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Cmammsi npucesuena 00CaioNceHHI0 Memoodie ma 3acobie, sKi 00NoMazaioms NIOSUWUMU MS2060-
3YiNHI  XAPAKMEPUCMUKU eHepeemuynux 3acodie, 30Kpema mpaKmopis, npu GUKOHAHMI KOMOIHOBAHUX
onepayiti 06pobKu TpyHmy. Y cmammi npoananizoeano 6naue posnooiny 6acu, MUcKy y WUHAX mda
3ACMOCYBAHHS CREYIANLHUX NPUCMPOI8 HA AKICMb GUKOHAHHSL ONepayill 2pyHmooopooKu.

Bcmanoesneno, wo epexmusnicms KomMOIHOBAHUX onepayitl 3a1excums 6i0 PIBHA MA2080-34INHUX
Xapakmepucmuk eHepeemuuno2o 3acody. [Ana  niosuwjeHHs: ma208UX XAPAKMepucmux mpaKxmopa
3anponoHO6aHO BUKOPUCIIOBYBAMU MAMEMAMUYHI MEMOOU 30iTbUWEHHS MUCKY Y WUHAX MA ONMUMANbHULL
PO3n00iN 8azu Ha 8ick. Takodc 6 cmammi onucaui cneyianbHi nPUCmMpoi 015 30LbUEeHHs MA208020 ONOPY, WO
donomazaioms 3abe3neyumu Kpawjy 34enticms ma niosuwumu msa206i xapaxmepucmuxu. Y oauiti cmammi
00CIOANCYEMBCSL BNAUE NOKAZHUKIB IPYHMY HA MSA2060-34INHI NOKAHUKU eHepeemudno2o 3acoby nio uac
npoeedenHs KOMOIHOBAHUX onepayil 00podKu pynmy. byno 6cmanosneno, wo noKA3HUKY, makKi ik 60102iCMb,
eycmuna ma Gpakyitinut cknad, Maromev 3HAYHUL 6NAUE HA AKICMb GUKOHAHHA O00pOOKU ma mA208i
napamempu mpaxmopa.

Hnsa  eupiwenna Oanoi npobnemu  3anponoOHOBAHO  Memoou  NiOBUWJEHHA — MA2080-3UINHUX
Xapaxmepucmux, maxi K MamemMamudHull Memoo 30i1bWeHHs MUCKY 8 WUHAX MAd Memo0 ONMUMAIbHO2O0
PO3n00iny eazu Ha niogicyi. Taxkoc po3enanymo 3acmocy8anHs CHeyiaibHUX NPUCmpois 0as 30L1bUIeHHs
mMA206020 ONOPY, WO 00NOMA2AIOMb 3a0e3neyumu Kpawyy 34enHicms ma nioGUWumu msa206i 6eIUdUuH.

Locniooicenns, moxcyms 6ymu KopucHumu Oiasi paxieyie 3 00poOIMKY IPYHMY mda MEXHIYHO20
00Cy208y8anHA  MPAKMOPIE, AKI 3aUMAIOMbCA  ONMUMI3AYIEI0  pobOMU  eHepeemuyHux 3acobié Ha
CilbCbKO20CNO0APCLKUX NIONPUEMCNBAX.

Knrouoei cnosa: espynm, acpecam, 06pobimox, mpaxkmop, Mamemamuyia mMooeib, 2pyHmooopooOHul
azpezam, poboui opeanu, CilbCbKO20CHO0APCbKA MEXHIKA.

@. 3. Puc. 2. Taban. 4. Jlim. 10.

1. ITocTaHoBKA MPOOIEMH

OOpoOITOK TPYHTY € BKJIMBHAM €TalioM BHUPOIIYBaHHS Pi3HUX KynbTyp. KomOiHOBaHiI omneparii €
OJHI€I0 3 HAMOUIBII e(EeKTHUBHUX Ta LIMPOKO BHUKOPHCTOBYBaHHMX MeToAiB [1]. Bonu BkitouaioTs B cebe
OJHOYACHE BUKOHAHHS KUJIbKOX omepamiid 3 00po0iTKy IpYHTY, HallpUKJIal, MiArOTOBKY JI0 ITOCiBY, BHECEHHS
noopus tomio [2]. Lle mo3Boisie 3MEHIIMTH Yac Ha MOMEpeAHi Ail, 3HM3UTH BUTPATH Ha poOOUy CHiTy Ta
301IBLINTH BPOKAHHICTb.

o ocHOBHUX BUIiB KOMOIHOBAaHHX onepariii 00pobiTKy IPYHTY BiTHOCSTBCS:

KyneruByBaHHs Ta ciBOa: BKItO4ae B ceOe OJJHOYACHE BUKOHAHHS POOIT 3 MiJTOTOBKH IPYHTY JIO
MOCiBY KyJbTyp. Lle 103B0JIsI€ 36KOHOMUTH Yac Ta 30UIIINTH €(hEKTUBHICTH POOOTH.

Buecenns noOpuB Ta 00poOKa IPYHTY: BKIIIOYaE B ceOe OJHOYACHE BHECEHHS NOOpUB Ta 0OpPOOKY
rpyHTy. Lle 103BoIIsIE€ 3HU3UTH BUTPATHU HA TAJIMBO T MiIBUIIATH BPOXKAWHICTH [3].

OO0poOKa IpyHTY Ta BUCIB: BKJIIOYA€E B ceOe 0IHOUACHE BUKOHAHHS POOIT 3 00pOOKH Ta BUCIBY HACIHHSI.
Le no3BosIsIE 36KOHOMHUTH Yac Ta 301IbIINTH €(PEeKTUBHICTD POOOTH.

48



Ne1(120)/2023 TexHika, eHepreTHka,

E % TpaHcnopt AIIK
=

Vol. 120,No 1 /2023

[TepeBaramu KOMOIHOBaHHX oIepaniii 00poOITKY IPYHTY € 3MEHIIECHHS KiTbKOCTI MPOXOMAiB TEXHIKH
MO TIONIO, 3HMKCHHSI BUTPAT HA MANWBO, 30UIbIICHHS MPOAYKTUBHOCTI pOOOTH Ta 3MEHIICHHS BIUIMBY Ha
IPYHTOBUI OKPHUB.

[Tpobaemu, o0 BUHUKAIOTh P AAHUX OTEPaLlisiX Ta CIOCOOH iX BUPIICHHS:

Xoua KOMOiIHOBaHi omepanii OOpoOITKYy IPYHTY € AyKe e(QEKTHBHUMH, BOHU TaKOXX MOXYThb
BUKJIMKATH JesKi mpoOiemu. Hampuknan, Moke BHHUKHYTH Xajlelia 3 ITBHIIEHHSIM OIIOPHO-TATOBHX
XapaKTEePUCTUK EHEPreTHYHUX 3ac00iB, sIKI BHKOPHCTOBYIOTHCS JUIA MPOBeeHH: pobiT. Lle Moxke mpu3BecTn
710 TiABUIIEHHS BUTPAT Ha MaJIMBO Ta 3HIKEHHA MPOIYKTUBHOCTI poOoTH [4].

OpHuM 3i crnocobiB BUpIMICHHS i€l MPOOJeMU € MiABUIICHHS TEXHIYHOTO PiBHS €HEPreTHYHHX
3ac00iB, 30Kpema, IMiJBUIICHHS OTY>KHOCTI IBUTYHIB Ta MOMIMIIEeHHs iX KOHCTpyKii [5]. Kpim Toro, moxHa
3aCTOCOBYBATH CHeUiaibHI TEXHOJOTII, TakKi SIK CHCTEMH aBTOMATHYHOTO PEryJIIOBaHHs HaBaHTAXCHHS, SIKi
JI03BOJISIIOTH 3MECHIINTH HABAaHTAXXCHHS HA eHEPreTHYHUH 3aci0.

2. AHani3 ocTaHHIX qociTKeHb i myOsikamii

Po6otu B.1. KpaBuyka, M.I. ['punmmuaa, C.M. Kosans, H. Weber, M. Weinhappel, T. Esteban, G.
Lickl mpencrasisie inTerpaiito cucteM 00poOiTKY TPYHTY 3 BAKOPHCTAHHSM TiAPOJMHAMIYHUX MPUCTPOIB IS
MoOKpaleHHs epeKTHBHOCTI mpouecy [6]. Lle mae MOXIMBICTH 3pOOHTH KPOK y HANpSAMKY ONTHMi3amii
BUKOPHCTaHHS €HEPreTHYHOro 3ac00y mpu o0poOIIi TpyHTY. Y cBoix gocmimkerHsx V. Bulgakov, J. Olt, V.
Kuvachov, J. Lipiec, J. Usowicz, K. Switoniak, P. Baranowski 10c/mimKyioTh BIIIHB CTPYKTYpH TPYHTY Ha
e(eKTUBHICThL OOpOOITKY Ta SKICTh POOOTH CHEPreTUYHOTo 3aco0y [7]. Pe3ynbraTé mux IOCHIKEHb €
BXIIMBUMH TSI BU3HAYEHHS ONTUMAIBHOTO BUKOPHUCTaHHS eHeprii mpu oopoodmi rpyrTy. K. Winiarski, J.
Nowakowski, M. Przewtocka po3po0iisiroTh HOBI TEXHOIIOTI1 171 T ABHUIIIEHHS €)EeKTUBHOCTI 0OPOOKH TPYHTY,
10 MOXKYTb OYTH BOKJIMBHMH JIJIsI TOKPAIEHHS SIKOCTI Ta e()eKTHBHOCTI Mpoliecy 0OpoOKu rpyHTy. Pazom i
mpami JaroTh MOKIMBICTh 3pOOUTH KPOK y HANpPSIMKY ONTUMi3alii BUKOPHCTAHHS €HEprii Ta MOKpaIleHHS
e(eKTUBHOCTI Tporiecy 0OpOOKH IPYHTY, IO € BAKIMBHUM IS 3a0€3MEeUeHHS CTAIOTO PO3BUTKY CLTECHKOTO
roCIoiapcTBa.

3. Mera aocjigKenb

JocmipkeHHsT MOXKIUBOCTEH MiJBUINEHHS e(QeKTUBHOCTI omepaliii  o0poOiTKy IpyHTY 3
BUKOPHUCTAaHHSIM KOMOIHOBaHUX METOIIB.

4. Bukiaa 0CHOBHOI0 MaTepiajiy

Jis miIBUINEHHS TATOBO-3YilTHUX XapaKTEPUCTHK €HEPTeTHYHHUX 3ac00iB MOYKHA BUKOPHCTOBYBATH
pizHi MeTonu. Hampukinaa, MoXKHa 3aCTOCOBYBAaTH BHIM KOJICHHX Ta T'YCEHHYHHX TPAKTOPIB 3 Pi3HUMHU
cHUCTEMaM{ YIIPaBIiHHA Ta MiJBUILEHOIO TArow. Takok MOKHa BHKOPHUCTOBYBAaTH CIELiajibHI IIMHU 3
TTiIBUIIICHOO 3YiITHOIO 3[AaTHICTIO, IO JIO3BOJISIOTH 30UIBIIUTH TATOBI XapaKTEPUCTHKU.

OaHUM 13 METOJIIB MiJIBUIIICHHS TATOBO-3YIITHAX XaPaKTEPUCTHK € 3aCTOCYBAHHS CHEIiaIbHUX KOJIIC
3 MIJBUILEHOIO 3YiMHOIO 3AaTHIiCcTIO. LI mMHM MaroTh creliaibHUi MaTIOHOK IPOTEKTOpa, KUK J03BOJISE
3a0e3MeYnTH Kpallly 34eIHICTh 3 IIOBEPXHEIO IPYHTY [8§].

[Ile omHMM MeETOZOM € 30iIbIIEHHS THCKY B Kosiecax. Lle Moke OMOMOrTH 3a0e3MeynTd Kpamry
3YENHICTh Ta MiJBUIIUTH TATOBI XapakTepucTHKH. [Ipore, el MeTon Mae cBOi OOMEXEHHsI, OCKIIbKH
301IBLICHHS TUCKY MOKE IIPU3BECTH [0 MOIMIKOIKEHHS IPYHTY Ta 301IbLICHHS YIIKOAKEHb.

Tabnuus 1
Bnnue mucky y miunax na 6uKoHauHsa onepauiii 00pooKu rpynmy
BB Ha 11081 BiiuB Ha HIKIAJIMBE CTUCHEHHS BB Ha cioKHMBaHHSA
Tuck y mmHax
3YEIICHHSA TPYHTY rajavBa

Bucoxkuit ITokparmenns 30UIbLIEHHS 301IbLIEHHS
CepenHii OnruMaasHuNA OnruMansHAIN OnrumManeHe
Huzpkuit [loripmenns 3MEHIIEHHS 3MEHIIEHHS

VY tabnumi BKa3aHo, IO MiBHUILIEHUH TUCK Y IIMHAX MOXKE MOKPAIIUTHU TATOBI XapaKTEPUCTHKH, aJle MPU
bOMY 30UTBIIMTH LIKIJIMBE YIIUIBHEHHS IPYHTY Ta CIOKMBAaHHS NanvBa. HU3bKUH THUCK y IIMHAX, HABIIaKH,
MO>K€ TIOTIPIIUTH TATOBI 3UETIICHHSI, ajle 3MEHIITUTH IIKiUTHBHUI BIUIMB Ta CIIOKUBaHHA nanuBa [9]. OntumansHui
THUCK Y JIO3BOJISIE IOCSTTH ONTUMAITBHUX PE3YJIbTATIB B 00pOOIIl IPYHTY, 3a0€3Me4yI0UH JOCTaTHIN PiBEHb TATOBUX
34eIUIeHb MPU MiHIMATFHOMY BIUTHBI HA CEPEAOBHIIIE Ta SMCHILICHHS CIIOKMBAHHS] MaJIMBa.
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Takox MO>KHA 3aCTOCOBYBATH METOJIH, MOB'SI3aHI 3 HAJIATO/PKEHHSIM ONTUMAJIEHOTO PO3IOJIITY Bard.
Hanpukiiag, MoXHa BCTAHOBUTH JI0JIATKOBE 00JIaJHAHHS HA €HEPTEeTUYHI 3aCO0H, IO JI03BOJUTH 3MiHIOBATH
posnopin Baru. Lle Moxke OyTH KOPHCHO MPH BUKOHAHHI Pi3HUX omepartiii 3 00poOKu IpyHTY, KO HEOOXiTHO
3MIHIOBATH TATOBI XapaKTEPUCTUKHU B 3JICKHOCTI BiJl yMOB POOOTH.

Tabnuys 2
Bnnue po3nodiny éazu mpaxmopa Ha aKicms 6UKOHAHHA onepauiil 00poOKu zpyHmy
. Brumus Ha TATOBI1 BrounB Ha MIKIUIHBE CTUCHEHHSI BrumuB Ha CTIHKICTH
Po3moain Baru
3YeIlIeHHS TPYHTY HAXUITY
PiBHOMipHHMI OnTtuMansHUM OnTtumaneHuil OnTtumanpHa
[Tepenmiit [oripments 30inbIIeHHS [Toripmenns
3anHin [oripmenss 301IbIIeHHS [Mominmenus

YV T1abauii BKa3zaHO, IO PIBHOMIPHHHA PO3MOAUT Bard TPaKTOpa MO3BOJISE AOCATTH ONTHMAIBHHX
pe3ynbTaTiB B 00poOII IpyHTY, 3a0€31eUyr0Ur TOCTATHIN PIBEHB TSATOBOT'O 34YCIUICHHS Ta MiHIMaJIbHUIA BIUIUB
Ha IIKiJJUBE CTHCHEHHS IPYHTY Ta CTikkicTh Haxwiy. [lepeBara mepenHbOr0 pO3MOALTY Baru IMOJISTaE B
301IBIIEHH] IKiATMBOTO YIILTEHEHHS IPYHTY Ta OTipIISHH] TATOBUX 3UEIUICHB, TOJII K 33HIi pO3MOIiT Baru
MOJKE TIOKPAIUTH CTIHKICTh HaXWiy, ajie MOTIPIINTH TATOBI 34EIUICHHS Ta 30UIBLINTH MIKiJIMBE CTUCHEHHS
IpYyHTY.

MatemaTiHaHO METOJI 30UTBIICHHS TUCKY B IIIMHAX MOYKHA BUPA3UTH (DOPMYIIOIO:

F=P-4A (1)
ne F — cuna, sy mMHa 3acTOCOBY€E Ha TPYHT; P — THCK, SIKHii Jli€ Ha IWHY; A — IUI0IIA KOHTAKTY IIUHH
3 TPYHTOM.

OnTuMansHU po3noin Baru Oyne:

P=(F-L)/W (2)
ne P — Tuck Ha minBicky; F — cuia, sika jie Ha miaBicky; L — BiJICTaHb MiX IMEPEIHBOIO Ta 3aJHBOIO
Biccro; W — Bara eHepreTH4Horo 3aco0y.

Tako iCHYIOTh METO/IH, SIKi TTepe10avaroTh 3aCTOCYBAaHHS CIEIiAIbHUX IPUCTPOIB, 110 AOMTOMAaraloTh
MiABHUIIUTH TATOBI XapaKTEPUCTHKH €HEPreTHYHOTO 3aco0y. Hampuknan, MojkHa BUKOPHUCTOBYBATH MPUCTPOL
JUTS 30UTBIIEHHS TSTOBOTO OMOPY, SIKi OTIOMararoTh 3a0€3MeUnTH Kpaimly 34ilMHICTh Ta MiJBHIUTH TATOBI
XapaKTePUCTUKH.

JJis migBUILIEHHST TATOBO-3UIMTHUX XapaKTEPUCTHK €HEPTeTHYHOTO 3ac00y MOXHA BUKOPHUCTOBYBATH
TaKOX METOJIH, TIOB'sI3aHi 3 ONTHMI3alli€r0 HIBUJKOCTI PyXy Ta PiBHsI eHeprocrnoxupanHs. Hanpukiian, MmoxxHa
HQJIAIITYBaTH PEXUM POOOTH ABUIYHA Ta TiIPaBIiYHUX CHCTEM TaKUM YHMHOM, OO0 3a0e3nednTH
MaKCUMaJbHy e(heKTUBHICT Ta MiHIMaJbHE CIIOKUBaHHs eHeprii [10].

MaTeMaTU4HO METO 301IbIIEHHS TSTOBOI'O OIOPY MOXHA BUPa3uTH (POpMYIIOHO:

F=u-N 3
ne F — cuma teptst, HeoOXiaHa [UTst pyXy €HepreTHYHOT0 3ac00y; L — KoediieHT TepTs; N — HopMalibHa
CHJIa, sIKa Jli€ Ha EHEePreTUYHUI 3aciO.

Hunst TpakTopa MT3-80 3HaYeHHSI MOXKYTh OYTH HACTYITHUMH:

Bara eneprernunoro 3aco0y W = 4100 kr;

Bincranb Mixk TIepeHBOIO Ta 33IHBOIO Biccto L =2,6 M;

Cuna, sika aie Ha miaeicky F = 7000 H;

Koedinient tepts p = 0,8;

[Inoma koHTakTy mMHM 3 rpyHTOM A = 0,1 M2

Toni, 3a popmysnoro (1) mist 301IbLHICHHS TUCKY Y IIIMHAX MOKHA BUSHAYMTH 3HAYCHHS CHIIH, SIKY ITUHA
3aCTOCOBYE Ha TPYHT NPH Pi3HUX 3HAUCHHAX TUCKY B IIMHAX (puc.l):

Tabnuysn 3
3nauenna cunu, AKYy WIUHA 3ACMOCOBYE HA ZPYHIM NPU PI3HOMY 3HAYEHHI MUCKY
Tuck B mmHax (klla) Curna, aKy muHa 3acTocoBye Ha TpyHT (H)
150 15000
200 20000
250 25000
300 30000
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35000 350
30000 300
25000
20000

200

15000 150

Tuck B wuHax (kMa)

10000 100

Cuna, AKY WMHa 3aCTOCOBYE Ha rPyHT (H)

5000 50

=== Tuck 8 wuHax (kMa) e CUNA, AKY LWMHA 33CTOCOBYE Ha rPYHT (H)

Puc. 1. 3anesxcnicmo 6nnugy mucKky 6 wiuHa 6i0HOCHO CUIU HA TPYHM

3a ¢popmyIoro (2) 1S ONTUMAITEHOTO PO3MOIUTY Barl MOYKHA BU3HAYUTH 3HAYSHHSI THCKY Ha ITiABICKY
MpU ONITUMAaIBHOMY PO3MOALN Baru (puc. 2).

Tabnuys 4
3HaueHHas MuUcKy Ha RiOGICKy npu OnMUMAIbHOMY PO3nOOJiI 6azu.
Cuina, nio aie Ha mingicky (H) OnTuMansHUM TUCK Ha minBicky (kl1a)
5000 30,5
6000 36,6
7000 42,7
8000 48,8
60 9000

8000

v
o

7000

S
o

6000

5000

4000

20 3000

Cuna, Wwo Aje Ha niasicky (H)

2000

OnNTMUManbHUIA TUCK Ha niasicky (kMa)
w
S

10
1000

0

E==== Cuna, wo Aje Ha niggicky (H) s OITUMA/IbHUI TUCK Ha NiABICKY (KMa)

Puc. 2. [lokaznuku mucky Ha nioGicKy i ORMUMAAbHO20 MUCKY

Tako MOXKHA BiJI3HAYWTH, IO 3aCTOCYBAHHS CIICIIAIbHUX MPHUCTPOIB JJIsi 301IBIICHHS TSATOBOTO
OIOpy MOXE JOMOMOITH MiABHIIUTU TATOBO-3YilHI XapaKTEPUCTHKH E€HEPreTU4YHOro 3acody. OpHak, mi
METOAM MOXXYThb MaTH CBOI IlepeBaru Ta HeJOJIKH, TOMY HEOOXiJHO OOMpaT ONTUMAIbHUNA METO 3aJIEKHO
BiJl YMOB €KCILTyaTallii.

Onrumizarist pexxuMy poOOTH eHepreTHYHOro 3aco0y MoXe OyTH BHpaXKeHa Pi3HUMHU MaTeMaTHYHUMU
(dbopMynaMu B 3a€KHOCTI Bii KOHKpeTHOro BUMaaky. OuiHKa e(eKTUBHOCTI 3aCTOCYBaHHS Pi3HHX METOHIB
TTIBUIIIEHHS TATOBO-3YIIMHIX XapaKTEPUCTUK MOXe OyTH MPOBeIeHa 3 BUKOPUCTAHHAM Pi3HUX KpUTepiiB. OnuH
3 HaWOIIBII BAKIIMBUX KPUTEPIIB - II€ TiIBUIIICHHS MPOyKTHBHOCTI Ta EKOHOMIT Hacy.

3acTocyBaHHS CHEUiaJbHUX IIWH MOE MiABHIIUTU TATOBO-3YilHI XapaKTEPUCTUKA Ha M'SKHX
IPYHTaX, aJie ekl MeTo/1 Moxe OyTH Hee(heKTUBHUM Ha TBEPAUX MOBEPXHSIX Ta Toporax. 30UIbIIIEHHS TUCKY B
IIMHAX TaKOX MOXE MiIBUIIUTH TATOBO-3YilHI XapaKTEPHCTHKH, aje Ied MeTOJ MOXKEe NPH3BECTH IO
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301IBLICHHS 3HOCY IIMH Ta MOTiPIICHHS KOHTPOIIO HaJl PyXOM €HEPreTUYHOr0 3ac00Yy.

HamaromkeHHs1 ONTUMAaJIBHOTO PO3MOALTY Bard MOXKE MiIBUIINTH TATOBO-3YilHI XapaKTEPUCTUKU Ha
M'KHX TPYHTaX Ta 3MEHIIUTH CTYIHb 3HOCY IIWH. BCTaHOBIEHHS MPHUCTPOIB 3 IMiJBUIICHOI 3YiIUICHICTIO
MOKE TMOKPAIIUTH TATOBO-3YilHI XapaKTePUCTUKHN Ha TBEPAUX MOBEPXHSIX Ta JOPOTax, ajie Moke OyTH MEHII
e(eKTHBHUM Ha M'AKHX IPYHTaX.

5. BUCHOBKH

3apa3 iCHye KiTbka METO/IB ITiJBUIIICHHS TATOBO-3YIITHUX XapaKTEPHCTHK SHEPTeTHIHUX 3aC001B, SIKi MOXKYTh
OyTH BHKOPHCTaHI B 3aJI©KHOCTI BiJl YMOB €KCIUTyaTarlii. 3aCTOCYBaHHS CIEIAbHAX IIMH 3 TABHIIICHOIO 3YiITHOO
3[ATHICTIO MOXKe 3a0€3MMEYNTH Kpallly 34elHICTh Ha M'IKUX IPYHTaX, a 30UIbLICHHS TUCKY B LIMHAX MOMKE TiIBUILATA
TSTOBI XapaKTEPUCTHKH, ajie 116 MOKE TPF3BECTH /10 30UIbIICHHS 3HOCY IIFMH Ta TOTIPIIEHHS KOHTPOIIFO HAJ PyXOM.
HanaromkeHss ONTIMaTEHOTO PO3IOALTY Bard MOYKE T/IBHIITH TATOBO-3YiITHI XapaKTEPUCTHKH HA M'IKHX IPYHTaX Ta
3MEHIIINTH CTYTiHb 3HOCY IHH. OTHAK, KOYKEH METOJT Ma€ CBOI TIEPEBArt Ta HEJOMIKH, 1 HEOOX1THO O0MpaTH ONTHMATTBHUMA
METOJ 3aJIGKHO BiJ] KOHKPETHUX YMOB eKcintyarartii. OriHka eeKTHBHOCTI Pi3HMX METOZIB MOKe OyTH TpoBeNcHa 3
BUKOPHCTAHHSIM Pi3HHX KPUTEPIiB, 30KPEMa, TIiIBUIIICHHS IPOYKTHBHOCTI Ta EKOHOMII Yacy.

Criucox BUKOPUCTAHMX AKepeJt

1. BonkoB O. B. TeopernuHe oOrpyHTYBaHHS €HEPreTUYHUX MOKA3HUKIB €IEKTPOMEXaHIYHUX CHCTEM
CIJIbCBKOTOCIIONNAPCHKUX MAIlluH. Aepapra Hayka i mexuixka. 2018, Ne 1. C. 67-73.
2. I'yaeko 1. B., Bypmaka C. A. MaremaTiudHe MOZETIOBaHHS POOOTH CHCTEMH JKUBJICHHS JAU3EIEHOTO

JBUT'YHA TIPAIIOI0YOTr0 Ha OI0MainBi 3 APOCEILHUM PETYIIOBaHHS CKIany MajduBHOI cymimr. The
scientific heritage. 2020. Ne 50. C. 34-39.

3. I'paboBcrknii B. M. TankoB €. B. Po3pobka Ta mocmikeHHS KOHCTPYKIIi HaBaHTa)KyBada s
YCTaHOBKH ITHEBMATUYHOI CIBAJIKH. BicHuk XapKiecbko2o HAYiOHANIbHO20 MEXHIYHO20 YHI6epcumemy
cinbebkoeo eocnodapemea imeri Ilempa Bacunenxa. 2016, Bum. 176. C. 34-41.

4. Henyx A.B. locmimkeHHs1 BIaCTUBOCTEH TPYHTY Iifl Ii€I0 AUCKOMOMIOHOTO po0OOYOro opraHa Ipu
Pi3HUX pexxuMax 00poOITKy. Aepapra Hayka i mexnika. 2015. Ne 4. C. 71-76.

5. Botitiok [I. T'., y6posia B. O., lmenko T. [I. CiabchKorocmomapchki Ta MeTiOpaTHBHI MAIluHU:
[Minpyunuk. K.: Buma ocsita, 2004. 544 c.

6. KpaBuyka B. I, I'pummmmua M. 1., KoBans C. M. CyvacHi TeHAEHLIl PO3BHTKY KOHCTPYKLIiH
cimpebpkorocmonapebkoi TexHiku. K.: ArpapHa Hayka, 2004. 396 c.

7. Bulgakov V., Olt J., Kuvachov V. et al. A theoretical and experimental study of the traction properties of
agricultural gantry systems. Agraarteadus: Journal of Agricultural Science. 2020. Ne XXXT (1). P. 10-16.

8. boiiko A. I., Ceipens M. O., LImar C. 1., HoxxnoB M. M. HoBi koHCTpyKLii IpyHTOOOpOOHUX Ta
nociBaux mammud. K., 2003. 203 c.

9. MenpaukoB 1. FO. JlocnmikeHHs MOKa3HHWKIB €(PEKTHBHOCTI POOOTH TpaKTOpa Ha YIIUIbHEHHX
rpyHTax. Aepapua nayxa i mexuixa. 2019. Ne 2. C. 7-11.

10. bypnaka C. A. Airoput™ (yHKIIIOHYBaHHS MAllTMHHO-TPAKTOPHOTO arperaTy 3 BAKOPHCTAHHSIM CHCTEMH
JKUBJICHHS 31 3MILITyBaueM MaUB. Bickuk Xmenvruybko2o Hayionanwroeo yrieepcumeny. 2022. Ne 1 (305).
C. 140-145.

References

[1] Volkov, O.V. (2018). Teoretychne obgruntuvannya enerhetychnykh pokaznykiv elektromekhanichnykh
system sil’s’kohospodars’kykh mashyn. Ahrarna nauka i tekhnika, (1), 67—73. [in Ukrainian].

[2] Hun'ko, L.V., & Burlaka, S.A. (2020). Matematychne modelyuvannya roboty systemy zhyvlennya
dyzelnoho dvyhuna pratsyuyuchoho na biopalyvi z droselnym rehulyuvannya skladu palyvnoyi
sumishi. The scientific heritage, (50), 34-39. [in Ukrainian].

[3] Hrabovs’kyy, V.M., & Tankov, YE.V. (2016). Rozrobka ta doslidzhennya konstruktsiyi
navantazhuvacha dlya ustanovky pnevmatychnoyi sivalky. Visnyk Kharkivs'koho natsional'noho
tekhnichnoho universytetu sil's'koho hospodarstva imeni Petra Vasylenka, (176), 34—41. [in Ukrainian].

[4] Dyedukh, A.V. (2015). Doslidzhennya vlastyvostey gruntu pid diyeyu dyskopodibnoho robochoho
orhana pry riznykh rezhymakh obrobitku. Ahrarna nauka i tekhnika, (4), 71-76. [in Ukrainian].

[5] Voytyuk, D.H., Dubrovin, V.O., & Ishchenko, T.D. (2004). Sil's'kohospodars'ki ta melioratyvni
mashyny: Pidruchnyk. K.: Vyshcha osvita. [in Ukrainian].

[6] Kravchuka, V.1, Hrytsyshyna, M.1., & Kovalya, S.M. (2004). Suchasni tendentsiyi rozvytku konstruktsiy
sil's'kohospodars'koyi tekhniky. K.: Ahrarna nauka. [in Ukrainian].

52



Ne1(120) /2023 TexHika, eHepreTHka,

% TpaHcnopt AIIK
E & Vol. 120, No 1 / 2023

[71 Bulgakov, V., Olt, J., Kuvachov, V. (2020). A theoretical and experimental study of the traction properties of
agricultural gantry systems. Agraarteadus: Journal of Agricultural Science, XXXI (1), 10-16. [in English].

[8] Boyko, A.L, Sviren’, M.O., Shmat, S.I., Nozhnov, M.M. (2003). Novi konstruktsiyi gruntoobrobnykh ta
posivnykh mashyn. K.: [in Ukrainian].

[9] Mel'nykov, 1.YU. (2019). Doslidzhennya pokaznykiv efektyvnosti roboty traktora na ushchil'nenykh
hruntakh. Ahrarna nauka i tekhnika, 2, 7-11. [in Ukrainian].

[10] Burlaka, S.A. (2022). Alhorytm funktsionuvannya mashynno-traktornoho ahrehatu z vykorystannyam
systemy zhyvlennya zi zmishuvachem palyv. Visnyk Khmel'nyts'koho natsional'noho universytetu,
1 (305), 140-145. [in Ukrainian].

INCREASING THE TRACTION AND TRACTION CHARACTERISTICS OF THE ENERGY
VEHICLE WHEN CARRYING OUT COMBINED SOIL PROCESSING OPERATIONS

The article is devoted to the study of methods and means that help to improve traction and traction
characteristics of power vehicles, in particular tractors, when performing combined operations of soil
treatment. The article analyzes the impact of weight distribution, tire pressure, and the use of special devices
on the quality of tillage operations.

It was established that the efficiency of combined tillage operations depends on the level of traction
and traction characteristics of the power tool. To increase traction characteristics of the tractor, it is proposed
to use mathematical methods of increasing tire pressure and optimal weight distribution on the axle. The
article also describes special devices for increasing traction resistance, which help to provide better traction
and increase traction characteristics. This article examines the influence of soil parameters on traction and
traction characteristics of an energy vehicle during combined soil treatment operations. It was found that soil
indicators, such as moisture, density and fractional composition, have a significant impact on the quality of
soil processing operations and traction characteristics of the tractor.

To solve this problem, methods of increasing traction and traction characteristics are proposed, such
as a mathematical method of increasing tire pressure and a method of optimal weight distribution on the
suspension. The use of special devices to increase traction resistance, which help to ensure better traction and
improve traction characteristics, is also considered.

The research conducted by the authors can be useful for tillage and tractor maintenance specialists
who are engaged in optimizing the operation of energy equipment at agricultural enterprises.

Key words: soil, unit, tillage, tractor, mathematical model, tillage unit, working bodies, agricultural machinery.
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