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CYYACHI BUMIPIOBAYI LLINBHOCTI FPYHTY: IX Ornaa TA AOCNIAXEHHSA
3ACTOCYBAHHA YNbTPA3BYKY ANA ONEPATUBHOIO BU3HAYEHHA
NEPEYLWINbHEHOI AINAHKW NONS, AKE OBPOBNAETLCA

Antunuyk borgaH OnekcaHgpoBuY

BUKIadady crneljianbHUX AUCLUMNAIH NepLuoi kaTeropii,

3006yBay BULLOT OCBITU CTYNEHS foKTopa (inocodii

AKUTOMUPCLKMIA arpoTexHiuHUI haxoBuii koneax, M. XKutomup, YkpaiHa
ORCID: 0000-0002-1426-4782

bogdanantypchuk@ukr.net

3MiHu, sKi 8i0bysarombcsa 8 asponpoMuciosoMy KoMrnekci nompebyioms pPo3pobKu ma CmeOPeHHs HO8UX 3Ha-
psidb | MawuH, ma 800CKOHaNEHHS HasiBHUX. Lle, 8 ceoto yepey, MOXIueo nuwe fpu po3ansdaHHi 06pobimky rpyHmy sk
00r08HEHHST 00 MPUPOOHUX NMPOUECI8 YMBOPEHHST CaMO_0 IPYHMY i3 8paxysaHHsM 6ionoaiyHux, (i3uyHUX ma MexaHiYHUX
enacmugocmell, @ MaKoX 3MEHWEHHSIM EHepaemuyYHUX 3ampam Ha (1020 06pobimok, yepes me, W0 aepomexHiyHi 3axodu
OCHOBH020 06POBIMKY rpyHmMy 3 €KOHOMIYHOI MOYKU 30py € Halbinbw eHepaoowadHUMuU ceped 8Cb020 KOMIIIEKCY mex-
HonoaidHuX onepauilti supoujysaHHs ma 36upaHHs CinbCbK020CrnodapchKux Kyrbmyp. Tomy npobrema cmeopeHHs eHep-
2oowalHuUx mexHoroaiti ma mexHi4yHUX 3acobie 0bpobimky rpyHmy, [Ki crpustomb UboMy 36€pexXeHHI0 — Ue Hi Wo iHwe,
AK pobnieMa eKoo2iHHo20 ma eHepeemuYyHO20 3Ha4YEHHS, iKa He MoXe Bymu supiwieHa npocmuUM 3MEHWEHHAM fubuHU
06pobimky rpyHmy.

Takum 4uHoM, 07151 PO38’I3aHHST YUX numaHb HeobxiOHO 3acmocosysamu binbw rpoepecusHi memodu 06pobimky,
30Kpema, po3yWinbHEHHs IpyHmy. Baxnueum € mexHiyHe 3abe3nedyeHHs yjei mexHOMo2idHoi onepauii 8 cydyacHit eanysi
pocnuHHuymea, wob noHecmu HalMeHWi eHepaemuyHi 3ampamu ma nidsuwumu 8poxaliHiCmb CiflbCbK020Cn100apChKUX
Kynibmyp.

Y cmammi HagedeHO aHari3 HasiBHUX Cy4YacHUX rpunadig 071 8UMIPIOBaHHS WiTbHOCMI rpyHMY 8 pexumi be3nepepsHol
peecmpauji: neHempamopis, neHempomempis, yugposux meepdomipis, GPS-neHempomempie, a makox po3ensdaembcs
MUMaHHS 3aCMOoCy8aHHs1 yibmpa3sgyKy 0ns 8USIBNEHHS yWinbHeHUX OifisIHOK rosnis, sike obpobnsemscs. Posansdaembces
aKkycmuyHa rnogediHka niyxXHoI midoweu, iif OCHO8HI aKycmuy4Hi KOHCmaHmu.

OnucaHo 0CHO8HI pe3ynbmamu npogedeHo20 00CnidXeHHs Ha basi po3pobrieHoi Modeni onepamuegHoi cucmemu 8u3Ha-
YeHHS1 2nUBUHU 3arnsizaHHs YWiNnbHEHO20 wapy rpyHmy i3 3acmocysaHHs1 padiogisudHo20 memody AoCidxeHHs MexaHid-
HuX i ¢hiuqHUX enacmueocmell rpyHmy, siki 6asyrombCs Ha yibmpa3syKkosoMy 8UNPOMIHIO8aHHI, Memody be3nepepeHo2o
padioxaunnb08020 NPoinoeaHHs 8 pyci, mobmo ckaHyeaHHs1 IpyHmy 8idbysaembcs ni0 yac pyxy MawUHHO-mMpakmop-
Ho20 azpezamy 8 MoMeHm 06pobimky rnoss, Memody CUHME3Y MEeXHIYHUX 3acobig, meopii a8moMamu4yHO20 yrpasriHHS i3

3acmocysaHHsM yrbmpa3syKo8o20 MPUCMPOI0 8U3HaYeHHs 2nUbUHU 3ansieaHHs nnyxHoi nidowsu (MBIT]).
lposedeHo aHanis odepxaHux pe3ynbmamie i3 3acmocysaHHsIM 0amyuka 3 00HUM ma deoMa KaHanamu npulivars-
Ho-riepedagasnbHo20 mpakmy. [ocnioxyembcs onmumMarbHa 8ucoma 6cmaHo8eHHs 0amyuka Had NOBEPXHEK rpyHMY.
Knroyoei cnosa: neHempamop, neHempomemp, rpyHmoposnywysad, meepdomip, ynbmpa3ssyk, padioghiaudHull npu-
cmpiti, dam4uk, nyxHa nidowea, nputiMansHo-rnepedasanbHuUll Mpucmpili 8UNPOMIHEHHS, aKyCmuYHa rposioHiCmb.

DOl https://doi.org/10.32845/msnau.2021.4.1

Betyn. Binbuwicte cyvacHux npunagis dawTb 3mory
BECTU BWMIpIOBaHHs! B pexumi Ge3nepepBHOI peecTpauii
OfiHOYacHO 3 06POBNEHHSIM I'PYHTY: BUMIpIOBATM BOMOTICTb,
TBEPAICTb Ta iHWI MOKa3HWKM, akyMynioBaTW pesynbratu,
CTaTUCTWUYHO i rpadiiyHo ix obpobnatu. Taki TBEpPAOMIpH
(Gogolinskiy et al., 2019; Vashko et al., 2019) € amepukaH-
CbKOrO, ronaHACHLKOro Ta CrnoBaLbkoro BupobHuLTBa. Po3-
po6ku Takux TBEPAOMIpIB NpoBoasTLCA i B YkpaiHi. Hanpu-
knag, Teepaomip M. M. Cypay (Surdu et al., 2002): wykaHui
pesynsTaT OTPUMYIOTE 3i CMIBBIAHOLUEHHS TUCKY NMyaHCOHa
Npu WOro 3aHypeHHi B IPYHT W BEMNUYMHWU 3anULLIKOBOI
fedopmalii. TEH3OMETPUYHUIA AATUMK KpinUTbCA A0 Nanu
KynbTuBaTopa i BUMIpIOBaHHS TBEpPOOCTi 34INCHIOITLCA Mif,
4ac BWKOHaHHA 06pobKM IpyHTY. 3MiHIOKUM hopmy nyaH-
COHa, MOXHa OLHUTY Onip I'PYHTY pisHUM BUAaM fecopma-
Ui i BUKOPUCTOBYBATU OTPUMaHIi AaHi He Tinbku npu Bubopi
iHTEHCMBHOCTI W rMUOWMHM 0OpPODKM, @ N B KOHCTPYHOBAHHI
I'PYHTOOGPOOHMX poboUnx opraHis.

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcurteTty

MopnibHwi TBepmomip OyB po3pobnexni i Bunpobysa-
Hui y LBewii. KoHyconopibHi nexetpatopu (Ahrens et al.,
2021; Ebato, 2020; Saye et al., 2020; Vakili et al., 2021)
3 kyTom ataku B 30 ° i giameTpom 6,3 cm Gynum ykpinneHi
Ha nanax rnmbokopo3nyLlyBaya i JaBanu 3Mory NnpoBOaUTM
BUMiptOBaHHA TBepZOCTi Ha rmmbuHax 10, 30 i 50 cm. MNeHe-
Tpatop OyB 3’eHaHWI 3 ceHcopoM dhipmu Bosch, 3patHum
BUMIPIOBATLN 3yCUNNSA B LUMPOKOMY iHTEpBani 3HayeHb. [pu
wemakocTi 06pobku rpyHTy 1,5 M / ¢ TBepgoMip dikcysas
BUMIPIOBAHHS KOXHOI CEKYHAM 3 OQHOYACHWUM MO3WLitoBaH-
HsIM (3a gonomoroto Trimble SweeEight).

MobinbHi neHetpometpu (Ahmed, 2020) — npucTpoi, Wo
YKPINMIOTbCA Ha Konecax MobinbHOro 3acoby, Ha Tpew-
nepax abo BaHTaxiBKax. IX AOCTaBRAOTb Ha LOCTAKY-
BaHy LiNsiHKY pa3om 3 MoTopamu, enektpobatapesamu abo
iHWMMK Dxepenamu eHeprii. [logaBaHHS NULWHLOT Bary Ans
MOBINbHOTO NPUCTPOK BaHTaXIBKWU 30iNbLUye MOTEHLiAHMIA
MaKkCUMyM CUIM 3aHYPEHHSl, a OOBXMHA MPOHMKaHoro
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yoapy moxe 6ytu 36inblieHa 6e3 0bmexeHHs NoTpPiBHOI
Barv B MOPIBHSAHHI 3 iHWMMMK Tunamu neHeTpometpis. Ll
MPUCTPOi OCHALLEHI MynbTUNeHeTpomeTpamun (Hashem &
Nikudel, 2016; Herric & Jones, 2002; Latvala et al., 2020;
Thiel et al., 2020) gna ogHO4aCHOro AOCNIAKEHHS OEKINBKOX
JinsHoK, Wob oTpuMaTh AaHi Npo TPMBUMIPHY MPOCTOPOBY
XapakTepuCTUKy TBEPAOCTI IPYHTY Ans nobyaoBK Bignosia-
HOI kapTu. 3 ornsagy Ta aHanidy nirepatypu BiZOMO, LLO Taki
OCHOBHi (Di3WKO — MexaHiYHi BNacTUBOCTI IPYHTY SiK TBep-
AiCTb, LWiNbHICTb, BOMONCTb i iHWi 3MiHIOKOTLCS Yepes3 KOXHi
5-10 M no xoZy pyxy CinbCbKOroCnogapChbkux arperaris.
Bn3HauyeHHa NokasHWKIB TpaguuinHuMK TBepaoMipamu, Lo
XapaKTepu3yoTb CTaH 'PyHTY, NPOBOAUTLCA NLLE B NEBHUX
TOYKaxX Mons, nonepeaHbo0 Po3BUTOro Ha CEKTOPM, OiNsHKK
TOLLO, MPW LbOMY, KiflbKiCTb TOYOK, B SIKUX MPOBOASATLCH
BUMIpPIOBaHHS, 0BMEXYETbCA CKMaAHICTIo, TPYOOMICTKICTHO
i TPMBanICTIO NPOBEAEHHS LMX BUMIptoBaHb. TobTo, cTae
3pO3yMINO, L0 KapTWHa, fKa MoKasdye po3nogin AaHux
BMACTUBOCTEW [PYHTY MO NAOWi MNons, npu OnUMcaHoMy
METOAi BUMIPIOBaHHS, He BiANOBIAa€ LiiCHOCTI. 3BUYalHO,
Ginbll OOCKOHaNMMW € TBEPAOMIPUM Ha TeH3o4aTyumKax,
npoTe iX 3aCTOCyBaHHA BUMarae Ayxe Manoi LUBUAKOCTI
06pobkm nons.

B ocTaHHi poku B YKpaiHi AnsS BUSIBMEHHS YLLinbHe-
HUX [JiNSHOK NOMs 3aCTOCOBYKTHCA LMMPOBI TEXHOMO-
rii (Rezaeva, 2017; Wijewardane et al., 2020), 3okpema:
GPS-neHetpomeTpu (Lee & Byun, 2020; First results...,
2019), ki 32 4ONOMOrOK NEBHUX, BCTAHOBMNEHWX Ha CMapT-
dooH nporpam, BigobpaxatoTb MicLe 3amipiB Ta MicLie3Haxo-
[KEHHS1 TOrO, XTO pobUTh 3amipu.

UnHHI Hapasi MeToau 1 TEXHIYHI 3acobu Ans BU3HAYEHHS
TBEpOdOCTi I'PyHTY, abo He AalTb 3MOrM eHeKTUBHO 3acTo-
COBYBaTW TEXHOMOFiI KOOPAMHATHOrO 3emnepobCTBa, ToMy
L0 BUMararTb BUCOKMX 3aTpaT py4HOi NpaLli i Yacy Ha BUKO-
HaHHS MacoBMX BUMIpIOBaHb, ab0 MatloTb HU3bKY JOCTOBIp-
HICTb pesynbrariB.

OTxe, MOXHa 3poBUTU BUCHOBOK, LIO akTyamnbHUM
3aBOaHHAM Cy4vacHOi Hayku € BOOCKOHaNeHHs METOAiB
i TEXHIYHUX 3acobiB, Aki 4agyTb 3mory 3abesneunTun 6esne-
pepBHe NoLlapoBe MacoBe BUMIpIOBAHHS TBEPAOCTI I'PYHTY,
i TUM caMnM eheKTUBHO 3aCTOCOBYBATM TEXHOMOTiT Koopau-
HaTHoro 3emnepobcTaa. [1o TakMx MeToaiB BiAHOCUTLCS YIlb-
TpasBykose BunpomiHioBaHHs (Antypchuk, 2018; Antypchuk
& Mironenko, 2019).

HanbinbLw onTMmManbHUM Ha aHU Yac ANs PO3B’'sI3aHHS
npobnemmn eheKkTUBHOMO PO3YLLINIbHEHHS I'PYHTY € 3acToCy-
BaHHS MPUCTPOIB, ki Ha3ylTbCa Ha B3aemogii ynsTpassy-
KOBWX KonuBaHb Y IpyHTi (Antypchuk, 2017), Tomy wo 3aty-
XaHHS 3BYKOBUX XBWSIb Y BOi, 0CaJ0BUX FipCbKMX Nopogax
Ta IpyHTax Mi3epHe B MOPIBHSAHHI 3 enekTpoMarHiTHUMu
XBUNSMU. 3a LIBMAKICTIO PO3MOBCIOMKEHHS 3BYKOBOI XBUTi
B I'PYHTi MOXHa 3p0BUTU BUCHOBKM MPO MOr0 MEXaHiuHi Ta
hisnuHi BNacTuBoCTi.

Marepianu i metogn gocnigxeHb. OCHOBHUMM KOH-
CTaHTAMWU aKyCTUYHOINOBERIHKM NepeyLLinbHEeHoro Lwapy
'PYHTY (NAYXHOI MiAOLLBK) € Taki iHhopMaTMBHI NapameTpu
SIK: aKyCTWYHA XKOPCTKICTb, SKa NOKa3ye 3anexHicTb 3ByKO-
BOrO TMCKY BiJ amnniTyau 3cyBy YaCTUHOK CepefoBuMLUa,
Ta aKkyCTUYHWIA onip NNacTiB rPyHTY, AKUWA Binbl HAaOYHO

Ta y3aranbHEHO NoKasye onip PO3MNOBCIOAKEHHIO 3BYKOBOI
xBuni (Bschorr & Raida, 2020).

MnyxHa nigowsa yepes CBi MeXaHIiYHU Ta (Di3UYHNIA
CTaH € abCOorTHO XOPCTKUM CEPEeLOBULLEM.

B akyctuui B3sarani He posrnagalTbCs abCcomOTHO
XOPCTKi Tina (cepefoBuLLa) Yepes iXHIO He3daTHICTb npo-
nyckatu 3ByKOBY eHeprito. [1poTe, came 34aTHICTb NIYXHOT
MigoOLIBKM He NponycKkaTu ynbTpassyk, a LWBUAKO BiabusaTy
3BYKOBY XBWINIO, i Ja€ BCi MigcTaBu Ans NpoBedeHHs 4oci-
[DKEHHS1 i3 3aCTOCYBaHHSIM YNbTPa3BYKOBOTO METOAY, afxe
AN BUSIBNEHHS MMWOWHU 3ansaraHHa NYXHOI NigoLBK
HeobXigHO (haKTUYHO BUMIPATUM BiACTaHb 40 HET Ha MMNOKHI.

B ocHOBY MoperntoBaHHs aKyCTUYHOTO KOHTaKTy Yrib-
Tpa3sByKy 3 NIy>XHO NiZOLLIBOIO (NEPEYLLNbHEHWI Lap FPYHTY)
3 METOHO BUSIBMEHHS T MUOMHW 3ansraHHs BUKOPUCTAHO METO-
avky B.A. LLlyTunosa ans npoxXomKeHHs YnTpassyky Ha Mexi
po3noginy ABox Teepaux cepenosuly (Shutilov, 1980), npote
JaHa mopernb pospobreHa 3 ypaxyBaHHSAM crieumndiku akyc-
TWUYHOT NOBEIHKW MITYXHOI MiZOLIBY Ta BEPXHIX NMacTiB rPyHTY:
iXHS1 aKyCTU4Ha MPOBIAHICTL Ta LUBMAKOCTI PO3MOBCHMKEHHS
3BYKY B HUX, IXHilA MUTOMMIA XBUMOBUI OMip, KOEILIEHT 3aTy-
XaHHS (MOIMWHAHHA) YNbTPasByKy Pi3HUMW BUOAMU TPYHTIB,
KyTV NagiHHS, BioOUTTS Ta 3anOMNEHHS YrbTpas3ByKoOBOI XBUTIi.

[ns npoBeneHHs gocnimkeHHs Byna po3pobrneHa ekc-
nepuMeHTasnibHa CUCTEMa OMnepaTWBHOMO KepyBaHHSA rMu-
GrHO X0y IpyHTOPO3NYyLUIyBaYva CinbCbKOrocnoaapcLKoro
MaLUMHHO-TPaKTOPHOro arperary.

MpoekTyBaHHS CUCTEMMW BU3HAYEHHS MMUOUHM YLLiNbHE-
HOrO Lwapy rpyHTy pagiodiznyHumm metogamm 6asyBanoch
Ha po3noAini ii Ha KOHCTPYKTUBHI 6roku. [nsa 3abe3neyveHHs
HaZiNHOCTI, YHIBEpCanbHOCTi, @ TaKOX TEXHOMOrYHOCTI,
CNPOEKTOBaHY CUCTEMY YMOBHO Oyno posginieHo Ha Tpu
(yHKLiOHanbHi Broku, a came: npuMarnbHO-Nepeaasanb-
HUI NPUCTPIN BUNPOMiHeHHs (YTIMMNB), skuin MicTUTL Y CBOIN
OynoBi cUCTEMY AATYMKIB AN BUNPOMIHEHHS Ta NPUAHATTS
30HAYBanbHUX YNbTPA3BYKOBUX IMNYMbCIB; E€NeKTPOHHWIA
obumcnoBanbHUiA BnokK, SKMA cknagaeTbes i3 reHepaTopa
30HAYBanbHKUX IMMYNbCIB, NpUMaya Ta MIKPOKOHTpOnepa;
Bnok KepyBaHHs, SIKWI MICTUTb QUCTINEN.

Takuii noain € HanbinbL ONTUMAanbHUM, OCKINbKU He3a-
nexHo Big ByaoBU Ta KOHCTPYKLIT CinbCbKOrocnogapcbkoro
MaLUMHHO-TPaKTOPHOro arperaty Taky cuctemy byae nerko
Ta pauioHanbHO BCTaHOBMIOBATY AN 3abe3neyeHHs Hagiii-
HoCTi poboTy Ti OCHOBHMX poBoYMX BMOKIB, TXHBOTO OYHK-
LioHyBaHHS M coBOI, a TakoX 3aiNCHIOBATK 1 TEXHIYHE
06cnyroByBaHHS1 Ta 3a HEOBXIAHOCTI Nerko AeMOHTYBaTU.

Ha pucyHky 1 HaBegeHo cxemaTtuyHe 300paxeHHs po3-
pobneHoro MobifibHOro BMMIPHOBANBbHOMO KOMMMNeEKCY Ans
6E3KOHTaKTHOMO BU3HAYEHHS LLINbHOCTI IPYHTY.

Mporpama ekcnepuMeHTanbHUX AOoChigpkeHb pagiodi-
3UYHOTO MPUCTPOI0 BU3HAYEHHS TMUOUHW 3ansaraHHs Haii-
Ginbw yuwinsHeHoro npowapky rpyHty (MBIT1) Bkntovana
npoBedeHHs nabopaTopHux Ta nabopaTopHO-NONLOBUX
pobiT, skumu nepegbavanocs:

1) BM3HauYeHHs HeobXigHUX ANs aHanidy aHaniTMYHOI
3aneXHOCTi (Pi3UYHUX XapaKTEPUCTUK I'PYHTY;

2) BCTAHOBUTU 3anexHocTi curHany garyuka MBI Big
rMUOWMHN  3ansraHHS KOHTPOMbHOI  YLUINbHEHOI MNOBEPXHI

B YMOBaX OAHOTIO TUMNY I'pyHTY;
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Puc. 1. Mo6inbHMI BUMiptoBanbHWUI KOMMMEKC ANs 6e3KOHTAKTHOINO BU3HAYEHHS LWiNbHOCTI I'PYHTY:
1 — ynbTPa3ByKOBUI NpuiiMansHO-NepeaaBanbHUi NpucTpin BunpomiHoBaHHs (YITMB); 2 — pama; 3 — MTA,
4 — r'pyHT; 5 — cuctema kabenis XMBNEHHS Ta nepeaadi iHopmaldlii; 6 — enekTpoHHO-06uMcnoBanbHUIA BOK;

7 — Bnok kepyBaHHsi; 8 — rpyHTO06pO6HUI opraH; 9 — 3arnubnioBanbHUA NPUCTPIN.
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Puc. 2. MakeT nabopaTtopHoi ycTaHOBKM Ans NpoBeAeHHsA gocnigkeds MBI

3) BUBYEHHS BNINMBY MWUOKUHU 3ansraHHs B IPYHTI yLLinb-
HEHOI MOBEpXHi Ha 3BOPOTHIA YNbTPa3BYKOBUWA CUrHan
natyuka MBITI;

4) BCTaHOBUTM 3anexHocTi curHany aaruuka MBI Big
TUMY I'PYHTY (YOPHO3€EM, NICOK, rMuHAa);

5) BUBYEHHS BNNKBY BOMOMOCTI I'PYHTY (BOMOriCTb BU3HA-
yanacb 3a gonomorolo BonoroMmipa MI-44) Ha nokasHuku
MnBrm;

6) ouiHka BNNMBY BUCOTM ycTaHOBKM aatyuka MBI Hag
MOBEPXHEO I'PYHTY Ha AOTO NOKA3HUKY;

7) ouiHka BNNMBY LIBKUAKOCTI npoxomkeHHs MBI Hag
3a[JaHOK CMYIOI0 NMOBEPXHi I'PYHTY Ha MOro nokasw;

8) BupobHMYa nepeBipka TEXHIYHOT MOXIMBOCTI i edbek-
TUBHOCTI BukopucTaHHsa MNBITI B TexHonoriyHOMY npoLeci
PO3YLLiSIbHEHHS IPYHTY.

MeToto npoBeeHHs 4aHOTO AOCHiAXeHHs K B nabo-
paTopHKX, Tak i B nabopaTopHO-NONbOBKUX yMoBax 6yno
NiATBEPOXEHHS TEOPEeTUYHUX [O0BOAIB TOro, LU0 aKyc-
TUYHa noBefdiHKa NNyXHOT NigOWBK iJEHTUYHA aKyCTuY-

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcurteTty

Hih noBepiHUi abconioTHO TBEpPAOro (KOpCTKOro) Tina
(cepenoBsuwa), WO Hagae 3MoOry 3acTOCOBYBaTW Yrb-
TpasByK ANS BU3HAYEHHS TMUOWMHW 3ansraHHA NyXHOI
nigoLBu.

lLle oOHMM rOMNOBHUM 3aBAAHHAM OOCRIXEHHS, SKe
npoBoaMnocb, Oyno 3'AcyBaHHS EKOHOMIYHOro edekTy,
T06T0: uM BnnmBae 3actocyBaHHs NBIT] Ha 3MeHLUEeHHS
BUTpAT nanuea Npu NPoBEAEHHI TEXHOMNOMYHOI onepaLii no
PO3YLLINIbHEHHIO IPYHTY.

JocnimkeHHs B nabopaTopHMX ymMoBax NpoOBOAMIIOCh 3a
[0NOMOroK BOX NpuiiMarnbHo-nepeaasarnbHUX NPUCTPOIB
BUMNPOMIHEHHS (JaTUMKIB): OQHO- Ta ABOKaHAmNbHUM.

OG’ektamu  fgocnigxeHb Oynu cnewianbHO CTBOPEHi
isvyHi Mogeni FpyHTY 3 pisHUMU PIBHAMU 3ansraHHs
yLinbHEHOro Matepiany (aepeBo, I'pyHT) B nabopaTopHuUx
ymoBax (puc. 2, 3).

JocnimkeHHs NpoBOAWNOCL 3a TPbOMa OCHOBHUMM
3MiHHUMW hakTopamu: rMubuHa 3ansaraHHs yWinbHEHOro
wapy rpyHty (A(X,)), BUCOTa BCTAHOBMEHHS [aT4yuka Haj
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Puc. 3. YctaHoBka gatumka MBI Ha TpakTopi T-150K
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Puc. 4. 3anexHicTb nokasis MBI Big rmmbuHn 3ansiraHHA
yWinbHEeHOro wapy rpyHTy

nosepxHeto rpyHTy (H(X,)), BORoricts rpyHTy (3 (X)), CTy-
MiHb BONOrOCTi BU3HAYaBCS Y MPOLIEHTHOMY CiBBigHOLIEHHI
(Tabn. 1).

[na BM3HaAYeHHs 3aNeXHOCTi MOKA3HWKIB AaTynka
MBI Big rMMOUHM 3ansraHHs KOHTPOMbHOI YLLiNbHEHOT
MOBEPXHi B YMOBAax OQHOrO Tuny IpyHTy nepepbavanoch
BCTAHOBIEHHS AaTyMka npuctpoto (puc. 3, 4) Ha 3adaHin
BucorTi (0,4 m; 0,3 m; 0,2 M) Hag cneuianbHOK NepecyBHO
nnatdgopmoto, B Ak Ha rnubuHi (0,05 m; 0,25 m; 0,5 m)
3aKknafieHi ogHaKoBi OOLLKW, L0 iMITYIOTb MOTO YLUiNbHEHWIA
NpoLUapokK, 3acunaHi ogHopiaHUM I'pyHTOM. [epemilatoumn
nnatgopmy TakuM YMHOM, o6 Be3nocepenHbO Mig AaTyu-
KOM 3Haxogwmnacs AoLlka Ha BinoBigHin rmubwHi, dikcysa-
nuck nokasu MBITT.

Tabnuus 1
3MiHHI chakTOpK AoCHimKEHHSA

mnbuHa 3ansiraHHs yuwinbHeHoro wapy rpyHty A(X))

-1 50 cm
0 25 cm
+1 0cm
Bucota BcTaHOBNEHHs JaTtymka Hag nosepxHeto rpyHTy H(X,)
-1 40 cm
0 25 cm
+1 10 cm

BonoricTb rpyHty & (X,)

-1 54%
0 42%
+1 31%
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3a BiOOMOIO METOAMKOI BM3HAYAETLCA aHaniTM4Ha
3anexHIiCTb BENWYWHK CUrHany Aatyvka Big rmubuHu 3ans-
raHHs ywinbHeHoro wapy rpyHTy (Ermolov & Ermolov, 2006;
Shutilov, 1980):

U =kH,[8,c.81] (1.1)

fe U — Tuck Ha npunmadi ([1a), k — koediuieHT Big-
BuTTa ynbTpassykoBoi xeuni (%), H — rmubuHa 3ansraHHs
YLLiNIbHEHOTO LUapy I'pyHTY (cm).

3HaveHHa BUMIPSHUX MWUBUH 3ansraHHs yLWinbHEHOro
npoLUapKy I'pyHTY 3HiManucs 3 iHpopmMauiiHoro Tabno mik-
ponpoLecopHoro 6roky ynpasniHHS.

Pesynbratn. Pesynbrat BuaHayeHHs nokasis [1BIT]
(U,m) Big rmubWMHM 3ansiraHHS KOHTPOMBHOI YLiNbHEHOT
noeepxHi (H = 0,05 m; 0,25 m; 0,5 M) B ymOBax OAHOroO
TUNY rPYHTY NPW BCTaHOBSEHHI AaTymKka Ha 3afaHii BUCOTI
(h=0,4 m; 0,3 m; 0,2 M) NnpeacTaeneHi Ha puc. 4.

AHania ogepxaHux pesynbTaTiB [OCHiMKEeHb MOKasye,
LLO 3i 30iNMbLUEHHSM IMUOKNHM 3ansiraHHs! YLLiNIbHEHOrO LWapy
IPYHTY 36inbLUyeTbCA NOXMOKa BUMIpIOBaHHS (4Ns rMubuHm
0,25 m —Bia 4 0o 14%, ons rmubuam 0,5 m — Big 6 Ao 16%).
Tow akT, WO i3 36iNbLIEHHAM IMUOWMHW 3aNAraHHS NITYXXHOI
nigowsu 36inbluyBanacb noxmbka BUMIPIOBaHHS, CBiAYUTL
Mpo Te, Lo Yepe3 akyCTUYHMIA ONip BEPXHiX NacTiB I'PyHTY,
3HWXYBaBCS KOeQiLiEHT NponyckaHHa 3BYKOBOI eHeprii
3 OHOTO Lapy B iHLWMWN Yepes eHepreTUYHi BTpaT 3BYKOBOI
xBuni. OTxe, YiM rmubLue 3ansrae nepeyLinbHeHn A nnact
IPYHTY, TM Binblua noxubka BUMIpIOBaHHS.

MNpoBeneHi nabopaTopHi [oCnigKeHHS, a 0cobnmeo
MOMNbOBI, MOKa3asnu, WO YUM BULLE Hag NOBEPXHEID IPYHTY
PO3MILLEHO YNLTPa3BYKOBUIM AaTYMK, TUM FipLIKMIA curHan,
wo peectpyetbcs. Lle nos’sisaHo 3 HeratuBHUM BNAW-
BOM Ha YNbTPasByKOBUW iMMYMbC, WO BMMPOMIHIETHCS,
MOBITPSA Ta MOro TemnepaTypu (a B NOMbOBKX YMOBaX L€

uB
A

wapy rpyHmy = 0 cm
s

3,5

2,5

1,5

0,5

¥ BIiTPY). Hanbinblw TOYHi BuUMiptOBaHHSA Oynn OOCArHyT
npuW ycTaHoBUi Aatymka Ha BucoTi 20 cm (noxmbka cTaHo-
Buna 4—6%), a i3 30inbLUEHHAM BUCOTW YCTAHOBKM NOXMbKa
36inbLyBanacsk (puc. 5).

Pesyneratn BuaHaueHHst nokasis MBI rmubuHu 3ans-
raHHS KOHTPOIbHOI YLinbHeHoi nosepxHi (0,5 M) B ymoBax
OAHOro TUNYy I'PYHTY pisHOi BonorocTi (31%, 42%, 54%) npw
BCTaHOBMNEHHI fatuunka Ha 3aganiiv sucoti (0,4 m; 0,3 m; 0,2 m)
npeacTaBneHi Ha puc. 6. MNMoxnbka BUMIpOBaHL CTaHOBMNA
[0 18%, TOBTO HasBHICTb Yy I'PYHTI BOAW CIPUYMHSIE YAaCTKOBE
3aTyxaHHs1 3BYKOBOI XBWIi (3MEHLLYETBCS i LIBUOKICTD): YUM
BOJONILUMIA I'PYHT, TM criablue curHan, kUi HagxoauTb [0
npunMayda, i SKLWO NyXXHa NiJoLWBa 3HAX0AUTLCS Ha MaKcu-
MarbHi Ans Hei rmubuHi 3ansradHs (50 cm), a BepxHii nnacT
I'PYHTY HaATO BOMOMMIA, TO curHan moxe Oyt HagTo cnab-
KM, LLIO NPU3BOAUTb A0 HENPaBAMBMX AaHUX BUMIPIOBaHb.

OpHum i3 3aBgaHb nabopaTopHOro AocnimxeHHs Byno
BCTAHOBIIEHHS 3aneXHOCTi curHany aatyuka MBI Big TMny
rpyHty. Oatuuk MBITI BcTtaHoentoBascs Ha Bucoti 0,2 M
Haj cneuianbHO nepecyBHO nnaTgopmMoto. B nepecysHy
nnatopmy 3aknagascs no 4Yepsi FPYHT TPbOX TUMIB: NICOK,
YOPHO3€eM Ta IMHa, Ha MubuHi 0,4 M 3aKknaganucb OgHaKOoBI
powku. MNepemiwatoum nnatopmy TakuM YMHOM, Lwo6 nig
[JaTYMKOM 3HAXOAMNOCH BiAAINEHHS 3 TUM, YU iHLUUM F'PYH-
TOM, (hiKCYyBanocCb 3Ha4YeHHs CUrHany garyvka. Y pesynerari
npoBefeHOro BUNpobyBaHHS Byno BCTAHOBMEHO, WO L TPK
TUNK IPYHTY MakTb abCOMIOTHO Pi3HY YNbLTPa3ByKoOBY MNpoO-
MYyCKHY CNPOMOXHICTb (puc. 7).

Konwu 3aknaganu Ha rmubuHy 20 cMm gepes’siHy OOLLKY,
iMITYIO4M YLLNIbHEHWUIA LUap, HaWBMALE CurHan nosep-
TaBCs [0 Aatyuka Big nicky, cnabwum G6yB curHan Big yop-
HO3eMy, @ MPW CKaHyBaHHi MMUHW curHan OyB e ripwuM.
Bes imiTauii ywWinbHEHHS, curHan 4o npuiMadiB He noeep-
TaBCs Bif XOZHOMO TWMy IpyHTY, TOOTO XBWns 3aTyxana
i B NiCKy, i B YOPHO3€eMi, i B MMKHi.

FruGumra 3anAzaHHA pyinEHeHo2o

/ Maubuna 3anazanyn yuineHeHo2o
/ wwapy fpyHmy = 25 cm
!

CaubuHa 3anAzanHa YiLinsHeHo20
© wapy rpyemy = 50 cm

YT
2]
g

0 10 20

30 40 50

Puc. 5. 3anexHictb curHany garuuka (U)
Bif, BUCOTU MO0 BCTAHOBIIEHHS Haf NOBEPXHELD I'PYHTY
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Puc. 6. 3anexHicTtb nokasis MBI'T Big BonorocTi rpyHTy
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Puc. 7. BctaHOBREHHA 3aneXXHOCTi CUrHany aaTyuka Big TUny FpyHTY

lNpoTe AnNs HALWOro AOCMIAXKEHHS Taka nosefiHKa yrb-
TPasByKy 3 Pi3HUMU TUNaMK I'PYHTIB 0COONMBOrO 3HA4YEHHS
He Mae, TOMY L0 OCHOBHA MeTa — Lie BUSIBNEHHS NITYXKHOI
migowswy, a ii akycTMyHa noBefiHka ogHakoBa Ans Oyab-
SKOTO TUMY IPYHTY, KPIM NiCKY, A€ XBUNS 3aBXAN 3aTyXae.

O6roBopeHHs. Bpaxosytouu Te, WO AOHUHI YNbTPa3ByK
HE 3aCTOCOBYBAaBCS ANS BU3HAYEHHS WiNbHOCTI IPYHTY Mig
yac pyxy MTA, 6yno npuiHATO pilleHHs Bunpobysatu pos-
pobneHuin NPUCTPIN 3 OOHUM OaTHUKOM, SKWA BUNPOMIiHIO-
BaB i npunmMas Bigbutuii curHan. lNicns npoBeaeHHs nepLumx
nabopaTopHWx JoCNimkKeHb, SKi 3AiACHIOBANUCL YNLTPa3By-
KOBMM MpUAManbHO-NepeaaBanbHUM NMPUCTPOEM BUNPOMI-
HioBaHHs (YTMMIMB) 3 ogHUM kaHanom, OTpMMaBLUM OOCUTb
HenoraHi pesynsraTy, ane, BpaxyBaBLUM BCi 06’€KTWBHI dak-
TOpW, NOB’A3aHi 3 MEXaHIYHUMM Ta PI3UYHUMM BNACTUBOC-
TAMU I'PYHTIB, @ Takox, 6epyun 4O yBarm NpupoaHuiA CTaH
IPYHTIB, 3BaXalouuM Ha Te, WO PYHT, 0COBNMBO B MOIbLO-
BMX YMOBax — Haf3BMYaWHO CKnagHe Ons NPOXOMKEHHS
yNbTpa3ByKy, 3 HEOOHOPIQHO MOBEPXHEK CepedoBuLLE,

6yno NpUIHATO pilleHHs BOOCKOHaNWTU Aatumk (puc. 8),
[OAaBLIM ABa AOOATKOBUX €rieMeHTH, ski ByayTb npusHa-
YeHi Nuile Ans npuiMaHHs Biabutux curHanis. TobTo 0anH
ernemMeHT JaTyMka BUMPOMIHIOE | NpuiMaEe curHan, a aBa
iHWi — nNuwe npuMMaloTb, WO Jano 6 3Mory peecTpysaTu
HaNCUMbBHILLWIA CUrHan, Lo BiAOMBCA Big NOBEPXHI I'PYHTY.
lNicns BCTaHOBMNEHHS ABOX AOAATKOBUX €NEMEHTIB Mo
BCiX YOTMPbLOX NapameTpax NnabopaTopHOro AOCHISKEHHS:
rmubuHa 3ansraHHa MAyXHOI NigOWBM, BUCOTA BCTaHOB-
NEeHHa faTtyvka Hajg NOBEpPXHEK IPYHTY, BOMOTICTb IPYHTY,
TWN FPYHTY, NPUAHATUIA SATYMKOM CUTHAN CTaB SKICHILLMM.
Moxmbka BuMiptoBaHHA 3aranoM 3meHwwunace Ha 1-3%,
a npu 3BONOXEHOMY I'pyHTi cTaHoBuna 14—16%. MpuiAHaT-
HOIO TaKOX CTana BUCOTa BCTAHOBIIEHHS JaTyuka 4o 25 cM.
BucHoBku. Anroputm pobotu YIIIMB nonsrae B Tomy,
L0 BiH BMBOAMTb Ha OMOK iHAMKALii Tinbku Ti BigdbuTi cur-
Hanu, rmubuHa SK1X NpY ABOX NOCMIJOBHMX BUMIpaX 3MiHU-
nacb He 6GinbLue Hix Ha 2% Big 3a4aHOi MEXi 30HOYBaHHS,

AKa, 0o pedi, He nepesuwlye 4 metpu. Lle gae 3mory Bia-
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Puc. 8. BaockoHaneHHsi KOHCTPYKLUii AaT4MKa BUSHAYEHHSA MUOUHU
3anfAraHHA yLWiNbHEHOTO Wapy I'PyHTY

CiAITU nepeLukoan, ki 3giicHIoBaTUMeE, Hanpuknag, ABUIYH
Camoro MaLUMHHO-TPAKTOPHOTO arperary.

MNpwu 36iNbLUEHHI IMMOUHK 3ansraHHs YLLiNbHEHOTO LWapy
I'PYHTY 30inbluyeTbCs MOXMOKa BUMIPIOBaHHS (ANs MUOUHK
0,25 m - Big 4 po 14%, ana 0,5 m — Big 6 0o 16%).

HarnbinbL TouHi BUMiptoBaHHS! Bynu JOCArHYTI Npw ycTa-

HOBLIi AaT4mKa Ha BucoTi 20 cm.

Moxnbka BUMIpIOBaHHS nicnst BCTaHOBMeHHs Ha YIMIMB
[IBOX I0AATKOBWX eNEeMEHTIB 3aranomM aMeHLumnack Ha 1-3%,
a npu 3BONOXEHOMY I'pyHTI cTaHoBuna 14-16%. MpuiHAaT-
HOIO TaKOX CTana BMCOTa BCTAHOBMEHHS AaTyvKa 40 25 cMm.

3HaveHHs BU3HAYEHNX MWUOWH 3ansaraHHS YLiNbHEHOTO
MPOLLAPKY IPYHTY YyNbTPa3ByKOBMM MPUCTPOEM i TBEPAOMI-
pom PeBsikiHa BigpisHsanucs Big —9,4 ao +16,4%.
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Antypchuk B. 0., Zhytomir agrotechnical professional college, Zhytomir, Ukraine

MODERN SOIL DENSITY MEASURES: A REVIEW AND STUDY OF USING ULTRASOUND FOR OPERATIVE
DEFINITION OF A COMPACTED AREA OF A CULTIVATED FIELD

The changes taking place in the agro-industrial complex require the development and creation of new implements and
machines and the improvement of existing ones. This, in turn, is possible only when considering the cultivation of the soil as
an addition to the natural processes of formation of the soil itself, taking into account the biological, physical and mechanical
properties, as well as reducing energy costs for its processing, as agro technical activities of the basic cultivation of the soil
from an economic point of view is the most energy-consuming among the whole complex of technological operations of
growing and harvesting crops. Therefore, the problem of creating energy-saving technologies and technical means of tillage
that contribute to this preservation is nothing but a problem of ecological and energy importance, which cannot be solved
simply by reducing the depth of tillage.

Thus, to solve these issues, it is necessary to apply more advanced methods of cultivation, in particular loosening the
soil. It is important to provide technical support for this technological operation in modern crop production in order to incur
the lowest energy costs and increase crop yields.

The article analyzes the existing modern devices for measuring soil density in the mode of continuous registration:
penetrometers, penetrometers, digital hardness meters, GPS penetrometers, and also considers the issue of using
ultrasound to detect compacted areas of the cultivated field. Acoustic behavior of dense soil and its basic acoustic constants
are considered: acoustic stiffness and acoustic impedance.

The main results of the conducted research on the basis of the developed model of the operational system to determine
the depth of a compacted layer of soil using the radio physical method of studying the mechanical and physical properties of
the soil, which are based on ultrasound radiation, the method of continuous radio-wave profiling in motion, that is, the tractor
unit at the moment of the field, the method of synthesis of technical means, the theory of automatic control with application
of the ultrasound device to determine the depth of the dense soil layer.

The analysis of the obtained results using a sensor with one and two channels of the receiving and transmitting path is
carried out. The optimal height of the sensor installation above the ground surface is investigated.

Key words: penetrator, penetrometer, soil ripper, density meter, ultrasound, radio physical device, sensor, dense soil,
receiving and transmitting radiation device, acoustic conductivity.
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AOCNIAXEHHSA BMAMBY YUCTOTU NOCIBHOT BOPO3HU HA BPOXAWHICTb
MPY BUPOLLYBAHHI KYKYPYA3U HA 3EPHO

3y6ko Bnapucnae MukonaitoBuy

[OKTOP TEXHIYHUX HayK, JOLEHT

CyMCbKuiA HauioHanbHWiA arpapHui yHiBepcuTeT, M. Cymu, YkpaiHa
ORCID: 0000-0002-2426-2772

vladislavzubko@ukr.net

Ceped 8eruKko20 pisHoMaHimms agpoKyibmyp, SIKi 8UPOUYOMbCS 8 MOJISIX Hamernep, 3Ha4He Micue nocidae Kykypydaa.
PosmnogciodxeHHs1 yjei Kyrbmypu 3yMO6/eHe 3ase1eHuUMU Ha Hei morumom. Tomy cb0200Hi KyKypyd3a cmae 00HI€H 3 nepe-
008uUX agpoKyIbmyp, siKi 8UPOULYIOMBLCS y Pi3HUX KpaiHax ma KOHMUHeHmax.

OO0HUM (3 OCHOBHUX MPOUECI8 8UPOLWY8aHHS Kyrbmyp y 3a2arbHil mexHomnoail € 3abe3ne4yeHHs sKICHOI cigbu.

Cb0200Hi ece binblu po3noscodxeHUMU Cmarmb MexXHOog2, SKi UKOpUCmo8ytomb ycinsaki damyuku 0515 KOHMPOH
nposedeHHs cigbu ma nocisy agpoKynbmyp.

O0HUM i3 OCHOBHUX 8UPOBHUKI6 cyyacH020 obnadHaHHS 0n1si npoeedeHHs rocigy € Precision Planting ma John Deere.
Y ixHbOMY apceHarni icHye negHa Kinbkicmb cucmem 07151 3abe3rneyeHHs1 0nMUMalibHO20 10Ci8y, OCHOBHUMU 3 SIKUX Ha CbO-
200Hi €:

— CUHeynsAuia HaciHHs1 Ha sucieHUX arnapamax vSet;

— 3acmocyeaHHs npumuckadie HaciHHs1 Keeton;

— 3aCMOCy8aHHs1 MyJbqy8asbHOI MieKu;

— 3acmocysaHHsi cucmemu Clean Sweep;

— weudkicHa cieba Kykypyd3su 3a dornomoeor cucmemu Speed Tube;

— 3acmocysaHHsi cucmemu Delta Force;

— 3acmocyeaHHsi cucmemu vDrive;

— COWHuKuU Furrow Jet.

Y pobomi docnidxeHo eghekmugHicmb sukopucmaHHsi cucmemu Clean Sweep npu nposedeHHi ciebu. YrnpaearniHHS nox-
HUBHUMU pewimkaMmu Ha cb0200HIWHIl OeHb cmarso Oyxe 8aX/ugor onepauieto 0518 Makcumisauii npubymkosocmi. XKop-
cmki cmebna ma noemopHul rocig Kykypyd3u rno Kykypyosi cmeoprorome 00CmamHb0 8UCOKY 2yCcmuHy pewmkig. Kib-
Kicmb 3a5ulKie MoXe 8rnueamu Ha 8os102icmb ma Ha WeUdKIiCMb Npo2piaHHS rPyHMY HagecHi. Pewmku pociuH MOoXymb
Micmumu 3axeoproeaHHsi, SKi 3aedaromb YUWKoOXKeHHST Mo1oduM cxolam. Tomy oduwysadi psadkie nosuHHIi eudanumu ix i3
cim’anoxa.

Akwo pewmkig docums 6azamo, MOXHa MoCcUIUMU MUCK Ha OYUCHUKU, w06 npubpamu cmimms. SIKwo pewmkie Mano
abo rpyHm 3aHa0mo M’sKull, MOXHa nocrnabumu muck Ha o4uwlysadi, wob 80HU riasasnu 38epxy.

lpu docnidxeHHi sBuKkopucmaHa Hoea Memoduka aHasnisy eghekmusHocmi nposedeHHs cisbu «Memoduka nparnopuig.
Y pesynbmami npogedeHux 0ocrniOxeHb OMPUMaHO 6MIU8 Ha 8poXalHiCmb POCAUHHUX 3auliKie, WO 3anuwarmscs
y 6oposHi nid yac nocigy. [MpoeedeHumu AOCIOXEHHAMU 8CmaHO8eHa e(heKmuHICMb 8UKOPUCMAaHHS cucmeMu peaynto-

8aHHsI MPUMUCKHO20 3ycunsis po3gopmadig nicnsxHusHux pewmok Clean Sweep.
Ha ocHosi aHani3y nposedeHux 00CidxeHb, 004UCIEHO Macy KadaHie rid Yac 36upaHHs 8pOXar0 | OmMpUMaHo 3aex-
Hicmb OpyXHocmi i pieHoMipHOCMI cx0die KyKypyd3u Ha 3epHO Ha epoxalHiCmb, Ha SKOMY MOKa3aHO empamu 8poXaro

8Haci0oK 3ampuMKu rosisu cxo0ig y KOXHil kamezopii.

Knrovoei crioea: cigba Kykypyd3u, skicmb rocigy, POCAUHHI PELMKU.

DOl https://doi.org/10.32845/msnau.2021.4.2

MocTaHoBKa npo6nemu y 3aranbHOMY BUIMAA

O6pobKka pPOCIMHHMX pPELUTKIB MiCNS  NPOBEAEHHS
30MpaHHs BpOXalo KyKypydsw LOyKe BaknmBa 3 KifbKOX
OCHOBHWX MPWUYUH. POCIIMHHI PELUTKU € OAHWUM i3 OCHOBHUX
[DKEepen opraHiyHuMx gobpuB, TOMY He MOXHA 3anuwaTtu ix
y noni 6e3 HanexHoi yBaru, aHanisy Ta pobotu 3 HUMK. [Nox-
HMBHI peWTKN Ha noni MoXyTb OyTW po3nodineHi HepiBHO-
MipHO, Lie 3HA4YHO YCKNaHIE HACTYMHMA 06POBITOK IPYHTY,
MpY LUbOMY YTBOPEHI Banku CNpusiioTb aKTUBHOMY PO3MHO-
KEHHIO LLKIQHWKIB Ta NOLUMPEHHI0 XBOpoO. AKTMBHA poboTa
3 NOXXHUBHWMMM PELLTKN MOXHA NPOBOANTU 3 BUKOPUCTaHHAM
Mynevepa abo wrpurenbHoi 6opoHn [Zosymchuk, 2021].

BaxnnBow  BIgMIHHICTIO  TEXHOMOrIN  BUPOLLYBaHHS
€ Crnoci6 3apobky NOXHMBHUX pPeLuTKiB. BoHW iCTOTHO Bhnu-
BalOTb Ha JOCATHEHHS OMTUMANbHOTO KOHTAKTY MiX IPYHTOM

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcurteTty

Ta HaciHHAM. AKWO peLuTkiB 6arato, y Takomy Bunagky ix
noTpibHO 3apobnaTu rmmboko, o6 He YTBOPIOBANUCH Nepe-
LUKOAW Npw CiBGI HACTYMHOI KynbTypW, MPX LbOMY B TOW Xe
Yyac CTBOPHOBATM SIKHANCUIbHIWE iX NOAPIOHEHHS | nepeMmi-
LYBaHHA 3 FPYHTOM. Tun 3anuwkiB, a came: MOnepegHuK
BM3HaYyae CTyMiHb LWBMAKOCTI PO3KNagaHHA | HaCKinbKu
edheKkTMBHO BOHM 00pobneHi TexHikoto [Vaderstad, 2021].

Y cyvacHux peanisx YkpaiHu gucbanaHc rymycy Ha
HalMX KOMWUCb POAKYMX MOMSX € iCTOTHO Oinbll Hera-
TvBHUM. Lle 3 nornsigy Ha Becb OBCAr KiNbKIiCTb BHECEHUX
y rone opraHiyHmnx 4obpms. [Mpy LbOMY Y KpalLlli poku none-
PEOHBOro Nepioay y NPaKTWLIi Ha OAWH rekTap noss BHOCKIMW
opieHToBHO A0 10 T opraHiyHoro gobpuea pisHOro cknagy,
HE MOKPWBAKOYM LM MOXIMBOCTEN arpoKynbTyp mpu TuX
PIBHSIX BPOXaMHOCTi pocnuH. 3apa3 6a3oBoto CTaTTE Hag-
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XOMKEHHS Y I'PYHT CBIXOI OpraHiyHOl CKNafoBOi € NOXHUBHI
PELUTKW arpokynbTyp, SiKi MU BUpOLLYEMO. Ane 3a BEMUKMX
obcsariB BUPOLLYBAHHSA arpoKynbTyp i 3anuileHHs peLuTkiB
Ha Noni Jy»e ycknagHETLCA poboTa arpoTEXHIKU B LLiNoMy
[Makhdi al-Kaisa, 2020].

Mpu uboMy cnig 3ayBaXuTu, WO HaWbINbWKWA BNAUB
BOHM MaloTb CaMe Ha SIKiCTb NpoBefeHHs ciBbu. Posrnaaa-
oM SIKICTb CiBOU, CNiJ FOBOPUTH, SIK pa3 NPO KOHTAKT IPYHTY
3 HaCiHHAM. Benuka KinbKiCTb POCIIMHHUX PELLTKIB CTBOPHOE
CEpro3Hi nepeLukoan NOTPannsHHA A0 HACIHHS BOMOM
i NOXKHUBHMX PEYOBUH.

AHani3 ocHOBHUX gocnimkeHb i nyonikadin

Cieanka € ofHielo 3 HangaBHILLMX MALLUUH Y 3emnepob-
CTBI, KOTPY BUKOPUCTOBYIOTb [N151 NPOBEAEHHS CIBOU HACIHHS
y cepeposuLle. MMOpiBHIOYM 3 paHille iCHYUYUM PYYHUM
PO3KUAHUM CNOCOBOM CiBOM HACiHHA BUKOPUCTaHHS CiBarnku
[03BOSSIE BMEHLLUTY BUTPATY nociBHoro matepiany Ha 30%,
npuW LbOMY OOCAITU eKOHOMIT Yacy i 3aTpaTui npaui. Takox
nepeBarold MexaHisauii ciBbu € 3abesnedyeHHss TOYHOI
i pIBHOMIpHOI rMBWHKU 3aropTaHHs NOCIBHOrO Martepiany, Le
[o3Bonsie 36epertu iX Bi BNAMBY BITPY, 3HULLEHHS LLKIgHU-
KaMu, rpu3yHamu, nTaxamu i B pesynsrati oTpumaTti sKicHi
i APYXHI cxoaum.

lNepwe npumiTUBHE yCTaTKyBaHHA Yy BUMSAi HaCiHHe-
MoBOZY, 4aCcTKOBO AOMNoMarano nonerwmTu pyqHy BaxKy
npauto i noTiM cTano npoobpazomM NOCIBHOI MaLUWMHK, BUKO-
pucToByBasnocst BaBunoHsHamu ax y 1400-x pokax Ao H.
e. Jocnigxyroun apxeonoriyHi 3Haxiakv y Kutai, wo pary-
toTbCA NpubnuaHo novatkom 200-x pokiB Bxe H. e. (Yac
npaBniHHS AuHacTisa Jlio, iMnepii XaHb), BYEHi BCTaHOBUNH,
Lo Y TOW e yac poboTu 3 ciBbM NPOBOAUNUCS AEPEB’IHOLO
CiBanKoKW 3 BMKOPUCTAHHSAM [eEKiNbKOX HACiHHENpOBOAiB
y BUrnsgi 3anisHux Tpy6. i aBTopom ByB UMHOBHMK Yxao
lo. EkcnnyaTtytoun BKasaHy ciBanky, MoxHa Gyno nocistu
nnowy y Mexax 7 ra Ha AeHb. Pywiem B nogibHux cisan-
kax cnyxunu 6ynsonu abo sBonu. BuHaxia nossonue y Kutai
J0CArTU 3HAYHOTO NiABULLEHHS NPOAYKTUBHOCTI Y POCIUHHU-
UTBI i ICTOTHO NIABMLUMTM NPOQYKTUBHICTb BUPOLLYBaHHS
arpokyneTyp, NOTPIBHMX Ans 3abe3neveHHs KEK BENMKOro
HaceneHHs imnepii Ha NpoTA3i 6HaraTbOX TUCAYONITh.

CensHamu [HAiT nociBHi MalUMHU BUKOPUCTOBYBANUCS
MOBCIOAHO yxe nouuHatoun 3 XVI ctonitTi, y nepiog icHy-
BaHHg imnepii «Benukux Moronisy». Tak y €Bponi nepLia
nociBHa MallWHa, Ky, 3rigHo 3 JOKyMeHTamu, Byno BuHam-
fdeHo Kaminno Topenno, i 3anateHtoBaHa Yy BeHeuiaH-
cokomy CeHarti Bxe y 1566 p. KoHcTpykuis ciBanku byna we
J0CUTb HecTabinbHOH | HeHadiHoto. Mowwyku BinbLw gocko-
HanuXx pilleHb CiBanoK BENMCa Ha NPoTA3i AyXe TpMBarnoro
yacy, i opieHtoBHO 10 1700 poky 3'aBunucs focutb edek-
TWUBHI i HaZiNHI KOHCTPYKLII. Y nepiog BputaHcekoi arpap-
HOi peBontouii y AHrnii, arpoHoM [Ixetpo Tann npeseHTy-
BaB CBOK MOAEfb CiBanku 3 BUKOPUCTAHHSIM KiHHOI TAry,
3a ONOMOrOK SIKOi HACIHHA NO MeTaneBuM HaCiHHEMPOBIA,
OCHALLEHUM HWXHIM KnanaHoM, NoTpannsnuv B 3eMnto pis-
HOMIpHO, PiBHUMM psgaMu.

XapakTepHolo 0COBNMBICTIO CTBOPEHHS CiBanok € Te,
L0 HaBiTb NiCNS CTBOPEHHS ciBanok Tanna pyyHui cnocio
ciBOM HaCiHHS 3anuwaBcs B pobOoTi LLe He MEeHLUe CTOMITTS.
AKTVBHE BUKOPUCTaHHS NOCIBHUX MALLMH Novanocs B cepe-

AnHi XIX cToniTTs, B 4Yac, KOnM OOCAMMM BUCOKOMO PiBHS
pO3BUTKY ranysi NPOMWCIIOBI MeTanypris (LUTaMnyBaHHS
MeTany Ta KyBaHHs) i MalmHobydyBaHHa (Bepctatu, Lo
3abeanevyBanu BUNYCK BENUKOrabapuUTHUX TOUHUX MeTane-
BUx aetanen). MNporpec y HayLi i TexHiLi 4O3BONUB 3pobUTy
BUPOGHWLTBO MNOCIBHUX MALUMH JOCKOHANMM i €KOHOMIYHO
BUTOHUM.

ManorabapuTHi By3bKOpsIAHI ciBanku, ski NpUBOAATHCA
B pobOTY Bif KIHCbKOI CUIK, SIKi B 3eMnepobebkux rocnoaap-
cTBax nepesaxanu fo 1930-x pokis, npu 3anycky y poboty
TPaKTOpiB, 3aMiHIOBANUCb  LUMPOKOPSAHUMU  MOCIBHUMMU
MawuHaMn 3 6iNnbLUo NPOAYKTUBHICTIO Ta 3 BinbLumMmm
rabaputamu. Poboua umnprHa 3axsaTy CiBankum — Le OAuH
3 HaMBaXIMBIMX NOKa3HUKIB Ti poBOTK, SKUA BKa3yETLCS
y Mogumdumkadii I MapkyBaHHs. Yum BULLA LUKMPWHA 3axBaTy
cMmyry, TM Binblua NPOAYKTUBHICTb MALLUMHHOIO arperary,
TUM MeHLLE Yacy BUTpayaeTbes, LWob npoBecTn CiBby Ha
Takin e nnoLyi nons.

3anexHo Big Tuny TArMOBOI CWUMKM, SIKa MPUBOAUTHL
MOCIBHY MaLLUWHY B PyX, iCHYIOTb:

— KiHHi Ta pyyHi ciBasku, siki BXe BTpaTWUnW akTyasbHiCTb
Y Cy4acHOMY arpoB1POBHULTEI;

— TPaKTOPHI, SKi NOQINAIOTLCA Ha HaBICHI, HaNiBHABICHI
Ta NpudinHi;

— CamOXiZHi ciBanku.

B arpapHOMy CeKTOpi Ha CbOroAHILLHIN AeHb Hanbinb-
LUOrO MOLUMPEHHS 3006yNnn TPaKTOPHi ciBanku, Ski 3a CBOIM
NPU3HAYEeHHAM MOXHa NoAinuTK Ha:

— YHigepcaribHi, SKi BUKOPUCTOBYIOTL ANs CiBBY 3epHo-
BUX, 3epHOBOBOBUX, TEXHIYHUX, ONINHMX KYNLTYP, KOPMOBUX
TPaB Ta iHLLUKX; X BUKOPUCTOBYIOTb NS pO3KuaaHHS obpus
nopoLukonoaibHoi abo rpaHynboBaHoi (hopMuM Ta BarHa;

— cneyianbHi BUKOPUCTOBYIOTLCS AN CIBOW KynbTyp
oaHOro Byab-gKoro BU3HaYeHoro Buay abo AeKinbKOX 3 HUX;

— Kom6iHoeaHi, 0bnagHaHi, OKpiM HaCiHHEBOIO anapary,
LLe 1 TYKOBWCIBHUM, MPU LIbOMY BOHWU MOXYTb 34iNCHIOBATH
OQ}HOYACHO MOCIB | BHECEHHS B IPYHT i 4OOpUB.

Ciganku BigpisHsOTbCA | 3a cnocobom ciBbu, sKuii
BU3HAYAETLCA Yy 3aNEXHOCT Big Tuny i rubpugy um copty
arpokynsTypu, ocobnueocTe ii BereTauii, Bif I'pyHTOBO-Kni-
MaTUYHUX YMOB BUPOLLYBaHHS. 3rigHO 3 Li€to Knacudika-
Lielo y arpoHOMii BMPI3HAIOTb CiBanku 3a TUNOM: PSQOBI,
MYHKTUPHI, KBaApaTHO-THI3A0BI Ta PO3KUAHI.

Psidoeuti — Lie cnocib ciBbu, 3a SKOro HaCiHHS 3 KOXHOMO
HaCiHHENPOBOAA BUCIBAOTLCSH Y ['PYHTOBE CepenoBuLle
Ha OfHaKoBY MMOUHY PIBHUMMW psiaami 3 TOYHO BU3HAYE-
HUM MDKPAAAAMU. Y CyvacHUX yMOBaxX Lie OCHOBHUI Cnoci6
ciBbn arpokynbstyp. BiH BMKOPUCTOBYETLCA ANS 3€PHOBUX
arpokynsTyp NpU CyUinbHin ¢iBbi i AN npocanHux (psako-
BUI, LUMPOKOPSIZHWIA, CTPIYKOBUIA).

Ona yso020 muny ciBGKM WMpMHA MDXpSOb CKnagae
Big 10 cm go 25 cm. Len cnocib HanuacTilwe 3acTocoBy-
€TbCA AN ciBbu 3epHOBMX KynbTyp. lNpu BenukMx nocis-
HUX NMOLLaX BCTAHOBMIOETLCS LUMPWUHA MDKPSOb Ha PiBHi
12,5-15 cM, a KpOK MiX HaCiHHSM B psy NOBMHEH CTaHO-
BUTK He Ginblue 1,5 — 2 cm. HeobxigHo 3abe3neunTn man-
OYTHI pocnuHM KpaliMMm JOCTYNOM CBiTna, Bonoru, 36inb-
WATW MMOWY >KMBMEHHS, TaKoX YacTo 3aCTOCOBYETHCH

psinoBa nepexpecHa cisba, konu 50% HopMmu BUCIBY CitoTb
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Y3[0BX, @ 2-ry YaCTUHy — y nonepek psgis nons. Mpu ubomy
Takuii cnocib cisbu mae Heponiku:

— Tpygosartpar,

— 36inbLUeHHs 36iMbLUYIOTLCA TEPMIHW MOCIBY,

— 3pOCTaE nepesuTpaTa Nanuea,

— MNPOXOMKEHHS TPaKTOpa ABOPA30BE,

— HepiBHOMIpHICTb CiBOM B MiCLiSIX NepeTUHY psgiB.

IcHye nepexpecHo-giaroHanbHUiA cnocib ciBbu sk oauH
3 BapiaHTiB NepexpecHoro psiaoBoro.

Psdosutli 8y3bkopsiOHUU MOCIB — Lie KPOK MK MOCIBHUM
matepianom B psay 36inblyeTbes o 3—4 CM, TakUM YMHOM
MeHLLe 3aryLLeHHs NOCiBi B psiaax, Npuy Lbomy BinbLu By3bka
LUMpUHa MiXpaab (Ha piBHi 7—10 cwm).

Mpu TakoMmy cnocobi LwmpuHa Mixpaab 3pocTae ao
90 cMm, 3a paxyHOK 4oro arpokynbTypa 3abesneuyTbcs
36inblueHo0 nnoweto xuBneHHs. Llen cnocib 3acToco-
BYETbCS ANS NOCIBY NpOCanHUX KynbTyp, SiKi BUMarailoTb
[100aTKOBOro BHeceHHs fobpus i 06pobkn 33P B nepioa
BereTauii.

Psaokosuin abo cTpidkoBuMiA cnocib ciBbu Bigpi3HAETLCA
BiJ NPOCTO PSA0BOrO WMpUHOK Mixpsaas (30—40 cm). Take
MiXpSAOsS Jae MOXNUBICTb NPOBEOEHHS NepeanoCciBHOMO
06pOBITKY TPYHTY: pO3nyLlyBaHHS | AodaTkoBux 06pobok
npu 3acmideHocTi nociBHux nnow. Psagkosui abo cTpiy-
KOBWI C€nocib nociBy 3acTOCOBYETLCA ANS CiBOU MOpKBY,
umbyni, npoca, BypsKy Ta iHLWMX KynbTyp, Hanpuknag aes-
KUX BUAIB NiKapCbKMX POCIIUH.

MHisgoBuin abo kBagpaTHO-THI3AOBMIA CMOCIO, CyTb SKOMO
nonsrae B CiBGi HAciHHS rpynamu, siki piBHOBigAaneHi ogHa
BiO 0ZHOI y psaakax. Npyu UbOMY SKLIO B NPOCTOMY rHi3go-
BOMY €nocobi Ui rpynu BiZHOCHO OAMH OZHOMO 3MiLLYHTbCA
B KOXXHOMY HOBOMY NpoXoZi NOCIBHOT MaLLMHK, TO NpW KBa-
[paTHO-THI300BOMY BOHU PO3TALLOBYIOTLCS YiTKO Y BepLUK-
Hax YMOBHWX KBaZpaTiB BU3HAYeHOro po3mipy. Takum crnocio
BUKOHYBABCS (paxiBLaMM BUCOKOT kBanidpikaLii i 3acTocoBy-
BaBCH PiaKO, OHAK J03BOISIE NPOBOAUTU OBPOBITOK FPYHTY
B Oydb-AKOMY HanpsiMKy, BWKOPUCTOBYIOUM cheLiasbHi
MexaHi3MU i cnev, TEXHIKY.

OpHosepHoBUI abo MYHKTUPHWIA cnocib nocisy npo-
BOAWTLCS cneuianbHUMK ciBankamy 3 BENUKOD LUMPUHOKD
npu TOYHOMY BUCIBI i 3abe3nevye HesaryLleHi, piBHOMIpHI
€X0au, SK pesynerar Le He BUMarae 4ofatkoBux pobiT no ix
06pobiTky (NpopidxyBaHH0). Takun cnocib foCKoHanILLKA,
HiX psiaoBuMiA. 3aCTOCOBYETLCA ANs BUCIBY BypsikiB, COHAXY,
KYKYpyasu Ta iHLIUX KynbTyp.

BukopuCTOBYIOTbCA | PO3KMAHI CiBanku [Ans nocisy
HaCiHHS | ANS po3citoBaHHA O6PUB NO NOMH.

3a cBoeto Gy0BO BCi CiBanku Cxoxi. BoHW ocHaLLeHi
TakMuMM OCHOBHWUMMW efnieMeHTamu i By3namu: GyHkep Ons
HaCiHHS, BWCIBalOYMIA anapat, HaCiHHEMPOBOAW, COLUHWUKM
i nmpuTuCKavi npuctocyBaHHs. Mpu LbOMY ciBanku Bigpis-
HAKTHCA 32 COLUHMKaMWU (OMCKOBI, KOTKM, ©0p0o340oyTBO-
proBaYi, NeMiIHOro TWmy), BWAYy HaciHHenposodis (cni-
panbHO-ApPOTOBI, TpybyacTi, rodpoBaHi, BOPOHKONOAiGHI,
CnipanbHO-CTPIYKOBI) NpuHUMNY poboTu [o3ytounx anapa-
TiB (MexaHiYHWiA, NMHEBMATUYHMIA) Ta iHWMX 0COBNMBOCTEN
YCTaTKyBaHHS.

lNpu obrpyHTYBaHHI NOTPIGHOI MoaenNi ciBanku cnig Bpa-
XOBYBATW HafiHICTb B eKcnnyaTauii, NpoCTOTY i eKOHOMIiY-
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HICTb MpW 06CnyroByBaHHi, NPOAYKTUBHOCTI, SKOCTI i TOY-
HOCTi BUKOHaHHS CiBbW.

3agaya focnimKeHHs — OLiHIOBaHHS BNMVBY Ha BpOXan-
HICTb POCNMHHKX PELUTKIB, L0 3anuwialoTbes y 6oposHi nig
yac nocisy (puc. 2). 3anuLLK1 CTapux arpokynbTyp y NOCIBHIN
60po3Hi MOXyTb Nepebupatyt Ha cebe Big HaciHHS BOMOry Ta
NOXHWBHI €NEMEHTU, YTBOPIOBATU Kaninspu Ta noripLIysaTy
KOHTaKT NOCIBHOrO Matepiasny 3 'pyHTOM. YCi Li YAHHWUKM CYT-
TEBO MOTIPLLYIOTb BPOXAMHICTb KYKYPYA3M Ha 3epHO Ta Cro-
BINbHIOKTL i MPOPOCTaHHS. Y NpoBeaeHOMY AOCHIMKEHHI
6yne npoaHanisoBaHO BMMWB JaTu NPOPOCTaHHS, a CaMe:
KiNbKICHO OLLIHEHO BTpaTW YpOXaWHOCTI MPM Pi3Hi KiNbKOCTi
MICNSXKHUBHUX 3a5ULLKIB Y HACIHHEBOMY NOXi Nid Yac nocisy.

3acTocyBaHHA CUCTEMW PEryroBaHHS  NPUTUCKHOIO
3ycunns posropTadis nicnspkHUBHMX pewltok Clean Sweep.

OcHoBHa MeTa po3ropTadiB MICNSHKHUBHUX PELLTOK,
obnagHaHux cuctemoto Clean Sweep, € ounLLEHHS psAaKiB
BiJ MICNSXKHWBHUX PELLTKIB arpokynsTyp ctano oboB’si3ko-
BUM npouecom npu poboTi cyvacHoOi TEXHIKM NpPOBEOEHHS
ciBbM ana nigBuleHHs peHTabenbHocTi poboTtn. Yepes
30inbLUEHHS MIIOLL, Ta 3HAXOMKEHHS Ha X NOBEPXHi MacuB-
HUX cTeben, Ha SKUX KOXHOTO POKY BMPOLLYIOTb KYKYpyasy,
3pOCTa€ KinbKiCTb POCIMHHMX 3anuLLKiB, fKi HeobXigHo
noapibHoBaTK Ta BMAANATU 3 NOCIBHOI 6OPO3HW. PelTku,
LLI0 NOTpanunu B NocisHe noxe, 3abupatoTb Ha cebe Bonory
i CTaloTb NPUXMCTHUKOM Ans 30yaHukiB xBopob. Cuctema
Clean Sweep 3arnunbnioe BCTAHOBEHI PoO3ropTadi Nichsix-
HUBHUX PELUTKIB came Tyau, Kyau BOHW MakoTb ByTu, ans
TOro Wwob BigropTaTM POCAUHHI 3anuLIKK, a He TpyHT. 3i
3MiHO0 MONbLOBUX YMOB TPAKTOPUCT MOXE 3MiHIOBaTK NOSo-
XXEHHS LIMX PO3ropTaYiB 3a JONOMOrOK BCTAaHOBMEHMX pery-
nATOpiB, po3TalloBaHMX Yy KabiHi TpakTopa, nerko 3arnu-
Gntotoun ix e Binblue yum nigiimatoum ix.

[pyrvii eTan npoBefeHHs AOCNiAXEHb — BNAUB OpYX-
HOCTi i PIBHOMIPHOCTI CXOZiB KYKYpYA3u Ha 3epHO Ha BPO-
XaMHICTb.

MeToauka pocnigxeHb Ta 06roBopeHHs pesynbraTiB

OcHoBHa MeTa JocniguTy BNAUB APYXKXHOCTI NOSIBU CXO-
[iB KyKypyO3u Ha BpOXaMHiCTb. [Ins KOHTPOMO AaT nosisu
cXodiB BUKOPUCTOBYBaBCS «MeTof npanopuis» (puc. 1).
Konu pocnvHa nounHana 3'aBnsiTuce Hag noBepxHeto 3emni,
6ina Hei BcTaHoBnOBanM npanopeub. [ns no3HayeHHs
nepiogy CXOMKEHHS POCMWH BWUKOPWUCTOBYBaNM npanopui
YOTUPLOX PI3HUX KOMbOPIB.

Ha puc. 1 6a4Mmo HepiBHOMIPHICTb CXOAIB POCMWH, LLO
NO3HAYEHO Pi3HOKOLOPOBUMM NpanopLsaMu.

Y pocnigxeHHi BNAMBY Ha BPOXaWHICTb POCIMHHUX
3anuukis, WO 3anuwaloTbes y H6OposHi nig vac nocisy
npoaHaniaoBaHo BNMB AATU NPOPOCTaHHS, a came: Kifb-
KICHO OLiHEHO BTpaTW YpOXaWHOCTi NpW pPisHii Kinbko-
CTi NICNSXKHUBHUX 3aNWLWLKIB Y HACIHHEBOMY MOXi Mig Yac
nocisy (puc. 2).

AHanisom BCTaHOBMEHO, WO iCHYE KOHKpEeTHa 3anex-
HICTb BPOXaMHOCTi KyKyPYZ3u1 Ha 3ePHO Bifl KiNbKOCTi PELLTOK
arpokynesTypu, ska onucyeTbes PiBHAHHAM: y = 0,3422x +
63,459, 3 0OCTOBIpHICTIO anpokcumauii R2 = 0,9471.

BcraHoBneHo, Wwo Ha koxeH 1% 3MEHLUEHHS YucTOoTU
60po3HN BPOXANHICTb 3MeHLWyBanack Ha 0,45 u/ra. Ypo-
XaWHiCTb KyKypya3u 3miHoBanace Big 85 0o 98 u/ra, 70670
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Puc. 1. KoHTponb AaT nosiBu CXOAIB 3 BUKOPUCTAHHAM
«meToAy npanopuiBy
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Puc. 2. BnnuBe Ha BpOXalHiCTb POCIIMHHUX 3anuLLKiB,
O 3anuwwaKrTbesa y O0pOo3Hi nig yac nocisy

BTPATU BHACNLOK BENMKOI KiNbKOCTi peLTKiB y OOpO3Hi
caranu 13 u/ra.

OcobnuBICTIO EKCNEPUMEHTY € Te, L0 Y HbOMY PEeLUTKM
BKMaganucb TakM YMHOM, o6 BOHM 3HaxXoaunuch B 6e3-
nocepeaHbOMY KOHTaKTi 3 MOCIBHUM MaTepianom. KogHux
HWWX POCIIMHHMX 3anuLlKiB, PIBHOMIPHO PO3nodifieHnx
Mo BCin GOpPO3Hi, He Byno. ¥ TMMOBMX NOMbOBKUX YMOBaX
3anunLLKK, SK NpaBuio, Po3noAinatTeCA N0 BCbOMY MOCiB-
HOMY JOXi, 3@ paxyHOK 4Oro iX KinbKiCTb € 3Ha4HO Oinb-
LIOK, WO MpM3BOAWTbL A0 iCTOTHOrO 36inblUEHHs BTpaT
BPOXaNHOCTI.

Mig Yyac npoBeaeHHs focnigkeHb HAMK He BpPaxoBYBaBCA
CTYMiHb MOAPIGHEHHS POCIIMHHMX 3amnMLLKIB Ta MOPYLUEHHS
uinicHocTi ix cTebna pobourmm opraHamm arpoTeXHIKU.

OTpumaHi pesynsTati MarTb NpakTUYHY CrpsMOBa-
HiCTb. HesikicHnin 00poOGiTOK I'pyHTY Micnsi nonepenHuka,
3MiHa r'PYHTOBO-KMIMaTUYHUX YMOB, 3HWXEHHS PiBHS BioTn
Y I'PYHTi 3Ha4YHO BNANBAKOTb HA IHTEHCUBHICTb NEeperH1BaHHs
3anuwkiB nicng nonepegHuka. Matoun pesynstati fochi-
KeHb hepMep nnaHye sik NPOBECTU OCHOBHUI 06pOGITOK
IPYHTY | SKUM YMHOM BMKOPUCTOBYBATU NOCIBHI MaLUMHK ANs
OTPMMaHHS OMTUMAaNbHOTO BPOXalo.

HocnigxeHHs eqeKTUBHOCTI BUKOPUCTAHHA CUCTEMMU
perynioBaHHs MPUTUCKHOTO 3YCUMIS pO3ropTadviB MiChsk-
HuBHUX pelwTok Clean Sweep (puc. 4) npeacraBneHo Ha
PUCYHKY 3.

[locnigpkeHHs NpOBOAWMNMCE 3 BMKOPWUCTAHHS ribpuay
Dekalb. AHanizom BCTaHOBMEHO, LLIO BiACYTHICTb po3ropTa-
YiB NICNSXKHUBHUX PELLTOK NpW3Bena 4o BTPaT ypoXanHOCTi
1,4 u/ra, a BiONOBIAHI €EKOHOMIYHI BTPATW, MPW 3aKyMiBENbHIN
uini 7500 rpH/T, ctaHoBunn 1050 rpH/ra, NOPIBHSHO 3 3aCTO-
CyBaHHAM posropTadvi, obnagHaHux cuctemoto Clean
Sweep. 3acTocyBaHHS 3BUYAMHMX PO3ropTadiB MaBaryoi
KOHCTPYKLi TakoX NMpW3BENO A0 BTpaT ypoxanHocTi 31,7 1/
ra i BignoBigHux 3ouTkiB y 1275 rpH/ra.

[pyruii etan npoBedeHHs AOCMIAXEeHb — BMNUB OPYX-
HOCTIi i PIBHOMIPHOCTi CXOAiB KYKYpy43u Ha 3epHO Ha BpO-
XanHicTb (puc. 5).

Ha ocHoBi aHanisy npoBeaeHVx 4OCNimKeHb, 064YMCEHHS
Macu kadvaHiB nig vac 3bupaHHa Bpoxatr Oyno nobyamo-
BaHO pu1C. 5, Ha AKOMY MOKa3aHO BTpaTW BPOXato BHACMIOK
3aTPUMKM MOSIBM CXOAIB Y KOXHiN KaTeropii. Yepes HecTaH-
AapTHi NOroAHI YMOBU LibOr0 POKY POCIIMHK, LLO 3iiALLW HaKn-

niHiwe, BTpatnin 8o 20% BpoxanHocTi (puc. 6). PocnuhHu,

BicHuk CyMmcbKoro HauioHanbHOro arpapHoro yHiBepcureTty
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Puc. 3. focnipxeHHA eheKTUBHOCTI BUKOPMCTaHHA CUCTEMM PErynioBaHHSA
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Puc. 4. Bug 60po3Hu nicnsa 3actocyBaHHs cuctemu Clean Sweep.
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Puc. 5. Bnnue gpyxHocTi i piBHOMIpHOCTi cxoAiB KyKypyAa3u
Ha 3epHO Ha BpOXaWHiCTb
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Puc. 6. Po3mip ka4yaHiB y poCcnuH 3a NosIBOKO CXOAiB

LU0 3iMwnu y nepiog Big 18 0o 28 roguH nicns nepLmx cxogis,
3a3Hanu BTpar y 6,5%, a B nepiog Big 29 no 42 rognH — 8%.

BucHoBku:

1. [loBeaeHo, Lo iCHYE KOHKPETHA 3aNeXHICTb BpOXaii-
HOCTi KyKypyA3W Ha 3epHO Bif KiNbKOCTi PELUTOK arpoKysib-
TYpH, SIKa OMUCYETLCH piBHAHHAM: y = 0,3422x + 63,459,
3 JOCTOBIpHiCTIO anpokcumalii R2 = 0,9471.

BctaHoBneHo, Wwo Ha KoxkeH 1% 3MEHLUEHHSI YMCTOTM
60po3HM BpOXaMHICTb 3MeHWwyBanacb Ha 0,45 u/ra. Ypo-
XaMHICTb KyKypyasu 3MiHtoBanacs Big 85 go 98 u/ra, To6to
BTPATU BHACIMLOK BENMKOI KiNbKOCTi peLTKiB y OOpO3Hi
caranu 13 u/ra.

OTtpumaHi pesynerati MalTb NPaKTUYHY CrnpsMOBa-
HiCTb. HesikicHnin 00pobGiToK I'pyHTY micnsi nonepenHuka,
3MiHa rPYHTOBO-KMIMaTUYHUX YMOB, 3HWXEHHS PiBHS BioTn
Yy T'PYHTi 3HAYHO BMNMBAKTb Ha IHTEHCUBHICTb MEperHu-
BaHHS 3anWLLKiB MiCNsi nonepegHuka.

Matoun pesynsratv gocnigpkeHb, depmep nnaHye, sk
MPOBECTN OCHOBHUIN 0OPOBITOK I'PYHTY i SKUM YMHOM BMKO-
PUCTOBYBATU MOCIBHI MaLLMHU AN OTPUMaHHS ONTUMarb-
HOTO BpOXato.

2. BcTaHOBMEHO, WO BigCYTHICTb PO3ropTadiB MiCnsk-
HUBHMX PELLUTOK NpU3BEna Ao BTpaT ypoxanHocTi 1,4 u/ra,
a BiONOBIgHI €KOHOMIYHI BTpaTW, MpW 3aKymiBesbHIN LjiHi
7500 rpH/T, ctaHoBunm 1050 rpH/ra, NOPIBHSHO 3 3acTo-
CYBaHHAM po3ropTavi, obnagHaHux cuctemoto Clean
Sweep.

3acTocyBaHHS! 3BMYANHKUX PO3rOpTaYiB MnaBaryoi KOH-
CTPYKLUIii TaKkoX MpW3BEno A0 BTpaT ypoxawnHocTi 31,7 u/ra
i BignoBsigHux 36uTkiB y 1275 rpu/ra.

3. Ha nigcTaBi gocnimkeHb po3mipy KadaHiB y POCIMH
3a MOSIBOK CXOAIB BCTAHOBMEHO, LLO ONTUMANbHUA TEPMIH
nosiBv cxogis 5 AHiB. Y nepiog Big 18 0o 28 roguH nicns nep-
LUMX CXopiB, BpOXaWHICTb 3HM3MUNack Ha 6,5%, a B nepiog
BiA 29 0o 42 roguH — 8%.

4. Ha ocHOBi AOCHImMKEHHS EKOHOMIYHMX MOKa3HUKIB
nepeobnagHaHHs CiBaniok BCTAHOBIEHO, LU0 iX HeoOXigHO
aHanisyBaTu y KOMMeKci.

Cnig 3ayBaXuTt, LLO iICTOTHMIA BMIMB HA €PEKTUBHICTb
MPUAHATTA pilleHb LWOAO nepeobnagHaHHs CiBanok mae
nnowa rocnogapcTea, BPOXAMHICTb MOCIBHUX Tibpuais,

MOXINMBICTb HAJAHHS nocnyr 3 BUKOPUCTaHHAM ciBanku.
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Zubko V. M., Doctor of Technical Sciences, Associate Professor, Sumy National Agrarian University, Sumy, Ukraine
STUDY OF THE INFLUENCE OF THE PURITY OF THE SOWING FROW ON THE YIELD IN CULTIVATION OF

MAIZE ON GRAIN

Among the great variety of crops grown in the fields today, corn occupies a significant place. The spread of this culture
is due to the declared demand for it. Therefore, today corn is becoming one of the leading crops grown in different countries

and continents.

One of the main processes of growing crops in general technology is to ensure quality sowing.
Today, technologies that use all sorts of sensors to monitor the sowing and sowing of crops are becoming more common.
Precision Planting and John Deere are one of the main manufacturers of modern sowing equipment. In their arsenal
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there are a number of systems to ensure optimal sowing, the main of which today are:

— seed singulation on vSet sowing machines;

— use of Keeton seed clamps;

— application of mulching film;

— application of the Clean Sweep system;

— high-speed sowing of corn using the Speed Tube system;

— application of Delta Force system;

— application of the vDrive system;

— Furrow Jet openers.

The efficiency of using the Clean Sweep system during sowing is investigated. Crop residue management has become a
very important operation today to maximize profitability. Hard stalks and re-sowing of corn on corn create a fairly high density
of residues. The amount of residue can affect the humidity and the rate of warming of the soil in the spring. Plant remains
may contain diseases that damage young shoots. Therefore, string cleaners must remove them from the cuttings.

If there is enough residue, you can increase the pressure on the cleaners to remove debris. If there are few residues or
the soil is too soft, you can relieve the pressure on the cleaners so that they float on top.

The study used a new method of analyzing the effectiveness of sowing “Methods of flags”. As a result of the research,
the effect on the yield of plant residues remaining in the furrow during sowing was obtained. The conducted researches have
established the efficiency of using the clamping force control system of the Clean Sweep post-harvest residue spreaders.

Based on the analysis of the research, the weight of cobs during harvesting was calculated and the dependence of
friendliness and uniformity of maize seedlings on grain on yield was obtained, which shows crop losses due to delayed
emergence of seedlings in each category.

Key words: sowing of corn, quality of sowing, plant remains.

Lama Hadxo0xeHHs1 do pedakuii: 24.11.2021 p.
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Hamenep nocie € 00HUM i3 HallakmyarbHiwux 3aédaHb, came MoMy WUPOKO 3ampebysaHa yHigepcaribHa rocieHa mex-
HiKa, sika ogUHHa 3abe3neyumu pigHOMIPHUL PO3Modirn Yyuca POCUH Ha 0OUHUYFO rowi 0719 CMeopeHHsT 00OHaK08UX yMO8
PO38UMKY.

TeopemuyHi docnidxeHHs NPosoounU 3 BUKOPUCMaHHAM Memodie meopemuYHOI MexaHiKu, oropy Mamepiarie, meopii
UmoeipHocmi, MameMamu4Ho20 aHaniay U ModemnoeaHHs. []JocriOxeHHs MposodsimbCsl Ha OCHO8I YUCEHHOI peani3auji pig-
HAHb OUHaMiKu CyyinbHo20 cepedosuua y NPuKmadHuUX fMpoapamax iHxeHepHo20 pospaxyHky — CAE-cucmemax.

Y cmammi nposedeHuli meopemuyHul aHani3 83aemModii rpyHMOB020 wapy i3 nogepxHero pobo4yoz2o opaaHa cigasnku rid
BUKOHaHHSI MEXHOIT02iYHO20 MPOUECy 8UCI8y HACiHHSI 3epHOBUX Kysibmyp Ha cxunax. Ompumarnu cxemy cun wo Gitomb Ha
rpyHm nid Yac pobo4yoeo npouecy, cxemy cun ski 8iromb Ha wap rpyHmy nid yac pyxy e3006x cxusna, cxeMmy Ons 8U3HaYEHHS
napamempig pobo4OoI NAOUWUHU, NOYaMKOo8i i 2paHUYHi ymMosu e3aemodii pobo4o2o opaaHa 3 rpyHmosum cepedosuuiem. Pos-
anaHynu npouec 83aemModii pobo4020 opaaHa, KUl Mae ¢hopMy NIocKko2o 0802paHHOZ0 KIUHa, 3 IpyHmosumM cepedosuliem
nid Yac pobomu y 2opu3oHmarnbHit MAOWUHI i ompumanu cxemy cus wo Oitomb Ha rpyHmosul wap. 3 Memor 8u3Ha4yeHHs
MOBWUHU Wwapy rpyHmy, wo rnomparisie Ha poboyy nogepxHio poboyo2o opaaHa 306pa3unu 8ekmopHy Giazpamy WeUdKo-
cmi wapy rpyHmy, mobmo eu3Haqusnu criesidHoweHHs weudkocmel pyxy poboyoz2o opaaHa ma 8i0HOCHOI weudkocmi wapy
rpyHmy no pobouiti nogepxHi cowHuka. Ompumanu cxemy 3miHu weudkocmel wapy rpyHmy Ha cxunax. [ns 3Haxo0xeHHs
CUU MsAXIHHSA wapy rpyHmy, wo die Ha pobo4uli opaaH, 306pa3unu cxemy pobomu pobo4o2o opaaHa Ha cxusi i ompumaru
cxemy cun siKi iromb Ha wap rpyHmy Ha cxunax. [1id yac nepemiuieHHs1 pobo4o20 op2aHa 820py Mo CXUrly ompumMaru 3anex-
HiCMb CUNU MSXIHHA Wapy rpyHmy Ha nosepxHi pobo4o2o opeaHa ma cuniu nidnupaHHs 8id Kyma Haxusy cxura.

Po3ensHymo no4yamkoei i 2paHuyHi yMosu MameMamuy4HOi MOO€sTi meXHOM02iYHO_20 MPOUeCy, ma po3pobrieHo Memo-
OuKy peanizauii MamemamuyHoi MOOerTi MexHOI02iYHO20 npoyecy pobomu pPobo4o20 opaaHa Ha cxurax 3 PisHUMU 3Ha4Y€eH-
HSIMU Kyma Haxusy pobo4oi mogepxHi.

PospobneHo mamemamuyHy MoOesib MexXHOI02iYH020 npoyecy 06pobimky rpyHmy Ha pisHUX munax agponaHowagpmis
eKcriepumeHmarnsHUMU pobo4umMu opeaHamu. BcmaHosneHo noyamkosi ma epaHuyHi yMosu MamemamuyHoi Modesni mex-
HO/T02i4HO020 npouecy 06pobimKy rpyHmy 3 8paxysaHHSIM Haxusly pobo4oi MoO8epXHi Mosis.

Knrovosi cnoea: poboyuli opeaH, mexHonoeiYHull Mpouec, cyuinbHe cepedosuuie, ModesroeaHHs, cieba, 3epHO8I, Col-
HUK, Ghi3UKO-MexaHidHi enacmusocmi rpyHmy.

DOI https://doi.org/10.32845/msnau.2021.4.3
BeTyn. Ha cborogHilLHin AeHb NOCiB € OAHWMM 3 Hai- | 3abe3neynTn PiBHOMIPHUIA PO3NOAIN Yncna pocnuH Ha

aKkTyanbHiWWX 3aBAaHb, came TOMY LUMPOKO 3aTpe- | oAMHMLIO NioLwi Ansi CTBOPEHHS O4HAKOBMX YMOB PO3-
OyBaHa yHiBepcanbHa MOCiBHA TeXHika, sika MOBWMHHA | BUTKY.
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Byab-SKMA  COLWHWMK MOBWMHEH: OYWLLyBaTW MOCIBHE
noxe Bi4 OpraHiYHMX 3anuLUKiB; yknagatu HaCiHHSA
y NOCIBHMA TOPU3OHT; NIATPUMYBATW MNOCTINHY NUBUHY
NOCiBY; MaTu XOpolle CaMOOYMLLEHHS; NPUKpPUBATH
HaCiHHS JOCTaTHLOLO KifbKICTIO BOMOrOro rpyHTY; LIBMUAKO
NPUCTOCOBYBATUCH A0 3MiHHWX F'PYHTOBMX YMOB; MaTu
3axMCT Bl KAMEHIB; MaTW 3HAYHUI TEPMiH BUKOPUCTAHHS
(pecypc) i HU3bKi ekcnnyaTauinHi BUTpaT Ha obenyrosy-
BaHHS (Hevko et al., 2013).

MiaBMLLEHHIO NOBrOBIYHOCTi €NEMEHTIB NOCIBHMX MaLUWH
npucesyeHi pobotu B4eHux: B.B. AMocosa, J1.B. AHickeBunua,
A.l. borika, B.M. l'eBka, B.l. MacTtyxoBa, M.M. lNeTpeHka,
B.M. Cana, IN.B. Cuconina, M.O. Csipens, H0.9. NaBenb-
yyka, A.B. Pyas Ta iHWMX HaykoBLiB.

3okpema B.M. TeBko y cBOI npausx BUPILIMB Taki
3aBaHHs: NiABULLIEHHS HAAINHOCTI Ta NPOAYKTUBHOCTI OAHO-
3epHoBWX BUCIBHKX anapariB (Hevko et al., 2013; Hevko et
al., 2014; Hevko, 2012); pospobka moaeni pyxy YacTUHKM
BuciBHoro matepiany (Pavelchuk et al., 2016; Lashyk et
al., 2017), wo fae MOXNUBICTb BU3HAYUTU KiIHEMATUYHI Ta
CUNOBI NapaMeTpum nig Yac B3aEMOAIi HACIHNHK 3 KOHIYHUMM
Ta NAOCKUMU BUCIBHAMMW JUCKaMK.

Y npaugsx B.B. Amocosa (Amosov, 2007; Kosinov et al.,
2012), B.B. AyniHa (Aulin et al., 2017; Aulin et al., 2016;
Aulin et al., 2016), A.l. Boika (Bojko et al., 2005; Bojko et
al., 2011; Bojko et al., 2006), M1.B. Cuconina (Sysolin et al.,
2008; Sysolinetal., 2007; Sysolinetal., 2015), M.O. CsipeHs
(Sviren et al., 2015; Lisovyi et al., 2015), BupiLweHi nuTaHHs
00r'pyHTYyBaHHs NapaMeTpiB BUCIBHWX anapariB NHEBMATWY-
HOI (MHEBMOMEXaHIYHOT, MexaHivHoT) 4ii, NigBULEHHS SKOCTI
Ta HagiiHocTi ix poboTy.

Pobotn B.M. Cana (Pavelchuk, 2009; Luzan et al,
2012), 0.0. Maeenwbuyka (Salo et al., 2010; Hevko et al.,
2016), Ta A.B. Pyasa (Rud et al., 2009; Rud et al., 2010),
HanpaeneHi Ha BUPILLEHHS 3aBAaHHSA 0BrpyHTyBaHHA napa-
MEeTpIB COLUHUKIB Ans CiIBOU KynbTyp Ta NigBULLEHHS PIiBHO-
MIpHOCTi po3noginy HacCiHHS B I'PYHTI.

Ha cboroaHillHiN AeHb ANS BUBYEHHS TEXHOMOTYHOrO
npouecy B3aemogii pobounx opraHis 3 rpyHTOM 6epeTbcs
[0 YyBary KOHUenuis Ta CUCTeMO-aHanoroea Mogenb
(yHKUiOHYBaHHA  KOMBiHOBaHOro  r'pyHT006p0o6HO-Mo-
ciBHoro arperata (Hrushetskyi et al., 2021) abo neBHa
Mogenb FPyHTY, fKa ONUCYETbCA (PI3UYHUMKU SBULLAMU
WO B HbOMY BiAbyBaloTbCs, 3 JOCTATHLOK MMOBIPHICTIO
HabnuxeHow [0 peanbHoro ctaHy (Naumenko et al.,
2017; Derkach et al., 2017).

Matepianu i meToam gocnigxeHHs. ig yac moge-
NIOBaHHSA TEXHOMOriYHoro npouecy o6pobiTKy rpyHTY,
6epyTb OO yBaru cyuinbHe cepefosuuie WO Aedop-
MYETbCS, Ta 34INCHIOETLCA peanisauis y nporpamHux
KOMMMeKcax 3 MeTOK OdepXaHHA po3paxyHKOBOI Nio-
WKHKU. FK BiAOMO, PO3PaxyHKOBOK MMOLMHOW € 06’eM
NpocTopy, ANS SKOro 3afaHo PiBHSAHHSA MaTemMaTUyHol
mogeni Ta BW3HAYeHO MOYaTKOBI i rpaHUYHi ymoBu i
yHKUioHyBaHHA. 3a3Buyall po3paxyHKOBa MNMOLMHa
Ans  3aBdaHb 0OpOGITKY rpyHTY npeacTaBnseTbCs
y BUINAAi napanenorpama, po3mipu CTOpiH SKoro 3ane-
XaTb BiJ 30HW Aecbopmadii r'pyHTY poboyum opraHom
AKUIA pO3rnsgaemo.

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcurteTty

TeopeTuyHi JOCMIgXEHHS NPOBOAWNYM 3 BUKOPUCTAHHAM
MeTofiB TEOPETUYHOI MexaHiku, onopy marepianis, Teopii
MNMOBIPHOCTI, MaTemMaTU4yHOro aHanisy W MOOEntoBaHHSI.
JlocnimkeHHs NpoBOAATLCSA HA OCHOBI YMCNEHHOI peanisa-
Uil piBHSIHb AMHAMIKM CYLINbHOMO cepefoBuLla y npuknag-
HUX Nporpamax ilxeHepHoro po3paxyHky — CAE-cuctemax,
Hanpuknag, y nporpamHux komnnekcax FlowVision, Ansys,
Solidworks Ta iH.

Pesynkratn gocnimkeHb. CucteMa piBHSHb AMHAMIKK
AethopmoBaHoro CcyuinbHoro 6aratoasHoro rpyHTOBOMO
cepefoBulLa Yy BOOCKOHANEHOMY BUMMSAi 3anulemo Tak
(Naumenko et al., 2017)

av, dv,

i i

dt  dx

av, , v 1(dp ol

Vv, LV, LV, =F ——| — 1+5 VeV, (i =
T T P(di)+( +Sa UV (i=xy.2), (1)
P aiv(pv)=m,

dt

ne o, = 0,3...0,7 — koediLieHT BMICTY TBEPAMUX YacCTU-

HOK Y I'PYHTI;
2 2 2
vy =
dx dy dz

MogaHHs uiei mogeni y pobotax (Naumenko et al., 2017;
Derkach et al., 2017) 3giiicHeHo 6e3 BpaxyBaHHs Mikpope-
nbedy rpyHTY, TOOTO NOBEPXHA po3rmsiganach sk YMOBHO
PIBHOKO — rOPU30OHTanbHOW. Tak, nig 4ac BUKOPUCTaHHS
Yy peanbHUX YMOBax, Ha XapakTep NepeMillleHHs FPyHTY
po60oYMM OpraHoM 3AiACHIOE BNAMB 3MiHW HanpsiMy pyxy 4is
CUNW TSXKIHHSA, BIZHOCHO NOBEPXHi pobo40ro opraHa.

Mig yac poboTK NOCIBHMX arperaTiB Ha CXMax Ha xapak-
Tep nepeMilleHHs I'pyHTY pobounM OpraHoM  3AiMCHIOE
BMMMB 3MiHA HanNpsMy Aii CUnM TSHKIHHS BiGHOCHO po6oyoi
NOBepXHi cowmka. ToMy nig 4yac MOAENoBaHHA MpoLecy
B3aemopii pobo4oro opraHa 3 LWAapoM FpyHTY Ha cxunax
HeobxigHo OpaTi [0 yBaru, L0 COWHUK HaxMNseTbes Bia-
HOCHO BIpPTUKaNbHOI OCi Ha KyT Haxuny penbedy 0, Wwo
CMOHYKae [0 3MiHM TEXHOMOriYHMX MapamMeTpiB poboyoro
opraHa BigHOCHO rOPM30HTanNbHOI NIOLLMHM.

Mig yac BuMKoOpWUCTaHHA poboYoro opraHa y BUPOOHU-
YMX yMOBaX, Lo Mae popMy CTpinyacTtoi nanu, r'pyHT byne
nepemilLyBaTCst B3OBX CUMN HOpManbHOI peakuii pobo-
yoro opraHa N nia kytom B fo BepTukani i byge cxogutu
CUMETPUYHO Ha ABa GoKM.

PosrnsiHemo pyx arperata no noxunin nNoBepxHi nons

(puc. 1).

- nannaciaH.

Puc. 1. Cxema cun Wo Ail0Tb Ha FPYHT
niA yac poboyoro npouecy
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Ak Mu 6a4Mmo, ANs HWXKHBOMO Kpuna nanu KyT Bigxu-
NEHHs cunu Big BepTuKani byae piBHUM

Ky =B+ Q+vyy, (2)
Tak, ANS KNWHA SIKWIA LUTOBXAE I'PyHT BBEPX (BEPXHE
KPUIO COLUHMKA) OOepXUMO

Mgy =B—Q -y,
ae Q — KyT Haxvny mikpopenbedy, rpag,
y, —nonepeyHe BiAXUIEHHS 3a paxyHoK GOKOBOT cunu,
rpag.
KyT BioxuneHHs y, nigvac pyxy arperarta B3[0BX ropu-
30HTaNEN BU3HAETLCS:

)

_ sinQcospP
cosg,

(4)

[€e TEXHOMOTIYHMIA KyT BCTAHOBIIEHHS pOOOY0i NOBEPXHI
[0 FTOPU3OHTaNbHOI NIOLWMHK €, 3HAXOAUMO 3 BUpa3y
sinp
sin(B£Q)’
Mig yac pyxy arperata B3gOBX CXMITy TakOX BWHUKAE

BiAXMIEHHS Aito4oi MK B HanpsaMi pyxy nig dieto cknagosoil
CUINKN TSXKIHHA IPYHTY (puC. 2).

tgy,

tgy, =tgy ()

Puc. 2. Cxema cun ki A4itoTb Ha Wap rpyHTy nig yac
PyXy B34OBX cxuna

£k BUOHO 3 pUCyHKa 2, piBHOA 04 CUIl _Rpu nip 4ac pyxy
pob0YOro opraHaB 340BX CXUIY AOHU3Y BiOXWNSETLCH Big
HopMarni Ha KYyT @+ y,, e KyT y, BU3HA4aeMo 3 BMpasy

gy, = sinQcosa
> cosg,

QHNOriYHO BU3HAYAEMO BENNYMHM g, Ta v,

tg(o+Q) siny

tg82 = tg8 - 3
tgo.  siny,
sin(o+Q)

gy, =tgy————.
Sina.

Takum ymHOM, Mig yac 0bpobiTKy cxuniB pospaxyHkoBa
MMOLLMHa B NOPIBHSHHS 3 pOBOTO Ha piBHIN NoBepxHi byae
matu cBOi napametpu (puc. 3).

MiHimanbHa BiacTaHb L, Big pobo4oro opraHa Ao Cri-
HOK pobo4oi nrowmHn (napaneneninega) y MO3QOBXHIN
nnowmHi byay BU3Ha4YaTVCh

L, =atg(atoty,),
Je a — mubuHa xoay poboyoro opraHa, M.

(6)

Puc. 3. Cxema ans BU3HaYeHHA napameTpiB
po60o40i NNOWMHK

3 BpaxyBaHHAM BW3HAYeHOro KoediuieHTa 3anacy,
SKWIA BpaxoBye HEOAHOPIOHICTb MPYHTOBOrO CepedoBuLa,
a TakoX (PYHKUiO AMHaMIYHOrO hakTopa TUCKY I'PYHTOBOTO
LIapy MOXHa BU3HAUNTU JOBXUHY PO3paxyHKOBOI NMOLLMHM

(7)

L,, =Scosa+k,L,

ae S — reoMeTpuyHmMiA poamip poboyoro opraHa, m;

k, =1,5...2 — xoediLieHT 3anacy.

LWnpuHa pobo4yoi nnowmHmu Bpo mae GyTn BiZNOBIgHOW
LUMPUHI 3axBaTy poboyoro opraHa 8,, a ToMy

B, =6, +atg(B+v,)+ag(p-v,). (@

Bucora po3paxyHkoBoi nnowmHu H . MaE OyTn GinbLuUoK
3a po3mip noboBoi NpoekLii poboyoro opraHa y BepTukarnb-
Hil MITOLLIWHI.

Micns BWM3HAYeHHA TrpaHuLb NMOWMHKA  HeobXigHo
BU3HAYUTV MOYATKOBI YMOBW NS NOAANbLMX OOCHIAKEHb.
B Hawomy Bunagky novyaTKOBUMK yMOBamu 3afamo 3Ha-
YEHHs1 LWIBMAKOCTI MOTOKYy poboyoro cepefoBulla Ha
noBepxHio poboyoro opraHa Vi Ha BXOAi y po3paxyHKoBy
nnowwmHy poboyoro opraHa, Ta isnKko-MexaHivHi Bnactu-
BocTi r'pyHTy (puc. 4) (Naumenko et al., 2017; Derkach
etal., 2017).

Mig 4Yac BW3HAYEHHS TPAHWYHMX YMOB AHA HACiHHE-
BOTO J10XX€ HEOOXiAHO BpaxoByBaTW TUCK 3i CTOPOHM HIDKHIX
wapie rpyHty. Llei Tuck BMHUKaE K onip 06’€MHOMY 3Mu-
HaHHIO I'PYHTY poboYMM opraHom. [1ns BUSHaYeHHs rpaHny-
HUX YMOB [jHa HACiHHEBOTO NOXe HEOOXiAHO BU3HAYUTM BEP-
TUKanbHY cuny S nepneHauKynbpHY AHY, WO BUHMKAE nig
yac gecopmallii rpyHTy.

Pp=10

Vo
a
: \ =
Pzl J [ v,
pep |4 T

[ERU—— (24
Fo = Voo W
X

S

Puc. 4. MovatkoBi i rpaHW4Hi yMOBU B3aemogii
pob6oyoro opraHa 3 I'PyHTOBUMM CepeaoBuLLEM

S Hacinege noxce
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Cuna nignupanHs W, Gyne aiatv 3a ABoMa HanpsmMamu:
B rOpU3OHTarbHOMY Y HanpsiMky pyxy poboyoro opraHa T,
Ta BepTUKanbHOMY S, O HanpasneHwWii Bropy.

BepTukanbHa ckanagosa BU3HaYaTUMETHCS

S =W,sino. = (Gcosa.tge + Gsina.) sina. .
Micns nepeTBOpeHHs o4epKyemMo BUpa3

sin2o

2

S :(Ih1 —%(sinqw sinoc)](tg<p+tga) B.pg . (9)

Mip yac poboT pobo4oro opraHa Ha Cxunax 3 HaxuIoMm
0 Ta nig vac pyxy B3AOBX cxuna Oyae npoxoguTu 3miHa
BEMWYMHKM cvnu nignupanHHa S. PosrnsHemo U cuTyalilo
nig Yac pyxy pobo4oro opraHa AOHU3Y B3AOBX CXMAY.

BogHouac npoxoguTb 3MiHa HanpsMmy BEKTOpIB LUBWA-
KOCTEMN 3a paxyHOK 3MiHW HanpsiMy abCconoTHOI WBMAKOCTI
PYXy LIapy IPyHTY Ha KYT @, BIGHOCHO HanpsmMKy pyxy po6o-
yoro opraHa (pwc. 5).

Puc. 5. Cxema 3miHu WwBuakocTen
Lapy IPYHTY Ha cxunax

Topi ToBWMHA Wwapy rpyHTY nepes pobo4YMM OpraHoM

Oyae Bu3Havatuch
cos(op+
h —a_08(0*Va) (10)
cos(a+¢+Vy,)

[ns 3HaXOMKEHHS CUNW TSOKIHHS LLAPy FPYHTY, WO Aie Ha
pobouuin opraH, 306pa3mmo cxemy pobotn poboyoro opraHa
Ha cxuni (puc. 6).

Puc. 6. Cxema cun siKi 4itoTb Ha Wwap rpyHTy Ha cxunax
3i cxemu BMAHO, LLIO
h? , . .
G= (Ih1 —71(Sln((p+\|12)+Sln(Q+(1))ijpg, 1)
a cuna nignnpaxHs
S =(Gcos(o + Q)tge + Gsin(o. + Q))sina,

OAEPKYEMO KiHLEBUIN pesynbTaT

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcurteTty

2
S= [Ihl —h?l(sin(<p+\u2)+sin(Q+oc))Jx W)
x| cos(a +Q)tge + sin(o. + Q) |sinaB,pg

Ha BenuuuHy nignupaHHs BNnMBarTb KyTW y Ta € pobo-
4oro opraHa (puc. 7, 8).

5 H
250
2,00 |
:
150 _ : .
20 s 4 26 &, Ipaj
Puc. 7. 3anexHicTb cunu nignupaHHa S Bif KyTa &,
konun y = 30°
S H
230 [ |
[ —
200 -—— ——— |
' |
I |
150 ! ' '
a0 k1| a 1 ¥ v, rpan

Puc. 8. 3anexHicTb cunu nignupaHHA S Big KyTa y,
Konwm ¢ = 30°

O6roBopeHHs. AHani3ytoun oTpUMaHi Aai, cnig 3ayea-
KWUTK, WO Nig Yac 3MiHM KyTa Haxuiy CXuna B HanpsiMi pyxy
poboYyoro opraHa CYTTEBO 3MiHIOKTHCA MOKA3HWKKA CUNK
TSXKIHHA LWapy rPyHTY Ha noBepxHi poboyoro opraHa. He
Gepyym 0o yBarv ckasaHe BULLE, 3ayBaXkUMO, LLO BEMUYMHA
nignupaHHs aHa OOpo3HM MPaKTUYHO 3anuLLaeTbes CTa-
BinbHOM0, a Lie CBOELD Yeprok Aae O0rpyHTYBaHHS — YMOBM
YTBOPEHHSI HACiHHEBOrO NOXa He 3anexaTb Bif penbedy
MiCLIeBOCTi Ta MiKpopenbeayy.

3Ha4YeHHs BENWYUHM MignupaHHa 36inblyoTbea i3
30iMblUEHHAM 3HAYeHb BULLE 3rajaHux KyTiB poboyoro
opraHa, WO Jae 3Mory oTpumatyt 30iMbLUEHHS LLiSIbHOCTI
HACIHHEBOTO NOXeE. TakuM YAHOM, MU Y3roaunu Ta yTOUHWIM
MoYaTKOBI i rPaHWYHi YMOBWM MateMaTU4HOI Mogesni TeXHo-
noriyHoro npouecy obpobiTKy rpyHTY Mif Yac BUKOPUCTaHHS
poboYoro opraHa Ha cxunax.

BucHoBKW. Po3pobneHo matematnyHy mMoaenb TeXHO-
noriyHoro npouecy obpobiTKy IPyHTY Ha pi3HMX TUNax arpo-
naHwadTiB ekcnepuMeHTanbHUMKU poboynMK  opraHamu.
BcTaHoBneHo noyaTtkoBi Ta rpaHWYHi YMOBU MatemaTUyHoOl
mozeni TEXHOMNOriYHoro npouecy obpobiTky rpyHTY 3 Bpaxy-
BaHHSIM Haxuny pobo4oi noBepxHi nonsi. Po3pobneHo meTo-
AWKy peanisauii MatemaTU4HOI Mogeni npouecy obpobiTky
IPYHTY Ha cxunax, sika Jae 3mMory BUKOPWUCTOBYBaTW Taky
mMaTemMaTWyHy Mofenb M 4ac BUKOHAHHS TEXHOMOTYHMX
pobiT Ha cxunax 3 pisHUM penbegoMm.
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bi6nioepachiyHi nocunaxHs:
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MODELING OF TECHNOLOGICAL PROCESS OF SOWING GRAIN CROPS BY OPENERS FOR DIRECT
SOWING ON SLOPE

Today, sowing is one of the most urgent tasks, which is why universal sowing technology is in great demand, which
should ensure an even distribution of the number of plants per unit area to create a level playing field.

Theoretical research was conducted using the methods of theoretical mechanics, resistance of materials, probability
theory, mathematical analysis and modeling. The research is carried out on the basis of numerous realizations of the
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equations of dynamics of the continuous environment in applied programs of engineering calculation — CAE-systems.

The article presents a theoretical analysis of the interaction of the soil layer with the surface of the working body of the
seeder to perform the technological process of sowing seeds of cereals on the slopes. Received a scheme of forces acting
on the soil during the working process, a scheme of forces acting on the soil layer during movement along the slope, a
scheme for determining the parameters of the working plane, initial and boundary conditions of interaction of the working
body with the soil environment. We considered the process of interaction of the working body, which has the shape of a
flat dihedral wedge, with the soil environment during work in the horizontal plane and obtained a scheme of forces acting
on the soil layer. In order to determine the thickness of the soil layer falling on the working surface of the working body, a
vector diagram of the soil layer velocity was plotted, ie the ratio of working body velocity and relative soil layer velocity on the
opener working surface was determined. A scheme of changing the velocities of the soil layer on the slopes was obtained.
To find the gravitational force of the soil layer acting on the working body, they drew a diagram of the working body on the
slope and obtained a diagram of the forces acting on the soil layer on the slopes. During the movement of the working body
up the slope, the dependence of the force of gravity of the soil layer on the surface of the working body and the support force
on the angle of inclination of the slope.

The initial and boundary conditions of the mathematical model of the technological process are considered, and the
method of realization of the mathematical model of the technological process of the working body on the slopes with different
values of the angle of the working surface is developed.

A mathematical model of the technological process of tillage on different types of agricultural landscapes by experimental
working bodies has been developed. The initial and boundary conditions of the mathematical model of the technological
process of tillage, taking into account the slope of the working surface of the field.

Key words: working body, technological process, continuum, modeling, sowing, grain, coulter, physical and mechanical
properties of the soil.
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CkopuueHko OnekcaHap IBaHOBMY
BUKNagay
BilicbkoBa akapemisi, M. Ogeca, YkpaiHa

Poboyuli npoyec KoYeHHs1 KOMICHO20 pyuwisi Cyrnpo8odXyembCsi HaBaHMAaXEeHHSAM KOJICHO20 pywis epasimauiliHow0
curoto, Wo npueodums A0 CMUCKaHHS ma po3msi2y8aHHs WUHU fpu if deghopmayii. Y cmammi po3ansHymi numaxHs ochi-
OXeHHs1 MexaHIiYHOI cucmemu «asmomobifibHe Koneco-npyXuHHUU peakmusHUU Mowmosx» i3 3acmocysaHHsIM meopemu
Mpo 3MiHy KiHemu4HOI eHepeii uiel cucmemu, 3a2anbH020 PiGHSHHS OUHaMIKU, a8 makoxX pigHsIHHA JlaepaHxa dpy2020 pody.

Memoto docnidxeHHs1 € yOOCKOHa/IEHHSI MEXHOS02IHHOI CXeMU Ha8aHMAaXXeHHST KOJTICHO20 PyWis, epemeopeHHs eHep-
aii nideedeHoi Ao KonicHO20 pywisi 8 0b6epmarnbHUl pPyX MPYyXUHHO20 PEeaKMUBHO20 NMoWmoexy 3 MideUUIeHHIM Ms208020
3ycunns aemomobins, sskul € 00noMiXKHUM ghakmopom A0 iHHO8aY,lIHOT MexHOMoaii (i020 NEPEMILEHHSI.

Haykosuli ma npakmuyHul Hanpsm pobomu rorsieae 8 MoMy, Wo ernepuwe 3anpornoHo8aHa MexHoso:2id, y AKil npu
obepmaHHi KoMiCHO20 pywis 3acmocoeaHo eHepeilo 0bepmarnbHO20 pyXy MexaHiyHoi cucmeMu «asmomobifibHe Kore-
CO-NPYXUHHUU peakmugHUU nowmoex», ska 00380/1s€ nidsuwumu peanisayiio KpymHo20 MOMEHMY Ha KOTICHOMY pyUWii.

Memodornozieto AocriOxeHHsI S8MSM0CS 8CMAaHO8UMU MameMamuyYHUU 38’130K MiXK CUJIOHN, SIKY CMBOPIOE «agmoMo-
6inbHUL KOMICHO-MPYXXUHHUU peakmugHUL nowmosx», 3 QUHaMIYyHOK pyxnusicmio 6e3rnocepedHb0o asmomobins.

Pesynbmamom 0ocnidxeHHs € po3pobrieHa KOHCMPYKUis asmomobins 3 QUHaMIYHO-PyXIUBOH NMIamgOpMOK Y YUK
OeMrighysaHHs1 «a8moMOOINIbHUM KOMICHO-NPYXXUHHUM peakmugHUM MoWmMOBXOoM» siKa rpauyroe npu «hisuqyHomMy AUCKOM-
¢hopmi onopHoi nosepxHin. [Mpu po3kpummi NOHAMMS «bizuyHUl AUCKOMGOPM OMOPHOI NOBEPXHi» bynu sUKOPUCMaHI
OugbepeHuiltiHi pigHAHHSA, SKi MameMamuyHo nidmeepdXyrmb BUHUKHEHHS] MaKoi MOBEPXHi 8 MEBHUX YMO8ax eKcrilya-
mauji aemomobins. Po3paxyHku npogodunuck 8 cepedosuwii EXEL 3 dompumaHHsaIM 368’93Ky MiX 8XiOHUMU ma 8UXIOHUMU
napamempamu. Pesynbmamu docniOxeHb Gynu enposadxeHi 8 epacpiyHux 3anexHocmsx n = J(F), d_ = [(i), P, = J(i),
F,=J(F),i=J(F).

LiHHicmb nposedeH020 AochifxeHHs, pe3dynbmamu rnposedeHoi pobomu A038079mb 3p0bumu 8HECOK 8 2arly3b aemo-
MobinbHO20 8UPObHULUMEA.

3anpornoHosaHo modesnib asmomobins npudamHa 01 BUKOPUCMAaHHSA 3 Memolo Nid8ULLEHHS MA208UX MOXusocmeu
mpaHcrnopmHozo 3acoby.

Knrovoei cnoea: ¢hisuko-mamemamuy4Ha mModesib, pywili, Koneco, KOmicHO-MPYXHUU KOMIeHcamop.

DOl https://doi.org/10.32845/msnau.2021.4.4

1. Betyn

TAroBo-34inHi BNAaCTMBOCTI MalTb BaXnuBe 3HAYEHHS
B ekcnnyarauii MobinbHMX 3acobiB, Tak K Big HUX B Ginb-
LUOCTi 3anexuTb NOro cepegHs WBUAKICTL pyxy Ta npaues-
JaTHicTb. 3a NigBULLEHNX 3HAYEHb TArOBO-34iNHMX BNacTu-
BOCTEN 30iNMblUYETLCH CepeaHs LWBMAKICTb, 3MEHLLYITHCA
BUTPATW Yacy Ha BMKOHAHHS pobOYOro Mpouecy, a Takox
NigBULLYETLCS NpaLe3faTHICTb MobinbHOro 3acoby.

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcurteTty

3abe3neyeHHs peanisauii TAroBO-34iNHMX BMaCTWBOC-
TeW 34iNcHI0E TpaHemicia mobinbHoro 3acoby. KoHCTpykuis
TpaHcMicii MOGinbHOro 3acoby B 3HaYHil CTeneHi BU3Hava-
€TbCS KIMbKICTIO MOr0 Befyymx MocTiB. HanbinbLworo pos-
NOBCIOKEHHS OTpUManu mMobinbHi 3acobu 3 MexaHiYHUMK
TPaHCMICiMU, SIKi MatoTb [iBa Y TPU MOCTH.

EBontoLis CTBOPEHHSI Ta PO3BUTKY MEXaHiYHUX Ha3eM-
HUX TPaHCMOPTHMX 3acobiB po3noyanacs Aekinbka TMCAYo-
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NiTb TOMY 3i CTBOPEHHS MEPLUOrO TUMY PYLLiIS — KOMICHOrO.
Pywiii — Le mexaHi3M, SKuii NepeTBOPIOE EHEPTilo ABUIyHa
ab0 iHLWOro 30BHILLHLOIO JXepena Yyepes B3aeMOfito 3 0TO-
YYHOUUM CepeaoBULLIEM B KOPUCHY poBOTY NO NepeMiLLEHHI0
TpaHCNOPTHOrO 3acoby, a B HALIOMy BWNaaky — 3paska
036poeHHs Ta BilcbkoBoi TexHiku (OBT). Ha uew yac icHye
LWiCTb HaWbINbLL PO3NOBCIOMKEHUX TUMIB PYLUIIB HA3eMHOI
TEXHIKM MATb 3 AKUX, 3HANLNAW B Till UM iHWIWA Mipi 3acTo-
cyBaHHs B 3paskax OBT 3actocyBaHHsa B komnnekcax OBT
Ha3eMHoro 6asyBaHHS NPOBIQHWMX KpaiH CBITY ANs Bpaxy-
BaHH$ npw po3pobui i 3akynieni nepcnekTusHMx 3paskis OBT
3C Ykpainu.

MepeMilieHHa aBTOMOGINS 3MiNCHIOETLCA 3a AOMOMO-
FOK KOMICHUX PYLUIIB, SIKi B HEMOBHI Mipi 3a40BONbHATH
BUKOHAHHS TEXHOMOMYHMX 3aBAaHb B 30HI HABMUXEHWX
[0 6ornosux. OCHOBHUM HELONIKOM SBMSETLCH BUKOHAHHS
BUMOI NepeMiLlleHHs] BiNCbKOBOro aBTOMOGINS B yMOBax
Ge3nopixoks, a B OesikuX BuMagkax HEMOXIMBICTb WOro
nepemiwerHs. [ns nigBuULLEHHS HaAiMHOCTI TeXHOMorii
nepemileHHs aBToMobins B ymoBax 6e300pixks po3pobku
¢haxiBLjiB CBITOBOrO piBHA CMPSIMOBaHi Ha YAOCKOHAMNEHHS
KOHCTPYKLT KONIiCHOTO pyLuisi.

3 MeTow nigBULLEHHS HAQINHOCTI NepeMilleHHs
BiliCbKOBOro aBTOMODGINS BIiTYM3HSHOrO BUPOOGHUUTBA
KpA3-5233 Hamu Byno 3anponoHOBaHO MaKeTHUI 3pa-
30K LbOro aBToMobinsg 3 MoAepHi30BaHUMK KOMiCHUMU
pyLisMu.

Benuki aBTomob6inebyaisHi ipmMu BUNyCKalOTb BEMNUKY
KiNbKiCTb BaHTaXHWX Liaci 6e3 ky3oBiB. Taka cuctema [os-
BOJISIE THYYKO pearyBaTyt Ha 3aKkasu CrnoXuBavis.

Y CLA y Bunycky cnewjiani3aoBaHOro BaHTaXHOro TpaH-
CMOPTY PO3MOBCIOMKEHI paMHi KOHCTPYKLLT 3 MOAOBXEHHSAM.
Y €Bponi nepe BaXHiCTb TOTO UM iHLIOMO TUMY pamu no aep-
XaBam, Jyxe pisHOMaHiTHa. Ane y Linomy 3apybGixkHi dipmu
NPeLCTaBNSATb CMOXMBa4YaM LUMPOKY ramy cneianisosa-
HMX aBTOMOOiniB, aBTOMOI3AIB, SKi BiANOBIAAOTL Pi3HOMa-
HITHUM BUMOramM.

[ns Ginbll eheKTMBHOrO BMKOPWUCTaHHS CneLiani3oBa-
Horo pyxomoro cknagy (CPC) HeobxigHe nmocTiiHe npose-
J€eHHS1 pobiT i3 yoOCKOHanNeHHs NOoro TeXHiko-ekcnyaTai-
MHMX NOKa3HUKIB.

OcHoBHi TeHaeHLUii possutky CPC nonsratots y TOMY,
Lo HeoBXiAHO BUKOHATW HACTYMHi yMOBM:

o PiCT KOpPWUCHOI BaHTaXONiANOMHOCTI;

e Pict WwBMaKocTi pyxy;

o 30inblUeHHs koediLlieHTa BUKOPUCTAHHS SOBXKUHM

_ OoskuHapamu L,
dosxuHaasmomobina L,

80

306inbLueHHs rabapuTHOI BUCOTW PyXOMOrO CKraay;
3HWXeHHS koediLieHTy CnopsamKeHol Macu

K - Maca CropsidXeHo20 asmomobing M.,
" mamanepesosumozosaHmaxy M,
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MigBULLEHHS MTMTOMOI MOTYXHOCTI
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2. AHani3 nitepaTypHuUX gaHWX Ta NOCTaHOBKa npo-
6nemun

OfHUM i3 HanpsIMKIB PO3BUTKY KOHCTPYKTUBHO 3akKiH-
YEHWX aBTOTPAHCMOPTHMX 3acobiB € Taki L0 CKadalThbes
3 [eKiNbKOX NaHutoriB 3'€AHaHMX Mixk coboto pisHOMaHIT-
HUMK npuctposmn. Taki naHuorn — ue YactuHm CPC, aki
MatoTb OCOBUCTY TPAEKTOPIKD PyXy Ta MOXYyTb ByTU aKTuB-
HUMM YY1 NACUBHUMN.

Ak Hanpsmok po3suTky CPC moxe ByTi 3anponoHoBaHo
CPC 3 aKTMBHMM, NacuBHUM Ta KOMBIHOBaHWM NPUBOOOM,
AKi BiANOBIAHO NPEACTaBNEHO Ha puc. 1.

2.1 AHani3 ocTaHHix gocnigxeHb Ta nybnikadin

TpaHcMicis cknagaeTbes 3i 34enneHHs, Kopobku nepe-
[auy, KapgaHHoro Bana, rofioBHOI mepedadi Ta Banis npu-
Boay 3afHix konic. [Ins nepenadi Ha Begydi koneca BMpO-
6nse mMoro ABWUYHOM KPYTHOrO MOMEHTY YCi KOMMOHEHTM
TPaHCMICIT NOBUHHI MpaLOBaT MakCUManbHO Y3romKeHo.
[lns UbOro BOHM 3’€QHYIOTLCS OAMH 3 O4HUM CUCTEMONO LUap-
HipiB, BaniB Ta wwecTepeHb. Y mMobinbHoro 3acoby (Petrov,
2014, 1-3; Petrov, 2015, ¢ 1-3), a Takox aHanoriyHo Mapkm
Mercedes ABUryH po3BMBaE LOCTATHIO MOTYXHICTb B BY3b-
KOMY fiiana3oHi YacTtoTu obepTaHHs koniHYacToro Bana. [ns
TOro, Wob Mercedes po3suBaB HeobxigHe TAroBe 3ycunns
nepeabavaeTbcst KOpobka nepedad 3 pizHO — MarHiTHAMM
nepeaaToqHUMM YuCnamu.

Hosi Tpaktopu John Deere cepii 9410R Ta 9460R
OCHalleHi 24 — LWBWAOKICHOIO MEXaHIYHOK TPaHCMICIEHD
PowerSync a6o 18 — wawuakicHoto JOHN DEERE Powershift
i3 cuctemoto Efficiency Manager, sika € ctaHgapTHoOW Ans
BCiX TYCEHWYHUX TPAKTOPIB i Binbl MOTYXHUX KOMICHWUX
mogZenen. 3aBasku NPpOCTOMY HATUCKAHHIO KHOMKK BiabyBa-
€TbCSA NnaBHe, 6e3 po3puBYy NOTOKY MOTYXHOCTI NEpeknto-
YaHHS nepegad.

Cwuctema Efficiency Manager gae moxnusicTb onepa-
TOPY YiTKO KOHTPOMNOBAaTK LUBUAKICTb PyXy (Ha BCiX mMoae-
nsx go 40 km/rog.), nerko Ta NPOCTO BCTAHOBMOWOYK T Ans
NONbOBMX | TPAHCNOPTHUX POBIT. NS Lboro 4OCUTb NPOCTO
NepPEMKHYTU LIBMAKICTb 3@ AOMOMOroK cnewiasnibHOro Koni-
LaTKa Ha BaXkeni nepekniovaHHs nepegau.

Y Hanbinbll LWMPOKO BWMKOPUCTOBYBAHOMY poBovOMY
nianasoHi Big 4,8 o 12,9 km/rog. mictutbea 10 nepegau,
a iHTepBan 3miHu wewuakocTi ctaHoButh 0,8 km/rog. PiBHO-
MipHUIA pO3noain nepefaToyHNX Ynicen Aae 3mMory ABUryHy
npautoBaT B ONTUMaribHOMY [Jiana3oHi YactoTu obepTis
KoMiH4YacToro Bana, a Lie, y CBO Yepry, rapaHTye HanbinbLu
€KOHOMHY BMTpaTy nanuea.

3aeasku PowerSync i PowrShift moxHa gocsartu nigsu-
LLEHHS NanuBHOI EKOHOMIYHOCTI Ta ONTUMI3aLlii NPoayKTUB-
HOCTI. TpaHCMicis 3MiHIOE HaBaHTaXeHHs Ha ABWrYH, aBTo-
MaTUYHO 3AilcHI0E BUBIp nepedavdi Ans pyluaHHs TpakTopa
3 MicLs Ta pyXx Ha BigNOBIHI LIBMAKOCTI Nig Yac BUKOHAHHS
nonboBMX abo TPAHCMOPTHUX onepaLii.

MakcumanbHa TpaHcnopTHa LWBMAKICTE NS KOMICHWUX
mogzenen ctaHoBuTb 40 km/rog., @ AnNs ryCeHUYHUX — 35 km/
rog.

Ha mopensix Tpaktopie 9510R ta 9560R y nnaHeTap-
HOMY MeXxaHi3Mmi BCTaHOBNEeHO abCconTHO HOBWUI ABOCTO-
POHHI peayKkTop, WO [ae 3Mory npautoBaTv LuBUALLE.

BicHuk CyMmcbKoro HauioHanbHOro arpapHoro yHiBepcureTty
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Puc. 1. Cxemu BaHTaXXHUX aBTOMOGiniB: a — CPC 3 akTuBHMM NpuBOAOM;

6 — CPC 3 nacMBHUM NpuBOAOM; B —

Lle sHWXye HaBaHTaXEHHS Ha BCIO TPaHCMICil0 B Linomy,
0cobnMBO Ha BHYTPILLHI cknagoBi Ta Ha 3ybyacTuii BiHeLb
i LWeCTEpHI0, @ TakoX 36inbLUye HadiNHICTb | JOBrOBIYHICTb
TpaHCMicii.

Tpaktopu Deutz — Fahr matoTb HOBY TpaHcMicito Sense-
Shift, ska BcTaHOBNEHa Ha TpakTopax 6-i cepii, — Benuyes-
HUN KPOK BMepen 3 TOYKKM 30py KOMOPTY ynpasniHHS Ta
npoaykT1BHOCTI. CucTema nepeMmnkaHHs Mig HaBaHTaXeH-
HaM Bynna nepepobneHa, noynHatoum 3 Kopobku nepeaau
i 3aKiHYylouM BaXxenem nepemMukaHHsa nepegad, ans Luewa-
KOi Ta 3py4yHOi 3MiHM LIBMAKOCTEN. Ane cnpasxHiM npo-
PMBOM MOXHa BBaXaTu Te, LLO 3 TpaHcMmicieto Sense-Shift
nepeMukaHHs nepeaay NpUMCTOCOBYETLCS A0 0COBNUBOCTEN
KOHKpeTHOiI poboTu. [Ins BoAisa Le abconoTHO HoBE Cnpuit-
HATTS, OCKIMbKM BiH BigYyBae NnuLle Nerke KonuBaHHS npu
nepexopi Ha HacTyNHWI CTYNiHb. Kpim Toro, 4ofaeTbcs HoBa
yHkuia Sense Clutch (4yTnuse 34enneHHs), ska gae amory
BOZIEBI 3rnafxyBaTy NOTIK NOTYXHOCTI.

o6 rapaHTyBaTu cTabinbHiCTb poboTu TpakTopa npu
opaHui abo Ha TpaHcnopTHUX poboTax, ONTMMI30BaHO
YNpaBniHHA TPAHCMICIEID: eNeKTPOHIKa Kepye NigKMHYEHHAM
MOBHOMO NpUBOAY i BrnokyBaHHAM AudepeHLiany 3anexHo
BiJ, LUBWMAKOCTI pyXy Ta KyTa NOBOPOTY KOFIiC.

TpaHcwmicis mae 6 gianasoHiB, kKOXeH i3 4 nepegayamu,
WO NepPeMUKaloTbCs Mif HABAHTAKEHHAM. TakuM YUHOM,
nepenbaveHo no 24 LWBWMOKOCTI B KOXHOMY HaNpsMKy pyxy
3 MOXIMBICTIO BCTaHOBIEHHS XOQ03MEHLUyBava, [OCTyn-

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcurteTty

CPC 3 koMGiHOBaHUM NPUBOAOM

HOMO ANS1 YOTMPBbOX HaWHWXYMX AianasoHiB, LIO 3aranom
cTaHoBuTb 40 + 40 WwWBMAOKOCTEN.

LLnpoke nepekpuTTa Nepeaad gae amory 3depiratv oguH
AianasoH B pisHWUX ymoBax poboT, B TO Yac Sk 3MiHa nepe-
[aJy BCEpeauHi OJHOro AianasoHy aBTOMATUYHO Perynio-
€TbCS CTaHOAPTHOIO (PYHKLIE, SKa € B KOXHIN MOAEeni.

TpakTopu P-Bepcii obnagHaHi aBTOMaTUYHO TPaHCMi-
Ci€l0, KOMU CMCTeMa eNneKTPOHHOTO KOHTPOMo Bubupae Bia-
MOBiAHI Nepefadi B KOXKHOMY AianasoHi, ONTUMIsyo4n npo-
AYKTUBHICTb ABUIYHA | CKOPOUYHOYM BUTPATY nanuea.

TpakTopu Lamborghini cepiin R8, R7, R6 Ta R5 matoTb
aBTOMaTU4Hy TpaHcmicito «PowerShifty 3 aBTomaTnuHUM
nepemMukaHHaM. ABTOMaTMYHOK KOPOBKOK nepeaay kepye
€neKTPOHHUI Bnok, akuin Bubupae 6e3 onTumarbHy nepe-
JaJy y BignoBigHOCTI 4O NOTOYHMX 3HAYEHb HaBaHTaXEHHS!
i yacToTM obepTaHHs KOMiHYacToro Bany B KOHKPETHMM
MOMEHT Yacy. lNepemukaHHs nepedady B cepii R8 3gincHio-
€TbCH aBTOMATWYHOrO NiA HaBaHTaXeHHsAM 6e3 pospusy
MOTOKY MOTYXHOCTI, WO A03BOMNsiE onepatopy OyTu NoBHi-
CTHO 30cepemxeHnm Ha pobori (Vikovich, Cherevko, Zinko,
2018, 166; Zinko, Kraiynik, Gorbaiy, 2019, 256; Kubich,
2020, 195).

3. Meta Ta 3aBaaHHA QocnimkeHHA

Meta: YoockoHaneHHs TexHonorii nepefadvi KpyTHOro
MOMEHTY Bif ABUryHa OO KOMICHWX PYyLWiiB LUAISIXOM CTBO-
PEHHS HOBOT KOHCTPYKLT TpaHCMiCii MOBinbHOro eHepreTny-
Horo 3acoby.
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3aBaaHHA: Po3pobuti KOHCTPYKTOPCHKO-TEXHOMOTIUHY
KOHCTPYKLt0 TArOBOro 3acoby 3 BCIOAMXIOHUMU KOMICHAMM
pyLismu.

BuknapeHHsA HOBoOro matepiany

Cnocib «MBMHTOPYX» NepemilleHHst MobBinbHoro 3acoby
(puc. 2) 3AiACHIOTL TakUM YMHOM: B ABUryHa 1 KpyTHUI
MOMEHT 3a JOMOMOrol0 34ENNEHHs 2nepefaeTbCs rBUHTO-
BoMy Bany 3. BUHTOBWI Ban 3 3a JOMNOMOIOI0 BTYNOK 4 Ta 5,
nigwmnHukiB 6 Ta 7, kineub 8 Ta 9 i BepTUKanNbHuMX cTinok 10,
11 BcTaHoBNeHMx Ha oci 12, 13 konic 14, 15. Ha konecax 14,
15 3akpinnexui 3ybyactui BiHeLpb 16, 17. Ha BepTukanbHux
ctinkax 10 i 11 3a gonomoroto ocen 18 i 19 pyxomo 3akpi-
nneHi cirypHi Baxeni 20 i 21.

[o kineub 8 Ta 9 NnpueaHaHi NPY>KMHU CTUCHEHHS 22 i 23.
Ha BTynui 4 BUKOHaHO BMMKaY 24, a Ha BTYnUi 5 BUKOHAHI
3ybui 251 26. Y kinbLi 9 BUKOHAHO OTBOPU 27 Ta 28 B SKUX
BcTaHoBneHHi oci 29 i 30. Ha ocax 29, 30 pyxomo 3akpi-
nneHo cronopHi Baxeni 31 i 32. Ha oci reuHTOBOrO Bana 3
3aKpinneHo BMukad 33.

Cnoci6 «MBMHTOPYX» NepemilleHHst MobBinbHoro 3acoby
30INCHIOETLCS TakuM YMHOM. Big aBuryHa 1 3a gonomoroto
34enneHHs 2 KPYTHUA MOMEHT nepefaeTbCsl rBUHTOBOMY
Bany 3. MBuHTOBMIA Ban 3 0bepTarymcb pa3oM 3 BTYMKOK
4 Ta BIQHOCHO BTYIMKM 5, BHYTPILIHA NOBEPXHS SKOI BUKO-
HaHa y Burnagi pisbboBOi NOBEPXHi i AOTUYHOI NOBEPXHI
FBUHTOBOrO Baria 3 CTBOPIOE OCbOBY CUITY B HanpsIMKy pyxy
mobinbHoro 3acoby. Brynka 4 Ta 5 3a gonomorot nigLumn-
HUKIB 6 Ta 7 3akpinneni y kinbusx 8 i 9. flo kineup 8 1a 9
npUedHaHHi NpyxuHW 22 Ta 23 ski Npy Aii 0CbOBOI CUNK
cTuckarTbes. Big kinbus 9 ocboBa cuna F 3a gonomoroto
cToiikn 11 nepegaetbca oci 13. Takum ymHOM Koneca 14
i 15 obepTatoumnch Ha ocsix 12 i 13 nepemilLytoTb MOBINbHUIA
3acib. irypHi Baxeni 20 i 21 BignansawTbea 3ybyactmu
BiHUAMM 16 i 17 noBepTatoumch Ha ocsx 18 i 19, Ta He fo3-
BONAOTb MOBINbLHOMY 3acoby nepemillyBaTchb y 3BOPOT-
HOMY HanpsMKy. Bigctanb Mix ocsmm 12 i 13 ckopouyeTtbes
[0 MOMEHTY KoMK BMMKay 24 noBepHe CTOMOPHMWIA Baxinb
31 Ta pos’egHae BTYnKy 5 Big Kinbus 9 SKi 40 LbOro MOMEHTY
noeaHysanu ogHe uine. 3 UbOTO MOMEHTY CTUCHYTI npy-

<«

XWHW 22 i 23 3a [ONOMOrOK BTYNKW 4 BePTUKAnNbHOI CTiNKK
10 obGepTtatoumn koneco 14 BiaHOCHO oci 12. Takum YMHOM
BigcTaHb MiX ocamu 12 Ta 13 36inbLWyeTbCA 4O MOMEHTY
Konu BMMKay 33 He NOBEPHe CTOMOPHUI Baxinb 32 Ha 0CsX
29 i 30. 3 uboro MOMeHTY BTYrKa 5 Ta Kinbue 9 cknagatTb
oAHe uine. Mpouec yKpyvyBaHHS rBUHTOBOrO Bana 3 y pisb-
60oBYy BTYNKY 5 NOBTOPIOETHLCS.

Ak oguH i3 BapiaHTiB cnocoby nepemilleHHs MobinsHOro
3acoby 3anpornoHoBaHa KOHCTpykuis ME3 3 ygockoHane-
HOO TpaHCMicieto.

[BUHTOBa nepegava eHeprii Big ABUryHa OO KOMiCHWMX
pywiiB (puc. 3) cknagaeTbCa 3 TakMX OCHOBHUX YaCTMH:
ABUryHa 2 Bif SKOro KPYTHUA MOMEHT 3a JOMOMOrOK0 34e-
MneHHs nepefaeTbes rBMHTOBOMY Bany 15. Ha rBuHTOBOMY
Bany 3akpinneHHi BTynkM 6 Ta 11, nigwunHukm 5 Ta 12,
Kinbus 4 i 9 Ta BepTUKanbHa CTilka 25, BCTAHOBMNEHA Ha OCi
20 koneca 23. Ha koneci 23 3akpinneHi 3ybyacti BiHLi 21,
22. Ha BepTukanbHil cTinui 25 3a J0ONOMOro 0celn pyxomo
3akpinneHi dirypHi Baxeni 24.

[o kineub 4 Ta 9 npueaHaHi NPYXWHU CTUCHEHH: 3. Ha
BTYILi 6 BUKOHAHO BMMKaY, a Ha BTYnUi 11 BUKOHaHi 3ybui 7
i 14. B kinbui 9 BUKOHaHO OTBOPY B SIKMX BCTAHOBMEHHI OCi
10. Ha ocsax 10 pyxomo 3akpinsieHo CTonopHi Baxeni 8 Ta
13. Ha oci reuHTOBOrO Bana 15 3akpinneHo BMukay 16.

[BUHTOBa nepegava eHeprii Big ABUryHa OO KOMICHWMX
PYLLITB 30iNCHIOETECS TakuM YnHOM. Big aBuryHa 2 3a gono-
MOFOK 34EMNMEHHS KPYTHUA MOMEHT NepenaeTbCs IBUH-
ToBoMy Bany 15. MBuHTOBWI Ban 15 obepTarouucb pasom
3 BTYNKOI 6 Ta BiZHOCHO BTYNKM 11, BHYTPILUHS NOBEPXHS
AKOI BWKOHaHa Yy BUMMsAi pi3bboBOi MOBEpXHi i A0TWUY-
HOI NOBEPXHi MBUHTOBOrO Bana 15 CTBOPIOE OCLOBY CUNy
B HanpsMKy pyxy MobinbHoro 3acoby. Brynka 6 Tta 11 3a
[0MNOMOroto NiAWMNHKKIB 12 Ta 5 3akpinneHi y kinbusax 4i 9.
[o kineup 4 Ta 9 npuegHaHHi NPYXMHK 3 SKi NpK Aii 0CbOBOT
cunu ctuckarotbes. Big kinbus 11 ocboBa cuna F 3a gono-
MOroo cTomnku 25 nepegaetbes oci 20. Takum YymHOM Koneca
27 i 23 obepTatounch Ha ocsx 26 i 20 nepemilLyioTb Mobinb-
HUI 3acib. PirypHi Baxeni 24 BUKOHAHHI 5K 0fHe Line Bigaa-

nsATbCA 3ybyacTumm BiHUaMM 21 abo 22 B 3aneXHOCTI Bif

Puc. 2. Cnoci6 «BMHTOpPYX» NepeMilleHHA MOGinbHOro 3acoby.
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Puc. 3. ’BuHTOBa Nnepenaya eHeprii Bia ABMryHa Ao konicHux pywiisB ME3
1 — kabiHa; 2 — 0sueyH; 3 — npyxuHa cmucHeHHs:; 4,9 — kinbys; 5,12 — nidwunHuku; 6,11 — emynku; 7,14 —
3y6ui; 8,13 — cmonopHi eaxeni; 10 — oci; 15— esuHmosuti 8an; 16 — emukay; 17 — wapuku KoyeHHs:; 18 — kananu;
19 — suinka; 20,26 — oci kpinneHHs Konic; 21,22 — 3ybuyacmi eiHui; 23,27 — koneca; 24 — ¢icypHi eaxeni; 25 — eep-

mukarnbHa cmitka.

HanpsiMky pyxy MES3 (SKLWO OauH i3 BaxeniB 3HaxoauTbCs
B 3a4enseHHi i3 3ybuyacTm BiHUEM TO iHLWWKMIA Hi) noBepTa-
IOUMCb Ha OCsX, Ta He [J03BONATb MOBINIbHOMY 3acoby
nepeMilLyBaTCb Yy 3BOPOTHOMY HanpsmKky. BigctaHb mix
ocsmu 20 i 26 CKOPOYYETLCA A0 MOMEHTY KONW BMUKaY Ha
BTYNLi 6 noBepHe CTONOPHWI Baxinb 8 Ta po3’eaHae BTYIKY
11 Big KinbLsa 9 SKi 4O LBOro MOMEHTY NOEOHYBanu ofHe
uine. 3 UbOr0 MOMEHTY CTUCHYTI MPY>KMHU 3 332 ONOMOTOH
BTYNKM 6 0bepTaTtmyTb Koneco 27 BigHOCHO oci 26. Takum
YMHOM BiACTaHb MK ocamu 26 Ta 20 36inblyeTbeca A0
MOMEHTY KON BMUKay 16 He noBepHe CTONOPHWIA Baxinb 13
Ha ocsx 10. 3 uboro momeHTy BTYynka 11 Ta kinbue 9 ckna-
[aloTb oaHe uine. lNpouec ykpyvyBaHHS rBUHTOBOMO Bana
15y pisbbosy BTynKy 11 nosToptoeTbes (Petrov, 2014, 1-3;
Petrov, 2015, ¢ 1-3).

4. Matepianu Ta MeToamn AocnigkeHb

4.1. Pe3ynbratv AocnigXeHHs FBUHTOBOI mepepavi
eHeprii Big ABUryHa Ao konicHux pywiis ME3:

3rigH0 3 PO3pOBNEHOID  KOHCTPYKLiE  MOBinbHOMo
3acoby «[BUHTOpPYX» NpW nepegadi KPYTHOTO MOMEHTY Bif
ABWTYHa [0 TBMHTOBOTO Basny CTBOPIOETLCS NepenaToyHe
BiIHOLLEHHS:

i= iél; 1
S1

Ae S — KonoBe nepeMmilleHHs MaxoByka aBuryHa; S, —
nepeMiLLeHHs rBUHTOBOrO Bana.

Y copmyni (1) KonoBe nepemilleHHs MaxoBuKa [BW-
ryHa Ta nepeMilleHHs MBUHTOBOTO Bana npeacTaBiseMo
y BUMMA4I reOMETPUYHWX NapameTpiB:

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcurteTty

Ae d_— fiametp MaxoBuka ABUryHa;

P,— xig reuHTa.

Ona pospobneHoro MobinbHOro 3acoby «BUHTOPYX»
BaXNMBO BBECTWU CWJIOBI MOKA3HWKW, sIKi CMpUSIOTL OO
nepeMilleHHHo.

Y Takomy BUMaAKy 3anexHiCTb MiX KoroBow cunoko F,
Ha MaxoBWKy 4BUIyHa Ta OCbOBOK CUMoi0 F_ nepemilleHHs
MobinbHOro 3acoby NpeacTaBUMo Yy BUTMALI:

Fo=f-i-n,

ae n — KK[ reuHTOBOI Napw.

3MiHHi napameTpy ans po3paxyHkiB 3aHOCMMO B Tabnmuo 1.

B pesynerati po3paxyHkiB B cepegosui Excel no ¢op-
Myri (2) oTpuManu AaHHi, SiKi 3aHOCUMO B Tabnnuo 2.

Ans obuncneHHs 3anexHocTi komosoro 3ycunns F
BiA ocboBoro 3ycunns F, no copmyni (3) 6ynu oTpumaHHi
JaHHi, sKi 3aHOCUMO B Tabnuuio 2.

3rigHo 3 JaHUMW, SKi HaBedeHi B Tabnuui 1 Ta Tabnuui 2,
Oyayemo rpadiku 3anexHocTel:

Ha puc. 4 HaBeneHo pesynbraTv BUNpobyBaHb HaBaHTa-
KEHHS! KOMICHOTO pyLUisl, 3riHO 3 PO3paxyHKOBUMU 3HAYeH-
HAMMU, SKi BigobpaxxeHi B Tabnuui 1 Ta Tabnuui 2.

Ha puc. 5 a. 3aranbHuin Burnag asTomMo0ins 3 eHepro—
PEe30HaTOPHOK MiXKMOCTOBOKD Hacagkol, Ha puc. 5 6.
MOOGINbHWIA eHepreTMYHNA 3acid 3 eHepro—pe3oHaTOPHO
MiXMOCTOBOK HACafKoOK Npu BiACYTHOCTI pyxy (ZWCKOM-
¢opT OMnopHOI MOBEpXHi), HA puc. 5 B. MOBINbHUIA eHep-
reTMYHUIA 3acib 3 eHepro—pe3oHaTOPHOK MiXMOCTOBOK
HaCcagKow B AMHAMIL (Mo4aToK pyxy).
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Puc. 4. Pesynbtatn BUNpo6yBaHb HaBaHTaXXeHHs KOMICHOrO pyLuisi:
a—epaapik 3anexHocmi KK esuHmosoi nepedaui 8id konogoezo 3acunns n = [(F); 6-2pacpik 3anexHocmi iamempa maxosuka 8id nepe-
OamoyHo20 eidHoweHHs d, = [(i); e~ epacbix 3anexHocmi xoly eeuHma eid nepedamoyHoeo eidHowerHs P, = [(i); e-epagpik 3anexHocmi
0Cb08020 3ycussisi 8i0 Kor0e020 3ycunns F, = [(F); 0— epagik 3anexHocmi nepedamoyHo20 8iOHOWEHHS 610 K0108020 sycunns i = J(F).

Tabnuus 1
3MiHHi napameTpu
n 0,873 0,884 0,895 0,907 0,914 0,926 0,937 0,945 0,956 0,962
dm 300 355 410 465 505 550 615 660 709 766
Pt 4 45 5,2 58 6,1 6,6 7,2 7,7 8,4 8,8
Fa 33 36 43 48 55 61 67 74 79 85
Tabnuus 2

Pe3ynbraTti po3paxyHkis

i 235,5 247,71 247,58 251,74 259,95 261,67 268,21 269,14 265,03 273,32
Ft 6784,5 7883,2 9528 10960 13068 14781 16838 18821 20016 22350
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TeopeTnyHe gocnigxeHHs aBTOMOGINA 3 eHepro-pe-
30HaTOPHOK MiXKMOCTOBOK HaCaaKolo.

3 MeTOK onucy pyxy aBToMobins 3 eHepro-pe3oHaTop-
HOK MIXKMOCTOBOK HacadKOK CKNafaeMoO WOro PiBHSAHHS
pyxy, puc. 5. a. [Insl cknagaHHs LbOro PiBHSAHHS aBTOMOBINS
3 eHEepro-pe3oHaToOPHO MiXKMOCTOBOK HAcaaKoK 3aMiHEMO
ponukn 15 Ta 16 o0gHWM Ta NPUNYCTUMO, L0 TEXHOMOriYHA
Bara m Byae pyxatucb no rHyudkin HanpsamHin 14 (Vikovich,
Cherevko, Zinko, 2018, 166; Zinko, Kraiynik, Gorbaiy, 2019,
256; Kubich, 2020, 195).

306pa3nmo aKTUBHI cunu:;

P — Bara TexHonoriyHoi nnatcopmu

PT — cuna Taru, sika gie Big Wwroka 7. BUBINbHUMO TOUKY
M Big 3B’3KiB, 3aMiHEHO YK Ait0 3B’A3KIB peakLieto. 38'a3-
KOM SIBMNSIETLCS LWOPCTKICTb THY4YKOT HanpsiMHOI 14. PeakLito
FHYYKOI HaNpPsIMHOI PO3KNaayeMo Ha [Bi CKnagosi:

X= HOopMmanbHa cknagoBa Ta F — goTMyHa cknagosa
(cvna TepTs, KOB3aHHS).

lNoB’shkeMO 3 TEXHOMNOoriYHoW NNaTchopMoto BICi KOOpP-
AvHart. Togi AudepeHLianbHe PiBHAHHS PyXy TEXHOMOTYHOT
nnatgopmu y 3BuYaliHin oopmi byae mat Burnaz;:

m=—=R ,m—=R,
dt

Y BEKTOPHI hopMi pPiBHSIHHS pyXy Byae mati Burnag;

R. =P +F +N_+P;, ()

R,=P,+F,+N +P, (6)

Micns matemaT4HUX NEPETBOPEHD PiBHSIHL (4) OTpUMy-

€MO 3arasnbHe pilleHHs AudepeHLUianbHOro PIBHAHHS pyxy

TEeXHOMoriyHoi nnatopmu Ta aBTomobins, ske Oyge matu
BUMSA:

)

V? =e?"° 4+ Acosg + Bsing (7)
[N BU3HAYEHHS BiNbHOI NOCTINHOI C CKNagaeMo noyar-

KOBi YMOBM:
[Mp1 NPUIRHATWX NOYATKOBKUX YMOBAX:

t =0,0(0)=0;V(0)=0

MNicns nigcTaBnsiHHA NOYATKOBMX YMOB pPyXy aBTOMODINA
Y PiBHSIHHS (2.12), OTPUMY€EMO:

-A=¢°
Toai ocTaToyHe PIBHSHHSA pyxy aBToMObins npuiMae
BUMNSAA;

VZ=-A 2% +2fgcoso+2gsine
V? = -2gfe *® + 2fgcos e + 2gsing

5. PesynstaTtn gocnigxeHb
MpoeKkT aBTOMOGINA 3 eHepro-pe3oHaTOPHOK MiX-
MOCTOBOIO HacagKo

5.1. Onuc KOHCTpYyKLUii aBToM06ins 3 eHepro-pe3oHa-
TOPHOI MiXKMOCTOBOI HacaaKoHo

3 wmetow nigeuweHHs KK, TpaHcmicii aBTomobing Ta
3MEHLLEHHS BATPAT Nanvea Ha NepeMilleHHs 3aBaHTaxe-
HOro aBTOMODINS 3anponoHOBaHO CMOCID NepeMilLeHHs
aBToMOGins «Bepbntog» J1.M. MNeTpoBa, SKUIN BUKOHYBABCH
Ha MOJepHi30BaHili TpaHCMiCii, aBTo3aBogy YkpaiHu, aBTo-
mobini KpA3-5233.

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcurteTty

Ha pucyHky 11 nokasaHo KpecneHHs aBTOMOGins
3 MOLEpHi30BaHO TPAHCMICIED Y HEPYXOMOMY CTaHi.
Cnocib nepemiwieHHst aBTomobins «Bepbntog» Bktovae:
ABWUTYH 1, KOMICHI pywii 2, npuBig 3 4O KOMICHUX pyLWiiB 2.
[Jo HaniBpamu 4 npuegHaHo UMAIHAP 5 B SKOMY 3 MOXNK-
BICTIO NEpPEMILLEHHS PO3TaLIOBaHWA NOPLUEHb 6 3i LUTOKOM
7. Y umningpi 5 Mk TOpLEBOK CTiHKOW 8 Ta nopluHem 6
po3TalloBaHa NpyXuHa CTUCHEHHS 9. TpyXHWIA enemeHT
10 ogHMM KiHLEM 3a JOMOMOrOK eniemMeHTy, Wo 3 egHyel1
3aKpinneHo Ha WToKy 7 Ta nigpamHukoM 12, a apyrum KiH-
uem xomyToMm 13 npuegHaHo Ao umniHapa 5. Ha npyxHomy
enemeHTi 10 3akpinneHo rHyuky HanpsmHy 14. B Hanpsm-
Hin 14 3 MOXIMBICTIO NepeMilleHHs Ha ponukax 15 Ta 16
posTawoBaHi uuniHgpu 17 Ta 18, aki 3akpinneHo Ha rpa-
BiTauinHin Basi 19. Y uuningpi 17 postawosaHi oteopu 20
i 21, a y uuningpi 18 postawosaHi otBopu 22 Ta 23 npu
ubomy oteip 20 3'egHaHo 3 0TBOpOM 23, a oTBIp 21 3’egHaHo
3 otBOpom 22.[lo niapamHuka 12 npuegHaHo 3 MOXIMBICTIO
obepTaHHs koneco 24.

Cnoci6  nepewmilweHHss  aBTomobins  «Bepbntoay
JLLM. MNeTpoBa BMKOHYKOTb Takum 4mHOM. [lig Yac nepemi-
LieHHs aBToMOGins Big ABuryHa 1 npmBogom 3 nogarTb
KPYTHUA MOMEHT KOMiCHUM pyLism 2. ABTOMOGifb NounHae
pyxatuceb. [Mpn LbOMY BUKOHYIOTb HACTYMNHI onepadii. Hanis-
pamy 4 pa3oM 3 UMNIHAPOM 5 NepeMillyloTb Yy HanpsMKy
pyxy aBTomMoOins, a WTOK 7 pa3oM 3 migpaMHukoM 12 Ta
KOMecoM 24 NpyXMHOI CTUCHEHHS 9 NpuranbMoBYOTb PyX
koneca 24 pa3om 3'€HyUMM eneMeHToM 11 3akpinneHum
Ha wWwToKy 7 Ta niapamHuky 12. MNpyxuHa cTUCHEHHS 9 po3-
TAryeTbCs, NPYXKHWIA enemeHT 10 geopmyeTbCs Y 3BOPOT-
HOMY HanpsMKy nig Aieto rpasitauinHoi Barn 19. MpasiTaui-
Ha Bara 19 nia gieto iHepLinHOT CKkNagoBoi NepemilLyeTbes
Ha ponukax 15 Ta 16 no HanpsmHin 14 BigcnigkoBye nepe-
MiLLLeHHS BUNYKINOCTI NpYyXHoro enemenTta 10 B 3BOPOTHOMY
HaNpsMKy No BIQHOLIEHHIO 40 HaNpsMKY pyxy aBToMobins.
Takvm noeaHaHHSM B3aEMOMNOB i3aHMX onepaLlii M Konic-
HUMW pyLLiSMK 2 Ta NiATPUMYKYUMK Konecamu 24 Hako-
NMMYyeTbCA MOTeHUiHa eHepris (Gorbaiy, Zinko, Kernickiy,
2017, 18-25).

Ha puc. 6. npeacraeneHe rpagiyHe BigobpaxeHHs pyxy
aBTOMOGiNs no cnocoby «Bepbniogy.

6. BucHoBkuU

B pesynbrati npoeegeHux [JocnimxeHb aBToOMObINs
3 MOZEPHI30BaHUMM KOMICHUMMU PYLLISMMK:

1. MNpoBeaeHuit NaTeHTHWIA NOLLYK HaNPSMKIB MOAEPHi-
3auii KOMIiCHUX PYLWiiB B KOHCTPYKTUBHOMY YAOCKOHANEHHI
XO0BOi CUCTEMU BaHTaXHWX aBTOMOBINIB 3 3aCTOCYBaHHAM
HaKonWyeHoi MoTeHUianbHOI eHeprii 3 NepeTBOpeHHaM i
B pPyX aBTOMOGinS.

2. Ana wmopaepHisauii  KomicHOro  pyluis  3anponoHo-
BAHO B 30HY MMM KOHTaKTy Ta BMXOAY 3 HEl BKMOUUTK
PyXoMy Bary B Mexax MiaNOMOBaHTaXHOCTi aBTomobins
(10000H—0000H), sika Agie Ha rHYYKM eNEeMEHT BKITHOYEHMI
[0 TpaHCMICii BaHTaXHOro aBToMoGins.

3. MpoBeaeHi gocnign Ha nonironi O® HATI BusiBunu
nepeBary MOZEPHI30BAHMX KOMICHWX PYLUIiB B MOPIBHSAHHI
3 icHytounmm B cuni Tarm Ha 15%
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Puc. 5. Cxema BaHTaXXHOro aBToMoGing, AiKi nignaranu focnimkeHHo:

a- 3azanbHull euansid asmomobins 3 eHep20-PE30HAMOPHOK MiXXMOCMOB0 Hacadkok, 6— mMobinbHUl eHepaemuy-
Hul 3aci6 3 eHep20-pPe30HaMOPHOI0 MIXKMOCMOBOK HacadKo fpu 8i0CymHocmi pyxy (OUCKOMGbopmM OMOPHOI MOBEPXHI);
68— MObinbHUU eHepaemuYHuUll 3acib 3 eHep20—Ppe30HamMOPHO MIXXMOCMOB00 Hacadkor & duHaMmiyi (moYamok pyxy).
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Puc. 6. lNpadhiuHe BigobpaxeHHs pyxy aBTomMo6ins no cnocoby «Bepbniog»

4. Mo pesynbratam gocnigis 6yno nobygoeaHo rpadivHi 5. Mo pesynstatam npoBedeHUx [ocnimkeHb Oyno
3anexHoCTi pyxy aBTOMOOINS Bi4 KyTa Haxuny rHyuykoro | od)OpMIEHO MaTepianu Ha AeKnapaTMBHUNA NaTeHT i ski
enemeHty (15-35°). 6yno HanpaBneHo 40 YKpnaTeHTy.
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ELEMENTS OF THE THEORY OF FLEXIBLE TRANSMISSION OF TRUCKS

The working process of woobling of wheeled pywisi is accompanied by loading of wheeled wheelby gravitational force
that results in a clench and stretch of tire during her deformation. In the article the considered questions of research of the
mechanical system ‘motor-car resilient element reactive push” are with the use of theorem about the change of kinetic
energy of this system, general equalization of dynamics, and also equalization of Lagrange the second family.

The aim of the study is to improve the technological scheme of loading the wheel drive, converting the energy supplied
fo the wheel drive into the rotational motion of the spring jet with increasing traction of the car, which is an auxiliary factor to
innovative technology of its movement.

The scientific and practical direction of work is that for the first time a technology is proposed in which the energy of
rotational motion of the mechanical system “car wheel-spring jet” is used to rotate the wheel drive, which allows to increase
the realization of torque on the wheel.

The methodology of the study was to establish a mathematical relationship between the force generated by a “car wheel-
spring jet” with the dynamic mobility of the car itself.
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A research result is the worked out construction of car with a dynamicallymovable platform in the loop of damping a
“motorcar wheeledspring reactive push” that works at “physical discomfort of underlayment”. At opening concepts “physical
discomfort of underlayment” were used differential equalizations that mathematically confirm the origin of such surface in
certain external of car environments. Calculations were performed in an environment EXEL with respects to the relationship
between input and output parameters. The results of the research were implemented in graphical dependencies n = J(F),
d,=J0), P.=Ji), F,=J(F), i=J(F).

The value of the study, the results of this work will contribute to the automotive industry.

The proposed car model is suitable for use in order to increase the traction capacity of the vehicle.

Key words: physical and mathematical model, propulsion, wheel, wheel-elastic compensator.

Lama HadxodxeHHs1 do pedakuii: 09.12.2021 p.
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TEOPIA KOJIICHOT O PYLLUIA BAHTAXXHOIO ABTOMOBIA
3 PO3WWPEHUMWN EHEPTETUMHUMW MOXITMBOCTAMMK

MeTpos lleoHig MukonaiioBuy
KaHOUAAT TEXHIYHUX HayK, JOLEHT
BilicbkoBa akagemisi, M. Ogeca, YkpaiHa
ORCID: 0000-0001-5709-9986
leonid.petrov2@gmail.com

MeTpwuk KOpii Mukonaiosuy

CTapLUMin BUKNagau

BilicbkoBa akagemisi, M. Ogeca, YkpaiHa
ORCID: 0000-0003-4589-4282
leonid.petrov2@gmail.com

Xapakmep cy4yacHUX MexHOoJ02iYHUX onepauil 3a 00rnomMoeaor MobinbHUX eHepaemuyHuUxX 3acobig (MES3) sumazae auco-
Koi' ix mobinbHocmi ma npaue3damrocmi. lNepemiweHHss MES3 e binbwiocmi guniadkis, sik npasusio, 30ilICHIEMbCS 8 HECTPU-
Amnueux AopoxHix ymosax, 6e300piXKi 3 MiHIMaIbHUM 8UKOPUCMAaHHSM O0MOMIXHUX 3acobig nomineHHs! NepecysaHHI
asmomobins ma 3acobie «cmpumaHHsi» PyxoMocmi.

Bid ME3 3anexums 6e3nocepedHbo i nidmpumMaHHs SKoCmi 8UKOHaHHS caMux mexHOso2idHUX orepauill, 30kpema K
ms208e HaBaHMAaXEeHHSI, makK i cucmem MompuUMKU cunu mseau, weudkocmi pyxy. Buxodsuu 3 ub020, HO8IMHI mexHonoeii
noninwerHsi nepecysaHHss ME3 € 3anopykoro ycniwHo2o npogedeHHs mexHono2idHux onepauiti. OCHOBHUMU HanpsMKamu
peanizauii yiei memu e: anuboka MoOepHi3ayisi Hassi8HUX xo008ux cucmem asmomobinbHOI ma AoNMOMIXKHOT MEXHIKU 3 8UKO-
pucmarHsaM HosimHix mexHonoaili, wo dogede ix mexHomoeiyHy npudamHicmb 00 MOXIuUeoCcmi ma pigHs cmaHOapmie
€aponelicbko20 Cor3y.

CmeopeHHs ykpaiHcbk020 ME3 moxe 6ymu posmiwjeHe Ha 6asi nosHonpusioHo20 waci, Wo cmeopeHe 3a creuyjarnb-
HUMU MeXHIYHUMU 8uMo2amu 00 KOHCMPYKMUBHO20 yOOCKOHaeHHs X00080i cucmemu.

MES3 sike byde npusHayeHe 019 MOHMaXy Yu ri0’eGHaHHSI yCmMaHOB0K CrieuiaribHO20 MPU3HAYEHHsT — KOMICHUU pywit
3 2nubokoto modepHizauiero. Takuli pywiti moxe Oymu obradHaHull crieyianbHO 6ie080r OOPiKKOK Onisi MepemMiuyeHHs
OuHamivHoOI 8azu, wjo 00380/19€ 3MeHWUMU byKcysaHHS | 3abesneyeHHs1 cmabinisayii 3adaHo2o HanpsamKy pyxy. Y makit
anubokiti ModepHisaujii KOHCmpyKUii nepedbaqyeHo KpinneHHs1 eaxernsi Ons KepyBaHHAM MIONPYXUHEHUMU OUHaMIYHUMU
gacamu. Taka mexHoroeisi nepeMilieHHs asmomobirisi 3a 00MOMO20K HaBaHMaXEHHS KOMICHO20 pyLuisi 0380/15€ KOYEHHS
Koneca ma (020 HagaHMaxeHHs 3pobumu binbw M’SKILWUM, WO 3MEHWYE WyM npu rnepecysaHHi ma binbu SKICHO 8UKO-

pucmosygamu mexHoo2iyHe ms208e HagaHMaXXeHHsI.

CknadeHo mamemamuyHy modesnb pyxy MES3 3 KonicHUM pywiem HagaHMaXeHuUM QUHaMIYHUMU eazamul.
Knrovoei crioea: mexHonoeisi, onepayjis, Moderb, eHepaemuydHul 3acib, koneco, cmabinizauis, eaxirb.

DOl https://doi.org/10.32845/msnau.2021.4.5

Betyn

OpHe 3 HaViBaXNMBILLKMX 3aBAaHb BUPILLEHHS MPOJo-
BOJIbYOI Npobrnemu Byab-gKoi KpaiHv — BCECBITHE NiABULLEHHS
€(hEeKTUBHOCTI C.-T. BMPOOHWUTBA, Hacamnepen, LUMSAXOM
3HWKEHHS] €HEeproBUTPaT Ha 0OpOBITOK FPYHTY M YCYHEHHS
HEraTMBHOIO BNVBY EHEPreTUYHMX 3acobiB (TpakTopiB, KOM-
HaviHiB, aBTOMODGINIB) Ha I'PYHTOBY €KOJIONi0, @ TaKoX PO3-
pobka nepefoBMX TEXHOIOriN 0BPOBITKY CinbrocnkynsTyp,
sIKi 3a0e3neyyoTb 306epexeHHs POAKYOCTI 3eMenb.

3ans 3HMKEHHN YLINbHIOBANbLHOI Aii Ha rPyHT Konic-
HUX TPaKTopiB 4O JOMYCTUMOrO PiBHS, 3MEHLUEHHSI OMOpY
PYXYy MaLUuH IPYHTOM, NiABULLEHHS TArOBO-34iMHMX BRacTyu-
BOCTEl TPAKTOPIB BUKOPUCTOBYHOTH LUMHM, LLO MatoTb Biflb-
LU giaMeTp | LUMPUHY, perynsapHO NepeBipstoTb Y HUX TUCK
i 3MIHIOKOTb WOrO BIAMOBIAHO A0 BUKOHYBAHOI arpOTEXHIYHOT
onepauii i HaBaHTaXXeHHs!, arperaTylTb TPaKTop 3a Hau-
HWX4oro 6anacTHOro HaBaHTaXeHHs!, sike 3abesnevye pyx
6e3 3Ha4YHOro ByKCyBaHHSI, BUKOPUCTOBYHOTb NEePeaHi i 3aaHi
30BOEHI LLMHW.

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcurteTty

Yci BKa3aHi cnocobu cnpsiMoBaHi Ha 30iNbLUEHHS NOLLi
KOHTaKTy LUMHU 3 I'PYHTOM, LLIO HanpsiMy BMSIMBAE Ha 3HU-
XEHHS MMTOMOrO TUCKY pywiiB Ha Hboro.Tak, Hanpuknag,
3HMKEHHA Tucky nosiTpsa Big 0,18 go 0,08 MlMa B wuHax
16,9R30 3acBigumno, WO 3a HaBaHTaXEHHS Ha KOneco
B 16,07 kH makcumanbHUA TUCK Ha I'PYHT 3HWKYETLCS Ha
33%.Y 3B'A3Ky 3 TUM, WO HOPMarlbHi HABaHTAKEHHS Ha
Korneca TpakTopa 3MiHIOKTLCS B LUMPOKMX Mexax, a Tpak-
TOPY NPaLOIOTb Ha rpyHTax i3 pisHO Aedopmallieto, piBeHb
BHYTPILUHBOTrO TUCKY MOBITPS B LUMHAX PEKOMEHOYETbCS
3aBOJOM-BMPOBOHUKOM i3 JESKAM 3anacoM, WO YHEMOXIN-
BINIOE NepeBuLLieHHs AedhopMalin noHaa AoMyCTUMI Mexi.
Tak, ans wwuHn 15,5R38 (Tpaktop MT3-80) MiHimManbHO
gonyctumomy pisHio Tucky — 0,098 MlMa - Bignosigae
HOpMarnbHe HaBaHTaxeHHs — 14,27 kH, a TpakTop nig vac
pobOTU Ha XONOCTOMY XOdy CTBOPIOE HABAHTAKEHHS Ha
LuKHY BCbOro nuweHb 10,5 kH. Koneco B Takux ymoBax npa-
LIOE SIK XKOPCTKE, WO CrpUUMHIOE 30inbleHHs aedopma-
Uil r'pyHTY. TakuM YMHOM, Cig CUCTEMATWYHO PerynoBaTm
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TUCK Y LUMHAX 3aNexXHO Bif HaBaHTaXEHHS Ha HWX i Tuny
rpyHTY. TakoX Kpalle 3aCTOCOBYBaTW, 3aMiCTb [JiaroHaslb-
HUX, pagianbHi WwuHK. IxHs nepesara — y 36inbLUEHIN NRoLL;
KOHTaKTY 3 ONOPHO0 NOBEPXHEID, 3HKEHOMY TUCKY NOBITPS
3a OHaKOBOI 34aTHOCTI BUTPUMYBATW BepTUKanbHi HaBaH-
TaXEHHS | aHanoriYHMX TUNOPO3MIpIB MOPIBHSHO 3 Aiaro-
HanbHUMKM WnHamu. KonicHi Tpaktopu, obnagHaHi papgi-
anbHUMK WMHaMK, 3abesnedvytoTb MeHwmin (Ha 20-25%)
TWUCK Ha I'PYHT i MaloTb BULLY NPOXIAHICTb Nig Yac pobotu Ha
M’SIKUX rpyHTax.EdekTmBHUM cnocobom nigBuLLEHHS Tsro-
BO-34iMHUX SIKOCTEW, 3MEHLUEHHS MUTOMOTO TUCKY Ha IPYHT
i NONINWEHHS NPOXiAHOCTI TpakTopa € 36iNbLUEHHS NMOoLL;
KOHTaKTY PyLUiiB i3 I'PYHTOM LUNSXOM 3aCTOCYBaHHS LIMPO-
KonpoQinbHUX, apKOBMX, LUMH HaNiBryCEHUYHOro Xomy Ta
3[BOEHUX KOfiC.

AHani3 nitepaTypHux AaH1X Ta NOCTaHOBKa Npo6remu.

Bioomo cnoci6 nepemilleHHa MOBINbHOrO eHepreTuy-
Horo 3acoby (Molodan, 2019, p. 48-53), akuin Bknoyae
(Pvc. 1, 2): aBuryH 1, sKuin BCTAHOBMIOKOTb Ha KOMICHUN
pyLin 2 Ta BeeHi koneca 3 KonicHi pywii Ta BeaeHi koneca
BCTaHOBIIOKTL Ha ONOPHY NoBepxHI0 4 JlokanbHi NpyxHi
enemeHTM 5 3akpinniolTb HA OCHOBHOMY MPOTEKTOPi 6
cikcytounmn wtudptammn 7. Cnocib nepemilieHHs MoBinb-
HOro 3acoby 3[INCHIOITL HAcTyNHUM YvMHOM. Big asuryHa
1 3a JONOMOrol0 TPaHCMICIT (Ha KpecneHHi He Moka3aHo)
KPYTHU MOMEHT nepenalTb KOMicHUM pyLliam 2. Mobirnb-
HUI 3acib NoYMHae pyxaTucb Ha BedeHWX 3 Ta Begyyux 2
konecax. B 30Hi NnsiMM KOHTaKTy KOMiCHWX pyLiiB 3 onop-
HOI MOBEPXHEID 4 NoKanbHWUA NPYXHWUA eNEMEHT 5, BUTHY-
TWA 0o nodatky Aedopmallii WWHM B 30HY NpUNSraHHa Ao
OCHOBHOrO NpoTekTopa 6, CTPIMKO BUIMHAETLCA Y MPOTU-
NEXHY CTOPOHY, TOBTO, B HANPAMKY [0 KOHTaKTy 3 OMOPHOI0
nosepxHeto 4. Lle NosICHIOETLCS TUM, LLO NPOTEKTOP LUMHM
PO3TATYETLCS | BUTHYTUIM Y NOMO CTOPOHY NOKArbHWIA Npyx-
HUA €enemMeHT Mpu PO3TAryBaHHi OCHOBHOMO MPOTEKTOpA
BUMMHAETLCS Y NPOTUMEXHY CTOPOHY.

Takum YMHOM, Y 30Hi MASIMU KOHTAKTY LUMHM 3 OMOPHOI0
MOBEPXHEI CTBOPIOKOTL IMMYNbC JOKANBHOMO MPYXHOMO

Puc. 2. lehopmMaLiifiHnin eneMeHT y NpOTeKTopi

enemMeHTa, LUBUAKICTb 3MiHU SKOrO JOPIBHIOE CyMapHii cui,
WO Aie Ha NOKanbHWIA NPYXHUA enieMeHT. Takum YMHOM,
nepiognyHa ais iMnynbey NOKanbHOro Npy»KHOro enemeHTa
B 30Hi MMISIMM KOHTaKTY LUMHW KOMICHOrO pyLUist 3 ONOPHOKD
NOBEPXHEK [03BOMSE MIABULLUTA €EKTUBHICTb BUKOPU-
CTaHHS1 MOTYXXHOCTi ABUIYHIB TpakTopa, 3MeHWUTn Bykcy-
BaHHS Konic Ta NUTOMY BUTpaTy nanvea.

Bigomun cnoci6 NeTpoBa-bopuceHka nigBULLEHHS
npoxigHocTi  TaroBoTpaHcnopTHoi  cuctemn  (Molodan,
2018, p. 14-18), skui Bkntoyae (Pwc. 3, 4, 5) KonicHWN pyLUin
1, Ha sikomy 3akpinneHun 3ybyactum npotektop 2. KonicHui
PYLLiN BCTAHOBMEHUWA Ha CTYNULIO 3 TATOBO—TPAHCMOPTHOT
cuctemu. [lo ctynuui xomytamu 4 Ta 5 XopcTko 3akpinne-
HUIA Kepyunin LuniHap 6, B KOpnyci 7 po3TalloBaHWUiM nop-
LWeHb 8, Oo skoro npuedHaHi WwTokn 9 1a 10, Ha sKi BiNbHO
HacyHeHi npyxuHu 11, 12 ctucHenHs. LWWapHipamm 13 Ta 14
[0 NpoTekTopa NpUeaHaHUN HaknaaHi 3yb4acTi npoTekTopu
15 1a 16, dopma 3ybuis 17 Ta BnaguH 18 gakux Bignosi-
nae copmi 3ybuis 19 Ta BnaguH 20 npoTekTopa KoniCHOro
pywis. AHanoriyHo chopma 3ybuis 21 Ta BnaguH 22 Haknag-
Horo 3yBuyacTtoro nmpotektopa 16 Bignosigae copmi 3y6-
uis 19 Ta BnaguH 20 npoTekTopa KonicHOro pyLis. BinbHi
KiHUi HaknagHux npotekTopie 15 Ta 16, wapHipamu 23, 24

b

Puc. 1. MoGinbHuit 3aci6 BUKOHaHUI 3 aedopMaLinHUM eNnemMeHTOM
no AeknapaTtuBHOMY naTteHTy «Cnoci6 nepemiweHHA MOGinbLHOro 3acody»

BicHuk CyMmcbKoro HauioHanbHOro arpapHoro yHiBepcureTty
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Puc. 3. KpecneHHs 3rigHo cnocoby MeTpoBa-bopuceHka,
oA0 NiABULLEHHS NPOXiZHOCTI TArOBO-TPAHCMOPTHOI CUCTEMU

Puc. 4. 3aranbHui BUrNaA KonicHoro pyLuis
no AeknapaTuBHOMY NaTeHTy
«Cnoci6 MeTpoBa-BopuceHka nigBuLLeHHA
NPOXigHOCTI TATOBO—TPaHCNOPTHOI CUCTEMUY

3'egHaHi 3i wrokamu 9, 10. MopoxHWHM 25 | 26 umniHapa
3'egHaHi otBopamu 27 i 28 Ta nposogoM 29 3’edHaHi Mix
coboto. Pobounin npouec NiaBULLEHHA NPOXIQHOCTI THro-
BO-TPAHCMNOPTHOI CUCTEMM, 3LINCHIOETECS TAKUM YMHOM: 0
cTynuui 3 Bif ABUTYHa Yepes TPaHCMICIIO (SKa Ha KPEeCNEHHI
He nokKasaHa) niABOAWUTLCS KPYTHUN MOMEHT. pn LboMy
cTynuus 3 NpUBOAWTL B 06epTanbHUM pyx KOMICHWA PyLUiN
1. Pa3om 3 konicHuM pywiem 1 npuBoauTbCs B obepTans-

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcurteTty

Puc. 5. 3aranbHuu Burnag asBromo6ing
3 YAOCKOHANEHUMM KOMICHUMM pyLUisiMM

HUN pyx 3yB4acTuin NpoTeKkTop 2 Ta 3akpinfeHn XoMyTamm
4, 5 kepytoumnii uuniHap 6 pasom 3 nopLuHeM 8 Ta LWToKaMu
9, 10 i npyxuHamu 11, 12. Mpun ubomy 3ybyacTuii npoTek-
Top 2 3y6usam 19 BTuckyetbes y Bnaguuu 18 13 HaknagHoro
npotekTopa 15, a 3ybui 17 HaknagHOro NPOTEKTOpa BTUCKY-
I0TbCs y BnagmHu 20 3ybuyacToro npoTekTopa 2 KonicHoro
pywis 1. ObepTtatounch, KOniCHWIA pywin 1 wapHipom 13
NPUMYLLYE HaKNagHWM NpoTekTop 15 BUTMHATUCH, OXOMIHo-
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toun 3y6ui 19 konicHoro pywis 1, a wapHip 23 nputuckae
[0 OnopHOI NoBepxHi HaknagHun npotektop 15. OgHovacHo
WTOK 9 3 NopLIHeM 8 nNepeMillyeTbCs B HANPSIMKY BISIbHOT
30HM Bifj, HABaAHTaXXEHHS KOMICHOro pyLlis 1, Ha KN po3-
TalloBaHwii WwapHip 24. Mpu uboMy wapHip 23 pasoMm 3i
wTokoM 9, nia yac obepraHHs konicHoro pywis 1, nepemi-
LYeTbCSA A0 OcepeaKy KomniCHoro pywwist 1, ctuckaroum npy-
XUHY 11, a WwapHip 24 pyxaeTbcs B HanNpsIMKY BiflbHOI 30HU
KomnicHOro pyLuis, 1 posropTatoun HaknagHuin npotektop 16.
Mpu ubomy npyxuHa 12 postaryetbes, 3ybui 21 Haknaa-
Horo npoTekTopa 16 3BiNbHATLCS i3 BnaguH 18 3yGuac-
TOro MPOTEKTOpA 2, a BnaguHu 22 HaknagHoro npoTekTopa
16 BuWBINbHATL 3ybui 19 3ybyacToro npotekTopa 2 Konic-
HOrO pyLwis 1. TakMM YMHOM CTBOPHETHCS 30HA MaNBYTHLOT
«NASMU KOHTaKTY» MiX LapHipamu 14 Ta 24. [epeMilleHHs
NOpLUHSA 8 NO KepytoyHoMy LuniHapy 6 6nvkye 40 30HU Binb-
HOI Bifj HABaHTaXXeHHS KONICHOro pyLwis 1 NpumyLLye piauHy
i3 NOPOXHUHK 22 Kepytoyoro uuniHapa 6 vyepes oTsip 28 Ta
nposig 29 i oTBip 27 nepenTn B NOPOXHUHY 25, 3abesne-
yyroumn cTabinisauito NONOXEHHS MOPLUHA 8 3riAHO 3 KyTOM
MOBOPOTY KOMICHOrO pyLuisi 1 BiAHOCHO ONOPHOT NOBEPXHI.
Takum u4mHOM, 3anponoHoBaHun cnocib «[leTtposa-bo-
pUCEHKa MiABULLEHHS MPOXIQHOCTI TArOBO—TPAHCMNOPTHOT
CUCTEMMW» CTBOPKOE JOOATKOBY LUTYYHY OMOPHY MOBEPXHIO
NS TArOBO-TPAHCNOPTHOI CUCTEMM, PO3LUMPHOE MOXIIMBOCTI
konicHoro pyuwis 1 ans 36inblUeHHs NOro TArM Ta NOEAHYe
MOXINMUBOCTI KOMICHOMO Ta TyCeHWYHUX pyuii. 3acTtocy-
BaHHS HAKNaZHOro MPOTEKTOpa Ha KOMICHWIA PYLUIRA, SKUNA
HaBaHTaXEHWUN | CEerMeHT HaBaHTaXEHHS SKOro BU3Ha4a-
t0Tb LlEHTpanbHUM KyTOM NOBOPOTY AePOpPMOBaHOI ONOPHOT
MOBEPXHi, JO3BONSE MiABULLUTY NPOXIQHICTb TATOBO—TpaH-
CMOPTHOI CMCTEMW, CTBOPWUTM [OAATKOBY LUTYYHY OMOPHY
MOBEPXHIO AJ151 TATOBO—TPAHCMOPTHOI CUCTEMM, PO3LLIMPUTK
MOXITMBOCTI KOMICHOTO pyLList Ans 36inbWeHHS NOoro Taru Ta
noegHatV (OYHKLiT KOMICHOTO Ta ryceHUYHUX pyLwiiB. Takun
nepenik onepawin f03BONS€E PO3LUUPUTU MOXMUBMWIA Jdiana-
30H TArOBOI AUHaAMIKV TAFOBO-TPAHCMNOPTHOI CUCTEMU, 3MEH-
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A
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=
0
Q

LUINTK Yac Ha 1T pPO3riH Ta NiABMLLMTM MOBINBHICTL TAFOBO—
TPaHCMOPTHOI CUCTEMMU.

Bigomun cnoci6 «Jlarywka» nepemilieHHss MoBinb-
HOro eHepreTuyHoro 3acoby koHcTpykuii J1.M. [letposa
(Kolpahchyan, 2015, p. 125-136), sikuit 30iNCHIOTL TakuM
yuHoMm (Puc. 6): Big eHepreTwyHoro mMopyns 1 KpyTHUNA
MOMEHT 3a JOMOMOroK KiHeMaTU4YHOro 3B’sI3KY NoJaeThbes
Ha LeHTpanbHuiA peaykTop 2. 3a AOMOMOrOK KapaaHHWUX
WwapHipis 15, 16 Ta 17, 18 kapaaHHux Banis 19, 20 kpyTHUI
MOMEHT MOAAETbCA Ha KiHUeBi nepegadi 21, 22 KonicHWUX
pywiis 10, 11. Takum 4nHOM MOBINLHOMY eHepreTU4HOMY
3acoby HagatTb pyx. [Mpu 3miHi onopy pyxy Ha NepeaHix un
3a[HIX KOMICHUX PYLLISIX NPYXUHHUM €NEeMEHTOM NpuMyLLYy-
t0Tb NEPEAHIN KOMICHUA PyLWii (MPY BUHWUKHEHHI HA HbOMY
[0[aTKOBOro onopy) nepectpubHyTH Yepes 6ap’ep um nia-
TATYIOTb 3aHi KONiCHi pyLwii (NP1 BUHUKHEHHI Ha HWUX foaat-
KOBOro TSArOBOrO OMopy) nepectpubHyTh Yepes Len H6ap’ep.

MeTa Ta 3aBAaHHA QOChiAXeHHS

MeTa: BOOCKOHaNeHHs TeXHOMorii nepefadvi KPYTHOro
MOMEHTY Bif ABUryHa OO KOMICHWUX PyLWiiB LUIISIXOM CTBO-
PEHHS1 HOBOI KOHCTPYKLLT KOMICHOrO pyLList MOBiNbHOrO eHep-
reTU4Horo 3acoby.

3aBAaHHA: po3pobUTM  KOHCTPYKLUilo Tarosoro MES
3 KOMICHUMY PYLLISIMU, SIKi HABaHTaXXeHi AMHaMIYHUMM Baramu.

BuknapgeHHsa HOBoOro matepiany

YaBMMO co0i, L0 NO rMafKii BHYTPILLHIN NOBEPXHi AMCKa
koneca ME3 3 BepXHbOI MOro YacTUHM NEepPEKOYYETLCS Bara.
Koneco ME3 pyxaeTbCsi 3 NOCTINHOIO WUBMAKICTIO U, puc. 1,
(Petrov, 2009, p. 1-3; Petrov, 2014, p. 1-3).

MeTa: BU3HauMTK 5Ky LUBUAKICTL Bara Byae matu B 30Hi
MNSMM KOHTaKTy, To6TO, konu Bara Gyae B 30HI KOHTaKTy
LUMHM 3 OMOPHOK NOBEPXHEHD.

3B’shxeMo oci koopauHat 3 konecom ME3, puc. 2.

[ns BuWpilleHHs nocTaBneHoi 3agadvi BMKOPUCTOBY-
€MO 3aKOH 3MiHEHHSI MeXaHiYHOi eHeprii i Barv 3a 4ac, Bia
noyatky i pyxy Bif BEPXHbOI YaCTUHW AUCKa OO HWDKHBOT
TO6TO, KONKM Bara Gyae B HWXHIN TouL aucka.
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Puc. 6. Mo6inbHMI 3acid BUKOHaHWUI NO AeKnapaTUBHOMY NaTeHTY
«Cnoci6 «Jlarywka» nepeMilieHHA MOBINbHOro eHepreTMYHOro 3acoody
KoHcTpykKuii J1.M. MeTtpoBa»
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Puc. 7. Koneco ME3 3 gogaTkoBOl0 AMHaMi4HOIO Barowo

I

TR 7777

Puc. 8. ®isnyna mopgensb koneca ME3 3 nogaTtkoBoOIo AMHaMi4YHOIO Barowo

3MiHEHHS MeXxaHiuHOT eHepril pyxomoi Baru npu ii
pyci Bif BEPXHbOT TOYKM AMUCKY A0 HUXHbOI TOUKU OUCKY
Oyne npeacTaBneHo pisHULEK NOTEHLINHOI Ta KIHETUYHOT
eHeprii.

(Ep+E;)-(Ep+Ef)=A (1)

pe E, -E, = mgr — 3aMiHeHHs noTeHLjanbHOi eHeprii 3a
po3rnsgaemMuii iHTepBan yacy
2 2
mv®  mv . , .
EX-Ef= ——=2 — 3MmiHa KiHETUYHOI eHeprii
2 2

PyXOMOi Baru 3a po3rnsgaemMunin iHTepean vacy;

A — poboTa 30BHILLHIX Cu1.

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcurteTty

30BHILLHLOIO CUMNOLO 3riAHO, PUC. 2 ABNSETHLCS CMa HOp-
MarbHOI peakLii, aka fie 3i CTopoHu aucky koneca ME3 Ha
JUHamiyHy Bary.

PoboTa uiei cunu 3a HEBENMKMIA NPOMIXOK Yacy At Moxe
6yTn npeacrasneHa hopMysok:

AA =N *vdt (2)

[ns Bu3HaveHHs cunm N BUKOPUCTOBYEMO MPUPOZHI OCi
CUCTEMM KOOpAWMHaT, siKi 38'shxemo 3 kornecom MES. 3 uieto
METOH0 3anMLLEMO PIBHSHHS PyXY Barv BifHOCHO NPUPOAHMX
OCel CUCTEMU KOOPAMHAT B NPOEKLiSX HA HOpPMarbHy n Ta
TaHreHujaneHy T oci (Lobas, 2008, p. 331-335).
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VY, m/s

Puc. 9. Ipacik 3anexHocTi po6oTtu A,
AIKY 30iUCHIOE CUNa HOpManbHOI peakLii onopy B NPMPOAHIN cucteMi Bianiky

2
T‘*’a” =N-mqcosa

Micna gudepeHLitoBaHHS OTPUMYEMO

()

MAVga, _ mgsina
at

Je m- Maca guHamivHol Baru;

U Big H Moynb LUBMAKOCTI PyXNMBOI Bary BiQHOCHO
ancky koneca MES;

a KyT MiX BICCIO N Ta BEPTUKASIbHOLO BiCCHO.

Y HaBefgeHii cuctemi BIgniKy SiKy Hamu MOB’I3aHO
3 konecom MES, pyxnuBa Bara pyxaeTbCsl N0 Koy pagiyca
R, oTxe:

(4)

R
at

UsiaH -

()

Y3aranbHeHy WBWAKICTb PyXy AUHAMIYHOT Bary BigHOCHO
MPUPOZHOI cMCTeMU BiAMiKyoce koopauHar byge:

(6)

3a [onoMoror nonepeaHix PiBHAHb MOXHA BU3HAUUTK
KiHeMaTUYHi XxapaKTepuCTUKM pyxy AOCRISKYEMOi Baru.
EnemeHTapHa po6oTa, siKy BUKOHYE AUHAMIYHOI Baru:

0A :mUm/qRC% sina. *da

Pobota A, Ky 34iNCHIOE cuna HOpManbHOI peakui
onopy B NPUPOZHI cucTeMi Bianiky Ta iiHTepBani vacy Big
novaTky pyxy OO MOMEHTY MnonagaHHs AUHaMiuHOi Baru
B 30HY NNsIMU KOHTaKTY koneca ME3 3 onopHoto noeepxHeto
6yae matv Burnsag, popmyna 10:

A= j:muo\/msin odo

L= UO + UBIOH

(7)

®)

A=m2qRV, (9)

Otpumana chopmyna ans pobotu A AMHaMivHOI Barm 4o3-
BOMSIE OTPUMATK 3aKOH 3MiHW MexaHiuHoI eHeprii koneca MES:
2 2
qu+m—U—%:m 2qRV,
2 2

Topgi LWNSXoM pilleHHs1 HaBedeHOro PiBHSAHHS, BiQHOCHO
LUBUAKOCTI PyXNMBOI Bary B 30Hi NNSIMU KOHTaKTy Koneca
ME3 3 onopHolo noBepxHeEr, OTpUMyeMo hopmMyny LBKa-
KocTi ans koneca ME3:

v=V,+429R

Matepianu Ta MeTogu pocnigxeHb

[ns BUSIBNEHHS BNNMBY Ha poboTy A, AKY 30iCHIOE cuna
HOpMarbHOI peakLii onopy B NpUpOAHii cucTeMi Bigniky Ta
iiHTepBani yacy Big noyatky pyxy 4O MOMEHTY nonagaHHs
PYXOMOI Baru B 30Hy nnsiMu KOHTaKTy koneca ME3 3 onop-
HOK MOBEPXHED, po3rnsaHuMo dopmyny 10 B cepefoBuLL;
EXEL. OtpumaHi pe3ynstatit NpeacTaBuMo Ha rpadiky 1.

BucHoBku

B pesynbrarti npoBegeHux gocnimxkeHs ME3 3 mogepHi-
30BaHUMU KOMNICHAMU pyLLiAMU:

1. MpoBeaeHuii NaTEHTHUIA NOLLYK HanpsIMKIB mMoZep-
Hi3auii konicHux pywiiB ME3 [03BONMB BUSIBUTWM MOXIIUBI
HanNpPsIMKX MOAEPHi3aLii KOMiCHOro pyLUis 3 BUKOPUCTAHHAM
OnHaMiYyHoi Baru.

2. ina mopepHisaLii KonicHOro pyLlis 3anponoHOBaHO
Ha OMCKy Korneca BCTaHOBWTUM AMHAMIYHY Bary.

3. MpoBeneHi gocnign Ha noniroHi OP HATI Buseunu
nepeBary MOLEPHI30BaHMX KOMIC 3 AWMHAMIYHOK Barow
B MOPIBHSIHHI 3 iCHYrOuMMU B cuni TArn Ha 35%

4. Mo pesyneratam pgocnigis 6yno nobygosaHo rpa-
¢hivHy 3anexHicTb BkoHaHoi ME3 po6oTw Big WwBmakocTi Ta
OnHaMiYyHoi Baru.

5. Po3pobneHo maket koneca ME3.

6. Mo pesynstatam MpOBeAEHUX AOCHigXKeHb 6yno
0bOpMIIEHO MaTepianu Ha AEKNapaTUBHUA NATEHT | SKi

(10)

(11)

Gyno HanpaBneHo 0 YkpraTeHTy.

BicHuk CyMmcbKoro HauioHanbHOro arpapHoro yHiBepcureTty
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THE THEORY OF WHEELED PROPULSION OF A MOBILE ENERGY VEHICLE WITH ADVANCED ENERGY
CAPABILITIES

The nature of modern technological operations with the help of mobile energy means (MEZ) requires their high mobility
and efficiency. Movement of MEZ in most cases, as a rule, is carried out in unfavorable road conditions, off-road with minimal
use of aids to improve the movement of the car and means of “restraint” mobility.

The maintenance of the quality of the technological operations themselves, in particular both the traction load and the
traction force and speed support systems, depends directly on the MEZ. Based on this, the latest technologies to improve
the movement of MEZ is the key to successful technological operations. The main directions of realization of this purpose
are: deep modernization of the existing running systems of automobile and auxiliary equipment with use of the newest
technologies that will prove their technological suitability to possibility and level of standards of the European Union.

Creation of the Ukrainian MEZ can be placed on the basis of the all-wheel drive chassis created according to special
technical requirements for constructive improvement of the running system.

MEZ which will be intended for installation or connection of special purpose installations is a wheeled engine with deep
modernization. Such a propulsion system can be equipped with a special treadmill to move the dynamic weight, which
reduces slippage and stabilizes the specified direction of movement. In such deep modernization of a design fastening
of the lever for management of spring-loaded dynamic scales is provided. This technology of moving the car by means
of wheel load allows to make the wheel rolling and its load softer, which reduces noise when moving and better use of
technological traction load.

A mathematical model of MEZ motion with a wheel drive loaded with dynamic scales is compiled.

Key words: technology, operation, model, energy means, wheel, stabilization, lever.
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Locaemu sucokux rnokasHukie skocmi y pasi 06pobku Ha eepcmamax 8axKo Yyepes sibpauii, U0 3HWKyoMb npodyKmus-
Hicmb | moyHicmb 06pobku, HadiliHicmb i Ao8208i4HiCMb Ppo6oMU 8epcmamis, a makox cmilikicmb PiXy4020 iHempymeHmy.

Asuwie sibpauili Halbinbw NoO8HO MEOPEMUYHO | ekcriepuMeHmarbHO 00CiOXeHO ni@ Yac MoYiHHS OOHUM pisyeM Ha
MOKapHUX eepcmamax.

B onybrnikosaHux pobomax (Astashev, Korendjasev, Erofeev, 2013; Tchernishev, 2010; Kudinov, 1967; Pashinin,
Tchernishev, 2012; Peterson, 2002) He documb ygazu npudinsembCcs MUMaHHI0 yCyHEHHs 8ibpauil y pa3i 06pobku mema-
1ig 3 suKkopucmatHsm 6azamone3osux iHcmpymeHmig: ceepdersi, Po320pPMOK, 3EHKEPI8, MPOMSIKOK, (hpes, pisbbOHapi3HUX
ma iHwux iHcmpymeHmig. Pedynbmamu docnidxeHb 8ibpauiti y pasi bazamone3080i 06pobKU He cucmeMamu308aHi, 8 HUX
He Gocumb yeaau ripudineHo ennusy eibpauill Ha MPOOYKMUBHICMb MexaHidHOi 06p0obKU, cmilikicmb piXy4YuX IHCmMpyMeHmie
i nokasHuku sikocmi Oemarnel — mMoYHicmb, WOPCMKiCMb i eracmueocmi nogepxHeaux wapie demaned. Taki OaHi Haby-
earomb 0C00IUBO BEITUKO20 3HAYEHHS ¥ 38’A3KY i3 3acmocysaHHsIM eepcmamig 3 YIY, wo npaurorome 6azamonesosum
iHcmpymeHmom (Kak izbezgat vibratciy na stanke HAAS, 2010). 1id yac cknadaHHs npoepam Oris Uux eepcmamie nosuHHI
epaxosysamucs OBMEXEHHS Ha PEXUMU pi3aHHs, SIKi HaknadarombCs Yepe3 MOXueicmb nosieu eibpauyit. Y pasi euko-
pucmanHsi 6azamone308020 pisaHHs OuHaMiyHa cucmema eepcmama cmae binbw cknadHot, Wo sumazae o0amkosux
docnidxeHb Onsi ecmaHoeneHHs QinsHOK pexumie 06pobKu, einbHUX 8id sibpauil, wjo eapaHmye sikicmb demaned. Hosu-
3Ha pobomu nosisizae 8 KoMmrinekcHoMy 0ocrioxeHHI ernusy gibpauiti Ha pobomy cknadHUX iHcmpymeHmig: ¢hpes, ceep-
0es1, MPOMSIKOK, 3eHKepie, P0320pPMOK ma pi3bbOoHapi3HUX 20/1080K. Lle dosgonse po3pobumu pekomeHdauii dns cmitikoi
pobomu iHcmpyMeHmMy 8 ymogax 8UKOpUCMaHHS Lio2o y CydacHUX eepcmamHux cucmemax 3 obnadHaHHam 3 Yly.

Y cmammi y3azanbHeHi numarHs, noe’s3aHi 3 eibpauiamu y pa3i bazamone3o80i 06pobKu, po32nsgHymi mexHoro-
2luHi ¢hakmopu, wo ennueaome Ha iHmeHcusHicmb sibpayit. Ocobnuea yeaza npudingembcsi MEXHOM02IYHUM MEeMmo-
0am ycyHeHHs gibpauili y pasi 6azamone3080i 06pobKuU WsxoMm subopy pauioHanbHUX PEXUMI8 pi3aHHs, onmuManbHoOT
KOHCMPYKUIi piXy4ux rnacmuH 6azamonesosux iHCmMpyMeHmie, a MaKoX W/ISXOM 3aCmOCy8aHHS Pi3HUX Mpucmpois, wo

eacsame eibpauji.

OcHoeow 0n1a HanucaHHs cmammi € po3pobku asmopa, Moe’sasaHi 3 eibpocmilikoro bazamone308010 06pobKoK,
a maKoX po3pobKu, BUKOHaHI iHWUMU 8iMYUsHSHUMU ma 3apybixHumu axisysmu (Kudinov, 1967, Tchernishev, 2010; Li,

2011; Zhu, 2015).

Knroyoei cnoea: sibpauji, KonusaHHs, OUHaMiyHa cucmema, MOYHICMb, SKiCmMb 06pPObKU.

DOI https://doi.org/10.32845/msnau.2021.4.6

Meta po60TK — nigBULLEHHA NPOAYKTUBHOCTI Ta AKOCTI
06pobku HaraTonesosrM iHCTPYMEHTOM 3@ paxyHOK BU3Ha-
YEHHS OiNSHOK PeXMMIB pidaHHsl, Lo 3abe3nevyloTb CTa-
6inbHY pobOoTy IHCTPYMEHTY, Ta 3aCTOCYyBaHHS MPUCTPOIB
ANs raciHHg Bibpauin.

BuknapgeHHA ocHOBHOro martepiany. baratonesose
TOYIHHS LUIMPOKO 3aCTOCOBYETLCSA B 06p0bLi feTanen Ha yHi-
BepcanbHUX TOKapHUX BepcTaTax, Bepcratax-aBToMarax Ta
Bepcrarax 3 Yry.

EkcnepumeHTanbHUMK JOCNISKEHHSAMU BCTAHOBMEHO
(Kudinov, 1967), wo 3aranbHa BibpoCTilKicTb MeTanopi-
3anbHUX BEPCTaTiB NigBULLYETHCA 3i 36iNblLIEHHSM Ynucna
PiXYYMX KPOMOK, SIKi OAHOYaCcHO 6epyTb y4acTb Yy pisaHHi.
Mig yac 6araTone3oBOro TOYIHHA Pi3Li MOXYTb po3TaLlo-
ByBATUCA MO ABOX CXeMax: y NMOLMHI, nepneHankynsap-
Hii 0O OCHOBW BepcTaTa, i B NMOLWMHI, NapanenbHii i
oci. Y pasi nepneHOuKynsapHOCTi 4O OCHOBW BepcTata
OWHaMmiyHa cucTema BepcTata Moxe OyTW npencras-
neHa Jekinbkoma KoHTypamu 3B’a3ky (puc. 1, a), umcno
AKX OOPIBHIOE YNCMY OOHOYACHO pixXy4ux KpoMok. Cuna

pisaHHs P BuMHMKae Ha ofHOMY 3 pi3LiB, nepefaeTbcs
yepes pisLeTpMMay Ha eKBiBaNeHTHY MPYXXHY cUctemy
BepcTaTa i BUKMUKAE BigNOBigHY peakLuilo npyXHoi cuc-
TEMU Y BUIMSALI NepeMmilleHHs ii naHoK y BignoBigHOMY
Hanpsmky. B ubomy Bunagky Ans pisHWX pisuiB ua gis
BUKNUKAE Pi3Hi 3MiHWM nepeTuHy 3pisi. [o3ask Ha npyxHy
cucTtemy [iloTb CUNM pi3aHHs, TO BiANOBiAHA peakuis
npyxHoi cuctemu Byae BupaxaTUCs CymapHUM nepe-
MilLEHHAM, SIKe B KOXHMWIA MOMEHT yacy byae pi3HuM 3a
BEMUYMHOLKO | HAMPSIMKOM.

Y pasi napanensHocTi Jo oci, To6To y npoueci 6arato-
NEe30BOro MOB3LOBXHLOrO TOMIHHS Pi3LAMU, SKi 3aKpinneHi
Ha OQHOMY CynopTi, AMHaMiYHa cucTema BepcTaTa SBMsie
COBOI0 3aMKHYTUI KOHTYpP, LU0 CKNagaeTbCs 3 [OeKinbKox
napanenbHO MpauordnX efieMeHTiB, SIKi MOB’A3aHi Mix
cob0t0 OfHI€El0 3aranbHO NIAHKOK — eKBIBANIEHTHOIO NPYX-
Hoto cuctemoto (puc. 1, 6). Cuctema cun pisaHHa CBOEHO
Jielo Ha oMHamiyHy cucTemy BepcTata Moxe ByTu 3amiHe-
HOIO piBHOZjIOYO0 P, Lo AOpiBHIOE CyMi cun, a 3MiHa TOB-
LUMHX Lapy, WO 3pi3yeTbCs, OOPIBHIOE BiAHOCHOMY 3CyBY

BicHuk CyMmcbKoro HauioHanbHOro arpapHoro yHiBepcureTty

42

Cepist «MexaHisaLjis Ta aBTomaTi3aLjis BUpoOHUYMX NpoLieciBy, Bunyck 4 (46), 2021



7 P

llpoyec pisarra 1

lpouec paaHHa &=
a

~
{ !
\ y
R |
— |

7 J i

Puc. 1. Cxemu aMHaMiyHMX CUCTEM BepcTara y pasi 6aratone3oBoro TouiHHA

pisLeTprMaYa i 3aroToBKw Mif, AiEt0 CyMapHOT CUIKM pisaHHS.
BoHO € ogHakoBUM Ans BCiX pisLiB.

YctaHoBKa [OBOX pi3UiB, NOBEPHEHWX OAWH BiAHOCHO
iHworo Ha 180°, nepneHAUKYNSApHWX OO0 OCi LEHTPIB Bep-
cTaTta, Ha Jeskux pexuMax pisaHHs L03BONse NiaBULLMUTH
cymapHy rmubuHy pizaHHs Ha 20-30%. Y pasi ycTaHoBKM
TPETLOro Ta YETBEPTOro Pi3LLiB CTiKICTb CUCTEMU B TaKOMY
BUNAAKY He NiABMLLYETbCS, ane Bibpauii BUMHMKaKTL Ha
KOXHOMY 3 pi3LiB 3a 6yab-AKOro iX BiZHOCHOTO MOMOXEHHS.
Lle nosicHIOETbCA 3MiHOIO YMOB poBOTM MPYXKHOI cuCTeMH,
3a SKMX CUIW pi3aHHS Ha KOXeH piselpb AiloTb 04HOYACHO
B Pi3HMX HanpsiMKax, Lo i 3yMOBMIOE HECTAbINMbHICTL Mpo-
Liecy pisaHHs.

Y npoueci BUKOHaHHS onepalLlih Ha TOKapHUX BepcTa-
Tax, npauymn ABoMa pi3LsaMu, BCTAaHOBIIEHUMU 3a nep-
L0 CXEMOLO, MOXHa NiABULLMTY BIOPOCTINKICTb BepcTaTa
B Kinbka pasis. [1o Takux onepawin Hanexarb: BigpizaHHs
BiAPI3HUM | NPOPI3HMMM PIi3LAMM, Hapi3yBaHHA TPUKYT-
HOi pi3bOKM ABOMa pi3UsMKU, 3MILLEHMMM OOWH BiOHOCHO
iHWOro B HanpsIMKy nogadi, npopiska TopLeBMX KaHaBOK
Pi3HOI LUMPUHW.

Ona nopiBHSIHHA OfHOMNesoBoro i GaraTonesoBoro
TOYiHHS Oyna BM3HayYeHa BIOPOCTIVKICTb KOXHOMO pius
okpeMo. BusBunocs, WO BOHa ofHaKoBa Y BCIX pi3LiB.
BibpocTiikicTb  OuiHIOBanacs 3a rpaHUYHOK  MOUHO
pi3aHHs, WO cTaHOBUTbL 5 MM. 3i 30iNbLUEHHSIM KiNbKOCTI n
OJHOYACHO NpaLooUKX pisLiB HEYXMMBHO 3pocTae cyMapHa
rpaHnyHa rnubmHa pisaHHs sk y pasi nogadi 0,1 mm/06., Tak
i y pasi nogadi 0,3 Mmm/006. Lis 3anexHicTb Maike HeniHiHa
i MOxxe OyTW NpefcTaBneHa B TakoMy BUMSAAI:

t nt,, (1)
fe t, — rpaHuyHa rmubuHa pisaHHs, WO npunajae
y CepefHbOMY Ha OfWH piseLb.
3i 30inbLeHHAM KinbKOCTI pisUiB BenuyMHa t, 6e3ne-
PEPBHO 3MEHLIYETbCA. Xapaktep i 3MiHM MOXHa BW3Ha-

cym.np

YUTK, NPEOCTaBMBLLN OWNCKPETHI 3HAYEHHSI rPaHUYHOI MMu-
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OWHK pisaHHs, opepxXyBaHi y pasi 3MiHW KinMbKOCTi pisuiB
3anexHicTio, sika ONUCYETbCS PIBHAHHAM
t, =ak", (2

Je a — [OesiKuii MocCTimHMN KoedilieHT, kK — koediui-
€HT, L0 XapakTepM3ye 3MiHy cepeHbOi rPaHNYHOI IMMOUHM
pizaHHs.

3asHaueHi 0cobnMBoCTi 6araTopi3LEBOro TOYiHHS 4O3BO-
MUK 3anNponoHyBaTK Kinbka KOHCTPYKLM pisLiB niaBMLLEeHOT
BIOPOCTIlKOCTi, ronoBHa piKy4ya KPOMKA SKUX CKNafaeTbes
3 [1eKiNbKOX OKPEMUX PiKYUMX eNeMEHTIB.

EdbektmBHMM 3aco00OM 3MEHLUEHHS] piBHA BibpaLin
y cuCTeMi € 3acTocyBaHHs GaratopisueBoi 06pobku. Mopsg
3 YCYHEHHSIM BUMYLLEHKX KONMBaHb METANopi3arnbHuX Bep-
CTaTiB LUNSAXOM BUKOPUCTaHHS pisHuX 3acobiB Bibpoizonsuii
[0CUTb eDEKTUBHIUM € 3aCTOCYBaHHS TEXHOSOMYHUX 3aco-
6iB raciHHa Bibpauin, Lo nonsratoTb y BUOOpI pavioHanbH1X
PEXUMIB pi3aHHs1, BU3HAYEHHI AiNsIHOK BiIOPOCTiKkoi 06pobku
Ha BepcTartax, NPU3Ha4YeHHs ONTUMAanbHOI reoMeTpil pixy-
YOro iHCTPYMEHTY, L0 MiABWLLYE BIOPOCTINKICTb, @ TaKoX
3aCTOCYBaHHS Pi3HUX NPUCTPOIB, LLO racsTb Bibpauii.

YcnilwHO BYKOPWUCTOBYHOTLCS AN raciHHA Bibpauin pisui
PI3HUX KOHCTPYKUIA | reoMeTpii, Hanpuknag, NpyXuHHI,
BiOpIi3Hi 3 ABOMA PiXy4MMU Kpankamu, 3 BibpOracuibHoO
dackoto, BipisHi 3 NOABIMHUM 3aTOYYBaHHAM TOMOBHOMO
KyTa B nnaHi. ig yac ToYiHHSA | pO3TOYyBaHHS LUIMPOKO 3aCTO-
COBYIOTb pi3Hi BibporacunbHi npucTpoi. Micue iX yCcTaHOBKM
3anexuTb Bif cxeMu 0bpobkK, Hanpuknag, nig vYac obpobku
JeTani, KOHCONbLHO 3aKpinmeHoi B NaTPOHi, BibporacumbHWi
NPUCTPIN cnia BCTAHOBMIOBATY HAa NaTPOoHi abo Ha WnuHAeni
BepcTarta, a nig Yac o6TouyBaHHS B LIEHTpax Taki MpucTpoi
MOBMHHI KOHTaKTyBaTV Be3nocepesHbO i3 3aroTOBKOH.

Po3aTouyBaHHs GopLUTaHraMu, OCHALLEHUMM AeKinbkoma
pi3LsMM, [OCUTb LUMPOKO 3aCTOCOBYETLCS 3 METO NigBu-
LLIEHHs! TOYHOCTI i NpOZyKTMBHOCTI 006poGku. lMpu UbOMYy
pi3Ui MOXyTb BCTAHOBMIOBATUCSA 3a MPUHLMMNOM OiNEHHS
rMBuHM pizaHHs abo nogavi.
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YcTaHoBKa pisLiB 3a NPUHLMNOM MOAINY nogadi npoBo-
ANTbCA ANS MOEAHAHHS HaniBYMCTOBOMO i YMCTOBOrO PO3-
TOYYBaHHS, MPUMYOMY HaniBYACTOBMWIA pi3elb BuUnepemxae
YUCTOBUM Ha 1-2 MM Y300BX OCi GOpLUTAHTI.

[uHamiuHi  BNacTMBOCTI  po3TOMyBanbHUX BeEPCTaTiB
BM3HAYalTbCS B OCHOBHOMY BMAacTMBOCTSMW LUMNWUHAESb-
HOro By3na, Sk Moxe OyTu npeacTaBneHwin y BUIMSAA
[IBOMacoBOi MNpyXHoi cuctemu, Ae maca m, 6oplitaHru
npuBeaeHa 40 pisusd, a maca wnuHaens 3 dnaHusamm — oo
CTUKY wWnunHZens 3 GopwTtaHrow. [ig yac po3TovyBaHHs
0JHOYACHO ABOMa Pi3UsAMK 3rvHanbHI KONMBaHHS CUCTEMM
B [BOX B3aEMHO NepneHaMKYNSpHUX HanpsiMKax, Hopmarsib-
HUX 0 oci 06po6noBaHOrO OTBOPY, ONUCYITLCH CUCTEMOLD
andepeHuianbHUX piBHSHb:

mlkl yl+m2k12 y2+rlkl yl+r2k12y2 +-yl =
=k, (-P,, —cosBP,, +sinpP,, -C,)

m2k2 y2+mlk12 y1+ rlkJ.Z )'/1+r2k2)./2 + y2

=k, (~P,, —COSBP,; +sinBP,, —C, o

mk, Zi+m,k,, Zo+ 1k, z,+ 1,k ,Z, + z,
=k, (le +COSPP,, + sinBPy3 + Cz)

m,k, Za+m,k,, Zi+ k., Z, + r,k,z, + z,
=ky, (P, +CcosBP,, +sinpP,; +C,)

fe y, i z,— nepemilleHHs NPYXHOI CUCTEMM Y YUCTO-
BOTO pi3us BiANOBIAHO B HAaNpsMKax HopMani i AOTUYHIN [0
06po6nioBaHoi NOBEPXHi; ¥, | Z, — NEPEMILLeHHA NpyxX-
HOI cucTeMM y bnaHuUs LWNWHOENS B TUX Xe HanpsMKax;
r, i r, — HaBefeHi koedilieHTn AemndyBaHHA MPYXHOI
CUCTEMM Y HUCTOBOTO pisus i y dnaHusd wnuHaens; k;
i k, — nopatnMBOCTi NPYXHOI CUCTEMU Y YMCTOBOIO PisLA
iy dnaHus wnuHgens; k,, — nepemilieHHs GopLuTtaHrn
Y pi3us Big OAMHWUYHOI CUNK, JOKNageHoi A0 hnaHus WnnH-
nens; Cy i C, — HOMiHanbHi 3Ha4YEHHSA CKMafHWKIB CuIl
pi3aHHs, WO AitoTb Ha YMCTOBUI pi3eLib (30BHILLHIA BMMB);
P,, i P, —3MiH/ CKNaaHWKIB CUNN Pi3aHHs Ha YNCTOBOMY
pi3ui; B — KyT MiX pisuamu.

Ha nigcTaBi BUKOPUCTaHHS AMHAMIYHOT XapaKTepUCTUKM
BifibHOro pisaHHs (Kudinov, 1967) oTpumaHi gudepeHui-
anbHi PIBHSAHHSA NPOLECIB pi3aHHA:

Pyl + Tylpyl = “1Kp1y1
P, + Tzlpzl = Kplyl
Py3 + TySPyS = Hstsys
P, +TZ3P23 = Kp3-y3

Ae K, i Ky — KoediLlieHTX pi3aHHs BianoBigHO Ans
YMNCTOBOrO i HaMiBYMCTOBOrO Pi3UiB; Ty Ty Tysy Ty —
MOCTiiHa Yacy CTPYXKOYTBOPEHHS A8 3a3HaYeHux cknaa-
HWKIB CWN pi3aHHs; L, i L, —CepeHi 3HaYeHHs KoediLlieHTiB
TEPTS CTPYXKU 06 NepeaHio NOBEPXHIO YUCTOBOIO i HanMiBYK-
CTOBOIO pi3LiB, ¥, = =y, COSP -z, Sinf — nepemillieHHs
MPY>KHOI CUCTEMW Y HANIBYMCTOBOIO Pi3Ls B HANPsIMKY HOp-
mani o o6pobnoBaHoi NOBEPXHI.

MepeBaxaHHA HU3bKOI YaCTOTW B KONMUBAHHSAX CUCTEMM
LWNUHAEeNb-6opLUTaHra NPUM3BOANTL A0 TOrO, L0 3MiHa cunu
pi3aHHs Ha HamiBYMCTOBOMY pidLi Hagae Aemndyrody Aito
B TOMY BMMafKY, KOMNK pisLi po3TalloBaHi B OAHIN NMOLLMHI.

AHani3 poboTh KOHCONBHOTO IHCTPYMEHTY, B TOMY YMChi
po3TodyBanbHUX BOpPLUTAHT, XapakTepy WOro 3aBaHTaXeHo-
CTi | Aedhopmallii, nokasye, Lo HaWKkpalmMm 3a BibpOoCTinki-
CTIO CTif, BBAXATW IHCTPYMEHT, Maca SIKoro 3MeHLLYeTbCA 40
MOXITMBOMO MiHIMyMY Ha BiflbHOMY KiHLi, @ XOpCTKiCTb abo
MOAYnb NPYXHOCTi MaTepiany 36inbWwyeTbea 40 MOXKMUBOIO
Makcumymy y 3akpinnerHi (Kudinov, 1967).

Mig yac poboTn Ha bpesepHMX BepCTaTax MOXYTb BUHUK-
HYTW aBTOKOMNMBAHHS, SIKi € IOMiIHYHOUMMK Y pasi hpe3epyBaHHs;
BUMYLLEHI KOMMBAHHS, BUKMWKAHI KOHCTPYKTUBHUMM €NeMeH-
TaMy BepCTaTa, a TakoX KOMMBaHHS, ki 3'IBNSKOTLCS BHACMIAOK
3MIHHOMO NEPETUHY CTPYXKW, HEOAHAKOBOIO YMCNa OaHOYaCHO
npaLioroumx 3y6iB pesu, 3MIHHOTO NPUNYCKY, NepepyUB4acToro
pisaHHs1, 3MIHHKX KyTiB pi3aHHs Ta iHLIMX hakTopiB.

ABTOKOMNMBaHHA Y CUCTEMi PO3BMBAIOTLCA BHACMIOOK
TOro, wWo Oyap-Aki BUNAAKOBI NOLITOBXW, Hanpuknag nia
4yac NepBMHHOIO BPi3aHHS ppesn, 3pMBY HAPOCTY, 3pi3aHHs
HEpPIBHOMIPHOrO MPUMYCKY, BUBOAATb 3 PIBHOBAru MpyxHy
CUCTeMy i NMPM3BOAATb A0 3MiH TOBLLMHU 3pi3aHOro Luapy.
Y pesynbrati BigCTaBaHHA 3MiHW CMNKM pi3aHHS Big 3MiHK
TOBLLUMHY 3pi3y BracHi 3aTyxaroui KONMBaHHSA CTalTb Hesa-
TyXaluumy aBTOKONuMBaHHAMU. EHepris, ska nigTpumye
iX, CTBOPIHOETLCS 3@ PaxyHOK 3MiHHOI CUHXPOHHO, ane 3py-
LUeHo No ¢hasi cunu pisaHHs. Mpu LboMy Ha 06pobneHin
NOBEPXHi 3'ABNAIOTLCA CMian Bibpauin, ski € 4oaaTKoBUMM
[xepenamu eHeprii CUCTEMM KOMMBaHb, MNiACUMIOYUMU
konueaHHs1. Nopsag 3 UMM 3pocTatoTb i cunu AemndyBaHHS,
TOMY Yepe3 Aesikuii Yyac HacTae piBHOBara MK eHepriero
30yMKEHHS, WO HaaX0aUTb Yy CUCTEMY, | eHeprieto, Lo po3-
CIlOETBCS Y KONMMBAHHSAX, BCTAHOBMIOETLCA MEBHUN piBEHb
aBTOKOMMBaHb. BiH He 3anuwaeTbcs CTPOro MOCTINHWM,
a nepioaMyHO 3MIHIOETLCA BHACMiAOK AOAATKOBOrO Mpu-
MIMBY eHeprii i 4eMnyBaHHS y cUCTEMI.

[ns Bcix peanbHUX NpoueciB pizaHHs Garatone3oBum
iHCTPYMEHTOM MPAaKTUYHO He BnacTuea poboTta no YMcTomy
marepiany, a 3aexau cnocTepiracTbcs poboTa no cnigy,
3anuLLIeHoMy nonepeaHiM Ne3om Ha NoBepXHi Aetani. Y pasi
(hpesepyBaHHSA Pi3HUX KOHCTPYKLiHWX MaTepianis piBeHb
iHTEHCUBHOCTI  KOnuBaHb 36iMblUyeTbCS MNPOTArOM nep-
LUMX YOTMPBLOX-M'T 0BOPOTIB IHCTPYMEHTY. 3a Liern Yac no
MOBEPXHi pidaHHs BCTUrae npoiTu Binblue 20 3y6is dpeau.

AKLLO BpaxyBaTh eNEMEHT 3ani3HIOBaHHS, TO aBTOKOMNM-
BanbHUI NpoLiec y pasi hpesepyBaHHS MOXHa NpeaCcTaBUTy
y BUMMA4i MeXaHiYHOi CMCTEMW 3 OHUM CTyneHem cBoboau
(Pashinin, Tchernishev, 2012; Li, 2011). Pyx uiei cuctemu
onucyeTbes AudepeHLiansHUM PIBHAHHAM

my(t)+by(t)+cy(t)=F[)’i(t—A)}, 5)

Je m — HaBefeHa eKBiBaneHTHa maca, b — MnocTilHa
AemndyBaHHs, ¢ —eKBiBaneHTHa MOPCTKICTb CUCTEMM,
F — cbyHKUiA, WO BpaxoBye onip 3pi3yBaHOro Lapy, TepTs
CTPYXKM 0O iHCTPYMEHT i TepTs iHCTPYMEHTY 06 MOBEPXHIO
getani, A — vac 3anisHioBaHHA abo 4ac mpoxogy 3ybom
dpesun 0aHOro KPOKY.
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Y pasi BBefeHHs1 6e3p0o3mipHOro Yacy 1 = wt, oe w —
BflacHa 4acToTa AMHaMiYHOI cucTeMMU, PiBHSHHA (3) nepe-
TBOPIOETLCS:

¢y, HE) :g,{M} (6

dt? dt dt

Y LbOMY PIBHSHHI € = b/mw — Manuii NO3NTUBHUIA Napa-
meTtp, &ffdy(1-0)/d1] — dhyHKuist onopy, 6 = wA — 6e3po3mipHe
3ani3HIoBaHHS.

Onsa HaxomxeHHs yMOB CaMo30yIKeHHsS aBTOKONMBaHb
00MEXnMOCcs NiHINHUM HaBNMKEHHSM PIBHAHHS (4):

dy(v), dy(d) dy(r—S)} 0

I on +y(1)= {ao +a, -

MNepLumi ogaHoK NpaBoi YaCTUHW PiBHAHHS (7) onucye
NnLwe No4aTKoBUI 3CYB Y, = €a,, BiANOBIAHWIA NOCTIHOMY
BiJXKMMY, a Opyryin CTBOPIOE AnchepeHLiNHO-Pi3HOCTHE piB-

HAHHS
dzy(r) dy(r) dy(r—S)
d? dr dt
SIKOMY BifjnoBiae XapakTepucTUYHMIA KBa3inoniHom
G()=A* +1+er(1-ae™)=0 8)
MNpouec pisaHHa Byae CTilkUM, SKWO BCi KOPIHHS KBa-
sinoniHoma (8) po3TalloBaHi B MiBiM HaNBNNOLMHI. AKLLO

+e +y(r)=ea,

w,/y ,
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X Oeski KOMNNEKCHI KOpeHi Moro 3HaxogsTbCs NpasBopyd
BiJ OCi opauHaT, TO Mae Micue camo30ymKeHHs1 KOmu-
BaHb B AWHaMiYHii cucteMi. bepyun fo yearu, wo 6=wA=
3mDw/50vz, ge v — wemnakicTb pisaHHs, D — giametp dpesu,
Z — KinbKicTb 3y0iB, i BUKOpWUCTOBYHOYM MeToa [-po3duTTs,
MOXHa nobyayBaTi OiNsHKW CTINKOTO pisaHHs B MpOCTOPi
KOHCTPYKTUBHMX i TEXHOMOMYHMX napaMeTpiB. Taki 4insHKu
B MIIOLLMHI ABOBUMIPHIX NEPETUHIB NOKasaHi Ha puc. 2.

Mig yac pisaHHs dpesamn giametpom 50 MM 3 yMcriom
3y6iB 12 y nnoLwmHi (w,v) BOHM MatoTb BUTNSA ABOX CEKTOpIB
(pwc. 2, a). AHanorivHWiA BUA AINSHKX CTIMKOrO pidaHHs MatoTb
y nnowwHi (D, v) i B nnowwHi (D, z), nobynoBaHux Ha puc. 2,
6 (z=12)i2, B (v=100 m/xB) ans ¢pe3 3 BNacHOK yac-
TOTOW KonmBaHb cucteMn 350 Iy, 3aranbHUM Ans BCIX LMX
[BOMIpHUX NEPETUHIB € HAsBHICTb ABOX OKpeMux 30H. OfHa
3 HWX 3Ha4YHO Wmpa. Ha puc. 2, r 306paxeHi 4iNsHKK CTinKoi
poboTun B nnowwwHi (v, z) ans gpe3 giametpom 50 MM y pasi
BNacHOI YacToTM KonMBaHb AMHamMiYHoi cuctemn 350 ru.

YcyHeHHto Bibpauii y pasi pesepyBaHHS 3HAYHOO
MipOI0 CNpUsiE pavioHanbHUA BUGIp peXXUMIB pidaHHs, reo-
METPUYHMX MapaMeTPIB IHCTPYMEHTY Ta iHLUMX TEXHOMOoriy-
HUX dakTopiB. Lle MoXHa NOSACHUTM TaK, WO 3i 30iNbLIEHHSIM
rMWBUHN pi3aHHA AOBXMHA 3pi3aHOro LWapy 3a NpUAHATMX
yMOB (hbpe3sepyBaHHs 30iMbLUYETLCSA B 2,5 pasa, Togi K 3i
30iNbLUEHHAM LUMPUHU pe3epyBaHHSA BOHa 30iMbLLyeETLCS
nuwe B 1,2 pasa. AHanoriyHui xapaktep 3aKOHOMiIpHOCTEN
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Puc. 2. [linfiHku cTillkoro pisaHHA y pa3i chpesepyBaHHA B NPOCTOPi KOHCTPYKTUBHUX | TEXHONOFYHUX NapamMeTpiB
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3MiHW IHTEHCMBHOCTI BibpaLii Bia WMpUHK pesepyBaHHS
CMOCTepiraeTbCs Ans AMCKOBUX i MPOPI3HKX dpes.

LBnAKiCTb pi3aHHs MEHLLOK MipOto BNAUBAE HA iHTEH-
CUBHICTb BibpalLliit, HiX napameTpu 3pisy y pasi pesepy-
BaHHS. 36iNbLUEHHS LWBMAKOCTI, SIK NPaBMNo, NpU3BOAUTb
00 fesikoro 36inMbLUeHHs aMnniTyd KonueaHb. [ns npo-
Lecy dpesepyBaHHs 3i 36iNbLUEHHAM LWBUAKOCTI CKOPOYY-
€TbCS Yac NOBOPOTY hpe3n Ha oamnH 3y6, a OTxe, YacTiwe
BigOyBalTbCA Bpi3aHHS | BuxoaM 3y6iB 3 KOHTaKTY
3 BUpPOBOM, 3pocTae eHepris 30ymKeHHs, 36inbluyeTbCs
ponb «Cnigy», 3anuweHoro Ha obpobnioBaHin NoBepXHi
nonepeaHim 3y6om.

Bnnue 3HOCY IHCTPYMEHTY Ha IiHTEHCUBHICTb Bibpa-
UM NoYMHae mo3HavaTMcs BXKe Yy pasi MosiBU HEBENMWKOrO,
wupuHoro 0,1-0,15 MM, margaHumka 3Hocy. Lle nosicHio-
€TbCA OemMndylouo Aietlo MangaHuuka. Y pasi noganb-
woro 36inbLweHHs 3Hocy go 0,2 MM amnniTyaa KonveaHb
3poCTae, TOMy Ans Aeskux TuMiB gpes, Lo npaLorTb 3a
HEpPIBHOMIPHOTO | NepepuB4acToro pisaHHs, 4OBOAUTLCS 3a
KpUTEPpI 3aTynneHHs NpuiMaTy 3HOC NO 3afHii rpai, pis-
HuM 0,25-0,3 MM. 3HMXEHHIO IHTEHCUBHOCTI KONMMBaHb Nif,
yac hpesepyBaHHs Cnpusie HeBenuKa LuniHapuyHa cTpiyka,
npoLunicpoBaHa No 3afHit NOBEPXHi, a TaKOX BibporacunbHa
chacka Ha pixyumx nesax gpesu.

36inblueHHs yncna 3y6iB pes y pasi HePIBHOMIPHOIO
(bpesepyBaHHs Npu3BOAUTL [0 30inblUeHHs amnniTyq
BiOpaLiit, no3ask 36inbLIyeTbCs eHepria 36ymkeHHs. Hepis-
HOMIipHe po3TallyBaHHs 3y6iB Mo kony 3i 3pyLUeHHsIM B 3—4°
Jae MOXNUBICTb 3HWU3WTU piBeHb Bibpauint i Ha 10-20%
36iMbLUNTM CTINKICTb IHCTPYMEHTY.

OpHuM 3 OCHOBHUMX (DaKTOpIB, LLIO BU3HAYaOTb PiBEHb
iIHTEHCUBHOCTi KOMWBaHb, € >KOPCTKICTb AOMiHYIOYOI KOMu-
BanbHOI cucTeMU. 3MEHLLEHHS XKXOPCTKOCTi CUCTEMU IHCTPY-
MEHTY BABiYi NpM3BOAWTb A0 36iNbLUEHHS aMnniTyaM Konu-
BaHb y 3-5 pasiB. Tomy cnnasu, WO BOMNOAiIKOTb BUCOKUM
CTyneHeM [eMndyBaHHS, a OTXe, HU3bKOK XOPCTKICTIO,
cnig 3actocoByBaTWM He NS BUrOTOBMEHHS AeTanew cuc-
TEMW iHCTPYMEHTY, @ ANs BUrOTOBMEHHS BiGporacunbHUX
i BiOPOI30MIOKYMX €neMEHTIB, TakuMx SIK OMopu BepcTaris,
CTaHWHK, NpYXHO-aemndyrodi MydTH, NPYXUMHU AN nigsi-
CKM YyTNMUBUX NpUaais, Npoknagku.

[lns npouecis cBepAniHHA, 3€HKEPYBAHHS | pO3ropTaHHs
XapaKTepHi 3aMKHyTa cuCTeMa Litounx cun, cknagHi ymoBu
TpaHCNopTyBaHHS CTPYxkK i nogadi MOP y 30Hy pisaHHs,
NPOTiKaHHSA npouecy pisaHHs B obMexeHWXx ymoBax, Mana
KpYTURbHA XOPCTKICTb iHCTpyMeHTy. [ig yac rnubokoro
CBepPASiHHS NPOLEC YCKNAAHIOETLCA BTPATO CTIMKOCTI CTe-
6na iHCTpyMEHTY.

XapakTep KonuearnbHKX NPoLeciB, Lo BiabyBaloTbCs Nig
yac 06pobKu KIHLEBMM MipHUM iHCTPYMEHTOM, 3anexuTb
Bif /oro chopMu, yucna i po3TallyBaHHS PiXKY4MX KPOMOK,
JOBXWHU IHCTPYMEHTY i hopMUM NonepeyHoro nepepisy, LUo
BU3HAYa€E MOro KPYTUMbHY i NOMEPEYHY XOPCTKICTb, pexu-
MiB pi3aHHs, 06pobntosaHoro matepiany, sugy MOP i winoro
psay HWMX dakTopiB.

BpizaHHs cBepana B MOHOMITHWIA Matepian cynposo-
[DKY€ETbCS IHTEHCUBHUMU KOMMBAHHSMU, 3yMOBREHUMU 3Mi-
HaMW NONOXEHHS CBEPASIa B NPOLLEC] pi3aHHS, 3MIHOK TOB-
LLUMHOIO KipKW Ha NOBEPXHi 3aroTOBKWU, HEFrAaTUBHUM BMIIMBOM

nonepeyHoi KPOMKU. Y pasi 3eHKepyBaHHS i pO3ropTaHHs
eTan BpisaHHs BiabyBaeTbCs cTabinbHilue.

Ansa onucy konuBaHb CBEPANA NPUAMALOTL Pi3HI CXeMu
konueanbHuX cucteM. BeaxatoTb (Kudinov, 1967; Vigovskiy,
2008), Wwo konMBanbHOK CUCTEMOK € CUCTEMa cBepana,
fKa Ma€e OAMH CTyniHb CBOBOAM B HanpsiMKy nogadi, npw
LIbOMY BBaXatoTb, L0 OCbOBA CWMNa He 3anexuTb Bif LWBWa-
kocTi. Posrnsgatoym Bunagok KOHCEpBaTUBHOI cuctemu 6e3
ypaxyBaHHS! CUI1 OMOpY KOMBaNbHOMY PyXY i BpaxoByouu
BCi cunu, WO Ail0Tb Y HaNpsaMKy nogadi, MoxHa sanucatu
andepeHLinHe PIBHAHHSA pyxy

mX+ jx =P, 9)

e m — npuBefeHa mMaca CUCTeMM, j — ii XOPCTKICTb,
P, — ocboBa cuna.

MpuiHATa cxema He BpaxoBye Aii papianbHUX cun,
AKi 3yMOBIIOKOTb HEMUHYYI Nif Yac CBepAniHHA NonepeyHi
konueaHHsa. CBepana B KiHLEBOMY NiACYMKY BW3Ha4aloTb
TOYHICTb 0BPOBKY | AKICT 0BpOBneHoT noBepxHi. PagianbHi
CWUNW BUHWKAaKTb BHACNIZOK HEPIBHOMIPHOIO 3aTOMyBaHHS
PiKY4MX KPOMOK CBEpANa, HEOAHOPIAHOCTI 06pobnioBaHOro
martepiany, HecTabinbHOCTI NpoLecy BpisaHHs, 4ii nonepey-
HOI KPOMKW CBEpASIA.

[Jominytody KonnBanbHy cUCTEMY CBEPASIA MOXHa npea-
CTaBUTU K KONMBAaNbHy CUCTEMY 3 ABOMA CTYNEHSMU CBO-
6oam (puc. 3, a). ObpobnioBaHa 3aroToBKa BBaXaeTbCH
abContoTHO XXOPCTKOK, @ CBEpAno Po3rMsAacTbes Sk MaTe-
pianbHa ToYKa Ha oci CcBepAana, Wo Mae Macy m, nigsileHy
Ha [ABOX B3aEMHO NepneHaMKynsapHUX npyxuHax. MNonepey-
HUN nepepi3 ceepana, po3TawwoBaHWii 6ing 3aTUCHEHOro
KiHL /01O, 3aLUTPMXOBaHO, a MEPETUH, PO3TaLLOBaHUI Bins
BEPLUWMHWX CBepAna, He 3alTpuxoBaHo. PagianbHa npava Y
NPOXo4uTb Yepes BiCb CBepAna i oro KyTo4oK, YTBOPEeHUN
NePETUHOM TFOMOBHOI PiKYYOI KPOMKM i CTPIYKM.

HagnuwkoBa pagianbHa cuna P, Lie Ha cBepano
B MOCTIMHOMY HanpsiMKy, sike CTaHOBUTb 3 Bicclo Y KyT S
i 3aNeXuThb Bif CNiBBIQHOLIEHHS CUI HA FONOBHMX i Nonepey-
HI piXy4ynx Kpomkax. EkcnepumeHTanbHO BCTaHOBIEHO,
LU0 3aMeXHO Bif AiameTpa ceepana, HECUMETPUYHOCTI NOTo
3aTOMYBaHHS | YMOB CBEpAMiHHS BENMYMHA HaaSIMLIKOBOI
pagianbHoi cunu 3assuyai amiHeTbea Big 50 1o 200 H.

Hanpsmku npyxuH cuctemu, WO BignoBigHi Hanpsmam
KOPCTKOCTI cBepana, nosHadeHi X; i X, . Kyt Mix uumu

- o s
HanpAMKamMmu | BICCHO Y nosHayeHwn o (0 <a< Ej , XOp-

CTKOCTI NpYyXuH — BiAnoBiagHO K, i K, , a ix nocTinHi 3ara-
caHHa - C, i C,.

CeepaniHHa BigbyBaeTbesa 3i wswugkicTio v. CepenHe
NONOXEHHs CBEPANA, BiANOBIAHE CTiiKOMY pi3aHHI0, BU3Ha-
4aeTbCs nogadeto S, Ha ogHy i S, Ha iHLLY piXydi KPOMKM
(puc. 3, 6). MNpun UBOMY LIEHTp BarM CUCTEMU 3HAXOOMUTHCS
B Touui O, a Ha cBepAano Aie HaamipHa obeptosa cuna P, .
Y pasi 3MiHM NOnoXeHHs ceepana Ha senuuuHy OO,
AA, B peskomy Hanpsimky W cTaHOBUTb 3 HanpsIMKOM OCi
Y KyT n, 3MEHLIYETLCSA NofaYa Ha OAHIN 3 pPiXy4mx KPOMOK
i 30iNbLYETbCA Ha iHLWI Ha BenuuuHy dS. 3 puc. 3, 6 BuaHo,
wo dS = yctgp,

ae AB =y = Wcosn — 3milLeHHs ceepana B HanpsiMky oci
Y, @ — nonosuHa KyTa npu BepLUnHi ceepana. Hagnvwkosa
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Puc. 3. Cxema KkonuBanbHOi cUCTeMM cBepana i cxema 3MiHM nogay
Ha piXyuii KpomLi y pa3i nonepe4yHMX KonmBaHb

pafianbHa cuna He MNocTilHa, 3MIHIOETLCA Ha JesKy Benu-
4nHy AP, , i TOMy pesynbTytoua pafiarbHa cura
R=P, P,

3miHa cunu  nponopujiiHa BenuuuHI - Aedopmalii:
AP, =zry. Togi R= P, try, pe r — koediLieHT nponopLii-
HOCTI, L0 XapaKTepW3ye BMIIMB Pi3HOTO NOEAHAHHS PEXMMIB
pisaHHs. 3 puc. 3, a BUAHO, WO Y = X,COSa. —X,Sino. .

Bukntouatoun 3 posrnsigy mocTiiHy cuny P, sik Taky, Lo
HE BMNMBAE Ha KOMMBAHHS CUCTEMM, PIBHSHHS pyXy Ans
HanpsamkiB X, i X, MOXHa 3anucaTtu y BUMmsgi :

a’x, dx,

M= +(31?+[K1 +rcosacos (B - a) ] x, - rsino.cos(B— o) x, =0 0
a’x, ax, I (10
M=+ Gt s [K, - rsinasin(B - a) | x, + rcosa.cos (B—a)x, =0

3 umx piBHSHb, BpaxoBytoun AaHi gocnimkeHb (Kudinov,
1967; Zhu, 2015), ons BUNagky cucTeMu 3 gyxe manvmu
BiJHOCHWMM 3aracaHHsMMW, LLO NparHyTb OO0 Hyns, MOXHa
OTPUMATW PIBHSHHS MEXi CTINKOCTI:

1 M 1++/d
1 E— 1+d

ne K, = K, /r; K, =K, /r — sigHoweHHa Koediui-
€HTa XKOPCTKOCTi A0 KoedilieHTa BNIMBY PeXuMy pi3aHHS,
d=K,, /K, — BiOHOLWEHHS BIJHOCHOI XOPCTKOCTI npy-
KMHW B HanpaMKy X; [0 BidHOCHOI XOPCTKOCTI NPYX1HM
B HanpsiMKy X, .

(1)

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcurteTty

Min 4ac pobOTM 3 MNOCTIMHUM PEXUMOM  pidaHHs!
(r = const) BennunHa d xapakTepuaye BMIIMB XXOPCTKOCTEN
MPYXWUH Ha KONWBanbHY CUCTEMY, @ B pa3i poboTy 3i 3MiHHUM
PEeXMMOM pidaHHs (r # const) y 3aaaHin KonuBanbHiA cuc-
Temi (K, = const i K, = const) napameTp d xapakrepusye
BB PEXMMY Pi3aHHs Ha KONUBAsIbHY CUCTEMY.

Anania piBHsiHb (11) nokasye, Lo B 3aranbHOMY BUNaaKy
€ [Bi MeXi CTIMKOCTI, LLIO BU3HAYaOTbCHA 3HAYEHHAMU

(Krldon’Krzaon )i(Krlaun’Krzaon) (12)

Hecriiika poboTta Moxe MaTu MicLe TinbK1 y CUCTEMI, WO
3a00BOIbHSAE HepiBHOCTI 0<a<f. 3Ha4yHa HECTIKICTb BUHW-
Kae Tinbku npu a > 1, TOBTO B pasi BUKOPUCTAHHS MPYXXUHM
MEHLLIOT KOPCTKOCTI. Y pasi 3a4aHol XXOPCTKOCTI NPYXKWH i o
= 0,58 HecCTinKiCTb NpoLeCy BUHUKAE 3a HaMBINMbLL HU3LKMX
3Ha4eHb KoediLieHTa BNMBY PEXUMIB pi3aHHs I.

BibpocrTinkicTb cuctemm nigBuLLyeTbCA i3 3acTOCyBaH-
HAM CBepZen 3 4YoTupma KpoMKamu, §iKi, Ha BigMiIHY Big
CTaHOaPTHMX, MarTb YOTUPW HaMpPSMHKUX CTPIYKM i cep-
LeBWHy 30inblueHoro giametpa. Benuki nopiBHaHO 3i 3BU-
YalHUMK MOMEHTW iHepLii y Takux CBepAen BuU3HayalTb
iX BinbL BMCOKY XOPCTKICTb i MeHLWi Aedhopmauii nig yac
cBepaniHHA. MakcuManbHi KyTu 3aKkpydyBaHHS Lx cBepgen
npubnuaHo B 2-2,5 pasa MeHLLi, Hix cTaHgapTHi. LUBnakicHe
CBEPAMiHHA IMOOKKNX OTBOPIB HEMUHYYE CYNPOBOLKYETHCS
BYMYLLIEHUMU KOTNIMBaHHSIMK, LLO BigbyBatoTbCs 3 YacTOTOH,
LU0 AOPIBHIOE Yncy obopoTiB BUPOOY.

BUHWKHEHHS KOMMBaHL Yy pasi rMMBOKOro CBEPASIiHHSA
NOSICHIOETLCS Pi3HOK TBEPAICTIO OKPEMMX AiNSHOK 3aroTOBKM
B TAKOMy MonepedHoOMy nepepisi, 6asyBaHHAM iHCTPYMEHTY
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Ha 06poBneHnin HAM e OTBIp, Lo Bonodie AesKO KPUBU3-
HOI, NOXUOKOK 3aTOYYBAHHS PiXKYYMX KPOMOK iHCTPYMEHTY
i HEPIBHOMIPHICTIO X 3HOCY.

Crebno ceepana BTpadae CTIMKICTb 3a OESKOro 3Ha-
YeHHS 0CbOBOI cunu. KputyHe HaBaHTaxeHHs aAns crebna
ceepana

_nmEJ n’EJ
Kp I2 (M/)Z

e n — koedilieHT CTIMKOCTI, U — KoedilieHT HaBegeHoI
JOBXWHM, | — 0OBXMHA cBepana, E — moaynb npyxHocTi, J —
MOMEHT iHepujii nepeTuHy cTebna ceepana.

KoeiuieHTn n i U BU3HAYalOTb XapakTep 3aKpinsieHHs,
BUO HABAHTaXEHHS, 3MiHa NepeTuHy ctebna mo Woro

2
. T
JOBXMHI. OyeBnaHo, m =[—] . KputnyHe HaBaHTaxeHHs
n

3anexuTb Bif koedilieHTa NpUBEAEHOI JOBXMHY | 3pocTae
Yy pasi horo 36inbLUEeHHS.

Bibpauii, Lo BUHMKAOTE Y pasi 3eHKEPYBAHHSI, 3HUXY-
l0Tb CTilKICTb PiXKy4Oro iHCTPYMEHTY, sikicTb 06pobku i npu-
3BOAATb OO PYVHYBaHHs 11e3 TBEPAOCMIIaBHMX 3EHKepIB.
OcCHOBHO NpU4YKHOIO BibpaLin y pasi 3eHKepyBaHHS i po3-
BEPTaHHSA € HasiBHICTb CigiB Bi nonepenHboi 06pobku Ha
noBepxHi 06pobntoBaHoro oteBopy. MNpu LboMy akTnyHa
rmubrHa pisaHHs Oyae HepiBHOMIPHO i NepioanYHO 3MiHH0-
€TbCs. BHACNigoK LbOoro B ANHAMIYHIA cUCTEMI, KpiM BUMY-
EHNX KOMNWBaHb, PO3BMBAKOTLCA IHTEHCUBHI aBTOKOMM-
BaHHsl, YacToTa sikux brimsbka 4o 4aCTOTM BiflbHUX KONMBAHb
OZHOrO 3 €MEMEHTIB CUCTEMM | 3aNEXUTb Bif KPOKY XBWMS-
CTOCTi Ha MOBEPXHi. ABTOKONMBAHHS MOXYTb BYTW HACTINbKM
iIHTEHCUBHMMMU, WO noganblia obpobka cTae HEMOXITMBOIO.

ToMy nigBULLEHHS NPOAYKTUBHOCTI i AKOCTi 06pobKM TiCHO
noe’sizaHe i3 3abe3neyeHHsaM BiIOPOCTIKOMO pi3aHHs.

JocnioxeHHs Bibpauin GaraTone3oBoro iHCTPYMEHTY
HaTenep BUKOPUCTOBYOTLCS NPOBIAHUMY dhipMamMu 3 BUPOG-
HULTBA Cy4aCHOrO iHCTPYMEHTY 3i SMIHHUMU PKYYUMU nnac-
THamu Sandvik Coromant, Coro Bore Ta iHwwumu (How to
reduce vibration in milling. Sandvik Coromant, 2018). Mpu
LIbOMY CTBOPIOIOTLCS CUCTEMM TaK 3BAHOMO «TUXOrO iHCTpY-
MeHTy» (Silent Tools), B KOHCTPYKUiAX fkux nepenbdadyeHi
cneLianbHi onpaBkuM 3 MPUCTPOSIMM, WO racaTb Bibpadii.
Ha xanb, npobnema BibpaLin Hikyan He 3HMKaE i nig Yac
0bpobkn Ha BepcTaTax 3 YMY( Kak izbezgat vibratciy na
stanke HAAS. Abamet. Ru, 2021).

Tinbkn y pasi nporpamyBaHHs BepcTaTiB nepenbdbaya-
€TbCS CcTabinbHa poboTa B KOHKPETHUX AiNSHKaX pexumis
pisaHHs.

BucHoBkW. Takum 4YuHOM, O0OBeAeHO, Wo 3i 36inb-
LUEHHAM PiXKY4MX KPOMOK, LLO ofHOoYacHo 6epyTb yyacTb
y pisaHHi, nigBuWyeTbCs BIBPOCTINKICTL BaraTtone3oBoro
iIHCTPYMEHTY 3@ paxyHOK AeMndytounx BNacTUBOCTEN KOH-
TaKTHUX 30H PiXy4Mx KpOMOK Ta getani. Lle crocyeTbes
TOKapHUX, PO3TOYHMX, (DPE3EPHUX, CBEPAMUMBHUX Ta iHLLIMX
onepadin. KonneaHHS, L0 BUHWKAKOTb, BNNUBAKOTL HA KOH-
CTPYKTUBHI 0c0oBnmBOCTi BaratonesoBoro iHCTpyMeHTY. [pu
LIbOMY FOfIOBHOK PEKOMEHAALLEI € HE TiNbKWU NiABULLEHHS
XXOPCTKOCTi BY3MiB BepcTaTa, ane 1 3MiHa KOHCTPYKLi pixy-
4yoro iHCTpymeHTy. [lo3baBWUTUCL AWMHAMIYHWMX KOMUBaHb
MOXHa, FONMOBHUM YWMHOM, LUMSIXOM MpPaBUMbHOMO BUBOPY
PeXUMIB pi3aHHs, TOOTO 3HAXOMKEHHAM [LiNSHOK pPexu-
MiB, Lo 3abe3neyytoTb cTabinbHy poboTy GaraTonesoBoro
IHCTPYMEHTY.
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Pukhovskyy Ye. S., Doctor of Technical Sciences, National Technical University of Ukraine “Igor Sikorsky Kyiv

Polytechnic Institute”, Kyiv, Ukraine

ELIMINATION OF VIBRATIONS DURING MULTI-BLADE PROCESSING
It is difficult to achieve high quality when processing on machines due to vibrations that reduce the productivity and

accuracy of processing, reliability and durability of machine tools, as well as the stability of the cutting tool. The phenomenon
of vibrations is most fully theoretically and experimentally investigated at single-cut sharpening on lathes. The published
works (Astashev, Korendjasev, Erofeev, 2013; Tchernishev, 2010; Kudinov, 1967; Pashinin, Tchernishev, 2012; Peterson,
2002) do not pay enough attention to the issue of elimination of vibrations in the processing of metals using multi-blade
tools: drills, scans, zenkers, spans, cutter, threaded and other tools. The result of studies of vibrations during multi-blade
processing is not systematized, they do not pay enough attention to the effects of vibrations on the performance of makofiyuts’
makofiers, stability of cutting tools and quality indicators of parts — accuracy, roughness and properties of surface layers
of parts. Such data is especially important in connection with the use of CNC machines operating with a multi-blade tool.
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When drawing up programs for these machines, restrictions on cutting modes that are imposed due to the possibility
of vibration should be taken into account. When using multi-blade cutting, the dynamic machine system becomes more
complex, which requires additional research to establish areas of vibration-free processing modes, which guarantees the
quality of the parts. The novelty of the work consists in a comprehensive study of the effect of vibrations on the work of
complex tools: cutter, drill, tensioners, zenkers, scans and threaded heads. This allows you to develop recommendations
for the sustainable operation of the tool in the conditions of its use in modern machine systems with CNC equipment. The
article summarizes the issues related to vibrations in multi-blade processing, considered technological factors affecting
the intensity of vibrations. Particular attention is paid to technological methods of vibration elimination during multi-blade
processing by choosing rational cutting modes, optimal design and sharpening of multi-blade tools, as well as through
the use of various vibration-absorbing devices. The basis for writing the article is the author’s developments related to
vibra-resistant multi-blade finishes, as well as developments made by other domestic and foreign experts (Kudinov, 1967;
Tchernishev, 2010; Li, 2011; Zhu, 2015).
Key words: vibrations, oscillations, dynamic system, accuracy, processing quality.
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This paper presents a study of the processes occurring in apparatus with counter-swirling flows and proposes a
mathematical model for calculating the fractional and overall efficiency of the devices. An experimental stand was used
to investigate a typical design and an advanced apparatus with counter—swirling flows. For determination of the overall
efficiency, the samples were examined on a disperse composition using a scanning electron microscope with a low vacuum
camera SEM-106 | and a ribbon with sprayed silver in the vacuum universal post VUP-5M. The disadvantage of the typical
design of the improved apparatus with counter—swirling flows (ACSF) is the reduced rotational motion of the primary flow,
which slows down the separation process and leads to a decrease in the fractional efficiency of cleaning of medium and
small fractions of the dusty product from the air. The inhibitory effect is due to the small input momentum of motion in the
primary flow compared to the momentum of motion in the secondary flow. One way to increase the rotational motion of the
primary stream may be to double M,,, ., , according to the law of conservation of momentum, due to geometric changes
in the lower cylindrical part of the apparatus. That is, it is necessary to increase the diameter of the lower part of the ACSF,
in order to increase the momentum in the primary flow of the axial swirler. In this case, the ratio of flow rates of air and
impulses will be offset and the braking effect will be eliminated. Thanks to the developed mathematical model, it is seen
that with increasing the momentum of motion in the primary flow of the axial swirler increases the efficiency of trapping fine
particles of sawtooth product in the external and internal layers of the separation chamber of the improved ACSF. This has
the effect of improving overall performance overall. After preparing the samples for analysis and examining them on a raster
microscope, we obtained images of the dispersed composition of the product, which calculated the number of patrticles of a
certain diameter, and then calculated them in percentage to the total number of particles in one sample, so that we obtained
efficiency for each fraction of particles. Namely, the smallest fraction of particles captured was 1.99 microns of advanced
ACSF, the typical design of the ACSF is 2.55 microns. Due to the developed mathematical model of the momentum of motion

for the primary swirler, an improved design of the ACSF was created.
Key words: dust collector, flow rates, improvement, efficiency, capture, momentum.
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Introduction

The development of large cities, accompanied by the
development of industry, increasingly leads to the pollution
of residential areas with industrial gases (Azarov et al., 2017;
Azarov et al., 2019). The content of harmful substances in
the air significantly exceeds hygiene standards. Obviously,
the current situation can be improved through the use
of modern, more advanced technologies (Azarov et al.,
2020; Azarov et al., 2016). It is important to increase the
efficiency of systems for cleaning the city from pollution
and industrial emissions (Azarov et al., 2017; Bakaeva &
Chernyaeva, 2017). Assessment of the dust environment at
industrial enterprises, as a rule, is understood as the study
of air in working areas, the power of dust emissions into
the atmosphere, as well as the efficiency of dust cleaning
devices (Besarion Meskhi et al., 2021; Kalyuzhina, 2013).
In papers (Bogomolov et al., 2016; Evtushenko et al., 2020)
the research process is presented, identifying bottlenecks,
which are characterized by dustiness, analysis of existing
dust removal systems, their efficiency, performance and

features of work in various environments. The articles
(Bogomolov et al., 2016; Evtushenko et al., 2020;
Klimenti et al., 2019) carried out comparative studies of
the characteristics of silica clay dust, calcium silicate and
chalk production in three intake zones for three types of
dust collectors used in dust removal systems: fabric filters,
cyclones and apparatus with counter—swirling flows (ACSF).
Based on the measurement results, it was concluded that
the dust from the dust collectors for all variants of dust
collectors has a similar elemental composition and can be
returned to the production process. The articles consider
several more examples of the impact of industrial dust on
the environment, as well as ways to reduce the technogenic
impact on the environment (Kuzmichev & Loboyko, 2016;
Kondratenko, 2021; Kondratenko et al., 2019; Kondratenko,
2020; Kondratenko & Lapina, 2020). The articles provide
samples of dust—collecting equipment that can contribute
to the task, however, all models of dust collectors do not
give 100% cleaning efficiency (Kuzmichev et al., 2017;

Koshkarev et al., 2019).
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In addition to the chemical and construction industries
(Protodiakonov & Chesnokov, 1987), purification of polluted
air from dust is also necessary in food production. With the
help of dust collectors, dusty gas is separated into dust
and purified air (Sergina et al., 2019; Sergina et al., 2017).
Dust collecting equipment is used in food production to
eliminate losses in the production of products that pollinate
the air (salt, milk powder, food concentrates, sugar), as
well as to reduce environmental pollution (Savchenko-
Pererva & Yakuba, 2015; Sabadash et al., 2015). At the
enterprises of the food industry, most of the production
processes are accompanied by the release of dust. This
reduces the safety of production, and is also an urgent
problem both from an environmental and economic point
of view. The problem of reducing losses during drying is of
great economic importance. The value of the removal of
the product with the exhaust air into the atmosphere due
to the imperfection of cleaning methods and equipment
reaches large volumes. Depending on the aerodynamic
characteristics of the drying tower and cyclones, the speed
of movement of the drying agent, product particles in the
air entering the cyclone, the physicochemical properties
of the product and its particle size distribution can be
significant. The main disadvantage is the comparatively
small fractional efficiency of this apparatus when capturing
dust up to 5-10 microns in size (Vasiliev et al., 2019;
Zhukova et al., 2016; Zhukova et al., 2017).

Recently, the world has been increasingly focusing
on foods that have a long shelf life and high transport
characteristics. Such requirements are achieved by the use
of food drying technologies, which require the development
of energy efficient and productive equipment that is directly
related to the production of finished products, and auxiliary —
dust, because first — it is expensive, and second — no 100%
output of pure product (Azarov et al., 2019; Piralishvili &
Kudryavtsev, 1992).

Dusting is a responsible operation, the output of the
finished product at the end depends on the efficiency of the
separation of the dispersed particles in the gas. Cyclones
have the highest prevalence in processing plants. These
devices are simple to manufacture and operate and provide
trapping of particles up to 10 um. The main disadvantage of
these devices is their overall size and limited performance.
Therefore, it is advisable for processing plants to use
apparatus with counter—swirling flows (ACSF), which have
the ability to control the process of separation of gas and
liquid inhomogeneous mixtures. The field of study of the
processes that take place in the ACSF is poorly understood.
Their use in production allows you to increase productivity,
reduce the size, material consumption of the structure and
optimize the processes that take place in them (Savchenko-
Pererva et al., 2016).

Materials and methods

Materials and equipment that were used in the
experiments to determine efficiency were investigated.

Atthe Sumy National Agrarian University, an experimental
stand was installed in the laboratory Ne 111m to investigate
a typical design and an advanced apparatus with counter—
swirling flows (Fig. 1).
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Figure 1. Scheme of the general view of the improved
ACSF (with two cones): 1 — case; 2 - tangential input of
the external (secondary) flow; 3 — axial lower (primary)
arrangement; 4 — swirler of the primary flow; 5 — outlet
pipe; 6 — conical hopper; 7 — flat washer bottom; 8 —
outer shell; 9 — internal shell; 10, 11 — conical shells;
12 - flow suppressor; 13 — the outlet opening of the
primary flow; 14 - hole between the washer and the
dust collector case

The stand consists of the apparatus (1), depending on
the tested ACSF, the lower cylindrical part was changed, the
dust collector (2) into which the dusty product being trapped
(as a powdered product used milk powder), artificial air
dusting systems (3), flexible air duct (4), air flow regulator
(5), high—pressure fan No. 3 — impeller on the shaft of the
bearing assembly, which is connected to the electric motor
by cogwheel transmission, and which allows to change
the rotation of the impeller by pulleys (6) and system
pulverization and analysis of experiments (7).

All studies were repeated 5 times with a discrepancy of
results of no more than 5%.

To determine overall performance, a typical ACSF
design and an advanced ACSF design were used. Samples
obtained from an advanced ACSF and model design were
investigated for dispersion using a scanning electron
microscope with a low vacuum camera SEM-106 |. The
studies used tapes that had been pre—filled with silver at
the Institute of Applied Physics using VUP —-5M (vacuum
universal post), after which they were transferred to a SEM-
106 | sample holder pre—greased with a carbohydrate paste.
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Results

Existing vortex dust collector (typical design) includes
a case, an exhaust pipe, for the purification of purified air,
two—channel suction air inlet nozzle, primary through the
lower axial vortex, and a secondary, main air flow through a
tangential or flywheel device. A deflector washer is located
between the case and the lower vortex, to allow the dust
product to be lowered into the hopper and to prevent its
removal with clean air (Protodiakonov & Chesnokov, 1987).

The disadvantage of the typical design is the reduced
rotational motion of the primary flow, which inhibits the
process of separation and leads to a decrease in the
fractional efficiency of cleaning the middle and small
fractions of the dusty product from the air.

The rotational motion depends on the angular flow
velocity, which is determined by equation:

— 2Menter
- . 2
pair : LS : r4

where M., —momentum of motion (moment of amount
of motion), (N'm); p,, — density of dusty air, (kg / m?);
L, —total flow of air flows, (m?/s); r, —radius of the exhaust
pipe of the dust collector, (m).

The inhibitory effect is due to the small input momentum
of motion in the primary flow compared to the momentum
of motion in the secondary flow. Thus, in a typical ACSF
(Fig. 3), the lower vortex is twice less than the upper one
and at the flow rates of air L L. =2:1 and the
momentum of motion is M., : M., =4:1. One way
to increase the rotational motion of the primary stream may
be to double M, .., , according to the law of conservation
of momentum, due to geometric changes in the lower
cylindrical part of the apparatus. In this case, the ratio of flow
rates of air and momentums will be offset and the braking
effect will be eliminated.

In general, the momentum of motion at the entrance to
the ACSF is calculated by the equation:

Menter =m-: VT : rO ' (4)
where m— body weight or air, kg; V,— tangential
velocity, m / s; r, — radius of entrance, m.

Fractional efficiency in internal and external layers

After some transformations (Savchenko—Pererva et al.,
2016) found:

— the efficiency equation in the external layer:

o TH 05 pr (1 1) (236(Tarage 15 )+ L (15~ Maerage )

()

@

enter2 *

where m, — angular velocity of flow 1 /'s; L,,L,— loss
of flows in primary and secondary channels m?/ hour;
r. — radius border split streams (a constant), m; r,— the
radius of the dust collector case (constant) m; r,.... —
average radius of the flow (constant for each apparatus), m;
H - height of the separation zone of the apparatus, m; p —
coefficient of dynamic viscosity of air, PA-s; p, — density
solid particles of milk powder, kg /m?=.

— the efficiency equation in the internal layer:

2 0)(2) 'Tf'p-,— .,-*5 H(2’36+Ll '(r* _raverage))
9u-LL,

—d

(6)

Tlaveragel

The theoretical overall efficiency
The overall efficiency ACSF after improvement will be
calculated by the formula:

—nZ*f*L—2+Z
100 L,

nl*f*Ll*niz s

100 L, 100

(7)

T] overall —

where f— quantitative percentage ratio of dispersed
particle size (Table 1).

The results of the studied samples from the improved
ACSF and a typical design, which were examined for
dispersion using a scanning electron microscope with a
low—vacuum chamber SEM-106 I, are shown in the table 2.

Discussion

Using the obtained equations of theoretical total and
fractional efficiency in the internal and external layers of
cylindrical apparatus with counter—swirling flows, in the
subsequent experiments it will be possible to take into
account the influence of system parameters, which will allow
to evaluate the ability of the devices to effectively capture
the pulverized material.

Thanks to the mathematical model developed in
equation (7), it is seen that by increasing the momentum of
motion in the primary flow of the axial swirler, the efficiency
of trapping of fine particles of the sawtooth product in the
external and internal layers of the separation chamber of the
ACSF is increased. This is to improve overall performance
overall. In the advanced ACSF, the overall efficiency of
capturing milk powder wasm, =99,6%, in the typical
design —n, =94,4%.

After preparing the samples for analysis and
examining them on a scanning electron microscope, they
obtained images of the dispersed composition of the

Noaagez = - NI PR - - (5 | product, which calculated the number of particles of a
Table 1
Dispersion of particles of powdered milk
d, m 5.1 8.2 10.5 20.8 32.5 41.6 55.1 60
f % 1.15 6.3 14.8 17.3 23.7 12.4 12.4 9.15
Table 2
Disperse composition of experimental samples of milk powder
Number The average diameter | The smallest diameter | The largest diameter solids
Type ACSF particulate, n of particles 0,00, M solids d_, m d,m
Typical 89 31.13 2.55 142.00
After improvement 99 25.59 1.99 135.51
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certain diameter, and then calculated them in percentage
to the total number of particles in one sample, so that
we obtained efficiency for each fraction of particles.
Namely, the smallest fraction of particles captured was
1.99 microns of advanced ACSF, the typical design of the
ACSF is 2.55 microns.

Conclusions

Due to the developed impulse equation for the primary
swirler, an improved design of the ACSF was created, which

was then conducted and then experimental studies were
conducted. The samples obtained were compared with
those made on a typical construction. The obtained results
of efficiency confirm the correct method of increasing the
diameter of the lower part of the ACSF, in order to increase
the moment of the amount of movement in the primary
flow of the axial swirler. In the advanced ACSF, the overall
efficiency of capturing milk powder was n, =99,6% , in the
typical design — n, =94,4%.
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YOCKOHAJIEHHS NMNT03BIPHUKIB /151 BIIPOBAAXEHHS Y XAPYOBIA MTPOMUCIIOBOCTI

Y 0Oaniti po6omi npedcmaeneHo docniOXeHHs npoyecie, wo eidbysarombcsi 8 anapamax i3 3ycmpiyHUMU 3aKpyYyeHUMU
romokamu, ma 3anporioHo8aHO MameMamuyHy Modesib 07151 pO3paxyHKY YacmKosoi ma 3azanbHoi eghekmusHocmi npucmpois.
Ha ekcnepumermanbHoMmy cmeHOi b6yno AocidxeHO munosy ma yOOCKOHareHy KOHCMPYKUii anapamy i3 3ycmpiyHUMU
3aKpyyeHUMU romokamu. [lns eusHa4yeHHs1 3azaribHOi eghekmugHocmi 3pasku Qocnioxyseanu Ha OucriepcHul cknad 3a
00roOMO2010 CKaHyH020 ETeKMPOHHO20 MIKPOCKOMa 3 HU3bKOBaKyyMHoK kamepoto CEM—-106 | ma cmpiykoro 3 HanuneHum
cpibriom y eakyymMHoMy yHigepcansHomy rocmy BYI-5M. Hedonikom murogoi kKoHempykuii 600CKOHaneHo2o anapamy i3
3ycmpidHUMU 3akpydeHumu nomokamu (A33[1) e smeHweHuUl 0bepmarbHUU pyX NepP8UHHOZ0 MOMOKY, WO YMOBIbHIOE Npouec
cenapauii ma npusgodums 00 3HUXEHHS ghpaKkuiliHOi echekmueHOCMI O4YULLEHHST CePeOHIX i OpibHUX ¢bpakuyili 3anuneHo2o
npodykmy 3 nosimps. [anbmyroyuli echekm 0bymMoereHuli Manum 8XiOHUM iMIMyrIbCOM PyXy 8 rep8UHHOMY roMmoui MopieHSIHO
3 iMIYnIbCOM PyXy Yy 8MOPUHHOMY nomoui. Takum YuHoM, y munositi koHempykuyji A33IT HUXHIG euxop edsidi MeHWUL 3a
eepxHil, a iMrynbc momoky AopigHioe weudkocmi nosimpsHo2o nomoky. OOHUM i3 criocobie 30inbuweHHs 0bepmarnbHO20
PYXy MepeuHHo20 nomoky moxe bymu 36inbweHHs edsidi M, , 8i0nosidHO A0 3aKoHy 36epexeHHs iMIybCy, 3a paxyHoK
2e0MempUYHUX 3MiH HUXHBOT YuniHOpu4YHOI YyacmuHu arapamy. Tobmo, HeobxiOHO 3binbluumu diaMemp HUXHBLOI YacmuHU
A83I1, w06 36inbwumu iMnynbc y Nep8UHHOMY NOMOUj 0Cb08020 3asuxprosaya. Y uboMy sunadky Criie8iOHOWEHHS aumpam
nosimpsi ma imnyrnbcig 6yde 3pigHoBaxeHO i eqhekm 2anbmysaHHs1 byde ycyHeHul. 3aedsiKu po3pobrieHiti MamemamuyHit
Mo0erti 8UOHO, WO 3i 30iIbUIEHHSIM IMITY IbCY PYXY 8 TEP8UHHOMY MTOMOUj 0Cb08020 3a8UXplogaya rMidsuulyembcs e(heKmueHiCmMb
yroemntogaHHs ApibHUX YacmuHOK nuorno0ibHo20 MPodyKmy y 308HILHBOMY ma 8HympilUHLOMY wapax po30inoeoi kamepu
edockoHaneHozo A33(1. Lle nokpaliye 3azanbHy npodykmueHicms. [licnsa nideomosku 3paskie Ao aHanidy ma 00CHiOKeHHs
ix Ha pacmpogomy Mikpockoni ompumaru 306paxeHHs1 ducrepcHo2o cknady npodykmy, Ha sIKoMy po3paxosysasu KinbKicmb
yacmuHOK reeHo2o diamempa, a nomim po3paxosysanu ix y eidcomkax 00 3a2anbHOI KiflbKoCmi YacmuHOK 8 0OHOMY 3pasKy,
maKuM YUHOM ompuMasu eqhekmueHicmb 07151 KOXHOI (hpaKuii YacmuHOK. A came, HalMeHwWa Yacmka 3axonieHuUx 4aCmuHOK
cknana 1,99 mkm ydockoHaneHo20 A33[1, murnogoi koHempykuii — 2,55 mkm. Omxe, 3a80siKu Po3pobneHili MamemamuyHit
modeni imnynbcy pyxy 0715 NepeUHHO20 3asuxprosadya byra cmeopeHa 800CKOHaneHa koHempykuis A33I1.

Knroyoei cnoea: nunosbipHuk, sumpamu, noKpaweHHsi, e(hekmueHICMb, 3aXOMNIEHHS, iMAYIbC.
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YK 65.012.122

®I3UYHE OBI'PYHTYBAHHA NAPAMETPIB OCMOTUYHOI AEMAPATALYII
AK CNOCOBY OBPOBKW KOPEHEMNIAHMX OBOYIB

Cawminuk MapuHa MuxainnisHa

KaHOUAAT TEXHIYHUX HayK, JOLEHT

CyMCbKWii HaLioHanbHWIA arpapHUin YHiBEPCUTET
ORCID: 0000-0002-4826-2080
maryna.samilyk@snau.edu.ua

Y cmammi HagedeHO pe3ynbmamu ekcriepuMeHmarbHo20 A0CHIOKeHHS OCMOMUYHO20 3HEBOOHEHHST KOPEHEMTIOHUX
o8ovyig. Sk npedmem OocriOKeHHsT 8UKopuCcmMo8sysaru cmuaii KopeHennioHi 0oyl mopkey (Daucus) LLlaHmare, cmonosul
6ypsik (Beta vulgaris) bopdo 237, nacmepHak (Pastinaca sativa) binuli neneka. 5l ocmMomuyHUl PO34UH 8UKOpUCMo8y8anu
UyKpo8i po34UHU pi3HUX KoHUeHmpauil (50, 60, 70%). ExcriepumeHm nposedeHo 3a pisHux memnepamyp (40, 50, 60 °C)
ma 3 pisHoto mpusanicmio npouecy (1; 1,5; 2; 2,5 20d). [JocnidxeHHs1 nokasano, Wo YacmuHKU 0804ig po3mipamu MeHWe
5 MM MOXymb po3gaprosamucs i Malomb Hernpugabnusy 3MopuieHy (hopMy ma CyXy KOHCUCMEHU0 MiC/s 8UCYWYBaHHS.
UacmuHku posmipom 10 MM Matomb xapakmepHy ¢hopMy, ane 8 Hux Hasimb nicisi 2,5 eo0uH dezidpamauii cnocmepiea-
€mbCs 8i0UymHUl 3anax ma fpucMak 08ouig, W0 He2amugeHO 8/IUBAE Ha CEHCOPHI MOKa3HUKU SKOcmi. 3anpornoHoeaHo
Mo0pibHeHHs 0804e80I CUPOBUHU Ha KybuKu po3mipom 5x5x5 MM, wo 3abesnedye o0Hakogull wrisx oughyHOyeaHHs ma
2apHi opaaHonenmuyHi enacmueocmi 20moeozo npodykmy Ans scix sudie docnidxysaHux 08o4ig. 3a pesynbmamamu eKc-
nepumeHmarnbHUx 00C/iOXeHb ma MameMamuyHUX PO3PaxyHKie 8U3HAYEHO onmuMarsbHi napamempu 8e0eHHs npouecy
ocmomuyHoi Oegidpamauii nmid yac eupobHuymea ogo4yesux Uykamie. BcmaHoeneHo, wo Halbinbwa OuHamika 3Hego0-
HeHHs1 criocmepieaembCsi 8 nepwy 200uHy Oezidpamauii, Konu pisHUUS KOHUeHmpauiti caxaposu 8 OCMOMUYHOMY PO34UHI
ma ecepeduHi YacmuHOK Halibinbwa. Halbinbuwe nepeHeceHHs Macu criocmepieacmsCs y pasi BUKOPUCMAaHHS PO34UHY 3i
emicmom caxapo3u 70%. Taka KOHUeHmpauyis 0CMOMUYHO20 PO34UHY CMeoproe docmamHill oCMOMUYHUL nomeHuyjasn, mum
camMuM crpuyuHs4U Ginbwy empamy 600U, YrosifbHIKYU OKUCHE ma HechepmeHmamueHe nidpyMm’ssHeHHS, Wwo 0ae 3moay
ompumamu npodykm Kpauwoi skocmi. AkmueHa Maconepedaya 8i0bysaembcs 8 nepwi 2 200UHU, MOMY NPOUEC MOXHa
obmexysamu yum mepMiHOM, OCKibKU rnodanbuwe 3HeB0OHEHHS € EKOHOMIYHO ma MeXHO/o_iyHo HedouinbHUM. Mame-
Mamu4yHo 008e0€HO, U0 OCMOMUYHE 3HEBOOHEHHST 08ouig 8i0bysaembcs weudwe nid Yac nepemillysaHHsl UyKpo8o2o
PO34YUHY 3a PaxyHOK 3HUXEHHS Oropy MacoobmiHy Ha noeepxHi U YHUKHEHHS [I0KanisogaHo20 po3eedeHHs, ke nueac Ha

weudkicmb 8udaneHHs1 800U.

Knrovoei cnioea: ocmomuyHa Oezidpamayisi, 0804i, 0CMOMUYHUL MUCK, KOHUeHmpauyis po34uHy, maconepedadya, numo-

Muti nomik macu.

DOI https://doi.org/10.32845/msnau.2021.4.8

BeTyn. KopeHennigHi oBoui € Hag3BMYaiHO KOPUCHUMM
i 0OOB’AA3KOBO NpefCTaBMneHi B LEHHOMY paLioHi Xapuy-
BaHHA KOXHOI NloguHn. Came TOMy BUHUKAE HeoOXiaHICTb
YLOCKOHaNEeHHst MeTopiB ix 30epiraHHs.

Cepep TpaguiiHux cnocobis 06pobKM pOCIUHHOI crpo-
BMHM MOXHA BUAINUTK: TennoBy o6pobKy nig Aieto BUCOKMX
Temnepatyp (6naHwwyBaHHS, po3BaploBaHHs, NigirpiBaHHs,
00xaploBaHHs, nacepyBaHHsl); TennoBy obpobKy nig Ajeto
HU3bKUX TemnepaTyp (OXOMOMXKEHHS, 3aMOPOXYBaHHS);
3HEBOAHEHHS; PepMEHTaTNBHE KOHCEPBYBAHHS. Y NPOLEC
BMCOKOTEMMNEPaTYpHOi TennoBoi 06pobku BinbOyBatThCA
3MiHW  CTPYKTYPHO-MEXaHiYHMX, isnko-xiMiuHux, Bioxi-
MIYHUX, XiMIYHMX, MIKPODIONOriYHMX Ta OpraHONEnTUYHMUX
BMacTUBOCTEN CUPOBMWHY, BiAOyBaOTLCA 3MiHU XapyoBoi Ta
BionoriyHoi LiHHocTi (Samilyk et al., 2020).

OpHum i3 kpawwmx MeTopiB 36inblUeHHs TepMiHy 36epi-
raHHs1 (PPyKTiB Ta OBOYIB € OCMOTUYHE 3HEBOAHEHHS (aeria-
patauis). lNepeBarn LUbOrO METOAY MONAraTb Yy TOMY, LUO
BiH Jae 3MOry MakcumanbHo 36eperty B OBOYax Mo4aTko-
BUI BMICT BiTaMiHiB i MiHepanis, NpupoaHuWiA Konip, apomar
i cmak (Yadav & Singh, 2014).

OCMOTWYHE 3HEBOOHEHHS — L npouec BUAANEeHHs
BOAM, SKWiA Nepefbadyae 3amo4yBaHHS CUPOBMHW, B OCHOB-
HOMY (pPYKTIB Ta OBOMIB, Y FNEPTOHIYHOMY PO34MHI, HaNpu-

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcurteTty

Knag, KOHLEeHTPOBaHOMY LIyKPOBOMY CMpONi, LLO CPUYUHSE
[Ba OJHO4YaCHI MOTOKM Maconepedadi: NoTik BoAM Big npo-
JYKTY [0 HaBKOMMULIHBbOTO PO34MHY i BNUBAHHS PO3YMHEHUX
peyoBuH y npoaykT (Falade & Igbeka, 2007).

lNpouec LWMPOKO BUKOPUCTOBYETLCS Mig 4Yac po3po-
GreHHs! HOBMX NPOAYKTIB, OCKIMbKW BiH NO3UTUBHO BMNVWBAaE
Ha Xap4oBi i CEHCOPHi BNaCTMBOCTI CBiXUX hPYKTiB, Nnoais
Ta 0BOYiB. PO3p0o0neHo pisHOMaHITHI peXuMm BeLEHHS NPO-
Liecy 3anexHo Big BnactuBocTen cuposuHu (Ahmed et al.,
2016; Khan, 2012; Phisut, 2012; Tortoe, 2010).

®i3nyHKIM 3MICT NpoLiecy OCMOTUYHOI AerigpaTadii nosic-
HIOETLCS TUM, LLLO KOHLIEHTPOBAaHI PO34MHM TBEPANX PEYOBUH
MaloTb GiNbll BUCOKMA OCMOTUYHWUIA TWUCK i MEHLLY aKTuB-
HiCTb BOAM. Pi3HMUSA XiMiYHMX NOTEHLaniB BOAW Y CUPOBUHI
Ta OCMOTUYHOMY PO34UHI € PYLLIAHOK CUIIOK 3HEBOAHEHHS
(Hasanuzzaman et al., 2014).

MNpouec B1aaneHHsa Bogu nig 4ac 0CMOTWYHOI AerigpaTta-
Lii BinbyBaeTbCs 3a paxyHoK Audysii i kKaninsapHoro NoToky,
TOAi K NOMMMHAHHA PO34MHEHOT peyoBUHM abo BMITYroBy-
BaHHS BiabyBaeTbCA Tinbku wnsaxom aundysii (Akbarian
et al., 2014; Rahman, 2009). Ha npouiec ocMOTWUYHOI Jerif-
patauii TakoX BNMMBalOTb i (i3UKO-XiMiYHI BNACTUBOCTI,
MOIeKynsipHa Maca, PO34YMHHICTb i IOHHWUIM CTaH PO3YUHEHOT
peyvoBuHu (Beristain et al., 1990).
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BcTaHoBNEHO onTMMarbHi YMOBU Aerigpatauii geskux
OBOUIB 3a KOHLEHTpaLii LykpoBoro po3dnHy 20-60%: Tem-
nepatypu — 38 °C, Tpusanocti — 100 xB. (Corzo & Gomez,
2004).

[CHYIOTb TakoX [JMcKycii wono obesary OCMOTUYHOMO
cepenosuwla. 3a 36iNbWEHHS KiNbKOCTi OCMOTUYHOIO PO3-
UYMHY NigBULLYETLCS LWIBMAKICTE Maconepenadi, 36inbLuy-
I0TbCA BTPaTK BOAMW, ane ue Npu3BoAuTb A0 36inblueHHs
ekcnnyatauiniux sutpar. Kpim Toro, 36inblUeHHs BMICTY
TBEPAMX PEYOBUH i 3aranbHOi Maconepeaadi Moxe 3HU3NTK
AKICTb MPOAYKTY 3@ PaxyHOK 3MiHW CMaky MpoaykTy i 6inb-
Woi mirpauii NpUpPOaHMX PEYOBMH B OCMOTUYHE Cepeno-
Buwe (Khoyi & Hesari, 2007).

AHanis nitepaTypHux mHKepen nokasas, L0 OCHOBHUMU
NOKa3HWUKaMK, siKi BNIMBAOTb Ha NPOLIEC OCMOTUYHOTO 3He-
BOOHEHHS, €: TemnepaTypa Ta KOHLEHTpaLis OCMOTUYHOTO
PO34MHY, TPUBAMICTb NPOLLECY, PO3MIP YACTUHOK CUPOBUHY,
LU0 3HEBOAHIOETLCA, CNIBBIQHOLIEHHS KIMbKOCTI MaTepiany
1 OCMOTUYHOTO PO3YMHY, LUBWUAKICTE PYyXY PO3YMHY.

Hamu 3anponoHoOBaHO BUKOPUCTaHHS OCMOTUYHOI Aeria-
pataLii Ans BUpoBHULTBA LiyKaTiB i3 KOPEHENMIHUX OBOMIB.
3 uieto MeTo HeoOXiAHO BCTaHOBUTU ONTUManbHi napa-
MeTpu npouecy Aeriapartavii, po3pobutn pauioHanbHUN
PEX1UM MOro NPOBEAEHHS.

[lns gocarHeHHs NOCTaBneHoi MeTK Cnig BUPILLMTY Taki
3aBAaHHS:

— BW3HAYMTW ONTUMAarnbHY KOHLEHTPALil0 Ta Temnepa-
TYPY OCMOTWUYHOIO PO34MHY;

— BW3HAYUTU ONTUMAsbHY TPUBANICTb NPOLECY;

— [JocniguTv BRMB PO3MIPY YaCTMHOK CUPOBWMHW Ha
LUBMAKICTb Maconepenavi;

— 06rpyHTYBaTU OOUINBHICTL NEpeMillyBaHHsA Y npo-
Lieci OCMOTWYHOI aerigparalii.

Marepianu i metoam gocnigxeHb. [locnimkeHHs npo-
BOAMNUCA Ha kadoeapi TEXHONOTI Ta 6e3ne4HOCTi Xap4oBUX
npofykTiB CyMCbKOro HaLioHanbHOro arpapHoro yHisepcu-
TeTy. Ak npeameT OOCHIMKEHHS BUKOPUCTOBYBANM CTUMII
KopeHennigHi oBodi Takux copTiB, aKk: mopkea (Daucus)
WaHTaHe, ctonosun Gypsik (Beta vulgaris) Boppo 237,
nactepHak (Pastindca sétiva) binuin neneka. [ina npose-
JEHHSI OCMOTUYHOI AeriapaTalii 3acTocoByBanu PigvHHAR
TepmocTat MLW-16 3 po6ounm o6’emom 0,01 m3.

[na BM3HAYEHHS ONTUMAaNbHUX PO3MIPIB 4aCTUHOK
NpoBeAEHO [OOCNIAXEHHS CTIAKOCTI OBOYIB OO0 Temne-
patyp. OBoui nogpibHoBanu Ta copTyBanu Ha dpakuii
po3amipamn 3, 5 Ta 10 mm. LUmaToykn oBouiB Bianosia-
HUX (ppaKuin 3aHyptoBanu y CKNsHi KOHiYHI konbu (no 4
KONBK 3 KOXHOK (hpakuieto) i3 KOHLEHTPOBaHUM LLyKpoO-
BUM po3ymHoM (70%). CniBBIAHOLIEHHS LYKPOBOMO PO3-
YMHY ¥ OBOMIB Yy BCix konbax ctaHosuno 1:2. Konbu ogHo-
YyacHO nomiwanu B TepmocTart i3 Temnepatypoto 50 °C
Ta yepes neBHuit vac (1 rog, 1,5 rog, 2 rog, 2,5 rog) no
yepsi BuAManu i Biaainanu osoui Big cupony. OTpuMaHi
3pasku BUcyLlyBanu y nabopatopHiii Bakyym-cyliapLi 3a
Temnepatypu 50 °C npotsarom 1 roguHu. BucylieHi apasku
J0CnifxXyBanu opraHonenTUyHO.

MaTemaTtuuHi  po3paxyHku [Ons BCTaHOBMEHHS ONTU-
MarbHWUX NapameTpiB NpoLecy NPOBOAWMM 3@ LOMOMOrOH
BiJOMUX 3ararnbHOMPUAHATUX PiBHSIHb.

BuknageHHA OCHOBHOro Mmartepiany AoChimXeHHs.
OfHUM i3 OCHOBHMX YMHHKKIB, LLIO BNMBalOTb Ha YMOBW
OCMOTWYHOTO 3HEBOAHEHHS, € OCMOTUYHUI TUCK. BiH BigHO-
CUTLCA O KOMIraTMBHUX BNIACTUBOCTEN PEYOBUHM, OCKIMbKM
3anexuTb Bif KOHUEHTpaLii pO34YMHEHOT PeYOBUHM, a He i
XiMi4HOT Npupoau.

OCMOTWYHUIA TUCK — Lie HAZMULLKOBUA TUCK Y PO34MHI,
AKUA HeobXigHUM Ansa 3anobiraHHs NepeHeCceHHs! Po3dnH-
HWKa Yepes3 HaniBNPOHUKHY MembBpaHy. BiH onucyeTbes pis-
HaHHAM BaH-Todhda:

p =CRT,

e p — OCMOTUYHUI TUCK, [a;

C — KOHLeHTpaLlis po3umnHy, Mosb/M3;

R = 8,31 x/(monb-K) — yHiBepcanbHa rasosa crana;

T — abcontoTHa Temnepatypa, K.

Mig 4ac pocnigxeHb po3paxoByBanu OCMOTUYHWIA
TUCK, CMNPUYMHEHWUA LYKPOBMMM pPO3YMHAMM, 3i BMicC-
TOM cyxux peyoBuH 50, 60 Ta 70% (BignoBigawTb KOH-
LeHTpaLiaM LinboBOr0 KOMMOHEHTY BiAnoBigHO 1462,
1754 Ta 2047 monb/M®). Po3paxyHku NS PO3YMHIB 3i
BCiMa 3anponOHOBAHWMM KOHLEHTpaUisMy NPOBEAEHO
3 ypaxyBaHHAM pi3HWX TemnepaTyp 3HEBOZHEHHS — 40,
50 Ta 60 °C (313, 323, 333 K). Pesynbrati po3paxyHky
HaBedeHo Ha puc. 1.

(1)

m40°C
B 50°C
60°C

BenmunHa 0CMOTHYHOTO
THUCKY, KI1a
w
Q
8
f

50% 60% 70%
KOHIIeHTpallis IyKPOBOTO PO34HHY, Y%

Puc. 1. 3anexHicTb BEIMYNHM OCMOTUYHOIO TUCKY
Bif, KOHLIEHTpaLii LYKpOBOro po3ynHy Ta Temnepartypm

Pesynbrat pospaxyHky nokasanu, Lo 3a 36inblUeHHs
KOHLiEHTpaLii LyKpOBOrO PO34MHY Ta TemnepaTtypu nigsu-
LLYETLCA OCMOTUYHMIA TUCK. OCKINbKX ONTUMArbHOK TeMne-
paTypoto, 3a Kol 36epiraeTbcs BionoriyHa LiHHICTb OBOMIB,
€ 50 °C, NnponoHyeTbCS AN 3HEBOAHEHHS BUKOPUCTOBYBATH
LYKPOBUIA PO34MH 3i BMICTOM Cyxux pedoBuH 70%, SKui
3abe3nedye HaWBULLMI OCMOTUYHWIA TUCK 3a Liei Temnepa-
Typu. Taka KOHUEHTpaLis OCMOTUYHOTO PO34MHY CTBOPHOE
[OCTaTHI OCMOTUYHUI MOTEHLian, TMM CaMUM CrpUYKHS-
toum BinbLUy BTpaTy BOAM, YNOBIMbHIOKOYM OKUCHE Ta Hedep-
MEHTaTMBHe MigpyM’SHEHHS, WO Jae 3MOory oTpuMaTy npo-
AYKT KpaLLoi AKOCTi.

Maca UinboBOro KOMMOHEHTa, MepeHeceHa 3 OfHiel
(hasm B iHLWY 3a OAMHULIO Yacy, BU3HAYaE NPOAYKTUBHICTb
maconepeqadi i Bignosigae noToky Macu, SKMn po3paxosy-
€TbCS 3a HOPMYMOL0:

dm

M (2)

:E,
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e M — maca peqoBumHU, Lo nNpoaudyHayBana 3a ogu-
HULLIO Yacy, kr/rog;

dm — maca LinboBOro KOMMNoHeHTa (caxaposu), nepeHe-
CeHa 3 ofHiel hasm B iHLY 33 OAMHMLIIO Yacy, Kr;

dr — TpuBanicTe npouecy, roa.

3 MeTOH BU3HAYEHHS ONTUMasIbHOT TPUBANOCTI NpoLecy
ferigpataii po3paxoByBanu NUTOMMWIA MOTIK Macu, BigHO-
C4M NoTiK Mack Jo poboyoro o6’emy anapary:
M dc

v oodr’

A€ q,— NUTOMMI MOTIK MacH, Kkr/m®-rog;

V — pobounii 06’em anaparty, M.

CnoyaTky po3paxoByBanu Macy LiNbOBOTO KOMMOHEHTY,
O nepeHoCUTbCA B pesynbraTti OCMOTUYHOI AerigpaTa-
uii. BpaxoBytouu, WO BcepeauHi TepMocTaTty BCTaHOBNEHO
nepemillyoumii NPUCTPIN AN NOCTIMHOrO NepeMillyBaHHS
PO34MHY | BUPIBHIOBaHHS TeMNEpaTyp, MOXHa BBaxaTti, Lo
MOTIK Macu PIBHOMIPHO PO3MOAINSAETLCA NO BCbOMY 00’eMy
anapary.

TakuM YMHOM, MOXHa po3paxyBaTh Macy LinbOBOro KOM-
MOHEHTY, LLI0 NepeHOCUTLCS B NpoLeci Aeriapataii, 3Hatouu
KOHLIEHTpPALLit0 OCMOTUYHOIO PO34MHY 3a POPMYIIOH:

dm =V -dc,

Ae dc — KOHLEHTpaLif LinbOBOro KOMMOHEHTY, Kr/M®.

lpagieHT KOHUEHTpaUii MK PO34MHOM Ta BHYTPILUHBO-
KMITUHHOIO PIAMHO € PYLUIMHOK CUMO BiABEAEHHA BOAM
i3 CMPOBWHW.

PospaxyHkn npoBoaunu, BUKOPUCTOBYHOUM Pi3Hi KOHLIEH-
Tpauiji caxapoau: 50% (500 kr/m®), 60% (600 kr/m®), 70%
(700 kr/m®) Ta pisHy TpuBanicTb npouecy (Bia 1 4o 2,5 rop).

Pesynbratn po3paxyHky NpOAyKTMBHOCTI Maconepeaavi
3anexHo Big TPMBAsOCTi Mpouecy Ta KOHUeHTpauii ocmo-
TUYHOTO PO34MHY HABEAEHO Ha puc. 2.

BcTaHoBneHo, Wo Hanbinblle NepeHeceHHss Macu Crno-
cTepiraeTbCsl y pasi BUKOPUCTAHHA PO34YMHY 3i BMICTOM
caxapo3n — 70%. AkTvBHa Maconepegaya BiabyBaeTbCs
B MepLli 2 rognHu, TOMy MpoLec MoXHa 0OMEXyBaTW LM
TEPMIHOM, OCKiNMbKM Nodasblue 3HEBOAHEHHS € EKOHOMIYHO
Ta TEXHONOTYHO HEAOLNTbHUM.

BignosiaHo fo 3akoHy ®ika Maca peqyoBWHU, LLO NPoau-

q, ()

“)

(yHOyBana 3a OAMHULIID Yacy 3a MOCTIKHOI TemnepaTypu

i TUCKY, 3anexuTb Big KoediuieHTy audysii Ta rpagieHTy
KOHLeHTpaLin:

de

dx

M =-DS (5)

ae D — koedpilieHT aundyaii, m%c;

S — nnota nepepisy, Yepes akui BinbyBaeTbea Andyasis,
M

dc/dx — rpagieHT KOHLEeHTpaLii. 3Hak MiHyC nokasye, Lo
Angysis nae B Gik 3MEHLLEHHS KOHLEHTpaLii.

I3 piBHAHHS (5) BUAHO, WO nnoLa AndyHayBaHHS BNAu-
BaE Ha LUBMAKICTb Maconepeadi. Maca peyoBuHm, Lo npo-
AndyHaysana, NpsiMo NponopuiHa NnoLi nepepisy, Yepes
Ak BindyBaeTbes Andysis, Ta obepHeHO nponopuiiHa
TOBLUMHI LWapy abo JOBXMHI LWNaxXy AndyHaysBaHHs. Mnowa
nepepisy, yepes skun BigOyBaeTbCa Andy3is, 3anexuTtb
BiJ PO3Mipy Ta hOPMM HaCTOHOK CMPOBWHM, LLO NOAAETHCA
Ha gerigpatadito. Lle nigtBepaxye Te, Wwo cdopmMa i posmip
YaCTMHOK BMIMBaIOTb Ha LWBWUAKICTL NPOLECY, TOMY MakTb
perynioBaTucs.

Pesynbtatn BnnvBYy PO3MIpIB CUPOBMHW Ha Xapaktep
3HEBOOHEHHS HaBedeHi B Tabn. 1.

JocnimpxkeHHs nokasano, WO YacCTUHKM OBOYIB PO3Mi-
pamy MeHLLE 5 MM MOXYTb PO3BapioBaTUCH i MaloTb Henpu-
Babnmey 3mMopLueHy hopMy Ta CyXy KOHCUCTEHLUilo nicns
BUCYLYBaHHSA. YacTuHkn posmipom 10 MM MaloTb Xapak-
TepHy bopMmy, ane B HUX HaBiTb nicna 2,5 roauHu geriapa-
Tauii cnocTepiraeTbCs BigYyTHUI 3anax Ta NPUCMak OBOYIB,
O HeraTMBHO BMIIMBAE Ha CEHCOPHI MOKAa3HWKW SAKOCTI.
Tomy 3anponoHoBaHO nodpibHIOBATU OBOYEBY CUPOBUHY
(Beta vulgaris, Daucus, Pastinaca sativa) Ha KyOuku pos-
mipom 5x5x5 mm. MNMpu Takin opmi cnocTepiraloTbCs rapHi
OpraHonenTWYHi BNAacTUBOCTI rOTOBOMO NPOAYKTY Ta 3abes-
NeYyeTbCs OQHAKOBUM LUNAX ANYHOYBaHHS.

Y npoueci JoCnigKeHHs TakoX BU3Hayanu 3miHy maco-
BOI YaCTKM CyXMX PEYOBUH Y PO34MHi 3a 4ONOMOrot0 pedbpak-
TOMETPY. PesynstaTti 3MiHM BMICTY CyXMX PEYOBMH Y CHPON
HaBeaeHo Ha puc. 3.

I3 rpacbika BMAOHO, WO HaWbinblwa AuHamika 3HeBod-
HEHHS1 CNOCTepIraeTbCsA B NepLUy roauHy Aerigpatadii, Konm
Pi3HALS KOHUEHTpaLin caxapo3un B OCMOTUYHOMY PO3YMHI
Ta BCEPeAMHi YaCTMHOK Hanbinblia. Bnpogosx HacTynHOro

=-50%
~8-60%
70%

Maca HUbOBOTO
KOMITOHEHTA, KT
£y

1 15 2 25
TpuBaTicTh AETiNpOTaLil, Tox

& 80 T
&~
E 270 B
z = 7M—7
2 S 60
g S 60
5 © |
g g0
% 240 - =#-Mopksa
oo |
@ _-I_ 30 -I-Byp;u\
=
b i - TTacTepHak
8 !
@m0l
< [
o ; ‘
0 1 2 3
TpUBaTICTH OCMOTHYHOI AETiNPOTALlil, TOI

Puc. 2. 3anexHicTb Macy, WO NePeHOCUTbLCA,
Bif TPUBanNocTi Npouecy Ta KOHLUeHTpauii
OCMOTUYHOIO PO34YMHY
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Tabnuus 1

HocnigxeHHA BNNMBY po3MipiB CUPOBMHU Ha XapaKTep 3HEBOAHEHHS

P°3Mip d)paKuiﬁ, TpMBaﬂiCTb XapaKTepMCTMKa 3HeBOAHEeHUX YaCTUHOK
MM Aerigparauii, roa MOpKBa | Oypsak | nactepHak
1 YacTuHkm 3mopLueHi. KoHeucTeHuis cyxa. 3anax uykposuit. Cmak conogkui
1,5 YacTuHkm 3mopLueHi. KoHeucTeHuia cyxa. 3anax uykposuit. CmMak conogkui
3x3x3 2 YacTuHKM gyxe 3MOpLLUeHi, nogekyan possapeHi. KoHcucTeHuis cyxa. 3anax LyKpoBui.
Cmak conogkun
25 YacTtuHku gyxe 3amMopLUeHi, nogekyam po3sapeHi. KoHcucTeHLis cyxa. 3anax LyKpoBuid.
’ Cmak conoaxum
1 YacTuHku He 3mopLueHi. KoHcKCTeHList He cyxa. 3anax LyKpOBuiA 3 METKM apoMaToM OBOUY.
Cmak ConogKmii 3 NpUCMakom 0BOYY
15 YacTtuHku He 3mopLueHi. KoHcucTeHLis He cyxa. 3anax LykpoBui. Cmak rapMoHiiHO
5x5x5 ’ CONoaKNM
2 YacTuHkm He 3mopLueHi. KoHencTeHuis He cyxa. 3anax uykpoBuin. CMak rapMOoHiiHO
COnoakum
25 YacTuHkm He 3mopLueHi. KoHeucTeHuist He cyxa. 3anax uykpoBuit. CMak rapMoHiiHO
’ CONMOAKUIA
1 YacTuHku He 3amopLueHi. KoHeucTeHuis He cyxa. BiguyTHuid 3anax oBody. Cmak conogkui 3
MpUCMaKkoM OBOMY
15 YacTuHku He 3mopLueHi. KoHencTeHuis He cyxa. BiguyTHuid 3anax oBovy. Cmak conogkmii 3
10%10%10 ’ NPUCMaKoM OBOYY
2 YacTuHkM He 3amopLueHi. KoHeucTeHuis He cyxa. BiguyTHuit 3anax oBody. Cmak conoakui 3
MPUCMaKoOM OBOYY
25 YacTtuHku He 3mopLueHi. KoHcncTeHList He cyxa. Jleab BiguyTHUI 3anax oBody. Cmak
’ CONOAKMIA 3 TPUCMAKOM OBOYY

yacy BMICT CyXMX PEYOBMH B OCMOTWMYHOMY PO34MHI 3Mi-
HIOETbCS HE3HAYHOK MIPO0, L0 AAaE 3MOory OOMeXuTH Yac
Aerigparaduii go 2 rog.

Bigomo, wWo weKakicTe npouecy maconepegadi npsmo
NponopuiHa pi3HMLI KOHLEHTpaLjih Ta obepHeHO nponop-
UilHa KiIHeTUYHOMY (audoy3inHOMY) onopy cepefoBuLLa:

M AC
sz—:—’ (6)
F-r R,

ae AC — pisHULS KOHLEHTpaLin (pyLwiiHa cuna macoob-
MiHY);

R, — andysinHuii onip;

M — maca pe4qoBuHW, WO Nepeiuna 3 ogHiei asm
B iHLLY, KT;

F — noBepxHs KOHTaKTy ¢has, M?;

T — TPMBanICTb 3HEBOOHEHHS, C.

Ockinbky 3a 30inbLUeHHA AUdys3iAHOrO onopy LUBWA-
KiICTb Maconepeaadi 3HWKYETbCS, OCMOTUYHE 3HEBOOHEHHS
0BOvIB BigOyBaETbCA LUBUALLE 32 YMOBW MepeMillyBaHHS
cupony abo woro umpkynauii. Lle Bigbyeaetbcs uepes
3HWXKEHHS OMOpYy MacooOMiHY Ha NOBEpXHi 3a paxyHoK
YHUKHEHHS! TI0Kani30BaHOro po3BefeHHs, sike BMNMBae Ha
LWBMAKICTb BuAaneHHs Boaw. lepemilyBaHHS fae 3Mory
iHTeHcudpikyBaTU NpoLec.

OpHak nepeMillyBaHHA Moxe ByTW yCKNagHEHE | BUKIK-
KaTu MOLUKOMKEHHS 3pa3kiB, L0 3HEBOAHIOTHCS. ToMy
B po3pobneHoMy HaMu anapari Ans OCMOTUYHOI Aeriapara-
uii (Samilyk et al., 2020) ans nepemiwysaHHsa nependadeHo
nonareBy MiLuasnky obTikato4oi chopmu 6e3 rocTpux KyTiB.

O6roBopeHHs. [JoBeaeHo, WO Ans nonepeaHLoro 3He-
BOOHEHHS BapTO BWKOPWUCTOBYBATW LIYKPOBUWA PO3YMH 3i
BMICTOM Cyxux peqoBuH 70%, skuin 3abe3nevye HanBULLMIA
OCMOTWYHUIA TUCK 3a Liei Temnepatypu. NoaibHi pesynsratu

6yno otpumaHo (Gribova & Berketova, 2018) nig yac 3He-
BOZHeHHS Arig. OTpyMaHi Hamu pe3ynkTaTy, K | pesynsraTu
iHWMx gocnigHukiB (Ahmed et al., 2016; Khan, 2012; Phisut,
2012; Tortoe, 2010), ceigyaTb MpoO Te, WO 3aCTOCYBAHHS
OCMOTUWYHOI AieriapaTaLii nepeq cyLwiHHAM 403BOMSE NOKpa-
LUMTK OpraHonenTUYHi BNIaCTUBOCTI FOTOBOTO NPOZYKTY.

TexHiYHW pe3ynbTaT OCMOTUYHOTO 3HEBOAHEHHS MOSIC-
HIOETbCA TUM, WO nonepeaHs obpobka CUMpPOBUHM Nepeq
MPOLIECOM CYLUIHHS NiABMULLYE AOro eheKTUBHICTL 3a paxy-
HOK 3MEHLLEHHSI eHEPreTUYHUX BUTPAT, NOMIMNLLYE CTPYKTYPY
roTOBOrO NPOAYKTY, 3anobirae 3HebapBneHHLo Nnogis, cnpu-
YMHEHOMY (DEPMEHTATUBHIM OKUCHEHHSIM.

BucHoBKW. Pesynbtat aHanisy HasiBHUX HayKOBWX
npaub Ta BNacHUX AOCHiAKeHb NoKasanw Lwo:

— HaMBULLMIA OCMOTUYHWIA TUCK 3a TemnepaTypu 50 °C,
onTUMarnbHoi Anst 36epexeHHs1 BioNoriYHOI LIHHOCTI OBOMIB,
3abe3nevyeTbCa 3a KOHLEHTpaLii LyKpoBoro po3qnHy 70%;

— BMWCOKa KOHLEHTpaLis OCMOTMYHOrO PO34MHY CTBO-
PO OOCTaTHii OCMOTUYHUIA MOTEHLian, TUM camum Crnpu-
YMHAKYM Oinblly BTPaTy BOAW, YMOBINBHIOKYM OKUCHE Ta
HedepMeHTaTVBHE MiAPYM'SIHEHHS, WO [ae 3Mory oTpu-
MaTu NPOAYKT KpaLLol AKOCTi;

— onTumarbHa TpuBanicTb npouecy, sika 3abesnevye
eheKkTUBHE 3HEBOAHEHHS | rapHi CEHCOPHI BNACTUBOCTI Npo-
ayKTy, — 2 rod.;

— po3Mip i hopma 3paskiB, O 3HEBOAHIOTLCA, BNN-
BalOTb Ha XapaKkTep 3HEBOAHEHHSI Ta LUBWUAKICTb Macone-
penadi, Halkpalli pesynsraTm 4OocaraloTbes y pasi nogpio-
HEHHS1 OBOYIB Ha KyOMKM po3mipom 5x5x5 Mwm;

— WBMAKICTb Maconepenavi 3anexuTb Bi pyxy OCMo-
TWYHOTO CepeoBuLLa, OCKIMbKU AAE 3MOTY 3HWXKYBaTU Onip
MacoobMiHy Ha MOBEPXHi 3@ PaxyHOK YHWKHEHHS IOKani3o-

BaHOro po3BeaeHHA.
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SAMILYK M.M., PHD, SUMY NATIONAL AGRARIAN UNIVERSITY, SUMY, UKRAINE

PHYSICAL JUSTIFICATION OF THE PARAMETERS OF OSMOTIC DEHYDRATION AS A METHOD OF
PROCESSING ROOT VEGETABLES

The article presents the results of an experimental study of osmotic dehydration of root vegetables. Ripe root vegetables
were used as the subject of the study Daucus (Chantane), Beta vulgari (Bordeaux 237), Pastinaca sativa (White stork).
Sugar solutions of various concentrations (50, 60, 70%) were used as an osmotic solution. The experiment was carried out
at different temperatures (40, 50, 60 ° C) and with different duration of the process (1; 1.5; 2; 2.5 h). Research has shown
that vegetable particles less than 5 mm in size can boil over and have an unattractive wrinkled shape and dry consistency
after drying. Particles with a size of 10 mm have a characteristic shape, but even after 2.5 hours of dehydration, there
is a noticeable smell and taste of vegetables, which negatively affects the sensory indicators of quality. The proposed
grinding of vegetable raw materials into cubes of 5x5x5 mm, which provides the same diffusion path and good organoleptic
properties of the finished product for all types of investigated vegetables. Based on the results of experimental studies and
mathematical calculations, the optimal parameters for conducting the process of osmotic dehydration in the production of
candied vegetables have been determined. It was found that the greatest dynamics of dehydration is observed during the
first time of dehydration, when the difference in sucrose concentrations in the osmotic solution and inside the particles is
greatest. The greatest mass transfer is observed when using a solution with a sucrose content of 70%. This concentration of
the osmotic solution creates a sufficient osmotic potential, thereby leading to a greater loss of water, slowing down oxidative
and non-enzymatic browning, resulting in a better product. Active mass transfer occurs in the first 2 hours, so the process
can be limited to this period, since further dehydration is economically and technologically inexpedient. It is mathematically
proven that osmotic dehydration of vegetables occurs faster when mixing the sugar solution, by reducing the resistance to
mass transfer on the surface and avoiding localized dilution, which affects the rate of water removal.

Key words: osmotic dehydration, vegetables, osmotic pressure, solution concentration, mass transfer, specific mass flow.
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Silver, as a soft material, is used in the construction of bearings that carry high loads and high speeds, and has good
lubrication characteristics, mechanical properties and corrosion resistance. There are many methods of forming a suitable
coating, but the process of applying Ag coating to the surface of a tin-bronze bearing sleeve using electrospark deposition
(ESD) technology to improve operating conditions has not been sufficiently described. In the article the investigated coating
is obtained on a tin bronze substrate, which was formed as a result of ESD with the use of silver as a soft antifriction material.
The morphology, composition and properties of the coating were studied. The Ag coating on the surface of tin bronze that
was formed by alternately electro-spark deposition applying the soft material of silver. The analysis of deposition on mass
transfer, roughness, thickness, surface morphology, elemental composition and tribological properties of the Ag coating
were investigated by electronic scales, 3D optical profilometers, scanning electron microscopy (SEM), energy dispersion
spectrum (EDS) and tribometer. The results show that the soft material coating of silver is dense, uniformly distributed and
metallurgical fusion with the substrate. The coating of silver was deposited on the surface of tin bronze by electro-spark
deposition. The optimal process parameter was obtained as follows: the voltage is 60V, the duty cycle is 25%, the efficiency
is 1min/cm?. Under the optimal process parameters, the mass transfer is 25.0mg, the surface roughness of the Ag coating is
15.46um and the thickness is 15um. In particular, the layer obtained under the optimal process parameters reduces surface
micro-cracks and has a relative smooth and dense surface with good integrity. The Ag coating have a good metallurgical
bonding with the substrate, and the microstructure of the deposition is compact. Due to the rapid heating and cooling of the
substrate surface by ESD technology, the grains in the deposition layer are very dense, refined, uniformly distributed. The
tribological properties of the coating in dry friction show that the lower resistance is exhibited by the Ag coating deposited
using the soft antifriction material. The surface friction coefficient is stable after running-in, and becomes stable throughout
the test and the minimum friction coefficient of the Ag coating is about 0.31 after running-in stage. The wear mechanism of the
Ag coating is dominated by plastic deformation, abrasive wear and slight polishing. Plastic deformation and abrasive wear
dominated on the relatively soft Ag coating. Silver and copper have very good wettability, which is conducive to improving the
metallurgical bonding performance between metals during ESD. However, the performance of silver as antifriction material
coating needs to be further improved.

Key words: coating, surface, electro-spark deposition (ESD), soft material, tribological properties.
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Introduction
The bearing tin bronze alloys exhibit better mechani-

deposition (ESD) technology to improve the operating con-
ditions.

cal properties as compared with the Babbitt. Analyzing of
their work has shown that the damageability of the bronze
pads is exposed in the form of constrained running, high
wear and high probability of scoring (Manu et al., 2021;
Wang et al., 2018). Thus, there is need to provide for the
bronze bearing pads with special coating improving the
running conditions.

Tin bronze has good thermal conductivity and can
effectively eliminate the heat generated by friction as
a substrate material (Tarel'nik et al., 2017; Chen et al.,
2021). Soft metal silver is used in the design of bearings
bearing high loads and high speeds and has good lubri-
cation performance, mechanical properties and corrosion
resistance (Yuan et al., 2020). Silver and copper have
very good wettability, which is conducive to improving
the metallurgical bonding performance between metals
during ESD.

There are many methods to prepare the related coating,
but there are few reports on how to deposit the Ag coating
on the surface of tin-bronze bearing bush by electro-spark

The coating of the tin bronze surface that was formed
by ESD applying the soft antifriction material of silver. The
analysis of morphology, composition and properties of the
coating were investigated.

Materials and research methodology

The material QSn10-1(Cu 89.10%, Sn 9.38%, P 0.72%,
Others 0.80%) was cut into size 29mm*25mm*4mm as the
substrate. Silver (Ag99.99%) was used to make 3mm in
diameter for electro-spark deposition electrode.

The surface of the substrate and the electrodes was
ground on silicon carbide grinding papers of different grain
size (400, 600, 800, 1200 and 1500 grit) and the roughness
of the surface is not greater than 1um. Prior to deposition
of the coating, the substrates and electrodes were cleaned
in anhydrous ethanol for 20 minutes by ultrasonic cleaner.

The ESD machine HMT-9500 has a control panel
to change the electrical parameters including ESD volt-
age (20V-100V), duty cycle (20%-100%), rotation speed

(150r/min-880r/min) and frequency (50Hz-500Hz). The ESD
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machine has the ground attachment, the shielding gas outlet
and the applicator attachment. The rotation direction can be
controlled on the applicator.

Travel speed in both cases was 2mm/s. The rotation
speed of the layers was 550r/min and the frequency was
400Hz. Deposition was carried out using a hand-held gun
at room temperature with the argon gas (Ar 99%) protec-
tion (10L/min flow rate), which avoids contamination of
the deposit zone by interstitial elements such as oxygen
or nitrogen.

The electro-spark deposition process parameters (elec-
trodes, voltage, duty cycle and efficiency) are shown in
Table 1.

Table 1
The ESD parameters of the Ag coating
Specimens | Electrodes Vo(l{la)ge cyEILétl(l% ) (Enf::;'/irr':})/
1# Ag 40 20 1
21t Ag 60 25 1
3# Ag 80 30 1

The mass transfer data were constructed in weighing the
specimens on a Mettler Toledo AL204 balance with an accu-
racy of 0.1 mg.

Surface roughness and topography measurements
were made using 3D optical profilometers of Bruker Con-
tour GT-k1.

ESD treated surface morphology and wear scars were
analysed using scanning electron microscopy (SEM) of FEI
Quanta 200.The element composition on the surface of the
Ag coating was characterized by energy dispersion spec-
trum (EDS) built into SEM.

Samples for the microstructural analysis were prepared
from the cross sections of Ag coating block and mounted in
bakelite. After polishing and cleaning, corrosion was applied
with 4% nitric acid alcohol. ESD treated cross section mor-
phology of the Ag coating was analysed using metallo-
graphic microscopy LECIA DMi8 M.

An assessment of tribological properties was performed
in the ball-on-plate reciprocating rig on aMWF-500tribome-
ter. The study is to investigate tribological properties of ESD
layers under dry friction conditions. The test temperature
was 25°C. The low sliding velocity of 20mm/s was chosen to
ensure boundary lubricating conditions and was maintained
constant for all the stripes. The track length was 6 mm. The
8 mm diameter bearing steel (GCr15) ball was used as
counter-face. The applied loads were 5N, 10N and 15N. For
the initial 600 seconds, the applied load was 5N, the follow-
ing 600 seconds, have more load of 10N, and then to 15N
for the final 600 seconds.

Results and analysis

In this study, the analysis of deposition on mass transfer,
roughness, and thickness of the Ag coating were investi-
gated, as shown in Table 2.

The electro-spark deposition coating is the result of
gradual accumulation through multiple discharge and a
large number of deposition points (Wang et al., 2021). The
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mass transfer is usually regarded as an important index to
evaluate ESD (Zhang et al., 2021). At the beginning of dep-
osition, the coating mass increases most obviously. With the
increase of deposition time, the mass transfer of electrode
to substrate gradually decreases. Finally, with the increase
of deposition time, the mass of substrates tops increas-
ing. This is because with the increase of deposition time,
the content of oxide or nitride on the surface of the coating
increases, the residual stress on the surface increases, the
binding force decreases, and the material is more likely to
splash during discharge, which impedes the mass transfer
in the process of ESD.

In this study, a precision electronic balance with an accu-
racy of 0.1mg was used to measure the samples and calcu-
late the mass added to the substrate after ESD, as shown in
Table 2. From the point of spark discharge rule, the larger of
the discharge energy, the mass of the more increase (Uman-
skyi et al., 2020; Hong et al., 2017), and Table 2 shows that
the increase of the mass as the energy increases. When the
voltage is 40V, the duty cycle is 20%, the efficiency is 1min/
cm2, the minimum value of mass transfer is 16.8mg. When
the voltage is 80V, the duty cycle is 30%, the efficiency is
1min/cm2, the maximum value of mass transfer is 32.3mg.

The Bruker Contour GT-K1 3D optical profilometers
was used to observe the surface of the deposition layer
and measure the surface roughness. As can be seen from
Table 2, the roughness increases with the increase of dep-
osition energy. When the voltage is 40V, the duty cycle is
20%, the efficiency is 1min/cm2, the minimum value of the
surface roughness is 11.09um. When the voltage is 80V, the
duty cycle is 30%, the efficiency is 1min/cm2, the maximum
value of the surface roughness is 23.84um.

The surface roughness of the Ag coating is not only
affected by the deposition parameters, but also affected by
the operation technology, the mechanical accuracy of the
welding torch and the properties of the deposited materials.

The measured results of the coating surface topography
and profile are shown in Fig. 1. It can be seen from the figure
that, Fig. 1, a, Fig. 1, b and Fig. 1, ¢, the surface topography
gradually becomes rough, and the change of surface profile
curve gradually increases.

The thickness of the Ag coating is the most important
index of ESD. As can be seen from Table 2, the coating
thickness increases with the increase of deposition energy.
When the voltage is 40V, the duty cycle is 20%, the effi-
ciency is 1min/cm2, the minimum value of the thickness is
9um. When the voltage is 80V, the duty cycle is 30%, the
efficiency is 1min/cm2, the maximum value of the thickness
is 21um.

Table 2
The mass transfer, roughness and thickness
characteristics of the Ag coating

Speci- | Electro- Mass Roughness | Thickness
mens des transfer(mg) R, (um) (um)
1# Ag 16.8 11.09 9
24 Ag 25.0 15.46 15
3# Ag 32.3 23.84 21
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Figure 1. The surface topography and profile
of the Ag coating (a-Specimen 1#, b-Specimen 2#,
c-Specimen 3#)

The morphology of the Ag coating surface is shown in
Fig. 2. It can be seen from the figure that the surface of
the deposited coating is sputtering stacking, which is formed
by the superposition of many irregular small droplet spots
melted by continuous pulse discharge. There are a few
microcracks on the surface of the Ag coating, which tend to
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Figure 2. The morphology of the Ag coating surface
(a-Specimen 1#, b-Specimen 2#, c-Specimen 3#)
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propagate along the direction perpendicular to the surface
of the coating. This is due to the rapid heating and cooling in
the process of spark discharge, the residual thermal stress
in the coating will exist, leading to the initiation of micro-
cracks, and Ag with good plasticity can play a role in reliev-
ing the thermal stress, thus reducing the number of cracks.
The multilayer structure with a low modulus ratio contributed
to reduced stress concentration in harder sub-layer, thereby
inhibiting crack initiation.

After deposition, only simple grinding is needed to meet
the requirements of surface roughness. The prepared coat-
ing surface has a small amount of ferrous metal oxides due
to oxidation, which is caused by the oxidation of copper in
bronze alloy. It can also be seen from Fig. 2 that the sur-
face of Specimen 1# in Fig. 2, a has dense discharge spots
and more rough surfaces. With the increase of discharge
energy, discharge spots and smooth surfaces increase.
That's because the higher the energy, the more molten the
metal at the interface, the more fluid it is.

The element composition on the surface of the Ag coat-
ing was characterized by energy dispersion spectrum (EDS)
in Table 3. As can be seen from the table, with the increase
of discharge energy, the content of elements on the surface
of the sample changes little and the copper content is rela-
tively high which indicates that the coating thickness is not
too thick, and the good wettability between silver and copper
can make the metallurgical combination better.

Table 3
The elemental composition of the Ag coating surface
Specimens P(%) Cu(%) Ag(%) Sn(%)
1# 0.29 40.74 56.46 2.51
2# 0.19 38.14 59.60 2.06
3# 0.18 45.31 51.09 3.41

Electro-spark deposition technology can effectively
change the surface of the physical and chemical properties,
mechanical properties, so that the tribological properties of
the surface changes, which has special properties (Tarelnyk
etal.,, 2018; Cao et al., 2017; Wei et al., 2018).

Table 4 compares the evolution of the coefficient of fric-
tion at the applied loaded of 5N, 10N and 15N of the ESD
modified samples sliding against a GCr15 steel ball in air.
For the initial 600 seconds at load of 5N of Specimen 1#,
the friction coefficient with an average value of about 0.33.
The following 600 seconds at load of 10N, the friction coef-
ficient is about 0.24. And then to 15N for the final 600 sec-
onds, the friction coefficient is about 0.35. The friction coef-
ficient of the coating after running-in is slightly larger mainly
because of the thinner coating. For the initial 600 seconds
at load of 5N of Specimen 2#, the friction coefficient with an
average value of about 0.69. The following 600 seconds at
load of 10N, the friction coefficient is about 0.36. And then
to 15N for the final 600 seconds, the friction coefficient is
about 0.31. The friction coefficient of the coating is slightly
larger at the beginning of the run-in mainly because of the
increase of the surface roughness of the coating. For the
initial 600 seconds at load of 5N of Specimen 3#, the fric-
tion coefficient with an average value of about 0.20. The
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following 600 seconds at load of 10N, the friction coefficient
is about 0.22. And then to 15N for the final 600 seconds, the
friction coefficient is about 0.31. The reason why the friction
coefficient of the coating is small at the beginning of run-in
is that the coating thickness increases and the surface is
more prone to plastic deformation. The investigation of the
tribological properties of the coating in dry friction show that
the lower resistance is exhibited by the coating deposited
using the soft antifriction material.

From the evolution of the coefficient of friction of the tin
bronze substrate with the Ag coating, it is clear that wear
process indicated is rather complicated because of the influ-
ence of different surface topography and chemical composi-
tion during running-in phase (Zhou et al., 2022; Tarelnyk et
al., 2012; Xue et al., 2021). For ESD layers, at the beginning
of steady stage its friction coefficient shows to some extent
direct response to surface roughness and the coating thick-
ness. Because GCr15 with high hardness produce material
loss of soft antifriction Ag coating counterpart (with relative
low hardness) through dominant abrasion mechanism. With
the generation of tribofilm, abrasion of coating-GCr15 sliding
couples is transferred to interfacial sliding. Similar to other
sliding couples, the steady-state fiction coefficients become
more or less independent of surface roughness. The friction
coefficient is stable after running-in, and becomes stable
throughout the test.

The surfaces of wear traces were analysed in order to
understand the friction and wear resistance mechanisms of
the coating. The wear scars of the tin bronze substrate with
the Ag coating after tribological testing are shown in Fig. 3.
It was found from analysis of wear scars in Fig. 3, a that
the wear mechanism of the Specimen 1# is dominated by
abrasive wear and fatigue delamination. The friction surface
of Specimen 1# is smooth, the wear marks are fine and shal-
low, and some materials are spalling and forming spalling
pits. The wear mechanism of the Specimen 2# is dominated
by abrasive wear and plastic deformation that was found
from analysis of wear scars in Fig.3, b. However, it can be
seen in Fig. 3, ¢ that the soft antifriction coating may effec-
tively restrain fatigue delamination, showing plastic defor-
mation, abrasive wear and slight polishing. Plastic defor-
mation and abrasive wear dominated on the relatively soft
Ag coating. The initial surface microgeometry was changed
during load application and its surface became smooth with
fine shallow scratches observed after the wear test. After the
smooth surface was formed, the friction and wear stabilised.

The elemental composition of the Ag coating surfaces
after tribological testing are shown in Table 5. By comparing
Table 3 and Table 5, it can be found that copper content
on the surface of specimen 1# decreases from 40.74% to
38.29%, silver content decreases from 56.46% to 46.52%.
The tin content on the surface changed little before and after
the friction test. In addition, carbon and oxygen elements
were detected on the surface, indicating the formation of
carbides and oxides after surface wear.

By comparing Table 3 and Table 5, it can be found that
after friction test, copper content on the surface of speci-
men 2# increases from 38.14% to 45.45%, silver content
decreases from 59.60% to 46.32%. The tin content on the
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Figure 3. The wear scars of the tin bronze substrate
with the coating after tribological testing
(a-Specimen 1#, b-Specimen 2#, c-Specimen 3#)

surface changed little before and after the friction test. In
addition, the low content of carbon and oxygen detected
on the surface indicates that due to the good stability of
silver, less carbides and oxides are produced after sur-
face wear.

By comparing Table 3 and Table 5, it can be found that
copper content on the surface of specimen 3# decreases
from 45.31% to 41.48%, silver content decreases from
51.09% to 34.72%. The contents of tin on the surface of
specimen 3# have little change after friction test. In addition,
the higher carbon and oxygen elements content detected on
the surface indicates that due to the poor stability of tin and
copper, more oxides are generated after ESD. However,
due to the large surface roughness, the oxides and carbides
on the surface have not been completely removed.

Table 4
The friction coefficient during coating tests
atloads of 5N, 10 N,and 15N

Specimens 5N 10N 15N

1# 0.33 0.24 0.35

2# 0.69 0.36 0.31

3# 0.20 0.22 0.31
Table 5

The elemental composition of the Ag coating surface
after tribological testing

Specimens | C(%) | O(%) | Cu(%) | Ag(%) | Sn(%)
1# 763 | 4.76 38.29 46.52 2.81
2# 1.03 5.52 45.45 46.32 1.68
3# 11.27 | 11.05 | 41.48 34.72 1.48
Conclusions

The following conclusions can be drawn from observed
results:

(1) The coating of silver was deposited on the surface
of tin bronze by electro-spark deposition. The optimal
process parameter was obtained as follows: the voltage
is 60V, the duty cycle is 25%, the efficiency is 1min/cm?.
Under the optimal process parameters, the mass trans-
fer is 25.0mg, the surface roughness of the Ag coating is
15.46um and the thickness is 15um. In particular, the layer
obtained under the optimal process parameters reduces
surface micro-cracks and has a relative smooth and dense
surface with good integrity.

(2) The Ag coating have a good metallurgical bonding
with the substrate, and the microstructure of the deposition
is compact. Due to the rapid heating and cooling of the sub-
strate surface by ESD technology, the grains in the deposi-
tion layer are very dense, refined, uniformly distributed.

(3) The tribological properties of the coating in dry friction
show that the lower resistance is exhibited by the Ag coat-
ing deposited using the soft antifriction material. The surface
friction coefficient is stable after running-in, and becomes
stable throughout the test and the minimum friction coeffi-

cient of the Ag coating is about 0.31 after running-in stage.
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Silver and copper have very good wettability, which is con- | improved. The wear mechanism of the Ag coating is domi-
ducive to improving the metallurgical bonding performance | nated by plastic deformation, abrasive wear and slight pol-
between metals during ESD. However, the performance | ishing. Plastic deformation and abrasive wear dominated on
of silver as antifriction material coating needs to be further | the relatively soft Ag coating.
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Uxan YxeHyyaHb, acripaHm, CymcbKul HauioHanbHUl agpapHuli yHisepcumem, M. Cymu, YkpaiHa

XAPAKTEPUCTUKA TOKPUTTSA 31 CPIGJIA HA MOBEPXHI OJIOB’SIHOI BPOH3U, COOPMOBAHOIO
METOLOM EJIEKTPOICKPOBOIO OCAOXEHHA

Cpibno sk M’aKuli Mamepian 8UKOPUCMOBYEMbCS Y KOHCMPYKUT MIOWUMHUKIG, SKi HECYMb 8UCOKI HABaHMAXEHHS | BUCOKI
weuodKocmi, i Mae Xopowi xapakmepucmuKu 3MauleHHs, MexaHiyHi enacmusocmi ma cmitikicmb 0o Kopogii. IcHye 6azamo
memodie ¢hopMysaHHs 8i0rnoesi0HO20 NoKpumms, ane He ocmamHbO onucaHull MPouec HaHeceHHs Ag-nokpumms Ha
08EPXHIO 01108 IHO-6POH3080F 8MYIIKU MIOWUNHUKa 38 00MOMO20K0 MEXHOmoRIl enekmpoickposoeo ocadxeHHs: (ESD) dns
roKpaweHHs1 yMoe ekcriiyamauii. Y cmammi 0ocnidxeHe nokpummsi, ompumaHe Ha nidknadui 3 0ri08’sHUCmoi 6poH3u, sike
6yno cehopmosaHe 8 pesynbmami ESD i3 3acmocysaHHsIM cpibna sik M’iK020 aHmughpukyitiHo2o mamepiany. [ocnidxeHo
Mopgbonoeito, cknad i enacmueocmi noKpUMMs.

lpugedeHo mexHomnozito hopmysaHHs AQ-MOKpUMMS Ha MOBEPXHi Of108’IHOI OPOH3U, SIKE YMEOPEHE WIISIXOM
104ep208020 efleKMpPOICKP08020 ocadxeHHs (ESD) HaHeceHHsIM M’siK020 Mamepiasy cpibna. AHani3 erugy 0Ca0XeHHs
Ha MacoobMiH, wopcmkicmb, MOBWUHY, MOPOsIOo2itd MosepxHi, enemeHmHul cknad i mpubosnoaidHi enacmueocmi
Ag-nokpumms docnidxyeanu 3a AoroOMO20t0 efeKMPOHHUX 8az, 3D-onmuyHux npoginomempis, ckaHyr4Oi eneKMPOHHOT
mikpockonii (SEM), crnekmpy eHepzemuyHoi ducnepcii (EDS) ma mpubomempa. [Nokpumms 3i cpibna HaHocunu Ha
[0BEPXHIO 01108 SIHOI BPOH3U e/1eKmpPOiCKpPo8UM HarnuneHHsM. OnmumanbHUl napamemp npouecy by ompumaHuli makum
yuHom: Harpyea 60 B, poboyuli yukn 25%, npodykmusHicmb 1 xe/cM?. 3a onmumasnbHUX napamempie npoyecy Macoobmi
cmaxosums 25,0 Me, wopcmkicme nogepxHi Ag-nokpummsi — 15,46 mkm, a moswjuHa — 15 mkm. 3okpema, wap, ompumaHul
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3a onmuMaribHUX rnapamempie npoyecy, 3MEHWYe MoBepPXHEsi MIKpOMPIWUHU | Mae 8iOHOCHO anadky i WinbHy MO8epPXHHO
3 Xopouwor yinicHicmro. Ag-nokpumms mae xopowuti Qughy3itiHul 36’430k i3 nidknadkor, a Mikpocmpykmypa ocadXeHHs
KommnakmHa. 3ae0siKu WeUGKOMy HazpigaHHIO ma OXOTO0XKEHHIO M08epxXHi MiOknaoku 3a mexHoozieto ESD 3epHa 6 wapi
ocadxeHHs1 OyxKe WirbHi, BUMOHYEHI, PiBHOMIPHO po3rodineHi. TpubonoaidHi eracmugocmi MOKPUMMS Npu CyxoMy mepmi
roKasyromb, Wo MeHwul onip 0eMoHcmpye AQ-MOKPUMMS, HaHeCeHe 3 GUKOPUCMAaHHAM M’SIK020 aHMUGPUKUIUHO20
mamepiany. KoegiyieHm nosepxHego20 mepmsi cmabinibHul ricrig 0bkamku i cmae cmabinbHUM Npomsi2oM 8urnpobyeaHHs,
a MiHimanbHUl KoegpiyiecHm mepms Ag-nokpummsi cmaHosums npubnusHo 0,31 nicna emany obkamku. Y MexaHi3mi
3HOWYy8saHHs1 Ag-nokpummsi nepesaxarome rniaacmuyHa 0eghopmauisi, abpa3usHe 3HOWYBAHHS Ma HE3HaYHe Moslipy8aHHs.
Ha ei0HocHO M’sikomy Ag-rokpummi nepesaxanu nnacmuyHa 0eghopmauis ma abpasusHe 3HowysaHHs. Cpibmo i midb
Maromb Oyxe XOpouwy «3MOYy8aHiCmMby, WO CIPUSIE MOKPaUeHHI0 ehekmueHOCmi QUhy3ilIHO20 34erneHHs MiX Memarnamu
nid yac enekmpocmamuyHux po3psidie. O0HaK eqhekmusHiCMb 3acmocy8aHHs cpibna ik aHMUPUKYitHO20 moKkpummsi
rnompebye nodanbuwo20 MoKpauleHHs.

Knroyoei cnoea: nokpumms, roeepxHsi, enekmpoickpose ocadxeHHs (ESD), m’akul mamepian, mpubomoaiyHi
enacmusocmi.

Date of receipt: 07.12.2021
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