHHS PO3POOJCHOT CHHTE3-TEXHOJOTIT
Avenir Gaz piBH «A» € e()EeKTHBHUM CIOCOOOM 3MEH-
LIEHHS eKCIUTyaTallilHUX BUTPAT CLIBCHKOTOCTIOIAPCHKOI0
TEXHIKOIO 32 paXyHOK 3aMiHH OLTBIII JOPOTOTO IU3EITHHOTO
MaJIMBa OLBII ICIICBUM 3piKCHUM Ha()TOBUM Ta30M.
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Gazovyie dvigateli. M., Mashi-

PA3PABOTKA U UCCIIEJOBAHUE CUCTEMbI
VIIPABJIEHUE I"'A30OBbBIM JIBC,
KOHBEPTHUPOBAHBIM HA FA3E TPAKTOPHOI'O
JAN3EJA
C. A. Kosanés

AHHOTanus. B cTaThe MOKa3aHkI 1IEeJIeCO000pa3HOCTh
U MpEeUMYLIECTBa UCIOIb30BAHUS CEIbCKOXO03SHCTBEHHON

TEXHHUKOH (TaKOi KaK MOIIHBIE JU3ETbHBIC KOJICCHBIC U T'y-
CCHUYHBIE TPAKTOPHI) TA30BBIX MOTOPHBIX TOIUINB, B 9aCT-
HOCTH, CKIDKEHHOTO HE()TSHOTO Ta3a [0 CPaBHEHHIO C Tpa-
JUOAOHHBIMA KHIKAMH MOTOPHBIMH TommBamu. O6oc-
HOBaHA IIeNIeCO00Pa3HOCTh MPeoOpa3oBaHUs TPAKTOPHBIX
nu3eneit B razoBbie [IBC ¢ HCKPOBBIM 3a)KUTaHUEM.

Pa3paboTana 31eKTpoHHas CUCTEMa YIpaBJIeHHs Ta-
30BIMU JIBC ¢ UCKpPOBBIM 3a)XUTaHMEM, COCTOAIIAS W3
JIBYX TJIaBHBIX CHCTEM 3JIEKTPOHHOTO OJIOKa YIpaBIICHUS
Avenir Gaz 37 ypoBHS «A».

OmnucaHbl MPUHIKI PaOOTHI CUCTEMBI YIIPABJICHUS Ta-
30BeiMU JIBC, ¢ cuctemoii nutanueMm u nomayn CHI™ Bo
BIIyCKHOH TpyOOIIpOBOA 4epe3 TIa30BO3IYIIHAS CMECH-
TeNb, OECKOHTAKTHOH 3JIEKTPOHHON CHCTEMOH 3a)KUTaHH
C TOABMKHBIM PACHPEIEIUTEIEM HANPSKCHUS, CUCTEMOM
HATIOJTHEHUS IUIMHAPOB 3apsaoM pabdoueii cmecu u OBY
Avenir Gaz 37 ypoBHA «A».

Pa3paboTan U co3maH ra3oBbIi JBHTAaTENb BHYTPECH-
Hero cropanus monenu J1-240-LPG-«A» mis paboter Ha
CHI'. T'a30BBIii nBUTATENb OBUT KOHBEPTHPOBaH Ha 0ase
TpakTopHoro auzens J1-240 (atMochepHblit, 4eTBIPEXTaKT-
HBIH, JKHJIKOCTHOTO OXJIaXJCHHUS, 4-X LMIHHIPOBBIA JBH-
rarens ¢ quaMmerpom nopiiHa 110 MM u xomom 125 mm),
KOTOPBIH yCTaHABJIMBACTCS HA YHUBEPCAIHLHO-TIPOIIAIITHbIC
KoustecHbIe TpakTopsl MT3-80 u MT3-82.

B pabote nmpuBeneHb! pe3ysbTaThl UCIIBITAHNS Ta30-
Boro JIBC momemn -240-LPG-«A» Ha 3neKkTpruecKoM
Harpy3o4HoM creHe Zollner c MoaepHU3UPOBAaHHONW MUK-
POIPOLIECCOPHOI CHCTEMOM M3MEPEHUS U YIIPABICHNUS.

CHATBIE Harpy3o4Hble XapaKTEepUCTUKHU TIa30BOTO
JIBUTATEII, HA OCHOBAHHUU KOTOPBIX OMpEIEICHB OCHOB-
HblE TEXHHYECKUE XapaKTepUCTUKH razosoro /[-240-LPG-
«A», a Takke ero dpQeKTUBHBIC NapaMeTpbl. TexHude-
CKHE XapaKTePUCTUKU MOKA3aIi, YTO HOMUHAJIbHAST MOIII-
Hocth razosoro JIBC J1-240-LPG-«A» cocraBuna 97% or
HOMHHAJIbHOW MomHocTH am3eis J1-240.

B crarbe mokasaHo, YTO HOJyYCHHBIE B PE3yJIbTATE
WCTIBITAaHWH JHEPreTHYeCKHe W OSKOHOMHYECKHE Iapa-
MeTpsl razoBoro [IBC /1-240-LPG-«A» moarsepauny 1e-
71ec000pa3HOCTh KOHBEPTUPOBAHUS TPAKTOPHBIX TH3eIeh
B razoBble JIBC ¢ uckpoBbiM 3axuranuem. K romy xe, no-
JIydCHHBIE B HCTIBITAHUSIX TEXHUYECKHE MapaMeTphl MOKa-
3aJM, YTO Takash KOHBepTalus SBJsLeTcsS 3()(HEeKTHBHBIM
croco0OM yMEHBIIEHHUsS] JIKCIUTyaTal[HOHHBIX PACXOJ0B
CEJIbCKOXO35IIICTBEHHON TEXHMKOH 3a cUeT 3aMeHBI OoJee
JIOPOTOr0 JU3EIHFHOTO TOIUIMBA O0ee AEUIEBBIM COKIKEH-
HBIM HE(TSHBIM I'a30M.

KnioueBbie cji0Ba: ra3oBbIil IBUTATEb BHYTPEHHETO
CropaHusi, CHCTEMa YNpPaBJICHUS Ta30BBIM JBHraTelIeM
BHYTPEHHETO CIOpaHMs, 3JIEKTPOHHBIH OJIOK yIpaBieHUS
Avenir Gaz 37 ypoBHs «A», Harpy3ouHble XapakTepH-
ctuku razoBoro JIBC, cxxmkeHHBI HePTSHOM Ta3.

DEVELOPMENT AND RESEARCH OF THE SYSTEM
OF MANAGEMENT OF A GAS ENGINE
CONVERTED ON THE BASIS OF TRACTOR DIESEL
S. O. Kovalov

Abstract. The article shows the feasibility and ad-
vantages of using agricultural machinery (such as powerful
diesel wheeled and tracked tractors) of gas motor fuels, lig-
uefied petroleum gas in comparison with traditional liquid
motor fuels. The expediency of converting tractor diesel
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engines into gas engines with spark ignition is substanti-
ated.

An electronic control system for gas internal combus-
tion engines with spark ignition is developed, consisting of
two main systems and of the electronic control unit Avenir
Gaz 37 level «Ax.

The principle of operation of a gas engine control sys-
tem is described, with a liquefied petroleum gas system for
the intake gas through an air-gas mixer, a non-contact elec-
tronic ignition system with a movable voltage distributor,
a cylinder filling system with a charge of the working mix-
ture and Avenir Gaz 37 ECU level «Ax.

A gas-fired internal combustion engine of the D-240-
LPG-«A» model for operation in the LPG was developed
and created. The gas engine was converted on the basis of
the D-240 tractor diesel engine (atmospheric, four-cycle,
liquid cooling, 4-cylinder engine with a piston diameter of
110 mm and a stroke of 125 mm), which is mounted on
universal wheeled tractors MTZ-80 and MTZ-82.

The paper presents the test results of a gas engine
model D-240-LPG-«A» on the Zollner electric load bench
with an upgraded microprocessor measurement and control
system.

Were filmed load characteristics of the gas engine, on
the basis of which the main technical characteristics of the
gas D-240-LPG-«A» are determined, as well as its effec-
tive parameters. Technical characteristics showed that the
rated power of the gas ICE D-240-LPG-«A» amounted to
97% of the nominal power of the D-240 diesel engine.

Itis proved in the article that the energy and economic
parameters of the D-240-LPG-«A» gas engine obtained as
a result of the tests confirmed the feasibility of converting
tractor diesel engines into gas engines with spark ignition.
In addition, the technical parameters obtained in the tests
showed that such a conversion is an effective way to reduce
operating costs by agricultural machinery by replacing
more expensive diesel fuel with cheaper liquefied petro-
leum gas.

Key words: gas internal combustion engine, gas en-
gine control system, Avenir Gaz 37 electronic control unit
level “A”, load characteristics of a gas internal combustion
engine, liquefied petroleum gas.
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AHoTamigs. VY cTarTi NpencTaBleHO  Crocid
BHU3HAYCHHS OI0JIOTIYHOI BPOXKAWHOCTI KOPEHEIUIOZIB i
THYKA IYKPOBUX OYpsKiB Tepex 30MpaHHAM, SKHI
TPYHTYETBCSI HA €KCIICPUMEHTAIBHUX JAaHUX, OTPHMaHUX
6e3mocepenHpO B TOMi. I 3MEHIICHHS TPYJOMICTKOCTI
mporecy Bimbopy mpod 1 iX KUTBKOCTI 3 OXHOYACHHUM
3a0e3MeueHHsIM JIOCTOBIPHOCTI OTPUMAHOIO pPEe3yJbTaTy
MPOBEJICHO CTAaTHCTHYHY OOpOOKY HaHUX 3a KpHTEepieM
dimepa, siKa MiATBEPKYE 10 PO3MIP 3aTIKOBOI JUISTHKH B
JociimkyBaHux mexax (Big 20 no 100 ra) npakTu4HO He
BIUIMBAa€ Ha BEIMYMHY O10JIOTIUHOT BpOXKaWHOCTI, a
MiHIMallbHA KUTBKICTB P00 TOPIBHIOE TPUHAALISATE.

Ha 06a3i maHuX MOIBOBUX €KCIEPUMEHTIB OTpUMAaHa
¢dopmymna  koedimieHTa  TepepaxyHKy  0i0J0OTigHOI
BPOKalHOCTI y 3aJiKOBY 3aJIe)KHO BiJ] KOHKPETHUX YMOB
30upaHHs OypsKiB.

Karouosi cioBa: BpoxaitHicTh 0ioOTiUHA, 3aTIKOBA,
BaJoBHM 30ip, BTpAaTH KOPEHEIUIoAiB, kKputepiii dimiepa,
Koe(illieHT epepaxyHKy.

IHocranoBka npodaemu

LlykpoBi OypskM TIpH IHTEHCHBHII TEXHOJIOTI]
BUPOIIYBaHHs 30MpalTh, SK MPaBWIO, MOTOKOBUM
CIIOCO0OM.

3 METOI0 IMABMINEHHS BiAIIOBIZAJBHOCTI YIEHIB
30MpaTbHO-TPAHCIIOPTHOTO 3aroHy 3a IMOBHOTY 30MpaHHS
KOPEHEIUIO/IIB IIyKPOBHUX OYpSKIB Ta TPAaHCHIOPTYBaHHS 1X
Ha OypsIKOTIpUIMAbHI MyHKTH JOLIIEHO BCTAHOBIIIOBATH
3aroHy 3aBJaHHS 10 OOCSTY CHPOBHMHH, IO 3[a€ThCS, Y
3aJTIKOBiif Ba3i 3 KO)KHOT'O KOHKPETHOTO OYpSIKOBOTO MOJIS.

Jnst mporo 3a 1-2 mHi 10 30MpaHHS BU3HAYAIOTH
OiomoriuHy BpokaifHicTh OypsKiB 1 KOediIlieHT mepeBoay
OCTaHHBO1 B 3aJIIKOBY BPOKalHICTh KOPEHEIJIOIiB.

3amikoBa Maca MOXX€ BIApI3HATHCS Bif OioyorigHOl
yposxaitHocTi Ha 7-9% 1 OinbIne, y TOMY 4HCIi HOpMOBaHi
BIZIXO/JIM TOJIOBOK KOPEHEIUIOAIB y THUKY 5%, IOmycTHMi
BTpaTH JpIOHMX YacCTHH KOPEHEIUIOIB 30MpanibHUMHU
MammHamu — 1,5% 1 HaBaHTaxxyBadamu — 0,5%, BTpaTH Bij
/1B SUTIOBaHHSL NPOTATOM Hepmoi jo0u  30epiraHHs
KOPEHEIUTO/IIB Yy MoJboBUX Karartax — 1,5-2% [1, 3, 7, 8].

Y BUpOOHMYMX YMOBax pi3HHIS MK 010JIOTIYHOIO
BPOXXAMHICTIO 1 3aJiKOBOI0 Macol MOXke xocsrath 15-
18%, 0co6mBo mpu poOOTI MAIIMH HA 3aCMIYEHUX TOJISIX,

TIPH i IBUILEHIH a00 3HIKEHIH BOJIOTOCTI IPYHTY, a TAKOX
Ha JIISHKAX 13 KpyTH3HOO cxuiiB Oinbiie 3°[9, 10].

JormycTumi 3a arpoBUMOTaMH BTpaTu T'UUKH — 10 10%
[2, 7]

Metonu BHW3HA4YCHHA OIOJIOTIYHOT BPOXKAWHOCTI
IyKPOBUX OYypSKIB 3aJMIIAIOTHCS TPYJOMICTKHMH, aJlkKe
NOB’si3aHi 3 BigOOPOM MPOO INUIIXOM BUKOIYBaHHS,
OUMIICHHS, 3Ba)XYBaHHA OypsKiB BpyuHy 3 pslka
IOBXKHUHOIO 1HKOIH 10 900 M.

OTxe, po3poOKa TOCTOBIPHOTO CIIOCOOY BU3HAUCHHS
OioJtoriuHOT BpOXKatHOCTI 1 PO3paxyHOK 3aliKOBOi Baru
KOPEHEIUIOIB 3a MEHIIMX 3aTpaT Py4HOi mpari notpedye
OCIHIIKEHHS.

AHaJII3 0CTAHHIX JOCTIIKEeHD

3 MUHYJIOTO BiZIOMi CIIOCOOHM BU3HAYCHHS 010JI0TIYHOT
BpOXKaifHOCTI OypsIKIB 3a TYCTOTOIO CTOSIHHSI POCIIHH,
MIIpax0BaHOO Ha PSIKY JOBXKUHOIO 2 M uepe3 KoxHi 50 M
IO J{iaroHaJIi MoJIs Ta 32 CePeIHbOI0 MACOI0 KOPEHETJIOMIB,
BUKOIIAHUX MO OJHOMY 3 MPOOHW 3 JIIBOrO KiHIS MipHOT
peiiku, UM 110 I’ ATH JUITHKaX JOBXHUHOIO0 10 M 1 IIKPHHOIO,
PIBHOIO 3-M MDKPSIISIM, YU TO 4-X OUISHKaX TUIOMICIO
100 m? koxHa [2, 4].

VY HimeuuwnHi, Hanpukiazg, 0i0JOTIYHY BPOKAWHICTH
KOPEHEIUTIOIB OTPUMYIOTh 32 PE3yJIbTaTOM BHKOITYBaHHS
OypsKkiB IykpoBuX 3 20-TH KOHTPOJIBHUX IUISHOK IDIOMICIO
6,75 M2 [5, 6, 11, 12].

Meta gocjaiaKeHn

Meroro  maHuUX ~ JOCHiI)KeHb €  po3poOka
MaJIOTPYJIOMICTKOTO 1 JOCTOBIPHOTO CIIOCOOY BU3HAUCHHS
6ioJIoriuHOT 1 3aJiKOBOI BpPOXAaWHOCTI KOPEHEIUIOAIB 3a
YMOBHU MiHIMaJbHOT KUTBKOCTI MPOO HA OIMHUITO TUIONII,
Ta BEIMYMHH Koe(illieHTa mepepaxyHKy OioJorigHOT
BPOXKaHOCTI KOPEHEIUIOIB Y 3aJIKOBY IPU MTOTOYHOMY 1
nepeBajJoyHOMY croco0i 30MpaHHS 1 pPI3HUX CTpOKax
30epiraHHs B MOJII.
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Pe3yabTaTi 10caiTKeHb

[ITo6 oOrpyHTYBaTH MiHIMaNbHY KUIBKICTB HpOO 3a
JNOIMyCTUMOI ~ TOXHMOKM  BH3HAYCHHA  O10JIOTi9HOL
BpoxaiiHocTi He Oumpme 5%, Ha OypsSKOBHX IOJSAX
BigObupamu mo 37 mpoO, 3 sAKuX 33 po3MiIIyBaIUChH IO
JiaroHajsx, 4 — Mo OChOBHUX JIHISX TOJNIB. YPOKalHHICTh
po3paxoByBau B cepeaHboMy 1o 5, 9, 13, 17, 21, 25, 33 i
37 mpobax. 3a KOHTpPONb NpHUiiManu  GioJOTiYHY
BPOXKaifHICTh, OTPUMaHY 110 37-MH IPOOax.

Sx BupHO 3 Tabn. 1, y Bapianti 3 13 mpobamu
OiosioriyHa BpOKaMHICTh BIIXWISETHCS BChOTO Ha 1,5-
4,0 % Big KOHTPOIIO, MPAKTUYHO BIJCYTHS PI3HHILI MiX
daxrrannm (2,12 %) i reopetraanm (2,16 %) KpuTepisMu

ictotHoi pi3HmIi. Came TOoMy OioNOTiYHY BpOXKalHICTBH
KOPEHETUIO/IB Y OJaNbIIOMy BU3Hadad 3a 13 mpobamu.

Juis  mocmimpkeHHS — BIUIMBY — BEJIMYMHH — IUTOIII
OypsSIKOBOTO TIOJNS HA TOYHICTH BH3HAYCHHS O10JIOTI4HOL
BpOXaWHOCTI BUAULLTN OinstHkn po3Mipom 20, 40, 60, 80
ta 100 Ta, HA KOXHIA 3 SKHX OKpPEMO BH3HAYAIH
Oiosoriuny  BpoxaidHicte  (Tabm.  2). IlimpaxyHku
MOKa3ylTh, IO PI3HUIS MK BapiaHTaMH HE MEPEBUILYE
4,9 %, a oOpoOka excrnepuMeHTaIbHUX AaHux Ha [1K
BUSIBMJIA, 110 32 TeopeTuuHoro kpurepito @imepa 5 %,
(axtuunuit mopisHIOBaB 1,96 %, TOOTO iCTOTHOI pi3HUII
noMik BapiantaMu Hemae. OTke, pO3MIp 3aJiKOBOT
JUISTHKY TPAaKTUYHO HE BIUIMBAE HAa BEIMINHY O10JIOTIIHOT
BPOXAaWHOCTI Ha TOJIAX 3 PIBHUM pelIbe(OM Ta OJTHAKOBUM
3a BpOXKaWHICTIO (poHOM.

Tabéauus 1. BigxwmneHas 610710T19HOT BpOKaHHOCTI KOPEHEIDIOAIB IIYKPOBUX OYPSKIB 3aJICXKHO Bi KIJIBKOCTI P00
(TIIT «Ykpaina» [TominpHsAHCEKOTO paiiony XKutomupcbkoi oobmacti, 2017 pik).
Table 1. Deviation of biological yield of sugar beet roots depending on the number of samples (PE "Ukraine"

Popilnyansky district of Zhytomyr region, 2017).

BionoriuHa BposkaifHICTh KOPEHETIOIIB Kpurepiii icroToi pizauui, %
T/Ta % (baxkTr4HU TEOPETUIHUI
49,8 104,6 6,45 2,57
47,0 98,7 4,84 2,26
46,9 98,5 2,12 2,16
46,9 95,8 2,60 2,11
46,1 96,8 2,86 2,08
46,6 97,9 1,56 2,06
46,9 98,5 1,18 2,05
48,5 101,9 0,94 2,04
47,6 100,0 0,00 2,01

[ —

il

Puc. 1. Cxema po3milieHHs Ha oI Micup BinOopy npoO ass BU3HauYeHHs OionoriyHoi BpoxaiHocTi Oypsakis (L —
noBkuHa mosst, C — mmpuna moist, | — 2,22-MeTpoBi BiZpi3Ky psjKa i HATPSIM B3ATTS MPOOH).

Fig. 1. The scheme of placement in the field of sampling sites to determine the biological yield of beets (L - field
length, C - field width, | - 2.22-meter line segments and the direction of sampling).
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Tabauua 2. BiosoriuHa BpOXaWHICTE KOPEHEIUIOMIB 3ajie)KHO Bim posmipy mimsakda mojs (IIT «Yxpaidna»
[MonineHAHCHKOTO paiiony Kutomupcbkoi obmacti, 2017 pik).
Table 2. Biological yield of root crops depending on the size of the field (PE "Ukraine" Popilnyansky district of

Zhytomyr region, 2017).

[Tnoma minsgHKY, Ta Cepenne
Iloka3nuku
20 40 60 80 100 (65 1pod)
Bionoriuna
BPOXKAWHICTB, T/Ta 41,7 43,0 40,9 40,1 429 41,6
Bigcorok no
cepenHporo, % 100,2 104,9 98,3 96,4 103,1 100

Tadanus 3. Brpatu (Bigxoan) IyKpoHOCHOT MacH 1 koe(dillieHT nepepaxyHKy 010J10Ti4HOT BpOXKaWHOCTI Y 3aJIiKOBY.
Table 3. Losses (waste) of sugar mass and the conversion factor of biological yield into credit.

3HaueHHs OKa3HHUKIB BTPAT MAacH KOPEHEIUIOAIB, %o Koediuient
Buau Brpart (Bigxois) fICpepaXyHKy
. . . GiosoriuHOT
Macu KOPEHEeII0/1iB ATpOTEeXHIYHI BUMOTH Ha BupoGHHIITBI . .
BPOKaHOCTI B
3aJIKOBY
Hexkonmumiitai pocimHn - 2,0
[icnsa mamuHA
THYKO30HMpabHOT 50 3,5
KOpeHe30uparbHOi 15 58
MOKIIUBICTh MigiOpaTu -
BpYUHY 2.8
[icnsa 6ypsakoHaBaHTa)XKyBada 0,5 34
MoKIuBICTh migiOpaTn - 18
Bpy4HY ’
3araipHi 32 IOTOKOBOTO CIIOCO0Y 6,5
3Gupanns 8,5/11,3 0,915/0,887
Cepenupon000Bi Bij -
MIPUB SIIEHHS 32 YMOB HOJIBOBOTO 1,4
30epiraHHs
3araJyipHi 3a IepeBaJIOIHOTO
crocoOy 30HpaHHs 3 BUBE3CHHSIM
KOPEHETLIO B!
7,0
2 Aenn Bro Ly 10,1/14,7* 0,899/0,853
TicyIst BUKOITyBaHHS:
i MR : 11,5/16,4 0,855/0,843
B — ) 17,4/21,7 0,829/0,783
22,7/27,3 0,773/0,727
Brparu ruuku 10,0 15-25

* Tyt i1 gani: B 4YHCENBHMKY JaHI 32 Py4YHOrO IiJOMpaHHS BTPAYCHUX KOPEHEIUIONIB 30HMpaIbHUMHU MallMHAMH 1
OypsKOHaBaHTa)XyBadeM, Y 3HAMCHHUKY — 0e3 TiI0upaHHs.

Micust (Toukm) Bigbopy mnpoO aiusi BHU3HAUCHHS
6iomorigHOT BpOXKalfHOCTI KOPEHEIUIOAIB 10 IiaroHaJAX i
OCBOBHX JIIHISIX MOJIS BU3HAYAIOTHCS HACTYIHHUM YHHOM
(puc. 1). Kpaitni Touku 1, 5, 6 1 9 — Ha Bigcrani 70 M Big
KYTiB MMOJIST, TOYKH 2, 4, 7 1 8 3HAXOUMO AUIEHHSM Ha JBi
BiJICTaHi BiJi TOUKH MEPETHHY JiaroHanei (Touka 3) 10

1-3 3-5 3-6.3-9

KpaiHiX TOYOK Ha HHX ( PO e 1 >

10, 11, 12 i 13 — gineHHAM IOBKHHH OCHOBHUX JIiHIiK (@b,
cd) ua otupw.

JloBXXHHY JliaroHaNei, OCbOBUX JiHiH, BiICTaHEH MiXK
MICIIMH PO3TalIyBaHHSI NPoO BH3HAYANHM 3a KapTaMu-
cXeMaMH YH BHMIPIOBaHHSAM Oe3lOocepeaHb0 B IOJI.
[epmmii crioci® € MEHI TPyIOMICTKHM, MPOTE BUMAarae

) , TOYKH

TOYHOTO BHMIpIOBaHHS Ha KapTi 3 BUTPUMYBaHHSAM
Macutady, po3paxyHKiB Ta IIepeHeceHb Ha HaTypy.

[IpoOy BimOMpaloTh y MICHAX pO3TallyBaHHS 3
OinbmIoi cropoHH Touisl. BoHa ckitaaeThest i3 BUKOIAHUX
KOPEHEIUIOIB OJHOTO psAKa JOBXHHOIO 2, 22 M 3a
Mikpsimb 45 oM uym 1,66 M — 3a Mikpsae 60 cM.
Kopenemnoan peTensHO OYHMINAIOTH Bif TPYHTY, THUKY
Bifpi3aroTh Ha niamerpi He Oimpime 25 mM. Buimydarots
XBOCTOBY YaCTHHY KOPEHEIIoy AiamMeTpoMm 110 10 M.

Macy KOpeHEemIo/iB, iX KiUIbKICTh, Macy THYKH 3
poOH 3aHOCSTH 10 POOOUYOro KypHAITY.

3a JIOMOBJCHICTIO 3 CHPOBHHHOIO JabOpaTopiero
IyKPOBOT'O 3aBOJY MOYKHA BifOMpaTH mpoOoBig0ipHUKOM
tuny «Prompo». IIpu oMy BH3HA4alOTh TUIBKH Macy
KOPEHEIUIOAiB (YMOBHO YHCTYy) Ta X LYKPHCTICTb, VIS
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4Oro KOPEHEIUTOAM KOKHOT MPOOH 3aTapiolOTh B OKpEeMUi
MIIIIOK pa3oM 3 €TUKETKOIO0 HAa3BW MiJIMPUEMCTBA, HOMEPA
TOJIs1, KITBKOCTI KOpeHetw1oiB. JlaHi TakoX 3aHOCSTHCS 10
pobodoro KypHaiy.

Biomoriuay BpOXaiHICTP KOPEHEIUIONIB 1 THIKH
(T/ra) miapaxoByIOTh 3a HOPMYIIOI0:

Bson =10 B /1,

e B — cymapHa Maca KOpEHEIUIOIB Y THYKH BCiX Mpoo,
KT; N — KiIbKicTh mpod (13); 10 — xoedinieHT mepeBoxy

I'ycroTy crosHHS (THC. pociuH Ha 1 Ta) BU3HAYAIOTH
3a Ti€ro X (popMyJoro, NIe 3aMiCTh MacH KOPEHEIUIOIB
3aIMUCYIOTH iX 3arajbHYy KUIBKICTb.

3ajikoBa BpOXaWHICTh KOPECHEIIOAIB BiJPi3HAETHCS
BiJl 010JIOT1YHOT Ha BeNWYMHY BTpAT (BIAXOMIB) Macu Mpu
30HMpaHHi, HAaBaHTAXXYBaHHI 1  TPaHCIIOPTYBaHHI
KOPEHEIUIOMIB 3 Mojisl Ha OypsKONpUHMalbHI IYHKTH
LyKPOBUX 3aBOIB. BTpaTn BUpakaroThCs y BiICOTKaxX Bix
010JIOTIYHOT BpOXKAHOCTI 1 € CKIIamoBOKO KoedilieHTa
IepepaxyHKy O10JOTiYHOI BpPOXKAMHOCTI B 3aliKOBY. Y
BHPOOHMYMX yMOBaX, KOJNM BTpadeHi 30UpaTIbHIMHU
MallnHaM# KOPEHEIIO MM MiA0HPAIOThCs BPYYHY, 3arajbHi
BTpaTH IyKPOHOCHOI MacH 3a MOTOKOBOTO CIIOCOOY
30upaHHS MOXyTh Oytm Ha piBHi 8-8,5 %, 3a
nepeBaJovyHOro (BUBI3 OYpsIKiB B IeHb BUKOITYBaHHSI) — JIO
10,1 6e3 pyunoro mimbupanus Bigmoriauo 11,3 1 14,7%
(Tabm. 3).

3a mepeBajJoYHOro Croco0y 30MpaHHs, y pa3si, KOJIU
KOPEHEIUIOU 13 MOJhOBUX KaraTiB BHBO3ATh Ha I ATHIH
JICHb TICJIsl BUKOIYBaHHS, BTpaTu cKianawoTh 21,7, a Ha
necaruit — 27,3 % Big 0i0IOTI9HOT BPOXKAHOCTI.

3amikoBa  BpOKaHICTH  KOpeHemomiB  (T/ra)
BU3HA4Ya€eThes 3a popMyInoro:
B 3an. = B Gioo. K,

ne K —xoedinieHT nmepepaxyHKy 0i0J0T19HOT BpOKAITHOCTI
Y 3aJIiKOBY.

BiH 3ayieXuTh BiJJ] KOHKPETHHX YMOB 30HMpaHHsI
OypsIKiB 1 OPIBHIOE

B 6ion.—BT 100,0—8,5
B 6io.1. 100,0

ne B, — BTpatu KOpeHeruionis, T/ra, abd0 y BiJICOTKax;
Bsion — Oi0JIOTIUHA BpOXKAHHICT KOPEHEILIOAIB Y T/Ta, 400
100 %.

Banosuit 30ip KopeHeII0aiB (T):

B 36ip — WB 3a

ne W — 3araipHa miomia OypsikoBOro Mo, ra.

= 0,915,

BucHoBKH

1. OOGrpyHTOBaHOIO MiHIMaJBHOIO KIJIBKICTIO P00
JUTS BU3HAYCHHS 010JIOTIYHOT BPOXKAWHOCTI KOPCHEIUIO/IB
i THYKH OYypsKIB I[YKPOBHX € YHCJIO TPHHAIIATH, IO
ATBEPXKYETHCS PE3YJIbTaTaMH CTATHCTHYHOTO aHANI3Y.

2. Po3mip 3amikoBoi AiissHKH B Mexax Big 20 o 100
ra NPakTHYHO HE BIUIMBA€ Ha BEIMYMHY OioJIOriuHOI
BpPOXKaHOCTI

3. 3ayikoBa Maca MOXe BiIpi3HATHUCS Bij 0i0J0rigHOT
yposxaitHocTi Ha 7-9% 1 Oinbpiie, ocoOMMBO mpHU POOOTI
MaIlliH Ha 3aCMIYeHHMX MOJAX, NPH IMiIBHIIEHIH abo
3HMKEHIH BOJIOTOCTI IPYHTY, a TaKOX Ha TUISHKax i3
KpyTH3HOIO cxuiuiB Oinbine. KoedimieHT mnepepaxyHKy
6ioyIoTiyHOT BpOXKaHOCTI KOPEHEIUIOMIB y 3aJliKOBY Yy

KOHKPETHHX YMOBaX IIOBHHEH BCTAHOBJIOBATUCS B MEXax
0,85-0,90.

4. 1106 3amobirTé BTpaTaM BpOXKalo, HEOOXiTHO
peTensHO BiZIperyJIIOBaTH 30MpanbHi MaIliHH,
OpraHizyBaTH pOOOTH 31 CBOEYACHOTO MiIOOPY BTPAUCHUX
KOPEHEIUIONIB Ta X BHBE3CHHIO, a TAKOX 3aCTOCOBYBATH

MOTOKOBUH a00 TMOTOKOBO- MEPEBAJIOYHHUI  CHOCIO
30upaHHs ~ OypsKiB 13  BUBE3GHHSIM  BHKOIIAHUX
KOPEHEIUIOJIB y JeHb 30MpaHHs, HE JONYCKaluu

TpUBaJIOro 30epiraHHs iX y NOJIBOBHUX Kararax.
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OIIPEJEJIEHUE BUOJIOT' MYECKOI'O
YPOXAMHOCTH CAXAPHOM CBEKJIbI ITEPE]]
YBOPKOH
. A. Jlepesanko

AnHotanusi. B cratbe mpeacraBieHsl  croco0
orpeieIeHUs Ouosoruyeckon ypoxKaiHOCTH
KOPHEIUIOIOB U OOTBHI caXapHOM CBEKJIBI TIepes] YOOpKOH,
OCHOBAaHHBIH ~ Ha  O3KCIICPUMEHTAIBbHBIX  JaHHBIX,
MOJTyYCHHBIX HETIOCPEACTBEHHO B 1oJie. [y yMeHbIIeHN
TPYAOEMKOCTH TIporiecca oT0opa mpod 1 MX KOJIMIECTBa C
OJHOBPEMEHHBIM obecrieueHneM JOCTOBEPHOCTH
MOJTYYCHHOTO pe3yiabTaTa IPOBEJCHA CTATHCTHIECKAs
00paboTka maHHBIX IO KpuTepmio Dumepa, KoTopas
MOATBEPKIIAET pa3Mep 3aUeTHOW YYaCTKH B UCCIICAYEMBIX
npenenax (or 20 go 100 ra) mpakTUYecKd HE BIUSET HA
BEJIMYMHY OHOIOTHYECKOH yposkaifHOCTH, a MUHUMAJIbHOE
KOJMYECTBO Mpo0 paBHA TPUHAALATH.

Ha 6a3e naHHBIX MOJIEBBIX AKCIIEPUMEHTOB TI0JIy4eHa
¢dopmyma xodp¢ummeHTa Imepecyera OHOIOTHIECCKOM
YPOXaHOCTH B 3a4ETHYIO B 3aBHCUMOCTH OT KOHKPETHBIX
YCIIOBUH yOOPKH CBEKJIBI.

KaroueBble cioBa: ypoxaifHOCTh OHONOrmMueckas,
3a4eTHasi, BaJIOBOH cOOp, OTEpH KOPHEILIOIOB, KpUTEPHH
Oumepa, KO3 PUIHEHT Iepecyera.

DETERMINATION OF BIOLOGICAL YIELD
OF SUGAR BEETS BEFORE COLLECTION
D. A. Derevyanko

Abstract. The article presents the method of
determining the biological yield of roots and tops of sugar
beet before the harvest, which is based on experimental data
obtained directly in the field. To reduce the complexity of
the process of sampling and their number while ensuring the
reliability of the obtained result of the statistical processing
of data by the Fisher test, which confirms that the size of the
scoring area in the studied range (from 20 to 100 hectares)
has virtually no effect on the magnitude of biological
productivity, and the minimum number of samples is equal
to thirteen.

On the basis of data of field experiments the obtained
formula for the coefficient terms of the biological yield in
the assessment, depending on the specific conditions of
beetroots.

Key words: biological yield, transcripts, gross yield,
loss of roots, the Fisher criterion, ratio.

. A. Jleper’ssuxo ORCID 0000-0001-8487-2153.
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