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YK 621.56:622.691.6:629.114

AHATNI3 EHEPTOBUTPAT CTUCKYBAHHA MPUPOOHOIO rA3y
B ABTOMOBINbHIA FTA3OHANOBHIOBANbHIA KOMNPECOPHIN CTAHLIT
3 FA3OTIAPATHUM AKYMYNATOPOM

Bocuit Mukona Biktoposuy

BUKNaga4

LleHTpanbHOyKpaiHCbKMIA HaLiOHaNbHWA TEXHIYHUI YHIBepeuTeT, KponuBHULbKMIA, YKkpaiHa
ORCID: 0000-0002-3090-0427

bosiymv@ukr.net

HuHi 3miHu, siKi 8i06yearombCsi 8 a2pornpoMUCIO8OMY KOMIEKCI YkpaiHu nompebytomb po3pobku ma cmeopeHHsI Ho8UX
MmexHomoeill 3anpasKu CinbCbKO20Crno0apChKUX MawuH, asmomobinie ma 800CKOHaNeHHs HasiBHUX MeXHOoaill 3anpasku
Ub020 mpaHcropmy cmucHymum npupodHUM 2a3om. [Jo 8i0HO8/H08aHUX 2a3ie Hanexamb 20pHoYi 2a3u, SIKi ompuMaHi 3 8i0-
HoermeaHux Oxepen eHepeaii, ceped Hux biomemar (CH,) — aHanoe npupo0Ho20 2asy, dosedeHuli 00 toeo skocmi. [lepe-
saca biomemaHy neped npupodHUM 2a30M 8 MOoMy, WO ue 8i0Ho8eaHul pecypc. Moeo ompumyroms 3 biomacu Wisixom
aHaepobHo20 36po0xysaHHs i ani 36azadyromb Ao emicmy 95-98 % memaHy. Hamenep akmyanbHUM MUMaHHAM € 8UKO-
pucmaHHs1 HO8IMHIX 2a3oe2idpamHux MexHos02il 3anpasku CiflbCbK020¢rnodapchbKoi mexHiku ma asmomobinig 3 sukopuc-
maHHSAM rpupoOHO20 2aly ma bioMemaHy Ha asmoMOobiNbHUX 2a30HaM08HI08aIbHUX KOMIPecopHUxX cmaHuisx (AFHKC).

idsuuwieHHs1 echekmusHocmi KomnpecopHoi ycmaHoeku 0nst ATHKC npu HeoOHakos8oMy crioxueaHHi npupodHO20 2a3y
Ha 3anpasky 8 OeHHUU i HiYHUU nepiodu 006U MOXIUBO WIISIXOM 3aCmocCy8aHHS 2a302i0pamHoao akymynsmopa (IA).

Y pobomi Ha0aHO CXxeMHO—MmeXHOMoz2idHe pileHHs: ma onucaHo npuHyun Oif A dna ATHKC. lNpusedeHo memoduky
BU3HaYEHHs1 eHepaosumpam rpu 2asozidpamHiti mepmokomnpecii npupodHoeo easy dns AFTHKC-TA. lNpoaHanizoeaHo
eHepeosumpamu 2a302i0pamHo20 | KOMIPEeCOPHO20 cMUCKY8aHHs npupodHoeo 2asy O0nss ATHKC-IA npu 3miHHI noYamko-
80i memnepamypu a3y ma eumpami npupoOHo2o 2a3y 8id 850 0o 1600 m*/e00. PoxpaxosaHi eHepeosumpamu 6 A npu
2a302idpamHoMy CmMUCKy8aHHI MEHLUI, HiX rpu KOMIPEeCOPHOMY CMUCKY8aHHI npupo0Ho20 2a3y Ha 10-15 %.

Po3pobneHo memodOuky su3HadeHHs1 eHepaosumpam 6 A, dnss ATHKC-TA konu ymeopeHHs1 2a3o2idpamig 30iliCHto-
€mbCs1 8 00OHOMY 06’eMi @ nasneHHs ix 8 iHWoMy 06°eMi ma 8UKOHAHO MOPIBHSNbHUU aHani3 2a302i0pamHo20 i KomMrpe-
COPHO20 CMUCKY8aHHSI NpUupodHO20 2a3y. 3’cosaHO, WO nomyxHicms eHepaogumpam 6 [A MeHwe, HiX KOMIpecopHe
CMUCKY8aHHS1 MPUPOOHO20 2a3y, 8HaCTiOOK PO3HECEHHS 8 Yaci NPoYecie ymeopeHHs i nnaeneHHs 2a3oziopamie. BuKOHaHO
MmaKoX aHania eHepao8umpam Ha CMUCKY8aHHS MPUPOOHO20 2ady, 8aX/ugux OIS NPakmuKu 3Ha4eHb 3MiH (o020 movyam-
Koeux napamempie: mucky eid 1,2 MIa, memnepamypu eid +18 °C. 3’acoeaHo, wo 3acmocysaHHsi [A e ATHKC dosgonse
He minbku 3pobumu binbw pigHoMipHUM 00b608e HagaHmaxeHHs Ha obnadHaHHa ATHKC, a makox nidsuwumu eghek-
mueHicmb | 3MeHWwuUmu ii eHepaocnoxuearHs. [loka3aHo, WO eHepeosumMpamu 2a302idpamHo20 CmucKygeaHHs 2asy 6 [A
MOXymb 6ymu MeHWUMU, HX Mpu KOMIPECOPHOMY CMUCKY8aHHI MifbKu Mpu MeeHoMy 3Ha4YeHHi moYamkosux memepa-

myp, muckie ma eumpamu rpupoOHo20 2asy.

Knroyoei cnoea: npupodruli ea3, biomemaH, asmomobinsHuli mpaHcriopm, AFHKC, muck, memnepamypa, ea302io-

pamHuli akyMynsimop, eHepaogumpamul.
DOl https://doi.org/10.32845/msnau.2022.1.1

BcTtyn. Hatenep crtucHenwi npupogHui raz — CII
(compressed natural gas — CNG), OCHOBHVM KOMMOHEHTOM
SIKOrO € MeTaH, 3aiiMae npoBiaHe Micle B SKOCTi ansTepHa-
TVBU HAadhTOBKM ra3oMOTOPHMM nanueam (Hrudz et al., 2014).

3 MeTo edeKTUBHOIO BUKOPUCTaHHS NMPUPOAHOTO rasy
(M), sk razomoTtopHoro manuea (FMIT), AnNs NOTYXHMX
thepmepcbKmX rOCMOAAPCTB, WO BUKOPUCTOBYKOTb 3HAYHY
KiNbKiCTb TPAHCMOPTHOI TEXHIKM, EKOHOMIYHO BUTiOHO OyaiB-
HULTBO Ta BMKOPUCTAHHS BMacHWX aBTOMOOINbHUX raso-
HaMoOBHIOBAIbHNX KOMMpecopHux cTtaHuin (AFHKC) ans
3anpaBkU CiNbCbKOrocnoaapchbkoi TeXHikU Ta aBToMOOINiB
cTucHyTU rasom (Havrysh, 2006; Mykhalkin, 2018).

HuvHi nepcnekTMBHWIA HaNpsIMOK — Lie NepeobnagHaHHs
CiNbCKOrocnoaapcCh-Kol TEXHIKM Ha BMKOPUCTAHHS MPUPOA-
Horo rasy sik 'MI1 (Zakharchuk, 2014).

MNepeBarn npupogHoro rady MeTaHy sk [MI1: ekomno-
riyHicTb, Oinblia 6e3nevHicTb, BWCOKa aHTWAETOHALiHA
BI1IACTUBICTb CMPUsOTL 30iNbLIEHHI0 KiNbKOCTI 3anpaBHMX
CTaHLin Ta MeTaHoBKX aBToMObiniB (Hrudz et al., 2014; Mat-
eychyk et al., 2008).
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Y pobori (Havrysh, 2006) npoBeaeHi OoCHigKeHHSs
cuctemm «AFHKC-nepecyBHWin  aBTOMOGINBHUIA  ra3oBuiA
3anpaBHuk (MAI3)». 3pobrneHo BUCHOBOK, WO Ha BiACTaHi
[0 20 km Big AFHKC pouinbHa 3anpaBka TexHiku 6esnoce-
peAHbO Ha 3anpaBui, a Ha BinblwKX BiACTaHAX HeobXigHO
BuKopmcToByBatm MAI3.

HwHi Mepexxa MeTaHOBKX aBTO3anpaBoK «YKpaBTorasa»
3anyckae nporpamy KOMMeHcauii BUTpaT Ha npuabaHHs
HoBoro i 6/'y CNG TpaHcnopTy Ha meTaHi (CNG) 3a paxyHok
HafaHHs IiKCOBaHMX 3HWXKOK Ha ManvBo — Lie Ans puany-
HUWX OCI0, BMACHWKIB aBTONapKiB, NEPEBIi3HNKIB, NiANPUEMCTB
i KOMMaHiW, ki NparHyTb OHOBMTU CBIi aBTONapK Ha BinbLu
CY4aCHWI, €KOMOrYHNIN Ta EKOHOMIYHMI TpaHcnopT. Makcu-
MarbHWIA CTPOK TpuBanocTi nporpamm CNG Forward ctaHo-
BuTtb 10 pokis (Tymofieiev, 2020).

lNepcneKkTMBHUM HanNpsIMKOM [Ansi 3anpaBku aBTOMO-
BiNbHOrO TPaHCMOPTY € BWKOPUCTaHHS OioMeTaHy, SKui
BMPOONSIOTL 3 BiAHOBMIOBANbHUX MKEPEN eHeprii B SIKOCTi
nanvea. BukopucTaHHa GiomeTaHy $K MOTOPHOrO nanuea
A€ MOXMMBICTb  CiNMbCbKOrOCMOAAPCLKMM  BUPOOHMKaM
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OTpUMaTK BracHe NanuMBO [N CifbCbKOroCrnogapChkoro
TpaHcnopty (Geletukha et al., 2014).

3 aHanisy nitepaTypHUX SpKepen BUAHO, L0 HaTenep akTy-
anbHUM MUTaHHSM € 3aCTOCYBaHHSI HAMHOBITHIX TEXHOIOrIN
Ta NPOLIECIB 3anpaBKky CiflbCbKOTOCMOAAPCHKOI TEXHIKM Ta aBTo-
MOGiniB 3 BYUKOPUCTAHHSIM NPUPOLOHOTO rasy Ta BiomeTaHy.

ToMy HUHI aKTyanbHUM € po3pobka CXeMHO—TEXHOMONY-
HOrO pilLeHHs 3aCTOCYBaHHS ra3origpaTHoOro akymynsrtopa
(FA) ansa nigBuwweHHs edpekTnBHOCTI BukopuctaHHs AFHKC
B yMoBax poboTM HepiBHOMipHOI 10OBOBOI 3anpaBku Ciflb-
CbKOroCrnoAapChbkMx MalluuH i aBTOMOBINIbHOrO TPaHCNopTy
Ta aHarni3 eHeproBuTpar.

AHani3 ocTaHHiX pocnimkeHb i nyonikauin. HuHi
NS 3anpaBkKM aBTOMOGINIB Ta iHLWMX TPAHCMOPTHUX 3aco-
6iB  CiNbCbKOrOCNOAAPChKAX MalUMH B arpornpoMUCIIOo-
BOMY KOMMJIEKCI BUKOPUCTOBYIOTb, B OCHOBHOMY, AIHKC.
[o ArHKC npupogHuii ra3 HagxoauTb MO ra3onpoBodax
nig Tuckom 0,6-1,2 MMMa, ctuckyetbes fo 25 MMMa i yepes
rasopos3nofifibHy CUCTEMY B TAKOMY CTaHi HanpasnseTbes
Ha 3anpaBky H6anoHiB TpaHCcnopTHUX 3acobis (Hrudz et al.,
2014). AsTomobinbHUIA TpaHcnopT Ha 3anpasky B ATHKC
MOCTYNaloe CyTTEBO HEPIBHOMIPHO Ha NpoTa3i fobwu: Bia-
HOLLIEHHSI MaKCUManbHOI KinbKOCTi aBTOMOOINIB B AEHHWN
nepiog 40 MiHiMarnbHOI B HiYHWIA cTaHoBUTb ~ 7 (Hrudz et al.,
2014). TpaguuiiHi cxeMHo—TexHomnorivHi pieHHs ATHKC
He JaloTb MOXMMBOCTI 3MEHLUMTN HEPIBHOMIPHICTb CMOXW-
BaHH$ CTUCHYTOrO NPUPOZHOro rasy npu 3anpasLi aBTOMO-
6iniB B AEHHWUI i HIYHMIA Nepiogn Oobu, LWo Npu3BoaAnUTL A0
ocHaleHHst ATHKC obnagHaHHAM 3aBULLEHOT NPOAYKTUB-
HOCTI Ta 3HWXYE e(DeKTUBHICTb Oro BUKOpUcTaHHs (Hrudz
etal., 2014).

MioBuLEHHS eeKTUBHOCTI KOMMPECOPHOI YCTaHOBKM
ans AFHKC npu HeogHakoBOMY CMOXMBaHHI rady Ha
3anpaBky B OEHHWI i HIYHUI Nepiogu 06U MOXIIMBO LUMS-
XoM 3actocyBaHHs [A. [Ins akymMynoBaHHS i CTUCKYBaHHS
MPUPOAHOro razy MOXHa BWKOPWCTOBYBATW rasorigpaTtHy
Tepmokomnpecito (Bosyi et al., 2021; Klymenko et al., 2021;
Bosyi et al., 2014; Klymenko et al., 2017).

B poborti (Bosyi et al., 2021) 3anponoHoBaHO 34ilCHH0-
BaTW 3anpaBKy aBTOMODINILHOTO TPAHCMOPTY MPUPOLHUM
rasom i3 3aCTOCyBaHHsM rasorigpaTHoi TexHonoril 4nsa npo-
LIeCiB CTUCKYBaHHSA Ta akyMyIlOBaHHs rasy, L0 [03BOISE
NiaBMWNTY edeKTUBHICTb BukopuctanHa AMHKC npu Heog-
HAKOBOMY CMOXMBaHHI CTUCHYTOrO NMPUPOAHOrO rasy B AeH-
HWWA | HIYHMIA Nepioan oobw.

AnbTepHATMBOI KOMNPECOPHOMY 0BnafHaHHIo Ans nig-
BULLIEHHS TUCKY NPUPOZHOrO rady Ta 3anpasku aBTOMODisb-
HOrO TPAHCMOPTY CTUCHYTUM MPUPOLHMM ra3oM MOXe CTaTy
A, BUKOHAHUI Y BUIMSAi peakTopa YyTBOPEHHS | NaBneHHs
raorigpartis (Bosyi et al., 2021).

3 aHanisy [OCTYnHMX NiTepaTypHUX Ta iHopMaLinH1X
Xepen MoXHa 3pobuTv BMCHOBOK, LLO Npobnemi nigsu-
weHHs edektusHocTi ATHKC B ymoBax HepiBHOMIpPHOro
HaBaHTaXeHHs aBTOMODGINIB Ha 3anpaBKy MPOTAroM [o6m
HEOO0CTaTHLO NPUAINAETHCS yBaru.

HuHi komnpecopHa yctaHoBka ans AIFHKC, aka 3acro-
COBYETbCA A1 3anpaBkM aBTOMOBINLHOrO TPaHCNOPTY
CTUCHYTUM npupofHuM ra3om (Hrudz et al., 2014) skntovae
YOTUPI CTYNEHi KOMNPECOPHOTO CTUCKYBAHHS, MIXKCTYMNEHEBI

OXomnomyBadi rasy, BONOroMacroBiAdiNIbHUKKM, BMYCKHUNR,
3’edHyBalnbHWU Ta 3anpaBHi TpybonpoBoaM, TPUXOOOBI
BEHTWIi, BCTAHOBIEHI Ha NiHil BNYCKY | HAarHiTaHHS KOXHOT
CTYMNeHi KOMNPECOPHOTO CTUCKYBAHHS i 3'€QHAHMX 3 BXOLOM
i BUXOZOM CTYNeHiB KOMMPECOPHOr0 CTUCKYBAHHS Ta BXO-
0M BroKy OCYLLKK, BUXif SIKOTO 3'eHaHUN 3 6anoHamu, Lo
3anpasnsTbCS ra3oMm.

Takox BiJOMO 3aCTOCyBaHHS ra3origpaTHoro NpucTporo
ANS 30iCHEHHS NPOLECIB CTUCKYBaHHS Ta aKyMYyIHOBaHHS
rady (Klymenko et al., 2014; Bosyi et al., 2021). B ubomy
MPUCTPOI ra3 HW3bKOTO TUCKY KOHTaKTYE 3 BOZOK abo BoA-
HUM PO3YMHOM B 3aMKHEHOMY OO’€Mi MpW BiMOBIAHIN
TemnepaTtypi 3 YTBOpPEHHsM rasorigpatiB, ski 36epiratoTb
Ta NNaBnsTb B LIbOMY X 00’€Mi 3 BUAINEHHSAM rady Ta BOAM
npm GinbLL BUCOKI TeMnepaTypi Ta BiAnoBiaHo GinbLu BUCO-
KOMY TUCKY, HiXX BOHW Byniu yTBOPEHI.

B po6orti (Klymenko et al., 2021) 3anponoHoBaHo 3gin-
CHIOBaTW YTBOPEHHS rasorigpatis B ogHoMYy 06’eMi Ta TpaH-
CNOPTYBaHHS iX LUHEKOBMM CENapaTopoM B iHLIMA 06’eMm,
npu LbOMY 3AIACHIONTL CcenapaLilo rasorigpartis Big Bogu
i NNaBNeHHs! X 3 O4epXXaHHSAM rasy BUCOKOTO TUCKY.

EHeproButpat B KOMMPECOPHIN YCTaHOBLi MOXHa
BU3HAUUTK 32 METOAMKaMU, NPUBEAEHUMMN SK B MiTepaTypi
3 TEXHIYHOT TEpMOAMHaMIKK, TaK i B CNeLianbHin nitepatypi
3 pospaxyHKy komnpecopis (Kholomenyuk, 2013).

Po3paxyHkn eHeproBuTpat npu 34iNCHEHHI OCHOBHMX
NpOLIECIB ra3origpaTHoOi TEPMOKOMMPECiT YTBOPEHHS | NnaB-
NEeHHs rigpaTiB Hawbinbll NOBHO MNpoBedeHi Ans yMOB
poboTW rasorigpaTHoro JOTWUCKyBava ManuBHOTO rasy Ans
ra3otypbiHHoro npusoay (Klymenko et al., 2014).

KOHKYpeHTHICTb  rasorigpaTHOro i KOMMPECOPHOro
CTUCKyBaHHs npupogHoro rady ans AFHKC moxHa Bu3Ha-
YUTU Ha OCHOBI MOPIBHANBHOIO aHanidy eHeprosaTpar npw
X 3MINCHEHHI.

MocTaHoBKa 3aBAaHHA. MeTol daHOi CTaTTi € po3-
pobka MeToAMKM ANsi BU3HAYEHHs eHeproBuTpar B A ans
AMHKC Tta BMKOHaHHSI MOPIBHAMNBHOTO aHanisy rasorigpar-
HOrO | KOMMPECOPHOTO CTUCKYBAHHS NPUPOLHOIO rasy.

Matepianu i metogn pocnigxeHHs. [a30Bi rigpaTy
(abo knatpaT) — KpuUCTaniyHi CNonyKu, Lo YTBOPKOTHCA
npwW NeEBHKX TepmMobapuyHMX ymoBax 3 Boau i rady. Tepmoba-
PUYHI YMOBY NPOLIECIB YTBOPEHHS, 30epiraHHs i NnaBneHHs
rasorigpatiB € JOCUTb «M'SKUMWY, LIO O03BONSE iX edek-
TUBHO BMKOPWUCTOBYBATW B PI3HUX TEXHOMOMYHUX HanpsiM-
kax BUpobHuUTBa. [a30riapaTi icHyOTb TaKoX B NPUPOAHMX
YyMOBaX, a 3a Cy4aCHUMU NPOrHO3HUMM OLLIHKaMK BinbLUICTb
NOKNadis BYIMEBOAHEBUX rasiB 3HAXoOMTbCA CaMe B raso-
rinpatHomy ctaHi (Pivnyak et al., 2015; Pedchenko, 2014;
Sloan & Koch, 2008).

Ha puc. 1 HaBegeHO CXEMHO-TEXHOMOrIYHE pilleHHS
komnpecopHoi yctaHoBku ans AIFHKC-FA (Bosyi et al.,
2021; Klymenko et al., 2021).

3anponoHoBaHo Lo A BUKOHaHUI Yy BUMNSAI peakTopa
YTBOPEHHS! Ta peakTopa NnaBWUTENs rasoriapatie, B SKOMY
30INCHIOETLCS ra3origpatHa TEPMOKOMMPECIS NPUPOLHOrO
rasy. TexHOnoris BMKOPWUCTAHHS ra3origpaTHOro akymyns-
Topa B AlHKC MmicTuTb Taki OCHOBHI MpoLEecK: YTBOPEHHS
rasoriapatiB NPUPOQHOrO rasy, iX HaKoNUYEHHS, 36epiraHHs

i NNaBNEHHS 3 BUAINEHHAM NPUPOAHOro rasy npu BUCOKOMY

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcureTty
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Puc. 1. CxemHO-TexHomnoriYHe pileHHs1 kKoMnpecopHoi yctaHoBku ana ATHKC-TA
1 — BnyckHWiA Tpybonposig; 2, 3, 4, 5 — neplua, apyra, TPeTs, YeTBEpTa CTYMEHI KOMMPECOPHOTO CTUCKYBaHHS;
6, 7, 8, 9 — oxonogxysaui; 10, 11, 12, 13 — Bonoromacno-sigainsHuku; 14, 15, 16, 20" — eMHOCTi AN HAKOMUYEHHS rasy

(akymynstopm); 17 — peakTop yTBOPEHHS rasorigparis; 18 —

6ok ocywwuku; 19 — 3anpasHi Tpy6onposoaw; 20 — ra3osi

©anoHn onsa 3anpaBku CTUCHYTUM ra3om; 21 — BeHTUnb; 22, 23, 24, 25, 26, 27, 28 — Tpuxogosi BeHTUNI; 29 — peakTop
nnasutens rasorigpartis; 30 — rasorigpaTHuii akymynsaTop; 31 — HaanuLKoBa YacTuHa rasy; 32 — Boaa; 33 — rasorigpaty;
34 — WHekoBWit cenapaTop; 35 — ra3 BUCOKOro TUCKY

Tcky p = 25 Mla, goctaTHbOMY Afsi MOBHOI 3anpaBkut
rasoBux GanoHiB aBTomobinbHoro TpaHcnopty (Klymenko
& Bosyi, 2019; Klymenko et al., 2019; Bosyi et al., 2021;
Klymenko et al., 2021).

PoboTy komnpecopHoi ycTaHoBkM 3 A npvBegemMo Ha
HaCTyNHOMY NpuvKnagi.

Mpu 3meHweHomy 3aBaHTaxeHHi AMHKC, npupogHui
ras, HactynHoro cknagy: CH, — 94,12 %; C,H, — 2,92 %;
CH, - 092%; CH,, - 0,42%; CH,, — 0,11 %; CO, -
1,22 %; N, —= 0,15 %; C,, — 0,14 %, 3 no4aTkoBMUM TUCKOM
p = 1,2 Mla i temnepatypoto t = 18 °C yepe3 BnycKHUI
Tpybonposia 1 i BeHTUNb 21 NogaeTbcs B NepLly CTyMiHb
2 | koMnpumyeTbea ao Ticky p = 3,5 Mlla. CTucHytum ras
yepes 0xonoaKyeady 6, BorioroMacnosigainbHuK 10, Tpuxo-
LOBUIN BEHTUIb 22 nogaeTbest abo Ha 3anpasky banoHis 20°
CTUCHYTUM ra3oM Yepes akymynsartop rasy ACI1 14, sanpa-
BOYHMIA TpyOonposig 19, TpuxogoBun BeHTUNb 28 i Briok
ocywkm 18, abo yepes TpUXOLOBUIN BEHTUIL 23 B Apyry CTy-
MiHb 3, B SKil ra3 KOMNPUMYETLCA A0 TUCKY p = 7,5 Mla.
a3 npy LbOMY TWUCKY Yepe3 OXOnomxyBady 7 i Bomoromac-
noBiaainbHKUK 11, TpUXo[0BUN BEHTUNMb 24 akyMynsATop rasy

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

ACI2 15, 3anpaBoyHuin Tpy6onposig 19, TPMXOLOBUIA BEH-
Tnnb 28 Gnok ocyLwkn 18 nogaeTtbcst abo Ha 3anpaeky 6ano-
HiB 20" CTUCHYTMUM ra3om, abo Yepe3 TPUXOLOBUIA BEHTUMb
25 B TpeTio CTyMiHb 4, B SKiA ra3 CTUCKYETbCH OO TUCKY
p = 15 MIMa. CtucHyTuWiA ra3 Yepes oxonogxysay 8, Bomno-
romMacnoBigginbHuK 12, TpUXo4oBUIM BEHTUNb 26 NOAAETLCS
abo Ha 3anpasky 6anoHiB 20" CTUCHYTUM ra3om Yepes aky-
mynatop rasy ACI3 16, sanmpaBodHuii TpyGonposig 19,
TpuxoZoBui BeHTUNb 28 i 6nok ocywku 18, abo uvepes
TPUXOOOBUN BEHTWUNb 26 B YeTBEPTY CTyniHb 5, B SKii
ras Komnpumyetbcst fo Tucky p = 25 MIMa. Hagnuwkosa
yacTuHa rasy 31, WO He BUKOPUCTOBYETLCS B LiEW nepiog
Ans 3anpasku G6anoHiB 20" CTUCHYTUM ra3oM Ta He MNoaa-
€TbCs B Apyry 3 i TpeTIo CTyniHb 4 Yepes TPUXOA0BI BEHTUNI
23 i 25, HagxoguTb B peakTop YTBOPEHHS rasorigpartis 17,
[le NpW KOHTaKTi 3 BoAok 32 yTBOPHOOTLCA rasorigpatt 33
npu Tucky p = 7,5 MMa i Temnepatypi t = 16 °C, a TennoTa
rifpaToyTBOPEHHS q. BIABOAUTLCS XOMOANILHOK MaLLMHOK
(XM), sika Ha cxeMi (puc. 1) He nokasaHa.

YTBOpeHi rasorigpat 33 Hakonu4yloTb Ta 36epiratoTh,
a npu 30inblieHHi 3aBaHTaxeHHst ATHKC, rasorigpaTu 33
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nodatoTb 3a ONOMOrOH LLUHEKOBOIO cenaparopa 34 3 peak-
TOpa yTBOpEHHs rasorigpatis 17 Jo peakTopa nnaBuTens
ra3origpartis 29, B SKOMY 3[iCHIOETLCS NifirpiBaHHs i nnae-
neHHs ragorigparie 33 WNAXOM NigBeAeHHd Tennotw q
BiJ OXOMNOMKEHHs rasy nicns CTyneHiB KOMMPECOPHOro
CTUCHeHHs npu Temnepatypi t = 20 °C i Tucky p = 15 Mlla
3 BMAiNeHHsM rasy i Bogu. Buginena Boga 32 nepekady-
€TbCS B peakTop YTBOPEHHs rasorigpatiB 17 Ha NOBTOpHe
riapaToyTBOPEHHS, @ OTPUMaHUN ra3 BUCOKOTO TUCKY 35
no Tpybonposogy 4vepe3 TPWUXOZOBWW BeHTUNb 27, GMOK
ocylwkmn 18 i 3anpaBoyHui Tpybonposia 19 HanpaBnsoTb
yepes akymynatop rady ACl4 20 Ha yacTkoBe HanoBHEHHS
6anoHie 20" cTMCHYTMM rasom, abo no Tpybonposoay Yepes
TPUXOQOBUIA BEHTUMb 27 Ha KOMPUMYBAHHSA B YETBEPTY
CTyniHb 5 go tcky p = 25 Mla, Buxig 3 AKoi Yepes oxo-
nogxysay 9, BOroroMacnoBigainbHuK 13, TpUxogoBuin BeH-
Tnb 28, 6nok ocywku 18 i 3anpasoyHui Tpybonposig 19
3’efHaHui 3 GanoHamu 20° Ans 3anpaBku CTUCHYTUM Npu-
POAHUM ra3om.

MoTpibHO BigMITUTK, WO NNaBuTK rasorigpati 33 B Nna-
BuUTeni 29 Moxnueo i npu Tucky p = 25 Mla, ane npu nnas-
neHHi rasorigpatis HeobxigHo Gyae nigTpumysaT GinbLu
BUCOKy Temnepatypy t = 22 °C. B ubomy Bunagky pobota
AFHKC 6ygme 3abesnevyBaTucb koMmnpecopamu nepLuoi
i Apyroi CTyneHew CTUCKyBaHHS Ta NnaBuTeneM rasorigpa-
TiB 29. Boga nicns nnaeneHHs rasorigpartie NOBTOPHO BUKO-
PUCTOBYETLCS A1 MAPaTOYTBOPEHHS B PEaKTOpi yTBOPEHHS
rasorigpatis 17, a oTpumaHuii raz 35 B 3anexHocTi Big
yMOB poboTn HanpasnsaoTb B akymynatop rasy ACIr4 20, a
noTiM Ha 3anpasky razoBux 6anoHis 20’ 4o KiIHLEBOMO TUCKY
p = 25 Mrla, goctaTHbOro Ans NOBHOI 3anpaBku aBTOMO-
GinbHOro TPaHCNopTy.

KoHdirypauis TepMoauHamiyHUX LMKMIB XONOAMIbHOMO
areHTa B A Bignosigae ogHOCTyniHYaTOMy 3BOPOTHLOMY
LK1y, 3aranbHWii BUrNS4 SKoro Ha T-S giarpami HaBegeHo
Ha puc. 2.

7

h)

Puc. 2. TepmoguHamiyHi LMKNKU XONOAUNBLHOrO areHTa,
Wwo 3aincHiooTbeA B A: 1-2 — cTUCKYBaHHS;
2-3—4 — oxonomKeHHs i KoHAeHcalis;

4-5 — npocentoBaHHs; 5—1— KUMiHHSA

BuGip BenuumH T (P)) Ons TepMoanHaMiYHOro LMKy
XonogunbHOro areHta B A BM3HAYa€TbCH PIBHOBAXHUMU
Temnepatypamu i TUCKaMu [Ons No4YaTKoBMX MapameTpis
npupoaHoro rasy, a T (P,) — Temneparypoto i TUCKOM MiiaB-
NeHHs rasorigparis, Wo 3a6e3neyvyoTs OTPUMAHHS CTUCHY-
TOrO NPUPOLHOrO rasy.

Bubip sennuunin T,(P,)) ans TA B pexumi yTBOPEHHS
rasorigpatiB  BM3HA4Ya€ETbCA PIBHOBaXHUMM Temnepary-
paMu i TUCKamn Ons NoYaTKOBUX MapameTpiB NpUpPOLHOro
rasy, a T(P) — Temneparypoilo HaBKONULIHLOMO Cepe-
Aosuwa. B pexumi nnaenexHs rasorigpatis T,(P,) Bu3Ha-
4yaeTbCsl TEMMEepaTypold  HaBKOMULLHLOMO CepenoBuLLa,
aT (P)-Temneparypoto i TACKOM NiaBieHHs, Lo 3abesne-
YyloTb OTPYMAaHHSI CTUCHYTOrO NPUPOLHOTO rasy.

EHeproButpat rasorigpaTHOro i KOMNPECOPHOro
CTUCKyBaHHA NPUPOAHOrO rasdy BM3HaYanucs AN1s YMOB
HaBeZeHoro BuLle npuknagy pobotmn AFHKC-TA.

MeToauka BusHayeHHs eHeprosuTpar B A ana AIHKC
HactynHa. OcHoBHi eHeproBuTpatu B [A cknagawTtbes
3 BUTpaT Ha poboTy Komnpecopa y 3BOPOTHBOMY LMK
Ta BUTpaAT Ha pobOTy NpPONaHOBOrO KOMMpecopa y Xomno-
OUNbHOMY LMKNi Npy YTBOPEHHI rigpaTis.

Mutoma pobota komnpecopa (YMCMOBI 3HAYEHHS MpU-
BeeHi Ans BMNagKy 3acTOCYyBaHHS B SKOCTi XONOAMIIbHOMO
areHTa nponaHy):

K-1
(&jK s
Py My

ae k=1,13 — nokasHuk agiabaTtu ons nponaHy;

Ric.n,) = 188,95 [bx/kr — rasosa cTana nponaHy;
e = 44 kr/kmonb — MoneKynspHa Maca nponady;

T, =T, K- Temneparypa kuniHHsa nponaHy;
P, = P, Mla — Tuck kunniHHs nponany;
P,= P, MINa — T1ck KoHAeH-CcaLii napn nponaHy;
n, = 0,85 — ecpextuaHuit KKLI komnpecopa.
[oTyXHicTb KOMMpecopa:

1 =% R,
k-1

(1)

NK = IK ’ Gar(chs) ’ (2)

Ae | — nutoma poboTa komnpecopa, KBT;
G, — BuUTpaTa pobo4voro xonogoareHTa nponaxy,

(CsHg)
Kr/c.
BuTtpata po6o4oro areHTa (nponany):
Q
ar(CoHg) Ah—, (3)

(CHg)
ne Qr — KiNbKiCTb TENNOTH, SKa BiABOAUTLCS B NPOLECI if-
paToyTBOPEHHS, KLX/C;

Gr — BWTPaTW FigpaToyTBOPIOKYOrO areHTa (npupoa-
HOro rasy), Kr/c;

AH_— Tennota riapaToyTBOPEHHS MPUPOAHOTO rasy,
KKK

Ah(chg) =h, —hy, kIx/Kr — pi3HULA eHTanbnin xoro-
OWIbHOTO areHTa nponaHy B Toukax 1i 5.

Butparta (MacoBa) NpupoaHOro rasy — rigpaToyTBOpLO-
t04Or0 areHTa

GM = VM “Pus (4)

pe V ip —o6'eMHa BUTpaTa i ryCTHa NPUPOAHOTO rasy.

AHania eHeproBuTpaT Ha rasorigpatHe Ta Kommpe-
COpHe CTWUCKyBaHHSI MPUPOQHOrO rasdy NpoOBOAMBCHA [AMS

ArHKC-TA.
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BuxigHi gaHi gna pospaxyHkis:

- cknag npupoaHoro rady: CH, - 94,12 %; CH, -
2,92 %; C,H,-0,92%; C,H, - 0,42 %; CH,,-0,11 %; C,, -
0,14 %; CO, - 1,22 %; N, - 0,15 %;

— TWUCK NPUPOAHOrO rasy Ha BXOZi B rasorigpaTtHuii npu-
ctpint (FA) P, — 7,5 MMMa;

— XonoawnbHuiA areHt — nponaH (C,H,);

— edpektuBHuii KKI nponaHoBoro komnpecopa i kom-
npecopa Ans CTUCKyBaHHS npupoaHoro rasy — 0,85;

— nWTOMa TenmnoTa T[igpaToyTBOPEHHS MeTaHy —
3785 k! .., (Klymenko et al., 2014);

— MNMUTOMa TENNMOEMHICTb rigpaTty meTaHa — 2,5 kIk/kr - K
(Klymenko et al., 2014).

Eneprosutpati B [A BU3Ha4anmcs 3a BULLEBMKIIALEHOO
METOAMKOK, a KoMMpecopa Ans CTUKYBaHHA MPUPOLHOrO
rasy — B 1-i1, 2-in, 3—-1 i 4—1 CTyneHi KOMNPUMYBaHHS 3a
BiLOMOIO METOAMKOM, B HACTYMHKX MEXax napameTpis:

— TMoYaTKOBWiA TUCK NpupoaHoro rasy P, — 1,2 Mla;

— nodarkoBa Temneparypa npupogHoro ragy T, —291K.

TepmiH poboTu A B pexumi yTBOpeHHs rasorigpatis —
1+ 10 rog.

Pesynbratu. Ha puc. 3-5 HaBegeHo pesynstati pospa-
XYHKIB NOTY>HOCTi €HEpProBMTPaT KOMNPECOPHOrO i rasoria-
paTHOro CTUCKYBaHHSA npupoaHoro rady ans AFHKC-TA.

NxBr
200 T

4

150 F 3

2

100 b /1
50 F

263 273 283 293 TK

Puc. 3. 3anexHicTb NOTY)XXHOCTI KOMMPECOPHOro
CTUCKYBaHHsA B 1-i1, 2-1, 3-1 i 4-1 cTyneHi
KOMMpPUMYBaHHA Bif NOYaTKOBOI TeMnepaTypu
npupoAaHoro rasy (Npu BUTPaTi NPUPOAHOro rasy;
1 -850 m3/rog; 2 — 1000 m%/rom; 3 — 1300m%/rog;

4 - 1600m%/rop)

N.kBt §
2001
150 F /\g
___.—-—__-_-_--k
100 b _____.———"\2
___———-_-_\1
50 F
263 273 283 203 TK

Puc. 4. 3anexHicTb NOTYXXHOCTI KOMMNPECOPHOro
CTUCKYBaHHA B 1-i1, 2-1, CTYNEHi KOMAPUMYBaHHSA
i noTyxHoCTi nponaHoBoro komnpecopa A B npoueci
riapaToyTBOPEHHS Bif NOYaTKOBOI TeMMepaTypu
nNpUpoAHOro rasy (Mpu BUTpaTi NPUPOAHOro rasy:
1 -850 m%/rop; 2 — 1000 m*/rop; 3 — 1300 m3/rog;
4 — 1600 m¥rog)

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

N,KBT‘ A
2001
3
150 | /z
100 b /1
50 F
1 1 1 1 —
263 273 283 293 TK

Puc. 5. 3anexHicTb NOTYXXHOCTi KOMMPECOPHOro
CTUCKYBaHHSA B 1-1, 2-1, CTyNeHi KOMNPMMYBaHHSA,
NOTY)XXHOCTi MponaHoBoro komnpecopa A
i 4-1 cTyneHi koMNpMMyBaHHSA Bif NOYaTKOBOI
TemnepaTypy NPUPOAHOro rasy
(npv BuTpaTi npupogHoro rasy: 1 — 850 m*/rog;
2 -1000 m¥rop; 3 — 1300 m%/rop; 4 — 1600m*/ron)

O6roBopeHHs1. 3 puc. 3, 5 BUAOHO, WO ANst KOMNpecop-
HOrO CTWUCKYBaHHS Hanbinblue Ha eHeproBUTpaTy BMIIMBAE
BENNYMHA NOYATKOBOrO TUCKY P, , Mo4aTkoBoI Temneparypu
T, Ta BUTpaTV NpUPOAHOTO rasy. ToMy MOTYXHICTb eHepro-
BUTPAT KOMMPECOPHOr0 CTUCKYBaHHS Ginblua, HiX rasorig-
PaTHOTO CTUCKYBaHHSI.

3MiHun no4aTkoBoi Temneparypu T, Ta BUTPaTV NPUPOA-
HOTO rasy No3Ha4arTbCs B MEHLLI Mipi Ha eHeproBuTpaTax
B rasorigpatHomy npuctpoi (FA) (puc. 4), a B GinbLuin — Ha
€HeproBuTpaTax KOMMPECOPHOro CTUCKYBaHHS (puc. 5).

Bnnue T, Ha eHeproButpatn ['A NposiBNSETLCS Yepes
Temnepatypy KoHaeHcauii T (P.) xonogurbHOrO areHTta

(npurmMarnocs, Wo BOHa nopiBKHroKe T, +5 °C), NigBULLIEHHS
AKOI NpuU3BOAUTL A0 30iNMbLUEHHS €HEproBMTpaT B XOJO-
AUMbHOMY LMKNi i, BignoBsigHo, B A (puc. 5).

Yum Ginblwi BMTpaT MPUPOAHOrO rasy, TUM OinbLui
€HeproBMTpaT KOMNPECOPHOTO CTUCKYBAHHS B MOPIBHSAHHI
3 eHeproBuTpPaTaMu rasorigpaTHoOro CTUCKYBaHHs (puc. 3-5).

EHeproBuTpaTn B A BrU3Ha4atoTbCa NoTpebor B yTBO-
PeHHi rasorigpaTiB Ans 3abe3neveHHss CTUCHYTUM Mpu-
pogHum rasom AIMHKC-TA. [ns po3rmsiHyTUX 3Ha4eHb
noYaTKOBOrO TUCKY npupogHoro rasy 1,2 Mla i cTucHyToro
npupogHoro rady P, = 25Mla npu noyatkoBux Temnepa-
Typax i BUMTpaTax MPUPOAHOro rady eHeprosutpatn B A
npu rasorigpaTHOMY CTUCKYBaHHI MEHLLUI, HXX Npu KoMmmpe-
COPHOMY CTWCKyBaHHi NpUpOAHOro rasy. CrnoxusaHa noTyx-
HicTb B ['A, SIKMiA NPOAYKY€E CTUCHYTUIM NPUPOLHUI ra3 Tiflbku
Ha 3anpaBKy aBTOMOOINMBHOrO TPAHCMOPTY, MEHLWA, HixX
B KOMMPECOPHOMY CTUCKYBaHHI (puc. 4).

AHani3 oTpuMaHux pesynesraTiB po3paxyHKy Nokasye, Lo
€HeproBMTpaTh rasorigpaTtHoro CTUCHEHHS rasy (€ TiMnbKu
MpW rigpaToyTBOPEHHi B HiYHMIA nepiod) MeHwi Ha 10-15 %
MOPIBHSHO 3 KOMMPECOPHUM CTUCHEHHAM B AEHHUI NEPIOA,.

BucHoBku

1. Po3pobrneHo MeToauKy BU3HAYEHHSI €HeproBuTpaT
B A, ans AIHKC-TA Ta BMKOHAHO MOPIBHAMNbHWIA aHani3
rasorigpaTHOro i KOMAPECOPHOro0 CTUCKYBAHHSA NPUPOAHOO
rasy.

2. BukoHaHO aHania eHeproBuTpaT Ha CTUCKYBaHHS
MPUPOZHOIO a3y, BaXIIMBMX ANA MPaKTUKW 3HAYeHb 3MiH
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ioro noyaTkoBux nmapametpis: Tucky Big 1,2 Mla, Temne-
patypu Big +18 °C. MNoTyxHicTb eHeprosuTtpart B [A MeHLLa,
HiXX KOMNPECOpHe CTUCKYBaHHS NPUPOZHOrO ra3y, BHacMigoK
PO3HECEHHS B Yaci NpoLeciB YTBOPEHHS | NNABMNEHHS raso-
rigpatis.

3. 3’'acoBaHo, o 3actocyBaHHsa A B ATHKC possonsie
HE Tinbkn 3pobuTn BinblWw piBHOMIpHUM [06OBEe HaBaHTa-

XeHHS Ha obnagHaHHa AMHKC, a Takox nigBuwmTn edek-
TUBHICTb | 3MEHLUNTK iT EHEPrOCNOXUBAHHS.

4. MokasaHo, WO EHeproBUTpaTy rasoriapaTtHoro
CTUCKyBaHHs rady B A MOXyTb OyTU MEHLIUMU, HdX Npw
KOMMPECOPHOMY CTUCKYBaHHI TiflbKW NPy NEBHOMY 3HAYEHHI
MoYaTKOBMX TEMnepaTyp, TUCKIB Ta BUTPaTU NPUPOLHOrO
rasy.
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Bosyi M. V., Lecturer, Central Ukrainian National Technical University, Kropyvnytskyi, Ukraine

Analysis of energy consumption of natural gas compression in a car gas filling compressor station with a gas
hydrate battery

Currently, the changes taking place in the agro—industrial complex of Ukraine require the development and creation
of new technologies for refueling agricultural machinery, cars and improving existing technologies for refueling this vehicle
with compressed natural gas. Renewable gases include combustible gases derived from renewable energy sources,
including biomethane (CH,) — an analogue of natural gas, brought to its quality. The advantage of biomethane over natural
gas is that it is a renewable resource. It is obtained from biomass by anaerobic digestion and further enriched to 95-98 %
methane. At present, the topical issue is the use of the latest gas hydrate technologies for refueling agricultural machinery
and cars using natural gas and biomethane at automotive gas-filling compressor stations (CNG filling stations).

Improving the efficiency of the compressor unit for CNG stations with unequal consumption of natural gas for refueling
during the day and night is possible by using a gas hydrate battery (HA).

The paper provides a circuit-technological solution and describes the principle of operation of HA for CNG stations.
The method of determining energy consumption in gas hydrate thermocompression of natural gas for CNG-HA is given.
The energy consumption of gas hydrate and compressor compression of natural gas for CNG—HA at the change of the initial
gas temperature and natural gas consumption from 850 to 1600 m°/h is analyzed. The calculated energy consumption in HA
in gas hydrate compression is lower than in compressor compression of natural gas by 10-15 %.

A method for determining energy consumption in HA for CNG—HA when the formation of gas hydrates is carried out in
one volume and their melting in another volume and a comparative analysis of gas hydrate and compressor compression
of natural gas. It was found that the power consumption in HA is less than the compressor compression of natural gas, due
to the divergence in time of the formation and melting of gas hydrates. The analysis of energy consumption for compression
of natural gas, important for the practice of values of changes in its initial parameters: pressure from 1.2 MPa, temperature
from +18 °C. It was found that the use of HA in CNG stations allows not only to make a more uniform daily load on CNG
equipment, but also to increase efficiency and reduce its energy consumption. It is shown that the energy consumption
of gas hydrate gas compression in HA can be lower than in compressor compression only at a certain value of initial
temperatures, pressures and natural gas consumption.

Key words: natural gas, biomethane, automobile transport, CNG filling stations, pressure, temperature, gas hydrate
accumulator, gas hydrates, energy consumption.
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Y cmammi 062080protombCsi numaHHs1 oUifTbHOCMI 3aCMOCY8aHHST HOPMaMUBHO20 KOMITIEKCY IHXEHEPHO20 MEeHEOX-
MeHMmy 3a adanmueHoi mexHosoaii mexHidHo20 06csy208y8aHHs npu 36epizaHHi 3epHO36uparnbHUX KombalHie.

B ocHosy nposedeHHsi ekcriepuMeHmarnbHUX 00CiOKeHb MPUlHAmMo poboyy Haykosy 2inomesy, Wo egekmusHicms
MalwUHOBUKOPUCMAaHHS 3epHo3buparnbHUX KombaliHie 8 3HauyHill Mipi 3anexums 6id ii HadiliHocmi, 30Kpema 6i0 MoKa3HUKIe
6e3gidmosHocmi 6esrnocepedHbo 8 rpoueci XHus. pu 36upaHHi 3epHOBUX CirlbCbKO20CN0AapChKUX Kyrbmyp HeobXiOHO
3abesnequmu npayesdamHull cmaH KombalHie npoms2oM HOPMamueHO20 a2pomexHiYHo20 nepiody. ToMy OCHOBHOH
XapakmepucmuyHoK eracmugicmio 3epHo3bupanbHUx KombaliHie | oxapakmepu3osaHo be3sidmosHicmb. [lepedbaya-
€MbCS, WO 8iOMOBU 3epHO36uparnbHUX KOMbaUHI8 3 MEXHIYHUX | MEXHOMO02IYHUX MPUYUH Npu38odsimb Q0 Mpocmois camux
KombaliHie i, sik Hacnidok, 00 empamu YacmuHU 8poXaro 3epHo8UX. [pu MepesuUeHHi 8CMaHOBIEHO20 HOPMamUBHO20
as2pomexHiYyH020 mepMiHy 36upaHHs 305 numomi empamu 3epHosux cmaHoenams 0,004...0,006 % 3a 00Hy 200uHy
rpocmoro. AHarniz cmamucmuyHux GaHux npo MeXHiYHUl cmaH 06’ckmig Ha OCHO8I eKcrilyamauilHuX crnocmepexeHb

0036011u8 8usI8UMU LMOBIPHI 3aKOHOMIPHOCMI | NPUYUHU 8iOMO8.

lpogedeHo aHani3 pe3ynbmamie ekcriepuMmeHmarbHuUX 00CIIOXeHb 3i 8CMAaHOBMEHHAM YUCETbHUX 3HAYEHb MOKa3HUKI8
6e3esidmosHOCMIi 3epHO36UpanbHUX KombaliHie, a came, cepedHE HanpayreaHHs Ha nepuly 8idMogy, cepedHe Hamnpauo-
8aHHs1 Ha 8i0MOBY, CepeldHs Kiflbkicmb 8iOMO08, cepedHili Yac yCyHeHHs 8idMo8u, KoegiuieHm eapiauii 8iomos.

lpedcmasneHa epacbiyHa iHMeprnpemauis 3anexHocmi nokasHukie 6e3sidmosHocmi 3epHo36uUpansHUX kombalHie, a
came, winbHicms po3nodiny eidMos kKombaliHig, cymapHa KinbKicms 6idmos & rpoueci pobomu kombaliHie, cymapHull Koe-
¢hiyieHm 2omosHocmi 3epHO36upanbHUX KombalHie. [1lidmeepdxeHo iCHy8aHHs 8niusy 3MiHU cepedHb020 Hanpauto8aHHs
Ha 8idMo8y 8 rpoueci ekcrilyamauii kombaliHie Ha MmokasHUKU 6e3giomosHocmi KombaliHa.

PosenaHymud nioxio i3 nodibHUM aHasnizom 00380/15€ 0b6rpyHMOo8aHO sucysamu 8uMoau 00 xapakmepucmuK MexXHOIIOo-
2ill mexHiYH020 06CsTy208y8aHHSI npu 36epicaHHi 3epHO3bUparbHUX KombaliHie.

Knroyoei cnosa: 6e3giomosHicmb, kombaliH, UmMosipHicmb, 8idmosa, npayesdamHicms, 36epieaHHs.

DOI https://doi.org/10.32845/msnau.2022.1.2

MoctaHoBka npobnemu. MalUMHHO-TEXHOMNOMYHNIA
KOMMIIEKC CiNbCbKOro rocnogapcTea Bknoyae B cebe arpo-
TexHonoril BUPOBGHMLTBA NPOAYKLI|, TEXHIYHI 3acobm Ta iH-
pacTpykTypy, Wo 3abesneyye npaue3naTHiCTb CUCTEMM.
CyyacHa coujanbHO-eKOHOMIYHa cUTYaLlis B CBITi 3yMOBMOE
HEOOXiAHICTb MPUCKOPEHOrO PO3BUTKY HaLiOHAMNbHOrO Cirlb-
CbKOroCrnoAapchbkoro BUpoGHULTBA. TeHAEHLS CKOPOUYEHHS
BUMYCKY TEXHIKM BITYM3HSAHOrO BMPOOHMUTBA i ii Hegonik
MOCMYXXWIN MPUYMHOK BCE BinblL  3pOCTAKMOro  Mapky
iIMMOPTHOI TEXHIKW, ika HAAXOAWTb B NPOAAX B LUMPOKOMY
aCoOpPTUMEHTI BiA PisHUX dipM BUPOBHUKIB. IHhopMmaLis,
ska HaJaeTbCs NPO AKICTb Ta ePEKTUBHICTb 3aCTOCYBaHHS
BITYM3HSAHOI Ta IMMOPTHOI TEXHIKM, HOCUTbL CynepeynunBumn
XapakTtep, WO YCKMagHE OOHO3HAYHWUIA BUBIP TEXHIUHUX
3acobiB A4ns iX BNIpOBa[XeHHs Y BUPOOHULTBO.

3epHo3bupanbHi KOMBaNHW  ekCrnyaTyrTbCs Yy Bax-
kux ymoBax. [un, 6pya, POCAMHHI pewTku noTpannsoTb
Y BY3nK, WO TPYTbCS, BUKIMKAIOTL NMOCUIIEHUIA MEXaHIYHWIA
3Hoc ix (Najafi et al., 2015). HepiBHOCTi nons npu3eoasTb
[0 BWHWKHEHHS AMHAaMIYHOTO HABAHTAXEHHS Ha OKPeMi

3'egHaHHa Ta ix nonomky (Gurcanli et al., 2015). Y npoueci
eKkcnnyatauii nopyLwyeTbCs perynioBaHHa 3epHo3bupans-
HUX KOMBalHIB, TOBTO 3MIHIOETLCS B3aEMHE pO3TallyBaHHS
feTanen y pesynstaTi MEXaHIYHOrO 3HOLLYBaHHSA Ta ocna-
6nenHs kpinnedb (Khamidullina etal., 2017). MactunbHi
PEYOBUHM Mig Oi€I0 BUCOKUX TEMMEPATYP i BIYYEHHS B HUX
CTOPOHHIX JOMILLOK BTpa4atoTb CBOi NepBiCHI BNACTMBOCTI, a
Le 36inbLuye 3Hoc getanen (Aven, 2016). Y cuctemi oxono-
[DKEHHS1 CUMOBOI EeHEepreTUYHOI YCTaHOBKM 3epHO30Mpans-
HUX KOMOaWHIB YTBOPIOETLCA HaKWM, Y NanuBHUX, Macns-
HUX Ta NOBITPSAHUX DiNbTPax 3aTPUMYIOTLCS 3abpyaHEHHS,
YTBOPHOETHCA Harap Ha ronoBkax 6Grokis, kamepax 3ro-
PSHHA, KnanaHax, Lo Np13BOAUTbL TakoX A0 3MiHW poboTu
€amoro ABWryHa BHYTpilHboro 3ropanHs (Tyutrin, 2019).
KpimM nepepaxoBaHux akTopiB, Aetani 3epHO3buparnbHuX
kombalHiB CTapitoTb, BTpa4aloTb CBOK NEPBICHY MILHICTb
(Zubko et al., 2017). 3Ha4yHe 3HOLLYBaHHS BUKIMKAE KOPO3is
meTanis, 0cobn1eo Konu 3epHO36upanbHUA KombanH LOBro
He BUKOPUCTOBYKOTbCH, TOBTO nepebyBae Ha 36epiraHHi

(Voinalovych et al., 2017). BHacnigok ycix X NPpUYuH 3ep-
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HO36MpanbHi KomMbalHK BTpavaoTb CBOK MpaLle3naTHICTb,
nepegyacHo BMXOAUTb 3 Nnafy, YMM 3aBAAETbCS BENUKOI
¢hiHaHCOBOI LUKOAW EKOHOMILi arpapHOro MignpueMcTBa.

[ns 3MeHWweHHs BNNMBY BCIX UMX (pbakTopiB, MNpo-
[IOBXEHHSI TEPMIHIB Cryx06u 3epHo3bupanbHux Kombaii-
HiB po3pobneHo HOPMaTUBHWA KOMMMEKC iHXEHEPHOro
MEHEKMEHTY, SIKUN HA3MBAETLCA afanTUBHOK TEXHOMOrT
TexXHiYHOro obcnyroByBaHHA npu  36epiraHHi  3epHO36U-
panbHux kombaiiHiB (Rogovskii et al., 2019). B ocHoBy sikoi
noknageHo pobouy rinotesy, WO eeKTUBHICTL MallnMHO-
BUKOPUCTaHHS 3epHO30MpanbHnX KOMOAWHIB B 3HAYHIN
Mipi 3anexuTb Bif i HaginHocTi (Shih-Heng et al., 2018).
Mpu 36upaHHi 3epHOBUX KynbTyp HeobxigHo 3abe3neunTy
npauesgaTHui CTaH KombGalHiB nmpoTaroM  HeobXxigHoro
arpotexHivyHoro nepiogy (Gyansah & Ansah, 2020). Tomy
OCHOBHOI XapaKTEPUCTUYHOI BRACTUBICTIO 30UpanbHUX
mawuH € 6essigmosHicTb (Nykyforchyn et al., 2019). Bia-
MOBW 3 TEXHIYHUX | TEXHOMOMYHUX NPUYUH NPU3BOAATL [0
NPOCTOIB MALUWH i, K HACNiZOK, [0 BTPATU YaCTUHW BPOXaL0
(Corinne & José, 2017). Mpy nepeBuLLEHHI BCTAHOBMNEHOTO
TEPMiHy 30MpaHHs NUTOMI BTpaTU 3epHOBUX CTaHOBMSATb
0,004...0,006 % 3a ogHy roauHy npoctoto (Kypris et al.,
2016). AHanisz CTaTUCTUYHWUX AaHWX MPO TEXHIYHMIA CTaH
00’eKTiB Ha OCHOBI eKkcnyaTaLiH1X CroCTepexeHb [03BO-
NSIE BUSIBUTM NMOBIPHI 3aKOHOMIPHOCTI | NPUYMHK BigMOB.

AHani3 octaHHiX pocnimkeHb i nyonikauin. 3ep-
HO30MpanbHi KombanHK, SIK i iHWi CiNbCbKOrocnogapchkux
MaLumH (nnyry, ciBanku, caMmoxigHi obnpuckysadi, bypsikos-
GupanbHi MaLwnHK, kopMo3bupanbsHi kombariHK) Yepes cre-
Lianisavito Ta Ce30HHICTb POBIT BUKOPUCTOBYIOTb NPOTATOM
pOKy HeTpuBanun vac, sk npasuno, 10...60 gHis (Erokhin
etal.,, 2019). MNpu TpuBanomy 36epiraHHi 3epHO36Mpanb-
HUX KOMBaMHIB 3MiHIOTLCA NapaMeTpu Ta SKiCTb maTepi-
any geranen yHacnigok Koposii, CTPYKTYPHWUX NepeTBOpeHb
Ta 3anuLLkoBumx Aedhopmaliii nia Aieto BNAacHOI Barv MalLUuH.
Mpu HenpaBunbHOMY 36epiraHHi NPUPOOHE 3HOLLYBAHHS
MawuH BiabyBaeTbes Binbl iHTeHCMBHO (Xi & Songlin,
2019). MNpaBunbHe 36epiraHHs 3abe3nevye 36epexeHHs
3epHO30MpanbHUX  koMBalHIB Ta CMPUSIE  CKOPOYEHHIO
BUTPAT Ha X TexHiYHe 06CnyroByBaHHS Ta PEMOHT nif Yac
ekcnnyartaduii (Rejovitzky & Altus 2013).

Mig Yac 36epiraHHs BUHUKAOTb KOPO3ilHi MOLLIKOOAXEHHS
feTanen 3epHo3bupanbHux kombanHiB (Pisarenko etal.,
2019). He 3akoHcepBOBaHi NoBEPXHi poBoUMX opraHiB 3ep-
HO3bMpanbHUX KoMOGawHIB y nepiog 36epiraHHs OKUCIIO-
0TbCS Ta NOKPUBAOTLCS ipxeto (Sanchez-Hermosilla et al.,
2011). 3abpygHeHHs Ha [JeTansx MOCWITIITL KOPO3ito,
Tak Sk y MOEAHAHHI 3 BOSOMOK BOHWM MOXYTb CTBOPIOBATH
aKTUBHE ENEKTPOXiIMiYHE CEpeoBULLE, L0 BUKNMNKAE IHTEH-
cvBHi koposii (Kalinichenko & Rogovskii, 2017). Hacamne-
pen Koposis YLWKOMKYE HesaxuLleHi nosepxHi (Zou etal.,
2017). B ogHux BUNagKax BOHa BUHUKAE Yepes pynHyBaHHS
nakotapboBMx MOKPUTTIB (NpU TpaHCNOPTYBaHHI, pobOTi
TOWO), B iHWUX — Yepe3 NopyLleHHs npasun 36epiraHHs
3epHo3bupanbHux kombanHis (Rogovskii, 2020).

HwkHi yacTHW 3epHO36MpanbHUX KOMBAaNHIB (ONOpPHI
KOB3aHKW, XO[,0Bi Koreca Ta iH.), BATOTOBMEHI 3 ByrneLeBnx
Ta MaroneroBaHux ctanen, Ha BiAMIHy Big AeTanew, Biaaa-

NEeHuX Big IprHTy Ta HE Mal0Tb KOHTAKTY 3 HUM, KOPOAYHTb

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

iHTeHcuBHiwe (Chen et al., 2020). [MnMbuHa NOLLIKOMXEHHS
Jeskux fetanei pocarae Ginblumx po3mipis  (Kuzmich
etal., 2021). Tak, SKLIO 3aXUCHi KOXYXMW, paMi 3epHO36u-
panbHUX KOMBaNHIB 3a PiK YLUKOLKYIOTLCS KOPOSIEKD Ha ru-
6uHy 0,02...0,07 mm, TO AeTani pobounx opraHis Ta ONOPHUX
YaCTVH, WO TOPKaKTbCA I'PYHTY abo KOHTaKTYIOTb 3 poc-
MUHHUMU peLuTKaMK, 3epHOM, — Ha rmnbuny 0,42...0,44 mm
(Kuzmich & Rogovskii, 2021). Pecypc Takux getanen Yyepes
BTOMHI pyMHYBaHHSI Ha NPaKTWLi 4acToO CKOPOYYETLCH Ha
40...60 % (Nazarenko et al., 2021). NoyaTkoM Takux pyWHy-
BaHb € KOPO3iNHi YLUKOMKEHHS.

Mig pieto CoOHAYHOrO CBITNA (COHAYHOI pagialii), KUCHIO
Ta O30HYy MOBITPS, @ TaKOX aTMOCEepHUX onagis, PisKuxX
nepenagis Temnepatypy Ta MeXaHiYHUX BMNMBIB AeTani
3epHO36UMpanbHX KOMOGawHiB, BUrOTOBMEHI 3 rymu, pesu-
HOTEKCTUMIO Ta NOMiIMEepHUX MaTepianis, a Takox nakodap-
60Bi NOKpUTTA MigaatoTbea ctapiHHio (Hrynkiv et al., 2020).
CrapiHHsa — 3MiHa (i3nKO-XiMiYHUX BNacTUBOCTeW maTepia-
niB y Npoueci iX BUKOPUCTaHHA Ta 36epiraHHs; BOHO 3yMOB-
neHo npouecamu AecTpykuii, TO6TO pyiHYBaHHAM NaHLo-
ris makpomonekyn (Nazarenko et al., 2020). Mpu cTapiHHi
3MiHIOKOTBCS BNACTUBOCTI MaTepianiB: BTpavaeTbCs Maca,
3HKYETBCS €NaCTUYHICTb, 3MEHLLYETLCS OMip yaapy, CTUCKY
Ta BUIVHY, MiABULLYETHCS TBEPLAICTb, 3MIHIOETHCS 30BHILL-
HiN BUrNAZ, (BUUBITAHHSA, po3TpicKyBaHHs). Mpu chinbHiv aii
030HY Ta COHSYHWX MPOMEHIB ryma pyMHYeTbCH HanbinbLL
iHTEHCMBHO. HecnpusaTnuemin BNNWB Ha AeTani, BUTOTOBIEHI
3 TyMy Ta rymMOTEKCTUIIIO, HAaAaloTb ManvBo Ta MacTUMbHI
matepianu. BoHu BuknuKaTb po3byxaHHS Ta pPO3M'sK-
LUEHHS! rymu. LM nosiCHIOKTHCA MOLLKOAXKEHHS He MiAroToB-
NeHnx o 36epiraHHs ryMOBWX LUKH, NPOryMOBaHWUX PEMEHIB,
LUNAHrIB FiApOCMCTEM Ta iHWKUX AeTanen 3epHo36upanbHuX
koMbanHiB. Yepes nopyLleHHs npaBun 36epiraHHs 3epHO3-
BupanbHMx koMBarHIB TEPMIH CryOu MHEBMATUYHUX LUMH
Moxe 3HuxyBsaTucs Ha 10 pokis abo 15 % Ha pik (Rogovskii
etal., 2021). Jertani 3 rymu Ta ryMOTEKCTUIIO, AepeBa, Tek-
CTUIIIO Ta LLKipK MK NiABMLLEHI BONOroCTi NOBITPS NOKpMBa-
I0TbCS LBIMNM0, YPaXyloTbC MiKpOOpraHiamamm, po3Tpicky-
0TbCS, BTpaYvaloTb MiLiHICTb. OCHOBHa NpuYMHa pynHyBaHHS
[EpeBUHN — THUTTS. TeKCTUMbHI MaTepianu gyxe rirpocko-
niyHi. MornmMHaroun Body, BOHW 3MiHIOKTE Garato MexaHiy-
HUX | i3NYHMX BNACTUBOCTEN: LLINBbHICTb, PO3MIPK, MILHICTb
i 7.4. Wkionuey i HaBiTb pyRHIiBHY Aito pobnsTs Ha Henpawto-
o 3epHO30MpanbHi koMOarHK Ta iX cknadarnbHi oguHMUI
TpMBani CTaTUYHi HaBaHTaxeHHs. Hanpwknaa, Benukoraba-
PUTHI cknaganbHi OAVHULI | arperati (kHuBapku, niadupaui,
pamu), He BCTaQHOBIIEHI B ropu3OHTarnbHE MOMOXEHHS Ha
nigcrtasku abo CTOSATb Ha HEPIBHUX ManfaHuvkax, nigaa-
I0TbC AedopmMaLism (BUrMHaM, nepekocam, SKi NOCuIo-
I0TbCS Nif, 4i€l0 CHIrOBOI Macy, L0 HAKOMUYMAACS Ha HUX.
Came TOMy B Jesikux BUNagkax cnocrepiraetecs gedopma-
Lis pam i nnaTgopm XHUBapPOK, NanbLeBux Bpycis pixkyvoro
anapary Ta iHwe. CTaTuyHi HaBaHTaXEHHS 3a3Hal0Tb TaKOX
Pi3HUX NPYXUHHKX | perynioBanbHUX MEXaHI3MiB i cknagarnb-
HWUX OOWHMLb 3epHO30MpanbHMX koMOalHIB. Takum YnHOM,
npaBunbHe 36epiraHHs 3epHO36MpanbHUX koMbanHiB Mae
BUHAITKOBO BaXINMBE iHXEeHepHe 3HauyeHHs. BoHo go3sonsie
3HWU3UTW PYWHIBHY A0 HA CKMagHY TEXHIYHY CUCTEMY, SKOH
€ 3epHO30MpanbHNn KombanH.
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MeToto gocnigxeHb € ekcrepuMeHTanbHi JOCTIPKEHHS
6€e3BiAMOBHOCTI 3epHO36MpanbHUX KOMOAWHIB Y BUPOOHM-
YMX YMOBAX 3i BCTAHOBIEHHS! BMNUBY iHXEHEPHOTO MEHEeX-
MEHTY 3a TeXHonorii TexHi4Horo obcnyroByBaHHs Npu 36epi-
raHHi KOMBanHIB.

Pesynkratn gocnigxeHnb. 36ip iHbopmaLii no npaves-
JartHocTi kombarHiB CnasyTud B kinbkocTi 10 oguHuLb, ki
HE nignsranu 3acTOCyBaHHI adanTMBHOI TEXHOMOrii Tex-
HiYHOro obcnyroByBaHHS Npu 36epiraHHi 3epHO30MpPanbHUX
kombariHie (gani — Cnasytny K3C-99) i 10 ognHnub komban-
HiB CnaByTuy 0O SKMX 3acTocyBanut aganTyBHY TEXHOMOTil
TEXHI4YHOro ob6cnyroByBaHHS Npw 36epiraHHi 3epHo36mpans-
HUX kombanHiB (gani — Cnasytuy K3C-9-A) nposoamscs
B YyMOBax psi40BOI ekcnyaTadii arponignpmemcTs Yepkach-
koi obnacTi B nepiof xHunB 2021 poky. Y KoxHin rpyni 6yno
no 10 o6’ekTiB CNoCTepexeHHs, B pe3ynbraTi 6yno BCTaHOB-
MEHO, WO BiAMOBM MatOTh LUMPOKUIA Adiana3oH pPo3CitoBaHHS
(puc. 1) i HOCATL B BiNbLIOCTI PanTOBUN XapakTep.

)
0.3

0.25
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200

250 300
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Puc. 1. WinbHicTb po3noginy BiAMOB KOMOaNHiIB:
1 — CnayTuny K3C-90; 2 — Cnaytuy K3C-9-A

3Biacy BUAHO, Lo BigMoBw kombaiiHiB CnaByTuy K3C-90
B GiNnbLUiIA Mipi 3MiLLeHi B novaTok >HuB. OCHOBHI XapakTe-
PUCTVKKM ©e3BiAMOBHOCTI KOMOalHIB HaBeaeHi B Tabn. 1.

Tabnuus 1
Moka3Hukn 6e3BigMOBHOCTI 3epHO36MpPaNbHUX
KombainHiB CnaByTny

3HayeHHs NoKa3HUKIB
HalimeHyBaHHS NoKa3HUKIB CnaBytnu | CnasyTuu
K3C-90 K3C-9-A
1. CepepnHe HanpaLtoBaHHs 38 43
Ha nepLuui BiMOBa, M.-ro,.
2. CepepHe HanpautoBaHHs Ha
BiAMOBY, M.-rofl. 55 65
3. CepeaHs KinbKicTb BigMOB,
BTK/100 rog 3.2 2.8
4. CepepHin Yac yCyHeHHs
BiAMOBW, rof 2,6 2,3
5. KoediuieHT BapiaLii BiaMoB 0,74 0,67
MokasHukn  Ge3BigMOBHOCTI  kombGaiHiB  CnaByTuy

K3C-9-A B cepegHbomy Buwe Ha 15% 3a CnaByTud
K3C-99, npote, HanpautoBaHHa Ha Bigmoy CnaByTuu
K3C-9® craHoBuTb Tinbku 46 %, a Cnaeytuy K3C-9-A Bia-
nosigHo 54 % Big HopmaTuBy. XapakTep MposiBy BigMOB
noKasaHui Ha puc. 2.
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Puc. 2. 3miHa cymapHOi KinbkocTi BigMOB
B npoueci po6oTn KombaiiHiB:
1 — CnaByTuny K3C-90; 2 — CnasyTuy K3C-9-A
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Puc. 3. 3miHa cymapHoro koedilieHTa roTOBHOCTi
3epHO36MpanbHMX KOMOaKHIB:
1 — CnaByTuny K3C-90; 2 — CnaByTny K3C-9-A

3a nepiog BMKOPWUCTAHHA Ha KomOalH npunagae
4...5 BiIMOB i HaWbINbLL HTEHCMBHO BOHW BIOOYBalOTLCS
Ha nodyatky 30upanbHoi komnadii (oo 100 moTorogmH).
Cepen nokasHUKIB HaZiMHOCTI HaMGINbLW iHGOOPMATUBHUM
€ KoedilieHT rOTOBHOCTI, OCKiflbKM OHOYAaCHO XapakTepw-
3ye 0e3BiMOBHICTb i PEMOHTONPUAATHICTb TEXHIYHUX CUC-
Tem. BiH BigoBpaxae MMOBIPHICTb 3HaxomxeHHs ob’ekTa
B npauesfgatHOMy CTaHi i BigMoBiAHO 4aCTKy BWKOHAHHS
3aranbHoro obcsry pobotu. Ockinbku KinbKiCTb | TpUBanicTe
YCYHEHHS BiOMOB 3HWXYIOTbCS, TO KOe@ILi€EHT rOTOBHOCTI
MOCTiHO 3pocTae (puc. 3) i Jocsrae HOPMATUBHOTO 3Ha-
yeHHs1 micns 200 moToroamH poboTu.

Ha ocHoBi aHanisy otpumaHux gaHux 6yna BUKOHaHa
knacudikauia BigmMoB (Tabn. 2).

B pesynbrati ekcninyarauiiHux cnoctepexeHb BCTaHOB-
NEHO OCHOBHi MOKa3HWKKM 6e3BigMOBHOCTI (puc. 2) i 3miHa
koedillieHTa roTOBHOCTi 3epHO36upanbHuX KombariHie Cna-
BYTWUY B KinbkoCTi 10 0AUHMLb, SKi HE Nignarany i nignsranm
3aCTOCYBaHHIO afanTUBHOI TEXHOMOMT TEXHIYHOro obcny-
roByBaHHs npu 36epiraHHi 3epHO36MpanbHUX kKoMOanHiB.
Be3BigMOBHICTb BiTUM3HAHMX KOMbaiHiB CnaeyTuy K3C-9¢
3HMXKYETbCA Oinbly iHTEHCMBHO, Hix CnaBytnd K3C-9-A,
TOMY CepefHe HanpauoBaHHS Ha BiAMOBY BignoBigHO 62,8
i 65,3 rog. KombaliHu matoTb Taki TEXHIYHI XapakTEPUCTUKM:
B=15,18 m, v =7 km/rog. Po3paxyHku 3a pesynsratamu 360py
iHbopMmalLlii nokasanu, Lo iX NPOAYKTUBHICTL 3a nepios 36u-

paHHs Yyepes BigMoBy 3meHLLyeTbes Ha 10...12 % (puc. 3).

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcureTty
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Tabnuugs 2
Po3nopin BigMOB 3epHO36MpanbHUX
KoMba#nHiB CnaByTuy

YacTka BigmoB, %
HalimeHyBaHHs 03Hak knacudikauii | CnasyTtuy | CnaByTny
K3C-90 | K3C-9-A
1. 3a NOXOMKEHHAM:

— KOHCTPYKLINHi 20,1 20,0

— TEXHOMOTIYHi 3MiHa MOKa3HMKIB 25,5 27,5

po60TKN 3epHO36MpPanbHUX KOMOaIHIB 54,4 52,5

— ekcnnyaTavujiHi

2. 3a xapakTepoMm MosiBu:
— MOCTYnoBI 29,3 28,4
— panToBi 70,7 71,6
3. 3a cknagHicTo YCyHEeHHS:
— npocTi 73,9 70,3
— cknagHi 26,1 29,7

TexHIYHO CrnpaBHUIA 3epHO30MpParnbHU KOMOAH BUKO-
Hae obcar poboTu:
F,=01-B-v-t, (1
e B — WwupvHa 3axBaTy XaTku, M; V — LUBUAKICTb PyXy, km/
rog; t — TpuBanicte pobotu, rog.
Y pasi BUHWKHEHHS BigMOB 0bcsr poboTu cknage:
F,=01-B-v-t-k, 2)
Ae k. — KoediLlieHT roToBHOCTI kombBaliHa.
3miHa KkoediljieHTa roTOBHOCTI B Npoueci ekcnyaTauii
[AOCUTb TOYHO anpoKCUMYETLCS NMOKA30BOK (PYHKLIEHD:

)

—ot
kr=e™",

To6tonpu t =0 k. =1,anput—-> o k. —0.

ty ly Iy

Puc. 4. Cxema BUKOHaHHS 3a4aHOro 06¢csAry pobotu

OTxe, 3MiHa BUpObNeHHs koMbalHiB NPONOpLiiHO Koe-
iLiEeHTy rOTOBHOCTI:

4)

MpuiiMaemo, Lo Ao noyaTky 36upaHHa t, BeCb 3adaHui
obcar pobotn F, roToBWiA OAHOYACHO i cripaBHUI kKomBaiiH
BWKOHA€E 110r0 3a arpoTexHiYHUA TepMiH t,, a B pasi npo-

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

CTO0 Yepes BiAMOBM TpMBanicTb 36MpaHHs 30iNbLUNTLCA A0
t, (puc.4).

[ns 3aBeplueHHs 3annaHoBaHoi poboTy Byae nNoTpibHO
[oaaTkoBum Yac (puc. 5):

At=t,—t, =t, (5)

0 100 t, Tom.

Puc. 5. 3miHa cepegHbOro HanpauloBaHHSA Ha BigMOBY
B npoueci ekcnnyarauii KomoanHiB
Cnasytuy K3C-9-A (1) i CnaBytuy K3C-9¢ (2)

lNpwv uboMy BTpaTK BpOXato cknapyTsb (puc. 6):

P=y-t, (6)

[e y — nuToMi BTpaTu 3epHa, %/rog.

Ll

0.96

0 100 200 300 400 t. rox.
Puc. 6. 3miHa BigHOCHOro o6¢csAry BUKOHaHHSI po60oTH
kombanHamu CnaByTuy K3C-9-A (1) i CnaByTuy

K3C-9 (2)

ArpoTexHiyHnin TepmiH 36mpanHs 3epHoBux 10 fib abo
240 rog, a npu nepeswLeHHi oro nutomi BTpatn 0,06 %/
rod. AHanisa 3a pesynbratamy AOCHIMKEHb MOKasye, Lo
BTPaTM BpOXaK 4epe3 npoctoi kombanHie CnaByTuy
K3C-9-A i CnaByTny K3C-90 B cepeaHbOMY cknaaatoTh Bil-
noBigHo 3 i4 %.

Posnogin 3a Bugamu BiAMOB MPaKTUYHO OLHaKOBUN.
Cepen okpemux feTanew i By3niB 3 HU3bKOK HafifHICTIO
y kombanHiB Cnaeytuy K3C-9® MoxHa Bia3Ha4YMTV NoOoB-
xyBay peweta — 13,4 % i mexaniam wanbu — 11,3 % Big
3aranbHOro yucna BigMoB, y kombannis Cnasytuny K3C-9-A
ue garumk Tucky Mackans — 15 % i migwunHUK npueogy
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peLuiTHoro ctany — 12,5 %. PeaynstaTii nokasanu, Lo Yyepes
HEOOCTaTHIN piBeHb HadIMHOCTI 36MpanbHUX MaLLKH BTpaTK
Bpoxato ansa Cnasytuy K3C-9® ctaHOBNATL B cepegHboMY
12 %, a ana CnayTuy K3C-9-A — 10 %.

BucHoBku

B HaBegeHin cTaTTi OTpMMaHi pesyneraTv ekcrinyata-
LiNHUX CMOCTEpEeXeHb | BCTAHOBMEHO OCHOBHI MOKAa3HUKM
6e3BiZMOBHOCTI | 3MiHa KoedillieHTa rOTOBHOCTI 3epHO36M-
panbHux kombanHis Cna.yTuy B kinbkocTi 10 0auHUL, siki He
nignarany Ta nignsrany 3acToCyBaHHIO afanTUBHOI TEXHO-
noril TexHiYHOro obcnyroByBaHHS Mpu 36epiraHHi 3epHO36u-
panbHMX kKoMOaliHIB. Be3BiAMOBHICTb BITYUM3HSAHUX KOMOaNHIB
Cnasytny K3C-9® 3HmxyeTbCs Binbll iHTEHCUBHO, Hix Cna-
ByTny KBC-9-A, TOMy cepeqHe HanpaLlloBaHHS Ha BiOMOBY
BignoBiaHo 62,8 i 65,3 roa. MpoaykTMBHICTL 3a nepiog, 36u-
paHHs Yepes BiaMOBW 3meHLyeTbes Ha 10...12 %.

ArpoTexHiyHuii TepMiH 36upaHHs 3epHoBux 10 ai6
abo 240 rog, a npu NepeBULLEHHI KOr0 MUTOMI BTpaTy
0,06 %/rog. AHani3 3a pedynsraTamu 4OCNIAKeHb NoKa3sye,
O BTpaTK BpOXat vepes npocToi kombanHie CnasyTuy
K3C-9-A i Cnasytny K3C-99 B cepeaHbOMYy CKnagarTb
BignosigHo 3 i 4 %. Posnogin 3a BMgamMu BiAMOB npak-
TMYHO opfHakoBuii. Cepen OKpeMux feTanen i By3nis
3 HU3bKOK HagiiHicTio y KkombanHis Cnasytuy K3C-90
MOXHa BiA3HauMTW NoaoBXyBay peweta — 13,4 % i mexa-
Hi3M Wwamnbm — 11,3 % Big 3aranbHOro YMcna BiAMOB, y KOM-
6aiHiB CnasyTtny K3C-9-A ue pgartumk Tucky [Mackans —
15 % i nigwmnHUK npueogy pewiTHoro ctaHy — 12,5 %.
Pesynbratt nokasanu, WO 4Yepe3 HeLOCTaTHIN piBeHb
HagiHoCTi 36upanbHUX MaLluvH BTpaTK Bpoxato Ans Cna-
ByTM4 K3C-9® craHoBnath B cepegHbomy 12 %, a ans
CnaByTtny K3C-9-A — 10 %.
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Engineering management of grain harvester failure management under technology of maintenance technology

The article discusses the feasibility of applying the normative complex of engineering management for adaptive
maintenance technology in the storage of combine harvesters.

The basis of experimental research is the working scientific hypothesis that the efficiency of machine use of combine
harvesters largely depends on its reliability, in particular on the indicators of failure directly in the harvest process. When
harvesting grain crops, it is necessary to ensure the working condition of combines during the normative agro-technical
period. Therefore, the main characteristic feature of combine harvesters is characterized by reliability. It is assumed that
the failure of combine harvesters for technical and technological reasons leads to downtime of the combines and, as
a consequence, to the loss of part of the grain harvest. If the established normative agro-technical term of grain harvesting
is exceeded, the specific losses of grain are 0.004...0.006 % for one hour of downtime. Analysis of statistical data on
the technical condition of facilities on the basis of operational observations revealed possible patterns and causes of failures.
The analysis of results of experimental researches with establishment of numerical values of indicators of failure of grain
harvesters is carried out, namely, average time on the first failure, average time on failure, average number of failures,
average time of elimination of failure, coefficient of variation of failures.

Graphic interpretation of the dependence of failure indicators of combine harvesters is presented, namely, the density
of failure of combines, the total number of failures in the process of combines, the total readiness factor of combine harvesters.
The existence of the influence of the change in the average operating time on the failure in the process of operation
of combines on the indicators of failure of the combine has been confirmed.

The considered approach with a similar analysis allows to reasonably put forward requirements to the characteristics
of maintenance technologies during storage of combine harvesters.

Key words: faultlessness, combine, probability, failure, efficiency, storage.
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Ha cb0200HiWHIl OeHb npu 8UPOULYBaHHI CibCbK020CM0OapPChKUX Kyrbmyp OOHIEH 3 Haleaxnusiwux npobrnem, wo
cmosimb rieped CinbCbKo20crno0apcbkum 8UPOOHUUMEBOM, € 3MEHIEHHS 3ampam Ha 8UpOobHUUMEeo rpodykyji, i 36inbWeHHs
npodyKkmueHOCMI MawuHO — MpPakmopHUx azgpezamis. LIbo2o moxHa 0ocsemu 3a paxyHOK yOOCKOHaNEHHS KOHCMPYK-
UiiHUx enemeHmie mpakmopig i asmomobinig, 3adigHux Ha 8upobHuUymei. 3okpema nid8ULEHHS MS2080-€HEPEMUYHUX
enacmusocmel ma 3HUXEHHS 8M11UsYy KOMICHUX pywiig eHepaoHacuyeHuUx mpakmopie Ha 2pyHm.

B npoueci 06pobimky mMawuHO — mpakmopHUM azpezamam HeobXiOHO MpoixKdXamu Mo O0OHOMY U MOMy X Cridy
6-7 pas. lnowa ix cnidie moxe docseamu 13—-14% nnowi nons, SKWO epaxysamu MInbKU 2yCEeHUYi Yu Koneca mpak-
mopa i He epaxo8ysamu MUCKY Ha epyHm KOJIiC CibCbK020CM0OapChKUX MaWUH | CeKyili poboyux opeaHie. besymosHO
0is1 xodosux cucmeM mpakmopig i pobo4ux opeaaHie 3MIHIOE cmaH i cmpyKmypy 2pyHmy, noaipuwye penbegh noss, 3veH-
wye podrodicmb epyHmy i ypoxalHicmb MpoOyKyii 3a paxyHOK nepeyuwinbHEeHHs, a makox 3binbwye numomi eumpamu
nanuea. Tomy, 8UKOPUCMAaHHSI KOMBIHOBaHUX MaWUH ma azpeaamig npu cy4acHiti mexHomoaii 06pobimky psdkie pociuH
0036071UMb CKOPOMUMU YUCO iX Npoxodig No 0OHOMY X i MOMy X MiCyj rofsi, CKOpoOMUMb pO3PUBU 8 Yaci MiX 8UKOHaH-
HSIM MEXHOMO2IYHUX onepauil, 3MeHWUMb eHepaemuyYHi aumpamu ma 00HOYacHO — YyWiNbHEHHS epyHMY. BupiweHHs uiei
npobnemu nompebye WUPOKO20 8rMPoBadKeHHS CUCMEM asmoMamu308aH020 NPOEKMy8aHHs, W0 00380/SI0Mb 8Xe Ha
cmadii npoekmysaHHs NPO2HO3y8amu Ms2080-34ilHi, Manueo-eKOHOMIYHI ma aepomexHonoaiyHi enacmusocmi MTA. Tseo-
80-eHep2emuYHi MOKa3HUKU KOMICHUX CirlbCbK020Cn00apChbKUX mpakmopie, pieeHb 8nusy pyuwiig Ha rpyHm 3Ha4HOK MipoK
8U3Ha4YaombCs1 O0CKOHaNcCmMio NHeeMamuyHUX WuH. [owyk onmumanbHUX napamempie MHesMamuyHUX WUH, y3200KeHHs
xapakmepucmuk KosicHUX pywiie 3 napamempamu ma ymosamu excrisyamauii MTA sumazatomb 8UPILIEHHS maKuX OCHO8-
Hux 3aedaHb. [lo-repwe, po3pobku aHanimuyHUX 3anexHocmedl, Wo onucyrms npoyec 83aeMolii enacmudyHUX Komic i3
IPYHMOBOI OCHOBOIO 3aIIEXHO 8i0 PeXUMY KOYeHHS Koneca. [10-0pyae, 008edeHHS 00 IHXEHEePHO20 PieHST MEMOOUKU PO3-
paxyHKy ma aHaridy cucmemu KosicHul pywiti — rpyHm. Mo-mpeme, cymilieHHs mexHonoaiyHux onepauit, wo crigrnada-
H0mMb 110 a2pPOMeXHIYHUX CMPOKax iX BUKOHaHHS 3 MemMOto 3MEHWEHHS Yacy ma iHmeHcugHocmi Oif pywiig Ha epyHm.

Knroyoei cnoea: epyHm, Komeco, ywjinbHeHHs rpyHmy, xodoea cucmema, npoxioHicme, 6yKCys8aHHS, KOMiCHUU pyuwid.

DOI https://doi.org/10.32845/msnau.2022.1.3
Betyn. Ananis pisHux cnocobis 06pobiTky psgkiB poc- | rocnogapCbkux KynbTyp 24—27 TEeXHOMOTYHWX onepauii

MUH MOKasye, WO Ha CbOrodHi Le camuii TPYAOMICTKWA | BMKOHYKOTbCS MOGINbHUMK arperatamu B nomi. Mnowa ix
npouec. BcTaHoBMEHO, WO npu BupOLLyBaHi Cinbecbko- | cnigiB ctaHoBuUTb 100-200 %. Big nnowi nons. TexHonoris

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcureTty
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[Ornsaay pocnunH, ocobrnmeo, B NOYATKOBWIA Nepiof ix pos-
BUTKY CKnagaeTbecs 3 BaratokpaTHUX NPOXOZiB arperara no
nonto. IMig Zieto ryceHnyHux pywii BinbyBaetbecs gedop-
MaList 'pyHTY Ta yTBOpIOKOTbCS chign. Konmeca i ryceHuui
MaLWuH OeopMYIoTb IPYHT YLUINBHIOKYM | PO3MUMIOYM
Oro Ta YTBOPIOKOYM chign. Hacniakom UbOro € 3HUKEHHS
YPOXANHOCTI CiNbCbKOrOCNOAaPCHKUX KYMbTYP, NOFiPLUEHHS!
CTPYKTYPU T'PYHTY, BITPOBOI i BOAHOI eposii, 36inbLueHHs
3aTpar eHeprii i nanuea Ha 06pOBITOK YLLiNILHEHOTO I'PYHTY.
®disnko-MexaHiYHUMK BNACTUBOCTAMM I'PYHTY € NOTO CTPYK-
TYPHUI CTaH, LWiNbHICTb, TBEPAICTb, MOPUCTICTb (3aranbHa,
MmixarperaTHa i okpemux arperartis). Big uux BnactuBoc-
TEN 3anexuTb BOAO- i NOBITPONPOHUKHICTb BOMOrO- i NOBI-
TPOEMHICTb. BOHM BU3HAYatoTb NoTeHUianbHy i e(heKTUBHY
POAIOYICTb I'PYHTY. B pesynbraTi MaemMo cepefHe 3HUKEHHS
YPOXaWHOCTI CinbCcbkorocnogapcbkux Kynetryp Ha 15-25%
Ta nicns pobotn TpakTopa MT3-80 Ha 1ra nona 14-15T
nuny. 36inblIEHHS NUTOMOMO OMOPY FPYHTY, 3aTpaT eHep-
rii Ha noro obpobiTok i BUTpaTM nanuea pocsrats 18%.
(3amorncbkuin, 1994; BogsHuk, 1990; BogsaHuk, 1994). Oco-
6nuBe micue cepea cnocobiB 3HMKEHHS LLKIANMBOI il xono-
BUX CUCTEM Ha I'PyHTY 3aiMae NoMinLeHHs NOKa3HWKIB B3a-
EMOfT KOMiC | ryCeHWLb i3 'PYHTOM OCKiNbK/A BOHO BMNVBae
LLie 1 Ha TArOBO-3YiMHi BNACTUBOCTi TPAKTOPIB.

Marepianu i MeToam gocnigxeHb. Bnnue yulinbHeHHs
IPYHTY [OOCRiMKYyBaBCS Ha OCHOBI NPOBEOEHOro aHanisy
HayKOBO-TEXHIYHOI iH(hopMaLlii 3 METOK 3MEHLLEHHS LUKIO-
NUBOT Aii MalUMHHO-TPAKTOPHKX arperaTiB Ha IPyHT i 36inb-
LUEHHS YPOXaNHOCTI.

Pesynbratn pocnimkeHb. Bci cnocobu 3HKeHHs
PIBHS LWIKIANMBOI Ail MALUMH Ha I'PYHT MOXHa YMOBHO nopi-
MUTK Ha TPW TPYNK: arpoOTEXHIYHI, TEXHOMONIYHI i KOHCTPYK-
TUBHI. BnpoBamkeHHs arpoTexHiYHOI CUCTEMU [03BONSE
He TiMbKX NigBULLMUTY BPOXAWHICTb CiflbCbKOrOCNOAAPCHKMX
KynbTyp, ane N 3HU3UTU EeHepreTWdHi i TpydoBi 3atpatu
LUMSXOM 3MEHLLEHHS KiNbKOCTi | rmMbuHM 0BpoBiTKy rpyHTY,
BUKOHAHHS KiflbKOX onepaLii 3a oauH npoxig arperaty abo
MaLUUHK | 3acToCyBaHHsA nectuumgis (3amoncbkuin, 1994,
BoasHuk, 1990; BoasHuk, 1994). BukoHaHWi aHani3 icHy-
IOUMX MOZENen KOHTaKTHOI B3aeMopii LUMHWM Ta OMOpHOI
NOBEPXHi BKa3ye Ha HEOOXIOHICTb CTBOPEHHS y3aranbHLo-
to4oi MaTemaTuyHoi Moaeni, sika 6 oxonntoBana sikomora
GinbLie napameTpis, LLO BNAUBaOTL HA AedOopMaLlito LLKHW
nig gieto HaBaHTaxeHHs (AHgpees, 1998; Boswsik, 2003;
Hagwkro, 2006).

BcTaHoBneHi onTumarbHi napameTpy HavBaXMBILLMX
isnyHMX BnactTuBoCTEN I'PYHTY. Tak, onTUMansbHUMK BBa-
XatTbes WinbHocTi 1-1,3 r/cM3(CYrnUHKOBMX i FIIMHUCTUX
rpyHTiB), 1,1-1,4 (nerkocyrnuHkosux) i 1,2—1,45 r/cm® (cyni-
LLaHMX).

['PYHTY YLWLINBHIOETLCS NiA Ai€to Hanpyr, ki BUHUKAKTL
B /I0ro MacmBi. 3HayeHHs Hanpyr i 3aKOHOMIPHOCTEN iX po3-
noginy no MacuBy 3anexartb Bif NPOLECiB B3aEMOAi koneca
i ryceHuUi 3 FpyHTOM, SIKi MOXHa YSIBUTU SK OfHOYacHe
fAedopMyBaHHS i BiHOBNEHHS AethopMaLlil KOHTaKTYHUMX
Tin (BoasHuk, 1994; BosHsik, 2003).

Ona po3paxyHky Hanpyr y OyOb-skii Touui nonepey-
HOro (MO BIOHOLIEHHIO [0 Crigy) NEepPeTUHY MacuBy IPYHTY

MOXYTb BYTW BUKOPUCTaHI BiOMi PIBHAHHS MeXaHiku I'pyH-

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

TiB, SIKi NiCNs NEPEeTBOPEHb, L0 MatoTb METY 3aMiHUTU KYTOBI
KoopauHaTK MiHINHUMK, NpUAMatoTb BUMSA (3aMONCHKUN,
1994; BogsHuk, 1990):

G X X zx x?
G, = | — 5 +arctg— - ——~——arctg— | (1)
n 22+ X} z Z2+x: z )
G X X zX x?
G, =—"|arctlg— - —S— 5+~ —arctg— | (2)
n z Z2+x: 2+ X z

pe G, G - Hanpyru, Lo AjloTb 3@ HanpsiMkami Bignosid-
HUX oceil koopauHaT, G, — MakcumanbHUid PO3paxyHKOBMI
KOHTaKTHWI Tuck; x,=x+0,5B, x,=x-0,5B; z, x — BignosigHo
BEpTUKasibHa i ropu3oHTanbHa KOOPAWMHATU TOUKM B SKIN
BU3HAYaETbCs Hanpyra BiAHOCHO cepeauHX npodinto cniay;
B- wupuHa cnigy.

OAnHUYHUIA 06’eM IPYHTY 3 BUXIAHOIO LWLNbLHICTIO P, B3S-
TWA y Janii To4ui oro Macuey, nicns npoxody koneca abo
ryCeHuLi 3MIHUTBLCS 0 3HAYEHHS P,

Py
(1-¢,)(1-¢,)(1+2,)K,

fe e, €, € - BiQHOCHI Aedopmallii oguHU4HOro o6’emy
I'PYHTY B3[OBX BiANOBIAHMX OCen koopamHart, K, — koediyi-
€HT 36inblieHHs 06’eMy, 3yMOBIIEHOMO NPYXHUMW BRacTu-
BOCTAMW TPyHTY. OCKinbKM npyxHi Aedopmaii IpyHTY
ctaHoBnATb 0,7-3 %, TO, NPUNYCTUBLLIK, LLIO BOHM BigHOBMIO-
t0TbCA B YCiX HanpsaMkax ogHakoso, K,=1,02-1,09.

[ns po3paxyHkiB BiHOCHWX AedopmaLin OAUHUYHOMO
06’eMy MOXHa KOPUCTYBATUCA PIBHAHHAM TEOpIi NPY>KHOCTI,
MAacTUYHOCTI | NOB3YYOCTi.

Py = 3)

g, = (Gz - azsx)
E,

e, = (G, —&G,)/E,
syz(Gy—GX)/EZ

Ae E, — mogynb aedopmalii rpyHTY, a &, — koediljieHT 1oro
NONEePeYHOro PO3LLNPEHHS.

KoeiLieHT yLWiNbHEHHS TPYHTY Kp, pO3paxoBylOTb 3a
dopmynoto:

_ 1
K"_(1—82)(1—‘c,x)(1+sy)|<b

()

HaBegeHa metoguka po3paxyHKy YLWIMbHEHHS TPYHTY
MOXe BMKOPWCTOBYBATUCS i ANS aHanisy Bunajakis Garato-
pa30BMX MPOXOAIB KOMiC Mo OgHOMY Crify, a TakoX YTBO-
PEeHHs napanenbHKX Crigis.

Ha nigcTasi 4aHyX Npo BNuB YLLiNIbHEHHS I'PYHTY ypo-
XaMHICTb CiNbKOrocnodapCbkuX KymbTyp iCHYHTb 3aranbHi
HanpsAMK1 YOOCKOHANEHHs MallMHHO-TPaKTOPHKX arperaris
i cuctem 0BbpobiTKy I'pyHTY, SKi 4O3BOMSAKOTb 3HU3UTU LUKIO-
NVBY Ait0 XOO0BWX CUCTEM Ha I'DYHT.

Y Hawin kpaiHi po3BWTOK MiHiManbHOTO 06pOBITKY
I'PYHTY 34IACHIOETHCA Y TPHOX HANpsIMKaXx: 3amiHa TpaauLin-
HOro rnubokoro 06pobiTKy IPyHTY NOBEPXHEBUM, YaCTKOBA
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abo noBHa 3amiHa AeskuxX BUAIB MeXaHiYHoro obpobiTky
BHECEHHSIM repbiuuais Ans 3HULLeHHs Byp’aHiB, ogHoYacHe
BUKOHAHHS KiflbKOX TEXHOMOriYHMX onepaLiin 3a O4uH Npoxia
3 BUKOPUCTaHHAM KOMBIHOBaHMX I'pyHTOOOPOBHMX i nocis-
HUX arperatiB. Lle 003BONSE iCTOTHO 3MEHLUNTK KiMbKiCTb
npoxogis MawuH no nosnto. [o yucna arpoTexHiYHUX npu-
VIOMIB TakoX BiZHOCATLCS PO3MyLLUYBaHHA I'PYHTY Y chigax
Komic i MigopHOro Lapy.

[lo TexHonoriYyHnx cnocobiB 3HMKEHHS LUKIANMBOI Aji
XOLOBWX CUCTEM Ha TPYHT HanexaTb: BUKOPUCTAHHS LIMPO-
KO3axBaTHWX arperartis; BUBIp Takux CnocobiB pyxy, 3a SKUX
nnowa ywinbHeHoi NOBepXHi MiHiMarbHa; BNpOBaLXeHHS
y CinlbCbKOrocnofapcbke BMPOOHWLITBO MOCTOBOIO 3€M-
nepobcTBa, CenekuinHnx MOBINbHUX EHEepreTuyHUX 3aco-
6iB, MOOYNbLHOTO arperatyBaHHs i BUKOPUCTaHHS arperaris
3 pobourMmM opraHamu — pyLUisMK. |3 36iMbLUEHHAM LUMPUHM
3axsaTty MTA i JOBXUMHM rOHY nnoLLa yLifibHeHOI konecamu
i TyCeHMUAMMW NOBEPXHI NOMs 3MEHLWYeTbCH. PauioHanbHUM
ANs nepeanociBHoro 06pobiTKy € YOBHWKOBWIA CMOCI6 pyxy
arperary, npu SKOMY KOXXHUIA HACTYMHWI 3ai34 BUKOHYETLCS
nopsg 3 nonepegHiM. MNpu Takomy cnocobi pyxy arperarty
JOBXWHa LUNSAXY Ha NOBOPOTHIM cMy3i MiHiMarbHa. Kpim Toro
PIBHOMIPHO 06pOBNATLCA MONS, HE YTBOPHOKTHCS BY3bKi
CcMyrn abo KIMHW, WO NoTpebyroTb JOAATKOBMX 3ai3AiB.

Bxe CcbOrofgHi LLUMPOKO 3aCTOCOBYIOTLCS €EMEHTU arpo-
MPOMMCOBOI TEXHOMONIT NPy NEBHMX YMOBAX: MapLUpyTu3a-
Llis pyXy CinbCbKOrocnoAapchbKoro arperaty i TeXHOMOoriYHoro
TPAHCMOPTY MO MOCTINHWUX HaNPSMHUX JOPiKKaX NpOTSroM
YCbOr0 CE30HY BUPOLLYBAHHS i 30MpaHHs cinbcbkorocrnogap-
CbKMX KynbTyp; 06pobka TinbKu 30HW PO3MILLEHHS POCIVH;
HasIBHICTb €AMHOTO eHEPreTUYHOro Moayns Ans BUKOHAHHS
KOMMIEKCY CiNbCbKOrocrnoaapCbknx pooiT Npu BUPOLLYBaHHI
i 36MpaHHi; nepexia Ao eguHol 6a3oBoi Konii arperarty i Tpak-
CMOPTHMX 3aco0iB ANs Pi3HUX NPOCAMHUX KYNbTYp.

SHWXKEHHIO PiBHA LUKIAMBOI Aii xogosux cuctem MTA
Ha IPYHT i NigBULLEHHS e)eKTUBHOCTI BUKOPUCTAHHS MOrO
POAIYOCTI, @ TaKOX FEeHETUYHOro MOoTeHUiany poCruH
CMPUSIE 3aCTOCYBAHHIO IHTEHCUBHUX TEXHOMOTiA BUPOLLY-
BaHHIO O3VUMUKX KYNbTyp, SpOi NWeHWLi, KyKypyasu. BoHu
nepenbavaroTb, BUKOPUCTAHHS TEXHOSOMYHOI KOnii, MO SKiN
nepemilLyoTbCs BCi arperaTu.

OcTaHHIM Yacom y 3B’A13Ky i3 30iNbLIEHHAM Macu TpaKTo-
PiB i NiABMLLEHHAM PIBHS LUKIANMBOI Aii X XO4OBMX CUCTEM Ha
I'PYHT, CTaBWUTLCS Mig CYMHIB NEepPCrekTUBHICTb LMX MaLLVH.
Po3BUTOK TexHiYHOro 3abe3neyeHHst CinbCbKoro rocnogap-
cTBa 6asyeTbCs Ha 3aCTOCYBaHHI LUMPOKO3axBaTHUX arpera-
TiB. 36iNbLUEHHS LUMPWHK 3aXBaTy NPUYINHUX MaLLMH NPU3BO-
ONTb [0 306iMbLUEHHS! iX KOHCTPYKTUBHWUX Mac. 306inbLueHHs
KOHCTPYKTMBHMX Mac cy4acHux MTA B CBOK Yepry BUKIIMKaE
30ifbLLEHHSI IMTOMUX TUCKIB HA OMOPHY MOBEPXHIO, LLIO B CBOKO
Yyepry Npu3BOAMTb [0 YLWIbHEHHS IPYHTY Ta WOr0 pyWHy-
BaHHS MPY NEPEBULLIEHHI NEBHOIO KPUTUYHOTO 3HAYEHHS.

HeraTuBHa gisi Ha 'pyHT 3 BOKY XO[0BMX CUCTEM NPK3BO-
OUTb 00 3HWKEHHS NPOAYKTUBHOCTI CiNbCbKOrOCNOAapChKUX

Kynbtyp (3amoricekuin, 1994; BopgsaHuk, 1990; BoasHuk,
1994).

O6roBopeHHs. AHani3 pobiT 6araTbox BYEHMX NOKa3aB,
LU0 BMKOPUCTOBYHOUM MEHLLY KiMbKiCTb MPOXOAiB arperara
MOXHa 3MEHLUMTW LWIMbHICTb IPYHTY, IO MigBuULLyBaTUME
oro poatovicTb | ypoxaiHicTs. B pesynbrati gocnimkeHs A
XOLOBWX CUCTEM Ha I'PYHT HE Jat0Tb OAHO3HAYHOI BigNoBIgi
Ha 3B'A30K MapaMeTpiB i PexuMiB iXHbOi poboTK 3i 3MiHamm
B1acTUBOCTEN I'PYHTY;

— He J03BOMSAOTb BU3HAYNTM BMIIMB NapaMeTpiB i pexu-
MiB pobOTY pyLList Ha I'PYHT y 3B'A3KY 3 HEOCTATHLOK afek-
BaTHICTIO OTPUMAHUX 3aneXHOCTEN;

— Yy HaBefgeHux poboTax BiACyTHS iH(opMmaLis npo
BM3HAYEHHS po3noginy TUCKY (4Ns AMHAMIYHUX MOYaTKOBMX
ymoB) abo po3noginy nepemileHb B 30Hi KOHTaKTy Koneca
3 I'pyHTOM. TOMY B OCHOBY po6OTM NOKNaAEHO JOCHIDKEHHS,
CMPSIMOBaHi Ha B3aEMO3B'A3KM MapaMeTpiB i pexumisB
poboTK NpKBIAHOrO Koreca, Moro reOMeTPUYHMX | MexaHiy-
HUX BIIaCTUBOCTEN, a TakoX BMACTUBOCTEN I'PYHTY 3 abco-
NOTHUMK AecbopmaLlisiMi SK IFPYHTY, Tak i koneca. (3amon-
cbkuin, 1994; Bogsaruk, 1990; BosHsk, 2003; HagukTo, 2006,
Agamuyk, 2020)

lMpouecu B3aemogii koneca 3 ONopHO0 NOBEPXHELD be3-
nocepeaHbO BNMBAKTL Ha TEXHIKO-eKCMnyaTauiiHi nokas-
Hukn pobotm MTA. TNobynoBa emeKkTUBHUX anropuTmis
KepyBaHHs noTpebye matemaTWyHUX Mogenen B3aemopii
koreca 3 OMOPHOI0 NOBepXHeto, fki 6 B MOBHIN Mipi onucy-
Banu 6 faHui npoLec Ta BpaxoByBany BCi MOXITUBI acnekTu
TaKkoi B3aemofii.

BucHoBku. [lig yac BMpOLLYBaHHS Pi3HUX CiNbCbKO-
rocnodapcbkux KynbTyp TEXHOMOrYHUA npouec 06pobiTky
IPYHTY 4¥ POCMUH BIiABYBAETLCS Mif 4ac pyxy NoO Monto
MaLUMHHO-TPAKTOpPHKX arperatiB. [lif 4Yac BUKOHAHHS
MaLUMHHO-TPAKTOPHUMM arperataMmm TEXHOMOMYHMX onepa-
L IXHi XO[0Bi CUCTEMU MEPEKOUYIOTLCS MO IPYHTY i B LEN
yac BigOyBaeTbCA KOHTAKT Koric 3 r'pyHTOM. [ig yac aii xogo-
BMX CUCTEM Ha rpyHT BiabyBaeTbca Aedopmauis rpyHTy
i yLWiNbHeHHs oCcTaHHbOro. Lie HeraTMBHO BNNMBaE Ha 3MiHy
CTPYKTYPM I'PYHTY, | BUHUKAE ABULLE NepeyLUinbHEHHS.

lMepeyLwinbHEHHS! — OCHOBHA NPUYMHA 3HIDKEHHS POAHO-
YOCTI FPYHTIB i BPOXXANHOCTI CiNbCbKOroCnoAapChKoi NpoayK-
Ui, YWiNbHIOKTb rPYHT MaLUKMHW B MEPLLY Yepry 3a paxyHoK
30iNbLUEHHS KifIbKOCTi NpoXodiB Mo Momt. TakoX CUITbHO
YLWSbHIOE I'PYHT BHECEHHS NeCTUUMAIB ONs 3aXMcTy poc-
NWH, TaK 3BaHe XiMiYHe YLLiINbHEHHS 'PYHTY.

TakoX nepeyLlinbHeHHS TPYHTY 3MIHIOE Oro CTpYyK-
TYPHWIA CTaH, L0 BNMUBAE HA YMOBW pPOCTY pocnuH. BeTa-
HOBMEHO, WO MpW GaraToKpaTHWX Npoxodax MallvH, Lo
BUKOHYIOTb OfHY OrfepaLilo BOHM YLUINbHIOWTL FPYHT [0
1,4r/cm® | BiONOBIAHO BTPAYaETbCA YPOXAMHICTb Pi3HUX
KyneTyp. [Ing 3MEHLIEeHHS HeraTMBHOTO BMUBY Ha IPYHT
HeobxigHO BM3Ha4YaTK oNTUManbHi KOHCTPYKLUiNHI napame-
TPW KOMICHUX i TYCEHUYHUX PYLUIIB MALUMHHO-TPAKTOPHUX
arperaris.
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Influence of running systems on soil compaction

Today, when growing crops, one of the most important problems facing agricultural production is to reduce production
costs and increase the productivity of machine — tractor units. This can be achieved by improving the structural elements
of tractors and cars involved in production. In particular, increasing the traction and energy properties and reducing the impact
of wheeled propulsion of energy-intensive tractors on the ground.

In the course of processing of cars — tractor units it is necessary to pass on the same track 6-7 times. The area of their
tracks can reach 13-14 % of the field area, if only the tracks or wheels of the tractor are taken into account and the pressure
on the ground of the wheels of agricultural machines and sections of working bodies is not taken into account. Of course,
the action of the running systems of tractors and implements changes the condition and structure of the soil, degrades
the terrain, reduces soil fertility and yield due to compaction, as well as increases the specific fuel consumption. Therefore,
the use of combined machines and units with modern technology of cultivation of plant rows will reduce the number
of their passes in the same place of the field, reduce the time gaps between technological operations, reduce energy costs
and at the same time — soil compaction. The solution to this problem requires the widespread introduction of computer-aided
design systems that allow already at the design stage to predict traction, fuel and economic and agro-technological properties
of AIT. Traction and energy performance of wheeled agricultural tractors, the level of impact of engines on the ground
is largely determined by the perfection of pneumatic tires. Finding the optimal parameters of pneumatic tires, matching
the characteristics of wheeled engines with the parameters and operating conditions of the AT require the solution of such
basic tasks. First, the development of analytical dependencies that describe the process of interaction of elastic wheels with
the soil base depending on the mode of wheel rolling. Secondly, bringing to the engineering level the method of calculation
and analysis of the wheel drive system — soil. Third, the combination of technological operations that coincide in agro-
technical terms of their implementation in order to reduce the time and intensity of the action of the engines on the ground.

Key words: soil, wheel, soil compaction, running system, passability, skidding, wheel drive.
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A promising study is the design and improvement of machines for longitudinal cutting of materials with minimal energy
costs to perform the technological process of cutting due to the geometry of the cutting tool. The article considers the issues
of reducing energy costs for the process of longitudinal cutting when using a knife blade with an arcuate cross-section.
The analysis is carried out, the effective method of the analysis of influence of size of a backlash between generators
of transporting rollers and size of distance from a vertical axis of rotation of transporting rollers to an edge of a knife
blade with an arc-shaped cross section on the total size to determine the necessary settings in the machine of longitudinal
cutting for felt, as well as to verify the reliability of analytical and experimental models of the process of longitudinal cutting
with a knife with an arcuate cross-sectional shape. To determine the total amount of losses during longitudinal cutting
of the material and the number of losses due to friction of the material on the face of a fixed knife with an arcuate cross-
sectional shape, as well as linear cutting force, a two-factor experiment was conducted for the study model. The obtained
regression equations describe the total amount of losses during longitudinal cutting of the material and the number of losses
due to friction of the material on the face of a stationary knife with an arcuate cross-section, suggest the adequacy of analytical
and experimental models made earlier. Also make the necessary adjustments, namely, to adjust the degree of compression
of the material and set the edge of the knife blade relative to the vertical axis of the transport rollers to reduce friction losses
on the edge of the knife, which in turn reduces energy costs for longitudinal cutting. Comparing the total values of losses in
the longitudinal cutting of the material of a knife with one-sided sharpening and a knife with an arcuate cross-section, allows
you to talk about the feasibility of using a knife with an arcuate cross-section, which will reduce energy costs for the process.

Key words: running force, the total amount of losses, losses due to friction of the material, transporting rollers, knife
blade, longitudinal cutting.
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Introduction innovation attractiveness, sustainable development, as

Today, energy-saving technologies, reduction of energy
costs for production processes in general, as well as
at individual levels are of great interest at the state level,
which is further aimed at reducing production costs
and thus stimulating its demand. This position of enterprises
atthe state level contributes to the formation of energy-saving
resources and the formation of an efficient energy market.
The main goal of the development of mechanical engineering
in Ukraine is machine-building products with minimal energy
costs for the implementation of technological processes.
Therefore, a promising study is the design and improvement
of machines for longitudinal cutting of materials with minimal
energy costs to perform the technological process of cutting
due to the geometry of the cutting tool.

The formation of energy efficiency policy is a necessary
condition for the revival of national production, increasing

well as achieving European energy security standards. The
development of mechanical engineering based on energy
efficiency policy with the use of energy efficient technologies
will create advantages for domestic enterprises in
a competitive environment (Mykoliuk and Bobrovnyk, 2019).
In (Sevastianov, 2016) the author noted that increasing
the energy efficiency of an industrial enterprise determines
the economic development of the enterprise and its survival
in competitive markets. The author of (Polishchuk, 2019)
experimentally studied the process of cutting materials
in static and dynamic modes, namely the technological
process of felling.

Longitudinal cutting machines are used for leveling
or doubling materials. The main part of the technological
process of longitudinal cutting in thickness is the interaction

of the working parts of the machine, namely the transport
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rollers and various in shape knife blade (various in cross
section, sharpening angles, etc.) with the material of the part
that affects energy costs (Makatora and Panasiuk, 2014a,
2014b, 2014c, 2014d; Makatora, 2010a, 2010b; Makatora,
2013; Makatora, 2014; Makatora and Kniaziev, 2004a,
2004b; Cherno-Ivanov, 1998), and their authors investigated
the process of longitudinal cutting and regression equations
describing the total amount of losses when cutting material
and the amount of loss of friction material on the face
of a stationary knife, and determined the driving force
of different materials (microporous and monolithic rubber,
felt) different forms of the knife (Makatora and Panasiuk,
2014a, 2014b, 2014c, 2014d; Makatora, 2010a, 2010b;
Makatora, 2013; Makatora, 2014; Cherno-lvanov, 1998),
and the authors of (Makatora and Kniaziev, 2004a, 2004b)
conducted analytical studies to talk about the feasibility
of using a knife with an arcuate cross-section, which will
reduce the spacing force when performing a technological
operation by reducing the tension of the material between
the conveying roller and the surface of the knife, thereby
reduce friction losses of the material that occur during
the technological operation of longitudinal cutting, thereby
reducing energy costs for the process.

The aim of this study is to develop an effective method
for analyzing the effect of the gap between the generators
of the conveyor rollers h and the distance from the vertical
axis of rotation of the conveyor rollers to the edge of the knife
blade a with an arcuate cross-section, by using regression
equations, as well as verifying the validity of previously
obtained models (Makatora and Panasiuk, 2014a, 2014b,
2014c, 2014d; Makatora, 2010a; Makatora, 2013; Makatora,
2014; Makatora and Kniaziev, 2004a, 2004b; Cherno-
Ivanov, 1998).

Materials and Methods

This study is devoted to the longitudinal cutting of felt
with a knife with an arcuate cross-section, determining
the dependence of the value describing the total amount
of losses in longitudinal cutting of felt and the number
of losses due to friction of the felt on the face of the knife. The
task of the research is to experimentally determine the linear
force of felt cutting, to determine the total values of losses
during longitudinal cutting of material and the values
of friction losses of material on the face of a stationary knife
with an arcuate sharpening shape. The influence of such
factors as the distance between the edge of the knife blade
and the axes of the conveying rollers (a) and the distance
between the conveying rollers (h) (Makatora and Panasiuk,
2014a, 2014b, 2014c, 2014d; Makatora, 2010a, 2010b;
Makatora, 2013; Makatora, 2014; Makatora and Kniaziev,
2004a, 2004b; Cherno-lvanov, 1998) on the process
of performing the technological operation of felt doubling is
studied.

Longitudinal cutting of felt with a stationary knife
is characterized by a complex process of deformation
of the material. The scheme of the process itself (for its
quantitative analysis) should be based on the influence
of complex stress shear, which is destroyed during
processing of the material from external forces — the force

of resistance to movement of the material acting on the knife

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

blade (Makatora and Kniaziev, 2004a, 2004b; Cherno-
Ivanov, 1998).

The choice and characterization of research relationships
is important. As a material for the experiment, an artificial
material was chosen — felt. This is due to the fact that
natural materials, which are widely used for the manufacture
of materials, are not homogeneous in composition and for
research (determination of linear cutting force), they cannot
be objective samples for comparison, as their thickness is
not uniform.

Experimental samples (details) (Fig. 1) with a width
of B = 35 mm (radius of curvature R = 17.5 mm) and a length
of L = 140 mm were obtained from the plates of the material
with a cutter.

I

L

Fig. 1. Sample part used in the experiment

Experimental studies were conducted on an experimental
setup that simulates the process of longitudinal cutting
(Fig. 2).
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15
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Fig. 2. Kinematic scheme
of the experimental installation

The design of the experimental installation consists
of a rocker-rocker transport mechanism (Cherno-
Ivanov, 1998), which allows the simultaneous expansion
of the transport rollers (the same amount) as the part is
transported to the knife and cut depending on the geometric
parameters of the part. The unit contains the upper 1
and lower 2 conveying rollers fig. 2, mounted respectively
on the axes 3 and 4, fixed at the ends of the shoulders
of the upper 5 and lower 6 of the three-shoulder rockers,
which in turn are mounted on the axes 7 and 8, fixed on
the frame. The second arm of the rocker arm 5 is made in
the form of a rocker arm 9 and is kinematically connected to
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the second arm 10 of the rocker arm 6 by means of a slider 11.
At the ends of the third arms of the rocker arm 5 and 6
with the mechanism of adjustment of effort of compression
of a detail by rollers. Device for adjusting the gap between
the generators of the conveying rollers, comprising
adjusting rod 12 with right and left threads, kinematically
connected to the upper locking nut 13 and mounted in
the third arm 14 of the rocker arm 5, and the lower nut
15 mounted in the third arm 16 of the rocker arm 6. adjusting
the compression force of the part between the conveying
rollers 1 and 2, includes the installation between the arms
14 and 16 of the rockers 5 and 6 and the threaded rod 12,
a pair of nuts 17 and 18, between which in turn is installed
an elastic element 19. Between the conveying rollers 1 and
2 installed a knife device comprising a knife blade 20 with
an arcuate sharpening shape, installed with the possibility
of reciprocating movement in the holder 21, which, in turn,
is installed with adjustable height in the guide 22 by a pair
of adjusting screws 23. The device for adjusting the position
of the edge of the blade 20 of the knife relative to the axes
of the transporting rollers 1 and 2 contains an elastic
beam 24 with adjusters’ screw 25, mounted on the frame
of the installation.

The experimental setup used a scheme of measuring
the parameters of the linear cutting force of microporous
and monolithic rubber, felt, which causes deformation
of the blade of the knife 20 in accordance with
the recommendations (Cherno-lvanov, 1998). Therefore,
on opposite sides of the elastic beam 24 (Fig. 3) glued
two strain gages 26 and 27 (RTD1 = RTD2 =400 Ohms),
which were included in the bridge measuring circuit, which
was connected to an 8-bit WAD-AIK-BUS controller with
analog-to-digital converter (not shown), which, in turn, was
connected to a personal computer 28, which allowed to
record in real time the results of changes in the deformation
of the blade of the knife 20 with an arcuate sharpening
shape.

— [

|ootoo | §

=]
28|

24 26

L e
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To construct a working planning matrix (Table 1),
a staging experiment was conducted, during which
the limit parameters of the process (values a and h) were
determined, during which the part was cut longitudinally,
with an error not exceeding the allowable (Cherno-lvanov,
1998), with a thickness the details obtained were measured
using a thickness gauge TR-25-1. For these parameters,
Johanson’s test tiles (measuring the size of the gap
between the generators of the conveyor rollers 1and2—- h)
and a template for measuring the distance from the edge
of the blade 20 to the axis of the conveyor rollers 1 and 2
(value a), similarly (Cherno-lvanov, 1998), with measuring
indicator with an accuracy of 0.01 mm. To do this, the rollers
in three different imposed textolite, bored in diameter
rollers, template. According to the indicator, the probe
of which rests on the edge of the knife blade, set the value
of the distance a.

Experimental studies were conducted in the mode
of doubling, when the part is cut longitudinally into two levels
along the thickness of the part. The following relationship
was observed (Fig. 4): h, = h,, ie the distance between
the plane edge of the blade of the knife 20 and the generators
of the transport rollers 1 and 2 must be equal.

Why the holder 22 (Fig. 2) with loose screws 23
and nuts 24 screw 25 sets the knife in between the transport
rollers 1 and 2, when the gap between them is already
installed and controlled by Johanson’s tiles, after which
the holder 22 is fixed in the guide frame. not shown).
Then the motor is turned on, and the part is fed between
the conveying rollers 1 and 2.

After cutting it, with the help of a thickness gauge
TR-25-1, the obtained parts were measured and in case
of their inconsistency in thickness, the position of the knife
holder between the transporting rollers 1 and 2 was adjusted.

The next step was the control calibration of strain gauges
on the beam 24, by suspending the control loads from 100 to
1200 N, using a special rod with a suspension unit.

Beam scheme

Fig. 3. Block diagram of the connection of the WAD-AIK-BUS module, bridge measuring circuit with a beam
with strain gauges to the personal computer
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Fig. 4. Geometric scheme of the experiment

Calibration was performed before each series
of experiments and every three hours of continuous
operation. Then the calibration graphs were constructed:
the values of the load were plotted on the ordinate axis,
and on the abscissa axis the values of the deviation from
the zero position, then the points were connected by
a smooth curve, resulting in the desired graph. At the first run
of the part (its cutting) determined the total amount of costs
for longitudinal cutting of the material of the part. Then
the two separated parts were folded together and fed again
between the transport rollers 1 and 2 to the edge of the blade
of the knife 20 already in the separated state and repeated
the measurements. When re-running the part in the separated
state was determined by the amount of friction costs. Each
experiment was repeated at least five times.

For subsequent experiments, the installation was
adjusted according to the data of the working planning matrix.
After conducting all the tests, with the help of calibration
graphs deciphered the value of total costs and friction costs,
when performing longitudinal cutting with a knife blade
20, each measurement. The calculated average values
of these values were entered in the corresponding columns
of the tables.

Results

To determine the total amount of losses during
longitudinal cutting of the material and the number of losses
due to friction of the material on the face of a stationary knife
with an arcuate cross-section, as well as linear cutting force,
a two-factor experiment was conducted for the study model:

Yy =F(xy, x,)

where y - optimization criteria, which determine g,;
X, i X, —controlled parameters (factors) that characterize
the size of the gap between the generating transport rollers h
and the value of the distance from the vertical axis of rotation
of the rollers to the edge of the blade a.

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

When determining q,,, it is necessary to carry out
double machining of the part, during which the total value
of machining costs Pis determined during its cutting, and then
after cutting the material is folded together and passed
through the plane through the knife, and the amount
of friction costs is determined. values related to the value
of the width of the part, gives the true value of the running
force of cutting felt (Makatora and Panasiuk, 2014a, 2014b,
2014c, 2014d; Makatora, 2010a, 2010b; Makatora, 2013;
Makatora, 2014; Cherno-lvanov, 1998; Patent Ne 70012
Ukraina, 2004; Tikhomirov, 1974):

_P-F

q, 5
The experiment was planned to use a rotatable Box
plan for a two-factor experiment (k,, =2), which is
recommended when k,, <5 (Tikhomirov, 1974).
The total number of experiments is determined by
the formula (Tikhomirov, 1974):

(1)

N,,=2?+2.2+5=13

Coding, naming the values of factors and intervals
of their variation are given in table. 1, the values of which
were determined using ratios:

x, —4,35 X; =5
X, . X, 05 (2)

We will process the experimental data to determine
the total amount of losses during longitudinal cutting
of the material. The planning matrix of the two-factor
experiment is presented in table. 2. When determining
the number of measurements for each experiment, five
repeated measurements were performed at zero level
(experiments 9-13) and the approximate value of the stan-
dard error of the equation was determined (Tikhomirov,
1974):S,=1,118.
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Table 1
Table of levels and intervals of variation
of the current factors to be studied

Measurement levels ég
g2
Factors < < 55
T (v |e | T 2|85
- T | =
h — distance between
transporting rollers, 295 (335(4,35|535]| 5,75 1
mm (x;)
a — the distance
between the vertical
axis of rotation of the
conveying rollers and 43 | 45 5 55 | 57 | 05
the edge of the knife
blade, mm (x,)

The estimated value of the Student’s criterion in this
€ase: iq,p = 40001.

Tabular value of Student’s criterion for a, = 0,95
i n, =5 (Tikhomirov, 1974). That is, the condition is met:
estimated (P) = “tabular

Therefore, the number of measurements n, =5
is sufficient for each experiment. After conducting
the experiment and decoding the records using a calibration
graph, the average value of five repeated measurements
of the optimization criterion for each experiment was
determined and the data were entered into the working
matrix of planning (Table 2).

In this case, it is necessary to find the values of the
regression coefficients of the equation (Tikhomirov, 1974):

Y, =by + b X, +b,X, + b,X, X, + b, x? +b,,x%. (3)

To determine these coefficients, the equations for
the two-factor experiment proposed by the author were used
(Tikhomirov, 1974):

a, =02 a, =01 a, =0125; a, =0,25
a; =0,125; a, =0,187; a, =0,1.

Therefore: b, = 285,67; b, =-18,545; b, =-30,7,
b, =-15; b, =3,53; b,, =1,54.

Thus, equation (3) takes the form:
y, = 285,67 -18,545x, —30,7x,

-1,5x,X, +3,53x +1,54x>.

The hypothesis about the adequacy of equation (4) is
tested in the following sequence.

Since the experiments were duplicated only at the zero
point, the variance of adequacy according to the equation
(Tikhomirov, 1974):

, 16,9-11,225
§2 =22 ot

(4)

=1,892.

The reproducibility variance for this case is determined
by the formula (Tikhomirov, 1974):

11,225

SZ

2, =281

Table 2
Planning matrix of a two-factor experiment
to determine the total amount of losses during
longitudinal cutting of the material

Research Planning Working Calculation
number matrix matrix data
Ne X, X, h |al]y, y, |y, y)
1 1 1 5,35|5,5| 241 | 240,00 | 1,0098
2 -1 1 3,35|5,5|280 | 280,08 | 0,0071
3 1 -1 15,35|4,5|306 | 304,40 | 2,5724
4 -1 -1 13,35]4,5|339 | 338,49 | 0,2651
5 1414 0 |295| 5 |320 318,96 | 1,0830
6 1,414 0 |575| 5 |266|266,52 | 0,2657
7 0 |[-1,414]435|4,3|332]|332,15 | 0,0226
8 0 1,414 | 4,35 | 5,7 | 246 | 245,33 | 0,4498
9 0 0 |4,35| 5 | 28828567 54275
10 0 0 |435| 5 | 28628567 |0,1087
1 0 0 |4,35| 5 | 28628567 |0,1087
12 0 0 |435| 5 | 28428567 27899
13 0 0 |4,35| 5 | 28428567 27899
13 13
> =3758 Y (y,-Y,) =169
1 1

Knowing the number of degrees of freedom for greater
(fogequaey = 3) @nd lower (f, = 4) dispersion (Tikhomirov,

1974), table value of Fisher’s criterion 95% confidence:

Fean = 6,59.

Estimated value of Fisher’s criterion according to

the formula (Tikhomirov, 1974):
1,892
calc(P) — 2—81 =0,67.

Comparison of tabular and calculated values of Fisher’s
test showed that equation (4) can be considered adequate
with confidence a, =0,95, since the condition is met:
Flabl 2 Fcalc(P) .

The significance of the regression coefficients in
equation (4) is checked taking into account the equations
for the case when k, =2 (Tikhomirov, 1974). In this case:

a,=0,2; a,=0,125; a,, =0,1438; a,, =0,25.
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Therefore:
2 = . — H — .
S{bo} =0,2-2,81 = 0,56215{%} =0,75;
2 _ . _ . _ )
S{bf} =0,125-2,81=0,35 i S{b[} =0,59;
2 _ . _ . _ i
S{b,.,.} =0,1438-2,81 = 0,4/S{bﬁ} =0,63;

S{zb P = 0,25-2,81=0,7025iS, , =0,84.

Hence the ratios (Tikhomirov, 1974):

{1}

Ab, =+2-0,75 = +1,5;

Ab;, =+2-0,59 = +1,18;

Ab, =+2-0,63 = +1,26;

Ab; =+2-0,84 = +1,68,
A comparison of the absolute values of the regression
coefficients of equation (4) and the corresponding errors in
their estimation shows that with a confidence level of 0.95

can be considered significant all coefficients except b
then we get:

127

y, = 285,67 —18,545x, —30,7x, +3,53x> + 1,547 (5)

Equation (5) is a regression equation that describes
the total amount of losses when performing longitudinal

cutting of the material with a stationary knife depending
on the distance between the conveying rollers (x,),
and the distance between the vertical axis of rotation
of the conveying rollers and the edge of the knife blade (x,).
Given expressions (2), we turn to the named values:

P = 285,67 - 18,545(h - 4,35) —30,7(6;)—_5j +
5

2
+3,53(h—4,35) +1,54 (2—?]

After simplifying the equation takes the form:
P =817,14 + 3,53h* — 49,26h + 3,08a* — 92,2a (6)

The obtained expression (6) is an experimental
mathematical model of the dependence of the value
of total losses when performing longitudinal cutting on the size
of the gap between the rollers and the distance from the vertical
axis of rotation of the rollers to the edge of the knife blade.

Fig. 5-6 presents graphs of the total cost P when
performing the operation of longitudinal cutting of felt with
a knife with an arcuate cross-sectional shape, respectively,
from the distance a from the vertical axis of the conveying
rollers to the edge of the knife blade and the distance h
between the conveying rollers.

P,H
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<~
300 |

270
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180

43 45 5

P
ate=h2,95
= > ==h3,35
— edr=h4,35
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«=@=h5,75
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Fig. 5. Graph of the dependence of the total cost P when cutting felt with a knife with an arcuate cross-section,
from the value of the distance a from the vertical axis of the conveying rollers to the edge of the knife blade:

When 4 = const , intherange a,,, =4,3 - a,, =57.
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210
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Fig. 6. Graph of the dependence of the total cost P when performing felt cutting with a knife with an arcuate cross-
section, from the distance h between the transport rollers: when 4 = const , intherange h,,, =2,95 - h, _=5,75.
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Table 3

Planning matrix of a two-factor experiment to determine the amount of loss due to friction
of the material on the face of a fixed knife

Research number Planning matrix Working matrix Calculation data

X, X, h a Y, Y, (v, v,
1 1 1 5,35 55 198 197,29 0,5079
2 -1 1 3,35 55 230 229,13 0,7494
3 1 -1 5,35 4,5 248 248,03 0,0010
4 -1 -1 3,35 4,5 276 275,88 0,0146
5 -1,414 0 2,95 5 260 259,68 0,1000
6 1,414 0 5,75 5 218 217,48 0,2702
7 0 -1,414 4,35 4,3 272 271,05 0,9102
8 0 1,414 4,35 57 202 202,12 0,0145
9 0 0 4,35 5 236 235,26 0,5513
10 0 0 4,35 5 236 235,26 0,5513
1 0 0 4,35 5 234 235,26 1,5813
12 0 0 4,35 5 234 235,26 1,5813
13 0 0 4,35 5 236 235,26 0,5513

13 13

> =30803 (v, -¥,) =7.3844
1 1

We will process the experimental data to determine
the amount of friction losses on the face of a stationary
knife. The planning matrix of the two-factor experiment is
presented in table 3.

After conducting the experiment and decoding
the records using a calibration graph, the average value
of five repeated measurements of the optimization criterion
for each experiment was determined and the data were
entered into the working matrix of planning (Table 3).

In this case, it is necessary to find the values
of the regression coefficients of the equation for a two-factor
experiment proposed by the author (Tikhomirov, 1974):

b, =235,26; b, =-14,92; b, = -24,37;
b, =-1; b, =1,66; b,, =0,66.

Thus, equation (3) takes the form:

y, = 235,26 —14,92x, — 24,37x, —

—X, X, +1,66x7 +0,66x.

The hypothesis about the adequacy of equation (7) is
tested in the above method.
Dispersion of adequacy:

_ 7,3844-4,8165

S?, = = 0,856.
3

Reproducibility disperses for this case:
, 48165
Sty =

=12

Estimated value of Fisher’s test:

0,856

=0,47.
1,2

calc(F)

Comparison of tabular and calculated values of Fisher’s
test showed that equation (7) can be considered adequate
with confidence a, =0,95, since the condition is met:
Fabi 2Ftam(P) .

The significance of the regression coefficients in equation
(7) was tested in the same way as in the above procedure.

Therefore:
2 = . —_— [ — .
S{bo} =0,2-1,2=0,24 | S{bo} =0,49;
S{zbl} =0,125-1,2=0,15j S{b,} =0,0225;
2 = . — [ p— .
S{b“} =0,1438-1,2=0,173 i S{b“} =0,42;

S?,=0,25-1,2=0,3/ S, , =0,55.

s} (s}

Hence the ratios (Tikhomirov, 1974):
Ab, =£2-0,49 = +0,98;
Ab; =+£2.0,0225 = +0,045;
Ab; =£2-0,42 = +0,84;
Ab; =+2-0,55=+1,1.

A comparison of the absolute values of the regression
coefficients of equation (7) and the corresponding errors
in their estimation shows that with a confidence level
of 0,95 can be considered significant all coefficients except
b,, andb,, , then we get:

y, = 235,26 -14,92x, —24,37x, +1,66x..  (8)

Equation (8) is a regression equation that describes
the total amount of losses when performing longitudinal
cutting of the material with a stationary knife depending

on the distance between the conveying rollers (x,),
and the distance between the vertical axis of rotation

of the conveying rollers and the edge of the knife blade (x,).
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Given expressions (2), we turn to the named values:
F =235,26 -14,92 (h - 4,35) -
—24,37["’I —>

0,5

j +1,66 (h—4,35)
After simplifying the equation takes the form:

F =575,27 +1.66h* —29,36h —48.74a  (9)

The obtained expression (9) is an experimental
mathematical model of the dependence of the amount
of material friction losses on the face of a stationary knife
when performing longitudinal cutting with a stationary
knife, from the gap between the rollers and the distance
from the vertical axis of rotation to the edge of the knife
blade.

Fig. 7-8 are graphs of the dependence of total friction
costs F when performing the operation of longitudinal

cutting of felt with a knife with an arcuate cross-sectional
shape, respectively, from the distance a from the vertical
axis of the conveying rollers to the edge of the knife blade
and the distance h.

The obtained experimental models, namely the
determination of the total value of losses P (6) and the
amount of friction losses of material F (9) substituting in
condition (1) will determine the running force of cutting felt
with a knife with an arcuate cross-sectional shape:

q,= %(241,87 +1,87h" ~19,9h + 3,084” — 43,464

Discussion
Substituting the value in equation (1) we obtain
. H
the average value of the running force felt: q, =1, 44W :

Deviations from the previously obtained values of robots
(Makatora and Panasiuk, 2014d) and (Makatora, 2014)

F.H
320
- -4E
260 % afumh2,95
h
alllesh3,35
230
n =d—h4,35
200 allemh 5,35
ﬁs‘ a=fi=h5,75
170
140
4,3 45 5 5,5 5,7 a, MM

’ ’

Fig.7. Dependency graph of total costs F during cutting the felt with the grooved knife with one-sided cross-
section on the gap size h = const, between transport rollers:

while a = const, in the range a,,, =4,3 - a,,, =57

F,H
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260 v's % a3
: i/ 5
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i3 5,5
t E: 35,7
2,95 3,35 4,35 5,35 5,75 h, MM

Fig. 8. Dependency graph of total costs F during slitting cutting with the grooved knife with one-sided
cross-section on the gap size a from the vertical axis of transport rollers to the knife edge:
while & = const , in the range k,,, =2,95 - h,, =575,
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are respectively A=51% and A =10,3 % indicating Conclusions

the adequacy of the experimental study. The obtained regression equations describe the total
Comparing the total values of losses in the longitudinal amount of losses during longitudinal cutting of the material

cutting of felt when using a knife with one-sided sharpening | and the number of losses due to friction of the material on

and a knife with an arcuate cross-sectional shape (obtained | the face of a fixed knife with an arcuate cross-sectional

by the author in (Makatora, 2014)), we obtain: shape, allow to speak about the adequacy of analytical model
(Makatora and Kniaziev, 2004a) and experimental models

(Makatora and Panasiuk, 2014d; Makatora, 2014). Also make
_ 314’88_285!67,100% —9.3%. the necessary adjustments, namely, to adjust the degree
314,88 ' of compression of the material and the distance from the edge

of the knife blade relative to the vertical axis of the conveyor
The determined deviation of the total amount | rollers to reduce friction losses on the edge of the knife,

of losses during longitudinal cutting of the material confirms | Which in tum reduces energy costs for longitudinal cutting.
the mathematical model developed by the author in | Comparing the total values of losses during longitudinal

(Makatora and Kniaziev, 2004a) and shows that the operation | cutting of the material of a knife with one-sided sharpening
of longitudinal cutting of felt it is advisable to use a knife | and a knife with an arcuate cross-section, allows you to talk

blade with an arcuate cross-section, which in turn will reduce | @bout the feasibility of using a knife with an arcuate cross-
energy costs for the process. section, which will reduce energy costs for the process.

AP
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Makambopa . A., kaHOudam mexHiYHUX Hayk, HauioHanbHUl mexHidHUl yHisepcumem YkpaiHu «Kuigcbkuli
nonimexHidHul iHemumym imeHi leopsi Cikopcbkoaor, M. Kuig, YkpaiHa

Makambopa A. B., acnipaHm, HaujioHansHut mexHiyHUU yHisepcumem YkpaiHu «Kuigcbkull nonimexHiyHud iHemumym
imeHi leopsi Cikopcbkozo», M. Kuig, YkpaiHa

3eHkiH M. A., 00Kmop mexHiYHUX Hayk, npogecop, HauioHanbHul mexHiyHUl yHigepcumem YkpaiHu «Kuigcbkuli
nonimexHidHul iHemumym imeHi leopsi Cikopcbkoaor, m. Kuig, YkpaiHa

Mamemamuy4He docnidxeHHs1 ennuey 2eomempii Hoxa 3 dy20mnodi6HO ¢hopMOIo NMonepeyHo20 nepepisy Ha
npouyec Mo3008XHbL0O20 pPi3aHHs Moecmi

lNepcrnekmueHUM Q0CITIOXXEHHSIM € MPOeKMYy8aHHs1 ma 800CKOHaNeHHS MallUH M03008XHb020 pidaHHS Mamepiartia 3 MiHi-
ManbHUMU eHepeemuy4yHUMU sumpamamu Ha 8UKOHaHHST MEXHOM02i4HO020 MPOYEecy pidaHHs 3a paxyHOK 2eoMempii pixy-
4020 iHCMpymeHmy. Y cmammi po3ansiHymi numaHHs w000 3HUXEHHS EHepeemuUYHUX sumpam Ha npouec mno3008XXHb020
pi3aHHs pu 8uKopucmaHHi neza Hoxa 3 Ay20rodibHO ¢hopMoro nonepeyHo20 rnepepisy. lposedeHull aHani3, po3pobre-
Hul echekmusHUl MemoQd aHanisy 8rusy 8eUYUHU 3a30py MiX MEIpHUMU MPaHCIopmyrYuX eanukie i eenuyuHu gidcmani
8i0 8epmuKasbHOI 0Ci 0bepmaHHsI mpaHCIopmMyYUX easukie 00 KPOMKU fie3a Hoxa 3 0y2oro0ibHOK (hopMOKo nonepey-
HO20 riepepidy Ha cyMapHy 8enu4UHy empam npu no3008XHbLOMY pi3aHi ma eefuyuHy empam Ha mepms Mamepiany, wis-
XOM 8UKOPUCMAaHHS PiBHSIHb peepecii 051 u3Ha4YeHHsT HeObXIOHUX HanawmysaHb 8 MaluHi no3008XHb020 pisaHHS Mpu
rnosecmi, a makox 3pobumu nepesipky docmosipHoCMi aHanimu4yHoi ma excriepuMmeHmarnsHuUx mModenel npoyecy no3008x-
Hb020 pi3aHHsi HoXoM 3 Qy20r00ibHO hopMOKD MonepeyHo20 nepepisy. [ns eusHayeHHs1 CyMapHOI 8elU4UHU empam npu
103008XHBLOMY pi3aHi Mamepiary ma eeflu4uHU 8mpam Ha mepmsi Mamepiarny 0 epaHi HepyxoMo2o Hoxa 3 0y20ro0ibHO0
¢bopmMOor0 NoMepeyHo20 Mepepisy, @ Makox Mo2OHHO20 3ycusins pisaHHs by8 nposedeHul 080X hakmopHUL eKcrepuMeHm
0ns modeni docnioxeHHs1. OmpuMaHHi PIGHSIHHS peepecii onucytomb CyMapHy 8elUYUHy 8mpam rpu Mo3008XHbOMY pi3aHi
Mamepiany ma eeluquHy empam Ha mepmsi Mamepiasy 0 2paHi HEPYXOMO20 Hoxa 3 Oy20r00ibHOK (hOPMOI0 MONEPEYHO20
nepepisy, 00360515110Mb 2080pUMU MPO adeK8amHICMb aHaTimuU4YHOI ma ekxcrnepuMeHmasnbHUX MoAessax 3p0beHUX paHiwe.
Takox 3pobumu HeobXiOHIi HarnawmysaHHs, a came nidibpamu cmyriHb CMUCHEHHS Mamepiany ma 8cmaHo8umu KpoMKy
nie3a Hoxa w000 8epmuKasibHOI 8iCi mpaHCMOPMYHYUX 8aUKI8 3 MEMOK 3MEHWEeHHS 8eMUYUHU 8mpam Ha mepmsi Mame-
piany o epaHi HoXa, WO 8 C80K Yepey 3MEHWUMb eHepaemuYHi aumpamu Ha rpoyec rno3008XHL020 Pi3aHHS. [TopieHAHHS
CyMapHUX 8erluYuH empam fpu Mo3008XKHbOMY pi3aHi Mamepiary Hoxa 3 00HOCMOPOHHLOK 3aMOYKOK ma Hoxa 3 0y20o-
0ibHO0 (hOPMOI0 NMoNepeyHo20 nepepisy, A0380715E 2080pUMU NPO O0YiNTbHICMb BUKOPUCMAaHHS HoXa 3 Oy20r00ibHO ¢hop-
MO0 MOMepeyHo2o nepepisy, Wo 00380UMb IMEHWUMU eHepeemuyHi aumpamu Ha mMexHOMo2i4HUl npoyec, mu camum
3pobumu KOHKypeHmHiwy npodyKuito.

Knroyoei croea: noecoHHe 3ycusnsisi, CyMapHa eerfiuyuHa empam, empamu Ha mepms Mamepiaiy, mpaHCropmyo4u
8arluKU, 11e30 HOXa, MO300BXKHE Pi3aHHS.
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HuniHdpuyHi nogepxHi € He8i0'€MHOK YaCmUHOK ba2ambOX CinbCbK020Cn00apChKUX MawuH. Y nidtioMHO-mpaHcnopm-
HUX MaWwuHax 80HU gidiepatomb posb KoXyxa, ecepeduHi akoeo obepmaembcsi akmueHul poboyul opaaH. Tak, noxunud
yuniHdp, wo obepmaemscsi HABKOIO CBOEI OCi, UKOpUCMo8yembCsl y bapabaHHUX 3epHocywapkax ma YumiHOpUYHUX
cenapamopax. Baaemodia yacmuHok Mamepiany 3 nogepxHer yumniHopa, wo obepmaembCsi Ha8KOI0 81acHoOI OCi, Mpu-
36800umb 00 iX KOB3aHHSI, Xxapakmep K020 3anexums 6i0 8e/IUYUHU Kyma Haxusy uyuniHdpa. ¥ cmammi 00cnioxeHo pyx
YaCmUHKU 10 8HYMpIWHIU no8epxHi 20pU30HMarbHO20 YusiHopa, Skuli obepmaembCsi HaBKOMO CBOEI OCi 3 MOCMILHOK
Kymoeoto WeudKicmk. 3po3ymino, Wo pyx OKpeMOoi YaCmuHKU He MOXHa OMOMOXHI08amu 3 pyxoM mamepiany, Skul cKna-
0aembCs 3 OKPEMUX YaCMUHOK, arne ye 0ae MOXIusicmb 8U3Ha4UMU 3aKOHOMIPHOCTI PyXy, SIKi MOXYmb Ne8HUM YUHOM
6ymu nepeHeceHi Ha Mamepian. [Jo moao x AocniOxXeHHs pyxy mina e 0esikux gunadkax MOXHa 3eecmu 00 YaCmuHKU.
Lle cmocyembcs sunadky, Konu cunamu iHepuii 8i0 obepmaHHs mina MOXHa 3Hexmyeamu Yyepes Masli Kymosi weuokocmi
ix obepmanHs. Npu nonadaHHi YaCMUHKU Ha 8HYMPIWHI MOBEPXHI0 YuiHOpa yacmuHka rnoyuHae 30iliCHIo8amu Kosu-
earnbHUl pyX y NIOWUHI (i020 MorMepeyHo20 nepepisy 3 NegHo amnaimydor y Kymosomy eumipi. BenuduHa amnnimyou
3anexums 8i0 moyku nonadaHHs YaCMUHKU, Koecp/u/eHma mepms ma noyamkogoi abcontomHoi weudkocmi. [Jugpeper-
uiaribHi pieHsHHSA PyXy CKnadeHo 6 MPOeKyisix Ha oci HepyXoMoi cucmemu koopduHam. Ix po3g’ssaro yucensHUMU Memo-
O0amu. 3a HanexHux 8uxiOHUX yMO8, SKi 8U3Ha4YarMbCsl aHalimu4yHO, YacmuHKa 8 abcomomHomy pyci Moxe 6ymu Hepy-
XOMOI0, 3Hax0054uCh 8 Moy YusiHOpa Ha neeHil 8idcmaHi 8i0 HUXHLOI MOYKU 8 KymogoMy 8uMipi Mo xody obepmarHs
yunindpa. Cnid 8idmMimumu, Wo eeruke 3Ha4eHHs Ma€ 8euYUHa Kymoegoi weudkocmi obepmaHHs. [1pu 0ocsi2HEHHI MegHOT
i 8eNUYUHU YacmuHKa Mpakmu4Ho «3anunae». Y cmammi 0emaribHO 8uknadeHo 8i0rnosidHi po3paxyHKU ma 8iyasnizoeaHo
ompumaHi pe3ynbmamu.

Knroyosi cnoea: yacmurka, obepmarnbsHul pyX, 20pU30HManbHUl YuniHop, Koe3aHHs, Kymosa weudkicms, dughepeH-
uiarnbHi PiBHSIHHS, MPaeKmMopisi.

DOI https://doi.org/10.32845/msnau.2022.1.5
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Beryn. LiuniHapnyHi noBepxHi € HEBIA' €MHO YaCTUHOK
CinNbCbKOrocnoAapCbkUX MalluvH. Y nigAoMHO—-TPaHCMIOPT-
HUX MalUMHax BOHW BifirpalTb POfb KOXYyXa, BCEPEOUHI
SIKOro 06epTaeTbCs aKTUBHUI PoBOoUMiA opraH (Hampuknag,
LwHek). Moxunui unnivap, Wwo obepTaeTbCs HABKOMO CBOET
0Ci, BWKOPWUCTOBYETbCA Yy 6apabaHHMX 3epHoCcyLLapkax
Ta uMniHgpuYHMX cenapatopax (Tpiepax). Baaemopis yac-
TUHOK MaTepiany 3 NoBepxHet LuniHapa, Wo 0bepTaeTbes
HaBKOINO BNacHOi OCi, NP13BOAMTbL A0 iX KOB3aHHS, XapakTep
SIKOTO 3anexXuThb Bif BENUYUHU KyTa HaXuy LUniHApa.

YucneHHi JocniaXeHHs NPUCBSYEHO NWUTaHHIO nig-
BULLIEHHSI HAZINHOCTI Ta JOBrOBIYHOCTI MalUMH B LifloMy
Ta iX KOMMOHEHTIB 30kpema. Hanpuknag, 3anponoHo-
BaHO HOBY METOAMKY CynbigyBaHHS NOBEPXOHb AeTanen
(Tarelnyk etal., 2017b), cnoci6 3MiLHEeHHs MOBEPXOHb
cTaneBux AeTanei, BKNOYayM NpoLecu LeMEHTYBaHHS
Ta asotyBaHHs (Tarelnyk et al., 2017c), a Takox po3pob-
NMEHO HOBITHIO METOAMKY HaHeCeHHs GaraTollapoBoro
nokputts (Tarelnyk et al., 2017a). MNpoTte He cekpeT, Wo
Takux pekomeHpauin HepgoctatHbo (Martsinkovsky et al.,
2012). Y nopgibHnx poboTax NMpOnoHYETHCA MOKpaLlyBaTy
MOBEPXHi LUNSXOM POo3pobkM HOBUX CMOCOBIB 3MiLHEHHS
MOBEPXOHb, L0 € AOCUTb JOPOroLiHHUM npoLecom. Hato-
MICTb Lie MUTaHHS NerLle BUpILLMT MeTo4amu reoMeTpuy-
HOr0 MOAESNOBaHHS.

[HXeHepHa npakTuka YacTo CTUKaeTbCs 3 npobnemamu
reOMETPUYHOTO MNPOEKTYBaHHS OO’EKTIB, SKi MPOMOHYHThH
po3B’'s3yBat pisHUMK cnocobamu. Tak, y GaratoBuMip-
HOMY MNpPOCTOPi LUMISAXOM anpokcumaLlii po3s’sasky aude-
peHuianbHuX piBHaHb (Konopatskiy et al., 2020c); meTogom
HaratoBuMipHOi napaboniyHoi iHTepnonsuii (Konopatskiy
etal., 2020a); 3a JONOMOrot0 iHTepnonsLii reOMeTPUYHOrO
npoctopy (Konopatskiy et al., 2020b) Towo. LLle npocrTiwe
pO3B’A3yBaTV 3BOPOTHIO 3adady. Y TakoMy BUMNaaKy reome-
TPUYHE MPOEKTYBAHHS TEXHOMOrYHMX OG’EKTIB 3BOAUTLCS
[10 3HAXOMKEHHS aHaMITUYHMX 3aneXHoCcTen iX B3aemomil.
Takoto B3aemogieto y MalmnHOByayBaHHI € B3aEMOLIA MixX
pobounm opraHom i Mmatepianom. Lle BigbyBaeTbecs nia yac
cenapaii 3epHa (Abbou-ou-Cherif et al., 2017), acnipauin-
Hoi cenapadii (Bulgakov et al., 2020), ynobpeHHsi IpyHTY
(Kobets etal.,, 2020) Towo. Pyx okpemoi 4aCTUHKM He
MOXHa OTOTOXHIOBATY 3 PyXOM MaTepiany, Lo CKriaJaeTbes
3 OKpemux 4aCTMHOK, ane ue [ae MOXNUBICTb BU3HAUNUTW
3aKOHOMIPHOCTI pyXy, SIKi MOXYTb NEBHUM YMHOM BYTW nepe-
HeceHi Ha matepian. Tak, y (Golub et al., 2017) npeacras-
NeHi pesyneTaTi JOCHIAKEHb PyXY MO LLOPCTKUX NOBEPXHSAX,
a B (Kurzthaler et al., 2020) — y poTauiiiHMx po3citoBayax.

OpfHak, JocnifKeHHs pyxy Tina B [eskux Bunagkax
MOXHa 3BecT [0 uYactuHku (Pylypaka etal., 2019a).
Lle ctocyetbcs BUMNagKy, Konu cunamu iHepuii Big obep-
TaHHS Tina MOXHa 3HeXTyBaTW Yepe3 Mani KyToBi LUBMA-
kocTi ix obeptaHHsa (Loveikin et al., 2017). 3a gonomoroto
Takoro nigxogy, Hanpuknaz, AOCMISIKEHO pyX YaCTUHOK Mo
NOBEPXHi CHepUYHOro CErMeHTa, Lo 06epTaeTbCsl HaBKOSMO
BepTukanbHoi oci (Pylypaka etal., 2020b). Otxe, kono
npuKnagHnx 3afad, Wwo notpebytoTb aHaniTMYHoro onucy
PYyXy YaCTMHKU MO NAOLLMHI, € JOCUTb LUMPOKMM. Brxoasum
3 BULUEBMKNAAEHOr0, METO HALIOro AOoCMigKeHHs 6yB

MOLLYK 3aKOHOMIPHOCTEN PyXy MarepianbHOi YaCTUHKW Mo

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

BHYTPILLHI NOBEPXHi FOPU3OHTaNBbHOIO LuMiHApa, Wwo obep-
TaeTbCHA HABKOSO OCi.

Matepianu i meTogu gocnigxeHb. [apameTpuyHi pis-
HSHHS LUMiHAPa 3 rOPU30OHTAsbHOK BIiCCHO, CMPSIMOBAHO
B3goBx oci OX (puc. 1), 3anuiyTbes:

X=u; Y=Rsina;, Z=-Rcosa, (1)
fe R — papiyc uuniHgpa — ctana BenuMunHa;

Qi U— HesanexHi 3MiHHi NOBEPXHi, NPUYOMY @ — KyTOBa
KoopauHata, U — niHinHa koopauHaTa (4OoBXMHA npsMoni-
HiNHOI TBIpHOI UMNiHApa). 3HaK «—» B OCTAHHbOMY PIBHSAHHI
(1) B3aTun gns Toro, Wwob 3HayeHHo a = 0 Bignosigana Han-
HWX4a TBipHa UMMIHAPA, Ha SKIM Y NOYATKOBOMY MOMOXEHHI
Byne 3HaxoauUTUCS YacTUHKa.

Hexaln Ha noyaTky pyxXy YaCTuUHKa 3HaXO4WTbCS B TouLli
A Ha HWXHIN TBIpHIN umniHgpa (puc. 1). OBepratumemo
LMMiHAP HaBKOMO OCi 3i CTanow KyTOBOK LUBMAKICTIO w. 3a
yac t umniHap NOBEPHETLCS Ha KyT wi i HWXHS TBIPHA LMMiH-
[pa nepemicTutbCs B TOUKy C. 3a Liei xe yac yacTuHka nepe-
MICTUTBCS MO MOBEPXHi LuniHapa, ane Touku C He JocsrHe,
OCKinbkm 6yae no Heomy koB3aTu (puc. 1,6). MpunycTumo, BoHa
Jocsrna ToukW B, Lo BiAnoBigae KyTosi KOB3aHHS d. OcCKinbku
BiCb 0bepTaHHs LuniHapa ropusoHTanbHa, To O4eBUAHO, Lo
TpaeKTopieto KoB3aHHs Byae ayra kona. AKWO LumniHap Haxu-
NUTK, TO BUHUKHE CKMaJoBa CUMK Baru, sika 3MyCUTb YaCTUHKY
koB3aTu Le i y Hanpsami oci OX. Cnoyatky po3rmsHEMO pyX
YaCTUHKM MO NOBEPXHi FOPU3OHTABHOMO LnmiHApa.

AKWO 3B’A3aTU HEe3anexHi 3MiHHI a i U NoBepxHi nes-
HOM (DYHKLIOHAMNbHOK 3anexHICTio, Hanpuknag, Big vacy f,
TO piBHAHHA (1) NEpeTBOPsATLCA Ha PIBHAHHS OAHiEl 3MiH-
HOI, TOBTO ONULLYTB NiHil0 Ha NoBepxHi LuuniHapa. Lo niHito
BBaXaTUMEMO TPAEKTOPIEI0 KOB3aHHS, a 3anexHocTi a = aft)
i u =xu(t) — HeBigOMUMY, SKi NOTPIBHO 3HanTK. LLI0G ix 3HanT,
NOTPIGHO cKMacTn cuctemy AndepeHLianbHUX PiBHSHb PyXy
YaCTUHKM B MPOEKLisSiX Ha oci cucTtemm koopauHat OXYZ.

_PiBHaHHA pyxy YacTuHkM Bymemo cknagat y BUMmagi:
mw =F, je w — BeKTop abCOMnTHOTO MPUCKOPEHHS,
F — pesynbTylouMn BEKTOp MNPUKMNaeHWX [0 YacCTUHKU
cun. Takumu cunamu €: cuna Baru mg (m — maca YacCTUHKY,
9 =9,81 m/C? — NPUCKOPEHHSA BINbLHOTO MagiHHs), peakLis
noeepxHi N, Ta cuna tepta f-N (f — koediuieHT TepTs).
3Hangemo HanpsMHi KOCUMHYCK, TOBTO OAMHWUYHI HanPSMHI
BekTopwn aii umx cun. Cuna Baru cnpsiMoBaHa BHU3, OTXKe
NpOoeKLii HaNPSIMHOTO BEKTOPA 3anmLUyThCA:

mg: {0; 0; -1 ()

Cuna Tepta f-N cnpsiMOBaHa NPOTUIIEXHO BEKTOPY
LWBMAKOCTI BiJHOCHOTO pyxy V (To6To0 KoB3aHHA). [Ang 3Ha-
XO[KEHHS LWBMAKOCTI V BiAHOCHOrO pyxy npoandepeHLto-
€MO piBHsHHSA (1) no yacy t. [Mpn oMy Maemo Ha yBasi, Lo
a=a(t) i u=u(t), T06TO piBHSAHHSA (1) € YXe He PIBHAHHAMM
umniHapa, a piBHAHHAMU MiHil HA HbOMY, TOOTO BigHOCHOI
TpaekTopii. LLlo6 po3pi3HATY piBHAHHS MiHii | NTOBEPXHi, B piB-
HSIHHSIX BiZJHOCHOI TPaEeKTOpii nepenaemo Bif, NMPOMUCHUX
niTep A0 CTPOYHMX i3 IHOEKCOM «/»:

!

r__ . r ' . r [P
X, =U’; y =Roa'cosa; 2z =Ra'sino.

(3)
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Puc. 1. I'padiuHi intocTpauii Ao cknapgaHHs piBHAHb PyXy YacTUHKM NO BHYTPILUHI NOBEPXHi rOPU30OHTaNbLHOIO
uMniHAapa, SikMih 06epTaeTbLCA HaBKOJIO CBOET OCi: a) akcOHOMEeTpUYHe 306paxeHHA uuniHapa; 6) npoekuis
uuniHapa, konu Bicb OX cnpsiMoBaHa Ha crnocTepiraya Ta NpuKnageHi 4o YaCTUHKK B Touli B cunu

leomeTpuyHa cyma cknagoBux (3) OacTb BENUYMHY
LWBWAKOCTI KOB3aHHS1 YaCTWUHKM MO LUWMIHAPY Y BidHOCHOMY

pyci:

2 1?2 12 12 2 .12
\/,:\/x, +yr+z =Ju”? +R%” . (4)
OAWHWMYHMIA BEKTOP OOTMYHOI 4O TPAEKTOpIi BiAHOCHOIO
PYyXy B NpoekLisix Ha oci cuctemn OXYZ ogepxumo Linex-
HSIM NPOEeKLiN (3) Ha BENMYMHY LWBKAKOCTI (4). BpaxoBytoum
Te, Wo cuna Teptsa f-N cnpsiMoBaHa B NPOTUNEXHY CTOPOHY
BEKTOpYy V/ BIOHOCHOI LUBMAKOCTI, 3amMLIEMO OAUHWYHWNA
HaNPAMHWIA BEKTOP Ail CUNW TepTs 3 NPOTUNEXHUM 3HAKOM:
Ra'cosa Ra'sina

u!
f-N: - ;- ;- . (5
{ \/urz + R%q? \/uv2+R2ar2 \/u/2+R2q!2} ( )

Peakuis noepxHi N cnpsiMoBaHa Bif, TOYKW Ha LAiHAPI
[0 oci 06epTaHHs (puc. 1,6). AKLWO pagiyc—BeKTop TOYKM Ha
UMNiHAPI BU3HAYaETLCA APYrMM i TPETIM BMPA30OM PiBHSHb
(1), TO peakuis NOBEPXHi BU3HAYUTLCS LIMMM X BUpalamu,
ane 3 NpoTUNEeXHUM 3HakoM. CKOpOTMBLUM BUpasu Ha R,
3anuLIeMo NPoeKLii 0OAMHNMYHOMO BekTopa peakuii N:

N: {0;

-sina; cosa} (p)

Mpu obepTaHHi NOBEPXHi LMNiHAPa 3 KYTOBOK LUBUAKI-
CTIO W 3a Yac t BiH NOBEPHETLCS Ha KyT 6 = —w - { (3a roguH-
HUKOBOK CTPINKO). TBipHa uUMniHApa, fka Gyna B HWX-
HbOMY MOMOXEHHI B TouLi A, 3aiiMe NonoxeHHs B Touui C
(puc. 1,6). Micna nosopoty umniHapa (1) Haskono oci OX Ha
KyT 8 = —w -  3anuLLemo:

X=u,;
Y = Rsina.cos0+ Rcosasing;
Z =Rsina.sin® - Rcosa.coso.

(7)

Micns cnpoleHb 3 ypaxyBaHHAM 6 = —w - t PIBHAHHS (7)
HabyBaloTb BUrNSAY:

X =u;
Y = -Rsin(ot - a);
Z =—-Rcos (ot —a).

PiBHsHHS (8) npu a = a(f) i u = u(t) € piBHSHHAMK abco-
MIOTHOT TPaeKTopil pyxy YacTuHkW. Lininap nosepHyBcs Ha
KyT 6 =—w - {, @ YacTuHKa 3a LEN Yac, KOB3ar4n No LumiH-
ZpYy B NpOTWUNEXHY CTOPOHY, MOBEpHynacs Ha kyT a = a(t)
i 3aiiHANa NonoxeHHs B Touui B (puc. 1,6). 3Harigemo abco-
MIOTHY LWIBMAKICTb YaCTUHKU AUdepeHLitOBaHHAM PiBHSAHb
(8) i NnepenwoBLLK O CTPOYHUX NiTEp 3 IHAEKCOM «ay:

y.= —R(m—a’)cos(mt—oc); 9)

Z, =R(o-a')sin(ot—a).

AvbepeHujitoBaHHAM piBHAHL (8) 3HaxogMMO MNpoekLii
BeKkTOpa abCONTHOMO MPUCKOPEHHS:

X, =u"
yi=R(o- a')2 sin(ot —a)+ Ra"cos (ot —a); (10)
Z! =R(o—a')’ cos(ot —a)-Ra"sin(ot - a).

OpwHnyHi HanpsivHi BekTopu fii cun Teptsa N (5)
i peakuji N noBepxHi (6) 3HangeHi 4S9 HEPYXOMOTO LIIiH-
apa. Ockinbky NOBEPXHS MOBEPTAETLCA Ha KyT 6 = —w - {, TO
BKa3aHi BEKTOpW TeX MOTPIGHO MOBEPHYTW Ha LEN KyT, LWob
BOHM BiAnoBiganu posTaLlyBaHHI0 YacTUHKKL. [10BOPOT 3ainc-
HIOETLCS aHamNoriyHO MOBOPOTY MOBEPXHi 3rigHO hopmyn (7).
lNicns NOBOPOTY NPOEKLIT BKa3aHWX BEKTOPIB 3aMMLLYThCS:

— OAVMHWYHOTO HaMPSIMHOTO BeKTopa Aji cumm Tepts f- N

fN'{ u' ) ch'cos(mtfa). ch’sin(mta)}(ﬂ)

— OAMHWYHOTO HaNpsIMHOTO BeKTopa Aii cunu peakuii N:

N: {o; sin(ot —a); cos(ot —a)}. (12)

CknagemMo BEKTOPHE PIBHSIHHS mw =F B NPOEeKLisX Ha
0Ci Hepyxomoi cuctemm koopamHat OXYZ onst ropusoHTanb-
HOrO UmniHApa, OcKinbkX Bigomi npoekuii (10) BekTopa abco-

HOTHOTO NPUCKOPEHHST | HANPSIMHI BEKTOPY NPUKIaAeHUX cun

Barv YactuHkin mg (2), Tepta f-N (11) i peakuii N (12):
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'
mx; N m,

. Ra'cos (ot —a)
Ra'sin(ot — o)

[U!Z + RZ(X,IZ

Mpu nigctaHosui y (13) Bupasis npuckopeHHs (10) mu
OTPMMAEMO CUCTEMY TPbOX PIBHSHb i3 TPbOMa HEBIJOMUMM
3anexHoctamu: a=a(t), u=u(t) i N=N(t). Heto noTpibHo kopm-
CTyBaTuCH y TOMY BUNaZKy, konu B Hanpsmi oci OX 3aga-
€TbCA MOYaTKOBA LUBMAKICTb U’ KOB3AHHS 4acTuHku. [pu
u”=u’=0 (T006TO, NPV KOB3aHHI YaCTUHKM MO KOMy) neplue
piBHSAHHSA (13) nepeTBOplOETLCS Y TOTOXHICTL 0=0. Po3B’a-
3aBLUM cuCTEMY i3 ABOX iHWMX BigHOCcHO a”=a”(t) i N=N(t),
OTPUMAEMO:

o' = %[Sin(o)t—a)—fcos(oot—a)]—f(w—a')2.

+Nsin(ot —a); (13)

mz! = -mg +fN +Ncos(ot—a).

(14)

N=m[R(m—a')2+gcos(mt—a)} (15)
PiBHsIHHS (14) € andepeHuUianbHUM i Moxe ByTy po3B’s-
3aHe camocCTiiHO. MoXHa npunycTuUTK, WO Npu 0BepTaHHi
rOPU3OHTANbHOTO LMMIHAPA YacTWUHKA, WO 3HaXO0AMTbCS
BHU3Y (Touka A, puc. 1,6) byne obepTatvcs 3 LMMIHAPOM
6e3 koB3aHHs fo Tovkn C, a noTiM Byae koB3aTW BHW3 0
MEBHOI TOYKM BHU3Y i Lieii npouec Oyae NoBTOpHOBaTHCS.
Pe3ynbrati gocnigxeHb. YucernbHe iHTErpyBaHHs piB-
HHHS (14) nokasano, WO Take NpuUnyLleHHs cnpaBeanuee
TiNbKN NSt HEBENWKNX KYTOBMX LIBUAKOCTEN. Baxnmsy ponb
NpW YNCEeNbHOMY iHTErpyBaHHI BigirpaloTb NOYaTKOBI YMOBH,
BiZ SIKMX, SIK OyZe nokasaHo [arni, 3anexuTb xapaktep pyxy
yacTuHku. BuxigHumn ymosamu ©yno nepepbaveHo, wWwo
YacTMHKa B MOYaTKOBUIA MOMEHT 3HaXOOMUTbCS Ha HUKHIN
TBIPHIV UMNiHAPaA | KyTOBA LUBWAKICTb KOB3aHHS BiACYTHS,
T06T0 @ =a’=0. Ha puc. 2 nobynosani rpadiku 3miHu KiHe-
MaTWYHUX XapaKTEPUCTUK PyXy YacCTUHKW NpOTAromMm 3¢

400
@, zpad
200
f,
0
0 1 2 3
40 @ f—a ,2pad
20+
s C
0 i
0 1 2 3

a)

npu R=0,2 m, =0,3 i pi3HMX KyTOBUX LUBMAKOCTSAX 0bep-
TaHHsa uuningpa. Bropi nobynosaHo rpagik 3MiHM kyTa @, a
BHU3Y — Pi3HUL KyTiB w -t—a. fopu3oHTanbHa dinsHka rpa-
thika a=a(t), aka nepioAMYHO NOBTOPIETLCS, CBIQUYUTbL NPO
Te, WO B LW MOMEHT Yacy KOB3aHHS BiACYTHE, YaCTuHKa
«3anunae» i obepTaeTbca pasoM i3 uuniHopoM. «3anu-
naHHs» (Nigom Bropy) NepioanmyHo YepryeTbest 3 KOB3aH-
HAM (onyckaHHs BHW3). Mpadik 3MiHW pisHML KyTIB w - t—a
nokasye amniiTyay KonusaHb y KyTOBOMY BUMIpI.

O6roBopeHHs. 3 rpadikis BUAHO, L0 amnniTyaa Komnu-
BaHb 4aCTWUHKM 36iNbLUYETLCA MO Mipi 3pOCTaHHS KyTO-
BOI LUBMAKOCTI 06epTaHHs umningpa. Axwo npu w =2 ¢’
YyacTuHKa npu nigromi Bropy nosepranacs npubnusHo Ha
35° i onyckanacs manxe oo Hyns (TobTo 4O HUXHBOT TBIp-
Hoi), To npy w=10c™ Ui KyT CTaHOBNSTbL BignoBigHO 165°
i —40°, To6TO YacTUHKa KONMBAETLCSA MO KOMY, OXOMNSIHOKYM
Binblie nonosuHu oro ayru. Mpu noganbloMy 3pOCTaHHi
KYTOBOI LUBMAKOCTI w 0B6epTaHHs LuniHApa YacTUHKA npak-
TUYHO «3anunae» i 06epTaeTbCs Pa3oMm i3 HUM.

AKWO B NOYaTKOBMIA MOMEHT HagaTh 4YacTWHLU KyTo-
BOI LUBMIKOCTI KOB3aHHS a’=w, TOBTO Ha moyatky pyxy ii
abcontoTHa WBMAKICTE 0bepTaHHs [OpIBHIOBATUME HYMHO,
TO nogasnbLUMA PyX YaCTUHKM BiOPISHATUMETLCS Bif pO3rns-
HyTVX Bunaakis. [na npuknagy BisbMemo w=10 ¢ (rpa-
ik 306paxeHo Ha puc. 2,6 BHW3Yy ANS NOYaTKOBUX YMOB
a=a’=0). 3MiHMMO TiNbkK OAHY movaTkoBy ymoBy: a=0,
a’=w. Taka 3amiHa CyTTEBO 3MiHMMA XapaKkTep KonMBaHb —
iX aMnniTyga ameHwmnacs (puc. 3, a).

TeopeTuyHi JOoCMimKeHHs Mokasanu, Lo npy 36iMbLUEHH
KyTOBOI LUBMAKOCTI 00EepTaHHsA LmniHapa YacTuHKa He «3anu-
naey», a KOMMBaETLCA 3 TiEH XK amnniTyaoto (B Mexax 0°...35°),
TOGTO KyTOBa LUBMAKICTb OOEpTaHHA UuniHopa B Takomy
BUMAZKy He BNMvMBae Ha amnnitydy KonmeaHb. OpHak Apyra
BMXiOHa yMOBa, [OMNOBHEHa [0 nepLuoi, Bnnmeae. Ha puc. 3,6
noBynoBaHo aHanorivHKiA rpadik, konn a=-15°, To6T0 B novat-
KOBWI MOMEHT YaCTUHKA MOLAETLCS HE B HUDKHIO TOUKY LIMiH-
[pa, a Jewo Bulle B Hanpsmi oro obepraHHs. Amnnityga
KOnvBaHb 3MEHLLMNAcS | 3HaxoamTbes B Mexax 15°...18,5°, npu
LIbOMY He BaXKO 3aMiTiTK, Lo B 060X Bunagkax (puc. 3,a,6)

2000

a, epad
1000 |
f, c
0
0 1 2 3
200 ol—a,epad
100
0
1, c
-100 :
0 1 2 3

0)

Puc. 2. l'pachikm 3miHM KyTa KOB3aHHSA d i KyTa BigXUNEeHHA YaCTUHKU W - t—a BiA HYNbOBOro 3Ha4YeHHsA
B abcontoTHOMy pyci: a) w=2c-1;6) w=10c-1
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Puc. 3. I'pachikn 3miHM KyTa BiAXMNEHHA YaCTMHKM W - t— o Bif HYNbOBOro 3Ha4YeHHA B aGCONMOTHOMY pyci npu
w=10 c-1 i pi3HMX NoYaTKOBUX YMOBaX iHTerpyBaHHs: a) a’=w, a=0; 6) o’ =w, a=-15°

KOMWBaHHS BiODyBalOTLCA BIOHOCHO CepedHbOi TOYKM, ska
B KyTOBOMY BUMIpi AOpiBHIOE NpubnnaHo 17°. AKLWO BUXIgHO
YMOBOIO B3STM a=—17°, TO amnniTyda KOnmvBaHb MpaKTU4HO
3HUKaE | YaCTUHKa B aBCOMOTHOMY pYCi 3aIULLAETHCS HEPYXO-
MO0. [iATBEPMKEHHSM LIbOro € YaCTKOBWI PO3B’A30K AndEPEH-
LianbHOro piBHSHHS (14) AN BIBNOBIAHMX NOYATKOBKX YMOB.
BucHoBku. [lpn nonagaHHi YaCTUHKW Ha BHYTPILLHIO
MOBEPXHIO TOPU3OHTANBbHOMO UMNiHAPa, SKUi obepTaeTbes
i3 KyTOBOK LUBMAKICTIO W HABKOMO BMacHOi OCi BOHa noyu-
Hae 3AIMCHIOBAT KONMMBAMbHUA PyX Y MIOLWMHI nonepey-
HOTO nepepisy WniHApa i3 NeBHOK amnniTydo y KyTOBOMY

BUMIpi. BenuumHa amnnityay 3anexuvTb Bif TOYKM NonagaHHs
YaCTWHKW, KoediLieHTa TepTa Ta MoyvaTkoBOi abCOoMnHTHOT
LUBMAKOCTI. 3@ HanexHWX BUXiOHWX YMOB, SKi BU3HA4aKOTLCS
aHaniTMYHO, YacTuHKa B abCoMNTHOMY pycCi Moxe ByTu Hepy-
XOMO0, 3HaXOAAYMCh B TOML LMMiHApPa Ha MeBHIN BiacTaHi
Bil HWXXHBOI TOYKM B KYTOBOMY BUMIpi MO xody obepTaHHs
umniHgpa. Benvke 3Ha4YeHHS Mae BENWUUMHA KyTOBOI LLBWAKO-
CTi 0bepTaHHs. [Npn JOCATHEHHI NEBHOT BEMNYMHM YaCTUHKa
MPaKTUYHO «3anunaey i 0bepTaeTbCs PasoM i3 LMMIHOPOM.
lNepcnekTBm noganbLnX SOCTMKEeHb NONAratoTb B eKCnepu-
MEHTarbHiN NepeBIpLi OTPUMAaHNX TEOPETUYHNX PE3yrbTaTiB.

Bibniozpacghi4Hi nocunaHHsA:

1. Abbou-ou-Cherif, E. M., Piron, E., Chateauneuf, A., Miclet, D., Lenain, R., Koko, J. (2017). On-the-field simulation
of fertilizer spreading. Part 1 — Modeling. Computers and Elec-tronics in Agriculture 142(A), 235-247. doi: https://doi.
0rg/10.1016/j.compag.2017.09.006.

2. Bulgakov, V., Nikolaenko, S., Holovach, I., Boris, A., Kiurchev, S., Ihnatiev, Y., Olt, J. (2020). Theory of motion of grain
mixture particle in the process of aspiration separation. Agronomy Research, 18(2), 1177-1188. doi: https://doi.org/10.15159/
AR.20.069.

3. Golub, G. A., Szalay, K., Kukharets, S. M., Marus, O. A. (2017). Energy efficiency of rotary digesters. Progress in
Agricultural Engineering Sciences, 13 (1), 35-49. doi: https://doi.org/10.1556/446.13.2017.3.

4. Kobets, A. S., Ponomarenko, N. O., Kharytonov, M. M. (2017). Construction of centrifugal working device for mineral
fertilizer spreading. INMATEH — Agricultural Engineering, 51(1), 5-14.

5. Konopatskiy, E. V., Bezditnyi, A. A. (2020). Geometric modeling of multifactor processes and phenomena by the
multidimensional parabolic interpolation method. Journal of Physics: Conference Series, 1441 (1), 012063. doi: https:/
doi.org/10.1088/1742-6596/1441/1/012063.

6. Konopatskiy, E., Bezditnyi, A., Shevchuk, O. (2020). Modeling Geometric Varieties with Given Differential
Characteristics and Its Application. Proceedings of the 30th International Conference on Computer Graphics and Machine
Vision (GraphiCon 2020), Part 2, short31-1-short31-8. doi: https://doi.org/10.51130/graphicon-2020-2-4-31.

7. Konopatskiy, E., Voronova, O., Bezditnyi, A., Shevchuk, O. (2020). About one method of numeral decision of differential
equalizations in partials using geometric interpolants. CPT2020 The 8th International Scientific Conference on Computing in
Physics and Technology Proceedings. doi: https://doi.org/10.30987/conferencearticle_5fce27708eb353.92843700.

8. Kurzthaler, C., Zhu, L., Pahlavan, A., Stone, H. (2020). Particle motion nearby rough surfaces. Phys. Rev. Fluids, 5,
082101(R). doi: 10.1103/PhysRevFluids.5.082101.

9. Loveikin, V. S., Romesevych, Yu. O. (2017). Dynamic optimization of a mine winder acceleration mode. Naukovyi
Visnyk Natsionalnoho Hirnychoho Universytetu, 4, 55-61.

10. Martsinkovsky, V., Yurko, V., Tarelnik, V., Filonenko, Y. (2012). Designing Thrust Sliding Bearings of High Bearing
Capacity. Procedia Engineering, 39, 148-156. doi: https://doi.org/10.1016/j.proeng.2012.07.019.

11. Pylypaka, S., Klendiy, M., Zaharova, T. (2019). Movement of the particle on the external surface of the cylinder,
which makes the translational oscillations in horizontal planes. Lecture Notes in Mechanical Engineering, F2, 336-345.
doi: 10.1007/978-3-319-93587-4_35.

12. Pylypaka, S., Nesvidomin, V., Volina, T., Sirykh, L., Ivashyna, L. (2020). Movement of the Particle on the Internal
Surface of the Spherical Segment Rotating About a Vertical Axis. INMATEH-Agricultural Engineering, 62(3), 79-86.
doi: 10.35633/inmateh-62-08.

13. Tarel'nik, V. B., Martsinkovskii, V. S., Zhukov, A. N. (2017). Increase in the Reliability and Durability of Metal Impulse
End Seals. Part 1. Chemical and Petroleum Engineering, 53 (1-2), 114-120. doi: https://doi.org/10.1007/s10556-017-0305-y.

14. Tarelnyk, V., Martsynkovskyy, V., Gaponova, O., Konoplianchenko, I., Dovzyk, M., Tarelnyk, N., Gorovoy, S. (2017).
New sulphiding method for steel and cast iron parts. IOP Conference Series: Materials Science and Engineering, 233,
012049. doi: https://doi.org/10.1088/1757-899x/233/1/012049.

15. Tarelnyk, V., Martsynkovskyy, V., Gaponova, O., Konoplianchenko, I., Belous, A., Gerasimenko, V., Zakharov, M.
(2017). New method for strengthening surfaces of heat treated steel parts. IOP Conference Series: Materials Science and
Engineering, 233, 012048. doi: https://doi.org/10.1088/1757-899x/233/1/012048.

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcureTty

34

Cepist «MexaHisaLjis Ta aBTomaT3aL|is BUpobHUumMX npovjecisy, Bunyck 1 (47), 2022



Pylypaka S. F., Doctor of Technical Science, Professor, National University of Life and Environmental Sciences of
Ukraine, Kyiv, Ukraine

Volina T. M., PhD, Associate Professor, National University of Life and Environmental Sciences of Ukraine, Kyiv, Ukraine,
Sumy National Agrarian University, Sumy, Ukraine

Nesvidomin A. V., PhD, National University of Life and Environmental Sciences of Ukraine, Kyiv, Ukraine

Babka V. M., PhD, Associate Professor, National University of Life and Environmental Sciences of Ukraine, Kyiv, Ukraine

Hryshchenko I. Yu., PhD, Associate Professor, National University of Life and Environmental Sciences of Ukraine, Kyiv,
Ukraine

The motion of a particle on a horizontal cylinder that rotates around its own axis

Cylindrical surfaces are an integral part of agricultural machinery. In hoisting and transport machines, cylindrical surface
is a casing, inside which the working body rotates. The interaction of particles with the surface of the cylinder, which rotates
around its own axis, leads to their sliding, the nature of which depends on the angle of the cylinder. The article investigates
the motion of a particle on the inner surface of a horizontal cylinder that rotates around its axis with a constant angular velocity.
It is clear that the motion of an individual particle cannot be identified with the motion of a material consisting of individual
particles, but it makes possible to determine the laws of motion that can be in some way transferred to the material. In
addition, the study of body motion in some cases can be reduced to a particle. This applies to the case when the forces
of inertia from the rotation of the body can be neglected due to the small angular velocities of their rotation. When a particle
hits the inner surface of a horizontal cylinder that rotates with an angular velocity w around its own axis, it begins to oscillate
in the cross-sectional plane of the cylinder with a certain amplitude in the angular dimension. The value of the amplitude
depends on the point of impact of the particle, the coefficient of friction and the initial absolute velocity. Differential equations
of motion are compiled in projections on the axis of a fixed coordinate system and are solved by numerical methods. Under
the appropriate initial conditions, which are determined analytically, the particle in absolute motion can be stationary, being
at a point on the cylinder at a certain distance from the lowest point in the angular dimension during the rotation of the cylinder.
The value of the angular velocity has great importance. When it reaches a certain value, the particle practically “sticks”.

Key words: patrticle, rotational motion, horizontal cylinder, sliding, angular velocity, differential equations, trajectory.
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OcHoBHMMM BUpoBHMKamm kapTonni B YkpaiHi € rocnogapcTBa HaceneHHs. Humm Bupobnsetscs 98 % faHoi npogykuii.

OO0Hieto 3 saxnusux onepauill 8 mexHoroaii supoulysaHHs1 kapmori € gudaneHHs badusnns. Bpaxosyrouu me, wo
3HayHa yacmuHa 20crno0apcme HacesIeHHs1 BUKOPUCMOBYe MOMObII0YHY MEXHOORi0 8UPOBHULMEa Kapmoniii, npu ii 8UKo-
pucmaHHi HedocmamHb0 eheKmMUBHO BUKOHYEMbCS onepayis nornepedHb020 sudaneHHs 6adusis Kapmoni, U0 3Ha4YHO
grnueae Ha siKkicmb ma npodykmusHicms 36UparnbHOI mexHiKU, MowKoOXeHHs 6ynbb ma epoxalHicms daHoOT Kyrbmypu.

B pobomi HasedeHuti aHani3 criocobie ma poboyux opeaHie MawluH 051 sudaneHHs 6adunns kapmonni neped ii mexa-
Hi308aHUM 30UpPaHHSIM.

AHarniz npogedeHux 00cnioKeHb eHepaemuUYHUX 3acobis, sIKi 8UKOPUCMO8YMbCS pu 8UPOBHUUMSI Kapmonii noka-
3a6, Wo y binbwocmi 2ocrnodapcme HaceneHHs1, sIKi UPOWYOMb Kapmorii Ha riowi 00 00HO20 2eKmapa 8UKOPUCMOo8y-
ombCs eHepeemuyHi 3acobu KomicHoi ghopmynu 2K2, mobmo 3acmocosyembcs MOMOBII0YHa MEeXHOMoRisi 8UPOWYB8aHHS
ma 36upaHHsi 0aHoi Kyribmypu.

lNposedeHull aHani3 docnidxeHb o 3acmocysaHHIo criocobie sudaneHHs1 6adusnns kKapmonsi npu MOMOobIIOYHIlU MexHo-
Joeii moka3as, Wo 8 menepiwHil Yyac nepesaxaroms 08a criocobu: 6adunnenodpibHosayi OpobunbHO20 mury — NaHUy0208i
3 8epmuKaribHUM 8a/10M ma pPOMOpPHI poboyi opaaHu (pomopHi kocapku). poeedeHi QOCTIOXEHHS MOKa3aru, Wo KOXHa i3
3a3Ha4eHUX mexHosoaili He 3abe3arneqye HanexHoI skocmi gudaneHHs 6adunnis Kapmonsii.

3a pe3ynbmamamu 8UKOHaH020 aHarizy pobodux opaaHie ma MawuH 0nsa eudaneHHs 6adunns kapmonni 6yo npose-
0eHo ydoCKOHaneHHs1 MomobioyHoI ghpe3u Ans OaHoi onepauji. aHi docnidxeHHs 8Kka3anu Ha MOXIUgiCmb 8UOaneHHs
6adunns MoOepHi308aHO MOMOBIIOYHOK (hPEe30t0 3a paxyHOK 3aMiHU HOXIe.

Ha ocHosi po3paxyHkig byna nobydosaHa 3anexHicmb 8UCOMU YepeuKie ckoweHo20 6adusns 8i0 mocmynanbHoi weud-
Kocmi pyxy MawuHU npu cmariti Kymositi weudkocmi Hoxie, Wo dae Moxsusicmb subpamu onmumarbHy wWeuoKicmb pyxy
6adunnesudansryoi MawuHU.

Ha ocHosi nposedeH020 aHanisy HOXig, pe3ynbmamie meopemuyHux i nabopamopHux docnioxeHb Hamu bynu po3poo-
NeHi ma 8u2omoerieHi ekcriepuMeHmarbHi HOXi 3MIHHOT Q08XUHU, siKi 6ynu 8cmaHoerneHi Ha MomobriouHy hpesy 3amicmb
2pyHmogpe3epHux Hoxig 0ns sudaneHHs 6aduiss.

posedeHi docnidxeHHs1 pobomu o 8U3HaYeHHIO 8I0COMKY He 3pidaHux cmebesn kapmonsii Ha eepuwuHax epebHie ma Ha
60K08UX CMOPOHaX, @ Makox 00C/TIOXKEHHS 0 8CMAaHOBIEHHIO 3HAYEHHST BUCOMU YepellKie 3piszaH020 6adusis Ha 8epuiu-
Hax epebHie ma Ha 60K08UX CMOpPOHax epebHis.

LocnidxeHHs1 eka3anu Ha BUCOKYy siKicmb ma eghekmusHicmb eudasnieHHs 6adunns 3anporoHO8aHOK MallUHOK,
a makox i yHigepcarnbHicmeb.

Knroyoei cnoea: 6adunns, kapmonis, poboyi opeaHu, 6ynbbu, cmebna, 2pebHi, 3pi3aHHs.

DOI https://doi.org/10.32845/msnau.2022.1.6

Betyn. YkpaiHa € ogHum i3 cBiTOBYMX nigepis BUPOOHU-
LTBa kapTonmi. Y HaLwii KpaiHi KOHLEHTPYETbCS NpubnmMaHo
6 % cBiToBOrO (15 % €BpONENCHKOro) ypoxaro kapTonni, Lo
3abesneyvye yeTBepTe Micle y CBITi N0 BUPOOHULTBY AaHOI
npogykuii (Gadzhiev et al., 2019). OcHoBHUMU BMPOGHU-
Kamu KapTonni € rocrnogapcTea HaceneHHs. BupobHmuTeo
KapToni 3@ OCTaHHi POKW PO3NoAINAeTbCs B YkpaiHi HacTyn-
HUM YWMHOM: Cinbrocnnianpuemcrsa Bupobunu Mmainke
367 tuc. T (1 %), a rocnogapcTea HaceneHHs — 20,35 MnH T
(98 %) (Bicoev et al., 2019).

OpHieto 3 BaXknMBMX Onepawii B TEXHOMOTii BUPOLLY-
BaHHS KapTonmi € BuaaneHHs 6agunns. Bpaxosytouum Te,

IO 3HayHa YacTWHa rocrnodapCTB HaCeneHHs BUKOPUCTO-
ByE€ MOTOBMOYHY TEXHOMOril0 BUPOBHWLTBA KapTonfi, npu
il BUKOPWUCTaHHI HEAOCTaTHbO eEKTUBHO BUKOHYETHLCS
onepauis monepegHLOro BuaaneHHs Gagunns kapToni,
LU0 3HA4HO BNMMBAE Ha SKICTb Ta MPOAYKTUBHICTL pobOoTM
MOTOBMOYHMX  KapTOMMeKonanok, MOWKOMKEHHS Bynbb
Ta BpoXanHicTb gaHoi kynbtypu (Ulanov et al., 2016),
Ta cobiBapTicTb npoaykuii (Kornus, 2019).

PiweHHs paHoi npobnemu BWCBITMIOBANOChL B psfi
pobiT, Takux BYeHuUX sk (Gasparjan et al., 2019; Hevkoet al.,
2016; Ivashovaet al., 2020b) Ta psgy iHWMWX BITYASHAHKX

Ta 3apybixHux asTopiB. Y BinbLwocTi Bunagkis 6yno gocni-
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mxeHo TexHonorii (Mialkovskyi, 2018) Ta 3acobu mexa-
Hisauil BMPOBHMLTBA KapTOMmi CinbrocnBMpobHUKamMu Ha
Benukux nnowax (lvashovaet al., 2020a; Liashenko, 2018;
Mialkovskyi, 2017a) ons TpakTopHuUX TexHonorin (Abramov
etal., 2017). Ane npoBeeHu aHani3 nitepaTypHUX Axepen
noKas3as, L0 He PO3rMsHYTI MUTaHHS BMOOPY eeKTUBHOTO
cnocoby BuaaneHHs Gagunnsa KapTonsi Ha Manux nnoLyax
3 ypaxyBaHHsM creundikn JaHuX NoL, TeXHIYHWMX 3aco-
6iB ANs BUPOLLYBaHHA AaHOT KymnbTypy Ta iHWMX hakTopis
(Butenko et al., 2018).

Matepianu i metogn gocnigxeHb. B gocnigpkeHHsx
BUKOPUCTOBYBanacb rpyHTopesa i3 LIMPUHOK 3axBaTy
1,4 m B arperari i3 eHeprozacobom konicHoi popmynmn 2K2
(MoTobnokoM), siky 6yno mMogepHi3oBaHO ANs BUAANEHHS
Haounns kaptonni nepes 36upaHHam copTty Cnos’sHKa, Lo
BUCAPKYBaBCS i3 LUIMPUHOK Mixpsab 70 cMm.

3aranbHa meToauka AocnigkeHb nepepbavana pos-
pobKy TeopeTuyHMX nepeaymoB 3 MOLLYKY crnocobiB yaoc-
KOHamneHHsi TEeXHOSOMYHOro NpoLecy BuaaneHHs Gagunns
KapTonni npu  MOTOBMOYHIN  TexHomorii  BUPOGHULTBA
Ta 06r'pyHTYBaHHS BMOOPY paLjioHarnbHUM poboumnx opraHis
Ans poboTy B KOHKPETHUX YMOBAX, iX eKCriepuMeHTasrbHy
nepesipky B nabopaToOpHO-NONLOBMX YMOBaX, a TaKOX
e(eKTUBHICTb poBoTH.

EkcnepumeHTanbHi  OOCNIMKEHHS BUKOHYBanucb Ha
OCHOBI 3arafnibHOMPUAHATUX METOAMK i3 3aCTOCYBaHHSM
BUMIpIOBasIbHOI anapatypu, a TakoxX 3 BUKOPUCTAHHSAM Teo-
pii nnaHyBaHHs 6araToakTOpHOrO eKCNEPUMEHTY.

[ns 0bpobkn ekcnepumeHTanbHUX pesynsratiB LoCHi-
[XeHb 3aCTOCOBaHi OCHOBHI METOAM MaTemMaTWU4HOiI CTa-
TUCTUKKN. EKCnepuMeHTanbHi AaHi onpalboByBanu 3a 4ono-
MOroK NpuknagHux nporpamuux naketis Microsoft Excel,
Komnac 3D, STATISTICA6.

Pesynkrati gocnigxeHb. B naHni yac ansa BuaaneHHs
Hagunns kapTonni nepeg it MexaHi3oBaHUM 36MPaHHAM iCHYE
BeSIMKa KinbKiCTb MaLUVH 3 pi3HUMM pobounmMm opraHamu. 3a
npuHUMnom aii ui pobodi opraHy nNoginalTLCA Ha MacuBHI
" akTuBHiI. [1o akTMBHMX pobOUMX OpraHiB BiZHOCATLCS OMC-
KOBI, LUHEKOBI, LUiTKOBi, CTpiykoBi, GapabaHHi, nonaresi,
poTOpHI. [10 NaCMBHMX — NNOCKOHOXOBI, AYronogibHi.

MNpoBeneHwit aHania eHepreTMyHMX 3acobiB, SKi BUKO-
PUCTOBYIOTLCSH NPW BUPOBHWUTBI KapTonsi B yMOBax roc-
nogapctB HaceneHHs Cymcbkoi obnacTi, nokasas Lo
y OinbLOCTI rocnofapCcTB HaceneHHs, Sk 3aiMaloTbCs
BUMPOGHMLTBOM KapTomnni Ha nrowi 40 1 ra BUKOPUCTOBY-
€TbCS MOTOBMNOYHA TEXHOMOTiS BUPOLLYBaHHS Ta 36MpaHHs
AaHoi Kynbtypu. o npoBeaeHUM gocnifdxeHHsM 32 rocno-
[apcTs Oyno BUSBMEHO, LLO MOTOBIOYHY TEXHOIOTi0 3acTo-
coByloTb Y 78 % rocnogapcts (puc. 1).

PesynbraTu JocnigxeHb Bynu npoBeaeHi
B 2020-2021 pokax y 4oTUpbOX paroHax obnacrti, a came
B OxTtupcbkomy, Cymcbkomy, PomeHcbkomy Ta KoHoton-
CbKOMY.

lNepeBaxHe BUKOPWUCTAHHS JaHOi TEXHOMOTrII NOB’A3aH0
nepLU 3a BCe 3 HACTYMHUMMW YNHHUKAMW: HU3bKOK BapTICTIHO,
NPOCTOTOK eKcniyaTauii Ta PeMOHTY, NIABULLEHOK MaHe-
BpeHicTo Ta iH. (Shkarivskyi & Shkarivskyi, 2016).

Mpn mMOTOGNOYHIN TexHonorii BUPOBHMLTBA KapTonni

Byno BCTaHOBMEHO, LU0 B SKOCTi €HepreT4yHoro 3acoby
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Puc. 2. BukopuctaHHsi MOTOONOKIB
Ta MOTOKYNETUBATOPIB Y rocnofapcrBax

BUKOPWCTOBYBANMCh i MOTOOMOKK, 5K BinbLu dhyHKUiOHAMbHI
€HepreTnyHi 3acobm, i MOTOKYNLTUBATOPH.

CniBBigHOLIEHHS 3aCTOCYBaHHS Y BKa3aHUX rocnogap-
CTBax Npu BUPOOHWULTBI KapTonmi OAHUX O iHLWIMX, Habnu-
XeHo cTaHoBuTL 4:1 (puc. 2).

Ak B1AHO 3 puc. 2, i3 32 rocnogapcTs TinbkK y 8 BUKO-
PUCTOBYIOTLCSI MOTOKYINLTUBATOPU AN19 BUPOOHMLTBA Kap-
TOMNi.

BpaxoBytoun nepeBaxaHHS BUKOPUCTaHHS MOTOOMOKIB
y TEXHOIOr| BUPOLLYBaHHS Ta 30MpaHHsa Ans BKasaHWX roc-
nogapcTs, Hamu Bynv NpoBefeHi JOCNIMKEHHS, HAaNPaBIeHi
Ha YOOCKOHAmNeHHsi TEXHOMOMYHOro NpoLecy BUAaneHHs
Bapunnsa kapTonni Npu 3acTocyBaHHi MOTOOMOKIB.

lNpoBeaeHwWit aHani3 3acTocyBaHHs CMOCObiB BUAANEHHS
Gagunns KapTonni y AaHuX rocnogapcrBax fokasas, Lo
B TEMEPILLHil Yac nepeBaxatoTb ABa crnocobu: bagunneno-
LpibHI0BavYi ApOBUNBLHOTO TUMY NAHLOTOBI 3 BEPTUKASbHUM
Banom (puc. 3 a) Ta poTopHi poboui opraHu (POTOPHYX Koca-
pok) (puc. 3 6).

£AK nokasanu JOCnimKeHHs, BUKOpUCTaHHA Gagunneno-
[pibHI0BaYiB ApoOUNBHOTO TUNy 3 BEPTMKamnbHUM BasioM
Ma€ CyTTEBWW HeOoniKk — JOCUTb HU3bKUW BiACOTOK BuAa-
neHHs Gagunns go 60 %. 3actocyBaHHS POTOPHUX Koca-
pOK Anst BuAaneHHs 6agunns mae we binblwe Hegonikis:
yCKnagHioe npobnemy BuaaneHHst 6agunns kaptonni yepes
HEMOXNMBICTL KOMitOBaHHS MpOchinto rpebHsi, Wo 3Ha4HO
BMIMBA€E Ha SKICTb Ta PIBHOMIPHICTL 3pidy Gagunns Ta Ha
noLuKomkeHHs Oynb0. Cnig TakoX 3asHaunTy, WO BUKOPU-
CTaHHS JaHWX MalluH Ans BuaaneHHs Gagunns npuseo-
OUTb [0 3HaYHOI KinbKOCTi BiAMOB iX [AeTanei Ta By3niB
(Abramov et al., 2017).
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Puc. 3. MawunHu gnsa BuganeHHs 6agunnsa kapTonni

TeopeTuyHi nepegymMoBM [0 Mpouecy NoApiOHeHHs
Gagunns kapTonni, arpoBMMOr, WO MPEen’sIBMSOTLCS [0
noApiGHEHHS, (i3nKO-MeXaHi4Hi BMaCcTMBOCTI KapTONMSHOMO
6aaunns i FpyHTY BUSIBUAM Psig BUMOT, SIKUM MOBWHHA Bigno-
Bi4aTV MalLvHa Ans nogpidbHeHHs 6agunns:

— KOHCTPYKTMBHE BUKOHAHHS pobOUMX OpraHis NOBUHHO
BiQMNOBIAATW reOMETPUYHIA (DOPMi 30BHILUHBOTO KOHTYpY
rpebHs psaka KapTonsi;

— piXyunii pobounin opraH MOBWMHEH 3HAXOQWTUCS Ha
BiACTaHi, LU0 [OPIBHIOE TPUKPATHIN BENWYMHI CTaHaapT-
HOTO BIOXWNEHHS BUCOTW TpebHs Big MOBEPXHi IPYHTY
(Mialkovskyi, 2017b).

AHani3 HaykoBO-TEXHI4YHOI i maTeHTHOI niTepatypu 403-
BOJIMB 3anpornoHyBaTy pobody rinotesy npo Te, WO NiaBu-
LLEHH MOBHOTU BuAaneHHs OGagunns i npoayKTUBHOCTI
nogpibHioBada Gagunns moxe Byt OOCArHYTO poBoumMmm
opraHamu, siKi BUKOHaHi 3a (hOpMO0 30BHILLHBOMO KOHTYPY
rpebHs (Abramov et al., 2017).

[ns npoBedeHHs nogjanbluMx AOCAimXeHb Mo nigsw-
LUEHHIO AKOCTi BMAaneHHs Gagunnsg Hamu Oyna BubOpaHa
aKTVBHa rpyHTOdpesa MOTOGMOYHA 3 LUMPUHOKO 3axBaTy
1,4 M, KinbKicTb HOXIB — 24 (puc. 4).

B B 7 -

Puc. 4. AkTuBHa rpyHTOhpe3a o MoTobnoKy

Potop rpyHTObpesn aBnsie coboto TpybuacTuin Ban, Ha
MOBEPXHi sikoro B YoTupm paau (Yepes 90 °) 3akpinneHi 24
dpesepyBanbHUX HOXi fionatkoBoro Tuny. KpoHWTEenHW
HOXIB Ha BTYJIKax 3akpinneHi 6ontamu. Yactota obepTaHHs
poTopa Ao 1500 x8' (Smolinskyi, 2018).

Ak BigMiYanocs BuLle, OCHOBHUM HedOMIKOM BKa3aHWX
crnocobiB BuaaneHHs 6aaunns € HepiBHOMIPHICTb 3pi3y Mo npo-
cinto rpebHs psaka kaptonni. [Ina BupiLLeHHs BkasaHoi Npob-
NeMmn HaMy NPOMOHYETLCS YCTaHOBKA Ha poTop ¢opesu, 3aMiCTb
(hpesepHmx HOXIB Anst 0BPOBITKY rPYHTY, HOXIB Pi3HOT JOBXMHM
(mo npodpinto rpebHs psifka kapTonni) Ans 3pisaHHs Gagunns.

KpwvBy, sika onucye 30BHILLHIA KOHTYpP rpebHs (puc. 5),
TEOPETUYHO MOXHA NpeacTaBuT y BUrNadi  Tpanewii
3 CepeaHbOCTaTUCTUYHUMK NapameTpamMu:

— o BucoTi rpebHs — H, + 30,;

— MO WMPWMHI MiXpsab — B + 30,

— MO LUMPWHI BEPLINHM rpebHs — 6 £ 30
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Puc. 5. BusHauyeHHs napameTpiB rpebHs

3a pesynbTatamMu  eKCMEpPUMEHTanbHMUX  [OCHiIKEHb
BEPXHS1 OCHOBA rpebHsl 8 BU3HA4AETLCS NOOYA0BOK MOXM-
NUX JOTUYHUX &, i a,, AIKi BUXOASATb 3 MEX MKPAAAs 3 nepe-
TUHOM TOPU3OHTasIbHOI AOTMYHOI @ MO BEPLUMHI rpebHs.
Poamip rpebHa  [03BONSKOTE  BU3HAYUTU  KOHCTPYKTUB-
HO-TEOMETPUYHY CxeMy poboyoro opraHy noapibHioBaYa
Hagunns Ta oro napameTpu.

Ak 6yno BiA3Ha4YeHO, HaMM NPOMOHYETLCS MOAEPHi3aList
pisanbHOro anapara LWSXOM 3aMiHW LITaTHUX HOXIB Ans
dpe3epyBaHHS FPYHTY Ha HOXi Pi3HOT JOBXMHW Y 3a5eXHOo-
CTi Big npodoins rpebHs (puc. 6), wo 3abe3neunTb NOBHOTY
3pidy Gagunnsa no BCboMy NepUMeTpy rpedHsi.

7 6 5 4
] | 3
) i} u LJ'J — 9T 2
( PN NP (
17 i 1

Puc. 6. ®parmeHT cxeMu HOXiB poTOpa YAOCKOHaNeHoi
dpes3u: 1 — npodinb rpebHs; 2 — Hix KMP-1,5;
3 — Ban potopa cpesn; 4 — 3aXMCHUIN KOXYX;
5 — npsAAMUM Hix; 6 — HiX i3 NpaBUM CKOCOM;
7 — HiX i3 niBUM CKOCOM

[1ns BU3HaYeHHS JOBXMH HOXIB 32 OCHOBY Bi3bMEMO HixX
Big kocapku (1) KINP-1,5, 6yaysaeca B macwTabi npodinb
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rpebHs i N0 HbOMY BU3HAYANMCS JOBXWUHMW BCIX iHLUMX HOXIB
(pnc.6). OAns pisHoMipHOro 3pidy cTeben y 3anexHocTi Big
CTOPOHM rpebHS Ha SIKOMY BUKOHYETLCS 3pi3aHHs Gagunns
HOXI BUroToBNANUCS i3 nisum (6) Ta npaeum (7) ckocamu.
[aHi Hoxi Manu Taky x dopmy, K i Hoxi kocapku KINP-1,5,
[1-noaiGHi Hoxi.

Hoxi, Lo npu3HayeHi Ans ckowwyBaHHa Gagunns kap-
TOMAI i POCAIMHHMX 3anULLKIB Y MDKPSOASX Ta Ha GOKOBMX
CTOpOHax rpebHiB MatoTb nnocky [1-noaibHy dopmy, B npo-
Lieci poboTn NpoxoasaTh Haf rpebHeM i 3abe3nevyioTb piBHO-
MipHe 3pi3aHHsa 6aamnns no BCbomy nNpodinto rpebHs.

OUiHOYHMMK noKa3HMKaMU poboTU MalMH ANns Buaa-
neHHs Gagunna €. Bucota h  Yepelkis Gagunng, Lo
3anunLaoTbCs; KinbKiCTb He3pidaHux cteben; noctynanbHa
WBMAKICTb MaLMHK V|

Bucota yepewkiB 6agunns, WO 3anqwlarTbCs, 3Haxo-
ANTBCS 3 CYyMW BUCOT YCTaHOBKM poboyoro opraHy h woao
cepeaHbOT NOBEPXHi FPYHTY i BUCOTH rpebiHuiB h,, ki dop-
MYIOTbCS TPAEKTOPISAMU PYXY HOXIB:

hg=h+h, (2)

Bucota ycraHoBku poboyoro opraHy npuiiMaeTbecs piB-
HOK TPMPa3oBOMY CTaHAAPTHOMY BiaxunewHio (h = 30,)
BUCOTU rpebHs. MakcumarnbHy BUMCOTY YepeLukiB 6aamnns,
AKi 3anULLNANCA Nicns 3pisaHHs MOXHa BU3HAYUTK 3a dop-

MyII0t0;
_ _r2_| L
hs = 6o, +r \/r {%Zm)—vmi}

fe V,,— noctynanbHa LWBMAKICTb MaWWHKU, M/C; r — pagiyc
o0epTaHHa piKy4oi KPOMKM HOXa, M; f — 4ac pyxy, C;
m — KinbKiCTb HOXiB, WO 0bepTalTbCs Ha AaHOMY pagiyCi
(npumaemo 1), wt.; L=V, -T — goBXuHa Wwnsxy, nponae-
HOro MaLUMHOK 3a oauH 06epT potopa, M; T=2p/w — yac
noBHoro obepTy poTopa, C.

[Nicns nepeTBOpeHb OTPUMAEMO HACTYMHY MakCUMarsibHy
BMCOTY YepeLLkiB 6agunns, Wo 3anuwmnnmcs:

2

)

2 2 2
hs = 6o, +r— rz—% @)
m-(V, +V,)
Ae V, — Kornosa LBMAKICTb HOXa, M/C.

BignosigHo go gocnimxeHb PesHnkoBa H.€., kputnyHa
LIBMOKICTb 3pidy, AN TOHKOCTEBGENbHUX KYMbTYp CTAHOBUTb
8-16 m/c, ansa ToBctocTebenbHux — 20-45 m/c.

3a maTemaTtnyHoK 3anexHicTio (4) 6yna nobyagoBaHa
3anexHicTb BUCOTU h, . YepeLlkiB 6agunns Big noctynarb-
HOI LWBMAKOCTI pyXy MalumHu V. npu cTanii KyToBil WBKA-
kocTi HoxiB — 1500 xB™' (puc. 7).

HabnuxeHo aHy 3anexHiCTb MOXHa BMPa3vTU HaCcTym-
HUM PIBHSHHSAM:

y=04x +04x+7,3 (5)

BpaxoBytoun Tol ¢hakT, Lo B HABEAEHUX rOCnoAapcTBax
306MpaHHs KapTonni MpPOXOAWTb KapTomriekonankamu, sii
arperaTyloTbCsl i3 MOTOOMOKaMuW, LS LIBUOKICTb HE MOXe
nepesuwysatn 1,2 m/c (4,3 km/rog) i3-3a i3NYHUX MOXIU-
BOCTEN onepaTtopa MOTo6MnoKa.
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Puc. 7. 3anexHicTb BUCOTM YepeLukiB Oagunns Big
nocTynanbHOI WBWUAKOCTI PyXy MaliMHU NpU KyTOBIN
wBuakocTi HoxiB — 1500 xB-1

BunpobyBanHs cpesn ansg BuaaneHHs Gagunns kap-
TONi MPOBOAMNMCA B ogHOMY 3 rocrnogapctB CymcbKoro
panoHy. Mig vac sBunpobysaHb 6agunnsa kaptonni Buaans-
nock Ha noni nnoweto 0,28 ra.

[Onsa HoxiB kocapku-nogpi6HioBava KrP-1,5 npu giame-
Tpi NO KiHUAX HOXiB 510 MM, KOnoBa LWBMAKICTb HOXIB CTa-
HoBUTb 50 Mm/C. Takot X NPUMMAEMO MiHiManbHy LBKUAOKICTb
pi3aHHs ANS NPOEKTHOrO BapiaHTy MalvHu. [nsg nogosxe-
HUX HOXIB LS WBmMAKicTb 6yae GinbLuoto. Ockinbku Gagunns
KapTonni € ToBcToCTEOENBHUM, BiANOBIAHO KPUTUYHA LUBUA-
KicTb 3pisy Byae ctaHoBuTU 20—45 M/c, TOBTO YMOBA pi3aHHs
Oyne BUKOHYBaTUCh AMNS BCIX HOXIB.

Bynu npoBefeHi AOCMIAKEHHS MO BU3HAYEHHIO KiMbKo-
CTi HespisaHux cTeben Ha MOroHHOMY METpI pPsiaKa, BUCOTM
yepeLukiB 3pizaHoro 6agmnns Ta piBHOMIPHOCTI 3pisy.

Ha BkasaHin nnowii BupollyBanacb KapTomnis COpTy
«Cnos’aHka» apyroi penpogykuii. Micnsa 36upaHHs Bpoxato
6ynb6 kapTonni 6yna BCTaHOBNEHA BPOXANHICTb KApTONi —
202 u/ra.

Jocnian npoBoannuCL TPUKPATHO OISt KOXKHOrO NMpoxXoay
MaLLMHK NO JOBXMHI roHy. [ns GinbLUOi JOCTOBIPHOCTI Kinb-
KiCTb NPOXOAiB arperaty ctaHoBwna 3. [JoBxvHa roHiB cTaHo-
Buna 67 M. TakuM YMHOM, Mpu KOXHOMY Jocnigi 6yno npose-
AeHo 9 samipis. [icns npoxody arperaTy pamka Haknaganacs
Ha MoYaTKy roHy i B KiHLi FOHy Ha BiACTaHi 5 M Big kpato Ta no
cepeauHi roHy. Npoxodn BUKOHYBamnMCs Ha KpawHix psgkax
(NoumHato4m 3 3) 3 OAHOTO Ta HLIOro Kpato nons Ta no cepe-
AvHi nons. Jata npoBeaeHHs — 14—15 cepnxs.

Jocnign npoBogmnncs LWNSXOM HaknagaHHS AepeB’saHoi
pamku KBagpaTHoOi chopmu, sika Byna BUrotoBneHa i3 Gpycy
nepepizoM 50 x 50 MM. 30BHILLHS LUXPUHA paMKu CTaHOBWNA
1,5 M. BHyTpiwHi po3mipn pamkm ctaHoBuim 1,4x1,4 M
(wmpuHa mixpsgb 700 Mm). Takum YMHOM, NAOLLA PaMKM
cTaHoBuna 2 Mm% CepefHst kinbkictb cteben B pamui ckna-
fana 67 WwTyk.

MNpy npoBedeHHi AOCHigXeHb, MepLUUM BU3Ha4anacs
KiNbKiCTb HespiszaHux cteben. He 3pisaHi ctebna paxysa-
NNCS OKPEMO Ha BOKOBUX CTOPOHaX Ta Ha BEPXHill OCHOBI
rpebHs. Hymepadis roHiB npoBogunacs 3nisa Ha npaso i3
NO3HAYEHHSM puMCbkuMK Lmncppamun [, 1l, 1l BignosigHo.
Hymepauis HaknagaHb pamok no JOBXWHI FOHy NpoBOAu-
nacb i3 noyatky roHy (1), B cepeawHi (2) Ta B KiHLi roHy (3).

Pesynbtatn cepefHix 3Ha4YeHb BUKOHAHUX 3aMipiB
N0 BW3HAYEHHIO KiMbKOCTI He3pisaHux cTeben HaBeaeHi
(Tabn. 1.)
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Tabnuug 1

Pe3yn|=Ta'ru nocnigxeHb N0 BUSHA4YeHHIO

KinbKocTi He3pi3aHux cTeben

Ne npoxoay
1 | 11 111
KinbkicTb He3pizaHux cteben, %
Ne pamku © © ©
= E = E = E
3 2 3 2 3 g
[-% o Q. o Q. o
[ O [ (=] [ (=]
o o 2]
1 3,0 19,5 1,5 9,0 1,5 10,5
2 3,0 12,0 1,5 15,0 16,5
3 4,0 13,5 3,0 12,0 1,5 13,5
CepepHe 2,0 15,0 2,0 12,0 1,0 13,5

lNpoaHanisyBaBLM pesynbTat AOCHIMKEHb MOXHA 3p0-
OWTU BUCHOBOK, LLIO Ha BepLUMHAX rpebHiB 6aamnns cKoLy-
€TbCS Malie MOBHICTIO (B cepeaHboMy He ckowyetbes 1,7 %
Gagunns). [ani pesynsrati npueeaeHi rpagiyHo (puc. 8).

x 4,5

T 4

5, 35
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£g 2»2
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BEPawmka 1 3 3 4
BPamka 2 1,5 1,5 1,5
BPamka 3 1,5 0 1

Puc. 8. BigcoTok He3pisaHux cTeben
Ha BepLUMNHi rpebHs

3 NPOBeAEHHSIM NOMNepeaHixX 3amipis No BU3HAYEHHHO KiflbKo-
CTi He 3pizaHux cTeben. BumiptoBanu BUCOTY 3a OMNOMOro0
niHinkn JIMN-300.

PesynbraTtv faHux gocnigxeHb HaBeaeHi B Tabnuui 2.

Tabnuus 2
Pe3ynbraTti gocnigkeHb N0 BUSHaYE€HHIO
cepegHbOI BUCOTYU YepeLukiB 6agunnsa

Ne pamku Ne npoxoay
1 | 11 | 111
CepepHA BUCOTa YepeLukiB 6agunns, Mm
b — b - b -
1] o o
5| ¢ | § | g | § | ¢
(3 o Qo o o (=]
[ (=} [ O [ ©
o m o
1 50,0 | 101,0 | 455 | 100,5 | 100,5 | 99,56
2 66,5 | 99,5 | 100,5 | 97,5 | 80,0 | 98,0
3 81,5 | 107,5 | 90,5 | 108,0 | 68,5 | 1055
CepepHe | 66,0 | 102,7 | 78,8 | 102,0 | 83,0 | 101,0

Mpo.iBLWKM aHani3 Tabnuui 2 MoxHa 3podUTU BUCHOBOK,
Lo MpW CKOLUyBaHHi Gagunns 3anponoHOBaHWUM arperatom
i3 HOXaMK pi3HOT fOBXMHYM 3a6e3nevyeTbCs BigMiHHE JOTpU-
MYBaHHSI BUCOTW YEPELLKIB Ha BepluMHax rpebHiB psiakiB
KapTonni Ta 3a0BiNbHY BUCOTY YepeLUKiB Ha OOKOBUX CTO-
poHax rpebHiB. Npy onTMMansHOMY 3HA4YEHHI BUCOTY Yepe-
wkie 80-100 MM, cepedHE 3HAYEHHSI BMCOTU Ha BEPLUMHI
CTaHoBUTbL 75,9 MM (puc. 10).
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Ha BigviHy Big BepLuuH, Ha GOKOBMX CTOpPOHax rpebHiB
3anuwiaeTbes Habarato GinbLue HeapisaHoro Gaaunns, B cepes-
HeoMy 13,5 %. Pesynratv gocnimkeHb npueeaeHi (puc. 9).
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Puc. 9. BigcoTok He3pisaHux cTeben

Ha 60KOBMX CTOPOHaX rpedHs

HactynHi gocnign Gynu HanpaBneHi Ha BW3HaYEHHS
BMCOTM YepeLLKiB 3pi3aHoro Bagunns, Lo € BaxXIIMBOK YMO-
BOI0 N8 SKICHOT poboTH kapTonne3bupanbHOT TEXHIKK.

lNpoBedeHHst AaHUX AOCTIAXKEHb NO BUSHAYEHHIO BUCOTY
yepeLukiB 3pizaHoro Gagunns NpoBOAMMOCH OLHOYACHO
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Puc. 10. Bucota yepelukiB Ha BepLUMHaX rpebHiB

CepenHsi BUCOTa YepelLLKiB Ha BOKOBMX CTOpPOHAX rpeo-
HiB cTaHoBMTb 101,9 MMm. To6TO, BigxnneHHs Big onTUMarnb-
HOMO 3HAYeHHs! BMUCOTW YepeLlkiB Ha OOKOBMX CTOPOHaX
rpe6HiB cTaHoBUTL BnKM3bko 2 % (puc. 11).
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Puc. 11. Bucora yepeLukiB Ha 60kax rpe6HiB
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Cnig BiOMITWTK, WO Ha BMCOTY YepeLuLkiB cteben kap-
TOMMi BMANMBAaE, KPiM LUBUAKOCTI pyxy arperaty, penbeg
nons, kBanidikauis onepatopa, HasiBHICTb rPyAOK Ta iHLUMX
NepeLLKoA Ha LUMsXY OMNOPHO-NPUBIAHUX Koric MOTOBroka
Ta iHLWi akTopw.

O6roBopeHHs. [poBefeHW aHani3 HaykoBux nybnika-
Llil BKa3ye Ha LUMPOKE 3aCTOCYBaHHs eHepreTYHMX 3acobis
i3 konicHoto cpopmyrnoto 2K2, npu BUPOBHULTBI kKapTonfi Ha
Marnux nnoLyax Ta YacTKOBO Ha BaXKOAOCTYMHUX OiNsHKAX.
Ons BuganewHsa 6agunnsa KapTonni BUKOPUCTOBYHOTHCS,
30ebinbLworo, MOTOBNOYHI Kocapku, siki He 3abesnedvyoTb
HaneXxHOoi SKOCTi pobOTU NpY BUKOHAHHI JaHOT onepallii. Ha
OCHOBI NpOBeAeHUX OOCNMKEeHb N0 BUKOPUCTAHHIO Cyyac-
HOI TEXHIKW Ta TEXHOMONi NPY NPOMUCIIOBOMY BUPOOHULITBI
KapTonni i3 3acTOCyBaHHAM TPAKTOPHOI TEXHOMorii, 3 ypa-
XYBaHHSM MOXMMBOCTEN Mamnux CifbCbKOrocrnogapChkux
BUPOGHWKIB flaHOT NpoayKuii Ta 0cobnmBoCcTen eHepro3aco-
6iB konicHoi dhopmynu 2K2 6yna po3pobneHa Ta Bunpoby-
BaHa MalUuHa Ans BuaaneHHs 6agunnsa KapTonsi Ha OCHOBI
MOTOGMOYHOT rpyHTOhpEsMn.

Takum YMHOM, BWKOPUCTAHHS [aHOi MOAEPHI30BaHOI
MaLUMHK 3i 3MIHHAM JiaMeTPOM pi3aHHs i LWapHIpHUMU pixy-
YUMU efieMeHTaMn [03BONSE MOMINWMUTA NPOAYKTUBHICTb
i AKicTb 3pidy BGagunns B MKPAAASX KapTONASHUX rPsifok
i 3HAYHO NIABMLINTM e(eKTUBHICTb 30MpaHHa KapTonsi.
Kpim TOro, JaHa MalumHa € yHiBepcamnbHO i MOXe TpaH-
chopmyBaTUCS GK i3 rpyHTOPE3M B MalLUMHy Ans Buaa-
neHHs Gagunnsa kapTonni, Tak i HaBnakw. Lle ameHLLye napk

HaBicHOro obnagHaHHs Ans MOTOBMOKIB, @ OTXKe 1 3aTpaTy
KowTiB Ha Moro npuabaHHs Ta 36epiraHHs, WO 0cobnuBo
BaXIMBO AN ApibHUX hepMepChKMX rocnogapcTs Ta JOMO-
rocnogapcrs.

BucHoBku. Ha ocHOBI npoBefeHoro aHanisy po6oumx
OpraHiB Ta MalUVH Ans BuaaneHHs 6agunns kapronni 6yno
BU3HAYEHO paLioHanbHWi TN poboYunx opraHis, NPOBEAEHO
YOOCKOHanNeHHs1 MOToBnoyHoi dpesun Ans aaHoi onepadii.
MNpoBeneHi OocnimkeHHs nokasanu edeKkTUBHICTL Buaa-
neHHs 6agmnnsa MoaepHi3oBaHO MOTOBMOYHOK hpesoto
3a paxyHOK 3aMiHN HOXIB.

3a MaTeMaTn4HO 3anexHiCTio Byno oTpUMaHo 3anex-
HiCTb BMCOTM h . YepelkiB Gagunnga Big nocTynanbHOL
WBMAKOCTI pyXy MalwmHK V. npu cTanii KyToBii LUBUAKO-
cTi HoxiB — 1500 xB™, WO Aae MOXNUBICTb BUOpaTU ONTu-
MarbHy LUBUAKICTb pyXy OGagunneBugansioyoi MalluHu
(8o 4,3 km/ron).

Ha ocHoBi npoBefeHOro aHanidy HoOXiB, pesynsraTis
TeopeTuyHMX i nabopaTopHMX JOChimMKeHb Hamm Bynn pos-
pobreHi Ta BUrOTOBMEHI eKCnepUMEHTarnbHi HOXi 3MiHHOI
LOBXWHM, sIKi Bynu BCTaHOBNEHI Ha MOTOBNOYHY dhpesy.

B pesynerarti npoBefeHx gocnigxeHb poboTn yoocko-
HaneHoi MoTobnoYHOT dhpesn Byno BUSBIEHO LLO: BiACOTOK
Hespi3aHux cteben Ha BeplumHi rpebHa crtaHoButh 1,7 %,
Ha 6okoBux cTopoHax — 13,5 %, NepeBULLEHHS 3HAYEeHHSs
BMCOTM YepeLLkiB 3pisaHoro 6agunns kaptonni Big onTtu-
MaribHOrO 3HauYeHHs1 Ha BOKOBUX MOBEPXHSAX rPebHs CTaHo-
BUTb 2 %.
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Semirnenko Y. I., PhD, Sumy National Agrarian University, Sumy, Ukraine

Semirnenko S. L., PhD, Sumy National Agrarian University,Sumy, Ukraine

Improvement of the technological process of removal of potato tops with motor block production technology

The main producers of potatoes in Ukraine are households. They produce 98 % of these products. One of the important
operations in the technology of growing potatoes is the removal of the tops. Given the fact that a significant part of households
use motoblock technology of potato production, its use is not effective enough to pre-remove the potato tops, which
significantly affects the quality and productivity of harvesting equipment, damage to tubers and crop yields. The paper presents
an analysis of methods and working bodies of machines for removing potato tops before its mechanized harvesting. Analysis
of research on energy resources used in potato production showed that most households that grow potatoes on an area
of up to one-hectare use energy resources wheel formula 2K2, ie uses motoblock technology for growing and harvesting
this crop. The analysis of research on the use of methods of removing potato tops with motoblock technology showed that
currently two methods prevail: crushers of the crushing type — chain with a vertical shaft and rotary working bodies (rotary
mowers). Studies have shown that each of these technologies does not provide the proper quality of potato tops. According to
the results of the analysis of working bodies and machines for removing potato tops, the improvement of the motoblock cutter
for this operation was carried out. These studies indicated the possibility of removing the tops with an upgraded motoblock
cutter by replacing the knives. Based on the calculations, the dependence of the height of the petioles of the beveled tops on
the translational speed of the machine at a constant angular velocity of the knives was constructed, which allows to choose
the optimal speed of the tops. Based on the analysis of knives, the results of theoretical and laboratory studies, we have
developed and manufactured experimental knives of variable length, which were installed on a motoblock cutter instead
of milling knives to remove the tops. Studies have been conducted to determine the percentage of uncut potato stalks on
the tops of ridges and on the sides, as well as research to determine the value of the height of the cuttings of cut tops on
the tops of ridges and on the sides of ridges. Studies have shown the high quality and efficiency of removal of the tops
of the proposed machine, as well as its versatility.

Key words: tops, potatoes, working bodies, tubers, stems, ridges, cutting.
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B cmammi poseansidarombes npobremu mid8UWEHHS SKOCmi MawuH, 3a0isSHUX 8 MEXHOI02iYHOMY UUKITi 3pOWEHHS. AHa-
ni3 obnadHaHHs, 3a0isiH020 8 pi3HUX criocobax 88edeHHs1 800U 8 rpyHM, rMokasas, Wo Halbinbw eaxnueumu i 8idnosidars-
Humu 0Oris1 3abe3neyeHHs SIKICHO20 3pOolly8aHHS € HacocHi aepezamu. Ceped 8eMUKOI KinbKocmi Hacocie, Wo sukopucmo-
8yl0Mb 1EPEBaxHO MpuU 3pOLLYy8aHHI, Crid eioMimumu 8i0UeHmMpPOo8i Hacocu, WO CMBOPHMb BUCOKUL MUCK 3a paxyHOK
8i0ueHmMposoI curu i 80100iFoMb BUCOKUMU eKCrilyamauitiHUMU erracmugocmsamu. He3saxaroqu Ha 8UCOKI eKcrimyamaujitHi
enacmugocmi i d08208i4HICMb 8iOUEHMPOBUX Hacocig ¢1id 8iOMIMUMU, WO 8OHU, SIK MPasUIIO MPautorMb 8 8AXKUX yMO8ax
0moYyr4UX cepedosuly (8onozicme, nap, HasisHicMb y nosimpi cridie kucriomu abo fyau i make iHwe), Wo 3Ha4yHo 36inbuye
3HOWYBaHHS iX M08ePXOHb. He3eopomHim npouecom makoi ekcriiyamaujii € 0CHOBHOI MPUYUHOK 3HOCY Oemaned, 3MiHU ix
2e0MempuYHUX po3mipie ma cmady. licrisi poxo0xeHHs nepiody npunpayroeaHHs MosepxoHb demariel, mpusanozo Yacy
8CMAaHOB/IEH020 3HOWYBaHHS, Hacmae nepiod KamacmpogiyHO20 3HOWYBaHHS — Pi3Ke MO2ipLieHHs eKcrilyamauiliHuUX sKo-
cmel okpemo. OboCHO8aHO, WO MidsuLieHHST HadiliHocmi, 36inbUWeHHST mepMiHie criy)bu poboyux opeaaHie 8idueHmMpPosux
Hacocig, Wo npayrrms 8 a2pecusHoMy cepedosulyi, Haykoeo 0brpyHmosaHuli 8ubip Komniekmie 0bniadHaHHs i MEXHOMOo-
2it 00380/1UMb MPUCKOPUMU iX peHo8auit — eKOHOMIYHUU MPOUEC OHOBMEHHS elleMeHmi8 OCHOBHUX 8UPOBHUYUX hoHAi8,
3acobig supobHuumea, Wo esubysaroms 8HacidoOK hi3UYHO20 Cripaubo8y8aHHS ma MEXHIKO-EKOHOMIYHO20 CmapiHHS 3a
paxyHOK Kowmig amopmu3say,itiHoeo ¢ooHdy ix demarnel, MexaHi3mie ma agpeaamy 3a2asiom.

AHaniz memodie 3MiuHeHHsI MOWUMHUKOBUX WULOK 8arie pomopie eidueHmposux Komrpecopie Ao380/1us eusigumu
pesepsu 00 MOKpauleHHs ix napamempie skocmi 3a paxyHOK yOOCKOHaneHHs1 Memody HimpoueMeHmauii, SKul 8UKOHY-
oMb MemodoM erekmpoepo3iliHo2o neaysaHHs (EINT). BukopucmaHHs H08020 criocoby HimpouemMeHmauii, sKkul 8 rnopie-
HSIHHI 3 mpaduyitiHuM 8id3HaYaembCs HU3KOK nepesaa: nidsuweHHs1 mikpomeepdocmi nogepxHi 3 10500 do 10600 Mlla
i nasHUM 3HUXeHHsM iy nepexioHit 3oHi; docseHeHHs 100 % cyuinbHocmi 06pobneHoi No8epxHi; 30iNbWeHHAM 2nu-
6uHU 30HU nidsuweHHoOI Mikpomeepdocmi 3 120 0o 150 MKM, a makox 3MeHWeEeHHsM wopcmkocmi nosepxHi (Ra) 3 0,7
00 0,6 mkm. OmpumaHi nepesaeu H08020 crnocoby HimpouemeHmauii Had mpaduyitiHum, 00380SOMb 3HA4YHO MOKPaWimu
SIKICMb MeXHOs10.ii 8U20MOBIEHHS | peHosauii MOWUMHUBOBUX WUUOK 8i0UeHMPO8UX Hacocie, 3adisHUX 8 MEXHOI02IHHOMY
UUKITi 3POWEHHS.

Kntoyoei crioea: 3poweHHs:, 8idueHmposi Hacocu, WULKU earie, peHosauyis, napamempu sKoCmi, HimpouemeHmauisi,
€/1eKmMpOICKPO8e fe2y8aHHs.

DOI https://doi.org/10.32845/msnau.2022.1.7
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Betyn

3rigHo (Dmytriiev, 1999) cTBepaxyeTbes, WO 'y CBiTi 40 %
NPOLOBOMbCTBA BUPOONSETLCA Ha 3POLUYBAHUX 3eMMsiX,
o craHoBnATb 17 % YCiX CinbCbKOrocnoAapChbknx 3eMerb
(nopanblue ix 36inblueHHs oBMexye HecTadyy pecypcis
Ta BOAW).

[ns noninweHHs Bogo3abesaneyeHHs B YkpaiHi CTBO-
peHo noHag 1160 BogocxoBuLL 3aransHUM 06’eMom 6rm3bko
55 ky6. kM, Mepexa MaricTpanbHux kaHanis (noHag 1000 km)
i BogoBogais (noHag 2000 km). WopiyHo ans notpebu Bogo-
MOCTaYaHHs HaceneHHs i rany3ent eKOHOMIKM 3abupaeTbes
6rmabko 11 Ky6. KM BOAW, Y TOMY Yncni 61nsbko 2 Ky6. kKM —
Ans cinbcbkoro rocnofapctaa (Kuznecova, 2012).

TakuMm 4YMHOM, MNOCTIMHOTO 3pOLUEHHS NOTpebytoTb
Maibke 19 MNH ra OpHMX 3emenb, a BOAOPEryroBaHHS —
4,8 MnH ra. 1o BCbOro Lb0ro, MM MaeMo 3acTapiny cuctemy
nonuey, OTPUMaHy y CnagoKk Bif PafsHCHLKOTO MUHYMOrO.
3a ouiHkammn ekcneptie, notpeba B iHBECTULiSAX Ha PO3-
BUTOK TiAPOTEXHIYHMX MENIOpaTUBHUX CUCTEM CKrladae
6nnasko $1,5-2 mnpay (Bilonozhko, 1990).

AHanis obnagHaHHs, 3agisHoro B pisHUX crnocobax BBe-
JEHHS BOAM B [PYHT, Mokasas, L0 HaWbinbLl BaXIMBUMU
i BignosigansHumm Ans 3abe3neyeHHs SKiCHOro 3pOLUyBaHHS
€ HacocHi arperatn. Cepen BEenUKOI KiMbKOCTi HAcociB, LLO
BUKOPUCTOBYIOTb NEPEBAXHO MPU 3POLLYBaHHI Chia BiAMITUTM
BiJLEHTPOBI HAacoCK, L0 CTBOPIOKOTL BUCOKWIA TUCK 3a paxy-
HOK BiZILLEHTPOBOI CUMK i BOMNOAiOTb BUCOKUMM eKCrnnyaTaLlin-
HUMW BMacTUBOCTAMM i AoBrosiyHicTio (KMU, 2019).

HesBaxatoum Ha BWUCOKI ekcrnyaTauiiHi BNacTUBOCTI
i QOBroBIYHICTb BiALEHTPOBMX HACOCIB CMig BIAMITUTK, WO
BOHM, SIK NPaBWIIO MPALIOTh B BaXKUX YMOBaX OTOYYHO-
Yyux cepenosuLl (BOMoricTb, Nap, HasiBHICTb y MOBITPI Chi-
4B kucnotu abo nyru i Take iHWe), Wo 3HayHo 36inbLuye
3HOLLYBaHHS X MOBEPXOHb. HE3BOPOTHIM MPOLECOM Takoi
eKcnnyarawii € OCHOBHOI MPUYMHOK 3HOCY AeTanei, 3MiHuW
X reOMETPUYHMX pPo3MipiB Ta cTaHy. [1icns NPOXOmKeHHs
nepiogy npunpawtoBaHHS NOBEPXOHb AeTanen, TpMBarnoro
Yyacy BCTaHOBMEHOMO 3HOLLYBaHHS, HacTae nepion kara-
CTPOCIYHOrO 3HOLLYBAHHSA — pi3Ke MOFipLUEHHS eKkcnyaTa-
LINHUX SIKOCTEW OKpeMUX AeTanen, MexaHiamis Ta arperarty
3aranom.

Cnig BigmiTuTK, WO 3HOC AeTanen HacocHoro obnaj-
HaHHS He 3YMUHSETLCH Mif Yac KOMU HacoC He MpaLioe.
Takox kpiM (i3YHOro 3HOCY BiALEHTPOBMX HACOCIB iCHYE,
TaK 3BaHuN, MOpasibHUA (EKOHOMIYHMI) 3HOC.

=g

Puc. 1. KoposiitHo-abpa3uBHe 3HOLIYBaHHSA
NigLWMNHMKOBUX LWMNOK Bany potopa Hacoca LIHC-180

Takum ynuHom, poboTy HanpaBneHi Ha NOKPaLLEHHS Tex-
Honorii peHoBaLii € akTyanbHUMM | CBOEYACHUMM.

MoctaHoBKa npobnemu. AHani3 ocTaHHiX Agocni-
DXXeHb Ta nyonikauin

[o fetanei Ta ix enemeHTiB, Bif CTYNEHIO 3HOCY NOBep-
XOHb SIKUX 3anexuTb nogarnslua ekcniyarawis Hacocy, cnig
BiOHECTM NiALIMMNHUKOBI Ta NOCAAKOBI LMWK Bany, nocag-
KOBI MiCLil KyNIbKOBMX Ta POMMKOBUX NIALLMMHKKIB, poBoumx
KOFiC, 3aXMCHUX BTYIIOK.

EkoHOMiYHa AOLiNbHICTE pEMOHTY 06yMOBREHA TUM, LLO
6nm3bko 45% peTtanen maluuH, WO HAAXOASATb B PEMOHT,
3HOLLYIOTBCS B AOMYCTUMUX Mexax i MOXyTb ByTu BUKOpY-
craHi noeTopHo (Frumin, 2018). 3rigHo (Chabannyi, 2007)
npaLe3faTHICTb | pecypc BiOHOBMEHUX AeTanen cknagae
B cepeaHboMmy 60...80% Big nokasHWKIB y HOBUX AeTane.
OpHak B JaHuM 4yac BigOMi TeXHOMOriYHi MeToau (enek-
TPOMEXaHiYHi, enekTpodi3nyHi Ta iH.), 32 JONOMOrOK SKMX
MOXHa MOBHICTIO BiHOBUTW MEPBUHHUN pecypc AeTanen
abo HaBiTb 36iNbLUXTY OrO.

MMiaBULLEHHS HAZIMHOCTI, 36iMbLUEHHS TEPMIHIB CryX6u
poboumnx OpraHiB BiALEHTPOBMX HACOCIB, LU0 MPaLOTh
B arpecuBHOMY CeEpefoBULLi, HayKoBO OBI'pyHTOBaHUM
BMGip KOMNNeKTiB 06nagHaHHS | TEXHOMOriN 4O3BONUTL NpW-
CKOPUTK iX pEHOBaLlit0 — eKOHOMIYHUI NPOLEC OHOBMEHHS
€rnemMeHTIB OCHOBHMX BUPOOHMYMX (DOHAIB, 3acobiB BUPO6-
HUUTBa (MawmH, obnagHaHHs), Wo BMByBalTb BHACNIOOK
(isnyHoro (MaTepianbHOro) CnpaLbOByBaHHS Ta TEXHIKO-e-
KOHOMIYHOIO CTapiHHS 3a paxyHOK KOLUTIB aMOpTM3aLinHOro
thoHay.

[lns NOBEepXHEBOro 3MILHEHHS LUMAOK Nid MigLLUMHUKN
koB3aHHs (1K) BMKOPMCTOBYIOTb PisHi Cnocobu TepmMoo-
Bpobku: LemMeHTauieto, ra3oBe a3oTyBaHHs, kapboHiTpaLito
Ta iHWi. B pesynbraTi 3aCTOCOBYBaHHS LX METOAIB MiaBw-
LLYeTbCS TBEPAICTb 1X MOBEPXHEBOrO LUApy, SKa 3MEHLUY-
€TbCS NO Mipi nornmbnexHs. ig yac poboTu BiALEHTPOBOrO
Hacocy LUWiika Bany poTtopa, ska npautoe B napi 3 6abito-
BUM MiALWNMHUKOM 3HOLLYETLCS | NOTpebye BiAHOBMEHHS,
ske SIK NpaBuno, BiAOYBAETHCA LUNAXOM ii nepeLunichoBku
[0 CTaHy «sK yuctox. [licns nepelunichoBky BMAaANsSETHCA
HanWTBepAilla YacTMHa NOBEPXHEBOTO LUapy. TakuM YMHOM,
AiamMeTp LWMAKU MOXeE 3MEHLLMTBLCS Ha BenuymHy o 0,3 MM,
Lo npu3Befe 4O 3HAYHOTO 3HWXKEHHS TBEPAOCTI MOBEPXHI
i HeoBXiaHOCTI 1T BiQHOBMEHHS.

Po3pobka Ta BNpoBamKEHHS eMEKTUBHUX TEXHOMO-
rin NOBEpXHEBOro 3MiLHEHHS 0ByMOBMEHa, 3 OQHOTO BOKY,
HEOOXiOHICTIO EeKOHOMII [0pOrux Ierylounx enemMeHTis,
a 3 IHWOro — MocWIeHHsIM YMOB ekcnnyatauii getaneu.
OpfHum i3 cnocobiB BUPILLEHHS LbOro 3aBOaHHS € 3acTo-
CyBaHHSI TEXHOMOTIN, WO BUKOPUCTOBYIOTb ANs 06pobku
matepiany koHueHTpoBaHi notoku eHeprii (KMNE). Y HepisHO-
BaXXHWMX YMOBaX Harpiy Ta OXonogkeHHst npu obpobui KME
BiaOyBaeTbCA (HOPMYBaHHS MPUHLMMNOBO iHLUMIA, HX MpW
TPaAULiNHUX METOAAx TEPMIYHOMO Ta MEXaHIYHOro BrIIMBY,
CTPYKTYpu noBepxHesoro wapy (Tarelnyk, 2022).

[Jo cyvacHux meTofiB noBepxHEBOI 06pobkn meTane-
BUX NoBePXOHb KINE HanexuTb enekTpoickpoBe NeryBaHHs
(EI), wo po3sonsie OTpuMyBaTW MOBEPXHEBI CTPYKTYpW
3 YHIKanbHUMK (Di3UKO-MeXaHiYHUMK Ta TpUBonoriYHnMum

B1IacTUBOCTSIMM Ha HaHopiBHi (Mashkov, 2015).
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[NopiBHSHO 3 TPaAULIHUMU TEXHOMNOTISIMU NOBEPXHEBOTO
3MiLHeHHs meToq EIN1 mae nepeBaru: nokanbHiCTb, BUCOKUN
CTYNiHb aaresii, BUHUKHEHHSI HEBEMUKOTO TeMnoBoro GooHy i,
AIK HACNiZOK, BiACYTHICTb BUKPUBMEHb Ta Aedopmallii, npo-
CTUN Ta THYYKUA TEXHOMOTIYHWI npouec, ekororiyHa 6e3-
neka Ta iH. (Tarelnyk, 2021).

Mpu 30nKeHHI €enekTpo4iB NOBEPXHi NiAAalTbHCA
noKansHOMY BMMMBY BUCOKMX TUCKIB yAAPHOI XBUIi Ta TeM-
nepatypu (Korotaev, 2009), (Verkhoturov, 1995).

LLnpoki MOXIMBOCTI 3MiHM BNACTUBOCTEN MeTaneBux
NOBEPXOHb Yy MOTPIBHOMY HampsIMKYy BiAKPUBAIOTLCA MpU
BUKOPUCTaHHI rpadpiTy $iK aHog y MpOoLEeCi enekTpoickpo-
Boro nerysaHHa (EIM). BignosigHo go (Mikhailyuk, 2010)
BUGIp rpadpiTy SK enekTpogHoro marepiany obrpyHToBa-
HUI HWU3KOIO oro nepesar. Bigomo, wWwo rpadit y BinbHOMY
CTaHi € NpekpacHUM TBepAO3MaLLyBanbHUM MaTepianoM, a
y 3B’13aHOMY, Y BUMsAAi kapbiaiB, — TBepAo 3HOCOCTINKOK
¢hasoto, focuTh CTiKOK A0 BaraTbox arpecuBHUX cepeno-
Buwy (Mikhailyuk, 2010), (Mikhailyuk, 2010), (Kayali, 2021).
Y psgi BunagkiB noTpibHe ogHovacHe NOedHaHHA LMX
B1IaCTUBOCTEN.

Meton EIT rpadhitoBuM enekTpogoM 3acHOBaHWN Ha
npoueci andysii (HacMYeHHs MOBEpPXHEBOro Luapy Aetani
ByrmeLueM) i He CynpoBOMXYETLCH 3BiMblUEHHAM PO3MIpiB
[eTani, Wo Jae niacrasy MOpIBHIOBATY OO 3 Pi3HOBMAOM
XTO - uemerraujeto (L.,) (Tkachenko, 2020), (Radek,
2017), (Martsynkovskyi, 2008), (Martsynkovskyi, 2013),
(Tarelnyk, 2020).

Mpwn L, 3miuHeHHs nosepxHi Aetani BiabyBaeTbes 3a
paxyHoK Andy3inHO-3arapToBaHNX NPOLIECIB, LLIO NONSAraTh
y NoKanbHOMY HaCW4eHHi ii ByrreLem, npu 4OCUTb BUCOKIl
Temnepartypi (2o 10000 °C), 3 HACTyNHWM LUBUAKAM OXOMO-
[DKEHHAM [0 KiIMHaTHOI TemnepaTypu.

Mpouec L, cTanesnx noBepxoHb Mae HU3Ky nepesar
y MOPIBHSIHHI 3 TpaAULiNHKM, 3aiicHIoBaHNM MeToaoM XTO.
OcHoHumu nepesaramu Mpouec Ll | cTanesux noBepxoHb
Ma€ HU3Ky nepeBar y MOPIBHSAHHI 3 TpaauuinHUM, 34inc-
HioBaHUM MeTogoM XTO. OcHoBHUMYK nepesaramu Ll €:
pocsrieHHss 100% cyuinbHOCTI 3MiLHEHHS NOBEPXHI; MiaBu-
LLeHHs1 TBEpAOCTi NMOBEPXHEBOrO LWapy AeTani 3a paxyHoK
Andy3inHO-3arapToBaHMX NPOLECIB; MOXIMBICTb NOKaNbHOI
00p0obKM (neryBaHHs MOXHA 3INCHIOBATU B CTPOro 3a3Ha-
YEHMX MICLSAX, HE 3axuLLialouy Npu LbOMY PeLUTY MOBEPXHI
pertani) Ta iH.

B (Martsynkovskyi, 2013) Hamu ByB 3anponoHOBaHMI
cnocib, skuid nonsrae B Tomy, wo Ll npoBoaATb noe-
TanHo, 3HWXYIUM Ha KOXXHOMY eTani eHeprito po3paay. MNpu
ubomy BukopuctoBytoTb Wp=0,1...6,8 [ i npoayKTUBHICTb
0,4...2,0 cm?xB.

OpfHak HeZlonikoM Takoro cnocoby € 3HWXEHHS TBepao-
CTi NOBEPXHEBOrO LWapy B pe3ynbrati BignycTku npu noBs-
TOPHiV (noeTanHii) 06pobLi NoBepXHi rpachiToBUM enekTpo-
[l0M, ane 3 MeHLLOK eHeprieto po3psaay. Kpim Toro, nopsg 3i
3HKEHHAM MIKPOTBEPZAOCTI NMOBEPXHi 3HUXKYETLCSA rMUbUHa
Lapy nigBuLLeHoT TBepaoCTi.

[ns yCyHEHHs1 3a3HayeHUX HeZonikiB 3anpOonoHOBaHWI
Cnoci6 3MiLHEHHS NOBEPXOHb TEPMOOBPOBNEHMX cTanesmnx
petanen (Tarelnyk, 2017), sxkuin Bknoyae onepadito EIJ

i onepadito ioHHoro asoTyBaHHs (IA), npuyomy onepadito [A

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

3aincHioTL abo 1o, abo nicns onepadii EINT npotsarom yacy,
[OCTaTHbOrO ANl HaCWYeHHs MOBEPXHEBOro Wwapy AeTani
a30TOM Ha rmunbKHy 30HM TepmivHoro Bnnuey. Onepadito EIJ
BUKOHYIOTb rpad)iTOBUM €NEKTPOLOM 3 eHepriclo pospsay
0,1-6,8 Ix i npoayktueHicTio 0,2...4,0 cm?/xB.

BHacnigok BMKOPUCTaAHHSA LbOro Cnocoby 3MEHLUEHHS
TBEPLOCTi yCyBaeTbCs. B AaHOMy BMNagKy TBEPAICTb Y 30Hi
TEPMIYHOrO BMIMBY HE 3HWXYBaTUMETbLCS, OCKINbKY BNacTW-
BOCTi a30TOBAHOI NMOBEPXHi MPaAKTUYHO HE 3MIHIOKTLCS MPK
MOBTOPHMX HarpiBaHHaX ax go 500-600 °C, y Toit yac sk
NpwW HarpiBaHHi LEMEHTOBaHOI Ta 3arapToBaHOI NOBEPXHI 40
225-275 °C ii TBepAiCTb 3HMKYETLCS.

HesBaxaroum Ha HU3KY NO3UTUBHUX pe3ynbraTie, npea-
CTaBMNEHUX BULUE, ICHYIOUMIA MeTOL He no3baBneHui Hego-
nikis. Lle Hacamnepen: Benuka Tpusanicte npouecy A (go
24 roouwH), BenuKi BUTpATW enekTpoeHeprii i HeobXigHUX
peareHTiB, HeOOXIiOHICTb BUrOTOBMNEHHS 3pa3ka cBigka Ans
KOHTPOSIO pe3ynbraTiB 3MILHEHHS, @ TakoX HeobXiaHiCTb
3aXUCTy OKPeMUX AiNsHOK noBepxHi BUpoOy, Hanpuknag,
pi3bONEeHHs, Big 3MiLHEHHS.

[ns ycyHeHHsi 3a3HaveHnX BuLLe Hegonikis 6yB po3pob-
NEeHUI crnocib 3MiLHEeHHS NOBEPXOHb TEPMOOBOPOBNEHNX CTa-
neBux AeTanen, Akuii Bkntovae L, Ta BiApiHAETLCA TUM,
O B 30HY neryBaHHa nogaeTbcs as3oT (Martsynkovskyy,
2020). B paHomy BWnagky OAHOYACHO MPOTiKaloTb ABa Npo-
uecw Ll , Ta a3oTyBaHHg, WO, N0 CyTi, € NPOLIECOM HiTpoLie-
MeHTauii metogom (HLL ).

Cnocib HiTpouemeHTaLjii  3AiCHIOETLCS 3a  paxyHOK
BUKOPUCTaHHS NPUCTPOIO, LLO 3aKpinmeTses Ha Bibpatopi
yctaHoBkm EIT (puc. 2).

Puc. 2. MpucTpin ana nopayi rasy A0 30HU NeryBaHHs:
1 — BibpaTtop, 2 — onpaBneHHs ANs NigBEAEHHS rasy,
3 — WTyuep nigBeaeHHs rasy, 4 — enexkTpoa,
5 — npuegHaHHs BibpaTopa fo reHepatopa EIJT

Bpaxosytoum, IO 3anponoHOBaHWI Hamn HOBMWIA CNOCIO
uemeHTauii metogom EIJT (Tarelnyk, 2020) mae HM3Ky nepe-
Bar nepeq TPagWLINHAM (3HWXEHHS LLOPCTKOCTI NOBEPXHI,
30inbleHHs mMMbuHn Andoy3inHoi 30HM BYyrnewto, niaBu-
LLEHHs MIKPOTBEPAOCTI «6inoro» Lwapy, MOro TOBLUMHM
i CyuinbHOCTI) To BaxaHO BUKOPUCTOBYBATU 10T i B CNOCODI
HiTpouemeHTauii — HL_ .
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Takum YnMHOM, MeTOH POBOTH € MiABULLEHHS JOBrOBIY-
HocTi Wwuinok Banie nig MK 3a paxyHoK nokpalleHHs napa-
METpPIB SIKOCTi iX NOBEPXHEBUX LUIApPiB, CHOPMOBAHUX CrO-
cobOM HiTpoLieMeHTaLji, SKuiA BUKOHYETbCS MeTogom EIJT.

MeToauka npoBegeHUx gocnigaxeHb

Mpouec L, i HL_ npoBoaAnBCs 3 4ONOMOroK yCTaHOBKM
mozeni «EnitpoH — 22A» (puc. 1). 3pasku 3akpinnoBanucs
y NaTpoHi, a BibpaTop y pisLeTpumadi TokapHOro Bepcrara.
Micnsa voro npoBoaunacs noetanHa 0bpobka Lwnsxom nery-
BaHHs rpacitoBuM enektpogomM mapku EM—4 (OCT 229-83)
3 eHeprieto po3psagy 0,55 Ik (1-n etan) i 0,13 Ox (2-n eTan)
3 npogykTueHicTto, BignosigHo 1,0-1,3 ta 0,5-0,1 cm? xB.
O6pobky 3paskis HoBuM crnocobom HL| , MpoBoauny
noeTarnHo:

1-n eTan — rpadpiToBNM €NeKTPOaOM-IHCTPYMEHTOM NpK
Wp = 0,55 [Ix;

2-i eTan — peTenbHO BTMpanu B 0OpobneHy Ha
1-My eTani NOBEPXHIO CyCNEH3it0 3 Ba3eniHy i NOpOLLKY rpa-
dity;

3-11 eTan — rpaiTOBUM €neKTPOAOM-iIHCTPYMEHTOM MpK
Wp =0,55 Ox.

Mpouec EUT mexanizysanu. MNpu ubomy aetansb, LIO
06pobnioBanu, 3akpinnioBany B NaTpoHi TOKAPHO-TBUHTO-
pi3HOro BepcTaTty, a BibpaTop 3 enekTpoaoM-iHCTPYMEHTOM
B CYMOpTi BepCTaTy.

[ns pocnimxeHb BMKOPUCTOBYBaNM crnewianbHi Kpyri
3pasku, BUrotosneHi 3i cranen: 40X y BUrNSAAi KOTYLLKK, LLO
cKnagaeTbCs 3 ABOX AMCKiB, giameTpom 50 MM i LUIMPUHOD
10 MM, cronyyeHux Mix cobOK MPOCTaBKOKW AiaMeTpom
15 MM, WO Mae ABi TEXHOMOrYHI OiNSHKM Takoro camoro
diametpa (puc. 3, a). 3pasku TepmoobpobnioBany Ha TBep-
aictb 3900-4000 MMMa Ta 3MiuHIOBanu pisH1UMK cnocobamu:

EIN (H.c.

U, HUg, i HoBUM crnocobom HiTpouemeHTalii MeTogom
Eln (HLI'EIﬂ (H.0)

MoBepxHi auckiB nepeg 06pobkoto LWnipyBanm [0
Ra = 0,5 mkm.

[na pocnigpkeHHs napaMeTpiB AKOCTI NOKPUTTIB, MeTa-
norpadiyHnX i OIOPOMETPUYHUX [OCRILKEHb i3 KPYrmux
3paskiB BMpi3anu okpeMi cermeHTu (puc. 3, 6) i BUrotToBnsnu
wnicpu (puc. 3, B).

MNig yac BMroToBNEHHS NoBepxHs wWica byna opieH-
TOBaHa nepneHauKynsapHo 40 NoBepXxHi nerysaHHs. Nepen
BUrOTOBSIEHHSAM  LWnicpa ANS  BUKMKOYEHHS  KPaWoOBOro
edeKTy nig yac nerysaHHs Topelb 3paska pesepyBanu
Ha rMUOKHY He MeHLLe HixX 2 MM. BurotoBnexui wnidg nig-
JaBanu XiMiYHOMY TpaBMneHHIO ANS BUSIBNIEHHS CTPYKTYpU
B peakTuBi.

OpHo4YacHO npoBOAMMM OIOPOMETPUYHMIA aHani3 Ha
pO3MoAiN MiKPOTBEPAOCTI B NOBEPXHEBOMY LUapi i 3a rnubu-
HOM LUnicha Bia NOBepxHi. BumiptoBanu MiKpOTBEPAICTb Ha
mikpotBepgomepi NMT-3 BTUCKyBaHHAM anMa3Hol nipamigu
nig HaBaHTaxeHHsam 0,05 H 3rigHo 3 TOCT 9450-76.

Ha Bcix eranax o06pobku BU3HAYanacb LIOPCTKICTb
NOBepXHi Ha npunagi npodinorpad — npodinoMeTp Moa.
201 3aBogy «Kanibp» (puc. 4, a). Npu LpoMy pe3ynsraTu
yepe3 cneuianbHUA MPUCTPIN BUAABANUCA HA MOHITOP
komm'loTepa y BUrnsAi rpadikie (puc. 4, 6).

Pe3ynbrati Ta 06roBopeHHs AochigxeHb

B Ttabn. 1 npenctaBneHo po3nogin MIKpOTBEPAOCTI
B MOBepXHEBOMY Luapi 3pa3kiB ctani 40X, Tepmoobpobne-
HMX Ha TBepaicTb 3900-4000 MIMa Ta 3MmiLHEHUX Pi3HUMM
cnocobamu, a TakoX HaBeAeHi pesynsTaT BNNMBY LyX Cro-
co0iB 3MiLlHEHHSI Ha LUOPCTKICTb YTBOPEHOrO 3MiLHEHOro
NOBEPXHEBOIO LUApY.

Puc. 3. 3pasku ana gocnigXeHHs napameTpiB AKOCTi MOKPUTTIB:
a — Kpyrni 3pa3ku, 6 — BUpi3aHi cermeHTu, B — Wwricu

Boicota, 2 BTy
MKM

Hua BraauH

OnunHa, mmv

6

Puc. 4. BusHauyeHHs WopCcTKOCTI Ha npunagi npodinorpad-npodinomerp moa. 201 3aBoany «Kanidp»:
a — poTo npunagy; 6 — npocpinorpama WOPCTKOCTI BUXIQHOrO 3paska
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Tabnuus 1
PesynkTaTi 3MiLiHEHHS MOBEPXHEBOrO LWapy 3pas3kKiB
i3 crani 40X pisHumu cnocobamu

Sl
1 2 [ 3] 456

‘U, | 7010 | 3800 | 4300 [ 4100 | 3900 [ 3900 | 0,8

*HLL, | 10500 | 6200 | 5300 | 4300 | 4000 | 3950 | 0,7

HL_. .. | 10600 | 6300 | 5500 | 4500 | 4200 | 4000 | 0.6

* — QaHHi 83ami 3 [21].

Ha puc. 5 nokasaHi MiKpOCTPYKTYpU NOBEPXHEBOIO LLApY
crani 40X i po3nogin MiKkpoTBepZoCTi Mo rMnbuHI Wwapy npw
U'EIJ'I; HLllEm Ta HL"EIH (n.c.)

BukopuctanHsa Hosoro cnocoby HL ., BigHa4aeTbCs
KPiM YCYHYHHS1, XapakTepHOro Ans TepmMoobpobneHux geta-
nen «npoBany TBepgocTi» (3anexHicte 1 Ha puc. 4, B),
BiA3Ha4aeTbCsA NiaBULLEHHAM MikpoTBepaocTi 3 10500 go
10600 Mrla, nnaBHWUM 3HWKEHHAM iy nepexigHii 30Hi,
30inblWeHHAM MMOMHKM 30HM NiABMLLEHHOI MikpoTBEpOo-

cTi 3 120 go 150 MKM, @ TaKOX 3MEHLLEHHSIM LLOPCTKOCTI
noeepxHi Ra, 3 0,7 go 0,6 Mkm.

BucHoBku:

1. AHani3 MeTofiB 3MiLUHEHHS NiAWUMNHUKOBMX LUUAOK
BaniB poTOpiB  BiALEHTPOBUX KOMMPECOPIB [03BOMMB
BUSIBUTW pe3epBM [0 NOKpaLLEHHS iX napameTpiB SKOCTi 3a
PaxyHOK YOOCKOHaNeHHs MeTody HiTpoLeMeHTaLii, SKui
BUKOHYIOTb MeTofom EINT.

2. BukopuctaHHs HOBOrO crnocoBy HiTpoLeMeHTaLii, Skui
B MOPIBHSAHHI 3 TPaZULiHUM Bif3Ha4aeTbCA HU3KOK Nnepesar:
niaBuLLEHHS MikpoTBepaocTi nosepxHi 3 10500 go 10600 Mra
i NNaBHUM 3HXKEHHAM Ti'y nepexiaHin 3oHi; gocsirHeHHs 100%
CyuinbHoCTi 06pobrneHoi NoBepxHi; 36iNbLUEHHAM MUOUHM
30HU NigBuLLEHHOT MikpoTBepaocTi 3 120 fo 150 MKM, a Takox
3MeHLLEeHHAM LwopcTkocTi noepxHi (Ra) 3 0,7 4o 0,6 mMkm.

3. Otpumani nepeBary HOBOFO CMOCOBY HITPOLEMEH-
Tauii Hag TpaguuiiHAM, [O03BOMNSIOTb 3HAYHO MOKPALLiTU
AKICTb TEXHONOTIT BUrOTOBMNEHHS | peHOoBaUii MigLLNMHUBOBUX
LUMAOK BiALEHTPOBMX HACOCIB, 3afisiHUX B TEXHOMOMYHOMY
LIMKNi 3pOLLEHHS.

a B
12000
£
=
3 L
:‘IDDDD
2000
Ls
6000
10 \
2000 1 2
(1]
30 &0 90 120 150 180
—_——1 —g—2 ———3 h, mkm

r

Puc. 5. MikpocTpykTypa (a, 6, B) i po3nogin mikporBepgocTi no rnubuHi wapy (B) 3pa3kis ctani 40X nicns:
a- LI'EIJ'I (1 ); 6- HLI'EIJ'I (2); B- HU'EIﬂ (HoBMiA cnOci6)
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Renovation of necks of sliding bearings of central pump shafts for irrigation

The article considers the problems of improving the quality of machines involved in the technological cycle of irrigation.
Analysis of the equipment involved in various methods of introducing water into the soil showed that the most important
and responsible for ensuring quality irrigation are pumping units. Among the large number of pumps used mainly for irrigation,
it should be noted centrifugal pumps, which create high pressure due to centrifugal force and have high performance
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properties. Despite the high performance and durability of centrifugal pumps, it should be noted that they usually work in
harsh environments (humidity, steam, the presence of traces of acid or alkali in the air, etc.), which significantly increases
the wear of their surfaces. The irreversible process of such operation is the main cause of wear of parts, changes in their
geometric dimensions and condition. After the period of running in the surfaces of parts, a long time of installed wear, there is
a period of catastrophic wear — a sharp deterioration in performance separately. It is substantiated that increase of reliability,
increase of service life of working bodies of the centrifugal pumps working in the aggressive environment, scientifically
proved choice of sets of the equipment and technologies will allow to accelerate their renovation — economic process
of updating elements of fixed assets, means of production leaving due to physical operation -economic aging at the expense
of the depreciation fund of their parts, mechanisms and units in general.

The analysis of methods of strengthening of bearing necks of shafts of rotors of centrifugal compressors allowed to
reveal reserves for improvement of their quality parameters due to improvement of a method of nitrocementation which is
carried out by an electroerosion alloying (EIL) method. The use of a new method of nitrocementation, which in comparison
with the traditional has a number of advantages: increasing the microhardness of the surface from 10500 to 10600 MPa
and gradually reducing it in the transition zone; achieving 100% of the integrity of the treated surface; increasing the depth
of the zone of increased microhardness from 120 to 150 um, as well as reducing the surface roughness (Ra) from
0.7 to 0.6 um. The obtained advantages of the new method of nitrocementation over the traditional one allow to significantly
improve the quality of the technology of manufacturing and renovation of bearing necks of centrifugal pumps involved in
the technological cycle of irrigation.

Key words: irrigation, centrifugal pumps, shaft necks, renovation, quality parameters, nitrocementation, electrospark
alloying.
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BU3HAYEHHSA KONOBOI XXOPCTKOCTI HABICHOI CUCTEMU TPAKTOPA
NPU NPOBEJEHHI TEXHONOIYHOI ONEPALT

ApoweHko MaBno MukonaitoBuy

KaHOMAAT TEXHIYHUX HayK, JOLEHT

CyMcCbKuii HaLioHanbHWiA arpapHui yHiBepcuteT, Cymu, YkpabHa
ORCID: 0000-0003-3815-1579

pashajarosh@i.ua

Y cmammi po3ansHymi numarHsi Wod0 8U3HaYEHHS KOT080i XOpCmMKocmi HagicHoi cucmemu mpakmopa. CyyacHi cuc-
memu HasilwysaHHs Maromb A08011i npocmy, ane 8 mol Xe yYac i ckradHy cucmemy MpUedHaHHs CinbCbKo20Crno0apchbKoi
mawuHu 0o eHepaemuyHo2o 3acoby. HasicHa cucmema siensie 60t WapHIPHO-8aXifbHUU MexaHi3M, posmiweHul 33ady
abo cnepedy mpakmopa. [Jogosni 4acmo yHigepcanbHO-npocarnHi mpakmopu Matomb 06ud8i HasicKu. IX chyHKUIi Mpakmu4yHO
00HaKosi, arne 8aza MaWlUH, SKi agpeaamytombCsi 3 mpakmopoM 0ewjo pisHAMbLCS Mix coboro. Bee 3anexums 8id criocoby
npuedHaHHA MawuH 0o mpakmopa. TpaduuiliHO HasiCHi MawuHU PO3Milyromb Ha 060X Haeickax, ane Ha nepedHit — pos-
Milytomp neawi MawuHu. Lle 0bymosneHo MeHWUMU MOXIU8OCMAMU W000 HaBaHMAaXeHHsI NepedHb020 Mocmy mpak-
mopa, nrc HeobxidHicmro 0obpo20o nepedHb0o2o 0210y i3 kabiHu mpakmopa.

BidHOCHO XopcmKocmi HagicHOI cucmeMu MOXHa cka3amu, wo makux docnidxeHb ekpal mano. Cripasa 8 momy, Wo
KOHCMPYKUIS camoi HagicKU € MacugHOK0 | MaKoro, WO He BUKIUKae cymHigig y ii HadiliHocmi. OOHaK Cy4yacHi CinbCbK020CMo-
0apchbKi MawUuHU, SKi Matomb WUpUHy 3axeamy 8 i binbwe mempie, Matoms i 3Ha4Hy Macy 8 ropieHsIHHI 3 iHWOK MEXHIKOK
3 MEHWO WUPUHOK 3axeamy. ToMy 8UHUKAE 3aKOHHE nUMmMaHHs ujo00 X0pcmKocmi i HagilysannbHoi 30amHOCMi HagiCHUX
cucmem mpakmopie.

B npedcmasneHiti cmammi po3ansHymo meopemuyHe MUMaHHsS 8U3HAYEHHSI XOPCMKOCMI HagicHOI cucmemu mpak-
mopa nid 4Yac npoeedeHHsi MeXHOM02i4HOI onepauii ciebu CibCbko20cnodapchbKoi Kynbmypu. BusHayeHi meopemuyHi
3anexHocmi nokasyrms 3MiHy 8efuduHU Kyma eidxuneHHs ciganku 6i0 mpaekmopii pyxy mpakmopa. OmpumaHi meope-
MUYHI PIBHSHHA MOXYmb 6ymu KOPUCHUMU NPpU MPOeKmMye8aHHi HagiCHUX CiflbCbKo2ocrnodapChKuxX MalluH.

3ae0aHHs 3800umbCa Q0 BU3HAYEHHS 3aneXHOCMI MiX MPYXHUM PO3Mms2y8aHHAM flaHuyt02a ma Kymom rMogopomy
cieanku. [ns ub020 po32/1ssHEMO YOMUPUKYMHUK, W0 CUMBOITI3ye HagiCHy cucmemy, Oe O0HI WapHIpU € moYkamu KpirneHHs
HUXHIX msi2 00 HUXHbOI OCi HaBiCKU mpakmopa, a iHWi — mo4ykamu KpinneHHs 00 cieasnku. LLmpux nyHKMUpHUMU fiHisMu
8Ka3aHi NpyxHi enemMeHmu — obmexyearnbHi naHutoau. [lpu yboMy Hac uikasumumymb Kymu rnogopomy cieanku wodo
mpakmopa, ma Kym rogopomy HUXHbOI msiau HaeicKu.

[posedeHi meopemuyHi 00CNIOKeHHS noKasanu 3Ha4uMicmb MOKasHUKa XOPCMKOCMI HagiCHUX cucmeM mpakmopis.
Ompumana 3anexHicmb rokasana, Ujo 0OCHOBHUMU MOKa3HUKaMU Mpu 8U3HAYEHHI XOPCMKOCMI € MOMEHM 8i0 cunu npyx-
Hocmi 0bMexy8asibHO20 laHyro2a i Kym noeopomy HUXHbOI msiau MexaHiaMy Hasicku. B ceoro Yyepey cuna npyxHocmi obme-
XKy8arbHO20 flaHyro2a 3anexums 6i0 Mamepiasy, 3 K020 8i0 su20moerneHul, | mepmiHy pobomu eciei HagicHOI cucmemu.

Knrovoei cnoea: HagicHa cucmema mpakmopa, K0/108a X0PCmKicmb, ¢riocib 3’ €OHaHHS, Kym nogopomy, mexHosoaidHa

onepaujis.
DOI https://doi.org/10.32845/msnau.2022.1.8

Betyn. [lpakTMyHO Ha BCiX CiflbCbKOrOCNOAapChKMX
i HaBiTb Ha TUX, WO BUKOPUCTOBYIOTbCA B OYyAiBHWLTBI
Ta NiCOBOMY rocnofapcTBi TpakTopax, € HaBiCHI CUCTEMM.
BoHun moxyTb ByTi Sk 3agHiMu Tak i nepegHiMu. Ha cyyac-
HUX TpaKTOpax BOHW BWKOPWUCTOBYKTbCA 06MAaBi. OpHak
OCHOBHE HaBaHTaXeHHs NpW MpoBefdeHHi CinbCbKorocno-
JapCbKux onepauin Mae 3afHs HaBicHa cuctemMa.

MexaHiam HaiwyBaHHs, abo HaBicHa cucTema, mpu-
3HAYEHWUN Ons 3'€4HaHHS CiNbCbKOroCnoaapChbkoi MaLlvHWM
3 eHepreTyHUM 3acobom (TpakTopoM), YTpUMaHHS i
B BuOpaHoMy abo 3afaHOMy MOMOXEHHI i perymnoBaHHs
pO6OYOrO MOMOXEHHS MALUMHK MPU BUKOHAHHI TEXHOMOTiY-
HOI onepauji.

CydyacHi MexaHi3M1 HaBilllyBaHHSI TPaKTOPIB  SBMSAOTb
cobOot0  LLIAPHIPHO-BaXiNbHI  MexaHiamMu, PO3MILLEHi cnepedy
abo 33aay (puc. 1) Tpaktopa (Hel'man, 1991). 3a cnocobom
3'€HaHHS 3 TPAKTOPOM HaBiCHI CMCTEMU MOXYTb ByTU OgHO-
TOYKOBMMM, ABOTOHKOBUMM, TPUTOUKOBUMM | HOTUPUTOUKOBUMM.

OpHoTOukOBE 3'€IHAHHS 3aCTOCOBYETHCA KOMM Cinb-
CbKOTOCMOAApPChbka MalumHa 3'€QHYETbCA 3 eHepreTU4HUM

3acoboM B OHIN LUAPHIPHINA ToYLi, @ NepeMmilLleHHs HaBic-
HOi cuctemmn Oyae BBEPX-BHW3 3a LOMOMOTOK TigpOLMIiH-
apa. Take 3’eHaHHS BUKOPUCTOBYETLCS MPU TPAHCMOPTHUX
poboTax, Konm B SKOCTi NPUYINHOI MaLUMHU BUKOPUCTOBY-
€TbCS TPaKTOpHUI Npuyen (Semenov, 1981).

[BoToukoBe 3'€gHaHHS (PUC. 2) BUKOPUCTOBYIOTb B TUX
BUMNaAKax, Konu CiflbCbKOrocnofapchbke 3Hapsaasa nig yac
poboTu MOXe MaTu BepTvKanbHe abo ropusoHTansHe nepe-
MILLEHHS Y1 KOMMBAHHS. Takuii BUA, 3'€QHAHHS BUKOPUCTO-
BYIOTb B OCHOBHOMY Ha FyCEHWYHUX TpakTopax Ta Mif yac
npoBefeHHs opaHku. [l1o pedi, Npy BUKOHAHHI OpaHKu Tpak-
TOP MO BIgHOLIEHHIO [0 Mnyra MOXe 34ilCHI0BATH NOBOPOTM
nig kytom go 20° (Hrechkosiy, 1988).

TpuToUKOBE 3'€4HAHHS BMKOPUCTOBYETLCS NpW MpoBe-
[EHHi Takux onepauin sk cisba um kynstusauis. Ocobnneo
Lie CTOCYETbCA HaBiCHUX MaLUuH. Npu TPUTOYKOBOMY HaBi-
LyBaHHi 3abe3neyvyeTbes CTika poboTa CinbCbkorocnoaap-
CbKOI MalLMHW, BOHA Maibke He BiOXMNAETbCS Big MpsiMoni-
HiHOro cnigy TpakTopa. Lle ocobnneo Baxnuneo npw Ciebi

MpocanHux KynsTyp Ta MKPSIAHIN KynbTuBaLii.
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Puc. 1. 3agHin HavinHWUM npucTpin (BuA 300Ky):
1 — naneub 6roOKyBaHHS; 2 — Baxinb LITOKA; 3 — CNOMNYYHWIA nanelp; 4 — KyrnboBa ronieka; 5 — LeHTpanbHa Tsra; 6 — poskic;
7 — HWXHA Tara; 8 — naneub; 9 — dikcatop; 10 — po3nipHa BTynka
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Puc. 2. 3agHivi HavinHWUI NpUCTpIN (ABOTOYKOBA Hanagka):
11 — NiANOMHMIA Baxinb npaBmiA; 12 — dikcaTop LeHTpanbHoi Tarv; 13 — 06MexyBanbHUIA NaHutor; 14 — NigAOMHWIA Baxinb
nisuit; 15 — Ban Baxenis; 16 — Baxinb ynopHuit; 17 — Bicb BepxHs; 18 — ronoska uuningpa; 19 — ynop; 20 — HWKHS BiCb

YoTuputoukoBe 3'€qHaHHS BUKOPUCTOBYETHCS MpU Mpo-
BeOeHHi arpapHux poliT Bkpail pigko. OgHak Ha BigMiHY
BiJ TPUTOYKOBOrO, ABi BEPXHi MO3OOBXHI TArM 3abe3nevy-
t0Tb OiNbLL BUCOKY CTIlKICTb PYXY CillbCbKOrOCNOAAPChKOI
matumumn (Makarenko, 2012).

Harnbinblie po3noBCIOMKEHHS Ha CinbCcbkorocnoaap-
CbKMX TpaKTopax OTpyMarnu TPUTOYKOBI HaBiCHI CUCTEMMN.

BrKopuCTaHHA HaBiCHOI CUCTEMM CyYaCHWUX TPaKTo-
piB 3abe3neyvye MOXNUBICTb KOMiOBaHHS arperatoBaHNMM

3HapsaAaMU penbedy noms Ta onTUManbHO Nepeposnogi-

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

MUTW HaBaHTaXXEHHS! MiXK MaLLMHOK Ta BEQYYMMI KOecamu
TpakTopa. Lle gocsraetbcs 3aBasku BUCOTHOMY, CUITOBOMY
Ta Mo3uLiiHOMY cnocobam perymnioBaHHs rmubuHn obpo-
GiTKy rpyHTY. Bei Ui cnocobu akTMBHO BUKOPUCTOBYHTHCS
NPV NPOBELEHHI CinbCbKOrocnogapcbkux pobiT, mpu Yomy
3a HeOoOXigHOCTI MOXHa BMKOPUCTOBYBaTM [Ba CMOCOOM
peryntoBaHHs MubuHN 06poBiTKy: BUCOTHMIA i cunoBuin abo
nosuuinHwnii i cunosuin (Makarenko, 2012).

Marepianu i meTogu pocnigxeHb. B3arani To gocni-
[DKeHb B 00nacTi HaBiCHMX MPUCTPOIB AoBoni Mamo. A Ti
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LU0 €, B OCHOBHOMY TOPKalOTbCS CTIMKOCTI Ta MOKPaLLEeHHs
KEPOBAHOCTI MaLUMHHO-TPAKTOPHWUX arperartis, i BMANMBY
HaBICHMX NPUCTPOIB Ha AaHui npouec. Yomy Tak? TyT cko-
piLLie BenuKy porb Biflirpae cama KOHCTPYKLis HaBicku. BoHa
[JOCTaTHbO HafilHa i NpaKkTUYHO 3aJ0BOSIbHSE BUMOrU [0
3’elHaHHA arperatiB 3 TpakTopoM. Ane Ha Aesikux maTepi-
anax, Lo CTOCYTbCS HaBICHUX CUCTEM MOXHA 3YMUHUTUCh.

B pocnigxerHax Masnioka A. C. moBa vge npo dak-
TOPM, LLO BNAUBAKOTh Ha CTIlKICTb i kepoBaHiCTb MOBINbHUX
MaLUmH. [10 HUX JOCMIAHMK BiAHOCUTb HACTYMHI:

— KOHCTPYKTMBHI OCOGMMBOCTI MOBOPOTHUX MPUCTPOIB
MPUYINHUX NaHOK;

— MaCOBO-TEOMETPUYHI NapameTpy LIapHIpHO 3’edHa-
HUX MaLUWH;

— XapaKTepWUCTUKM NHEBMATWUYHUX LUWH i NiaBiCKY,;

— KOHCTPYKTMBHI  OCOBMMBOCTI  TATOBO-34iMHWUX MNpu-
CTpOIB.

[ns nokpalleHHs umx napametpiB Byno pospobrneHo
TArOBO-34inHWUA npucTpid. o6 ouiHuTK  edekTUBHICTb
poboTK HOBOrO BMHaxomy Oynu npoBefeHi MOpPIBHAMbHI
J0CHigKEHHS PO3MOBCIOKEHOrO TATOBO-34iNMHOMO NPUCTPOLO
«BUIKa-NeTns» i po3pobreHoro 34inHoro npucTpoto. B xopi
JOChigKeHb BUMIPIOBANIUCh BiOAXUMEHHS KYPCOBUX KYTIB
€HepreTMyHoro 3acoby i MpUYInHOI naHkM 3a [0MOMOrow
ripOCKOMIYHUX AAaTYMKIB, @ TaKOX LUBMAKICTb pyxy Mobinb-
HOI MaLUMHK (gaTuuk — «n'ATe konecox»). OgHOYACHO 3 LM
34iNCHI0OBanack OLiHka napameTpiB, L0 BRMBAOTb Ha Npo-
OYKTUBHICTb | SKICTb poBOTM Ta MOKpaLLytoTb YMOBY npaLi
pobiTHukis (Pavlyuk, 2009).

HocnimxeHHs [lMonoea B. B. npucesdeHi nMTaHHAM
aBTOMAaTU30BaHOMO NPOEKTYBAHHS MEXaHi3My HaBiLLlyBaHHS
nepeaHLOro NiANOMHO-HaBICHOTO MPUCTPOIO YHIBEPCATBHOMO
eHepreTuyHoro 3acoby «[lonicca». MogaHo onuc BUXIQHMUX
napameTpiB riaponpuBoay Ta MexaHiamy HaBillyBaHHS, LLO
hopmytoTb mpoLeaypy aHanisy nigoMHO-HaBICHOTO Mpu-
CTpOt0. Ha OCHOBI (byHKLOHANBHOI MaTemMaTU4HOI MoZeni
aHanisy, a Takox obpaHux MeToaiB ONTUMI3aLil, MOKa3HUKIB
AKOCTI, (PYHKLIOHaNbHUX Ta NpsiMMX 0bMexeHb NobyaoBaHO

B

npoLeaypy napameTpuyHoi onTumisauii. B pesynesrati ontu-
Mizauii 36inblUEeHO BaHTaXOoMNiAMOMHICTb MOAEPHI30BAHOIO
BapiaHTa MexaHi3My HasillyBaHHs (Popov, 2008).

Ak 6auMmo npoBefeHHs JOCMioKeHb He TOPKaloTbCSs
XOPCTKOCTI HaBiCHOI cuctemu Tpaktopa. OfHak cyyacHi
HaBICHi NOCIBHI arperaTu, SKi MalTb LUMPUHY 3axBaTy Bif 8
i Binblue MeTpiB, MaKOTb TAKOX | 3HaYHi Macu — 3 T i BinbLue.
Taki arperatu nig yac pobotn maroTb 3Ha4YHKI onip, a Bigno-
BigHO i posrongytote MTA. Lle npu3BoauTb 4O HETOYHOCTI
CiBOW Ta HENPSAMONIHINHOCTI PSAKIB CISHOT KYNbTYPU.

Pesynsratv pocnipkeHb. bBynemo BBaxaty, LIO ene-
MEHTOM, SIKUA POPMYyE KPYroBY »KOPCTKICTb Mif Yac npouecy
MOBOPOTY, € OOMexyBarnbHUi naHuor. lpouecom noBopoTy
B JaHOMy BUMajKy BBaXaTkMeMO MOBOPOT PyribOBOMO Mexa-
Hi3My TpakTopa npu KOpUryBaHHi NPSIMOIIHIHOTO pyXy arperary.

3aBaaHHs 3BOAWTLCA [0 BU3HAYEHHST 3aneXHOCTI Mix
MPYXXHUM pO3TAryBaHHAM naHLUtora Ta KyTOM MOBOPOTY
ciBanku. [Ong uboro posrnsHemo u4oTupukyTHUK ABC[
(puc. 3, a), oe wapHipy A Ta [] € TouKkamu KpinneHHs HKHIX
TAr 0O HWKHBOI OCi HaBiCKM TpakTopa, a wapHipu B ta C Tou-
Kamu KpinneHHs Ao cisanku. LUTpyux NyHKTUPHUMMW MiHiSMK
BKa3aHi NpyxHi eneMeHTn — obmexyBanbHi naHutorn. Mpu
MOBOPOTI CiBanku oo 6a30BOro TpakTopa KyToM NoBOPOTY
ByauMmMo BBaXaTu KyT B, @ KyT O — KyTOM NOBOPOTY HUXHBOT
Tarn AB (puc. 3, 6).

Posrnagatoum BuLesragaHnin YOTUPMKYTHUK OTPUMAEMO
Taki Bupasu:

[B' =AB? + AIl* —2-AB'- Al -cos(£BAH + )

12 a2 _ 2
LAB',[[:arccos(O.SAB BA-AA J

B'f]-AB'
CB"? +B'[]? —-C/[J? J
B'/]-CB'
/B'AH' =112~ (/ABA+ 2A4B'C)
B=(o+ZBAH) - ZB'AH'

Z/[B'C = arccos(o.s

’

N

6)

Puc. 3. KiHemaTnyHa cxema 3aAHbOI HaBiCKM TpaKTopa
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Ons KOHKPETHUX reOMEeTPUYHNX napameTpiB 34inHoro NPUCTPOK0 MaemMo HacTynHe TpaHCUEeHOEHTHE piBHﬂHHﬂI

B—n/2+a+0.547 + arCCOS((0.516368894O . (1.87520978 +0.20934646 - Sin((x + 0.547))) +

+,/0.94929050 +0.20934646 - sin(a. +0.547)) +
+arccos((0.4457917261 - (1.26967217 +0.20934646 - sin o +0.547))) +

+/0.94929050 +0.20934646 - sin(c. + 0.547)) = 0

BupillytounM OCTaHHE pIBHAHHSA 3HAMAEMO HeobXigHy
3anexHictb o = f(P).

Puc. 4. KinemaTn4yHa cxema 3agHbOI HaBiCKM TpaKTopa
wono Aecopmalii o6mexyBanbLHOro naHutora

Hecbopmauia naHutora (puc. 4) Az=EF'—EF , ge

EF = \JAE? + AF? —2. AE - AF -cOs(7)

EF' = JAE? + AF? —2. AE - AF'-cos(y) .

MomeHT  Bim  cunm
M =C, oea -Az-AG'.

Topgi hopmyna Ans 3HaXOMXKEHHS XXOPCTKOCTI HABICHOO
npucTpoto byae matu BArMSA:

MPYXHOCTI  naHuira  —

OO6roBopeHHs. Sk BiZoMo 3 icTopii, nepLi HaBiCHi cuc-
Temu 3'sBunncs B 1934 poui Ans HaBilyBaHHS Ha TpaKTop
KynbTUBATOPIB | KEpyBaHHA HWMW B panoOHax 3poLlyBa-
Horo 6aBoBHMUTBA. B noganbluomy 3ailiCHIOBaBCS PO3BU-
TOK HaBICHMX CMCTeM, iX BOOCKOHaNeHHs Ta rigpodikadis.
3 pO3BUTKOM rigpaBniYHMX CUCTEM TPAKTOPIB A0 HaBICHUX
CUCTEM CTanu npeg sBAATACS iHLWi BUMOTH, 306inblumnnack ix
BAHTAXHICTb, BAOCKOHANMMNACh iX KOHCTPYKLIiS.

CyuacHi HaBicHI cucTemMu siBNAOTL CODOOK Migyac YyHi-
KarnbHi KOHCTPYKLi. BOHM BUKOPUCTOBYHOTLCS HE TiflbKW NS

HaBILLYBaHHS CiNbCbKOrOCNOAapCbKX MaluH. Yacto He
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Puc. 5. lpachik 3mMiHM )KOPCTKOCTI HABICHOrO NPUCTPOLO
BiAHOCHO KyTa NOBOPOTY CiBaskKu

nepesHto HaBiCKy, @ IHKOMU i Ha 3afHI0, YiNnATb A0AATKOBI
BaHTaxi — YUM 3[INCHIOTb BanacTyBaHHs TpakTopa.

AHani3yo4m KOHCTPYKLi HaBIiCHUX CUCTEM 3aKOPLOHHUX
TPaKTOpPIB MOXHa KOHCTaTyBaTy, L0 BCi BOHM Bce Dinblue
YNPaBnsoTLCS | KOHTPOMOKTLCS ENEKTPOHiko. Lle moTpe-
Oye BMKOPUCTaHHS creLjianbHO po3pobneHmx nporpam.

Cnip TakoX ckasaTu Npo NepefHi HaBiCHY CUCTEMY,
fKka Mae (OYHKLi0 raciHHS NO3OOBXHIX KONMMBaHb TpakTopa
nig Yac pyxy. ®axisui komnaHii CLAAS cTBepmXylOTb, WO
us cuctema 3abesnedye NNaBHICTb pyxy Ta KOMOPT, K
i aKTUBHWIA HEe3anNeXHWN nepegHin mict. BoHa BXe BX0AWTb
B 6a3oBy komnnekTauito Axion 950.

OpHak He cnig 3abyBaTy, L0 OCHOBOK HaBICHOTO Mpu-
CTPOI € LUapHIpHUIA YOTUPUIAHKOBUIA MEXaHi3M, SK1A Mae
6e3niy pyxiB B pi3Hnx nnowimnHax (Artobolevskiy, 1988). | uen
MexaHiaM MOBWHEH MOCTIMHO 3abe3neyyBaT BUKOHAHHS
TEXHOIOrYHoro npouecy. He ocTaHH ponb B LbOMY Bifj-
rpae XOpCTKICTb MeXaHi3My HaBiCKU.

BucHoBKW. NpoBefeHi TeOPETUYHI OOCHIMKEHHA MOKa-
3aM 3HAYMMICTb MOKA3HMKA YXOPCTKOCTI HABiCHUX CUCTEM
TpakTopiB. OTpUMaHa 3anexHicTb nokasana, Lo OCHOBHUMM
NoKa3HMKamu NpW BU3HAYEHHi )OPCTKOCTi € MOMEHT Bif, CUNnK
MPYXHOCTi 0OMEXyBamnbHOMo NaHLtora i KyT MOBOPOTY HUX-
HbOI TAMM MeXaHi3My HaBicku. B CBOIO Yepry cuna npyxHocTi
06MeXyBanbHOrO NaHLora 3anexuThb Bif Matepiany, 3 SKoro
BiZl BUTOTOBIEHWI, | TEPMiHY po6OTH BCi€i HaBICHOI cUCTEMM.
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Yaroshenko P.M. PhD, Sumy National Agrarian University, Sumy, Ukraine

Determination of circular hardness of tractor attachment system during technological operation

The article considers the issues of determining the circular stiffness of the tractor hitch system. Modern attachment
systems have a fairly simple, but at the same time complex system of connecting an agricultural machine to the power
tool. The attachment system is a hinge-lever mechanism located at the rear or front of the tractor. Quite often all-terrain
tractors have both attachments. Their functions are almost the same, but the weight of the machines that are combined
with the tractor are slightly different. It all depends on how the machine is attached to the tractor. Traditionally, mounted
machines are placed on both attachments, but on the front — placed lighter machines. This is due to the lower load capacity
of the tractor’s front axle, plus the need for a good front view from the tractor cab.

Regarding the rigidity of the hinged system, we can say that such studies are extremely few. The fact is that the design
of the hitch itself is massive and such that there is no doubt about its reliability. However, modern agricultural machinery,
which has a width of 8 meters or more, has a significant weight compared to other equipment with a smaller width. Therefore,
there is a legitimate question about the rigidity and bearing capacity of tractor hitches.

The presented article considers the theoretical issue of determining the rigidity of the tractor hitch system during
the technological operation of sowing crops. The determined theoretical dependences show the change in the value
of the angle of deviation of the drill from the trajectory of the tractor. The obtained theoretical equations can be useful in
the design of mounted agricultural machines.

The task is to determine the relationship between the elastic tension of the chain and the angle of rotation of the drill. To
do this, consider the quadrilateral, which symbolizes the mounted system, where some hinges are the points of attachment
of the lower links to the lower axis of the tractor hitch, and others — the points of attachment to the drill. Dashed lines indicate
elastic elements — limiting chains. At the same time we will be interested in the angles of rotation of the drill relative to
the tractor, and the angle of rotation of the lower link of the hitch.

The conducted theoretical researches have shown the significance of the stiffness index of tractor hitches. The obtained
dependence showed that the main indicators in determining the stiffness are the moment of the elastic force of the limiting
chain and the angle of rotation of the lower rod of the hitch mechanism. In turn, the strength of the elasticity of the limiting
chain depends on the material from which it is made, and the service life of the entire hinged system.

Key words: tractor hitch system, wheel stiffness, connection method, angle of rotation, technological operation.

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcureTty

54

Cepist «MexaHisaLjis Ta aBTomaT3aL|is BUpobHUumMX npovjecisy, Bunyck 1 (47), 2022



YK 624.138.2.678.063

AOOCNIAXKEHHA BINMbHUX KOJTMUBAHb KOPIMYCA TPAHCMNOPTHOIO 3ACOBY Nif YAC PYXY

KonopHeHko Bitanin MukonaitoBuy

CTapLmni BUKnagay

CyMCbKMIA HaLioHanbHWIA arpapHui yHiBepeutet, M. Cymu, YkpaiHa
ORCID: 0000-0002-8450-6759

kolodnenko_vn@ukr.net

ConapboB Onekcangp OnekcinoBuy

KaHOMAAT TEXHIYHUX HayK, JOLEHT

CyMCbKMIA HaLioHanbHWIA arpapHui yHiBepeutet, M. Cymu, YkpaiHa
ORCID: 0000-0002-1485-0685

solarov.oleksandr@snau.edu.ua

KonugaHHs1 Koprycy mpaHcrnopmHo20 3acoby gidHocumbcsi 00 pyxie ma sibpauiti, skum niddaemscsa cama KOHCMPYK-
yis mpaHcrnopmHoeo 3acoby nid yac pyxy. Lle Moxyms 6ymu pyxu ma KonusaHHS, siki 8idbyearombcsi 8iOHOCHO OCHOBHOI
cmpykmypu abo pamu mpaHcriopmHoz2o 3acoby. [1id yac pyxy mpaHcrnopmHo20 3acoby, ocobnnueo no dopozax 3 HepieHUM
MoKpUMMsM, Kopryc middaembCs pi3HOMaHIMHUM KOrugaHHsM. Lli KonugaHHS Moxymb 6ymu 8UKUKaHi HepigHoOCMAaMU Ha
00po3si, ornopom poboyux opaaHie, 8nIUueoM cun eimpy abo iHwumu hakmopamu. Budu KonueaHb KOPyCy MOXYmb KO-
yamu eepmukarsbHi KoueaHHs, Wo rposensitomscs y suansadi niocmpubysaHHsi abo pyxie 820py-8HU3; MO3008XHI Ka4aHHSI,
wo 8i0bysarombCs 8 HaNPSIMKY pyXy MpaHCnopmHo2o 3acoby; 20pu30HMarbHO-M03008XHI KOTUBAHHS KOPIYyCY, WO 3’36e/15-
rombCs 8Haciook srnugy b6iyHUX cun abo pyxie Koprycy 820py-8HU3; i MOMepPeYHi KonueaHHs, 8idoMi ik 60pmose KadaHHs,
KonueaHHs1 3 60Ky Ha BiK.

KonuesaHHs Koprycy MOXymb Mamu 6riiue Ha pisHi acriekmu, maki Sk KoMgbopm racaxupie, cmitikicmb mpaHcropm-
Hoeo 3acoby, echekmusHicmb pobomu poboyux opaaHie ma 3azarnbHy 6esneky. ToMy, 8UBYEHHST ma PO3YMIHHS UUX KOMuU-
8aHb € 8axnusum 3ag0aHHsM Orisi PO3POBHUKI8 mpaHCcrnopmHux 3acobie ma iHxeHepis, Wo npautorme Had MNoKpaweHHsIM
ix xapakmepucmuk ma yHKUioHansHOCMI.

Y uiti cmammi mu npogenu 0emarnbHUl aHasni3 npouecy KomueaHHsi Kopiycy mpaHCropmHo2o 3acoby nid yac pyxy.
LocnidxeHHs1 oxonmoe 8rug HepigHocmel AOPOXHLO20 MOKPUMMS ma iHWUX ¢hakmopie Ha KorueaHHs Koprycy. Busie-
JIEHO, Wo Mid 4Yac pyxy mpaHCropmHo20 3acoby 8UHUKaOMb Pi3HOMaHIMHI 8UOU KonueaHb, maki SK 8epmukKasbHi Komu-
8aHHs1 (nidcmpubysarHsi), M0300BXHi Ka4yaHHS, 20pPU30OHMasIbHO-M03008XHI KOMUBAHHST KOPMYCy | MonepeyHi KonueaHHs
(6opmose ka4aHHs1). [posedeHuli aHari3 po3anadae NPUYUHU BUHUKHEHHST UUX KoslugaHb ma ix erniue Ha komgpopm 600is,
nacaxupie ma cmilikicms mpaHcropmHoz2o 3acoby.

[na 6inbwoao po3yMiHHs npouecy KonueaHHs byro 30ilicHeHO MamemMamuyHUl aHanis 3 Memoro nodansuwo2o Modenk-
8aHHsI ma npoeedeHHs1 ekcriepumeHmarnbsHux 0ocniOxeHb. Pesyrbmamu yb020 0CidXeHHs MOXymb 6ymu axiueumu
07151 oNiNWEHHST KOHCMPYKUii mpaHcnopmHux 3acobie ma po3pobku eghekmugHUX CUCMEM MO2/IUHAHHS KOmueaHb, W0
3abesmneqyromb komebopmHy noiz0Ky ma besneky nacaxupie. HasedeHuli anzopumm po3paxyHKy 00Kn1a0HO Onucye npoyec
KonueaHHs1 Koprycy mpaHcropm+oz2o 3acoby rid yac pyxy.

Knroyoei cnosa: mpa+crnopmHuli 3acib, KorugaHHs1 Koprycy, amrnimyda KorueaHs.

DOI https://doi.org/10.32845/msnau.2022.1.9

Beryn. Bigomo, wo aBTOMOGinb, fK i Bygb-gke iHwe
TPaHCMOpTHE 3acib, nig Yac pyxy NigaaeTbCs KONMBaH-
HAM, WO BUHWKAKTL BHACMiOK HEPIBHOCTEN OOPOXHBOMO
MOKPUTTS ab0 OMOPHMX CUM, WO Ail0Tb Ha MOro poboui
opraHu. FAKWwo po3rnagat aBToMobinb SK KOpCTke Tino,
SIKe ONMPAaETbCs Ha THYYKi ONOpuW Yy BUMMSALAI KOmic, MOXHa
BUAINUTY Taki TUMK KOMBaHb: BEPTUKAIbHI KONMBaHHS (nia-
CTpMOyBaHHS), MO3OOBXHI PyXW Bropy-BHW3, rOPU3OHTamNb-
HO-MO3A0BXHI KOMMBAHHA KOPMyCy i NONepeyHi KonmMBaHHS
(kpeH). 3 nepepaxoBaHMX TUMIB KOMBaHb HaWbIMbLL MOMIT-
HUMW € nepLi ABa.

Y Garatbox cydyacHux poboTax YKpaiHCbKMX BYEHMX
(Martyniuk et al, 2021; Kozhushko et al, 2018) po3rnsHyTi
3adauvi OMHAMIKW TYCEHWYHOI Ta KOMICHOI TEXHikW ii BMnvB
Ha I'PYHT Ta BW3HAYEHHS 4acTOTW BiNbHUX KOMWBAHb YCiX
Bugis. lig yac KiHEMaTW4HOI HEBIANOBIOHOCTI CNApeHMX
pywiiB Ta KPWBOMIHIAHIA TPAEKTOPIi pyXy TakoX CyTTEBO

NiOCUMNIOIOTLCS KOMMBAHHS KOPMYCy TPaHCMOPTHOTO 3acoby

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

Ta B NOAAnbLUOMY HECYTb HEraTVBHUW BMMMB Ha KepoBa-
HiCTb, CTIMKICTb TpaHcnopTHoro 3acoby (Melnyk et al, 2015;
Dovzhyk et al, 2015).

Matepianu Ta meToam. Y AaHin cTaTTi MM Hamaraemocs
OLiHNTK eheKT CKIagHMX KOMMBaHb TPAHCMOPTHOMO 3acoby
Ha 36inNbLIEHHS TUCKY, AKUI i€ Ha I'PYHT nid NOro konecamu,
3a [JOMOMOrOK0 CMPOLLEHOT METOAUKM 3 METOH KiNbKiCHOMO
BU3HaYeHHs! AOAATKOBOrO YLifbHEHHS IpyHTY. Hexan m. —
maca TpaHcnopTHOro 3acoby, 3ocepemxeHa y LeHTi Barn C
(puc. 1); 1 i I, - BincTaHi Bin UEHTpa Barv 10 TOYOK KOHTaKTY
Konic 3 rpyHTom. | i | — MOMeHTW iHepuii Macu TpaHcnopT-
Horo 3acoby BiHOCHO LeHTpanbHux oceit C i C, nepnek-
AVIKYNAPHUX 0O cepeaHboi nnowmHn yCx; ¢, i ¢, — eksiBa-
MEHTHI XOPCTKOCTI, BiANOBIAHO, MEPEAHiX i 3aaHix konic.

CknagHui  pyx  Kopryca  TpaHCMOpTHOrO — 3acoby
B NrowuHi yOx MOXHa pO3KnacTu Ha MOCTynanbHUM pyx
y3p0BX oci Cy, mocTynanbHUin pyx y3goex oci Cx i obep-
TanbHWA pyx. [Ons Bu3HAYeHHs BIOMNOBIAHWX KOMWBaHb
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Puc. 1. [lo BU3Ha4YeHHS BiNlbHUX KONMMBaHb TPAHCMNOPTHOrO 3aco0y y NO340BXHbLO-BEPTUKANbHIN NIOLUHI

CKOpWCTaAEMOCS piBHSHHAM JlarpaHxa gpyroro pogy Ans
KOXHOTO 3 Ha3BaHWX BUAIB KONTMBAHb:

i g _ﬂ__@i_ i g _g__aHZ- (1)
dt\ay ) oy oy " dt\dp ) o¢ o

i(ﬂj_ﬂ_ﬁ”a. afor)_or __on,
dtlox ) ox ox ' dtloy) oy oy

TyT i gani BUKOpUCTaHI 3aranbHOBIAOMI MO3HAYEHHS:

dy .dx _.d°v . d°x

= =y =X— ==X
a7Vt dt* at?

do . d°¢ .dy . dvy .

— =G = G = — = . 3
dt e at  ae Y &

KiHeTW4Hy eHeprito TpaHCMOPTHOMO 3acoby BM3HAYMMO
SIK KIHETUYHY eHeprito CyLiNbHOro TBEPAOro Tina 3 ypaxyBaH-
HSIM YCiX BUAIB KONMMBaHb:

() o () ()
T=—\m | = | +my| — | +1,| —
2 dt dt dt

[lns BM3HAYEHHS MOTEHUINHOI eHeprii cUCTEMM MOMi-
CTMMO NoYaToK koopamHat C 'y LUEHTP Bary TPaHCMOPTHOrO
3acoby i NpUIUMEMO OO MOMOXEHHS 5K HYNbOBE, BiAHOCHO
AKoro BigOyBalTbCS KonmBaHHS kopnycy. Llbomy nono-
XKEHHIO BIONOBIAAKOTb NOYATKOBI BepTUKanbHi Aedopmadii
nepeaHix i 3agHix konic: y,. i y_, Mpy nepemilieHHi LeHTpa
Baru C BHW3 Ha BENWYMHY y | NOBOPOTI OCI TPAHCMOPTHOTO
3acoby Ha KyT ¢ NOTeHLjiiiHa eHepris TPaHCMOPTHOrO 3acoby
Oyae 1, =—-Gy. TyT 3HaK «MiHyC» B3STO, BUXOAAYM
3 (i3UYHOT CYTHOCTi 3MiHW MOTEHLINHOI eHeprii (BOHa 3MeH-
wmnacs). MNoTeHuinHa eHepris nepeaHix konic 3pocte i byae
[JOpiBHIOBATU

2 1
_Eclyol'

" 1
nl :Ecl (y01+y+/2(p) (5)

[MoTeHuinHa eHeprist 3a4HIX KOMIC 3MIHUTLCA Tak:

" 1 1
rn'= ECZ (yoz +y—ll(P)2 _Eczyiz- (6)

[oTeHLiNHY eHeprito CUCTEMM 3HAWAEMO SK CyMY MOTEH-
LiMHMX eHeprill Koprnyca TPaHCMOPTHOrO 3acoby i NpyXHMX
AeopmoBaHwX Kofic:

1, = [T+ 1T+ 117

1 2 1 )
Ecl (y01+y+I2(P) _§C1y01+
=-Gy+

1 2 1
Ecz(yoz+y_ll(P) _Eczy(fz

2=

=Gy +(c, +6,)y* +(c,f; +c, 17 )o® +
+2(Cl, +¢.l )y +2(C Yo +CoYo00 )Y +

+2(C1Y 01 +C2 Y05 ) 0. (7)

Mpn nepexogi Yepe3 HyfbOBE MOSIOKEHHS Y CUCTEMI
CMOKOI0 piBHOAI0YA BCiX CuUS, WO Ait0Tb Ha CUCTEMY, AOpiB-
HIOE HYMH, TOMY 3riAHO 3 BiJOMOK TEOPEMO MEXaHIKu Npo
MPOEeKLii CU Ha KOOPAWHATHI OCi MOXHa 3anucary:

or
(a_ylj ==G+(Cl, —C,l, ) +(C Yo +C,Yo,) =0. (8)
Topai ocTaToMHO MAEMO:

M, =(c,+c,)y? +(01122 +czlf)(p2 +

+ 2(C1I2y01 _CZI1y02)(P' ®)

MoTeHuinHa eHepria cucTeMu y BUNaaKy NO300BXKHLOMO
KonmBaHHs cuctemu 1, =I1,.
KonmeaHHs ynopoBx oci Cx, Tex BinbyBatoTbcs 3a paxy-

HOK MPYXHOCTi €nacTUYHWUX Konmic, i MOTeHLiiHa eHepris
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y upomy Bunaaky byne fi, = %waz- fie c,,, — CymapHa
rOpU30OHTarbHa XOPCTKICTb YCiX YOTUPLOX Konic. Ll xop-
CTKICTb MOXHa BW3HAYMTU EKCMEPUMEHTANbHUM LUSISIXOM,
BU3HAYaKYM CUMY TAMM NpY 3arafibMOBAHKX Konecax i Big-
noBigHe i nepemileHHs X. HapewwTi, NOTEHLiNHY eHeprito
y pasi NonepevHUX KOMBaHb 3HAXOAWMO K CyMy MOTEH-
LIiiHUX eHeprin kopnyca TpaHCnopTHoro 3acoby 1, = -Gy
i necpopmoBaHux konic. OCTaHHs, SK iy BUNAAKy No3LoB-
XHIX KonmBaHb y nnowwHi yCx, byae:

My ==Gy +(C;+C)Y* +2(Ci¥or +CoYo )y +

+d*(c, +c,) vy’ (10)

BukoprCTOBYHOUM YMOBY:

ori

(Te) ezl ey 2y a.)-
y=0

=G+2(C Yo +C,Y,) =0, (1)

OcTaTo4HO MaEMO:
M, =(c,+c,)y*+d*(c, +c,)v’. (12)

Pe3ynbtatu gocnigxeHs. Bupasu ans noxigHux y pis-
HSHHAX JlarpaHxa:

%:mTy; i[g’;]:mT i %:0; aalz/l =2(c,+¢c,)y; (14)
Tt 2216 Lo (15
aal'lq)2 _ 2(01/22 +CZI12)(p—2(Cllzyol -c,hy,,)-
T ompc T mis oo Temcu (1
Z_\jT/ =1, %(%j =1, Z_Zl; =0 aa:’;‘ =2d*(c, +¢,)y. (17)

MNiocTaBuBLLUK Ui BUpa3u y nepLue piBHSHHSA Jlarparxa,
OTPUMAEMO:

m;y =-2(c, +c,)y, abo y+kZy =0. (19)

Lie niHinHe andepeHuiansHe piBHAHHS ApYroro NopsiaKy.
Woro 3aranbHe pilleHHs byae:

y =c;sin(kt+a,), (20)

ne k, = \/2(c, +¢,)/ m, — umKni4Ha YacToTa BepTUKamb-

HUX KOnMBaHb (NipcTpubyBaHb) Kopnyca TPaHCMOPTHOIO
3acoby.

MocTiHi ¢, i a, MOXHa 3HaITX 3 NOYATKOBKX YMOB, ane
KOMMBAHHS MOXIMBI NPy Byab-SKuUX BigXWUIEHHSAX Big Nono-
KEHHSA piBHOBarU. AMNAITyaa c,, K BiGOMO, 3aNeXunTb came

BiJl NOYaTKOBOrO BiAXUINEHHS | NO4aTKOBOI LUBUOKOCTI.
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3 Apyroro piBHSHHSA JlarpaHxa Maemo:

L==2(c; +C 1 )o+2(cihY o —Coh Yo ), (21)

abo

o+kgo=p, ne p=2(c,hyo —Ch Yo, )1 J,. (22)
LUe Ttex niHiiHe AudepeHUianbHe PIiBHAHHS ApYyroro

nopAaKy, pilleHHaM skoro byae:

0= lj’—s[p re,sin(k,t+a,)], (23)

ne k, :\/2(cll2 +C,l,)/J, - unkniuna yactota obep-
TanbHUX KOMMBaHb KoOpnyca TpaHCrnopTHoro 3acoby, a
MOCTIVHI C, i o, 3HaXxo4ATbCA 3 NOYATKOBUX YMOB.

3 TPeTbOro piBHSAHHS JlarpaHxa oTPUMYEMO AndepeHLyi-
anbHe piBHSHHA MX+C,,, X =0, 3ararbHe pilUeHHs sikoro

X =C,Sin(kyt +0,) i UMKMIYHA YaACTOTA FOPUIOHTAMBHIX

konueaHb k, =./c.,, I m;, ne c,, =2(c, +c,).

HapeluTi YeTBepTe piBHSHHS JlarpaHxa 3BoguTbCs 4O
AndepeHLianbHOro piBHSHHSA

I y+2d*(c, +¢,)w =0, (24)
3araribHe pilUeHHs IKOTO MOXHA 3anucaTty y BUMsL|
v =C,sin(k,t+a,). (25)

LimkniyHa uyactota obepTanbHUX KonMBaHb Kopmnyca
TpaHcnopTHoro 3acoby B nnowwuHi yCz byae:

k, =2d%(c, +c,)/ m,. (26)

O6roBopeHHs. KonmBaHHS KOpMyCy TPaHCMNOPTHOIO
3acoby € BaXMBMM acrnekToM, SIKUA BMNMBAE Ha pisHi
acnekTn Noro yHKLioHyBaHHs. [JaBaTe po3rnsgHemMo aeski
KMIOYOBI acnekTn Ta 06roBopMMmo ix.

Komdopt Bogis: KonuBaHHA Kopnycy TpaHCMOpTHOro
3acoby MOXyTb BnnvBaTM Ha KoMdopT Bogis. HagmipHi
KONMWBaHHA MOXYTb CMPUYMHATA  AUCKOMCOPT, CTOMIIIO-
BaHHS Ta HaBiTb HE3PYYHOCTI AN Nacaxupis. TOMy BaXNMBO
po3pobnATK Ta BAOCKOHANOBATU CUCTEMU MOMMMHAHHS
KONMMBaHb, SiKi 3MEHLLYIOTb BNUB KOMNMBAHb Ha macaxupis
i 3abe3nevytoTb GinbLl KOMGOPTHY NOI3AKY.

CrikicTb TpaHcnopTHoro 3acoby: KonmBaHHsi kopnycy
MOXYTb BMMBATK Ha CTIilKICTb TpaHCNopTHoro 3acoby. Haa-
MIpHi KONMBaHHA MOXYTb 3HWXYBATU CTINKICTb Ta KOHTPOIb
HaZ TpaHCnopTHUM 3acoboM, 0COBMBO Ha BUCOKMX LUBUA-
KOCTX abo B yMOBax NoraHoro AOPOXHLOro NokputTs. Lle
MOXe noripLyBaTi 6e3neky Ta KepoBaHICTb TPAHCMOPTHOTO
3acoby. Po3pobka eekTMBHMX CMCTEM NiABICKM Ta KOHT-
pOMi0 KOMMBaHb Aornomarae 3abesneunTyt CTINKICTb TpaH-
CMOpPTHOrO 3acoby.

Brnnue Ha poboui opraHu: KonmBaHHS kopmycy MOXyTb
BMNMBATU Ha €(hEeKTUBHICTb POBOTM POBOYMX OpraHiB TpaH-
cnopTHoro 3acoby. Hampuknag, B CinbCbKOrocrnogapChbKux
MalLLI1HaX, KOMYBaHHS MOXYTb NPU3BOANTM SO HEPIBHOMIPHOTO
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06pobreHHs rpyHTy abo BMAMBATK Ha TOYHICTL poboTM 0Bpo-
GrtoBanbHUX arperatis. BpaxyBaHHs kon1BaHb KOpPycy Ta po3-
pobka cucTeM KomneHcauii MoXyTb noninwut poboty pobo-
YMX OpraHiB Ta Pe3ynbTaTUBHICTb TPAHCTOPTHOMO 3acoby.

Besneka: KonuBaHHa KOpnycy TakoX MarTb BaXnuBe
3HaveHHs ansa 6esneku TpaHCMNoOpTHOro 3acoby. HagmipHi
KONMBAHHS MOXYTb CMPUYMHSATM MOLUKOMKEHHS CTPYKTYpM
TPaHCMOPTHOro 3acoby, 3HOLLIYBaHHS AeTanen abo BuKnW-
kaTu HecnpasHoCTi. Lle moxe BnnuHyTV Ha 3aranbHy 6es-
neKky nacaxupis Ta ekcrnnyarauito TPaHCMOpTHOro 3acoby.
Po3pobka Ta 3actocyBaHHS e(heKTUBHUX CUCTEM KOHTPOSIIO
Ta MOHITOPUHIY KOMMBaHb MOXYTb MOKpaLLMT Gesneky
TPaHCMOPTHMX 3acobiB.

OTxe, pO3yMiHHS Ta YMPaBMiHHSA KOMUBAHHAMMU KOp-
Mycy TPaHCMNOPTHOTO 3acoby € BaXnMBUMU 3aBAAHHSMM
ans 3abesnevyeHHss KOMOPTY, CTIMKOCTi, edqeKTUBHOCTI

Ta 6e3nekn TpaHcnopTHoro 3acoby. Lie Bumarae po3pobku
Ta BNPOBAaXEHHS BiANOBIQHWX TEXHOMNOTIA, MaTEMaTUYHUX
MoZenen Ta CUCTEM YMPaBMiHHS, IO [A03BONSATL edek-
TUBHO KOHTPOMIOBATU Ta 3HWKYBATW BNMB KONWBaHb Ha
TpaHCnopTHUIA 3acib.

BucHoBoK. Takum YMHOM, BifbHi KONMBaHHS koprnyca
TpaHcnopTHoro 3acoby y nnowmHax yCx i yCz onucyroTbes
YOTUPMA HE3aNEXHUMU PIBHSHHAMU, KOXHE 3 SKUX MICTUTb
NULLIE OAMH apryMEHT — OfHY 3 y3araflbHeHUX KOOpAWHaT Y,
X, @ abo y

LLlo6 oTpumaTy pilleHHst B Yncnax 3a AOMOMOIOK LMX
PiBHSIHb, Tpeba BU3HAYUTUCS 3 BENUYMHAMU EKBIBANIEHTHUX
KOPCTKOCTEN LMH C, i C, Ta MOMEHTIB iHepLii Macu TpaH-
cnoptHoro 3acoby J, i J,. [laHi JocnimkeHHs MatoTb npu-
KnagHUN Xapaktep Ta MOXYTb OyTW BMKOPUCTAHUMU MpW
KOHCTPYIOBaHHi aBTOMOBISNbHOT TEXHIKN.
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Research of free oscillations of the body of the vehicle while driving

Vehicle body sway refers to the movements and vibrations to which the vehicle structure itself is subjected while driving.
These can be movements and vibrations that occur relative to the main structure or frame of the vehicle. During the movement
of the vehicle, especially on roads with uneven surfaces, the body is subject to various vibrations. These fluctuations can be
caused by unevenness on the road, the resistance of working bodies, the influence of wind forces or other factors. Types
of hull oscillations may include vertical oscillations manifested as bouncing or up-and-down movements; longitudinal rocking
occurring in the direction of movement of the vehicle; horizontal-longitudinal vibrations of the body, which appear due to
the influence of lateral forces or movements of the body up and down; and transverse sway, known as roll, side-to-side sway.

Body vibrations can affect various aspects such as passenger comfort, vehicle stability, efficiency of working organs
and overall safety. Therefore, studying and understanding these fluctuations is an important task for vehicle designers
and engineers working to improve their performance and functionality.

In this article, we have carried out a detailed analysis of the process of oscillation of the vehicle body during movement.
The study covers the effect of road surface irreqularities and other factors on body vibration. It was found that various
types of oscillations occur during the movement of the vehicle, such as vertical oscillations (jumping), longitudinal swaying,
horizontal-longitudinal oscillations of the body and transverse oscillations (side swaying). The conducted analysis examines
the causes of these fluctuations and their impact on the comfort of the driver, passengers and the stability of the vehicle.

For a better understanding of the oscillation process, a mathematical analysis was carried out for the purpose of further
modeling and conducting experimental studies. The results of this research can be important for improving the design
of vehicles and developing effective vibration absorption systems that ensure a comfortable ride and the safety of passengers.
The given calculation algorithm describes in detail the process of oscillation of the vehicle body during movement.

Key words: vehicle, body vibrations, amplitude of vibrations.
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