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OLIHKA EHEPTETUYHUX INOKA3HUKIB IPYHTOOBPOBHOI'O ATPETATA

I'yubko Ipuna BacuniBHa, x.1.H., mpocdecop
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BinHMUIbKHN HaLlIOHANBHUI arpapHUi yHIBEPCUTET

Iryna Gunko, Ph.D., Professor
Serhiy Burlaka, Ph.D., Senior lecturer
Vinnytsia National Agrarian University

Ananiz incmpymenmis 015 6€300po6HO20 Ma NOBePXHEE020 0OPOOIMKY TPYHINY NOKA3YE, WO HA PUHKY
CLIbCHKO2OCNOO0APCLKOI MEXHIKU OPAKYE YHIBEPCANbHUX A2pe2amis, sSKi MOXCYMb HAOIUHO Ma eheKmuHo
BUKOHY8amu 06udsa 6uou 0OpPOOIMKY TPYHMY OOHIEI MAWUHON. [ OYiHKU 0OIPYHMOBAHOCME OOUHUYHOTL
0a3060i modeni Oy NpogedeHi Noib08i OOCHIONCEHHs, NI0 HaAC SAKUX BUSHAYEHO KIIOHOBI ACPOHOMIUHI
NOKA3HUKU siIkocmi 00pobimky tpyumy. Jocnioocenns nokasaau, wo weuokicms 06e300p0oOIimKy I[PpYyHMYy
nepesuwye 6,5 km/200, a cmyninb posmpickyeannsi ipyumy — nonao 80%. Ipu opionomy 0o6pobimky pyHmy
Ha enubuny 0o 12 cm npu pobouux weuoxocmsax nonao 7,0 km/200. Bukopucmanns oooamxosux pobouux
0pearie 00360aumMb chopmysamu Ha bazi 6az060i Moodeni azpecamy OinbUL 8Y3bKI 6APIAHMU OJ151 KOHKPEMHO20
a8momooi.

OnmumansHi KOHCMPYKMUBHI NApAMEempPU NPONOHO0BAHO20 OPHOR0 A2pecamy, KpiM wupunu niyaa 4,5
M, BKIHOUAIOMb KOMKU MAKOL HC WUPUHU OJIsl BUPIBHIOBAHHS NOBEPXHI NIyea Ma EMHICMb OyHKepa 015 000pus
4 >, Texuiuni napamempu 6 npoyeci: enubuna niyea a = 0,2 m, koediyienm onopy rpyumy Km = 30 kH/m?,
poboua niowa Lp = 1000 m. 32i0H0 3 HAYKOBO-OOIPYHMOBAHOW CUCMEMON) 3eMAepOOCMBA, NicCis OPAHKU
NnoNnepeoHUKie 03uMi Kyibmypu NOmpioHo auue opamu, a KOMOIHOBAHUL NOBEPXHEGUL 0OPOOIMOK 3MEHUUMb
ypoodrcaicme.

IIlpedcmasneno enepeemuuny mMooenb QYHKYIOHY8AHHA acponiopo3oiny. Jlociiddicenns nokazanu, wo
WIAXoM OnmuMizayii CnieBiOHOWEHH 8a2U MPAKMOPA 00 NOMYICHOCHI OBUSYHA MOJCHA Ni0GUUUMU
NPOOYKMUBHICMb CIIbCOKO2OCHOO0APCLKUX azpezami8. /[l 00pobimKy cmepHi 3 HOPMAIbHOIO 80a02icmio 8
KM/200, 3 Oonycmumum Kogzanuam 10% onmumanvuumu napamempamu 0st KOaicHo2o mpaxkmopa kaacy 1,4
0yoymo poboua maca m = 4790 ke i nomysscnicmo deueyna N = 69,0 kBm. ¥V yvomy eunaoxy msea oyoe
gionogioamu 2 kiacy msu.

Knrouosi cnosa: tpynm, azpecam, 2pynmoodpobka, 06pooxa, mooeiv, ROKA3HUKU, 00podimok

@. 12. Puc. 4. Jlim. 15.

1. ITocTanoBKa NpP0oOJIEMHU

CydacHi TEXHOJIOTii BHPOIIYBaHHS IIOJEOBUX CUTBCHKOTOCIIONAPCHKUX KYyIbTYp, SK 1 paHillie,
BiJIPI3HSIOTHCSI BUCOKOIO €HEPrOEMHICTIO Ta BUTpaTaMu [1 — 4] me 3 HU3BKUMHU TEMITaMH BJIOCKOHAJICHHS
KOHCTPYKTHBHO- TEXHOJIOTIYHUX CXEM MAIIIMH 1 arperaTiB, 3JJaTHUX JOKOPIHHO 3aMIHHTH 3aCTapiJii TEXHOIOT1i
[5]. HoBi mammnu [6, 7] Ta iX ed)eKTUBHY €KCILTyaTallito [8] BUTiIHO BJOCKOHATIOIOTH B TIpoIieci poOoTH Ta
ITIIBUIITYBaTH HOTO SKICTh, IO BiIOMBAETHCS HA MIABUINCHHI BPOXKAHHOCTI Ta 3HWKEHHSA BUTpaT. OMHUM 3
e(heKTHBHUX HANPSIMKIB YIOCKOHAJIEHHS CIILCHKOTO TOCIONAPCTBA € MOJICIIOBAHHA Ta OINTHMI3AIlisa
BUPOOHMYNX Tpo1eciB [9]. BoHU 103BONAIOTE 3 MEHILIOIO TPYIOMICTKICTIO 3HAHTH ONTHMaJbHE PILICHHS Y
MOKpAaIlleHHI KOHCTPYKIIH 3acTapiinX MaluH.

2. AHaJti3 oCcTaHHIX TOCTiTKeHb i myOsikamii
I pyHTOOOPOOHI 3HAPS A, SK i iHIII MOOIIBHI CIILCHKOIOCIIONAPCHKI arperaTu, MpaiioTh B YMOBaXx,
10 3MiHIOIOTBCS 30BHIIIHIMH BIUTMBaMH SIKi 00YMOBJICHI YUCICHHUMH Ta pi3HOMaHITHUMU (akTopamu [10].
Takumu ¢akTOpaMu €: HEpiBHOCTI MOBEpXHi MOJsl, (i3MKO-MEXaHiuHI BIACTUBOCTI IPYHTY TOIIO. Brms
pi3HUX (haKTOpiB MO3HAYAETHCA HA HEPIBHOMIPHOCTI 3aBaHTAKCHHS TPAKTOPIB Ta Ha TOKA3HHUKAX SKOCTI
po0OTH, a TAKOK HA EHEPTeTUYHHUX BUTpaTax. Ha HepiBHOMIpHICTh TATOBHX OTMOPIB 1 TEXHOJIOTIUHI MOKA3HUKU
poOOTH arperaTis iCTOTHO BIUIMBA€E MIBUAKICTH PYXY.
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3. Mera gociaiaKkeHb

inp Hamoi craTTi — ONTHMI3yBaTH poOOUYMi MpoIec KOMILIEKCHOTO OPHOTO arperary s
MiABUIICHHS HOTO MPOAYKTUBHOCTI Ta 3HIKEHHS €HEPrOEMHOCTI.

4. BukJjaa 0oCHOBHOr0 MaTepiaay

Pesymnprat moCHimpKeHbh TOKa3yloTh, IO (YHKIIOHYBaHHS TPYHTOOOPOOHOTO arperatry MO’KHA
MOJIaTH Y BUTJIS/II MOJIEN, IPeCTaBIIeHOl Ha puc. 1.

Sx BXigHAa BeAMYMHA B JaHIA MOJeENi TNPOMOHYETbCS 3MiHHA BHINAAKOBA BedWuyMHA K, IO
xapaktepusye o0po0roBaHe cepenopuile (rpyHT). BoHa BKiltouae B cebe mapaMeTpy rpyHTY, 10 BILTUBAIOTh
Ha TATOBO-3YiMHI BIACTHBOCTI TpakTopa i omip poOO0Y0i MAIIWHU: MHTOMHM OIip, MIIIBHICTh JAOAABAHHS,
Hecy4a 3/1aTHICTh, BOJIOTiCTh, arpooH, (ypaKIiifHuii CKIa]l TOIIO.

SK xepyroui BIUTUBH MPUHHATI HOMiHaJIbHA TOTYXHICTh ABUTYHA Ny, eKCIDTyaTaliiiHa Maca TpakTopa
M., ONTHMaJbHA IIMPHHA 3aXOIUIEHHS IPYHTOOOPOOHOTO arperaty Bou, 1 Koe(illieHT 34eruieHHs pYyIIiiB 3
IPYHTOM (3.

OyHKI[IOHYBaHHSI CUCTEMH KOHTPOJIIOETHCS BIUIMBAMH Y BUIJISIIII OOMEXEHB: 3a sIKicTIO poooTH [,
JOIMyCTUMUM OYKCYBaHHs DYINIiB 0o, MaKCUMaJbHUM THCKOM HA IPYHT (max, ONTUMAIbHOIO POOOYOO
HIBHJKICTIO Vo TA ONTUMAIIBHE 3aBAHTAXKCHHS TPAKTOPA {4

BuxigHnm mapaMeTpoMm y bOMY BHIIQJIKY € THTOMA (Ha TeKTap) BUTPATa NajuBa (py.

Kputepianpanii noka3HuK (QYyHKINST METH) y 3araIbHOMY BHpa3i Ma€ BUTIISI:

qn = f(Ny, W) — min )

ToOto, BUTpaTa manMBa 3aJeKUTh BiJi HOMIHAJIBHOI IMOTY>KHOCTI JBHTYHAa Ta MPOJYKTHBHOCTI
arperary i mparfe J10 MiHiIMyMy.

No me Bon Ve MatematinyHa Mojenb (YHKLIOHYBaHHS
IPYHTOOOPOOHOTO arperaTy po3po0JieHa Ha OCHOBI
METOIUKU o0y I0BU HOTEHIIIHHUX
eKcInTyaTaliiaux xapakrepuctuk MTA [10].

Meronuka noOynoBH IMOTEHI[IMHUX

K, a ekcrryaTaniitanx xapakrepuctk ([IEX) 3Bonuthes

— MTA I IO BHU3HAYCHHS TEOPETHYHOI NPOIYKTUBHOCTI
arperary W ans MOXIMBHX TIO€NHAHb [IHUPUHH
3axBary B, po6o40i MBUAKOCTI V, omopy pododoi
MallMHY ( Ta TAroBoro 3ycwwis Py,  3a
MaKCHUMaJIbHOI TATOBOI OTY>XHOCTI TpakTopa N.
) [oryxHicTh JABUTYHA, HEOOXiMHY JUIS
e & em Vo & NOJOJIAaHHS ONOpY pyXy Ta caMOIepecyBaHHS
TpakTopa, 3  ypaxyBaHHSAM  JOIYCTHMOTO
OyKCyBaHHS Ta ONTHMAJIbHOI POOOYOI MIBUAKOCTI,
BHU3HAYAEMO 32 3aJICIKHICTIO:

Puc. 1. Inghopmayiiitna mooens pynkuyionysanus
IPYHmMOOOPOOHO20 azpezanty

GeV
eVo®H (2)
£N77mf(1_611)
Ie &y — KoedilieHT 3aBaHTaXeHHs 1BUTYHA; 5=0,9; @y — HOMiHAIBHUIA KOE(ILi€EHT BUKOPUCTAHHS
TATOBOTO 3yCHILIS; G — €KCIUTyaTallifiHa Bara Tpaktopa, KH; &, — nomyctume OyKCyBaHHS PYIiB; ), f — KK,

NH=

10 BPaXxOBY€E BTPATH Ha MEPEKOUYBAaHHS 1 MEXaHIYHI BTPATH B TPAHCMICII.
_ Kkp
Mmy = C+@rp (3)
ne K, C — xoediieHTn, 1o BpaxoBYIOTh BTPAaTH Ha IIEPEKOUYBaHHS 1 MEXaHi4HI BTPaTH.

Ha Baxxkux pobortax (opaHka, TUCKyBaHHs), BPaXOBYIOUM 3HAa4YeHHS OyKCYBaHHS PYILIiiB, KOJiCHI
TPaKTOpU HEOOXiTHO OanaHCyBaTH JIO MaKCUMalbHO MOXJIHMBOTO piBHs. llell piBeHb BH3HAYAETHCS 3
ypaxyBanH:aM nokasHuka U (kH/m), sikuii € Baroro Tpakropa Ha onopHii Bici U=95 kH/m.

YucTa NpoLyKTUBHICTh arperary 3a 4ac po0oTu:

W = Prp (V) Vpéréy (4)
Yqvkap
ne Py, — tarose 3ycumins Tpaktopa, KH; & — koedimieHT, mo BpaxoBye TPYHTOBI YMOBH;

&, — KoeQIllieHT, 10 BPaxOBye BHUKOPHCTAHHS TSAMOBOI'O 3yCHJUIL B 3aJE€KHOCTI BiJl IIBUAKOCTI;
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Yqv — KOEDILIENT, 110 BPaXOBY€ BEJIMYHMHY BIUIMBY IIBUIKOCTI HA TATOBUH OIp arperary; K — MMTOMMH OMip
rpynry, H/em?; a,, — rmuGuna oGpo6KH, cM.

Buxiganvu gasmvu ans moOyzosu IIEX € moTeHMidHI TATOBI XapaKTEPHUCTHKH TPAKTOPIB, SIKi
MIPEJICTABIISIOTH COO0I0 PO3PaXyHKOBI UM IOCBiTUEHI 3a1€3KHOCTI pOO0Y0i IMBUIKOCTI Vp BiJ] TATOBOTO 3yCHILIS
P, Tpu MakcUMaInbHIH TakoBiit HOTYKHOCTI Nkpmax. U1 pI3HUX TUIIB TPAKTOPiB HAa TUNIOBUX arpodoHax [11].

Jns moOymoBM TOTEHIIMHUX TATOBUX XapaKTEPUCTHK TPAKTOPIB 3 PI3HUMHU TIO€THAHHIMHU
eKCIUTyaTaIliifHOI MacH Ta MOTYKHOCTI JIBUTYHA TIPH pi3HOMY Koe(imie€HT] 34eTyIeHHsT He00XiTHO BCTAHOBUTH
3aexKHICTh Vp(Pkp) pO3paxyHKOBUM HUISAXOM. JIJIs I[BOTO CKOPUCTAIKCS METOIUKOO MOOYI0BH MOTEHITIHHOT
TACOBOI XapaKTEPUCTUKU TPAKTOPA.

CriovaTky BU3HAYHIIN 3aJIEKHICTh OyKCYBaHHS IBUTYHIB TpakTOpa BiJ KoedillieHTa BUKOPHUCTAHHSI

3YIITHOI Baru:
a

1
6=-In——— (5)
b PYkpmax—Pkp
8 — OykcupyBalbHUH DYX; Pkpmaxs Pkp — KOCDIUIEHT BUKOPHCTaHHA 34iMHOI Bark i i#oro
MaKCUMaJIbHE 3HAUCHHS; 4, b — eMIipUdHi KOeiI[iEHTH.
JUist IOCTIPKEHHS BIUTMBY Ha KOE(IMIEHT 3YEIUIEHHS PYLIiS 3 TPYHTOM Qgp max — BU3HAYAETHCSA 13
CITIBBIHOIIIEHHS.
Prp max = Pmax — f (6)
I€ Pmax — MAKCHMAITLHUHA KOeILli€HT 34YETIICHHS JUUTsl JAHOTO TPAaKTOopa B KOHTKPETHUX yMOBax; f —
KoeQillieHT OTOPY MEePEKOTyBaHHS TPAKTOPA.
KoeditienT ¢y, BU3HAYAETHCS i3 CIiBBIIHONIECHHS.
Pxp
=G, 7
(pkp G ( )

3B

ne G, — 31iMmHa Bara Tpaktopa, kH.
JUisl BU3HAYEHHS ()p 33QTUCH 3HAYECHHAMH P, Bin Pﬂp =0 mo Py 3 xpokom APyp = 0,2 kH.
HowMiHanbHe TATOBE 3yCHIUIS TPAKTOPa BU3HAYAETHCS 3 (HOpMYITH:
Py = ouGe (8)
ne G, — ekciulyaratliiina Bara Tpaktopa, kKH.
3HaueHHsT PoOOYOi MIBHIKOCTI Vps BIJINIOBIIa€ 3HAYEHHSM TSATOBOTO 3YCHILIS P?(p < Pyp < Py,
BU3HAYAIOTh 13 3aJICKHOCTI.

3,6NyK(1-8
b — H ( ) (9)
Gap(C+ogp)
[Torim 3Ha4enHs Py, 1 v, aNPOKCUMYIOTB 10 3aJIEKHOCTI:
Pkp = f(vp) (10)
[oninom npyroi cremneHi:
y =ag+ a;x + a,x? (11)
3nauenHs W po3paxoByroTh 3 Bupasy (4). [lani BU3HaYaeThCcS BUTpATa NATUBA:
Gm
=-= 12
In = 7, (12)
ne Gy, — TOAMHHA BUTpPaTa MaJMBa MpH poO0UIOMY X0, KI/TOI.
.
1150 \
P htbﬂﬂ]-l:f.ﬂ.lDBlnP,-DjBiDr)
1100 N

1050 4;

ST

[
L

B0, 4 4 o d o b ol o b od od oo

I I R I VI TR T I I G

"

Puc. 2. 3anesxcnicmo cyxynnux eumpam enepeii E 6i0 eenuuunu msazoeozo 3ycunns mpaxmopa P,
nio uac pobomu opnozo azpezanty
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B pesynbraTi oTprMaHO AaHi Mo BIUIMB 3MIiHM MacH TPaKTOpa, MOTYXHOCTI ABUTYHA Ta KoeQilieHTa
34eIUICHHS Ha MPOAYKTUBHICTh arperary Ta Butpata nanusa [13].

Ha migcraBi posB'si3aHHs 3amadi OTPHMAHO 3aJICXKHICTH KpuTepito onmrtumizamii E Bim mapamerpis
arperaTy Ta pexHuMiB ioro podoTu (puc. 2-4).

E, E,
W Talral MT=/ra

1150\ 1150

B
BB ?)=E{U.D015e * 01285B,+730) . N
242781 .

1100 .\ 1100 E(V_}JJ T e (8

1050 / 1050

1000, \\ 1000,

E=10 S S B S S S SR S W S S
LE1 P Y M W R S S B W A R 6 7.01 8,03 9.04 10,06 1107 Wp, km/frog
2 244 3,31 375 4,63 5,06 B«

Puc. 3. 3anexcnicmo cykynnux eumpam enepeii E  Puc. 4. 3anescnicmo cykynnuux eumpam enepzii E
6i0 wupunu 3axeamy B, acpezamy 8i0 pooouoi weuoxkocmi Il, azpecamy

JIOCTOBIpHICTh OTPHUMAaHHX 3aJKHOCTEH MIiATBEpKYeEThCS KpuTepiem Koxpena: s mepruoi
3aJIe)KHOCTI (prc.2) po3paxyHKoOBe 3HaueHHs KpuTepito Gp ctanoButh 0,445, Tabmmune G.=0,768 (Gp < Gy)
[14]; ans qpyroi 3anexHocTi, BianosigHo Gp=0,561, G,=0,768 i TpeThoi Gp=0,396, G,=0,768 Ha BCix rpadikax
HAOYHO TPOTISAAETHCS eKCTpeMalibHi Touky QyHKii. [Ipyn MiHIManTbHOMY 3HaYeHHI KPUTEPII0 ONMTHUMI3allii
966 M]>x/ra onTHMaIbHIM 3HAaYEHHSAM POO0YOi MIBHIKOCTI arperary Ha opaHky Oynae 8,1 km/ro.

5. BucHoBKH

[IpoBeneHi qociKEHHsT MOKa3yIOTh, 0 MiJIBUIICHHS MPOJXYKTUBHOCTI IPYHTOOOPOOHUX arperarTis
MOJKe OyTH OTpUMaHO 3a PaxXyHOK ONTHMI3allil CITiBBIIHOIIEHHS MacH TPAKTOPa Ta MOTYKHOCTI IBUTYHA.

i opaHKM CTEpHI HOPMAJILHOI BOJIOTOCTI HA MIBUAKOCTI 8 KM/TOJ, MIPU JIOITyCTUMOMY OyKCyBaHH1
10%, onTUMaNbHUMU TTapaMeTpaMH KOJIICHOTO TpakTopa Kiacy 1,4 OyayTh ekciuyaTariiiina maca 4790 kr ta
noTyxHicTh nBuryHa 69,0 kBt. [Ipu oMy 3a TATOBUMH XapaKTEPUCTHUKAMHU BiH Oy/ie BIIMOBIIATH TSITOBOMY
KIiacy 2.

VYcraHoBKa Ha 3aJHi KoJieca NIMPINUX INUH MpU OanacTyBaHHI TPakToOpa JIO3BOJHTh Ha OpPAHII
MiABHIIATH MPOAYKTHBHICTH 1 3MEHIIMTH BUTpaTy nanuBa Ha 16-18 %, mpu opHOYaCHOMY 3MEHIIEHHI
PYHHYBaHHS Ta YIIIbHEHHS IPYHTY PYILisSMH.
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EVALUATION OF ENERGY INDICATORS OF GRUNDING AGGREGATE

The analysis of tools for uncultivated and surface tillage shows that the market of agricultural
machinery lacks universal units that can reliably and efficiently perform both types of tillage with one machine.
To assess the validity of the unit baseline model, field studies were conducted, during which key agronomic
indicators of tillage quality were identified. Studies have shown that the rate of uncultivated soil exceeds
6.5 km / h, and the degree of soil cracking - more than 80%. At small tillage to a depth of 12 cm at operating
speeds over 7.0 km / h. The use of additional working bodies will allow to form on the basis of the basic model
of the unit narrower options for a particular car.

The optimal design parameters of the proposed plowing unit, in addition to the plow width of 4.5 m,
include rollers of the same width to level the plow surface and the capacity of the fertilizer hopper 4 m®,
Technical parameters in the process: plow depth a. = 0.2 m, soil resistance coefficient Kn = 30 KN/m?, working
area Lp = 1000 m. surface treatment will reduce yields.

The energy model of functioning of the agricultural subdivision is presented. Studies have shown that
by optimizing the ratio of tractor weight to engine power, you can increase the productivity of agricultural
units. For stubble cultivation with a normal humidity of 8 km / h, with a permissible slip of 10%, the optimal
parameters for a class 1.4 wheeled tractor will be the working weight m = 4790 kg and engine power
N = 69.0 kW. In this case, the thrust will correspond to the 2nd thrust class.

Key words: soil, aggregate, tillage, tillage, model, indicators, cultivation

F. 12. Fig. 4. Ref. 15.
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